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DISCLAIMER 

"The statements and conclusions in this report are those of KVB, Inc. and not 
necessarily those of the State Air Resources Board. The mention of commercial 
products, their source or their use in connection with material reported 
herein is not to be construed as either an actual or implied endorsement of 
such products." 
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ABSTRACT 

To add air pollutants from boating sources to the California Air 

Resources Board's (ARB's) area source data base, this program was conducted to 

inventory boating emissions in each county and air basin in the state. 

Based on methodologies developed in a previous study (Ref. 1), this 

final report presents the results of a statewide inventory. A computer 

magnetic tape file of the individual area source and a computer printout of 

these data were also delivered to the ARB as part of this program. 

The information presented in this report was compiled specifically for 

the State of California and may not be applicable to regions outside of this 

state. 

This report is submitted in fulfillment of ARB Contract No. AB-138-31, 

"Inventory of Emissions from Boating Sources in California," by KVB, Inc., 

under the sponsorship of the California Air Resources Board. Work was 

completed as of July 15, 1980. 
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SECTION 1.0 

EXECUTIVE SUMMARY 

The State of California Air Resources Board (ARB) is required to 

inventory air pollutants from stationary and mobile sources throughout the 

state. In conjunction with this task, the ARB sponsored this study to update 

their estimate of air polluting emissions from pleasure and commercial boating 

activity in the state. Pleasure boats are those craft owned by individuals or 

companies; used for cruising, water skiing, sport fishing and other recrea

tional activities; and are powered by both gasoline and diesel engines. 

Commercial boats are those used for public transportation, commercial fishing, 

and other work functions such as tug boats, u.s. Coast Guard cutters, person

nel and cargo hauling boats, etc. Commercial boats are powered primarily by 

diesel engines but there are a few gasoline powered craft. 

The specific objective of this study was to compile an inventory of 

emissions from boating activity for the base year, 1977. This was accom

plished through a study of boat usage in California and by ~sing inventory 

procedures based on the methodologies developed in an earlier program con

ducted by KVB for the ARB (Ref. 1). For convenience this methodology is 

included as an appendix to this report. Total fuel consumption for boating in 

the state was computed and the resulting emissions were distributed in the 

respective waterways. Nearly all of the study effort was addressed to 

assigning emissions to the hundreds of boating lakes, rivers, and coastal 

waterways, and coding these emissions for computer processing. This involved 

obtaining information such as boating days, launching and mooring facilities, 

seasonal usage, geographical boundaries (defined by Universal Transverse 

Mercator, UTM, coordinates) for each of the many waterways. 

This final report presents the distribution of boating fuel 

consumption and associated emissions in California by waterway, county, and 

air basin. A computer printout of fuel consumption plus annual emissions and 

seasonal (winter and summer) average daily emissions by waterway sorted by air 
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basin and county within each air basin has been prepared and delivered to the 

ARB along with a magnetic tape file of the data. Table 1-1 presents a summary 

of 1977 boating fuel consumption and emissions by county. The county with the 

largest fuel consumption and emissions is Los Angeles followed by Orange, 

Contra Costa, san Joaquin, San Bernardino, Riverside, Lake, and San Diego 

counties. Because emission factors vary with size of boats, the emissions 

will not be exactly proportional to the fuel consumption. For example, in 

both San Joaquin and San Bernardino counties, the gasoline consumption is 

5,000,000 gallons/year. In addition, 650,000 gallons of diesel are burned in 

San Joaquin county while none is burned in San Bernardino county. Yet the CO 

and hydrocarbon emissions are higher in San Bernardino county because that 

county has a significant amount of lake boating in addition to river boating 

while San Joaquin county has only river and delta boating. Smaller lake boats 

have higher emission factors than the larger river and delta boats. (See 

Tables 3-1 and 3-3.) 

Tables 1-2 and 1-3 summarize fuel consumption by air basin. Table 1-2 

presents the 1977 annual emissions while Table 1-3 presents the average daily 

emissions for the summer and winter seasons. Note that in Table 1-2 pleasure 

boating accounts for over 95 percent of the hydrocarbon and CO emissions and 

approximately 40 percent of the NOx and SOX, while commercial boating accounts 

for most of the particulate emissions and the balance of the other pollu

tants. Pleasure boating emissions are much higher in the summer as 

expected. Commercial boating emissions are nearly constant year round except 

for a few air basins where, due to its fishing runs, weather conditions, etc., 

the emissions are a little higher in the summer or winter but mostly in the 

sum.mer. 
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TABLE 1-1. SUMMARY OF BOATING FUEL CONSUMPTION AND EMISSIONS BY COUNTY 
IN CALIFORNIA FOR THE YEAR, 1977 

Fuel ConaUlll)tlon 
1o' Gal Ions/Year 

County Gasol lne Olesel 

STATE TOTAL 96,000 36,000 

Total 

132,000 
so.: 
770 

co 
105,000 

Pollutant E ■ lsslons 

Tons/Year 
HC NOx Particulate 

26,000 8,600 530 

Alamede 2,700 5.cO 
Alpine 60 
Amedor 520 
Butte 1,400 
Calaveres 500 
Col use 310 
Cantre Costa 5,500 930 
Del Norte 1,400 900 
El Dorado 1,300 
Fresno 2,600 
Glenn 240 
Humboldt 550 2,300 
Imper le I 1,120 
Inyo 120 
Kern 960 
Kings 
Lake 4,500 
Lessen 130 
Los Angeles 10,000 4,700 
Madere 240 
Marin 3,100 1,200 
Marl pose 700 
Mendocino 700 1,300 
Merced 270 
Modoc 80 
Mono 630 
Monterey 1,700 2,900 
Nepe 2,500 
Nevade 710 
Oramge 4,100 7,900 
Piecer 1,600 
Plumes 1,200 
Riverside 4,700 
Sacr1111ento 4,300 460 
San Benito 
Sen Bernerdlno 5,000 
San Diego 4,200 4,900 
Sen Frencl sco 1,600 500 
Sen Joequ In 5,000 650 
San Lu Is Obispo 1,300 420 
Sen Meteo 2,500 1,100 
Sante Berbera 1,600 470 
Sante Clere 600 45 
Sante: Cruiz 460 770 
Shesta 2,600 
Slerre 75 
Siskiyou 220 
Soleno 2,900 630 
Sonoma 1,600 470 
Sten ls,laus :,10 
Sutter 320 
Tehsna 400 
Trinity 730 
Tulere 640 
Tuolumne 530 
Venture 2,100 3,000 
Yolo 900 140 
Yube 320 

15 
< 

4 

1 
30 
16 
3 
5 
< 

32 
3 
< 
3 

14 
< 

96 
< 

25 
2 

20 
< 
< 

44 
7 
2 

120 
5 
3 

14 
19 

15 
86 
12 
24 

9 
22 
11 
2 

11 
e 
< 
< 

15 
n 
< 

1 
2 
2 

47 
4 
< 

2,600 
70 

630 
I, 700 

610 
350 

5,800 
1,500 
1,600 
2,100 

270 
640 

1,:500 
140 

t,200 

5,500 
160 

10,000 
290 

2,700 
850 
840 
300 
90 

770 
2,000 
3,000 

910 
4,200 
1,900 
1,400 
5,600 
4,800 

5,900 
4,500 
1,500 
5,500 
1,400 
2,400 
1,700 

670 
470 

3,200 
90 

270 
2,600 
1,500 

370 
350 
500 
900 
760 
180 

2,500 
1,000 

370 

470 200 7 
20 1 

175 15 
450 40 
170 14 
90 10 

1,400 360 13 
380 170 12 
450 30 
560 50 
70 B 

150 340 33 
360 30 

40 3 
320 30 

1,500 130 
40 3 

2,500 1,100 70 
80 7 

520 310 17 
230 20 
220 200 18 

90 7 
25 2 

210 18 
500 460 42 
810 80 
250 20 
900 1,300 115 
540 , 50 
390 30 

1,500 150 
1,300 220 6 

1,600 160 
1,050 930 BO 

280 150 7 
1,400 280 9 

330 110 6 
440 280 15 
390 130 6 
170 30 
too 130 11 

870 80 
20 2 
70 6 

580 190 7 
340 130 6 
100 9 
90 11 

130 150 
250 20 
210 20 
50 4. 

640 490 43 
260 50 
100 10 

<•Less than 1 ton/yeer - • Zero ton/year 
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TABLE 1-2. SUMMARY OF ANNUAL EMISSIONS FROM BOATING SOURCES 
BY CALIFORNIA AIR BASINS, 1977 (TONS/YEAR) 

Boating 
Air Basin Category HC Part. co so NO

X X 

North Coast Pleasure 1,000 0 4,500 10 160 
Commercial 70 _!r£_ 65 660~ 

Total 1,150 70 4,870 75 820 

San Francisco Bay Area Pleasure 4,400 0 21,000 65 860 
Commercial 200 65 470 65 _BQ_ 

Total 4,600 65 21,470 130 1,580 

North Central Coast Pleasure 490 0 2,180 6 80 
Commercial 110 50 50 510~ 

Total 600 50 2,430 56 590 

South Central Coast Pleasure 1,200 0 5,200 15 180 
Commercial --2.QQ_ 50 540~ ~ 

Total 1,330 60 5,500 65 720 

South Coast Pleasure 5,000 0 21,600 65 780 
Commercial 460 190 _E_Q_ 180 1,800 

Total 5,460 190 22,520 245 2,580 

San Diego Pleasure 860 0 4,100 12 170 
Commercial 190 80 400 73 760 

Total 1,050 80 4,500 85 930 

Northeast Plateau Pleasure 180 0 660 0 14 
Coounercial 0 0 0 .Q_ 0 

Total 180 0 660 0 14 

Sacramento Pleasure 3,300 0 12,100 31 370 
Commercial 7 80 7 95~ 

Total 3,336 7 12,180 38 465 

San Joaquin Pleasure 2,750 0 10,400 25 300 
Commercial 40 B 96~ ~ 

Total 2,790 8 10,480 33 396 

Great Basin Valleys Pleasure 270 0 980 22 
Commercial 0 0 0 .Q_ 0 

Total 270 0 980 22 

Southeast Desert Pleasure 1,400 0 5,300 15 150 
Commercial 0 .Q_ 0 0 0 

Total 1,400 0 5,300 15 150 

Mountain Counties Pleasure 1,800 0 6,440 15 150 
Commercial 0 .Q_ 0 0 0 

Total 1,800 0 6,440 15 150 

Lake County Pleasure 1,500 0 5,500 14 130 
Commercial 0 0 0 0 0 

Total 1,500 0 5,500 14 130 

Lake Tahoe Pleasure 500 0 1,790 4 330 
Commercial 0 0 0 .Q_ 0 

Total 500 0 1,790 4 330 

Subtotals Pleasure 24,700 0 102,000 270 3,400 
Commercial .....!.dQ9_ 530 3,000 500 5,200 
Grand Total 26,000 530 105,000 770 8,600 
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TABLE 1-3. SUMMARY OF SEASONAL AVERAGE DAILY EMISSIONS 
FROM BOATING SOURCES BY CALIFORNIA AIR BASINS, 1977 (POUNDS/DAY) 

Boating HC Part. co SOX NOX 
Air Basin Category Winter SU11111er Winter Sllffllller Winter SUffllller Winter Summer Winter Summer 

North Coast Pleasure 
Commercial 

Total 

300 
720 

1,020 

13,600 
820 

14,420 

0 

.ill. 
370 

0 

~ 
340 

1,400 
1,800 
3,200 

56,000 

--1.tW.. 
57,900 

2 

.lli. 
352 

160 
320 
480 

60 
3,500 
3,560 

1,940 
3,300 
5,240 

San Francisco 
Bay Area 

Pleasure 
Coaanercial 

'n:>tal 

2,900 
610 

3,510 

,6,000 

~ 
47,700 

0 
250 
250 

0 

~ 
500 

14,000 

~ 
15,700 

217,000 

~ 
220,000 

40 

.ill. 
270 

700 
440 

1,140 

600 
-2.t!Q.Q_ 

3,000 

9,200 

~ 
14,100 

North 
Coast 

Central Pleasure 
Commercial 

Total 

310 
540 
850 

5,000 
610 

5,610 

0 
22.Q.. 
290 

0 
260 
260 

1,400 

~ 
2,700 

23,000 

~ 
24,300 

3 
270 
273 

70 

~ 
310 

so 
2,700 
2,750 

860 
2,500 
3,360 

South Central 
Coast 

Pleasure 
COIIIDlercial 

Total 

800 
560 

1,360 

13,000 
800 

13,800 

0 
290 
290 

0 

m. 
290 

3,,oo 
1,400 
4,800 

54,000 

~ 
55,600 

10 
.!!Q.. 
280 

160 
.!!Q.. 
430 

120 
2,700 
2,820 

1,900 
2,800 
4,700 

South Coast Pleasure 
Commercial 

Total 

2,700 
1,700 
4,400 

SS,000 

2ill..2.. 
58,200 

0 

!!Q. 
840 

0 

~ 
1,ooo 

12,000 

~ 
16,000 

240,000 
5,000 

245,000 

35 
!Q.£. 
835 

700 
980 

1,680 

460 
7,900 
8,360 

8,400 
10,400 
18,800 

San Diego Pleasure 
Commercial 

Total 

550 
740 

1,290 

9,000 
....!.dQ.Q. 
10,200 

0 

~ 
400 

0 
400 
400 

2,640 
1,900 
4,540 

42,000 

~ 
44,000 

8 
350 
3S8 

130 
400 
530 

110 
3,500 
3,610 

1,800 
4,200 
6,000 

Northeast 
Plateau 

Pleasure 
Commercial 

Total 

0 

.£. 
0 

2,700 
0 

IToo" 

0 

.£. 
0 

0 

.£. 
0 

0 

.£. 
0 

9,900 
0 

~ 

0 

.£. 
0 

25 
_Q_ 
25 

0 

.£. 
0 

240 
0 
~ 

Sacramento Pleasure 
Conanercial 

Total 

1,600 
100 

1,700 

38,000 
270 

38,270 

0 
1Q. 
30 

0 

~ 
60 

6,300 
280 
~ 

143,000 
500 

143,500 

10 
40 
so 

360 
60 

Fo 

190 
290 
480 

4,100 
660 

4,760 

San Joaquin Pleasure 
Commercial 

Total 

1,540 
_!.QQ. 
1,640 

29,000 
280 

29,280 

0 
1Q. 
30 

0 
!.Q.. 
60 

5,900 

~ 
6,180 

113,000 
500 

113,500 

10 
1Q. 
40 

300 

2 
360 

140 

m. 
440 

3,300 
670 

3,970 

Great Basin 
Valleys 

Pleasure 
Commercial 

Total 

0 
0 
0 

4,000 
0 

~ 

0 

.£. 
0 

0 
0 
0 

0 
0 
0 

15,000 
0 

15,000 

0 
0 
0 

35 
0 

35 

0 
0 
0 

350 
0 

"iso 

Southeast 
Desert 

Pleasure 
Co11111ercial 

Total 

900 
_o 
900 

14,400 
0 

14,400 

0 

.£. 
0 

0 

.£. 
0 

4,000 
0 

~ 

54,000 
0 

54,000 

7 
0 
-:; 

150 
0 

150 

100 
_o 
100 

1,600 
0 

1,600 

Mountain 
Counties 

Pleasure 
Commercial 

'n:>tal 

640 
0 

640 

22,000 
0 

22,000 

0 
0 
0 

0. 
0 
0 

2,300 
0 
~ 

80,000 
0 

io,ooo 

4 
0 
4 

200 
0 

200 

so 
0 

so 
1,900 

0 
1,900 

Lake County Pleasure 
Commercial 

Total 

980 
_o 
980 

16,000 
0 

16,000 

0 

.£. 
0 

0 

.£. 
0 

3,500 
0 

~ 

56,000 
0 

56,000 

9 

.£. 
9 

150 
_o_ 
150 

90 
_Q_ 
90 

1,400 
0 

1,400 

Lake Tahoe Pleasure 
Commercial 

Total 

0 

.£. 
0 

7,500 
0 

~ 

0 

.£. 
0 

0 
0 
0 

0 

.£. 
0 

26,000 ___o 
26,000 

0 

.£. 
0 

70 
0 

70 

0 

.£. 
0 

700 
_o 
700 

Subtotals Plea.sure 
Commercial 
Grand Total 

13,200 
2.t..!.QQ. 
18,300 

275,000 

~ 
284,000 

0 
2,500 
2,500 

0 
2,900 
2,900 

57,000 
12,500 
69,500 

1,130,000 
15,000 

1,145,000 

100 
2,400 
2,500 

3,200 
2,800 
6,000 

2,000 
23,000 
25,000 

38,000 
29,000 
67,000 
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SECTION 2.0 

STATEWIDE INVENTORY PROCEDURES 

Procedures for a statewide inventory of emissions associated with the 

operation of boats in california in 1977 are based on previously developed 

methodologies (Ref. 1). A brief description of boating emission inventory 

procedures follows. 

The methodology for inventorying 1977 boat emissions is divided into 

pleasure boats and commercial boats. Pleasure boating procedures are applied 

to selected large sectors of the state encompassing lake, river, and coastal 

water boating. Commercial boating procedures are applied mainly to coastal 

water activity including the Sacramento-San Joaquin Delta and selected rivers 

in the San Francisco Bay and Delta area. 

2.1 PLEASURE BOAT PROCEDURE 

Boat populations for the state, obtained from the OMV and from use 

factors provided in Tables 2-1 and 2-2, were used as a basis for calculating 

the annual average number of boat days and gallons of gasoline per boat day 

for lakes, rivers, and coastal waters. Because 1977 was a drought year, 

adjustments were made for the average figures on lakes and rivers to account 

for reduced activity (approximately 10 percent). 

These so-called "adjusted boat days" were multiplied by the gallons of 

gasoline per boat day and by the appropriate emission factors to obtain the 

emissions for lakes and rivers. Spatial distributio,ns for lakes and rivers 

were based on OMV boat registration data by county and on the boating 

facilities (launch ramps, moorings, storage areas, etc.) associated with each 

of the respective water ways. 

The pleasure boating daily fuel consumption along the coast was 

divided into two major categories. The first is the fuel consumed by 

trailered and berthed boats registered with the tMV. The second is the fuel 

2-1 KVB13-5811-1234 



TABLE 2-1. · SUMMARY OF THE 21 tmIQUE BOAT LENGTH/METHOD OF 
PROPULSION PLEASURE BOAT CATEGORIES AND PATTERNS OF OCCURRENCE* 

Approx.No.Daya Annual Avg. r..a::oline 
aoat Oaed Avg.Gasoline Used Per Avg. Pere4!nt Uae By Lengthllethod 
Per Year Use aoat Dau anc5 Boatin2 WaterSoat of 

Leng:th ProEulaion Boat Dais /Yr Gal/Yr:f' Gal/Boat· Da:t5 Coastal ltivers Lakes 

Inboard 49 610 12 19 19 62 

<14' Outboard 23 59 2.6 19 19 62 

Other 24 3.1 0.129 19 19 62 

66Inboard 23 210 9.1 1B 16 

14<16' Outboard 22 117 5.3 1B 16 66 

Other 27 8.2 0.3 1B 16 66 

63Inboard 31 320 10.3 20 17 

16<18' Out.hoard 27 250 9.3 20 17 63 

Other 27 16 0.59 20 17 63 

:nboard 32 3'70 11.£ 39 16 45 

18<21' Outboard 29 250 8.6 39 16 45 

Other 44 9.0 0.20 39 ;16 45 

lnboara 42 §AO 13. El 72 12 l c, 

21<26" Outboard 31 270 8.7 72 12 16 

Ot.her 50 22 0.44 72 12 16 

Inboard 50 720 14.4 79 14 6 

26<31' Outboard 61 180 3.0 79 14 6 

Other 58 42 0.72 79 14 6 

Inboard 51 830 16.2 79 16 s 
>31' Outboard 44 270 6.1 79 16 5 

Other 57 41 0.72 79 16 s 

tA.~nual gallons consUMd by documented vessels (gasoline) • (8,012.45) x (year-1871). 

•source: Refs. 2 and 3. 

~Inboard: Incluoes inboard, inboard/outboard, and jet powered craft vhich vere shown in the survey to be the 
bi99est consumers of 9asoline. 

Outboard: Includes only outboard powered craft vhich t.he survey data showed•• the aediurn gasoline consumer~. 

