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SECTION I

INTRODUCTION

NUS Corporation was contracted to collect particulate samples
from process exhaust stacks at Union Carbide Corporation's,
Uravan, Colorado, uranium mill. Twenty-four particulate samples
and sixteen particle-size distribution samples were collected
during the four day period March 4, 198C - March 7, 1980. The
NUS sampling team consisted of Messrs. J. D. Smith, Philip Chu,
and Reginald Chase. The program was coordinated by Union Car-
bide Corporation's Mr. Roger Jcnes.

The results of the sampling program are summarized in Section 2
and presented in greater detail in the Discussion Section (Sec-
tion 3). The appendices contain the field data (Appendix A),
laboratory results (Appendix B), a calculation summary (Appendix C)
and resumes of the NUS sampling team.
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SECTION 2

SUMMARY OF RESULTS

The results of the process
are summarized in Table 1.
flow rates and particulate
ages of three separate for

exhaust stack particulate sampling

The stack temperature velocities,

emission rate: reprusent the aver-

each source.

sented in greater detail in Section 3.

Table 1

Summary of Results

Stack

Source TemE,OF Velocity, fps

AK Leach 55 67.14

Stack

Fine Ore 70 $7.23

Bend

YC Dryer 119 17.90

Leazh 97 8.38

Stack

Aerofall 41 130 70.40

Aerofall #2 128 1273

Aerofall #3 120 72.5%7

Aerofall #4 129 67.43
2

The results are pre-

Volumetric Particulate
Flow Emission
Rate, acfm Rate, lbs/hr.
3,162 4,73
24,273 J31:10
3,221 0.24
2,469 3782
9,214 11.97
9,520 4.95
9,501 l1.908
8,827 12.92
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SECTION 3

DISCUSSION

The field test program consistec
particulate and two particle-size distribut

each of the eight process exhaust stacks.

The particulate samples were collected using a sampling train

composed of:

) Heated-lined probe with attached "S"-type pitot
tube and thermocouple.

Heated fiberglass filter to colle varticulates,

Series of four (4) impingers to collect submicron
particulates and condensate.

Console containing vacuum pump, dry test meter,
thermocouple readouts, oven temperature controls,
and flow controls.

In operation, the filter was placed in its holde: the impingers
were charged; the sample :rain was assembled; the filter oven
heater was turned on; ancC a pretest leak check of the sample
train and pitot tubes was performed. Once the oven heated up,
the probe tip was moved to the first point and the sampling
commenced. The clock time, dry gas meter reading, velocity head
( AP), 4H, dry gas meter temperatures, vacuum, oven temperature,
stack temperature, and impinger exit temperature were recorded
at each point. The field data sheets appear in Appendix A.

At the conclusion of each run, the probe was withdrawn from the

n
stack and a post-sampling leak check was performed. Once the

probe cocled, it was rinsed with acetocne and cleaned.
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TABLE 2

SAMPLING PROGRAM

Source

YC Dryer

Rerofall
$1

Aerofall
$2

Leach
Stack

Aerofall
$3

Aerofall
#4

Date
3/4,/80
3/5/80
3/4/80
3/5/80
3/5/80

3/6/80
3/7/80

3/6/80

3/7/80

3/7/80

3/5/80

3/6/80
3/5/80
3/6/80

3/6/80

Ll

3/7/80

Sample No. Time
1 1254-1435
2 1629~1808
3 0900-1041
Impactor #1 1820-1827
Impactor #2 1051-1100
1 1150~-1303
2 1715-1817
3 1703-1807
Impactor #1 0950-1000
Impactor #2 1033-1043
1 0809-0912
2 1110-1217
3 1510~-1616
Impactor #1 1236~-1246
Impactor #2 0916-0926
1 1420-1524
2 1718-1822
3 2012-2109
Impactor #1 2236=-2246
Impactor #2 £315-2173
1 1320-1425
2 1709-1824
3 1705-1808
Impactor #1 1847-1855
Impactor #2 1822-1832
1 0803-0908
2 1013-1121
3 1156-1301
Impactor #1 1514-1524
Impactor 42 0834-0841
4

4 Minutes

Samgled

96
96
96
-
9

60
60
60
10
10

60
60
60
10
10

60
60
60
10
10

60
60
60

8
10

60
60
60
10

-
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Table 2 -

Source

AK Leach

Fine Ore
Bend

Continued

Date

3/7/80

3/7/80

Sample No.

1

2

3
Impactor
Impactor

1

2

3
Impactor
Impactor

#1
#2

#l
82

Time

0704~-0810
0902-1003
1047-1147
1157-1207
1213-1223

0954-1111
1152-1303
1408-1522
1530-1600
1624-1634

# Mintues
Sampled

56
56
56
10
10

60
60
60
10
10

The particulate "catch" consisted of portions: filter, acetone

probe washings, and impinger water and water washings.

These

were turned over to the Union Carbide Corporation laboratory

for analysis.

The particle-size distribution was obtained by drawing a 5-10

minute sample thru an eight stage, Sierra Instruments in-stack
cascade impactor.

In operation the fiberglass filters were

allowed to equilibrate in a constant temperature/humidity room
before being weighed and placed into numbered petri dishes. At
the site, the filters were placed into the impactor, the train

was assembled, and the sample was collected.

After the test, the individual filters were placed back into

their petri dishes and returned to our Clear Lake, Texas lab-

oratory.

The filters were allowed to again equilibrate in the

constant temperature/humidity room before final weighing. The

"catch" in each stage is the difference between the final and

initial weight.
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Velumetric Flow Rates

As part of the particulate sampling, the exhaust duct was tra-
versed during every run with stack temperature and velocity head

( 4P) recorded for each point. These data were used, along with
moisture cont>nt and molecular weight, to calculate average velocity
and volumetric flow rate (Equations 1-2, Appendix C). The results
appear in Appendix C and are summarized in Table 3.

