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SUMMARY

The testing services of Midwest Research Institute (MRI) were
retained by 3 Jto conduct drift tests on a
\7-ce11, mechanical-draft, counter-flow cooling tower located at the
) {The work was performed by MRI as an
independent test contractor.

Cooling tower drift is defined as the percent of water flow through
the tower which exits through the fan in the form of water droplets and
aerosols. The amount of drift from the tower was determined by isokinetically
sampling a representative fraction of the tower airflow, and measuring the
amount of droplets and aeroscl leaving the stack. Inductively coupled argon
plasma spectroscopy (ICP), an extremely sensitive detection technique, was
then used to measure the concentration of three selected trace constituents
(Na, Ca, Mg )} in the basin water and water collected from the airflow exiting
the fan stack. At the plant's request, an additional trace constituent,
chromium (Cr), was analyzed. Since the chromium concentration was near the
detection 1imit of (ICP), the drift samples were analyzed using Graphite
Furnace Atomic Absorption (GFAA). From the measurements of the selected trace
constituents in the isokinetic sampling train and the same trace constituents
in the basin water, the drift rate was calculated.

The calculated drift rates were between 0.0188% and 0.0348% for Fan
Stack 1, depending on which of the three tracers was used. When the results
are averaged for main tracers, a drift rate of 0.027% is obtained for Fan 1.
The calculated drift rate for chromium is 0.0077% for Fan 1.

The calculated drift rates were between 0.0107% and 0.0146% for Fan
Stack 5, depending on which of the three tracers was used. When the results
are averaged for main tracers, a drift rate of 0.013% is obtained for Fan 5.
The calculated drift rate for chromium is 0.0063% for Fan 5.

The average drift rate for the three main tracers from Fan Stacks 1
and § was 0.020%, and the average chromium (Cr) drift rate from Fan Stacks 1
and 5 was 0.007%. It should be noted that the water circulation rate was
125.5% of design, and that the drift sampling was conducted on two days when
the wind speed was very high. This, in combination with low concentration of
the tracers, could account for spread or variation from tracer to tracer.

o O




COOLING TOWER TEST REPORT

DRIFT TEST
ON THE

7-CELL, MECHANICAL-DRAFT, COUNTER-FLOW
COOLING TOWER

I. INTRODUCTION

The testing services of Midwest Research Institute (MRI) were
retained by the Watson Cogeneration Company to conduct drift tests using EPA
Modified Method & isokinetic sampling techniques on a
mechanical-draft, counter-flow cooling tower. The cooling tower is located at
i ) "~ The work was performed by Nicholas M.
Stich and Steve Cummins of MRI.

II. TEST SITE DESCRIPTION

The “plant is located in "~ The
' cooling tower provides cooling water to process heat exchangers
and steam condensers. The cooling tower is Jocated at

H

The cooling tower consists of seven mechanical-draft, counter-flow
cells in a continuous straight line with a common cold water basin beneath the
tower. fach cell 1is equipped with a 28-ft diameter,
six-bladed fan driven by a 100-hp motor. The hub seal was 84 in. in
diameter. The fan stack was 336 in. in diameter at the sample plane location
and constructed of fiberglass.

One underground ground steel conduit returns hot water from the
plant to the cooling tower. The main 1line then tees off to feed seven
individual 18-in-diameter cell risers. Pitot taps for water flow and hot
water measurement were located in the 18-in Tlines.

The cold water from the cooling tower basin is collected in the pump
forebay adjacent to the tower where four of the five pumps are used to return
cold water to the plant. Taps with temporary standpipes were used for the
measurement of cold water temperatures on each of the four pump discharge
lines.




ITI. SAMPLING SEQUENCE

The test sequence for the drift tests were as follows:

1. Water flow and fan horsepower measurements were conducted and
the tower operations monitored.

2. Drift sample and airflow measurement lTocations were calculated.
3. A basin water sample was collected.

4. Isokinetic drift sampling of the selected fan stack was
conducted.

5. A second basin water sample was collected during the middle of
the drift test.

6. Isokinetic drift sampling of the fan was completed.

7. A third basin sample was collected at the conclusion of the
test. The three basin samples were composited into one basin
water sample.

8. The drift samples were recovered from the sample collection
system.

8. The basin composite, water blank, and drift impinger samples

were acid-stabilized and transported to the taboratory for
analysis.

IV. DRIFT TEST EQUIPMENT

A. Sample Location

Since drift is defined as the amount of droplets or aerosols exiting
the fan stack, the drift tests must be made at the top of the fan stack.
Also, the proximity of the sample locations to the fan required that the
station locations be adjusted for the hub effect. Sample locations were
determined for 10-point radial traverses using the equation for equal annular
areas for fan discharge from Chapter 5 of the CTI Manual.

B. Air Pitot/Drift Probe

Since cyclonic flow can bias the drift results, adjustments in the
sampling technique must be used to eliminate this bias. A special MRI air
pitot/drift probe assembly was developed to allow unbiased sampling. If the
sample nozzle is not aligned with the flow, then effective velocity through
the nozzle opening is reduced by the cosine of the angle between the flow and




stack axis. This results in a sample which is not truly isokinetic, and thus i
the alignment approach! must be used for the drift test to eliminate this

bias. Since the sample proportionality could be compromised with the
alignment approach, proportional sampling needs are then satisfied by
adjusting the nominal base sample time by the cosine of the cyclonic flow

angle. Airfiow, fan discharge temperature, and the angle of cyclonic flow

were measured with this probe assembly. The air pitot/drift probe assembly

was equipped with:

1. S-type primary pitot tips which are connected to a manometer to
measure air velocity.

2. Secondary pitot tips which are positioned at 90° from the
primary pitot tips. The secondary set of pitot tips are
connected to a separate manometer to align the probe and
compensate for any cyclonic flow effects.

3. A temperature sensor connected to a digital readout to measure
the stack temperature.

4. A protractor attached to the probe assembly to determine the
angle that the probe was rotating during the cyclonic flow
determination.

5. A stainiess steel sample nozzle and flexible Teflon sample
probe which are connected to the drift collection train.

C. Drift Collection Train

The drift collection train consists of four high-capacity impingers
and a filter assembly. Impingers 1 and 2 contained distilled water and were
used to scrub out the aerosols and water dropiets. The third impinger was
used to collect any water droplets that might be carried over from the
previous impingers. The filter was used as the final collection media and was
placed between Impinger 3 which was dry and Impinger 4 which contained sitica
gel. The sampling train was kept iced during testing to help reduce the water
vapor pressure and to further improve collection efficiency.

D. Control Console and Pump

The control console and pump used was a High-Volume Sampling System
(HVSS) consistent with EPA Method 5 requirements. The impinger train is
connected to the console via a sample line through the leak-free vacuum pump
capable of up to 4 cfm. The modular vacuum pump has two control valves to
adjust and maintain the desired sampling rate. The console contains a

1 Peeler, J. W., F. J. Phoenix, and D. J. Grove, "Characterization of
Cyclonic Flow and Analysis of Particulate Sampling Approaches at Asphalt
Plant," Entropy Environmentalists, Inc. ‘
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adjust and maintain the desired sampling rate. The console contains a
calibrated dry gas meter, digital temperature readout, manometers, and
associated controls.

V. DRIFT TEST METHODS

Testing was conducted on . The tower's
circulating water flow was 125.5% of design, and the fan horsepower was 103.,1%
of design. The test data were acquired in accordance with applicable portions
of the CTI ATC-105 (1982) test code. The individual parameters were measured
as follows:

. Total circulating water flow was measured with two 10-point pitot
traverses of the seven hot water risers. A 42-in Simplex-
Leopold-type pitot tube was used to measure the velocity at each
point. An air-over-water manometer .was used for measuring the
differential pressure between the impact and reference orifices of
the pitot tube.

. Fan motor power was measured with a clamp-on digital kilowatt meter,
using the two watt meter method.

