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FOR E WOR D 

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 

API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANUFAC- 
TURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP THEIR 
EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND SAFETY 
RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS UNDER 
LOCAL, STATE, OR FEDERAL LAWS. 

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 

ITY FOR INFRINGEMENT OF LETTERS PATENT. 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 

NOTE: This is to advise the reader that these studies are now under 
review by the U.S. Environmental Protection Agency. The 
Agency's review may be complete by summer 1994. 

Copyright 8 1994 Amencan Pctroleum Insuiurc 
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INTRODUCTION 

This volume, Volume III of the 1993 Study of Refinery Fugitive Em'ssionsffom Equipment 

Leaks, contains the appendices related to the data calculations and independent audit results. 

Specifically: 

e 

Appendix A contains raw data from field and emissions calculations; 

Appendix B documents the comparison of vapor leak composition to liquid stream 
composition data and calculations; 

Appendix C contains statistical evaluations and correlation details; 

Appendix D discusses the development of emission correlation equations using 
the Measurement Error Method (MEM) statistical analysis method; 

Appendix E contains independent audit results; and 

Appendix F reprints the Response to Regulatory Agency Comments on the Final 
Draft of the 1993 Refinery Study. 
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APPENDIX A 

RAW DATA FROM FIELD AND 
EMISSIONS CALCULATIONS 
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A. 1 

WSPA EMISSION RATE CALCULATION SPREADSHEET 
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:ODES: 

ACCY 

AUDTC 

AUDTD 

AUDl l  

BL 

DINV 

DUP 

DZ 

I NV 

L 
N2-# 

PEG 

PEGF 

PEG1 

PGAC 

SINV 

*DRIP 

ACTUATION: 

C 

M 

SERVICE: 

HL 

LL 
UNIT: 

SRU 

VRU 

COMPONENT CATEGORY: 

C 

OEL 

PRV 

Accuracy check 

Audit gas directly to canister 

Audit duplicate 

Audit gas through tent 

Blank sampie 

Determined to be invalid after review 

Sample duplicate 

Default zero 

Invalid 

Liquid sample 

Nitrogen flow test 

Pegged source 

Final screening value pegged but not initial 

Initial screening value pegged but not final 

Pure gas accuracy check 

Screening values invalid (¡e, initial and final screening values 
varied by more than a factor of 2) 

Component dripping; liquids collected and liquid 
concentration added to emission rates 

Control 

Manual 

Heavy liquid 

tight liquid 

Sulfur recovery unit 

Vapor recovery unit 

Connector 

Open-ended line 

Pressure relief valve 

A- 1 
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COMPONENT TYPE: 
BTFf 

C 

CENT 
COUP 

DIA 

FL 

HC 

MC 

NEDL 

OEL 

PRV 

TH 

U 

vc 
VERT 

PRODUCT 

DB 

HCO 

HTGO 

LCO 

LPG 

LVGO 

OVHG gas 

Pa B 

R Diesel 

Reg UL 

LABORATORY DATA 

NA 

Butterfly valve 

Connector 

Centrifugal 

Coupler 

Diaphrarn valve 

mange 

Horizontal centrifugal 

Motor control 

Needle 

Open-ended line 

Pressure relief valve 

Threaded connector 

Union connector 

Vertical centrifugal 

Vertical 

Debutinized bottoms 

Heavy cycle oil 

Hydrotreated gas oil 

Light cycle oil 

Uquified petroleum gas 

Light vacuum gas oil 

Overhead gas 

Pa bottoms 

Recycled diesel 

Regular unleaded gasoline 

Not analvzed 

A-2 
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Site 

Y 
X 
Y 
Y 
w 
V 
Y 
X 
z 
X 
V 
z 
2 
X 
X 
w 
X 
Y 
X 

Sample 
Id 

99 
22 
75 
90 
24 
35 
95 
36 
36 
21 
43 
57 
32 
115 
102 
23 
61 
91 
114 

Phase 

LL 
LL 
HL 
LL 
GAS 
GAS 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
GAS 
LL 
LL 
LL 

Component 
Category Size 

FL 6.0 
FL 4.0 
FL 4.0 
FL 4.0 
FL 2.0 
FL 1.5 
FL 4.0 
FL 4.0 
FL 6.0 
FL 6.0 
FL 4.0 
FL 3.0 
FL 4.0 
FL 4.0 
FL 3.0 
FL 3.0 
FL 4.0 
FL 3.0 
FL 6 . 0  

Screening Value 
( PPm) 

5.0 
19.5 
22.5 
69.5 
81. O 
97.0 

222.5 
593. O 
595.5 
671. O 

1495. O 
1546. O 
1996. O 
3244.5 
3997.5 
4996. O 
11547. O 
20246.0 
34995.5 

THC 
Emission Rate 

( lbs/ hr) 

1.8532E-06 
4.5427E-06 
1.2910E-05 
7.4741E-05 
8.3424E-05 
7.6674E-06 
1.8359E-04 
2.7816E-04 
2.3057E-O5 
6.6141E-04 
8.4433E-03 
3.7253E-04 
1.7572E-04 
5.4628E-04 
3.7264E-O3 
5.9ia9~-03 
7.5989~-03 
2.1012E-03 
2.7699E-03 

N = 19 

A- 123 
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Site  

Y 
V 
V 
Y 
Y 
V 
V 
Y 
Y 
V 
Z 
z 
Y 

W 
X 
V 
Y 
X 
w 
z 
X 
Z 
Y 
z 
V 
W 
z 
W 

v ,  

Sample 
Id 

39 
34 
38 
11 
13 
42 
71 
41 
86 
25 
60 
12 
62 
92 

25 
48 
44 
15 
5 

146 
56 
39 

113 
70 
100 
93 
158 
110 

13 a 

Phase 

LL 
GAS 
LL 
LL 
LL 
LL 
HL 
LL 
GAS 
GAS 
GAS 
LL 
GAS 
LL 
LL 
LL 
LL 
LL 
GAS 
HL 
LL 
GAS 
LL 
LL 
LL 
GAS 
LL 
LL 
LL 

Component 
Category 

TH 
U 
U 
TH 
TH 
TH 
TH 
TH 
TH 
TH 
U 
TH 
TH 
TH 
TH 
TH 
TH 
TH 
TH 
TH 
TH 
TH 
TH 
COUP 
TH 
TH 
TH 
TH 
TH 

Size 

1-00 
1.00 
1.00 
1.00 
0.25 
1.00 
0.75 
1.00 
0.50 
1.00 
1.50 
1.00 
1.00 
1.00 
1.00 
1-00 
1.00 
0.25 
1.00 
1-00 
1.00 
1.00 
1.00 
0.50 
1.00 
1.00 
0.50 
0.75 
1.00 

Screening Value 
(PPm) 

6.5 
13.0 
18. O 
26.5 
36.5 
38.0 
58.5 
91. o 
267. O 
271.0 
446.0 
649. 0 

1196.5 
1335.0 
1345.5 
1393. O 
3595.5 
6492.5 
7745.0 
8994. O 
9747.5 
10995. o 
19304. 0 
21996. O 
27493.0 
43995. O 
52843. O 

89996.5 
62482.5 

THC 
Emission Rate 

(lbs/hr) 

8.7087E-07 
1.1205E-06 
1.5408E-06 
3.1026E-06 
6.8863E-08 
7.0841E-07 
1.2656E-06 
8.07390-06 
1.0313E-04 
4.3557E-04 
1.0824E-04 
3.5900E-05 
1.4601E-O4 
3.0518E-06 
2.7032E-O5 
5.5679E-06 
5.8294E-O4 
1.9922E-03 
8.7876E-04 
2.168OE-O3 
1.4523E-02 
2.0767E-03 
4.1460E-05 
1.3955E-O4 
4.59103-02 
4.857OE-O3 
7.4509E-03 
1.9222E-03 
1.8235E-03 

N = 29 

A-124 
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Y 
V 
W 
W 
V 
V 
X 
w 
Z 
Z 
V 
V 
X 
W 
W 
W 
Y 
V 
X 
Y 
V 
Z 

8 GAS 
23 GAS 
12 GAS 
125 LL 
63 HL 
19 LL 
3 LL 

102 LL 
61 GAS 
54 HL 
109 LL 
18 LL 
52 LL 
18 GAS 
134 LL 
14 2 LL 
98 u 
83 GAS 
66 HL 
68 LL 
32 GAS 
165 LL 

OEL 
OEL 
OEL 
OEL 
OEL 
OEL 

OEL 
O EL 
O EL 
OEL 
OEL 
O EL 
O EL 
OEL 
OEL 
OEL 
OEL 
OEL 
OEL 
OEL 
OEL 

0.750 
O. 500 
0.375 
1.000 
O. 500 
O ,  500 
O .  750 
O. 500 

1.000 
1.000 
0.500 
0.250 
1.000 
O. 500 
O. 750 
O. 500 
1.000 
O. 250 
1.000 
1.000 
0.250 

16.5 
20.3 
60.5 
66.5 
195.0 
247. O 
488. O 
522.5 
893. O 
1097.5 
1448. O 
1493. O 
1996. O 
7995. O 
12493.5 
12990. O 
14846. O 
15068. O 
15496.5 
26795. O 
44998. O 
94995.5 

8.6401E-06 
1.7117E-06 
3.9178E-06 
7.3473E-05 
3.0420E-06 
1.7860E-05 
8.7451E-06 
3.0118E-05 
2.8951E-05 
2.4643E-04 
6.0067E-06 
6.9870E-05 
7.8584E-04 
5.2377E-04 
1.2428E-03 
2.0284E-03 
2.1311E-04 
9.1422E-05 
4.0942E-O4 
1.9477E-02 
1.9261E-03 
2.2345E-O3 

N = 2 2  

Y 
Y 
W 
Y 
Y 
X 
X 
V 
Y 
X 

117 
116 
42 
128 
134 
73 
79 
72 
118 
67 

HL 
HL 
HL 
HL 
HL 
HL 
HL 
HL 
HL 
HL 

HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
VERT 

4 6.75 
4 9.50 
3 10.00 
3 18.00 
3 19.00 

45.50 
277.00 
323.00 i 1145.50 
9496.50 

9.9257E-O6 
1.4955E-04 
5.3255E-06 
5.7594E-05 
2.4070E-05 
7.2499E-04 
6.408iE-03 
1.8208E-03 
1.9791E-03 
2.7970E-02 

N = 10 

A-125 
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W 
V 
Y 
Y 
W 
X 
W 
W 
W 
X 
X 
X 
W 
X 
w 
X 
2 
W 
z 
z 
Y 
Y 
Y 
X 
W 
Y 
2 

1 0 1  
37 
76 
72 
77  
94 

1 5 6  
7 6  

14 5 
9 3  
37 
50  

155 
59  

128  
27 
72  
7 4  

1 0 2  
24 
57 
50  

1 2  4 
42 

1 4  1 
56 
22 

LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 

VERT 
HC 
HC 
HC 
HC 
vc 
VERT 
VERT 
VERT 
vc 
CENT 
HC 
VERT 
HC 
VERT 
HC 
HC 
VERT 

HC 
HC 
HC 
HC 
HC 
VERT 
HC 
HC 

1.5 
1 2 . 0  

3 . 0  
4 . 0  
6 .0  
3 .0  
4 . 0  
2.0 
3 .0  
3 .0  

4 . 0  

6 . 0  

6 .0  
2 . 0  

4 . 0  
6 . 0  
4 . 0  
3 . 0  
2 .0  
2 . 0  
6 .0  
2 .0  

4 . 5  
1 5 . 5  
21 .5  
22.0 
66.  O 
66 .5  

107 .  O 
126 .0  
136 .0  
1 9 2 .  O 
395.0 
621.  O 
947.  O 
996 .0  

1697.  O 
1780.  O 
4997. O 
5745.5  
5970. O 
7999. O 

13995.  O 
17694.5  
22995. O 
27996.  O 
33744 - 5  
41995.0 
98090.0 

1.3377E-04 
1.1569E-03 
4.1744E-04 
3.1719E-04 

1.1358E-04 
5.40703-05 
9.06653-05 
7.5175E-04 
9.2571E-05 
1.0800E-02 
2.7014E-03 
4.8518E-o3 
6.6363E-03 
3.95593-03 
1.32223-03 
1.66943-02 
1.49703-02 
2.10603-03 
6.27733-04 
2.1346E-02 
7.58 18E-02 
2.6333E-03 
1.80903-03 
1.9073E-03 
2.1122E-02 
2.3292E-03 

i. 3 8 1 2 ~ - 0 3  

N = 27 
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S i t e  

Y 
V 
Y 
W 
V 
W 
W 
W 
W 
Y 
W 
Y 
W 
Y 
z 
W 
W 
W 
W 
z 
X 
W 
W 
Y 
Y 
W 
V 
V 
Z 
V 
W 
X 
V 
W 
Y 
Y 
z 
Y 
Z 
X 
z 
Z 
V 
V 
Y 
V 
W 
Y 
V 
z 

Sample 
Id 

6 0  
94  
37  
9 4  
56 

115 
1 2  o 

63 
8 
2 

55 
1 3 7  

38 
1 0  

3 
57  
62 
3 5  
52  
4 0  
7 6  
44 

6 
1 9  
64  
88 
2 0  
27 
3 3  
61  
48  
7 5  
15 
98 

1 3 6  
3 5  
5 8  
7 3  
3 1  
3 8  
1 4  

7 
65 
17  
2 3  
7 3  

111 
4 5  

111 
118 

Phase 

LL 
LL 
LL 
GAS 
GAS 
LL 
HL 
HL 
GAS 
GAS 
HL 
GAS 
LL 
GAS 
LL 
HL 
HL 
LL 
GAS 
LL 
HL 
LL 
LL 
GAS 
LL 
LL 
GAS 
GAS 
LL 
GAS 
LL 
HL 
LL 
GAS 
GAS 
LL 
HL 
HL 
LL 
GAS 
GAS 
LL 
HL 
LL 
LL 
HL 
LL 
GAS 
GAS 
LL 

Component 
Category 

GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
MC 
GATE 
GLOBE 
GATE 
MC 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GAT E 
GATE 
MC 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
MC 
GAT E 
GATE 
GATE 
GATE 
GATE 
GATE 

. NEDL 
GATE 
GLOBE 
GATE 
GATE 
GLOBE 
GATE 
GATE 
GAT E 
GATE 

Size 

8 . 0 0  
1 . 0 0  
4 . 0 0  
0 .75  
3 .00  
8 . 0 0  
3 .00  
0 .75  
1 . 0 0  
3 .00  
8 . 0 0  
3 . 0 0  
2 . 0 0  
4 . 0 0  
3 . 0 0  
8 . 0 0  
4 . 0 0  
2 . 0 0  
8 . 0 0  
3 . 0 0  
0.75 
0 .50  
3 .00  
8 .00  
1 . 0 0  
4.00 
1 .00  
2.00 
4 .00  
1 . 0 0  
3.00 
4.00 
0 .75  
3.00 
1 . 5 0  
4.00 
3 .00  
4.00 
4.00 
2.00 
0 .50  
4.00 
0.75 
2.00 
1.00 
3 .00  
8 .00  
3-00 
8.00 
1 .00  

Screening  Value 
(PPm) 

3 .5  
5 . 5  
5 .5  

1 1 . 0  
13. O 
1 7 .  O 
18.5 
22 .0  
2 2 . 5  
2 2 . 5  
23 .5  
23 .5  
26.0 
26.0 
26.5 
28.0 
31.0 
31 .5  
33 .0  
3 3 . 5  
42 .0  
46.5 
5 0 . 0  
50 .0  
51.0 
60. O 
66.  O 
68.5 
74.0 
78.0 
8 0 . 0  
92.0 

100. o 
100.0 
105.0 
119.5 
121.0 
122 .5  
133 .5  
142 .0  
150 .  O 
159 .5  
167. O 
173 .  O 
1 7 6 . 0  
183.0 
192.0 
195 .5  
1 9 7 . 5  
224. O 

THC 
E m i s s i o n  R a t e  

( l b s / h r )  

2.6981E-05 
2.7413E-06 
2.1391E-06 
1.0455E-05 
5.5121E-05 
2.5458E-05 
1.28640-05 
1.63493-07 
1.4612E-05 
1.2049E-04 
9.1971E-06 
7.1283E-06 
4.4856E-06 
3.4896E-05 
1.9016E-04 
8.4779E-06 
5.48453-07 
3.4716E-06 
7.0998E-06 
5.4777E-06 
1.0225E-O4 
1.4784E-06 

1.2882E-05 
1.8398E-05 
2.3654E-05 
2.8951E-05 
1.2492E-05 
2.1505E-04 
3.5786E-06 

2.7960E-04 
1.3564E-O4 
6.0052E-05 
2.1143E-05 
1.9734E-05 
6.1971E-05 
7.9917E-05 

4.3885E-04 
2.3911E-06 
1.1019E-O3 
1.6268s-O4 
3.6643E-05 
7.1928E-05 
5.0012E-04 
1.9369E-04 
1.1318E-04 
2.120135-04 
2.6622B-04 

4.17873-06 

i . i 0 6 8 ~ - 0 5  

i . 4 6 6 8 ~ - 0 3  
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Data fo r  LOG C o r r e l a t i o n  E q u a t i o n s  

S i t e  

V 
V 
2 
V 
Y 
Z 
2 
2 
Y 
Y 
V 
2 
Y 
W 
Y 
w 
Z 
w 
V 
V 
Y 
X 
V 
w 
2 
V 
X 
W 
Y 
X 
2 
W 
Y 
2 
Y 
z 
z 
Z 
V 
w 
V 
z 
z 
z 
z 
2 
X 
Z 
V 

Sample  
Id 

87 
74 
18  
36 
8 9  
8 7  

4 
8 6  
22 
67 

1 1 0  
1 2  1 

5 
96  

129  
29 
56  
97 
28 
30 

1 2  6 
1 8  

8 
132  
123  

84 
24 
8 6  
7 1  
6 5  

1 4 6  
82 
2 1  

133  
1 4 4  

1 1 9  
3 

147  
26 

153  
69 
8 5  

88 
1 6  
9 1  
1 3  

a 

3a 

.122 

Phase 

GAS 
HL 
GAS 
GAS 
GAS 
GAS 
LL 
GAS 
GAS 
HL 
LL 
LL 
GAS 
HL 
GAS 
HL 
LL 
LL 
GAS 
GAS 
LL 
LL 
LL 
LL 
GAS 
GAS 
LL 
LL 
GAS 
HL 
LL 
GAS 
GAS 
LL 
GAS 
GAS 
LL 
LL 
LL 
GAS 
GAS 
LL 
LL 
GAS 
LL 
HL 
LL 
GAS 
LL 

6 

Component 
C a t e g o r y  

GATE 
GLOBE 
GATE 
GATE 
NEDL 
GATE 
GATE 
GATE 
GATE 
GATE 
GLOBE 
GATE 
GATE 
MC 
GLOBE 
GLOBE 
GATE 
MC 
GATE 
GATE 
GATE 
GATE 
MC 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GLOBE 
GATE 
GLOBE 
GATE 
GATE 
GATE 
GAT E 
GATE 
GATE 
GATE 
GATE 

Size 

3.00  
4 .00  
2 . 0 0  
0 .75  
0 .50  
8 . 0 0  
4.00 
8.00 
2 . 0 0  
6 . 0 0  
9 .00  
4 .00  
6 .00  
4 .00  
3 . 0 0  
4 .00  
4 .O0 
1.00 
2.00 
0 .75  
8 . 0 0  
4 .00  
1 . 0 0  
2 .00  
0 . 7 5  
4.00 

10 .00  
6.00 
1 . 5 0  
3.00 

10 .00  
4.00 
2 . 0 0  
4 .00  
6 .00  
0 .75  

12 .00  
1-00 
1 .50  
0 .50  
0 .75  
4 .00  
4 .00  
6.00 
4 .00  
3.00 
6 .00  
6 .00  
0 .75  

S c r e e n i n g  Value 
( PPm 1 

2 4 0 . 0  
2 9 0 . 0  
297.  O 
297 .0  
306 .  O 
3 3 1 . 5  
3 7 2 . 5  
396 .5  
420. O 
446 .0  
4 4 7 . 5  
474. O 
496 .5  
505 .0  
515.0 
540 .0  
595.  o 
6 4 6 . 0  
724 .0  
735. O 
793. O 
794 .  O 
7 9 6 . 0  
7 9 6 . 5  
798 .5  
830 .0  
893.  O 
894 .  O 
922.  O 
9 5 6 . 5  
995 .0  
996.  O 
996 .  O 

1044.  O 
1045.  O 
1049 .  O 
1 2 4 3 .  O 
1248 .  O 
1348 .  O 
1397.  O 
1495 .0  

1695 .  O 
1949 .  O 
2096.5  
2097.5  
2240. O 
2343 . O  
2496. O 

1598 .  o 

THC 
Emission R a t e  

(lbs/hr) 

2.2155E-05 
5.5498E-04 
4.9355E-04 
7.3199s-O5 
3.4574E-05 
1.18593-04 
6 . 4  i 0 4  E-O4 
1.0634E-04 
1 .6742 E-O4 

1.1134E-04 
2.37103-03 
1 . 4  554E-04 
7.05673-05 

6.86093-04 
2.49653-04 
6.4753E-O5 
4.3039E-05 
5.0869E-04 
1.32133-04 
6.60053-04 
1.03473-03 
3.33753-04 
6.5641E-05 
4.3977E-04 
1.0000E-03 
3.69693-04 
1.97843-04 
9.4425E-04 
1.51043-03 
7.3671E-04 
2.1462E-04 
3.4141E-04 
1.2969E-04 
1.2248E-04 
6.8809E-03 
6.3847E-04 
4.7683E-04 
2.2072E-04 
6.534 6E-05 
1.3563E-03 

9.2579E-04 
3.3643E-04 
1.0519E-03 
7.9310E-04 
4.1569E-04 
1.3862E-04 

8.95213-04 

1.37483-04 

2 . 1 6 8 2 ~ - 0 3  
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Site 

Z 
W 
V 
Y 
Y 
V 
W 
X 
V 
Z 
V 
X 
V 
X 
2 
V 
V 
X 
Z 
Y 
W 
Z 
Y 
Y 
X 
Y 
w 
Y 
w 
w 
X 
W 
2 
Y 
W 
X 
W 
Z 
X 
V 
Z 
2 

Sample 
Id 

11 
82 
2 
9 

12 7 
4 4  
53 
82 
9 
20 
53 
8 
10 
77 
13 
24 
5 
13 
53 
59 
119 
170 
54 
85 
120 
104 
19 
52 
70 
136 
55 
80 
74 
83 
106 
122 
139 
63 
107 
97 
130 
51 

Phase 

LL 
LL 
LL 
GAS 
HL 
LL 
GAS 
GAS 
LL 
GAS 
LL 
LL 
LL 
LL 
GAS 
GAS 
LL 
LL 
HL 
LL 
HL 
LL 
GAS 
LL 
LL 
GAS 
LL 
LL 
LL 
LL 
GAS 
LL 
LL 
LL 
GAS 
LL 
GAS 
GAS 
LL 
LL 
GAS 
LL 

Component 
Category 

GATE 
GATE 
GAT E 
GATE 
GATE 
GATE 
MC 
GATE 
MC 
GATE 
GATE 
GATE 
MC 
GATE 
BALL 
MC 
GATE 
GATE 
BALL 
GATE 
MC 
GATE 
ORBIT 
GAT E 
ORBIT 
GAT E 
GATE 
GATE 
GATE 
BALL 
GATE 
GATE 
GATE 
NEDL 
MC 
BTFY 
GATE 
GLOBE 
ORBIT 
GATE 
GATE 
GATE 

Size 

2.00 
8.00 
4.00 
3.00 
4.00 
1.00 
8.00 
0.75 
1.00 
2.00 
2.00 
4.00 
4.00 
4.00 
O. 50 
4.00 
4.00 
6.00 
0.50 
3.00 
1.50 
6.00 
2.00 
8.00 
8.00 
1.50 
1.00 
2.00 
8 . 0 0  
0.50 
4.00 
3.00 
3.00 
0.50 
3.00 
8.00 
6.00 
1.00 
3.00 
2.00 
0.75 
3.00 

N = 141 

Screening Value 
( PPm 1 

2498. O 
2736. O 
2992. O 
2993. O 
2993. O 
3493. O 
3493.0 
3898.4 
3996.0 
4246.0 
4997.5 
5000. O 
6690.0 
7497. O 
7995.5 
7998. O 
8490. O 
10997. O 
11494. O 
12145.5 
12991.0 

16496. O 
20246.5 
21495.0 
22495.0 
23994.5 
23996.0 
25490. O 
25895.5 
34995. O 
34996.5 
39996.5 
42745.5 
47995.5 
54994 .O 
62995.5 
65699. O 
72924. O 
79997. O 
79998.8 
131398.6 

15998.5 

THC 
Emission Rate 

( l b s  / hr ) 

1.0390E-02 
5.7848E-04 
1.3916E-03 
2.8458E-02 
1.0935E-03 
4.9778E-04 
1.4741E-03 
6.3531E-04 
1.0570E-03 
4.9035E-04 
7.1885E-04 
2.6605E-04 
4.0400E-03 
2.9916E-03 
7.35OOE-O4 
2.9210E-03 
1.0417E-03 
2.4990E-03 
4.9317B-03 
5.7167E-04 
9.5S79B-04 
4.7175B-03 
8.5026E-04 
1.0149E-03 

7.7874 E-04 
1.340ûE-03 
3.0301E-04 
3.8156E-02 
1.3258E-02 
9.1958E-03 
7.7994E-04 
2. ì070E-03 
9.7824E-04 
1.8 9 O4 E-O3 
2.03010-02 
1.48 17E-02 
1.3324E-03 
4.4921E-02 
2.9715E-03 
2.4513E-03 
1.4690E-02 

3.3894~-03 
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API P U B L r 4 6 1 3  9 4  = 0’732290 0533523 279 

3 
57 
16 
27 
47 
53 
48 
49 
50 

DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 

GAS 
GAS 
GAS 
GAS 
LL 
LL 
LL 
LL 
LL 

FL 
FL 
FL 
FL 
FL 
FL 
FL 
FL 
FL 

2.0 
2.0 
0.5 
1.0 
2.0 
2.0 
3.0 
3.0 
3 . 0  

1.7443E-O7 
1.7671E-06 
1.4 160E-08 
1.5641E-08 
4.8322E-07 
4.8347E-07 
1.0384B-06 
2.1118E-08 
4.1956E-O7 

N = 9  

Y 
Y 
V 
2 
W 
W 
Y 
Y 
Y 
z 
z 
W 

21 
55 

101 
117 
14 
25 
69 
77 
78 
112 
114 
75 

DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 

GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
LL 
LL 
LL 
LL 
LL 
LL 

TH 
TH 
TH 
TH 
U 
TH 
TH 
TH 
TH 
TH 
C 
TH 

1.0 
1.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.5 
1.5 
1.0 
2.0 
1.0 

O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 

1.0497E-08 
8.5175E-07 
8.0018E-06 
5.2040E-07 
1.4023E-08 
5.6322E-O8 
1.6827E-08 

1.7133E-08 
1.1044E-08 

1.0378E-05 

i.6287~-oa 

i. 19a6~-08 

N = 12 
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A P I  PUBLrYb23 9 4  0732290 0533522 L O 5  

13 
108 
96 
111 

4 5  
81 
7 9  
13 O 
14 4 

DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 

GAS 
GAS 
HL 
HL 
HL 
HL 
LL 
LL 
LL 

OEL 
OEL 
OEL 
OEL 
OEL 
OEL 
OEL 
OEL 
OEL 

O. 50 
0 . 5 0  
6.00 
6.00 
0.50 
0.75 
0.50  
0.15 
0.75 

1.5272E-08 
3.1075E-06 
1.2852E-08 
2.4155E-08 
1.2669E-08 
2.1604E-07 
1.1914E-08 
1.126OE-08 
1.6886E-06 

N = 9  

N = 3  

_--_----------------^_______ Type=pmp T-PHASE=HL ............................. 
OVA THC 

Sample sv ER 
Site ID Code Phase Subtype Size (ppm) (lbs/hr) 

Y 70 DZ HL HC 2 O 4.9741E-08 
Y 120 DZ HL HC 4 O 1.9662E-06 
Y 132 DZ HL HC 3 O 5.1046E-08 
Y 135 DZ HL HC 2 O 4.42760-08 
W 51 DZ HL VERT 4 O 5.1012E-08 

N = 5  
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A P I  PUBL*4bL3 94 I 0732290 0 5 3 3 5 2 3  041 

Site 

OVA THC 
Sample sv ER 

ID Code Phase Subtype Size (ppm) (lbs/hr) 