TABLE 3

VELOCITY AND FLOW RATE RESULTS

Source Run Temp.oR As,ftz Vs, fps Qacfm Qdscfm
AK Leach 1 515 0.785 66.892 3,151 2,629
Stack 2 515 0.785 67.244 3,167 2,638
3 315 0.785 67.270 3,168 2,628
Fine Ore i 530 7.069 57.684 24,466 19,355
Bend 2 530 7.069 57.190 24,257 19,308
3 530 7.069 56.313 24,097 19,200
YC Dryer 1 593 3.000 16.723 3,010 1,743
Stack 2 578 3.000 15.682 2,823 1,768
3 566 3,000 21.286 3,831 2,474
Leach 1 590 4,909 9.682 2,852 1,708
Stack 2 590 4.909 T.97% 2,231 1,370
3 490 4.909 7.887 2,323 1,388
Aerofall 1 590 2.182 69.810 9,140 5,959
Stack #1 2 591 2.182 71.668 9,383 6,093
3 590 2,182 69.710 9,126 5,802
Aerofall 1 588 2.182 73.109 9,571 6,260
#2 2 583 2.182 74.580 9,764 6,332
3 583 2.182 70.460 9,225 5.872
6
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Table 3 - Continued

o

Source Run Temp. "R As, ft Vs, fps Qacfm Qdscfm
Aerofall 1 S30 2.182 73.763 9,657 6,538
$3 2 578 2.182 71.129 9,312 6,536
3 583 2.182 72.827 9,535 6,279
Aerofall 1 590 2.182 67,092 8,784 5,525
54 2 590 2.182 66.292 8,679 $,715
3 588 2.182 68.893 9,019 5,846

Particulate Emission Rates

The particulate emission rates were obtained by:

. Particulate catch, grams Qdscfm ;
PER)ps/hr i54 grams/1b. X Um(std) X 60 min/hr.

Where:

Particulate Catch = Mass of particulate catch, grams

(PC)
Qdscfm = Stack volumetric flow rate, dry standard cubic
feet per minute
Vm(std) = Volume of sample collect, dry standard cubic feet.

The particulate catches used to calculate PER are the filter gains.
The laboratory results (including the Ra-226, Th-230, U-Wat, V-205
and Pb-210 analysis) appear in Appendix B. The results of the

particulate emission rate calculations are presented in Table 4.

NUS CORPORATICN
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TABLE 4

PARTICULATE EMISSION RATES

Source

AK Leach
Stack

Fine Ore
Bend

YC Dryer
Stack

Leach
Stack

Aerofall
Stack #1

Aerofall
Stack %2

Aerofall
Stack #3

Aerofall
Stack #4

w N - w N -

wn -

wN -~ WK e w N -

W N -

Pc,grams

0.5693
0.4342
0.4563

0.3652
0.3173
0.3712

0.0533
0.0201
0.0498

0.2922
0.3691
0.4226

0.3738
0.4316
0.3669

0.0125
-0.0046
0.3386

0.0594
0.0584
0.2922

0.4375
0.4913
0.5129

Qdscfm

Vm(std)

39.630
36.695
33.868

Average
29.729

28.246
28.363

Average
47.369

44.939
48.396

Average
13.357%

23,449
22.932

Average
24,019

26.126
27.152

Average
35.049

32.090
27.411

Average
55.408

58.318
58.552

Average

27.724
28.343
28.022

Average

PER, lbs/hr.

.39
4.13
4.73

4.73
31.42

28.60
33.21

31.10
0.26

0.10
0.37

0.24
4.94

2.85
3.38

3.72
12.26

13.30
10.36

11.27
0.30
9.59
4.95
0.93

0.87
4.14

1.98
11.32

13.09
14.14

12.92
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It is interesting to note that the filters which were tared
and final weighed without the petri dishes (YC-1l, 2 and 3;
Aerofall %2 - 1 and 2; and, Aerofall #3 - 1 and 2) show much
lower weight gains than the remainder of the filters. The
filter for Aerofall #2 - Run 2, showed a negative weight gain
(See Appendi: B).,

Particle-Size_pistribution

Two particle-size samples were collected from each source.
The results appear in Table 5. Included are:

N Cut-size for each stage

P Weight gain for each stage
. R Percent of total particulate captured by
stage
4. Sample volume in dry cubic feet
- Particulate concentration, by stage, in
grains
9
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Mo N s W N~ O

M 0 U e W N O

3.96 dcf

Cut-size
Microns

10.0
6.3
2.5
1.4
0.96
0.48
0.24
0.18
0.09
0.00

10.0
6.3
2.3
1.4
0.96
0.48
0.24
0.18
0.09
0.00

Collected, Mg

-

O +H W U N VW O W O O

O ©O © O O H N = H+H N

e
o

L
O N W & 0 9 9 H U0

O +H O +H H N W w N w
- L . . s

$ Total

20.2
16.2
13.1
20.2
19.2
2.0
5.0
3.0
1.0
0.0

17.8
11.7
14.6
17.4
12.7
7.0
6.6
4.2
8.0
0.0

Total

Grain

0.031
0.025
0.020
0.031
0.029
0.003
0.008
0.005
0.002

0.000

0.153

0.059
0.039
0.048
0.057
0.042
0.023
0.022
0.014
0.026

0.000

0.328
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LEACH STACK

Stage

w N =~ O

M o 9 00

2.15 dcf

M 0 9 O 0 & W N+~ O

2.188 dcf

Cut-size

Microns

14.8
9.0
3.6
2.1
1.4
0.74
0.40
0.15
0.08
0.00

To

14.8
9.0
3.6
2.1
1.4
0.74
0.40
0.15
0.08
0.00

Wt.
Collected, Mg

tal

Total

O U © O N H NN O O &

.

W = O N H N H N N -
. . . . .

17,

o N N e e
. . - . . L - .
VWO ® K O D W

16.

p

N

1

11

$ Total

7.9
16.3
11.2

9.6
11.8

6.7
11.2

0.0

8.4
16.9

Total

8.1
11.2
9.9
13.0
11,2
6.2
14.3
9.3
6.8
9.9

Total

Grain

0.022
0.045
¢.031
0.026
0.032
0.019
0.031
0.000
0.023

0.046

0.274

0.020
0.028
0.025
0.032
0.038
0.015
0.035
0.023
0.017
0.025

0.248



.

YC DRYER
Cut~-size Wt.

Stage Microns Collected, Mg % Total Grain
0 8.0 3.2 9.2 0.049
1 5.3 Ty 4.9 0.026
2 3.4 3.5 10.0 0.054
3 1.9 4.1 1.7 0.063
4 0.8 9.5 15.8 0.085
5 0.43 0.0 0.0 0.000
6 0.24 6.8 19.5 0.105
7 0.12 2.4 6.9 0.037
8 0.06 3.9 b 0.660
F 0.00 3.8 10.9 0.059

5.766 dcf Total 34.9 Total 0.538
0 9.0 4.4 10.8 0.068
1 6.0 4.3 10.5 0.066
2 2.8 4.9 12.0 0.076
3 1.4 5.4 13.2 0.083
3 0.92 6.3 15.4 0.097
5 0.45 L 8.3 0.052
6 0.22 5:3 13.0 0.082
7 0.15 0.0 0.0 0.000
8 0.08 2.9 7.1 0.045
F 0.00 3.9 9.6 0.060

4.629 dcf Tocal 40.8 Total v.629

12
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Cut-size
Microns

O O O O O O = NN O O

. . . . . . . . . .
. . . . . . . . .
O O O VW W oh O O ©

0
1
2
3
B
5
6
7
8
F

@ © © O © © O ©
. . . . . . . .

