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II. CERTIFICATION ' 

Emissions tests were performed by Environmental Systems Corporation (ESC) on 

selected cells of the Kerr McGee Chemical Corporation Sulfate #2 and #4 cooling towers. 

Drift testing and particulate emissions tests were conducted consistent with previous testing 

campaigns (1986 and 1987) by ESC and in general accordance with the test characteristics 

outlined in the letter kom Zen is  Walley (Ken McGee) to Dr. William Kuby (San 

Bernardino APCD) dated August 30, 1989. 

Test team leaders included Mike Mowery of IT Corporation, and Larry Smith of 

ESC. The supervising manager of the tests is Karl Wilber, Senior Vice President, ESC. Mr. 

Wilber has been with ESC since 1973 and has been involved with over 50 cooling tower 

emissions and performance assessments. He has reviewed the test data and procedures 

contained herein and is familiar with ESC's previous cooling tower emissions testing at the 

Kerr McGee facility. 

. 

Prepared by: Larry Smith and Mike Mowery 

Reviewed by: Karl R. Wilber, Senior Vice President - 
Signature 
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w. INTRODUCTIO N 

kl General 

In the operation of an evaporative cooling tower, circulating water is mechanically 

broken up, via the f3.l and water distribution system, to enhance air/water interface and 

resultant beat transfer. In this process, airflow through the cooling equipment carries 

smaller droplets with it,'presenting the droplets to drift eliminators, which inertially 

separate a portion of the droplet population from the air stream. That portion which is not 

collected or is re-entrained in the air is referred to as drift (or carryover) and is exhausted 

via the cooling fan into the environment. The droplets initially have the same mineral 

content as the cooling water, but evaporation can result in the droplets becoming more 

concentrated than the cooling water. Under dry ambient conditions and low water loadings 

evaporated, dry particulate can be emitted. 

A 2  Suecific Reason for Test Prom m 

Ken McGee Chemical Corporation contracted the Cooling Tower h t i t u t e  (Cn), 

under Authorization C-89-65, to conduct specific emission measurements on selected cells 

of Sulfate #2 and Sulfate #4 cooling towers at the Westend Facility in Trona, California. 

The test program conducted was part of a periodic permit requirement of the County of 

San Bernardino, Air Pollution Control District. Specific Permit Numbers are B 001923 

(Sulfate #2) and B 001925 (Sulfate #4). These tests were performed by Environmental 

Systems Corporation (ESC) as the official CTI representative. Testing was performed on 

September 12-14, 1989. 
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Tower Descrhtiom and Test Parameters - Testing began on Sulfate #2 cooling tower. This 

k a two (2) cell, coil shed, counterflow mechanical draft tower. The cell tested was on the 

north end of the tower. The second tower tested was Sulfate #4. This is a two (2) cell 

crossflow mechanical draft tower. The south cell was tested on this tower. Tower 

hpection indicated that there was no particular bias relative to drift emissions in the 

choice of the test cells. 
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B.1/2 Test PammeterdGas Flow Measurements 

Test parameters as taken from field measurements are summarized below. 

Kerr McGee Sulfate #2 and #4 Cooling Towers Test Results 

Parameters 

Test Date 

Area of Tower (Sq. Ft.) 

Distance to Atmosphere (Ft.) 

Ambient Temperature (OF) 

Barometric Pressure (in/Hg) 

Static Pressure (in/H,O) 

Gas Flow Temperature (“F) 

Gas Stream Velocity (Ft/Mm) 

Gas Stream Flow Rate (ACFM) 

Sulfate #2 
North Cell 

9/12-13/89 

176.7 

0.0 

93.0 

28.61 

0.0 

71.0 

1407.0 

248617.0 

Sulfate #4 
South Cell 

9113-14/89 

252.0 

0.0 

98.0 

28.52 

0.0 

78.0 

1339.0 

337428.0 

. 
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B.3 Pollutant Emission Rate Calculation$ 

Results of Pollutant emissions rates are provided below: 
Sulfate #2 Sulfate #4 

Particulate Emissions (Ibs/hr) 0.243 0-29 1 
Circulating Water Total Solids 54,650 35,360 
Sodium Emissions 0.11 0.12 
Drift Fraction (70 of circulating water 0 . W  0.0003 

based on sodium analyses) 
Sulfate Emissions (lbs/hr) 0.036 0.040 

No particulate were measured on either tower which were greater than 10 pm aerodynamic 

diameter. 

B.4 Production and ODerations Information 

Production and operations data are provided in the Appendix. Water flow rate on 

Sulfate #2 was directly measured by ESC via pitot traverse. Flow rate for the test cell was 

2117 gpm. Flow rate for the Sulfate #4 tower was estimated at 3500 gprn based on 

operations records for the 2-cell tower (see signed log of Ralph Alvarado, Kerr McGee). 

B.5 Testing Firm 

Contractor: Environmental Systems Corporation 
200 Tech Center Drive 
Knoxville, Tennessee 37912 

(615) 688-7900' 

Subcontractor: lT Corporation (Mike Mowery, Source Sampling Manager) 
312 Directors Drive 
Knoxville, Tennessee 37923 

(615) 690-3211 
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B.6 Other Personnel 

Ken McGee Chemical: 

a n i s  Walley, Senior Regulatory Af fa i r s ,  Engineer 
Ed Ung, Westend Facility, Plant Engineer 

Agency Observer, San Bernardino County: 

Jim Lehman 

B.7 Other Pertinent Information 

Other operations, cooling tower design and test data are provided in the Appendix 

as well as Section WI of the report. 
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v. SUMMARY OF RESUL TS 
A. Phvsical Measure ments of Test S ik 

Pertinent physical measurements are summarized below for the Sulfate #2 and 

Sulfate #4 cooling towers. 

Sulfate #2 Sulfate #4 

Fan Stack Diameter (Ft) 15 21 

Local Barometric Pressure (in/Hg) 28.61 2852 
Water Flow Rate (gpm) 2157 3500 (est.) 

B. Gas Flow Measurements 

Velocity (ft/min) 
Volumetric Flow (ACFM) 
Gas Stream Pressure (in/Hg) 
Gas Temperature (“F) 

C. Gas Comuosition 

1407 1339 
248617 33742% 
28.61 28.52 
71.0 78.0 

Moisture (% by Volume) 1.9 2.7 

D. Pollutant/Contaminant Emission5 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

Sulfate Emissions (lbs/hr) 0.036 
Particulate Mass Rate (lbs/hr)* 0.243 
Sodium Emissions (lbs/hr) 0.11 
Drift Fraction (%)** 0 . W  
Permit Drift Limit (%) 0.002 
Circulating Water TDS 54,650 
Standard Conditions Pressure 

Density 

0.040 
0.29 1 
0.12 
0.0003 
0.002 
55,360 
29.92 in/Hg 
0.075 lb/P 

‘AU particdate were PM-10. Note that this may vary with humidity, water loading or 
cooling tower heat load. 

**Note that measured drift fractions for Sulfate #2 and Sulfate #4 towers were 0.017% 
and 0.0055% respectively, based on ESCs October 1986 testing. 
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VI. RESUL TS DISCUSS IONS 

k Drift Emissions 

Using chemical analyses and sampling volumes from the 4 HGBM exposures, 

concentrations of exit air sulfate and sodium were calculated. Average procedural blank 

values for each were subtracted from total collected amounts in each case (See Tables 4.1 

a & b, and 4.2 a & b). 

Calculations of sodium and sulfate flux were made using average updraft air 

velocities for each cell. These are calculated using the product of average updraft air 

velocity and the exit air concentrations of sodium and sulfate. Drift fractions were 

calculated by ratioing the specific mineral emission rate by the circulating water system 

"rate" of that same mineral (i.e., water flow rates times elemental concentration). Note that 

M backup filter and high volume sampling filter procedural blank levels were considered 

too high to yield reasonable net collected values. Drift fraction calculations are provided 

in Tables 4.2 c and d for Sulfate #2 and Sulfate #4 respectively. 

Calculation of particulate mass emissions were based on circulating water total solids 

concentration divided by Na concentration and then multiplied by Na emissions (Ibs/hr). 
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TABLE 4.1 a SUMMARY OF TEST DATA 
KERR McGEE CHEMICAL CORPORATION 

WESTEND SULFATE #2 COOLING TOWER - NORTH CELL 

Fan Stack 
Velocities M System 

Diameter IK Tube ID Flow (ft/min) Flow Rate Cf?/ min) 

1 #140 1412.86 11.44 

3 #150 1260.87 9.74 
2 #171 1448.22 1154 

4 #9 1506.73 11.79 
Average 1407.17 11.13 

. * . * * * * * t * * . * . * * * * . t * * * a * * * * * * * * * * * * * * * *  

TABLE 4.2 a SUMMARY OF TEST DATA 
KERR McGEE CHEMICAL CORPORATION 

WESTEND SULFATE #4 COOLING TOWER - SOUTH CELL 

Fan Stack 
Velocities M System 

IK Tube ID Flow (ft/min) Flow Rate (ft.l/min) Diameter 

1 #4859 1461.74 10.79 
2 '  #6 1363.21 10.70 
3 # 105 1299.76 9.80 
4 # 14 1231.65 9.95 

Average 1339.09 10.31 
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B. J’M-10 Emissions 

PM-10 emissions measurements were made on both towers at a single point collection 

Using an Anderson cascade impactor. Results for the single point tests indicated that all 

particulate on both towers were less than 10 microns. 
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Table 4.lb 
Kerr McGee Chemical TKOM. Calfornia 

Sulfate #2 Cooling Tover 

IK Points IK Tube 
Chemical Analyses * ” 

Na Total SO4 Total 
( P W  (fig) (PPM) (pg) 

140 1-10 44.9 2245 22.2 1110 
171 11-20 42.5 2125 18.0 900 
150 21 ~ 30 28.2 1410 10.2 510 
9 31-40 36.5 1825 13.8 690 

Average (pg) 1901 801 
Procedural Blank ( p g )  5 6  201 

Not Collected (pg) 1845 600 

3 lb Na 1 - 7.30 - 11.1? ft 
min 3 Et 

a Concentration - (1845 p g  X 454g Ib x +] /(50 rnin X 
10 pg 

600 pg 1 lb 1 g  - lb SOI, 
3 - 2.37 x 

ft 1.- 6 3 .  50 min X 11.13 ft /min 454g 10 pg 
o4 Concentration - ( 

lbs  Na 2 
60 min 77(15 ft ) 0 .11 - -9 lb 1407 ft 

3 min hr 4 hr a Flux - 7.30 X 10 - 
ft 

0.035 lbs SO4 ft 60 min 2 X - .X 176.6 ft - hr . hr Ob Flux - 2.37 X lo-’ - Ib X 1407 -& 3 ft 

- 0.0004% 0.11 lbs Na/hr 
(2157 &) x ( 8 . 3 3  lbs) x (m) x (24,764) ppm Na rift Fraction - 

l o 6  min gal hr 



Table 4.2b 
Kerr McGee Chemical Emissions Summary 

Sulfate #4 Cooling Tower 

IK 
Y ” 

4589 
6 

105 
1 4  

Points IK Tube 
Chemical Analysis 

Na Total SO4 Total 
(PPM) ( p g )  (PPM) (pg) 

1-10 1 5 . 1 0  755 5 . 4  275  
1 1 - 2 0  2 2 . 9 9  1145  1 0 . 5  525 
2 1 - 3 0  1 8 . 1  905 1 1 . 4  570  
3 1 - 4 0  2 6 . 6  1330  1 5 . 6  780 

Average ( p g )  1034 538 
Procedural Blank ( p g )  5 5 . 7  2 0 1  

Not Collected ( p g )  978 337 

3 - 9  Na 
3 

lb x % ] / 50 min X 1 0 . 3 1  -? - 4 . 1 7 9  X 10 - 
min Na Concentration (978 pg X 

454g 1 0  p g  f: 

l b  Na 0 . 1 1 6  - 60 min x - -  - 9  l b  * ( 2 1  ft) 
4 hr hr Na Flux ( 4 . 1 7 9  X 10 -1 3 X (1339 -3 X 

ft 

3 l b  SO4 
) - 1 . 4 4  x - 1 0 . 3 1  f: 

3 so4 Concentration (337 p g  x - lb x ] / ( 5 0  min X min 
454g 10% f r  

2 l b  SO4 * ( 2 1  ft) - 0 . 0 4 0  - ft l b  SO4 
SO4 F l u x  - 1 . 4 4  X lo-’  - 

ft 
4 hr hr X 1 3 3 9  min X 3 

0 . 1 1 6  lb Na/hr 

(3500 &) x (8 .33  lb) x (60 min) x (u) ppm Na - 0 . 0 0 0 3 %  Drift Fraction - 
lo6 min gal hr 



a. FACILITY OPERATION RELATIVE TO PROCESS TESTED 

Sulfate #2 and #4 Cooling Towers appeared to be operating in general accordance 

with design. 