4 DZ LL HC 4 O 1.4695E-07 
48 DZ LL HC 2 O 4.53923-05 
79 DZ LL HC 6 O 5.5176E-08 
80 DZ LL HC 6 O 5.9828E-O8 

4.1203E-06 12 5 DZ , LL HC 8 O 
109 DZ LL O 1.2093E-07 
129 DZ LL VERT i O 1.1827E-06 

N = 7  

S i t e  

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
V 
V 
z 
Z 
2 
z 
W 
W 
w 
V 
V 
X 
X 
Z 
Z 
Z 
W 
W 
W 
W 
W 
W 
Y 
Y 

Sample 
ID 

25 
47 
53 
87 
88 
97 
105 
112 
138 
139 
85 
105 
83 
84 
89 
90 
95 

100 
107 
76 
89 
72 
78 
93 
94 
95 
43 
49 
60 
61 

12 2 
12 3 
16 
17 

Code 

DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
OZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 

Phase 

GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
HL 
HL 
HL 
HL 
HL 
HL 
HL 
HL 
HL 
HL 
HL 
HL 
HL 
LL 
LL 

Subtype 

GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
PLUG 
GATE 
GATE 
GLOBE 
GATE 
GLOBE 
GATE 
GATE 
GATE 
MC 
MC 
GATE 
GLOBE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 

S i z e  

2.00 
1.50 
8.00 
0.75 
0.75 
6.00 
1.00 
3.00 
4.00 
3.00 
2.00 
6.00 
1.00 
6.00 
6.00 
6.00 
4.00 
3.00 
6.00 
1.00 
2.00 
0.75 
2.00 
8.00 
8.00 
6.00 
0.50 
1.00 
0.75 
0.75 
3.00 
3.00 
3.00 
1.00 

OVA 
sv 

(PPm) 

O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 

THC 
ER 

(lbs/hr) 

7.205OE-O7 
4.5395E-07 
1.9694E-O5 
1.70840-08 
1.9079E-08 
2.07340-08 
2.2466E-08 
7.2409E-07 
2.1829E-08 
3.131OE-O8 
3.4459E-05 
6.0900E-08 
1.8390E-06 
4.8148E-06 
9.8204E-08 
8.7430E-08 
1.3547E-06 
2.5818E-05 
8.0767E-08 
6.3525E-05 
3.2623E-05 
2.2798E-08 
7.9476E-05 
1.2192E-07 
1.1890E-07 
1.1001E-07 
5.3101E-06 
2.3327E-08 
1.4546B-08 
1.4663E-08 
3.6122E-08 
2.96550-08 
2.6409E-08 
1.4636E-08 
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Site 

Y 
Y 
Y 
X 
X 
X 
X 
X 
X 
Z 
Z 
Z 
Z 
Z 
Z 
W 
W 
W 
W 
W 
W 
W 
W 

Sample 
ID 

100 
110 
141 
49 
51 
68 
69 
70 
123 
41 
113 
166 
167 
169 
17 6 
36 
40 
54 
78 
133 
150 
154 
157 

Code 

DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 
DZ 

Phase Subtype 

LL PLUG 
LL GATE 
LL GATE 
LL GLOBE 
LL GATE 
LL GATE 
LL GATE 
LL GATE 
LL ORBIT 
LL GATE 
LL GATE 
LL GATE 
LL GATE 
LL GATE 
LL GATE 
LL GATE 
LL GATE 
LL GATE 
LL GATE 
LL GATE 
LL GATE 
LL GATE 
LL GATE 

Size 

1.00 
4.00 
8.00 
4.00 
3.00 
4.00 
4.00 
1.00 
3.00 
0.75 
1.00 
3.00 
1.00 
3.00 
6.00 
0.50 
10.00 
0.75 
3.00 
1.50 
1.00 
10.00 
8.00 

- OVA 
SV 

(PPm) 

O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
o 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 

THC 
ER 

(lbs/hr) 

1.4048E-08 
1.0681E-06 
6.1566E-08 
6.8850E-06 
5.1433E-06 
3.6704E-05 
1.5060E-O5 
2.1525E-08 
4.2514E-06 
1.6542E-07 
1.5225E-08 
5.1763E-06 
1.5406E-05 
1.5348E-05 
1.2557E-07 
2.4341E-O8 
4.7162E-08 
1.0298E-08 
1.1817E-06 
2.1984E-08 
1.8395E-08 
4.8301E-O8 
4.4190E-08 

N = 57 
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A.4 

PEGGED COMPONENT EMISSIONS DATA 
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Data for Pegged Component Emission Factors 1 

............................... Type=C phase=FL ............................... 
OVA THC 

Sample - sv ER 
Site I D  Code Phase Subtype Size (ppm) (lbs/hr) 

V 93  PEG GAS FL 24 85987 1.7264E-04 
V 9 5  PEG GAS FL 4 85990 8.2593E-03 
w 9 PEG GAS FL 1 99995 5.48460-02 

N = 3  

OVA THC 

Site I D  Code Phase Subtype Size ( PPm 1 (lbs/hr) 
Sample sv ER 

Y 
Y 
v 
V 
X 
X 
X 
x 
Z 
2 
Z 
W 
W 
W 

58 
1 0 6  

62 
66 
35 
5 8  
60 
62 
26 
27 
66 

4 
34 

109  

PEG 
PEG 
PEG 
PEG/DRIP 
PEG 
PEG 
PEG 
PEG 
PEG 
PEG 
PEG 
PEG 
PEG 
PEG 

LL 
LL 
GAS 
HL 
LL 
GAS 
LL 
GAS 
LL 
LL 
GAS 
GAS 
GAS 
LL 

TH 
TH 
TH 
TH 
TH 
TH 
TH 
TH 
TH 
TH 
U 
TH 
TH 
TH 

1.00 
0 .50  
1 .00  
1-00 
1 - 0 0  
1.00 
1 .00  
0 .75  
1.00 
1.00 
1 . 5 0  
3.00 
1.00 
0.75 

75992.0 2.5896E-03 
89997.0  1.56896-02 
90997.5  2.7638E-03 

1434.0  7.4962E-02 
46990.0 6.2568E-03 
54996.0 1.1886E-01 
65996.0 6.3338E-02 
99998.0 7.6784E-02 

116995.0 2.6415E-03 
116996.0  6.7018E-03 

99990.0 4.366OE-O4 
99996.0  4.4216E-02 
99995.0 4.4067E-03 
99997.0 6.08273-03 

N = 1 4  

z 
2 
Z 
W 

12 
58 
77 
8 1  
82 
1 0  
1 6  
17 
37 

1 6 5  
20  

PEG 
PEG 
PEG/ DRIP 
PEG 
PEG 
PEG/DRIP 
PEG 
PEG 
PEG 
PEGF 
PEG 

GAS 
GAS 
HL 
GAS 
GAS 
LL 
GAS 
GAS 
LL 
LL 
LL 

OEL 
OEL 
OEL 
OEL 
OEL 
OEL 
OEL 
OEL 
OEL 
OEL 
OEL 

O.  50 
0.75 
0.50 
0.75 
0.75 
0 .50  
0 .50  
0 .25  
0.50 
0.25 
0.50 

88995.0  9.0946E-03 
99997 .5  3.0630E-04 

693 .0  5.64030-02 
109990 .0  1.2848E-02 
118980 .0  5.9078E-03 

72987.0  2.5249E-02 
140000. O 2.60770-O2 
140000.  O 4.3177E-02 
139998.2 9.3953E-O2 

99995.5 2.2345E-03 
99995.0  1.8948E-03 

N = 11 
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Data f o r  Pegged Component Emission Factors 2 

............................. Type=pWp phase=LL .............................. 
OVA THC 

Sample sv - ER 
Site ID Code Phase Subtype Size ( PPm ) (lbs/hr) 

Y 94 PEG LL HC 3.0 83247.5 2.34850-03 
X 5 PEG/DRIP LL CENT O. 5 61988. O 8.2052E-02 
X 92 PEG LL CENT 3.0 99955.0 2.7577E+00 
2 22 PEG1 LL HC 2.0 108990.0 2.3292E-03 

LL 99995.0 3.5463E-01 z 100 PEG 

N = 5  

A-135 
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Site 

Y 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
2 
2 
z 
z 
z 
z 
z 
W 
W 
W 
W 

Sample 
ID 

6 
14 
31 
59 
60 

90  
91 

106 
107 
108  

9 
12  
17  
1 9  
23 
32 
39 
40 
4 1  
55  
9 1  
9 5  
9 6  

109  
12  1 
122 

15 
5 1  
79  
80  
8 1  
92 

1 1 5  
7 

10  
106 
139  

78 

Code 

PEG 
PEG 
PEG 
P E G  
PEG 
PEG 
PEG 
PEG 
PEG 
PEG 
PEG 
PEG / DRIP 
PEG 
PEG /DRIP 
PEG 
PEG 
PEG 
PEG 
PEG 
PEG 
PEGI 
PEG 
PEG 
PEG 
PEG 
PEG 
PEGF 
PEG 
PEGF 
PEG 
PEG 
PEG 
PEG 
PEG 
PEG 
PEG 
PEGI 
PEGI 

P h a s e  

GAS 
LL 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
GAS 
LL 
LL 
LL 
LL 
LL 
LL 
GAS 
LL 
LL 
GAS 
GAS 
LL 
LL 
LL 
LL 
LL 
GAS 
LL 
GAS 
GAS 
GAS 
LL 
GAS 
GAS 
GAS 
GAS 
GAS 

Subtype 

GATE 
MC 
MC 
GATE 
MC 
GATE 
GLOBE 
GLOBE 
GLOBE 
MC 
MC 
GATE 
GATE 
GATE 
GAT E 
GATE 
GATE 
GATE 
GATE 
GATE 
GATE 
ORB IT 
ORBIT 
ORBIT 
ORBIT 
GATE 
BTFY 
NEDL 
GATE 
GLOBE 
GLOBE 
GLOBE 
GATE 
GATE 
MC 
DIA 
MC 
GATE 

N = 38 

s i z e  

1 .0  
1. o 
1. o 
O.  5 
3 .0  
3 . 0  
2 .0  
2 .0  
3 .0  
4.0 
4 .0  
3 .0  
3 .0  
6 .0  
6 . 0  
6 .0  
6 .0  
2.0 
2 . 0  
2 . 0  
4 . 0  
3 . 0  
8 . 0  
2 . 0  
2 .0  
4 .0  
8 . 0  
0 . 5  
3 . 0  
1 .0  
1 . 0  
3 .0  
4 . 0  
2.0 
6 .0  
1.5 
3.0 
6 .0  

OVA 
- sv 
( P P  1 

89993.5  
66988.  O 

119996.  O 
99998.5 

108998.8  
83475.  O 
76994.  O 
79995.5  
99995.  O 
71397 . O  
77996.  O 
69990.  O 
69995.  O 
87495.  O 
69995.  O 
38998 .O 
69993.  O 
57990.  O 
57990.  O 

139993.  O 
57995.0 
9 9 9 9 6 . 5  
99999 * o 
99997.0 
99998 .5  
99997 .o 
99994.  O 
99999. o 

145998.6  
99990.  o 
99990.  o 
99997. O 
99995.  O 
99997.5  
99991.0  
99995.  o 
79995.5 
69995.5  

THC 
ER 

( lbs/ h r  ) 

2.0189E-O2 
2.9084E-02 
4.1444E-02 
4.5223E-03 
3.93733-03 
6.3393E-03 
7.5190E-03 
7.7133E-03 
2.3761E-02 
5.5589E-02 
1.1336E-02 
6.6420E-02 
4.1433E-01 
5 .8  17  iE-02 
7.6070E-03 
5.7033E-02 
1.1199E-02 
3.7270E-02 
6.7684E-03 
3.0397E-O2 
9.1958E-03 
3.5486E-03 
4.1500E-02 
2.2315E-02 
1.3228E-02 
5. S536E-02 
2,03013-02 
1.0580E-02 
1.4690B-02 
1.7053E-01 
1.9380B-02 
1.0973E-O2 
4.5531E-02 
1.2232E-02 
1.3441E-03 
2.8411E-O3 
1.8904E-03 
1.4817E-02 
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APPENDIX B 

COMPARISON OF VAPOR LEAK COMPOSITION TO 
LIQUID STREAM COMPOSITION DATA AND CALCULATIONS 
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APPENDIX C 

STATISTICAL EVALUATIONS 
AND CORRELATION DETAILS 
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C.1 LEAST SQUARES ESTIMATE OF A LINEAR REGRESSION 

The fitting of a line to describe the relationship between two variables (X and Y) via the 
method of least squares involves estimating a Y-intercept (ß,) and a slope (ß,). The method 
of least squares chooses the parameter estimates for ß o  and ß,, as those values which 
minimize the sum of squares of the vertical distances from the data points to the presumed 
regression line. In addition, these parameters are estimated so that the average residual 
(ri = Y, - ß o  - ß,X,, i=l, . . . , n) is zero. 

Let 
Y, = Log,, (Leak Rate determined by bagging component i), 

and 
X, = Log,, (Maximum Screening Value for component i). 

So that: 
Log,, (Leak Rate) = ß, + ß, Log,, (Screening Value), 

or 

Yi = ßû + PiXi 
describes the regression line. 

Then the least square regression estimators can be given by: 

(XY) - (2) (Y )  
x2 - ( X ) 2  

B I  = 3 

and 

ß, = Y - ß,X , 

c- 1 
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where: - c xi x = -  
n 

- c Yi 
Y = -  

n 

c XiYi XY = 
n 

n = number of parameters. 

Once these have been calculated, then the Mean Squared Error (MSE) can be given by: 
where: 

ri = Yi - ß, - ßiXi . 

The MSE is a measure of how well the data fit the predicted values of the least-squares 
regression equation. 

C.2 SCALE-BIAS CORRECTION FACTOR 
In order to predict the mean emission rate for a given screening value, one must first 
transform the results of the least-squares analysis from log-log space back to arithmetic 
scales. To do this, a scale bias correction factor (SBCF) is required to obtain the following 
predictive correlation equation: 

Mean Leak Rate = SBCF x 10’0 x (ScreeningValue)” 

The SBCF is obtained by summing a sufficient number (generally 10-15) of terms of the 
infinite series given below. Specifically, the SBCF is estimated by: 

c-2 
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(m - i)’t3 - 

m33! (m + I)  (m + 3) 
+ ...., (m - 1) t + (m - i)3t2 + g (t) = 1 + 

m m22! (m + i )  

where: 

t = - (iniO)2 (”” ) 
and 

m = number of sources bagged - 1 . 

The SBCF given above is a generalization of the SBCF developed by Finney (1941) for log- 
normal averages. Finney’s SBCF was developed for averages only, but was extended to 
regression analysis for this application, as discussed in the U.S. EPA Protocols Document 
(U.S. EPA, 1993). The SBCF given above may not be mathematically exact and it does not 
account for errors in ßo and ßl. However, the Finney SBCF performed well in simulations 
when the errors in x (the screening values) were small. If the errors in x are not negligible, 
then the Finney SBCF is biased high. It is noted that this SBCF is given in the U.S. EPA 
Protocols Document (U.S. EPA, 1993) as the recommended SBCF. 

C.3 STANDARD ERROR 
The standard error of an estimate is a statistical measure of the amount of variation of the 
actual values of the dependent variable from their predicted values, as estimated by the 
regression equation. Its formula may be written: 

SE, = 4MSE 

The S E ,  possesses the same units as the response variable, Y, (for emission rates, this is 
lbs/hr). The standard error is also used in developing confidence intervals around the mean 
predicted values. 
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(2.4 CONFIDENCE INTERVALS 
A confidence interval for a parameter O is an interval: 

where: 

a and b are numbers calculated partially from sample data, within which we feel reasonably 
certain the unknown parameter lies. A confidence interval is derived from a probability 
statement that involves the unknown parameter O. These confidence intervals should be 
interpreted as follows: 

When we state that the parameter falls within the computed confidence limits, we expect to 

be correct about 100 x (1-a) percent of the time. 

For example, suppose a sample is drawn from some population and a 95% confidence interval 
(a = 0.05) is computed for some parameter, say the mean. If 100 samples are drawn from 
that population, and 100 of these confidence intervals for the mean are computed, then 95 of 

these intervals should contain the true population mean O as an interior point. 

Confidence intervals for the intercept of the least-squares regression equation can be specified 
as : 

Confidence intervals for the slope of the least-squares regression equation can be specified as: 

8 1  $1 - w2. o - z,”P, 9 

c - 4  
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where: 

sxx = C(X, - X)2  

- c xi x=- 
n 

mi - ß, - pixy MSE = 
n - 2  

f - n 

and 

is the 1- ur/2 probability point of the student’s t distribution with (n-2) degrees of freedom. 

Confidence intervals for the predicted mean value of Y for a given X, can be specified as: 
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where: 

and 

SE, = d s  as given in Appendix A.l. 

The confidence intervals for the predicted values are smallest when x k  = 2 and increase as 
x k  moves away from X in either direction. That is, the greater the distance an xk is (in either 
direction) from 2, the larger the expected error is when predicting the mean value of Y at x k .  

C.5 CORRELATION COEFFICIENT 
The sample correlation coefficient is a statistical measure of the linear relationship between 
two variables. The correlation between two variables, X and Y, is computed as: 

- c (Xi - %).(Yi - Y )  
{E (xi - X>’*E (Yi - Y)’ 

rxY - ? 

and is bounded: 

-1 I r , I  1 . 

The correlation coefficient squared (rxy2) can be interpreted as the fraction of the total 
variation which is explained by the least-squares regression line. In other words, r, 
measures how well the least-squares regression line fits the sample data. if the total variation 
is all explained by the regression line, i.e., if rxu2 = 1 or r, = +1, we say there is a perfect 
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linear correlation. On the other hand, if there is no linear relationship between sample values 
of X and Y, then r, will have a value near zero. In addition, if rxl' > O, then the response 
variable (Y) increases as the independent variable (X) does. If r, < O, the response 
decreases as the independent variable increases. 

C.6 CALCULATION OF ZERO COMPONENT EMISSION FACTORS AND PEGGED 
COMPONENT EMISSION FACïORS AND THE 95% CONFIDENCE LIMITS 

The zero component emission factor is calculated as the average emission factor for screening 
values that screen at background levels. The pegged component emission factor is calculated 
as the average emission factor for screening values that "peg" the instrument screening device 
(i.e., the screening value is greater than the measurable range of the instrument). 

These emission factors can be Calculated as an arithmetic average or a log-normal average 
depending on the dismbution of the data. It is noted that the arithmetic average provides a 
statistically unbiased estimate of the mean, regardless of the underlying distribution (i.e., 
normal, log-nomal, gamma, etc.). If the data are normally dismbuted then the arithmetic 
mean also provides a minimum-variance unbiased estimator. If the data are log-normally 
dismbuted, the log-nomal mean provides the minimum-variance unbiased estimator. 

The arithmetic average is calculated as follows: 

n c Yi 
i=1 - y = -  

n 

n = number of sources bagged 
where: yi = the leak rate determined by bagging component i. 

The 95% confidence limits for the arithmetic average emission factors are calculated as 
follows: 

c-7 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBL*<4613 94 0732290 0533554 715 

S - + $1 -an. n - 1) y Y -  

where: S ,  = the standard deviation of y = d S ; ,  

is the 1 4 2  probability point of the student’s t dismbution with (n-i) degrees of freedom. 

The log-normal average, p, is calculated as follows: 

p = SBCF (Y)  , 

where: 

n = number of sources bagged. 

Yi = Log,, (ui) = Log,, (leak rate determined by bagging component i). 

The SBCF is obtained by summing a sufficient number (generally 10-15) of terms of the 
infinite series given below as shown in A.2. Specifically, the SBCF is estimated by: 

C-8 
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+ ...., (n - 1) t + (n - i l3t2 + (n - i)’t3 - g (t) = 1 + 
n n2Z! (n + i) n33! (n + i) (n + 3) 

where: 

and 

n = number of sources bagged . 

Note that the value for t used in the calculation of the SBCF for the log-normal average 
emission factors is different than the value of t used in the calculation of the SBCF for the 

regression analysis. To calculate the lognormal average emission factors, the mean-squared- 
error (MSE) of the regression is replaced by the variance (S;) of the emission rates, and the 
degrees of freedom are n-1 (instead of n-2). 

The equation for the mean emission rate, given above, is the best, unbiased estimator and also 
provides an efficient estimate for the mean of a lognormal distribution [Finney (1941), 
Atchinson (19531. 

The 95% confidence limits for the lognormal average emission factors are calculated as 
follows: 
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SBCF 10 "i I 

where: 

S ,  = the standard deviation of Y = 6, 

and 

is the 1- or/2 probability point of the student's t distribution with (n-i) degrees of freedom. 

C.7 REGRESSION ESTIMATES FOR EMISSION RATES FROM THE 1980 
REFINERY STUDY (RADIAN, 1980) 

Note: 
TLVO=TLV screening value obtained at the surface of the component 
Flanges 

Equation for predicted mean emission rate is: 
Emission Rate = (1.275)( 10-5)(~V0)0.88 
Least-Square Results (in log-log space) using TLV Screening Instrument: 
Log,, (Emission Rate) = -5.20 + 0.88 Log,, (TLVO); 
Correlation Coefficient (r) = 0.77; 
Number of Data Pairs = 52; 
Standard Error of Estimate = 0.52; 
95% Confidence Interval for Intercept (-5.9, -4.5); 
95% Confidence Interval for Slope = (0.68, 1.08); and 
Scale Bias Correction Factor = 2.02. 
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Valves - Light Liquid Service 
Equation for predicted mean emission rate is: 
Emission Rate = (3.19)( 10-5)(~V0)0.80 
Least-Square Results (in log-log space) using TLV Screening Instrument: 
Log,, (Emission Rate) = -4.90 + 0.80 Log,, (TLVO); 
Correlation Coefficient (r) = 0.79; 
Number of Data Pairs = 119; 
Standard Error of Estimate = 0.60; 
95% Confidence Interval for Intercept (-5.3, -4.5); 
95% Confidence Interval for Slope = (0.69, 0.91); and 
Scale Bias Correction Factor = 2.53. 

Valves - Gas Vapor Service 

Equation for predicted mean emission rate is: 
Emission Rate = (4.81)( 10-7)(TLVO)'.23 
Least-Square Results (in log-log space) using TLV Screening Instrument: 
Log,, (Emission Rate) = -7.00 + 1.23 Log,, (TLVO); 
Correlation Coefficient (r) = 0.76; 
Number of Data Pairs = 79; 
Standard Error of Estimate = 0.78; 
95% Confidence Interval for Intercept (-8.1, -5.9); 
95% Confidence Interval for Slope = (0.99, 1.47) ; and 
Scale Bias Correction Factor = 4.81. 

Pump Seals - Light Liquid Service 

Equation for predicted mean emission rate is: 
Emission Rate = (1.823)( 1 0 " ) ( ~ ~ V 0 ) " ~ ~ ~  
Least-Square Results (in log-log space) using TLV Screening Instrument: 

Log,, (Emission Rate) = -4.40 + 0.830 Log,, (TLVO); 
Correlation Coefficient (r) = 0.68; 
Number of Data Pairs = 259; 
Standard Error of Estimate = 0.760 
95% Confidence Interval for Intercept (-4.9, -3.9); 
95% Confidence Interval for Slope = (0.72, 0.94) ; and 
Scale Bias Correction Factor = 4.58. 
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C.8 REGRESSION ESTIMATES FROM "E PETROLEUM MARKETING 
TERMINALS STUDY 

Note: 
OVAO=OVA screening value obtained at the surface of the component 
OVAl=OVA screening value obtained at c1 cm from component 

Connectors (Flanges and Non-Flanges) - All Services 

Equation for predicted mean emission rate is: 
Emission Rate = (4.652)( 10-5)(OVA0)0.426 
Least-Square Results (in log-log space): 
Log,, (Emission Rate) = -4.73 + 0.426 Log,, (OVAO); 
Correlation Coefficient (r) = 0.41; 
Number of Data Pairs = 36; 
Standard Error of Estimate = 0.604; 
95% Confidence Interval for Intercept (-5.48 -3.98); 
95% Confidence Interval for Slope = (0.097, 0.754); and 
Scale Bias Correction Factor = 2.50. 

O Valves - Light Liauid Service 
Equation for predicted mean emission rate is: 
Emission Rate = (6.34)( 106)(OVAO)0.708 
Least-Square Results (in log-log space): 
Log,, (Emission Rate) = -5.433 + 0.708 Log,, (OVAO); 
Correlation Coefficient (r) = 0.845; 
Number of Data Pairs = 46; 
Standard Error of Estimate = 0.460; 
95% Confidence Interval for Intercept (-5.8 1, -5.06); 
95% Confidence Interval for Slope = (0.57, 0.84); and 
Scale Bias Correction Factor = 1.72 

O Loading Arm Valves - All Services 
Equation for predicted mean emission rate is: 
Emission Rate = (8.24)( 10~6)(OVA0)0~955 
Least-Square Results (in log-log space): 
Log,, (Emission Rate) = -5.469 + 0.955 Log,, (OVAO); 
Correlation Coefficient (r) = 0.825; 
Number of Data Pairs = 24; 
Standard Error of Estimate = 0.601; 
95% Confidence Interval for Intercept (-6.03, -4.91); 
95% Confidence Interval for Slope = (0.67, 1.24); and 
Scale Bias Correction Factor = 2.43 
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Open-Ended Lines - All Services 

Equation for predicted mean emission rate is: 
Emission Rate = (5.69)(10~6)(0VA0)0~995 
Least-Square Results (in log-log space): 
Log,, (Emission Rate) = -5.743 + 0.995 Log,, (OVAO); 
Correlation Coefficient (r) = 0.859; 
Number of Data Pairs = 16; 
Standard Error of Estimate = 0.701; 
95% Confidence Interval for Intercept (-6.53, -4.95); 
95% Confidence Interval for Slope = (0.65, 1.34); and 
Scale Bias Correction Factor = 3.14 

Pump Seals - Light Liquid Service 

Equation for predicted mean emission rate is: 
Emission Rate = (6.567)( 10-5)(OVA 1)0.534 
Least-Square Results (in log-log space): 
Log,, (Emission Rate) = -4.619 + 0.534 Log,, (OVA1); 
Correlation Coefficient (r) = 0.757; 
Number of Data Pairs = 12; 
Standard Error of Estimate = 0.667; 
95% Confidence Interval for Intercept (-5.43, -3.81); 
95% Confidence Interval for Slope = (0.209, 0.859) ; and 
Scale Bias Correction Factor = 2.729. 

Valves (Light Liauid Services) and Connectors (All Services), Combined 

Equation for predicted mean emission rate is: 
Emission Rate = (1.255)( 10-5)(OVA0)0.635 
Least-Square Results (in log-log space): 
Log,, (Emission Rate) = -5.22 + 0.635 Log,, (OVAO); 
Correlation Coefficient (r) = 0.729; 
Number of Data Pairs = 82; 
Standard Error of Estimate = 0.532; 
95% confidence Interval for Intercept (-5.56, -4.88); 
95% Confidence Interval for Slope = (0.502, 0.768) ; and 
Scale Bias Correction Factor = 2.083. 
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Loading Arm Valves (All Services) and Open-Ended Lines (All Services), 
Combined 

Equation for predicted mean emission rate is: 
Emission Rate = (7.663)( 109(OVA0)0.959 
Least-Square Results (in log-log space): 
Log,, (Emission Rate) = -5.55 + 0.959 Log,, (OVAO); 
Correlation Coefficient (r) = 0.838; 
Number of Data Pairs = 40; 
Standard Error of Estimate = 0.632; 
95% Confidence Interval for Intercept (-5.98, -5.12); 
95% confidence Interval for Slope = (0.755, 1.164) ; and 
Scale Bias Correction Factor = 2.743. 

C.9 REGRESSION ESTIMATES FROM THE 1993 REFINERY FUGITIVE 
EMISSIONS STUDY 

Note: 
OVAO=OVA screening value obtained at the surface of the component 
OVAl=OVA screening value obtained at < 1 cm from component 

Connectors (Flanges) - All Services 

Equation for predicted mean emission rate is: 
Emission Rate = (1.25)( 106)(OVA0)0.928 
Least-Square Results (in log-log space): 
Log,, (Emission Rate) = -6.23 + 0.928 Log,, (OVAO); 
Correlation Coefficient (r) = 0.879; 
Number of Data Pairs = 19; 
Standard Error of Estimate = 0.557; 
95% Confidence Interval for Intercept (-6.99 -5.46); 
95% Confidence Interval for Slope = (0.671, 1.185); and 
Scale Bias Correction Factor = 2.11. 