. Air velocity was measured with four 10-point radial traverses of the
fan stack using the predetermined sampling locations. At each point
the MRI air pitot/drift probe assembly was rotated until the pres-
sure difference across the secondary pitot tips was zero. When this
zero differential was obtained, the primary probe had been aligned
with the flow and the protractor read to determine the cyclonic flow
angie. The probe assembly was then used to measure the velocity
pressure and temperature at the sample point.

. The disokinetic sample rate and proportional sample duration were
determined using an Epson HX-20 computer. The previously determined
velocity pressure, stack temperature, and cyclonic flow angle were
used by a computer program to calculate the required sample volume,
isokinetic rate, and the adjusted base sample time.

. Sampling at each traverse location was commenced after the proper
sample rate was determined by turning on the sample pump and simul-
taneously activating the variable timer function of the HX-20
computer. When each sample time had ended, the pump was shut off,
the air pitot/probe assembly was relocated to the next sample loca-
tion, and the above procedure repeated until all 40 points had been
sampled,

. The drift sample recovery was initiated by using distilled deionized
water to rinse the stainless steel nozzle and flexible Teflon probe
into the contents of the first impinger. The impinger train was
sealed and then removed from the cooling tower to the sample
recovery location where the remainder of the sample recovery was




recorded. The impinger contents, along with all the rinse, were
transferred to sample bottles. A distilled deijonized water blank
was taken, Both the drift impinger samples and water blank were
nitric acid-stabilized and then returned to MRI for further
analysis.

. Basin water samples were taken at the beginning, the midpoint, and
the conclusion of the drift sample. The basin water sample was
taken from a thermal well that was installed on the discharge side
of the circulating water flow pump. The samples were collected
after the thermal well line was purged. The three samples were
collected and then combined into one composite basin water sample.
The composite basin sample was stabilized with nitric in the same
manner as were the impinger and water blank samples. The composite
basin water sample was returned to MRI for further analysis.

VI. SAMPLE ANALYSIS

The samples were returned to MRI where custody of the samples was
transferred to the analytical section. Quantitative analysis of selected
trace elements in both the tower basin water samples and the collected drift
samples was then performed by the analytical section. A Jarrell-Ash Model
1155A ICP-AES dinstrument was used to analyze the samples by inductively
coupled argon plasma spectroscopy (ICP) samples. Graphite furnace atomic
absorption spectroscopy (GFAA) was used to analyze for chromium on a Perkin-
Elmer Model 5000 Zeeman Atomic Absorption Spectrophotometer. The drift and
basin water samples were prepared using two different preparation techniques,
Method 3050 and the acidification and dilution procedure. The results
presented in this report are the averages obtained from the analysis of both
preparation techniques for each sample. Method 6010 was used for the analysis
of Ca, Na, Mg, and Method 7191 was used for the analysis of Cr. The methods
used are described below.

A. Acidification and Dilution

This procedure was used to prepare surface and groundwater samples
for analysis by flame atomic absorption spectroscopy (FLAA) or by inductively
coupled argon plasma spectroscopy (ICP).

The entire sample is acidified at the time of collection with nitric
acid. At the time of analysis the sample is diluted, if necessary, and acidi-
fied with nitric to obtain approximately a 10% nitric acid sample matrix which
is then ready for analysis.




B. Method 3050

Method 3050 is an acid digestion procedure used to prepare sedi-
ments, sludges, and soil samples for analysis by flame or furnace atomic
absorption spectroscopy (FLAA and GFAA, respectively) or by ICP.

A representative sample is digested in nitric acid and hydrogen
peroxide. The digestate is then refluxed with either nitric acid or hydro-
chloric acid. Dilute hydrochloric acid is used as the final reflux acid for
(1) the ICP analysis of As and Se, and (2) the flame AA or ICP analysis of Al,
Ba, Ca, Cd, Cr, Co, Cu, Fe, Mo, Pb, Ni, K, Na, T1, V, and ZIn. Dilute nitric
acid is employed as the final dilution acid for the furnace AA analysis of As,
Be, Cd, Cr, Co, Pb, Mo, Se, T1, and V.

C. Method 6010

Method 6010 describes the procedures for ICP in determining elements
including metals in solution. This method is applicable to a large number of
metals and wastes. A1l matrices, including groundwater, aqueous samples, EP
extracts, industrial wastes, soils, sludges, sediments, and other solid
wastes, require digestion prior to analysis.

The simultaneous, or sequential, multielemental determination of
elements by ICP is measured by element-emitted light by optical spectrom-
etry. Samples are nebulized, and the resulting emission spectra are produced
by a radio frequency inductively coupled plasma. The spectra are dispersed by
a grating spectrometer, and the intensities of the lines are monitored by
photomultiplier tubes. Background correction is required for trace element
determination.

D. Method 7000 and 7191

Method 7000 is used for the determination of metals in drinking,
surface and saline waters, and domestic and industrial wastes by Atomic
Absorption. While drinking water free of particulate matter may be analyzed
directly, groundwater, other aqueous samples, EP extracts, industrial wastes,
soils, sludges, sediments, and other solid wastes require digestion prior to
analysis. Method 7191 is a modification of Method 7000 that is specific for
chromium by Atomic Absorption using the furnace technique.

In direct aspiration atomic absorption spectroscopy, a sample is
aspirated and atomized in a flame. A light beam from a hollow cathode lamp or
an electrodeless discharge lamp is directed through the flame into a mono-
chromator and onto a detector that measures the amount of absorbed 1light.
Absorption depends upon the presence of free, unexcited ground-state atoms in
the flame. Because the wavelength of the 1ight beam is characteristic of only
the metal being determined, the 1ight energy absorbed by the flame is a
measure of the concentration of that metal in the sample. This principle is
the basis of atomic absorption.




When using the furnace technique 1in conjunction with an atomic
absorption spectrophotometer, a representative aliquot of the sample is placed
in the graphite tube in the furnace, evaporated to dryness, charred, and
atomized., As a greater percentage of available analyte atoms is vaporized and
dissociated for absorption in the tube rather than the flame, the use of
smaller sample volumes or detection of lower concentrations of elements is
possible. The principle is essentially the same as with direct aspiration
atomic absorption, except that a furnace, rather than a flame is used to
atomize the sample.

VII. RESULTS AND CONCLUSIONS

The following equation is used by the MRI drift computer program to
calculate the drift results:

% Drift = 100 » (NFA - NWT)/(NZA - WFR * EQT « BTC)

where: NFA = Net Fan Area (square feet)

NWT = Net Weight of Tracer (micrograms)

NZA = Nozzle Area (square feet)

WFR = Water Flow Rate (grams per minute)

EQT = Equivalent Sample Time (240 minutes)

BTC = Basin Tracer Concentration (micrograms per grams)

The table below summarizes the results of the laboratory analysis
and drift calculations.

FAN STACK 1
Sample Water Basin
Tracer Weight Blank Conc.

Analyzed {uq) (na/9) (vg9/9) % Drift

Ca 1354.9 0.0000 170.5 0.0348
Mg 331.6 0.0000 77.1 0.0188
Na 1836.8 0.0000 228.5 0.0279
Cr 14.7 0.0034 8.32 0.0077




FAN STACK 5

Sample Water Basin
Tracer Weight Blank Conc.
Analyzed (pq) {(ug9/9) {wa/9q) % Drift
Ca 631.1 0.0000 177.5 0.0146
Mg 207.4 0.0000 80.2 0.0107
Na 956.6 0.0000 295.5 0.0133
Cr 13.3 0.0034 8.7 0.0063

The calculated drift rates were between 0.0188% and 0.0348% for Fan
Stack 1, depending on which of the three tracers was used. When the results
are averaged for main tracers, a drift rate of 0.027% is obtained for Fan 1.
The calculated drift rate for chromium is 0.0077% for Fan 1.

