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ADDENDUM FOR THE U.S. ENVIRONMENTAL PROTECTION AGENCY TEST
REPORT FOR THE MAY 1991 SOURCE TEST AT THE REMCO HYDRAULICS
INCORPORATED ELECTROPLATING FACILITY IN WILLITS, CALIFORNIA

At the request of Midwest Research Institute, this addendunm
has been prepared for the Remco Hydraulics Test Report. The
changes are minor and adjust the control device efficiency values
found in the report.

At Inlet B on run three, it is suspected that the probe
touched the stack wall and produced a high bias for that run. The
emission results from that run are nearly an order of magnitude
greater than the emission results from the other two runs at Inlet
B. The sample from Inlet B for run three was analyzed twice to
insure that the bias was not due to an analytical error. The
second analysis confirmed that the first analytical value was
correct. For this addendum, run three was not used in the pounds
per hour emission rate or the control device efficiency
calculations. The attached page shows the differences that occur
when run three is not used in data results.

The addendum changes pertain to Chapter 3 only, and a
replacement for the entire chapter is provided.
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REMCO HYDRAULICS - COMPARISON OF AVERAGE EFFICIENCIES

The table below presents a comparison of the efficiencies of
the control device when the averages of runs one, two and three are
compared with the averages of runs one and two only.

Three analytical techniques were used: (1) the
diphenylcarbazide (colorimetric) method for hexavalent chromium,
(2) ion chromatography with a post column reactor (ICc) for
hexavalent chromium, and (3) inductively coupled argon plasmology
(ICP) for total chromium.

During run three at inlet B, it is suspected that the probe
touched the stack wall and introduced a high bias into the data.
This is the reason for comparing the averages of runs one, two and
three with the averages of runs one and two only.

Is AVERAGE AVERAGE AVERAGE
ANALYSIS TYPE 3_EFFICIENCY 3 _EFFICIENCY DIFFERENCE
RUNS 1,2, & 3 RONS 1 & 2 {PERCENT)

HEX CHROMIUM 99.9908% 99.9887% -0.0021%

COLORTMETRIC

TOTAY, CHROMIUM 99.9917% 99.9930% +0.0013%
I Y £

HEX CHROMTUM 99.9922% 99.9937% +0.0015%
IC ANALYSIS

AVERAGE 99.9916% = 99.9918% 10.0002%

Note: The extreme right hand column gives the percent difference
when the average of all three runs is compared with the average of
runs one and two only. A plus sign (+) indicates that the
efficiency of the control device went up when run three was

eliminated and a minus sign (-) indicates that the efficiency went
down when run three was eliminated.




SECTION 3

SUMMARY AND DISCUSSION OF RESULTS

Simultaneous sampling was conducted at Inlets IA and IB and at the outlet of the packed bed
scrubber (see Figure 1 on page 4-2) under normal operating conditions of the plating processes
and control system. Three isokinetic tests were conducted at each site. A sampling time of 360
minutes was employed on each run to insure collection of adequate quantities of chromium at

the outlet.
{ ... Inaddition to the emission samples, grab samples of the operating plating baths and of the
. scrubber water were composited during each sampling run. Al of these samples were
( colorimetrically analyzed on-site for Cr*®. All of the emission samples and a sct of scrubber

water samples were later analyzed off-site for Cr*® and total chrome using ion chromatography
with a post column reactor for Cr*. Inductively Coupled Argon Plasmology was used to
determine total chrome.

In order to meet the California standard for chromium emissions, the outlet location must
: emit no more than 0.006 milligrams per amp hour or the control device must achieve an
“ efficiency of 99.8%. Emissions at the outlet averaged 0.004 milligrams per amp hour and the
__ efficiency of the control device averaged 99.994 ¥ based on the average of Cr**
emissions from runs one and two only’; : i

Summary of Stack Gas Conditions ~

Stack gas conditions at each sampling location are presented in Table 1. Volumetric flow
_ rates at each location showed little variation between runs. At Inlet A, the velocity averaged
\ 41.02 feet per second (fps), with average temperature of 72°F and moisture content of 1.05%.
Volumetric flow rates averaged 13,428.4 actual cubic feet per minute (acfm) and 12,643.0 dry
standard cubic feet per minute (dscfm).

At Inlet B, the velocity averaged 44.43 fps, with average temperatures of 73°F and moisture
content of 1.29%. Average volumetric flow rates were 10,599.0 acfm and 9,901.5 dscfm.
Conditions at the outlet averaged 38.18 fps, 70°F, and 1.88% moisture. Volumetric flow rates
at the outlet averaged 25,613.2 acfm and 24,022.8 dscfm.

The stack gases at all sampling locations were essentially ambient air and were assigned a
dry molecular weight of 29.0 1b/Ib mole. Variations of isokinetic sampling rates were within
allowable limits on all sampling runs.

* During run three, it is suspected that the probe touched the
stack wa]:]. during the test. The emission calculations and
efficiencies are based on the average of runs one and two only.

3-1




1 April 1993

REMCO HYDRAULICS, INC.
(AMP HOUR RESULTS)

Run No. mg/ah (gr/zh)
Ia-1 144.00 (2.22)
IA-2 107.00 (1.65)
IA-3 138.00 (2.13)
AVERAGE 130.00 (2.01)
IB-1 0.52 (0.008)
IB-2 0.83 (0.013)
IB-3 8.20% (0.127)*
AVERAGE '0.68 (0.011)
o-1 0.004 (6.25 x 107%)
0-2 0.002 (3.1 x 107%)
0-3 0.006 (9.3 x 107%)
AVERAGE 0.004 (6.2 x 107%)

* Results for this run not included in average; it is suspected
that the probe may have contacted the duct wall during testing.
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Discussion_of Chromium Samples

Following completion of each sampling run, chromium samples were recovered and
analyzed on-site for Cr*® using the diphenylcarbazide method (see Appendix D). Results of
these analyses are summarized in Table 2.

Table 2 shows that Inlet A accounts for more than 96% of the chromium going to the

scrubber. This finding is consistent with the layout of the process (see Section 2). Inlet A

receives emissions from the large rectangular plating tanks while Inlet B receives emissions from

: the deep cylindrical tanks. The rectangular tanks account for the majority of surface area and
i would be expected to account for a proportionately larger share of total emissions the

————,

The total mass of Cr*¢ sampled and the volumetric flow rates at each sampling location were
used to calculate emission concentrations and mass:emission rates. The average over three
sampling runs results in a mass emission rate .5 . 99! pounds per hour (Ib/hr) at Inlet A and 0.0556
Ib/hr at Inlet B. For the outlet, an average mass emission rate of6.30x 10* Ib/hr was
calculated with this analysis procedure.

After the completion of on-site sampling and analysis, chromium samples were stored on
jce and shipped to the Research Triangle Institute Laboratory. Ion chromatography analyses
were employed at this location using a post column reactor to determine Cr*® and total
chromium was determined by Ion Chromatography. Results of these analyses are reported in
Table 3 (ICP analysis for Cr*®) and TaBle 4 (IC analysis for total Cr).

These analytical procedures produced results which were highly consistent with the

colorimetric results reported on Table 2. All three methods exhibited a high degree of

! consistency from sample to sample. It is normal for ICP analysis for total chromium to result
in lower mass quantitation than are found by IC analysis for Cr*®.

| ~ AtInlet A, IC analysis for Cr*¢ produced.an average mass emission rate 0'6 . 37 Ib/hr. while
ICP analysis for total Cr resulted in a calculation 6.02 Ib/hr. At Inlet B, emission rates were
. 0558 Ib/hr for Cr*® (IC) and . 0534 Ib/hr for total Cr (ICP). At the outlet, emission rates were

4.12 x 10* Ib/hr for Cr*® (IC) and4 . 34x 10 Ib/hr for total Cr (ICP).



Summary of Scrubber Removal Efficiencies

Chromium removal efficiencies for the scrubber system were determined by simultaneously
sampling the two inlets and the outlet of the scrubber to determine the mass emission rate at
each location. Capture efficiency is represented by the equation:

CE=Ci-Co x 100
Ci

where: CE = % Capture Efficiency
Ci = Sum of mass emission rates at inlets to scrubber
Co = Mass emission rate at the scrubber outlet

Mass emission rates for the three analytical procedures presented in Tables 2,3,and 4 are
discussed above. The resultant removal efficiencies are reported in Table 5. Once again the
various analytical procedures produced highly comparable results. It is also apparent that the
scrubber performed at a high level of efficiency during the test. All of the analysis procedures
resulted in chromium removal efficiencies of greater than 99.9%.




....11 .

During each sampling run, grab samples of the plating solution were obtained from plating
tanks 1-6 and a sample of rinsewater was obtained from the scrubber. During the final run,
scrubber samples were taken during the beginning, middle, and end of the sampling period.
These samples were analyzed on-site for Cr*® and the resultant concentrations are summarized
in Table 6. The scrubber water samples were also shipped out for Ion Chromatography analysis.
These results are summarized in Table 7.

34
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SECTION 1

INTRODUCTION

Emission source tests were conducted at the Remco Hydraulics, Inc. located in Willits,
California. The objective was to conduct simultaneous inlet and outlet measurements of
hexavalent chromium (Cr*€) emissions that are controlled by an extended packed-bed scrubber.
The scrubber is used to control emissions from the seven hard chromium plating tanks at the
facility.

The scrubber system at Remco incorporates the use of a coalescing mesh pad in the design.
The use of this type of mesh pad is believed to represent state-of-the-art control technology for
the collection of chromic acid mist. This was the primary reason the air emissions evaluation
was done at Remco. In addition, the Remco plant is considered to be representative of other
plants in the industry that perform hard chromium plating and is equipped with draft hoods that
appear to be effective in directing the mist from the plating tanks to the control system.

Testing was conducted during the week of June 17, 1991. Emission samples were collected
using a modification of USEPA Method 13B. Samples were analyzed on-site for Cr*® using the
diphenylcarbazide colorimetric method. Upon completion of field activities, samples were
shipped to a contract lab and analyzed for Cr*® and total chrome using ion chromatography
procedures. The primary organizations involved in the test program were Pacific Environmental
Services, Inc., Remco Hydraulics, Inc., Midwest Research Institute and the USEPA, Emissions
Measurement Branch (EMB).
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' (0.32 oz/gal). All the plating tanks are equipped with heating

2.0 PROCESS OPERATION

2.1 PROCESS DESCRIPTION

Remco Hydraulics, Inc., in Willits, California, is a job
éhop that performs hard chromium electroplating of hydraulic
cylinders, shock absorbers, of fshore equipment, and accumulators.
The plating shop consists of seven hard chromium plating tanks.
The plating shop typically operates 5 days per week, 16 hours per
day, and 52 weeks per year.

During this sgource test, six of the seven plating tanks were-
in operation. Table 2-1 presents the dimensions and operating
parameter maximum values for each plating tank. The plating
solution in each tank consists of chromic acid at a concentration
of 240 grams per liter (g/L) (32 ounces per gallon [oz/gall), and
gulfuric acid, a catalyst, at a concentration of 2.4 g/L

and cooling systems and are air agitated to maintain uniform
plating bath temperature and composition. Durlng testing, dummy
rods were plated in each of the plating tanks. Table 2-2
identifies the plating tank and the number, ‘dimensions, and

surface area of each rod plated.
2.2 AIR PQLLUTION CONTROL

A schematic of the exhaust system on the plating tanks is
shown in Figure 2-1. The capture and control system was
manufactured and installed by Duall Industries, Inc., in
February 1989. Tank Nos. 1 and 2 are equipped with double-gided
hoods and Tank Nos. 3 through 7, the round tanks, are equipped
with circular hoods. The ventilation hoods appeared to be




TABLE 2-1.

e

Tank No.

HARD CHROMIUM PLAT

Dimensions, (1,w,d) or

DIMENSIONS AND QOPERATING P

ING TANKS AT REMCO

ARAMETERS FOR THE SEVEN

HYDRAULICS, INC.

Capacity, liters

Maximum rated
voltage, per cell,
volts

Maximum rated current
per cell, amperes

8plating tank was not operated during the emission test.

ey

(dia.,h), m (ft) (gallons)
1 4.0,1.5,2.1
(13.3,4.9,7.0) 11,360 (3,000) 2@ 15 10,000; 3,000
3.7,1.7,2.1
2 (12.0,5.5,6.9) 11,360 (3,000) 2@ 15 12,000; 3,000
0.91,9.4
3 (3.0,31.0) 6,060 (1,600) 15 8,000
1.2,11.6
4 (4.0,38.0) 13,250 (3,500) 15 16,000
0.91,6.1
5 (3.0,20.0) 4,000 (1,060) 15 8,000
1.2,15.2
6 (4.0,50.0) 17,790 (4,700) 2@ 15 2 @ 12,000
1.2,18.3
a
7 (4.0,60.0) 21,530 (5,700) . 2@ 15 2 @ 12,000




TABLE 2-2. DESCRIPTION OF DARTS PLATED DURING SOURCE TEST
AT REMCO HYDRAULICS, INC.
Dimensions of parts, in ‘

‘Tank No. | No. of .parts Diameter Length ?Jlllarf:;ccl‘,3 Elreza W
1A 1 12.5 54.5 2,140 138
1B 1 6.5 72 1,470 095
2A 1 13 72 2,940 LE
2B 1 11 51 1,762 Yy
3 1 11 149 5,149 332
4 1 11 149 5,149 032
5 1 11 149 5,149 >3
6 1 10.25 230 7,406 078
7 Not running ‘ ! :

'y
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effective in directing the mist from the plating tanks to the
control device.

The chromium emissions from the plating tank(s) are
ekhausted to a SLngle packed-bed scrubber located on a mezzanine
beside the plating tanks. The design airflow rate of the ’
scrubber is 850 cubic meters per minute (m3/min) (30,000'cubic
feet per minute [£t3/min]). The fan downstream of the scrubber
requires a 50-horsepower motor to ventilate the platlng tanks.

The scrubbing water flow rate is approximately 1,140 liters per
minute (300 gallonsg per minute).

Within the scrubber system, the velocity of the gas stream
is reduced to less than 150 meters per minute (500 feet per
minute), and the gas stream is humidified by a spray of water.
Water is sprayed countercurrent to the gas flow. through
22 nozzles. The saturated gas stream then passes through a
packed bed of polypropylene, spherical-type mass packing. he
packed bed is approximately 2.4 meters (m) (8.0 feet [ft]) hlgh
3.0 m (10 £t) wide, and 1.8 m (6 ft) deep. The pressure drop
acrogs the packing media is approxlmately 0.30 kPa
(L.2 in. w.c.). Entrained mist and water droplets 1mp1nge on the
packing and drain to the recirculation tank. _

A series of 5 water spray lines with 10 spray nozzles per
1ine is lécated over the packed bed. The Gverhead water sprays
are used to ensure the entire packing section is wetted to
prevent chromium buildup on the packing and aid in chromium
removal. After operating the scrubber over a perlod of time, the
vendor recommended that only the first two overhead. spray llnes
be operated because the operation of all five spray lines
resulted in reentrainment and two lines were sufficient to keep
the bed wetted. Behind the packed bed is a mist ellmlnatlon
section that removes entrained water droplets. The first stage
allows large droplets to settle by grav1ty to the bottom of the
scrubber. The second stage consists of two mesh pads. in series: _

(1) a composite pad to intercept and coalesce small droplets; and
(2) a backup pad to eliminate reentrainment from the cdmposité__
pad.

2-5




These’ pads are composed of multiple layers of a patented
mesh material. Each layer is woven with fibers with the same
diameter. The smaller the fiber diameter used, the greater the
ability of the pad to capture small particles. In the composite
mesh pad, the material layers in the center of the pad are
composed of extremely small-diameter fibers (0.01 to
0.02 centimeters [cm] [4 to 8 thousandths of an inch (mil)]).

The material layers on either side of the center are composed of
progressively larger diameter fibers (0.04 to 0.09 cm (16 to

17 mils]). As the gas stream flows through the composite mesh
pad, the small particles that escape the packed bed impinge on
the pad and coalesce into larger droplets. These enlarged
particles are then removed in the back side of the composite ‘mesh
pad or in the backup mesh pad located downstream of the composite.
pad. The backup mesh pad is composed of multiple layers of
material with a fiber diameter of 0.09 cm (37 mils). ' Each of the
mesh pads is split into two sections, each approximately 2.4 m:
(8 £t) high and 0.09 m (3.7 £t) wide. The thickness of the
composite mesh pad is 16.5 cm (6.5 in.), and the thickness of the
backup mesh pad is 6.1 cm (2.4 in.). The design pressure drop .
across the pads is 1.2 kPa (4.75 in. w.c. ). The composite mesh
pad was orlglnally de51gned for continuous 1rrlgat10n W1th
rec1rculated water to aid in droplet enlargement and to prevent
excess chromium from building up and plugging the pad. The back-
up mesh pad is not continuously irrigated; however, 'a fresh water
spray line is located prior to this pad to enable the pad to be
washed down if a buildup of chromium is detected on the pad.

The scrubber water drains into a sump in the bottom of the
scrubber and is recirculated by a pump. A level inﬁicator‘(sight
gauge) is used to monitor the water level in the tank, which
holds approximately 3,790 L (1,000 gal) of water.‘-gpproximately
760 L (200 gal) of water are drained from the recirculation tank
to the plating tanks each day to make up for plating solution
evaporation losses and to reduce the chromic acid concentration
in the scrubber water. ' o




Prior’ to testing, the exhaust rate through the scrubber was
measured at the stack. The measured exhaust rate was
approximately 350 m3/min (12,500 £t3/min), which was less than
half of the deéign air flow rate. Therefore, testing of the unit
was delayed one day until modifications could be made to increase
the exhaust rate. These modifications consisted of increasing
the fan speed, shutting down the recirculation sprays to the
composite mesh pad, and increasing the water flow rate to the
packed-bed section. These modification increased the exhaust
rate to approximately 710 m3/min (25,000 £t3/min). At this
ventilation rate, the scrubber was operating within its designed
gas velocity range, and the capture efficiency of the ventilation
system was adequate to operate all of the plating tanks.
Discontinuing the wash to the comp031te mesh pad reduced the’ -
pressure drop across the pad to 0. 52 kPa (2.0 in. w.c.).

Personnel at Kimre, Inc., the manufacturer of the mesh pads, felt
that the continuous irrigation of the compcsite mesh pad was not
required, and a periodic washdown would be sufficient to clean
the pad. Therefore, the scrubber was believed to be operating at
or near optimal conditions at the exhaust rate of 710 m>/min
(25,000 ft3/min). This exhaust rate was maintained over the
course of the three test runs. ' . )

2.3 PROCESS CONDITIONS DURING TESTING :

Three mass emission test runs were conducted at the inlet
locations and the outlet of the scrubber gystem to characterize
the performance of a scrubber system that incorporated the use of
a composite mesh pad. Each test run was 6 hours in duration.
Test run No. 1 was interrupted for approximately 15 minutes when
the control panel on the fan overheated and caused the fan to
lose power. All of the test runs were interrupted briefly to
change test ports. No other interruptions occurred during
sampling. ' e

Process operating parameters monitored and recorded during -
each test run included the voltage, ' ¢urrent, and plating solution
temperature of each plating tank in operation. A description
(dimensions and surface areas) of each part plated also was
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recorded for each test run. Process data sheets documenting the
process and control device operating parameters during mass
emlsSLOn testlng are presented in Appendix E. Data on the
average operating parameters recorded during the mass emission
test runs are presented in Table 2-3. The total amount of _
current supplied to the tanks during each test run is calculated
in terms of ampere- hours and included in Appendix E. A tabular
summary of the total current values is presented in Table 2-4.

Composite samples were taken from each plating tank to
determine the chromic acid concentration of the plating solutlon
during each mass emission test run. Composite samples of the
scrubber water were also collected during each test run to
determine the average scrubber water concentration. ' The chromic
acid concentration of the composite samples is reported in
Section 3 of this report. In addition to the‘composite samples,
grab samples of the scrubber water were taken over the course of
each test run to monitor the increase in the chromic acid
concentration. The chromic acid concentration of these grab
samples were determined by using a hydrometer. The
concentrations of these grab samples are reported in Appendix E.‘
The chromic acid concentration measured by the hydrometer were
compared to the concentration measured using the. colorlmetrlc
analysis for one sample to determine the accuracy of the-
hydrometer. The results of this comparison indicated that the
concentration as determined by the hydrometer was approximately
7.5 g/L (1 oz/gal) higher than the actual concentration
determined by the colorimetric analysis. ' \

Therefore, the chromic acid concentrations reported 1n‘
Appendix E should be adjusted down by 7.5 g/L (1 oz/gal) to
obtain the actual concentrations in the scrubber water during
sampling. )

Control device operating parameters monltored durlng each _
test run consisted of the pressure drops across the packing media
and mesh pads. The average pressure drops across the packing
media and mesh pads were 0.30 kPa (1.2 in. w.c.) and 0.60 kPa
(2.3 in. w.c.), regpectively. A visual inspection was also
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l TABLE 2-3. AVERAGE OPERATING PARAMETERS MONITORED DURING
. EACH MASS EMISSIONS TEST RUN
l ’ Operating voltage, Operating current, |. - _
Run No. ; volts amperes + Temp., Ounincee]
Tank No. °F :J(,u£$;7 A/u:‘
l 1 1A 8.0 8,630 | 126 | 25
1B 8.3 2,670 126 25/
2A 9.0 8,770 127
I 2B 8.0 2,670 127
3 1.7 6,290 124
4 12.1 10,910 | 139
l 5 7.1 7,340 133
6 11.9 7,380 | 134
l 11.8 5,680 6% 134
2 1A 8.0 8,500 126
1B 8.4 2,710 127
l 2A 9.6 9,360 | 126
2B 8.0 2,700 | 126
3 7.4 5,840 125
I 4 1.4 10,630 | 138
5 7.0 7,400 ; 131
6 115 7,130 | 137
i 11.5 570 | 137
3 | 1A 8.0 8,250 z 121
I 1B 8.4 2,680 ‘ 121
2A 9.6 9,550 123
. 2B 8.0 2,690 e 123
3 ' i3 7.7 6,010 Coo121
4 11.2 10,360 | 135
5 7.2 7,260 127
l 6 11.4 6,740 | 125 |
112 5,410 g 125
l 2-9




TABLE 2

-4. TOTAL AMPERE-HOURS SUPPLIED TO PLATING

TANKS DURING MASS EMISSION TEST RUNS

- Total current, ampere-hours?
1 TetmaNo. Tnlet-A Tnlet-B Outlet
S 136,340 229,690 381,430
| 2 140,530 221,320 376200 |
3 139,000 213,710 366,740 ||

aThe cumulative inlet ampere-hours will not equal the outlet ampere-hours due to slight
differences in the sampling time.

14
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performed periodically during the test runs to ensure prbper
operation of the control system.

' Foliowing the first test run, the composite mesh pad was
washed for appfbximately 5 to 10 minutes. During this time, it
was observed that the drainage system on the scrubber could not
handle the increased water flow rate, and scrubber water had
backed up into the outlet transition zone of the scrubber. The
scrubber was turned off, and the backup mesh péd and outlet
transition zone were rinsed with fresh water and drained through
drain holes located in the bottom of the outlet transition zone
behind the backup mesh pad. This section was irrigated with
fresh water until the water leaving the drains ran clear. The
scrubber was then brought back on.line and operated without any
parts being plated in the plating tanks until the next morning.

The second test run was conducted over the course of the
next day. Following the second test run, the water flow rate to
the packed-bed section was decreased, and the composite mesh pad
was washed down. During the washdown, however, the sump began to
overfill with water. The scrubber was turned off, and the
drainage system was examined to determine if any modifications
could be made to increase the rate at which water is drained from
the scrubper. The examination revealed that the drainage line
extended b%low the fluid level in the recirculation tank, which
hampered the liquid flow from the scrubber. The drain line was
shortened to a point above the fluid level in the recirculation
tank, which allowed the drainage system to handle the full flow
of water to the composite mesh pad.

.Following this change to the drainage line, the composite
mesh pad was washed down for approximately 15 minutes, and the
scrubber was brought back on line at a ventilation rate lower
than that at which it had operated during the previous two test
runs. After the scrubber had operated at this lower ventilation
rate for about 15 minutes, reentrained water was observed
escaping the second pad which, once again, contaminated the
outlet transition zone with chromium. The scrubber was turned
off and rinsed with fresh water, as had been done the day before,
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and allowed to run overnlght. In this instance, however, §arts
were plated in the plating tanks overnlght due to production
demands. - .

The next day, the third test run was conducted. Following
this test run, the scrubber was turned off before the comp031te
mesh pad was washed. The pad was irrigated with recirculated
water for a period of 15 minutes. The pad was allowed to drain
an additional 15 minutes after the spray nozzles were turned off
and before the fan was restarted. The scrubber was then brought
pack on line successfully with no reentrainment problems. As a
result, this washdown sequence has been incorporated into the
plant's routine maintenance schedule.

Although problems were encountered with the washdown
sequence over the course of the source tests, the scrubber was
operating at or near optimum conditions during testing.
Therefore, the emissions test data can be used to characterize
the performance of a scrubber system that incorporates the use of
a composite mesh pad.

B AL
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SECTION 3
SUMMARY AND DISCUSSION OF RESULTS

Simultaneous sampling was conducted at Inlets IA and IB and at the outlet of the packed bed
scrubber (see Figure 1 on page 4-2) under normal operating conditions of the plating processes
and control system. Three isokinetic tests were conducted at each site. A sampling time of 360
minutes was employed on each run to insure collection of adequate quantities of chromium at
the outlet.

In addition to the emission samples, grab samples of the operating plating baths and of the
scrubber water were composited during each sampling run. All of these samples were
colorimetrically analyzed on-site for Cr*S. All of the emission samples and a set of scrubber
water samples were later analyzed off-site for Cr*® and total chrome using ion chromatography
with a post column reactor for Cr*. Inductively Coupled Argon Plasmology was used to
determine total chrome. '

In order to meet the California standard for chromium emissions, the outlet location must
emit no more than 0.006 milligrams per amp hour or the control device must achieve an
efficiency of 99.8%. Emissions at the outlet averaged 0.004 milligrams per amp hour and the
efficiency of the control device averaged 99.991%.

Summary of Stack Gas Conditions

Stack gas conditions at each sampling location are presented in Table 1. Volumetric flow
rates at each location showed little variation between runs. At Inlet A, the velocity averaged
41.02 feet per second (fps), with average temperature of 72°F and moisture content of 1.05%.
Volumetric flow rates averaged 13,428.4 actual cubic feet per minute (acfm) and 12,643.0 dry
standard cubic feet per minute (dscfm).

At Inlet B, the velocity averaged 44.43 fps, with average temperatures of 73°F and moisture
content of 1.29%. Average volumetric flow rates were 10,599.0 acfm and 9,901.5 dscfm.
Conditions at the outlet averaged 38.18 fps, 70°F, and 1.88% moisture. Volumetric flow rates
at the outlet averaged 25,613.2 acfm and 24,022.8 dscfm.

The stack gases at all sampling locations were essentially ambient air and were assigned a

dry molecular weight of 29.0 1b/lb mole. Variations of isokinetic sampling rates were within
allowable limits on all sampling runs.
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REMCO HYDRAULICS, INC.
(AMP-HOUR RESULTS)
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Run No. mg/ah (gr/ah)

IA-1 144.00 (2.22)

IA-2 107.00 (1.65)

IA-3 138.00 (2.13)
AVERAGE 130.00 (2.01)

IB-1 0.52 (0.008)
IB-2 0.98 (0.015)
IB-3 8.20% (0.127)
AVERAGE 0.75 (0.012)

0-1 0.004 (6.25 x 107%)

0-2 0-002 (3-1 X 10_5)

0o=-3 0.006 (9.3 % 10™%)
AVERAGE : 0.004 (6.2 X 10°%)

%# Results for this run not included in average; it is

suspected that the probe may have contacted the

during testing.

e
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Discussion_of Chromium Samples

Following completion of each sampling run, chromium samples were recovered and
analyzed on-site for Cr*® using the diphenylcarbazide method (see Appendix D). Results of
these analyses are summarized in Table 2.

