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The Energy and Employment Impacts module of the Universities 

Research Group on Energy Advanced Simulation Model has as its 

primary charge the determination of the direct and indirect impact 

on energy and employment which result from various electricity 

generation and pollutant emission standards poJ.icy option scenarios. 

A secondary effort is the determination of direct and indirect 

impacts on pollutant emissions of three types of pollutants. The 

group responsible for implementing the Impacts model, the Energy 

Research Group (ERG) at the University of Illinois, Urbana -Champaign 

campus (UIUC), was, in 1980, in the process of collecting data from 

the EPA's SEAS model. The data were acquired primarily from the 

MITRE Corporation, which was one of the primary contributors to the 

generation of the pollution coefficients in the SEAS model. Since 

that time, however, numerous obstacles have resulted in abandoning 

the SEAS coefficients in favor of a different set of pollutant 

coefficients. 

This document describes the difficulties encountered in the 

ERG's efforts to employ SEAS model data and the data eventually 

employed by the ERG. In addition, the derivation of the pollutant 

coefficients for SO, NO and particulates is presented. 
X X 

The initial SEAS model data was forwarded to the ERG at the 

request of the U.S. Environmental Protection Agency. The SEAS 

national and state residual coefficient files, the SEAS Names and 

Definitions Manual, the SEAS Taxonomy Manual and a summary Guidance 

Paper were received in October, 1980, from the Environmental 



Assessment and Planning Department of the MITRE Corporation. These 

data were reorganized and compiled, then shelved until summer, 1981, 

in order to concentrate on the principal purposes of the module, and 

to determine the precise units required for the operation of the 

pollution section of the module. 

The national coefficient file was chosen for use in the Impacts 

module since the pollution impacts were not to be regionalized. It 

was determined that the units necessary are pounds of pollutant per 

1972 dollar output for each of 88 industrial sectors.1 The data in the 

national coefficient file are in mixed units, and are listed at what 

might be referred to as a sub-subsector level. Major sectors are 

essentially I-digit SIC level. Subsectors are roughly 2-digit level, 

and sub-subsectors are roughly 3 and 4 digit SIC level. The units 

of the data are lbs/dollar, lbs/gallon, lbs/BTU, and lbs/bushel, 

The input-output data base maintained by the ERG at UIUC is 

the basis for the Impacts module, and analysis will be carried out 

at an 88 sector level of industrial disaggregation. As such, the 

SEAS data required aggregation. In order to aggregate the SEAS 

data accurately, it is necessary to use a weighted averaging 

technique. For example, if sectors 140 through 145 constitute 

aggregated sector 30, then the procedure is as follows: 

I 
The sectoring relationships of the ERG 88 sectors with BEA and 

BLS data are detailed in ERG Technical Memo No. 138. 
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145 I lbs/$ output sector i •$output sector i/yr 
i-140 

$ of output sector 30 

If units are not in lbs/$, dollar equivalents for physical outputs 

are required. Unfortunately, repeated attempts to locate either 

output by subsector or dollar value equivalents proved unsuccessful. 

Contact with both MITRE Corporation and EPA in Washington, D.C., 

indicated that the generation of the necessary data would require 

(1) 

a special run of the SEAS model, for which funds were no longer available. 

Before requesting the appropriation of funds for a special run of the 

SEAS model, we decided to reevaluate the usefulness of the SEAS 

coefficients that would be generated. 

It was at that point that it became apparent that the SEAS 

model contained less information than believed. After aggregating the 

SEAS coefficients, were that possible, only 15 aggregated sectors would 

have had non-zero values. Of these new sectors, there was considerable 

doubt that the resulting coefficients were representative of the 

aggregated sector. This was principally due to the incomplete nature 

of the national coefficient file, and the suspicion that the sub

subsector data listed represented only a small fraction of the aggregate 

sector outputs. 

