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Project Officer .
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involved in this study are gratefully acknowledged.
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This work is part of a continuing effort by the U.S. Coast
Guard to evaluate the emissions from Coast Guard power plants and
mini m j :e these emission s through the application of cost-effective

control technology.
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1. INTRODUCT I ON

1 . 1 PURPOSE

This paper presents the findings of a study to estimate Coast

Guard (CG) vessel exhaust emissions. Coast Guard vessel air-

poll ution emissions were previously estimated by TSC in 1971

(r efe rence l ) * . Th ese emi ss ions ca lcula tions were based on fuel
consump tion rec ords for  each c lass  of ve ssels and ma ss em is sion
factors ** based on average emission rates found in the literature

for diesel engines. No d i s t i n c t i o n s  were  made between different

des igns  of engines , condi t ion  of the  engine , or d if fe rences  be tween
engine  o p e r a t i n g  c o n d i t i o n s  or du ty  cycle  of the engines used in

d e t e r m i n i n g  t he  e m i s s i o n  f a c t o r s  and the du ty  cycles  nf the var ious
types of Coast Guard vessels. The 1971 repor t  did provide  a frame-
work , howeve r , within which a CG pollution-abatement program could

be structured.

In the interim period , em iss ions tes ts of actual CG vesse ls
were made e s t a b l i s h i n g  more accurate emission factors (reference 2)

and , cur ren t ly , a detailed study of CG operations is in process

( refe r ence 3)

The purpose ot this analysis is to take the measured specific

horsepower emission factors and additonal information on operations

and obtain a more accurate estimate of CG vessel exhaust emissions.

1.2 SCOPE AND LIMITAT I ONS

Pollu tants estimated are: carbon monoxide (CO), oxides of
nitrogen (NO r), total hydrocarbons (THC), sul fu r  ox ides (SO y), and
particulates (Part.). In Section 2 , emissions are given for the

total Coast Guard fleet and as percentages of total U.S. vessel

emissions and of total transportation related emissions. Informa-

tion iimitation s restrict further disaggregation of emissions by

vessel use.

*See Section 4 for references .
**Emjssjon factors are quantities of emissions produced per unit

of fuel consumed or unit of work performed .

I 
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E m i s s i o n  f a c t o r s  m e a s u r e m e n t s  were a v a i l a b l e for  CO , NO R , and

THC fo r  el even v e s s e l s  d u r i n g  un de rway  o p e r a t i o n s  of both m a i n  pro-

p u l s i o n  eng ines , s h i p - s e r v i c e  g e n e ra t o r s , and b o i l e r s .  In  S e c t i o n

3.1 , the  m e t h o d o l o g y  is  de sc r ibed  f o r  e s t i m a t i n g  m a i n  p r o p u l s i o n

underway emiss ions  of CO . NO N , and TUC fo r  the f i v e  types  of
vessel s which consume the most  f u e l .  In Section 3 . 2 , the methodo-
logy i s shown whereby  CO , NO N , 

and THC em issions calculated in

Section 3.1 are extrapolated to include total fleet emissions.

S h i p - s e r v i c e  g e n e r a t i o n  u n i t s  and i n-p o r t  e m i s s i o n s  are c a l c u l a t e d .
In a d d i t i o n , in Sect ion  3 . 2 , the  m e t h o d o l o g y  for  c a l c u l a t i n g  f l e e t
SO~ emis s ions  based on s u l f u r  con ten t  is shown .

P a r t i c u l a t e - e m i s s i o n s  e s t i m a t i o n  m e t h o d o l o g y  is d e s c r i b e d
based on the 1971 CG emiss ion  f a c t o r s  but w i t h  o p e r a t i o n a l  use re-
flecting recent operational data (reference 3).

A t o t a l  of 15 c l a s s e s  of ve s se l s  were  used  as a b a s i s  fo r
t h i s  e m i s s i o n  e s t i m a t e .  In Appendix  A , c h a r a c t e r i s t i c s  of the
c l a s s e s  used in the c a l c u l a t i o n  are g i v e n .  F u r t h e r  i n f o r m a t i o n
on the  p e r f o r m a n c e  c h a r a c t e r i s t i c s  of CG v e s s e l s  may be found
in r e fe rences  1 and 2 , in the “ Re g i s t r y  of C u t t e r s  of the
U .S. Coas t  Guard”  p u b l i s h e d  by the  Coast  Guard , or in r e f e r e n c e
books such as Janes ’  F i g h t i n g  Sh~ p.~~

In Append ix B , a sample calculation for the CO , NO
R , 

and THC
main p ropu l s ion  emiss ions  is g i v e n .