Connectors (Non-Flanges) - All Services 

Equation for predicted mean emission rate is: 

Emission Rate = (2.80)( 10-7)(OVA0)'.035 
Least-Square Results (in log-log space): 
Log,, (Emission Rate) = -7.28 + 1.035 Log,, (OVAO); 
Correlation Coefficient (r) = 0.847; 
Number of Data Pairs = 29; 
Standard Error of Estimate = 0.830; 
95% Confidence Interval for Intercept (-8.13, -6.42); 
95% Confidence Interval for Slope = (0.779, 1.29 ); and 
Scale Bias Correction Factor = 5.30 
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Open-Ended Lines - All Services 

Equation for predicted mean emission rate is: 
Emission Rate = (5.34)( 10-7)(OVAO)0.8"' 
Least-Square Results (in log-log space): 
Log,, (Emission Rate) = -6.693 + 0.841 Log,, (OVAO); 
Coxrelation Coefficient (r) = 0.831; 
Number of Data Pairs = 22; 
Standard Error of Estimate = 0.632; 
95% Confidence Interval for Intercept (-7.58, -5.8 1); 
95% Confidence Interval for Slope = (0.580, 1.10); and 
Scale Bias Correction Factor = 2.63 

0 Pump Seals - Heavy Liquid Service 
Equation for predicted mean emission rate is: 
Emission Rate = (5.56)(10~6)(OVA1)'-"' 
Least-Square Results (in log-log space): 
Log,, (Emission Rate) = -5.57 + 1.07 Log,, (OVA1) 
Correlation Coefficient (r) = 0.903; 
Number of Data Pairs = 10; 
Standard Error of Estimate = 0.572; 
95% Confidence Interval for Intercept (-6.45, -4.69); 
95% Confidence Interval for Slope = (0.664, 1.48); and 
Scale Bias Correction Factor = 2.06 
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PumD Seals - Light Liquid Service 

Equation for predicted mean emission rate is: 
Emission Rate = (2.604)(OVAl)0.438 
Least-Square Results (in log-log space): 
Log,, (Emission Rate) = -4.09 + 0.438 Log,, (OVA1); 
Correlation Coefficient (r) = 0.646; 
Number of Data Pairs = 27; 
Standard Error of Estimate = 0.644; 
95% Confidence Interval for Intercept (-4.78, -3.40); 
95% Confidence Interval for Slope = (0.225, 0.651) ; and 
Scale Bias Correction Factor = 2.77. 

Valves - All Services. 
Equation for predicted mean emission rate is: 
Emission Rate = (3.65)( 10-6)(OVA0)0-778 
Least-Square Results (in log-log space): 
Log,, (Emission Rate) = -5.85 + 0.778 Log,, (OVAO); 
Correlation Coefficient (r) = O. 8 10; 
Number of Data Pairs = 141; 
Standard Error of Estimate = 0.603; 
95% Confidence Interval for Intercept (-6.14, -5.56); 
95% Confidence Interval for Slope = (0.683, 0.872) ; and 
Scale Bias Correction Factor = 2.59. 
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APPENDIX D 

DEVELOPMENT OF EMISSION CORRELATION EQUATIONS 
USING THE MEASUREMENT ERROR METHOD (MEM) 

STATISTICAL ANALYSIS METHOD 
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D. 1 INTRODUCTION 
In Appendix C certain issues pertaining to the estimation of emission rate are discussed. For 
components that are screened but not bagged, no direct measurement of emission rate is 
made. Measurements from the less elaborate screening process, however, can be used to 

estimate emission rate. This can only be performed, however, if there exists an equation by 
which emission rate can be estimated as a function of the screening value. Thus, the entire 
process is no better than the predictive equation. (Note: predictive equations are called 
emission correlation equations throughout this report.) In this appendix, statistical issues 
pertaining to the development and use of this equation are discussed. 

Regression analysis is a reasonable method for developing the predictive equation. In 

conventional regression analysis, however, the assumption is that the dependent variable has 
an error, but the independent variable has no error. This assumption is not satisfied here, 
because screening value and emission rate are both measured with error. In this appendix, an 
approach that accounts for the errors in both variables is discussed. 

In Section D.2 simulation results based on various levels of errors in the screening value and 
emission rate measurements are presented. Inverse regression analysis is basically 
conventional regression analysis, except that the roles of the dependent and independent 
variables are reversed in performing the regression analysis; this approach is described more 
explicitly in Section D.2. Both conventional and inverse regression analysis produced severe 
biases in some of the simulated conditions. In the new approach, here referred to as the 
"Measurement Error Method" (MEM), negligible or zero biases were obtained in all 
conditions simulated. 

A literature search did not reveal any references with a complete solution of the problem 
addressed here. Where needed, the necessary mathematical relationships were derived for this 
application. Because this information is not believed to be available elsewhere in the 
literature, it was felt that a thorough documentation of the mathematics was needed. Section 
D.3 provides this documentation. 

Section D.2 and a referenced report, also written for this project, provide the information 
necessaq to understand why the new method is needed and to compare the performance of 
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the new method with that of other approaches. For these purposes, it is not necessary to 
follow the derivations given in Section D.3. Nevertheless, it is believed that Section D.3 will 
be of interest to some readers and that the detailed background will be useful in future 
developments. 

D.2 
The basic issues pertaining to the calibration process required to predict emission rate as a 
function of screening value are known to the community and are summarized in Appendix C .  
In that appendix, the regression of the logarithm of emission rate on the logarithm of 
screening value and the scale bias correction needed to obtain an unbiased estimate of 
emission rate when the errors in the screening values are negligible are summarized. 

SIMULATION RESULTS AND ANALYSES OF REAL DATA 

Simulations and analyses of real data documented in an earlier project report are summarized 
in Section D.2.1. These results strongly indicated the need for a method that accounted for 
the errors in both emission rate and screening value. New simulations involving the MEM 
technique are discussed in Section D.2.2. 

D.2.1 Summary of Earlier Results 
In a report written for this project, Williamson and Hall (1993) have shown that both conven- 
tional and inverse regression can produce biased estimates of emission rate. In conventional 
regression analysis, the logarithm of the emission rate is regressed on the logarithm of the 
screening value. In inverse regression, the roles of the two variables are reversed the 

logarithm of the screening value is regressed on the logarithm of the emission rate. Inverse 
regression is based on the assumption that the relative errors in the emission rate measure- 
ments are small compared to those in the screening value measurements. Inverse regression 
analysis produces an equation that predicts the logarithm of screening value as a function of 
the logarithm of emission rate, but it is possible to solve for the logarithm of emission rate as 
a function of the logarithm of screening value. 

Both regression analyses were performed in log-log space, and a scale bias correction factor 
was employed in both cases; again, the use of a scale bias correction factor when a regression 
analysis is performed in log-log space is discussed in Appendix C. 

D-2 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBL*4b13 9 4  - 0732290 0533566  437 W 

The earlier project report provides a variety of simulations in which conventional and inverse 
regression are compared. Conventional regression analysis perfonns well in the hypothetical 
case in which there is no error in the screening value, but this case is not realistic for the 
emission rate, screening value relationship. If the relative error in the screening value is 
much larger than the relative error in the emission rate, then inverse regression performs 
better than conventional regression. 

In addition to the simulations, the earlier project report documents analyses based on real 
data. An analysis of replicate pairs of screening and bagging values is presented. The data 
base is not large enough to quantify the error variance accurately for ali combinations of 
component types (connectors, pump seals, valves, and open-ended lines) and service cate- 
gories (light liquid and gas) listed. The preliminary results suggest, however, that the relative 
error in neither type of measurement is negligible compared to the relative error in the other. 
This indicates that neither conventional nor inverse regression is fully adequate, and a method 
that accounts for the error in both variables is needed. 

Additionally, results obtained by applying both conventional and inverse regression to real 
data sets were compared. Considerable differences between the two regression lines were 
observed. Differences of more than a factor of ten between the emission rates predicted by 
the two methods were observed for some screening values for all four data sets analyzed. 

In the earlier project report it was recommended that a new approach based on the MEM 
technique be developed. That development has now been performed. 

D.2.2 Simulations 
Because the MEM approach had not yet been developed when the earlier report was 
published, that report contains no simulations demonstrating the performance of the MEM 
technique. This section supplements the earlier report by presenting simulations in which 
results produced by the MEM technique, conventional regression, and inverse regression are 
compared. 

On the basis of Radian’s experience in developing regression models to predict emission rate 
as a function of screening value, a standard error (or root-mean-square error) of 0.6 is real- 
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istic. The standard error in this context characterizes the scatter of the points about the 
conventional regression line when the common logarithm of emission rate is regressed on the 
common logarithm of screening value. 

In this section, data sets with different relative errors in emission rate and screening value 
have been analyzed. The errors were adjusted, however, so that the conventional regression 
analysis described above would produce approximately a standard error of 0.6 (the actual 
standard errors in the cases analyzed varied only from 0.60 to 0.62). The same synthetic data 
sets analyzed here are also discussed in the earlier report. The actual mathematical process 
for synthesizing the data with errors is discussed in Section D.3. 

Consider, then, the analyses performed for a given standard deviation of the logarithm of 
emission rate and the corresponding standard deviation of the logarithm of screening value. 
First, a set of 30 screening values and 30 corresponding emission rates were generated. The 
random error in any one of these values was independent of each other error. Using these 
data, a predictive equation was developed using each of the three methods to be compared. 
Subsequently, an independent set of 30 screening values was synthetically generated. The 
errors in these screening values had the same statistical parameters but were statistically 
independent of the errors in the values used to develop the regression models. Each model 
was used to predict the emission rate for each screening value. The process just described 
constitutes one Monte Carlo trial. 

The process was performed for 1,ooO Monte Carlo trials, such that the errors in any trial were 
statistically independent of those in any other trial. The 1,ooO estimated emission rates for a 
given method and screening value were averaged. Each average was compared to the 
corresponding true emission rate to determine whether a bias existed. 

Figure D-1 presents the results for the case in which there was no error in the screening 
value. This case is not realistic but is presented for illustration. In this instance, the 
assumptions associated with conventional regression were satisfied. The assumptions 
associated with the MEM technique were also satisfied, because this approach is designed to 
handle any level of errors in the dependent and independent variables. 
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Each symbol (asterisk, square, or star) in Figure D-1 represents the average of 1,OOO estimates 
of emission rate for a given method and true screening value. This figure shows that both the 
conventional regression line and the MEM regression line fall very nearly on the dashed line 
indicating the true values, as expected on the basis of the comments above. 

The assumptions for inverse regression would be strictly satisfied if there were no error in the 
emission rate. This condition is not satisfied, and Figure D-1 shows that the results of inverse 
regression are severely biased in this case. 

Figure D-2 illustrates the case in which the logarithms of the emission rates and screening 
values have the same error variances. Notice that these two types of measurements have 
different physical units, and so their standard errors in linear space cannot be compared. The 
standard errors in log space (Le., the standard deviations of the errors in their logarithms) can 
be compared, however. 

In Figures D-2, D-3, and D-4 there are errors in the screening values. Each averaged 
predicted emission rate, however, is plotted with the true screening value as an abscissa; this 
scheme facilitates comparison of the averaged emission rates with the dashed line representing 
the true values. 
In the case shown in Figure D-2, the assumptions for neither Conventional nor inverse 
regression analysis are satisfied. Both of these methods produce markedly biased results, 
especially for smaller screening values. Again, the MEM predictions lie approximately on the 

dashed line indicating the true values. Even though the results from 1,OOO Monte Carlo trials 
were averaged, a slight point-to-point random variability is seen in Figure D-2. 

Figures D-3 and D-4 present the cases in which the standard error in the logarithm of 
screening value is 1.5 times and twice that in  the logarithm of emission rate, respectively. As 
the error in the logarithm of screening value increases relative to the error in the logarithm of 
the emission rate, the performance of the conventional regression analysis should degrade, and 
the performance of inverse regression should improve. The figures clearly reveal that this 
occurred. Nevertheless, a slight bias in the results for inverse regression still appears in 
Figure D-4. 
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The predictions made by the MEM technique lie very nearly on the line indicating the true 
values in all four cases. These results strongly indicate that the MEM technique produces 
estimates of emission rate with negligible or zero bias under the conditions simulated. 
Moreover, a wide range of relative errors in the two variables were included in the 
simulations. 

Williamson and Hall (1993) also discuss the fact that the relative errors in the screening 
values used to develop the predictive equations and the relative errors in the screening values 
used later to predict emission rates may be different. These conditions change the 
mathematical problem somewhat. The equations necessary to use the MEM technique in this 
situation have been developed, and the methodology is discussed in Section D.3. Simulations 
again confirmed that the MEM technique was the only one of the three regression approaches 
that produced estimates with little or no bias under all conditions tested. The results are 
essentially the same as those discussed above, except there was somewhat more scatter in the 
plotted data points because of the increased variance in the screening values used to make the 
predictions. 

D.3 STATISTICAL METHODOLOGY 
The preceding sections provide a qualitative overview of the new approach. The purpose of 
this section is to provide a technical discussion of the statistical details. 

The fact has been recognized that conventional regression analysis produces biased results 
when there are errors in both the dependent and independent variables. Under these 
conditions, conventional regression analysis produces a slope estimate whose absolute value is 
low-biased (Bloch, 1978). 

Regression techniques that account for the errors in both the dependent and independent 
variables have been employed in other applications, but the analysis presented in this report 
represents a new application for this statistical methodology. Moreover, a literature search 
did not reveal the use of this methodology in log-log space together with the necessary scale 
bias correction to produce unbiased estimates in linear space or quantification of the 
uncertainties of the estimates in linear space. Thus, aspects of the methodology were derived 
for this application, For these reasons, it was felt that a thorough documentation of the new 
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methodology was needed. A step-by-step description of the statistical issues and calculations 
is provided in the following subsections. 

D.3.1 Preliminary Descriution of the Problem 
Suppose we have a set of emission rates, y,, and a set of screening values, xi, i=l to n. The 
pronounced skewness of both types of variables have been consistently observed in analyses 
of real data. Moreover, if y is regressed on x, the residuals are skewed, and the error 

variance increases as x increases. Because of the inhomogeneous variance and non-normal 
errors, the assumptions of conventional regression analysis are not satisfied in linear space. 
Weighted regression analysis (Draper and Smith, 1981) can be used to address the 
inhomogeneous variance, but pronounced non-normality of the errors remains an issue. 

It has been observed in many studies that taking the logarithm of both x and y stabilizes the 
error variance and removes the skewness from both the data and the regression residuals. 

Thus, it is felt that the regression analysis is best performed in log-log space. This approach 
introduces the requirement to perform an anti-log (exponential) transformation to obtain 
estimates of emission rate in linear space. Because of this nonlinear transformation, a scale 
bias correction factor is required to obtain unbiased estimates of emission rate. 

The first step before performing the regression analysis is to take the logarithms of the data: 

X, = In (xi) 

The use of natural logarithms is the natural approach. If common logarithms are used, a 
correction factor of in( 10) appears at various points throughout the analysis; this needless 
complication is avoided by using natural logarithms. 

D.3.2 Generation of Values Used in the Simulation 
In the simulations, normally distributed X values were generated directly in log space such 
that 

E (Xi) = 1n(E(x,))-(rx2/2 
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where 
E ( ) denotes the expected value, and 
var ( ) denotes the variance. 

Because the error variance is assumed to be homogenous in log space, the quantity ox2 does 
not involve the subscript i. 

The y were actually generated as follows: 

Xi = in(E(xi)) - ox2/2 + exi 

where exi is normally distributed with mean zero and variance ox2. 

It is possible to show that this method for generating the Xi values does, in fact, produce the 
specified mean, E(x,), in linear space. Because X, (log space) is normally distributed, exi 

(linear space) is log-normally distributed. From a known relationship between normal and 
lognormal random variables (Mood, Graybill, and Boes, 1974, p.117), the expected value of 
the log-normally distributed variable ex, equals the exponential of the following: the expected 
value of the normally distributed variable Xi plus half the variance of Xi. From this property 
the proof follows: 

Thus, it was possible to select a set of m e  screening values E(%) for inclusion in the analysis 
and synthesize the corresponding values with added errors in log space. The fundamental 
equations indicated above regarding the relationships between mean and variances in log and 
linear space are fundamental to the analysis reported here. These relationships are employed 
at various points throughout the remainder of this appendix. 

Further comments apply regarding the relationship between the emission rates and screening 
values in the simulations. Suppose the intercept a and slope b relating X and Y have been 
selected. Then 
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E (Y,) = a+b Emi)  

After an error has been added, we have 

Y, = a+b E(X,)+ eyi 

where eYi is a normally distributed error with a mean of O and a variance of ou2. This 
equation can be used to generate the needed values of Yi. To evaluate the accuracy of the 
estimation of emission rates in the simulations, we need the true emission rate E(y,) 
corresponding to a given Y,. An expression for E(y,) will now be derived. We now have two 
equations for Yi: 

Y, = a+b E(X,)+ eyi 

where E(y,) is the expected value of emission rate in linear space. 

The last equation follows from the same known relationship between normal and log-normal 
random vanables mentioned earlier. 

It follows that 
a+b E(Xi) = in(E(yi))- oy2 / 2  

ln(E(y,))= a+b E(Xi)+oy2 /2 
= E (Yi>+ oy2 /2 

Exponentiating both sides of the equation, we obtain 

Thus, the method for generating the variables with normally distributed errors in log-log 
space has been demonstrated. The correct expected values in linear space have also been 
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derived. Having the me values of the screening values, emission rates, and regression slope 

and intercept allowed the simulation results to be compared to the correct values. 

D.3.3 
The next issue pertains to the regression analysis performed in log-log space. The 
methodology is discussed by Mandel (1964). In conventional regression analysis, the slope 
and intercept, a and b, are determined so as to minimize the following: 

Regression Analysis with Errors in Both X and Y 

n 

s = c ( Y I - P i ) 2  
i=l 

where 

Yi= â+B Xi , 

and the "hat" notation has been used to indicate the estimate of a given quantity; e.g., â is an 
estimate of a. 

As discussed earlier, however, this approach produces biased results when there is an error in 
X as well as Y. In this case, the correct approach is to determine the values of â, 6, and XI, 
i=l to n, that minimize the following: 

The quantities Xi - 2, and Y, - 9, are estimates of the errors in Xi and Y,, respectively. In the 
case of linear regression with no errors in the X, values and normally distributed errors in the 
Y, values, minimizing S produces the maximum likelihood estimates of the regression coef- 
ficients (Mood, Graybill, and Boes, 1974), assuming the errors are independent and have a 
homogeneous variance. It is easily shown that minimizing S' produces the maximum likeli- 
hood solution for the more general case in which there are normally distributed errors in both 
the Xi and Yi, again assuming all errors are independent and assuming the X and Y error 
variances are both homogeneous. 
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We define the variable h: 
ox’ 
o? 

h =- 

In the development here, we assume that h is accurately known. Further testing to obtain the 
data necessary to determine whether h varies among component types and to obtain accurate 
estimates of h is needed. Analyses to evaluate the sensitivity of the MEM technique to 
realistic errors in h would be beneficial. 

Maximizing S’ is equivalent to rnin4izing S”: 

i=l 
n 

= [ (xi-xi)2+h(YI -(â +6X1))2] 
i=] 

While the %, values come into play in the optimization process, their values are not of 
primary interest here. Expressions for the estimates of the slope and intercept, which are of 
primary interest, are available in closed form. 

Define 

1=1 

- 
where X is the mean of X, i=l to n7 and 

Y is the mean of Y,, i=i  to n 
Then the estimates of the slope and intercept are as follows: 

b= hw -v i- {(v -hw)2 +4hp 
2hP 
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D.3.4 Estimation of Emission Rate and Scale Bias Correction 
As is discussed in Appendix C, Finney's SBCF has been used as an approximation in this 
application. Finney's method, however, was originally derived for the purpose of estimating 
the mean of a log-normal distribution. In this section, an SBCF is derived specifically for the 
application of concern in this appendix. It can be shown that the SBCF based on Finney's 
method approaches the SBCF derived here as the sample size increases without bound. 

The intention is to use the regression equation to estimate the emission rate for a component 
not involved in the original regression analysis. The regression model is used to estimate the 
emission rate for a component that was screened but not bagged; thus, a measured value of X 

but not of Y will be available. Then the log of the emission rate is estimated as follows: 

The next step is to consider the scale bias correction factor required to obtain an estimate of 
emission rate in linear space. To accomplish this, we will use the same relationships between 
normal and log-normal variables employed earlier. To derive an expression for the mean 
emission rate in linear space, we require the mean and variance in log space. 

If the true values of the slope and intercept were known, then we would estimate Y as 
follows: 

? = a+b X 

Then 

var(?)= b 

Substituting the estimated value of the slope, we obtain 

"ar(?)= B2G,' 
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Assuming k. has zero or negligible bias (this is indicated by the simulations), it follows that: 

E(?) = E(Y) 

If E(y) is the expected vaiue of emission rate in linear space, then 

E(?) = E@) = ln(E(y))-o$ /2  

For now we are disregarding the error variances in â and 6; this point is discussed below 

It follows that 

Thus, we define the scale bias connection factor as follows: 

It follows that 

Recall that E(y) is the expected value of emission rate in linear space. The estimate of 
emission rate, then is as follows: 

A more rigorous derivation would account for the errors in â and 6 as well as the sources of 
random variability discussed above. Notice, however, that â and 6 are regression coefficients 
estimated on the basis of a sample of size n. An "error averaging" effect achieved in the 
regression analysis tends to reduce the error variance in â and 8. The term "error averaging" 
here simply refers to the fact that the errors in a sample of size n tend to counterbalance to an 
extent where regression coefficients are estimated. The greater the sample size is, the more 
the errors tend to counterbalance and, consequently, the more accurate the regression 
coefficients tend to be. The variances 02 and cry2 refer to errors that are not reduced in this 
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manner. Thus, it is believed that any error introduced by the handling of â and 6 is likely to 
be small compared to the effect of the error in the individual screening value used to estimate 
an emission rate. Moreover, the simulations discussed earlier in the appendix indicate that the 
MEM technique with the scale bias correction factor described above produces results with 
little or no bias in a variety of cases. 

In the simulation discussed here, the sample size used to estimate the regression coefficients 
was 30. It would be of interest to perform further simulations to investigate the role of the 
errors in â and 6 in cases with smaller sample sizes. 

The analysis discussed here applies in the case in which the X values used in the regression 
analysis and X values used later for predictive purposes have the same error variances. This 
condition would not be satisfied if the screening measurements used to develop the model and 
screening measurements used later for predictive purposes produced unequal error variances 
in log space. This situation, which may occur in practice, is discussed in the following 
section. 

D.3.5 Estimation of Emission Rate When In (Screening Value) has a Different Error 
Variance than it had in the Regression Analysis 

Suppose the regression model has been developed as described in an earlier section. Given a 
screening measurement u, we want to estimate the emission rate. Define 

U = l n u  

Now suppose 

We want to investigate the adjustment required if k 3 1. Consider, for the basis of 
discussion, a hypothetical screening measurement x whose expected value is the same as that 
of u: 

E (x) = E (u) 
Suppose y is an emission rate measurement whose expected value, E(y), is the true emission 
rate corresponding to either screening value (u or x). Further, the error variance of X = ln(x) 
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is the same as the corresponding variance in the regression analysis. While the value x is not 
actually measured, it serves as a basis for discussion. 

The expected value of U is 

E(U)=ln(E(u))-a$ /2=ln(E(x)) -o: / 2  

and the expected value of X is 

E(X) = ln(E(x)) -ox2/2 

The values X and Y are related by 
Y = a + b X  

The issue is to determine the relationship between Y and U, and how can we use the 
regression model to estimate emission rate as a function of U. 

It is clear that, if k f 1, the expected value of U differs from that of X. To account for the 
mean shift, we compute 

u ’=U +(OU’-oX~)/2 

Then 

It will be shown that the emission rate can be predicted as a function of U’, but an 
adjustment to the scale bias correction factor will be required. First consider the following 
predictive equation (initially, we ignore the errors in the estimates of a and b): 

Y =  a+b U’ 

Because U’ has the same mean as does X, 
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E@)= E(a+bU’) 
= E(a+bX) 
= ln(E(y))-o,2 /2 

Further, we require the variance of E. as computed as a function of U’. 

var(y)= var(a+bU’) 
= b 2  var(U’) 
= b 2  var(U) 

The last line follows from the fact that U’ equals U plus a constant: 

If we define 

Then 

E(SBCF e *)=E(y) 

It follows that 

y = (SBCF)e’ 

is the required estimator of emission rate. In practice, the estimates â and 8 can be 
substituted for a and b, respectively. 

Again, a more rigorous derivation would account for the error variances in â and b. In 
simulations, however, the estimation process described above has produced estimations of 

emission rate with negligible or zero bias. In these simulations, the regression coefficients 
were again based on a sample size of 30. As before, the simulations showed that any error 
introduced by the handling of â and 8 is likely to be small compared to errors from other 
causes in cases with sample sizes of 30 or greater. It would be of interest to perform further 
simulations to investigate the effect of a smaller sample size. 
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D.3.6 Uncertainty of Estimated Emission Rate 
In this section, we discuss the uncertainty involved in estimating the emission rate. As a first 
step, we neeù the error variance of the estimate T in log space: 

Then, 

var(%)= var(â)+ Var(6X)+ 2 cov(â,8X) 

where cov ( ) denotes covariance. 

A rigorous error analysis that accounts for the errors in â and 
require the covariance matrix of â and 6. This covariance matrix can be computed by 
methods such as bootstrapping or jackknifing (Efron and Gong, 1983). While both are valid 
methods, bootstrapping depends on random number generation, and analysts working on 
different computers with different random number generators might calculate different 
covariance matrices from the same data. Thus, the authors have a slight preference for 
jackknifing, which does not depend on random number generation. 

as well as the error in X will 

The limiting distribution of the errors in the regression coefficients when (1) Y is regressed 
on X, (2) both have normally distributed errors, and (3) the errors are independent is given by 
Fuller and Hidiroglou (1978). The limiting distribution is normal, and an expression for the 
covariance matrix is given. In the past, however, the samples used to develop predictive 
equations for emission rate have not always been large. Thus, while the existence of the 
theoretical limiting distribution is interesting, these results may not be applicable for our 
purposes. 

The next step is to express var fi) in terms of known or estimable quantities. To accomplish 
this, we need expressions for var (6 X) and cov (â , b X). 

An expression for the variance of the product of independent random variables is given by 
Mood, Graybill, and Boes (1974, p. 180), from which we obtain 
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var(bX)=X %ar(b)+b 2var(x) +var(b)var(X) 

where b and X have been used as estimates of their respective means. 

The assumption that X and 6 are independent is used above, and the assumption that X and â 

are independent is employed below. Here X represents the logarithm of a screening value not 
used in the development of the regression model. Thus, the assumption that X is independent 
of both â and b is justified. 

Now we consider the term cov (â, 6 X): 

cov(â,bX) = 

E[(â-a)(bX-E(bX))] = 
E[ (â -a)( bX -bE(X))] = 
E[ (â -a)(bX -bX +bX-bE(X))] = 
E [ (â -a) (6X -bX)] +E[ (â -a) b (X -E( X))] 

By the independence of â and X, the second expectation above is zero. The substitution of 
bE(X) for E(6 X) in the deviation above is justified by the independence of 6 and X: 

E(6X) =E(g)E(X) =bE(X) 

Again, see Mood, Graybill, and Bces. 

Thus, 

cov(â,6X) = E [ (a-a)(bX-bX)] 
= X E[@-a)(b-b)] 
= x cov(â,b) 

The fact that 

E[ (â -a)( bX -bX)] = X cov(â,6), 

and especially the fact that X can be "factored out," may be more easily seen if we express 
the expectation as an integral. 
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E 

X 

X 
X 

[ (â -a) (6X -bX) J = 

j<â-a)@-bX)f(â,b)dâdb= 

f(â -a)(b -b)f(â,i)d âd 6 = 

- _  - _  

- *  - _  
E[(â -a)(6 -b)] = 
cov(â,i) 

where f ( ) is the joint probability density of â and 6. 

Now we are in a position to write an expression for var <y) in terms of known or estimable 
quantities. 

var(Y)= var(â) +var(6X)+2cov(â,6X) 
= var(â)+ 
x var(6) +6 2var(x) +Var(X)Var(i$ + 

2 Xcov(â,b) 

The variances and covariances involving â and 6 were estimated by using the jackknifing 
method discussed earlier in this section. 

The next issue pertains to the calculation of a confidence interval for 
situation here is obviously not as simple as in the conventional case, in which the only error 
is in the dependent variable. The expression for Y ,  

in log space. The 

involves a nonlinear function (multiplication) of random variables, and the theory of 
conventional regression does not apply. 

Further analysis of the sampling properties of Y would be very beneficial in order to 

formulate a confidence interval for E(?). If such a confidence interval were formulated, then 
a scheme suggested by Patterson (1966) could be used to obtain an approximate confidence 
interval for emission rate in linear space. Suppose 

D-23 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBLELEbL3 9 4  = 0732290  0533587  LbL 

P(L I E(?)< M)=l-a 

Then 

P(SBCF e LI E(y)I SBCF e M ) ~  1-a 

where SBCF is the scale bias correction factor required to estimate emission rate given ?. 