The calculated drift rates were between 0.0107% and 0.0146% for Fan
Stack 5, depending on which of the three tracers was used. When the results
are averaged for main tracers, a drift rate of 0.013% is obtained for Fan 5.
The calculated drift rate for chromium is 0.0063% for Fan 5.

The average drift rate for the three main tracers from Fan Stacks 1
and 5 was 0.020%, and the average chromium (Cr) drift rate from Fan Stacks 1
and 5 was 0.007%. It should be noted the water circulation rate was 125.5% of
design, and that the drift sampling was conducted on two days when the wind
speed was very high, This in combination with low concentration of the
tracers could account for spread or variation from tracer to tracer.




APPENDIX A
SUMMARY OF RESULTS
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FILE NAME .
RUN § : 1 PROGRAM VER.

LOCATION  : 10/01/88 v2.1
DATE :

PROJECT #

INITIAL METER VOLUME (CUBIC FEET)= 190.000
FINAL METER VOLUME (CUBIC FEET)-= 632.390
METER FACTOR= 0.9857
FINAL LEAK RATE (CU FT/MIN)= 0.000
NET METER VOLUME (CUBIC FEET)= 436.064
GAS VOLUME (DRY STANDARD CUBIC FEET)= 429.883
BAROMETRIC PRESSURE (IN. HG}= 29.95
STATIC PRESSURE (INCHES H20)= -0.15
PERCENT OXYGEN= 21.0
PERCENT CARBON DIOXIDE= 0.0
MOISTURE COLLECTED (ML)= 0.0
PERCENT WATER= 5.3
DRY MOLECULAR WEIGHT= 28.64
WET MOLECULAR WEIGHT= 28.26
AVERAGE METER TEMPERATURE (F.)= 78.8
AVERAGE DELTA H (IN. H20)= 2.19
AVG.SUM of SQR DELTA P (for % ISOKINETIC)= 0.4433
% ISOKINETIC= 101.0
AVERAGE STACK TEMPERATURE (F.)= 93.7
AVG. SUM of SQR DELTA P * COS of ANGLE (IN. H20)= 0.4125
PITOT COEFFICIENT= 0.84
SAMPLING TIME (MINUTES)= 221.8
NOZZLE DIAMETER (INCHES)= 0.5021
STACK AXIS (INCHES)= 336.0
HUB AXIS (INCHES)= 84.0
NET FREE STACK AREA (SQUARE FEET)= 577.27
STACK VELOCITY (ACTUAL, FEET/MIN)= 1,438
FLOW RATE (ACTUAL, CUBIC FT/MIN)= 829,828
FLOW RATE (STANDARD, WET, CUBIC FT/MIN)= 791,849
FLOW RATE (STANDARD, DRY, CUBIC FT/MIN)= 749,685

——————————————————— DRIFT ANALYSIS ---=w--—————————

TRACER SAMPLE WATER BASIN % DRIFT
ANALYZED WEIGHT BLANK CONC.
(mcg) (mcg/g) (mcg/g)
Ca 1354.9 0.0000 170.50 0.0348
Cr 14.7 0.0034 8.32 0.0077
Mg 331.6 0.0000 77.10 0.0188
Na 1836.8 0.0000 288.50 0.0279
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FILE NAME

RUN §# : 1
LOCATION

DATE

PROJECT #

* * METRIC UNITS * *

INITIAL METER VOLUME (CUBIC METERS)=
FINAL METER VOLUME (CUBIC METERS)=
METER FACTOR=

FINAL LEAK RATE (CU M/MIN)=

NET METER VOLUME (CUBIC METERS)=
GAS VOLUME (DRY STANDARD CUBIC METERS)=

BAROMETRIC PRESSURE (MM HG)=
STATIC PRESSURE (MM H20)=

PERCENT OXYGEN=

PERCENT CARBON DIOXIDE=
MOISTURE COLLECTED (ML)=
PERCENT WATER=

DRY MOLECULAR WEIGHT=
WET MOLECULAR WEIGHT=

AVERAGE METER TEMPERATURE (C.)=

AVERAGE DELTA H (MM H20)=

AVG, SUM of SOR DELTA P (for % ISOKINETIC)=
% ISOKINETIC=

AVERAGE STACK TEMPERATURE (C.)=

AVG. SUM of SQR DELTA P * COS of ANGLE (MM H20)=

PITOT COEFFICIENT=
SAMPLING TIME (MINUTES)=
NOZZLE DIAMETER (MM)=

STACK AXIS #1 (METERS)=
STACK AXIS #2 (METERS)-=
CIRCULAR STACK

STACK AREA (SQUARE METERS)=

STACK VELOCITY (ACTUAL, M/MIN)=
FLOW RATE (ACTUAL, CUBIC M/MIN)=
FLOW RATE (STANDARD, WET, CUBIC M/MIN)=
FLOW RATE (STANDARD, DRY, CUBIC M/MIN)=

A-3

PROGRAM VER.
10/01/88 v2.1

5.380
17.907
0.9857
0.0000

12.348
12.173




FILE NAME
PROGRAM VER.

RUN # : 1
LOCATION : L 10/01/88 VZ.1
DATE : '
PROJECT #
POINT # DELTA P DELTAE H STACK T METER T. ANGLE
(IN. H20) (IN. H20) (F.) IN(F.) OUTI(F.) (DEG)
1 0.0490 0.400 91 80 80 45
2 0.050 0.500 93 79 79 50
3 0.080 0.820 92 B0 80 20
4 0.140 1.400 95 B0 80 20
5 0.170 1.700 94 79 79 15
6 0.280 2.800 94 79 79 19
7 0.300 3.000 94 80 79 5
8 0.360 3.700 94 82 79 20
9 0.330 3.400 92 82 79 20
10 0.250 2.500 93 81 79 35
11 0.240 2.400 95 75 76 30
12 0.300 3.000 95 77 76 25
13 0.2%0 2.900 94 78 76 25
14 0.320 3.200 94 80 78 30
15 0.350 3.500 94 81 79 25
16 0.320 3.200 95 81 79 25
17 0.310C 3.200 94 83 81 25
18 0.250 2.500 94 84 82 30
13 0.280 2.900 94 83 82 30
20 0.240 2.400 94 82 83 35
21 0.010 0.100 82 79 80 15
22 0.010 0.100 85 80 80 25
23 0.020 0.200 91 80 79 10
24 0.050 0.500 91 80 79 20
25 0.060 0.600 94 80 79 10
26 0.080 0.800 95 81 79 10
27 0.120 1.200 96 81 73 30
28 0.180 1.800 95 81 79 10
29 0.210 2.100 94 82 79 10
30 0.180 1.800 94 B2 79 5
31 0.200 2.000 95 77 717 20
32 0.240 2.400 97 717 717 10
33 0.270 2.700 96 77 17 10
34 0.270 2.700 96 76 15 10
35 0.350 3.500 96 77 75 5
36 0.3¢60 3.600 96 77 75 5
37 0.310 3.100 96 76 75 5
38 0.380 3.800 95 15 74 10
39 0.310 3.100 94 75 74 25
40 0.220 2.200 94 15 74 S
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DRIFT DATA REDUCTION

A-5

RUN # 1
Sample Volume 823
Rinse Volume 245
Initial Water Vol. 250
DESCRIPTION Ca Cr Mg Na
Water Blank (mcg/g) 0.0000 0034 0.0000 0.0000
Filter Blank (mcg) 2.8100 5786 3030 0.0000
DIGESTED
Basin Water (mecg/g) 171.00 8.37 77 .40 290.00
Impinger (mcg/g) 1.6100 .0168 .3959 2.0700
Filter (mcg) 24,300 658 8.780 38.200
TOTAL SAMPLE WT(mcg) 1346.5 12.2 334.3 1739.6
ACIDIFIED
Basin Water (mcg/g) 170.00 8.27 76.80 287.00
Impinger (mcg/g) 1.6600 .0236 . 4000 2.3500
Filter (mcg) 24.300 .658 8.780 38.200
TOTAL SAMPLE WT(mcg) 1363.4 17.2 328.9 1934,1
AVERAGE
Basin Water (mcg/g) 170,50 8.32 77.10 288.50
Impinger (mcg/g) 1.6350 .0202 .3980 2.2100
Filter (mcg) 24,300 .658 8.780 38.200
TOTAL SAMPLE WT(mcg) 1354.9 14.7 331.6 1836.8