As m a i n  p r o p u l s i o n  u n i t s  consume the most  f ue l , and t he  exist-
ing data was more complete , these sources are the  most c l o se ly
estimated . Where information was not available for detailed cal-

culation , conservative estimates are used tending to make a high

total estimate of emissions. Therefore , while the estimation of

yearly emissions for some of t h e smaller vessels may be high , the

emissions error estimation for the larger vessels (i.e., lar ge f uel
users) and the yearly total fleet emissions should be small. It

should also be noted that a few of the vessels included in this

study have been or will be retired. However , new vesse ls  are
scheduled  for  cons t ruc t ion  so t ha t  to ta l  f l e e t  emis s ions  w i l l  remain
nearly as reported.

2
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1.3 A V A I L A B T L I T Y  OF INFORMATION

L i m i t e d  CG vessel  o p e r a t i o n a l  da ta  and eng i n e - e x h a u s t  e m i s s i o n
measurements necessitated the aggregation of vessel operation s and

of the  em i ssion a n a l y s i s  on v e h i c l e s  consuming  the  mo s t  fue l .

Each vessel  type or class has particular design character istics

and each type is associated with one or more types of missions.

M i ssions include  such acti v it ies as search and re sc ue , l aw enforce-
ment , servicing aids to navigation , and others. Locational classi-

fication includes the geographical region to which the vessel is

as si gned , home port , whe the r  o p e r a t i o n s  are  w i t h i n  ha rbo r s , and a
g e n e r a l  c a t e g o r y  of w h e t h e r  the  vesse l  is  in-port or underway.

Sources of e m i s s i o n s  on vessels include main propulsion engines ,

s h i p - s e r v i c e  g e n e r a t o r s , and u t i l i t i e s  b o i l e r s .

The i n f o r m a t i o n  a v a i l a b i l i t y  i s  s u m m a r i z e d  in Tab le  1. For
the  c a l c u l a t i o n s , the  f o l l o w i n g  v a r i a b l e s  were c o n s i d e r e d :

- C u t t e r  type and c l a s s
- M i s s i o n  (a d u t y  cy c l e  is  used to c h a r a c t e r i z e

each vesse l  type)
- Underway  Hours  ( employmen t  hours  in r e f e r e n c e  3)
- L o c a t i o n  ( i n - p o r t , unde rway)
- E m i s s i o n  f a c t o r s  ( f rom r e fe rences  1 and 2)
- E x h a u s t  Source ( m a i n  p r o p u l s i o n  eng ines , s h i p - s e r v i c e

g e n e r a t o r s , b o i l e r s) .

3 
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TABLE 1. COAST GUARD CUTTER E ’ I I S S I O N  E STI~1AT ION —

IN F O R M A T I O N  AVA I L A B I L I T Y

Number  P e r c e n t a g e  Number  M a c h i n e r y  E m i s s i o n
of of of Logs F a c t o r s

V e s s e l s  T o t a l  Fuel  E m p l o y -  ( R e f e r e n c e  4)  ( R e f e r e n c e  2 )
C o n s u mp t i o n  ment

H ours
per > e a r

________ _____________ ________________ 
j R e f er e n c e  3) 

_____________ ______________

WHEC 33 S2 .U 8 3 , 339 Yes Yes
WAUB 9 13.6 20 ,410 No N o

~Y’1EC 5 .2 48 ,977 Yes Yes

~LB 3b 7.0 53 ,806 Yes  Yes

WPB 79 4.1 58 ,4 5 0  Yes Y e s
WL M 17 2 .1 l b ,679 No Yes

~A~ O 2 2.0 3 ,180 No No
W YTL 15 0 .4 17 ,717 Yes Yes
WLV 7 0.3 - -  N o Yes

4
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2. RESULT S

Tota l  annua l  CG c u t t e r  f l e e t  e m i s s i o n s  a re  shown in Tab le  2.