In the meanwhile, other data sources were being explored. We 

contacted a source of the NEDS (National Emissions Data System) data 

who informed us that the same types of problems might be expected 

with that data base. In general, these data bases have rather good 

data at the process level but incomplete data at the industry 

level. 
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A third source for this type of data is the Energy and Environ-

mental System Division at Argonne National Laboratory. These data 

relate only to pollutant emissions from the combustion of fuels. These 

account for 85-95% of total NO and SO emissions, but less than SO% 
X X 

of total particulate emissions. Argonne checked the results of their 

calculations against the NEDS data. Differences are greatest for 

agriculture, forestry, fisheries and the construction sectors, but 

these are not significant parts of the totals. Most other differences 

are said to be explained by the lack of fugitive emissions and the 

assumption of meeting revised New Source Performance Standards. 

The pollutant data supplied us by Argonne is a breakdown of 

the three pollutant types by three industry types and five fuel types. 

NO, SO and particulate data in tons/1012 BTU input of energy are 
X X 

listed for utilities (BEA 68), industry (manufacturing BEA sectors) 

and residential/commercial (other BEA sectors) and distillate fuel 

oils, residual fuel oils, coal, natural gas and gasoline. Upper 

and lower estimates are listed for each category. 

listed in Appendix A. 

These data are 

It is necessary at this point to convert the data from 

12 
tons/10 BTU to tons/$ output. In order to accomplish this we 

multiply tons/10
12 

BTU by BTU/$ (yielding tons/10
12

$). Summing 

across all fuel types for one pollutant and one industry yields 

the total direct pollutant emission for that industry. We may 

formulate this relationship in matrix terms by imagining a matrix 
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1 
2 
3 
4 

>-c::: 
E-< 
C/) 

:::i 
Cl z 
H 

88 

of pollutant vectors, say§, postmultiplied by a matrix of BTU/$ 

output by fuel type and by industry, say!, as shown below. 

s T L 
= 

1 
1 

U-l 
2 c,... 

>-< 3 E-< 
= 

.....:l 4 
U-l s :::i 
"1.-. 

1 2 .•.....•..... 88 

INDUSTRY 88 .1---------::--::-" 
1.... . .. 88 

1 2 3 4 5 

FUEL TYPE . 

Sis here the matrix of, for example, tons of SO per BTU. Row n 
X 

of S is a vector of pollutant by fuel type for the industry type of 
= 

column n of T. It will be noted that the matrix S is made up of 
= 

only 3 distinct row vectors, ordered in a sequence consistent with 

the ERG 88 sector ordering. It is also apparent that not all of the 

elements of Lare meaningful, since off diagonal elements may be 

the dot product of, for example, a utility row and a manufacturing 

(2) 

column. The diagonal elements of bare each meaingful, and represent 

the desired result of total direct SO emissions by industry. We 
X 

may now let~ represent the vector found by extracting the 

diagonal elements of~=~!, or 

s = diag L 
= 

The ERG 88 sector scheme, however employs only five energy 

sectors . These are coal mining, crude petroleum and natural gas, 

refined petroleum products, electric utilities and gas utilities. 

s 

(3) 



How do the Argonne sectors map into these five sectors? The 

mapping is depicted below: 

Distillate Fuel Oils 

Residual 

Coal 

Natural 

Coal Mining 

Crude Petroleum and Natural Gas 

Refined Petroleum 

Electric Utilities 

Gas Utilities 

The mapping of coal to coal mining presents no problem, as coal 

used for energy inputs must come from the coal mining sector. 

Natural gas also maps directly into gas utilities. Distillate 

fuel oils, residual fuel oils, and gasoline, however must be 

aggregated to the refined petroleum sector. This is accomplished 

by summing the three sectors' coefficients, in ton per BTU, weighted 

by their respective percentage contributions to BTU consumption 

of the output of the refined petroleum sector. These weights 

are .443, .259, and .074 for gasoline, distillate fuel oils and 

residual fuel oils, respectively. The consumption figures are 

listed in Appendix B. The new coefficients are shown in Appendix C. 