FILE NAME

RUN # s 2 PROGRAM VER.
LOCATION : { 10/01/88 V2.1
DATE : :

PROJECT #

INITIAL METER VOLUME (CUBIC FEET)= 635.000
FINAL METER VOLUME (CUBIC FEET)= 1086.130
METER FACTOR= 5.9857
FINAL LEAK RATE (CU FT/MIN)= 0.000
NET METER VOLUME (CUBIC FEET)= 444.679
GAS VOLUME (DRY STANDARD CUBIC FEET)= 437.389
BAROMETRIC PRESSURE (IN. HG)= 29.85
STATIC PRESSURE (INCHES H20)= ' -0.15
PERCENT OXYGEN= 21.0
PERCENT CARBON DIOXIDE= 0.0
MOISTURE COLLECTED (ML)= 0.0
PERCENT WATER= 4.8
DRY MOLECULAR WEIGHT= 28.84
WET MOLECULAR WEIGHT= 28.32
AVERAGE METER TEMPERATURE (F.)= 78.1
AVERAGE DELTA H (IN. H20)= 2.11
AVG.SUM of SQR DELTA P (for % ISOKINETIC)= 0.4316
% ISOKINETIC= 101.3
AVERAGE STACK TEMPERATURE (F.)= 90.1
AVG. SUM of SQR DELTA P * COS of ANGLE (IN. H20)= 0.4158
PITOT COEFFICIENT= 0.84
SAMPLING TIME (MINUTES)= 229.6
NOZZLE DIAMETER (INCHES)= 0.5021
STACK AXIS (INCHES)= 336.0
HUB AXIS (INCHES)= 84.0
NET FREE STACK AREA (SQUARE FEET)= 577.27
STACK VELOCITY (ACTUAL, FEET/MIN)= 1,445
FLOW RATE (ACTUAL, CUBIC FT/MIN)= 834,219
FLOW RATE (STANDARD, WET, CUBIC FT/MIN)}= 798,609
FLOW RATE (STANDARD, DRY, CUBIC FT/MIN)= 760, 493

——————————————————— DRIFT ANALYSIS ---=--—mmcmmmae

TRACER SAMPLE WATER BASIN % DRIFT
ANALYZED WEIGHT BLANK CONC.
{mcg) (mcg/g) (mcg/q)
Ca 631.1 0.0000 177.50 0.014¢6
Cr 13.3 0.0034 8.70 0.0063
Mg 207.4 0.0000 80.20 0.0107
Na 956.6 0.0000 295.50 0.0133
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FILE NAME :

RUN # : 2 PROGRAM VER.
LOCATION : / 10/01/88 v2.1
DATE : '

PROJECT #

* * METRIC UNITS * *

INITIAL METER VOLUME (CUBIC METERS)= 17.981
FINAL METER VOLUME (CUBIC METERS)= 30.755
METER FACTOR= 0.9857
FINAL LEAK RATE (CU M/MIN)= 0.0000
NET METER VOLUME (CUBIC METERS)= 12.592
GAS VOLUME (DRY STANDARD CUBIC METERS)= 12.385
BAROMETRIC PRESSURE (MM HG)= 758
STATIC PRESSURE (MM H20)= -4
PERCENT OXYGEN= 21.0
PERCENT CARBON DIOXIDE= 0.0
MOISTURE COLLECTED (ML)= 0.0
PERCENT WATER= 4.8
DRY MOLECULAR WEIGHT= 28.84
WET MOLECULAR WEIGHT= 28.32
AVERAGE METER TEMPERATURE (C.)= 25.6
AVERAGE DELTA H (MM H20)= 53.6
AVG. SUM of SOR DELTA P (for % ISOKINETIC)= 2.18
% ISOKINETIC= 101.3
AVERAGE STACK TEMPERATURE (C.)= 32.3
AVG. SUM of SOR DELTA P * COS of ANGLE (MM H20)= 2.10
PITOT COEFFICIENT= . 0.84
SAMPLING TIME (MINUTES)= 229.6
NOZZLE DIAMETER (MM)= 12.75
STACK AXIS #1 (METERS)= 8.534
STACK AXIS ¥2 (METERS)= 2.134
CIRCULAR STACK

STACK AREA (SQUARE METERS)= 53.630
STACK VELOCITY (ACTUAL, M/MIN)= 440
FLOW RATE (ACTUAL, CUBIC M/MIN)= 23,622
FLOW RATE (STANDARD, WET, CUBIC M/MIN)= 22,614
FLOW RATE (STANDARD, DRY, CUBIC M/MIN)= . 21,535
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FILE NAME

RUN # : 2 PROGRAM VER.
LOCATION  : 10/01/88 V2.1
DATE 3 |
PROJECT # : ;
POINT # DELTA P DELTA H STACK T METER T. ANGLE
(IN. H20) (IN. H20) (F.) IN(F.) OUT(F.)} (DEG)
1 0.130 1.300 81 70 70 35
2 0.090 0.900 81 70 70 40
3 0.130 1.300 80 70 70 15
4 0.210 2.200 80 71 70 15
5 0.110 1.100 81 74 71 0
6 0.240 2.400 80 73 71 10
7 0.280 2.900 80 75 72 5
8 0.320 3.300 80 76 73 10
9 0.250 2.600 80 77 74 20
10 0.200 2.100 80 77 74 15
11 0.080 0.800 B4 76 76 0
12 0.260 2.700 96 79 80 5
13 0.250 2.600 95 81 81 5
14 0.210 2.200 94 82 81 5
15 0.290 3.000 94 81 81 5
16 0.260 2.700 94 81 81 5
17 0.330 3.400 92 81 81 10
18 0.310 3.200 92 81 81 10
19 0.280 2.900 91 82 81 10
20 0.210 2.200 92 81 80 10
21 0.010 0.100 86 79 79 10
22 0.010 0.100 91 80 80 0
23 0.030 0.300 90 82 80 30
24 0.020 0.200 91 82 81 25
25 0.050 0.500 94 83 81 20
26 0.100 1.000 90 83 81 10
27 0.110 1.100 94 84 81 10
28 0.250 2.600 94 84 81 5
29 0.160 1.600 94 83 80 15
30 0.170 1.700 95 81 79 25
31 0.180 1.800 96 78 77 30
32 0.210 2.200 97 78 78 20
33 0.290 3.000 97 79 78 15
34 0.360 3.700 96 80 78 10
35 0.340 3.500 95 81 78 15
36 0.350 3.600 96 81 78 15
37 0.340 3.500 96 81 79 15
38 0.330 3.400 94 81 78 15
39 0.290 3.000 94 78 76 15
40 0.170 1.700 95 77 75 25
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DRIFT DATA REDUCTION

RUN # 2
Sample Volume 731
Rinse Volume 200
Initial Water Vol. 250
DESCRIPTION Ca Cr Mg Na
Water Blank (mcg/g) 0.0000 0034 0.0000 0.0000
Filter Blank (mcg) 2.8100 .5786 .3030 0.0000
DIGESTED
Basin Water (mcg/g) 179.00 8.78 80.90 298,00
Impinger (mcg/g) . 8440 .0183 . 2830 1.1700
Filter (mecg) 15,600 653 1.680 0.000
TOTAL SAMPLE WT(mcg) 629.8 11.9 208.3 853.2
ACIDIFIED
Basin Water (mcg/g) 176.00 8.61 79.50 293,00
Impinger (mcg/g) .8690 .0230 . 2830 1.4500
Filter (mcg) 15.600 653 1.680 .000
TOTAL SAMPLE WT(mcg) 632.4 14.7 206.6 1060.0
AVERAGE
Basin Water (mcg/g) 177.50 8.70 80.20 295,50
Impinger (mcg/g) .8565 .0207 2830 1.3100
Filter (mcg) 15.600 653 1.680 .000
TOTAL SAMPLE WT(mcg) 631.1 13.3 207 .4 956.6