Other: Includes auxiliary ■ ail, rowboat, ■ ailboat, canoe, and other varieties of boats which were sho-'~ to have••ry low average annual consumption by the survey data. Considered as outboard powered craft. 

laaaed on 1171 data. Due to the energy crisis these factors aay not be v&lid beyond 1978. 

KVB13-5811-1234 
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TABLE 2-2. SUMMARY OF THE DATA PRESENTED IN 
TABLE 2-1 AND ITS INTENDED USE 

Information Intended Use 

21 unique length/method of By application to an area's registered 
propulsion categories boat population, that area's registered 

--by length 
--by method of propulsion 
--by percent inboard 

by percent outboard 
by percent other 

Approximate number days boat used Estimate the total boat days per year 
per year per study area by length and method 

of propulsion 

Average percent use by lengt~ and Determine the percentage of total boat 
boating water days in lakes, rivers, and coastal 

waters; waterway allocation scheme 
by boat length 

Average gasoline used per boat day Once an area's boat population/usage 
is determined in terms of boat length, 
method of propulsion, and total boat 
days, the annual fuel used by each 
category of boat per water area can 
be determined 

Gallons consumed by Coast Guard Estimation of the total quantity of 
documented vessels 8012.45 x gasoline used per year by Coast Guard 
(year - 1871) registered vessels 
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consumed by the relatively small number of documented (registered with the 

Coast Guard) gasoline- and diesel-powered pleasure craft. 

The coastal boating days computed include boating days for both 

berthed and trailered boats registered with the OMV plus the boating days for 

the documented boats as defined by application of an Arthur Young & Company 

formula (Ref. 2). Finally, the diesel fuel used in pleasure boats operating 

in coastal waters was added. Emissions were calculated using appropriate 

emission factors. Spatial distribution for coastal pleasure boating was made 

on the basis of the operating areas used by boaters. 

2.2 COMMERCIAL BOAT PROCEDURE 

Fuel consumption data were obtained for various categories of commer

cial boating by geographical areas. Fuel consumption numbers were multiplied 

by the appropriate emission factors to obtain emissions. Spatial distribution 

of u. s. Coast Guard vessels and commercial fishing boats was determined by 

consulting ship movement records and gridded fish block maps provided by the 

California Department Fish and Game. Tugs, work boats, excursion boats, etc., 

were distributed by their operation within the harbors where they are berthed 

and along the shore line. 

2.3 TOTAL BOATING EMISSIONS 

Employing the statewide inventory procedures (Ref. 1), Table 2-3 

presents the results of fuel consumption and associated emissions from all 

boating activity on California's waterways in 1977. 

TABLE 2-3. SUMMARY OF FUEL CONSUMPTION AND ASSOCIATED 
EMISSIONS FROM CALIFORNIA'S WATERWAYS IN THE YEAR 1977 

F.lltimated Fuel Con ■ umption lmissions 
waterways 106 Gallon/Year Tona/Year 

Gasoline Diesel SOX ro HC NO Particulates 

State 
Totals 96 36 770 105,000 26,000 8,600 530 

Lakes 42 125 51,000 13,400 1,200 

Rivers 17.7 1.2 70 17,000 5,000 800 18 

Delta 5.4 0.8 27 6,000 1,600 300 12 

Coast 32 34 550 31,000 6,000 6,300 500 
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SECTION 3.0 

STATEWIDE EMISSIONS INVENTORY RESULTS 

3.1 PLEASURE BOATS 

Emissions from pleasure boating sources in california were inventoried 

by county. To accomplish this task, the first step was to investigate the 

various waterways in each county and to determine if motor boating is per

mitted. For example, not all California rivers are navigable, and not all 

lakes (approximately 8,000 of boating size) allow motorboats. Table 3-1 is a 

list of California counties and their respective waterways which allow 

pleasure boating activity. 

The next step was to follow the statewide inventory procedures 

(presented in Section 2.0) to obtain an estimated total fuel consumption in 

California from pleasure .boating activities. 

From the two known factors--the estimated fuel consumption from 

pleasure boat activity and the areas of their operation--the distribution of 

emissions coincides with an area's fuel-use estimate. The fuel-use estimate 

by area was developed by dividing the state into water areas, conducting an 

inventory of boating facilities, and categorizing boat registration within 

these areas. 

3.1.1 Combined Waterways 

Based on the premise that boats registered in a large area providing 

ample boating facilities will remain in their general area of registration, 

the state was divided into nine major boating regions (Figure 3-1 and 

Table 3-2). By characterizing the boating patterns, fuel consumption 

(gasoline/diesel), and emissions for a large area in which migration in and 

out of the area is minimal, each county's portion of that larger area was 

defined. An inventory of boating facilities in each region was conducted 

(Refs. 3, 4, 5, 6). The primary factors determining boat usage were types of 

waterways (lakes, rivers, coastal) and types of boats registered in the 
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TABLE 3-1. CALIFORNIA'S WATERWAYS PERMITTING 
PLEASURE BOATING ACTIVITY (BY COUNTY) 

County Rivers Lakes Delta Cbast 

Alameda 

Alpine 

Amador 

Butte X 

calaveras 

Colusa X 

Contra Cbsta X 

Del Norte X 

El Dorado 

Fresno X 

Glenn X 

Humboldt X 

Imperial X 

Inyo 

Kern 

Kings 

Lake 

Lassen 

Los Angeles 

Madera 

Marin X 

Mariposa 

Mendocino X 

Merced 

Modoc 

Mono 

Monterey 

Napa X 

Nevada 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 

County Rivers Lakes Delta Coast 

Orange 

Placer 

Plumas 

Riverside 

Sacramento 

San Benito 

San Bernardino 

San Diego 

San Francisco 

San Joaquin 

San I.nis Obispo 

San Mateo 

Santa Barbara 

Santa Clara 

Santa Cruz 

Shasta 

Sierra 

Siskiyou 

Solano 

Sonoma 

Stanislaus 

Sutter 

Tehama 

Trinity 

Tulare 

Tuolumne 

Ventura 

Yolo 

Yuba 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X X 

X 

X X 

X 

X 

X X 

X 

X X 

X X 

X X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 

X X 

X 
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0 

KEY 

1. Eureka Region (seasonal) 

2. Alpine Region (seasonal) 

3. Central Valley (yearly) 

4. S. F. Bay & Delta (yearly) 

5. Monterey Region (yearly) 

6. Santa Barbara Region (yearly) 

7. Los Angeles Region (yearly) 

8. Colorado River Region (yearly and 

seasonal mtn. lakes) 

9. San Diego Region {yearly) 

Counties in both 
Central Valley and 
Alpine regions 

Figure 3-1. California's general pleasure boating regions. (See Table 3-2). 
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TABLE 3-2. THE STATE'S WATER REGIONS AND THE COUNTIES WITHIN EACH 
(SEE FIGURE 3-1) 

Water Region Counties Water Region Counties 

1 Eureka Del Norte 4 San Francisco Alameda 
Humboldt Bay and Delta Contra Costa 
Mendocino Marin 

Napa 
2 Alpine Alpine Sacramento 

Amador* San Francisco 
El Dorado* San Joaquin 
Fresno* San Mateo 
Inyo Santa Clara 
Lassen Solano 
Madera* Sonoma 
Modoc Yolo 
Mono 
Nevada 5 Monterey Monterey 
Placer* Santa Cruz 
Plumas 
Shasta 6 Santa Barbara San Luis Obispo 
Sierra Santa Barbara 
Siskiyou Ventura 
Trinity 
Tulare 7 Los Angeles Los Angeles 

Orange 
3 Central Amador* 

Valley Butte 8 Colorado River Imperial 
Calaveras Riverside 
Coluso San Bernardino 
El Dorado* 
Fresno* 9 San Diego San Diego 
Glenn 
Kern 
Kings 
Lake 
Madera* 
Mariposa 
Merced 
Placer* 
San Benito 
Stanislaus 
Sutter 
Tehama 
TuolUIDne 
Yuba 

*Counties in more than one region 
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region. The secondary factors in determining boat usage were location of 

waterways and types of boating activity. For example, in Contra Costa County, 

pleasure boating activity takes place on lakes, rivers, the Sacramento Delta, 

and coastal waters. The distribution of fuel consumption and emissions was 

determined by boat registration in the county and by assigning to boat 

categories the appropriate factors: boat days; type of fuel consumption; and 

patterns of occurrence. Combining the primary and secondary factors, 

distribution of fuel consumption and associated emissions were estimated for 

each county within a water area. 

Emission factors for waterways by boat category are taken from AP-42 

(Ref. 7). To calculate emissions, the appropriate emission factors (lb/103 

gallon), listed on Tables 3-3 and 3-4, are applied to the total fuel consumed 

by an individual source. The distributions of emission sources by area are 

located geographically by Universal Transverse Mercator (UTM) coordinates to 

define approximate boundaries for the various waterways. Up to 6 coordinates 

can be used to enclose a lake or inlet. 

Emissions on Lakes 

Of the 58 counties in california, 45 have lakes which in 1977 

permitted gasoline-powered motor boats (no diesel fuel was consumed on 

lakes). Table 3-5 lists these lakes by county and also gives estimated fuel 

consumption by lake. It should be noted that in some instances a lake is in 

two or more counties; in these cases, the fuel consumption was divided between 

the respective counties based upon surface area and boating facilities. 

The emissions associated with the operation of pleasure boats on lakes 

are determined through the application of the proper emission factors as 

listed in Table 3-3. Where a lake is in more than one county, the name is 

marked with an asterisk to direct the reader to other entries to obtain the 

total gasoline consumption for that lake 

3.1.3 Emissions on Rivers 

California rivers navigable for boating, and the respective estimated 

fuel consumptions, are shown in Table 3-6. The fuel consumption and emissions 

were distributed by county based on the amount of river and facilities within 
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TABLE 3-3. COMPOSITE EMISSION FACTORS FOR GASOLINE-POWERED 
BOATS IN CALIFORNIA, LB/10 3 GALLON 

Pollutant 
Waterway/Vessel Type so co HC NO 

X 

Lakes: 
Pleasure :thats* 6 2,430 672 59 

Rivers: 
Pleasure !bats* 6 2,210 564 72 
Commercial Boatst 6 2,210 564 72 

Delta: 
Pleasure :thats* 6 2,210 564 72 
Commercial Boatst 6 2,210 564 72 

Coast: 
Pleasure :thats* 6 1,822 311 96 
Commercial Boatst 6 1,822 311 96 

* Emission factors for pleasure boats were obtained as indicated in 
Table 4.5 of the Appendix. Composite factors are based upon the total 
fuel consumed by inboard and outboard motors on the respective water
ways. Analysis of data contained in Ref. 3 indicated an inboard/ 
outboard split of 42/58 on lakes, 53/47 on rivers and delta waterways, 
and 72/28 in coastal waters and bays. 

t Emission factors for commercial boats were taken to be identical as 
those for equivalent pleasure craft used on the respective waterways. 
These boats account for approximately 1/2 of one percent of the total 
boating emissions. 
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TABLE 3-4. AVERAGE EMISSION FACTORS FOR DIESEL-POWERED 
BOATS IN CALIFORNIA, LB/10 3 GALLON 

Pollutant 
Waterway/Vessel Type so co HC NO Particulates* 

Rivers: 
Pleasure &:>atst 
Commercial Boats§ 

27 
27 

140 
100 

180 
so 

340 
280 

_29 
29 

Delta: 
Pleasure &:>atst 
Commercial Boats§ 

27 
27 

140 
100 

180 
so 

340 
280 

29 
29 

Coast: 
Pleasure &:>atst 
Commercial Boats§ 

27 
27 

140 
110 

180 
so 

340 
270 

29 
29 

* Factors for particulates developed by engineering analysis as presented 
in the Appendix. 

t Diesel-powered pleasure boats taken to use 100 percent inboard motors. 
Factors from Table 3 .2 .3-5, AP-42 ( 1/75) (Ref. 7). 

§ Emission factors for commercial boats taken from Table 3.2.3-1, AP-42 
( 1 /75) (Ref • 7 ) • 
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TABLE 3-5. CALIFORNIA LAKES WITH PLEASURE BOATING ACTIVITIES IN THE YEAR 1977 (BY COUNTY) 

County Estlaated Gasol lne Consuaptlonj County Estl•ted Geaol lne Con111111Ptlon ICounty Eatlaated Guol lne ConsU11ptlOfl 

Lalr.e 1o-J Gal Ion/Year Lake l<Y Gal lorv'Ye.- Lake 1o-J Gal Ion/Year 

MercedGlennAl.-da 
Black Butte Reservoir- 70 I Los Banos Ael«'volr- 10 

14.-r-ltt 40 
Del Val le no 

O'Nel I FOf"ebey 90 
San Pablo Ra...,.volr- 90 Sen Luis Reservoir- ~,~111 

Salton Sea• 720 Yos•lte 120 
Sunbe• BO 

260 
~ 

INlst 50 

Alpine ,0 850 
Alpine 

"4odoc 

Caples 30 Bl g Sag,e Re..-volr- 20 
60 I Inyo Blue Lake/Weat Valley AeNf"volr- 40 

Diaz ,0 F" Reaervolr- ~ 
Rod\ Q-eel<. 20 

AMdor- 40 Sabrina <10 
~ 

l4ono 
Bl"ldg,e POf"t 40Bear- RI ver- Reser-vol r JO South JOI 
Cherry 20Collllnche• 260 120 

Pardee ReMNOlr- 170 Convict 20 

51 Iver 20 Crowley 180I Kern 
,20 Buena YI ate 130 Ellery and Tlogla 20 

Isabell 11 700 George JO 

Butte Joli ng 1:50 Grant 20 
Or-ovl I le 1,200 960 Gull 40 

Theraal I to FOf"ebly <10 
I 

June 110 
-;;2To I Leke Lundy 20 

Blue Lelr.111 130 1'lal11I 20 
w Cal aver-as Cache Creel<. JO J,l-,th JO 
I 

I lotsr-y 20ec-nc1te• 2~ Clear 4,200
CX) 

Saddleback 20 
Sa It Springs Yel ley Aeser-volr 20 4,500 
New Hog.an R...,.volr- 160 PII I sbur-y 90 

SI Iver 40 

Tul lod<. Reservoir 70 Topaz _.l2_ 
500 I Lessen 630 

Eagle 130 

c.ontr-11 Coste Los Angeles ,....,~.. 
San Pablo Raser-vol,.. 80 Castalc 1,600 Sen Antonio 860 

El I zebeth 160 
El Dol"edo I\Jghes 160 

I 

I,.,.,oEcho Pudd Ing Stone 400 
Fallen Leaf JO Pyr11111ld 1,600I 
Fols0111• 570 

Ice House ReserYOlr 20 
Je,.._ I nson 70 

Loon JO 
Ta~ "o 
Union Valley Reservoir 50

§ 1,330 

~ Fresno 
w FIOf"ence 35
I 

u, Huntington 100 
CX) 1'll Iler-ton JOO 
~ Plne Flats 800 
~ 

Shever- 200I 

3,900 

Meder• 
Bess 

Jol-=,th Pool 
1'll I lerton• 

Red Inger 

Aeservolr-
140 
JO 
50 

20 
240 

"'erlposa 

Ber-r-yasu 2,000 
Hennessey 20 

2,020 

Nev&da 
Boeca Reservoir .io 
Dooner 85 
Englebrlght 280 

Jackson ""'&dews Reservoir• 20 

Prosser Creek Reservoir- 25 

Roi I Ins Reservoir 100 

Scott'• FI at 90 
McClure 660 Spalding 20 
McSwel n 45 WI ldtfood 50 

705 710I 
~ wI shon Re servo Ir 20 I Mendocino Orange 
N 1,<160 lotsndoclno 255 I Anahel11 2<1 
w I rvlne 16 
~ 

~ 

lcontlrtued) 

"lair.• located In -• than one county, 



TABLE 3-5. (Continued) 

0cMlty 
Lake 

Estl1111ted Gasol lne Cons1111ptlon fCounty
IIY Gal lorv'Year lake 

Estl•ted Gasol lne Cons1111ptlonl County 
1o' Gal lorv'Year Lake 

Estl•ted Gesol lne Cons~tlon 
to' Gal Ion/Year 

..,... 
c..p FIi" 1'nt 
Cl-tine 
Folsaa• 
Hel I Hole ~'IOlr 
Lake hi ley Fle_.volr 
Tahoe• 

....... 
Al•nor 
Antelope Yal ley Resenolr 
Bucks 
Butte Yal ley Reservoir 
Davis 
Frenct-, 
Llttle Grus Yel ley Aa_.volr 
Round Valley Reservoir 

Rhrslde 
Canyon 
Elslnorew 
HeaetI 

\0 P.-rls 
Salton Sea• 
Vall 

s.cr-to 
Fol~ 
NatON 

Sen Bernardino 
Arrowhead 
Big Bear 

Havasu 
SI Iver-wood 

Sa1 Diego 

Cvyaec:a~ El Cepltan 
~ H!Jnsha,w 

HodgesI 
U1 Jennl119S 
0) Mlrallal" 
~ Murray
~ 
I Otey, L~ 
~ San VI ncerite 
N Suther I and ~eservo Irw 
~ 

San Lu I I Ill I spo Trinity 
30 Lopez Reservoir 140 Claire Engle 
70 Nacl ■ lento Reservoir 380 Lewiston Rffer'IOlr 

500 Santa Margar lta 110 Ruth 
40 630 

20 
940 Santa Barbra Tulre 

1,600 C11ch11111 690 K-ah 
Success 

Santa Cira 
790 Ander90fl 180 

20 Cal.-o 100 Tuol1111ne 
90 

20 

Coyote 
Lexington 

80,o Don P.dro Re_.volr 
Pinecrest 

30 410 Tul lod!. Reservoir 
lO 

140 Santa Cruz 
40 Pinto 40 Ventura 

1,160 CasltH 
Shasta Plru 

Big Lake 20 Sherwood 
30 &-ltton 60 

1,800 EasiiNn 20 

400 Iron Canyon Reservoir 20 Y•a 
1,000 Redding 25 Coll Ins 

320 Shasta 2,000 New Bui lards Reservoir 
80 Whlskeytown 260 

3,630 2,400 

Sierra 
65 Jadtson Meadows Reservo I r9 25 

360 St-.,ede Resenolr 50 

~ ~ 

Siskiyou 
860 Copoc 40 

1,380 Iron Gate 50 
415 Mitdlclne 25 

1,040 Shestlna 80 
3,700 SI ski you 2' 

220 

240 Stenlsleus 
BO Modesto Reservoir 135 

161 Turlock Reservoir 80 

80 'k>odward Reservoir 65 

80 280 

240 
161 Teh-
161 Bladt Butte Reservoir 90 

30 
30 

1,260 

"'120 
7' 

730 

360 

170 
530 

390 

100 
40 

''° 
650 

390 

260 
1,300 

70 

90 

160 

"lake located In 1110re than one county. 



TABLE 3-6. FUEL CONSUMPTION ON CALIFORNIA RIVERS WITH BOATING (BY COUNTY) 

Estlaated Fuel Consu~tlon, 10~ Gal Ion/Year 

County Pleasire Boating C.0-rclal Boating 

Rt....- Gasol tne Dlesel Gasol lne Diesel 

Butte 
Sacr-nto 125 

Colu11 
Sacr-nto J10 

Contra Coste 
San Joaquin 1,260 40 12 130 

Del Nor-te 
Kl1111111th 260 

S.lth 890 

~ 

Fresno 
Fresno Slough 

Kings 
San Joaqul n 

30 
120 

JO 
I, 150 

w 
I 

t--' 
0 

Glenn 
Sacr-nto 

H\Jllboldt 
Eel 
Mad 

170 

20 
17 
37 

l11perlal 
Colorado 
Palo Verde Lagoon 

220 
50 

270 

Marin 
Petal Ulla 190 15 

M&ndoclno 
Albion 

No'J'O 

160 

100 
~ 

~ 
b:! 
I-' 
w 
I 

lJ1 
OJ 
I-' 
I-' 
I 

f-1 
N 
w 
~ 

Napa 
Napa 

Rl.....-slde 
Colorado 

Seer-to 
A-,-lcan 

lobkel ull\Oe 
S.,crinento 
S1111 Joaqu In 

500 

I, 100 

50 
500 

1,900 
1,100 
3,550 

35 

60 

~ 

17 
10 
27 

200 

J..!2 
312 

Estlaated Fuel ConsU111Ptlon, 10 Galton/Y..,-
County Pleasire Boating ~rclal Boatln9 

RIYer Gasol lne Diesel G.!lsol lne Diesel 

San Bernardino 
Colorado 1,J10 

San Joaquin 
lobke l1111ne 500 
Old 
Sacr-nto 100 3 I 10 
San Joaquin 1,950 60 18 205 

2,555 6J 19 215 

Shasta 
Sacr-nto 220 

Solano 
Napa J20 26 4 50 
S&er-to 600 20 6 60 
Deep Water O!annel 80 

920 46 10 190 

SonOMII 
Petal1111a 210 
Russian 430 

~ 

Stan I slaus 
Tua lu11ne JO 

Sutter 
Feather 70 
S11er-to 250 

---""iio 

Teh!IIM 
Sacr-nto 350 

Tulare 
Kings 107 

Yolo 
Sacr-nto 890 30 8 85 

Deep Weter Channel 25 

I 890 :so 8 110 

Yuba 

I 
Feather 70 
Yuba 90 

160 



each county. Contacts were made with marinas along the rivers to include only 

those portions of the river which were navigable. Gasoline-powered motorboats 

were the major activity on most rivers. However, due to the unique geography 

of the Sacramento-San Joaquin Delta area, it was found that rivers in that 

area also had both diesel-powered pleasure boats and commercial boating. 