An inspection of each tower was performed prior to testing. The following were 

noted during the inspection. 

The water distribution was uniform on Sulfate #2. A random check at eight points 
of the hot water basin of Sulfate #4 revealed no plugged nozzles and water 
distribution appeared to be uniform. 

The drift eliminators were well installed with no sizable gaps on either of the two 
towers. 

The spray zone and drift eliminator level were both free of debris on Sulfate #2. 
Sulfate #4 also appeared to be free of any debris 

Air flow, water rates and heat load were typical of normal tower operation, according 

to plant records. 

Supporting data on plant operations and flows are provided in Appendix C. 
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m. SAMPLINGAND ANALYTICAL PROCEDURES 

A1 Overview of Test Effort - 

ESC traveled to Ridgeaest, California on September 11,1989 and performed testing 

at the plant site in Trona on September 12-14 with retum travel to Knoxville, Tennessee 

on September 15, 1989. 

A 2  General Test Characteristics 

Drift Tests (De rcent of circulating water flow) 

a. 

b. 

C. 

d. 

e. 

f. 

g- 

h. 

. 
One cell each, Westend Sulfate #2 and #4 was tested. See Figure 2.3.1 and Figure 
2.3.2. 

The number of sampling points was 40 per cell, Le., 4 diameters (every 45 degrees) 
x 10 equal area points per diameter. 

The Heated Glass Bead Isokinetic (HGBIK) tubes were backed up by a water trap 
and filter. 

Cooling tower inlet air mineral concentrations were measured using Hi Volume 
samplers. 

Circulating water samples were taken before and after each diameter to determine 
the variability in circulating water chemistry. 

Updraft air velocity was measured including the 'yaw" angle at the exit plane and the 
IK measurement adjusted accordingly. 

Circulating water flow measurements were made for each test cell. 

Chemical rinse procedures were performed using triple distilled water and acid rinse 
for final washing of the M tubes. 

20 
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PM-10 Tests 

"PM-10 tests were performed on both towers using an Anderson Cascade Impactor. 

Single-point measurements were made, consistent with previous protocol, to maintain cut 

sizes for the impactor. 

Meteoroloeical Data 

Wind speed and direction measurements were taken during testing. However, 

because the towers are located in an area surrounded by other buildings, the data collected 

were felt io be questionable. Observed wind speeds were light and variable throughout the 

testing period. 

Test Preparation and Execution 

Tower InsDection - An inspection of each tower was performed prior to testing. The 

following were noted during the inspection. 

* The water distribution was uniform on Tower #2. A random check at eight points 
of the hot water basin of Tower #4 revealed no plugged nozzles and water 
distribution appeared to be uniform. 

* The drift efiminators were well installed with no sizable gaps on either of the two 
towers. 

* The spray zone and drift eliminator level were both free of debris on Tower #2. 
Tower #4 also appeared to be free of any debris. 
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Test Narrative - A chronology of test events is as follows: 

Travel to Ridgecrest, California. 

Safety training and site orientation, inspection of Towers and scaffolding set 
up. Drive to Ontario, California to pickup test equipment. 

Set up test equipment on Tower #2 and complete PM and PMlO tests, 
perform two (2) of the four (4) diameters with the ESC Heated Glass Beads 
M method. APCD engineer on-site during equipment setup. 

Complete remaining two (2) diameters on Tower #2 with the ESC Heated 
Glass Beads. Move test equipment to Tower #4 and set up. Completed PM 
and PMlO tests, perform two (2) of the four (4) diameters with the ESC 
Heated Glass Beads. Measure waterflow on Tower #2 via pitot traverse. 

Conduct remaining two (2) diameters on Tower #4 with the ESC Heated 
Glass Beads, tear down and pack equipment for shipment. Measure water flow 
rate on Tower #4 using plant owned ultra sonic meter. Drive to Ontario, 
California and ship equipment back to Knoxville, Tennessee. 

Return travel to Knoxville, Tennessee. 
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B. Calibrations and SamDline Proee dures 

B.l. Calibrations 

Gill Propeller Anemometey. - A Gill propeller anemometer was used to measure updraft 

air velocity at each of the sampling locations. Due to cyclonic flow, a tell-tale was attached 

to the anemometer to determine the direction and angle of flow. The anemometer was 

adjusted into the airstream before flow measurements were made. The propeller 

anemometer (ESC #2) used in this test program was calibrated at the National Oceanic 

and Atmospheric Administration wind tunnel in Oak Ridge, Tennessee by comparison with 

a National Bureau of Standards calibrated anemometer. 

Heated Glass Bead Isokinetic Svstem - The ESC Heated Glass Bead Isokinetic System 

measures air flow rate through the sampling train via a bank of D y e r  Rotameters, each 

of which has a manual flow regulating valve immediately downstream. These rotameters 

were calibrated over a wide range of air flows. A standard flow meter was connected to 

the sampling train in series with the system rotameters. Readings of the standard flow 

meter were recorded over the range of 0 to 2,500 fpm. These corresponded to the readings 

taken from the system rotameters. The standard meter readings were corrected for 

barometric pressure and used to back-calculate air velocity at the inlet of the sampling tube. 

Plots of updraft air velocity versus system flow meter readings are included. 

Particle Size Measurement - The Anderson Cascade Impactor train was calibrated in 

accordance with IT Corporation Quality Assurance Procedures. Data sheets from the 

calibration are included in Appendix B. 
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B.2 Samoling U r n s  

Drift Measu rement Method - ESC Heated G lass Bead S m  - Initial drift measurements 

were performed with the ESC Heated Glass Bead Isokinetic (HGBM) Sampling System. 

Test protocol and instrumentation were designed to mimic those used in previous test 

efforts at Kerr McGee’s cooling towers (e.g., October 1986, ESC TIN 86-1143) by ESC. 

A schematic of the Heated Glass Bead Isoldnetic System (HGBM or IK) is shown 

in Figure 3.4. Prior to mobilization in the field, each of the sampling tubes (shown in 

Figure 3.4.1) was washed with warm, 10 percent by volume hydrochloric acid (HCI) and 

rinsed with distilled water to remove existing deposits. These tubes were then wrapped in 

plastic to prevent contamination during transport. Before the start of a test, the plastic was 

removed and the ground glass fitting of the sampling tube was coated with stop cock grease 

and attached by a clamp to the receptacle which was attached to the vacuum system. After 

installing the sampling tube, positive and negative electrical leads from a 110 VAC rheostat 

were connected to the heat tape surrounding the tube. The tube was then af&ixed to the 

support structure (Figure 3.4.2) for positioning over the equal area points. LK backup 

filters were installed along with each M sampling tube. Once in position, a current of 1.0 

to 2.0 amperes was applied to the heat tape, resulting in the heating of the glass beads to 

a temperature above the boiling point of water. After heating was begun, the vacuum 

pumps were started and the appropriate flow rate through the rotameters was set using the 

regulating valve(s), with this flow being a function of the local updraft air velocity. M e r  

the sampling duration (5 minutes) for that point was satisfied the sampling tube was moved 

to the next point. When the last point of each traverse was completed, the power supplies 

to the heating tape and the vacuum pumps were switched off. The sampling tube was then 

. 
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disconnected from the receptacle and wrapped in plastic for shipment to the laboratory in 

Knoxville, Tennessee. The associated backup filter was also removed at this time. One M 

tube and one backup filter was used for each diameter of the traverse. Two procedural 

blanks and two backup filters were performed for each of the two test cells. In all respects, 

these K tubes and backup filters were handled in the same manner as the others, except 

that no exhaust air was drawn through them. The collected sample was redissolved by 

washing the IK tube with 15 ml of a 10 percent solution of nitric acid. This was followed 

by two 15 ml distilled water rinses. AU of the above wash water was collected in a 50 mi 

volumetric flask and distilled water added to the total volume of 50 ml. The samples were 

then analyzed for sodium and sulfates by conventional wet chemical and atomic absorption 

techniques. 

27 



I- 

W 
I 
u 
Ln 
W 

a 

W z 
U 



9 
0 

J 
LL 

rr a 

W 
m 

0 
W 
t- < 
W 
I 
0 
m 
W 



LT 
W 
I- 
-1 

LL 

3 
Y 
0 < 

I 

a 

m 

w 
_I 

< 
0 
c 

- 

W m 
0 
1 

N 

/ 

L 
3 
0 

LL 
.-I 



Sampline and Analvtical Procedu res - Particle Size - The particle size tests were conducted 

wit an Anderson Mark III Cascade Impactor. The impactor is a multi-stage impactor for 

in-stack particulate effluents in moderate grain loading applications. It aerodynamically 

classifies particles into multiple size ranges and accounts for all their physical properties: 

namely size, shape, and density. Because of the potential of particles larger than ten 

microns in the gas stream, a pre-separator was attached to the inlet of the impactor. The 

Mark III sampler contains eight stages. A glass fiber substrate filter was placed on each 

stage to collect the particles that accumulated on that plate. 

At the conclusion of particle size tests, the filters were removed from their respective 

plates and placed into a desiccator for 24 hours. The pre-separator was rinsed with acetone 

into a pre-weighed pan and evaporated to dryness. After desiccatios the filters and washes 

were then weighed to the nearest 0.12 milligram. The size range of the material on each 

stage was determined based on the sampling rate during the run using a computer program. 

Updraft Air Velocity - In conjunction with the drift data, updraft air velocity was obtained 

at each data point. This information was used in setting the isokinetic flows and in the 

computation of the drift flux. The device used to acquire this data was a Gill propeller 

anemometer (S/N ESC #2), which generates a DC voltage proportional to the air velocity. 

This voltage was measured with a Fluke Digital volt meter (S/N 47701310). Calibration 

data for the anemometer and the voltmeter are included in Appendix E. 
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Circulatine Water Samples - Water samples were taken from the cold water basin before 

and after each traverse diameter. Each water sample bottle was labeled with the date, time 

and a unique identification number. The water samples were analyzed to determine the 

concentrations of sodium and sulfates. 