The problem of obtaining a confidence interval in log space remains. It is evident that 

is not a simple z- or t-statistic. It is argued earlier, however, that the error in X will typically 
be the dominant error in 

If so, the statistic t' above may have an approximate t-distribution, such that the number of 
degrees of freedom depends on the manner in which var(X) was estimated. Under this 
assumption, then, the following would be an approximate confidence interval for the emission 
rate in log space: 

where t is the appropriate t-statistic for the confidence level 1-a; the number of degrees of 
freedom is the same as the number of degrees of freedom associated with the estimated error 
variance var(X). 

According to Patterson's method, the corresponding confidence interval for the emission rate 
in linear space would be: 

Further investigation of this and other approaches for estimating the confidence interval for 
emission rate would be very beneficial. 
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R E S E A R C H  T F ( I A N G L , , E  l N Y - ' -  
3P7*4i TOAM )9 '7.3a; 

RTI Raject NO.: 5500442 

FAX (9lWl-7215) 

Date: December 14, i%$ 

1. 8)  Finding: Tbe pmhes and coanectors for the OVA Model 108 used at 
both p h t s  were fixmd to be ieakmg. 

b) QII Data: hakage will cbange the overall dilution of the 
pouutant a~ weii li:s the flow c h c t e h t i m  at the inlet. This can 
resuit in erroneoudy low acree&ìg values. AU data taken ta date are 
suspect because Sri& checks were not rouüneiy conducted. 

Cl It is recommended that fiequent leak checks be 
conducted gs described in the video tape, TOC F'ugitive Emissions 
m d w  and EiiJuipme~~t," EJ. Ri-. 

d) O lnqmtrition: This remmmmdation was 
communicated to i.he Radian fidd staffat the time of the audit. This 
is a critical recom:ndtion that should be impIemented 
becttately. 

2. a) Finding: At bath &mts the gas fiow rates into the prob M e t  of the 
OVA Mode€ 108 were not being measured and recordeci When 
lueasured directly, the actuai flows inta the OVA probe wcre a &tor 
of 2 or 3 lower t h m  indicated by the built-in flow indicator. 

Post mice Box 12194 
Telephote 979 561-6914 

Research Thang(@ F'nrk. North Carclina 27709-2194 
Fax: 919 241-5929 
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Pdmnary  Site A d i t  Report 
Date: Decunbcr 14,1992 
Page2of6 

. .  

b) 

C )  

dl 

3. a) 

bi 

Cl 

ER& on Data: The effect of sample flow rate on OVA reepcmse is a 
mattcr of dcbate. 'The impact of oampìe flow rate cm indiddud 
samples win vary depending on the nature of the source; Le., whether 
it is diatse or contantrated. A d i h e  sowcx will be less sensitive to 
variations in samFle flow rate than a point sourw. 

R u c o w d  ation: Tt. i s  recammended &st sample flow rate at the 
idet of the OVA p b e  be measured and rearded during calibration 
and before and aft3r each battery change. Thew data should be 
added to the data 3ase tbr evaluation ELLJ par1 uf the emission rata 
model. 

Uraencrv of Imdq p t a t i o n :  This rearmmen&ation should be 
commwiicaied to Ilaáian fbr imp1ementat;ion as soon as possible. 

Findinn: Diiution factors obtained with the OVA dilution probe 
varied signifìcantl-r between calibration gases at two Merent 
concentrations. This was observed at both plants. For example, at 
the P~Ciaic rCfiPc~" on 12118/92, tho 10001ppm callbration standard 
gave a dilution fartor of lO:l, whereas the 36,000-ppm standard gave 
a dilution factor of 18.4:l. Based on limited observations during the 
two audita, umns stent &tation factors appeared to be correlated 
with the probe leakage observed in Finding 1. 

Effect on Data: Unœrtainty in the h e  dilution factor will directly 
impact the hydroc.uaOn concentration, which is calciJated as OVA 
readout tamefi the dliuüon factor. in the case of very high ieakers 
b 1 0 , O O O  ppm), wkere the dilution pmbe must be used to ob- the 
d n g  vahsii, this is a criticai measurement for development of the 
emission rate model. 

QJJggLdatiOX 
Ensare thal. the OVA probe assembly i s  free of leakt3 (see 
Finding I). 
Radian &odd investigate the origin of thia variability and 
make any necessary procedural or equipment modifications to 
cuntxoì it. 

(1) 

(2) 
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PI.eliminary Site Audit Report 
Dab: Decemb~r 14,1992 
Page 3 of 6 

H 
a 
a 

(3) Field operatm should be instructed to make saare that the 
dilution ratios obtained with the two c l i f f i t  stsndsrds a m e  
within 8 target god, such as i 2Wb. Corrective measures 
&ouid be tkken if the gcal is not. achieved. 

d) Ui.peacv of Imdexj- 
(I) 
(2) 

(3) 

T a k ~ i n g  s h d d  be implemented immediateJy. 
Operation oil' the dilution pmbe shwld be investigated. 
Mbdified pmpcedures should be in place by January. 
Field operailori, uhuuld try to mimmizt the abssrptd 
dkcrepa~cy~ if possible, by checking for ieak5, etc. This shouid 
be 8- a6 Som possible. 

4. a) Findins Calibirafion checks at thc Phfie  p b t  oftop road highor 
thaa the 5% standard gas level. Calibration gas baga used fbr the 
OVA and O, anaijzer were not thoroughly purged prior to refiliinp at 
the Pa& plant. T d a r  bags are filled fnrm standard cyiináem prior 
to calibration, Tbe operator squeezes the old gas kern the bag and 
rem it o d y  once Oxygen caíibrstion checks at the 5% level mad aq 
high as 7% at the Pacific piant. Checks at the ARCO phnt for the 
5% O, standard &d not exceed 5.3%. 

meet on Data: Tius error cadd mask a tnze mall?uncton ofthe 
inntnunmt. EneKiit on OVA calibration is unknown. 

b) 

Cl 
(1) Calibration bag6 should be purged more effwtivdy by 

repeatedly iimptpg and r e ñ h g  the bag with etan- gas. 
This is partncularly important after long penoàs between 
bagging (e.g:., weekends or delays due ta bad weather). 
Field perawmel should not accept an O, calihration check 
d u i w  h e  neadhg is between 4 and G Z  on ths 5% gas. 

(2) 

d) U m c y  ofJ&eiinen tation: These recommendations should be 
impkmente¿ aa sqon as possible. 
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Preliminary Site Audit Report 
Date: December 14,1992 
Page40f6 

5. a) Firrdjnp: Radian iigchniciaas at both p h t s  am currently evaluating 
tbe mtaitipoiat QV.A calibrations by fitting the OVA results to a linear 
regression equatio!i and determining whether the correlation 
coefficieof, r, ia  hi4;h enough (> 0.995). Caiibration gas coacentration 
is the independent (x) vEuiable, and the OVA response is the 
dependent (y) vati able. Caiibration gases are in a geometric series of 
10,100,1,ûûû, and 10,000 ppm. This spa* ia unequal and resulte 
in the correlatbn 1.- dominated by the higher-levei pointe. Use of 
a logarithmic trazdom of both the x and y varíablw prior to the 
linear regression .iwuld d e  h w  puhts more equally spaced. 

b) EffectonDatq. Uiing the linear scale rather thsa a loglog scale EOt 
eduat ing b&ly of t he  caiibration curve causes 8 h s  of 
idiomation abut the lower concentration points, Misleadingly high 
values for the comohtion cocfncicaf, r, can result. Thio can ~ e d t  in 
Ming ta detect noisy or nodinear calibrations. 

cl ReComm##&&Q ' : Tbe hm regre&odmmebüon ehouid be done 
with log-trandom,,ed concentration values. 

d) Umencvafh&~~ lentation: This procedure s h o d  be implemented 
soon as possibil?. 

6 .  a)  Pmding: There w,as aU in the "TEE" joint used to monitor pressure 
while the canister is being Wed. This was observed onìy at the 
ARCO plant Radmian alerted operatm to purge the joint on î2/4J92, 
consequently, the operatars at the Pacific re5ez-y were UrJiPi: a 
revised procecl- when audrted on GY7 aud 12/8/92. 

b) ERectonDatgt. Tbe volume of the joint is nmnll relative to the total 
canister volume, 60 dilution of' the sample by air w i l l  probably make 
udy a slightly low biss if the joint cantaias only ambient air. If a 
high concen~tion of hydrocarbon is present in the joint from a 
previous ~ m q d e ,  however, carryover coukd redt .  

c) Recommendah 'on; The joint should be deared of gas prior to using it 
to fill a d t c r .  Rais can be done in fwo  altemative waya: 
(1) Evacuate the joint to a high vacuum prior tu opening the 

canister valve, OR 
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Prelirnkrary Site Audit Report 
Date: Dearnkr 14,1992 
Page 5 of ti 

(2) Flush the j&t with gas directly fmm the bag before the 
c m i &  valire is opened. WoTE: This may ivyuim u m  nf P 
pump to puil the bag gae through the joint, because there may 
not be suniCient pressure in the bag to force gas t h u g h  the 
jomL 

d) -m Radian haa aha@ (m of 12/4/92) told 
the operators ta fiuh the TEE joint prior to sampiingbycanmtbg 
the joint to the ba J and opeaing the valve on the joint before 
mnnecüug it &u L f i ~  cacliuktr. Because a pump is not wed, however, 
this procedure may not be effective due to hsufñcient bag pwssum to 
fom gas through h e  joint. A modified procedure should be 
investigated and i,nplemented by January. 

8)  -. The OVA used at Pacific appeared to be in poar c ~ t í o n .  
(1) TheFe were leaks in the wnnectat between the probe and the 

OVA due to a missing SwageIok fertule. It ww found that the 
field parsoad at the Pa&c refinery did not have Swagdok 
hadware oi'the correct a i t o  to repair tho OVA 
Ambient hydrocarbon measurements with the Radian 
instnunent wete COaJistentiy cl ppm, while two OVAS fitom 
the Bay A n a  AQMD whch were on-site on 12/8/92 read about 
2 ppm. 

(2) 

b) EffectonDaw, 
(I) 
(2) 

See Fin-: 1 for the effect of leaks on OVA msponrw. 
Screening data below 10 ppm may be biased low due to 
re- ohserved at ambient Ieveia 

i u n  

C )  dationq: 
(1) Eïdd m w s  at both Sites shodd be pmvided with necesoary 

~t&ies ta ,-epaL. OVA leaks. These supplie6 should indude 
spare $wagziok hardware of the appropriate size for the 
instrrunent, 
Tbe inatnuiient used at Pacific should be checked and servid 
ifnecessaq to improve low-end accuracy. 

(2) 

dl Umnm of I m a l e g e n t + ~  These reeomrnendatiorzs should be 
followed prior to the next samphg session in January, 
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Freibinarg Eie Audit Report 
Date; December 14,1992 
Page 6 of 6 

1- Operator names should he recorded daily in the logbook. 

2. All operstors ahould view EJ. Richards' videotape, 'VOC Fugitive 
'Eminaions Procedures aiid Equipment." This videotape is available fi.om 
ñirk Faster in the Air Pidiution Training Institute of OAQPS. 

E-6 
                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



A P I  PUBL*4bL3  94 I 0732290 0533596  174 

209-08 1-07-0 1 
January 19, 1992 

10389 Old Placerviile Road 
Sacramento, CA 95827 
i9161 362-3332 
FAX I# 19161362-2318 

Mr. Ron Ryan 

Emissions Factor and Methods Section 
Research Triangle Park, NC 2771 1 

EPA-OAQPS, MD- 14 

Subject : Response to Preliminary Report on the Site visit and Technical Systems Audit 
Conducted at ARCO and Pacific Refineries 

Dear Ron: 

Radian appreciates the opportunity to review the preliminary audit report prepared by 
Research Triangle Institute (RTI) on behalf of the U.S. EPA in conjunction with the 
WSPAíAPI refinery fugitives study. We would like to respond to the issues raised in this 
preliminary audit report. Changes have been made to address nearly ail of the identified 
issues. This letter explains the effects that audit observations might have had on the previous 
data and the actions that Radian has taken to implement procedurai changes in response to 
audit tindings. 

1. Audit Finding: The probes and connectors for the OVA Model 108 used at 
both retinenes were found to be leaking. 

Technical ResDonse: There is no evidence to date that the data that we have 
collected are biased high or low based on the probe and connector leaks. 
Unfortunately, there is no way to verify when leaks occurred or the exact 
'magnitude of the leaks. Previous field procedure was to check for leaks on a 
non-routine basis and records of these checks were not made. 

Radian is planning to pursue the following actions to determine if the data 
collected were biased: 

0 Compare screening data collected by the Bay Area Air Quality 
Management District (BAAQMD) to the screening data collected by 
Radian both before and after discovery of the probe leaks. The 
BAAQMD and Radian screened many of the same components both 
before and after bagging the components. 

Compare, on a statistical basis, data coiiected before and after 
discovering and eliminating probe leaks. 
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Mr. Ron Rvan 
January i3. 1992 
Page I 

I t  should be noted that the OVA was calibrated with the leaks in existence. on 
days when the OVA was leaking. 

In addition to daily multipoint calibrations. a quality control check against a 
known hydrocarbon concentration was performed after taking every sample to 
confirm that the OVA had not drifted significantly. If concentrations varied by 
more than 20% from the calibrated value of the known hydrocarbon 
concentration, these samples were considered invalid and results from these 
samptes will not be used in development of the emission correlation equations. 

R T i  has indicated that the leakage can result in erroneously low screening 
values. If  these erroneously low screening values were correlated to mass 
emissions. higher mass emissions would be tied to specific screening values. 
The result of this would be artificially h& emission correiation equations 
which would provide an over-esumate of actual emissions. 

Action Taken: All of our OVAs are now being leak checked on a frequent 
basis (at least with every daily calibration). Results of these leak checks will 
be documented in our field notebooks. 

2. Audit Finding: At  both refineries the gas flow rates into the probe inlet of the 
OVA Model 108 were not being measured and recorded. When measured 
directiy, the actual flows into the OVA probe were a factor of two or three 
lower than indicated by the built-in flow indicator. 

Technical Re-: The built-in OVA flow indicator is not a calibrated flow 
meter. The built-in flow indicator on the OVA is not designed to be an 
accurate representations of actual flow. EPA Method 21 indicates that the 
analyzer internal pump needs to be capable of pulling O. 1 to 3 L/min. Both of 
our OVAs tested weil within the EPA Method 21 guidelines. 

Action: Radian now records the OVA pump flow rate with every multipoint 
Calibration and before replacing batteries (unless the battery is being replaced 
because of a failed quality control check). 

3. Audit Finding: Dilution factors obtained with the dilution probe varied 
significantly between calibration gases at two different concentrations. This 
was observed at both refineries. For example, at Pacific Refining on 
12/18/92, the 1 ,OOeppm calibration gave a dilution factor of 10: 1, whereas 
the 35.000-ppm standard gave a dilution factor of 18.4: 1. Based on limited 
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Mr. Ron Ryan 
Januarv 19. 1992 
Page 3 

observations during the two audits. inconsistent dilution factors appeared to be 
correlated with the probe leakage observed in Finding 1. 

Technical Resmnse: A unified approach to deal with varying dilution factors 
based on hydrocarbon concentrations will be developed during the data 
anaivsis phase of this project. 

Action: Elimination of probe leaks. which is being documented in current 
testing, could reduce this variability. To funher address this issue, dilution 
probe testing wiil also be conducted at a hydrocarbon concentration of i0,OOO- 
ppm. This will provide a three point calibration that may be used to more 
accurate& identify actual hydrocarbon concentrations measured in the field that 
fali between the calibration standard gas concentrations. 

In addition. if the dilution ratio for any of the three calibration standards is 
less than 1 or more than 15, the dilution probe will be repaired or replaced. 

4. Audit Finding: Oxygen analyzer calibration checks at 5% O? read as high as 
7% at Pacific Refining. Calibration readings at ARCO at 5% O? did not 
exceed 5.3%. Tedlar" calibration gas bags used for the OVA and oxygen 
analyzer were not thoroughly purged prior to refilling at Pacific Refining. 
Prior to calibration, the operator squeezed the old gas from the bag and 
refilled it only once from standard cylinders. 

Technical Reswng: Calibration gases are placed in Tediar"' bags that are 
dedicated to single concentrations of hydrocarbon or oxygen during ail field 
testing. These Tediar" bags remain filled during the test day and maintain 
positive pressure that wouid tend to force any gases out of the Tediar" bags 
rather than allow contarnination into the Tedlar" bags. These Tediar" bags 
are emptied and refilled at least daily. Therefore, significant contamination of 
the TedlaP bags is not likely. 

The previous procedure to calibrate the oxygen anaiyzer was to calibrate the 
instrument at ambient air concentrations and simply record what the instrument 
read against the 5% O? calibration standard. The instrument occasionally read 
higher than 5%. The purpose of the O? analyzer is to confirm that 
concentrations in the constructed sampling bag are less than 5% and that the 
bag is at steady state. Because the instrument, on occasion, read a true 
concentration of 5% as something higher, an actuai reading of 5% on the 
instrument was certain to be 5% or below. The quality control objective of 
maintaining a concentration beiow 5% in the bag during sampling was 
achieved. 
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5 .  

Action: To reduce the potential for error, each Tedlarm bag IS now purged 
and tilled at least twice before using the bag for calibration purposes. 

The oxygen analyzer is now calibrated at the 5% concentration. instead of at 
the ambient air concentration. i f  the 0- analyzer measures ambient air at 
greater than 24% or less than 18%, then the analyzer will be repaired. 

Audit Finding: Radian technicians at both retinenes were evaluating the 
multipoint OVA calibrations by fitting the OVA results to a linear regression 
equation and determining whether the correlation coefficient. r, is high enough 
(>0.995). Calibration gas concentration is the independent (x )  variable, and 
the OVA response is the dependent (y) variable. Calibration gases are in a 
geometric series of 10, 100, l,ûûû, and 10,OOO ppm. This spacing is unequal 
and results in the Correlation being dominated by the higher-level points. Use 
of a logarithmic transform of both the x and y variables pnor to the linear 
regression would make the points more equally spaced. 

Technical ResDonse: Radian selected the performance standard of using the 
linear regression correlation coefficient of r=û.995 based on experience with 
the OVA on other field assignments. This performance standard was reviewed 
and accepted by the project participants at the beginning of the study. 

6. Audit Finding: There was ambient air in the vacuum gauge T-joint used to 
monitor pressure while the canister was being filIed. This was observed only 
at ARCO. Radian alerted operators to purge the joint on 12/4/92, 
consequently, the operators at Pacific Refining were using a revised procedure 
when audited on 12/7 and 12/8/92. 

Technical Response: There is a small amount of air in the T-joint before the 
canister is filled. Operators in the northern California refineries had instituted 
a procedure to flush this joint several weeks prior to any audit. This 
procedure was not being implemented in southern California prior to the audit. 
The exact impact of the air or any residual hydrocarbon concentrations in the 
joint is unknown. As pointed out by RTI, the volume of the joint is srnail 
relative to the total canister volume. so dilution of the sample by air will 
probably be small. Of potentially more impact is the potential for residual 
hydrocarbons from previous testing to artificially increase hydrocarbon 
concentrations, thereby artificially increasing mass emissions and emission 
correiation equations. 
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Action: To help ensure that the joint is adequately flushed of air and residual 
hydrocarbons, the joint is now open to sample flow throughout the testing 
penod. The internal pumps in the O? analyzer and the OVA are used to flush 
the joint with gas from the bagged component. 

7 .  Audit Finding: The OVA [Radian's] used at Pacific Refining appeared to be 
in poor condition. 

A. There were leaks in the connector between the probe and the 
OVA ([Radian's] sidepack due to a missing SwageLock" 
ferrule. [Radian] Operators at Pacific Refining did not have 
SwageLock" hardware of the correct site to repar the OVA. 

B. Ambient hydrocarbon readings with the Radian OVA were 
consistently < 1 ppm. while two OVAs from the BAAQMD, 
which were on-site on 12/8/92. read about 2 ppm. 

Technical Resoonsg: A t  ail field test sites back-up OVAs have been available 
on-site or within easy access. When it was determined that Radian's probe at 
Pacific Refining had a missing SwageLock" ferrule, the probe was replaced 
with a non-leaking probe from the back-up OVA. Our response to audit 
finding #i  discusses the probe leak issue. 

Although the Radian OVA at Pacific Refining was reading ambient 
concentrations at < 1 ppm, the instrument read very close to the calibration 
gas standard at 9.5 ppm hydrocartions. The impact of low readings of ambient 
concentrations is considered minimal given the reasonably accurate readings at 
9.5 ppm. Few of the components selected for bagging screened at less than 
9.5 ppm. Also, erroneously low screening values will cause an increase in 
emission correlation equations which would increase emission estimates. 
Action: Two Radian OVAs, each with non-leaking probes, are currently in 
the field or within easy access of the field crews in both northern and southern 
California. The Radian OVA used at Pacific Refining was serviced in 
December 1992. Ambient hydrocarbon readings after service are typicaily 
above the 1 ppm level. 

8. Audit Recommendations: 

A. Operator names should be recorded daily in the logbook. 

B. All operators should view E.J. Richards' videotape, "VOC 
Fugitive Emissions Procedures and Equipment. " This videotape 
is available from Kirk Foster in the Air Pollution Training 
Institute of OAQPS. 
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Technical Remonse: Operator names have always been recorded on the 
bagging forms for every sample taken. Operator names have also aiways been 
recorded on laboratory tags submitted with all samples. 

Actions: Operator names will also now be recorded daily in the logbook. All 
operators have now seen the recommended videotape. 

I f  you have additionai questions on these issues or the actions designed to address these 
issues. please give me a call at (916) 362-5332. 

S incereiv . 

Ronald D. Ricks 
Assistant Project Di rector 

RDR:sdm 

Attachments 

C: M. Luthin, WSPA 
M. Lev-On, ARCO 
D. Van Der Zanden, Chevron 
K. Ritter, API 
G. Harris, Radian 
S .  Peoples, Radian 
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south coast 
AIR QUALITY MANAGEMENT DISTRICT 
21 865 E. Copley Drive. Diamond Bar. CA 91 765-41 82 (909) 396-2000 

April 27, 1993 

Mr. Michael D. Wang 
Western States Petroleum Association 
505 North Brand Blvd. Suite 1400 
Glendale, CA 91203 

Subject : WSPA/API Refinery Fugitive Emission Study Meeting 

Thank you for the opportunity to attend the meeting regarding the progress of the 
WSPA/API Refinery Fugitive Emission Test Program on February 16, 1993 at the 
WSPA office in Glendale. We found the meeting to be informative, touching on a 
number of important technical issues. Prior to the Glendale meeting, the District 
had not participated in any field observations for OVA screening and bag sampling. 

Based on the U.S. EPA preliminary report dated December 14, 1992 regarding the 
site visit and technical systems audit conducted at ARCO and Pacific Refineries, 
seven major findings of various screening and testing deficiencies were reported. 
Radian responded immediately to the issues raised, changing screening and testing 
procedures as suggested in the audit recommendations. 

During a field observation conducted at Pacific Refining on February 24, 1993, 
District staff noted continuing problems in some OVA screening procedures 
including use of calibration gases not within Method 21 specifications. These 
technical findings and procedural problems may have some impact on the quality of 
the data. Consequently, the accuracy of the final emission rate correlation 
equations derived from the collected data may be affected. While the District will 
review and evaluate the final project report when it becomes available, we are not 
committed to using the results or data generated from this study unless we find the 
results to be acceptable. 

District staff recognize that the correlation method is the most appropriate 
approach for determining mass emission rates for refinery fugitive components. The 
District also supports WSPA's efforts to establish new correlations through a 
bagging program. However, the current bagging matrix does not include enough 
samples to be representative and reliable for the scope and objectives of the project. 
Additionaliy, this study does not address emissions from compressors, ressure relief 

fugitive emissions. The issues surrounding toxic fugitive emissions are also 
significant and should be addressed. As we discussed at the Glendale meeting, the 
District is developing an expanded bagging program which would include 
completion of an expanded bagging matrix at a minimum of three District refineries. 

devices, and drains which may contribute a significant portion o P total facility 
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Mr. Michael D. Wang 2 April 27, 1993 

The details of this program will be available for your review and comments in the 
near future. 

We plan to continue to work cioseiy with WSPA and its members to develop the 
best possible estimate of fugitive emissions from all facilities subject to the District’s 
fugitive emission control rules. I wiiI be in contact with you again to discuss the 
details of such work leading to a quantification method for fugitive emissions which 
is representative, reliable and accurate. 

If you have any questions, please call Peter Tong at  (909) 396-2589. 

Sincerely, 

Anupom’Gan&i, Ph.D. 
Senior Manager 
Refinery/OCS Team 
Stationary Source Compliance 

AG:PT/MB:pi 

cc: Ron Ricks, Radian 
Ed Camarena 
Pat Leyden 
Chung Liu 
Bill Leyden 

(rad423 
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209481-07-01 
April 27, 1993 

10389 Old Piacerville Road 
Sacramento, CA 95827 
(9161 362-5332 
FAX d 19161362-2318 

Ms. Melinda Luthin 
Western States Petroleum Association 
505 North Brand Avenue, Suite 1400 
Glendale, CA 91203 

Subject: WSPAIAPI Refinery Fugitive Emissions Study, Phase III - Contract No. ET 302-08 
- SCAQMD Audit of Bagging Testing 

Dear Melinda: 

. On February 24 and 25, 1993, four auditors from the South Coast Air Quality Management 
District (SCAQMD) visited the Pacific Refinery in Hercules, CA to audit the bagging 
activities associated with the WSPAIAPI Refinery Fugitive Emissions Study. The Radian 
personnel performing the bagging at this time were Richard Howell and myself (Ron Ricks) - 
The SCAQMD personnel performing the audit were Victor Reyes, Scott Wilson, Philip 
Szymanski, and Mike Buckantz. Also present for most of February 24, 1993 were 
inspectors and source testers from the Bay Area Air Quality Management Distnct 
(BAAQMD). 

In general, the SCAQMD auditors appeared favorably impressed with the testing procedures 
and quality controls used during the audit. However, a few items were identified by the 
auditors as concerns or areas that could improve the study. This letter is intended to address 
these issues raised by the SCAQMD during and immediately after the audit. 

Issue 1 - insufficient Caròon in OVA Dilution Probe Scrubber 

The SCAQMD commented that there appeared to be insufficient carbon in the OVA dilution 
probe m b b e r .  

ResDonse to 

No exact amount of w b o n  in the OVA dilution probe scrubber is specified as being required 
in bagging or x r m i n g  protocols. There needs to be sufficient carbon in the dilution probe 
scrubber to filter out background hydrocarbons when the dilution probe is used. The dilution 
probe scrubber used during the audit and throughout the testing did include carbon. The 
dilution probe scmbber that was observed during this audit and the carbon in the xmbber 
had been replaced more than once during this testing. There is no reason to believe that the 
carbon in this dilution probe scrubber was insufficient to filter out background hydrocarbons. 
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The screening value to mass emission rate correlation equations that will be developed for 
this study do include screening values used with the dilution probe if the component screened 
greater than 10,ooO ppmv (which would read loo0 ppmv with the dilution probe). 
Background readings while testing these high leaking components seldom exceeded 20 ppmv, 
and generally were less than 5 ppmv. Even with no carbon in the dilution probe scrubber 
the amount of impact from these background hydrocarbon readings would be slight. 

Issue 2 - Inaccurate Screening Value Obtained by Radian Inspector 

During testing of one of the components the Radian inspector (Ron Ricks) initially obtained a 
screening value of 550 ppmv. The SCAQMD inspector obtained a reading of approximately 
1500 ppmv. The Radian inspector asked where the higher reading was found. At first the 
Radian inspector misunderstood the location mentioned by the SCAQMD inspector (the 
correct side of the valve was rescreened, but the Radian inspector inspected the interface 
between the packing gland and valve body instead of the interface between the valve stem 
and packing gland). The magnitude of the leak at this location was again comparable to the - 
original value screened by the Radian inspector. The Radian inspector performed a quality 
control check of the OVA and checked the OVA for any leaks. The OVA did not have any 
leaks and the quality control check was acceptable. Finally, the Radian inspector screened in 
the exact location identified by the SCAQMD inspector as the highest leak. The Radian 
inspector measured a screening value of 1100 ppm at this location at this time. A BAAQMD 
inspector also measured the leak at this location at this time and obtained a screening value 
of approximately 1100 ppm. 