The emissions associated with the operation of pleasure boating 

(gasoline/diesel) and commercial boating (gasoline/diesel) on rivers are 

determined through the application of the proper emission factors listed on 

Tables 3-3 and 3-4. 

Emissions on the Delta 

Both pleasure and commercial boats operate in the navigable waters of 

the Sacramento-San Joaquin Delta. The distribution of fuel consumption by 

these vessels and the assigning of fuel to the four-county area of the Delta 

were determined by boat count, boating facilities, and fuel sold for com

mercial boating by county. Table 3-7 presents the results. 

TABLE 3-7 

FUEL CONSUMPTION ON SACRAMENTO-SAN JOAQUIN DELTA WATERWAYS 
FROM BOATING ACTIVITY 

Estimated Fuel Consumption, 103 Gallon/Year 
Pleasure Boating Commercial Boating 

County Gasoline Diesel Gasoline Diesel 

Contra Costa 2,300 77 23 280 
Sacramento 317 11 3 39 
San Joaquin 2,400 79 23 290 
Solano 320 11 3 39 

The emissions associated with the operation of pleasure and commercial 

boating on the Delta are determined through the application of the proper 

emission factors listed in Tables 3-3 and 3-4. 
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3.1.5 Emissions Along the Coast 

By using the inventory procedures (developed in the Appendix and 

summarized in Section 2.0), the total fuel consumption was estimated for the 

three categories of coastal boating activity as presented in Table 3-8. To 

distribute the fuel consumption and associated emissions due to pleasure, 

commercial and fishing boats, the statistical regions used by the california 

Department of Fish and Game (DFG) were employed as shown in Figure 3-2. The 

region indicated as "SCAB Waters" in Figure 3-2 is the area in which the South 

Coast Air Basins boating emissions were specially apportioned in the previous 

boating study (Ref. 1). The designation "SCAB Waters" was eliminated in this 

study. The emissions generated in this area were apportioned to the DFG's Los 

Angeles and San Diego statistical regions. The effect of this was to obtain 

six consistent geographical areas with boundaries based on the prevailing wind 

patterns as shown in Figure 3-2. This allowed the distribution of emissions 

by vessel type to the geographical area where they were produced as well as 

associating these off-shore emissions with the coastal counties they would 

effect. The result of this change was some of the emission assigned to the 

South Coast Air Basin in the previous study were assigned to the San Diego 

region. This explains the slight inconsistency between Table 1-5 of Ref. 1 

and Table 1-1 of this report. For pleasure and commercial boats (excluding 

u. s. Coast Guard vessels and commercial fishing boats), emissions were dis

tributed five nautical miles from the shoreline in each county. Distribution 

of emissions along the coast was developed by taking total fuel consumption 

per county and assigning 50 percent of the fuel used within 20 nautical miles, 

with a port/marina or a major shipping harbor as the midpoint. The remaining 

50 percent of fuel consumed was apportioned along the coast, using county 

lines as boundaries. 

3.2 COMMERCIAL BOATING 

Commercial boating in california occurs in rivers, the Sacramento-San 

Joaquin Delta but primarily along the coast. Table 3-6 lists the fuel con

sumption by county for commercial river boating. Only four rivers have 

commercial boating; the Sacramento, San Joaquin, Deep Water Channel (from the 
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TABLE 3-8 

FUEL CONSUMPTION FRo.1 BOATING OPERATIONS IN COASTAL AND 
INLET REGIONS OF CALIFORNIA IN THE YEAR 1977 BY REGION AND COUNTY 

Estimated Fuel Consuq,tlon, 310 Gal Ion/Year 
Regfon Pleasure Boating Commercial Boating Coast Guard Vessels and 

County Gasol lne Diesel Gasol lne Diesel Canmerclal Fishing - Dlesel 

Eureka 
Del Norte 
Humboldt 
Mendocino 

190 
460 
170 

35 
85 
30 

25 
60 
20 

140 
330 
120 

725 
1,900 
1,100 

San Francisco 
Alameda 
Contra Costa 
Marfn 
San Francisco 
San Mateo 
Santa Clara 
Solano 
Sonoma 

2,400 
1,800 
2,900 
1,600 
2,500 

190 
1,600 

900 

190 
140 
220 
130 
210 

15 
100 
75 

30 
20 
30 
20 
30 
2 

20 
10 

350 
260 
425 
240 
370 
30 

240 
135 

560 
130 
510 

260 

Sirnta Barbara 
San Lu Is Ob I spo 
Santa Barbara 
Ventura 

610 
840 
750 

86 
120 
110 

20 
30 
30 

150 
200 
180 

180 
150 

2,700 

Los Angeles 
Los Angeles 
Orange 

6,100 
4,000 

1,000 
690 

130 
85 

2,100 
1,400 

1,600 
5,800 

Sim Diego 
San Diego 2,800 545 110 1,400 2,900 

Total 31,000 3,000 730 8,400 21,000 

Total Gasol lne: 31, 725 

Total Df esel: 34,041 
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EUREKA AIEA 

I 
N 

I 

STATISTICAL AIEAS 

I] SCAB waters - This is an obsolete designation used in 
Reference 1 and revised for this study. See text discussion. 

Figure 3-2. Geographical areas by which California 
fisheries statistics are summarized. 

Source: California Deparbnent of Fish and Game (Ref. 8) 
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city of Sacramento to San Francisco Bay) and Napa. Table 3-7 presents the 

fuel consumption on the sloughs (the name given to these waterways) of the 

Sacramento-San Joaquin Delta. '!he same counties (Sacramento, San Joaquin, 

Contra Costa and Solano) which account for nearly all of the commercial river 

boating emissions also account for the commercial delta boating. The coastal 

commercial boating fuel consumption is shown in Table 3-8. There are two 

commercial boat listings in Table 3-8. The heading "Commercial B::>ating" 

includes those boating operations in harbors, bays, other coastal inlets and 

immediately off shore such as with tugs, ferries and other work boats. The 

heading "Coast Guard Vessels and Commercial Fishing - Diesel" includes those 

operations in the six coastal areas shown in Figure 3-2. The two listings 

were made because of the method for collecting fuel use data and spatially 

distributing the emissions. '!he close-in boating emissions were completed and 

distributed locally for each harbor or coastal community. For Coast Guard and 

commercial fishing boat vessels, the emissions were computed as an aggregate 

and then distributed spatially on the basis of information on ships' movements 

(Ref. 8) and fish caught by designated geographical areas (Ref. 9). 

The discussion in Section 3.1.5, page 3-12, is also relevant to 

commercial boating. 
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SECTION 4.0 

COMPUTERIZED DATA BASE 

The emissions from boating sources in California were computerized 

using the ARB area source format. A magnetic tape containing the entire data 

base and a printed report of these emissions was delivered to ARB in the form 

of a computer printout in two sections. 

The first section contains a summary of emissions by air basins 

listing counties and pollutants (HC, particulate, CO, Sox, NOx) for commercial 

and pleasure boating. The data include emissions in tons per year and pounds 

per day. Daily emissions are provided for an average July (summer-season) 

day, and an average January (winter-season) day. Summaries of these data are 

presented in Section 1.0, Tables 1-1 through 1-3. 

The second section of the printout is a list of all emission source 

entries which correspond to the magnetic tape. '!be entries are listed by 

county and boat category (commercial, pleasure). Files contain information on 

the source identification, classification, location, emissions, emission 

factors, maximum emissions, temporal changes, confidence rating, etc. Upon 

review of the printout, it was noted that two identification codes were 

incorrect. Manual corrections were made in both sections of the printout 

because these changes do not affect the results of the emission inventory. 

However, when the magnetic tape version of the inventory is used, these minor 

anomalies should be noted. 
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"Inventory of Emissions From Non-Automotive Vehicular Sources," KVB, Inc., 

February, 1980 (Ref. 1). For the reader's convenience, the entire section 

from that report dealing with boating emissions (Section 4.0) is reprinted as 
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SECTION 4.0 

BOATS 

In order to assess the importance of air polluting emissions from 

pleasure and commercial boats an in-depth study of boat usage in California was 

conducted by KVB. The objectives of this study were twofold: 

1. To develop a methodology to inventory emissions from pleasure and 
commercial boats which would be applicable in all areas of the 
state for the base year, 1977. 

2. To use that methodology to compile an inventory of emissions from 
pleasure and commercial boats in the South Coast Air Basin (SCAB) 
for 1977. 

The evolution of this inventory methodology and its ap~lication to the 

SCAB are described in this section. 

4.1 APPROACH 

Two separate methodologies were needed to inventory boat emissions, 

one for pleasure boats and another for commercial boats, because distinct and 

significant differences exist in boat usage and information sources. 

4.1.1 Pleasure Boats 

Our approach to inventorying emissions from gasoline-powered pleasure 

boats follows the work done by Arthur Young & Company, with appropriate modifi

cations. Arthur Young & Company, in 19.72 and 1973, published two reports for 

the California Department of Navigation and Ocean Development (DENOD). The 

1972 report, Final Report on the State Gasoline Tax Paid on Gasoline Used in 

Propelling Boats During the 1971 Calendar Year {Ref. l)* dealt only with annual 

*References for Section 4.0 are listed on page~ 
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gasoline usage by pleasure and documented* boats for the state of California. 

The 1973 Arthur Young & Company report, Boating Resources Development Planning 

Study (Ref. 2), described recreational boating uses and patterns throughout 

California. These two reports, in conjunction with AP-42 emissions factors, 

formed the framework for the methodology used by KVB to inventory emissions 

·tram gasoline-powered pleasure and documented boats. A separate procedure was 

developed by KVB to inventory the emissions from diesel-powered pleasure boats. 

The objectives of Arthur Young & Company's first report (which formed 

the basis for the second} were to: 

Determine with reasonable validity, using recognized statistical 
sampling techniques where applicable, the amount of state gasoline 
tax attributable to gasoline used in propelling boats (in 
California) during the 1971 calendar year. 

Develop and recommend an equitable method for reasonably estimating, 
every year, the amount of state gasoline tax attributable to 
gasoline used in propelling boats. 

In conducting their study, Arthur Young & Company obtained information 

on state boat registrations from the Department of Motor Vehicles (DMV) and the 

U. S. Coast Guard. California's registered boat population was initially 

subdivided into seven categories by boat length and propulsion method as follows: 

Inboard, Outboard, Other 

<14' 

14<16' 

16<18 I 

18<21' 

21<26 I 

26<31' 

>31' 

*KVB uses the terms "docurnented" and "commercial" synonymously. The gasoline
powered docurnented boats included here are considered by KVB to be more for 
recreational than business (commercial) purposes. They therefore constitute 
part of the pleasure boating emissions inventory. Documented boats are 
registered by the U.S. Coast Guard. 

L~ KVBU-5808-1215 



Questionnaires were then sent to a selected sample of the 1971 boat 

owner population. The information obtained via these questionnaires was used 

to project fuel consumption for the entire state's boat population. Standard 

statistical methods were applied to determine the correct sample size and 

response rate required to arrive at a dependable estimate of the amount of 

gasoline purchased for boats in 1971. Information on fuel used, approximate 

number of days a boat was used per year, average hours a motor was used per 

day, and percentage of boating time spent in lakes, rivers, coastal waters, 

and other waterways was gathered in the questionnaires. The results are 

presented in Table 4-1, summarized into nine length/propulsion categories (as 

presented in Reference 1). Information on diesel fuel usage was not included 

in the Arthur Young study. The gasoline fuel consumption factors listed in 

Table 4-1 also include allowances for the following considerations: 

Purchase of gasoline out of state by Californians was deducted from 
the total gallons, since no California tax was paid on that gasoline. 

Estimated usage of gasoline in California by non-residents was added 
to the total. 

An estimate was made of the amount of gasoline used by Californians 
who own outboard engines but rent boats, since they were not 
included in the survey. 

Estimated gasoline usage by boats that were neither registered nor 
documented was added to the total estimate. 

4.1.2 Commercial Boats 

A literature search and numerous contacts were made to determine if any 

work had been done to estimate the quantity of fuel used or emissions generated 

by commercial boats in the size ranges we were dealing with. We concluded that 

no information on this subject existed. However, Mr. Bob Pata of the National 

Marine Fisheries Institute indicated that in 1977 his department had the task 

of determining the gallonage of diesel fuel sold to commercial and party fishing 

boats by coastal fuel docks. This information was incorporated into the 

commercial boating inventory. Previous emissions studies dealt with large 

ocean-going ships, which are outside the context of our study and, therefore, 

not included. 
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TABLE 4-1. FINAL RESULTS OF THE ARTHUR YOUNG & COMPANY REPORTS 
ON BOAT GASOLINE USAGE AND BOAT USAGE PATTERNS AND OCCURRENCES* 

Approx. Number of 
Method Days Boat Avg. Gasoline 

Boat of Used Per Ccm~:nrri!)t::.ons, Avg. Percent Uset 

~eng1:h Propulsion Year Gal/Yr Coastal Rivers Lakes Other 

Inboard 29 400 19 16 62 3 

<16' Outboard 22 88 19 16 62 3 

Other 25 5 19 16 62 3 

Inboard 34 380 44 14 40 2 

16<26' Outboard 29 250 44 14 40 2 

Other 41 17 44 14 40 2 

Inboard 51 780 79 14 4 3 

Outboard 55 210 79 14 4 3 

Other 58 42 79 14 4 3 

[;>->26' 

Annual gallons consumed by documented vessels= (8,012.45) X (year-1871) 

*Source: Refs. 1 and 2. 

tBased on a engineering analysis of the data presented in Ref. 2. 
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4.2 DEVELOPMENT OF .METHODOLOGY 

4.2.1 Pleasure Boats 

The information in the two Arthur Young & Company reports (Refs. 1 and 

2) formed the framework for KVB's development of a methodology to inventory the 

emissions from pleasure boats. Pleasure boats include gasoline- and diesel

powered registered boats and gasoline-powered documented boats. KVB devised a 

new procedure for inventorying diesel-powered pleasure boats. Discussed in 

this section is the development of these methodologies. 

A. Determine Pleasure Boat Population--

The first task was to determine the state's pleasure boat population by 

investigating registrations. All boat owners are required by law to register 

their boats either with the California DMV or the U. s. Coast Guard. (A boat 

cannot be registered with both agencies.) The DMV (Ref. 3) provided KVB with a 

copy of their 1977 fourth-quarter list of California's total vessel registra

tion by county. Boat categories included by the DMV are pleasure, livery, 

dealer, manufacturer, commercial, youth group, and government-fee exempt. 

These same categories, as used by Arthur Young & Company, were also employed by 

KVB as indicating all pleasure boats. For the calendar year 1977, the DMV 

reported 542,725 registered boats. Of these, less than one percent were 

registered as commercial. KVB assumes that these commercial boats consume 

gasoline fuel, not diesel fuel. An inventory of outboard engine owners who 

rent boats was not made. However, an allowance for the fuel they consume is 

included in the Arthur Young & Company fuel-use figures. 

The u. s. Coast Guard in California is composed of the Eleventh and 

Twelfth Districts. The number of boats registered as documented vessels by· 

the u. s. Coast Guard, Eleventh District, was reported at approximately 4,000 

(Ref. 4). Information was not obtained from the Twelfth District, but their 

documented vessel population was estimated by KVB to be approximately equal, 

or 4,000 vessels. The state total was thus estimated at 8,000 vessels. 

Boats generally documented with the U. S. Coast Guard (1) are larger 

than five net tons; (2) _haul passengers for hire; (3) are involved in strictly 

commercial trade; and (4) travel outside the boundaries of the United States. 

Boats meeting none of these criteria may still be documented if the owners wish. 
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What these facts imply is that most of the boats documented are diesel

powered commercial boats, with some gasoline- and diesel-powered pleasure 

boats. KVB did not add these documented vessels to the DMV's pleasure boat 

estimate. An allowance for gasoline-powered documented boats is contained in 

the Arthur Young & Company report and is used as such. Diesel-powered commer

cial boats are covered in our commercial boat inventory (paragraph 4.2.2) and 

therefore are not included in this pleasure boat emissions inventory. 

B. De.t.errnine Where Pleasure Boats Operate--

To determine where the estimated 540,000 pleasure boats operate, the 

state was divided into eleven water regions, as is done by the Department of 

Navigation and Ocean Developnent (DENOD, Ref. 2). Figure 4-1 shows these 

eleven water regions; a list of the counties in each region is provided in 

Table 4-2. 

DENOD uses eleven water regions for economic planning purposes. KVB's 

intent is to use these regions as a framework for characterizing boating 

activity in a general area. By consolidating the eleven regions into four or 

five major boating areas, the state can be divided into general boating areas. 

To be statistically effective, each general boating area would have to include 

lake, river, and coastal waters. The basic assumption made by KVB is that 

boats registered in a large area offering all three forms of boating--lakes, 

rivers, and coastal--in sufficient quantity and quality, also spend nearly all 

their time in that same area, with occasional vacation migrations out of the 

area balanced by boats entering for the same reason. {Each region would have 

to be studied in detail to ascertain the validity of this assumption.) 

As an example, to effectively inventory the emissions from pleasure 

boats in the South Coast Air Basin, the South Coastal and Colorado Desert 

Regions were combined to form one major Southern California boating area. 

There are basically two boating regions in the state, San Francisco Bay and 

South Coastal, which account for approximately 24 percent and 37 percent, 

respectively, of the total 1977 DMV boat registrations. 

Contained in Reference 2 and another report, Inventory of California 

Boating Facilities, published by DENOD {Ref. 5), is substantial information on 

boating facilities for each region by county. Further investigation also 
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TABLE 4-2. THE STATE'S ELEVEN WATER REGIONS 
AND THE COUNTIES WITHIN EACH* 

North Coastal 

S~n F~ancisco Bay 

Central Coastal 

South Coastal 

Sacramento Basin 

Delta-Central Sierra 

San Joaquin Basin 

Tulare Basin 

North Lahontan 

South Lahontan 

Colorado Desert 

*Source: Ref. 2 

Del Norte, Siskiyou, Humboldt, Trinity, 
Mendocino 

Sonoma, Napa, Marin, Solano, Contra 
Costa, San Francisco, Alameda, San 
Mateo, Santa Clara 

Santa Cruz, San Benito, Monterey, San 
Luis Obispo, Santa Barbara 

Ventura, Los Angeles, Orange, San Diego 

Modoc, Shasta, Tehama, Plumas, Glenn, 
Butte, Sierra, Lake, Colusa, Sutter, 
Yuba, Nevada, Placer, Yolo, Sacramento, 
El Dorado 

Amador, San Joaquin, Calaveras 

Stanislaus, Tuolumne, Merced, Mariposa, 
Madera 

Fresno, Kings, Tulare, Kern 

Alpine, Mono, Lassen 

Inyo 

San Bernardino, Riverside, Imperial 
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showed that there is a wealth of information published on boating and boating 

facilities in California by DENOD, the California Department of Fish and Game, 

Triple A Auto Club, and numerous boating magazines and books. This information 

supported the assumption that the eleven regions could be studied in sufficient 

detail to consolidate the regions into fewer boating areas. 