This estimate is compared with the 1971 e s t i m a t e .

In Table 3, CG vessel emissions are shown as p e r c e n t a g e s  o f :
1) national total vessel emissions , and 2) national total trans-

portation emissions.

In Tables 4a and 4b , the amounts and percentage of fuel con-

sumed by the most active classes of vessels are given for the two

principal operational states (underway and in-port). The emissions

for these operational states are approximately proportional to the

total emissions.

TABLE 2 .  TOTAL COAST GUARD VESSEL ANNUAL E M I S S I O N S

Pollutants Current Estimates Previous Estimates

CO 3.67 x 10 6 l b s / y r .  5 . 5  x lo b lbs/yr.
HC 2. 64 x 106 lbs/yr. 1.1 x 106 lbs/yr.

NO
~ 

8.92 x 10 6 lbs/yr. 1.5 x l0~ lbs/yr.

SO x 3.16 x 106 lbs/yr. 4.2 x 106 lbs/yr.

Particulat es 5.60 x 106 lbs/yr. 4.6 x 106 lbs/yr.

S
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FA BLE 4a . Y E A R L Y  FUEL U SAGE BY VES SEL TYPE ( Ga l / Y r )

Vessel Underway In Port On Station * Total
Type

6 6 7WHEC 1 .9  x 10 3 . 2  x 10 5 .9  x 10 2 . 8  x 10

WAGB 6.6 x 10 6 7 . 5  x lO~ - 7 . 4  x 10 6

WM EC 3.9 x io 6 5.5 x l0~ - 4 . 5  x 10 6

WLB 2.9 x 106 8.7 10~ 
- 3.8 x io 6

WPB 2.0 x 10~ 2.4 x 10~ 
- 2 . 3  x 106

OTHERS 6.16 x io 6 1.59 x 10 6 1.8 x 10~ 8 .0  x io 6

TOTAL 4.1 x 10 7.2 x 106 b.l x 10~ 5.4 x l0~

TABLE 4 b .  PERLI .NT AGE YEARLY FUEL CONSUMPTION

Vesse l  t J n d e r  v In Por t  On S t a t i o n * Total
Type

WHEC 35.2 5.9 10.9 52.0

WAGB 12.2 1.4  - 13.6

WMEC 7 .2 1.0 - 8.2

WLB 5.4 1. 6 - 7.0

WPB 3 . 7  0 . 4  - 4.1

OTHERS 11.4 2.9 0.3 14.6

TOTAL 75.1 13.2 11.2 100.0

*The Ocean Station Keeping Program has been ~onsiderably reducedsi nce 1973.

0~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~  —



3. METHODOLOGY I

Multiple source-emission inventories can be made by analytical

techniques where it is impractical to measure individual sources .

Total emissions can be approximated by the product of a source-

activity level mea,.ure and an emission factor representing a measured

or quanti tat~ ve estimate of the rate at which the pollutant is

released. For the calculation of CG vessel emissions the following

expression is used .

Emissions = Horsepower Hours x Emission Factor (1)

where:

Emissions (lbs per year per vessel)

Horsepower Hours (hours per year at various throttle

positions times delivered propeller horsepower at the

corresponding throttle positions)

Emission Factor (lb of pollutant per HP hour at

corresponding throttle positions)

As in all modeling, the accuracy of the results is only as

good as the simplifying assumptions approximate actual operations.

The general procedure consists of two main steps. First , the

emissions associated with main propulsion exhaust for those classes
of CG vessels which consume the most fuel are measured or calculated .

Second , the underway emissions for the total CG fleet are extrapola-

ted and then emissions in-port and emissions from ship-service genera-

tors and ship boilers are estimated and added to the underway emissions.

3.1 MAIN PROPULSION CO , NO , AND THC EMISSIONS OF VESS ELS
CONSUMIN G MOST FUEL X

The operation of each c lass  of c u t t e r  can be r ep resen ted  by
duty cycles (i.e. , typical engine-operating hours at various engine
speeds) for each type of mission. However , no information on duty
cycles  wa s ava ilable , and it was necessary, there fo re , to generate
typical duty cycles from eng ine-operating logs and overall fuel
consumption.