APPENDIX B
FIELD DATA SHEETS

DRIFT TEST
ON THE

7-CELL, MECHANICAL-DRAFT, COUNTER-FLOW
COOLING TOWER
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MIDWEST RESEARCH INSTITUTE |
[

FILENO.: : == " TEST DATE
- DATA SHEET “C .
MEAS OF p UNIT MEAS DF UNIT
-
— __ FANDRWERINPUT HORSEPOWER_@{ . /_L_/ ______ we |
INSTRUMENT IDENTIFICATION DATE CALIBA INSTRUMENT IDENTIFICATION
Eoterline 4/:;.‘5 .
—————————————————————————— r b — et — —ne m— — -F‘- —
WIND WIND
TIME. START END TIME MPH | DIREC
FAN MOTOR
NO vOLFS | AMPS PF Kw, KW, KWy EFF HP

V855 78] 8s.0 | oe g |70y |95 . 957

G\ 0| 400|245 | | 952
| o] 88 )|23.9 | % oLg ], 952
%W/;;:J §7 2243 4521 b2 %] 552
| Pl 0.5 234 45,2 49.8] 952
Yool |2555| 979|244 |46 | 723|952~
Wl 57, e Aos ) (402 | 242|957

:ﬁug}) (97’) oA

TEST AVERAGE INPUT HP Noa Ean HPluwis time tos 29 TEST AVERAGE: : N

MEAS.  OF: UNIT MEAS. OF: O UNIT
' : Plrp _ Lo _

TINSTRUMENTIDENTIFICATION — — — — | DATE CALIBR. INSTRUMENT IDENTIFICATION | DATE CALIER.
Teon [eme | 1 T T T T T (e |Twe | £/ [ 42122 v

1 R AL AR 70

: LidlE </pe | 25D Arcrq Z Yfrzol Do | W W | PO

3 o Rh [edsdls | codps 2

4 4

i K fobeontts | Loss |= e D7 s bess s

e J ' 8

" N 1 LossED =, 78 HA ress ’

8 8

° M)'/‘(; £ /%ﬂ' — 327 M

10 ’ s, 10

i 11

12 12

13 13

(£ 15

TEST AVERAGE TEST AVER‘AGE. J
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MIDWEST RESEARCH INSTITUTE

DATA SHEET "E"

rIEEne: WATER FLOW MEASUREMENT TEST DATE:
PITOT TUBE .
PITOT TUBE MAKE, MODEL SERIAL NO. PIPE SIZE. INCHES 7-/4, i
MBI Simpley e~ 897 I nom = /& 1o =
DATE CALIBR. TUBE COEFFICIENT ARER —.00545102.50FT /7 / F
Are 1566 le= L2948 |a= 174 5 1 5505
PIPE D N, LOCATION S7A DESC, TIME STA, DESC. TIME
ADG | DA, | ADG| DA, DECIMAL INCHES /Q/S(.(P </ /g_ft e,
NO. X NO. % |cALcULATED CORRECTED® d. in. Vo | din va d. in. Va g. in o
' 013
2 039
s | owr ) R s e B A
% 4 007 AL %f,i,’;;,-f? g '4" /7%’” . /7% i
25 | aw /7% TR it b
| § 6 tes | 1| oz 7//1¢ 7//;, \65‘(‘ o ?S) 63 |FE 62
e A | e L T e st Z 7
; I 250 § 3| .46 Qi} 2{1 7(?f g4 &2
i 9 308 § a| 228 3 7/5’ 3 7/6’ 75 .‘:,* 97 i 00 32
10 | 288 |7 5| .42 5 g S% | Yo % &3
| e e o8 | /45 iy | v5 IR &3
12 694 7| 774 /3 3/‘? ]34 70 ﬂ 77
| 13 750 8| .Bs4 14 ;%f /4 S/g bb & 65 T*“{i’; dd L8
14 | .vee 9| .e18 /5%, /5‘3/1{ “© 8 : o A By Wi
15 | .sas 10| .74 7 '%L‘ /L ‘%(, 35|k E-aa Ly,
16 a7 ]
! 17 903 B e R
? 18 833 :‘-‘;.-*
19 | 961 L ‘ ‘
20 987 3‘:4..',!?5;', ’ r ;:,—
P totaL | Y90/ | TOTAL | 79,447 TOTAL | g4 50| TomaL | 94 35
’:;G TIME d AVG 2.90/( | ave 2 965| ave ¢.¥450| ave m
A TRAVERSE AVG\/8 TRAVERSE AVG Vo
8 North Tap = 10579 Mosth Fhp = 11 /732
c Sowrh Tae = 10853/ Soard ’f”ﬂ - 1//8D )
T Risee "y = 10565 | Rsee 2, = 71 1G)

BASIS: AIR/WATER MANOMETER

* CALCULATED VALUE DECREASED BY DISTANCE FROM END OF PITOT TUBE TO CENTER LINE OF IMPACT HOLE .
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- MIDWEST RESEARCH INSTITUTE.

FILE NO.: ' : DATA SHEET “E” . )
WATER FLOW MEASUREMENT TEST DATE: — T !
) PITOT TUBE E
PITOT TUBE MAKE, MODEL _ SERIAL NO. PIPE SiZE. INCHES i
rRT- .{/lef)( AMRT- P8¢ 2 | NOom = /f D =
DATE CALIBR. TUBE COEFFICIENT AREAR = 00545 D2 SQ FT
Ape- /78§ c= , 79YF A=
PIPE 1.O. I, LOCATION STA. DESC. TIME STA. DESC. . . TIME
RDG | DIa, roG| DA DECIMAL INGHES isce *3 : 1SEC T
NO. X NO. X | CALCULATED CORRECTED" d. in, Ve | ain AT d. in. Ve g.in. Vo
1 013
2 039
¥/ "
3 067 /7 /6’ / 7 %é - : T
& ~ e . il o Adorsh | .. St
g 4 097 A.;‘?”;’A Lt S‘:fﬂ'}: Lo 7,}_;9 ;- . b=
25 | .2 ' o 1Y,
L4
2 165 1| .oze %(, %,b 62
] z % 7
z 7 204 |5 2 082 3
Z ; {7y (3 7/
B 250 |@ 3| .148 2 12-_. 2 é_ A
14
9 206 |8 &| 228 3 7/§f 3 7(5' 92
4
10 388 |7 5| s 5 7/5' 5 7/3 57

11 812 6| .ss V4 "/fl 1 5/;,
12 894 7] 774 /3 %{ /3 %;,
13 750 8| 852 /,_/5/? /% 'Z"L
14 798 | o8 /53/71 5 ”//;,

15 835 10| 97e /9’%9_ i 3/({ pris

16 | em

17 | 03 .

18 833

1o | ee _

20 887 Al J'T - §.

. totar | £'3:.20] ToraL 3 96| TomL Lo26 | ToTAL | £5Boy
NO TIME d avG £.320| ave £.396| ~ve £ 64| ave £ 70/
A TRAVERSE AVGV/a TRAVERSE AVG Vo

5 . Aonth Tap = /] oo Alorth Tag = fi 908

_ Sowth Tap = L(/0( Sowth 70 = [/5gp

c.gem =\G (1040 xCx A) =4 (_._._.._

BASIS: AIR/WATER MANOMETER

g A = o crp -
) | USG&SEQMJJ = /1950 Uﬁg,&& ('(""ﬂi' /179

*CGALCULATED VALUE DECREASED BY DISTANGE FROM END OF PITOT TUBE TO CENTER LINE OF IMPACT HOLE ‘
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- MIDWEST RESEARCH INSTITUTE.