C. Determine Average Boat Usage/Fuel Consumption--

With the population of boats in California determined and a scheme 

developed for dividing the state into major boating areas, the next task was 

to obtain data on average boat usage in each area. To apply AP-42 emission 

factors, boats had to be inventoried in terms of fuel use (103 gallons, diesel 

or gasoline) and method of propulsion (inboard and outboard). 

The two Arthur Young & Company reports (Refs. 1 and 2) contain informa

tion on average California pleasure boat usage, with respect to fuel consump

tion and boating days, by boat length, method of propulsion, and fuel type. 

The information presented in Table 4-1 represents the final results of these 

two studies. Boats are categorized by length (<16', 16<26', ,:_26'), method of 

propulsion (inboard, outboard, other), gasoline-powered documented vessels, 

and percentage use on lakes, rivers, coastal, and other waters. Further 

investigation of the two reports revealed that the data could be broken down 

into 21 boat length/method of propulsion categories rather than the nine cate

gories presented in Table 4-1. Table 4-3 presents the results of this alter

nate subdivision method. The average fuel consumption factors listed in 

Tables 4-1 and 4-3 include allowances for the following considerations: 

Purchase of gasoline out of state by Californians was deducted from 
the total gallons. 

Estimated usage of gasoline in California by non-residents was 
added to the total. 

An estimate was made for the amount of gasoline used by Californians 
who own outboard engines but rent boats, since they were not included 
in the survey. 

Estimated gasoline usage by boats that were neither registered nor 
documented was added to the total estimate. 

A brief explanation follows of the data in Tables 4-1 and 4-3. 
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TABLE 4-3. SUMMARY OF THE 21 UNIQUE BOAT LENGTH/METHOD OF 
PROPULSION PLEASURE BOAT CATEGORIES AND PATTERNS OF OCCURRENCE* 

Approx.No.Days Annual Avg.Ga.saline 

Method Boat Used Avg.Gasoline Used Per Avg. Percent Use By Length 

Boat of Per Year Use Boat Da~, and Boatin~ Water 

Len2th Profulsiont Boat Days/Yr§ Gal/Yr#§ Gal/Boat Da;t§ Coastal Rivers Lakes 

Inboard 49 610 12 19 19 62 

<14' Outboard 23 59 2.6 19 19 62 

Other 24 3.1 0.129 19 19 62 

66Inboard 23 210 9.1 18 16 

14<16' Outboard 22 117 5.3 18 16 66 

Other 27 8.2 0.3 18 16 66 

31 320 10.3 20 17 63 

16<18' Outboard 27 250 9.3 20 17 63 

Other 27 16 0.59 20 17 63 

Inboard 

::::nboard 32 370 11. 6 39 16 45 

18<21' Outboard 29 250 8.6 39 16 45 

Other 44 9.0 0.20 39 16 45 

Inboard 42 SAO 13.8 72 12 lG 

21<26' Outboard 31 270 8.7 72 12 16 

Other 50 22 0.44 72 12 16 

Inboard 50 720 14.4 79 14 6 

26<31' Outboard 61 180 3. 0 79 14 6 

Other 58 42 0.72 79 14 6 

Inboard 51 830 16.2 79 16 5 

>31' Outboard 44 270 6.1 79 16 5 

Other 57 41 0.72 79 16 5 

iAnnual gallons consumed by documented vessels (gasoline) E (8,012.45) x (year-1871). 

*Source: Refs. 1 and 2. 

trnboard: Includes inboard, inboard/outboard, and jet powered craft which were shown in the survey to be the 
biggest consumers of gasoline. 

Outboard: Includes only outboard powered craft which the survey data showed as the medium gasoline consumers. 

Other: Includes auxiliary sail, rowboat, sailboat, canoe, and other varieties of boats which were shown to have 
very low average annual consumption by the survey data. Considered as outboard powered craft. 

§Based on 1971 data. Due to the energy crisis these factors may not be valid beyond 1978. 

KVB13-5808-1215 



Boat length is self-explanatory. The three types of propulsion--inboard, out

board, and other--are defined as follows: 

Inboard Includes inboard, inboard/outboard, and jet powered craft. 

Outboard Includes only outboard-powered craft. 

Other Includes auxiliary sail, rowboat, sailboat, canoe, and other 
varieties of boats. For emission inventory purposes, defined 
as outboard-powered craft by KVB. 

The "Appro~dmate Number of Days a Boat Was Used Per Year," called 11 Boat 

Days," lists Arthur Young & Company's estimate of the average number of days a 

boat of a certain category is used per year on lakes, rivers, and coastal waters. 

The next column, "Annual Average Gasoline Use," is also based on Arthur Young & 

Company's gasoline use tax study and lists the various annual fuel comsumption 

values for the 21 unique boat categories. The reader is cautioned that these 

figures are based on 1971 data which were still valid for the base year of this 

inventory, 1977,. However, since 1977 the energy crisis has caused a precipitous 

increase in fuel prices which could significantly change these factors for subse

quent years especially for pleasure boating (see Section 4.5). The next column, 

"Average Gasoline Used Per Boat Day," was derived by dividing the annual fuel 

consumption by the boat days used per year for each boat category. The last 

column lists the average percent use by boat length and poating water. Arthur 

Young & Company uses four subdivisions as presented in Table 4-1. For our purposes, 

the "Other" water fonn was evenly divided among lakes and rivers; "Other" applies 

to unusual water environments such as, for example, Disneyland. 

Presented at the bottom of Table 4-3 is a formula for the detennination of 

the gallons of gasoline fuel used by documented vessels in coastal waters. Infor

mation on documented vessels was very scarce; therefore, KVB decided to use this 

formula as is. The fonnula, 8012.45 x (year - 1871) = gallons gasoline/year, was 

developed from Arthur Young & Company's gasoline use tax study in which 1,304 

gasoline-powered documented vessels reported consuming approximately 801,245 

gallons in 1971. A one percent population growth rate since 1871 was also 

predicted, as reflected in the formula. 

The 21 unique categories of pleasure boats listed in Table 4-3 enable 

greater flexibility and detail in characterizing the boats registered in a county 

or area. For example, coastal counties show a greater proportion of >26-foot 

inboard-powered boats than most inland counties. In contrast, inland counties 

having lake or river waters show a greater proportion of less than 26-foot 

outboard-powered boats. Table 4-4 lists the infonnation presented in Table 4-3 

and its intended use as a means of estimating the gasoline fuel used by boats in 

lakes, rivers, and coastal waters. 
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TABLE 4-4. SUMMARY OF THE DATA PRESENTED IN TABLE 4-3 
AND ITS INTENDED USE 

Infonnation 

21 Unique length/method of propulsion 
categories 

Approximate number days boat used 
per year 

Average percent use by length and 
boating water 

Average gasoline used per boat day 

Gallons consumed by Coast Guard
documented vessels 8012.45 x (year-
1871) 

Intended Use 

By application to an area's registered 
boat population, that area's registered 
boats can be classified: 

--by length 
--by method of propulsion 
--by percent inboard 

by percent outboard 
by percent other 

Estimate the total boat days per year 
per study area by length and method of 
propulsion 

Determine the percentage of total boat 
days in lakes, rivers, and coastal 
waters; waterway allocation scheme by 
boat length 

Once an area's boat population/usage 
is detennined in tenns of boat length, 
method of propulsion, and total boat 
days, the annual fuel used by each 
category of boat per water area can be 
determined 

Estimation of the total quantity of 
gasoline used per year by Coast 
Guard registered vessels 

To apply the information in Table 4-3 as discussed in Table 4--4, the 

1977 DMV boat registrations by county were extrapolated into a form compatible 

with the information presented in Table 4-3. The extrapolation was based on 

the 1973 DMV computer printout which was in this format (Ref. 2). 1973 was the 

last year the OMV annually provided boat registration data in such detail. 

Taking the information in Tables 4-3 and 4-4 and the 1977 DMV boat 

registrations for the regions/counties in the study area, the total gasoline 
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fuel used by gasoline-powered pleasure and documented boats can be determined 

for lakes, rivers, and coastal waters. Pleasure boats using diesel fuel were 

found by KVB to be essentially nonexistent on lakes and rivers, but significant 

on coastal waters (including the Sacramento Delta). The best approach found by 

KVB to determine the quantities of diesel fuel used by pleasure boats operating 

in coastal waters was to conduct a survey of the fuel docks serving the marinas 

in the study area. Knowing the quantity of diesel fuel sold only to pleasure 

boats at each marina and the number of berths (or slips), a factor representing 

gallons of diesel fuel used per berth could be determined. Then, multiplying 

the total number of coastal berths in the study area by this fuel-use factor, 

the annual quantity of diesel fuel used by pleasure boats could be determined. 

D. Spatial Distribution of Fuel Used--

This completes the task of estimating the pleasure boat population and 

1977 fuel consumption on lakes, rivers, and coastal waters. A method of verify

ing the results is described below. First, however, the estimated quantities of 

fuel used on each of the three forms of boating water--lake, river, and coastal-

must also be spatially 
1

distributed. To do this for lakes, all the lakes in the 

area must be studied as to boat usage and then categorized as to the relative 

percentage of the total each lake is accountable for. For rivers, the same line 

of reasoning applies. Coastal distribution will involve identifying the marinas 

and major boating lanes along the coast. Fuel would then be apportioned accord

ingly. California's offshore air pollution boundaries, as defi~ed by the ARB 

(Ref. 6), are displayed in Figure 4-2. 

E. Temporal Distribution of Fuel Used--

As was expected, temporal distribution was found to coincide with 

available monthly fuel sales data and with the boating seasons of the year for 

each area in the state. 

F. Crosschecking Methods--

In developing this methodology, various means of crosschecking the data 

obtained or derived were sought. The DMV boat counts do not need a cross check 

for accuracy, but the information presented in Arthur Young & Company's two 

reports and the way in which we are applying it do. The best method found by 

KVB to verify t~e accuracy of the fuel Astimates made for lakes, rivers, 
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and coastal waters was to conduct either telephone or personal surveys of the 

fuel used (or sold) and the annual boat counts taken on lakes and rivers. For 

example, once the gasoline and diesel fuel-use estimates are made for a large 

marina such as Marina Del Rey, data on fuel sales from the fuel dock(s) serv

ing the area should be collected. The quantities reported sold by the fuel 

docks can be compared against those estimated using the procedure outlined. 

Discrepancies could then be analyzed and adjustments made if needed. Taking a 

large lake such as Lake Elsinore, annual boat counts are normally made. Fuel 

is not sold at many of the lakes. Using boat counts as a check on our fuel-use 

estimate for Lake Elsinore, an average fuel consumption factor could be applied 

to the annual boat count to arrive at a reasonable fuel-use estimate. Another 

way of crosschecking is to obtain boat counts for a few years before and after 

1977. In this way, upsets in the natural progression of boating (which the 

methodology relies upon) can be detected. During 1977 many of the lakes in 

California were experiencing lower-than-average water levels and boat counts 

due to a drought. The boat usage information presented in Table 4-3 represents 

average usage factors based on the 1973 study. Deviations from this average as 

reflected in lower boat counts (lower boat days) translate into lower boat 

usage and, therefore, lower fuel use. This same line of reasoning also applies 

to rivers. As a word of caution, discrepancies when found must be assessed as 

to whether they apply only to the specific body of water surveyed, all waters, 

or to the method of spatially distributing the total fuel-use estimate or any 

combination thereof. 

G. Determine Emissions for Pleasure Boats--

Revisions to the initial gasoline and diesel fuel-use estimates could 

then be made as needed and a more accurate inventory made. The primary object

ive of this report was to determine the emissions from pleasure boats in Cali

fornia. Through calculating the fuel used by boats with known methods of 

propulsion (inboard or outboard) and fuel usage (gasoline or diesel), and 

applying appropriate emissions factors, the associated emissions could be 

determined. 

AP-42 was judged by KVB as the best current source of emission factors 

for pleasure boats. Table 4-5 presents the emission factors in lbs/103-gallon 

units as listed in paragraphs 3.2.3 and 3.2.4 of AP-42 (Refs. 7 and 8). 
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TABLE 4-5. AP-42 1 s AVERAGE EMISSION FACTORS 
FOR PLEASURE BOATS 

-
AVERAGE EMISSION FACTORS FOR PLEASURE CRAFT 

Inboard* Outboard.!.I 
Based on fuel consumption 

Diesel engine~ Gasoline engine~ Gasoline 
lb/103 lb/10.:l lb/lOj 

Pollutant gal gal gal 

Sulfur oxidesn 27 6.4 6.4 
(SOx as S02) 

Carbon monoxide 140 1240 3300 

Hydrocarbons 180 86 1100** 

Nitrogen oxides 340 131 6.6 
(NOx as N02) 

* Average emission factors are based on the duty cycle developed for large outboards (~48 kilowatts or 
~65 horsepower). The above factors take into account the impact of water scrubbing or underwater 
gasoline engine exhaust. Al values given are for single engine craft and must be modified for 
multiple engine vessels. Emission Factor Rating: D. 

~ Based on tests of diesel engines in Coast Guard vessels. 

Based on tests of automotive engines. Fuel consumption of 11.4 liter/hr. (3 gal/hr) assumed. 
The resulting factors are only rough estimates. 

~ Based on fuel sulfur content of 0.20 percent for diesel fuel and 0.043 percent for gasoline. 
Calculated using fuel density of 0.740 kg/liter (6.17 lb/gal)for gasoline and 0.854 kg/liter 
(7.12 lb/gal) for diesel fuel. 

~ Data in this table are emissions to the atmosphere. A portion of the exhaust remains behind 
· in the water. Particulate emission factors are not available because of the problems involved with 

measurement from an underwater exhaust system but are considered negligible. 

** Includes exhaust hydrocarbons only. No crankcase emission occur because the majority of outboards 
are 2-stroke engines that use crankcase induction. Evaporative emissions are limited by the widespread 
use of unvented tanks. 

*Source: Refs. 7 and 8, respectively 
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Gasoline-powered documented vessels were considered as inboards. As discussed in 

AP-42 the exhaust from these small boat engines are discharged beneath the surface 

of the water. Emissions from these boats are somewhat reduced by the water scrub

bing. However, the gas-liquid contact is poor and the contact time is short. 

Because of technical problems, no valid tests of particulate emissions have been 

conducted but they are considP-red to be negligible. 

Spatial and temporal distribution of emissions will naturally coincide 

with the location of the boating waters and the time and length of the boating 

season. 

The information presented in the two Arthur Young & Company reports 

is based on the boating habits of California boaters statewide in 1971. Taking 

this as a base year then, any significant deviation from boaters' activities 

during 1977 would be reflected in boat usage and, subsequently, fuel usage. 

1977, which is the base year for KVB's study, was a year in which many of the 

lakes in Southern California recorded lower-than-normal boat usage due to a 

drought. Other than the effects of the drought on lakes and rivers, no 

significant deviations from 197l's boat activities are believed by KVB to have 

occurred. Taking into consideration this and the errors possible in the 

application of statewide boating information to specific areas, KVB has esti

mated the overall error in determining the emissions from pleasure boats using 

this methodology at! 30 percent. 

4.2.2 Commercial Boats 

A. Basis for Methodology--

The methodology developed by KVB to inventory emissions from commer

cial boats operating in California, as defined by the ARB, was based on an 

inventory of the commercial boat population along the coast and the quantity 

of diesel fuel sold to these boats. 

Commercial boats were defined by KVB to include the following: 

Commercial and party fishing boats 
·Tugboats 

Work boats 
• Lightering barges 

Excursion boats 
· Miscellaneous small commercial utility craft 

U.S. Coast Guard vessels 
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These vessels account for essentially 100 percent of the commercial 

boat activity along the California coast (large ocean-going ships excluded). 

Also, essentially all of these vessels were found to burn only diesel fuel 

purchased from the many fuel docks located along the coast or directly from 

the oil companies. The major oil companies accounted for more than 95 percent 

of all the diesel fuel sold to all boats along the California coast (Refs. 9 

to 21). By comparison, commercial boating activity on California's lakes and 

rivers is insignificant and was included in the pleasure boat emissions 

estimate (paragraph 4.2.1). 

The fact that essentially all commercial boats considered in this 

study burn diesel fuel for propulsion and onboard electrical generation 

enabled us to design two independent methods for estimating the quantity of 

diesel fuel sold to and consumed by commercial boats operating in California 

waters. 

B. Method One--

Method One, an oil company survey, involved the acquisition of 

information on the annual quantities of diesel fuel sold to all boats along 

the coast by major and irrlependent oil companies. The response to KVB's 

request for data from the oil companies was surprisingly high. Approximately 

70 million gallons of diesel fuel were reported sold to all boat types along 

the California coast in 1978 (Refs. 9 to 21). This 70 million gallons 

includes sales to all types of vessels operating along the California coast 

(pleasure as well as commercial). Additional information was needed to 

apportion the 70 million gallons to the respective consumers (i.e., tug 

boats, commercial fishing boats). The quantity of diesel fuel sold to large 

ocean-going vessels was found by KVB to be negligible compared to the fuel 

sold to the commercial boats considered by this project.* Data for 1977 were 

not available; however, 1978 fuel sales are believed to be essentially the 

same (Refs. 9 to 16). 

C. Method Two--

Method Two, a National Marine Fisheries Service (NMFS) survey, 

involved the acquisition of information on the annual gallonage of diesel fuel 

* Large ocean-going ships normally burn bunker "C" fuel or other heavy residual 
oils. j\ 
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sold in California to commercial and party fishing boats only. The objective 

· of the NMFS study was to inventory the quantity of diesel fuel needed, by 

location, by commercial and party fishing boats in the event of another fuel 

shortage (Ref. 22). The NMFS accomplished this task by contacting all the 

fuel docks serving commercial fishing vessels along the California coast and 

asking them how much diesel fuel they sold in 1978 to commercial and party 

fishing vessels. Approximately 69 million gallons of diesel fuel were reported 

to have been sold to these vessels. The preliminary results of the NMFS survey are 

presented by geographical areas in Table 4-6. 1977's figures, if surveyed, 

are not believed to be appreciably different than 1978's. The geographical 

areas in the table are in accordance with those employed by the California 

Department of Fish and Game to summarize California's fisheries statistics 

(see Figure 4-3). The coastal waters considered by the ARB to be included in 

KVB's boating emissions inventory are shown in Figure 4-3. Although the 

numbers reported in Table 4-6 are considered preliminary by the NMFS, their 

study is essentially complete, and no significant additions, deletions, or 

changes are predictedw 

D. Methods Summary--

To summarize the two methods, the oil company survey (Method One) 

yielded information on the total diesel fuel sold in California in 1978 to all 

boats (70 million gallons). The NMFS survey (Method Two) yielded information 

on the diesel fuel sold by California coastal fuel docks to commercial and 

party fishing boats only (69 million gallons). To compare the results of the 

two surveys, the data obtained from the oil company survey were adjusted to 

indicate only that gallonage sold to commercial and party fishing boats. The 

NMFS survey's figure is only for commercial and party fishing boats. 

E. Determine Emissions from Commercial Boats--

Calculation of the pollutant emissions associated with commercial 

diesel-powered boats involved the use of AP-42's Average Emissions Factors for 

Commercial Motorships by Coastal Waterway Classification (Ref. 36). Unlike 

the pleasure boats, most of the commercial boats considered in this study 

discharge their engine exhaust above the waterline. To account for particulate 
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TABLE 4-6. SUMMARY OF THE QUANTITY OF DIESEL FUEL 
REPORTED SOLD TO COMMERCIAL AND PARTY FISHING 

BOATS IN CALIFORNIA IN 1978* 

1978 Diesel 
Geographical Fuel Sales 
Fishing Area Specific Area 103 Gal/Yr 

Eureka 

San Francisco 

Monterey 

Santa Barbara 

Los Angeles 

San Diego 

Crescent City 
Eureka 
Fort Bragg 

Bodega Bay 
San Francisco/Oak.land 
Half Moon Bay 

Santa Cruz 
Moss Landing 
Monterey 

Port San Luis Obispo/ 
Morro Bay 

Santa Barbara 
Ventura 
Oxnard/Port Hueneme 

San Pedro/Terminal Island 
Newport 
Dana Point 

Oceanside 
San Diego 

1,200 
1,001 

771 

324 
2,000 
2,300 

81 
589 
418 

236 
600 
160 
500 

10,000 
126 
255 

19 
48,700 

Total 69 280 

*Source: Ref. 22. Data are considered preliminary, and no changes are 
expected, according to Mr. Pata of .the National Marine Fisheries Service. 

emissions from diesel-powered inboard engines, the following ratio between 

SOx and particulates, based on information contained in AP-42 on diesel

powered industrial engines, was used: 

Diesel-Powered Diesel-Powered 
Industrial Engines Inboard Marine Engines 

33.5 lb/103 gal. total suspended particulates 29.0 lb/103 gal. total suspended particulates 
3

31.2 lb/10 gal. SOx 27.0 lb/103 gal. SOx 
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Figure 4-J.. Geog.raphica1 areas by which California 
fisheries statistics are summarized. 