Equations (2) and (3) remain the same, except that the 

matrix Sis now modified as 

s = 
= 

1 
2 
3 
4 
5 

88 

where columns 2 and 4 are now filled with 
zeros. 
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Column 1 corresponds to coal, column 3 to refined petroleum, and 

column 5 to natural gas. The first five rows in the s matrix, for 
= 

so as an example, would be 
X 

1 2 3 4 5 

1 1522. 0 93.58 0 . 29 

2 1522. 0 93. 58 0 .29 

3 1534. 0 93.58 0 . 29 (upper estimates) 

l 
4 1752. 0 54. 06 0 .29 

5 1752. 0 54.06 0 . 29 
,i, 'I/ "'/ V ,I-' 

Tin equation (2) may be derived by multiplying the DET matrix (see 

A-1 A-1 
ERG Doc. 307) by g for 1972, where g is the inverse of a diagonalized 

vector of industrial output. 

It is apparent that three~ matrices, each corresponding to a 

different pollutant, will be needed. As a result threes vectors 

will be determined, one for each pollutant, w. The direct and 

indirect contribution of SO to the environment in year t by sector 
X 

can now be expressed as 

where D is a constant normalized "make" matrix, and B is a normalized 
t 

use matrix for time t. (For further explanation of D and B, see 

ERG Doc. 307.) A 3 by 88 matrix, p for time t, can be formed =wt' 

by vertically augmenting s1 , s 2 and s 3 . The row sums represent 

the total direct contribution of each pollutant to the environment 

at time t. The resulting units are ton per trillion dollar output. 

1972 Industrial Output is listed in Appendix D and the Final Direct 

Pollution Coefficients are listed in Appendix E. 
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APPENUlX A 

so 
X 

Lower Estimates 

NO 
X 

o. 0. 

548. 350. 

1752. 344. 

0. 331. 

30.5 I 716. I 

156. I 79. I 

536. 152. 

1534. 240. 

0. 59. 

30.5 716. 

156. 79. 

536. 152. 

1522. 120. 

0. 59. 

30.5 716. 

Particulates 

0. 

29. 

2960. 

0. 

79.6 

7.2 

33. 

2380. 

2.4 

79. 6 

7.2 

33. 

2480 

2.4 

79.6 

Utilities 

Manufacturing 

Other 

Emissions coefficients are based on data in Compilation of Air 

Pollutant Emission Factors, EPA AP-42; revised New Source Performance 

Standards; a draft Argonne report on Ambient Air N0 2 regulations. 

Emissions for gasoline are believed to be somewhat overestimated. 
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APPENDIX A (continued) 

Upper Estimates 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

so 
X 

0. 

548. 

1752. 

.29 

30.5 

156 

336. 

1534. 

.29 

30.5 

156. 

536. 

1522. 

.29 

30. 5 

NO 
X 

0. 

408. 

572. 

342. 

716. 

79. 

200. 

290. 

112. 

716. 

79. 

200. 

290. 

67. 

716. 

1. Distillate Fuel Oil 

2. Residual Fuel Oil 

3. Coal 

4. Natural Gas 

5. Gasoline 

Particulates 

0. 

33. 

2960. 

7.3 

79.6 

7.2 

38. 

2380. 

7.8 

79.6 

7.2 

38. 

2480. 

7.8 

79.6 

9 

Utilities -

--

Manufacturing 

Other 



APPENDIX B 

SECTOR 

31 Gasoline 

41 Distillate Fuel Oils 

42 Residual Fuel Oils 

48 

2 

33 

Fuel Oils Not Classified 

Light hydrocarbon gases 

Special napthas 

Other sectors in BEA 3101 

TOTAL 

CONSUMPTION 
(trillion BTU's) 

11686.210 

6831. 263 

1954.295 

745. 979 

1135 .146 

46.371 

3983. 53 9 

26382 .803 

PERCENT OF . 
TOTAL CONSUMPTION 

.443 

.259 

.074 

.224 

SOURCE: National Energy Accounts: Energy Flows in the U.S. 1947-1972 
Vol. III & V, Jack Faucett Assoc., Inc., Nov. 1975. 
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1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

APPENDIX C 

Upper Estimates 

SOX NOx Particulates 

54.06 347.38 

1752. 572. 

. 29 342 . 

93. 58 352.45 

1534. 290. 

. 29 112. 

93 .58 352.45 

1522. 290. 

. 29 67 . 

1. Refined Petroleum 

2. Coal 

3. Natural Gas 

so 
X 

54.06 

1752. 

0. 

93. 58 

1534. 

0. 