There are two possibilities for these different readings. The first possibility is that the 
component leak rate varied between the time that the Radian inspector screened the compo- 
nent and the time that the SCAQMD inspector onginally screened the component. The 
second possibility is thaî the Radian inspector passed by the area of highest leak on the first 
screening attempt. The second possibility is more likely considering the short period of time 
between the Radian screening and the SCAQMD screening. 

The impact of missing the highest leak on a component is that the screening value for a 
component would be low (compared with other components with accurate screening values) 
for the resulting mass emission rate. This would result in a hipher mass emission to 
screening value correlation which could overstate emissions. 

Screening values are taken both before and after bagging. I f  the initial screening value 
differs from the final screening value by more than a factor of two, the screening value will 
not be used in development of the emission correlation equations. This procedure is used to 
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reduce the variability of the emission correlation equations. The finai screening value for 
this component, as measured by Radian, was 1400 ppmv. Without the rescreening by 
Radian for the initiai value before the bag was put in place, this screening value to mass 
emission xate would have varied by a factor of 2.5 and would not have been used in emission 
correlation equation development. The chance of missing the highest leaking point in both 
the initial and f ind screening measurements is considered remote. 

Six components were screened and bagged with the SCAQMD auditors and Radian inspeztors 
taking side-by-side screening measurements. Each component was screened both before and 
after taking a bag sample. The screening values that were taken by the SCAQMD, Radian, 
and the BAAQMD were freely shared otally after testing. Of the total of twelve screening 
value measurements taken by both the SCAQMD and Radian, the initiai reading on this 
component and the finai reading on one other component were the only two that differed by 
more than a factor of two. The second component had a very high screening value 
variability that was component related, not inspection related. For the other ten screening 
values taken, screening value differences were minor, usually within i0 - 25% of each other: 
The written screening values of the SCAQMD have not been transmitted to Radian to date. 
However, the average of the before and after bagging screening values of the Radian 
inspector (Ron Ricks in each case) and the BAAQMD inspector during this audit are shown 
below. 

BAAQMD Radian - m e  Value IpDm V) &pwninP V a l u a m  V) 

P-118 
P-119 
P- 120 

220 
1250 
600 

225 
1250 
675 

The conclusion reached by the SCAQMD inspectors, the BAAQMD inspectors and the 
Radian inspecton that was communicated to Radian was that the screening value differences 
during the audit were within the accuracy of the OVA. The potentially missed highest leak 
point is considaed anomalous, and even if it had not been corrected would have resulted in 
the data point being deleted as having a screening value variability that was too high. Even 
in the remote possibility that the point of highest leak could have been missed in both the 
before and after measurement, the impact of this would be that the resulting emission 
correlation equations would be too high and emissions over-estimated. 
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Issue 3 - The loo0 ppmv Calibration Gas Used by Radian Was Not Within 
Accuracy Identified in EPA Method 21 

One of the calibration gas standards used in the multi-point calibrations of the OVA was 
labeled at plus or minus 5 %  instead of the EPA Method 21 specification of plus or minus 
2%. This calibration gas standard had been in use since February 1, 1993. 

EPA Method 21 (Section 3.2) specifies that the calibration gases (air, less than 10 ppmv 
VOC, and a second calibration gas) must by analyzed and certified by the manufacturer to be 
within plus or minus 2% accuracy. 

The zero air standard gas and the calibration gas (100 ppmv) that was used to calibrate the 
OVA were certified at within the plus or minus 2% accuracy. The OVA has a calibration 
knob or screw to adjust the OVA reading to the caiibration gas. The calibration gas used to 
makc this adjustment was the 100 ppmv standard, not the loo0 ppmv standard. Even if the 
loo0 ppmv standard had been 5% off (the maximum possible) the OVA would not have been 
adjusted any differently because adjvstments were made based on the 100 ppmv standard 
only. 

The remaining caiibration gases used in this study were used as supplemental information to 
that specified in EPA Method 21. They were used in this study to verify that the OVA was 
responding accurately over all ranges of potential screening values. The entire set of 
calibration gases that was used in this multi-point calibration included zero air, 10 ppmv, 100 
ppmv, loo0 ppmv, and 10,ooO ppmv. A 25,000 ppmv or 35,000 ppmv calibration gas was 
also used to calibrate the OVA dilution probe. In ail cases in this study, the multi-point 
calibration cwye yielded a correlation coefficient of greater than 0.995 (the specified 
acceptability stanáard for this study). While the loo0 ppmv calibration gas standard 
(certified at plut or minus 5%)  was being used the correlation coefficient was never lower 
than 0.9998. 

nie loo0 ppmv caiibration gas used by Radian for the months of February and early March 
at one of the five refineries in this study was erroneously sent to Radian by the calibration 
gas supplier at plus or minus 5% instead of plus or minus 2%. This error was not noticed 
by Radian until pointed out by the SCAQMD after the SCAQMD audit. All of the caiibra- 
tion gases that were in use during the audit and those that had been in use in any northern 
California testing prior to the audit were at the Pacific refinery and were inspected by the 
SCAQMD. All of the remaining calibration gases at all concentrations, including spent gas 
cylinders, were found to be within the required plus or minus 2% accuracy. 
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The certificate of analysis from the calibration gas supplier is attached. This certification of 
anaiysis indicates that the loo0 ppm methane gas was actually 1024 ppm. This calibration 
gas was off by 2.4% of the requested concentration. The limited error introduced by this 
calibration gas would not have reduced the calculated correlation coefficient significantly. In 
fact, use of 1024 ppm in the multi-point calibration for the day with the worst correlation 
coefficient would result in a reduction of the correiation coefficient from 0.99982 to 0.99977. 
The revised correlation coefficient is still well above the 0.995 required for acceptability. 

issue 4 - Dilution Probe Screening Value Differences between the SCAQMD and Radian 

The screening value readings of Radian’s OVA with the dilution probe and the SCAQMD’s 
OVA with the dilution probe occasionally differed widely (nearly a factor of 2). 

nse to 

Radian calibrated the dilution probe used in this study at this refinery at 35,000 ppmv. The 
Radian dilution pmòe is set so that the OVA reads 0.1 times the calibration gas, or to read 
3,500 ppmv with the 35,000 ppmv standard. It is not known exactly how the SCAQMD 
calibrated their dilution probe. For information purposes, Radian then checked the dilution 
probe readings at loo0 ppmv and 10,OOO ppmv. The ratios generally varied at each 
concentration. 

During the bagging conducted while the SCAQMD was performing the audit, the dilution 
probe was only used to determine when the gases within the bag were at equilibrium. These 
intermediate screening values are not used in the development of the mass emission rate to 
screening value correlations. 

The screening values measured by Radian with the dilution probe during the audit ranged 
from 7.3 to 140 (approximately 73 to 1400 ppmv). None of these screening values is close 
to the 35,000 ppmv value for which the dilution probe was calibrated. It is not surprising 
that differencu existed between the SCAQMD and Radian’s readings with dilution probes at 
these low screening values. Because of the calibration at 35,000 ppmv it is unlikely that 
large differences would have existed at screening values > 10,ooO ppmv. Only those 
components with screening values > 10,ooO ppmv use the dilution probe in the initial and 
final screenings (without the bag in place) that will be used in the development of emission 
correlation equations or pegged component factors. 
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Issue 5 - Interirn Observations Were Seldom Recorded by Radian During Bagging 

During bagging many of the interim observations, such as oxygen and total hydrocarbon 
measurements demonstrating that the bag has come to equilibrium, were not being recorded 
by Radian. 

In the bagging procedure, Radian takes multiple oxygen readings to verify that the oxygen 
content in the bag is less than 5 %. This substantiates that there are minimal leaks into the 
bag. Multiple readings are also used to demonstrate equilibrium within the bag. Multiple 
total hydrocarbon (OVA readings) are also taken to demonstrate that equilibriumlsteady-state 
has occurred in the bag. Both the final oxygen content and the finai total hydrocarbon 
readings before taking a test sample are recorded on the bagging form. After the test sample 
is taken, the oxygen content and total hydrocarbon content are measured again and recorded 
on the bagging form. The after-sampling readings demonstrate that no new leaks occurrexi 
during sampling and give an indication of the total hydrocarbon variability during testing. 
Most of the interim measurements to establish that the bag was at equilibrium were not 
recorded by Radian. 

. 

The amount of time to establish equilibrium in the bag is recorded. From the time that the 
nitrogen flow rate is initiated until the time that the oxygen and total hydrocarbon readings 
are recorded intermediate measurements are taken. The bagging forms document the time 
the intermediate testing took place. The before-sample versus the after-sample oxygen and 
total hydrocarbon readings give additional documentation on the sample/equilibrium 
variability during testing. 

Based on recommendations from the SCAQMD auditors, intermediate readings of oxygen 
and total hydrocaròon that supply additional evidence that equilibrium was obtained were 
recorded from the audit date until the end of the field testing. Also recorded from that date 
was the fact that the sampling equipment (in particular the vacuum gauge tee) was purged 
with nitrogen and measured with the OVA to reduce the potential for sample contamination. 

Sincerely, 

z--.QD. u 
Ronald D. Ricks 
Assistant Project Director 

Attachments 

c: K. Ritter (API) 
G.E. Harris 
S.H. Peoples 
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To: .%$tives S.C., F?T - M. Luthin 5-28-93 

010325 

May 28, 1993 

Mr. Anupom Gangouli 
South Coast AQMD 
21865 Copley Drive 
Diamond Bar, California 91765 

Dear Mr. Gangouli: 

Thank you for your letter of April 27 outlining your visit to one 
of the refineries involved in the WSPA/API Refinery Fugitive 
Emissions Test Program. WSPA appreciates the cooperative input 
that the South Coast Air Quality Management District (SCAQMD) has 
given to this project. 

There are a few concerns listed in your letter that WSPA would like- 
to address. 

1. Calibration Gas08 

2. 

The SCAQMD team found one of the standard gases used in 
the OVA calibration check exceeded the 2 percent error 
range required by Method 21. Because this gas was not 
used for the actual instrument calibration, the quality 
of the gas is not required by Method 21to be within the 
2 percent error range. In addition, Radian had the gas 
analyzed for our own information, and the gas 
concentration was within 2.4% of its listed value of 1000 
PPm 

To8ting Matrix 

Th8 SCAQMD is concerned with the testing matrix and the 
utatistical significance of the program with respect to 
all refineries in California. Radian created this matrix 
with the input of their statistical experts and found 
this testing matrix to be atatistically valid. Radian is 
currently evaluating the statistical relevance of 
expanding the matrix. 

In addition, enclosed is a copy of a letter written by Radian 
regarding the technical aspects of the SCAQMD's visit to the 
refinery. Any additional questions will be taken at the upcoming 
Regulatory Advisory Committee meeting on June 3, at the WSPA office 
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in Concord, California 

It is my understanding that the SCAQMD had recorded OVA screening 
values in coordination with the Radian technicians for each 
component tested. I would like to take this opportunity to request 
that the SCAQMD share this information with Radian for Quality 
Assurance/Quality Control purposes. 

Thank you again for you support of t h i s  study. We look forward to 
seeing you and your staff at the March 3 meeting. If you have any 
questions, please feel free to call Melinda Luthin at (818) 543- 
5333. 

Sincerely, 
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Center for Environmental Measuremen17 and Quality Assurance 

March 2,1993 

Dear Mr. Voa Lehmdezl: 

Post 9ffice Box 12194 
Telephone: 919 545-6914 

Research Triangie )'ark, North Carolina 27309-2194 
Fax: 919 541fiJS9 
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tuus B. Fiaaagan, Pd6. íY Research EnMronmentd Scientist 
Buakty Asaurance and Techndogy 
Asaesrnnent Department 

E-25 
                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



A P I  PUBL*4633 94 m 0732290  0533635 95b m 
rw-LU-1993 i?: 17 CRUM EIE 319-541-0683 TO 85153622113 P. 05AE 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



E-27 
/ 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBL*4bL3 9 4  0732290 0533637 729  
t<Wr’- l@-l953 l.7: :E FRGW E!B 519-541-06% Ti3 i39 li. 362ZJlP F .  6n.’6$ 

E-28 
                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



I 
r 
rn 
+l 
JI 
f * 
-1 

3 
Q 

H 

m 

n 
a 

R E S E A R C H T R I A N G ¡I_ E I N S T I T U T E  

Center for En\ ironmental Measuremenil; and Quality Assurance 
January 12,1993 

Dear Mr, Ryan: 

E a d d  yuu will Guct aiji update of the tabie af R"B a d y -  fbr seveu QA 

(1) The ~esuits Grom coi:i.esponding sanph from Air Toxics Limited (ATL) 

canisters co~ectad drning the ifirst two O A - B ~ ~  audits. This table waa h i t  

delivered on December 29,1%rIJ, and has been amended as foUom: 

have beea added ta the table kiiuied OA the data talei.'ared by Ron Reka on 
December 29,19!32. A a r  tri'threa haa been d to change the ATL unifs firam 
"ppm as propane" to "ppm aa ~ubon," 80 that the redtu fiom both laboratories 
are in a common aet ofunits. 

(2) The "% BPD" aotumiir hair been b n g d  to "% Bias." Biaa is the 
diffmnœ between the aaalg-tirid result and the d e d  concentration, divided by 
the certified copcoatrcrtfon. Fc!!)tnote (6) provides tho  dofulltion of percent bias. 

For canisters fUed aw(:pJy fipm the QA cyiinder, 96 bias represents 
analytical labotatory bias aloao; for caaistum fiUed Ma a tantad non-k.aker, bias 
includes a camponent of error due ta aaaipling. The anaipb results for the 
bagged component are g e n d l l y  lower than for c o r r e s p o ~  fiampies prepared by 
filling the canisters d i d y .  'iihia ig msktent with deuvase of concentraticm of 
the hydmmhn due to dilutioiii h m  bag leaks @or other eampling losees. 

Please do not hesitate t i l  call i f p u  have m y  questions regarding thie 
revised hfbrmauoa 

Jl3FAX.U 
Atbdlmellt 
File: 55oû-42,'4603 

Fost OHce Box 12 í 94 
Telepnone: i19 541-6914 

Research Ïriariyie 'i'ark. North Caroiba 277û9-2194 
Fax: 919 5418[12c 
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209-08 1-07-01 
July 14, 1993 

10389 Old Placerville Road 
Sacramento, CA 95827 
(9161 362-5332 
FAX # (916)362-2318 

Ron Ryan 

Emissions Factor and Methods Section 
Research Triangle Park, NC 2771 1 

EPA-OAQPS , MD- 14 

Subject: Response to Independent Quality Assurance of Refinery Fugitives Testing by 
Western States Petroleum Association Draft Audit Report 

Dear Ron: 

Radian has reviewed the Draft Audit Report prepared by Research Triangle institute (RTI) on 
behalf of the U.S. EPA in conjunction with the 1993 WSPA/API Refinery Fugitive 
Emissions Study. Overall, we believe that RTI’s findings support Radian’s contention that 
the data collection and analysis conducted by Radian in this investigation were of the highest 
quality. There were many positive findings in RTI’s Draft Audit Report including: data 
demonstrating the accuracy of Radian’s bagging technique, data supporting the stability of 
nitrogen flow rates, data showing that the laboratory used for this study’s data analysis 
correctly identified all six of the unknown compounds using Method TO-14, Mini Buck? 
calibrator results (used for nitrogen flow rate measurements) that were “adequate and 
satisfactory,“ etc. This list is only a sample of the positive findings in RTI’s Draft Audit 
Report. These positive findings are acknowledged and need no further mention. We would, 
however, like to respond to some of the issues and concerns raised in this Draft Audit 
Report. As with the Preliminary Audit Report, dated December 14, 1992, we believe that 
the impact of these other findings in the Draft Audit Report will have minimal impact on the 
assessment of data quality in this investigation. 

Many of the issues raised in the Draft Audit Report are the same as those raised in the 
Preliminary Audit Report. These issues were addressed in Radian’s response to the 
Preliminary Audit Report, dated January 19, 1993. The issues addressed in Radian’s January 
19, 1993 letter include: 

e Potentially leaking OVA probes; 

e OVA flow rates less than the apparent reading on the OVA built-in flow 
indicator; 

e Dilution factor variability; 

O Oxygen analyzer calibration methodology; 

E-3 1 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  P U B L b 4 b L 3  '74 07322'70 0533623 L5T  = 

RADIAN 
C O I C O R A T I O I  

Mr. Ryan 
July 14, 1993 
Page 2 

O The linear regression equation used to determine the correlation coefficient; 

O Ambient air in the gauge T-joint used to monitor pressure while the canister 
was being filled; 

Apparent poor condition of Radian's OVA used at the Pacific Refinery; 

Operator names not recorded daily in the logbook; and 

O Recommendation to have operators view E. J. Richards' videotape, "VOC 
Fugitive Emissions Procedures and Equipment. " 

A more detailed response was determined to be useful for two of the issues raised in the 
Preliminary Audit Report. These two issues are: 

Potentially leaking OVA probes; and 

O Dilution factor variability. 

Each of these two issues is addressed at length in the 1993 Refinery Fugitive Emissions 
Study Draft Report. The conclusion for the issue of potentially leaking OVA probes is that 
no systematic bias is evident from use of data collected by these OVAS. The dilution factor 
variability is addressed by looking at data collected with and without the dilution probe to 
determine if there are statisticai differences in the resulting emission correlation equations. 
The conclusion for the dilution probe issue is that there is no statistically significant 
difference between the emission correlation equations developed without the dilution probe 
data and the emission correlation equations developed with the dilution probe data. 

There are a number of additional issues that are raised by RTI in their June 9, 1993 Draft 
Audit Report. The response to what Radian perceives to be the remaining potentially key 
issues is provided in this letter. 

Issue 1 - OVA Flow Rate Continued 

Audit Finding 

(Page 18, 2nd paragraph). "By the second audit trip to Chevron and Ultramar, Radian 
operators had implemented the measuring and recording of OVA flow rates. The flow rates 
were recorded in the logbook only once at the beginning of the day at Chevron. At 
Ultramar, the flow rates were recorded twice, once at the beginning and once at the end of 
the day. Upon comparison between start and end flow rates, flow rates revealed a 
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Page 3 

decreasing trend (see Appendix D). This was an indication of a battery losing its charge 
over a days use. Example flow rates of a new battery can be seen on 12/15/92. The flow 
rate increased by the end of the day from 785 mL/min to 790 mL/min. From 12/16/92 to 
12/18/92, the initiai and final sampie flow rate resulted in a decreasing trend until the battery 
is completely discharged on 1/5/93. As a result, these measurements proved to be valuable 
indicators of a low battery and also provided an explanation for the instrument losing its 
calibration over the course of the day." 

(Page 54, first paragraph). " ..... The major factor affecting calibration was the OVA flow 
rate. As the battery providing power for the gas pump discharged, the OVA flow rate 
decreased, affecting calibration. Use of the check standard alerted field personnel to the 
battery status and prevented loss of calibration from becoming a factor in data usability." 

Technical Response 

The RTI audit at Chevron took place on 1/4-5193. On both 1/4/93 and 1/5/93 Radian 
recorded the initial and f ind  flow rates from the OVA in the field logbook at Chevron. 

The change in battery flow rate from the start of the day to the end of the day was usually 
quite minor. The change identified by RTI for 12/15/92 at Ultramar is fairly indicative of 
the typical change in daily flow rate (from 785 mL/min to 790 mL/min, or +0.6%). The 
change in flow rate was not consistently decreasing during the day as an indication that the 
battery was losing its charge. Of the 43 recorded readings that included the start of day 
OVA flow rate and the end of day OVA flow rate, 18 showed increasing flow rate as the day 
progressed, 24 showed decreasing flow rate as the day progressed, and one had no change 
whatsoever, 

The OVA batteries were always recharged over night while testing or between testing 
activities. The OVA batteries were not slowly losing charge over a several day period. 

There is a loss of battery charge during a day's testing. This loss of charge can result in the 
inability of the OVA to accurately measure hydroaróon concentrations. As indicated by 
RTI, the OVA was checked for accuracy after every bagging measurement to ensure that the 
OVA was still reading a known hydrocarbon standard within 20% of the actual value. 
However, based on the data collected for this study, this loss of battery charge does not 
appear to have significantly reduced the OVA flow rate over time. 

E-33 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



A P I  PUBLa4bl13 9 4  0732290 O533623 T22 

RADIAN 
c o I c o m I r I o *  

Mr. Ryan 
July 14, 1993 
Page 4 

Issue 2 - Establishing Equilibrium by Using the Oxygen Analyzer 

Audit Finding 

(Page 20, last two sentences through Page 21 first sentence). "At Chevron, the oxygen 
concentration was monitored to very low concentrations, approximately 0.2 to 0.4 percent 
oxygen and a reading was measured every other minute for three minutes to get an average 
oxygen concentration. At other sites, oxygen was allowed to fall below 5 % , then sampling 
commend without waiting for equilibrium. 

The leak was then screened using the OVA Model 108 with a dilution probe in order to get a 
reading for the total hydrocarbon concentration at equilibrium. 'I 

(Page 54, last sentence through Page 56 first paragraph). "Some of the operators took 
readings until the oxygen levels fell below 5 % ,  then proceeded with sampling, while others 
waited until the oxygen concentration stabilized at a low value before recording the first 
reading.. . . . .It is obvious from these figures that equilibrium had not been fully established 
for the tents whose oxygen concentrations continued to fail, and that leaks may have been a 
concern for the 4 episodes in which the oxygen never fell below 1 % ." 

Technical Resmnse 

The primary function of the oxygen analyzer was to determine that the oxygen concentration 
was below 5 %  in the bag. It was desirable to be below 5% to reduce the impact of 
background hydrocarbons and to have some indication that the bag did not have substantial 
leakage. 

Another test, by the OVA, was used to veri9 that the bag was at equilibrium. As indicated 
by RTI, the leak was screened by the OVA for total hydrocarbon concentration after 
completing the testing by the oxygen analyzer. Multiple measurements were taken by the 
OVA with the bag in place to ensure that the bag was at equilibrium. Hydrocarbon concen- 
tration measurements with the OVA had to be constant or at least not show a consistent trend 
up or down to determine that equilibrium had occurred. This process of using the OVA to 
ensure equilibrium usually took several minutes of testing, with OVA testing occurring at 
approximately one minute intervals. All of this testing occurred after using the oxygen 
analyzer. The canister sample is taken after equilibrium is established. 

The northern California bagging team used the oxygen analyzer for an additional, redundant, 
check of the equilibrium in the bag. The southern California bagging team did not use the 
oxygen analyzer for this redundant check of equilibrium. 
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Accuracy checks 
and bagging equipment established that acceptable accuracy was obtained. These accuracy 
checks were conducted by inserting a known concentration of a certified hydrocarbon gas 
standard into a typical bag arrangement. The concentration measured in the canister was 
then compared to the known concentration. These accuracy checks established accuracy 
within a relative percent difference of 32% for both total hydrocarbon and methane measure- 
ments. Additional accuracy checks were also conducted by RTi in the field by inserting a 
known (to RTI only) concentration of a certified hydrocarbon gas into a typical bag arrange- 
ment. These accuracy checks also showed acceptable accuracy, generally with even better 
results than the accuracy checks conducted with the hydrocarbon standard that Radian used in 
their accuracy checks. Both RTI and Air Toxics Limited laboratories verified the accuracy 
of the bagging procedure. These accuracy checks indicate that procedures used at every site 
tested were able to achieve an acceptable equilibrium. 

Issue 3 - OVA Challenge 

Audit FindinP - (A) 

(Page 25, last paragraph through Page 28 end of paragraph). "Audit results from ARCO 
Refinery were well within the specified quality assurance objective of plus or minus 20% for 
the accuracy of the OVA with exception of the OVA response to the 7850 ppm audit gas. 
The OVA response resulted in a negative bias of 60.7% with a stanáard deviation from the 
mean OVA response of 91.0. During this audit, it was observed by auditors that the OVA 
connectors and probes were leaking which may have contributed to the significant variation 
between OVA readings. Problems estabiishing the 10: 1 dilution ratio while calibrating the 
dilution probe also contributed to the large negative bias obtained while screening the 
7850 ppm audit gas with the dilution probe attached to the OVA. This problem in 
conjunction with air-inleakage from the OVA connectors and probe may have diluted the gas 
from the original audit concentration, 7850 ppm, to the mean OVA response of 3082 ppm." 

Technical Response to (A) 

The audit gas used at the ARCO site at 9034 ppm (CH, in air) and at 1094 ppm (CH, in air) 
both with and without the dilution probe measured within a 9.1 % bias of the audit gases. An 
anomaly O C C U K ~ ~  at this first audit visit at any refinery when RTI made measurements with 
Radian's OVA. At this time, it cannot be explained why the audit gas at 7850 ppm (GHJ 
CH, in nitrogen) was measured and recorded by RTI as an OVA response of 3082 ppm. 
This information was not passed on to Radian at that time, or at any time until the Draft 
Audit Report was published. In fact, Radian's field technician present at this audit recorded 
in the field notebook that day that, "all instruments performed well for the audit." There is 
no way at this time foi Radian to confirm, correct, or refute RTI's reading of the OVA. If 
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Mr. Ryan 
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Page 6 

1,ûûû ppm CH, 

this anomalous reading was performed at the same time as the audit with the other audit 
gases, then there appear to be inconsistencies. If, as suggested, this result is related to a 
potential OVA leak then it would seem reasonable that the other audit gases (9034 ppm and 
1094 ppm), that responded very well to the audit, would have had inaccurate readings as 
well. The accuracy of the dilution probe readings for both of these other audit gases argues 
against a problem with establishing an acceptably accurate dilution ratio or with any problem 
with a potential probe leak. 

J R I  9520 ppm CH, 

Radian checked the OVA twice immediately before the audit with multi-point calibrations. 
The second multi-point was performed after the OVA probe was reseated in its housing. 
These multi-point calibrations indicate that the OVA was working well within accepted 
standards when the audit was performed. The results of these multi-point Calibrations were 
as follows: 

900 

950 

9,500 O. 99994 

10,Ooo O. 99995 0745 <1 11 100 

It is conceivable that some of the differences observed during testing of the 7850 pprn 
standard versus the other standards were caused by the 7850 ppm standard being in nitrogen 
versus being in air. The response of the OVA to hydrocarbons in air versus being in nitro- 
gen may differ to some extent. It needs to be pointed out that when Radian uses the OVA to 
screen components for bagging purposes that the OVA is pulling in ambient air with the 
hydrocarbon readings. The only time that the OVA would be pulling in pure nitrogen with 
the hydrocarbons is when the bag is in place and equilibrium is being established. None of 
these hydrocarbon readings in the nearly pure nitrogen atmosphere are used for any quantifi- 
cation purposes for the 1993 Refinery FugitiveEmissions Study. Even the potential for the 
different environments, nitrogen versus air, to affect results is suspect. The response to the 
7850 ppm standard in nitrogen was much closer to the other standards in air at the remaining 
three rehenes. At Ultramar, for example, the 7850 ppm standard in nitrogen read 
7496 pprn (-4.5% bias) compared with the9034 ppm standard in air measured at 8993 ppm 
with the dilution probe (-0.5% bias). No significant difference by using a ethanelmethane 
mixture in nitrogen standard versus a methane in air standard is evident at Ultramar. 

The range of the average OVA response for the ethanelmethane mixture in nitrogen for the 
eight other measurements at the three other refinery test sites audited was from -4.5% bias to 
+38*4% bias. The -60.7% bias at ARCO appears to be anomalous. Other concurrent 
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testing suggests that there was no systematic enor or bias in the OVA results and that this 
finding would have little, or no significance to overall data quality. 

Audit Findine IB) 

(Page 28 last paragraph to Page 29 end of sentence). "OVA, serial number 2254, was used 
at Pacific and Chevron Refineries. At Pacific, the OVA performed unsatisfactorily with bias 
results as large as +51.5 with the dilution probe and +61.9 without the dilution probe for 
the 1094 ppm audit concentration. The OVA screened as high as 1657 ppm with and 
1771 ppm without the dilution probe." 

Technical Res-Donse to íB) 

It is unknown why RTI recorded measurements using Radian's the OVA as high as 
1657 ppm with and 1771 pprn without the dilution probe. There appear to be inconsistencies 
in these results compared with measurements taken by Radian for the same OVA at 
approximately the same time that these measurements were made. According to Radian's 
records the OVA challenge at the Pacific Refinery took place on 12/8/92. On this date 
Radian checked the accuracy of the OVA, number 2254, at four separate times spread 
throughout the day without the dilution probe and twice with the dilution probe. The 
accuracy was checked against a known concentration of a loo0 pprn +_2% certified methane 
in air standard. The results of these checks are listed below: 

without dilution probe: with dilution probe: 

loo0 ppm at time of 0830; 
800 ppm at time of 0950; 
loo0 pprn at time of 1ooO; and 
loo0 ppm-at time of 1130. 