Source: California Department of Fish and Game, (Ref. 23). 
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Table 4-7 summarizes the emission factors applicable to commercial 

diesel-powered boats. 

TABLE 4-7. AVERAGE EMISSION FACTORS FOR 
COASTAL DIESEL-POWERED COMMERCIAL BOATS 

Emissions, lb/103 Gal. 

so co HC Part. 

27 llO 50 270 29 

The greatest possibility for error in a study like this may come from 

necessary reliance on subjective data obtained through telephone communications 

with many different sources of varying reliability. However, good agreement 

among the many sources contacted was continually encountered, which added to 

the level of confidence on nearly all of the conclusions drawn. As much of the 

data as possible was also cross-checked with other sources to verify accuracy. 

The error associated with this methodology, based on an analysis of the many 

variables, is estimated by KVB as ~20 percent. 

4.2.3 Separate Study, California Coastal Fuel Dock Sales 

To arrive at the adjustment of oil company survey figures totaling 

sales of 70 million gallons (see paragraph B, page 4-18) to indicate only that 

gallonage sold to connnercial and party fishing boats, the diesel fuel sold to 

all other boats was calculated. This was accomplished by inventorying the 

population of all other diesel-consuming boats in California and then estimat

ing the quantity of diesel fuel sold by California's coastal fuel docks or oil 

companies to these boats. 

A. Pleasure Boats--

The quantity of diesel fuel sold to and consumed by pleasure boats 

statewide is based on the project's diesel fuel consumption factor and the 

number of marina slips in the state (as discussed in paragraph 4.4). The 

following quantity of diesel fuel is estimated to have been sold to pleasure 

boats statewide: 

70 gallons/year/slip x 53,988 slips = 3,800,000 gallons/year 
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B. Commercial Boats--

Boats other than commercial fishing and party boats that consume 

significant amounts of diesel fuel include: 

Tug boats 

Work boats 

Lightering barges 

U. s. Coast Guard vessels 

Excursion boats 

Pleasure boats 

Small commercial utility boats 

Table 4-8 presents a summary of the estimated diesel fuel used by these 

boats. The calculations followed in arriving at these fuel estimates are as 

follows. Tug boats and work boats were found to consume most of the fuel used 

in this category. The quantity of diesel fuel consumed by lightering barges* 

and miscellaneous small commercial utility boats is estimated by KVB to be 

minimal by comparison and is included in the tug boat, work boat and excursion 

boat fuel estimate. A survey of two large tug boat companies operating in Los 

Angeles Harbor disclosed that the average tug boat or work boat consumes 

approximately 57,000 gallons/year (Refs. 24 and 25). Based on this information 

and an inventory of the boat population along the California coast, Table 4-9 

was developed. 

C. Survey Comparisons/Analyses--

Approximately 11 million gallons of diesel fuel were estimated by KVB 

to have been sold to commercial boats as listed in Table 4-8. 

To compare the 70-million-gallon value (all boats) obtained from the 

oil company survey to the 69-million-gallon value (only commercial fishing 

boats) obtained from the NMFS survey, the following calculation was made: 

70,000,000 gallons, all boats 
-11,000,000 gallons, see Table 4-10 

59,000,000 gallons for commercial and party fishing boats 

*Tug boats or work boats generally provide the power to propel lightering 
barges to their destination. Generally, the fuel used by a lightering barge 

is consumed by onboard IC engines whAre used to pump the f::~ - -
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TABLE 4-8. SUMMARY OF THE QUANTITIES OF DIESEL 
FUEL CONSUMED BY BOATS OTHER THAN 

COMMERCIAL AND PARTY FISHING BOATS 

1977 Diesel Fuel Consumption* 
103 Gal./Yr. 

Category Unadjustedt Adjusted~ 

Tug boats, work boats, 
lightering barges, and 
miscellaneous small 
commercial utility boats 4,400 4,900 

U.S. Coast Guard 2,000 2,300 

Excursion Boats 1,000 1,110 

Pleasure Boats 3,800 3,800 

Totals 11,200 12,100 

*Includes the diesel fuel used for onboard electrical generation as well as for 
vessel propulsion. 

tThe unadjusted values represent the results of the project's first estimation. 
The adjusted values represent the values corrected for the averaging of the oil 
company survey and the NMFS survey's fuel sales data (see Table 4-9). 

TABLE 4-9. CALCULATION OF THE TUG BOAT AND 
WORK BOAT STATE POPULATION AND ANNUAL DIESEL FUEL CONSUMPTION* 

Estimated Avg Fuel Total Diesel 
Geographical Boat Consumption Fuel Consumed 

Area Population 103 Gal. /yr 103 Gal./yr 

San Franciscot 30 57 1,710 

Long Beach/Los 
Angeles 35 57 2,000 

San Diego 12 57 680 

Total 4,400 

*Source: Refs. 24 to 30. 

tincludes the Sacramento Delta area. 
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The following ratio was then applied to estimate the NMFS total 

commercial vessel diesel fuel consumption: 

Oil company survey, commercial fishing _ NMFS, commercial fishing 59,000,000 _ 69,000,000 
Oil company survey, total diesel fuel sales - NMFS, total diesel fuel sales 70,000,000 - 82,000,000 

Table 4-10 presents a summary of the results obtained from the com

parison of the two fuel sales surveys. Due to possible inaccuracies in both 

surveys, the average value of the two surveys, 76 million gallons, was taken 

as the best estimate of the total diesel fuel sold to all boats along the 

California coast. 

With the total quantity of diesel fuel sold to all boats computed, 

the next task was to determine what portion of the 76 million gallons was 

actually burned in California's coastal waters as defined by the ARB (see 

Figure 4-2). To accomplish this task, information was gathered from many 

different sources to estimate the actual quantity of diesel fuel consumed per 

commercial boat category within California's coastal waters. 

1. U. S. Coast Guard Vessels--The U. S. Coast Guard is comprised of the 

Eleventh and Twelfth Districts in California. Information on the quantity of 

diesel fuel consumed per year and the spatial distribution of Coast Guard 

vessels was obtained from the Eleventh District (Ref. 31). Based on that 

information, the Twelfth District's annual fuel consumption was estimated: 

Eleventh District 641,590 gallons/year, 1978 

Twelfth District 1,400,000 gallons/year, 1978 

2. Excursion Boats--Due to the reluctance of many excursion boat companies 

to provide information on boat numbers or annual fuel consumption, little data 

for this category of commercial boats was obtained. Using the limited informa

tion gathered, KVB estimated that approximately one million gallons of diesel 

fuel were sold to and consumed by excursion boats operating in California waters. 

D. Commercial Boat Spatial Distribution--

Since each commercial boat category is a study in itself, each category 

of commercial boats is discussed separately; the results are presented below. 
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TABLE 4-10. SUMMARY OF THE ADJUSTED OIL COMPANY AND NMFS 
SURVEY DIESEL FUEL SALES DATA* 

Estimated Estimated Fuel Total Estimated 
Reported Commercial Fishing Consumption by Corrnnercial Vessel 

Fuel Information Fuel Consumed "Other" Commercial Fuel Consumption 
Method 10 3 Gal. /Yr 103 Gal./Yr Vessels, 103 Gal. /Yrt 103 Gal./yr 

~ Oil Company Survey 

NMFS Survey 

Average 

70,000 
(all boats} 

69,000 
(Commercial and party 
fishing boats only) 

------- . --~ -~------------

59,000 11,200 70,000 

69,000 13,000 82,000 

64,000 12,100 76,000 

*Includes the diesel fuel used for onboard electrical generation as well as for vessel propulsion. 

~ t"Other" includes the following types of boats: tug boats, work boats, miscellaneous small commercial 
to 
I--' utility boats, excursion boats, U.S. Coast Guard boats, and diesel-powered pleasure boats. 
w 
I 

lTl 
OJ 
0 
OJ 
I 

I--' 
N 
I--' 
lTl 



1. Tug Boats, Work Boats, Miscellaneous Small Commercial Utility Boats, 
Lightering Barges, and Excursion Boats--Through discussions with numerous 

people (Refs. 24 through 30) involved with the operation of these boats, it 

was learned that essentially all their time is spent within the boundaries 

depicted in Figure 4-2. The larger tug boats occasionally venture to Hawaii, 

or to waters north or south of the state, but most of their time is spent 

within a few miles of shore. Based on this information, we assumed that 

100 percent of the 6 million gallons estimated to have been purchased by 

these boats was also expended within a few miles of shore. 

2. U. S. Coast Guard Vessels--Based on information provided by the 

Eleventh District (Ref. 31) on their ship movements, approximately 370,000 gal

lons of the reported total 641,590 gallons used were estimated by KVB to have 

been consumed within the Los Angeles and San Diego geographical areas (see 

Figure 4-3). Information requested from the Twelfth District had not been 

received at the time this report was being completed. Therefore, based on the 

percentage of fuel used by the Eleventh District's vessels within the confines 

of California's coastal air pollution boundaries, the Twelfth District's 

coastal fuel apportionment was estimated at approximately 810,000 gallons for 

the coastal area they serve. 

3. Pleasure Boats--The spatial (geographical) distribution of the 

3.8 million gallons of fuel consumed by pleasure boats is discussed in the 

project's pleasure boating emissions inventory and was considered here only 

for accounting purposes. 

4. Commercial and Party Fishing Boats--Due to the transitory nature of 

commercial fishing, this category was the most difficult to define in terms of 

total fuel used and spatial fuel use. The scheme followed in estimating 

spatial fuel use was one of (1) characterizing the commercial and party fishing 

boats as to boats registered, fish caught, and geographical areas fished, and 

(2) applying the data obtained to the 64 million gallons of diesel fuel esti

mated to have been sold to these vessels (see Table 4-10). 

1. Step 1, Characterizing California's registered commercial fishing 

boats--The California Department of Fish and Game (Refs. 32 and 33) reported 

8,261 vessels registered as commercial fishing boats in 1977. Total fish 

landings for 1977 were not yet available; however, through linear regression 
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analysis of the preceding ten years' data, the following information could be 

derived: 

1977 Fish Landings, Millions of Pounds* 

From California waters 494 

From waters north of California 5 

From waters south of California 397 

Total landings (less shipments) 896 

Most of the fish caught in waters south of the state were yellowfin 

and skipjack tuna landed by the small and large tuna fleets operating out of 

San Diego. These two fleets consist of approximately 200 boats each (Ref. 34). 

A smaller fleet of tuna boats is stationed in San Pedro. Their boat popula

tion was unavailable, but their organization consists of 40 members. Most of 

their fishing is done in California waters, and they often catch fish other 

than tuna. 

The term "small tuna fleet" generally indicates tuna boats capable of 

carrying 20 to 120 tons. "Large tuna fleet" includes purse seiners whose 

carrying capacity ranges from 200 to 2200 tons (Refs. 34 and 35). 

Information on the number of boats registered, individuals licensed, 

and pounds of fish landed annually in connection with commercial fishing as 

reported by the Department of Fish and Game (Ref. 33) for the last ten years 

is presented in Figure 4-4. Linear regression analysis of the data displayed 

in Figure 4-4 indicated that over the past ten years, all three parameters 

have been increasing at a rate of approximately five percent per year. 

From the data contained in the Department of Fish and Game's fish 

bulletins, information was developed on the average percent by weight of fish 

landed (from California waters) and the percent of commercial fishing boats 

registered per geographical fisheries area (see Figure 4-3). These data, 

estimated for 1977 and based on a ten-year average, are presented in Table 4-11. 

*"Fish landings" means that the fish unloaded by a boat are also the fish caught 
by that boat. Fish caught by one vessel and transported by another are termed 
"fish shipments." 

KVB13-5808-1215 



15,000 

14,000 

(I] 
QJ 13,000(I] 

s::: 
QJ 
u 

·r-1 
...:I 12,000 
t,\ 
s::: 

·r-1 

11,000~ 
~ 

I\..) 
r-i ~ttl 
•r-1 10,000u 
~ 
QJ 

~ u 9,000 

8,000 

ti3 
~ 

I-' 
w 
I 

V, 
00 
0 
00 
I 

I-' 
I\..) 

I-' 
V, 

~600 
>i 

......... I - ~Licenses f'' /.0 1 '-' r-i 

M 
0 Ir-i 

I (I] 
.µ' (I] rlj 

J.-1 0
QJ OJ .µ 

8,000 t,\:400 Fish I 
s::: 

·r-4Landedrlj .c 
·r-1 U) 
s::: ·r-4 
J.-1 7,000 ~ _, _,I I / _ _,,,.,/s r-i 

•r-1 rlj 
r-i ·r-1 
ttl u u 6,000 J..I 

QJ/ ' ~ /C: 
,,..j ~ ' / / 0'C1 200 u

<V 
5,000 'O 

QJ'8 
rlj ---------~ ,/ -✓',...._,,,,~ J.-1 
i-l QJBoats R .egistered 

.µ
.r:: U) 
rn 4,000 ·r-1 

t,\..... 
~ QJ 

0---------------------------------..... 
~ 

0 67 68 69 70 71 72 73 74 75 76 77 

Inventory Year 

Figure 4-4. Summary of the fish landed, fishermen licensed, and commercial 
fishing boats registered for the past 10 years in California. 

Source: Ref. 33 



TABLE 4-11. SUMMARY OF THE PERCENT OF FISH LANDED 
AND BOATS REGISTERED BY GEOGRAPHICAL AREA IN 

CALIFORNIA IN 1977* 

Fish Landings 
(Calif. Waters) Boats Registered 

Geographical Area Percent by Weight Percent 

Eureka 14.7 18.2 

San Francisco 4.6 23.4 

Monterey 9.8 8.4 

Santa Barbara 13.1 10.0 

Los Angeles 56.7 19.1 

San Diego 1.1 14.7 

Other NA 6.2 

Outside the State 
(Less Tuna) 1 

*Source: KVB analysis of information in Ref. 33 

The information in Table 4-11 enabled us to approximate the relative 

degree of fishing activity by geographical area for the state of California. 

The next st~p was to apply the information obtained in Step 1 to the 

64 million gallons of diesel fuel estimated to have been sold in California to 

commercial and party fishing boats during 1977. 

2. Step 2, Calculating the fuel consumed in California waters by 

registered commercial fishing boats--Research (Refs. 9, 22,32, 34, and 35) 

indicated that the large and small tuna fleets operating out of San Diego 

purchased approximately 90 percent or 44 million gallons of the 49 million 

gallons reported to the National Marine Fisheries Service as being sold in 

San Diego (see Table 4-6). Although this fleet consists of approximately 

400 boats or approximately 5 percent of the state's 8,261 registered commercial 

fishing vessels, sources (Refs. 9, 22, 32, 34, and 35) estimate that in an 

average year the entire tuna fleet in San Diego could consume upwards of 75 to 

100 million gallons of diesel fuel. This is not surprising considering the 

fact that a single purse seiner (large tuna boat) can hold as much as 

200,000 gallons of fuel and consume roughly one million gallons of fuel a 

year (Refs. 34 and 35). 
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A la~ge fraction of the 75 to 100 million gallons of fuel was 

purchased outside the United States. The tuna fleets operating out of San 

Diego do not fish in California waters (or U. s. waters) but rather in waters 

south of the state (i.e., off Chile, Peru, and Samoa). Very little skipjack 

and yellowfin tuna is caught in California waters, and these are the types of 

fish mainly sought after by tuna fleets. The price of diesel fuel in foreign 

ports now, and to a greater extent in the future, can alter the quantities of 

fuel purchased in San Diego versus elsewhere in the world. 

The only diesel fuel burned in California waters by the San Diego tuna 

fleet is used while tr.ansiting in and out of the area to southern waters and 

to the four canneries located in California--two in San Pedro and two in San 

Diego (Refs. 9, 34, and 35). 

The small tuna fleet in San Pedro, unlike the tuna fleet in San Diego, 

spends most of its time in California waters. This is because they also fish 

for fish other than tuna throughout the year, which helps support their activity 

in California waters. Whatever fuel is burned outside the state is normally 

burned off Baja California. However, it is estimated by KVB that the fuel 

burned outside the state by this fleet is balanced by the fuel used by commer

cial fishing boats of California registry, but of foreign ports, fishing in 

California's waters. Of the 8,261 boats registered, approximately 6 percent or 

500 boats from Alaska, Washington, Oregon, and Mexico (Ref. 33) are involved in 

this. 

To calculate the quantity of diesel fuel actually used by commercial 

fishing boats in California waters for 1977, the 44 million gallons consumed by 

the San Diego tuna fleet in waters south of the state were subtracted from the 

estimated 64 million gallons sold to all commercial fishing boats in the state 

(see Table 4-10): 

64 million gallons - 44 million gallons= 20 million gallons 

For the transit time spent by the tuna fleets hauling their catches to 

the four canneries in the state, an allowance was made based on the distance 

traveled to each port, the quantity of fish hauled, and the quantity of fuel 

burned in transit. After discussions with References 34 and 35, KVB estimated 

that approximately 100,000 additional gallons of fuel are consumed in the San 

Diego geograph,i.cal area and 40,000 gz. the Los Angeles geographical area. 
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The total of the two fuel-use estimares--20 million plus 140,000-

equals the project's estimated commercial fishing diesel fuel consumption for 

California for 1977. To spatially distribute this fuel throughout the state's 

coastal waters, the average fuel consumed in each geographical area per quan

tity of fish landed and boats registered was used. Table 4-12 presents the 

results of this computation. The reason for taking the average is that early 

in the program it was realized that once the total quantity of diesel fuel 

consumed was determined, spatial distribution of this fuel would be a function 

of the quantity of fish caught and the number of boats involved in the catch. 

The rising selling price of fish has justified more boats fishing for less 

fish per boat. 

To further apportion the quantities of diesel fuel estimated per 

geographical area for commercial fishing boats, fish block maps provided by 

the California Department of Fish and Game can be used. These fish block maps 

divide each geographical area into squares which indicate the annual quantities 

of fish caught per square. Using this method, fuel can be apportioned accord

ing to the relative percentage of fish caught. 

4.2.4 Methods and Information Sources That Did Not Work 

At the beginning of this program numerous information sources 

initially believed to be of value were contacted. Many later proved not to be. 

However, Tables 4-13 and 4-14 list most of these with an indication of their 

response. These data are offered here to forestall what otherwise might be a 

series of "Why didn't you try .. ?" questions. Chances are we did try. 

4.3 STATEWIDE EMISSIONS INVENTORY 

4.3.1 Pleasure Boats 

Emissions associated with the operation of pleasure boats in California 

occur on California's lakes, rivers, and coastal waters. All counties in the 

state offer facilities for pleasure boating. California's offshore air pollu

tion boundaries, as defined by the ARB, are presented in Figure 4-2. Fuel used 

outside these boundaries, although of interest for accounting purposes, does 

not enter into the state's emissions inventory. Spatial distribution of 

emissions naturally coincides with an area's fuel-use estimate. Temporal 

distribution may vary widely within the same area depending on location 
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TABLE 4-12. CALCULATION OF THE SPATIAL DISTRIBUTION OF THE DIESEL 
FUEL CONSUMED BY REGlSTERED COMMERCIAL AND PARTY FISHING 

BOATS IN CALIFORNIA WATERS 

1977 Fuel Consumption 
Fish Landings Boats Total Fuel 103 Gal/yr 

Geographical 
Area 

(Cal. Waters) 
Percent Wai~ht* 

Registered 
Percent* 

Consumption 
103 Gal/Yr 

by 
Fish Landed 

by 
Boats Registered Average 

Eureka 14.7 18.2 3,000 3,700 3,400 

San Francisco 4.6 23.4 930 4,700 2,900 

Monterey 9.8 8.4 2,000 1,700 1,900 

Santa Barbara 13.1 10.0 20,000 2,600 2,000 2,400 

Los Angeles 56.7 19.1 

~ San Diego 1.1 14.7 

Othert N.A. 6.2 

Outside of State 1 
(less tuna) 

11,400 3,800 7,700 

220 3,000 1,700 

1,200 

~ 
1)1 
I-' 
w 
I 

(J1 

OJ 
0 
OJ 
I 

I-' 
Iv 
I-' 
(J1 

* KVB analysis of the information contained in Ref. 33. 

t "Other" applies to commercial fishing boats that have home ports outside of California but 
occasionally fish in California waters (as defined by the California Department of Fish 
and Game). 
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TABLE 4-13. POTENTIAL SOURCES OF INFORMATION FOR PLEASURE BOATS THAT DID NOT MATERIALIZE 

Type of Information How Used Source of Data Reason 

Ntnnber of recreational boats 
in harbor listed by: 

Number 
Location of port 
Owner and address 
Dollar value 

No differentiation between 
sail and power, engine 
types: 

~Includes fresh water and
V salt water data 

Horne location of trailered 
boat owners over $400-value 
listed only. 