.
0o

L
. »

o O O +~ N O O
. . . . . . .

>
S © & & +H O U O
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AEROFALL #1

Cut-size Wt.

Stage Microns Collected, Mg $ Total Grain
0 10.0 2.5 9.2 0.039
1 6.3 2.5 9.2 0.039
2 2.5 2.8 10.3 0.043
3 1.4 3.3 12.3 0.051
4 0.96 2.8 10.3 0.043
5 0.48 0.0 0.0 0.000
6 0.24 3.7 13.6 0.057
7 0.18 1.9 7.0 0.029
8 0.09 3.8 14.0 0.059
F 0.00 3.9 14.3 0.060

5.048 dcf Total 27.2 Total 0.419
0 10.0 2.0 10.7 0.031
1 6.3 1.5 8.0 0.023
2 2.5 2.0 10.7 C.031
3 1.4 i.8 9.6 0.038
4 0.96 - o | 21,2 0.032
5 0.48 2.0 10.7 0.031
6 0.24 2.7 14.4 0.042
7 0.18 0.0 0.0 0.000
8 0.09 1.8 9.6 0.02°
F 0.00 _2.8 15.0 0.043

4.101 dcf Total M Total 0.288

15
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AEROFALL 42

Cut-size

Stage Microns Collected, Mg. $ Total Grains
0 10.0 1.6 8.5 0.025
1 6.3 2.1 11.2 0.032
2 2.5 1.8 9.6 0.028
3 1.4 1.0 5.3 0.015
4 0.96 1.9 10.1 0.029
5 0.48 2.0 10.6 0.031
6 0.24 3.0 16.0 0.046
7 0.18 0.0 0.0 0.000
8 0.09 2.7 14.4 0.042
F 0.00C 2.7 14.4 0.042

5.276 dcf Total 18.8 Total 0.290
0 10.0 1.6 9.4 0.025
1 6.3 1.6 9.4 0.025
2 2.5 1.7 9.9 0.026
3 1.4 1.5 8.8 0.023
B 0.96 1.3 7.0 0.019
5 0.48 1.3 7.6 0.020
6 0.24 2.6 15.2 0.040
7 0.a2 0.0 0.0 0.000
8 0.09 2.° 11.7 0.031
F 0.00 3.6 21.1 0.056

4.731 dcf Total 17.1 Total 0.264

16
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AEROFALL 43

Cut-size wt.

Stage Microns Collected, Mg. 3 Total
0 10.0 0.8 3.3
1 6.3 nn n.n
2 2.5 1.0 4.1
4 0.96 0.3 1,3
5 0.48 1.5 6.2
6 0.24 6.2
7 0.18 - | v 5 P
8 0.09 7.8 32.6
F 0.00 9.9 24.7

4.700 dcf Total 23.9 Total
0 10.0 6.2
1 6.3 7.1
2 - % 12.5
3 1.4 . 11.6
3 0.96 10.4
S 0.48 9.2
6 0.24 0.0
7 0.18 3.6
8 0.09 . 16.3
F 0.00 < 23.1

5.066 dcf Total 33.7 Total

17

Grains

0.012
n,nnn
0.015
0.005
0.023
0.023
0.079
0.120
0.091

0.369

0.032
0.037
0.065
0.060
0.054
0.048
0.000
0.019
0.085

0.120

2.520

NUS CORPORATICN



AEROFALL #4

Cut-size
S

(d
o

M 0 N O U W N~ O L.J

10.0
6.3
2.5
1.4
0.96
0.48
0.24
0.18
0.09
0.00

5.149 dcf

10.0
6.3
2.5
1.4
0.96
0.48
0.24
0.18
0.09
0.00

M O N e W N = O

4.15 dcf

Microns

wt.

Collected,

:43.

W Ut O W N H W o N
. . . - - - - - -
W W O +H W &€& W 34 a9 wm

Total 27.5

Total

WO aeNWwWw W W W
- . . . - . - - -
O = O O VW & &» + U w

30.

-

18

% Total

9.1
9.8
9.8
12.0
6.5
8.4
11.3
0.0
19.0
13.8

Total

10.7
11.4
10.1
11.1
i1l.1

9.4
13.0

0.0
10.1
13.0

Total

Grains

0.039
0.042
0.042
0.051
0.028
0.035
0.048
0.000
0.082
0.059

0.424

0.051
0.054
0.048
0.052
0.052
0.045
0.062
c.000
0.048
0.062
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APPENDIX

FIELD DATA

A

SHEETS
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STACK SAMFLING FIELD DATA
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carple No.

Impinger No. Solution Used
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STACK SAMFLING FIELD DATA

" * ' & - — " J
.Phnt Pamc ZIQV‘I/ C‘m’{m{“ e Stack_Nare l.3 //ipf_ﬁ// sl ° -y
Date ?*5 80 - _‘ Opet Q“ . farmple # - 1- - kS Stack huc,ﬂt:
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IMPINGER CATCH
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STACK SAMFLING FIELD DATA
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IMPINGER CATCH l

Cample No.

Amount of Imp. Tip '
Impinger No. Solution Used Solution (ml) Configuration weight (grams)
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STACK SAMFLING FIELD DATA

Stack Nare

lant Name S B G gty
Date 9~/ ~§FU Oper. fample # - Stack Height
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IMPINGFER CATCH
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Impinger No. Solution Used Solution (ml)
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IMPINGER CATCH
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Amount of Imp. Tip
Impinger No. Solution Used Solution (ml) Configuration
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Date

wWeight (grams)

Final
Initial
wt. galn

h

Final
Initial
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l STACK SAMFLING FIELD DATA
lPlant vame  [fn.dr— [ﬁﬂﬁ(/ﬂ Stack Nare YC d,q’pg.q ST Ack
Date 13- 4 -0 Oper. W,0.5¢#Zp¢  Sample # _ [ Stack Height
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Solution (ml)
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STACK SAMFLING FIELD DATA
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|
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' 3 Vis5 e pol 0S| €7 |252 |86 |48 |LOo |TS0l,35 Sk Y
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STACK SAMFLING FIELD DATA
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STACK SAMILING FIELD DATA