100 ppm (10: 1 dilution ratio) at time 0830; and 
i00 ppm (10: 1 dilution ratio) at time 1130. 

On the day following the OVA challenge the loo0 pprn standad read on OVA 2254 as 
follows: 
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without dilu tion Drobe: with dilution urobe: 

loo0 ppm at time of 0817; 
1100 ppm at time of 0916; - 
1200 ppm at time of 0943; 
1200 ppm at time of 1031; 
loo0 ppm at time of 1240; 
1100 ppm at time of 1342; 
1100 ppm at time of 141 1; and 
1100 ppm at time of 1447. 

100 ppm (10: 1 dilution ratio) at time 0817; 
100 ppm (1O:l dilution ration) at time 0916; 
i00 ppm (10: 1 dilution ratio) at time 0943; 
100 ppm (LO: 1 dilution ration) at time 1031; 
100 ppm (1O:l dilution ratio) at time 1342; and 
110 ppm (9.l:l dilution ratio) at time 1447. 

These readings bracket the time that the OVA 2254 was analyzed by RTI using the 
1094 ppm audit gas standard. As these data show, the OVA was responding within 20% for 
every test. Most of these tests were conducted as quality control checks after collecting a 
bag sample. The tests verify that during sampling the OVA was responding with acceptable 
accuracy. 

One possibility for the differences between Radian's OVA reading and the audit gas value is 
that one of the standards used was incorrect. However, independent tests by the Bay Area 
Air Quality Management District (BAAQMD) substantiated the accuracy of the methane stan- 
dard used by Radian during testing at this time. Furthermore, the 1094 ppm standard used 
by RTI was read by Radian OVAS at within I27.62 bias at the other three refineries. No 
evidence of a faulty standard is suggested by these other tests. 

Another possibility for why the audit gas standard read at +51.5% and +61.9% bias at one 
refinery is that the battery of the OVA had failed between the acceptable 11:30 A M  reading 
on 12/8/92 and the afternoon challenge of the OVA by RTI. However, if the OVA battery 
had failed it is not known why the 7850 ppm standard was still able to read at + 17.5 % bias. 

Issue 4 - Diiution Factor Variability Continued 

Audit Finding 

(Page 5 1, first two paragraphs). " . . . .On this day it was discovered that the probe was not 
fully seated and secured in the probe holding device of the OVA. After reinserting and 
tightening down the probe, the dilution factors reverted to 9 for both low and high concentra- 
tions. That the dilution factor could change from 21 to 9, a 233% difference, by correcting 
leakage illustrates the magnitude of the error that may have O C C U K ~  during early screening 
measurements for this project. Early screening &ta should therefore be carefully examined 
for usability. 
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Figures 4-1 and 4-2 illustrate this point. Figure 4-1 shows dilution factors at ARCO and 
Pacific taken prior to the recommendation regarding leak checking. Figure 4-2 shows the 
same information for the Chevron and Ultramar sites after leak checking had been in prac- 
tice., Clearly, there is less scatter with leak checking than without. In both figures, dilution 
factors taken during a single calibration are connected." 

Technical Resmnse 

As explained in the introduction to this letter, the 1993 Refinery Fugitive Emissions Study 
Draft Report explains how using data from the potentially leaking OVA probes does not 
result in a systematic statistical bias in the development of the emission correlation equations. 
The 1993 Refinery Fugitive Emissions Study Draft Report also demonstrates that use of 
dilution probe data does not result in statistically different emission correlation equations than 
if these data were deleted from the analysis. The technical response for this audit finding in 
this letter is focused on the specific data and conclusions presented by RTI to highlight this 
area of concern. 

The day referred to by RTI for the audit in this section of their report is December 4, 1992. 
It should be pointed out that no testing, other than the audit, took place on this day. Any 
concerns for 12/4/92 do not affect any particular data collected on that day because no 
samples were collected. 

When sampling, the dilution ratio is determined at the start of the day and generally 
whenever a high leaking sample was tested (one requiring a dilution probe at screening 
values > 10,ooO ppm). The dilution ratio was revised as needed during the day to account 
for variability in dilution probe readings. In addition, a known hydrocarbon standard was 
checked after every bag sample taken to veri@ that the OVA, without the dilution probe, had 
not changed in accuracy within plus or minus 20% of a certified standard. It is highly 
unlikely that a 233% difference with the dilution probe could have occurred during testing 
and have the certified standard quality control check within plus or minus 20%. These 
quality control procedures support the accuracy of ail readings before and after the original 
audits in December, 1992. 

Figures 4-1 and 4-2 illustrate differences in dilution probe readings prior to and after 
January, 1993. They do not illustrate solely, or possibly at all, the differences in leak 
checking versus not leak checking the OVA. In part as a result of the audit, and in part as a 
result of on-going efforts to reduce variability, both the dilution probe in northern California 
and in southern California were modified prior to testing in January, 1993. The dilution 
probe in northern California was replaced because of the variability at the different hydro- 
carbon concentrations. The dilution probe in southern California was not as variable and was 
simply repaired. It is unknown if the potential leaks contributed much, if anything, to the 
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change in dilution 1 .  

in variability is more a function of the repairdreplacement of the dilution probes themselves. 
One indication that the potential for leaks was not the reason for the change is by looking at 
the variability of the dilution ratios on 12/9/92 and 12/10/92 at the Pacific Refinery. On 
12/9/92 the dilution variability was 1O:l at loo0 ppm and 14.6: i at 35,000 ppm. On 
121 10/92 the dilution variability was 10: 1 at loo0 ppm and 2 1.9 at 35 ,O00 ppm. The varia- 
bility on 12/10/92 was the highest variability observed in northern California. However, on 
both of these days the OVAS were checked for leakage and any leaks repaired prior to cali- 
brations or testing. On these dates the dilution probe variability was strictly a function of the 
dilution probes themselves and not a function of any potential probe leaks. 

PUBL*YbL3 9Y = 0732290 0533629 4 4 0  

ratios illustrated in Figures 4-1 and 4-2. It is more likely that the change 

The fact that the dilution probes demonstrated high Variability, primarily in the early parts of 
the study, whether it is probe leak related or not, is a matter of concern. This fact does add 
an element of variability to study results. This fact motivated the repadreplacement of the 
dilution probes. This is a concern of use of all dilution probe data collected by refineries, 
not simply the data collected for this study. However, as previously explained, several 
efforts were made even prior to this repair/replacement to account for the variability. The 
dilution ratio at two different concentrations was recorded, at loo0 ppm and at 25,000 or 
35,000 ppm. These two dilution ratio measurements assisted in more accurate determination 
of hydrocarbon concentrations for components from widely varying leak rates. A third stan- 
dard was included for dilution ratio determination starting in January, 1993 to even more 
accurately quantifi emissions in higher leak ranges. The dilution ratio was, in general, also 
measured prior to recording screening values for high leaking components. These compo- 
nent by component dilution ratios helped account for variations in dilution ratios that 
occurred during the day's testing. The quality control checks of plus or minus 20% confirm 
that the OVA itself did not change significantly during testing. 

Radian has carefully examined for usability the early screening data. This examination 
results in the recommendation that these data be used in data analysis and in the development 
of the emission correlation equations, zero component emission factors, and pegged .compo- 
nent emission factors. 

Issue 5 - Difference Between Laboratory Test Results for Test with Highest Variability 

Audit Finding 

(Page 35, Sample Numbers P100 and P101, with write-up on Page 46, second paragraph) 
"An extremely large difference (a factor greater than 10) was noted between samples P100 
and P101, which were supposed to be fieid duplicates. However, in view of the extremely 
high vdue reported by ATL (140,OOO ppm), other phenomena such as condensation or 
unequal sampling might' be involved." 
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Technical Response 

From the March 17, 1993 letter from RTI to Mr. Darryl Von Lehrnden, RTi  reported the 
total concentration in ppm C (defined as Concentration ppm C = total pprn C - ppm C 
methane) for sample P101 as 409,000. Radian converts this reading to approximately 
140,000 ppmv as propane. The duplicate sample (P100) sent to Air Toxics Limited ( A R )  
was reported by ATL as 140,000 ppmv as propane. The RTI value, reported on Table 2-5 
of the Draft Audit Report, records the concentration of sample P101 as 13,óûû ppmv. It 
appears that a typographical error has occurred in one of the RTI reported values. 

Issue 6 - Precision of Nitrogen Flow Rate Sampling 

Audit Finding 

(Page 57, fust paragraph, and Page 58 nitrogen flow rate for sample pO37) . . . .Of the 17 
sampling episodes observed by the auditors in which nitrogen flowed through the tent, one 
fiow was mismeasured or misrecorded, and 16 flows were replicated within 5 %  of the begin- 
ning flow rate see (Table 4-4). From this observation, it appears that stability of nitrogen 
flow rate during sampling is not a large factor in variability of results." 

Technical Response 

There are two basic criteria for determining the nitrogen flow rate into the bag (or tent) 
during sampling. The first criteria is the size of the bag. Larger bags require larger flow 
rates. The second criteria is the measured concentration of hydrocarbons with the bag in 
place. Occasionally, measured hydrocarbon concentrations with the bag in place are beyond 
the range of the OVA with the dilution probe (> 100,ûûû ppm). In order to verify that equi- 
librium has occurred it is desirable to have hydrocarbon concentrations in the measurable 
range. This allows multiple readings to prove that the bag is at equilibrium and not just 
multiple d i n g s  at > 100,ooO ppm. Sometimes the initial nitrogen flow rate is chosen 
without knowing that the bagged hydrocarbon concentration will be > 100,ooO ppm. In 
these cases it is common that the nitrogen flow rate will be increased until hydrocarbon 
readings are in the measurable range. Sample Po37 was in this category of extremely high 
bagged hydrocahn concentrations. The nitrogen flow rate was deliberately increased to 
bring the hydrocarbon readings into the measurable range. The flow was increased from 
1463 mL/min to approximately 4095 mL/min. 

During the field testing the initiai nitrogen reading of 1463 mL/min was appropriately 
crossed out in ink and the marked-out value was initialled by the field technician. However, 
the revised reading was not recorded prior to the test. The final reading of 4095 m u m i n  
was recorded after the test. As RTi has demonstrated, there is only a minor difference in 
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before and after readings of nitrogen during testing. Based on this fact, the f ind reading of 
4095 mL/min was assumed to be equal to the initial, unrecorded reading. The initiai reading 
was neither mismeasured nor misrecorded. The reading was missed, but this omission was 
not significant to the analysis. 

Many of the areas of concern brought up by the audit address variations in OVA response to 
multi-concentration gas standards, both with and without the dilution probe. It should be 
noted that EPA Method 21 does not require multi-point linearity and dilution ratio checks. 
Radian added the multi-point linearity and dilution ratio checks to better define data 
variability for this important study. The 1993 Refinery Fugitive Emissions Study has more 
detailed QA/QC data associated with it than any  previous fugitive emissions study. It is not 
unexpected to find some anomalous results when you are dealing with a set of thousands of 
measurements made by different inspectors, different instruments, and at different times. 
While the audit report appropriately highlights all of the deviations found, the hundreds of 
QA/Qc checks that were well within data quality objectives also need to be remembered. 

In this letter Radian has attempted to address key issues and concerns that were not 
previously addressed by Radian. The 1993 Refinery Fugitive Emissions Study Draft Report 
addresses some of the previously raised issues and concerns in much more depth. It is 
Radian’s opinion that the issues and concerns raised by RTI during the audits have enhanced 
the understanding of the data collection and analysis activities conducted by Radian, but none 
of these issues or concerns support a lack of confidence in any of the data used by Radian in 
the development of the emission correlation equations, zero component emission factors and 
pegged component emission factors prepared for the 1993 Refinery Fugitive Emissions 
Study. 

Sincerely, 

Ronald D. Ricks 
Assisian t Project Director 

Attachments 

c: K. Ritter (API) 
M. Luthin (WSPA) 

G.E. Harris 
S.H. Peoples 

M. Lev-On (ARCO) 
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RESPONSE TO REGULATORY AGENCY COMMENTS ON THE 
FINAL DRAFT OF THE 1993 REFINERY STUDY 
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January 17, 1994 
2O9-08 1-07-0 1 

i0389 Old Placerville Road 
Sacramento, CA 95827 
i9 161 362-5332 
FAX ,# 19161362-2318 

Mr. Ron Wilkniss 
Western States Petroleum Association 
505 North Brand Avenue, Suite 1400 
Glendale, CA 91203 

Subject: WSPAIAPI Refinery Fugitive Emissions Study, Phase III - Contract No. ET 302-08 
- Radian's Response to SCAQMD Comments on the 1993 Finai Draft of the 1993 
Study of Refinery Fugitive Emissions from Equipment Leaks 

Dear Ron: 

Radian is in the process of preparing the Final Report of the 1993 Study of Refinery Fugitive 
Emissions from Equipment Leaks (1993 Refinery Study or Final Report). We have reviewed 
all of the comments received from WSPA and API committee members as well as those 
received by reguiatory agencies. The Final Report will include several revisions based on 
the comments received. 

This letter is in response to the specific issues raised by the South Coast Air Quality 
Management District (SCAQMD). The section numbers in the Final Report that are referred 
to in this letter are expected to be the same as those that were in the Finai Draft Report. 

Issue 1 - Number of Bagging Sampíes 

SCAOMD comme nt: 

"Out of a proposed 525 samples, only 248 valid samples were used for new correlation 
equations and emission factors development. Additionally, many of the valid samples were 
those used to develop new default-zero and pegged component emission factors. Only 10 
samples were used to develop the correlation for pumps in heavy liquid service and only 27 
samples were used to develop the correlation for pumps in light liquid service. With such 
small sample sizes, we are not confident that the samples are truly representative and reliable 
for the scope and objectives of this study." 

Final Reoort reference: See Volume II, Section 3.0. 

Radian resmnse: 

Radian onghally proposed to the Western States Petroleum Association (WSPA) and the 
American Petroleum Institute (API) to examine 525 samples, including field dupiicates, zero 
components (Le., those components that screen at background ppm levels), pegged compo- 
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nents (i.e., those that screen above the instrument's measurement capability; generally 
greater than Iûû,ûûû ppm), and components that screeried at between 1 and 100,ûûû ppm. 
Fortunately, Radian was able to complete the study with even more valid samples than 
originally proposed. Radian completed the study with 540 valid samples. Of the 540 valid 
samples, 248 were components that screened at between 1 and 100,ooO ppm, 102 were zero 
components, 71 were pegged components, and the remainder were taken to ensure data qual- 
ity (audit sample duplicates, nitrogen flow test duplicates, and accuracy checks). In addition, 
51 samples were excluded from analysis because of high vaxiability in screening measure- 
ments taken both before and after bagging. Later anaiysis indicated that including these 
additional 51 samples would not have had a significant effect on the development of the 
emission correlation equations (see Volume II, Section 3 of the Final Report). Table 1 
documents all valid samples and the high screening variability samples collected and their use 
in the data analysis. 

The United States Environmental Protection Agency (U.S. EPA) recognizes that facilities or 
industries may wish to redevelop emission correlation equations based on more appiicable 
data. To assist an industry in developing new emission correlation equations they have 
recently (June, 1993) updated and published a document entitled Protocol for Quipmetat Lerrk 
Emission E s z i m a  (Protocols Document). The Protocols Document gives general guidance 
for determining the required number of samples recommended for determining new or 
revised emission correlation equations. Including pegged components, the Protocols 
Document recommends that at least 30 samples be taken. Excluding pegged components, the 
Protocols Document recommends that at least 24 samples be taken. 

Some of the samples collected had been excluded from the analysis because their "before and 
after" screening values exceeded the preestablished control limits. Those are referred to as 
having "high" screening variabiiity. As can be seen from Table 1, the U.S. EPA recornmen- 
dation to have at least 30 samples (including pegged components) was exceeded in four of 
the six categories. The U.S. EPA recommendation to have at  least 24 samples (excluding 
pegged components) was exceeded in three of the six categories. The question of whether 
sufficient samples were taken to meet U.S. EPA recommendations is focused only on two or 
three of the component categories; heavy liquid pumps, connectors-flanges, and possibly 
open-ended lines (OELs). The remaining categories clearly exceed the recommendations, 
and valves exceed the recommendations by a factor of almost six. 

We would like to address each of the questionable categories separately, beginning with 
OELs. Thirty-three (33) OEL samples (including pegged components) were included in 
pegged components emission factor or emission correlation equation development. Three 
more samples were collected than the U.S. EPA recommendation. Furthermore, five OEL 
samples were excluded from analysis simply because they had high screening variability. 
These samples were excluded in an effort to control one aspect of variability in the study. 
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Subsequent analysis indicated that these five samples could easily have been added to the 
analysis without any significant change to the emission correlation equation (see Figure 3-30, 
Volume II, Section 3 of the Final Report). Adding these five samples would have virtually 
no effect on the determination of the emission correlation equation and would also clearly 
exceed the U.S. EPA recommended number of samples. Given these considerations, it 
seems that the OEL category reasonably satisfies the U.S. EPA recommendations. 

The remaining two categories, connectors-flanges and heavy liquid pumps, do not meet the 
mentioned US. EPA recommendations. The connectors-flanges category is close to meeting 
the recommendations, especially if including the high screening variability samples (totai of 
20). The heavy liquid pump category is not close (10-12 samples) to this U.S. EPA recom- 
mendations. The reason that additional samples were not taken is &y explained. Radian 
was attempting to obtain samples in ail screening value ranges. A deliberate attempt was 
made to not skew the analysis by having a disproportionate number of samples in either low 
or high screening value ranges. Efforts were made by the five host refineries and Radian to 
find these components. Testing at these refineries was performed over approximately 20 
weeks. For connectors-flanges and heavy liquid pumps, more components in the higher 
screening value ranges could not be located. 

Prior to commencing the data analysis for the 1993 Refinery Study it was not known that the 
connectors category should be split into two categories, flanges and non-fianges (other). In 
fact, the 1980 Refinery Study did not split the connectors into two categories. If the 1993 
Refinery Study connector categories were merged, 43 samples would be available to develop 
an emission correlation equation which far exceeds the U.S. EPA recommendation. How- 
ever, statistical analysis revealed that connectors-flanges and connectors-other were two 
distinct categories. Splitting the connectors into two categories improves the correlation 
coefficient from 0.82, for the combined grouping, to 0.88 for connectors-flanges and 0.85 
for connectors-other. Even though this meant that one of the U.S. EPA’s recommendations 
for sample size would not be precisely met for one of the connector Categories, it was felt 
that the superior applicability of the results by dividing into two categories outweighed the 
possible limitation of reduced sample sizes. 

Similarly, if the heavy liquid pump and light liquid pump categories were merged, 37 
samples would be used to develop an emission correlation equation. However, the superior 
applicability of the results by maintaining two categories outweighed the possible limitation 
of reduced sample size. 

The previous version of the Protocols Document, the U.S. EPA’s Protocol for Generaring 
Unit-Specific Emission &timares for Equipmew Leokr of VOC and W P  (1988), states that 
if it can be shown that the estimates are ”within 50% of the mean value with 95% confi- 
dence”, a smaller sample size is acceptable. The 95% confidence interval for the expected 
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mean Isg emission rate at the mean log screening value meets the "plus or minus 50% of the 
expected value" criterion for all component categories, including connectors-flanges and even 
heavy liquid pumps. The 95% confidence interval criteria is not met for these two 
component categories in l i n a  space. The previous version of the Protocols Document is not 
clear on whether the criterion is for log or linear space. 

The 1993 U.S. EPA Protocols Document states, "The above groupings and recommended 
number of sources arc given as guidelines. They arc based on experience in measuring leak 
rates and developing leak xate/screening value comlations. Other source selection strategies 
can be used if an appropriate rationale is given". 

It is clear that the U.S. EPA recognizes that alternate strategies and even potentially smaller 
sample sizes can be considered for development of emission correlation equations. The issue 
really should be which emission correlation equations best represent the types of components 
found in today's refineries. 

In comparing the 1980 Refinery Study to the 1993 Refinery Study, it is immediately evident 
that many of the samples taken in the 1980 Refinery Study were pegged components. When 
the pegged components are removed from the totai number of samples taken for the 1980 
Refinery Study, the results are as shown in Table 2. Note that in the 1980 Refinery Study 
no heavy liquid valves or open-ended lines were sampled (bagged) and that vaives were split 
into the gas valves and light liquid valves categories. The 1993 Refinery Study actually 
sampled more components than the 1980 Refinery Study in the foilowing caîegones: gas 
valves, heavy liquid valves, open-ended lines, and flanges. The number of light liquid 
valves sampled in both studies are nearly identical. In fact, of the component categories 
reexamined in the 1993 Refinery Study, only the pump categories had significantly fewer 
samples collected than in the 1980 Refinery Study. By number of samples alone, the 1993 
Refinery Study is superior to the 1980 Refinery Study for the two categories that represent 
the great majority of components found at any refinery: valves and flanges. 

The comparison between the 1980 Refinery Study and the 1993 Refinery Study is even more 
convincing for the development of zero component emission factors. The zero component 
emission factors ("default zeros") developed from the 1980 Refinery Study data were based 
on eleven (1 1) sampies from one component category (gadvapor valves). In the 1993 
Refinery Study, zero component emission factors were developed from each component cate- 
gory using a total of 102 samples. Cleariy, the 1993 Refinery Study is more complete than 
the 1980 Refmery Study for zero components which represent the greatest number of compo- 
nents found at a refinery. 

In conclusion, there is compelling evidence that the 1993 Refinery Study provides complete 
and representative information for the majority of the component categories in refineries. 
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The development of the emission correlation equations has been consistent with U.S. EPA 
recommendations for sample size in four of six component categories. The remaining two 
categories, connectors-flanges and heavy liquid pumps, meet the statistid test on the mean 
log emission rate basis and could have met the sample size recommendation by having only 
one connectors category and one pumps category. 

Issue 2 - Combining the Valve Categories into a Single Category 

SCAOMD c o m :  

"The valve service categories (light liquid, heavy liquid, gadvapor) should not be combined. 
The initial proposal for this study clearly indicated that distinct correlations wouid be 
developed for each valve service type. 

In the South Coast Air Quaiity Management District, we have several heavy liquid refineries 
and a few re-refiners producing mainly diesel fuels, fuel oils, and asphalt products. Some of 
these facilities have several thousand vaives subject to District inspection and maintenance 
requirements. Therefore, even a small difference in the mass rate between service types can 
result in a large difference in annual emissions. Small differences in correlations on a pound 
per hour basis for a single component are greatiy magnified when applied to several thousand 
components over an entire year. 

Because heavy liquid components tend to have a slightly smaller mass emission rate than 
those in light liquid or gadvapor services, the aggregation of ail service types in a single 
valve correlation will cause heavy refiners to overestimate their emissions. If this correla- 
tion was further used to complete a toxic health risk assessment, an additional bias against 
heavy refiners might occur. 

Again, a valve sample size of only 141 valid samples for valves in ail services is too small to 
be representative of the vast valve population in any refinery. Valves are one of the most 
crit ical sources of fugitive emissions in a refinery and should be thoroughiy analyzed in the 
study. 

Final ReDon reference: See Volume I, Section 2. 

Radian resuonse: 

Radian approached the 1993 Refinery Study data analysis without allowing previous study 
results to govern the results of the new study. It had been assumed, based on other studies 
and hypothesis, that he valve category should be split into multiple subategories, including 
categories for seMce type (gadvapor, light liquid and heavy liquid) and size. Testing was 
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based on this preliminary assumption. Samples were taken in each service type and in muiti- 
ple size categories. After the data were collected, an in-depth multi-variate analysis was 
performed to determine if the splitting into different categories was statistically appropriate. 
The results of the analysis, documented thoroughly in the Finai Report, indicated that there 
was insufficient justification to split valves into multiple categories based on the &ta col- 
lected for the 1993 Refinery Study. Without additional justification Radian continues to 
recommend that the valve category remain as a single category. 

The similarity of emission correlation equations for valves in different seMces does not 
mean that there are comparable numbers or percentages of high leaking heavy liquid and 
light liquid valves at a refinery. In fact, the screening distribution (Le. the percentage of 
components leaking within certain screening value ranges: i-loOO ppm, 1001-10,ûOû ppm, 
> 10,ooO ppm, etc.) will almost certainly be very different for heavy liquid and light liquid 
valves, Far lower percentages of heavy liquid components are expected to leak at  > 1,ûûû 
ppm compared with light liquid components. Although a refinery with a high percentage of 
heavy liquid valves would use an emission correlation equation that is for all valve types, the 
estimated emissions from these heavy liquid valves would likely be far lower than a refinery 
with a higher percentage of light liquid valves because of the small number of heavy liquid 
valves that leak at high rates. 

The question of sufficient sample size is thoroughly reviewed earlier in this letter in the 
response to the first issue. A total of 141 samples (non-pegged components) is far more than 
recommended in the U.S. EPA’s 1993 Protocols Document and is more than what was used 
to develop the emission factors and emission correiation equations in the 1980 Refinery Study 
that has been the basis of almost all refinery emission factors and emission correlation 
equations since 1980 (including in the SCAQMD). 

Issue 3 - Compressors, Pressure Relief Devices and Process Drains 

SCAOMD c o m m a :  

“The study does not include compressors, pressure relief devices (PRDs) and process drains. 
These components are commonly recognized as having high mass emission rates as compared 
to other fugitive components and are therefore key contributors to the fugitive emission 
inventory for any refinery. 

As facilities attempt to develop their fugitive emission inventories, the lack of new cor- 
relations for compressors, PRDs and drains to accompany those developed for valves, pumps 
and connectors is likely to cause confusion and result in errors and inconsistencies in emis- 
sion calculations. ” 
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Final Remrt refe rence: See Volume I, Section i .  

Radian res-: 

Onginally Radian proposed to test compressors and pressure relief valves as part of the 1993 
Refinery Study. Unfortunately for the study's sake, there were not enough leaking compres- 
sors and pressure relief valves found in the five refineries tested to develop statistically 
significant emission correiation equations or pegged component emission factors. Three pres- 
sure relief valves were tested that were zen, components. The SCAQMD has suggested that 
even 141 samples of a component type that screen at between 1 and 100,ûûû ppm is a sample 
size that may be too small. Fewer than ten leaking compressors could be found at ail five 
refineries combined. The majority of the compressors at the five refinenes either did not 
leak, or they had control devices applied to them to prohibit emissions &e., venting to 
flares, etc.). Fewer than ten leaking pressure relief valves could be found that were acces- 
sible or safe for the bagging crews to sample. 

WSPAIAPI directed Radian not to test process drains. With changes being made to refinery 
wastewater systems, it was decided to hold-off on praxss drain testing at this time. There 
are also problems with applying the bagging test to drains that would have required 
development of a new method. 

h e  4 - Comparison of 1980 Refinery Study Results to 1993 Refinery Study Results 

SCAOMD commeni: 

"The primary objective of the 1993 study was to develop new correlations for comparison 
with those developed as a result of the 1980 Refinery Assessment Study. According to Table 
ES-2, the 1980 correlations were based on TLV readings at "O cm", with pegged components 
included in the correlations. These correlations were later converted to OVA readings at 1 
cm. However, the 1993 correiations are based on OVA readings at "O cm" withouf pegged 
components inciuded in the correlations. Because so many different factors are involved, it  
is very confusing and difficult to verify the data and to draw meaningful conclusions on the 
study as a whole. 

It is suggested that the final report include a comparison of 1980 correlations based on OVA 
readings at 1 cm withouf pegged components included in the correlations with the 1993 1 cm 
Correlations. 

Final R w r t  reference: See Volume I ,  Section 2. 
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ian remonse: 

In the 1993 Refinery Study, ail of the recommended emission correlation equations are based 
on different basic data collection and data analysis methoàologies than those in the 1980 
Refinery Study. We recognize that because of these differences direct comparisons between 
the studies are difficult to make. 

In order to address this issue Radian examined, in depth, the light liquid valve component 
category from 1980 and 1993. The data from both studies were put on a comparable basis 
[no pegged components, OVA instrument, all measurements at the surface (previously called 
"O cm")]. For reference, see Figures 2-27 to 2-29 and the related discussion in the Final 
Report. As mentioned previously, this analysis shows that the differences between the 1980 
and 1993 studies are far less than one would believe without having the data on a comparable 
basis. The other component categories are comparable to the light liquid valves category. 
All of the original 1980 Refinery Study valve, pump, and flange categories hcorporated 
pegged components in the development of the emission correlation equations. Ali of the 
1980 Refinery Study samples were taken with the TLV Sniffer@ at the surface. 