Table 2 shows that Inlet A accounts for more than 96% of the chromium going to the
scrubber. This finding is consistent with the layout of the process (see Section 2). Inlet A
receives emissions from the large rectangular plating tanks while Inlet B receives emissions from
the deep cylindrical tanks. The rectangular tanks account for the majority of surface area and
would be expected to account for a proportionately larger share of total emissions to the
scrubber.

The total mass of Cr*¢ sampled and the volumetric flow rates at each sampling location were
used to calculate emission concentrations and mass emission rates. The average over three
sampling runs results in a mass emission rate of 6.19 pounds per hour (Ib/hr) at Inlet A and 0.24
Ib/hr at Inlet B. For the outlet, an average mass emission rate of 5.36 x 10* lb/hr was
calculated with this analysis procedure.

After the completion of on-site sampling and analysis, chromium samples were stored on
ice and shipped to the Research Triangle Institute Laboratory. Ion chromatography analyses
were employed at this location using a post column reactor to determine Cr*® and total
chromium was determined by Ion Chromatography. Results of these analyses are reported in
Table 3 (ICP analysis for Cr*®) and Table 4 (IC analysis for total Cr).

These analytical procedures produced results which were highly consistent with the
colorimetric results reported on Table 2. All three methods exhibited a high degree of
consistency from sample to sample. It is normal for ICP analysis for total chromium to result
in lower mass quantitation than are found by IC analysis for Cr*®,

At Inlet A, IC analysis for Cr*® produced an average mass emission rate of 6.59 1b/hr while
ICP analysis for total Cr resulted in a calculation of 6.18 Ib/hr. At Inlet B, emission rates were
0.252 1b/hr for Cr*¢ (IC) and 0.2326 1b/hr for total Cr (ICP). At the outlet, emission rates were
5.38 x 10* Ib/hr for Cr*¢ (IC) and 5.48 x 10 Ib/hr for total Cr (ICP).
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Summary of Scrubber Removal Efficiencies

Chromium removal efficiencies for the scrubber system were determined by simultaneously
sampling the two inlets and the outlet of the scrubber to determine the mass emission rate at
each location. Capture efficiency is represented by the equation:

CE = Ci-Co x 100
Ci

where: CE = % Capture Efficiency
Ci = Sum of mass emission rates at inlets to scrubber
Co = Mass emission rate at the scrubber outlet

Mass emission rates for the three analytical procedures presented in Tables 2, 3, and 4 are
discussed above. The resultant removal efficiencies are reported in Table 5. Once again the
various analytical procedures produced highly comparable results. It is also apparent that the
scrubber performed at a high level of efficiency during the test. All of the analysis procedures
resulted in chromium removal efficiencies of greater than 99.99%.




Plating Tank Solution and Scrubber Rinse

During each sampling run, grab samples of the plating solution were obtained from plating
tanks 1-6 and a sample of rinsewater was obtained from the scrubber. During the final run,
scrubber samples were taken during the beginning, middle, and end of the sampling period.
These samples were analyzed on-site for Cr*® and the resultant concentrations are summarized
in Table 6. The scrubber water samples were also shipped out for Ion Chromatography analysis.
These results are summarized in Table 7.
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SECTION 4
SAMPLING LOCATIONS AND TEST METHODS

amplin ti

A schematic of the plating tank, scrubber configuration and sampling locations is presented
in Figure 1.

Inlet A

Inlet A is located in the duct that captures emissions from the large rectangular plating tanks
(tanks 1 and 2). The straight run at this site was approximately 4 feet and the duct diameter was
31.5 inches. The horizontal duct required a vertical traverse for sampling. Due to the short
straight run, a 24 point sampling traverse was employed and a cyclonic flow check was
conducted. The cyclonic flow check indicated the presence of an acceptable laminar flow at the
sampling point.

Inlet B

Inlet B is located in the duct that captures emissions from tanks 3 through 7. This duct also
presented a short, horizontal straight run of approximately 4 feet with an inside diameter of 27.0
inches. A vertical traverse with a 24 point sampling traverse was employed. A cyclonic flow
check was conducted and indicated the presence of an acceptable laminar flow at this sampling

point.
Qutlet

The outlet measurement site is located in a vertical, 35 x 46 inch duct. A stack extension
was installed at this location to provide an adequate straight run for the sampling points. A 25
point (5x5) sampling array was employed and a cyclonic flow check was conducted to insure the
presence of an acceptable laminar flow.

Plating Tanks and Scrubber Effluent

Plating tank solutions were sampled directly from the tanks and scrubber effluent samples
were obtained from the scrubber effluent discharge. These sampling points are presented in
Figure 1.

Test Methods
The sampling methods used in this test program included EPA Methods 1, 2, and 4 and a

modification in Method 13B’s sampling train. A brief description of each method is given in
the following text.
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Location_of Traverse Points

USEPA Method 1, "Sample and Velocity Traverses for Stationary Sources" was used to
determine the location of traverse points for each measurement site. Cyclonic flow checks were
conducted at both inlet measurement sites and at the outlet.

Stack Gas Velocity

USEPA Method 2, "Determination of Stack Gas Velocity and Volumetric Flow Rate (Type
S Pitot Tube)" was used to determine the stack velocity and temperature at each measurement
site. Type K thermocouples were affixed to S-type pitot tubes having an assigned coefficient
of 0.84. The velocity pressure was measured on an inclined manometer. The volumetric flow
rate was calculated from the stack gas velocity and the stack cross-sectional area.

Since this source is an ambient source, a dry molecular weight of 29.0 was assigned.
Stack Gas Moisture Content

USEPA Method 4, "Determination of Moisture Content in Stack Gas" was used to
determine the stack gas moisture content. This measurement procedure was conducted
simultaneously with the hexavalent chromium sampling procedure.

Hexavalent Chromium Emissions

A modification of USEPA Method 13B, "Determination of Total Fluoride Emissions from
Stationary Sources,"” was used to determine the hexavalent chromium emissions. The sample
train was modified by utilizing 0.1 Normal Sodium Bicarbonate as the impinger solution and by
placing a teflon-coated glass fiber filter between the third and fourth impinger.

The sample train consisted of a Pyrex nozzle and probe connected to the impingers and filter
assembly followed by vacuum pump, dry gas meter and calibrated orifice. A schematic of the
sample train is presented in Figure 2. Triplicate six hour measurement runs were conducted at
each site.

Tank and Scrubber Solutions

Grab samples from each location were obtained during the six-hour emissions test. The
grab samples were mixed to form composite samples.

4-3



Analytical Procedures

Emission_Samples

Following the recovery of the emissions samples, the recovered samples were analyzed on-
site to determine the hexavalent chromium concentration. The samples were analyzed using the
diphenylcarbazide calorimetric method. This method is presented in Appendix D. Upon the
completion of the field activities, the emission samples were packed in coolers and submitted
to a contract laboratory to be analyzed for hexavalent chromium and total chromium using ion
chromatography procedures.

In addition to the emissions samples, grab samples of the plating tank solutions and the
scrubber effluent water were analyzed on-site for hexavalent chromium. Scrubber effluent
samples were also analyzed using ion chromatography for hexavalent and total chromium,
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SECTION 5§
QUALITY ASSURANCE PROCEDURES AND PROJECT LOG

litvy Assurance

The equipment used in this test program was calibrated as specified in each respective
method. Pre- and post-test equipment calibration data are presented in Appendix F.

All field data was recorded on standard data sheets and field analytical data was documented
in a notebook. These are presented in Appendix B.

Quality assurance (QA) of the sample analyses included the preparation of a standard curve

and reagents on a daily basis. Sample QA also included analyzing reagent blanks and one
standard or duplicate sample with each set of samples being analyzed.

Test Program Personnel

The following is a list of the field team personnel involved in the completion of this test

program:
Frank Clay - USEPA Project Officer
Helen J. Owens - Project Manager; laboratory analyses
John Chehaske - Meter reader, outlet
Eric Hollins - Site Erection Coordinator; meter reader, inlet
Jay Morgan - Meter reader, inlet
Joey Fuller - Technician

Darren Machuga -Technician
Project Log
The following is a summary of the field activities:
6/16/91 - Travel to Willits, California.
6/17/91 - Inventory equipment, initial set-up.

6/18/91 - Completion of site set-up, preliminary velocity traverses, modify
process operation to meet test condition requirements.

6/19/91 - Completion of one, six-hour measurement run at each site,
recovery and analysis of emission samples.

6/20/91 - Completion of one, six-hour measurement run at each site,
recovery and analysis of emission samples.

6/21/91 - Completion of one, six-hour measurement run at each site,
recovery and analysis of emission samples; site restoration, pack
and ship equipment.

6/22/91 - Travel
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APPENDIX A

PROCESS DATA - MRI
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SAMPLE RECOVERY DATA
Plant: _ P\em o Hydmu/l'cs Run No.: <7 -7
Date: 6%/?87/7/ Sample Box No.: | Job No.:-Fd===-

Sample Location: /u/. v A"

Sampte Type: (7 ° Filter No.: -

Sample Recovery Person: ﬁla(Huad.LLMinh
U L4

Comments:

FRONT HALF

égggg?ger No.: TA-| t;e:;dMarked: ;Drévgnj'4t v ﬁggled: W
Filter Lo
Container No.: Sealed:
Description of Filtep:
Samples stored and locked: ,/
BACK HALF/MOISTURE
Container HNo:
Liquid Level Marked: Sealed:
IMP. NO ’ CONTENTS , égﬁT;Q%) , INITIAL INEEE?;AioraT5; NEY :
L lwabco, 1 sev | 3.0 seea | as
2 e, [ or [ veo o] gm0 1 as
3 f o Y | | =0 > 431. 3 Mo
o |Siicagel | | Zem o] g [ a4q
: | |
s | | | |
TOTAL | | | 5d.7

Description of Impinger Catch:
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SAMPLE RECOVERY DATA

Plant:  Pemec H\,,vmﬁf-\m;gs Run No,: IT4-
Date: _G -20-41 sample Box No.: | Job No.:
Sample Location: Lo gv “A"
sample Type: _C¢** Filter No.:
Sample Recovery Person: T)-ﬂ4ACHUQH$/'C‘!RAJ.Ta:g
Comments:
FRONT HALF
Acetone Liquid
Container No.: Level Marked: Sealed:
Filter ,
Container No.: Sealed:
Uescription of Filter:
Samples stored ang locked:
BACX _HALF/MOISTURE
Container HNo:
Liquid Level Marked: Sealed:
LIMP. NO. l CONTENTS , Vgl{T%nl:l]- INITIAL INEZ%AFHTS} ﬁET
1 , chHCO_?\ ‘ 100 562.3 577, 2 14.9
2 l {Ja R CO, ’ 160 57(.4 561.5 (C:.1
3 MT ’ 2. ¢ 431. 8 5.C
4 DT Ced 674.9 728.9 T4
] _
6
TOTAL ge o

Oescription of Impinger catch:




— 5:'..":':5

I SAMPLE RECOVERY DATA
i Plant: 'C’G?\«co H\.umm'-\utg:_s Run No.: ZTH-3

Date: & -20-4f Sampie Box No.: | Job No.:
' Sample Location: Lo.er “H"
l Sample Type: _Cr*® Filter No.:

Sample Recovery Person: 1 ¥idcii. 0 / C ik tase,
I Comments:
I
| FRONT HALF
l' Acetone Liquid

Container No.: Level Marked: Sealed:
!—' Filter
Container No.: Sealed:
l Oescription of Filter:

_ Samples stored and locked:
' BACX HALF/MOISTURE
l Container No:
Liquid Level Marked: Sealed:

i

P D ‘ CONTENT INITTAC _ WEXGHT (arams ; _ I
ﬁ . . NTS VOL (m1) INITIAL | FINAL I NE l
| 1 ’ Na HCOg 10C 562.3 571 2 , 14,5
' 2 ‘ ('UQI'H".Og 10C 571.4 581.5 (C.1

‘ 3 MT 42¢. ¢ 431. 8 5.0
' 4 Szuren e 74 .9 728.Q 590
. 5
6

' TOTAL | | | ga o
l Description of Impinger Catch:




"

H==
SAMPLE RECOVERY DATA
Plant: 'E’EMCO Hg!\r;_‘ﬂw._tc;-a Run No.: L A-2
Date: _ &-19 -9 ] Sampie Box No.: | Job No.:
Sample Location: T o, v "3 "
Sample Type: _ (% Filter No.:
Sample Recovery Person: D A uued /E Hevezacs
Comments:
FRONT HALF
Acetone Liquid
Container No.: Level Marked: Sealed:
Filter
Container No.: Sealed:
Description of Filter:
Sampies stored and locked:
BACX HALF/MOISTURE
Container No:
Liquid Level Marked: Sealed:
[MP. NO. CONTENTS , \ngll.‘-;g,]-) ’ INITIAL IHEEE?;AtqraTSE NET ||
1 N HC O , iOL ’ Yol O 5813 9.3
2 A HCO,; , 110 ' 571.9 G, 2 -2.7
3 mi l , 426 . 431, 5.0
4 diercd (L ’ ' G979 159, 3 57.4
5 | |
¢ | |
TOTAL | | 9.0
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS ’
PLANT ___| ey LL'\JC‘TQEU-.‘,‘-:
DATE VIR !
SAMPLING LOCATION Tnlet A
INSIDE OF FAR WALL TQ .
OUTSIDE OF NIPPLE, (DISTANCE A) 31715
INSIDE OF NEAR WALL TO _
OUTSIDE OF KIPPLE, (DISTANCE B) . (2. 75
STACK 1.D,, (DISTANCE A - DISTANCE B) SL5T
NEAREST UPSTREAM DISTURBANCE (U)
NEAREST DOWNSTREAN DISTURBANCE (D)
CALCULATOR . SCHEMATIC OF SAMPLING LOCATION
TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION
POINT FRACTION COLUMNS 2 AND 3 ““FROM QUTSIDE OF HIPPLE
NUMBER OF STACK I.D. STACK 1.D. (TO NEAREST 1,8 INCH) DISTANCE B (SUM OF COLUMHNS & & 5)
J o.3 | 2.5 oot c.ly Oz
Z COC 7 2 I 7.5k
3 L% A 547
y .7 55 5. K3
g C.,250 7 5% £.13
b £.35% T [ /14l
7 c. ey / 26,749 C 259
B C. 15T R 2% 3%
4 523 2Tz 26,17
Te c.582 2718 28.C3
1 .93 250 % 29, &4
|2 €. { 30 B4 4 31, C9
L PACIFIT Uit IITOICES nm
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PRELIMINARY VELOCITY TRAVERSE

' ' Plant:_Pem o, (24’ e ! Job No., #3777/ !
- ; RUD NO. p"" / Time: -y
. Date:__ ¢ /¢ /2 ~rigo

!

: Ci —

Locationt .7 Ju 7w 1 Sampling g I
Stack 1.D.: {/, & Location '
Barometric Pressure, in. Hg: I I
Stack Gauge Pressure, in. H.0: -/ 7

Operators: /:‘-’-/7// D 7 ¢ Schepatiz of Traverse Point laycut
Pitot Tube Number: S -y K

Thermocouple No. SA
Temperature Readout L.D.:_ -,
Pitot Tube Leak Check: I—

1

' Traverse| Veloewty | Stack | Cyclonic Traverse| Veliocity | Stacxn | Cyclonie |

I | roose | tme ot | ae e o et | e |'tad [08s)] Teme, riey Chees
d- /1 0371 7¢ | v+ 2 |[p /1 0o7] 72] r4

i 21 6,38 » | & 2 | p 05| P70 4T

31 0371 7 6 | 3l gerlwe| o

‘ “l g3e| 29| o sl oov| 75| o

| Tl o 36l 5p] o slow 201 o

| closzl # 1 <2 | (o 20l | -1

f 2l ool vl =2 |1 01, 571791 -3

sl ol |l -2 1 5slo 32 0 | -2

| 1l o272 sy ] ~ 2] 7lose|re | 2z |

i ol o3/l 731 -3 170 50l 2 | — 5
1 osol 25| v || o200 751 — 7 1

I 21 0,371 >51 . 3 2| o224 >3 o

| | ] | | |

I I Y N B

1 | ] ] | | |

|
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SAMPLE RECOVERY DATA
Plant: ~ A=m ¢ o Run No.: = 2 =/
Date: (/, /2y Sample Box Na.: o Job No.: 437
Sampie Location: L e
Sample Type: (A ¢ Filter No.: -~
Sample Recovery Person: b MACHL{(JA
Comments:
FRONT HALF
Acetone | Liquid
Container No.: Level Marked: Sealed:
Filter
Container No.: Sealed:
Description of Filter:
Samples stored and Tocked:
BACX HALF/MOISTURE
Container No:
Liquid Level Marked: Sealed:
IMP. NO , CONTENTS éSITIAL WEIQBT 2 1
. . L (ml) INITIAL FINAL I NE
1 lﬂﬁﬂ(@ 1¢¢ 5575 590.3 3.8
2 , VKO, K83 , TECE | 5934 [2.¢
3 | e - FIC3 | 458y, 3.3
4 , 5/ v (--/ 70,5 700, | 20
5 |
s | |
TOTAL | A,

Description of Impinger Catch:




- SAMPLE ‘RECOVERY DATA

Plant: P meo /1[‘.:} DRduLTCS : Run No.: LR -2
Date: (L -19-9y SampTe Box Nao.: Z Job No.:
Sample Location: _Tw.cm "R

Samp]é Type: _Lir'+b Filter No.:

Sample Recovery Person: D MHCHU@A /E Hocir S
{

Comments:

FRONT HALF

Acetone - Liquid
Container No.: Level Marked: Sealed:
Filter
Container No.: Sealed:
Description of Filter:
Samples stored and locked:
BACX HALF/MOISTURE |
Container MNo:
Liquid Level Marked: Sealed:
INITIAC WEZGHT (arams;
IMP. NO. CONTENTS VOL_(mi ) INTTIAL FINAL — 1 NEv
1 /Ucho?J 100 563.5 58,5 23.¢
2 Ma (6N /00 579.9 59¢.1 le.2
3 Mt 457. 4 46C.0 2.
4 , Srepen Geo 628. 1 699 41.€
. |
6
TOTAL 25 G

Description of Impinger Catch:
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SAMPLE RECOVERY DATA
Plant:  Remeo HL;[DR:'-}ULIC5 Run No.:_TiR-J
Date: (- 2C -9y Sample Box Ne.: . 2 Job No.:
Sample Location: Tweer "R
Sample Type: Cr*e | Filter No.:
Sample Recovery Person: L D Jincnye. ’c?.ﬁégmL TS
Comments:
FRONT HALF
Acetone Liquid
Container No.: Level Marked: Sealed:
Filter
Container No.: Sealed:
Oescription of Filter:
Samples stored and locked:
BACX HALF/MOISTURE
Container MNo:
Liquid Level Marked: Sealed:
, INITTAL HEIQQT Larams ; .
[MP, NO. CONTENTS VOL (m1) INITIAL | FINAL | NE:
1 Mz H ¢o, , LOO 56C.7 S8i . O 2003
2 Mo 1 C03 l e, 5%0.¢ 591.7 .|
3 MT | 451. 5 459. 3 1.8
s zerca Geo | b8 | 6133 | 4
5 |
5 |
TOTAL ‘ | 77.7

Description of Impinger Catch:
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HEEE T
Y
TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 78
| Q) : i
PLANT—BﬂSAQ%__M-QT’ D
pate ___clija) kY
SAMPLING LOCATION __TIAlet 15 Ay
INSIDE OF FAR WALL TO 2

QUTSIDE OF NIPPLE, (DISTANCE A) 2125 N X s : @
INSIDE OF HEAR ¥ALL TO _ h— —>-| _
OUTSIDE OF NIPPLE, (DISTANCE B) &.25 <2 - h
STACK LD., (DISTANCE A - DISTANCE B) 27
NEAREST UPSTREAM DISTURBANCE ()
REAREST DOWNSTREAM DISTURBAKCE (D )
CALCULATOR SCHEMATIC OF SAMPLING LOCATION
TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION
POINT FRACTION COLUNMNS 2 AND 3 FROM OUTSIDE OF NIPPLE
NUMBER OF STACK L.D, STACK L.D. {TO NEAREST 1,8 INCH) DISTAHCE B {SUM OF COLUMNS 4 & %)
! 0.021 270 o5 .25 o.¥2
2 0067 l R0 2 06
3 IR 3 180 3 .44
‘_l o i1 4,119 S0
k) 0. 250 G, 50 7., 00
¢ 0. 356 ! .12 9. 80
1 17, 44 i7. 3R% {74
g Q. 150 20 250 / 20.50
q 0.823 22.20 22,41
10 Q.887 23. 44 24.90¢,
(! 0.933 | 25, 144 7y
{2 Il 0.979 l 26,433 2. 68
|
|
I
|
FACT I .o CES
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PRELIMINARY VELOCITY TRAVERSE 7

! Plant: __ KeMNCO H\giﬁ\u\\ﬁs Job No. -

! Run No.__! X Time: _jLev

i Date: __¢-1n-<vi sanpling_p|©
Location:___"Tnle¥ 5 1.::: caon
Stack I.D.: L7
Barometric Pressure, in. Hg:

—— -..]_.- -——

Stack Gauge Pressure, in, H,0: M~ =17 '
Operators: <M DM - Schematic of Traverse Point layout
Pitot Tube Number: S-3A
~ Thermocoupie No. 3B
Temperature Readout [.D.:_ Mp-13
Pitot Tube Leak Check: (==X
Traverse|{ Velocity Stack | Cyclenic Traverse| Velogity | Stack Cyclonic
FPoint |Head (8pg)| Temp. |Flow Check Point [Hiead (4pg)| Temp. |Flow Check
Huzber | in. H+0 |{Te),*Fl* from tull Humpor | in. H+0 1(T.),°Fl* from Null
Al o | ss 47| 1] o | & T
2 O. 1 | 85 ol 2 | 017 | g4 [
5 | o 7185 2 = | 098 | 8y 4
4 | o 7| 85 5~ J |© 8 | %4 ?
5 | O, 8 3 5 | o.i% | 84 | (o
b | ©.i4 | 8 O b | ¢l | 3 2
72 o2 | % O 7 o 13| %4 O
Y ol |8 | O 2 lo. 15135 | A
q o.10 | 35 O 9 0178 | O |
el o o] 8 | -4 o lo ol g5 | -] |
o 1o % 3 il lo. 20| 35 | -
122 | o. 1|85 | 1Z.1o.iq | 5| -2
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PRELIMINARY VELOCITY TRAVERSE

Plant: Umwweo \-lqdkaUluL:, Job No. ;
Run No.__ 2 ' Time: _ 1o :
Date:___ & Jta/al . ol L
Location: ___Fnlet B Samplamtet =) 1
Stack 1.D.:__ <7 i .
Barometric Pressure, in. Hg: _<¥. 70 1
Stack Gauge Pressure, in. HO0: _~1.%
Operators: ML SE Schematic of Traverse Poipt lLayout
Pitot Tube Number: 5-3 A ‘
Thermocouple No. 2R
Temperature Readout I.D.:_M{>-13
Pitot Tube Leak Check: SR
Traverse|{ Velocity Stachk Cyclonic Traverse| Veliocsity Stack Cyclonic
Point |[Head (Apg)| Temp. |Flow Check Point |lNead (4pg!| Temp. |Flow Check
Musper | in, 1§20 (T<),"F1* frem NMull tlumbar | in. H20 [(T.),°Fl* fros Hull
A 0.29 | 7L 57 B I C,26 73 10
z | 029|792 - z | o.27 | 72 g
> 1 o3zl72 | — 3 | o.3y 172 | —
g | ©.33 | 72 O 4 |o,32 |72 | IZ
5| 0.3 | 72 — 5| o3 | 72 5
L1 o2 133 — b lo2o {75 | —
0 1028 17 — 910,25 | 1% | —
g | o7 |79 O $lo.50 |15 | 5
| o2z |74 | — ale29 |14 | — |
o | 03094 | — olo.43 |75 | o |
. . \/
IR 7 Hlos59 | 70 fﬁ |
2 o238 113 | 5 12 | .o | 76 IO
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SAMPLE RECOVERY DATA

P]ant: ‘ K“"H-" R

Run No.:

Date: ¢c-/17&/%9-%/

Sample Location: o, AAo,-

Sample Box No.: ¢/,

Co TS

Sample Type: o

Filter No.: -

Sample Recovery Person:

Comments:

FRONT HALF

Acetone
Container No.:

Ligquid

Filter

10 AL veluine

Level Marked: v bmynt de 59313d:;4;JECL__-

Container No.: Sealed:
Description of Filter:
Sampies stored and locked:
BACK HALF/MOISTURE
Container No: |
Liquid Level Marked: Sealed:
INITIAL WE.GHT (grams; °
IMP, NO. CONTENTS VOL fmi) INITIAL | FINAL 1 NE:
1 18O 5 607.9 Se. |
2 100 &2, ¢ 569. 2 5
3 O~ Hd7¢6,4 479. 1 2.7
4 74937 777.9 4.2
5
6
TOTAL 99.8

Description of Impinger Catch:
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SAMPLE RECOVERY DATA

Plant: [Femeo dupnpdule ~ Run Ne.: ©C-2

Date: _ (- -14 -4 Sample Box No.: y-\ Job No.:

Sample Location: _Scoudied Curier

-

Sampie Type: _(r *¥ Filter No.:

Sample Recovery Person:

Comments:

FRONT HALF

Acetone Liquid

Container No.: Level Marked: Sealed:
Filter

Container No.: Sealed:

Description of Filter:

Samples stored and locked:

BACX HALF/MOISTURE

Container HNo:

Liquid Level Marked: Sealed:

- ' CONTENTS égéT}Ag | _ WEZGHT {grams i _
. . mi) INITIAL | FINAL | NE:
1 , MNa a HCC iCC £31.,4 $° 79, ¢

2 | HC e 5013 S 7¢,

s | mr 411.4 | #5C.F

4 l Szezed Ge o AL Fsx0

s |

s |

TOTAL

Description of Impinger Caten:
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' 5 o=
' TRAVERSE POINT LOCATIONS FOR RECTANGULAR DUCTS
PLANT me Do Y Lera
l 0ATE L) Nune /=
: SAMPLING LOCATION 2 4~ -
' INSIDE STACK OIMENSIONS = X e e
INSIDE OF NEAR WALL TO -
OUTSIOE OF NIPPLE, (Distance B) o
EQUIVALENT STACK 1.0, 3.0,
NEAREST UPSTREAM DISTURBANCE 7<% 2= -
NEAREST DOWNSTREAM DISTURBANCE  / 5’—;?’»':«--#-
' NUMBER OF TRAVERSE POINTS 25 appay _ 5y = |
CALCULATOR _H e </ Cx 7=z ) _ g
I e A e ey |
l A
f
' ILLUSTRATE . INCREMENT
AND -
STACK DIMENSIONS ‘ - J
i TR
i o
I 1 { = - -
) -
—_— L x? Y m 4 S Pm— =
TRAVERSE INSIDE OF NEAR TRAVERSE POINT LOCATION DISTANCE
. POINT WALL TPDmmAVEHSE FROM OUTSIDE OF NIPPLE Pg':ITN FROM
- NUMEBER , DISTANCE B (SUM OF DISTANCES A+8) tocATIo EDGE OF STACK
(Distance A)
' 4.6 [23-% 4, 2
/3.3 Lone 4, 05
. >3,0 2o o r o
) 3?-2. .J - -5‘:)1 N'S
. 4,4 2Tl 4 4=




PRELIMINARY VELOCITY TRAVERSE

Plant: _Rope e Hodroofie Job No.

Run No. 4 ’ Time: --~<=g5
Date: Y AN AL

Location:’ - A tleT . .