8
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B y e x a m i n i n g  b o t h  f u e l  c o n s u m p t i o n  records and missions per-

formed by Coast Guard vessels , i t  i s ev ident  t ha t  most  Coast Guard
vessel fuel is consumed h a small number of cutter types per-

forming few types of missions. Seven cutter types consume 89

percent of thc fuel , with the largest cutters , the WHEC type ,

consuming 52 percent of all CG vessel fuel. The mission analysis

shows that Coast Guard vessel operations consuming most of the

fuel are concentrated in a relatively few types of missions. It

is estimated that the WIIE C type spends 8h percent of its underway

time in performing three types of missions. Additionally the nine

most active classes of vessel spend 57 percent of their time in

performing five types of missions. These vessels and their most

frequent missions are shown in Table 5.

The most frequent missions are: (1) aids to navi gation , (2)

search and rescue , (3) enforcement of laws and treaties , (4) mili-

tary preparedness , and ~5) port safety and security. These missions

typ ically show a stop-and-go profile as compared to merchant marine

or mi li tary operations which typically have long cruising periods.

Each class of CG vessel is assumed to be used in operations

of either a sing le-type mission or missions that can be represented

by a single duty cycle. The duty cycle is developed from machinery

operating logs (reference 4) and from characteristics of the missions.

The duty cycles are shown in Table 6.

Total hours of operations of each type of vessel are distri hut~~
proportional to the assumed duty cycle.

Horsepower (p) can he calculated as a function of eng ine speed

according to the formula:

p = kse (2)

where k is a constant , s is the engine speed , and e is the propeller

load function whose value lies between 2.5 and 3 , depend in g on hull
desi gn. In this report , a value of 2.8 is used.

Horsepower load , assumed duty cycle , and number of hours under-

way yield estimated horsepower-hours at various percentages of

throttle and total horsepower-hours of all vessels of the particular

class . Tot il horsepower-hours are used to calculate fuel consumption 

~~00 ~~~~~~~ 
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TABLE 6. ASSUMLI) COAST GUARD VESSEL DUTY CYCLES

I. WHEC , WMEC , WAGB TYPE OF VESSELS

MODE TYPICAL TIME (%)  HORSE POWER (%)

Slow 5 15

2/3 25 25

Cruise 69 55

Full 1 79

I I .  WPB 95 TYPES OF VES SELS

MODE TYPICAL TIME ( % )  HORSE POWER ( %)

Slow 30 32
Cruise 70 72

I I I .  WLB , WPB 82 TYPES OF VESSELS

MODE T Y P I C A L  TIME (U HORSE POWER (%)

IDLE S 3
2/3 25 22

Cruise 70 60

IV . WI-fEC 327 , TYPE OF VESSELS

MODE TYPICAL TIME (% )  HORSE POWER

IDLE S BOILER
Cruise 70

Full 25

11



for the class vessels; this serves as a check on the accuracy of

the method by comparison with CG fuel consumption records. Cal-

culated horsepower-hours and fuel consumption are shown in Table 7.

Where fuel consumption values calculated did not agree with Coast

Guard records within a factor of three , the duty cycle was examined

and adjusted.

Emissions were then calculated using equation (1). Emission

fac tors were taken from reference 2. Table 8 summarizes the duty

cycle and vessels whose emission factors were used for the calculation .

The results of the CO , NO N , and TH C emission calculations are

given in Table 9.

In Table 10 , the step-b y-step procedure used in the emission

calculation is shown . In Appendix B , a sample calculation follow-

ing these steps is presented.

3.2 TOTAL FLEET EMISSIONS

3.2.1 Fleet Emissions CON, NO R, TI-IC

Total fleet emissions were estimated from underway emissions

of the most active types of CG vessels (Table 9). The total fleet

emiss ion  c a l c u l a t i o n  cons i s t ed  of the  f o l l o w i n g  steps :

1. Total fleet underway emissions are estimated by multi ply-
ing the emissions of the five types of vessels consuming

the most fuel (Section 3.1) by the ratio of total fleet

underway fuel to the fuel consumed by the five classes

abov e .