Plant Name M’&M S Stack Nare ¢ %

L Date < - ._S"S") Oper. V,ﬂ,f, fample # 5 Stack Height -
.Stack dia. lexit) QB_ Stack dia. (port) ___ Stack Press. " H2O — Bar. Press. " Hg __
Probe # prcF  O.56 DGMCF 0.95 Nozzle ¥ 3/% B
'Nozzle area Cig‘%? Filter # Int.wt.gms. O, 6é73 Orifice - a NA -
Meter # K factoer KA® Pump # NA Cor.stant;—b NA
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IMPINGER CATCH
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IMPINGER CATCH 1 .
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rigool 2428 Ao | 049 | 1 42 | da& | 10 o | P
¢ k] zi{é.plﬁ 6 | 023 43 1 ¢85 | ).C ' Yo | 2
) | _{{2{5‘745’}0-4{! 0 24 43 | 944 L |
t] aklaeiglocol oag | ab ld) | ) i
ﬁ c ’ﬁg’.?gi_;f»f o 3l I a4 | 4] | 2-2 IQFC
%t eol oo | ¢ ac | e 14q | 30 |0 ]
9 |z£7p.q,€?/z(! obv | ¢ ds -43 | ¢ © !zm
okl x.del 135 | 067 1d72 1 | 2. |uo |
11'7(725_33/44(!&]\/ 4 a8 | £ g5 247
1( rﬁl_;@.gf (9! 072 | [, 32 | o |2
(541 !S“»’é'ﬁ"/}’l (3¢ | 067 2 | (g ! -5 ;)g‘::
bl Kbaeral 1iglogw | 182 1 o | 27 |20 ]
0l _@|uxdelicol o2 | la-l5% ido |un
(8 qhiuns7iec! eh |l arl g g0 |
Al 2 l2g%! (4ol 0.2 7 1q | 20 |lu
2ol wtluporl ol o | 6
24 6P/ 51
¥+ Purge
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i . — ST
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Net Volume?
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IMPINGER CATCH

Cample No. 1

Amount of Imp. Tip

Configuration weight (grams)

1 D[({»MQ . Final
Initial
Wt. gain
M ”’;,{5 Final
Initial
Wt. gain
Bk Final
Initial
Wt. gain

S;L/CQ E’i Pinay
Initial _ 22[_3_»__

Impinger No. Solution Used Solution (ml)

wWt. gain

Final
Initial

Initial
Wt. gain

TOTAL WEIGHT GAIN OF IMPINGERS

Date

Signature

Cas Fractional Part

Date

Time

Signature AUIS COERORATIC




Plant Name éyﬁfly ‘214,242 e

Date 3"7" .? & Cper. &C

STACY SAMILING FIELD DATA

Stack Nare

fample #

a’@ Cre .o 4

/

Sta.k Height

a NA
}b NA

Stack dia.lexit) ___ Stack dia.(port) ___ Stack Press. " H.0 -0.6dBar. Press. " Hg
Probe # _ PTCF DGMCF Nozzle #
Nozzle area Q_&f Filter # Int.wt.gnms. Orifice
Meter & &%____ K factor NA® O g'g Pump # NA Constant
Amm ¥ “ory Gas el
rohe Meter past
Pry Gas|4Pn | 8Hn Htr. | Temperature L. Vac. | Box |Stack (-EP-
S]‘.ock Met?r in in emy. ] n. Hg [Temp |Temp gnp.
Pt.|Time Reading|H,0 | H.O |op™ |1Inlet loutlet Gauge |°F | °F F
Bl | fo:a4 | 2880461 fo5| 0-£0 3o 240 | 70 | 28
1| at' e3¢ 110l 0 5T 3¢ l2ao| 720 | 57 |
3| ealitts b redd 050 25 luw|2 |3
a| astinge %l e9c] 047 20 %17 | 2¢ |
1 4| pd frlo 8] 0.a2 7.0 1240 | /0 lj
6| asthger ol o 4 2o lavl 20 | 3¢ |
21 o log 6l o 28] 039 | 20 luol| 70 |8
' | ettlue?3hoorl o237 | l 20 lomm 120 132
7| 3| &l o 83| 5 qo | l2e luolz 13|
l L; k| %ot 108 | 05 | | 2 lun |2 | 3¢
! s 12 ost 0-3¢] 0 49 | | 22 Dty 120 | 32
ol pldrel 0%l ot | | | 20 |uv |20 | 38
l 3l 9120l o%0| 035 | 1z || |28
[4l:0% 7‘&6& xlo37 ! | 2o Tm Ze ]76’
(] 2lxfzadofolods | 2o w12 |
1] lmastede o gy | | i2r luw |2 |2
l (] r|m?rm4 ofolo oo u.r U | 7o | 3§
4! g i? o folo g | 25wl 132
' Gl ¢ 1209 84| .07 | 25 o | 70 | 38
2l 441%97294 115 | 057 120 [ 2 | 2¢
l w994 l |
; | ‘ l
| | | |
e j o
recuired 'o,m o4e J ! l St “:1'61."
Saple T;;_-_g_-za-‘\ Ava Avg. OH Avg. Meter Avé. Stack
Temp. °F Terp. °F

Net Volume 3539 |
I §NA - Not Applicedle




. i . = f

U S S = i el L

STACK SAMILING FIELD DATA

[ Prant vame 4&&_’&_14@___ stack vare Lug Ore  Be X
B cate __3-)-f0O oper. _ Pi¢ cample # 2 Stack Height :
B siack aia. (exit) ___ Stack dia.(port) ___ Stack Press. " H,0 -ofg Bar. Press. " Hg ___

| Probe # - FIcr DGMCF Nozzle # =
L Nozzle area _J Qﬁg/f Filter # 3@f ___ Int.wt.gnms. Orifice -~ a NA

‘ Meter # }}g K factor _ N2*, ¢pD Pump # _NA cOr.s:amzyb NA

v

F- 3 "Dry Gas o m"'ml ‘

{' 3 trobe Meter [ ; f‘i‘ft

- ry Gas{APn | &Hn Htr. | Temperature L. Vac. | Box [Stack {=P-
- C?oc Metgr in in ezp. [ Fn' Hg [Temp ‘Te;:p Fg:?.