Ancillary Data - Ambient particulate measurements, process data (such as system flow 

rates), and temperatures were also acquired. Beyond the use of water flow rates for drift 

fraction determination, the ancillary data were not used for any of the emissions assessment 

calculations. Accordingly, the aforementioned data are included in the Appendix. 
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Table 4.2b 
Kerr McGee Chemical hissions Sunnaary 

Sulfate 04 Cooling Tower 

IK Points IK Tube 
# Chemical Analysis 

Na Total SO4 Total 
(PPH) (rg) (PPH) ( p g )  

4589 1-10 15.10 755 5.4 275 
6 11-20 22.99 1145 10.5 5 2 5  

105 21-30 18.1 90 5 11.4 570 
14 31-40 26.6 1330 15.6 780 

Average ( p g )  1034 538 
Procedural Blank ( p g )  55.7 201 

Not Collected (pg) 978 337 

- 9  Na 3 Et 
3 Concentration (978 p g  x - Ib X 9 ) / 50 min X 10.31 min - L.179 X 10 

454g 10 !Jg Et 

l b  Na 0.116 - 60 min x - -  x ( 2 1  ft) 
L. hr hr Flux (4.179 X lo” K, 3 X (1339 3) m m  X 

ft 

3 lb SO4 
IO.31 fc ) - 1.44 x - 

3 
Et 

min , Concentration (337 pg X - lb X ) /(50 min X 
454g 1ok3 

lb SO4 60 min X - - 0,040 - x (21 ft) lb SO4 
4 hr hr , F ~ U  - 1.44 x - X 1339 min ft x 

ft3 

0.116 lb Na/hr 
(3500 a) x (8.33 lb) x (9) x (22,100) ppm Na - 0.0003% ift Fraction - 

lo6 min gal hr 



'. ... 
.. 
. .  

IK Points IK Tube 
# Chemical Analyses 

Na Total SO4 Total 
'(PPM) (98) (pm)  b g )  

Na C 

140 
171 
150 
9 

1-10 04.9 2245 22.2 1110 
11 - 20 02.5 2125 18.0 900 
21-30 28.2 1410 10.2 510 
31-40 36.5 1825 13.8 690 

Average ( p g )  1901 801 
Procedural Blank ( p p )  56 201 

Not Collected (pg )  1845 600 

3 lb Sa 
11.13 Et) - 7.30 - 

3 ration - (1845 pg X Ib x *) /(50 min X min 10 pg ft 

lb SO4 - 2.37 x - l i b X  l g  
)x-- 6 3 ft 

600 px 
3 SO& Concentration - ( 

50 min X 11.13 ft /min 454g 10 pg 

lbs Na 
4 h r  X -9 lb 1407 ft 60 min 

min hr Na Flux - 7.30 X 10 7 
ft 

0.035 lbs SO4 

hr ft X - .  X 176.6 ft2 - SO4 Flux - 2.37 X 10.' Ib X 1407 min hr ft3 

- 0.0004% 0.11 lbs Na/hr 
Drift Fraction - (2157 g a l )  x (8.33 lbs) x (so) x (w) ppm Na 

lo6 min gal hr 



KERR MCGEE CHEMICAL CORPORATION 
SULFATE #2 - NORTH CELL 

IK TUBE Na SO4 B-U FILTER 
ID# (MG) (MG) ID# 

IK- 140-A 2.245 0.370 IK-140-BU 
IK-140-B * 2.110 - - - - - - - - -  IK-140-BU 
IK-171-A 2.125 0.300 IK-171-BU 
IK-171-B * 1.870 _ _ _ _ _ _ _ _ _  IK- 17 1 - BU 
IK- 150 1.410 0.170 IK-150-BU 
IK-9 1.825 0.230 IK-9-BU 

IK-1 (BLANK) 0.034 0.064 IK-1-BU 
IK-181 (BIANK) 0.077 0.070 IK-181-BU 
IK-20-9-89A 0.008 0.049 (RINSE ACID) 
IK-20-9-89B <O. 0025 <0.020 (RINSE WATER) 

* NO SVLFATE ANALYSIS DUE TO LABORATORY MISHAP 

CIRCULATING WATER ANALYSIS 

Na SO4 
SAMPLE ID# MG/LITER MG/LITER 

cw-2-lA 22,875.00 7,461.00 
CW-2-1B 27,600.00 6,800.00 
CW- 2 - 2A 23,250.00 6,879.00 
CW- 2 - 2B 26,500.00 6,906.00 
CW-2-3 27,500.00 6,762 .OO 
CW-2-4 22,875.00 6,606.00 
CW-2-5 22,750 .OO 6,684 .OO 

AVERAGE: 24 I 764.29 6,871.14 

I 



KERR MCGEE CHEMICAL CORPORATION 
SULFATE #4 - NORTH CELL- 

IK TUBE Na S 04 B-u FILTER 
ID# (MG) (MG) ID# 

IK-4859 - A 0.755 0.090 IK-4859-BU 
IK-4859-BU IK-4859-B * 0.760 _ _ _ _ _ _ _ _ _ _  

IK-6-A 1.145 0.175 IK-6-BU 
IK-6-8 * 0.900 - _ _ _ - - - _ _ _  IK-6-BU 
IK-105 0.905 0.190 IK-105-BU 
IK- 14 1.330 0.260 IK-14-BU 

IK-144 (BLANK) 0.025 0.044 IK-144-BU 
IK-5 (BLANK) 0.014 0.042 IK-5-BU 
IK-20-9-89A 0.008 0.049 (RINSE ACID) 
IK-20-9-89B <O ,0025 <0.020 (RINSE WATER) 

* NO SULFATE ANALYSIS DUE TO LABORATORY MISHAP 

CIRCULATING WATER ANALYSIS 

Na SO4 
SAMPLE ID# MG/LITER MG/LITER 

CW-4- 1A 
CW-4- 1B 
CW-4-2A 
CW - 4- 2B 
cw-4-3 
cw-4-4 
cw-4-5 
CW-4-6 

17,625.00 
19,800.00 
22,000.00 
21,500.00 
21,875 .OO 
23,750.00 
24,878 .OO 
25,375 .OO 

5 , 2 6 2  .OO 
5,200.00 
5,370.00 
4,944.00 
5,352.00 
5,790.00 
6,036 .OO 
6,198 .OO 

AVERAGE: 22,100.38 5,519.00 

. 
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DRIFT D A T A  SHEET 

TOWER ID CELL ID STACK 0 t h  



DRIFT D A T A  SHEET 

TOWER I D  3 L*T5*4 CELL I D  s o T H  STACK D l A  21 q. 
A V E R S E  I D  \ *?- 6?Ib )  START 31.55- STOP 4-44 



D R I F T  DATA SHEET 

I TOWER ID 7E*4 CELL ID.SOCTTU STACK D I A  ? \ *  I 
T R A V E R S E  IO 



CCISCCIDE IMPCICTOR RESULTS 

KERR-MCGEE 
COOLING TOWER Y 2  
COMPUTER RUN DOTE 9/21/89 
COMPUTER OPERRTOR SM 
T E S T  DCITE 9/12/89 
PRBJ # 406154 

RUN 1 
SFIMPLING RFITE 0.69 (CICFM) FIT 78 DEGREES F 

STCIGE 1 INCLUDES PREIMPGCTOR 
STFlGE 9--BCICK-UP F I L T E R  
PRRTICLE D E N S I T Y  = 1.00 GROMS/CM3 

STRGE D50 
Y MICRONS 

X MRBS % (= 
D 5 0  ................................................................... 

1.00 10.48 0.00 %loo. 00 
2.00 7.04 0.00 %loo. 00 
3.00 4.77 0.00 %l.OO. 00 
4.00 3.25 8.33 91.67 
5.00 2.08 8.33 83.33 ' - 
6. 00 1.04 16.67 66.67 
7.00 0.63 25.00 41.67 
8.00 0.43 2 5 . 0 0  16.67 
9.00 16.67 



INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

8 1 Q N A T U R E  
TEST TEAM LEADER 



STAGS m m m .  
0 &+&r 
1 w - l  
2 N-2- 
3 w- 3 
4 w- 4 
5 w- 5 
6 W - l o  
7 - 
0 W -  B 
9 w-f;nal  

4. TEST-. Q - 13-84 

INTERNATIONAL 
TECHNOLOGY 
CORPORATION 
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FIG. 2 TRAVERSE POSITIONS IN ROUND FLUES 

S&TH 

I f  t h e  t a b l e  be low does n o t  have 
enough p o i n t s ,  t h e  d i s t a n c e  R 
f rom t h e  c e n t e r  o f  t h e  f l u e  t o  
any g i v e n  t e s t  p o i n t ,  n, i s  
c a l c u l a t e d  by  t h e  f o r m u l a  

R = d  

d = d iamete r  o f  f l u e  

N = number o f  read ings  ac ross  a 
d i  ameter 

n = t h e  n ' t h  p o i n t  f rom t h e  
c e n t e r  

R = D is tance  f rom c e n t e r  o f  f l u e  
t o  n ' t h  t e s t  p a i n t ,  numbered 
f rom the  c e n t e r  c o n s e c u t i v e l y  
I n  t h e  diagram, n = l  f o r  E-3, 
E-4, 5-3, and 5-4 

Note: Using compass p o i n t s  t o  
des igna te  s t a t i o n s  h e l p s  
t o  o r i e n t  t h e  t e s t  
1 o c a t i o n s  . 

EQUAL AREA ZONES FOR VELOCITY TRAVERSE 
'/o of flue d i a m a t r  from circumference to test point 

Number of Areas 

2 3 4 5 6 
POINT 

NO. 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 

6.2 4.4 3.23 
25.0 14.7 10.47 
75.0 29.4 19.38 
93.8 70.6 32.32 

85.3 67.68 
95.6 80.62 

89.53 
96.77 

2.0 5.2 
6.7 (2 .~ .  

11.82 /. 
17.131. 

2 5 . 0 4 5  
35.4 b 5 

6 4 . 6 ~ 6 .  
75.0 3 
82.3 /4< 

88.2 i5 i 
93.316: 
98.0i7L 



CRSCQDE IMPQCTOR RESULTS 

KERR-MCGEE 
COOLING TOWER #LI 
COMPUTER RUN DFITE 9/21/89 
COMPUTER OPERRTOR SM 
TEST DQTE 9/12/89 
PROJ # 406154 

RUN 1 
SFIMPLING RFITE 0.67 (QCFM) FIT 78 DEGREES F 

STFIGE 1 I N C L U D E S  PREIMPQCTOR 
STRGE 9--BRCK-UP F I L T E R  
PFIRTICLE D E N S I T Y  = 1.00 GRFIMS/CM3 

STFIGE D50 Z MFISS 5: <= 
# MICRONS d50 

1.00 10.63 0.00 x 100.00 
2.00 7. 14 0.00 %loo. 00 
3.00 4.84 0.00 x100. 00 
4.00 3.29 0.00 %loo. 00 
5.00 2.11 25.00 75.00 
6. 00 1. 06 25.00 50.00 
7.00 0.64 16.67 33.33 
8.00 0.43 16.67 16.67 
9.00 16.157 

_-------------__________________________---------------------------- 



FILE NO : 

TEST DATE: 

COOLING TOWER INSTITUTE 

4/3 ACCEPTANCE TEST PROCEDURE 
DATA SHEET "E" 

WATER FLOW MEASUREMENT 
PITOT TUBE 

U S E  W I T H  CTI 

,EST CODE ATC-105 

@ g '  
PIPE SIZE. I N C H E S  

?ATE CALI0R 

DECIMAL I N C H E S  

ROC 

3 ~ 3 s  .,,E i v & i ~ =  ~ n ~ . i 3 : d ~ i i a  

'CII~,-~,~. 'TED V A L U E  D E C ~ E ~ S E D  BI' D ~ S T W C E  FROM E r i o  OF mio i  w a E  TO CEPJTER LINE O F  IMPACT HOLE 

5 0 L F h - E d c  - I - R L ~ T G ~ E  
P CTIFORM A ~ C ~ I C ~  E --- _ _  - - , 



FIG. 2 TRAVERSE POSITIONS IN RCUNO FLUES 

If the  t a b l e  below does n o t  have 
enough p o i n t s ,  t h e  d i s t a n c e  R 
from the c e n t e r  o f  t h e  f l u e  t o  
any g i v e n  t e s t  p o i n t ,  n, i s  
c a l c u l a t e d  by t h e  f o r m u l a  

R = d  ,@ 
d = d iamete r  o f  f l u e  

N = number o f  r e a d i n g s  across  a 
d iamete r  

n = t h e  n ’ t h  p o i n t  f rom the  
c e n t e r  

R = D is tance  f rom c e n t e r  o f  f l u e  
t o  n ’ t h  t e s t  p o i n t ,  numbered 
from t h e  c e n t e r  c o n s e c u t i v e l y  
I n  t h e  diagram, n = l  f o r  E-3, 
E-4, 5-3, and 5-4 

--EAST 

Note: Using compass p o i n t s  t o  
des igna te  s t a t i o n s  h e l p s  
t o  o r i e n t  t he  t e s t  

SOUTH l o c a t i o n s .  