Stack I.D.: S5 x g

Sampling - C T

o

Location

Barometric Pressure, in. Hg:_ =& &3
Stack Gsuge Pressure, in. H 0: —-C.o6
Operators: _—2p, ¢ kn’-\p(l:e

Pitot Tube Number: S

Thermocoupie No. 3R

Temperature Readout I.D.: MF '
Pitot Tube Leak Check: e

Schematiz of Traverse Point layouc

i A
2
3
4 J
(- CMQ N-rrl;-..)

A B ¢ DE

Traverse| Velocity | Stack | Cyclenic Traverse| Velowity | Staeck | Cyclonic |
ozser | ine 10 | (zoyrerls prec ek | | Potne i g (T vl fron s
Ay f Do l o7 = Do OHF I 677 - ]
, 67 & 2 o.O'7f 67 (7
ok ’cﬂ & 5 0. % o7
| ot ¢ i | o L7 -
25 | ¢ ¢ NS
> | 47 Ll ool b1
| - e f | o ox &7 a
e |67 | - | 5 loow ]| ¢ &
o |67 | < | Ydeag |l er ] o
tlee | ] B SN
clor | o | | |
RN 67 1 € | | | |
0% l¢q |~ | | |
o oo | - N | |
|t | T | | |




' PRELIMINARY VELOCITY TRAVERSE
l ! Plant: ! Job No. 4z 2/ g
b Run No._Preliva.  Qutlef 2 = Time: sp: = .
i Date: G-l&Z- 2L 0 4 umons of I
Location: _ Smrwbbar M 4)e ampling g 1
' Stack [.D.:__ 37" x ¢/ z_ Location .
Barometric Pressure, in. Hg: | I
Stack Gauge Pressure, in. H.0: -~ 0.08 ‘
l Operators: 219/.-9///'21_-; Xenleaciz % Haverse roint layeuc
Pitot Tube Numpber:_ <. >
Thermoccupie No.
' Temperature Readout I.D.: MEBE=-J0
Pitot Tube Leak Check: K
l Traverse{ Velocilty Stack Cyclonic Traverse| Veloesity Stacr Cyclonic |
Point |Head (8pg)| Temp. |[Flow Check Point  |Head (4pg!| Temp. |Flow Check
l Nusber Ll in. 1.0 (T.._. )' ey w f:cn ”ull urpor 'in' H-0 |(Te” srT| o f:ﬂﬂ "ull
Al |
£~ O.14d 710 B- & 0.5 ! 69
; - = H ]
i -4V 004 | e -4 | oze | e |
—éﬁfﬁa.sq 68 -3 0.t 5 &&
!
l -%'7%0-36 & -7 | 022 A4
. ".5-' o./5 f G & -~/ 0.36 &7
p-5| oy | <3 A-s5 | o.tg A
' —o | 0.3 ’ 68 | -~ | 015 70
-3 ! 0.0 5 I &7 | -3 f o. 16 f 70
' -Zf 0.z 7 ’ c& ' ~2 | o.25 €9 |
i -1 | 0.32 | g7 |1 -1 | owe | e7 |
-5 o1s | 2o | | |
l‘ -4 0,06 | 69 | | | | '
-3 | o017 | X | |
' -2| oze | ca | |
' ~/ ! 0.46 f 65 | ,
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PRELIMINARY VELOCITY TRAVERSE

l ; FFz"lanﬁ: Re_vgic.n Job No._ l
| pater Tl Tinei stz f
l Location: g /= F sampline_p-|Cl T
Stack 1.0.:_ 24 x o Lacasien '
. .garox:etric P;essure, in. Hg: f
. tack Gauge Pressure, in. H.0: -
. g?:g:t%')_:;e jebeha. 3 ?Ci ._——M et Schematiz of Traverse POLint layou:
— Thermocoupie No.
' Temperature Readout I.D.: g -so0
Pitot Tube Leak Check:
i — .
Traverse( Velocity Stack Cyclonaic Traversze| Yeiocisy Stack Cyclonie |
— Point Head (Apg)| Temp. |Flow Cheek Poins licad (Ap.)| Temp. |Flow Cheel
' Numsar ..i.n. 50 (T<),°*Fl° frem Hulll lunper in., H-.Os (T-),°F1°® from Muall
3 a1 | 0.5 | 24 |l o-1| o.s7 | 78
I —zf@.ss‘f 7 ¢ | -2 | oYl f7é l
— -3 ' o.24 , 2¢ -3 o.20 77
' -4 | 017 ’ 74 -4 | o0le 77
"' - 35 0. 19 ’ 7¢ -5 6.7 77
_ 5~/ 0. 48 ’ 76 £ -] 0.57 77
i -2 | 0.30 | 76 f{ -2 | 0.45 | 77
- 3| oze | 74 | -3l ozt | 77
' *4’ 0.21 ‘ 75 l i -4{, .16 , 75 l
i -s| 020 | 25 | | ' -5 | o8 | 25 i
~ c-1 ’ 0. 50 ’ 76 l | l , |
I' -2l 031 | 76 l ! : | [ j
~ -3 | oup ’ 76 ] . | , |
i 4| S | 74 B | | |
_ -5" 0. 17 , 74 ! , ’
] |
',




PRELIMINARY VELOCITY TRAVERSE

Do Plant: _Kepuco Job No. l

v Run No._FPreli'n., S Time:

. Date:_ g -/ g-97 —— e ot L
Location: ___Dule £ i:::;::” l
Stack I.0.: H4o " ¥ e )
Barometric Pressure, in. Hg: [
Stack Gauge Pressure, in., H.0: - O, )7
Operators: Chehaske &wgns Schematic of Traverse Point layouc
Pitot Tube Number: S 2
Thermocouplie No.

Temperature Readout [.D.: mpz-/p0
Pitot Tube Leak Check:
Traverse; veiocity | Stack | Cyclonic Traverce| Veiocity | Stack | Cyelonie |
Point |Head (4pg)| Temp. |[Flow Cheex Point  |lead (8pg'| Temp. |Flow Checi
Muzmber in. H-0 (T ), °FT1" frem Hulll lucsezs | 'in. HA0 T.).'Tl° frem Mull
A-5 ’ o266 7/ , D- 5 , o, 21 7/
-4 | o.27 21 | l -q | o.zi | 7
-3 ©.32 d -3 o.z24 7]
-z | o4q9 | 2 2| ous | 24
- ©.79 f 7! - ! 0.73 7
B-5| o 25 ’ 71 £E-5 0.22 71/
~4d 0.27 ' 71 ‘ -2/ f 0.2 1]
-3 | o.ze | 7 Il -3 ] oz3s | 7
-2 | o0.37 | 74 |1 <2 | 053 | 73 |
~] ' 0-¢2 f 71 ,' - ‘ 0.66 7.3 |
c-s| 02, | 70 | | |
4| ozr | 2y | f | f |
3| 0.z | 21 | | l |
2| ous | 71 f ? , ’ o
1| oecs ( . | [




PRELIMINARY VELOCITY TRAVERSE

L

Plant: _Kewmeo Job No. 432/ !
Run No. _Prr/im, & Time: o9 z5 '
Date: ¢./2-97 i ol L
Location: _ Qs sfat ettt AT
Stack I.D.:____ 2.4 x yg*“ '
Barometric Pressure, in. Hg: g 18 |
Stack Gauge Pressure, in. H.0: -2 .33
Operators: e 14 € Schematic of Traverse Point layouc
Pitot Tube Number: S=2 '
Thermocoupie No.
Temperature Readout [.D.:_ i r- /o
Pitot Tube Leak Check: aK
Traverse| vValocity | Stack | Cyclenic Traverse| Velogity | Staex | Cyeclonic |
Point [Head (4pg)| Temp. |Flew Check Point [liecad (Ape)| Temp. |Flow Check
llu=ber in. H.0 (Te).*FI" from Null Number | in. H.L0 (Te ), *T1® from NHull
£-/ | 2. F5 | &4 B-5 | 0.30 o
-2 | 0.¢3 ¢ ~Y | 032 l e4d
-3 0.27 64 ~3| 0.35 | ¢4
"4l o025 | ¢4 ~2| 0.9 | ¢4
-5 o0.27 é s ~/ 0.77 ¢
-5 0.28& ey A-5| 0.3 | ¢4
- 0.29 g ~Y 2.37 ¢S5
3| 0.3/ 65 -3 042 cs
-2 ocl és -2 .57 cs I
-/ 0.85 @ <f -/ 0.5% s~ '
C-s5| o.2¢ &4
~ | 0.27 4 ‘
-~ 3 o. 32 ey
C.J6
- Z #.-5&97 c4
— 0. 80 c <




PRELIMINARY VELOCITY TRAVERSE
L

L Plant:__Kewwg o Job No. '
!' Run No. Py e )iy 7 Time: —— ‘
Eate.. . & -Z0 -/ sameting O I
ocation: Dectlet - s n’ *
Stack [.D.: 35 W e Loeacio .
Barometric Pressure, in. Hg: Zx ¥ 1

Stack Gauge Pressure, in. HO: __—0 33
Operators: C’hel-m_s@c Schematic of Traverse Point layouc
Pitot Tube Number: S-=

Thermocouple No.
Temperature Readout [.D.:___mM;2-/1
Pitot Tube Leak Check: a

Traverse| Velocity | Stack | Cyelonic Traverse| Velogity | Stack | Cyclonic |
Point |Head (Apg)| Temp. |Flow Checs Point |licad (Apg)| Temp. |Flow Check
- NWuzber | in. -0 (Te),*Fl* from tulll | Number | in. H40 1(T.),*F1° froa Null
65 |
A~ 0.37 —+ ,
A-75 0.-37 &3 '
- A-2 0.35¢ %%
A-/ 0.9 | ¢35
A-5 <-37 “%3
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Page
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rAl Fltae i
e "
RESEARCH TRIANGLE INSTITUTE gﬁsa

Center for Environmental Measurements and Quality Assurance
August 27, 1991

Ms. Helen Owens

Pacific Environmental Services
4700 Duke Drive, Suite 150
Mason, OH 45040

Dear Ms. Owens,

Enclosed are the Cr(VI) and total chromium results as determined by ion
chromatography and ICP, respectively, for the impinger samples received on
July 2, 1991 for RTI Project No. 4848-02E, Pacific Environmental Services P.0.
No. 91-167.

at 919-541-6897.

Sincerely,

T ke

Kate K. Luk, Ph.D.

Ref: 4848-02E

cc: W. Gutknecht
P. Grohse e
J. Merricks : Tt T
C. Decker

' If you have any questions, please call me at 919-541-6569 or Peter Grohse

i

Post Office Box 12194 Research Triangle Park, North Carolina 27709-2194
Telephone 919 541-6914 Fax: 919 541-5929




RTI Project No. : 4848-02E

Samples : Impinger Samples

Company : Pacific Environmental Services (P.0.# 91-167)

Analyte : Cr(VI)

Method of Analysis : Ion Chromatography (Cr(VI)); ICP (Total Cr)
Samples Received : 7-2-91

Report Date : 8-27-91

Orig.
Total

1338000

Orig. Volume

Total Taken for Total

Volume Cr(vI) Cr(VI) Digestion Cr
Sample mL ug/mL  Total,ug mL ug/mL
91-779 Znit A~ 1000 1390 1390000 2.00 53.5
91-780 Tnlet A4 ~a 1000 1050 1050000 2.00 38.7

91-781 Ta/eF 4 *3 (Rinse) 1000 1350 1350000 2.00 49.9
91-782 Thrict 4 ~ ¥ (Ritker) 200 0.150 30.0 20.0 0.0670

91-783 Taset & -/ 1000 9.85 9850 10.0 1.80
91-784 Tailet p -2 1000 15.1 15100 10.0 2,98
91-785Ta/ct B -3 (Riare) 1000 135 135000 10.0 24,7
01-786 Tnlef B-3 ( Filky) 200 1.29 258 20.0 0.507
91-787 Ouvtiet - | 1000  0.0433 43.3 200 0.188
91-788 g, tret - % 1000 0.0255 25.5 200 0.102
91-789 g,+ict -3 (Rac) 1000 0.0240 24.0} «wg 200 0.0820
91-790 @, tiet =3 (Felter 200 0.214 42.8) 7 50.0 0.225
91-791 #aHCo, Rinse Baok 500 ND ND 250 ND
91-792 paKco3 Filte, Blaak 200 ND ND 100 ND
91793 0utiet | (m3) 500 0.0170 8.50 250 0.0840
91-794 0utlet 2 (mI) 500 0.00700 3.50 250 0.0360
91-795 ouvtlet 3 (mI) 500 0.0115 5.75 250 0.0540
91-796 Servbber Waker | 1000 14700 14700000 1.00 249
91-797 " Y a 1000 4490 4490000 1.00 104
91-798 - R N 1000 16220 16220000 1.00 350
91-799 - w4 395 17450 6892750 1.00 370
91-800 .. v 5 345 14400 4968000 1.00 268
91-801 ., a6 375 19600 7350000 1.00 378
Detection Limit 0.0015 0.007

ND : Non-detectable; less than detection limit
Total Cr digestion : Concentrated HNO3 was used.
Final volume for digested sample = 50.00 mL

Orig Total Cr, ug/mL = (Total Cr, ug/mL * Final volume, mL / Vol. Taken for Digestion)*

Orig. Total Vol., mL

18900

968000
1248000
33.5
9000
14900
124000
254
47.0
25.5
20.5
45.0

ND

ND
8.40
3.60
5.40
12450000
5200000
17500000
7307500
4623000
7087500




' RTI Project No. : 4848-02E

samples : QC for Impinger Samples
Company : Pacific Environmental Services (P.0.# 91-167)

' Analyte : Cr(VI)
" Method of Analysis : Ion Chromatography (Cr(VI)); ICP (Total Cr)
Samples Received : 7-2-91
l Report Date : 8-27-91
l Calibration Check Sample, ug/mL
. Total  Total
Cr(Vl) Cr(VI) Cr Cr
' ug/mL ug/mL ug/mL ug/mL
: Sample Measured Expected Measured Expected
QcC 0.0102 0.0100 1.87 2.00
Qc 0.0106 0.0100 2.10 2.00
Qc 0.0107 0.0100 2.03 2.00
_ Results of Blank, Duplicate, and Spike for Cr(VI) Analysis, ug/mL
' Spike Spike Spike

cr(vl) Cr(vI) Cr(VI) Cr(VI)

ug/mL ug/mL ug/mL p4
Sample Measured Measured Expected Recovery
RTI DIW ND - - -
91-787 Dup 0.0411 - - -
91-795 Dup 0.0115 -- - -
91-788 Spk -- 0.0102 0.0100 102

Results of SRM, Blank, Duplicate, and Spike for Total Cr Analysis, ug/mL

Spike Spike Spike
Total Total Total Total Total

Cr Cr Cr Cr Cr
ug/mL ug/mL ug/mL ug/mL %
 Sample Measured Expected Measured Expected Recovery
I Reagent B1k ND ND -- --
SRM WP481 0.0524 0,0520 -- -- -
91-781 Dup 47.3 - -- -- --
91-784 Dup 2.97 -- - -- --
91-784 Spk -- - 4,28 4.00 107
91-780 Spk -- - 1.90 2.00 95

ND : Non-detectable; less than detection limit
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APPENDIX D

CALCULATIONS

D-1




PACIFIC ENVIRONMENTAL SERVICES EMISSIONS CALCULATIONS

CLIENT/PROJECT #: REMCO HYDRAULICS

SAMPLE LOCATION: INLET A
DATE/TIME: 6-19-91/
RUN #: Ia-1
STATIC PRESSURE( "H20): -1.90
BAROMETRIC( "HG ): 28.80
SAMPLE TIME(min): 360.00
ACTUAL METER VOLUME : 332.344
SE@. ROOT /\P: 0.707
AVG ORIFICE /\H: 2.97
AVG STACK TEMP “F: 75.0
AVUG METER TEMP °"F: 95.0
Cp PITOT 0.84
NOZZLE DIA.( inchesg): 0.270
METER GAMMA: 1.028
LEAK RATE(IF<¢0.02):
CIRC STACK? 1=Y,0=N: 1
DIA OR DIM (inches): 31.50
% 02 :
% CO2 :
VOL CONDENSATE(ml): 52.70
ANALYTE #1 HEXAVALENT CHROMIUM
MOLE WEIGHT:
ug/sample 1372008.00
ANALYTE #2
MOLE WEIGHT:
ug/sample

KAXRARKXRRRRRRRRARNNX CALCULATED RESULTS

GAS VELOCITY (vs): 40.79
STACK GAS FLOW (Qs): 13246.3
: 12424.8

MOISTURE (%H20): 0.78
STACK GAS TEMP : 75
ISOKINETIC = ?5.98

EMISSION DATA FOR HEXAVALENT CHROMIUM

CONCENTRATION (Cs): 6.70E-02
: ?.58E-0D6

: NA

EMISSION RATE (Er): 7. 14E400

EMISSION DATA FOR

CONCENTRATION (Cs): NA
H NA

Na

EMISSION RATE (Evy): NA

COMMENTS :

"HG 28.646
Um(corr) 332.344
DSCF 315.233

R 535.0

‘R 355.0

An( ft~2) 3.98E-04
As( ft~2) 5.41
DRY MOLE WT 29.00
ST MOLE WT 28.91
2 H20 0.78

KEXKKKKRXHKXHRHKN KKK AR
FT/SEC

ACFM
DSCFM

%
Deg F
%

Gr/DSCF
lb/DSCF
PPM

1b/hr

Gr/DSCF
1b/DSCF
PPM

lb/hr

COLSRIMETRIL ANALYSIS
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PACIFIC ENVIRONMENT

CLIENT/PRCY C. H:
SAMPLE L OCATIO
CATE/TIME:

RUN ik:

- pra

- ~—
STATIC

SAMPLE TIME(min):

ACTUAL METER VOLUME:

5Q. ROOT /\P:

AVG ORIFICE /\H:
AVG STACK TEMP 'F:
AVG METER TEMP "F:

Co PITOT
NOZZLE DIA.(inches)
METER 5GAMMA:
LEAK RATE(IF(O.CE_l
CIRC STACK? 1=Y,0=N:
DIA DR DM (1nths)
WO"'\
% Coz -
VCL. CONDENSATE(m! :
ANALYTE #1i
MOLZ WEIGHT:
ug/sample
ANALYTE 42
MOLE WEIGHT:
ug/sampig :
KARHARREMUNRNNRRNNEN N

anS VELOCITY (Vs

.
o

FLOW Qs

~-

-

MOISTURE ( %H20 :
3TACK GAS TEMP
[SOKINETIC
EMIZZION DATA FOR
CONCENTRATION (Cg):
EMISSION RATE (Er ):

[y
—-

£

CONCEINTRATION (CZ3:

PRESSURE{ "M20 ):
BAROMETRIC{ "HG ):

—:\@k%_:WT

ISSION DATA FOR HEX&

AL SERVICES EMISSIONS CALCULATIONS

W22 RYDRALLICS
A

/‘.

1Z%90000.00

- TED RESULTS

5.9

A STATRA T

RS TR

65 .54E-02
T .34E-0¢
N&

&5 .?6E+CO

ACEMT OCHROMIUM

é.7FE-0Z
FOE-iJ6
MNA

ATl RN
- Y
o wra [

CﬂRUMIUN

"G

Um( cory )
DSCF

‘R

R

A Ft72)

As( ft™2)

DRY MOLE WT
ST MOLE WT
% H20

28.66

332.344

i 2770

._:15..;...;._1

535.0
555.0

3.98E-04

3.41

29 .00
28.91

0.78

MUK NLUMMUNRKHNNNNX

Gr/DSCF
1b/DSCF
PPM

1b/hr

Gr/DSCF
1b/DsSCF
PPM

oY aets
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6. Stack Gas Velocity, Average

| ( 535 )
= \/ Ts = F 3 ".DM
VSan 8*5'49CF’ AP Javg PgMg 85.49 (¢¥F (o D\)/(-;-?Lvl.- Y2841 )
Vsavg = e, 8 ft/s

7. BEack Vollnrntr.%é Flow Rate, Actunl Conditions (Stack Tompx:rature and Pressure)
2 -
Oa (circular) =00 X Vs (AN, o5 v v (5,450 x 107%) (@?)
’ 144
P . 2
= 60 X __k(.§ (5.454 x 1073) ( 318" )

"or" Qa(rectangular) = 60 X V_ (EI§E¥> =60 X V_ (L X W) 6.944 X 107

=60 X ( X ) 6.944 X 1073
Qa = /3 34§ acfm

Stack Volumetric Flow Rate, Stardard Conditions (68°F, 29.92 in. Hg)

: _ - L

- _ _:_ _ ] — A FAC LY Lo
O‘std ].7.54.03'(1 B""s) <Ts = 17.64 (/3245 ) (1 cco§ ) ( 53+ )
Qg = 2, 416 dscfm

9. Isokinetic Variation

- T v
$I = Kk .S m(std)

PS Vs An =] ( 1-8

ws

P (535 ) (Zs.10% )
0.0944 " Ty g, ) (e ) (365,09 ) (e ) (l-0§)

= {5y g

'
I'“
I
t
)
II
I
!
1
:
|
I
|
_i
i
i
I
[
'
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PACIFIC ENVIRONMENTAL SERVICES EMISSIONS CALCULATIONS

CLIENT/PROJEZT #: REMZD HYDRAULICS

SAMPLE LOCATIGN: INLET A
OATE/TIME : &—-20-91
RUN 4: Ia-2
STATIC PRESSURE("H20)5 -1.90
. BAROMETRIC( "HG ): 28.81
SAMPLE TIME(min): 360.00
ACTUAL METER VOLUME: 330.710
S3. ROOT /\P: 0.711
AVG ORIFICE /\H: 3.00
AVG STACK TEMP "F: 1.0
AVG METER TEMP “F: 94.0
Co PITOT 0.84
NOZZLE DIA.{inches): 0.270
METER GAMMaA: 1.028
LEAK RATE(IF(O.O2)3
CIRC STACK? 1=Y,0=N: 1
DIA OR DIM (inches): 31.50
% 02 :
% Coz :
VGL CONDENSATE(m1 ): 79.00
ANALYTE #) HEXAVALENT CHROMIUM

MOLEZE WEIGHT:
ug/sample

ANALYTE #2 :

MOLE WEIGHT:

ug/sample :
KAXRNKKHKNRRREXRRRKNX XX

F19228.20

CALCULATED RESULTS

GAS VELOCITY (Vs ): 40.39
STACK GAS FLOW (03 ): 13278.9
: 12504 .4

MOISTURE (%H20): 1.17
STACK GAS TEMP : 71
ISOKINETIC 95.11

EMISSION DATA FDR HEXAUALENT CHROMIUM

CONCENTRATION (Cs): 4 .50E-02

: 6.43E-06

NA

EMISSION RATE (Er): 4 .33E+00

EMISSICN DATA FOR

CONCENTRATION (3 ): i NA

: NA

NA

EMIZSION RATE (&r): NA

TOMMIN TS COILIEINETRIS ANALTYST

"HG
Um(corr )
DECF

‘R
‘R

An( ft=2)

As( ft™2)

DRY MOLE WT

ST MOLE WT

Z H20

FT/SEC

ACFM

DSCFM

4

Deg F

F 3

Gr/DSCF
lb/DsCF

PPM

lb/hr

Gr/DSCE
1b/Dscs
PPM

lb:"hr

28.67
330.710
314.382

531.0
554.0

3.98E-04

S.41

29.00
'28.37
1.17
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PACIFIC EINVIRONMENTaL

CLIENT/PROJECT 4:
SAMELE LOCATION:
JATE/TIME:

RUN #:

STATIC PRES3URE(
BAROMETRIC( "HG )

SAMPLE TIME(min):
METER WOLUME:
SQ. ROOT /\P:

AVG ORIFICE /\h:
AVG S5TACK TEMP "F:
AVG METER TEMP "F:

ACTUAL

Cp PITOT

NOZZLE DIA.(inchesg):
METER GAMMA:

LEAK RATE( IF<0.02):
CIRC STACK? 1=Y,0=N:
DIA OR DIM (inchecg):

% 02
£ C02

YOL CONDENSATE(m! ):

ANALYTE i1

MOLE WEIGHT:

ug/sample
ANALYTE #2

MOLE WEIGHT:

ug/samoie
RRARE MU NRRRNRNRNENN NN

GAS VELOCITY (Vs):

STACK GAS FLOW (935

MOISTURE {%H20):

STACK GAS TEMFP
SOKINET

ISCION 5ATA FOR

CONCENTRATION (Cs):

EMISSION RATE (Er ):

EMISSION DATA FOR =EMaia_ZNT UHROMIUM

ONCENTRATION (Cs )

]
<
[
[XH)
-
.
-
pr
o
4
in
oy
fn
=

"HZ0):

REMCS SYDRAUL ICS
INLET A

b~2C-31,

1A-2

-1.70
28.81
360.00
230.710
0.711
2.00
71.0
?4.0
0.34
3.270
1.028

1
31.50

7%.00C
CERIMIUM

TCTAL

7632000 .00

HEXAVA_ ZNT CHROMIUM

L050000.00

CALJL ATED RESULTS
40.29

13278
.

12LU4.4

1.17
71
‘?5.11

T{J-: .:L_ '-‘_"\._.n-AL;M

5.14E-02
7 .35E-0g
NAa

SEXRVICES EMISSIONS

CALCULATIONS

"HG 28.67
Um(corr) 220.710
OSCF 214.382

‘R 521.0

R 554.0Q

An( ft™2) 3.98E-04
As( Tt™2) 5.41
DRY MOLE WT 29.00
ST MOLE WT 28.87
% H20 1.17

KKK KKK KK KK XX
FT/SEC

ACFM
0SCFM

4
Deg F
4

Gr/DSCF
lb/DscF
PPM

lb/hr

Gr/DSCF
lb/osce

DDOm
Lot it
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PACIFI1C ENVIRONMENTAL SERVICES EMISSIONS CALCULATIONS

CLIENT/PROJECT 4: REMCO HYDRAULICS

SAMPLE LOCATION: INLET A
DATE/TIME: S H6-21-91/
RUN #: 1Aa-3
STATIC PREZSURE( "H20): -1.90C "HG 28.66
BARDMETRIC(“HG)= 28.30
"SAMPLE TIME(min): 360.00 Vm( corr ) 344,523
ACTUAL METER VOLUME: 344 .523 DSCF 329.391
SO. ROCT /\P: 0.738
AVG ORIFICE /\H: 3.25
AVG STACK TEMR “F: 69 .0 R 529.0
AVG METER TEMP “F: 1.0 'R 55i.0
Cp PITAT : 0.84
NOZZL.z DIA.{ :nches): 0.27 An( ft~2) 3.98E-04
METER GAMMA: 1.028
LEAK RATE( IF<0.02):
CIRC STACK? 1=Y,0=N: 1 As( Ft72) 5.41
DIA OR DIM (inches): 31.50
02 @ DRY MOLE WT 29 .00
% 02 ST MOLE WT 28.87
VAL CONDENSATE! ml ): 84 .00 2 H20 1.17
ANALYTE #1 : HEXAVALENT CHROMIUM
MOLE WEIGHT:
ug/sample : 1266384 .00

ANALYTE #2
MOLE WEIGHT:
ug/sample
HRUNNURKRRNARRRERN N NN CALCULATED RESULTS EXEMARNANNNNHNNNNNH

-

GAS VELOCITY (Vs ): 42 .38 FT/SEC
STACK GAS FLOW (Bs): 137460.0 ACF
: 12999 .7 DGCFM
MOISTURE (%M20): 1.19 %
STALCK GAS TEMP 69 Deg F
[SOKINETIC : ?5.86 4

EMISSION DATA FOR HEXAVALENT CHROMIUM

CONCENTRATION (Cs): 5.92E-0Z2 Gr/DSCF
: 8.46E-06 1b/DSCF

NA PPM

EMISSION. RATE (Er j: 6 .60E+00 lb/hr

EMISSION JATA FOR

CONCENTRATION {C=): i NA Gr/DSCF
: NA 1b/DSCF

NA PPM

EMISSION RATE (&r : NA 1b/hr

TULZRIMETRIC ANALYS

%



PACIFIC ENVIRONMERNTAL

CLIENT/PROJECT #:
uHmOLh LOCHTlON

TIME:

RUN ﬂ:

STATIC PRESSURE( "420):
BARCMETRIC( "HG ):
SAMPLE TIME(min):
ACTUAL METER VOLUME:
5Q0. ROOT /\P:

AVG ORIFICE /\H:

AVG STACK TEME "F:
AVG METER TEMP “F:

Co PITOT
NCZZLE DIA.(inches):
METER LAMMA:
LEAK RATE(IF<0.02):
CIRC STACK? 1=Y,0=N:
DIA OR DIM (inches):
% 02 =
_ % Ccaz
VCL CONCENSATE(mi ):
ANALYTE 41
MOLE WEIGHT:
uga/sample
ANAL TE #Z :
MCLE WEIGKT:
ug/sample

AXNEHRENNRERNNAAANRNNY

GAS VELLDCITY (Ve ):

STACK GAS FLOW (2z3):

MOISTURE (%HZ20):
STACK GAS TEMP
[SOKINETIC

EMISSICN DATA FOR

CONCENTRATION (Cz):

EMISSION RATE (Er):
EMISSION DATA FCOR

CONCENTRATION (Cs:

EMCO HYSRALLICS

~-1.%20

23.80

360.00

: 344,522
: 0.738
3.2%

69 .0

91.0

0.34

0.270

1.028

O

31.2

34.