2. The emissions generated by the shi p-service generators and
boilers are assumed 10 percent of the mai n propulsion
emissions . Although rated output of the generators is
approximatel y 10 percent of the rated propulsion power
the load level s are lower. Boilers are assumed to emit
at approximate ly the same level .

Total fleet pollutants (CO , NOR , and THC) are calculated as
shown by equation (3) below .

12
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TABLE 8. COAST GUARD CUTTER EMIS SI ON CALCULAT ION DUTY
CYCLE AND EMISSION FACTOR ASSUMPTIONS

CLASS I)UTY CYCLE* APPLICABLE V1iSSEL**

WHEC 378 1 “Chase ”
327 IV “Campbell ”

311 I “Chase ”
255 IV “Campbell”

WMEC 210 A/B I “Decisive ”

213 1 “l)ec is ive ”

205 I “Decisive ”

143 1 “Decisive ”

WAGB 310 I “Chase ”
2 90 1 “Ch ase ”
269 I “Chase ”

230 1 “Chase ”

WPB 95 I I  “Cape H orn ”
82 III “Point Jackson ”

WLB 180 A/B II “Cowslip ”

*Table  6

** Refe rence  2

14
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C,

TA BLE 10 . SAMPLE EMISSI ON CALCULAT I ON STEP S

Steps Sources of Data

1. Determine and plot underway Machinery logs for one
opera ting hours at observed summer and one winter
main diesel engines (M1 I-~ M2) month of vessel
speed levels (RPM) operations (U.S. Coast

Gu ard - r e f e r e n c e  4)

2. From assumed power function
(equation 2) calculate and
plot each horsepower - pro-
peller load at each observed
speed level.

3. Calculate percentage of time
at various engine speed level
duty cycle

4. Distribute total underway Total underway hours
hours to various speed level (Tetra Tech., In c .  -

according to duty cycle, reference 3)

5. From (1) and (2) calculate
total horsepower-hours.

6. Conver t  h o r s e p o w e r -h o u r s  to
fuel consumption and check
calculated fuel consumption
with Coast Guard fuel usage
records. If calculated fuel
consumption is in agreement
with fuel records proceed to
emission calculations.

7. Obtain emissions by multi ply- Mass. Emission Rate
ing emission rate (#lbs/hrs.) (Scott Research Lab . -

by operating hours at various reference 2).
speed level.

16 
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Pt = (N  ~ 
Tota l  F lee t  Underway  Fuel 

~ 1.1
Underway Fu el o f Vesse ls  Cal cula ted

+ Ei x Fleet In-Port Fuel x 7.2 - -  1000 (3)

(i  = 1, 2 , 3)

where Pi are the pollutants calculated from five major types of CG
vessels

P
1 

= 2.7 x 106 ( l b s . y r . )  (CO em iss ions)

P, = 1 . 9 3  x 106 (lbs ./yr.) (THC emissions) (4)

P
3 

= 6.7 x io 6 (lbs ./yr.) (NOx emissions)

Ei are the average of Scott Emission Factors for Boilers

E1 
= 2.44 (lbs./l000 lbs. Fuel) (CO emissions )

E2 
= 2.034 (lbs ./1000 lbs. Fuel) (TI-IC emissions) (5)

= 2/667 (lbs./lOO lbs. Fuel) (NO emissions)

Total Fleet Underway Fuel = 4.1 x l0~ (Gal./Yr.)
Underway Fuel of Vessels calculated = 3.44 x lO ’ (Gal./Yr.)
Fleet In Port Fuel 7.2 x 10~ ( Ga l . / Y r .) .

Therefore:

P~~
(CO) = 3.67 x io 6 ( lb s . / y r . )  (6)

P t (THC) = 2 . 6 4  x 10 6 ( l b s . / y r . )

P t (N O~
) = 8.92 x 106 ( l b s . / y r . )

3.2.2 Total Fleet Emission s Particulates

Sulfur oxides em :ssions are calculated using fleet fuel

sulfu r average contents for diesel fuel and for boiler fuel

(reference 2). SO~ emissions are assumed to be all of sulfur

d iox ide .