Pt.|Time Reading|H,0 | H.O [op Inlet IOutlet! Gauge | °F °F F i
B-( | 1:6 | 261921 105 | 05> | | | 32 oo |70 | 3¢ | .
>| R1w b2 l0]| 0bs ] ' ’ do |y | 20 |2
3| 54 17.-,/.(” Lo | Lc(' | | 4o | 260 | Jo | 3~
AR Ay ! | | 30 1!l 26 135
Il 4 |27~3'§3| 085 0.¢4r l l 2. ‘25‘0 | 10 ' 36

a A | 2r o | 70 | 3r
7nof g 2d 6 2 | 03 | | 20 1o ] 20 | 2
€l shlapedotcloss | | | | oo ol 2 |ar

jl 4i?7oé*éjjt07ai£,qf 1 | | | 2.5 laso | 7 lZf
x (;i f{,ﬁo}‘g’olafripq,z | l 5 | 25 |l 20 | 35

il 2l el 09l 047 |+ ] | | 25 lurol 2 | 36

] (v| 8412292 0% | 045 | l | 2.0 [v0 | 2, | 3¢ .
\ _;_g( 1o 0.9l 02| 037 | | ! 120 |up | 25 | 2
! M' 1% ‘27/0. '[!'0-7:! 03¢ | ‘ ? | 2.0 ]'zra | 74 ' %
B €l 3 buptledlosy | | | toe el 20 |2
| T4 >Z/u4j; 86| p.g0 | | | | 3-8 | w2 | 90 | 20
1t 193201080 0 ¢0 | l l | 30 lawl| 20 | 2r
sl Algen o3l a7 ] - | .39 licl 20 | 36
__/_j! 1‘1 |2prf' ;’-&fl 0-$2 ' | l 1 3.0 ’2’_{7) ’ 70 ' l'e
1wl 2413209 15| 0 &7 | | | g0 1zl 20 | 35

l W!Z]{&[d’ ! l | ’ ’ | '

| I | - | |

- | | | | e
Ry | s R |

|

| required l J l |
KX k ._——'m\mc
Bl Saple Tire = 1 = Avg. |Avg. OH Avg. Meter Avg. Stack
- N e oy YAP Terp.

¥NA - Kot Applicedble

e




Cample MNo.

Amount of Imp. Tip
Impinger No. Solution Used Seolution (ml) Configuration Weight (grams)

B Zﬁ: Aéﬁo . Final

Initial 101

Wt. gain
pz /JIO Final
Initial ZQZ

Wt. gain

E/j’ﬂ( Final
Initial ()
Wt. gain
g((-((A ér-/((_/ Final
Initial Ziz 2

WEt. gain

Final
Initial
Wt. cain

Final
Initial
Wt. gain

Final
Initial
Wt. gain

TOTAL WEIGHT GAIN OF IMPINGERS (grams)

Signature

ORSAT ANALYSIS RESULTS

Date

Time

Signature ALIS CORROARATIO!




@ Date

.%i Stack dia (exit)

Bl where
i recuired

STACK SRMF¥LIN

e @ML

3’7j0

Oper.

Stack dia. (port)

Probe # PTCF

Filter #

™ Nozzle area Q2 acvgf
" et
.

Meter # K factor

NA® 0.£0

é N d C//( .A&\J/(

fample # tack Height

= H20 —064 Bar.

€tack Press. Press. "

DGMCF Nozzle #

Orifice aNA
Constants)b NA

Int.wt.gms.

Pump # NA

Pry Gas! APn
Clock| Meter lin
Pt.|Time Feading‘H?O

i i
- %robe

Htr

o s
i H_,O | op

op

.

./r, Gas .
Meter et
Temperature L. Vac. | Box

e el SR W S

|
|Stack (2P
Fn. Hg [Temp |[Temp g;p-

Inlet Outlet|{ Gauge = | . i

2485 ocol 02r |

o

o< 1ol 70 | 32

102044005 023

|
|

o
AN

-5 ’ U2

}[J)ZJ (o 0-45’1 023

(S | yL¥)

&
wo

33769/ | 000|020

3 |27,7 g2 040 | 020
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] Ml]}t cdog»! oLl

[- 5 zfc
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l
!
| s | o
l
l

iz{b

| 4% Q.’/'zfiﬁff’i 0129

2.0 |y | 7
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e “s;' 70

| a8 b?zj 6oi/2f‘o.é7
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| 2
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| stlizgel sd0! 00

[

@ 322 pco | 09
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[ 2
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]
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STACK SAMILING FIELD DATA
Plant Name 42"“ 1 - Mz& Stack Narme gNE CRE 5D
‘ate Ly So Oper. Psc. fample # v Stack Height
Stack dia.v(cxit) Stack dia. (pert) Stack Press. " H20 f_c_{_dv Bar. Press. " Hg _
Probe # PTCF DGMCF Nozzle # E
Nozzle area Filter # 22&’ Int.vt.gms __ Orifice a NA
Meter # oy K factor NXA* J.So ump # NA Ccr.s:antsb_fl'A______
J
-4 ’trobe J:Zt;is L t L’,ast
ry Gas|4Pn | 4Hn Htr. | Temperature Vac. | Box |[Stack [ 2P
Pt Sl:xc fe'e;jrq ;n }iqno e , E: o :‘imp o Fg;p
iime Feading| i, > | OF Inlet !Outlet! Gauge F F
1 |208 |ap-ol| (15| 0.5 | { | So ool 70 130
2| 94 129%-9 1| p.s7 | Co 25 | 70 |__$£__.
| 31 1 127%-00| /(0 | 0.55 | | s | %50 | 70 ‘io
&l 2hlm702] too | p.5o | | ¢ Lo l7e |30
£l e 2,757‘1{1;\ !o'&-(}o ' ‘ 2. < |p_;‘o 379 I 30
(! thueulogs] 04z | | do o | 20 |20
11 151651 07¢] 0. 37 | |30 2% e LZQ_
?I (5% 174041075!0>7 , ' ‘ ijo 230'70 '_2’__
41 20 2231058 | 042 | | | 2¢ Ll 70 |3 |
ol akbauzsilroolpce | [ | | o Jap | 20 |30
‘ f il z§|211320'/9o'o«’o | | | o | | Jo lZo
J'M},‘]d‘,cjl OO'OAD I , : | ¢o 2@’ 70 '30
al % husosle-gc] 0.4z | | i | 35 25|l 2% | »
el buceelorg 039 1 1 1 130 log | 9 |20
|§‘ 2] !ﬂ%ézia7f|f>7 | | | ; 3-0 ‘15’2,'70_ 20
N g]“ |1«24:'Z 5! 0.8 | 027 ' | | | 3.0 |2A§0 ’ 20 Lﬁo—j
,, 0] 2 k30l o6 Lo g | | 135 bhenl2e |30
N Al tlnd.atedcloe | [ ¢o 1212 |3
Al 351900 110 | 0.5 | | 1 so lzp 12 | 3%
wl tlasrool g o.07] | | €0 1255190 | 2
2 I?_(z-pa] [ | | ‘ ‘ : l
I | sk l
k. | R N .
‘ whe::ge —— ' ] __._,L_,,m'
| required
}‘ Srp_lg_‘l‘x_x_-.ﬂ /y3 ‘%Avq J Av!;_.‘;:—t_gr Avcﬁ._-s-t.a:jk
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STACK SANYLIN

t Plant Name ‘M&,M Stack Nare }:ﬂé 0/6 &M7

| Date 3'1' SQ Oper. fample # 3 Stack Height
Stack dia. (exit) Stack dia. (port) Ctack Press. " HZO -064 Bar. Press. "