FILE NO._ DATA SHEET "E" TEST DATE: ;
: WATER FLOW MEASUREMENT : :
PITOT TUBE .
PITOT TUBE MAKE. MODEL SERIAL NO, PIPE SIZE. INCHES ?
M RT = S, plev ARL- FFH2{nom= /& 0. =
DATE CALIBR. TUBE COEFFICIENT AHEA =.00545102 SO FT
HPR - /56 |e= . 79%8 A=
PIPE 1.D. IN. LOCATION STA. DESC. TIME STA. DESC. TIME
RDG | Dia. ADG| DIA, DECIMAL INCHES /?!'55/\9 {s’ iser | b
NO. X NO. X | caLcuLATED CORRECTED’ d, in. N d. In. v d. in. Va d. in \d
1 013 .
2 039
3 087 B B
x [ F/ Gt ) ~AA
g 4 097 / 7%9. 17 {r A—/;?;;/;A e S‘;' A‘f‘f‘ A’j'oﬂj; 52‘2‘4
2s 129 /7}//&
«
§ 6 185 | v| oze 7 7/,, Y a
z .
zZ7 204 :Et,_ 2| .08z 3/,? / 3/? 53
= —TZ T /7
8 250 E 3 148 ; 22 ?(
9 308 §' 4| .228 3 %’ 3 7/1? 74
10 | ase |° s| as 5 7/3 57 73
11| &2 e| .ese ]/ 5/1, //;f/ €7
12 894 T 774 /3 ;//6 13 %{ (’/) /
13 | .50 8| .esa /4 4& V74 % & 59
14 | e 8| .o /5 ?/b /5 3/7( LN
15 | .83 10| 974 /é :%f y/A %b s
16 .BT1 ' .'
17 803 a
18 933
19 881 ) o
2 | oo Bl L ¥
06 B TOTAL £3,7¢%] TotaL F5Fa | ToraL §4 70| ToraL £5.73
NO TIME d AVG ¥ 378 ava £ 5572 ave &£ ¥70| ave g. 53
A TRAVERSE AVG\/0 TRAVERSE AVG Vo
8 MNosth Tap = 11758 Noeth Tap = /1380
c Sowrh Tap = / 307 Sowth Tap = 1/ /8

0. om =\ (‘040 xC x A) =4 (__)

BASIS: AIR/WATER MANOMETER

/lefﬂ

us GPM

vy 232

Us G

)Qfég’,g ” g =

/1399

e {i""’:

* CALCULATED VALUE DECREASED BY DISTANCE FROM END OF PITOT TUBE TO CENTER LINE OF IMPACT HOLE
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MIDWEST RESEARCH INSTITUTE:

FILENG: . : DATA SHEET “E"

AT :
_ WATER FLOW MEASUREMENT TEST DATE,
. PITOT TUBE :
PITOT TUBE MAKE. MODEL SERIAL NO, PIPE SIZE. INCHES ’
rRT S molet  |MRZ - geya|Nom= /¥ e =
DATE CALIBR. TUBE COEFFICIENT AREA =.00545 102, SQ FT
APR- /588 |c= , 2948 A=
PIPE 1.0, N LOCATION §7A. DESC. TIME STA. DESC. TIME
ROG | pia. | RDG{ oOIa DECIMAL INCHES ;?/'_SE,? i Eyﬁﬁ.s‘f
NO. X NO. X | CALCULATED CORRECTED" d. in. N7 d. in. Vi d. in. Vd d, in. 2
1 013
2 039 '
3 067
4 o T s
+ He LY urh
g T TY /7% re PA F Gae
° -
z 5 129
3 >
3 q
8 185 1| .oze
zZ7 204 |5 2| .082 / ?/f' '-_,_‘ ﬁ-ﬁr | 7
o z v
a 250 E al 148 ;),:l:—_
2 308 |8 4| .228 3 7/?
z -
10 288 5] .3a2 Y 7/5: e
11 812 8| .6s8 //‘Vft :.. L
12 894 7| 774 /3 %/ RAF
13 750 a| .esa /4 % :j‘;‘&‘: ¥ i
14 798 o] .o A 57?( if"'i..‘.
15 .83s 1w| .e74 /b 'lfb B
16 871 :
17 903 e .
18 533 -.sJ’J
19 981 o _
il Bl Fali o
TOTAL TOTAL - 4,1 TO0TAL “PotaL
AROG 4. 261 3/ Y b
NO TIME d AVG ‘ g,q“ AVG @, /5/, JAVG AVG
A TRAVERSE AVG \/& TRAVERSE AVG VVa
] [ Mk a0 = 1
: ’ : ~ o
€ Souﬂ{\ Thp = -
#7 61
0. gom =\q (uoao xC AA) =4 (_) USs GPM /FSE;E Nus = /07 USGPM
BASIS. AIR/WATER MANOMETER ' . o . g . lerSE(’ ¥ / = /0 5@(

Hia — 1716/
'3 — 1/05D
piL — 1] 496

Tots! Tower F/W TG g £ 5= 135

* CALCULATED VALUE DECREASED BY DISTANCE FROM END OF PITOT TUBE TO CENTEFI LINE.OF IMPACT HOLE.
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MIDWEST RESEARCH INSTITUTE

Drift Sample Recovery

File . - | pate 735 -6

Peun #]

1st Impinger 2nd Impinger 3rd Impinger
Probe Rinse
Final Volume 430 :73‘5 5‘(
{includes rinses)
Rinse Volume /YO ‘%0 "?5
Initial Volume /S0 / 20 —
Net Volume _Jeo __:Zél __;Efi
No, of Bottles Description

Basin Composite ( No. of Comps.-? )

/ Probe Rinse & 1lst Impinger ( Vol.=_ii§ELml)
/ 2nd & 3rd Impinger { Sample Vol. = JEEZLNI)
/ Fllter

/ Water Blank st fn Kotk Ale~i

/ Filter Blank e fin Bt R

B-10




T T eI ey

SINIRWOD

JWNT0A TWNIS 031SNraY
IWNTOA ¥ITHI NI JINIYI4310
JWNT0A WWNIS IVLLINI
7 559 IJWNT0A VILNI #“_“:3_;
Wiy |
nsi< L s R “uj ‘WANIVA
(i r2) INIL
N WILNI R TILING TYNIZ
SHIIHI VI NIVHL TUIWYS
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Final Volume
{includes rinses)

Rinse Volume
Initial Volume

Net Volume

MIDWEST RESEARCH INSTITUTE

Drift Sample Recovery

Date 9L7Z13%>

1st Impinger 2nd Implinger 3rd Impinger
Probe Rinse

L0 o« BO Lo

/ 70 2O /O

=24 /00 —

| 30 // D S©o
Description

Basin Composite ( No. of Comps. > )

Probe Rinse & 1st Impinger ( Vol.= 25ﬁ9m1)
2nd & 3rd Impinger ( Sample Vol. = «70nl)

Filter

7 A
Water Blank cue Seaut Jurm Ben * [
- R ,‘/
Filter Blank ¢4« .544¢xr4éah Agww
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APPENDIX C
LABORATORY ANALYSIS

DRIFT TEST
ON THE

7-CELL, MECHANICAL-DRAFT, COUNTER-FLOW
COOLING TOWER
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INTEROFFICE COMMUNICATION

MIDWEST RESEARCH INSTITUTE

To: T. Weast

=

From: E. McZlendon
Subject: ICAF Analyesis Results for Froject !