17
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TABL E 11. COAST GU ARD VESSEL TOTAL SO x EMI SS I ONS

D i e s e l  powered v e s s e l s  = 1.15 x 10 6 (lbs/yr)

Boiler powered vessels = 2.02 x 106 ( lh s / yr )

3.17 x 10 6 ( lb s/ y r )

Particulate emissions are calculated in a similar manner ,

the emission factors , however , come from the earlier TSC report

on CG emissions (reference 1). Diesel-powered vessels emissions

factor was 15. 8 lbs. per 1000 lbs . of fuel and boiler powered

vessels emission factor was 0.0158 lbs. per 1000 lbs. of fuel.

Total particulate emissions are 2.8 x l0~ tons/year.

18
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WHEC TYPE 378 CLASS , ENGINE CHARACTERISTICS

Value Source

Main engine HP 7 , 200 U . S .  Coast Guard
Number of hours underway 4 ,000 Tetra Tech Report

(r e f e r ence  3)
A u x i l i a r y  engines (2 )  700 HP

(1) 1000 HP
Emergency U . S .  Coast  Guard
( 2) 3000 lb/
hr boiler

Fuel consum ed per year

Underway 7.4 x l0~ U.S. Coast Guard
In-Port 6.6 x l0~ U.S. Coast Guard
Total 8.0 x 10~ U.S. Coast Guard

WHE C TYPE , 32 7 CLASS , ENGINE CHARACTERISTICS

Ma in engine HP (boiler) (2) Boiler U.S. Coast Guard
3,100

Number of hours  under way 3,921 Tetra Tech Report
(reference 3)

A u x i l i a r y  engines  ( 1) 300 HP
Diesel Aux . U.S. Coast Guard

Fuel consumed per year ( g a l . / y r . )

Underway 5 .6  x l0~ U . S .  Coast  Guard
In-Port 1.8 x 10~ U.S. Coast Guard
Total  7 . 4  x l0~ U . S .  Coast  Guard

22

_ _  --~~~~~~~ -~~~~~~ - ---—- -~~~~~~~~-.- ~~~-~~~ - _ - _ ,



WHEC TYPE , 311 CLASS , E N G I N E  CHARACTERISTICS

Value Source

Main engine HP 6 , 400 U . S .  Coast Guard
Number of hours under N . A .
A u x i l i a r y  engines  (2)  480 HP

Diesel
( 2 )  292 HP U . S .  Coast  Guard
Diesel
( 2 )  Boi ler

Fuel consumed per year ( g al/y r )

Underway 3 . 2  x 10~ U . S .  Coast Guard
I n - P o r t  7 . 3  x 10~ U . S .  Coast Guard
Total 3 .9  x l0~ U . S .  Coast Guard

WHEC TYPE , 255 CLASS , ENGINE CHARACTE RISTICS

Value Source

Main engine HP (Bo i l e r)  6 , 400 U . S .  Coast Guard
Number of hours underway 930 Te tra  Tech.  Report

( r e fe rence  3)
Aux i l i a ry  eng ines (1) 143 Diesel  U . S .  Coast Guard

Fuel consumed per year ( g a l/y r )

Underway 4 . 3  x l0~ U . S .  Coast  Guard
In -Por t  9 . 4  x ~~~ U . S .  Coast  Guard
Total  5 . 2  x 10~ U . S .  Coast Guard

23
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WAGB TYPE , 269 CLASS , ENGINE CHARACTERISTICS

Value Source

Main engine  HP 12 , 000 U . S .  Coast Guard
Number of hours underway 2 ,626 Te t ra Tech Repor t

( r e f e r ence  3)
A u x i l i a r y  engines  (3) 900 HP

Diese l  Gen-
e ra to r
(1) 45 HP
Diese l  Gem - U . S .  Coast  Guard
era tor
(2 )  Boi ler

Fuel consumed per year  ( g a l/ y r )

Underway 7.1 x 10~ U.S. Coast Guard

In-Po rt 7.1 x ~~ U.S. Coast Guard

Total 7.8 x 10~ U.S. Coast Guard

WA GB TYPE , 310 CLASS , E N G I N E  CHARACTERISTICS

Value Source

Main  eng ine  HP 20 ,000 U.S. Coast Guard

Number  of hours  underway  3,523 Tetra Tech Report
( r e f e r e n c e  3)