EQUAL AREA ZONES FOR VELOCITY TRAVERSE 
% of flue diameter from circumference to test point 

Numbar of Are08 

3 4 5 6 2 
POINT 
NO. 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 

6 . 2  4 . 4  3.23 
25 .0  14.7 10.47 
75.0 29.4 19.38 
93 .8  70 .6  32.32 

85 .3  67.68 
95 .6  80.62 

89 .53  
96.77 

2 . 0  
6 . 7  

11 .8  
17.7 
25.0 
35.4 
64.6 
75.0 
82 .3  
88.2 
9 3 . 3  
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!Vestend, Califxnia 93564 

3966 
Beq. No. 

AR 197-140 
A m a n t  No.--- 

Eightll 3ay  of April This Agreement, &de the.. _ _ _ _ _ ~ ~ _ _ ~ _ _ _ _ _ ~ . _ _ _ _ _ .  -in the year One Thousand 
Six 3- !J i a? 

339 E. Szn Antonio Drive 
, by and behveen the...- Fluor ?roducts Co. Inc. 

Long Beach, Callfxnia 90807 
Nine Hundred and.. 

hereinafter called the Contractor, and the Stader  Chemical Company, a Delaware corporation, 

hereinafter d e d  the Owner. . .. 

vitnessetb: That the Contractor and the Owner for  the consideration hereiaafter named, 
. .  

agree an follows: 

Article 1. The Contractor agrees to provide all of the material, equipment and labor and to 
coiurnis.1 a d  erect  Fluor Vodel ?53-578 2-cell Induced Drak perform all of the work---. ...-..- - 

Crossflow Coolinq Tower. 

-..---.---.-.----_--.- _I----_- - 
as described in the specifications in Artide L 
and shown on the plans o r  drawings aa prepared by 

- 
I.-.---________ 

Arrhit&c, Engineer for  the erection and completion of-%!!! _. 

ta be ereeted at..--.- :Vestend, California - .... -- 
and to do, to the satisfaction of the Owner and said Amhiicct, Engineer, everything required of the 
Contractor by the drawings and specifications, including the General Conditions thereof, except aa 
herein expressly m o a e d  or changed, it being agreed that such drawings and specifications, includ- 
ing the General Conditions thereof, are as fully a part of this Agreement as if hereto attached or 
herein repeated. It is further agreed that the decision of the Owner and Architect. EL@I~U as tc 
the t rue  constniction and meaning of said drawings and specifications shall be final. 



, i:' 
7'. Article 11. 

A .  Contrzc:sr shll furnish G I I  labar, material, bols, equipmeill and 
suprv is ion  :S m c t  Fluor ?ode1 253-578 2-cell Induced Draft Crossflow 
Cooling T w e r  to cool 9360 G ? M  of water from 88' to 78OF with a 72'F 
design wet bulb ZrnperaLre i i l  zccordance w i t h  your proposal 30. LA- 
CT-8070A dated :ctober 31, 1968 with the following chanses: 

(1) Fiberglas end wall casing in l ieu of the quoted asbestos board. 

(2) . .  Stairnray In l ieu of t!ie quoted ladder. 

(3) Two (2) 2-speed TEFC motors in l ieu of the quoted 1-speed f a  
motzs  (maauhcturer: U.S., G.E. or equivalent - no aluminum cases). 

... (4) Two (2) 20 ft. - 6 bladed Fluor-Aire fIberglas fan assemblies IC 
. . .  , .. . - . . . _ .  . . . .  . 

. 
l ieu o f  :he quoted 20 . .  ft - 4 bladed Fluor-Solar assemblies. 

. .  . .  . . .  . 

(5) Stainless steel shucbra l  connectors i n  l ieu o f  the Quoted galvanized- 
Corten. 

(6) Tlvo ( 2 )  1.15 service EFC motors In l ieu o f  the quoted war 1.00 - service factor 
. .  

B. Work to commence a t  once upon directlon o f  Owner's Supervlslng Engineer 
and completed wlthout undue delay In a workmanllke manner. 

T E N D N  ... ,.. . 



- j t  a u 5 e  r Ch erni c a1 C O'T-F?_~=. 

Westend, California,  C3564 ' -_ 

I --.-___ V "  i I- -- 
7 3  "F - .. - - - 

I i 

I I I-.-- ~ _ _  !! - 1qo .mil- _. 
coae I 

! --- Seismic Zone 3,  3ec. 2 3 1 4 , C n u o r ~ ~ f d  
-.rou.id level c 

-- , 
-- -- E a s t  - West - Unou:tAc i ed __ I 

I .... - . . *  ,:. , i  
. . . . , . , . , . . . .  . ,  

L 



COOLING TOWEX mnnm 
I N Q U I R Y  & BID FORM 

Shccr  3 of 7 

Inquiry No. 
Prooosa l  NO. ' ?. -,-T - 3 r)7C 

I Hor water Inlct-Sumber 2 

Height Inlet  Above B a s i n  Curb, fr. ; 2 5 :  - 5" 

i l o g .  000 

16!! Som. Diamerer,  in. j 
Descript ion I 1 2 j +  .4S-i. F lanoe  - 

' A C C C S s  to Top of Tower : Sta i r  w av 

163, 700 
Shipping Weight, lbs. 
Operating U'cighr. lbs .  

~ ~~ 

TRUCTURAL DETAILS (Cont'd.) I 1 

w c i n o  IVert. 24" on center  . -  - 
Fi l l  volume ( f  ill onlv) I 4 3 . 2 0 0  f t 3  
F i l l  Wetted Surface I 46.  800 ft' 

I 
ATERlALS OF CONSTRUCTION 

Framework Members 
Cas ing  
F i l l i n s  

Driir El iminators  
Spacer  

F i n  S t a c k s  
Louvers ,  Jlateriai  
Parr i r ions 
FXI Deck 
Uatcr Distribuiion-Type 

L u m b e r  Prr-Trearmcnt  
T y p e  o i  'T:carmeni 
I t e m s  T r e x e d  

SUpFOrt 

\ l a r e r i d  

Spiashcrs or spray ~ o z z l e s  
Siairway and 1imu:aiI 
Srrucrurai Connectors  
Ring J o i n t  Cunntc:ors  
6011s. S u r s .  Uashers  
.4nchor Cunnectors  
S a i l s  
Slechanicai Equipmcnr Support  

'.inchor Bolts-\ larerial  
Furnished by  

'Cold Uatcr  Basin-?laterial  
Furnished by 

'Basin .4cccssor ies .  by I.lfg. 

I 
! Douelas F i r  

F i b e r c l a s s  
Reewood (1" nominal) 
Douelas Fir 
Redwood 
Mar ine  Plvwood 

! Cernent .Asbestos 
Rer'wood 
no!, c:i. 

. .  E n c e e d  - Low P r e s s u r e  
3 e c w ~ v i  j t a v e  
P e s  
P r e s s u r e  created . T j = / f t '  -A.CL 
. ill  ..Vooa 
Poi .nroovlene  
Redwood/3ouelas  f i r  
G aii-aniz ed 
\Tonp 

! 

,. 

~~ - - 
,ECHANICAL EQUIPMENT 
Fans 
"umber z 

. \diustable P i tch  ?roue!ler 

16' 
I T y p c  or \lode1 

!4anuiacrurcr F l c o r  -Solar 
Diameter, ft. 
xumber of Blades 1 

I - 
_-  .. .. , ( l e s s  ! , C !  

L 



F L i Z , t  
COOLING TOWER INSTITUTE 

INQUIRY 8 BID FORM 
Sheet 3 of 3 
Inquiry No. 
Proposal SO. L.+-CT -8-0: 

Fan Speed, RPM 
Tip Speed. FPV 
BHP per fan, driver output 
Blade Material 
Hub Material 
Toral Static Pressurc,in. H,O 
Vclociry Pressure, in. H,O 
A ~ K  Delivery per Fan, ACFM 
Fan Static Efficiency 

~ ~~ 

Speed Reducer 
Number 2 
Type Sp i r a l  Bevel 
Model F W D - 5 5  
Manufacturer F luo r  -We st e r n  
Reduction Rario 7. 62: 1 
AGMA Mechanical H.P. Rating 80 

Scrvic: Factor at Rated H.P. of Driver 
No. oi Reductions Double r 

2. 0 minimum 

Corrosion-proofino I Not recommended 
Drive Shaft 
Number 

Model 
Manufacturer 

Type 

Rated H.P. 
Drive Shaft Material 
Coupling Marerial 

Non- lub r ica ted  
2 

5nnh 

75 
Epoxv Coated 
NeoDrene 

Driver 

'Kind E lec t r i c  Motor 
Number 2 

*Type T E F C  
u r e r - F l u o r  Oucion Manufacturer 

Full Load Speed, RPM 1775 
3-60-2301460 'Elec. Char.-phase/cycles/volrs 

Rated H.P. 75 

~ 

I 
1 

rDDlTlONAL DATA I 



r . - r  

I 

,posal No WARRANTY OF PERFORMANCE 
. 

Circulating Water Rate 3 . 5 0 0  GPM -West End Chemical  Co. 

Coaled From 85 'F to 78  'F - 
. . .  - 

Under following conditions: - 
i t .  - -  Wet Bulb 75 'F, Elevation 

L 

ver Location Ground Wind Velocity 0 - 10 MPH. 

wer Site W e s t  End. Cal i forn  i a  Tower must be located in unabstiucted area. 

- - .. Max. drift loss 0.2% of circulation. 

SPECIFICATIONS - 
,> 

._ vntcrflov Induced Drak Coolinp Tower  Model 

No. of Cells . No. Fans Per Cell 

Each cell - 24 I __ 24 Arranged side bv s ide 
bverall Heighf iBasin Curb to Fan Deckl-t. ' .Baits, 
Overall Base - 25 I Wide x 49' Long Nails CopDer 
Approx. Basin D i m c n s i o n d 2 6 x 5 0 F t .  . 

- 
1 

PHYSICAL DATA 

Washe 

C a s t  I ron  
STRlBUTlON SYSTEM 
Type-with Header of s t e e l  , 

L t e r a l s  of  s t ee l  , Nc:rles of bronze , 

Total Static Pumping Head IAbove Basin Curb1 57 Ft. 

T~~~ F~~ stack Venturi  Redwood 
Dr i f t  Eliminaton 2-pass  

Tower mathing Double wall Redwood 
Centerline Header above Basin Curb- 44' 1 1 " 

LNS C%*S has yk& - H a d  1989)' 
Manufacture '- 

Total N 0 . Z  Dia.-_L4_/No. Blades per Fan ______ s6 
Fan HP at  M o r o r a  - Fan Speed. -. __ 2A2--RPM 

Ft. ( 1" nominal) 
- .  

Access to Too of T w e r S t a i r w a Y  

DESIGN DETAILS 

Design Wind Load 30 PSF 
Tip Speed- 10 .640 FPM. .......... - . : .  -. ;FM/Fm+ SlJIk , 360 

Water Concentrati 3.03 DIORS 
.- . Number- H P A Q -  RPM ' 1800 . 