93 .58 

1522. 

o. 

Lower Estimates 

NO 
X 

343.09 

344. 

331. 

348. 9 

240. 

59. 

348.9 

120. 

59. 

37.70 

2960, 

7.3 

39. 94 

2380 . 

7.8 

39.94 

2480. 

7.8 

Particulates 

37.41 

2960. 

o. 
39.57 

2380. 

2.4 

3.57 

2480. 

2.4 

Utilities - ERG Sectors 78, 4, 5 

Manufacturing - ERG Sectors 3, 16-68 

Utilities 

Manufacturing 

Other 

Utilities 

Manufacturing 

Other 

Other - ERG Sectors 1, 2, 6-15, 69-88 (excl. Sector 78) 
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APPENDIX D 

1972 Industrial Dollar Output 

ERG SIC 1972 Dollar ERG SIC 1972 Dollar 
Sector Code Industry Output Sector Code Industry Output ------

l 700 CO.I\L MINil\'G 5442400000. 46 4200 FAE !·iETPL PP.CD 14141200000. 
2 800 CRUDE PETRO, GA.5 17819000000. 47 4300 EllGINES,'IURBINES 5409500000. 
3 3101 PETRO REFIN PROO 29581100000. 48 4400 FAFN MACHINERY 5566200000. 
4 6801 ELECTRIC UTIL 31664900000. 49 4500 CONST, MINI:t,K; EX:) 7888600000. 
5 6802 GAS UTILITIES 20138700000. so 4600 MAT P.Al'illLIJIK; EX:) 2809000000. 

6 100 LIVE.sTCCK 43338900000. 51 4700 METl'Ll,OPKH-x; m 7148000000. 
7 200 MISC AG PRCDUCTS 35079700000. 52 4800 SPEC IND MACH 5863300000 . 
8 300 FOREST FISH PROD 1970500000. 53 4900 GEN IND MACH 8132000000 . 
9 400 AG FOR, FISH SER 3565700000. 54 5000 MACH SHOP PROD /.443300000. 

10 500 IRON ORE MININ:; 1232500000 . 55 5100 OFC, COMFUT MACH 8050800000. 

11 600 IDl\'FERR MININ:; 2270000000. 56 5200 SERVICE IND MACH 8495400000. 
12 900 SIDNE CLKi MIN 2847100000. 57 5300 ELEX: IND APPARAT 10391700000. 
13 1000 CHEZ-\ MINERAL MIN 774600000. 58 5400 H'HOLD APPLIAKCE 6658900000. 
14 1100 NEW CONSIF:UCTION 129580500000. 59 5500 ELEX: LIGh"T EQ 5522100000. 
15 1200 MAU'l', REP CDNST 36417100000. 60 5600 R-'IV ccrn-i.UN m 17950200000 . 

16 1300 OPJ)KAKCE 7084100000. 61 5700 ELECTRONIC ffi!P 8392900000. 
17 1400 FCOD 118300600000. 62 5800 ELE'CIRICAL El;;'UIP 4276700000. 
18 1500 'IOBACCD 9226900000. 63 5900 ~DIOR VEH & EX:! 6507 9500000. 
19 1600 FABRIC & HILLS 17632500000 . 64 6000 AIRCRAFT & PARTS 17021100000. 
20 1700 TEXTILE GOODS 5958400000. 65 6100 TRANSPORT D:!UIP 127 62800000. 

21 1800 APPAREL 30182700000. 66 6200 PROF SCIUIT SUPP 6980700000. 
22 1900 FAB TEXTILE PROD 4922600000. 67 6300 OPI'ICAL SUPPLIES 6526900000. 
23 2000 1-XXlD PRCDUCTS 21511400000. 68 6400 MISC MAl\1.JFACT 11978800000 . 
24 2100 \·.COD CDNI'AINERS 465700000. 69 6501 RAILROAD 15066900000. 
25 2200 H' HOLD F1JRNI1URE 7281600000. 70 6502 UXAL TF.ANSPORT 7406300000. 