MRS Probe ¢ PTCF DGMCF Nozzle #
‘ Nozzle area _Lﬁ_&:_ﬁz Filter # Int.vwt.ges. Orifice a NA
;&b NA

B Meter & )a*v; K factor NA® O o Pump # _NA Constant

F \

- b
Jry Gas \
. robe Meter
ry Gas|{4Pn | LEn Htr. | Temperature L. Vac.
Meter | in in

. exp. | En. Hg [Temp
: eadxng; HJO H,O | OF Inlet !Outlet| Gauge -

5 zKZ-winc 025 | | | 2.0 | 250
3 2,75(4!0 ¢ | 024 ' ‘ "0 |0

(3¢ 12337'141 | 02/ ’l.o 250

4l e las9lo a0 | 920 | 2.0 |28
51 st Laa-salode | 020 | 2.0 |2
i :
i
|

éiﬁ{lzy;f-/?lod; 0 U | 2.0 !L‘,’s
2'2, ol 3224’5-65 ! pSo! 025 | 2.0 ! 200
0| 2t |2t

62] i 2.0 UCL

9! 4 27 Jel 065 | 032
ol €k lic)104p7%8 | 039
(7 bagaal 120 060

|
l i 2.€ |2§)
l |
l
g 125‘143i(30'13(;5:
|
l
|
l

3.0 ]1?&

Co '2,!0
‘ C.0 '25'0
fo 'z(o

fo '1}‘,0 4] |12S§ _5.5’2,

WAL AN ANy

1 s lapal 1s] o8

U whlng a8l 110 0-6o

il g il oe

! ke 12! 548
4! 19! ok so! 10| 0.5C| ’
20! 22 06.48! 100 | Y, goi ‘
| z ozl | | :
|

fo !ZS'J
L)) | 22
5§ 1260 | 20
k7l Mo l /s
o ' 2470 | 7

l
!
|
|
|
|
| | | Lo 126D
I
|
l
|

Wl
B ' ary;
{ rurge '
iR where
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| Saple Tire : 60 1= Avg. [Avg. AH

Net Volumer34M2| /2P
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.. STACK SAMFLING FIELD DATA
N i

HN:‘ .4 ‘
i Date, 3-V-82D Oper. 2 Z < fample # | Stack Height _
b

"Stack dia. (exit) Stack dia. (port) Stack Press., " H20 . Bar. Press. " Hg

PTCF DGMCF Nozzle # H?' “*.3 o
Pilter # S f # AT Int.wt.gms. _ Orifice my.aifA oo -~ |
X factor Ka®* Pump # NA Ccnstani}b?‘ : ‘

Plant YName Stack Nare M _e;!: Z“g,
: - e ~ il
- b . _ -

— % - A TR
LYY Las ’ ”

- - -
robe Meter L 3 %‘ ]
Htr. |Temperature Vac. | Box |Stack p=P*
.P“- Hg ., [Temp |Temp

lGutlet! Gauge | °F b °F ¢

« |72 129
| 20 |39
| 70 :38
| .

K
|

v

1

]
Tey

|
|
|
|
|
|
1
!
|

-
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*
|

|
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|
l
y
I
1
I
y
l
I
|
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* Purge-
R where .-
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o %o " .




STACY. SRVFLING FIELD DATA

Stack Nare STOPsoe B THites forp

Plant Yame
- o

Date 3")’60 ' Oper. LB fample # - Stack Height
Stack dia.(exit) ___ Stack dia. (port) ___ Stack Press. " "20 ___ Bar. Press. " Hg ___
Probe # PTCF DGNMCF Nozzle # &
Nozzle area Filter # égf‘ /6 Int.vwt.gms. Orifice a NA
Meter # K factor NA® Pump # NA -Constant}b NA
Sl “Ory Gas e r——
* trobe Feter L P
Pry Cas|4Pn | LHn Htr. | Temperature L. Vac. | Box |Stack {-FP-
C}ock Mctfr in in emp. ] ‘Fm Hg h‘g:np Temp ‘gl‘:P
Pt.|Time Reading{H O | H O oF Inlet !Cutlet! Gauce F op y
Vﬁﬂ,fq ! 42297243 10 lo2 | ve |60 | 5% | 72 | 3%
$49 1.0 a2 49 163 | 20 20 |25
¢3¢ Sp |66 72 |35
Frin 27770 . .
| :
] e B
4 | Sl |-
| | I §
. - L l
R v 4 - | I
by | | ' | l
t it ¥ (gl L -
i — hoei . |
;74"-'. l ' l : '
35 oY l I i l |
2 | 1 | I
L. i PR e | ]
A | T B | §
N e O R |
o : ~ | l
[- o e Wl O, S |
" A : ?, ]
* Purge - -
where L i __ml |_____
reguired gt " o E_“j
Sm}ﬂlﬁj:-jw Avg. |Avg. 'ﬁl - "\Vlg—-je—t;lr kvg. Stack
N Mot Volumar | /Bp Texp. °F Temp. °F
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UNION CARBIDF

VELOCITY AND FLOW RESULTS

Filter Weight, Grams
Source Filter No. Final Tare Gain

AK Leach 3013 52.1973 51.6280 0.5693
Stack - =
3012 52.0075 $X.5733 0.4342
3017 51.7895 943332 0.4563

Fine Ore 3016 51.6686 51.3034 0.3652
Send 3008 51.1732 50.8559 0.3173
3023 51.7999 51.4287 0.3712