- A P - -
TOTAL SrARCMIUM

o
O

13

L24B2353.50

HEXAVALLZLT CHREGMIUM

Il

LE3LUE0.900

- 1-,

CALILLATIO RESUL
42.38

L2760.0
V29997

1.19
67
'72.386

TOTAL CHEROMICM

5.33E-02
2.324E-04&
NA

& .ECECO0
AEXAVS ZHT ZHROMIUM
5.31E-02

= TR ol a
7LunE-Cé

NA

i

- e =
[T VR

WA Yol

SERVICES ZMISSICNS

CALCULATIONS

MG 23.66
Vm(co?r) 344 .523
DSCF 329 .391

'R S529.0

R 551.0

AN( ft™2) 3.98E-04
As( ft~2) 5.41
DRY MOLE WT 29 .00
ST MOLE WT 28.37
% H20 1.19

ARRKHEEREANRNNNR SN

FT/SEC

ALCEM
DSCFiM

%
Deg F

o
A

Gr/DSCF
1b/Dscs
PPM

lb/hr

Gr/DSCF
ib/DscF
PPM

:.!-Jf’hr
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PACIFIC ZNVIRONMENTAL SERVICES EMISSIONS CALCULATIONS

CLIENT/PROJECT #:
SAMPLE LOCATION:
DATE/TIME:

RUN #:

STATIC PRESSURE( "H20 ):
. BAROMETRIC( "SG ):
"SAMPLE TIME(min):

ACTUAL METER VOLUME:
SQ. REDT /\P:

AVUG ORIFICE /\H:

AVG STACK TEMP °F:
AVG METER TEMP °F:

Cp PITOT

NOZZLE DIA.(inches):

METER GAMMA:
LEAK RATE( IF<0Q.02):

CIRC STACK? 1=Y,0=N:

bIA OR DIM (inchesg):

¥ 02 :

% Coz2

VoL CONDENSATE{ m]l ):
ANALYTE #1

MOLE WEIGHT:
ug/sample
ANALYTE #2

MOLE WEIGHT:

ug/sample
RARKHNK KK RNNKRN YN ENNK

GAS VELOCITY (vs):
STACK GAS FLOW (Qg):
TURE (%=20):

GAS TEMP
ISCKINETIC

REMZO HYDRAULICS
INLET D

6-19-91/

iB-i

-1.80 "HG 28 .67
28.80
3460.00 uUm( corr ) 307 .264
307 .244 DSCF 291.224
0.760
2.57
75.0 R 35.0
20.0 'R S50.0
0.84
0.248 An( ft*2) 3.35E-04
1.019
1 As( ft~2) 3.98
27 .00
DRY MOLE WT 29 .00
ST MOLE WT 23.87
75.80 % H20 1.21

HEXAVALENT CHROMIUM

9375.00

CALCULATED RESULTS EXRKXKNRRKRRRNERRAX

EMISSION DATA FRR HEXAVALENT CHROMIUM

CONCENTRATION vC3):
EMISSION RATE (Er):
EMISSION DATA FOR

CONCENTRATION (Cs):

PTORARAIT L T .
R N -

43 .88 FT/SEC
10468.8 ACFM
?P779.5 DSCFM
1.21 k4
75 Deg F
?8.10 y-4
4 .96E-04 Gr/DSCF
7 .08E-08 lb/DSCF
NA PPM
4.16E-02 lb/hr

NA Gr /DSCF
NaA lbsDSCF

NA PPM
NA Ib/hr
CCLUGRINETRIC ANALYS IS
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CLIENT/PRCJIECT #:
SAMPLE L OCATION:
DATE/TIME:

RUN &d:

STATIC PRESSURE(
BAROMETRIC( "HG

SAMPLE- TIME( min ):
ACTUAL METER VOLUME:
S@. ROOT /\F:

AVG ORIFICE /\H:

AVG STACK TEMP 'F:
AVG METER TEMP “F:

Cp PITOT

NOZZLE DIA.( inches ;:

METER GAMMA:
LEAK RATE( IF<0.02):
CIRC STACK? 1=Y,0=N:
DIA DR DIM (inches):

% 02
% Coz

VOL CONDENSATE(m! ):

ANALYTE #1

MOLE WEIGHT:

ug/sample
ANALYTE #Z

MOLE WEIGHT:

ua/sampie
HURERHEA RN RA AR NN LN

GAS VELOCITY (vs):

STACK GAS FLOW {23

MOISTURE (3H20):

S57ACK GAS TEMP
ISOKINETILC

EMISSION DATA FOUR

CONCENTRATION (Cs):

ISZION RATE (Er):

EMISSION DATA FOR HEZAVAL_ZNT

CONCENTRATION {(Cs):

[0
{n
[
pid
-0
s
-9
m
{r
)

“H20 )

-1.30
28.30
350.00
307 .264
0.760
2.57
75.90
?0.0
Q.34
0.248
1.019

1
27.00
75.8C
TCTaL ZARIMIUM

“000.00

HEXAUVAILLENT CHROMIUM

?E850.00
CALZU ATID REZSULTS

£2.88

?8.1

TOTAL Z=EROMIUM

SERVICES EMISSIONS

CALCULATIONS

“HG 28.67

um( cory ) 307 .264
DSCF  291.224

"R 535.0

‘R 550.0

An( ft°2) 3.35E-04
As( ft=2) 3.98
DRY MCLE WT 29.00
ST MCLE WT 28.87
% HZ0 1.21

KANENERNXA NN NNRRNN

FT/S2C

ACEM
DsSEEM

%
Deg F
4

Gr/DSCF
1b/DscF
PPM

I1b/hr

Gr/DSCF
ib/0DsCE
PDM

'
' )
[ Fdite

.-



‘ EMISSION TEST CALCULATIONS

l-PLANT Remee Ho pRALLECS SOURCE/RUN T8 -| DATE _(-1Y-9] _
i .

l 1. Leakage Correction for Volume Metered

Vme = - (Lp-La)@ = ~ (Lp-0. 02)6 = ( )=-(. =0.02) ( )
3
= £t

Volume Metered, 'Standard Conditions (68°F, 29.92 in.Hg)

" .-
‘?<:

+\H / 13.6 - - Y
Vingeg = 17.64 VY <Pbar > = 17.64 (307.2¢4) (Z n,019) (28.80)+(2. 57 )/13.

291,055 . ( iﬁ%’:&"

Vmgeq = 4395 7" dsct S
3. Volume Water Vapor Collected, Standard Conditicns

Impingers = V. = 0.04707 (V¢ - V;) = 0.04707 ( ) = scf

Silica Gel = vw5g=o 04707 (Wg ~ Wi) = 0.04707 (5.8 ) = 2 5% scf

Vogeg = we T szg = _3.5¢ce __scf
. Pervent Moisture, By Volume

| Vi (3508 ) 0,012

td . Vi
By, = v S+ v = - - = D™
Wstd T YMgeg ( 3.5¢8 )+( L5y
291,055

Molecular Weight, Stack Gas

Dry Molecular Weight, My = 0.440 (3007) + 0.320(20,) + 0.280 (8N5 + $CO)

= 0,440 ( ) +0.320( ) + 0.280 ( )
M = 2 1b/1b - mole
Percent Excess Air,%EA =
0> - -
[ 205 - 0.5 3CO _Ixmo ( )=0.5¢ ). % 100
0 264(%N2H%02—0 5 %CO ) _' 0.264( H -0.5(

Mg'= Mg (1-Byg) + 18.0 (Byg) = ( z¢ - ) (1~0.Wér7) + 18.0 (c.075) = 28 775" 1b/1b-mole

- - i o ) h )
*



Eg
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6. Stack Gas Velocity, Average

" ( 57357 )
: Ao Ts ' _ G4 ) (C 187
VSavg 85.490p ( AP )avg Mg 85.49 (c.e4 ) (C.1s 1?/28. cT1)(z2e.129)
= 43,96 ft/s !

Vsavg

1
|
|
i
|
i

Stack Vohnnr.':tr.i'.t': Flow Rate, Actual Conditions (Stack Temprraturc and Pressure)

60 X Vg («f d2/4) -3
144

= 60 X _43.9¢ (5.454 X 1073) ( __ 27 )

= 60 X Vg (5.454 X 107°) (d2)

Qa(circular) =

L X W\ _ -3
a7 ) =60 XV_ (L XW 6.944 X 10

= 60 X _ ( X ) 6.944 X 10

"or" Qa(rectangular) = 60 X Ve
-3

Qa= 0 487 acfm

8. Stack Volumetric Flow Rate, Standard Conditions (68°F, 29.92 in. lg)

-17 64d (1 ) <Ps>_l 4 (1% 1 ,,;..d—--a'-"";\ 2e.67
O‘sl:d-' T Tal _B\Ns Te / 7-64 (it (_O..OT'E. 3
Qg = Ftwt™™" dsctm

9, 8

st

9. Isokinetic Variation

Ts  Vn(sta)

Pe Vs A, ® 1-Bs

3L = K

Al T I AL AT -
' (5397) ()™
0.0944 (2 o7) (23 e ) ( obtedti-) (3.C) ( L-z.o09)
i bl.,_l...l—--——-. Ty

-
2, J v =

. 91.9 %

S BE NN S N G N DS OGN NN e .



l PACIFIC ENVIRONMENTAL SERVICES EMISSIONS CALCULATIONS
l CLIENT/PROJECT #: REMCO HYDRAULICS
SAMPLE LOCATION: INLET B
DATE/TIME: 6-20-91/
l RUN 4: iB-2
STATIC PRESSURE( "H20): -3.70 "HG 28.54
l_ . BAROMETRIC( "HG ): 28.81
; SAMPLE TIME(min): 360.00 Um( corr ) 304.700
ACTUAL METER VOLUME: 304 .700 DSCF 287 .744
l SQ@. ROOT /\P: 0.742
AVG ORIFICE /\H: 2.43
AVUG STACK TEMP °"F: 74 .0 ‘R 534 .0
: AUG METER TEMP °F: $2.0 ‘R 552.0
l. Cp PITOT : 0.84
NOQZZLE DIA.{ inchez ): 0.248 An( ft~2) 3.38E-04
: METER GAMMA: 1.019
'f LEAK RATE( IF<0.02):
CIRC STACK? 1=Y,0=N: 1 As( Ft°2) 3.98
DIA OR DIM (inches): 27 .00
% 02 : DRY MOLE WT 29 .00
% C0zZ : _ ST MOLE WT 28.85
VOL CONDENSATE(m] ): 83.40 % H20 1.35

ANALYTE #1 : HEXAVALENT CHROMIUM
MOLE WEIGHT:
ug/sample : 15489 .00
ANALYTE #2
MOLE WEIGHT:
ug/sample
KRERUREARRHNNRRRRNNKRX CALCULATED RESULTS KUERHRNUNXMRNERERNNX

GAS VELOCITY (Vs): 44 .07 FT/SEC
STACK GAS FLOW (0Qs): 10513.1 ACFM
: 9781 .0 DSCFM
MOISTURE {%H20): _ 1.3% %
STACK GA3 TEMP : 74 Deg F
ISCKINETIC : 96.92 %

EMISSION DATA FOR HEXAVALENT CHROMIUM

- em = m Wm W ww

CONCENTRATION (Cs): 8.29E-04  Gr/DSCF
: 1.18E-07  1b/DSCF

I— NA PPM
EMISSION RATE (Er): 6.95E-02 1b/hr

\

EMISSICN DATA FOR

I CONCENTRATION (Cs): NA  Gr/DSCF

. NA  1b/DSCF
- : NA PPM
l‘ EMISSION RATE {Sr): NA 1b/hr
' | SOMMENTE : LR TMETRIC ANALYSIS
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PACIFIC ENVIRCNMENTAL SERVICES EMISSIONS CALCULATIONS

CLIENT/PROJECT #:
SAMPLE LOCATION:
DATE/TIME:
RIUN 4 :

STATIC PRESSURE( "H20):
BAROMETRIC( "HG ;:
SAMPLE TIME(min):
ACTUAL METER VOLUME:
s@. ROOT /MNP:
AVG ORIFICE /\H:
avG sSTACK TEMP F:
AVG METER TEMP "F:
Cp PITOT
NCZZLE Dla.( inches):
METER GAMMA:
LEAK RATE(IF<0.02):
CIRC STACK? 1=Y,0=N:
DIA OR DIM (inches):
% 0z :
% COo2
VOL CONDENSATE(mi .:
ANALYTE #1
MOLE WEIGET:
ug/sample
ANALYTE #2
MOLE WEIGHT:
ug/sampie
KNRENURRRNNRRNHRNU KKK

GAS VELOCITY (Vvel:

STACK GAS FLOW (@s?:

MOTSTURE ( 3H20):

3TACK GAS TEMP
ISOKINETIC

EMISSION DATA FOR

CONCENTRATION (Cs):

CONCENTRATICHN {(Cs)

TMITSION RATE {Iv i

7S510N RATE (Ev )

510N DATA FOR

REM..Z “YDRAULLICS
INLET &

LH-20-?L)
13-
-32.70 "HG 28 .54
28.81
360.00 vm( corr ) 304 .700
304 .700 DSCF 287 .744
0.762 :
2.43
74 .0 'R 534.0
92.0 R 552.0
Q.84
0.248 an( ft™2) 3.35E-04
1.019
1 As( ft72) 2.98
27 .00
DRY MOLE WT 29 .00
ST MOLE WT 258.85
33.60 % H2C 1.35
TOTAL SHREMIUM
4200 .00
SELAVRELON THRCOMIUM
©5100.00
CALCLLATID RESULTS HNRNRRUHNERAXRNARKRK
44,07 FT/5EC
1095131 ACEFM
?721.0 DSCrFM
1.325 4
74 Deg F
96 .92 %
~OTAL CSHERIMIUM
7 .27E-04 Gr/DSCF
1 14E-07 1b/DSCF-
NA& PPM
L . HFE-02 1b/hr
HEM&Y Sy SHROMIUM
5. 0BE-04 Gr/DSCF
L L LBE-07 lb/DSCF
NA PEM
LoRE--Q2 ‘b
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PACIFIC ENVIRONMENTAL SERVICES EMISSIONS CALCULATIONS

CLIENT/PROJECT 4: REMCO HYDRAULICS

SAMPLE LOCATION: INLET B
ATE/TIME: 6-21-91/
RUN #: IB-2
STATIC PRESSURE( "H20 ): -4 .20
. BAROMETRIC( "HG ): 28.80
"SAMPLE TIME(min): 360.00
ACTUAL METER VOLUME: 295.127
SO. ROOT /\P: 0.787
AUG ORIFICE /\H: 2.26
AVG STACK TEMP "F: 69 .0
AVG METER TEMP "F: 846.0
Ce PITOT 0.84
NOZZLE DIA.( inches): 0.248
METER GaAMMA: 1.019
LEAK RATE({ IF<0.02):
CIRC STACK? 1=Y,0=N: 1
DIA OR DIM (inches): 27 .00
% 02
% C02 :
VOL CONDENSATE(m] ): 79.70
ANALLYTE #1 HEXAVALENT CHROMIUM

MOLE WEIGHT:
ug/sample
ANALYTE #2
MOLE WEIGHT:
ug/sample
HEHRRRRANRRERNNRRNNNN

127624.00

CALCULATED RESULTS

GAS VELOCITY (Vs ): 45 .33
STACK GAS FLOW (Qs): 10815.2
: 10144 .1

MOISTURE (%HZ0): 1.31
STACK GAS TEMP : 69
ISOKINETIC 91.44

EMISSION DATA FOR HEXAVALLENT CHROMIUM

CONCENTRATION (Ca): 6.98E-03

: 9 .98E-07

NA

EMISSION RATE (Er): 6.07E-01

EMISSION DATA FOR

CONCENTRATION (s ): . NA

: NA

NA

EMISSION RATE (Ev ) NA
DoMME COL3EINETRIT ANALYE ]

"HG 28.49

um(corr ) 295,127
DSCF 281.548

'R 529.0

‘R 546 .0

An( Ft~2) 3.35e-04
As( ft=2) 3.98
DRY MOLE WT 29.00
ST MOLE WT 28.364
% H20 1.31

HHHKIHN KKK KK RNANNNKX
FT/SEC

ACFM
DSCFM

C
i

De

2 i} 28

Gr/DSCF
1b/DSCF
PPM

Ib/hy

Gr/DSCF
lb/pscE
PPM

ib/hr



PACIFIC ENVIRGNMENTAL SERVICES EMISSIONS

CLIENT/PROJECT #:
SAMPLE LOCATION:
DATE/TIME:

RUN #:

sTATIC PRESSURE{ "H20):
BARUOMETRICY{ "HG ;:
SAMPLE TIME(min):
ACTUAL METER VOLUME:
S@. RAOT /\P:
AVUG ORIFICE /\H:
AVUG STACK TEMP °F:
AVG METER TEMP °F:
Cp PITOT
NOZZLE DIA.(inches):
METER GAMMa:
LEAK RATE( IF<0.02):
CIRC STACK? 1=Y,0=N:
DIA OR DIM (inches):
% 02 :
% CN2
YCL CONDENSATE(m! ):
ANALYTE #1
MOLE WEIGHT:
ug/sample
ANALYTE 42
MOLE WEIGHT:
ug/sample
NNANNNAHXNNENARRRRNXX

GAS VELOCITY (Vs):
STACK GAS FLOW (3s):
STURE (%H20):

ACK GAS TEMP
[SOKINETIC

MG
ST

EMISSION DATA FOR

CONCENTRATION (Cs):

EMISSION RATE (Er):

EMISSION DATA FOR

CONCENTRATION (Cs )z

REMED HYRRALLICS
IWET B
b-21=91/

12-3

-4.20
28.80
360.00
295,127
0.787
2.26
69 .0
86.0
0.84
0.248
1.019

1
27 .00
72.70
TOTaL CHRSMILM

124254 .00
HEXAVALENT CHRGMIUM

135258.00

CaltUl.ATED RESULTS
45.33

v
I o

=.
4.

FafS

H!
10
1.31
69
71 .44

ToTaAalL CHEROMIUM
6 .80E-03
?.71E-07
N&

“HG

vm(cofr)
DSCF

‘R
R
An( ft™2)

As( ft~2)

DRY MOLE WT
ST MOLE WT
% H20

CALCULATIONS

28.49
295.127
281.548

529.0

546 .0

3.35E-04

3.98

29.00
28.86
1.31

KERRHRBHUENRUENKKK KX

ET/SEC
ACEM
DSCFM
%
Dea F

o

Gr/DSCF
1b/D5CF
PPM

1b/hr

Gr/DSCF
Ib/DSCF
PPM

ia/hr




PACIFIC ENVIRONMENTAL SERVICES EMISSIONS CALCULATIONS

o em MR L (Al CLIL AT T 0O

CLIENT/PROJECT NUMBER: REMCO HYDRAULICS

SAMPLE LOCATION: INLET A
DATE/TIME: 6-19-91/
RUN #: IA-1

1.SAMPLE VOLUME(DSCF ):

umc = Um—(Lp-La)¥Time = Vm-(Lp-0.02)%xTime = 322.344
vm(std) = 17 .647%UmcxY*( Pbar+/\H/13.6)/Tm( 'R) = 315.233

2.MOISTURE FRACTION:
%¥H20 = 100%V1cx0.04707/(V1c%0.04707+Vm(std)) = 0.78
2 .MOLECULAR WEIGHT:

Md
Ms

O.44*(%CD2)+O.32*(%D2)+0.28(%N2+%CD) = 29.00
Md%( 1-Bws )+( 18.0%Bws ) = 28.%91

3 .VOLUMETRIC FLOW RATE(Q):

Ys = 85.49xCpxAvg( /\P"0.5)%[Ts( "R)/(Ps"HgxMs )] 0.5 = 40.8
Ba = Vsx60xAs( ft2) = 13244.2
Qstd = Dax17.647%( 1-%H20)%Ps/Ts( 'R) = 12424.8

4 . ISOKINETIC:
%1 = 0.0945%Ts( "R)xum(std)/ [PoxVsxAnxTimex( 1-Bws )] = 95.98
EMISSION DATA FOR

5.CONCENTRATION(Cs ):

Calgr/dscf) = 0.0154%Wt(mg )/Vm(std) = 6 .7CE-02
Cs( lb/dscf ) = 2.20E-06%Mn{ my )/VUstd = ?.53E-24%
Cs(ppm) = 3.855508%Cs( lb/dscf )/mole wt = N&

6.EMISSION RATE(ET ):
Er(lb/hr ) = Cs( ib/dscf )*Qstd*60 = 7 .14E+00
EMISSION DaTa FOR

7 .CONCENTRATION(Cs ):

Cs(gr/decf) = 0.0154%Wt(mg)/Um(std) = N&
Cs( lbsdscf) = 2 .20E=-0&6%¥Mn( mg )/Vstd = Ne&
Cs(ppm) = 2.855£02%Cs( lb/dscf )/mole wt = NA

8.EMISSION RATE(EY ):

Eri{lbs/hr) = Cs( lb/dsc? )*Cstd%x40 = NA



PACIFIC ENVIRONMENTAL SERVICES EMISSIONS CALCULATIONS

CLIENT,/PROJECT #:

SHMPLE LOCATION:

OATE/TIME:

RUN #:

STATIC PRESSURE( "H20):
BAROMETRIC( "HG ):

SAMPLE TIME(min):
ACTUAL METER VOLUME:
SQ. ROAT /\P:

AVUG ORIFICE /\H:

AUG STACK TEMP “F:
AVG METER TEMP "F:

Cp PITOT
NOZZLE
CIRC STACK?

% 02
& CO2

VOL. CONDENSATE(m] ):

ANALYTE #1

MOLE WEIGHT:

ug/sample

ANALYTE #2

MOLE

ug/sample
NANKNXNXXAKNNRARRXRRS

GAS VELOCITY (Vs):

w

TACK

MODISTURLC \WH 0):
STACK GBAS TEMP
ISOKINETIC

EMISSION DATA FOR HEXAVALENT CHROMIUM

CONCENTRATICN (Cs):

EMISSION RATE (Er ):
EMISSION DATA

CONCEMTRATICN (Cs):

m

MISSION RAT

rm

Fan

rm
1

PRI RAT AT,

P T B

DIA.( inches ):
METER GAMMA:
LEAK RATE( IF<0.02):
1=Y,0=N:
DIA DR DIM (1nches)=

WEIGHT:

CALCULATED

GaS FLOW (Qs):

FOR

REMCO HYDRAULICS

QUTLET
6—-19-21/
o-1

-0.33
28.75
375.00
265.778
0.564
1.71
72.0
72.0
0.84
0.247
1.042

o

1610.00

99.80

HEXAVALZINT

41.20

RESULTS

38.23

254647 .0
2401Z2.3

1.74
72
?%.04

2.39E-06
3.42E-10
NA

4.92E-04

NA
NA
NA

NA

E-.-ﬁ, —

ANAL/Z

CHROMIUM

.