An additional analysis of the other components was not performed because of funding limita- 
tions. However, the analysis of the iight liquid valve category provides guidance on how to 
evaluate the differences between the 1980 Refinery Study and the 1993 Refinery Study for 
other component categories. 

b e  5 - Variabiiity of Screening Distance 

SCAOMD: 
"The variability in screening distance must be addressed. i t  is unreaiistic to assume that, 
with a hand-held instrument like the OVA, all screenings were taken at the same distance 
from the source of the leak. During the District's two days of test observation, we noted 
variations in screening distance from component to component. Given the wide variation in 
the "O cm" and 1 cm correlations, it is reasonable to assume that extremely small variations 
in screening distance are likely to cause large variations in the resulting correlations. Future 
attempts to conduct this type of study should include a fixed screening distance as a part of 
the test protocol. 

It is suggested that an alternative to the misleading "O cm" screening distance reference be 
developed, or that a definition of "O cm" be included in the Final Report." 

Final Remrt reference: See Volume II, Section 3. 
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Radian res-. 

In the Final Report "O cm" will be referred to as "at the surface". The krminology of "O 
cm" has been in existence at least since the 1980 Refinery Study. However, we acknowledge 
that this terminology could be confusing. Therefore, we will follow the SCAQMD 
suggestion and change the terminology. Furthermore, additional discussion of screening 
distance will be included in earlier sections of the Finai Report. 

The variability in screening distance has been addressed and continues to be evaluated. In 
Volume II, Section 3, of the Finai Report extensive evaiuahons are presented that document 
screening variability issues. Included in this evaluation are: 

o Inspector and instrument variability; 

o Process variability; 

o Refinery inspection/maintenance (UM) team versus Radian screening 
variability; 

o Bay Area Air Quality Management District (BAAQMD) versus Radian 
screening variability; and 

e SCAQMD versus Radian screening variability. 

Screening distance, or the distance away from the surface, is a factor in every one of these 
variability studies. Additional data collection is anticipated in 1994 to further evaluate the 
differences between screening at the surface and at 1 cm away. 

In following U.S. EPA Method 21, Radian screened as close as possible to the surface. The 
SCAQMD and BAAQMD inspectors that audited Radian's testing activities also screened as 
ciose as possible to the surface. When screening as close as possible to the surface, some 
variation in the exact screening distance will occur based on obsmctions, grease, liquids, 
etc. This variation is one of the causes in the variability noted in the screening variability 
studies mentioned previously. 

Although it is acknowledged that screening distance variation is inevitable in the screening-at- 
the-surface methodology, this variation does not appear to have had a significant effect in the 
total variability of screening measurements taken by Radian and the SCAQMD inspector. 
The average relative percent difference between the SCAQMD and Radian measurements 
was only 16.1 % . This average relative percent difference included screening distance varia- 
bility, inspector and instrument variabiiity and process variability. An average relative 
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percent difference of 16.1 % is minor compared with the inherent variabilities of field testing 
for a fugitive emission testing program. In other words, either the SCAQMD and Radian 
consistently measured the same component at the same screening distance, or the differences 
in screening distance between Radian staff and SCAQMD inspector measurements were not a 
significant factor in screening variability. 

The BAAQMD and Radian likewise had minimal differences in screening values when 
screening the same components (approximate average reiative percent difference of 23%). 
Again, either the BAAQMD and Radian consistently measured the same component at the 
same screening distance, or the differences in screening distance between Radian staff and 
BAAQMD inspector measurements were not a significant factor in screening variability. 

Given the reasonably consistent screening values for Radian, SCAQMD, BAAQMD, and 
refinery I/M teams, it is unlikely that small variations in screening distance, which sureiy 
existed as different inspectors screened the same components, are likely to cause large 
variations in the resulting emission correlation equations. 

Issue 6 - Probe Leak Figures 

SCAOMD comment: 

"The Final Report should include graphs which display the pre-probe leak versus post-probe 
leak correlations for the valid samples. While the confidence in t emi  graphs are informa- 
tive, they do not provide a clear representation of the difference in the slopes of the pre and 
post-probe leak correlations. " 

Reoort reference : See Volume II, Section 3. 

Radian r e suons  

Radian feels thai adding these regression lines to the fig- makes these figures even more 
difficult to understand. Therefore, we prefer to not include these regression lines in the main 
body of the Final Report (Volume II). The regression lines would fali mid-way between the 
confidence intervals in every case. However, these figures are attached to this letter for your 
review. A copy of this letter will be included in one of the appendices of the Final Report. 
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Issue 7 - Connector Category Anomaiies 

SCAOMD commenl: 

"It appears that additional data is needed for flanges and other connectors. The correlation 
for flanges indicates a higher mass emission rate than the correlation for non-flange connec- 
tors. However, the default-zero and pegged-component emission factors for non-flange con- 
nectors are higher than the default-zen, and peggedcomponent emission factors for flanges. 
Because these points at the lowest and highest ends of the connector correlations do not 
indicate the same trend as the actual correlations, we feel that additional data should be 
collected to determine whether this result is reproducible." 

Final Rema refere n E :  See Volume I, Section 2. 

Radian resmnx: 

The apparent anomaly that the SCAQMD has identified is what the 1993 Refinery Study 
results indicate. The reason for this apparent anomaly is tied to different statistical methods 
used to calculate the zero component emission factors, the pegged component emission fac- 
tors and the emission correlation equations. The emission correlation equations are based on 
a least-squares method of data anaiysis. The zero component emission factors and the 
pegged component emission factors are based on an arithmetic average of the data collected 
for these particular categories. Furthermore, the confidence intervals for zero components 
and pegged components are almost always greater than those determined for the emission 
correlation equations. This is in part due to the different statistical treatment of the data and, 
in part, due to more potential for variability in the zero component and pegged component 
categories. For example, the pegged components can have screening values that would range 
from 100,ûOû to 1,ooO,ooO pprn (with additions possible if liquids are leaked). Based on 
laboratory measurements, a zero component can have mass emissions associated with being 
at one-half of the detection limit (approximately 0.025 ppm) when no hydrocarbons were 
measured in laboratory anaiysis of the sample, to mass emissions associated with leaks over 
10 ppm. Therefore, it is possible to have confidence intervals for the zero component emis- 
sion factors vary by over two orders of magnitude. The emission correlation equations are 
based on screening values that are known within fairly well defined (and lower) screening 
variability range (on a percentage basis). 

The higher emission correlation equation for flanges versus non-flange connectors does 
appear to make physical sense. Fianges are, in general, much larger with more areas for 
leaks to occur than are the non-flange connectors. The higher zero component and pegged 
component emission factors for non-flange connectors than flange connectors may be an 
anomaly based on the wide confidence limits for these categories, especially for the non- 
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flange connectors. The confidence limits for these categories overiap each other. For 
example, for zero components the confidence limits range from 4.4 x 10s to 9.4 x lo7 for 
flanges, and O to 3.9 x i@ for non-fiange connectors. Because of the overlap it is not 
unreasonable that reversals in which factors are higher than other factors would occur. In 
fact, it would be surprising if some reversais did not take place. 

Radian appreciateS the comments from the SCAQMD. Revisions Will be made to the Final 
Report based on these comments. Radian believes that the 1993 Refinery Study is 
representative and appropriate for components in refineries in the South Coast Air Quality 
Management District and nationwide. Radian continues to recommend that the 1993 
Refinery Study be used by refineries and regulatory agencies for the determination of 
refinery fugitive emissions from equipment leaks for those equipment categories where new 
correlations were developed. 

Sincerely, 

Ronald D. Ricks 
Project Director 

Attachments 

C: G.E. Harris 
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January 19, 1994 
209-08 1-07-0 1 

10389 Old Placerville Road 
Sacramento. CA 95827 
(9161 362-5332 
F.4X # i9 16) 362-23 18 

Mr. Ron Wilkniss 
Western States Petroleum Association 
505 North Brand Avenue, Suite 1400 
Glendale, CA 91203 

Subject: WSPA/API Refinery Fugitive Emissions Study, Phase III - Contract No. ET 
302-08 - Radian's Response to CARB Comments on the 1993 Final Draft of 
the 1993 Study of Refinery Fugitive Emissions from Equipment Leaks 

Dear Ron: 

This letter is in response to the specific issues raised by the California Air Resources Board 
(CARB) in their "ARB Staff Draft Comments on Radian's Draft Final Report ... August 20, 
1993" letter. Some of the comments made by CARB in their letter prompted revisions to the 
Final Report of the 1993 Study of Refinery Fugitive Emissions from Equipment Leaks (1993 
Refinery Study). All of the CARB issues in their letter are addressed in this letter. 

Issue 1 - Service Type Emission Correlation 

CARB comment: 

"The repon should provide an explanation for its finding that there is no correlation between 
the service type a component is in and its emission potential and why only pump seais exhibit 
this correlation. These findings are quite different from earlier studies from which the U.S. 
Environmental Protection Agency (EPA) has adopted for use in its reports. We believe that 
it is important to examine these findings further since it has the potential to affect emissions 
estimation. I' 

Final Reuort reference: See Volume I, Section 2. 

Radian re-: 

Radian approached the i993 Refinery Study data analysis without allowing previous study 
results to govern the results of the new study. It had been assumed, based on other studies 
and hypothesis, that the valve category should be split into multiple sub-categories, including 
Categories for service type (gadvapor, light liquid and heavy liquid) and size. It had ais0 
been assumed that the pump seais category could be divided into light liquid and heavy liquid 
service types. Testing was based on those preliminary assumptions. After the data were 
collected, an in-depth multi-variate analysis was performed to determine if the splitting into 
different categories was statistically appropriate, The results of the analysis, documented 
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thoroughly in the Final Report, indicated that there was insufficient justification to split 
valves into multiple categories based on the data collected for the 1993 Refinery Study. The 
only category that could be divided into multiple service categories was pump seals. Without 
additional justification Radian continues to recommend that the category divisions found in 
the 1993 Refinery Study remain as presented. 

Issue 2 - Sample Sizes 

CARB commea: 

"Definitive statements about adequate sample sizes can't be made without a lot more 
information. The very small sample s i m  from which variability of emission rate 
measurements were determined are particularly questionable. The representativeness of 
samples of one dozen to a few dozen can certainly be strongly questioned." 

Final ReDort reference : See Volume i, Section 2 and Volume II, Section 3. 

Radian r a m e :  

Radian originally proposed to the Western States Petroleum Association (WSPA) and the 
American Petroleum Institute (API) to examine 525 samples, including field duplicates, zero 
components (i.e., those components that screen at background ppm levels), pegged compo- 
nents (¡.e., those that screen above the instrument's measurement capability; generally 
greater than 100,ûûû pprn), and components that screened at between 1 and 100,OOO ppm. 
Fortunately, Radian was able to complete the study with even more vaiid samples than 
originally proposed. Radian completed the study with 540 valid samples. Of the 540 valid 
samples, 248 were components that screened at between 1 and 100,OOO ppm, 102 were zero 
components, 71 were pegged components, and the remainder were taken to ensure data quai- 
ity (audit sample duplicates, nitrogen flow test duplicates, and accuracy checks). in addition, 
51 samples were excluded from analysis because of high variability in screening measure- 
ments taken both before and after bagging. Later analysis indicated that including these 
additional 51 samples would not have had a significant effect on the development of the 
emission correlation equations (see Volume II, Section 3 of the Find Report). Table 1 
documents all vaiid samples and the high screening variability samples collected and their use 
in the data analysis. 

After completion of the i980 Refinery Study, the United States Environmental Protection 
Agency (U.S. EPA) recognized that facilities or industries may wish to redevelop emission 
correlation equations based on more applicable data than that collected for the 1980 Refinery 
Study. To assist an industry in developing new emission correlation equations they have 
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recently (June, 1993) updated and published a document entitled Profocol for Equipmenr Leak 
Emission Esfimes (Protocols Document). The Protocols Document gives general guidance 
for determining the required number of samples recommended for determining new or 
revised emission correlation equations. Including pegged components, the Protocols 
Document recommends that at least 30 samples be taken. Excluding pegged components, the 
Protocols Document recommends that at least 24 samples be taken. 

Some of the samples collected had been excluded from the analysis because their "before and 
after" screening values exceeded the pre-establisheú control limits. Those! are referred to as 
having "high" screening variability. As can be seen from Table 1, the U.S. EPA recommen- 
dation to have at least 30 samples (including pegged components) was exceeded in four of 
the six categories. The U.S. EPA recommendation to have at least 24 samples (excluding 
pegged components) was exceeded in three of the six categories. The question of whether 
sufficient samples were taken to meet U.S. EPA recommendations is focused only on two or 
three of the component categories; heavy liquid pumps, connectors-flanges, and possibly 
open-ended lines (OELs). The remaining categories clearly exceed the recommendations, 
and vaives exceed the recommendations by a factor of almost six. 

We would like to address each of the questionable categories separately, beginning with 
OELs. Thirty-three (33) OEL samples (including pegged components) were included in 
pegged components emission factor or emission correlation equation development. Three 
more samples were collected than the U.S. EPA recommendation. Furthermore, five OEL 
samples were excluded from analysis simply because they had high screening variability. 
These samples were excluded in an effort to control one aspect of variability in the study. 
Subsequent analysis indicated that these five samples could easily have been added to the 
analysis without any significant change to the emission correlation equation (see Figure 3-30, 
Volume II, Section 3 of the Final Report). Adding these five samples would have virtually 
no effect on the determination of the emission correlation equation and would also clearly 
exceed the US. EPA recommended number of samples. Given these considerations, it 
seems that the OEL category reasonably satisfies the US. EPA recommendations. 

The remaining two categories, connectors-flanges and heavy liquid pumps, do not meet the 
mentioned U.S. EPA recommendations. The connectors-flanges category is close to meeting 
the recommendations, especially if including the high screening variability samples (totai of 
20). The heavy liquid pump category is not close (10-12 samples) to this U.S. EPA recom- 
mendation. The reason that additional samples were not taken is easily explained. Radian 
was attempting to obtain samples in ail screening value ranges. A deliberate attempt was 
made to not skew the analysis by having a disproportionate number of samples in either low 
or high screening value ranges. Efforts were made by the five host refineries and Radian to 
find these components. Testing at these refineries was performed over approximately 20 
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weeks. For connectors-flanges and heavy liquid pumps, more components in the higher 
screening value ranges could not be located. 

Prior to commencing the data analysis for the 1993 Refinery Study it was not known that the 
connectors category should be split into two categories, flanges and non-flanges (other). In 
fact, the 1980 Refinery Study did not split the connectors into two Categories. If the 1993 
Refinery Study connector categories were merged, 48 samples would be available to develop 
an emission correlation equation which far exceeds the U.S. EPA recommendation. How- 
ever, statistical analysis revealed that connectors-flanges and connectors-other were two 
distinct categories. Splitting the connectors into two categories improves the correlation 
coefficient from 0.82, for the combined grouping, to 0.88 for connectors-flanges and 0.85 
for connectors-other. Even though this meant that one of the U.S. @A's recommendations 
for sample size would not be precisely met for one of the connector categories, it was felt 
that the superior applicability of the results by dividing into two categories outweighed the 
possible limitation of reduced sample sizes. 

Similarly, if the heavy liquid pump and light liquid pump categories were merged, 37 
samples would be used to develop an emission correiation equation. However, the superior 
applicability of the results by maintaining two categories outweighed the possible limitation 
of reduced sample size. 

The previous version of the Protocois Document, the U.S. EPA's Protocol for Generaring 
Unir-Specqtc Emission Estimaes for Equipment Leak of VOC and VHAP (1988), states that 
if  it can be shown that the estimates are "within 50% of the mean value with 95% confi- 
dence", a smaller sample size is acceptable. The 95% confidence intemal for the expected 
mean emission rate at the mean log screening value meets the "plus or minus 50% of the 
expected value" criterion for ail component categories, including connectors-flanges and even 
heavy liquid pumps. The 95% confidence intemal criteria is not met for these two compo- 
nent categories in lin= space. The previous version of the Protocols Document is not clear 
on whether the criterion is for log or linear space. 

The 1993 U.S. EPA Protocols Document states, "The above groupings and recommended 
number of sources are given as guidelines. They are based on experience in measuring leak 
rates and developing leak ratdscreening value correlations. Other source selection strategies 
can be used if an appropriate rationale is given". 

It is clear that the U.S. EPA recognizes that alternate strategies and even potentially smaller 
sample sizes can be considered for development of emission correlation equations. The issue 
really should be which emission correlation equations best represent the types of components 
found in today's refineries. 
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In comparing the 1980 Refinery Study to the 1993 Refinery Study, it is immediately evident 
that many of the samples taken in the 1980 Refinery Study were pegged components. When 
the pegged components are removed from the total number of samples taken for the 1980 
Refinery Study, the results are as shown in Table 2. Note that in the 1980 Refinery Study 
no heavy liquid valves or open-ended lines were sampled (bagged) and that valves were split 
into the gas valves and light liquid valves categories. The 1993 Refinery Study actually 
sampled more components than the 1980 Refinery Study in the following categories: gas 
vaives, heavy liquid valves, open-ended lines, and flanges. The number of light liquid 
valves sampled in both studies are nearly identical. In fact, of the component categories 
reexamined in the 1993 Refinery Study, only the pump categories had significantly fewer 
samples collected than in the 1980 Refinery Study. By number of samples alone, the i993 
Refinery Study is superior to the i980 Refinery Study for the two CategOneS that represent 
the great majority of components found at any refinery: valves and flanges. 

The comparison between the 1980 Refinery Study and the 1993 Refinery Study is even more 
convincing for the development of zero component emission factors. The zero component 
emission factors (“default zeros”) developed from the 1980 Refinery Study data were based 
on eleven (li) samples from one component category (gadvapor valves). In the 1993 
Refinery Study, zero component emission factors were developed from each component cate- 
gory using a total of 102 samples. Clearly, the 1993 Refinery Study is more complete than 
the 1980 Refinery Study for zero components which represent the greatest number of compo- 
nents found at a refinery. 

In conclusion, there is compelling evidence that the 1993 Refinery Study provides complete 
and representative information for the majority of the component categories in refineries. 
The development of the emission correlation equations has been consistent with U.S. EPA 
recommendations for sample size in four of six component categories. The remaining two 
categories, connectors-flanges and heavy liquid pumps, meet the s t a t i s t i d  test on the mean 
log emission rate basis and could have met the sampie size recommendation by having only 
one connectors category and one pumps category. 

Furthermore, Radian acknowiedged in both the Final Draft Report and the Final Report that 
the emission rate vanability estimates were based on a small sample size. It is explicitly 
stated in the Reports that “The emission rate CVs . . . are not based on a very large number 
of duplicate pairs.” In fact, a sensitivity anaiysis was recommended in Volume I, Section 3 
in order to determine how the aiternate statisticai analysis method, the measurement error 
method (MEM) (called the generalized maximum likelihood [GML] method in the Final 
Draft Report) is affected by different variability estimates and uncertainty in these variability 
estimates. 
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Issue 3 - The Screening Analysis - Including Connector Size  and Type as Factors 

CARB comment: 

"The assertion on page 2-1 1 that including both connector size and type as factors would be 
redundant doesn't necessarily follow as automaticaíiy as the authors conclude it does." 

Final Rewn reference: See Volume i, Section 2. 

mian re-: 

Radian continues to maintain that it is not necessary to include both connector size and type 
as factors. The results of a partial F-test show that when connector type is included as a 
factor that connector size is no longer significant. Similarly, if connector size is included as 
a factor then connector type is no longer significant. Type was included in the connector 
emission correlation equation and size was not included, because "type" produced a slightly 
better correlation. Including both size and type would not add any more information, but 
only serve to unnecessarily complicate the equation. 

Issue 4 - The Screening Analysis - Including Valve Size as a Factor 

CARB comment: 

"The authors' reasoning justifying neglecting size of valve is questionable. Figure 2-5 is too 
cluttered to be very helpful. Whether or not there is a physicai explanation for the size 
effect, isn't the main point whether or not stratifying valves into separate size classes 
significantly improves estimation of emission rates?" 

Final Repon reference: See Volume I, Section 2. 

Radian resmnse: 

Radian believes that it is undesirable to include a variable in the emission correlation 
equation if the relationship between the variabie and the emission rate has no physicai basis. 
It is possible that such a variable (e.g., valve size) correlates with emission rate only because 
of a chance relationship involving it and one or more other variables. Hence, such a variable 
may have a statistically significant effect on mass emission rates, but there may not be a 
causai relationship between that variable and mass emission rates. As an example, suppose it 
were known that pump load had a significant effect on emission rates. Suppose further, that 
when collecting data it happened that pumps under load were coilected during the late 
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afternoon and pumps ot under load were collected earìy in the morning. For th given 
scenario, time of day would have a significant correlation with mass emission rates due only 
to a chance correlation between time of day and pump load. Including a variable in the 
regression model that lacks physical explanation does not guarantee that the same relationship 
will exist in future conditions under which the regression model is to be used to estimate 
emission rates and couid lead to spurious estimates of emissions. 

Further, valve size was not omitted from the predictive equation merely because there was 
not a physical explanation for the relationship between valve size and emission rate. The 
discussion at the bottom of page 2-21 of the Find Draft Report presents additionai relevant 
information. Specifically, multiple range tests and cluster analyses revealed an erratic 
relationship between emission rate and vaive size. The Finai Draft Report indicates that the 
1.5" and 6" valve sizes were similar with respect to emission rate, as were the 1" and 9" 
sizes. In view of the erratic nature of the relationship between valve size and emission rate, 
the physical meaningfuiness and repeatability of the relationship in future measurements was 
questioned. If a monotonic trend with reasonable consistency between valve size and 
emission rate had been observed, the situation would have been entirely different. Thus, 
valve size was omitted from the predictive equation for specific reasons beyond the mere fact 
that the relationship between valve size and emission rate lacked a physical explanation. 

Radian believes that component size should continue to be evaluated in future studies as a 
variable that can potentially affect emission rates. The work performed for the current 
study, however, does not support including v$ve size as factor in the vaive emission rate 
correlation equation. 

Issue 5 - The Generalized Maximum Likelihood" Estimator - Assumption of a Known 
Variance Ratio 

CARB comment: 

"The investigators have chosen to assume that the ratio of the measurement error variances 
of the screening values and the emission rates is known. There is an exact solution for the 
regression equation if  this assumption is made. 

If this assumption is made, the analysis must obtain a credible estimate of the ratio of the 
measurement error variances and investigate its statistical properties. The analvs i i v  s s e- 
deficient in these resDects. This is the most obvious statistical deficiency in the report." 

Finai ReDort reference: See Volume I, Section 2. 
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Radian remonse: 

It is true that in the measurement error technique used the ratio of the measurement error 
variance of the screening values and the emission rates is assumed to be known. Radian 
states this and also states that the estimated variance for the emission rates is based on a 
small number of data pairs. Thus, the limitations of the GML method (now called the 
MEM) were stated in the report. Additional tasks that need to be performed on the GML 
method were also iisted in Volume i, Section 3. One of these recommended tasks was to 
"perform a sensitivity analysis for the GML method to determine how the GML method is 
affected by different variability estimates (Le., of the emission rates and screening values.)" 
Additional paragraphs have been included in the Volume I, Section 3 explaining in more 
detail additional work that needs to be performed on the GML method (MEM). U n a  this 
work is performed Radian is not recommending that the GML (MEM) equations be used. 

Radian, however, does not believe this is a "statisticai deficiency in the report" because the 
assumptions that were made and further work that needs to be performed to investigate the 
GML method (MEM) are explicitly stated in the report. Radian does not beiieve that 
presenting a new idea, stating the iimitations to a proposed method, and discussing additional 
research that needs to be performed on a method can be considered "deficient" or inadequate. 
On the contrary, Radian believes that important findings were made and reported regarding 
the use of measurement error models to estimate mass emissions from screening values. 

i- Namely, the work performed shows that the arrent method í Le.. the ordinary 
methods TOT S1) for esti mat rne emissions r u  in an o ver+- of ertUSS1QI1S . It is has 
been shown that the GML method (MEM) provides more accurate estimates of emissions. 
What is not known is how estimates of the emission rate and screening vaiue variability 
affect the GML (MEM) equations. In summary, Radian believes that an important 
contribution has been made on the estimate of fugitive emission rates from screening values 
and has explicitly stated in the report additional work that is recommended regarding this 
method. 

. .  . .  

Issue 6 - "The Generalized Maximum Likelihood" Estimator - Assumption of a Known 
Variance Ratio 

CARB comment: 

"The specific problems with the report's use of the assumption of known variance ratio are 
listed below: 
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e Emission rate variability not determined by true replicates; 

e Assuming that variability of measurement e m r  is constant and not related to 
the magnitude of the measurement; this assumption was not checked: 

e Very inadequate sample sizes for determining emission rate variability of ail 
components, except perhaps valves; 

e Unjustified combination of variabilities (emission rate variabiiities, at least) 
from several types of component to estimate the variance ratio; 

a Unjustified assumption that the ratio determined by pooling variability is 
appropriate for ail types of components; and 

e Failure to assess the effects of Variability of the estimated variance ratio of the 
regression relationships. I' 

Final ReDon refere nce: Volume I, Section 2. 

Radian resmnsg: 

Each of the issues above are addressed separately below. 

1) "emission rate variability not determined by true replicates," 

Emission rate variability was evaluated by comparing two different types of replicates. This 
is discussed in the report and the results of this comparison are shown in Table 2-6 in the 
report. The first set of replicates were obtained during an earlier study (the Marketing 
Terminals Study [1993]). These duplicates were obtained by bagging the same component 
twice and are '*true" replicates in the sense that they contain all potential sources of 
variability. For the 1993 Refinery Study, duplicates were obtained by extracting two samples 
from the same bag. It has been noted in the report that the overall variability estimate 
obtained from the "true" bagging duplicates (which potentially include more sources of 
variability) was actually smaller that the overail variability estimate obtained from the 
duplicate samples collected for the 1993 Refinery Study. Because the emission correlation 
equations were being developed for refinery data, it was decided that the refinery variability 
estimates would be more appropriate to use than variability estimates obtained from the 
Marketing Terminals Study. An additional recommendation has been added for the Final 
Report that states it would be beneficial to collect additional replicate emission rate data and 
to further evaluate the emission rate variability. 
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2) 
magnitude of the measurement; this assumption was not checked." 

"assuming that variability of measurement error is constant and not related to the 

This assumption was checked and it is explicitly stated in Volume I, Section 2, page 2-5 of 
the Final Draft Report and Finai Repon: 

"One of the assumptions in performing many statisticai procedures is that the 
errors are independent and normally distributed, and that the variances are 
constant for different factors or ranges. These assumptions were met by 
taking the natural logarithms (logs) of the emission rate and screening value 
measurements before performing the statisticai analysis.)" Residual plots were 
evaluated for each of the equations developed. These residual plots showed 
that the errors from the log regressions were random and normally distributed 
for every component-specific equation developed. 

3) 
components, except perhaps valves" 

"very inadequate sample sizes for determining emission rate Variability of all 

It is stated in the Final Draft Report and Final Report that the emission rate variability 
estimates were based on a small number of bagging pairs. In Volume I, Section 3, a 
sensitivity analysis was recommended so that the effect of errors in the emission rate 
variability estimates could be evaluated. An additional recommendation has been added in 
the Final Repon that states it would also be beneficial to collect additional duplicate 
measurements so that the emission rate variability can be evaluated in more detail. If the 
sensitivity analysis shows that 'fluctuations in the emission rate variability estimate do not 
have a practical effect on the emission correlation equations, however, evaluating additional 
duplicate measurement data may not be necessary. 

4 & 5) 
from severai types of components to estimate the variance ratio; 

"unjustified combination of variabilities (emission rate variabilities, at least) 

unjustified assumption that the ratio determined by pooling variabilities is appropriate for ail 
types of components;" 

Bartiett's test was performed on both the emission rate and the screening value variances to 
determine if the variances could be pooled over all component types. The results of 
Bartlett's test showed that there were not significant differences among the screening value 
variances for each of the component types. Thus, pooling the screening value variability 
over all component types is justified. Bartlett's test showed that there were differences 
among the emission rate variabilities for different component types. However, there were 
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insufficient data for any one component type to estimate the component specific emission rate 
variability. Therefore, at the time, pooling the emission rate variabilities over d l  component 
types provides the best estimate of emission rate variability for all component types. Until 
additional duplicate emission rate measurements are obtained or until the sensitivity analysis 
is performed, Radian believes that this provides the best estimate of the emission rate 
variability. 

The above discussion was not included in the Final Draft Report. Because of CARB 
comments, the above discussion has been added to the Final Report to clarify this issue. 

6) 
regression relationship" 

"failure to asses the effects of variability of the estimated variance ratio on the 

The need to evaluate the effects of the variability of the estimated variance ratio on the 
regression equation was explicitly stated in Volume i, Section 3 as work that needs to be 
performed. For the current report, the GML equations are not recommended for use by 
refineries until this work has been performed. 