26 2300 F1JRN, FIX1URES 3727 500000. 71 6503 !'D'K'R FGT TRANSP 29992400000. 
27 2400 PAPER PRCDUCTS 19833400000. 72 6504 \'/7\TER TFN,SPORT 7307500000. 
28 2500 PAPERBOARD CDNI' 7909700000. 73 6505 AIR TRANSPORT 13133700000. 
29 2600 PRI1'l'IJIK;, FUEL 29635300000. 74 6506 PIPE LINE TRAKSP 1616700000. 
30 2700 CHEJ-1 PRCDUCTS 24040600000. 75 6507 'I'Rl\NSP SERVICES 1636100000. 

31 2800 PLASTICS 9684000000. 76 6600 COM!·:UNICATIONS 31565300000. 
32 2900 DRUGS, 'IOIL PREP 17227700000. 77 6700 R-1V BRONX:AST 4513100000. 
33 3000 Pl\INI'S 3610100000. 78 6803 WATER,SNlIT SER 2582200000. 
34 3102 Pl\VU.'G 902600000. 79 6900 1,1-lOLE,RETAIL TR 264933700000. 
35 3103 ASP!U\LT 947000000. 80 7000 FINN-:CE INSUR 77886200000. 

36 3200 RUBl3ER PROOUCTS 20647500000 . 81 7100 REl\L E...<::TA'l'E 17 4580800000. 
37 3300 LEl\'IHER PROOUCTS 1052400000. 82 7200 HarELS , PERS SER 30504100000. 
38 3400 FCO'l\•,'E/\R 4529100000. 83 7300 DUSJNESS SERVICE 68709600000. 
39 3500 GU.SS PRCOUCTS 5583400000. 84 7500 J\L"ID REPAIR 24340200000. 
40 3600 SIDNE CU0! PHOO 15266200000 . 85 7600 NlUSil:D-,TS 127 44800000. 

41 3700 PRIM IR,S'TI, MNlU 36439700000. 86 7700 MED, ID.JC SER 84899500000. 
42 3EOO PRIM NONFE:R ~:ET 23874400000. 87 7800 Fill a:NT ENl'ERP 10817900000. 
43 3900 METJIL C011I'AThERS 4823600000. 88 7900 ST,UX: CJ:N'r ElIT 8100800000. 
44 4000 HEI\TUK;, PLlJl113IN:; 15304400000. 
45 4100 SCR!:W Ml£!! rr..rn 11134200000. 
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APPENDIX E 
Direct Fue l Related Industrial Pollution Coefficients : 

Lower and Upper Estimates (Tons/$0ut pnt) 

t. l{G SIC 

so 

I 
Lower 
Bound Sector Code Industry --- --- _..:.__'-'...:--'----~~-- ------

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
so 

51 
52 
53 
54 
55 

~6 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
o2 
el 
, -1 
tS 

c6 

700 
800 

3101 
6601 
6802 

100 
200 
300 
400 
500 

600 
900 

1000 
1100 
1:00 

1300 
1400 
1500 
1600 
1700 

1800 
leOO 
2000 
2100 
2200 

2300 
24UO 
2500 
2600 
2700 

2800 
2900 
3000 
3102 
3103 

3200 
3300 
3400 
3500 
3600 

3700 
3800 
3900 
4000 
4100 

4200 
4300 
4400 
4500 
4600 

4700 
4800 
4900 
5000 
5100 

5200 
5300 
5400 
5500 
5600 

5700 
5800 
5900 
6000 
6100 

6:oo 
6300 
6400 
6:01 
6502 

6:03 
6504 
6505 
6506 
6507 

6600 
6700 
6803 
6<;CO 
7000 

7100 
7 cCO 
;]GO 
7:00 
,ECO 

CGAL ~a~:rr-.c 
Cl1.1JE n:1w, C.\5 
rE:Iro hl:FIN PRW 
ELIX:TR!C UT IL 
C.\S L"I'lLITI ES 

Ll\'ES1CCK 
MISC f..G PRCOlK .. t'S 
f'C!lf..ST FISH PRCTJ 
N:~ fCR, FISH SER 
If'CN OP.I: r:u;m:; 

!Ot-.1:'ERR r-aNHG 
S'n;KE CLJ"u; MIN 
OIE:1 :-'.I>:C:F}\L MIN 
t:rn CQf;STFlJCTION 
MAlr-."T , REP C.X:t-!sr 