Enclocsed =are the results of the ICAF analysis performed for
i drift samples. ‘

I. Introduction and Reguest for Analvsis

Thecse samples were submitted for Froject " Th
analytes of interest were Ca, Cr, Mg and Na. fnalyses wer
performed on the Jarrell-Ash Model 11S5A ICP-AES and the Ferkin

Elmer Model S000 Zeeman AAS.

for Apalvsis and Sample Freparation

1I. Subamission of Sample

Uil

Eight samples (Impinger contents for run 1 in two
containers, a filter for run 1, basin water from run 1, impinger
contente for run 2 in two containers, a filter for run 2, basin
water from run 2, a blank filter and a conatiner with "blank"
wateri were received in the Atomic Spectroscopy Facility from D.
Cobb. The samples were prepared according to the atomic

absorption section of EFA SW-84& Method F050. Aliguots of the
combined impinger contents, basin water and "blank"” water were
used, while the filters were placed in beakers and digested
according to the procedure.

The impinger contents and basin waters were also analy:zed
without digestion by diluting them with concentrated HNOI to make
them 10¥% (v/v) acid and analyzing or diluting them with 10 4 HNDZ
if the dilution was sufficient to insure an acid content of 10%.

I1I. Standard Frepsration

Standards fo- this analysis were prepared at appropriate
concentrations from Spex Industries PMultielement Custom Flasma

Standard Analyticai FReference Materials. The standards were
prepared in  10%  {(v/v) nitric acid {(Baker Instra-analvzed l.ot
BO4058) and the upper instrumental calibration limits for ICF

were 10 mcao/mL for Ca and Cr, S meg/mbL for Mg and 150 mca/mbL far
Ne. The upper calibration limit for the GFAA analysis for Cr was
2% moosl, A calibratieon blank consisting of the stock 104X mitric
acid was used in both analyses.

fn instrumental check standard was prepared a2t a 1 moolmb
level for ICF analvsics and at = 100 mcg/L level for GFAA analysis
from custom prepared multielement standards  from inoroanic
VYentures, Inc




Iv. Instrumental Analysis

The samples were analyzed initially on the Jarrell-Ash Model

11554 ICF-AES. The instrumental parameters are recorded on  the
appropriate sheet in the data packet and the instrument was
profiled and standardized according to the manufacturer's

instructions.
Subsequent analysis for Cr by GFAAR was performed on  the

Ferkin-Elmer Model S000 Zeeman atomic absorption spectrometer.
Instrumental and Furnace parameters are recorded on the
appropriate sheet in the data packet.

V. Sample Analysis Results and Discussion

The samples were analyzed by EFA SW-B46 Methods 6010 and

7191, The
tables listed below contain the analytical data for this study.

Table Na. Description
1 Summary of Sample Analysis Results
2 Sample Weighing DBata
= ICAF Sample Raw and Calculated Deata
4 Instrumental Check Standard, Duplicate and

Spike Data
Cr GFAA Sample Raw and Calculated Datsz

o

Table 1 coentains the analytical results of the analysis.
Table 2 contains the sample weighing data generated during the
digestion of the samples. Table Z contains the ICAF sample raw
.data along with the blank corrected calculated sample data and
table 4 instrumental check standard data, the resulting percent
instrumental drift and duplicate determination and spike recovery
data. Table 5 contains the data generated during the araphite
furnace analysie for Cr.

The cell formulas wused in these tables are included foar
completeness.

V1. Internal @uality Control

The detection limit for the ICF analysis was determined by
direct output From the Jarrell—-fAsh Model 1155 ICF-AES. Thie
detection limit was determined from the calibration blank data
generated throughout the sample run and is defined as two times
the largest standerd deviaticn eof the calibration blank data.
The detection 1limit for the GFAA analyses was determined from
multiple analysses of a low level =tandard and is defined as three
times the stancard deviation of these multiple analyses divided
by the slope of the calibration curve.

Analytical gquelity check samples ware prepared from Custaom
Mul+tielement Flasma Standard Analvyvtical Reference Materialsg
manufactured by Inorganic Ventures, Inc.. The concerntration
(mcg/mL) found for this solution d:d not deviate from the gstated
value by maore tharm & percentz,.

Midpoint instrumental chect  standards Wer e analvzed
throughout the sample analysie run. The percent drift calculated
from the instrumental check dezer-minatione is appended in the




' Fage =

Instrumental Check Standard, Duplicate and Spike Data Table
(Table 4). Instrument drift for all analyses was less than 7
percent, indicating that the instruments were fairly stable
throughout the entire sample analyses.

. Noc interference check standard was prepared as the analysis
was for what could be considered major components. The duplicate
determinations showed percent differences of less than 7 percent.
Spike recoveries ranged from 95.2 to 113 percent.

VII. Additional Information

The Ffollowing raw data accempanies this report. This
information is coded by tand alsao contaings
a part number identifier.

Part Number Description

vl ICF-AES Data Reporting Sheet

F2 Cantrol Table Editor QOuiput
V3 DEC Command Files Used
, 8 ICAF Sample Raw Data
‘s Atomic Abszorption Data Reporting Sheet
tb Atomic Absorption Worksheet
7 Data Station 10 Output
ge Sample Weighing Sheet ~ Initial Weights
g Sample Weighing Sheet - Final Weights
10 Fheotocopy of MRI Laboratory Generated
Sample Inventory
V1t Fhotocopies of Notebook
With the exception of part number \11, the photocopies
of the notebook y this file contains the only record of
the analysis. This file should therefore be archived as recguired

by the project or as required by MRI policy.
This data has undergone one level of senior review within
the Amnalytical Chemistry Secticn. The MRI fuality Assurance Unit

has not reviewed this data.
Approved,

74

John ftanley, Head
Analytical Chemistry Section
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Table i. Summary ot Sample Analysis Results for Project

Project:

totus File:

Jarrell-Ash Bata File:
Analyst: M. Greene

Analysis Date;

Data Analyst: E. McClendon
Date: :

Sample Matrix: 10% HNOJ
Analytes: Ca, Cr, Mg, Na, In

Summary of Sample Analysis Results:

Veritied by: g/ C%unter

Project
Sample ASF Sample Sample Element Element Element Element
Name Bar Code(s) Units Ca Cr Mg Na
Digested Samples
Water Blank 06402  mcog/g <0,0163  0.00356 <0,00093 <0.0425
Filter Blank 06808 (1] 2.81 0.438 0,303 2,12
Basin HZ0 #1 06403/05404 mcg/g in 8.37 77.4 290
Impingers #i 06406 mcglo el Q01687 0,396 .07
Filter #1 048407 mcg 24,3 0.517 8.708 38.2
Basin H20 #2 06409  mcg/g 179 8.78 B0.% 298
Impingers #2 06410  mcofg 0,844 0.01BF 0,283 1.t7
Filter #2 0p411 mcg 15.6 0.513 168  <2.12
ficidified Samples
Basin H20 #! meg/ml 170 8.27 76.8 287
Impingers #] meo/ml L.ab 0.0Z34 0,400 2,33
Basin HZ0 #2 mcg/mL 176 B.41 79.5 293
Impingers #2 mco/nl 0,869 0.0230 0,283 1.45
Comments:
The samples were analyzed on a Jarrell-Ash Model 1135A
ICP-AES.
The final sample concentrations are as received in the units listed.
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Tabie 2.

Project:

Sample Weighing Data.