Issue 7 - The "Generalized Maximum Likelihood" Estimator 

CARB commeny: 

"The name "generalized maximum likeiihood method" is an unfortunate choice, since it 
could denote any of an extremely wide variety of statistid models. The exposition of the 
method would be improved it if were stated in terms used in the literature on regression 
models including measurement error; this literature is very thoroughly summarized in 
Fuller's Measurement Enor Model (Wiley, 1987)." 

Final Report reference: See Volume III, Appendix D. 

Radian remonse: 

Radian agrees that the term "generaiized maximum likelihood" is not sufficiently descriptive 
and has changed the name of the regression technique used to the "measurement error 
method. " 
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Issue 8 - Log-log Plots 

CARB comment: 

“The report contains many log-log plots of screening vaiue and emission rate data. Including 
so many plots is a very good idea, and there’s no doubt that log-log plots are the best choice. 
However, they are difficult to read, especially when they span so many orders of magnitude. 

The most important information that many of the plots are trying to convey is differences 
between several log-log regression relationships and differences in positions of regression 
relationships and data points -- i.e., ratios. As Cleveland’s books on graphical representation 
point out, plotting differences makes graphical information about differences immensely 
clearer, and plotting differences would have that effect in this case. 

We suggest that the information about ratios could be clearly represented by using the 1993 
refinery study regression relationship in a plot as the ’basis,’ and plotting ratios of other 
regression relationships and data points to this reiationship. (In the plots of regression 
relationships in volume III, the true values would be the basis.) 

Besides presenting the information about ratios with impressively greater clarity, plots of this 
type would be significantly more readable because the range of value on the y-axes would be 
orders of magnitude smaller. 

These plots cannot be substituted for the log-log plots now in the report. Readers would not 
a first be able to interpret these plots of unusual type without refemng to the conventional 
plots from which they were derived. A very careful explanation of the ratio plots With 
examples of their interpretation, would have to be inserted in the text.” 

Final Remrt re ference: See Volume I, Volume II, and Volume III. 

Radian resuonse: 

Radian does not believe that adding plots to the report will aid the typical reader of the 
report. It is not clear exactly which plots the comments are refemng to nor is it clear 
exactly what the reviewer would like to see plotted. In addition, it is not clear which of 
Cleveland’s books are being referenced. If CARB is interested in seeing a plot of the 
diereme between the measured and predicted emission rate versus screening values, these 
are the same as residual plots. Radian did evaluate residual pldts for all of the equations 
developed; however, we did not feel it was necessary to include ail of the diagnostic plots in 
the Final Report. If CARB is interested in seeing dz~erences between two different equations 
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(for example, the difference between the flange connector equation and the non-flange 
connector equation) versus screening value, Radian does not feel such a plot will convey any 
additional information than conveyed in the plots currently in the Find Report. 

For the plots in Volume III (Appendix D) the reviewer does state the true values could be 
used as the basis for the calculated difference. Radian has plotted the true value minus the 
average predicted emission rate for each estimation method tested in the simulations @e., the 
GML [MEM], the conventional regression and the inverse regression). These are included 
as an attachment for the reviewer’s examination. Again, these plots do not show any 
additional information, but rather show the same information from a different perspective and 
provide further support to Radian’s conclusion that the GML method (MEM) provides a bet- 
ter estimate of true mass emissions. In summary, Radian believes that including an addi- 
tional plot that shows differences or ratios for every iog-log plot currently in the report 
would only serve to confuse the reader. CARB seems to agree that such plots would be dif- 
ficult for the average reader to interpret and could not be substituted for the plots that are 
currently in the text. 

Issue 9 - Comments on the Statistical Exposition 

CARB comment: 

“The explanation of the SBCF on page 2-30 is convoluted and unclear. We think many 
readers won’t have sufficient background in statistics to follow it. The assumed basic 
distnbutionai facts, the need to estimate arithmetic means, and the formula for the arithmetic 
mean of a lognormal distribution can be more clearly presented. The explanation does not 
contain any references to volume III.” 

Finai Rewn reference: 

Radian resuonse: 

See Volume I, Section 2. 

Radian has provided a more detailed explanation of the SBCF for the Finai Report. Radian 
has also added a reference to Volume III. In addition, an example illustrating the need for a 
SBCF has been included. 
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Issue 10 - Comments on the Statistical Exposition 

CARB comment: 

"The explanation on pages 2-34 and 2-35 of the content of Figures 2-9 to 2-14 is much too 
brief and quite unclear. Likewise, the iabeling of Figures 2-9 to 2-14 is not detailed enough. 
It is very likely that most readers will be confused by the figures and explanation. It's 
important that readers be able to make sense of these figures. 

Finai Rema reference: See Volume I, Section 2. 

Radian resiionse: 

The report provides a description of each of the lines (Le., the regression line, the 95 % 
confidence intervals for the mean, and the 95% confidence intervals for individual values) 
shown in Figures 2-9 through 2-14. The following interpretation for the confidence intervais 
is given in the report "the 95% confidence intervals for the mean should be interpreted as 
meaning that we can expect to be correct at least 95% of the time when we state that the true 
mean emission rate, for a given screening value, falls within the limits computed. The 95% 
confidence intervals for individual values should be interpreted as meaning that we can 
expect to be Conect at least 95% of the time when we state that the individual emission xates 
for a given screening value fali within the limits computed." In addition, the following des- 
cription of the regression lines is given: "the predicted mean values shown in Figures 2-9 
through 2-14 represent the mean emission rate assuming a log-nomai distribution." An 
explanation for why more than 50% of the data may fail below the predictive regression 
equations is also given. In addition, the labels in each of the figures clearly identify each of 
the lines and the titles state explicitly the information given in the figure. Radian believes 
that a thorough description of the information contained in the figures has been provided and 
that any additional expianation is not necessary. 

Issue 11 - Appendices C and D - Verification of the Finney-Type Estimator 

CARB comment: 

"We think that the derivation of Section C.2 may lack verification of some of the theoretical 
requirements for validity of a Finney-type estimator. The denvation appears to ignore the 
contribution of errors in beta, and beta,; this fact is not noted. Asymptotic variances of 
errors in the coefficients would be, apparently, ail that are available." 

Finai Report reference: See Volume III, Appendix C. 
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Radian resmnse; 

Radian does not claim that the Finney SBCF is best for this regression application. In fact, 
Radian has derived a SBCF which they feel is more appropriate and which is given in 
Appendix D (along with the derivations). The SBCF given in Appendix C is one that has 
been historically used and which is recommended in the U.S. EPA Protocols Document. 
Radian felt that until a new methodology for estimating emissions has been approved and 
accepted by the U.S. EPA and knowledgeable reviewers, that emission correlation equations 
should continue to be developed using the widely used and accepted approach that is 
documented in the US. EPA Protocols Document. Finney's original SBCF was derived for 
univariate applications (i.e., estimating a mean from a single population). The Finney-type 
SBCF given in the U.S. EPA Protocols Document is a generalization of the Finney SBCF 
and was not mathematically derived. In fact, it is stated in Appendix C this "SBCF ... may 
not be rnathematicaily exact." Further explanation has been included in the report which 
makes it clear that this is the SBCF given in the U.S. EPA Protocols Document and that this 
SBCF does not account for errors in x and y. 

Issue I2 - Appendices C and D Clarity of Section D.3.2 

CARB comment: 

"We question whether the discussion of generation of random variables for the simulation in 
section D.3.2 could not be presented more simply. The notation is somewhat confusing." 

Final Reoon reference: See Volume III, Appendix D. 

Radian agrees that Section D.3.2 is not simple. Any technical discussion should be as simple 
as possible, without compromising technical accuracy and correctness. Further, there is a 
place for presentation of a layman's description of a statistical methodology, together with 
simulations and plots that illustrate its features; these objectives are achieved in Sections D.1 
and D.2. Given the basic importance of the readability of any document and the fact that 
CARB indicated that Section D.3.5 was also hard to follow, a more explicit response is given 
here. 

Section D.3.2 is included in Section D.3, titled "Statistical Methodology." As is stated in 
the first paragraph of that section, "The preceding sections provide a qualitative overview of 
the new approach. The purpose of this section is to provide a technicai discussion of the 
statistical details. " Thus, while a layman's discussion of the new methodology was provided, 
it was ais0  stated that Section D.3 was intended to be a technical section. While Section D.3 
is technical, virtually every step is given in the derivations; there is little or no need for the 
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reader to "fill in" missing steps between lines. It was thought that this would facilitate 
reading the section. 

In the Find Report, we have added some transition that we believe enhances the readability 
of the section to some extent. We believe, however, that the complexity of the technicai 
issues precludes a discussion that both (1) documents the mathematical details and (2) is 
simple to read. Preserving the complete details of the equations was felt to be of value for 
two reasons. First, this is the only way reviewers can be provided the full information 
needed to evaiuate the new methad. Second, further enhancements of the method can be 
accomplished more efficiently if the full details of the original work, including the method 
for generating the random values needed for the simulations, are preserved. 

In the review, CARB states that the notation in Section D.3.2 is "somewhat confusing." We 
believe that the underlying complexity of the problem is the reason why the section is not 
easy to read. We do not believe the notation is the reason. 

The fact that certain variances used are error variances is stated explicitly. Certain other 
variables not listed above are defined explicitly. 

In summary, we agree with CARB, that clarity in any discussion is important, and we have 
tried to explain the mathematics in Section D.3 as clearly and simply as possible, given the 
goal of documenting the mathematical details. The problem is not simple, however, and we 
believe the complexity of the problem is why the mathematical discussion cannot be simple. 

Issue 13 - Appendices C and D - Uncertainty in Lambda 

CARB comment: 

"The account in Section D.3.3 does not adequately emphasize the centrai role of the 
assumption that the variance ratio lambda is known." , 

Find ReDon reference: Volume III, Appendix D; and Volume I, Section 3. 

Radian remonse: 

It is true that lambda is treated as known in Appendix D. It is also true that the issues 
pertaining to the estimation of lambda and errors in this estimation were not discussed in the 
Final Draft version of that appendix. Radian has incorporated CAM's suggestion in the 
Find Report by adding a descriptive paragraph to Volume III, Section 3. 
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Radian recognized the issue, however, and explicitly stated the need to perform further work 
regarding the role of lambda. The following was included in Volume I, Section 3 of the 
Final Draft Report as recommendations for future data analysis: “Perform sensitivity 
analysis for the GML method to determine how the GML method is affected by different 
variability estimates (Le., of the emission rates and screening values). ” While the parameter 
lambda is not explicitly stated, lambda is the ratio of the two specified error variances, and it 
is stated that these investigations pertain to the GML method. 

Issue 14 - Appendices C and D - Variance of the Intercept on p. 1)-18 

CARB commenl: 

“In section D.3.4, the expression for var(Y HAT) on p. D-18 appears to omit the 
contribution of the variance of the intercept.” 

Final Remrt re ference: Volume III, Appendix D. 

Radian reswnse: 

The development is preceded by the foilowing text, which appears in the second paragraph 
on page D-18: “If the true values of the slope and intercept were known, then we would 
estimate Y as follows:” Further, the last sentence on p. D-18, which follows the 
deveiopment under question, states that the error variances of the slope and intercept are 
being disregarded initially and that this point is discussed later. 

h u e  15 - Appendices C and D - Reason for Developing a New SBCF 

CARB comment: . 

“An SBCF derived from Finney’s result is presented in Section C.2; it isn’t made clear why 
a theoretical deveiopment of a different type is required or appropriate here.” 

Final Report reference: Volume III, Appendices C and D. 

Radian resnonse: 

On page C-3 in the Final Draft Report, it is stated that the SBCF traditionally used for this 
application is an adaptation of Finney’s method for estimating the mean of a lognormally 
distributed random variable. It is further stated that the adaptation may not be 
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mathematically exact. It follows from these statements that the derivation of an SBCF 
specifically for this application is appropriate. 

In the Final Report, the discussion in Appendix C pertaining to the adapîation of Finney's 
method for this application is expanded somewhat. A paragraph has been added to Appendix 
D reiterating the fact that the SBCF based on Finney's method is an adaptation, and that 
Appendix D contains a derivation of an SBCF specifically for this application. 

Issue 16 - Appendices C and D - Error Variances of A Hat and B Hat 

CARB comment: 

"The reasoning which justifies neglecting the variances of A HAT and B HAT is not 
convincing. We did not have time to review the report of the simulations which is stated to 
provide some justification." 

Final ReDort reference: Volume III, Appendix D. 

Radian resmn se: 

The simulations discussed in Section D.2 are based on the analysis in Section D.3. The 
assumption pertaining to the variances of A HAT and B HAT is part of this analysis. The 
simulations rigorously show that the analysis based on this assumption produces estimates 
that have little or no bias under ail conditions tested. In the simuiaúons, A HAT and B HAT 
were estimated on the basis of samples of size 30. 

If A HAT and B HAT were estimated on the basis of a smaller sample size, however, it is 
possible that the error variances of these two parameters would not be negligible. Text has 
been added to Appendix D stating this possibility and suggesting that further simulations to 
investigate the role of the errors of A HAT and B HAT in cases with smaller sampie sizes. 
It would be possible to extend the SBCF to account for the standard errors in A HAT and B 
HAT. 

b e  17 - Appendices C and D - Section D.3.5 

CARB comment: 

"We couldn't follow the derivation of Section D.3.5. There is some plausibility to the 
result, granting the result of D.3.4, but we could not make sense of the statement 'Suppose x 
is a hypothetical screening value and y is the emission rate such that E(x) = E@).'" 
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Final Remrt reference: Volume III, Appendix D. 

Radian resuonstg 

The methodology of Section D.3.5 has been rigorously tested through simulations, just as the 
methodology of Section D.3.4 has. In both cases, the new methodology was the only one of 
the approaches tested that consistently produced results with little or no bias. The quoted 
sentence has been reworded in the Final Report and hopefully is more clear now. Regarding 
the readability of Section D.3 in general, see the comments above pertaining to the issue, 
Clarity of Section D.3.2. 

Conclusion 

Radian appreciates the comments from the CAW. Revisions have been made to the Final 
Report based on these comments. Radian believes that the 1993 Refinery Study is represen- 
tative and appropriate for components in refineries in California and nationwide. Radian 
continues to recommend that the 1993 Refinery Study be used by refineries and regulatory 
agencies for the determination of refinery fugitive emissions from equipment leaks. 

Sincerely, 

Ronald D. Ricks 
Project Director 

Attachments 

C: G.E. Harris 
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Attachment A 

Additional Plots of the Figures in Appendix D Showing 
Differences Versus the True Screening Values 
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February 7, 1994 
209-08 1-07-0 1 

10389 Old Placerville Road 
Sacramento. CA 95827 
(916l362-5332 
FAX # (9161362-2318 

Mr. Ron Wilkniss 
Western States Petroleum Association 
505 North Brand Avenue, Suite 1400 
Glendale. CA 91203 

Subject: WSPA/API Refinery Fugitive Emissions Study, Phase III  - Contract No. ET 302-08 
- Radian’s Response to BAAQMD Comments on the 1993 Final Draft of the i993 
Study of Refinery Fugitive Emissions from Equipment Leaks 

Dear Ron: 

This letter is in response to specific issues raised by the Bay Area Air Quality Management 
District (BAAQMD) concerning the i993 Final Draft of the  1993 Study of Refinery Fugitive 
Emissions from Equipment Leaks (1993 Refinery Study). The issues were raised in a phone 
conversation between Bob Nishimura of the BAAQMD and myself at the end of October 
1993. Written comments were anticipated from the BAAQMD but  have not yet been 
recei ved. 

Issue 1 - OVA Probe Leaks 

BAAOMD comment: 

The BAAQMD is concerned that potential OVA probe icaks that were identified during 
audits conducted by a contractor for the United States Environmental Protection Agency 
(U.S. EPA) could affect the resuits of the i993 Refinery Study. 

Final ReDon reference: See Volume II,  Section 3. 

Radian resDonse: 

The issue of the impact of potentially leaking OVA probes is reviewed extensively (20 pages 
of analysis) in  Volume II, Section 3 of the Final Report of the 1993 Refinery Study. The 
conclusion in that study is that. “This analysis gives strong indication that the potentially 
leaking probes had a minor, i f  not insignificant impact on the data. Furthermore, this 
analysis indicates that the potentially leaking probes did not result in a systematic bias in the 
data analysis. There does not appear to be any reason to invalidate any data prior to the 
detection of potentially leaking probes.” I t  is important to note that, i f  any  bias were to 
occur from leaking probes, the bias in the emission correlation equations would be to give 
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hipher emission estimates than would emi'ssion correlation equations derived only from non- 
leaking probes. 

Issue 2 - Sample Sizes 

BAAOMD comment: 

Insufficient data were collected to satisfy U.S. EPA recommendations. 

Final ReDon reference: See Volume I I ,  Section 3.0. 

Radian resiionse: 

Radian onginally proposed to the Western States Petroleuin Association (WSPA) and the 
American Petroleum Institute (API) to examine 525 samples, including field duplicates, zero 
components (i.e., those components that screen at background ppm levels), pegged compo- 
nents (i.e-, those that screen above the instrument's measurement capability; generally 
greater than 100,000 pprn), and components that screened at between 1 and 100,000 ppm. 
Fortunately, Radian was able to complete the study with even more valid samples than 
originally proposed. Radian completed the study with 540 valid samples. Of the 540 valid 
samples, 248 were components that screened at between 1 and 100,000 ppm, 102 were zero 
components, 71 were pegged components, and the remainder were taken to ensure data qual- 
ity (audit sample duplicates, nitrogen flow test duplicates, rind accuracy checks). In addition, 
51 samples were excluded from analysis because of high variability in screening measure- 
ments taken both before and after bagging. Later analysis indicated that including these 
additional 51 samples would not have had a significant effect on the development of the 
emission correlation equations (see Volume I I ,  Section 3 of the Final Report). Table i 
documents all valid samples and the high screening variability samples collected and their use 
in the data analysis. 

After completion of the 1980 Refinery Study, the United States Environmental Protection 
Agency (U.S. €PA) recognized that facilities or industries may wish to redevelop emission 
correlation equations based on more applicable data than that collected for the 1980 Refinery 
Study. To assist an industry i n  developing new emission correlation equations they have 
recently (lune, 1993) updated and published a document entitled P~-orocolfi)r Eqiripmenr L e d  
Emission Esrimarcs (Protocols Document). The Protocols Document gives general guidance 
for determining the required number of samples recommended for determining new or 
revised emission correlation equations. Including pegged components, the Protocols 
Document recommends that at least 30 samples be taken. Excluding pegged components, the 
Protocols Document ,recommends that at least 24 samples be taken. 
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Some of the samples collected had been excluded from the analysis because their "before and 
after" screening values exceeded the pre-established control limits. Those are referred to as 
having "high" screening variability. As can be seen from Table 1, the U.S. EPA recommen- 
dation to have at least 30 samples (including pegged components) was exceeded in four of 
the six categories. The U.S. EPA recommendation to have at least 24 samples (excluding 
pegged components) was exceeded in three of the six categories. The question of whether 
sufficient samples were taken to meet U.S. €PA recommendations is focused only on two or 
three of the component categories; heavy liquid pumps, connectors-flanges, and possibly 
open-ended lines (OELs). The remaining categories clearly exceed the recommendations, 
and valves exceed the recommendations by a factor of almost six. 

We would like to address each of the questionable categories separately, beginning with 
OELs. Thirty-three (33) OEL samples (including pegged components) were included in 
pegged components emission factor or emission correlation equation development. Three 
more samples were collected than the U.S. EPA recommendation. Furthermore. five OEL 
samples were excluded from analysis simply because they had high screening variability. 
These samples were excluded in an effort to control one aspect of variability in the study. 
Subsequent analysis indicated that these tive samples could easily have been added to the 
analysis without any significant change to the emission correlation equation (see Figure 3-30, 
Volume II, Section 3 of the Final Report). Adding these five samples would have virtually 
no effect on the determination of the emission correlation equation and would also clearly 
exceed the U.S. EPA recommended number of samples. Given these considerations, i t  
seems that the OEL category reasonably satisfies the U.S. EPA rccommcndations. 

The remaining two categorics, connectors-flanges and heavy liquid pumps, do not meet the 
mentioned U.S. EPA recommendations. The connectors-flanges category is close to meeting 
the recommendations, especially i f  including the high screening variability samples (total of 
20). The heavy liquid pump category is not close (10-12 samples) to this U.S. EPA recom- 
mendation. The reason that additional samples were not taken is easily explained. Radian 
was attempting to obtain samples in all screening value ranges. A deliberate attempt was 
made to not skew the analysis by having a disproportionate number of samples in either low 
or high screening value ranges. Efforts were made by the five host refineries and Radian to 
find these components. Testing at these refineries was performed over approximately 20 
weeks. For connectors-flanges and heavy liquid pumps, more components in the higher 
screening value ranges could not be located. 

Prior to commencing the data analysis for the 1993 Refinery Study i t  was not known that the 
connectors category should be split into two categories, flanges and non-tlanges (other). In 
fact, the 1980 Refinery Study did not split the connectors into two categories. i f  the 1993 
Refinery Study connector categories were merged, 48 samples would be available to develop 

F-49 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBLxYhL3 9Y 0732290 0533682 5 6 0  = 

Mr. Wilkniss 
February 7, 1994 
Page 4 

an emission correlation equation which far exceeds the U.S. EPA recommendation. How- 
ever, statistical analysis revealed that connectors-tlanges and connectors-other were two 
distinct categories. Splitting the connectors into two categories improves the correlation 
coefficient from 0.82, for the combined grouping, to 0.88 for connectors-flanges and 0.85 
for connectors-other. Even though this meant that one of the U.S. EPA's recommendations 
for sample size would not be precisely met for one of the connector categories, i t  was felt 
that the superior applicability of the results by dividing into two categories outweighed the 
possible limitation of reduced sample sizes. 

Similarly, if the heavy liquid pump and light liquid pump categories were merged, 37 
samples would be used to develop an emission correlation equation. However, the superior 
applicability of the results by maintaining two categories outweighed the possible limitation 
of reduced sample size. 

The previous version of the Protocols Document, the U.S. EPA's Prorocol for Ceneruring 
Unit-Specific Emission Essimures Jor Eqiiipmenr Leaks cg' VOC lind VHAP ( 1988), states that 
if  i t  can be shown that the estimates are "within 50% of the inean value with 95% confi- 
dence", a smaller sample size is acceptable. The 95% confidence interval for the expected 
mean IOJ emission rate at the mean log screening value ineets the "plus or minus 50% of the 
expected value" criterion for all component categories, including connectors-flanges and even 
heavy liquid pumps. The 95% confidence interval criteria is not met for these two cornpo- 
nent categories in  linear space. The previous version of the Protocols Document is not clear 
on whether the criterion is for log or linear space. 

The 1993 U.S. EPA Protocols Document states, "The above groupings and recommended 
number of sources are given as guidelines. They are based on experience in measuring leak 
rates and developing leak rate/screening value correlations. Otlier source selection strategies 
can be used i f  an appropriate rationale is given". 

I t  is clear that the U.S. EPA recognizes that alternate strategies and even potentiaiiy smaller 
sample sizes can be considered for development of emission correlation equations. The issue 
really should be which emission correlation equations best represent the types of components 
found in today's refineries. 

In comparing the 1980 Refinery Study to ihe 1993 Retincry Stiidy. i t  is immediately evident 
that many of the samples taken in the 1980 Refinery Stiidy were pegged components. When 
the pegged componcnts are removed froin the total nuiiibcr ot samples taken for the 1980 
Refinery Study, the results are as shown in Table 2. Note t t p  in the 1980 Retïnery Study 
no heavy liquid valves or open-ended lines were sampled (bagged) and that valves were split 
into the gas valves and light liquid valves categories. The 1993 Refinery Study actually 
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sampled more components than the 1980 Refinery Study in the following categories: gas 
valves, heavy liquid valves, open-ended lines, and flanges. The number of light liquid 
valves sampled in both studies are nearly identical. In fact, of the component categories 
reexamined in the 1993 Refinery Study, only the pump categories had significantly fewer 
samples collected than in the 1980 Refinery Study. By number of samples alone, the i993 
Refinery Study is superior to the 1980 Refinery Study for the two categories that represent 
the great majority of components found at any refinery: valves and flanges. 

The comparison between the 1980 Refinery Study and the 1993 Refinery Study is even more 
convincing for the development of zero component emission factors. The zero component 
emission factors (“default zeros”) deveioped from the 1980 Refinery Study data were based 
on eleven ( i  1) samples from one component category (gadvapor valves). In the i993 
Refinery Study, zero component emission factors were developed from each component cate- 
gory using a total of I02 samples. Clearly, the 1993 Refinery Study is more complete than 
the 1980 Refinery Study for zero components which represent the greatest number of compo- 
nents found at a refinery. 

In conclusion, there is compelling evidence that the 1993 Refinery Study provides complete 
and representative information for the majority of the component categories in refineries. 
The development of the emission correlation equations has been consistent with U.S. EPA 
recommendations for sample size in four of six component categories. The remaining two 
categories, connectors-flanges and heavy liquid pumps, meet the statistical test on the mean 
log emission rate basis and could have met the sample size recommendation by having only 
one connectors category and one pumps category. 

issue 3 - Screening Distarice 

BAAOMD comment: 

There is too much uncertainty related to developing emission correlation equations based on 
screening at a screening distance of 1 cm when the data were collected at the surface of the 
component. 

Final ReDon reference: None 

Radian resvonse: 

Most of the discussion related to screening at a 1 crn distance has been removed from the 
Final Report. The emission correlation equations. developed previously for a 1 cm screening 
distance in the earlier draft, have been removed from the Final Report. 
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Issue 4 - Pegged Components from the I 

BAAOMD comment: 

Refinery Study Not Included 

The Final Draft Report does not include pegged components from the 1980 Refinery Study to 
compare with the pegged components from the 1993 Refinery Study. 

Final ReDort reference: See Volume i ,  Section 2. 

Radian remonse: 

The original 1980 Refinery Study did not develop independent pegged component emission 
factors. However, the most recent version of the U.S. EPA's Protocol for Equipment 
LeaWEmission Estimates (U.S. EPA Protocols Document) (June, 1993) does include pegged 
component emission factors that Radian believes were developed from data collected during 
the 1980 Refinery Study. in response to the BAAQMD's comment, Radian has included a 
comparison of the i993 Refinery Study to these 1980 Refinery Study pegged component 
emission factors in the Final Report. 

Issue 5 - Raw Data Request 

BAAOMD comment: 

The BAAQMD would like to have a copy of the raw data coilectcd as part of the 1993 
Refinery Study. 

Final ReDon reference: See Volume III ,  Appendix A 

Radian remonse: 

A spreadsheet of the raw data collected during this study, the data used for development of 
emission correlation equations, zero component emission factors, and pegged component 
emission factors is included in Volume III, Appendix A.  This spreadsheet also includes 
calculations of the mass emission rates from the raw data. t i n  electronic copy of this 
spreadsheet, with a few minor revisions on coding, will be sent to the BAAQMD. 
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Issue 6 - Comparison of Vapor Leak Composition with Liquid Stream Composition 

BAAOMD comment: 

The BAAQMD is disappointed that the cornparison of vapor leak composition with liquid 
stream composition was inconclusive. 

Final ReDort reference: See Volume I, Section 2. 

Radian reswnse: 

Radian was also disappointed that the comparison of vapor leak composition with liquid 
stream composition was inconclusive. Unfortunately, the data gathered in this study were 
too erratic to reach definitive conclusions. The scatter of the data is believed to be related to 
the large number of variables in the testing process. Isolating variables in a field setting has 
proven difficult. Additional analysis in a controlled laboratory setting is recommended. 

Until additional testing in a controlled setting takes place, Radian recommends that refineries 
continue to estimate emissions of individual VOC species by assuming that the mass fractions 
in emitted VOCs are the same as the mass fractions in the process streams. 

Conclirsion 

Radian appreciates the comments from the BAAQMD. Revisions have been made to the 
Final Report based on these comments. Radian believes that the 1993 Refinery Study is 
representative and appropriate for components in refineries in California and nationwide. 
Radian continues to recommend that the 1993 Refinery Study be used by refineries and 
regulatory agencies for the determination of refinery fugitive emissions from equipment 
leaks. 

S ince rei y,  

Ronald D. Ricks 
Project Di rector 

Attachments 

C: G.E. Harris- 

F-53 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



A P I  PUBL*qbL3 74 U732270 0533686 L o b  

RADIAN 
: 1 R V C D P A T I O I  

F-54 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



320PP 

A P I  PUBLb4613  7 4  0 7 3 2 2 9 0  0533687  O 4 2  

Order No. 841-46130 

04943C1 P 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



American Petroleum institute 
1220 L Street, N.W. 
Washington, D.C. 20005 

- - % -  

e+- Strutegiesfir Twluy’r 

Eiii~imstneiitul Partnership , 
I                                       

                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---