Of'l'KtJ.CE 
rcx:;o 
TO!',\COJ 
fABRIC & f!ILLS 
TD:TILE =s 
A.PPAR£L 
f,'.\B ':E:\TILE PRCTJ 
1-.CCD PRCCL'CTS 
\·,CCD CGlf':A.li'oC:RS 
H' E0lD FUrull'lUiU: 

F1..'P.!'I , F'I~!"...,'RLS 
PA.PER PrG:LCTS 
P/\PE.PPC,\f:D COt.T 
FRI!',Tia:;, FUi3L 
O!C! FP.CTX.CS 

PLASTICS 
DPL'GS , TO IL PP.El' 
P/1 .. D ~rs 
P,wr::c 
,".S?.-!AL'I' 

fl-'llBER PRCCUCi'S 
IB\'il'ER PRCCUCTS 
fOOI",.,"EJ\R 
GU ss PRCDUCTS 
SI'C:JE CT.Rf. PRCl) 

PRIM IR,STI. IUl:!U 
P?.lM !Xli:Ff.R f'.l::T 
MErr1L CDtrI'A.I~:-ERS 
l!fJ\TW::; , PLu11lH G 
gJ}£ol /•'XH PXCD 

ft-..8 ~'.ET,'L PFO) 
E:GH•ES , TL-;UJr::cs 
fl..R:l i'.tOII~:ERY 
cc::s-r , 11rnn,:; EQ 
l',\T P.NiiLH"G 00 

r•TrAU.ORKHC 00 
SPEC IID 1-'/,Cll 
G.Ell IND r,,.,.-01 
l·'AQI SiDP PFal 
OFC , CU-IPu"I' MACH 

SERVICE HD IV.Cl! 
ELEC !ID APPPFAT 
H' f'OLD f'1-PLI/:;a; 
ELEC LIQ/I' EQ 
R-W a::n:uN EQ 

ELEX:-TI~KIC a::l·IP 
ELE.C'llUG\L £QUIP 
l'.O'll:R \'Ell & EQ 
AfF.G>/lf'f & PIIRTS 
1'RA.•:sroRr EQUIP 

?RCf SC IE: :T SUPP 
OPIIG\L SL1'PLIES 
MISC ~:,·,;;L'F/ ·CT 
FAIUO,\D 
ux:,-,1, TFn:srcrrr 

rorvR f'GT TPJ\l:Sl' 
\,;\'!T...F TI'N:STO!a' 
Al?. TI'N;!:iTOia' 
Plfc LI:L TPA:;SP 
T?R.S? S~VICES 

CCl7:U:JC.\TJO:lS 
R-T i nrr,;-r:c.\ST 
\-v\'i.TF, ~;\!,11' SER 
t,i1Q~t , pr:;·,\IL ~ 
ft::..·•:X.:E H:st."R 

Pf.AL E".sTATI: 
!(.V:-H..S,t'EFS SER 
[l":il::: ~s c!o."V!CE 
l.J...--:-0 H.?J\IR 
,·:;-...:sP--·£.':-S 

. 0000213674 
• oooooo66c8 
• 0000060008 
. 000,1631941 
.0000000276 

. 000000 4311 

. 0000020791 

. 00000,18217 

.0000007255 

. 0000221646 

. 0000017069 

.0000077 890 

.0000095208 

.0000010715 

. 0000017501 

. 00000041% 

.0000016731 
• 00000080 41 
. 0000036310 
. 0000013827 

.0000003 179 

. 0000013110 

. 0000010752 

. 0000004881 

.0000016099 

. 0000011444 

.0000202571 

. 0000011781 

.0000002373 

. 0000222551 

. 0000197769 

. 0000016120 

. 0000010123 

. 0000506.;96 

. 0000291724 

.0000027158 

.00000 4£278 

. OOOOOC5315 

. 0000015828 

. 0000261166 

. 0000952369 

. 0000042875 
• 0000001260 
. 0000011816 
. 0000016270 

. 0000011719 

.0000011782 

. 0000032274 

.000 0023980 

.000000 4310 

.0000007893 

.0000006672 
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