"HG 28.73

Um( corr ) 265.778
DSCF 265.264

R 532.0

‘R 522.0

An( ft72) 3.32E-04

As( fLt~2) 11.18
DRY MOLE WT 29.60
ST MOLE WT 28.81
% H20 1.74

=
=

KXKARK KKK EANKRR KRN
FT/SEC

ACFM

DSCFM

De

-

of (O 28

Gr/DSCF
lb/DSCF
PPM

1bshr

Gr/DSCF
lbs/DsSCF
PPM

1b/hr




PACIFIC ENVIRCNMEMNTAL ZER

CLIENT/PROJECT 4:
SAMPLE LOCATION:
DATE/TIME:

RUN H:

STATIC PRESSURE( "HZ0 ):
BAROMETRIC( "HG):
SAMPLE TIME(min):
ACTUAL METER WOLUME:
sS8. ROOT /\P:

AVG ORIFICE /N\H:

AUG STACK TEMP “F:
AVG METER TEMP "F:

Co PITOT

NOZZLE DIA.( inches):
METER GAMMA:
LEAK RATE( IF<0.02):

CIRC STACK? 1=Y,0=N:

DIA OR DIM ( inches):

% 02 :

% C0Z

VOL CONDENSATE(m!i ):
ANALYTE #1

MOLE WEIGHT:
ug/sample
ANALYTE #2

MOLE WEIGHT:
ug/sample

GAS VELOCITY (Ve -

STACK GAS FLOW (Qs!:

MOISTURE (%H20):
STACK GAS TEMP
ISOKINETIC

EMISSION DATA FOR

CONCENTRATION (Cs):

EMISSION RATE (Ev ;:

EMISSI0ON DATA FOR

1CES EMISSIONS CALCULATIONS
REMCT HYDRAULICS
QUTLET
L&-19-21/
0-1
-0.33 "HG 28.73
28.75
375.00 um( corr ) 265.773
245.778 DSCF 265.264
0.664
1.71
72.0 R 532.0
72.0 ‘R 5322.0
0.384
0.247 an( ft™2) 3.33E-04
1.042
0 As( ft72) 11.15
1610.00
DRY MOLE WT 29.00
ST MOLE WT 8.31
?9.30 % H20 1.74
TCTA CARSMIUM
47 .00
=HEAayA T T ZHROMIUM
43 .20
CALCOIATED RESULTS KXURERRNNNAENNRNHENS
38.22 FT/5EC
25647 .0 ACFM™
24012.3 OSCEM
1 74 %
72 oeg ~
79 .04 X
TOT AL DEROMIUM
2.72E-06 Gr/DSCF
3.90E-1C 1b/DSCF
NA PPM
5.62E-04 lb/hr
HEXAVALIHMT ZTHROMIUM
2.Z1E-06 Gr /DSCF
T.59E-10 1b/DsSCFE
NA PpPM
::35_]4 .!'._‘./?'Y
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EMISSION TEST CALCULATIONS

DATE _¢f :(:l 1

l ,IAANT |\_fﬂ( ,'lk (,’L \(LL\_\ \( _)
- J

1. Leakage Correction for Volume Metered

(332 )

Ve =.Vm - (Lp-La)8 = Vp, ~ (Lp-0. 02)8 = ( )= -0.02) { )
v = £t3

| me 5 — |
Volune Metered, Standard Conditions (68°F, 29.92 in.Hg)

' | ' Ppar +QH / 13.6 (2875 )+(LT)  )/1:
VmStd = 17.64 Vi Y ( T = 17.64 (265718 ) (rcr )

Vg3 = A 154 dsef

' . Volume Water Vapor Collected, Standard Conditions

Impingers = V= 0.04707 (Vg - Vi) = 0.04707 ( ) = scf
I Silica Gel = Vg =0.04707 (Wg - Wy) = 0.04707 (4G5 ) = 4448 scf
sztd .= VWC + Vngl = LGOS : scf

I . Percent Moisture, By Volume

sztd _ ( LA )

By, = = ——— = 007

Molecular Weight, Stack Gas
Dry Molecular Weight, My

H

0.440 (%C03) + 0.320(303) + 0.280 (8N; + 3CO)

0.440 ( ) +0.320( ) + 0.280 ( )

Mg = 9.0 1b/1b - mole

Percent Excess Air,%EA =

[ 805 ~ 0.5 %CO jxmo )-0.5( ) % 100
0 ) )

.264 (3N3H(305-0.5 CO 0.264 H 0.5
REA =

Mg'= Mg (1-Byg) + 18.0 (Byg) = (2.0 )(1-00/7 ) + 1B.0 (i ) = Q88 Li:/Lb—rl:Dle

) _ -




g aamco jjctl[.t\,ttt(.b
c-1 ehala
6. Stack Gas Velocity, Average
= (532 )
\Y = 85.49 WO\P )avg S = 85.49 (0.8 ) (C.we)) _
Savg p PeMg (4573 ) (X8

39 2 ft/s

Vsavg =

7. Stack Volunctric Flow Rate, Actual Conditions (Stack Tempnrature and Pressure)

60 X Vg («f d2/4)

a (circular) = = 60 X Vg (5.454 X 1073) (@?)
' 144
2
= 60 X (5.454 x 10=3) ( )
"or" Qa(rectangular) = 60 X V ( ey ) 60 X V_ (L X W) 6.944 X 1073
=60 X _3%2 25 X He ) 6.944 x 1073
Qa = A5 (Y acfm
B. Stack Volumetric Flow Rate, Starxdard Conditions (68°F, 29.92 in. lg)
o 17.60.0_(-n,) (Ps - 1768 (330av ) (1-o07 ) (2D
g™ 64 F g Dyg Ts /0t e ' 532
= 23G44 F
Qq 23G45 dscfm
Isokinetic Variation
$1 = K 'Is Vrn(std)
P V. A 6 —1I-B
S S n ws

(534 ) (Le5259)
0.0944 (2¢72 ) (55 ) (S5 upt ) (275 ) ( L-dai)

= _g§§ %




PACIFIC ENVIRONMENTAL SERVICES EMISSIONS CALCULATIONS

CLIENT/PROJECT #: REMIZO HYDRAULICS

I

GA VELOCITY (Vs ): 37 .69 FT/SEC
STACK GAZ FLOW Qs ): 252872 .2 ACEM
23674 .0 DSCEM
MUTSTURE ((%E20 1.93 %
3TACK GAS TEMP 2 Deg F
ISOKINETIC 98.93 %
I‘ EMISSION DATA FOR HEXAVALENT CHROMIUM
CONCENTRATION (Cs): 3.78E-06  Gr/DSCF
o : S.40E-10  1b/DSCF
| NA POM
i; EMISSION RATE (Er): 7 .67E-04 1h/hr
| EMISSION DATA FOR
I' CONCENTRATION (C2): NA  Gr/DSCE
: NA 1b/DSCF
i NA PPM
I SMITSION SATE (S & T,
i I TR TME DTS ANAL F0 TS

SAMPLE L OCATION: OUTLET
DATE/TIME : &5-20-71/
RUN e o=
STATIC PRESSURE{ "HZD): -0.33 "HG 28.79
. BAROMETRIC( "HG ): 2e.81
SAMPLE TIME(min): 375.00 Um( cory ) 264 .138
AUTUAL METER VOLLUME: 264.138 DeCF 261 .236
S3J. RODT /\P: 0.655
AVGE ORIFICE /\H: 1.7C
AVG STACK TEMP "F: 72.0 R 532.0
AVG METER TEMP "F: 72.0 R 538.0
Cp PITOT 0.84
NOZZLE DIA.(inches): 0.247 An( ft~2) 3.33E-0C4
METER GAMMA: 1.042
LZAK RATE(IF<(Q.02):
CIRC STACK? 1=Y,0=N: 0 As( FL72) 11.13
2IAa OR DIM (irches): 1610.00
% 02 DRY MOLE WT 29.00
% Co2 ST MGOLE WT 28.79
VOL CONDENSATE! m] ): 109.40 % H2 1.23
ANALYTE #1 HEXAVALENT CHROMIUM
MOLE WEIGHT:
ugc/sample 64,10

ANALYTE #Z2

MCLE WEIGHT:

dg/samele
RNEKREANEHREREREANRANXH

CALCZULATED RESULTS
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PACIFIC ENVIRONMENTAL SERVICES EMISSIONS CALCULATIONS

CLIENT/PROJECT #:
SAMPLE LOCATION:
DATE/TIME:

RUN &=

STATIC PRESSURE( "H20):

~ BAROMETRIC{ "HG j:

SAMPLE TIME(min):

ACTUAL METER VOLUME:

SA. ROOT /\P:

AVG ORIFICE /\H:

AVUG STACK TEMP °F:

AVG METER TEMP "F:
Cp PITOT

NOZZLE DIA.(inches):

METER GAMMA:

LEAK RATE(IF<0.02):

CIRC STACK? 1=Y,0=N:

DIA OR DIM (inches):

2 02 :

% C0D2 :

VOL CONDENSATE(mI] :
ANALYTE #1

MOLE WEIGHT:
ug/sample
ANALYTE #2

MOLE WEIGHT:
ug/sample
KUNNARRAUNEHNRREXENNN

GAS VELOCITY (Vs ):
STACK GAS FLOW (Qs):
MOISTURE ( %H20 }:

STACK GAS TEMP
ISOKINETIC

EMISSION DATA FOR HEXAVALENT CHROMIUM

CONCENTRATION (Cs}:

EMISSION RATE (Er):
EMISSION DATA FOR

CONCENTRATION (Cs):

I

MISS{ON RAT

m

~
e

m

SEYMAPACTNL T T .
v b ar i =

REMCUO HYDRALLICS

OUTLET
6-21-91/
0-3

HEXAVALENT

CALCUL.ATED

b~

=-0.32
28.80
375.00
271.961
0.673
1.82
49 .0
73.0
0.34
0.247
1.042

o
1610.00

116.10

CHROMIUM

29.350

RESULTS

38.62

L67E-06
.39E-10
NA

.S50E-04

NA
NA
NA

NA

R $29.0

‘R 533.0

An( ft72) 3.323E-04
As( Ft72) 11.18
DRY MOLE WT 22.00
ST MOLE WT 28.78
% H20 1.97

"HG 28.73

vm( corr )
SCF 271,471

Gr./DSCF
1b/DSCF
PPM

lb/hy

Gr/D3CF
1b/oscE
PPM

Ib/hr
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PACIFIC ENVIRONMENTAL SERVICES EMISSIONS

CLIENT/PROJECT #:
SAMPLE LOCATION:
DATE/TIME:

RUN #:

STATIC PRESSURE( "HzD):

BAROMETRIC( "HG ):

SAMPLE TIME(min):

ACTUAL METER VOLUME:

SAQ. ROOT /\P:

AVG ORIFICE /\H:

AVG STACK TEMP °F:

AVG METER TEMP TF:
Ce PITOT

NOZZLE DIA.(inches):

METER GAMMA:

LEAK RATE( IFK0Q.02):

CIRC STACK? 1=Y,0=N:

DIA OR DIM (inches):

% 02 :

% C0z2 -

VOL CONDENSATE(ml ):
ANALYTE #1

MOLE WEIGHT:
ug/sample
ANALYTE #2

MOLE WEIGHT:
ug/sample
HXERRRKENEHRREXKRHNRRX

GAS VELOCITY (Vs):
STACK GAS FLOW (Qs):
MOISTURE ( %H20):

STACK GAS TEMP
ISOKINETIC

REMCO HYDRAULICS

QUTLET
6—21-91/
0-3

-0.33
28.80
375.00
271.961
0.673
1.82
69.0
73.0
0.84
0.247
1.042

0
1610.00

116.10

TOTAL CHROMIUM

HEXAVALENT

CALCULATED

65.50

CHROMIUM

66 .80
RESULTS

3B.62

25910.2
24381.3

1.97
69
?9 .82

FT/SEC

ACFM
D5CFM
%
Deg ~
%

EMISSION DATA FOR TOTAL CHROMIUM

CONCENTRATION (Cs): 3.72E-06
: 5.31E~-10

NA

EMISSION RATE (Er;: 7.77E-04

EMISSION DATA FOR HEXAVALENT CHROMIUM

CONCENTRATION (Csz}: 3.79E-06
: S5.42E-10
NA

~¢

LP2E-04

EMISSION RATE (Er :

.y, = = -, e e e — e ex ke

Gr/DSCF
1b/DSCF
PPM

lb/hr

Gr./DSCF
1b/DSCF
PPM

lb/hr

CALCULATIONS

"HG 28.783

vm( corr ) 271.961
DSCF 271 .471

R 529.0

R 533.0

an( ft™2) 3.33E-04
as( ft™2) 11.18
DRY MOLE WT 29 .00
ST MOLE WT 28.78
% H20 1.97




Remco Hydraulics - Process Emission Rates

Run # I-A I-B 0-1
mg/Ah (¢/Ah) =e/Ah (¢'/Ah) =s/Ah (*'/Ah)
1 139 (2.15) 0.473 (0.007) 0.004 (6.2x10%)
2 08.7 (1.52) 0.824 (0.013) 0.002 (3.1X10°%)
3 127 (1.96) 7.53% (0.116) 0.006 (9.3X10°%)
Avg 122 (1.88) 0.649 (0.010) 0.004 (6.2x10°%)

*Not included in average




APPENDIX E

DRAFT METHOD - DETERMINATION OF HEXAVALENT
CHROMIUM EMISSIONS

FROM DECORATIVE AND HARD
CHROME ELECTROPLATING

E-1




R
B 3.1 Sampling Train. Same as Method 5, Section 2.1, but omit filter,
‘ ” and use quartz probe tip in place of stainless steel.
I ._ 3.2 Sample Recovery. Same as Method 5, Section 2.2, but use 0.IN NaOH
o in place of acetone.
l - 3.3 Analysis. The following equipment is needed,
' | 3.3.1 Beakers. Borosilicate, 250-m1, with watchglass covers.

3.3.2 Volumetric Flasks. 100-m1 and other appropriate volumes.
I __ 3.3.3 Pipettes. Assorted sizes, as needed.

3.3.4 Spectrophotometer. To measure absorbance at 540 nm,

'-— 4. eagent

: Unless otherwise indicated, all reagents shall conform to the
l specifications established by the Committee on Analytical Reagents of the
'.;_ American Chemical Society. Where such specifications are not available, use
the best available grade.
i_'-— 4.1 Sampling.
4.1.1 0.1N NaOH,
I"' 4.2 Sample Recovery.
"_ 4.2.2 0.1N NaCH.
4.3 Analysis. The following reagents are required.
l;' 4.3.1 Water. Deionized distilled, meeting American Society for Testing
; ‘ and Materials (ASTM) specifications for type 2 reagent - ASTM Test
'_

Method D 1193-77 (incorporated by reference - see § 61.18).
i 4.3.2 Potassium Dichromate Stock Solution. Dissolve 141.4 mg of

analytical reagent grade K.Cr.0, in water, and dilute to 1 liter

|
| B (1 ml = 50 ug Cr™).




additions procedure used on the single source sample do not agree to within 10
percent of the value obtained by the routine spectrophotometric analysis, then

reanalyze all samples from the source using this method of additions

procedure.
6. Calibration

6.1 Sampling Train. Perform all of the calibrations described in
Method 5, Section 5.

6.2 Spectrophotometer Calibration.

6.2.1 Optimum Wavelength Determination. Calibrate the wavelength scale
of the spectrophotometer every 6 months. The calibration may be accomplished
by using an energy soJrce with an intense line emission such as a mercury
lTamp, or by using a series of glass filters spanning the measuring range of
the spectrophotometer. Calibration materials are available commercially and
from the National Bureay of Standards. Specific details on the use of such
materials are normally supplied by the vendor; general information about
calibration techniques can be obtained from general reference books on
analytical chemistry. The wavelength scale of the spectrophotometer shall
read correctly with +5 nm at all calibration points; otherwise, repair and
recalibrate the spectrophotometer. Once the wavelength scale of the
spectrophotometer is in proper calibration, use 540 nm as the opt imum
wavelength for the measurement of the absorbance of the standards and samples.

Alternatively, a scanning procedure may be employed to determine the
Proper measuring wavelength. If the instrument is a double-bean
spectrophotometer, scan the spectrum between 530 and 550 nm using the 50 ug
Cr* standard solution (Section 4.3.4) in the sample cell and a blank solution

in the reference cell, If a peak does not occur, the Spectrophotometer is




malfunctioning. When a peak is obtained within the 530 to 550 nm range,
record and use the wavelength at which this peak occurs as the bptimum
wavelength for the measurement of absorbance of both the standards and the
samples. For single-beam spectrophotometer, follow the scanning procedure
descrfbed above, except scan the blank and stapdard solutions separately. For
this instrument, the optimum wavelength is the wavelength at which the maximum
difference in absorbance between the standard and the blank occurs.

6.2.2 Spectrophotometer Calibration. Alternative calibration
procedures are allowed, provided acceptable accuracy and precision can be
gsmonstrated. Add 0.0 m1, 1 ml, 2 m1, 5 ml, 10 m1, 15 m1, and 20 ml of the
working standard solution (1 m1 = 5 ug Cr™) to a series of seven 100-m]
volumetric flasks. Dilute each to mark with water. Analyze these calibration
standards as in Section 5.6.1. Repeat this calibration procedure on each day
that samples are analyzed. Calculate the spectrophotometer calibration factor

K. as follows:

A, + 2A, + 5A, + 10A, + 15A, + 20A,

K. =5 Eq.-2
Al + A+ Al + AT+ Al + Al

where:

K, = Caljbration factor.

A, = Absorbance of the 5 ug Cr*/100 m1 standard.
A, = Absorbance of the 10 gg Cr*/100 m1 standard.
A, = Absorbance of the 25 pg Cr*/100 m1 standard.
A, = Absorbance of the 50 ug Cr*/100 m1 standard.
A, = Absorbance of the 75 pg Cr*/100 ml standard.
A; = Absorbance of the 100 g Cr*/100 m1 standard.




6.2.2.1 Spectrophotometer Calibration Quality Control. Multiply the

i absorbance value obtained for each standard by the K, factor (least squares
lk— slope) to determine the distance each calibration point lies from the

’;._ theoretical calibration 1ine. These calculated concentration values shall not
I differ from the actual concentrations (i.e., 5, 10, 25, 50, 75, and 100 4
"l" Cr*/100 m1) by more than __ percent for five of the six standards.

! 7. issi leulati

ke
l Carry out the calculations, retaining at least one extra decimal figure
"\-" beyond that_ of the acquired data. Round off figures after final calculations.

7.1 Total Cr* in Sample. Calculate m, the total ug Cr* in each samplé,
l"’ as Follows:

; V,, K, AF

T m=——— Eq. -3
i .

" where:
r V., = Volume in ml1 of total sample.
l‘ A = Absorbance of sample.

| ' F = Dilution factor (required only if sample dilution was needed to
'- to reduce the absorbance into the range of calibration),

. V, = Volume in m1 of aliquot analyzed.
|

7.2 Average Dry Gas Meter Temperature and Average Orifice Pressure
Drop. Same as Method 5, Section 6.2.

7.3 Dry Gas Volume, Volume of Water Vapor, Moisture Content. Same as

Method §, Sections 6.3, 6.4, and 6.5, respectively.




l * 7.4 Cr™ Emission Concentration. Calculate c, (g/dscm), the Cr*
' concentration in the stack gas, dry basis, corrected to standard conditions,

as follows:

| ER y ,
Ikw ; ¢ = (10 g/ﬂg)fm/v.(.u,] Eq. -4
7.5 Isokinetic Variation, Acceptable Results. Same as Method 5

Sections 6.11 and 6.12, respectively.
8. Biblioaraphy
- 8.1 Test Methods for Evaluating Solid Waste. U.S. Environmental
Protection Agency. SW-846, 2nd Edition. July 1982.

8.2 Cox, X.B., R.W. Linton, and F.E. Butler. Determination of Chromium
Speciation in Environmental Particles - A Multitechnique Study of Ferrochrome
Smelter Dust. Accepted for publication in Environmental Science and

- Technology.
8.3 Same as in Bibliography of Method 5, Citations 2 to 5 and 7.
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APPENDIX E.

AMPERE-HOUR CALCULATIONS




Ampere-hour Calculations
Test Run No. 1
Tank No. 1A

Date: June 19, 1991
Inlet-A Inlet-B Qutlet
Start time: 10:30 Start time: 10:30 Start time: 10:10
Stop time: 17:02 Stop time: 17:14 Stop time: 17:03
Time, 24-h clock Time interval, min Ampere-hours
Current,
Inlet-A Outlet Inlet-A Qutlet amperes Inlet-A Outlet
10:10 - - 8,100 - -
10:12 — 2 8,500 -

11 11

10:30 10:30 - 2 8,500 - 280
10:45 10:45 15 15 8,500 2,125 2,125
11:00 11:00 15 15 8,500 2,125 2,125
11:15 11:15 15 15 8,500 2,125 2,125
11:30 11:30 15 15 8,500 2,125 2,125

11:41 8,500 1,558

13:58 - 28 8,500 -
14:15 14:15 13 17 8,600 1,863 2,437
14:16 14:16 1 1 8,600 143




June 19, 1991

Test Run No. 1
Tank No. 1B

Ampere-hour Calculations

Date:
Inlet-A Inlet-B Outlet
Start time: 10:30 Start time: 10:30 Start time: 10:10
Stop time: 17:02 Stop time: 17:14 Stop time: 17:03
Time, 24-h clock Time interval, min Ampere-hours
. Current,
Inlet-A Qutlet Inlet-A Qutlet amperes Inlet-A Outlet
- 10:10 - —_
- 2 2,600

- 10:12

- 87




Ampere-hour Calculations
Test Run No. 1
Tank No. 2A

Date: June 19,71991

Inlet-2A In -B

Start time: 10:30 Start time:

Stop time: 17:02

10:30
Stop time: 17:14

Qutlet

‘Start time: 10:10
Stop time: 17:03

- 10:12 - 2

—
Time, 24-h clock Time interval, min Ampere-hours
Current,
Inlet-A Qutlet Inlet-A Outlet amperes Inlet-A Qutlet
- 10:10
8,800

10:45 10:45 15 17 8,600 2,150 2,437
11:00 11:00 15 15 8,800 2,200 2,200
11:15 11:15 15 15 8,800 2,200 2,200
11:30 11:30 15 15 8,800 2,200 2,200

12:45 12:45 30 30

8,300




. -

Ampere-hour Calculations
Test Run No. 1
Tank No. 2B

Date: June 19, 1991

Inlet-A Inlet-B Outlet
Start time: 10:30 Start time: 10:30 Start time: 10:10
Stop time: 17:02 Stop time: 17:14 Stop time: 17:03
e — T e ——
Time, 24-h clock Time interval, min Ampere-hours
Current,
Inlet-A Qutlet Inlet-A Qutlet res Inlet-A Outlet
- 10:10 - ‘ - - -
- 10:12 - 2 2,600 - 87

10:45 10:45 15 17 2,600 650 737
11:00 11:00 15 15 2,650 663 663
11:15 11:15 15 15 2,650 663 663
11:30 11:30 15 15 2,650 663 663
11:41 11:41 11 11 486 486
11:43 11:43 2 - 2,650 88 -
11:45 11:45 2 2 2,650 33 88
12:00 - 12:00 15 15 2,650 663 663
12:15 12:15 15 15 2,650 ‘ 663 663
12:45 12:45 30 30 2,650 1,325 1,325
12:58 12:58 13 13 2,650 574 574
13:01 : 13:01 3 - 2,650 133 -
13:15 13:15 14 14 2,650 618 618
13:30 13:30 15 15 2,650 663 663
14:02 14:02 - 28 2,650 - 1,237
14:15 14:15 13 17 2,650 574 750
14:16 14:16 1 1 2,650 44 44




Ampere-hour Calculations

Test Run No. 1

Tank No. 3
Date: June 19,71991
Inlet-A - Inlet-B Qutlet
Start time: 10:30 Start time: 10:30 Start time: 10:10
Stop time: 17:02 Stop time: 17:14 Stop time: 17:03
Time, 24-h clock Time interval, min Ampere-hours
Current,
Inlet-B Outlet Inlet-B Outlet amperes Inlet-B Outlet
217
2170
1,813
1,575
1,550
1,550
1,137
ot e 17,625
11:43 11:43 2 - 6,200 207 -
11:45 11:45 2 2 6,200 207 207
12:00 12:00 15 15 6,200 1,550 1,550
12:15 12:15 15 15 6,200 1,550 1,550
12:45 12:45 30 30 6,200 3,100 3,100

- 28 6,200




Ampere-hour Calculations
Test Run No. 1

Tank No. 4

Date: June 19, 1991
Inlet-A Inlet-B Qutlet
Start time: 10:30 Start time: 10:30 Start time: 10:10
Stop time: 17:02 Stop time: 17:14 Stop time: 17:03
[ — - |

Time, 24-h clock Time interval, min Ampere-hours

Current,
Inlet-B Outlet Inlet-B Qutlet ampere Inlet-B Outlet
- 10:10 - - - —-

-- 10:12 - 2 11,200 - 373




Ampere-hour Calculations
Test Run No. 1

Tank No. 5
Date: June 19, 1991
Inlet-A _ Inlet-B Outlet
Start time: 10:30 Start tiﬁe: 10:30 Start time: 10:10
Stop time: 17:02 Stop time: 17:14 Stop time: 17:03
Time, 24-h clock Time interval, min Ampere-hours
Inlet-B Qutlet Inlet-B Outlet m Inlet-B Outlet

13:01 . 13:01 3 - 7,400 370




Ampere-hour Calculationsg
Test Run No. 1
Tank No. 6; Rectifier No. 1

Date: June 19, 1991

Inlet-A Inlet-B Qutlet
Start time: 10:30 Start time: 10:30 Start time: 10:10
Stop time: 17:02 Stop time: 17:14 Stop time: 17:03
Time, 24-h clock Time interval, min Ampere-hours
' Current,
Inlet-B Outlet Inlet-B Outlet amperes Inlet-B Outlet
- 10:10 - - - -

10:12

2

10:45 15 17 7,000 1,750 1,983
11:00 11:00 15 15 7,200 1,800 1,800
11:15 11:15 15 15 7,200 1,800 1,800
11:30 11:30 15 15 7,200 1,800 1,300

7,400

11:45 2 7,200 240 240
12:00 12:00 15 15 7,300 1,825 1,825
12:15 12:15 15 15 7,400 1,850 1,850
12:45 12:45 30 30 7,400 3,700 3,700
12:58 13




Ampere-hour Calculations
Test Run No. 1
Tank No. 6; Rectififer No. 2

Date: June 19, 1991

Inlet-A Inlet-B Qutlet
Start time: 10:30 Start time: 10:30 Start time: 10:10
Stop time: 17:02 Stop time: 17:14 Stop time: 17:03
Time, 24-h clock Time interval, min Ampere-hours
Current,
Inlet-B OQutlet Inlet-B Qutlet amperes Inlet-B Outlet
- 10:10 - - s -

i - 10:12 - 2 5,400

10:30 10:23 - -

13:15 13:15 14 14 5,700




Ampere-hour Calculations

Test Run No. 2
Tank No. 1A

Date: June 20, 1581
Inlet-A Inlet-B Qutlet -
Start time: 9:25 Start time: 9:23 Start time: 9:28
Stop time: 15:48 Stop time: 15:46 Stop time: 15:50
[ #
Time, 24-h clock Time interval, min Ampere-hours
Current,
Inlet-A Outlet Inlet-A Qutlet amper:s Inlet-A Outlet
9:25 9:28 - - - -
9:45 9:45 20 17 8,500 2,833 2,408

10:15 10:15 30 30

4,250

10:43 28 28

3,967




Ampere-hour Calculations
Test Run No. 2
Tank No. 1B

Date: June 20, 1991

Inlet-A Inlet-B Outlet
Start time: 9:25 Start time: 9:23 . Start time: 9:28
Stop time: 15:48 Stop time: 15:46 Stop time: 15:50
O —

~ Time, 24-h clock Time interval, min Ampere-hours

Current,
Inlet-A Outlet Inlet-A Qutlet amperes Inlet-A Qutlet

9:25 9:28 - - . - -

|| 9:45 9:45 20 17 2,650 883

10:15 10:15 30 30 2,650 1,325
10:43 28 28 2,700 1,260

|L 12:25 12:25 24 24 2,700 1,080 1,080
12:48 12:48 - 23 2,750 - 1,054
13:15 13:15 27 27 2,750 1,238 1,238
13:16 13:16 1 1 2,750 46 46
13:18 | 13:18 2 - 2,750 "2 —
13:45 13:45 27 27 2,750 1,238 1,238
14:15 14:15 30 30 2,750 1,375 1,375

14:33 14:33 18 18 2,750 825 825

v




Ampere-hour Calculations
Test Run No. 2
Tank No. 2A

Date: June 20, 1991
Inlet-A Inlet-B OQutlet
Start time: 9:25 Start time: 9:23 Start time: 9:28
Stop time: 15:48 Stop time: 15:46 Stop time: 15:50
T — . — 1
Time, 24-h clock Time interval, min Ampers-hours
Inlet-A Outlet Inlet-A Outlet Curreat, Inlet-A Outlet
9:25 9:28 - - - -
9:45 9:45 20 17 9,000 3,000 2,550
10:15 10:15 30 30 9,000 4,500 4,500
10:43 28 28 9,200 4,293 4,293

10:45

: - 9,200 -
11:15 11:15 30 30 9,400 4,700
11:45 11:45 30 30 4,700
12:00 12:00 15 15

9,500

13:18 2 - 9,400 313 -
13:45 13:45 27 27 9,400 4,230 4,230
14:15 14:15 30 30 9,400 4,700 4,700
14:33 14:33 18 18 9,400 2,820 2,820

E-23




Ampere-hour Calculations
Test Run No. 2

Tank No. 2B
Date: June 20, 1991
Inlet-A Inlet-B Qutlet
Start time: 9:25 Start time: 9:23 Start time: 9:28
Stop time: 15:48 Stop time: 15:46 Stop time: 15:50
(— - ————
Time, 24-h clock Time interval, min Ampere-hours
Inlet-A Qutlet Inlet-A ' Outlet ampemts’ Inlet-A Outlet

9:25 9:28 - - - -

9:45 9:45 20 17 2,600 867 737

10:15 10:15 30 30 2,600 1,300 1,300
|| 10:43 10:43 28 28 2,600 1,213 1,213
i 1045 10:45 2 - 2,650 88 ~
[ 111s 11:15 30 30 2,700 1,350 1,350
| 11:45 11:45 30 30 2,700 1,350 1,350

-- 2,750 -

13:45 13:45 27 27 2,750 1,238 1,238

14:15 14:15 30 30 2,750 1,375 1,375
14:33 2,750




Ampere-hour Calculations
Test Run No. 2

Tank No. 3
Date: June 20, 1991
Inlet-A Inlet-B Qutlet
Start time: 9:25 Start time: 9:23 Start time: 9:28
Stop time: 15:48 Stop time: 15:46 Stop time: 15:50
Time, 24-h clock Time interval, min Ampere-hours
Current,
Inlet-B Qutlet Inlet-B Outlet amperes Inlet-B Qutlet
9:23 9:28 - - - -
9:45 9:45 22 17 6,500 2,383 1,842
10:15 10:15 30 30 6,500 3,250 3,250
10:43 10:43 28 28 6,500 3,033

1

E-27




Ampere-hour Calculations

Test Run No. 2

Tank No. 4
Date: June 20, 1991
Inlet-A Inlet-B Qutlet
Start time: 9:25 Start time: 9:23 Start time: 9:28
Stop time: 15:48 Stop time: 15:46 Stop time: 15:50
ﬁ
Time, 24-h clock Time interval, min Ampere-hours
Current,
Inlet-B Outlet Inlet-B Outlet amper:s Inlet-B Outlet
9:23 9:28 - - - -
9:45 0:45 22 17 11,000 4,033 3,117

10:15 10:15 30 30

5,600

10:43 10:43 28

5,227




Ampere-hour Calculations
Test Run No. 2
Tank No. 5

Date: June 20, 1991

Inlet-A Inlet-B

Outlet

Start time: 9:25 Start time: 9:23 Start time: 9:28

Stop time: 15:48 Stop time: 15:46 Stop time: 15:50
Time, 24-h clock Time interval, min Ampere-hours
Inlet-B Outlet Inlet-B OQutlet Curreat, Inlet-B Outlet
amperes
9:23 9:28 - - - -
9:45 9:45 22 17 7,400 2,713 2,097
| 1015 10:15 30 30 7,400 3,700

10:43 10:43
abtotal

E

31




Ampere-hour Calculations
Test Run No. 2
Tank No. 6: Rectifier No. 1

Date: June 20, 1991

Inlet-A inlet-B

Qutlet

Start time: 9:28
Stop time: 15:50

Start time: 9:23
Stop time: 15:46

Start time: 9:25
Stop time: 15:48

———————

10:43

Time, 24-h clock Time interval, min Ampere-hours
Inlet-B Outlet Tnlet-B Outlet Current, Tnlet-B Outlet
amperes
9:23 9:28 - - - -
9:45 9:45 22 17 5,600 2,053 1,587
10:15 10:15 30 30 5,700 2,850 2,850
2,707

2,707

[t: ‘ '3 444
11:15 11:15 30 30 6,000 3,000 3,000
11:45 11:45 30 30 6,000 3,000 3,000

12:00 15 15 6,000 1,500

13:18 2 - 7,200 240 -
13:45 13:45 27 27 7,300 3,285 3,285
14:15 14:15 30 30 7,300 3,650 3,650
14:33 18 18 7,300 2,190

E-33




Ampere-hour Calculations
Test Run No. 2
Tank No. 6; Rectifier No. 2
Date: June 20, 1991

Inlet-A Inlet-B Qutlet

Start time: 9:25 Start time: 9:23 Start time: 9:28
Stop time: 15:48 Stop time: 15:46 Stop time: 15:50
— —
Time, 24-h clock Time interval, min Ampere-hours
: Current,
Inlet-B Outlet Inlet-B Outlet amperes Inlet-B Qutlet
9:28 . - - - -
9:45 22 17 7,000 2,567 1,983
10:15 30 30 7,000 3,500 3,500
10:43 28 28 7,000 3,267 3,267

12:23 12:23 22 22 7,400 2,713 2,713

13:45 13:45 27 27 6,000 2,700 2,700
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Ampere-hour Calculations
Test Run No.