. -  . . .  .... . . . .  - _  .<., . . . .  t-.. '"In -*:e. . .  . .  

spiral b e v e l  
Anchor Bolt Material 

URS 
. . . .  , N u m b e r 2  TYP 

h fg r . -A l f lm  . . . . .  .,*,::. . . . . .  

. .-.. f ' -L:. I . '  Xt.. .. ':.Ai'rchaser .,, . .  ~ ! .... .... 
. . .  . .  . 90 v. B. - !Y (L b i n  by . .  .._(. 

Model- 

Basin of Cencrete 
... .. . . . . . . . . . .  . . <  . .  .. 1.' ..* .,. W E  SHAITS .- 
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QUANTITATIVE MICROANALYSES 
p.0.  BOX 51610 ORGANIC - INORGANIC 2323 SYCAMORE O R .  

(NOXVILLE. TN 37990-1610 6151946~~339 KNOXVILLE.  T N  37921.1750 

Mr. Larry W. Smith 
Environmental Systems Corporation 
200 Tech Center Drive 
Knoxville, Tennessee 37912 

Dear Mr. Smith: 

Analysis of your compounds gave t h e  following results: 

Your #, 

IK-1 

IK-5 

IK-6A 

IK-9 

IK-14 

IK-20-9-89A 

IK-20-9-89B 

IK-105 

IK-140A 

IK-144 

IK-150 

IK-171A 

IK-181 

IK-4859A 

CW-2-1A 

CW-2-2A 

Our #, 

H-8610 

H-8611 

H-8612 

H-8613 

H-6614 

H-8615 

H-8616 

H-8617 

H-8618 

H-8619 

H-8620 

H-8621 

H-8622 

H-8623 

H-8624 

H-8625 

mg/liter Sodium, 

0.68 

0.28 

22.9 

36.5 

26.6 

0.15 

< 0.05 

18.1 

44.9 

0.49 

28.2 

42.5 

1.55 

15.10 

22,875 

23,250 

October 9, 1989 

Received: September 22nd 
PO#: 22297 

mg/liter SO4 as Sulfur, 

1.28 

0.83 

3.50 

4.6 

5.20 

0.98 

< 0.4 

3.80 

7.40 

0.87 

3.40 

6.00 

1.40 

1.80 

2487 

2293 

C W-2-2B H-8626 26,500 2302 
:R A,,,, SHIPMENTS w u . 5 .  M A I L .  P . O .  B o x  54610. KNOXVILLE.TN ~ ~ ~ ~ O . I ~ ( O . O T W E R C ~ . R R ) I E R S   SYCAMORE DR.  KNOXVILLE.TN 3792t.1750 

ESTABLISHED 4950 



Mr.Larry W .  Smith 
P a g e  2 
October 9,  1989 

Your #, Our #, 

C W-2-3 H-8627 

CW-2-4 H-8628 

c w - 2 - 5  H-8629 

CW-4-1A H-8630 

CW-4-2A H-8631 

CW-4-2B H-8632 

c w - 4 - 3  H-8633 

c w - 4 - 5  H-8634 

C W-4-6 H-8635 

c w - 4 - 4  H-8636 

mg/l i ter  Sodium, 

27,500 

22,815 

22,150 

17,625 

22,000 

21,500 

21,815 

24,878 

25,315 

23,750 

mg/ l i ter  SO4 as Sulfur, 

2254 

2202 

2228 

1 1 5 4  

1790 

1648 

1 1 8 4  

2012 

2066 

1 9 3 0  

GALBRAITH LABORATORIES. INC. 



Mr. Larry W. Smith 
Page 3 
October 9, 1989 

Your #, 

IK-4859-BU 

IK-6-BU 

IK-105-BU 

IK-14-BU 

IK-144-BU 

IK-5-BU 

IK-140-BU 

IK-171-BU 

IK-150-BU 

IK-9-BU 

IK-1-BU 

IK-181-BU 

Our #, 

H-8637 

H-8638 

H-8639 

H-8640 

H-8641 

H-8642 

H-8643 

H-8644 

H-8645 

H-8646 

H-8647 

H-8648 

m g  Sodium, 

65.6 

70.0 

78.0 

75.6 

82.0 

69.6 

65.6 

57.2 

70.0 

75.6 

71 .2  

69.2 

SO4 as Sulfur, 

286 

786 

2 5 1  

268 

309 

240 

208 

235 

223 

229 

228 

217 

GALBRAITH UBORATORIES. INC. 



Mr. Larry W. Smi th  
Page  4 
October 9, 1989 

Your #, 

HV-4-1 

HV-4-2 

HV-4-3 

HV-4-4 

HV-4-5 

HV-4-6 

HV-4-7 

HV-4-8 

HV-2-1 

HV-2-2 

HV-2-3 

HV-2-4 

HV-2-5 

HV-2-6 

HV-2-7 

HV-2-8 

Our #, 

H-8649 

H-8650 

H-8651 

H-8652 

H-8653 

H-8654 

H-8655 

H-8656 

H-8657 

H-8658 

H-8659 

H-8660 

H-8661 

H-8662 

H-8663 

H-8664 

mg Sodium, 

491.2 

611.2 

339.2 

204.8 

406.4 

608.0 

198.4 

236.8 

1648 

2656 

329.6 

268.8 

508.8 

1469 

374.4 

259.2 

m g  SO4 as Sulfur, 

21.3 

26.4 

1.76 

1.78 

13.2 

30.1 

1.81 

1.90 

30.3 

60.9 

1.75 

1.70 

12.6 

31.1 

1.72 

1.66 

Sincerely yours, 

GALBRAlTH LABORATORIES, INC. 

Exec. Vice-president 

GRH:sc 

GALBRAITH LABORATORIES. INC. 



SULFATE #2 - NORTH CELL 

IK TU3ES ID FOR LAB ANALYSIS 

#140 : POINTS 1-10 
#171 : POINTS 11-20 
#150 : POINTS 21-30 
#9 : POINTS 31-40 
#1 
#181: BLANK (TAKEN AFTER TESTING COMPLETED) 

: BLANK (TAKEN PRE THIRD DIAMETER) 

IK BACKUP FILTERS 

IK-140-BU 
IK-171-BU 
IK-150-BU 
IK-9-BU 

IK-181-BLANK (TAKEN AFTER TESTING COMPLETED) 

HI-VOL FILTERS 

9-12-89 : HI-VOL #1 (7 HOURS, 20 MINUTES @ 35 FPM) 
9-12-89 : HI-VOL #2 (7 HOURS, 20 MINUTES @ 35 FPM) 
9-13-89 : HI-VOL #1 (PRE-TEST BLANK) 
9-13-89 HI-VOL #2 (PRE-TEST BLANK) 
9-13-89 : HI-VOL #1 (2 HOURS, 34 MINUTES @ 35 FPM) 
9-13-89 : HI-VOL #2 (2 HOURS, 34 MINUTES @ 35 FPM) 
9-13-89 : HI-VOL #1 (POST-TEST BLANK) 
9-13-89 : HI-VOL #2 (POST-TEST BLANK) 

M-1-BLANK (TAKEN BEFORE 3rd DIA. 9-13-89) 

CIRCULATING WATER SAMPLES 

CW-2-1 (PRE-1st DIA. 9-12-89) 
CW-2-2 (BETWEEN 1st & 2nd DIA. 9-12-89) 
CW-2-3 (POST-2nd DIA. 9-12-89) 
CW-2-4 (PRE3rd DIA. 9-13-89) ' 
CW-2-5 (BETWEEN 3rd & 4th DIA. 9-13-89) 

* NO MOISTURE WAS CAPTURED IN THE WATER TRAP 

IK-140 (A & B) 
M-171 (A & B) 
IK-150 
M-9 
M-1 
K-181 

M-140-BU 
IK-171-BU 
IK-150-BU 
M-9-BU 
IK-1-BU 
IK-181-BU 

Hv-2-1 
Hv-2-2 
Hv-2-3 
Hv-2-4 
Hv-2-5 
Hv-2-6 
HV-2-7 
Hv-2-8 

CW-2-1 (A & B) 
CW-2-2 (A & B) 
CW-2-3 
c w - 2 4  
cw-2-5 



. 

SULFATE #4 - SOUTH CELL 

IK TUBES ID FOR LAB ANALYSIS 

#4859 : POINTS 1-10 
#6 : POINTS 11-20 
#lo5 : POINTS 21-30 
#14 : POINTS 31-40 
#144 : BLANK (TAKEN BEFORE 3rd DIAMETER) 
#5 : BLANK (TAKEN AFTER TESTING COMPLETED) 

IK BACKUP FILTERS 

IK-4859-BU 
IK-6-BU 
IK-105-BU 
IK-14-BU 

IK-5-BLANK (TAKEN AFTER TESTING COMPLETED) 

HI-VOL FILTERS 

IK-144-BLANK (TAKEN BEFORE 3rd DIA. 9-13-89) 

9-13-89 : HI-VOL #1 (4 HOURS, 50 MINUTES @ 35 FPM) 
9-13-89 : HI-VOL #2 (4 HOURS, 50 MINUTES @ 35 FPM) 
9-13-89 : HI-VOL #1 (POST-TEST BLANK) 
9-13-89 : HI-VOL #2 (POST-TEST BLANK) 
9-14-89 : HI-VOL #1 (3-HOURS, 30 MINUTES @ 35 FPM) 
9-14-89 : HI-VOL #2 (3-HOURS, 30 MINUTES @ 35 FPM) 
9-14-89 : HI-VOL #1 (POST TEST BLANK) 
9-14-89 : HI-VOL #2 (POST TEST BLANK) 

CIRCULATING WATER SAMPLES 

CW-4-1 (PRE-1st DIA. 9-13-89) 
CW-4-2 (BETWEEN 1st & 2nd DIA. 9-13-89) 
CW-4-3 (POST-2nd DIA. 9-13-89) 
CW-4-4 (PRE-3rd DIA. 9-14-89) 
CW-4-5 (BETWEEN 3rd & 4th DIA. 9-14-89) 
CW-4-6 (POST-4th DIA. 9-14-89) 

M-4859 (A & B) 
M-6 (A & B) 
M-105 
M-14 
M-144 
M-5 

M-4859-BU 
Md-BU 
M- 105-BU 
IK-14-BU 
IK-144-BU 
Md-BU 

HV-4-1 
HV-4-2 
Hv-4-3 
HV-4-4 
Hv-4-5 
HV-4-6 
Hv-4-7 
Hv-4-8 

CW-4-1 (A & B) 
CW-4-2 (A & B) 
cw-4-3 
cw-4-4 
cw-4-5 
CW-4-6 

* NO MOITURE WAS CAPTURED IN THE WATER TRAP 



ICMCC. DRIFT TESTS - WESTEND 
#22-4628 

~~ 

SULFATE #2 - NORTH CELL 

IK TUBES ID FOR LAB ANALYSIS 

#140 : POINTS 1-10 

#9 : POINTS3140 
#1 
#181: BLANK (TAKEN AFTER TESTING COMPLETED) 

IK BACKUP FILTERS 

#171 POINTS 11-20 
#150 : POINTS 21-30 

: BLANK (TAKEN PRE THIRD DIAMETER) 

IK-140-BU 
IK-171-BU 
IK-1.50-BU 
M-9-BU 

M-181-BLANK (TAKEN AFTER TESTING COMPLETED) 

HI-VOL FILTERS 

9-12-89 : HI-VOL #1 (7 HOURS, 20 MINUTES @ 35 FPM) 
9-12-89 : HI-VOL #2 (7 HOURS, 20 MINUTES @ 35 FPM) 
9-13-89 : HI-VOL #1 (PRE-TEST BLANK) 
9-13-89 : HI-VOL #2 (PRE-TEST BLANK) 
9-13-89 : HI-VOL #1 (2  HOURS, 34 MINLTES @ 35 FPM) 
9-13-89 : HI-VOL #2 (2 HOURS, 34 MINUTES @ 35 FF'M) 
9-13-89 : HI-VOL #1 (POST-TEST BLANK) 
9-13-89 : HI-VOL #2 (POST-TEST BLANK) 