. 7206 . 0.0533
0.6901 0. 0.0201
7171 0. 0.0498

.6616 0.2922
.2786 . 0.3691
.4672 " 0.4226

Aerofall +B783 g 0.3738
Stack #1 0.4316

0.3669

Aerofall 677 0.0125
3

Stack #2 .6623 . -0.0046

.7872 . 0.3386

Aerofall .7331 : 0.0594
Stack #3 .7316 0.0584
51.6616 0.2922

Aerofall 41.8026 Ls 0.4375

Stack #4 42.0420 i 0.4913
51.7797 ; 0.5129

NUS CORPORATION




m DiL=2, Rev.? UNION CARBIDE CORPORATION
MINING AND METALS DIVISION
p DEVELOPMENT LABORATORY
057’-1 ‘ GRAND JUNCTION, COLORADO

MAR 1 2 1330
‘ CERTIFICATE OF ANALYSIS
RADIOLOGICAL CONTROLS
Lt T0: ___G_J.._.S:;_L_gmaag Submitied by ?‘ &/ Jone g
e onig s Prant: UCC - JRAVAN

—-__E-_S.A_LAA.L_hA.’ L - Date Submittes 3/1 '/3 Q
§. T 1?“9‘,
P. C-w

Charge to: B 2310 = 7927- 0002 - 0000-0209 2
l o ioti Check for desired analysis and forward this form with samples
SIlllph escription Date Initials Liquids Caet
’ o 5 ( Sampie of ! ] v '
-{” ’/’," e Token | Sampler | R8-226 | Th-230 | U-Nat u%:. \11_3?3 Pi ..?/o
. ,on/ _J a8 % paet. | pas el mg/ pC %‘ .l_
.. rc;/L :pc"/-L PC',LL -

T .1("4":— 'ﬂ.i'
{88% i B O dentns | | /iz,yf % s 235287 oY *.9

! /3.09 |.009 : =
L Yo Drice: Rux ®] Prabethsd. | ' 2 421 | +.009 |1, 6647 <o/ |00
| :
| |
-}L—Pr;er”pi_gt‘j:‘ﬁ'h oY MR W, ) ¥
! .28 151 5 39
p '2 e 0 < q:zz-" .ol '2.‘.:3‘961 .fy les .9

: ado , —249041
e Dves Run %2 Frobe tJosd, £929) folp (/2033 < 5 |50

e.%% I#
886 Yc Diive Ry *3 jy_‘, ; 2{1,22" ;,5011 L""?// . E? l?ﬁ 23958
RYel) & 'S, 4
88b__2lyf- Drice Ruw %2 Rode Ussh 'ﬂq 57, ? 009 /. 2633 o 8L % o
18
— 7.‘ 1 __“_
— | Dottt Stk 8 Foriex |
Ruw | i 3.75  evE
888__}&.;;&11__51“1(_4—_1, ] . w 7PN 2| Zoonl 1030 | <,0f rﬂj},z,, _
@&n&u_&m& LﬂiL‘J’lk v?'f}_{fl 2,019 |- 1272 . A ot
1 St |
Rua & 9(6 NTE] ]
8909,,,,&" Siack *4 LiapiugeR U:ne' 2 .010!. /Y89 LY gq:lmfz?
o Bl 200.03 .01 15.C
Balr&n.&ﬂ_&m.&_‘i_ﬂddu‘ Tl s o270 A Radba
|
of Analyst °)4L— I //f/" /’e‘“ DTS/QS

Reported by: EAC \.Ié‘i Y1 '//( W Date: "L[l'? /X 0
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vm OL=2, Aev.) UNION CAKBIDE CORPORATION
: MINING AND METALS DIVISION
- 1 : DEVELOPMENT LABORATORY
0.)7' GRAND JUNCTION, COLORADO

MAR 1 2 1980

CERTIFICATE OF ANALYSIS
RADIOLOGICAL CONTROLS

G. L. _Schiermanw Submitted by _?.A/ /
®. K. 74#\4.4_ pane: LCC = Ltnvass
E.C._ L. 3_1)_!1!5_-_1A_-~_. ot 2L Date Submitted 5/”/50,
HB Perey

PC e ﬁt ~yer

79 29

Charge to: o2 23/~ 7927- g0l 0000 - 005y |

5
9} Check ‘m cewed analysis and forward this form with samples

Sample Description ‘ ' Initisls | Liquids Eov—

’ | il - b — SR —
; o) | of r T
bty ‘ e | Ra-226 | Th-230 U-Nat nbt. | v208 | Ph-2/0
Stac k 5‘7"‘/’ /'V7 | o | werr107? wer 10 LG xt6°8 DTS'B: Total
| |

amandl e M vy mg (. "L,
e Pl P ar (" s AT

: Pu .43 W /0. 5 002

__882 })U_.‘_C._._ll 33 =4 1...7, wger 1 . _i:} 7‘:7' 2.oen | 335
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UNlON CARBlDE CORPORATION
MINING AND METALS DIVISION
DEVELOPMENT LABORATORY
GRAND JUNCTION, COLORADO

L=2, HRev)

0574

MAR 1 2 1980

CERTIFICATE OF ANALYSIS
RADIOLOGICAL CONTROLS

Submitted by _?. {_4M

el g
Date Submitted -J/;MQ
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VELOCITY AND VOLUMETRIC FLOW RATE EQUATIONS

Equation 1-1

Vo = 85.48 cp\/ A (/a P) avg
Ms X Ps
where: Vs = Average stack velocity, ft per second (fps)

C. = pitot tube coefficient, dimensionless

C. = 0.83

T. = absolute average stack gas temperature, Or
M., = molecular weight of stack gas, 1b/1b-mole
Ps = absolute stack pressure, in Hg

(va P)avg = average square root of the velocity head,

in Hzo

Equation 1-2a

qQ a ® 3600 sec

Koo X s X s
where: Qa = volumetric stack gas flow rate, actual ft3 /hr
(ACF/hr)

As = cross-sectional area of stack, ft2

NUS CORPORATION



Equation 1-2b

L * 8

s x Tstd x PS

a

T (avg) P std

where: QS = volumetric stack gas flow rate corrected to
standard conditions, scf/hr.

T std = standard absolute temperature, 5o R (68°F)

P std = standard absclute pressure, 29,92 in. Hg.

Equation 1-2¢

Qsd N Qs x (1 - Bws)

where: QSd = dry volumetric stack gas flow rate corrected
to standard conditions, dscf/hr.