Gives number of boats County Assessors Too time consuming. 
in spatial distribution 
for each county; must Aircraft and Boat Division 
be combined with 
sampling count to use it Tax rolls 
for spatial distribution 
data for various sizes, 
dollar values. 

Number of boats in harbor Spatial distribution Marina Managements Information available 
or marina. combined with on-site only in very general 

sampling gives spatial Administration fonn. 
Recreational boat numbers and temporal distri
not distinguishing between bution, definition of Harbor Patrol 
sail and power, approx. size. size for emission factor. 

~ Marina maintenance. 
I-' 
w 
u, 
I Boats by size, type. 

o:> 
0 
o:> 
I Gasoline consumption data With some means to State Board of Equali Information based on 

I-' 
N by boats, for state of apportion these data zation, Statistical the two Arthur Young 
1--' 
V1 California by months. to the study, provides Research & Consult. & Co. reports used. 

part of overall emission Office Sacramento 
assessment for the Basin. 



TABLE 4-13. (continued) 

Ty_pe of Information How Used Source of Data Reason 

Detailed count of boats Spatial and part Harbor Police Information in such 
and traffic in harbors temporal distribution detail not compiled. 
including: confined to defined Sheriff's Dept. of 

Recreational area. County 
Commercial 
Industrial Business and Moorings 

Office 

Harbor traffic in general Spatial and temporal U. s. Department of Not studied in 
detailed on commercial data on harbor for Transportation sufficient detail 
fishing boats, harbor commercial boats; to be of use. 
crafts: data is only partial. Coast Guard, 

Number District 
Sizes Commander 

~ Hours_ of _operation 

~ ..... 
w 
I 

V1 
0) 
0 
0) 
I ..... 

tv ..... 
V1 



TABLE 4-14. POTENTIAL SOURCES OF INFORMATION FOR COMMERCIAL BOATS THAT DID NOT MATERIALIZE 

Type of Information Intended Use Source of Data Reason 

Bulk diesel sales tax Temporal and spatial State Board of Equali Diesel fuel is 
for marine sales. information on fuel zation, Statistical not taxed at the 

sales. Research Consulting pump. 
Division, Sacramento, 
California. 

Information on tug, Sarne Crowley Maritime, Did not want to 
work, lightering, largest company of cooperate. 
and excursion boat its kind on the coast. 

pulation. 

Information on average Sarne University of California Do not collect such 
fuel use for connnercial Sea Grant data. 
fishing boats. Fore~ casting. 

Information on diesel Sarne California Depart. of Do not collect such 
fuel used by commercial Fish and Game. data. 
boats. Forecasting. 

Information on the diesel Sarne U.S. Coast Guard. Do not collect such 
fuel used by documented information. 
and commercial fishing 
boats. Info on the 
location of fishing 
boats. 

~ ..... Information on boat Sarne Fishing organizations Generally, unw 
I 

u, populations, fuel along the coast. cooperative. 

0 
OJ use, fishing habits, 
OJ 
I forecasting. 

I-' 
N 
I--' 
u, 



TABLE 4-14. continued 

Tl£e of Information Intended Use Source of Data Reason 

Bulk gasoline sales Temporal and spatial State Board of Equali Do not segregate 
to marine vessels. distribution of zation, Statistical marine sales from 

gasoline fuel. Research Consulting all sales. Only 
Division, Sacramento, give rebates to 
California. those going out 

past three miles. 
Very few file for 
these rebates. 

~ 

~ 
I-' 
w 
I 

lJ1 
00 
0 
(X) 
I 

I-' 
t,,.) 
,-., 
V, 

Fuel use information. Same Department of Motor Do not collect such 
Vehicles. data. 
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(i.e., altitude). AP-42 was used as the sole source of pleasure boat emission 

factors. 

A. Inventory Boating Facilities--

DENOD has historically divided the state into eleven water/economic 

regions as presented in Figure 4-1 and Table 4-2. To inventory the emissions 

associated with the operation of pleasure boats in a specific area, the general 

boating area of which the study area is part must be defined. The eleven DENOD 

regions should be used as a preliminary guide in accomplishing this task. An 

inventory of all lakes, rivers, and coastal water/boating facilities must be 

made, as was done for the South Coast Air Basin. As much detail as possible 

must be collected and analyzed. Some sources of information available to 

accomplish this task are listed in References 5, 38, 39, 42, and 49. Additional 

information sources unique to each area also must be contacted as needed. The 

basic assumption made by KVB (as in the South Coast Air Basin Study) is that 

boats registered in a large area providing ample boating facilities will 

remain in their general area of registration, with temporary migration out 

balanced by transient boaters entering. Exceptions to this assumption are 

possible and would have to be assessed as they are encountered. 

B. Categorize Boat Registration by Region--

Once the general boating region is defined, the expanded 1977 DMV 

boat registrations for the study area should be acquired. The 27 unique boat 

length/method of propulsion categories listed for each county should then be 

summarized into a single region's boat population consisting of only 21 unique 

boat categories compatible with those listed in Table 4-3. 

Based on the raw data presented in Table 4-3 the data listed below 

should be calculated for the boating region being studied and reduced to the 

nine unique boat length/method of propulsion categories: >16', 16<26', 2:_26', 

inboard, outboard, and other: 

1. Approximate number of boat days per year. 

2. Average gallonage of gasoline used per boat day. 

3. Average percent use by length and boating waters. 

The total annual boat days can then be calculated for lakes, rivers, 

and coastal waters by multiplying the approximate number of boat days per year 

KVB13-5808-1215~ 



per boat type by. the region's boat population. This total is then multiplied 

by the average percent use by length and boating water factors to arrive at 

the annual boat days attributable to boating on lakes, rivers, and coastal 

waters. 

C. Determine Emissions on Lakes--

This involves determining the emissions associated with the operation 

of pleasure boats on lakes. {Paragraphs D and E following cover the emissions 

from boats on rivers and coastal waters, respectively.) 

Before the emissions from boats operating on lakes can be determined, 

the initial boat day estimate for lakes must be verified and then the associated 

gasoline fuel consumption calculated. Diesel fuel use on lakes in California 

was found to be essentially nonexistent. 

To verify the initial boat day estimate for lakes, boat counts must 

be obtained for as many of the lakes as possible. Many of the larger or busier 

lakes that charge admission keep records of annual boat admissions. B~ obtain

ing boat count data for a few years before 1977 and the years afterward, distor

tion of 1977's lake/boat usage by the drought can be determined and adjustments 

to the total boat day estimate made. 

The total gasoline consumed on all lakes by boat type can be determined 

by multiplying the total (adjusted) boat day estimate per nine boat types by the 

average annual gasoline consumption factors calculated in paragraph B. This 

will give the total quantity of gasoline used on all lakes. To determine the 

fraction of this total quantity of fuel used on each lake in the study area, the 

information on lakes and their boat usage obtained in paragraph A should be 

applied. Fuel distribution can be based on the subjective judgment of the 

personnel conducting the inventory. As a final check, the boat count informa

tion collected can be compared against the quantity of fuel allotted to that 

lake to see if a reasonable average-annual-gasoline-fuel-consumption-per-boat

day factor is obtainable. 

The emissions associated with the operation of pleasure boats on lakes 

are then determined through the application of the proper emission factors as 

listed in Table 4-5. 
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D. Determine Emissions on Rivers--

Calculation of the fuel used and emissions generated by boats on rivers 

is similar to that outlined for lakes. Once again, the drought's and surround

ing environment's impact on the total boat day estimated must be determined and 

adjustments made. 

Boat count information similar to that acquired for lakes is also 

needed for rivers or sections thereof. Fuel consumption and distribution are 

also determined in the same manner as for lakes. No hard and fast rule was 

found for the distribution of fuel other than research used in conjunction with 

sound judgment. Diesel fuel use on rivers was found by KVB to be essentially 

nil. Emissions are calculated through the use of the emission factors listed 

in Table 4-5. 

E. Determine Emissions Along the Coast--

Inventorying the fuel consumed and emissions generated by pleasure 

boats operating along the coast is the most challenging of the three water/ 

boating areas. Three separate aspects are involved: 

1. Berthed and trailered pleasure boats. 

2. Gasoline-powered documented vessels. 

3. Diesel-powered pleasure boats. 

This is the same format followed to determine the South Coast Air 

Basin's coastal boating emissions. 

The total boat day estimate made for coastal boating in paragraph B 

applies only to berthed and trailered pleasure boats and not to documented 

vessels or diesel-powered pleasure boats. To divide the coastal boat day 

estimate into berthed and trailered boat days, a survey of the marinas in the 

area must be made to determine the types of boats occupying the berths in the 

study area. Once this is determined, the steps followed to accomplish this 

task for the SCAB (paragraph C, pages 4-57 to 4-61) should be followed. 

Essentially, based on the marina boat profile developed in conjunction with the 

approximate boat-days-per-year factors from pa~asraph B, the total boat days 

attributable to berthed boats are determined. Subtracting this total from the 

total coastal boat day estimate, thP boat days attributable to trailered boats 

are determined. Through the applica~f the proper average boat day 
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gasoline fuel consumption factors, the total gasoline fuel used by coastal 

pleasure boats is arrived at. 

As a crosscheck on the accuracy of the coastal pleasure boat fuel 

consumption model just developed, 1977 gasoline and diesel fuel sales data 

should be obtained from the fuel docks serving the coastal area. The quantity 

of gasoline s.ctld can. be compared with that estimated for berthed pleasure 

boats. Discre:pancie•s can· be analyz.ed and adjustments made if necessary. 

Spatial distribution of this fuel depends on the loc.ation of the 

marinas and, most importantly, of the waters normally used. Emissions are 

calculated after spatial distribution of the fuel is completed, as was done 

for lakes and rivers. Appropriate inboard and outboard emission factors are 

listed in Table 4-5. 

F. Determine Emissions by Documented Pleasure Boats--

To determine the quantity of gasoline used by documented vessels 

classified by KVB as pleasure boats, the formula. 8012 .45 x (year - 1871) = 
gallons gasoline consumed per year, originated by Arthur Young & Company, 

should be used. This formula applies to the entire state, however. KVB 

estimated that approximately SO percent of the gasoline-powered documented 

vessels a.re berthed south of Santa Barbara County; the remainder are berthed 

north of and including San.ta Barbara County. Assuming fuel use is homogeneous 

among all these vessels, fuel consumption should be apportioned according to 

the relative percentage of berths in an area. 

Emissions are then calculated based on the gasoline-powered inboard 

pleasure craft emission fa.ctors presented in Table 4-5. 

G. Determine Diesel Fuel Consumed by Diesel-Powered Pleasure Boats--

To complete the inventory of pleasure boats, the diesel fuel consumed 

by diesel-powered pleasure boats must be calculated. KVB developed a 

70-gallons-per-marina-berth annual diesel fuel consumption factor for these 

boats for Southern California. Diesel fuel use may differ for boats operating 

in waters north of Southern California. To develop a fuel-use factor similar 

to that developed KVB, divide the diesel fuel sales data obtained from the 

marina fuel dock survey by the number of berths serviced by each fuel dock. 

Subtract the quantity of diesel fuel sxd to commercial boats and the U.S. 

g KVB13-5808-1215 

https://analyz.ed


Coast Guard from the total diesel fuel reported sold prior to carrying out 

this division since you are concerned only with that fuel used by pleasure 

boats. 

Total 1977 diesel fuel consumption is then calculated by multiplying 

the number of coastal berths in the study area by the gallons of diesel per 

marina berth fuel consumption factors. Spatial distribution should follow 

that found for gasoline-powered pleasure boats. 

The diesel-powered inboard pleasure craft emission factors listed in 

Table 4-5 can then be applied to the distributed diesel fuel to determine 

associated emissions. 

H. Overall Error Estimate--

The overall error associated with the application of this methodology 

as assessed by KVB at _::30 percent. 

4.3.2 Commercial Boats 

A. Introduction--

As previously discussed, one of the primary objectives of this report 

is to outline a procedure for inventorying emissions from off-road vehicles 

studied for all California counties. In the case of commercial boating, this 

procedure applies only to the coastal counties because the commercial boat 

population on California's inland waterways (excluding the Sacramento Delta 

area) was found by KVB to be minimal. The basis for the methodology developed 

to accomplish this task was discussed in paragraph 4.2. Presented in this 

section is the methodology designed by KVB to inventory the fuel consumed and 

emissions generated by commercial boats operating within California's offshore 

air pollution boundaries in 1977. 

Referring to paragraph 4.2, the procedure followed to estimate fuel 

used by commercial boats included calculating the total quantity of diesel 

fuel sold to all boats along the state's coast, determining what types (or 

categories) of boats used this fuel, and discovering where they burned it. 

The results are presented in Table 4-15. 

The diesel fuel consumed and emissions generated by commercial boats 

operating in the South Coast Air Basin's coastal waters are calculated in 

paragraph 4.4.2. The task of calculating the fuel consumed and emissions 
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TABLE 4-15. SUMMARY OF THE ESTIMATED DIESEL FUEL PURCHASED PER COMMERCIAL 
BOAT CATEGORY BY GEOGRAPHICAL AREA 

1977 Estimated Diesel Fuel Consumption Per Boat Category, 103 G~l/Hr 
Geographical Commercial and Party Tug, Work, Lightering U.S. Coast 

Area* Fishing and Small Utility Excursion Guard 

Eureka 3400 Neg. 33 

San Francisco 2900 1910 440 1660 +)12th Dist. 

Monterey 1900 Neg. 33 

Santa Barbara 2400 Neg. 34 80 

Los Angeles 7700 2200 440 250 11th Dist.t!> San Diego 1700 790 110 100 

Totals 20,000 4,900 1,110 

*As defined by the California Department of Fish and Gaine. 

+Represents the total fuel estimated by KVB to have been purchased by the Twelfth District. Additional 
information on ship movements is needed to distribute the fuel to where it was used. 
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generated by commercial boats for the remainder of the state involves 

acquiring additional information on ship movements and areas fished per 

designated geographical area. 

The data presented in Table 4-15 are defined in terms of six geo

graphical areas and four main categories of commercial boats. To determine 

the emissions from corranercial boats for any county along the coast, the frac

tion of fuel consumed in each geographical area's air pollution boundaries 

must be calculated. The average emission factors for commercial boats, listed 

in Table 4-7, can then be applied to the fuel estimate. The state's coastal 

air pollution boundaries are shown in Figure 4-2. 

The first step in computing a county's or area's commercial boating 

emissions is to detennine which of the six geographical water areas the study 

area is part of. Next, refer to Table 4-15 and locate the geographical area 

of concern and the quantity of fuel sold and/or used by the four commercial 

boat categories listed. Information on boat usage and waters fished must be 

collected and analyzed as to fuel usage. For example, further research is 

needed to spatially distribute the fuel computed to have been used by the 

U.S. Coast Guard, Twelfth District. 

B. Commercial and Party Fishing Boats--

For commercial and party fishing boats the fuel-use figures listed in 

Table 4-15 were detennined by KVB to also be equivalent to the fuel actually 

used in that area. To apportion the quantity of fuel consumed in an entire 

geographical area to just that area considered to be within a county's offshore 

air pollution boundaries, fish block maps are used. These maps, published by 

the California Department of Fish and Game, list the pounds of fish caught pe~ 

geographical area by one-square-mile grids. By determining which grids are 

located within a county's offshore air pollution boundaries, adding up the 

pounds of fish caught in all of these grids, and dividing by the total pounds 

for the map, the relative fraction of fish caught in the area studied can be 

calculated. Assuming that fuel use is directly related to fish poundage, the 

fraction of the total fuel consumed within a geographical area can be deter

mined for the specific area in question. The emissions associated with this 

fuel are then calculated by using the emission factors listed in Table 4-7. 
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C. Tugs, Workboats, Lightering Barges, Utility Craft--

These boats were found by KVB to operate within a few miles of their 

home port and within a few miles of shore. Also, as presented in Table 4-15, 

only those areas having major ports along the coast were found to have 

appreciable populations of these boats. 

To spatially apportion the fuel used by these boats, the major ship

ping harbor(s} within the geographical area studied should be located. Next, 

80 percent of the fuel used by these boats is assigned to the area immediately 

around the harbor and the remaining 20 percent to a five-mile strip parallel

ing the coast for the entire width of the geographical area. The emissions for 

this category of boat are also calculated through the use of the emissions 

factors listed in Table 4-7. 

D. Excursion Boats--

Excursion boat population and usage information was scant. Personnel 

associated with operation of these boats in Southern California were generally 

unwilling to cooperate with the inventory. Based on the limited information 

available the diesel fuel used by these boats statewide was estimated. All 

that remains to estimate the emissions from these boats is to apply the 

emission factors in Table 4-7. These boats generally operate within a few 

miles of home port. Therefore, spatial distribution of their emissions is also 

within this area. 

E. U.S. Coast Guard Vessels--

U~ S .. Coast Guard vessels are partially subdivided by geographical 

area. The U. S. Coast Guard's Eleventh District.' s (south f rem the northern 

horner of Santa Barbara County to the Mexican border) 1977 diesel fuel consump

tion within the Santa Barbara, Los Angeles, and San Diego geographical area was 

determined by KVB based on information obtained from the Eleventh District. 

The South Coast Air Basin's portion was estimated at approximately 370,000 gal

lons. This leaves 80,000 gallons for the San Diego area and approximately 

60,000 gallons for that portion of Santa Barbara County within the Eleventh 

District's jurisdiction. The remaining 132,,.UOO gallons reported used by the 

Eleventh District were burned outside the state's air pollution boundaries or 

in transiting to waters north of Santa Barbara. 
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The total diesel fuel used by the Twelfth District (north from the 

northern border of Santa Barbara County to the Oregon border), as estimated 

by KVB, is 1.66 million gallons. However, further information on vessel 

movements is needed from the Twelfth District to apportion this total to the 

areas located within the state's offshore air pollution boundaries. This 

information has been requested from the Twelfth District but had not been 

received at the time this report was written. Future inquires should be made 

to: 
Commander (flp) 
Twelfth Coast Guard District 
630 Sansome Street 
San Francisco, California 94126 

Emissions associated with these boats are also computed based on the average 

emission factors presented in Table 4-7. Spatial distribution can be assumed 

to be homogeneous in the area studied unless specific data indicate otherwise. 

Specific information on boat usage for an area should be used in place 

of the estimated values listed in Table 4-15 when available. This methodology 

should work well for all the coastal areas in the state. The error associated 

with this inventory is estimated by KVB to be +20 percent. 

4.4 SOUTH COAST AIR BASIN EMISSIONS INVENTORY 

4.4.1 Pleasure Boats 

A. Combined Water Areas--

DENOD's South Coastal and Colorado Desert Regions (see Figure 4-1) 

were combined to form one major boating region encompassing the South Coast Air 

Basin. These two regions include the counties of Ventura, Los Angeles, Orange, 

San Diego, San Bernardino, Riverside, and Imperial. The assumption made by KVB 

is that people owning boats in the South Coastal and Colorado Desert Regions 

mainly use the boating facilities in these regions. This assumption was based 

on the writer's personal experience, discussions with a Sea magazine editor 

(Ref. 38), and numerous discussions with recreational boaters. However, the 

Sea magazine editor indicated that the lakes located in Kern County should be 

included as being among the lakes used by boaters registered in the two regions 

even though Kern County is not in either region. 
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By characterizing the boating habits, fuel consumption, and emissions 

for a large area in which migration in and out of the area is minimal, the 

South Coast Air Basin's portion of that larger area could be defined. 