IK-1-BLANK (TAKEN BEFORE 3rd DIA 9-13-89) 

ClRCULATlNG WATER SAMPLES 

CW-2-1 (PRE-1st DIA. 9-12-89) 
CW-2-2 (BETWEEN 1st & 2nd DIA. 9-12-89) 
CW-2-3 (POST-2nd DIA. 9-12-89) 
CW-24 (PRE-3rd DIA. 9-13-89) 
CW-2-5 (BETWEEN 3rd & 4th DIA. 9-13-89) 

* NO MOISTURE WAS CAPTURED IN THE WATER TRAF' 

M-140 (A & B) 
M-171 (A & B) 
M-150 
M-9 
M- 1 
K-181 

M-140-BU 
IK-171-BU 
IK-150-BU 
M-9-BU 
IK-1-BU 
M-18 1-BU 

Hv-2- 1 
Hv-2-2 
Hv-2-3 
HV-2-4 
HV-2-5 
"-2-6 
HV-2-7 
HV-2-8 

CW-2-1 (A & B) 
CW-2-2 (A & B) 
CW-2-3 
CW-2-4 
CW-2-5 



SULFA'IE #4 - SOUTH CELL 

I!rmBEs JD FOR LAB ANALYSIS 

#4859 : POINTS 1-10 
#6 : POINTS 11-20 
#lo5 : POINTS 21-30 
#14 : POINTS 31-40 
#144 : BLANK (TAKEN BEFORE 3rd DIAMETER) 
#5 

M BACKUP FILTERS 

M-4859-BU 

: BLANK (TAKEN AFTER TESTING COMPLETED) 

M-6-BU 
M-105-BU 
K-14-BU 

MJ-BLANK (TAKEN AFTER TESTING COMPLETED) 
IK-144-BLANK (TAKEN BEFORE 3rd DIA 9-13-89) 

HI-VOL FILTERS 

9-13-89 : HI-VOL #1 (4 HOURS, 50 MINUTES I@ 35 FPM) 
9-13-89 : HI-VOL #2 (4 HOURS, 50 MINUTES @ 35 FPM) 
9-13-89 : HI-VOL 81 (POST-TEST BLANK) 
9-13-89 : HI-VOL #2 (POST-TEST BLANK) 
9-14-89 : HI-VOL #1 (3-HOURS, 30 MINUTES @ 35 FPM) 
9-14-89 : HI-VOL #2 (3-HOURS, 30 M I N U T E S  I@ 35 FPM) 
9-14-89 : HI-VOL #1 (POST TEST BLANK) 
9-14-89 : HI-VOL #2 (POST TEST BLANK) 

CIRCULATING WATER SAMPLES 

CW-4-1 (PRE-1st DIA. 9-13-89) 
CW-4-2 (BETWEEN 1st & 2nd DIA. 9-13-89) 
CW-4-3 (POST-2nd DIA. 9-13-89) 
CW-4-4 (PRE-3rd DIA. 9-14-89) 
CW-4-5 (BETWEEN 3rd & 4th DIA. 9-14-89) 
CW-4-6 (POST-4th DIA. 9-14-89) 

* NO MOITURE WAS CAF'TURED IN THE WATER TRAP 

M-4859 (A & B) 
M-6 (A & B) 
M-105 
M-14 
M-144 
M-5. 

M-4859-BU 
Md-BU 
M-105-BU 
IK- 14-BU 
M-144-BU 
MJ-BU 

HV-4-1 
HV-4-2 
HV-4-3 
HV-4-4 
Hv-4-5 
HV-4-6 
Hv-4-7 
Hv-4-8 

CW4-1 (A & B) 
CW-4-2 (A & B) 
CW-4-3 
CW-4-4 
CW-4-5 
CW-4-6 
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IMEPNATIONAL 
TFCHNOLOGY 
COPPOPATION 

Dear Larry Smi  t h  : 0 -?* 

,..:a.Q- , 
! Company: Environmental Systems 

Yoursarnpleswerereceivedon: 9/22/89 
They were logged in under project code: 1- . :  . : C. ESC 44202 

, . - 

Your samples were received in good condition unless other- 
wise indicated below. 

If you have any questions please call (615) 588-6401 and 
reference your project code. 

Comments: 

business, and we look focward to working 

m o * v  

? Beth Monroe: 
Customer Service Representative r- .- ,;-. --:,-.-. - .- - -.*.d, . . , 



1 
INTERNATIONAL TECHNOLOGY ANALYTICAL 

SERVICES CORPORATION 

CERTIFICATE OF ANALYSIS I’ 
Environmental Systems 
ZOO Tech Center D r i v e  
Knoxv i l l e ,  TN 37912 
ATTN: L a r r y  Smith 

October 11, 1989 

Job Number: ESC 44202 P.O. Number: 22298 

This i s  t h e  C e r t i f i c a t e  o f  A n a l y s i s  f o r  t h e  f o l l o w i n g  samples: 

C l i e n t  P r o j e c t  I D :  Env i ronmenta l  Systems 
Date Received by Lab: 09/22/89 
Number o f  Samples: S i x  ( 6 )  
Sample Type: Water 

SODIUM ANALYSIS I 
R e s u l t s  i n  m g / l i t e r  (ppm) 

Lab Sample ID C l i e n t  Sample ID R e s u l t  I 
PBWCO695/CO696 Method B lank  
556315 cw-2-16 
556316 
556317 
556318 
556319 
556320 

CW-4-16 
IK-66 
IK-1406 
IK-1716 
IK-48596 

0.2 u 
27,600 
19,800 

18.8 
42.2 
37.4 
15.2 

U - Compound was ana lyzed f o r  b u t  n o t  de tec ted .  The number i s  t h e  d e t e c t i o n  l i m i t  
f o r  t h e  sample. 

Date D iges ted :  09/29/89 
Date Analyzed: 10/05/89 

& Computer S e r v i c e s  Manager 

Amencan Councj 01 lndepenoenl Lcbornones 
lnlerr.olioncl Ass0c:c:lon 01 Er.vlronmen:al Tes:mG kbofc:ones 

*.enccn k.ccim!on lor Lcboiclory .~c:edll3llon 

ITAnalytical Semites. 5815 Middlebrook Pike. -Orv i l l e .  TN 37921 681-1-89 I 



Environmental  Systems 
October 11, 1989 

C l i e n t  P r o j e c t  ID: Env i ronmen ta l  Systems 

IT ANALYTICAL SERVICES 
5815 MIDDLEBROOK PIKE 
KNOXVILLE. TN 

Job Number: ESC 44202 

Lab Sample IO 

P0496/P0500 
556315 
556316 
556317 
556318 
556319 
556320 

SULFATE ANALYSIS 

R e s u l t s  i n  m g / l i t e r  (ppm) 

Sample M a t r i x :  Water 

C l i e n t  Sample IO R e s u l t  

Method B lank  
CW-2-1B 
CW-4-1B 
IK-6B 
IK-140B 
IK -171B 
IK-4859B 

10 u ~~ ~ 

6,800 
5,200 

17 U* 
17 U* 
25 U* 
25 U* 

U - Compound was ana lyzed f o r  b u t  n o t  de tec ted .  The number i s  t h e  d e t e c t i o n  l i m i t  
f o r  t h e  sample. - E l e v a t e d  d e t e c t i o n  l i m i t s  due t o  d i l u t i o n  f a c t o r s  caused bv i n s u f f i c i e n t  samole 
volumes. 

Date Analyzed: 10/05/89 

2 
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TITLE: CALIBRATION OF h'S/UD SENSORS NO. ESC-PI-PPP- 

REV. 1 

LABORATORY CALIBRATION RECORD 

WIND SPEED SENSOR (GENERATOR TYPE) TLKE: z'.\( 

STANDARD 

MODEL - 7-7 1 0 0  SIN 35775 . 
BLADE 5775 A CALIB. DATE / Z - S S - g <  

TEST EQUIPMENT 

- I T M  - MODEL - SIN DATE OF LAST INTERCOMPMISON 

F L U K E  V.V.M. €DZB 23 w z 5  ,=r /Z-/Y'- Jf' 

TEST SENSOR 

REVIEWED BY: 

ESC QUALITY ASSURANCE PROCEDURE/INSTRUCTION PACE -OF 

< \  ~~ 



& ~ J ~ I E T ~ R  CALIB. OF..#ESC '22 

CALIBRATION DATE 3-14-89 

VEL(FPM)=3499.2SVOLTS+ 21.6 

VOLTS 
0.108 
0.237 
0.337 
0.455 
0.572 
0.684 
0. 804 
0.917 
0.973 

V(MPS) 
1.99 
4.01 
5.97 
7.99 
10.01 
11.97 
14.02 
15.97 
16.98 

V(FPM) 
392 
789 
1175 
1573 
1971 
2356 
2760 
3144 
3543 

VPRED(FPM) 
390 
795 
1170 
1573 
1972 
2353 
2763 
3148 
3339 

ANEMOMETER CALIB. O F  #ESC 3 

CALIBRATION DATE 3-14-89 

VEL(FPM)=3407.3tVOLTS+ 24.3 

z. - 

VOLTS 
0.108 
0.224 
0.340 
0.455 
0.569 
0.687 
0.802 
0.916 
0.974 

v (MPS) 
2.00 
4.00 
6'. 00 
8.01 
9.98 
11.99 
13.99 
15.97 
17.01 

V (FPM) 
394 
787 
1181 
1577 
1965 
L J ~ O  
2754 
3144 
3349 

q- 

~ ~ E ~ ( F P M )  
392 
788 
1183 
1575 
196; 
2365 
2757 
3145 
3343 

ANEMOMETER c u B .  OF ESC #5.. 
e 

CALIBRATION DATE 3-14-89 

VEL (FPM) =Z430. fXVOLTS+ 18.4 

VOLTS 
0.110 
0.222 
0.340 
0.460 
0.571 
0.68.3 
0.800 
0.913 
0.994 

V (MPS) 
2.00 
3.99 
6.03 
8. 06 
10.96 
12.00 
14-02 
16.01 
17.42 

V (FPM) 
394 
785 
1187 
1587 
1980 
2362 
2760 
3152 
3429 

VPRED (FPM) 
396 
780 
1185 
1596 
1977 
236 1 
2763 
3150 
3428. 