Bws = proportion of moisture in sample

NUS CORPORATION



SAMPLE VOLUME CALCULATIONS

Equation 2-1

vm(std) = 17.64 Y V_ (Pm+ A H)

where: vm(std) = dry gas volume measured by the dry gas

meter, corrected to standard conditions, dscf
Y = dry gas meter calibration factor = 1 for meter used

V_ = dry gas volume measured by dry gas meter, dcf

m
Pm = absolute pressure of meter, in Hg
H = average pressure drop across orifice meter, in HZO

T_ = average absolute temperature of meter, %2

NUS CORPORATION
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ROBERT C. FOSTER

ECUCATION

Drexel Institute of Technology, M. S., Environmental Engineering, 1967
Drexel Institute of Technology, B. S., Civil Engineering, 1966
Vanderbilt University, postgraduate courses in Environmental Engineering, 1968

EXPERIENCE

NUS CORPORATION, 1978-Present

Turner, Collie, and Braden, Inc , 1977-1978

Catalytic, Inc., 1975-1977

E. |. du Pont de Nemours and Company, Inc., 1969-1975
New Jersey State Department of Health, 1968-1969

NUS — Responsible for the planning and execution of air pollution control projects. Ac-
tivities include compiling, organizing and evaluating data; estimating project cost, front-end
development engineering; developing process and mechanical flow diagrams and plot plans;
preparing project reports and schedules; preparing engineering reports and manuals; planning
and executing environmental impact assessments; preparing permit applications; and planning
and supervising the execution of aii pollution control programs.

Turner, Collie, and Braden, Inc. — As Manager, Air Services, was responsible for the plan-
ning and execution cf stack sampling programs and air pollu*.on control engineering for utility
and industrial clients. Types of industries serviced include~ petroleum, petrochemical, chemi-
cal, pulp and paper, plywood manufacturing, utilities, and cement.

Catalytic, Inc. — Lead engineer on EPA and environmental assessment work. Responsible
for gathering and interpreting data, design and execution of sampling programs, recommend-
ing courses of action and preparing reports. Assignments included environmental and eco-
nomic assessmenrt of processes to convert residual oils into an environmentally sound fuel
(such as hydrodesulfurization, partial oxidation and flue gas scrubbing), environmenta! evalua-
tions and conceptual designs for coal gasification and liquefaction processes, and the con-
ceptual design for an onsite process for coal desulfurization.

E. I. du Pont — Manager, Air Quality Management Services. Involved in stack sampling
ambient monitoring, dispersion modeling, air poliution control engineering, and general en-
vironmental consulting. Types of industries served included petroleum, petrochemical, chemi-
cal, synthetic-fibers, utilities, metais, glass, and paint production.

Stack sampling experience ranged from determination of organic emission rates from small
process vents to determination of particulates sulfur dioxide (SO,) and oxides of nitrogen
(NO,) from large diameter utility stacks. Ambient experience ranged irom a simpie, single
fixed-station SO, program to a ten-station SO,, hydrecarbons, NO,, particulates and chlorine
program. Traineé and supervised pr /sonnel and participated in sampling and monitoring pro-
grams. Air pollution control enyineering experience included scrubbers, precipitators,
baghouses, and organic fume abatement systems.

As an environmental consultant assisted plant and corperate staff personnel in the preparation
of permits, impact statements, and the design and execution of required stack and ambient
measurement programs.

NUS CORPORATION



ROBERT C. FOSTER
Page Two

New Jersey State Department of Health — Supervised the evaluation and planning section of
the Bureau of Air Pollution Control. Work included the review and analysis of air monitoring
data collected from the state's 21 monitoring stations, a continual evaluation of the effective-
ness of state regulations in reducing ambient air concentrations, and the development of a
statewide emission inventory.

MEMBERSHIP

Air Pollution Control Association

NUS COFRPORATION
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Jimmie D. Smith

Air Services Supervisor

e s e S B W e . A e e e . e e e e e S By o i o S

Education

1970 —Bachelor of Science, Biology — Delta State
University,

1973 ~Master of Combined Sciences, Biology —
University of Mississippi;

1975 - Post Master's Work, Environmental Engineering —
Mississippi State University

o and Activities

Responsible for .he supervision of personnel, equipment
maintenance, analytical methods development, procure-
ment nf equipment and supplies involved in stack,
ambient air, and industrial hygiene sampling. Activities
include performing the requisite quality conirol checks,
data review, and calculations to ensure the acceptable
performance of field tests. Confers with regulatory agency
observers t0 assure collection and reporiing of required
test data. Performs analysis of collected samples.

Experience

Prior to joining the firm, Mr. Smith worked four years in
the Environmental Control Department of Mississippi

5 7R

Chemical Corporation. His exparience while with the
chemical company included both air and water quality
work. His air work included ambient air analysis and
monitoring for particulates, ammonium nitrate, urea and
nitrites from fixed air stations. He acquired in-depth
hands-on experience in source and dynamic sampling
while performing efficiency tests on Beco, Buel and other
wet scrubbers; NO, sampling off nitric acid units;
sampling exhaust gases off urea and ammonium nitrate
prill towers, evaporators, neutralizers, cooler, dryer and
pre-dryer stacks. This experience also included calibration
of involved analyzers and performance of all of the
standard gas analyses. In addition to the air work, Mr.
Smith monitored and performed all the standard waste-
water analysis from eleven water stations.

Since joining the firm, Mr. Smith has planned and exe-
cuted numerous stack sampling assignments for both EPA
New Source testing and Texas Air Control Board
Compiiance Sampling.



PHILIP SHIU-LUN CHU
ASSOCIATE ENVIRONMENTAL ENGINEER

EDUCATION

University of Houston, B.S., Biology, 1973
University of Houston, M.S., Biology, 1976
University of Houston, M.S., Environmental Engineering, 1979

EXPERIENCE

NUS Corporation, l1979-Present
Lone Star Industries, Inc., 1979

NUS CORPORATION - As associate environmental engine>r, respon-
sibilities include directing field source testing programs,
scheduling of persocnnel and equipment and job preparztion.
Participate in and supervise sampling programs, Jata 1 >auction,
and equipment calibration and maintenance.

LONE STAR INDUSTRIES, INC. - As environmental control engineer,
participated in the monitoring of particulate and SO_ emiscsions
in several Lone Star cement plants using both State &nd EPA
Guidelines; involved in testing velocity profiles in different
positions of a newly installed coal-firing rotary kiln and
resulted in optimizing the performance of such kiln.

PUBLICATIONS

Henry R. Henney and Philip Chu, "Differentiation of Physarum
flavicomum: Metabolic Patterns and Role of Amino Acids in the
Control of Encystment." Exp. Mucology, 1, p.41 (1977)

Henry R. Henmney and Philip Chu, "Chemical Analyses of Cell Walls
from Microcysts and Microsclerotia of Physarum flavicomum;
Compariscn to Slime Coat from Microplasmodia." Exp. Mycology,
l, p. 83 (1977)
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