Tank No. 1A
Date: June 21, 1991
Inlet-a Inlet-B Qutlet
Start time: 7:47 Start time: 7:45 Start time: 7:49
Stop time: 14:25 Stop time: 14:22 Stop time: 14:11
| Time, 24-h clock Time interval, min Ampere-hours
Inlet-A Outlet Inlet-A Outlet rrent, Inlet-A Outlet
|| - [~ o [ amperes (- [~
| 7:47 7:49 -~ - - -
1 sas 8:15 28 26 8,250 3,850 3,575
T 8:45 30 30 8,250 4,125 4,125
II 9:04 9:04 19 19 8,250 2,613 2,613
9:05 9:05 1 - 8,250 138 -
9:15 9:15 10 10 8,250 1,375 1,375
9:45 9:45 30 30 8,250 4,125 4,125
10:15 10:15 30 30 8,250 4,125 4,125
10:20 5 5 8,250 638 688

E-37

11:39 2 - 8,250 -
11:45 11:45 6 6 8,250 825
12:15 12:15 30 30 8,250 4,125
12:45 12:45 30 30 8,250 4,125
12:54 12:54 9 9 8,250 1,238




Ampere-hour Calculations
Test Run No. 3
Tank No. 1B

Date: June 21, 1991
Inlet-A In -B outlet
Start time: 7:47 Start time: 7:45 Start time: 7:49
Stop time: 14:25 Stop time: 14:22 Stop time: 14:11
——— e ——
Time, 24-h clock Time interval, min Ampere-hours
Inlet-A Outl Inlet-A Outlet Cucrent, Inlet-A OQutlet
et-. at et- amperes ef el
7:47 7:49 - - - -
8:15 8:15 28 26 2,650 1,237 1,148
8:45 8:45 30 30 2,650 1,325 1,325
9:04

19 19 2,650 839 - 839

9:04

. 9:05

1 - 2,650 44 -

9:05

9:15 9:15 10 10 2,650 442 442
9:45 9:45 - 30 30 2,650 1,325 1,325
10:15 10:15 30 30 2,650 1,325 1,325
10:20 10:20 5 5 2,650 221 221
10:22 10:22 2 - 2,650 88 - -
10:45 10:45 23 23 2,650 1,016 1,016
10:47 10:47 2 2 2,650 88 88
11:25 11:25 - 38 2,725 - 1,726
11:37 11:37 12 12 2,725 545 545
11:39 11:39 - 2,725 91 -
11:45 11:45 6 6 2,725 273 273
12:15 30 30 2,700 1,350 1,350

12:45 30 30 2,700 1,350 1,350




Ampere-hour Calculations
Test Run No. 3

Tank No. 2A
Date: June 21, 1991
Inlet-A Inlet-B Qutlet
Start time: 7:47 Start time: 7:45 Start time: 7:49
Stop time: 14:25 Stop time: 14:22 Stop time: 14:11
w
Time, 24-h clock Time interval, min Ampere-hours
Current,
. Inlet-A Qutlet Inlet-A Outlet amperes Inlet-A Qutlet
1:47 7:49 - - - .
8:15 8:15 28 26 9,400 4,387 4,073
8:45 8:45 30 30 9,500 ° 4,750 4,750
9:04 19 9,500 3,008

19

10 10 9,500 1,583 1,583

9:45 9:45 30 30 9,600 4,800 4,800

10:15 10:15 30 30 9,400 4,700 4,700

10:20 10:20 5 5 9,400 783 783

10:22 10:22 2 - 9,400 313 -

10:45 10:45 23 23 9,400 3,603 3,603
10:47 2 2 9,400 313

12:15 12:15 30 30 9,500 4,750 4,750
12:45 12:45 30 30 9,600 4,800 4,800
12:54 12:54 9 9 9,600 1,440




Ampere-hour Calculations
Test Run No. 3

Tank No. 2B
Date: June 21,71991
Inlet-A Inlet-B Qutlet

Start time: 7:47 Start time: 7:45 Start time: 7:49

Stop time: 14:25 Stop time: 14:22 Stop time: 14:11
I —
Time, 24-h clock Time interval, min Ampere-hours
Current,
Inlet-A Outlet Inlet-A QOutlet amperes Inlet-A Qutlet
7:47 7:49 - - . -
8:15 8:15 28 26 2,600 1,213 1,127
8:45 8:45 30 30 2,650 1,325 1,325

9:04 9:04 19 19 2,650 : 339 839

9:05 1 - 2,650 -

9:15 9:15 10 10 2,700 450 450
9:45 9:45 30 30 2,700 1,350 1,350
10:15 10:15 30 30 2,700 1,350 1,350

2 - 2,700 %0 -
10:45 10:45 23 23 2,700 1,035 1,035
10:47 10:47 2 2 2,700

38

2,700

2 - 2,700 90 -
11:45 11:45 6 6 2,700 270 270
12:15 12:15 30 30 2,700 1,350 1,350




Ampere-hour Calculations
Test Run No. 3

Tank No. 3
Date: June 21, 1991
Inlet-A Inlet-B Qutlet
Start time: 7:47 Start time: 7:45 Start time: 7:49
Stop time: 14:25 Stop time: 14:22 Stop time: 14:11
—— e e e ]
Time, 24-h clock Time interval, min Ampere-hours
Current,
Inlet-B Qutlet Inlet-B Outlet mprr:;s Inlet-B Outlet
7:45 7:49 - - . - -
8:15 8:15 30 26 6,400 3,200 2,773
8:45 8:45 30 30 6,400 3,200 3,200
9:04 19 19 6,400 2,027

2,027

9:05 1 - 6,400 107
9:15 10 10 6,400 1,067 1,067
: 9:45 30 30 6,400 3,200 3,200
10:15 10:15 30 30 6,400 3,200 3,200
10:20 10:20 5 5 6,400 533 533
10:22 10:22 2 - 6,400 213 -
10:45 10:45 23 23 6,400 2,453 2,453

11:22

5,500

: 2
11:45 11:45 6 6 5,500 550 550
12:15 12:15 30 30 5,500 2,750 2,750
12:45 12:45 30 30 5,500 2,750 2,750
12:54 12:54 9 5,500 825




Ampere-hour Calculations
Test Run No. 3

9:04

3,420

Tank No. 4
Date: June 21,71991
Inlet-A Inlet-B Qutlet
Start time: 7:47 Start time: 7:45 Start time: 7:49
Stop time: 14:25 Stop time: 14:22 Stop time: 14:11
™ Time, 24-h clock Time interval, min Ampere-hours
Inlet-B Outlet Inlet-B Outlet ampms Inlet-B Outlet
7:45 7:49 - - — -
8:15 8:15 30 26 10,500 5,250 4,550
8:45 8:45 30 30 10,800 5,400 5,400
9:04 19 19 10,800

9:05 1 - 10,800 180 -

9:15 9:15 10 10 10,800 1,800 1,800
9:45 9:45 30 30 10,800 5,400 5,400
10:15 10:15 30 ‘30 10,800 5,400 5,400

11:39 2 - - 10,000 -
11:45 11:45 6 6 10,000 1,000 1,000
12:15 12:15 30 30 10,000 5,000 5,000
12:45 12:45 30 30 10,000 5,000 5,000
12:54 9 9 10,000

1,500

47




Ampere-hour Calculations
) Test Run No. 3

Tank No. 5
Date: June 21, 1991
Inlet-A Inlet-B Qutlet
Start time: 7:47 Start time: 7:45 Start time: 7:49
Stop time: 14:25 Stop time: 14:22 Stop time: 14:11
|| Time, 24-h clock Time interval, min Ampere-hours
Outlet Inlet-B Outlet i Inlet-B Outlet
e amperes et~ e
T:49 - - - -
8:15 30 26 6,400 3,200 2,773
8:45 30 30 7,400 3,700 3,700

9:04 19 19 7,400 2,343 2,343

6,400 213 -

11:39 ) 11:39 2

11:45 11:45 6 6 7,400 740 740
12:15 12:15 30 30 7,400 3,700 3,700
12:45 12:45 30 30 7,400 3,700 3,700
12:54 12:54 9 9 7,400 1,110 1,110




Date: June 21, 1991

Ampere-hour Calculations
Test Run No. 3

Tank No. 6; Rectifier No. 1

Inlet-A Inlet-B Qutlet
Start time: - 7:47 Start time: 7:45 Start time: 7:49
Stop time: 14:25 Stop time: 14:22 ‘Stop time: 14:11
| —
Time, 24-h clock Time interval, min Ampere-hours
Inlet-B Qutlet Inlet-B Outlet m Inlet-B Qutlet
7:45 7:49 - - - -
8:15 8:15 30 26 6,400 3,200 2,773
8:45 8:45 30 30 6,600 3,300 3,300
9.04 9:04 19 19 6,600 2,090 2,090
9:05 9:05 1 - 6,600 110 -
9:15 9:15 10 10 6,600 1,100 1,100
9:45 9:45 30 30 6,700 3,350 3,350
10:15 10:15 30 30 6,700 3,350 3,350
10:20 5 5 6,700

558

6,700

11:39 2 - 6,800 -
11:45 11:45 6 6 6,800 680 680
12:15 12:15 30 30 6,800 3,400 3,400
12:45 12:45 30 30 6,900 3,450 3,450
12:54 9 9 6,900 1,035

=1
'

51




Ampere-hour Calculations
Test Run No. 3

Tank No. 6; Rectifier No. 2

Date: June 21, 1991

Inlet-A Inlet-B Qutlet

Start time: 7:47 Start time: 7:45 Start time: 7:49

Stop time: 14:25 Stop time: 14:22 Stop time: 14:11
Time, 24-h clock Time interval, min Ampere-hours

Inlet-B Qutlet Inlet-B Outlet amper;: Inlet-B Outlet

7:45 7:49 - - - -
8:15 8:15 30 26 5,000 2,500 2,167
8:45 8:45 30 30 5,200 2,600 2,600

19

19

9:04 9:04

1,647 1,647

9:45 9:45 30 30 5,400 2,700 2,700
10:15 10:15 30 30 5,400 2,700 2,700
10:20 10:20 5 5 5,400

450 450

5,500

183 -

5,500

550 550

180 -




Process Data Sheets
Remco Hydraulics, Inc.

Willits,

California

|Tmt Run No. 1 Date: 6/19/91 Page 1 of §

Operating | Operating
current, voltage, | Operation |-
Time | Tank No.| amperes volts temp., °F |Notes
10:10 1A 8,100 9 Start test @ 10:10
1B 2,600 8.6
2A 8,800 9
2B 2,600 8
3 6,500 7.6
4 i1.6 Stop test @ 10:12
5 Fan down
6 Baume reading of scrubber water = 3.0
. Scrubber water conc. = 4.1 oz/gal
10:30 1A 8,500 8.0 Start test @ 10:30
1B 2,550 8.2
2A 8,600 9.0 AP pack = 1.3
2B 2,600 8.0 AP pad = 2.0
3 6,500 7.6
4 11,200 12 Composite samples taken of scrubber water and
5 7,400 7.0 plating tanks
6 7,200 12 :
6 5,400 11.8
10:45 2A 8,600 9.0 AP pack = 1.3
2B 2,600 8.0 AP pad = 2.0
1A 8,500 8.2
1B 2,600 8.2
3 6,400 7.6
4 11,200 12
5 7,400 7.0
6 7,000 12
6 5,400 11.8
11:00 1A - 8,500 8.2 120
1B 2,650 8.2 120
2A 8,800 2.0 120
2B 2,650 8.0 120
3 6,300 7.8 120
4 11,200 12 120
5 7,400 7 120
6 7,200 12 120
6 5,400 11.8 120




Date: 6/19/91 Page 3 of 5
Operating | Operating
current, voltage, | Operation
Time | Tank No.| amperes volts temp., °F |Notes
12:45 1A 8,500 8.0 AP pack = 1.3
1B 2,700 8.4 aP pad = 2.0
2A 8,800 9.0
2B 2,650 8.0
3 6,200 7.6
4 11,600 12
5 7,400 7
"6 7,400 12
6 5,600 11.8
1:15 1A 8,500 8.0 125
1B 2,700 7.4 125
2A 8,800 9 125
2B 2,650 8.0 125
II 3 6,200 7.7 125
4 11,600 12.2 140
5 7,400 7.2 132
6 7,500 12.2 138
6 5,700 11.8
1:45 1A 8,500 8.0 aP pack = 1.3
1B 2,700 8.4 AP pad = 2.0
2A 8,800 9.0
2B 2,700 8.0 Scrubber water
3 6,200 7.8 Baume reading = 3
4 11,600 12.2 Conc. = 4.1 oz/gal
5 7,400 7.2
6 7,400 11.8 Composite samples taken from plating tanks and
6 5,700 11.8 scrubber water
2:15 1A 8,600 8.0
1B 2,700 8.4
2A 8,800 9.0
2B 2,700 8.0
3 6,200 7.8
4 11,600 12.2
5 7,400 7.2
6 7,400 11.8
|| 6 5,800 11.8




Test Run No. 1 Date: 6/19/91 Page 5 of 5
. Operating | Operating ‘
current, voltage, QOperation
Time | Tank No.| amperes volis temp., °F |Notes
5:15 1A 9,000 8.0
1B 2,700 3.4
2A 8,800 9.0
2B 2,700 . 7.0
3 6,400 7.8
4 11,600 12.4
5 7,100 7.0
6 7,600 11.8
6 6,000 11.8
5:30 1A 9,000 8.0
1B 2,700 8.4
2A 8,800 9.0
2B 2,700 8.0
3 6,400 7.8
4 11,600 12.4
5 7,100 7.0
6 7,600 11.8

6,000

11.8

Stopped testing @ 5:03




Test Run No. 2 Date: 6/20/91 Page 2 of 4
[ Operating | Operating
current, voltage, Operation
Time | Tank No.| amperes volts temp., °F |Notes
10:45 1A 8,500 8.0 AP pack = 2.4
1B 2,700 8.4 AP pad = 1.2
i 2A 9,200 9.6 _
2B 2,650 8.0
3 6,500 8.0
4 11,200 11.8 Tank 3 was dropped down to 5,500 A @ 11:00
5 7,400 7.2 because rectifier overheated
6 7,200 12.0
6 5,800 11.6
11:15 1A 8,500 8.0 124  |aP pack = 1.2
1B 2,700 8.4 124  |aP pad = 2.4
2A 9,400 9.6 126
2B 2,700 8.0 126
3 5,600 7.2 124
4 11,000 11.6 140
5 7,400 7.0 133
6 7,400 12 130
6 6,000 11.8
11:45 1A 8,500 8.0
' 1B 2,700 8.4
2A 9,400 9.6
2B 2,700 8.0
| 3 | 5600 7.2
4 11,000 11.6
5 7,400 7.0
6 7,400 11.8
6 6,000 11.8
12:15 1A 8,500 8.0 AP pack = 1.2
1B 2,700 8.4 AP pad = 2.4
2A 9,400 9.6
2B 2,700 8.0 Scrubber water
3 5,600 7.2 Baume reading= 1.5
4 | 11,000 11.6 Conc. = 2.5 oz/gal
5 7,400 7.0
6 7,400 11.8 Composit samples taken from plating tanks and
6 6,000 11.8 scrubber water
12:45 1A 8,500 8.0
1B 2,750 8.4
2A 9,500 9.6
2B 2,700 8.0
3 5,600 7.2
4 11,000 11.6
5 7,400 7.0
6 6,000 11.6
6 7,000 11.6




Date: 6/20/91
Operating | Operating
current, voltage, | Operation
Tank No.| amperes volts temp., °F |Notes
[13:45 1A 8,500 8.0 aP pack = 1.2

1B 2,750 8.4 AP pad = 2.4
2A 9,600 9.6
2B 2,750 8.0

3 5,600 7.2

4 10,000 10.8

5 7,400 7.0

6 5,600 10.6

6 7,000 10.8

4:00 1A 8,500 8.0 aP pack = 1.2

1B 2,750 8.4 AP pad = 2.4
2A 9,600 9.6
2B 2,750 8.0 Stopped testing @ 4:50

3 5,600 7.2

4 10,000 11

5 7,400 7.0

6 5,600 10.8

6 7,000 10.8




Test Run No. 3 Date: 6/21/91 Page 2 of 3
|
Operating | Operating
curreat, voltage, | Operation
Time | Tank No.| amperes volts temp., °F |Notes
9:45 1A 8,250 8.0 Scrubber water :
1B 2,650 8.4 Baume reading = 5.0
2A 9,600 9.6 Cone. = 6.8 oz/gal
2B 2,700 8.0
3 6,400 8.0 Baume readings are approximately reading about
4 10,300 11.4 an ounce per gallon too high because of metal
5 7,400 7.2 contaminants as determined by comparing
6 6,700 11.4 concentration per hydrometer by that detected
6 5,400 11.2 using colorimetric method.
10:15 1A 8,250 8.0 AP pack = 1.1
1B 2,650 8.4 AP pad = 2.1
2A 9,400 9.6
2B 2,700 8.0 Drained approximately ~200 gallons out of
3 6,400 8.0 scrubber water recirculation tank.
4 10,800 11.4
5 6,400 7.2
6 6,700 11.4
6 5,400 11.2
11:00 1A 8,250 - 8.0 Scrubber water
1B 2,700 8.4 Baume reading = 3.5
2A 9,600 9.6 Conc. = 4.8 oz/gal
2B 2,700 8.0
3 6,400 8.0 Collected composite samples from plating tanks
4 11,000 11.4 and scrubber water
5 7,400 7.2
6 6,800 11.4 Rectifier on Tank No. 4 getting hot; dropped amps
6 5,400 11.2 by 1,000 at 11:15
11:15 1A 8,250 8.0 122 AP pack = 1.2
1B 2,725 8.4 122 |aPpad = 2.1
2A 9,600 9.6 124
2B 2,700 8.0 124
3 6,400 8.0 121
4. 10,000 11.0 139
5 7,400 71 131
6 6,800 11.4 128
6 5,500 11.2
11:45 1A 8,250 8.0 Tank No. 3 rectifier overheated-shutdown at 11:25
1B 2,725 8.4
2A 9,600 9.6 Tank No. 3 backup at 11:30 at 5,500A
2B 2,700 8.1
3 5,500 7.4
4 10,000 10.0
5 7,400 7.1
6 6,800 11.4
6 5,500 11.2
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METHOD 425
DETERMINATION OF TOTAL CHROMIUM AND HEXAVALENT CHROMIUM
EMISSIONS FROM STATIONARY SOURCES

1 APPLICABILITY, PRINCIPLE, AND FIGURES

1.1

APPLICABILITY

This method applies to the determination of hexavalent chromium
(Cr(VI)) and total chromium emissions from stationary sources.
Applicability has been demonstrated for the metal finishing and
glass industries. Its applicability has not been demonstrated
for sources with high particulate mass emission rates.

PRINCIPLE

Particulate emissions are collected from the source in an
alkaline medium by use of CARB Method 5, with modifications noted
in this method. The components of the collected sample are each
divided into two equal portions with one portion of each

component used for total chromium analysis and the other portion
used for hexavalent chromium analysis.

1 Hexavalent Chromium Analysis

For the hexavalent chromium analysis the collected sample
component portions are extracted in an alkaline solution .and
analyzed by the diphenylcarbazide colorimetric method.

2 Total Chromium Analysis

For the total chromium analysis the collected samples must be
prepared in order to convert organic forms of chromium to
inorganic forms, to minimize organic interferences, and to
convert the cample to a suitable solution for analysis.
Samples are then subjected to an acid digestion procedure.
Following the appropriate. dissolution and dilution of the
sample, a representative aliquot is placed manually or by
means of an automatic sampler into a graphite tube furnace.
The sample aliquot is then slowly evaporated to dryness,
charred (ashed), and atomized. The absorption of hollow
cathode radiation during atomization will be proportional to
the chromium concentration.

1. 3 FIGURES

The following figures summarize features of this method.
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1. 3. 1 Fiqure 1.

Sample Collection and Recovery for Hexavalent and Total Chromium

0.1 N NaOH rinse at l1ab See Section 6.2

sample m

glass-lined probe 0.1 N NaOH impingers

Lcontainer 1 ] (container 2j

2 100mL ~ 200mL

-
"

The filter should be
combined on site

i extract filterin 0.1 N if a clean room
spiit NaOH impinger solution is available.
s The volumes of containers
1 and 2 and each of the splits
must be measured and recorded.
¥ ¥
probe impinger/ probe impinger/
filter filter

v R

Hexavalent Chromium]fotul Chromium]

Analysis Analysis

Optionally, the protocol may call for
extraction of the filter in only one of
the impinger liquids, which will create
three sample recoveries for analysis.

See Figures 2& 3
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1. 3. 2 Figure 2.

Hexavalent Chromium Analysis

optionally, the protocol may call for

extraction of the filter in only one of
the impinger liquids, which will creste

three sample recoveries for anslysis

'

See Figure 1 — typically:
and Sections two separate analyses
6.4 and 6.5 :.':1 .

transfer ~ 35 mL
to a 100mL beaker

adjust the pH to 1£0.2 with 6N sulfuric acid and
add 1.0 mL of diphenylcarbazide solution

[bring to volume in @ S0 mL volumetric flask]

el e e el l il b

dilute to volume with water
- let color develop 10 minutes

filter to remove suspended solids after
pre-yretting medium retention filter paper with
a feyr mL each of first reagent blank and then sample

11

-

( measure absorbance of a sample portion h
N and reagent blank at 540 nm
I‘~ \. y,
| | " if reading exceeds calibration, )
' _ dilute with reagent blank or
f Lremeasure using less of remaining sample g

I._ 425 - 3
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1. 3. 3 Figure 3.

Total Chromium Analysis

optionally, the protocol may call for

extraction of the filter in only one of
the impinger liquids, which will create

three sample recoveries for analysis

'

See Figure 1 —m= typically:
and Sections two separste analyses
6.4 and 6.5 .- .

[ add 10 mL HNO3 J R [ reflux to near drgness]

™ mgm

[ add 5 mL HNO3 J e [ reflux to neer drgnessj

t

lh [ transfer to a volumetric flask andJ

adjust to a predetermined volume

l_ ' 4 inject a measured aliquot A
in ul amounts into a furnace type
l \atomic absorption spectrophotometer y
.
lL - measure absorbance of a sample portion]
L and reagent blank at 357.9 nm

I 425 - 4




2 RANGE, SENSITIVITY, PRECISION, AND INTERFERENCES

ZQ 1

RANGE

2. 1. 1 Hexavalent Chromium

2. 2

2. 2.

A straight line response curve was obtained in the range 0.5
ug Cr(VI)/50 mL to 3.0 ug Cr(VI)/50 mL. For a minimum
analytical accuracy of 100 « 10 percent, the lower limit of
the range is 2 ug/100mL. The upper limit can be extended by
appropriate dilution or by using a smaller cell path length
after recalibration for the smaller cell. (Reference 8.3)

SENSITIVITY

The minimum sampling volume should be calculated for each test
and should be based upon [1] the targeted minimum detectable
concentration at the source, [2] the expected minimum detection
limit achievable at the laboratory, and [3] the sampling time
limitations at the source.

1 Hexavalent Chromium

A minimum detection limit, of 0.2 ug Cr(VI)/50mL using a § em
cell, has been observed. (Reference 8.3)

PRECISION FOR HEXAVALENT CHROMIUM

The overall precision for sample collection and analysis for
Cr(VI) will be determined after.data are collected from a test

protocol which {ncludes multiple simultaneous sampling
techniques.

2. 4 INTERFERENCES

Z. 4.

1 Interferences of Hexavalent Chromium

Molybdenum, mercury and vanadium react with diphenylcarbazide
to form a color; however, approximately 20 mg of elements can
be present in a sample without creating a problem. Iron
produces a yellow color, but this effect is not measured
photometrically at 540 nm.

2. 4. 2 Interferences for Total Chromium

2. 4. 2. 1 The long residence time and high concentrations of the

atomized sample in the optical path of the graphite furnace
can result in severe physical and chemical interferences.
Furnace parameters must be optimized to minimize these
effects. If the analyte is not completely volatilized and
removed from the furnace during atomization, memory effects
will occur. If this situation is detected, the tube should

be cleaned by operating the furnace at higher atomization
temperatures. '

425 - §



2. 4. 2. 2 Nitrogen should not be used as the purge gas because of a
possible CN band interference.

2. 4. 2. 3 Low concentrations of calcium may cause interferences; at
concentrations above 200 mg/L calcium's effect is constant.
Calcium nitrate is therefore added to ensure a known
constant effect. This step may be omitted if the sample is
known to be free of calcium or no analytical interferences
are expected. '

2. 5 ALTERNATIVE METHODS

Direct Measurement of Gas Volumes through Pipes and Small
Ducts

Air Resources Board Method 2A may be used, where applicable,
as an alternative to pitot tube methods specified in Method 5,
as referenced herein. '

Total Chromium Determination by Flame Atomic
Absorption Spectroscopy .

For high total chromium concentrations which are within the
detection range of flame atomic absorption spectroscopy, this °
analytical method may be used instead of the furnace type
method specified in these pages.

thod shall | ; l ifiod
Other Methods .