ERR (7.) 
0.499 
-0.770 
0.405 
0.008 
-0.055 
0.125 
-0.094 
-9.126 
0.118 

ERR(%) 
0.363 
-0.912 
-0.137 
0.141 
0.082 
-0.201 
-0.104 
-0.048 
0.167 

ERR (%)  
-0.524 
0.699 
0.194 
-0.612 
0.164 
0.041 
-0.099 
0.044 
0.032 

CL(FPPl) 
5.205 
4.279 
3.541 
2.974 
2.783 
3.013 
3.618 
4.396 
4.826 

CL (FPM) 
4.299 
3.552 
2.910 
2.457 
2.299 
2.499 
2.981 
3.627 
3.995 

CL (FPM) 
6.458 
5.379 
4.397 
3.696 
3.473 
3.744 
4.458 
5.408 
6.181 

CL (%) 
1.335 
0.538 
0.303 
0.189 
0.141 
0.128 
0.131 
0.140 
0.145 

CL(%) ' 
1.096 
0.451 
0.246 
0.156 
0.117 
0.106 
0.108 
0.115 
0.120 

CL (%)  
1.632 
0.690 
0.371 
0.231 
0.176 
0.159 
0.161 
0.172 
0.180 
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INTERNATIONAL 
TECHNOLOGY 
CORPOMON 

TYPE S PITOT TUBE . _ _ _  
COFSTRUCTION CALIBRATIONS 

#.SIDE PLANE 

Dt = 0,74 (0.48 t o  0.95 cm) 

Date  4-8-Bs Performed By fdS l'd 

Pa = 1.27 (1.05 DtlPS1.50 Dt) a2  = ,& (<loo) 

Pb = 1.27 (1.05 Dt'P21.50 Dt) 

in 



INTERNATIONAL 
TECHNOLOGY 
C O R P O M O N  

PITOT ALIGNMENT CALIBRATIONS page 1 of 2 
TYPE 5 PITOT TUBE 

P i t o t  I . D .  N O .  b 'f 7d.L , ~ 4 - t  A&L Date 4 - e - r n  Performed By fi45& 

P i t o t  Alignment C a l i b r a t i o n s  

X =  I ,%- (X21.90 cm) 

( I p  must be higher 
than Np 1 

Is Ip  higher than NP VL.5 



INTERNATIONAL 
TECHNOLOGY 
COPPORNION 

XITOT ALIGNlC3TT CALIBRATIONS page 2 of 2 
TYPE S PITOT TUBE 

P i t o t  I.D. No. Date  4-8-84 Performed BY f lsm 

P i t o t  Alignment C a l i b r a t i o n s  
.>1.u-. I' 

W -  7 .62  (W?7,62 cm) 

Z =  2,220 (Z21.90 cm) 

I 

Dt TYPE S PITOT TUBE 

y = 7,b,% (YL7.62 cm) 

Determined C o e f f i c i e n t  0, 8 q  
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Circulating Water Rate 3 . 5 0 0  GPM io- W e s t  End C h e m i c a l  Co. 
7a ... Coaled From a5 'F to  - r 

Under following condi t iar :  - 
!t. _ -  Wet  Bulb 75  'F, Elevation 

rower Location Ground Wind Velocity 0 - MPH. 

rower Site . Cal i forn ia  Tower must be located in unobstructed area. Tires- F n d  

.... Max. drift loss 0.2% of circulation 

SPECIFICATIONS - 
,> 

:ountorflor Induced D r a h  Cooling Tower M o d c l 2 S F 5  4 A - 1 4 . 4 - 2 4 x 2 4  -2c.240 

1 
PHYSICAL DATA 

No. of Cells . No. Fans Per Cell 

Each cell - 24 24 ~~~~~~~d s ide  bv s ide  

h e r a i l  ~ a w  - 25 Wide I 4 9 '  1 m g  Nail- Copper  
Approx. Basin D i m e n s i o n d L b u 5 0 F t .  . Clrting~ 

~ O ~ e r a l l  Height (Basin Curb to Fan Deckl-t. ' Nun Washcn 

C a s t  I r o n  

DISTRIBUTION SYSTEh4 T~~~ F~~ Stack Venturi  Redwood 
s tee l  , 

b r o n z e  

Fr. 57  
Ft. ( 1" nominal) 

2-pass TypeIJD-wifh Header of 

Laterals e l  -, Nc;zles of 

Total Static Pumping Herd IAbove Bas in  Curb1 

Drift Eliminaton . 
 TO^^^ Sheathing Double wall Redwood 

A& to TOP o i  Towcr-,%&xav 

Cenrerline Header above Bas in  Curb- 44' 1 1 " 

FANS <Fo*s has b e z ~  repI--eu) - Herd '989) 
M a d a c t w e  -E.-& - 
Fan HP a t  Motor-22 __ Fan Speed. -. __ 242 RPM 

Tip Speed- 10.640 . . . . . . . . . . . . . . . . . . .  . C F M / F a n p  Statir . 360  

- . Total N o . 2 -  Dia 1L'No. Blade5 per F a n d S - -  DEnGN DETAIU 

Design Wind Load 3 0  PSF 

Q$c 2 0000 
3 . 0 3  MOTORS 

Water Concentratim . .  Number- H P 3 0 -  RPM 1800 . . . .  
. . . . . .  .... M I X E U N E O U S  :'iype TEFC, Mfgr. C,F. o r  e q  ual ~ 

CKle 60 . . . . . .  ...._ . . . . . . .  1 Phase 3 . . . .  - .... Cvlchpr b i t r  bv pUrcahsnr 

i.l.. .., "'fi.chase.r 

. -  . ? t .  
. .  

Voltage 440 
. .  

. .  . ,, ...,., . .  - _  I '.. , __. !. '.';Le 

bevel 
Anchor Bolt Material 

GURS 
. . .  ... I:..',. . .  4 '  . . . .  ,; ! .:; . .  

N u m b e r 2  TYPC 

. .  . .  0 v B I .... . I .  Basin by , .?,. . - . 
Model- 9 r 

. .  M f g r . L u i k l n  ,. .. .i C .  : 
Basin of Concre t e  

. . . . .  . . .  . . . . . .  ., . . .  . . . .  . .  DRIVE S H A m  .- 

Mfgr. T h o m a  S Model 200 SN Tower Port Length Eelor Basin Top 24" 
h a f t  ~ r t e r i a l S t a l n l e s s  nrqr Carbon S t e e l  S .coil ~ u p p o m  P u r c h a s e r  

Coil Supporn of _ -  COILSHED 

b, of Coil Bays--$.- No. 0 1  Dirt. S y r t e m r - - l -  
i 

-A Approx. Shiwing Wt 241 I 000 ,? 

&e,sll Length.-.------- 50 '  Orerail Widrh 26 '  Operating Wt. 3 1 3 . 0 0 0  - 
':Heighr o i  Coiished ball-8'. Max. Coil Length- 20'  

1 
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Account No 
C .  cight' i 3ay  o f  f-pril This Agreement, Made the _.___ ~ ~ i n  the year One Thouand 

Nine Hundred and..? q i x t y - Y i z  
339 E .  San  Antonio 2rive 

, by and between the Fluor ?raducts Cs. Inc. 

Long Beach, Callfornia 9 0 5 0 7  .-.-- , 

hereinafter called the Contractor, and the Stader Chemical Company, a Delaware corporation, 

hereinafter called the Ownu. 

Wxhessetb: That the Conrrarror and the Owner for the consideration hereinafter named. 
. .  . .  

agree aa follows: 

Article 1. The Contractor agrees to provide all of the material, equipment and labor and to 
iofurnis 1 a d  erect Fluor ':ode1 253-578 2-ceil Induced Drzk  perform aU of the work--.- -- - 

.--- - Crossflow Cooling Tower. - -__ 

._ -- ~ -..- ~ 

as described in the specifications in Article L- ____ - _. 
and shown on the plana or  drawings a6 prepared by .-__ _____ 

~ 

_. Arrhiieet, Engineer for the erection and completion of sane ~ ___-- ____ 

____.- __-._ -..-.---- .__ 

.- ~ ______ to be erected at  !?iestend r a l  ifornia L:-..-. 

and to do, to the satisfaction of the Owner and said Architect, Engineer, everything required of the 
Contractor by the drawings and specifications, including the General Conditions thereof. except aa 
herein espressb modified o r  changed, it being agreed that such drawings and specifications, includ- 
ing the General Conditions thereof. are  as fully a parr of this Agreement as if hereto attached or 
herein repeated. It is further agreed that t h e  decision of the Owner and &hit=& E@,- as tc 
the true constmction and meaning of said drawings and specifications shall be final. 

. .  
. . I  I 



PAGE 2 OF 6 .a’!,/ 
* ;. 

- Article 11. 
.. . .  

A .  Csnirzc:x h l l  furni;h 211 IJbJr, inatcrizl, b o l s ,  equi3rrii-iit aila 

supsrvi;ion :z 2rsct Fluor :..lode1 253-578 2-cell Induced 3raft Crossflw 
Cooliq Twer  to C J O I  9360 G ? M  of water from 88’ to 78’F wi th  a 72’F 
design wet bulb ierngerakre iii 2ccordance wit! your proposal Xo. LA- 
C.T-8070.4 dsted 2ctob.r 31, 136E. with  i!e following chancjes: 

(1) Fibergias end wall casing in lieu of tLe quoted asbestos board. 

(2) Skir.vay in lieu of t!ie quoted (adder. 

(3) Two (2) 2-speed TEFC motors in lieu o f  the quoted 1-speed f a  
motcrs (maaufacturer: U.S., G.E. or equivalent - no aiminurn cases). 

(4) Two (2) 20 ft. - 6 bladed Fluor-Aire fiberglas fan assemblies ir: 
l i2u  of the quoted 20 . .  ft - 4 bladed Fluor-Solar a s s e d i e s .  

(5) Stainless steel stnrctural connectors in  lieu of the quoted galvanized- 
Corten. 

(6 )  T.NO (21 1.15 service fa t o r  75 H? EFC motors in lieu of the quoted 
1.00 -service factor m 01s. 0 war 

6. Work to commence a t  once upon dlrectlon o f  Owner’s Supervising Engineer 
and completed without undue delay In a workmanlike maniler. 

. ,  

, .  J E N D N  .,... .... . .... .., .. , 



/ . .  , , . ,.  
. .  . , . . . .  



C O O U i G  Tom.! LYjnrrjTE 
I N Q U I R Y  & BID FORM 

Sheer Z of 
Inquiry No. 
P:ocosnl so. ' \-,-T-:?n:! 

2 

1 
2 
l b ! ,  

STRUCTURAL DETAILS (Cont'd.) 
HOt'*'arcr Inler-Siumber 

Som. Diamerer.  in. 
Descriprion 125=  -451. FIz-oe 

Heighr Mer  Above Basin Curb .  It.  ~ 2 5 '  - j l t  

S t air-n ax- 
107 !)go 
1 6 3 , 7 0 0  

4 3 . 2 0 0  it '  

' . i c c c s s  ro T o p  oi Tqyet  
Shipping Veighr. Ibs. 
Operaring U'cigirr. i b s .  

aci?o (ver t .  ) 24" o n  cer.:er r i l l  Tn- 

Fill volume ('ill o n l v )  
Fill Wetted.  Scrface 

- 

46. 500 i t '  

4ATERIALS OF CONSTRUCTION i 
Framca.ork 1lcmbe:s i Douc las  ?ir 
Casing F iberF!rss  
F i l l i n s  

Dr i i r  Ei iminarors  R edv; ood 
bl z ~ i n  e ? >?w 00 c 

Fan Stacks R ed'.v ood 
Louvers ,  h lxcr i> l  C e 7. e 2t .:. i b e s : 3 i 

9 e c-.v o o c  Parr i r ions 
Fan Peck n,,, ,87c - . -  
Uacer Disrribu:ion-Type E n c r o s e c  - Lori Tresiure 

R e c v Q o c  .I ave 
LumuL-r I'rr-T:eat.-enc Y e s  

Redwood l I"  .oni?.ai) 
I Supporr Douelas  2ir 

Spacer  

_ ,  

. -  
\ larer ia l  

. - -  D - ~ S S ~ T ~  ;=p-atsg , : & / < - 2  .I .A. c c Type ot 'T:eatmen: 
lrcrns T c c x x i  

5pi.ishers or S p n y  Sozzlcs 
S:xirwa? and l?anc:ail 
Srructurai  Cunnec:ors Ca lvanize i  
Rini; J o i n t  Cunntc:ors 

. i l l  x.v noc I 

Po iv 7 7 o SVL e n e  
R e d ~ n o o c i  3ougias  ii: ! 

Bolrs. S u r s .  Tasnc:s I 
.4nchor Cunnecrors  Cas: I r o r  ! 
S a i l s  Nai l s  -Cai..-~nized I 

\ l echanica i  Equicmcnr Suppor: 
'.inchor Bolcs-.Ua:c:id 3 0 4  :r;i7;=q< <?se: ! 

Furnished b y  UT. - c h  7 - I 

'Basin . i c c c s s o r i e s .  bv \Its. ! 