An inventory of the boating facilities in the seven counties was 

conducted. The results are presented in Tables 4-16 and 4-17 for lakes and 

coastal waters, respectively. The only river in the area where motor boating 

occurs is the Colorado River. Since it is outside the South Coast Air Basin, 

its facilities (other than being recognized as a major source of river boating) 

were not studied in detail. The Colorado River will be examined when emissions 

from boats statewide are studied. 

All of the lakes listed in Table 4-16 permitted power boating (gaso

line or diesel) in 1977. Lakes forbidding gasoline-powered motor boats are not 

listed since boats on these lakes would produce no emissions. 

The launch ramps or water surface areas for each lake are not listed 

as indicators of usage because KVB found no correlation between them and annual 

fuel usage on lakes. The primary factors determining boat usage on lakes were 

location and permissibility of water skiing activities. The two major sources 

of information on lakes were Sea magazine and a booklet entitled Lake Recreation 

in Southern California for Weekenders (Ref. 39). This booklet should be 

consulted for specific information on each lake. 

The data presented on coastal boating facilities in Table 4-16 were 

extracted from a 1977 DENOD report entitled "Inventory of California Boating 

Facilities" (Ref. 5). In this report is a list of all the coastal, lake, and 

river boating facilities for the state in terms of the items listed in 

Table 4-17-

To determine the types and numbers of boats using the waters and 

facilities listed in Tables 4-16 and 4-17, the expanded 1977 DMV boat registra

tions indicating 27 unique boat length/method of propulsion categories were used. 

Table 4-18 lists registered boats by county. 

Los Angeles County alone accounts for approximately 46 percent of the 

total boat population; the remainder is divided among the other six counties as 

follows: Orange, 20 percent; San Diego, 14 percent; Riverside, 6 percent; 

Ventura, 5 percent; and San Bernardino, 8 percent. 
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TABLE 4-16. LAKES LOCATED IN THE SOUTH COASTAL AND COLORADO DESERT 
REGIONS THAT ALLOW GASOLINE-POWERED BOATS* 

County County County 

Lake Lake Lake 

Ventura 

Casitas 
Piru 
Sherwood 

Los Angeles 

Castaict 
Elizabeth 
Hughes 
Littlerock 
Puddingstone-1-
Pyramidt 

Orange 

Anaheimt 
Irvinet 

San Diego 

Cuyamaca 
El Capitan 
Henshaw 
Hodges 
Jennings 
Miramar 
Murray 
Otay, Lower 
Wohlford 

Imperial 

Salton Sea 
Sunbeam 

Riverside 

Angler' st 
Cahuilla 
Elsinoret 
Hemett 
Perrist 
Salton 
Vailt 

San Bernardino 

Arrowheadt 
Big Beart 
Gregoryt 
Silverwood t 

*Source: Ref. 39. 

tLocated in South Coast Air Basin. 
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TABLE 4-17. SUMMARY OF THE COASTAL BOATING FACILITIES 
IN THE SOUTH COASTAL REGION* 

County and Total Transient Dry Launch 
Location Moorings Berths Berths Storage Lanes 

Ventura 

Port Hueneme 0 12 0 0 0 
Ventura Marina 0 1138 0 160 9 
Channel Island 0 1771 113 350 14 

Harbor 

Subtotal 0 2921 113 520 23 

Los Angeles 

Alamitos Bay 24 2544 20 591 20 
Catalina Island 685 0 0 0 0 
Long Beach 0 0 0 0 20 

Marine Stadium 
Los Angeles/Long 560 4549 9 198 13 

Beach Harbor 
Marina Del Rey 3 6062 14 39 14 
Redondo Beach- 0 1508 2 5 0 

King Harbor 
Santa Monica Bay so 0 0 40 0 

Subtotal 1325 14663 43 873 67 

Orange 

Balboa Bay 10 0 0 0 0 
Dana Point 0 2450 70 365 20 
Huntington Beach 0 1954 24 160 7 
Newport Bay 256 6170 30 1542 24 

Subtotal 266 10574 124 2067 51 

San Diego 

Mission Bay 47 1618 29S 394 26 
Oceanside 3 736 30 0 10 
San Diego Bay 68 5220 36 955 391 

Snug Harbor 12 0 0 20 3 

Subtotal 130 7574 361 1369 78 

Grand Total 1721 35732 641 4819 219 

SCAB Total 1591 25237 167 2940 118 

*Source: Ref. 5 
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TABLE 4-18. SUMMARY OF THE BOATS REGISTERED IN THE SOUTH COASTAL AND 
COLORADO DESERT REGIONS IN 1977 

South Coastal and Colorado Desert Region Counties 
Method of Registered Boats 

Length Propulsion Ventura Los Angeles Orange San Diego Imperial Riverside San Bernardino 

<16 1 

16<26' 
>26' 

Inboard 
188 

2364 
448 

1265 
17500 

6098 

514 
10265 

2858 

315 
4546 
1873 

11 
146 

12 

133 
1999 

272 

213 
3128 

254 

I 
<16 

16<26' 
>26' 

~k-<16' 
16<26' 

>26' 

Outboard 

Other 

4989 
1974 

24 

1258 
652 
263 

41551 
17672 

338 

10253 
5674 
2638 

15598 
6751 

120 

6375 
3012 
1206 

13168 
5123 

85 

4237 
2421 

793 

1022 
318 

0 

73 
13 

J 

6529 
2265 

13 

883 
288 

75 

8957 
3328 

22 

1206 
386 

72 

Totals* 12163 106,984 46701 32562 1601 12459 17574 

*Correct totals. Addition of column plus round-off of error equals total. 
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Since our basic assumption is that boats are used in their region(s) 

of registration, the registered boat populations for each of the seven counties 

were summed into one single boat population as presented in Table 4-19. This 

single population, comprised of many different types of boats, has the mobility 

to travel anywhere within the seven counties any number of times throughout the 

year. 

To determine the number of 1977 boating days* during which each boat 

category was in use, the boat counts listed in Table 4-19 were multiplied by 

the average-boat-days-used-per-year factors listed in Table 4-19. The results 

of this computation are also listed in Table 4-19. The derivation of the 

factors is explained in paragraph 4.2. 

Approximately 6.7 million boating days were estimated to have been 

spent on lakes, rivers, and coastal waters located in the two boating regions. 

To determine this number, the data in Table 4-19 were consolidated into three 

boat-length categories: <16', 16<26', and >26'. The results are presented in 

Table 4-20. 

The average percent use by length and boating water factors listed in· 

Table 4-3 were applied to the three boat-length categories listed in Table 4-20. 

The results are also presented in Table 4-20. Approximately 3.1 million days 

were estimated as having been spent on lakes, 1. 0 million days on rivers, and 

2.6 million days on coastal waters. (It would have been best to calculate the 

boating days spent on lakes, rivers, arrl coastal waters by boat length and 

method of propulsion. However, due to the unavailability of data on percent 

usage by boat length and method of propulsion, percent usage by boat length 

only is presented as the best information ava.i.lable.) 

B. Lakes--

During 1977 Southern California experienced a drought which lowered 

the water level of many of the lakes listed in Table 4-16 .. This reduced the 

ability of many lakes to accommodate the normal influx of boaters, resulting 

in a decrease in the number of boating days, as indicated by lower boat counts. 

Although many lake managers do not take annual boat counts or were unwilling 

*A boating day is any day during which a boat is being used for any period.g KVB13-5808-1215 



TABLE 4 -19. TABULATION OF THE PLEASURE BOAT POPULATION 
AND ANNUAL USE BY BOAT LENGTH AND METHOD OF PROPULSION 

FOR THE SOUTH COASTAL AND COLORADO DESERT REGIONS* 

Boat Method of Boat Avg. Days Total Days 
Length Propulsion Populationt Used/Yr.# Used/Yr. 

<16' 

16<26' 

>26' 

Subtotal 

<16' 

16<26' 

>26' 

Subtotal 

<16' 

16<26' 

>26' 

Subtotal 

TOTALS 

Inboard 

Outboard 

Other 

2,642 

43,958 

11,816 

58,416 

91,907 

37,446 

599 

129,952 

24,293 

12,325 

4,988 

41,606 

230,000 

28.6 

33.7 

50.8 

22.2 

27.4 

55.3 

25.1 

41. 3 

57.8 

75,441 

1,481,860 

600,686 

2,157,987 

2,039,240 

1,026,469 

33,139 

3,098,848 

610,247 

508,493 

288,302 

1,407,042 

6,700,000 

*Ventura, Los Angeles, Orange, Riverside, San Bernardino, Imperial, and 
Riverside Counties. Table excludes documented vessels. 

7Source: See Table 4-18. 

#Source: Ref. 2. 
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TABLE 4- 20. CALCULATION OF ANNUAL BOATING DAYS SPENT ON LAKES, 
RIVERS, AND COASTAL WATERS BY BOAT LENGTHS* 

Total Days Use by Boating Waters 
Boat Boat Used/Year Dais/Yr., Percent 

Length Population (from Table 4-16) Lakes Rivers Coastal 

<16' 188,842 2,724,928 1,788,911 
(65.6%) 

429,176 
(15.8%) 

506,837 
(18.6%) 

16<26' 93,729 3,016,822 1,273,099 
(42.2%) 

425,372 
(14.1%) 

1,318,351 
(43.7%) 

>26' 17,403 922,127 49,795 
( 5.4%) 

143,852 
(15.6%) 

728,480 
(79.0%) 

TOTALS 230i000 6i100t000 3il00i000 ltOOOiOOO 2i600t000 

Documented 
Vessels 3,100 Not Available Negligible Negligible 100% 

*Ventura, Los Angeles, Riverside, San Bernardino, Imperial, and San Diego 
Counties. 

to supply information, people at three of the busiest lakes did respond. Two 

major water skiing lakes in Riverside County, Lake Perris and Lake Elsinore, 

reported approximately 13 percent lower boat counts in 1977 than, in 1978 

(80,500 to 93,000 and 60,400 to 70,000, respectively, Ref. 40). Castaic Lake, 

another major water skiing lake, in Los Angeles County, reported a 26 percent 

drop in boat counts (65,000 to 48,000, Ref. 41). Further research indicated 

that Castaic Lake was impaired by the drought more than Lakes Perris and 

Elsinore because it also furnishes water to Los Angeles County. Considering 

that water skiing (which is a very-high-fuel-use water sport) is one of the 

main boating activities on lakes (and rivers) in Southern California and that 

the average fuel-use factors listed in Tables 4-1 and 4-3 account for both 

water skiing and fishing (which is a low-fuel-use water sport), a 10 percent 

reduction in annual boat days from the normal average was estimated as appro

priate for 1977. This assumption is based on the fact tha.t water skiing is 

the major form of recreation on most of Southern California's lakes and rivers. 

Fishing activities generally consume less fuel than water skiing activities. 

Therefore, to make up for a lower fuel-use estimate.based on statewide fuel-use 

factors, a slightly smaller reduction in annual boat days on lakes than was 

actual for 1977 was subsequently used by KVB. 
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Data representing application of the 10 percent boat day reduction to 

the annual lake boat days listed in Table 4-20 are presented in Table 4-21. 

To c0mplete the inventory of boat days on lakes, the adjusted annual boat days 

were then subdivided into inboard, outboard, and other propulsion classes. 

To determine the fuel used by these boats during the days listed, the 

average fuel consumption factors listed in Table 4-3 were applied to the DMV's 

1977 expanded boat registrations for the seven counties. Weighted fuel con

sumption factors based on these registrations were then developed for the nine 

unique boat length/method of propulsion categories listed in Table 4-21. 

Approximately 16.1 million gallons of gasoline fuel were estimated to have been 

consumed on the lakes considered. The use of diesel-powered boats on lakes in 

the study area was found by KVB to be essentially zero. 

To determine the fraction of fuel used on each lake listed in 

Table 4-16, we talked with Refs. 38, 40, and 42; and we consulted a book, Lake 

Recreation in Southern California for Weekenders (Ref. 39). Each lake was 

studied and its relative boat usage as part of the whole lake system determined. 

Fuel distribution was then solely based on the subjective judgment of KVB and 

Ms. Elyse Mintey of Sea magazine. No correlation between fuel use and the 

number of launch ramps or surface acres of water was ever found. Boat counts 

are not taken at most of the lakes. The percentage and quantity of gasoline 

used on each lake are listed in Table 4-22. As mentioned, the lakes in Kern 

County were included in this inventory. Approximately 5 percent of the 

16.1 million gallons was assigned to the four lakes in Kern County. 

Determination of the fuel used on lakes located in the South Coast Air 

Basin was made by adding up only those lakes. Approximately 10.6 million 

gallons were consumed. The associated emissions were then calculated by apply

ing the AP-42 emission factors listed in Table 4-5; the results are presented 

in Table 4-23. The fraction of fuel attributable to inboards and outboards is 

taken from Table 4-21. Spatial distribution of emissions is obvious since the 

location of each lake is known. Temporal distribution was based on the typical 

boating mode of each lake. 
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TABLE 4-21. CALCULATION OF THE ANNUAL GASOLINE FUEL CONSUMPTION AND ASSOCIATED 
EMISSIONS FROM BOATING ACTIVITY ON LAKES IN THE SOUTH COASTAL AND COLORADO DESERT REGIONS IN 1977 

0 0 0 © ® © 
Estimated 

G) ® 
Boating Boating Boating Days Per Avg. Fuel 1977 Gasoline 

Boat 
Length 

Total Boating 
Days/Year 

KVB Adj. 
Factor 

Days/Year 
@xQ) 

Propulsion 
Profile 

Propulsion Type 
Days/Yr@x® 

Consumption 
Gals/Day 

Consumption 
Gals/Yr@x@ 

<16' 1,788,911 0.9 1,610,020 2.8% Inboard 
74.8% Outboard 
22.4% Other 

45,081 
1,204,295 

360,644 

10.4 
4.1 
0.2 

Subtotal 

468,842 
4,937,609 

72,129 
5,478,580 

~ 16<26' 1,273,099 0.9 1,145,789 49.1% Inboard 
34.0% Outboard 
16.9% Other 

562,582 
389,568 
193,639 

11.6 
9.1 
0.4 

Subtotal 

6,525,951 
3,545,069 

77,456 
10,148,476 

> 26' 49,795 0.9 44,815 65.1% Inboard 
3.6% Outboard 

31.3% Other 

29,175 
1,613 

14,027 

15.4 
3.8 
0.7 

Subtotal 

449,295 
6,129 
9,819 

465,243 

GRAND TOTALS 16,100,000 

~ 
I-' 
w 
I 

u, 
(X) 

0 
(X) 

I-' ' (\.) 

I-' 
u, 



TABLE 4-2 2. LIST OF THE LAKES LOCATED IN THE SOUTH COASTAL AND COLORADO 
DESERT REGIONS AND THE PERCENTAGE AND GALLONAGE OF GASOLINE USED ON EACH LAKE 

Relative Fuel Use Relative Fuel Use
County County

3 3
Lake % 10 Gal/Yr Lake % 10 Gal/Yr 

Ventura 8 1300 Imperial 5 800 
Casitas 50 650 Salton Sea 90 720 
Piru 30 390 Sunbeam 10 80 
Sherwood 20 260 

Riverside 25 4000 
Los Angeles 25 4000 Angler's* 5 200 

Cartaic* 40 1600 Cahuilla 5 200 
Elizabeth 4 160 Elsinore* 45 1800 
Hughes 4 160 Hemet* 10 400 
Littlerock 2 80 Perris* 25 1000 
Puddingstone* 10 400 Salton Sea 8 320 
Pyramid* 40 1600 Vail* 2 80 

Orange 4 40 San Bernardino 22 3500 
Anaheim* 40 16 Arrowhead* 25 860 
Irvine* 60 24 Big Bear* 40 1380 

Gregory* <5 173 
San Diego 10 1610 Silverwood* 30 1040 

Cuyamaca 15 240 
El Capitan 5 80 
Henshaw 10 161 Kernt 5 800 
Hodges 5 80 Buena Vista 20 160 
Jennings 5 80 Frazier 10 80 
Miramar 15 240 Isabelle 60 480 
Murray 10 161 Ming 10 80 
Otay, Lower 10 161 
Wohlford 5 80 

Total, all lakes 16,100 x 103 Gallons/Year (1977) 
Total, SCAB lakes 10,600 x 103 Gallons/Ye~r (1977) 

*Indicates lakes located in the South Coast Air Basin. 
tAlthough not located in the two regions, its boating fuel consumption was 
subtracted from. 
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TABLE 4-23. GASOLINE FUEL CONSUMPTION AND ASSOCIATED EMISSIONS 
FOR PLEASURE BOATING ON LAKES IN THE SOUTH COAST AIR BASIN IN 1977 

County* 

1977 Gasoline 
Fuel Use 

103Gal/Yr SOx 

Pollutant Emissions 
Tons/Year 

CO HC NOx 

SCAB 10,600 36 12,500 3,400 340 

Los Angeles 3,600 12.1 4,200 1,140 116 

Orange 40 0.134 47 12.6 1. 29 

Riverside 3,500 11. 7 4,100 1,100 113 

San Bernardino 3,500 11. 7 4,100 1,100 113 

* Includes only that portion of each county located in SCAB. 

C. Coastal Waters--

Boats for coastal pleasure boating, as defined by this project, include 

gasoline-powered trailered, berthed, and documented boats, and diesel-powered 

,Pleasure boats. 

Approximately 2.6 million boat days were estimated to have been spent 

by gasoline-powered berthed and trailered ?oats on Southern Cal~fornia's 

coastal waters as presented in Table 4-20. Trailered boats nonnally range in 

size up to 21 feet; those over 21 feet are not considered trailerable. This 

relationship suggests that the majority of boats over 21 feet in length are 

berthed and used mainly in coastal waters, and those under 21 feet are trailered 

and used on lakes, rivers, and coastal waters (Ref. 2). The number of boats 

>21 feet registered in coastal counties versus inland counties also supports 

this assumption. Of course, exceptions to th~s generalization occur, but 

it is assumed by KVB that they are small in comparison. This relationship, 

in conjunction with a marina boat profile developed by KVB, formed the basis .for 

determining the population and annual boat days for trailered and berthed boats. 
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To determine the number of berthed boats, the boating facilities along 

the coast (South Coastal Region) were inventoried; results are presented in 

Table 4-17. Approximately 35,732 berths, 1,721 moorings, and 641 transient 

berths were counted (Ref. 5). Based on discussions and personal visits to 

four of the major marinas in the area--Marina Del Rey, Long Beach, Dana Point, 

and Oceanside--it was estimated that there was a 100 percent occupancy of 

berths and approximately one-third occupancy of moorings and transient berths 

(Refs. 43 to 48). The total full-time pleasure boat occupancy along the coast 

was then estimated at 35,732 + 1/3 (1721) + 1/3 (641) = 36,519 boats. 

Based on discussions and on-site visits to these four marinas, and 

the percentage breakdown of inboards, outboards, and others in the 1977 DMV 

boat registration, the following profile of berthed boats at Southern California 

coastal facilities was developed: 

COASTAL BERTHED BOAT PROFILE, GASOLINE POWERED 

50% Power 50% Other 
Boat Length Inboards (95%) Outboards (5%) Sail+ Aux. Sail 

<26 1 68% 50% 67% 
>26' 32% 50% 33% 

+ i 
Boat Population Boat Populationl 

Inboards Outboards Sail+ Aux. Sail 

<26' 11,796 456 12,233 
>26' 5,551 457 6,026 

Subtotal 17,347 913 18,259 

TOTALS 18,260 18,259 

As indic3tcd, 50 percent o~ the popul~tion W3S found to be pover bo~ts 

and 50 percent was found to be sail boats. However, further investigations 

revealed that there were approximately 3,100 documented vessels also residing 

along the Southern California coast (Ref. 4). Realizing that documented vessels 

are generally >26 feet in length, powered by inboard motors, and also berthed at 

such places as marinas, KVB assumed that 80 percent or 2,480 vessels of the 

3,100 total were counted in the 5,551 ~26-foot inboard marina boat class. To 

minimize the chances of double counting, the 5,551 figure was reduced by 2,480, 

resulting in a >26-foot marina pleasure boat count of 3,071. 
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To determine the total boating days spent on coastal waters by 

berthed boats and by trailered boats, the total number of boat da~s attribut

able to berthed boats alone was calculated; the difference as assigned to 

trailered boats operating only on coastal waters. The results are presented 

in Table 4- 24. Trailered boats oFerating on lakes and rivers are not included 

in this estimate as outlined in Table 4-20. 