Lotus File:
Data Analyst: E. McClendon

Date:

- Sample Meighing Data:

veritied by: MCaaoana .,

RSF Bar
Code

Beaker Sample  Final Net Sx
Wt. {g) Wt. (g Wi, (g} Wt. (g

06401
06402
06403
06404
06405
06406
06407
06408
06409
06410
056411

56,9984 ; 1160523 :’ 49.0539
66.1604 503997 "16. 1304 49,9702 7
63.55227 50.055011 13.7595 * 50,2073
67.4!69: 50,7372/117.0385 7 49.6217 /
68.2621" 50.8770°118.0840 * 49.7839”
65,0587 50,6041 115.1490 , 50,0903 /

64,3116 14,5732 50.26164
62.8706 1112.3271' 49,4565
44,3986 51.0101'114,0708 ¥ 49,4722 4

4851107 4?.6403,118.0961’ 49.48517 -

54,6608 1 104, 13877 49,4779/
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Table 3. ICAF Sample Kaw and Calculated

Project:

{otus File: '
darrell-Ash Data File:
finalyst: M. Greene

fnalysis Date:

Data Analyst: E. McClendon
Date: .

Sample Matrix: 104 HNO3
Analytes: Ca, Cr, Mg, Na, In

ICAF Sample Raw and Calculated Data:

Veritied by: G2 W L annton.

Data.

fSF Bar Sample Dilution Element Element Element Element

Code  Units Factor Ca Cr Mg Na
Raw Data

06401 mcogiml 1 0,03024 0,01338 0.00775 0.25138
06402  mcg/ml 1 0.025%96 0.01834 0.00435 0.11472
(6403  mcg/ol 20 8.7387 G,43208  3.741  14.748
(6404  mco/al 20 B.5092 0.41349 3.B734 14,575
06405  mco/ml 40 6,3001 0,35586  3.B907 12,637
(6406  mcg/al 11,6333 0.04156 0.40759 2.3417

06407  mco/nl I 0.51224 -0.00859 0.18225  1.005
06408 mcg/nl ! 0.08684 -0.00B59 (.01382 0.15139
06409  mcg/nl 20 9.1837 0.45077 4,1538  15.295
06410 mca/al 1 0.87707 0.03507 0.2917  1.4269

08411  mco/nl 1 0.34488 -0.00B59 0.04171 0,23297

Basin 1 mco/nb 20 B.4718 0.41043 38208 14.293
Basin 1 dup  mca/al 20 8,543 0.41617 3.8545 14.359
Basin 2 mco/ml 20 8,788 0.43056 3.9747 18,445

Impingers 1 mco/mb 1,11 1.4905 0
Impingers 2 mco/ml 1,11 Q.78206 O

02124 0.35978  2,1139
02067 0.2344  1.3087

Detection
Limit 0.01446 0.00837 ¢.00094 0.04289
Calculated Data

06401 neg 1.483389 0.666151 0.3B0147 12.34098
06402 mcgfg -0,01631 -0.00B51 ~0.00093 -0,04252
06403 acg/g 175.2411 B8.663354 79.03643 295,9530
04304  mcg/g 166, 4131 B.0BS211 75.75730 284,8478
06405 mca/g 254.38B6 13.92580 1532.2748 494,3774
06406  mcalg 1607199 0.038360 0.393939 2,074050
06407 ncg 24.262461 -0,43174 B.780009 28.17192
046408 mcg 2.811412 -0,42487 0,30332¢ -2,12118
06409  mca/g 178.6274 B.774187 80.88%1 797.6348
(6410 mcg/g 0.0844445 0,032129 0.283129 1,173830
(6411 mca 15.38054 ~0.42301 1.683555 -2.12210
Basin §  meg/nl 169,436 8.2086 74.416 2BS.Bs
Basin ! dup  mcg/ml 170,862 8,323  77.09 287.18
Basin 2 mcg/mb 175,768 B.6112 79,494  292.9
Impingers 1 mrg/mb 1656111 0.0236 0.399755 2.348777
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Table 4. iInstrument Check Standard, Duplicate and Spike Data.

Froject:
Lotus File:

Jarrell-Ash Data File:

Analyst: M. Greene
Analysis Date;

Data Analyst:
Date:

Sample Matrix:

E. McClendon

10% HNO3

Analytes: Ca, Cr, Mg, Na, In

ICS, Duplicate and Spike Data:

Verified by: _M%&Qﬂ_-_

Sample Element Element Element Element
Units Ca Cr Mg Na

Instrument Check Standard Data:

Initial 1CS

IC51
% Dritt !

1£52
% Drift 2

1053
LoDrift 3

4,8552 4.9391 Z.4412 74.2440

§,7715  4.9484 2.3972 72,33
1.72 0.14 1.80 2.33

4,7833 4,9807 2.4109 72419
i.44 0.52 1.24 2,46

4,7792  A.953%5  2.4043 72678
1.57 0,09 .01 2.11

Duplicate and Spike Calculations:

06403

06404

4 Ditference
6405

Spike Level
i Recovery

Basin |
Basin | dup
i Difference

mcasg 175,2411 B. 663754 79.03643 299, 9530
ncatg 166.4131 B.0B3211 73.75730 284.B478
5.17 6.%0 4.24 3.82

ncg/q 254,388 13.92580 152,2768 494.3771
78.62098 4.913811 78.62098 196.5524
106 113 95.2 104

mcg/ml  169.436  B.2086 76.416 2B5.Bb
ncg/ml 170,862 6,323 77.09 287,18
0,54 1.39 .68 0.456

Comments:

The samples were analyzed on a Jarrell-Ash Model 1155A

1CF-RES,

The final sample concentrations are as received in the units listed.

* BSpike level too low.
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Table 5, Cr GFAA Analysis Raw and Calculated Data

Project:

Lotus Fiie:

darrell-fsh Data File:
Analyst: M. Greene
Analysis Date:

Data Analyst: E. McClendon

Date: )
Sample Matrix: 104 HRDS
Analyte: Cr

Sample Analysis Data:

Instrumental Detection Limit: (ug/L, see below)

Verified by: EFHIA W eucton. . . o
Standard Absorbance
0 up/L 0.003 Regression Dutput:
(.25 ug/L 0.004 Constant 0, (013987
0.5 wo/L 0. 007 Std Err of Y Est 0,0038172
1 ug/t 0.018 R Squared 0.9993215
2.9 ug/L 0.042 No. of Observations g
5 ug/l 0,079 Degrees of Freedonm b
30 ug/L 0,158
25 ug/t 9.395 X Coetticient(s) Q.015B4éb
Std Err of Coef. 0.,0001686
Correlation Coefficient 0. 9994407
Dilution Result Result#DF Gample  Sample
fbsorbance  Factor  fug/l}  {ug/L) Result Units
NES 1643b 0,336 1 21,10245 21.10245
10 mca/L MRIS 0.163 t 10.18323 10,18523
Sample ASF
Bar Code
146401 0.047 1 2.865055 2.8630530 Q.1403421 mcg
06402 0,103 1 6.39B945 b.396%4b 0. 0035558 mcg/g
16405 0.356 1 19.84035 19.84035 0.0148614 meg/o
06407 0.209 1 13.08B0% 13.0BB0Y 0.3172845 meg
06408 0.187 1 11.69978 11.6%9978 0.4380881 mcg
06410 .338 1 21.22866 21.22866 0.0183310 mcalg
b4 11 0,211 1 13.21450 13,21430 0,5132740 acy

Detection Limit Determination:

0.25 ug/L 0.009

0.25 ug/L 0,000 Detection Limit (ugflLh:

0.23 ug/L 0.004 3x5tandard Deviation/Slope of Curve =
0.25 ug/L 0,406 0,3257108 ug/L

0,23 ug/l 0.005

Drift Determination (14 ug/l standard):

C-9




i Drift

Initial ICS 0,168
1C51 0,161 4,17
1051 0.163 2,98
ICS1 0,157 6.53
Comments:

These samples were analyzed on a Perkin-Elmer Ieeman 5000 with a Cr hollow
cathode lamp.
A negative number indicates that the sample was less than the detection limit
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Impingers 2 mcg/ml (. 868735 0.022988 0.282446 1.451888

Comments:
The samples were analyzed on a Jarrell-Ash Model 11554
ICP-AES, '
The calculated data is blank corrected.
A nepative number indicates that the result is less than the detection limi

£-11