The Executive Officer or authorized representative may approve
an alternative test method (including other techniques or
conditions) for the determination of hexavalent and/or total
chromium emissions from stationary sources. To approve an
alternative method, the Executive Officer or authorized
representative may require the submission of test data
demonstrating that the alternative method is equivalent to
Method 425.

-~ .
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3 APPARATUS

A1l surfaces which may come in contact with sample must be glass,
Teflon, or other similarly non-metallic (stainless steel may be a
source of chromium contamination) inert material. See Section 5.2.

Any other sampling apparatus which, after review by the Executive
Officer, is deemed equivalent for the purposes of this test method,
may be used. '

3. 1 SAMPLING TRAIN

Except where otherwise noted in this method, same as CARB Method
5, Sectfon 2.1. Exceptions include a glass nozzle, a glass lined
stainless steel probe, 0.1 N NaOH in the first two impingers, a
Teflon-coated glass fiber filter, and a silica gel moisture trap
after the filter. As shown in Figure 1, sample flow should be
through the probe first, then the impingers, and then the filter.

3. 2 SAMPLE RECOVERY

Except where otherwise noted in this method, same as CARB Method
5, Section 2.2. Also, see Section 6. 2 of this method.

3. 3 ANALYSIS
The following apparatus and materials are needed:
3. 3. 1 Analysis of Hexavalent Chromium
3. 3. 1.1 100 mL beakers '
3. 3. 1. 2 Filtration Apparafus )
Vacuum unit constructed of glass, to accommodate sintered
glass funnels. Medium porosity filter paper is optional.

Wherever filtering is specified, centrifuging may also be
performed at the analystls option.

3. 3. 1. 3 Volumetric Flasks

100-mL and other appropriate volumes.
3. 3. 1. 4 Hot Plate
3. 3. 1. 5 Pipettes

Assorted sizes, as needed. *

3. 3. 1. 6 Spectrophotometer
To measure absorbance at 540nm.

3. 3. 2 Analysis of Total Chromium

425 - 7
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3. 3. 2. 1 Philips Beakers

3. 3. 2.

Borosilicate, 125mL, with digestion covers.

2 Chromium Hollow Cathode Lamp or Electrodeless Discharge

Lamp.

3 Graphite Furnace

Any graphite furnace device with the appropriate

temperature and timing

4 Strip Chart Recorder

controls.

A recorder is recommended for furnace work so that there
will be a permanent record and so that any problems with
the analysis such as drift, incomplete atomizatfon, losses
during charring, changes in sensitivity, etc., can easily

be recognized.

4 REAGENTS

4.

4.

Unless otherwise indicated, all reagents must conform to the

specifications established b
of the American Chemical Soc

y the Conmittee on Analytical Reagents
iety. Where such specifications are not

available, use the best available grade.

4. 1 SAMPLING

Except where otherwise noted in.this method, same as CARB method . -

5, Section 3.1, except Teflon-coated glass fiber filters are -

used, and 0.1 N NaOH is used in the first two impingers. See
section 4.3.2 below.

2 SAMPLE RECOVERY

Section 3.2.

Except where otherwise noted in this method, same as CARB Method

[
-

3 REAGENTS FOR HEXAVALENT CHROMIUM

3.1

3. 2

Type II Water

Type II water is deionized and distilled, meeting American
Society for Testing and Materials (ASTH) specification for
type reagent - ASTM Test Method D 1193-77. The water should be

monitored for impurities.

Batch of 0.1% NaOH Solution, Analytical Reagentlerade

The same batch of 0.1N NaOH solution should be used for

impinger sampling, sample
and analysis. Therefore,
should coordinate their pl

425 - 8
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4, 3. 3

4. 3. 4

4. 3. 9

and analysis use the same batch of solution which will be
prepared fresh for each source test. Typically, dissolve 4.0
g NaOH in water in a 1 liter volumetric flask and dilute to
the mark. Repeat, as necessary, so that a single batch of
sufficient volume is prepared to serve all of the needs of
sampling and analysis. Store the solution in a tightly capped
polyethylene bottle.

Potassium Dichromate Stﬁck Solution

Dissolve 2.829 g of analytical reagent grade potassium
dichromate (K,Cr,0,) in water, and dilute to 1 liter (1 mL «
1000 ug Cr(VIY).

Potassium Dichromate Standard Solution

Dilute 10.00 mL potassium dichromate stock solution to 100 mL
(1 mL = 100 ug Cr(VI) with water.

Sulfuric Acid, 6N, Analytical Reagent Grade

Dilute 166 mL sulfuric acid to 1000 mL in water.
Diphenylcarbazide Solution, Analytical Reagent Grade
Dissolve 0.5 g of 1,5-diphenylcarbazide in 100 mL acetone.

Store in a brown bottle. Discard when the solution becomes
discolored.

0.1% Potassium Permanganate Solution e

Analytical Reagent Grade

0.01% Potassium Permanganate Solution
Analytical Reagent Grade

Removal of Reducing Agents in the Reagents

The 0.1 N NaOH extraction solution (4.3.2) and the 6N sulfuric
acid solution (4.3.5) may contain small amounts of reducing
agents that can react with the hexavalent chromium. Potassium
permanganate is added to these reagents in order to neutralize
these reducing agents. Pipette 3 mlL of the extraction
solution into cuvettes A and B. Use cuvette A as a sample
cell and cuvette B as a reference cell. Zero the instrument
at 628 nm with both cuvettes. Wait 10 minutes. Add an

adequate amount (ul) of 0.01% potassium permanganate solution *

(4.3.8) to cuvette-A. Enough should be added so that after 10
minutes a slight change in absorbance is observed. This step
may have to be repeated a number of times in order to

determine the required amount of potassium permangante that is
required. From the change in absorbance, calculate the amount

of potassium permanganate that is needed to nuetralize the

]
#
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4. 4,
4. 4.

4. 4.
4. 4.
4. 4.

reducing agents found in the reagents. Then pipette the
proper volume of higher concentration 0.1% potassium .
permanganate solution (4.3.7) into the reagents. This is done
by assuming that the number of milliequivalents of reducing
agents in the reagents are equal to the number of_
milliequivalents of 0.1% potassium permanganate pipetted.

This procedure is repeated with the 6N sulfuric acid solution.
4. 4 REAGENTS FOR TOTAL CHROMIUM

4. 4. 1 ASTM Type II Water (ASTM D11953)

Refer to section 4.3.1.

2 Concentrated Nitric Acid

2. 1 Reagent
HN03.

preparation should use Ultrex or equivalent grade

2. 2 Glassware c}eaning should use ACS reagent grade HHOs.

3 Hydrogen Peroxide (30%) (Optional), Analytical Reagent Grade

4 Matrix Modifier

Follow manufacturer's recommendations, when interferences are

suspected.

5 Total Chromium Standard Stock’ Solution (1000mg/L)

Either procure a certiffed aqueous standard from a supplier
(Spex Industries, Alpha Products, or Fisher Scientific) and
verify by comparison with a second standard, or dissolve 2.829
g of Potassium Dichromate (K Crgo?%tanalytical reagent grade)

in Type II

water and dilute §o er.

6 Total Chromium Working Standards

A1l total chromium preparations injected for analysis shall be
prepared to contain 1.0% (v/v) HNO,. The zero standard shall
be 1.0 £ (v/v) HNOS.

5 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

5. 1 SAMPLE COLLECTION

Except where otherwise i

-~

collected from the source by use of CARB Method 6. Exceptions

include a glas
N NaOH in the
fiber filter.
through the pr

s nozzle, a glass lined stainless steel probe, 0.1
first two impingers, and a Teflon-coated glass

As shown in Figure 1, sample flow should be

obe first, then the impingers, and then the filter.

ndicated in this method, all samples are -

-l



5. 2 SAMPLE HANDLING AND PRESERVATION

A1l surfaces which may come in contact with sample must be glass,
Teflon, or other similarly non-metallic (even stainless steel may
be a source of chromium contamination) inert material and must be
prewashed with detergents, soaked in 1:1 HNO, for several hours,
rinsed with Type IT water, and finally rinsed with 0.1 N Naol
‘batch solution. For awkward objects, such as long glass probes,
soaking may be replaced by careful wiping. :

5. 2. 1 Probes are generally the most difficult sampling apparatus to
clean. Therefore, before use in sampling, to ensure that
sampling equipment is clean and free of chromium
contamination, apparatus which may come in contact with sample
must be cleaned until a sample of final rinse for each probe
has been anaiyzed as below the detection 1imit for total
chromium. The procedures of Section 6 shall be followed for
this contamination check.

If the specified glass probes are in short supply, the
cleaning protocol required above could double the number of
days necessary to complete a series of tests. Two options
exist which reduce mid-course delays in a sampling effort:

5. 2. 1. 1 Another cleaning procedure may be used if it is tested and
documented as achieving the objective of no detectable
chromium in the last probe c¢leaning rinse. Testing and
documentation shall include: a pre-test visit to the
intended site, collection of samples from an intended test
point with the highest expected concentration of chromium,
trials of other cleaning /procedures, and documentation of
those which pass the analytical tests and are used instead
of the cleaning procedures in Section 5.2.1 above. )

o oEm s moemem we

5. 2. 1. 2 The risk of mid-course cleaning delays may be reduced by
the use of a sufficient number of probes which have been
pre-cleaned and contamination checked by the procedures of
Sections 5.2.1 or 5.2.1.1; Extra probes should be included
to allow for breakage.

6 PROCEDURES FOR SAMPLE RECOVERY, PREPARATION, AND ANALYSIS

6. 1 SILICA GEL WEIGHING
For stack gas moisture determination, weigh the spent silica gel
or silica gel plus impinger to the nearest 0.5 g using & balance.
This step may be conducted in the field.

6. 2 SAMPLE COLLECTION AND RECOVERY

The sample is collected using probe, impingers, and filter.

425 - 11
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6. 2. 1 Praobe

The probe is rinsed with 0.1 N NaOH. The total rinse volume
should exceed 100 mL and be stored in container 1. (Measure
the volume.) The probe rinse is transported to a clean room
or to a site with laboratory conditions where it is split with
half saved for hexavalent chromium analysis and half saved for
total chromium analysis. Each sample split {s ~50mL.

(Measure the volumes.) -

6. 2. 2 Impingers and Filter

The sampling and analytical personnel shall discuss the
expected sample concentrations and the analytical limits of
detection for hexavalent and total chromium. The impinger
catch and filter should be handled one of two ways depending
on these expectations as directed in Sections 6.2.2.1 and
6.2.2.2 below.

6. 2. 2.1

6. 2. 2. 2

Higher Concentrations

If it is not considered important to minimize the dilution
of any sample component, then the contents of hoth
impingers (~200mL total) shall be combined and stored in
container 2. (Measure the volume.) As soon as possible,
the filter is transported in a filter container to a site
with laboratory conditions where it should be extracted in
all of the impinger solution from container 2. The
extraction should include shaking for a minimum of 30
minutes. The alkaline impinger medium will retard "
reduction of hexavalent chromfum.—The-extract solutfon is-
split with half saved for hexavalent chromium analysis and
half saved for total chromium analysis. Each sample split
is ~100 mL. (Measure the volumes.)

Lower Concentrations

If it is considered important to minimize the dilution of
any sampie component, then the contents of each impinger
(-100mL each) may be stored in containers 2 and 3.
(Measure the volumes.) The filter shall be extracted in
only one of the impinger contents, whichever {s suspected
to have the higher concentration. The extraction shall
include shaking for a minimum of 30 minutes. The contents
of the first impinger are stored fn container 2 and those
of the second impinger in container 3. Whichever impinger
contents are not used for extraction must be handled as a
third sample recovery requiring separate analyses. Both
sample recoveries are split as described above. Each
sample split is -50 mL. (Measure the volumes.)

425 - 12
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l . 6. 3 REAGENT BLANK PREPARATION

Hexavalent Chromium Reagent Blank

' =~ : For each preparation, transfer 35 mL of solution to a 100mL
_ I beaker, adjust the pH to 1.0 + 0.2 with 6N sulfuric acid, adg
: 1.0 mL of diphenylcarbazide solution, dilute to volume with

— water in a 60 mlL volumetric flask, and let color develop for
I 10 minutes, ‘
- Total Chromium Reagent Blank ]
'3 For total chromium, the reagent blank is simply 1 ¢ HNO,.
l"'— 6. 4 SAMPLE PREPARATION
6. 4. 1 Hexavalent Chromium Sample Preparation
' For each preparation, transfer 35 mL of solution to a 100mL

beaker, adjust the PH to 1.0 + 0.2 wj _
1.0 mL of diphenylcarbazide solution, dilute to volume with
water in a 50 mL volumetric flask, and let color develop for
10 minutes. (This leaves at least 15 ol of sample split for

further analyses. The total volume of sample split must be
known at this point.)

th 6N sulfuric acid, add

ill?<w

6. 4, 2 Total Chromium Sample Preparation

In a beaker, add 10m1 of concentrated nitric acid to the
sample aliquot taken for analysi;thchygr.the beaker with a
digestion coven...B]atélthé}beaker.on.a.ho

the sample down to near dryness. Add anot

to complete digestfon. Reflux the sample
dryness.

her 6oL nitric acid
volume down to near *

Wash down the beaker walls and digestfon cover with distilleq
water and filter the sample to remove Silicates and other
insoluble materiai that could clog the nebulizer. Fiitration
should be done only if there {s concern that insoluble
materials may clog the nebulijzer, Adjust the volume to 50 mL
or a predetermined value based on the expected metal
concentrations. The final concentration of HNg in the
solution should be 1 ¢ (v/v). The sample is nop ready for
analysis. The applicability of a sample preparation technique
must be demonstrated by analyzing spiked samples and/or '
relevant standard reference materials. :

Eal .
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6. 5§ ANALYSIS

6. 5. 1 Hexavalent Chromium Analysis

6. 5.2

The analyst must filter the preparation for clarity at this
point. Medium retention filter Paper should be used. The
filter paper shall be pre-wetted with a few mL of reagent
blank and sample preparation. This will prime the filter so
that it won't absorb color complex. ,

Transfer a portion of the filtered preparat ion into a 5 cm
absorption cell.

Measure the absorbance at the. optimum wavelength of 540 nm.

Subtract the sample blank absorbance reading to obtain a net
reading.

If the absorbance reading of a sample preparation exceeds the
calibration range, dilute with reagent blank or re-measure
using less of the sample preparation. (There should be about
15mL remaining at this point. See Sections 6.2.1, 6.2.2.1,
and 6.2.2.2.)

Check for Matrix Effects on the Cr(VI) Results

As the analysis for Cr(VI) by colorimetry is sensitive to the
chemical composition of the sample (matrix effects), the

analyst shall check at least one sample from each source using
the following method: Obtain two equal volume aliquots of the

same sample sdlution;"TThé'a1iquots-should—each-contain--»«-w‘-

between 6 and 10 ug of Cr(VI) (less if not possible). Spike

one of the aliquots with an aliquot of standard solution that "’

contains between 6 and 10 ug of Cr(VI). Now treat both the
spiked and unspiked sample aliquots as described in Section
6.4.1 above. Next, calculate the Cr(VI) mass Cs, in ug in the

aliquot of the unspiked sample solution by using the following
equation:

Cs = Ca _As Eq. 1
At-As

where:

Ca = Cr(VI) in the standard solution, ug.

As = Absorbance of the unspiked sample solution.

At = Absorbance of gpe spiked sample solution.

Volume corrections wiil not be required since the solutions as
analyzed have been made to the same final volume. If the

results of this method used on the single source sample do not
agree to within 10 percent of the value obtained by the

425 - 14



routine spectrophotometric analysis, then reanalyze all
samples from the source using the method of standard additions
procedure.

6. 5. 3 Total Chromium Analysis
The 357.9-nm wavelength line shall be used.

Follow the manufacturer's operating instructions for all other
spectrophotometer parameters.

Furnace parameters suggested by the manufacturer should be
employed as guidelines. Since temperature-sensing mechanisms
and temperature controllers can vary between instruments or
with time, the validity of the furnace parameters must be
periodically confirmed by systematically altering the furnace
parameters while analyzing a standard. In this manner, losses
of analyte due to higher than necessary temperature settings
or losses in sensitivity due to less than optimum settings can
be minimized. Similar verification of furnace parameters may
be required for complex sample matrices.

. A D B e .

12
%

r

Inject a measured uL aliquot of preparation into the furnace
and atomize. If the concentration found exceeds the
calibration range, the sample should be diluted in the same
acid matrix and reanalyzed. The use of multiple injections
can improve accuracy and help detect furnace pipetting errors.

r = .

(

Subtract a sample blank reading from a sample reading to
' obtain a net reading. - .’ : _

7 CALIBRATION, QUALITY CONTROL, AND DATA REPORTING
I 7. 1 GENERAL

Perform all of the calibrations described in CARB Method 5,
'I Section 5, with any modifications appropriate for this method.

7. 2 CALIBRATION AND QUALITY CONTROL FOR HEXAVALENT CHROMIUM

'_ 7. 2. 1 Calibrate the wavelength scale of the spectrophotometer every
' 6 months. The calibration may be accomplished by using an
. energy source with an intense line emission such as a mercury
.L lamp, or by using a series of glass filters spanning the
measuring range of the spectrophotometer. Calibration
materials are available commercially and from the National
I; Institute of Standards and Technology. Specific details on
— the use of such materials should be supplied by the vendor;
general information about calibration techniques can be
3 obtained from general reference books on analytical chemistry.
“ The wavelength scale of the spectrophotometer nust read
correctly within +5 nm at all calibration points; otherwise,
: : the spectrophotometer shall be repaired and recalibrated.
lL Once the wavelength scale of the spectrophotometer is in

'} 425 - 15
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7. 2, 2

7. z‘ 3

7. 2. 4

Proper calibration, use 540 nm as the optimum wavelength for
the measurement of the absorbance of the standards and
samples.

Alternatively, a scanning procedure may be employed to

determine the proper measuring wavelength. If the instrument
is a double-beam spectrophotometer, scan the spectrunm between
530 and 550 nm using a 50 ug Cr(VI) standard solution in the

cell. If a peak does not occur, the spectrophotometer is
malfunctioning and should be repaired. When a peak {s
obtained within the 530 to 550 nm range, the wavelength at

blank and standard solutions shall be scanned separately. The

Either (1) run a series of chromium standards and construct a
calibration curve by plotting the concentrations of the
standards against the absorbances or (2) if necessary, for the

method of standard additions, plot added Concentration versys
absorbance.

7. 3 CALIBRATION AND QUALITY CONTROL FOR TOTAL CHROMIUM

7. 3.1

Either (1) run a series of chromium standards and reagent
blanks and construct a calibration curve by plotting the

for the method of standard additions, plot added concentration
versus absorbance. For instruments that read directly in

concentration, set the curve corrector to read out the proper
concentration.

appropr?ate increases in tota] chromium concentration in the
other calibration standards. The calibratijon standards shoyid
be prepared following the steps outlined ip sample
preparation.

425 - 16



7. 3. 2 Run a check standard after approximately every 10 sample
injections. Standards are run in part to monitor the life and
performance of the graphite tube. Llack of reproducibility or
a significant change in the signal for the standards indicates

that the tube should be replaced.

7. 3. 3 Duplicates, spiked samples, and check standards should pe
routinely analyzed.

7. 3. 4 Calculate meta] concentrations (1) by the method of standard
additions, or (2) from a calibration curve, or (3) directly
from the instrument's concentration readout. A7l dilution or
concentration factors must be taken into account.
Concentrations reported for multiphased or wet samples must be
appropriately qualified (e.g., § ug/g dry weight).

7. 3. 5 Calibration curves must be composed of a minimum of a reagent
blank and three total chromium standards. A calibration curve
should be made for every batch of samples, unless check
standards remain within 102 of the last calibration curve.

7. 3. 6 Dilute samples with reagent blank solution if they are more
concentrated than the highest standard or if they fall on the
Plateau of a calibration curve.

7. 3. 7 Employ a minimum of one matrix-matched sample blank per sample
batch to determine if contamination or any memory effects are
occurring.

7. 3. 8 Test the system with check standards after approximately every. -
16 samples. S el LT T T e

7. 3. 9 Run one duplicate sample for every 10 samples, providing there'
is enough sample for duplicate analysis. A duplicate sample
is a sample brought through the whole sample preparation.

7. 3.10 Spiked samples or standard reference materials shall be ysed
daily to ensure that correct procedures are being followed and
that all equipment is operating properly. This will serve as
2 check on calibration standards, too.

7. 3.11 Whenever sample matrix problems are suspected, the method of
standard additions shall be used for the analysis of all
extracts, or whenever a new sample matrix is being analyzed.

7. 3.12 The concentration of all calibration standards should be
verified against a quality control check sample obtained from
an outside source.

7. 3.13 AN quality control data should be maintained and avajlable
: for easy reference or inspection.

425 - 17




7. 4 DATA REPORTING

Carry out the calculations, retaining at least one extra decimal
figure beyond that of the acquired data. Round off figures after
final calculations.

7. 4. 1

7. 4. 2

7. 4. 3

7. 4. 4

7. 4. 5

Total Cr(VI) in Sample

Calculate and report m,, the total ug Cr(VI) in the sample.
This can be obtained fPom the calibration curve or from the
method of standard additions. Note that m, is the sum of the
masses of hexavalent chromium analyses pepformed on all sample
splits. Also take in account the dilutions when calculating

mh.

Report these calculations based on net readings. but report
all sample blank data, too.

Total Chromium in the Sample

Calculate and report m,, the total ug of chromium in the
sample. This can be obtained from the calibration curve or
from the method of standard additions. Note that {s the
sum-of the masses of total chromium analyses perfornied on all
sample splits. Also take into account the necessary dilutions
when calculating out mg .

Report these calculations based on net readings, but report
all sample blank data, too. .

Swerage Dry Gas. Meter Témperﬁture and Average Orifice Pressure
rop . . . C e v m e R W — - EEEEL JEEL B .o N

Except where otherwise noted in this method, same as Method.s:
Section 6.2.

Dry Gas Volume, Volume of Water Vapor, Moisture Content

Except where otherwise noted in this method, same as Method 5,
Sections 6.3, 6.4, and 6.5, respectively.

Cr(VI) Emission Concentration

Calculate and report [h]. (g/dscm), the Cr(VI) concentration
in :h?]stack gas, dry baSis, corrected to standard conditions,
as follows:

[b], = (10g/ug) (my/Vp(stq))

-~
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7. 4. 6 Total Chromium Emission Concentrat%on

Calculate and report [t] (g/dscm), the total chromium
concentration in the statk gas, dry basis, corrected to
standard conditions as follows;h

[t]s = (107°g/ug) (my/Vpgp4))

7. 4. 7 Isokinetic Variation, Acceptable Results

Except where otherwise noted in this method, same as Method 5,
Sections 6.11 and 6.12, respectively,

8 REFERENCES

8.1

8. 2
8. 3

US. Environmental Protection Agency/Office of Solid Waste,
Washington, D.C., "Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods, “SW-846 (1986), Third Edition.
Same as in Bibliography of Method 5, Citations 2 to 6 and 7.

California Air Resources Board, Inorganic Analysis Section.
(1988)
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" TEMPERATURE SENSOR CALIBRATION: DATA FORM
] . -
Date -) =5 %/ Thermocouple number 3 A
Ambient temperature _ 5% °¢f{ Barometric pressure 2¢.s53 in. Hg
Calibrator _G G- Reference: mercury-in-glass _psra1 3=
JfFc?y
. other
Reference Thermocouple
Reference p | thermometer potentiometer | Temperature
point ‘| Source tempeﬁpture, tempeEature, difference,
number (specify) 0 0 %
1. AMBIENT ,
AIR 13 % -8
2. BOILING N
H20 ’ ERA
3. ICE A
H20 SRt lo
gEvery 30°C (50°F) for each reference point.
Type of calibration system used.
[(ref temp, °C + 273) - (test thermom temp, °C + 273)
' ref temp, °C + 273 100<1.5%.




=
- TEMPERATURE SENSOR CALIBRATION DATA FORM

Date 5 § -4 Thermocouple number BES

. 23
Ambient temperature _ 24— °Cr Barometric pressure _27.5.

in. Hg
calibrator ( - Reference: mercury-in-glass _ns7"1 1 =&
: 1Ly
_ other
Reference Thermocouple
Reference b thermometer potentiometer | Temperature
point_ -| Source tempeﬁpture, tempeﬁature, difference,
number (specify) 0 0 %
1. AMBIENT X - 3
AIR IS LR
2. BOILING R R
H20
3. ICE . \
H20 S T

:Every 30°C (50°F) for each reference point.
Type of calibration system used.

c[(ref temp, °C + 273) - (test thermom temp, °C + 273)
ref temp, °C + 273

] 100<1.5%.
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" TEMPERATURE SENSOR CALIBRATION:DATA FORM

Date - (G- &/ Thermocouple number 4
Ambient temperature _ )J- °€f Barometric pressure 27¢s in. Hg
Calibrator _{ ¢.- Reference: mercury-in-glass “Asym I F
' : : 34-Cl%
_ _ other
Reference Thermocouple
Reference b thermometer potentiometer | Temperature
point | Source tempeﬁpture, tempeﬁature, difference,
number (specify) 0 0 %
1. AMBIENT :
AIR 4.
2. BOILING PLINS Ind o
H20
3. ICE -
H20 tooa 1q.e

aEvery 30°C (50°F) for each reference point.
Type of calibration system used.

c[(ref temp, °C + 273) - (test thermom temp, °C + 273)]
ref temp, °C + 273 100<1.5%.
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" TEMPERATURE SENSOR CALIBRATION DATA FORM

Date S 6.5

Thermocouple number 4 <

Ambient temperature ) 3.+ °C Barometric pressure 25 &3

aEvery 30°C (50°F) for each reference point.

Type of calibration system used.

C[Lref temp, °c + 273) - (test thermo

ref temp, °C ¥ 273

m_ temp, °C + 273)]
100<1.5%.

i in. Hg
,' Calibrator L G Reference: mercury-in-glass ps=m 3 =
) : i S 40y
'- other
-_— —“—__——-—___‘-—‘.———-____,____-—-———-.
Reference Thermocouple
Reference , b thermometer potentiometer Temperaturec
po.1.n1:a 'l Source temperFature, tempe:[:.ature, difference,
r number (specify) ¢ 0 A
l‘ 1. AMBIENT .
. AIR [ ]S
" 2. BOILING T T,
: H20 " )
‘- 3. ICE ,
l" H20 - .
1.
IL
|




* TEMPERATURE SENSOR CALIBRATION DATA FORM

Date DG al Thermocouple number _ 5 A

Ambient temperature _ ) 3¢ °@F Barometric pressure 3.y in. Hg

calibrator G Reference: mercury-in-glass “puem3 <
- - dfcTy
other
Reference Thermocouple
Reference b | thexmometer potentiometer | Temperature
pointa ‘| Source tempeﬁpture, tempe¥ature, difference,
number (specify) 0 0 %
1. AMBIENT
AIR _
1304 13 ¢
2. BOILING
Tlc S 4 ;
H20 ~LR 2c3 4
3. ICE
H20 Fo.4 booz
aEvery 30°C (50°F) for each reference point.
brype of calibration system used.
c[(ref temp, °C + 273) - (test thermom temp, °C + 273)]
ref temp, °C + 273 100<1.5%.




F::

- TEMPERATURE SENSOR CALIBRATION DATA FORM

Date S~ 5 -4 Thermocoﬁple number 5 3

Ambient temperature _7/ ‘- °@!{ Barometric pressure ¢.5: in. Hg

Calibrator (.. Reference: merxcury-in-glass _ne7n 1A
: ' 34els
other
Reference Thermocouple
Reference b thermometer potentiometer | Temperature
pointa | Source temperature, tempeﬁature, difference,
number (specify) of 0 %
1. AMBIENT P+ 7/
AIR 7 A
2. BOILING )
K20 - e
3. ICE
H20 )

aEvery 30°C (50°F) for each reference point.
Type of calibration system used.

c[(ref temp, °C + 273) - (test thermom temp, °C + 273)]
ref temp, °C + 273 100<1.5%.