Approximately 1.44 million days of the 2.6 million total coastal boat 

days are attributable to berthed boats. The difference, approximately 

1.11 million days, was assigned to trailered boats. Through the application of 

the average fuel consumption factors listed in Table 4- 21, the quantity of 

gasoline fuel used by berthed and trailered boats in 1977 was then calculated; 

the results are presented in Table 4- 25. 

TABLE 4-24. CALCULATION OF BOATING DAYS ATTRIBUTABLE TO COASTAL 
PLEASURE BOATS FOR 1977 (BY BERTHED AND TRAILERED BOATS) 

Total Coastal Boating Days per Year {see Table 4-18) 

16<26' 1,318,351 days/year 
>26' 728,480 days/year 

ANNUAL MARINA BOATING USE 
Total Days of Boating Activity@© Avg~ays Per Year by Boat Length 

Boat Berthed Boat Used 4 © (0 
Description Population Days/Yr. 3 16<26' >26' 

Inboard <26' 11,796 33.7 397,525 397,525 
Inboard >26' 3,071 50.8 156,007 156,007 
Outboard <26' 456 27.4 12,494 12,494 
Outboard >26' 457 55.3 25,272 25,272 
Sail <26' 12,233 41. 3 505,223 505,223 
Sail >26' 6,026 57.8 348,303 348,303 

1,444,824 915,242 529,602 

Coastal Boating Days Allocated to Trailered Boats 

16<26' 1,318,351 days/yr. 915,242 days/yr. = 403,109 days/yr. 
>26' 728,480 days/yr. 529,602 days/yr. = 198,878 days/yr. 
<16' 506,837 days/yr. 0 = 506,837 days/yr. 

Total 1,108,824 days/yr; 
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TABLE 4-25. CALCULATION OF THE GASOLINE FUEL USED BY BERTHED AND 
TRAILERED PLEASURE BOATS OPERATING IN COASTAL WATERS 

Berthed Boats @ ® © ® ©
<D Marina Avg. Boat Total Avg. Fuel 1977 Fuel 

Boat Boat Population Days Used BoatinG)Days Consumption Consumption 
Length Profile Days/Yr. @x Gal./Day Gals/Yr. ©x ® 

<26' 11,796 Inboard 33.7 397,525 11.6 4,_611,290 
456 outboard 27.4 12,494 9.1 113,695 

12,233 Other 41. 3 505,223 0.4 202,089 
Subtotal 4,927,074 

>26' 3,071 Inboard 50.8 156,007 15.4 2,402,505 
457 Outboard 55.3 25,272 3.8 96,034 

6,026 Other 57.8 348,303 0.7 243,812 
Subtotal 2,742,351 
Totals 7,700,000 

Trailered Boats ©
(!) ® G) Estimated © © 

Boating Boating Days per 1977 GasolineAvg. Fuel 
Total Boating Propulsion Propulsion~ Consumption Consumption 

Length Days/Year Profile Days/Yr. G) x 3 Gals/Day Gal/Yr. ©x® 

<16' 506,837 2.8\ Inboard 
74.8\ Outboard 
22.4\ Other 

14,191 
379,114 
113,532 

10.4 
4.1 
0.2 

Subtotal 

147,586 
1,554,367 

22,706 
1,724,659 

16<26' 403,109 49.l\ Inboard 
34.0\ Outboard 
16.9\ Other 

197,926 
137,057 

68,126 

11.6 
9.1 
0.4 

Subtotal 

2,295,942 
1,247,219 

27,250 
3,570,411 

>26' 198,898 65.l\ In.board 
3.6\ Outboard 

31.3\ Other 

129,483 
7 ,_160 

62,255 

15.4 
3.8 
0.7 

1,994,038 
27,208 
43,578 

Subtotal 
Tot:ilc 

2,06..J ,!32..J 
1-:-ioo":Ooo 
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Approximately 15.1 million gallons of gasoline were estimated to 

have been used by berthed and trailered pleasure boats in the South Coastal 

Boat region. Applying the Arthur Young & Company-based fuel-use factors 

presented in Table 4-21 1 to the 2.6 million coastal boating days gave a gasoline 

usage estimate of 21 million gallons. To resolve the discrepancy in the 

berthed boat fuel-use estimate, gasoline sales data were obtained from the fuel 

docks serving the four marinas surveyed. 

To the right of the reported fuel sales column are KVB's estimates of 

the fuel used by the berthed boats at each marina, based on the model set up by 

KVB and based on KVB's interpretation of the data contained in the two Arthur 

Young & Company reports (Refs. 1 and 2). The gallonage derived based on KVB's 

model is approximately one and one half to two times that reported. The gallon

age derived through KVB's interpretation of the two Arthur Young & Company 

reports is two and one half to three and one half times as great. Further 

research revealed that approximately 10 percent of the fuel used by boats >26' 

" is purchased elsewhere than at the fuel docks (Ref. 1). This fuel is not 

included in the fuel sales figures listed in Table 4-26 and would therefore 

increase the actual fuel sold at marinas by approximately 10 percent. Taking 

into account the possible errors involved in (1) the berthed and trailered boat 

estimate, (2) the gasoline sales figures reported by the fuel docks, and 

TABLE 4-26. MARINA FUEL SALES SURVEY 

Reported 
Gasoline Estimated Gasoline Usage 
lales 103 Gallons 

Marina Berths 10 Gallons* KVB Model KVB/Arthur Young & Co. 

Marina 6062 240 1,370 2,400 
Del Rey 

Long Beach 1850 300 420 740 

Dana Point 2484 290 560 990 

Oceanside 789 110 178 310 

*Sources: Refs~ 43, 44, 49, and 50. 
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(3) the possibility of not accounting for every coastal berth, the gallonage 

estimated by KVB was felt to be reasonable. 

D. Documented Pleasure Vessels--

The U. S. Co?.st Guard reported that there were approximately 3,100 

documented vessels registered in Southern California (Ref. 4). Data on the 

fraction of these vessels burning gasoline are unavailable; however, their 

total is believed to be very low. In general, documented vessels are longer 

than 26' and powered by inboard diesel engines. 

A method was developed by Arthur Young & Company to calculate the 

annual gasoline consumption of gasoline-powered documented vessels for the 

entire state of California. Since data on documented vessels are very scarce, 

KVB decided to use this method: 8012.45 x (year - 1871) - gallons gasoline/ 

year, a formula developed from a 1971 boating survey in which 1304 gasoline

powered documented vessels reported consuming approximately 801,245 gallons in 

1971. A one percent population growth rate was also predicted, which is 

reflected in the formula. 

In using this method, KVB estimated that 50 percent of the gasoline

powered documented vessels (1304 for the state in 1971) resided in Southern 

California. Based on this assumption, the following gasoline consumption 

estimate for 1977 was made: 

8012.45 x (1977 - 1871) x 0.5 = 424,660 gallons/year 

The diesel fuel consumed by the remainder of the documented vessels 

is considered in calculating the fuel used by commercial boating and diesel 

fuel used by pleasure boating. 

E. Diesel-Powered Pleasure Vessels--

Information on the quantities of diesel fuel consumed by boats on 

lakes and rivers in Southern California is scarce. All indications are that 

very little diesel, if any, is used on these water areas. The majority of 

diesel fuel use by pleasure boats occurs on coastal waters. Information on 

that was also scarce. 

To determine the quantity of diesel fuel consumed by pleasure boats 

on coastal waters, a fuel-use factor (gallons per marina slip) was developed. 
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Based on a KVB survey of the diesel fuel sold to pleasure boats at four local 

marinas (Refs. 43, 44, 49, and 50), a factor of 70 gallons/slip was developed. 

Multiplying the total marina slip population of 35,632 vessels by the 70-gallon/ 

slip factor gives 2.5 million gallons of diesel consumed by pleasure boats 

operating in Southern California in 1977. 

To determine the fuel used by these boats in the waters off Los Angeles 

and Orange Counties {South Coast Air Basin}, the coastal boating facilities in 

these two counties {see Table 4-16) were inventoried and the habits of boaters 

studied. Allowances were then made for the fuel used in these two counties by 

boats transiting. For example, Catalina Island is a very popular spot for 

boaters in all of Southern California. People embarking from San Diego parallel 

the coast until they reach the Los Angeles area, and then head out to sea for 

Catalina. Pleasure boaters generally stay within three to five miles of shore 

when transiting or cruising. With this in mind, KVB estimated approximately 

10.1 million gallons of gasoline and 1.73 million gallons of diesel were 

consumed by boaters within the waters off Los Angeles and Orange CoW1ties. The 

offshore area considered by KVB to be part of the South Coast Air Basin is 

presented in Figure 4-2. 

Table 4-27 presents the results of our calculations for pleasure boats. 

Emissions were calculated by applying the AP-42 emission factors listed in 

Table 4-5. 

Table 4-28 presents a summary of the fuel used and emissions generated 

by boats in the South Coast Air Basin.. Approximately 21 million gallons of 

gasoline and 1.73 million gallons of diesel were consumed by pleasure boaters 

in 1977. The error associated with this emissions inventory is estimated by 

KVB at .:!:_30 percent. 

4.4.2 Cormnercial Boats 

A summary of the fuel consumed and emissions generated by commercial 

boats operating in the South Coast Air Basin's coastal waters (see Figure 4-5) 

is presented in Table 4-29. The methodology discu.ssed in paragraph 4. 2 was 

used to compute most of the information contained in Table 4-29. The popula

tion of boats for this area was not specifically determined. Boats are contin

ually transiting in and out of the area. For this reason, inventorying the 

fuel used by bQats operating in the area over a year's period rather than 

counting the boat population was chosen. 
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TABLE 4-27. SUMMARY OF THE FUEL CONSUMED AND EMISSIONS GENERATED BY 
PLEASURE BOATS OPERATING ON COASTAL WATERS IN THE SOUTH COAST AIR BASIN IN 1977 

1977 Fuel Consumption Pollutant Emissions 
103 Gal/Yr Tons/Yr 

County Gasoline Diesel SOx CO HC NOx 

SCAB 10,100 1,730 
- - - - - - -- - -- - - - - - - -- - - - - - - - - - - -- --- - -- - -- -

55 8,800 2,400 810 
--- - -- - -- - - - -- - - - - - - - - - - --- - - ·- - - -- - --- ----- .... - -- - --- - - - ·- - - - - -

Los Angeles 4,700 790 25 4,100 1,470 380 

Orange 5,400 940 30 4,700 960 430 

~ 
TABLE 4-28. SUMMARY OF THE FUEL CONSUMED AND EMISSIONS GENERATED BY ALL 

PLEASURE BOATS OPERATING ON LAKES AND COASTAL WATERS LOCATED IN THE SOUTH COAST AIR BASIN IN 1977 

1977 Fuel Consumption Pollutant Emissions 
103 Gal/Yr Tons/Yr 

County Gasoline Diesel SOX co HC NOx 

SCAB 21,000 1,730 90 22,000 5,800 1,100 

Los Angeles 8,300 790 37 8,300 2,600 500 

~ Orange 5,400 940 30 4,700 970 430 

I-' 
w 
I 

u, 
00 
0 
0) 

I 
I-' 
N 
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San Bernardino 

Riverside 

3,500 

3,500 

0 

0 

11. 7 

11. 7 

4,100 

4,100 

1,100 

1,100 

113 

113 



TABLE 4-29. SUMMARY OF DIESEL FUEL CONSUMED AND EMISSIONS 
GENERATED BY COMMERCIAL BOATS OPERATING IN THE SOUTH COAST AIR BASIN IN 1977 

County 

SCAB* 

Los Angeles 

Orange 

1977 Diesel 
Fuel 

Consumption 
103Gal/Yr SOx 

Pollutant Emissions, 

Tons/Yr 

co HC NOx Part. 

12,200 164 670 300 1640 176 

10,500 141 580 260 1410 151 

1,730 23 90 40 230 25 

*See Figure 4-5 for definition of the South Coast Air Basin's offshore 
boundaries. 

Referring to paragraph 4.2.2, commercial boats were subdivided into 

four main categories: commercial and party fishing boats; tug and work.boats;* 

excursion boats; and U.S. Coast Guard vessels. Each boat category was then 

inventoried separately as to fuel use or general operating location. To deter

mine the diesel fuel used by these commercial boats operating within the South 

Coast Air Basin's coastal waters throughout the inventory year, each boat cate

gory was once again considered individually. 

Commercial and party fishing boats use most of the diesel fuel consumed 

by the four categories in the South Coast Air Basin and in the state. Looking 

at Table 4-12, approximately 9.4 million gallons of diesel fuel was estimated 

by KVB to have been consumed by commercial fishing boats in the geographical/ 

statistical areas of Los Angeles and San Diego during 1977 (see Figure 4-3). 

Adding to this figure the 140,000 gallons estimated for transit time 

spent in these two areas by the San Diego tuna fleet brings the total to 

9.5 million gallons of diesel. However, the two statistical areas initially 

used encompass more area thanis considered located in the South Coast Air Basin. 

To further apportion the 9.5 million gallons, fish block maps provided by the 

*Includes an allowance for small commercial utility boats and lightering 
barges. j\ 
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California Department of Fish and Game ~ere used. These maps indicate the 

quantities of fish caught per square mile. The relationship between fuel 

used and fish caught was found by KVB to be the best information available for 

apportioning fuel to this area. 

Analyzing the fish block map for Southern California, approximately 

97 percent of the poundage of fish caught for 1976 was caught in the South 

Coast Air Basin. 1977's data were not yet available; however, 1977 is not 

expected to be significantly different from 1976. Based on this determination, 

approximately 9.2 million gallons of diesel fuel or 97 percent of the total for 

these two geographical areas was consumed in the South Coast Air Basin. 

The calculation of the diesel fuel used in the South Coast Air Basin 

for the other three categories of commercial boats was not as complicated as 

for commercial and party fishing boats. Fuel apportionment for tugs and work

boats and excursion boats involved gathering information on boat populations 

for the study area. To this population annual fuel-use factors were applied 

as discussed in paragraph 4.2.2. Approximately 2.6 million gallons of diesel 

were estimated for the South Coast Air Basin using this procedure. 

To determine the fuel used by the Eleventh District, U. S. Coast Guard, 

in the South Coast Air Basin, information on annual fuel consumption and ship 

movements was obtained from the Eleventh District (Ref. 31). Based on an 

analysis of this information, KVB estimated that 370,000 gallons of diesel fuel 

were consumed in the South Coast Air Basin. 

Twelfth District vessels rarely enter the Eleven District's jurisdiction. 

Therefore, their fuel use is not a consideration in this study. 

Table 4-30 summarizes the estimated fuel consumption and associated 

emissions for the four categories of commercial boats. Emissions were calcu

lated based on the AP-42 emission factors presented in Table 4-7, paragraph 4.2.2. 

The fuel used for on-board electrical generation is also included in the estimated 

fuel totals. The exact amount used for this was not known, but all indications 

are that it is minimal when compared with the quantity of fuel used for propulsion. 

The error associated with estimating SCAB's portion of the total distri

bution of this fuel and the emissions inventory is estimated by KVB at +20 percent. 
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4.5 

TABLE 4-30. SUMMARY OF THE DIESEL FUEL CONSUMED AND EMISSIONS 
GENERATED BY COMMERCIAL BOATS BY CATEGORY FOR THE SOUTH COAST AIR BASIN IN 1977 

Commercial 
Bo~t 

Estimated 1977 
Dje~el F'uel 
Consumption 

Pollutant Emissions, 
Tons/Yr 

Category 103Gal/Yr SOx co HC NOx Part. 

Commercial & 

Party Fishing 

Tug, Work, & 

Excursion* 

U.S. Coast 
Guard 

9,200 

2,600 

370 

124 

35 

5.0 

510 230 1,240 

143 65 350 

20 9.2 so 

133 

38 

5.4 

Totnl 12,200 164 670 300 1,640 176 

*Includes fuel used by lightering barges and small commercial utility boats. 

EMISSIONS FORECAST 

4.5.l Pleasure Boats 

Predicting the future of pleasure boating in Southern California involves the 

consideration of such unpredictable factors as increasing fuel costs, availa

bility of new boating facilities, weather conditions, the general state of the 

economy, and new boat sales. All of these affect each other. Dominant is the 

rapid rise in fuel prices. This will induce changing trends in boat sales. 

For example, the current population distribution of inboards, outboards, and 

others (including sail boats) is expected to shift toward sail boats and other 

types of fuel-efficient boats. This trend will be most noticeable along the 

coast where sailing is prevalent. Boating on lakes and rivers generally 

involves fuel use; thus it will be subject to the most change as a result of 

fuel price rises. 

Based on information obtained from th~ DMV, boat registrations for the 

state and Southern California have increased approximately 3.5 percent per year 

since 1972. However, given the current world energy situation, it is doubtful 

that this trend will continue into the foreseeable future. Due to the extreme 
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instability of the fuel situation, KVB has determined that a prediction of 

future boating emissions would be totally unreliable and has elected, there

fore, not to make one. 

4.5.2 Commercial Boats 

The only categories of commercial boats expected to increase appreci

ably in the South Coast Air Basin over the next 5-, 10-, and 15-year periods 

are commercial and party fishing boats. The population and fuel use of tug 

boats, work boats, lightering barges, small commercial utility craft, and 

excursion boats are not expected to increase significantly over those time 

spans based on the little information available. Factual data could not be 

obtained, and none of the persons connected with the operation of these vessels 

would offer any comment. The reason given was the extreme variability among 

such business enterprises. The U.S. Coast Guard, Eleventh District, reported 

the planned addition of only one new 82-foot cutter some time during the next 

ten years, with no comment thereafter. The diesel fuel consumption for such a 

vessel was estimated by KVB at approximately 60,000 gallons a year with approxi

mately 80 percent consumption within the SCAB's offshore boundaries. Resulting 

emissions would be as follows: 

Emissions, Tons/Year 

so co HC NO Part. 
X X 

C.65 2.6 1.2 6.5 0.70 

To determine the increase in diesel fuel consumption and the associated 

emissions for commercial and party fishing boats, the annual five percent 

increase in boats registered, individuals licensed, and pounds of fish caught 

based on a linear regression analysis of these data for the last ten years were 

used. The basic assumption is that the quantity of fuel used is directly 

related to these three parameters. The exact relationship is impossible to 

determine and will change with time. For example, as the price of fish 

increases at a greater rate than everything else connected with fishing, more 

boats burning more fuel will be justified in fishing for smaller catches than in 

previous years. Also, during the past five years the Los Angeles and San Diego 

geographical areas have accounted for approximately 70 percent of the state's 

total fish catch. Assuming that the preceding trends continue and that more 
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boats will be fishing for fewer fish, the five percent statewide increase was 

applied to the Los Angeles and San Diego areas. 

Based on the five percent annual growth rate for the state's commercial 

fishing industry, predictions were made that are presented in Table 4-31. Due 

to the extreme variability of this industry, these predictions should be used 

only as a guide and not in absolute terms. 

The total predicted diesel fuel consumption and associated emissions 

increases for the South Coast Air Basin are also presented in Table 4-31. The 

addition of the diesel fuel and associated emissions for the new Coast Guard 

cutter did not alter the original figures enough to be detectable when rounded 

to two significant places. 

TABLE 4-31. FU'l'URE DIESEL r'UEL CONSUMPTION AND 
ASSOCIATED EMISSION PROJECTIONS FOR 

COMMERCIAL BOATS OPERATING IN THE 
SOUTH COAST AIR BASIN 

Est. Diesel 
Fuel Emissions, Tons/Yr and Percentages 

Calendar Consumption 
Year 103 Gal/Yr so co HC NOX Part.

X 

1977 9,200 124 510 230 1240 133 

1.25 1.25 1.25 1.25 1.25 

1982 11,500 155 640 290 1550 166 

1.50 1.50 1.50 1.50 1.50 

1987 13,800 186 760 340 1860 199 

l. 75 1.75 1.75 1. 75 1. 75 

1992 16,100 220 890 400 2200 230 
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