I 
".T I . + P i  i 

C ai:, aniz e6 5 t e e 1 I 

*Cold U'arer Basin-Uarcrial  C o n c r e t e  
Furnished by P-r c 3 2 5  e r 1 

I 

! 

MECHANICAL EQUIPMENT I 
Fans  - I L ! 

-4dicstzbie ?!tc?. P:ooeilrr I 
F l u o r - 5 o i a r  
1 6 '  
I ~ 



. . . . -  . _ -  , ~ .  
COOLLVG TOWER LYSTITUTE 

INQUIRY & BID FORM 
jhecr 3 o i  3 
lnquiry So. 
P:oposaI So. L .A. - C T - F, 0 

Fans 

ECHANICAL ECJUIPMENT (Cont’d.) I 

BHP per fan, dri;.er output 
Blade \laterial 
Hub Marcrial 
Total Sracic Prcssurc, in.  H,O 
Velocity Prcssrcc, in. H,O 

Fan Sialic Efficiency 
Air Delivery per Fan. ACF!J 

60. 6 
S t r i n l e s s  S tee i  

w 0 :<p. e -Jt r, 1 v u d  
. 385 

4 6 3 , 0 0 0  
. Ac) 

_ I  

~ ~~~~ 

Speed Reducer 
Number 

Type 
Model 
>lanuiacrucr 
Reduction Rario 
A GMA \.lcchanic4 H.P. Raring 

Servic; Factor at t7atcdH.P. oi Driver 
No. oi Reductions 

2 
Soiral  Bevel  
cwn-,, 
F luo r -IV e st e r r. 
7. 62 :  ! 
80  
2 .  0 m i n i m u m  
Double 

? -  

I 
I 

I I ~DDITIOHAL DATA 

Drive Shaft 
Number 2 

Model 5006 

Drive Shaft \latc:ial EDOXV Coated 

~ 

Driver 
2 
E l e c t r i c  Motor 
T E F C  
‘vi?igr wc-ure r - F l u o r  Oocior. 

Number 
*Kind 
‘Type ~ 

Raced H.P.  7 5  

!.lanuiacrurer 
Full Load Spccd. RPM 1775 

‘Eiec. Char.-phasc/cyclcs/volts 3-60-230/460 

1 
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KERR-MCGEE CHEMICAL CORPORATION 
TRONA. CALlfOnlll .  P3S62 

August 30, 1989 

Dr. William Kuby 
Air Qua l i ty  Engineer  
San Bernardino County APCD 
15505 C i v i c  D r i v e  
V i c t o r v i l l e ,  CA 92392 

RE: Westend Coo l ing  Tower Compliance T e s t  Dates. A.C.E. P r o j e c t .  

Dear Dr. Kuby:  

Compliance tes t  d a t e s  t o  measure emis s ion  rates from t h e  Westend No. 2 and  
No. 4 c o o l i n g  t o v e r s  h a s  been confirmed f o r  the week of September 11, 1989.  
Environnenta: Sgr:ems C o r p o r a t i o n  (ESC), t h e  c o n t r a c t o r ,  will a r r i v e  o n - s i t e  
on Monday September 11 and w i l l  spend t h e  m a j o r i t y  o f  t h e  day r e c e i v i n g  
safety t r a i n i n g  and f a c i l i t y  o r i e n t a t i o n .  On Tuesday, September 1 2 ,  
deployment o f  t h e  measurement equipment will b e  completed and t e s t i n g  begun. 
On-si te  t e s t i n g  is expec ted  t o  be completed by September 15 w i t h  a w r i t t e n  
r e p o r t  d e l i v e r e d  t o  us by O c t o b e r  15, 1989. 

Attached is a b r i e f  d e s c r i p t i o n  o f  t e s t  c h a r a c t e r i s t i c s  f o r  d r i f t  tests,  PM 
measurement and PMlO tes t s .  The d r i f t  t e s t  p r o t o c o l  was u t i l i z e d  by ESC 
d u r i n g  the 1986 b a s e l i n e  t e s t  program. The PM/PM10 t e s t  p r o t o c o l  i s  t a k e n  
d i r e c t l y  from t h e  p r o c e d u r e s  employed by Engineering-Science d u r i n g  t h e  
PM/PM10 measurements t h e y  conduc ted  as part of  t h e  1986 b a s e l i n e  test  
program (confirmed by v e r b a l  communication w i t h  D.  Becvar and R .  H e r b e r t ,  
August 21-22, 1989).  To a d h e r e  t o  the p r o c e d u r e s  and p r o t o c o l  deve loped  f o r  
t h a t  program, w e  are a t t e m p t i n g  t o  follow these methodologies as c l o s e  as 
p o s s i b l e .  

On A u g u s t  15, Mr. J i m  Lehman, v i a  t e l e p h o n e ,  informed me t h a t  h e  h a s  
reviewed t h e  proposed c o o l i n g  tower tes t  p l a n  and  i s  recommending a p p r o v a l .  
We have n o t  r e c e i v e d  w r i t t e n  a p p r o v a l  as of t h i s  d a t e ,  and t r u s t  t h a t  i n  
l i e u  of  no t  r e c e i v i n g  w r i t t e n  a p p r o v a l ,  v e r b a l  a p p r o v a l  w i l l  s u f f i c e  for the  
r e c o r d .  S i n c e  we are p r o c e e d i n g  f o r t h  with t h i s  t es t  plan and s c h e d u l e ,  we 
would appreciate a prompt n o t i c e  i f  our under s t and ing  is c o n t r a r y  t o  t h a t  
h e l d  by  t h e  District. 

Mr. Lehman h a s  been a p p r i s e d  of the test s c h e d u l e  and is p l a n n i n g  t o  v i s i t  
t h e  s i t e  on September 12 a t  10 a.m. t o  d i s c u s s  t h e  program and  w i t n e s s  
deployment o f  t h e  measurement equipment.  You are a l s o  i n v i t e d  s h o u l d  your 
s c h e d u l e  permit. P l e a s e  do not h e s i t a t e  t o  c o n t a c t  me a t  (619) 372-2073 
s h o u l d  you have any q u e s t i o n s .  

S i n c e r e l y ,  

jfL?wJ* e i s  M .  Walley 

u Attachment 
CC:  T. F. Canning R .  8. Chase 

A.  D.  P u r i  L. S. Trowsdale  



GENERAL - TEST CEA.RA(;TERISTICS 

-- Drif t  T e s t s  ( p e r c e n t  of  c i r c u l a t i n g  water rate) 

a. 

b .  

C. 

d .  

e .  

f .  

g. 

h. 

i. 

One c e l l  per c o o l i n g  tower ,  e i t he r  the n o r t h  or  s o u t h  c e l l ,  from Westend 
No. 2 a n d  No. 4 w i l l  be chosen  f o r  t e s t i n g .  

The number o f  sampling p o i n t s  w i l l  be 40 p e r  c e l l ,  . -  

The traverse d i a m e t e r s  w i l l  be every 4 5 O  f o r  a t o t a l  o f  f o u r  v e r s u s  t h e  
normal two p e r  d i a m e t e r .  

The I s o k i n e t i c  (IK) tubes w i l l  be backed up by a water t r a p  and f i l t e r ,  
bo th  o f  which w i l l  be c h e m i c a l l y  a n a l y z e d .  

Cooling tower i n l e t  a i r  m i n e r a l  c o n c e n t r a t i o n s  w i l l  be measured and  
compared w i t h  e x i t  p l a n e  c o n c e n t r a t i o n s .  

A d d i t i o n a l  c i r c u l a t i n g  water samples w i l l  be t aken  t o  assess t h e  
v a r i a b i l i t y  i n  c i r c u l a t i n g  water c h e m i s t r y .  

Updra f t  a i r  v e l o c i t y  w i l l  be q u a n t i f i e d  as t o  t h e  a n g l e ,  o f f  normal ,  and  
t h e  IK measurement a d j u s t e d  a c c o r d i n g l y .  

C i r c u l a t i n g  wa te r f low measurement w i l l  b e  made f o r  t h e  t e s t  cell .  

Chemical rinse p rocedures  w i l l  be performed u s i n g  d e i o n i z e d  water and  
w i l l  o n l y  use a c i d  r inse f o r  f i n a l  washing o f  t h e  I K  t u b e s .  

PM-10 Measurements 

a.  One test w i l l  be  made a t  a s i n g l e  p o i n t  on e a c h  o f  t h e  same ce l l s  c h o s e n  
f o r  d r i f t  measurements u s i n g  an Anderson Cascade Impactor.  
p r e s e p a r a t o r  will b e  u s e d ,  however, no " r e f e r e n c e "  impac to r  (see page  11 
o f  T e s t  P l an ,  p o i n t  8) I s  r e q u i r e d .  

G r a v i m e t r i c  assays w i l l  be performed o n - s i t e  u s i n g  Kerr-McGee 
faci l i t ies .  

A 

b. 

P a r t i c u l a t e  Matter LPM) T e s t s  

a. PM tests w i l l  b e  performed on t h e  same two cells r e f e r r e d  t o  above u s i n g  
a n  EPA Method 5 t y p e  t r a i n .  

One 2 4 . p o i n t  ( i . e .  two 12-point  diameters) e q u a l  area traverse w i l l  be 
made p e r  c e l l .  

b .  



APPENDIX H SCHEMATICS 
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FICURE 2. ANDERSM HAEX 111 
STACX SAWLER 
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NOMECLRTURE 

1 - CROSS SECTIONRL RRER OF NOZZLE, SQ. FT. 
1 - CROSS SECTIONRL RRER OF STRCK, SQ. FT. 
p - FRRCTION BY VOLUME OF URTER VRPOR I N  GRS STRERM. 
1 - PITOT TUBE COEFFICIENT, DIMENSIONLESS. 
1 -  CONCENTRRTION OF PtIRTICULRTE MFITTER I N  S T X K  SFIS, GR./DSCF. - QVERRGE PRESSURE DROP RCROSS THE ORIFICE,  INCHES H20. - FIVERRGE 60. ROOT VELOCITY HERD OF STRCK WS, INCHES EO . 
I -  PERCENT OF ISOKINETIC SRMPLING . 
! -  DRY MOLECULRR WEIOHT OF STFICK SFIS, LB/LB. MOLE. 
I -  TOTRL RMOUNT OF PRRTICULCITE MRTTER COLLECTED, 0. - MOLECULRR UEIGHT OF STRCK 6FIS (WET BQSIS), LBILB. MOLE. - BF\ROMETRIC PRESSURE, INCHES HG. - RBSOLUTE STRCK f3RS PRESSURE, INCHES HG. 
I - PRRTICULRTE MRSS RRTE, LBS/HR. - VOLUMETRIC FLOW RRTE, FICTURL CONDITIONS FT3/MIN. 
[D - VOLUMETRIC FLOU RRTE FIT STRNDtIRD CONDITIONS, - RVERGGE DRY GRS WETER TEMPERRTURE, *R. 
I - AVERRGE STACK TEMPERRRTURE, +R. 
4 TOTRL SRMPLING TIWE, WIN. 
I -  TOTRL VOLUME OF L IQUID COLLECTED I N  IMPINGERS FIND SILICFI GEL, ML. - VOLUME OF 0RS SRMPLE THROUGH THE DRY GQS METER (METER CONDITIONS), CUBIC Ff. 
,TD - VOLUME OF 6RS SRMPLE THROUGH THE DRY GRS METER RT STRNDRRD CONDITONS FT3. 
TD - VOLUME OF URTER COLLECTED RT 29.92 IN. HG. RND 70* F CUBIC FT. - STRCK GRS VELOCITY, RCTUbL FT. PER MINUTE. 

(DRY BRSIS) FT3/MIN. 

DRY METER GRS CRLIBRRTION FRCTOR. 

I 