- emem s e

IEIA

- em e

- TEMPERATURE SENSOR CALIBRATION: DATA FORM

Date = 19.-49¢ Thermocouple number S -G

Ambient temperature 73 °C Barometric pressure _24.4¢ in. Hg

Calibrator (. G.. Reference: mercury-in-glass _ As7o 3.2
: lgc 2
otbf_r TS - Lan
Reference Thermocouple
Reference b thermometer potentiometer | Temperature
pointa | Source temperature, tempe$ature, difference,
number (specify) of 0 %
1. AMBIENT 2 73 73 e
AIR 73
2. BOILING o oA
H20 2cy 9N hs
3. ICE '
H20 LY 3w e o

aEvery 30°C (50°F) for each reference point.
Prype of calibration system used.

c[(ref temp, °C + 273) - (test thermom temp, °C + 273)]
ref temp, °C + 273 100<1.5%.




" TEMPERATURE SENSOR CALIBRATION DATA FORM

Date 3 -5 91 Thermocogple number A

ambient temperature _7/+ °€F Barometric pressure 3a 3 in. Hg

calibrator C fav Reference: mercury-in-glass g3 7 m »£
' ' 34078
. other
Reference Thermocouple
Reference b thermometer potentiometer | Temperature
pointa -] Source tempeﬁ;ture, tempe&ature, difference,
number (specify) 0 0 %
1. AMBIENT
AIR /1.4 7).+
2. BOILING , a.C
. [ .
H20 cc9. 6 Jc
3. ICE _
H20 Lig g #
dEvery 30°C (50°F) for each reference point.
Brype of calibration system used.
c[(ref temp, °C + 273) - (test thermom temp, °C + 273)]
ref temp, °C + 273 100<1.5%.




l - TEMPERATURE SENSOR CALIBRATION DATA FORM
I pate 3. -9/ Thermocouple number (&
I Ambient temperature 744 °@F Barometric pressure 2 9.f3 in. Hg
Calibrator ( cav Reference: mercury-in-glass _ps7m 3 F
: ' 34¢7%
l other Ty Las
Reference Thermocouple
l Reference p | thermometer potentiometer | Temperature
pointa | Source temperFature, tempe:l':ature, difference,
l number (specify) o 0 %
| 1. AMBIENT V44 24 4
' AIR
I 2. BOILING e % 209 5
l H20
3. ICE
H20 > < +35
l 8Every 30°C (50°F) for each reference point.
Prype of calibration system used.
' c[(re:i:‘ temp, °C + 273) - (test thermom temp, °C + 2'73)]
ref temp, °C + 273 100<1.5%.




Date

TEMPERATURE SENSOR CALIBRATION DATA FORM

o/l /71

Thermocouple number

Stt-/

Ambient temperature __ 74 °@FBarometric pressure _ 29758 in. Hg
calibrator (2. [444.

ref temp, °€ + 243,
£

FACIFIC 2V IZO g TA

SVICES. NC.

Reference: mercury-in-glass /b 7#4- 3F
_____other _ N
Reference Thermocouple
Reference b thermometer potentiometer Temperaturec
pointa Source temperature, temperature, difference,
number (specify) °2f °¢ ¢ %
D plsent 75 76 “ .19
.LCE Hzo 217/ 35 - ,'ZO
Dot
Warw 1h0 20 207 . (5
Bath
aEvery 30°C (50°F) for each reference point.
bType of calibration system used. -
c F o C Yeo
[(ref temp, °€ + 2&8) - (test thermom temp, °€ + 273)

] 100<1.5%.




TEMPERATURE SENSOR CALIBRATION DATA FORM

Date G/é /ﬁ{ Thermocouple number S/f- 2-
{ 1 ‘
Ambient temperature 78 °& Barometric pressure <27.5 in. Hg
Calibrator /% /LAY Reference: mercury-in-glass /4%'777- 3/-
other
Reference Thermocouple
Reference b thermometer potentiometer | Temperature
pomnta Source temperature, temperature, difference,
number (specify) °¢ € £ F %
Anbiek 7S 7S O
- > O
TCE o %2 2
@a.‘l’e\
e H,0 Z (o 2/0 ®)
Gath
aEvery 30°C (50°F) for each reference point.
nype of calibration_system used. - ,
c é: 450 r 460
[j;ef temp, °€ + 273) - {test thermom temp, °€ + -2-4'3)]
ref temp, °€ + 2¥3yuo 100<1.5%.




b—/l—JL—«

TEMPERATURE SENSOR CALIBRATION DATA FORM

Date é/ ’ /7 / Thermocouple number SA4- 3
7t ‘
Ambient temperature _ 79" °£f Barometric pressure 2757 in. Hg
Ccalibrator Iem Reference: mercury-in-glass s7- %€
other
Reference Thérmocouple
Reference b thermometer potentiometer | Temperature
pointa Source temperature, temperature, difference,
number (specify) °2F °C F %
AmSient - 74 ,\q
jf : )
CE 0 34 3¢ 0

®.dh

(Jare K0 2.0 208 .30
GuaiAs

aEvery 30°C (50°F) for each reference point.
bType of calibration system used. ¢ o

= %60
c[(ref temp, °€ + 273) = {test thermom temp, °£ + 273)]
ref temp, °2 + 2#34.0 100<1.5%.

BACIFIC VIR e TAL SEEVICES. INC.




TEMPERATURE SENSOR CALIBRATION DATA FORM

l ‘ Date @/é /4/ | Thermocouple number St~ yd

Ambient temperature _7S °¢;- Barometric pressure _ 2959 in. Hg
Calibrator 621QQ@Z Reference: mercury-in-glass Asiwm - 2E

aEvery 30°C (50°F) for each reference point.
bType of calibration system used.
c[(ref temp, °C + 273) - (test thermom temp, °C + 273)]

ref temp, °C + 273 100<1.5%.

l\._ other _
: Reference Thermocouple
.a_ . Reference b thermometer potentiometer | Temperature
pointa Source temperature, temperature, difference,

. number (specify) e F °F %
i Dbicat 7s 76 -1
I 22 3y -20

; T w (—(-)_O
I Dots
I Wm0 Qi 2.1 -, (5

( P)’-‘L"/C'\
i

i



Date

TEMPERATURE SENSOR CALIBRATION DATA FORM

,/,l//,/&u

Thermocouple number SH- S

Ambient temperature /5 °C?iBarometric pressure _2¢458 in. Hg

Calibfator C;{éﬁlgﬁ

Reference: mercury-in-glass _457%-2F
other
Reference Thermocouple
Reference b thermometer potentiometer | Temperature
pointa Source temperature, temperature, difference,
number (specify) °c °cC %
Ambient 7s 75 o
Te U0 34 34 o
Burhh
Warwm )0 200 209 .15

Sty

aEvery 30°C (50°F) for each reference point.

b

Type of calibration system used.
°C + 273) - -(test thermom temp, °C + 273)

c[(ref temp,

ref temp,

PACIFIZ E™IVIBC " ENITAL SE2VICES. INC,

°C + 273

] 100<1.5%.
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TEMPERATURE SENSOR CALIBRATION DATA FORM

Thermocouple number SH-6

Date é,/éy /7,
Ambient temperature 7S __°2 Barometric pressure 24s¢ in. Hg
Calibrator Cp\kiéz, - Reference: mercury-in-glass fit- 3F

other
Reference Thermocouple
Reference b thermometer potentiometer TemperatureC
pointa Source temperature, temperature, difference,
number (specify) °cC °C %
Dudint 75 7 19
Tw 0 34 55 T2y
(5&&43
Weaew Hio Ziv .08 , 50
By

aEvery 30°C (50°F) for each reference point.
bType of calibration system used. . w60

L& 6O f-
C[L;ef temp, °g” + 553) - (test thermom temp, °2 + 273
ref temp, °E + 2#34¢

] 100<1.5%.

1]
12
8]
n
o
1]
1
]
"
n
'3
m
o




Date

TEMPERATURE SENSOR CALIBRATION DATA FORM

é/é VA7l

Thermocouple number S/ - 7

Ambient temperature 7S5 °gf Barometric pressure _2%5¢ in. Hg
calibrator (£ K44 Reference: mercury-in-glass Asir) - 3F
other
Reference Thermocouple
Reference b thermometer potentiometer | Temperature
point Source temperature, temperature, difference,
number (specify) °c °c %
Ambed 75 76 -. (9

Fo GE}D
Dot

%2

39

244

~, 20

-, s

aEvery 30°C (50°F) for each reference point.

b

Type of callbratlongystem used. £ 460

[(ref temp, o + 243) - (test thermom temp, QQ + 2943)
ref temp, °€’+ 273 w0

] 100<1.5%.

SATIEIC oo IR IR T SESVICES, NG,




DRY GAS METER AND ORIFICE CALIBRATION

CONTRUL BOX NO. MB- 3 BARUMETRIC PRESS. 29.60 IN. HG.
DATE : &~7-91  PERFORMED BY : R KOLDE
RUN 1 RUN 2 RUN 3 RUN 4 RUN S RUN 4

dHd ( "HZ20) 0.50 0.75 1.00 1.50 2.00 4.00
INITIAL WTM 485.307 491.165 5S01.471 512.230 522.381 534.895
FINAL WTM 490.380 501.162 511.920 522.090 8533.914 544.79%
INITIAL DGM 539.300 S45.200 555.4600 566.502 576.800 589.500
FINAL DGM 544 .400 S55.300 566.200 576.501 588.502 599.500
TEMP. WTM (F) 74.0 74.0 74.0 74.0 74.0 74.0
TEMP. DGM (F) 81.0 82.000 86.0 89.0 92.0 95.0
TEST TIME (MIN.) 13.6 21.1 20.3 15.3 16.0 9.3
N N e Y M WU D D I I DN T IE IS I TE I T M P2 IE I 2 e I JE I D026 W B0 I D6 HE 2 I I I MM I I H I I NI I NN N
NET YOLUME WTM 5.073 ?.99%  10.449 9.860 11.5233 9.9200
NEET VOLUME DGM 5.100 i0.100  10.600 9.999  11.702  10.000
Y 1.006 1.005 1.005 1.010 1.014 1.01%
i 2.014 1.882 2.103 2.017 w.140 1 ._‘?4:’.‘

EAAREAMAERE KA A EK KA ARKK PR AT AL AL ERRRRRERKKEERRK A RRKRNA S R AN RAAN

AVERAGE Y =

1.010

ACCERTABLE Y PallGl =

AVERAGE dHB =

AGCCERPTABLE

< Ph x
LENON

Vo= W
¢ T &

yoc e

(

2.016

dHd RoGsE =

0.2990

1.81¢4

TO

TO

1.030

2.216




- DRY 53AS METER AND ORIFICE CALIBRATION

CONTROL BOX NO. A/4-3  BAROMETRIC PRESS. 24,4  IN. Ha.

DATE: (s /7/7( PERFORMED BY : (P Aol
RUN 1 RUN 2 RUN 2 RUN < RUN S RUN €
dHd ("H20) | 0.50 0.75 1.00 1.50 2.00 4. 00
INITIAL WTM 495307  44l/65 Sofq7 Sl2.T30  sz2.39]  Szgpgc
FINAL WTM H4d0,38 Sol/63 Sl920 S220m 5314 sM.7;
' £ . 200 7 S
INITIAL DGM S37 300 SYs.ze0 5§55.600 Steser S7. ?;?;‘y

SYY. Yo S55.300  Sil,2ew0  S7G.Se( SéhTew

FINAL DGM - Z?// Zl/
2y 7Y /// { »¥
TEMF. WTM (F) 74/ 7Y A ad _ .
71 - 7 . 7o 77
. = y 85 22~ =
TEMF. DGM (F) %z B 78 % Z4 76

TEST TIME (MIN.D 3 /(7 20123 2w B 3338 boiCz 5.3

**********************************************************************

NET VOLUME WTM
NET VOLUME DGM
%
dH@E
I T T I I U I I N B e F I e e e e e e P T e B e e e e e e 3 e M e e e e
AVERAGE Y =

ACCEFTAELE Y RANGE = TO

AVERAIGE dH@ =

ACCEFTABLE dHE FANBRE = TO
Y = (Vw % Fb « ¢
(Tw + 460
dHE = 0.03Z17 % dHd 7/ (Fb (Td + 4033 % ¢((Tw + 4601 w time)d / NVwirr2




a
TEMPERATURE SENSOR CALIBRATION DATA FORM
. MB-3 Fli
Date b [ [7/ Thermocouple number At
7 :
Ambient temperature 7Y °ef Barometric pressure .ZZ,QO in. Hg
Calibrator éakg%ﬁ_ Reference: mercury-in-glass '4§779-3#:
other
Reference Thermocouple
Reference b thermometer potentiometer | Temperature
point Source temperature, temperature, difference,
number (specify) ° = e rF %
/QW%ilu/' ALt Vit 79 o
[} _’,&_
Qo+t 7Y 73 .9
2 >, 3 . 20
To tho | Lo | 2 33 _
Gu'l/e\ M d }‘-/ O
Tl 2L [ 76 » 22
Werw H0 | Lwker Lo
(S (QV\PQZ‘)' e (77 1S
aEvery 30°C (50°F) for each reference point.
bType of callb;atlon system used. E e
[(ref temp, Qe + 2#3) - (test thermom temp, %€ + 273)
ref temp, °C + 273 100<1.5%.
i© 4G -
BACIFIZ £riy S0, 00gs Tl SESVICES. INC,
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DRY EAS METER AND ORIFICE CALIBRATION

Ii CONTROL EBOX NO. M@-/o  BAROMETRIC PRESS. 27, Sg IN. M.
_ DATE: /G /‘” FERFORMED BY : () [rpg.
RUN 1 RUN 2 RUN 2 RUN 4 FUN S RUN &
' | dHd ¢("H20) 0.50 0.75 1.00 1.50 2.00 4.00
l._ INITIAL WTM 234.963  29.921  25/G1y 202,24¢ 172392 28508
FINAL WTM 290. 3¢ 25219 24(89T L71UL6% 293¢5 296,73
l; INITIAL DGM 96 3, 4¢cc 969, 7e0 780.10( Fcsv 1008 Goo /eu,3e 2
I- FINAL DGM M 7m0 Tiend  fawe Jomaeo  so2e.0u
i 75 75, 75 75 76/
TEMP. WTM (F) 8L e 5 =% = e
— , ) 8L 2 @ S 2 Bys
' TEMF. DGM (F) %0 82 2, o] e 7s
TEST TIME (MIN. ) y ) _ . )
l“ 16,05 9+ 2e.9%.52 /8 0o 15.15.19 3.02.57  fus 79
******************J'é*gg*-ﬁ*******"‘*************************************
b.1b7 o 2ve /0, 265
l_ﬁ NET VOLUME WTM 0.000 Q. 000 0. 000 O, 000 0. 000 Q. 000
. coo /€, cVv (C.cp3
NET VOLUME DM Q. 000 Q. 000 O, 000 Q. 000 0. 000 0. 000
037
"" v l, ok L LRk ERF: EFR ERF: ERF:
| dHE  EFR EFF: ERR EFRR ERF ERF:
r . 71 (. 7
*****************‘F************-F-ﬁ-¥-*-*-***************f‘*******************
'_ AVERAGE Y = ERF:
ACCEFTABLE Y RANGE = ERF TO ERF
r AVERAGE dHE = ERF:
l__ ACCEFTABLE dHE FANGE = ERR TO ERF
Y = (Vw = Fb » ¢
(Tw + 4609
dH@ = 0.0Z17 % dHd / Fb (Td.+ 40D % ((Tw + 460) % timed / Vwiz

- -




Date

TEMPERATURE SENSOR CALIBRATION DATA FORM

/6 /7

Thermocouple number

M3 (o - Ztlet
M BJo- evi-t)

Ambient temperature (7 °@’/ Barometric pressure 2%5% in. Hg
Calibrator 52.g¢4= Reference: mercury-in-glass /4?5‘7"/7- Y

other —
Reference Thermocouple
Reference b thermometer potentiometer | Temperature
pointa Source temperature, temperature, difference,
number (specify) ‘2 F °e F %
/gwd;bvf jZJLr b7 &8 1
Okl 67 68 -4
I(_p_. “7/0 . 33 33 ©
buttut 33 3¢ .20
Burb
Warm  [$,0 ;Z.:&j- 2oy 208 .18
Bath A 209 206 Y

aEvery 30°C (50°F) for each reference point.
bType of calibration system used.

c[(ref temp, °C + 273) - {test thermom temp, °C + 273)
ref temp,

°C + 273

] 100<1.5%.
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- DRY 3EAS METER AND ORIFICE CALIBRATION

CONTROL BOX NO. HMG- il BAROMETRIC PRESS. 2766 IN. HG.
DATE: ( /7/«41 FERFORMED BY : L LLA
RUN 1 RUN 2 RUN = RUN 4 RUN S  RUN G
dHd ("H20) 0.50¢ .75 1.00 1.50 2. 00 4.00
INITIAL WTM 385 43 390.828  4of 385 4,729 d11l6d 432523
FINAL WTM 390.505 40,000 K525 yq) 855 432,27 44Z,F0@
INITIAL DGM 977.600 994300 414 PO [d G0 lolS.2e  fe25.502
' ' - 0%5,504
FINAL DGM 784660 174 2o (o0, 700 (O, 960 4y 26 200 / | °
yZi 74
TEMP. WTM (F 7944 P9y ., 74 < Gy
7
. iM (F °f A oy 35/ ﬁ//
TEST TIME (MIN.)
(2.42.49 211247 I8,30.00  [906,6 12.00.567 9235

***'l-****************************4 -l-*'l--!-*******-l--l--l--l--l--l-********************

NET VOLUME WTM

NET VOLUME DGM

AVERAGE Y =
ACCEFTAEBLE Y RANGE = TO

AVERAGE dHE =

ACCEFTABLE dHE@ FANGE = TO
Y = (Vw »w Pb % ¢
(Tw + IO
dHe = 0.0317 % dHd / (Fb (Td + GE0) ) w ((Tw + 460 time)» / Vwi—z



DRY SAS METER AND ORIFICE CALIBRATION

CONTROL EOX NO. W3-l BAROMETRIC PRESS.  24Go IN. HGE.
DATE: o/2/ 1/ FERFORMED BY :
RUN 1 RUN 2 RUN 3 RUN 4 RUN S RUN 6
_. G52 g e0 lo. 80
dHd ("H20) G Ser rFE Ao 1.50 2,00 4.00
INITIAL WTM “44,1 o4 453,957 <464l
FINAL WTM 453,34  Yo34sy {425
INITIAL DGM (06000 (o46. b3 /D56, (08
FINAL D&M ([©Y46.0077 (056,00%  (olLb.weq
TEMP. WTM (F) %, 25z, 7-2/.{
TEMF. DGM (F> 5% % | %

TEST TIME ¢MIN.D o
7. 94, 4¢ [p. 1471 S 44 .5

2 e P T B e e e T I M e e T I F I A BT I e N T T e e e I e e e e T e I
NET VOLUME WTHM

NET VOLUME DGM

Y

dH@

I P P P e e P e T e e e e e e e S 5 I e I I He I I A B S B e o g e I I I I B e e I e S e e e W e e e A e o e e e S e

AVERAGE Y =
ACZEFTABLE VY RANGE = TO
AVERAGE dHeE =
ACCEFTABLE dHE RANGE = TO
Y = (Vw xw Fb =« ¢
(Tw + 4600
dH®@ = 0.0217 % dHd / (Fb (Td + 4£011 = ((Tw + 4601 =« time) /7 Vwi"Z




Date

TEMPERATURE SENSOR CALIBRATION DATA FORM

¢/2/7/

B-Ul Ftet

M
'I'hermoc:ogple number Oy 2l

Ambient temperature _73 °¢ Barometric pressure 29 (0 in. Hg
Calibrator _ (2 Kotlh Reference: mercury-in-glass A&7 m- 3F

other
Reference Thermocouple
Reference b thermometer potentiometer | Temperature
peint Source temperature, temperature, difference,
number (specify) °C °c %
Andiant | Toter 772 > O
Otles 73
Tee o Tt 33 33 o
w‘\fw‘ ['/1_,0 :Zv\lﬂ.f 20 L 207 O
BOUH/L Q‘V\’ML/{- Z’OL(
aEvery 30°C (S0°F) for each reference point.
bType of calibration system used.
C[Lref temp, °C + 273) - (test thermom temp, °C + 273)]
ref temp, °C + 273 100<1.5%.

PACIFIC EMVIECH T

IEFVICES. INC.
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DRY GAS METEF AND QRIFICE CALIBRATION

CONTROL BOX NO. M- (> BAROMETRIC PRESS. Z7.G@o  IN. HG.

DATE: L / v [,) / FERFORMED BY : 52

| RUN 1 RUN = RUN 2 RUN 4 RUN 3 RUN &
dHd C"HEDS Q.50 0.7% 1.00 1.50 2.00 +. 00
INITIAL WTM 208326 3icoi  32s sz ZZ&WD 377660 353 2¢-
FINAL WTM 33, 8¢ 325041 330,301 347357 3S7 740 3¢8.317
INITIAL DiEM € 32.400 £38 00 647 200 Qs LIl 4y 8402,
FINAL DM 037 800 Ll GLll50 w100t GO G gae
TEMP. WTM (F) 734, A 2 A 4 " Zy
TEMF. DGM ¢F) 7o e %; %/7 % tfo/s
TEST TIME ¢MIN. > VAT 22,3888 205071 153305

NET VOLUME WTM Q, 000 0. 000 Q. OO0 Q. 000 QL 000 0. 000
NET VOLUME DisM Q. OO0 0. QG0 0, 000 Q. 000 Q. 000 Q. 000
Y ERF: EFF ERF EFF ERF EFRF
dH@& _ EFF EFF ERF EFF EFFE ERF

******%********************%%¥ﬁ+4+;*p*;*****4****44@&4&***&+*+v****4**

AVERAGE Y = ERF

AECEPTAELE-Y FANGE = EFRF TO EFF
AVERAGE dHE = ERF

ALCEFTABLE dH@ FANGE = ERF TO EFEF

Y = (Mw » Fbh « (
CTw + 460
daHe@ = 0.0317 « dHdd / (Fb ¢Td + 4800w (Tw + JE)

“ time) / VwiroD




TEMPERATURE SENSOR CALIBRATION DATA FORM

| : | yb-13 Tu GF
Date /)/6 / g/ Thermocouple number MB35 Ot
7/ ‘

Ambient temperature 427 oc PBarometric pressure _2793 in. Hg
Calibrator (2 L Reference: mercury-in-glass /57/‘,'-3/‘

other
_ Reference Thermocouple
Reference b thermometer potentiometer Temperature
point source temperature, temperature, difference,
numbexr (specify) ° °c %

/Qméfcuf Foor 61 70 11
O r (1 70 AL

Tee HZO Z- [t 34 3 ©

/are “ZO T bt [90 (10 O
Bath Qo+l (10 (11 (S

dpvery 30°C (50°F) for each reference point.
bType of calibration system used.

c[(ref temp, °C + 273) - {test thermom temp. °C + 27§l]
Tef temp, °C + 273

100<1.5%.

PACIFIC EMVIRQULENTAL SERYVICES, INC.

e




POSTTEST DRY GAS METER CALIBRATION

————— " T e e e by e e s

MB #: . 10

BAROMETRIC PRESS. 29.12 (in. hg.)

DATE:  7-2-91 PERFORMED BY: D MACHUGA

PLANT: REMCO HYD PRETEST Y = 1.042

RUN 1 RUN 2 RUN 3

VACUUM ( "Hg) 17.50 17.50 17.50
/\H ("Hz20) 1.75 1.75 1.75
INITIAL RTM 977 .332 984 .835 $992.341
FINAL RTM 984 .835 992.341 999 .842
INITIAL DGM 832.596 839.755 847.024
FINAL DGM 839 .755 847.024 854.310
TEMP. RTM (F) 76 .0 76.0 77.0
TEMP. DGM (F) 78.0 81.0 82.0
TEST TIME (MIN. ) 10.0 10.0 10.0

L e et BT E S T T P TE E T S R I Yy T Y R AV VEVEVEVEVEVEVEVEVEVEVEVEIvE)

NET VOLUME RTM 7.503 7 .506 7 .501

NET VOLUME DGM 7.159 7.269 7 .286

Y 1.047 1.038 1.035

/\H@ 1.807 1.796 1.801
**********************************************************************
PRIOR Y = 1.042

RECHECK Y = 1.040

% DIFFERENCE = -0.208

AVERAGE /\H@ = 1.801

Y = (Vw x Pb x (Td + 460)) 7/ (Vd (Pb + (dHd / 13.6))x(Tw + 460)

/\NHB = 0.C317 x /\H / (Pb (Td + 460)) x ((Tw + 440) x time) / Yw )2




{

POSTTEST DRY GAS METER CALIBRATION

MB #: 11 BAROMETRIC PRESS. 29.36 (in. hag.)
DATE: 6-24-91 PERFDRMED BY: R. Kolde
PLANT: REMCO HYD. PRETEST Y : 1.028
RUN 1 RUN 2 RUN 3
VACUUM ( "Hg) 6.00 6.00 4.00
/\H ( "HZ0) 3.00 3.00 2.00
INITIAL RTM 885.766 895.206 904 .615
FINAL RTM 895.206 904 .615 914.014
INITIAL DGM 142.102 151.430 160.758
FINAL DGM 151.430 160.758 170.061
TEMP. RTM (F) - 78.0 75.0 71.0
TEMP. DGM (F) ©91.0 92.0 92.0
TEST TIME (MIN.) 10.0 10.0 10.0

NET VOLUME RTM ?.440 ?.409 ?.399

NET VOLUME DGM 7.328 9.328 ?.303

Y 1.029 1.033 1.042

/\H@ 1.909 1.897 1.873
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PRIOR Y = 1.028

RECHECK Y = 1.035

% DIFFERENCE = 0.633

AVERAGE /\HEB = 1.893

Y = (Vw x Pb x (Td + 460)) / (vd x (Pb + (dHd / 13.6) x (tw + 460))

/\H@ = 0.0317 x /\H / (Pb (Td + 460)) x ((Tw + 440) x fime) / Vw)"2




POSTTEST DRY GAS METER CALIBRATION

————-.--—--..___.._..._.—__-——-__---_-_-—_-._—-——_.—_._-.-._

MB #: 13 BAROMETRIC PRESS. 29.63 (in. hg.)
DATE : 6-24-91 PERFORMED BY: D. MACHUGA
PLANT: REMCO HYD. PRETEST Y 1.019
RUN 1 RUN 2 RUN 3
VACUUM ( "Hg) 6 .00 6.00 6.00
/\H ( "HZ0) 2.42 2.42 2.42
INITIAL RTM 915.034 923.620 936 .440
FINAL RTM 923.620 936 .440 945 .065
INITIAL DGM 601.399 609 .695 22.141
FINAL DGM 609 .695 22.141 630.515
TEMP. RTM (F) 75.0 76 .0 76.0
TEMP. DGM (F) 81.0 86.0 89.0
TEST TIME (MIN.) 10.0 15.0 10.0

*******-)Hé************-)(-*-)(-**-)(-*******************************************
NET VOLUME RTM 8.586 2.820 8.625

NET VOLUME DGM 8.296 12.446 8.374

Y 1.040 1.043 1.049

/\H8 1.858 1.865 1.821
**********************************************************************
PRIOR Y = 1.019

RECHECK Y = 1.044

¥ DIFFERENCE = 2.453

AVERAGE /\HE8 = 1.848

Y = (Vw x Pb X

/\H8

(Td + 460)) 7 (vd {(Pb + (dHd / 13.6))x(Tw + 440)

- 0.0317 X /\H 7 (Pb (Td + 460)) x ((Tw + 460) x time) / Vuw )2