A u x i l i a r y  eng ines  N .A .  N . A .
( 4 )  500 HP
Diese l
( 2 )  Boi le r

Fuel consumed per year  ( g a l / y r )

Underway 1.8 x 10 6 U . S .  Coast  Guard
I n - P o r t  9 .6  x ~~~ U . S .  Coast  Guard
Total  1.9 x 106 U . S .  Coast Guard
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WAGB TYPE , 290 CLASS , EN G INE CHARACTERISTI CS

Value Source

Main engine HP 12 ,000 IJ.S. Coast Guard

Number  of hours  underway 1 ,129 Tetra Tech Report

Auxiliary engines (4) 500 HP N.A .
Diesel
( 2 )  Bo i l e r s

Fuel con sumed per year ( g a l /y r )

Underw ay I 2.5 x 10~ U.S. Coast Guard

In-Port 1.8 x l0~ U.S. Coast Guard

Total 4.3 x l0~ U.S. Coast Guard

WAGB TYPE , 230 CLASS , EN G INE CHAR ACT E R I S T I C S

Value  Source

Main eng ine HP 5 ,100 U.S. Coast Guard

Number of ho u rs ‘underway 2 ,268 Tetra Tech Report

Auxiliary engines N .A .

Fuel consumed per year (gal/yr)

Underway 2.6 x l0~ U.S. Coast Guard

In-Port 3.9 x l0~ U.S. Coast Guard

Total 2.9 x 10~ U.S. Coast Guard

25
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WMEC TYPE , 21 0 A/B CLASS , E N G I N E  CHARACTERIST ICS

Value Source

Main  eng ine  HP 4 , 425  U . S .  Coast  Guard

Number  of hours  underwa y  2 , 305 Te t ra  Tech Repor t

A u x i l i a r y  eng ines ( 2 )  350 HP
Genera tor
( 1) 195 HP U . S .  Coast  Guard
Emergency
( 2 )  Boi le r

Fue l con sumed per year  ( gal /yr )

Underway  2.1 x 10~ U.S. Coast Guard

In-P ort 2.5 x ~~~ U.S. Coast Guard

Total 2 . 4  x l0~ U . S .  Coast Guard

WMEC TYPE 21 3 CLASS , ENGINE CHARACTERISTICS

Value Source

Main engine HP 3 ,000 U . S .  Coast Guard
Number o f hour s underw ay 1,800 Tet ra  Tech Report

A u x i l i a r y  eng ines  N . A .  N . A .

Fuel consumed per year  ( g a l / y r )

Underway 1.3 x l0~ U . S .  Coast  Guard
I n - P o r t  3 . 7  x l0~ U . S .  Coast Guard
Total  1 .7  x l0~ U . S .  Coast Guard
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WMEC TYPE , 205 CLASS , ENGINE CHARACTERISTICS

Va lue  Source

Main engine HP 7 ,400 U.S. Coast Guard

N umbe r of hours  unde rway 1 ,626 Tetra Tech Report

Aux i l iary eng ines N .A . N.A.

Fuel con sumed per year (ga l/ y r )

Underway 1.2 x 10~ U . S. Coast Guard

In-Port 3.0 x l0~ U.S. Coast Guard

Total  1.5  x l0~ U . S .  Coast Guard

WMEC TYPE , 14 3 CLASS , E N G I N E  CHARACTERIST I CS

Value Source

Main engine HP 1 ,800 U.S. Coast Guard

Nu mber of ho u rs underway 2,709 Tetra Tech Report

Auxiliary engines N .A. N . A .

Fuel cons umed per year ( ga l / y r )

Und erway 9.0 x ~Q
4 U.S. Coast Guard

In-Por t 1.8 x ~~ U.S. Coast Guard

Total 1.1 x l0~ U.S. Coast Guard

27 
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WPB TYPE , 82 CLASS , ENGINE CHARACTERISTICS

Value Source

Main engine  HP 1, 800 U . S .  Coast Guard

Number  of hours  under way  839 Tetra  Tech Repor t

A u x i l i a r y  eng ines ( 2 )  80 HP
Diese l
(1) 21.6 HP U.S. Coast Guard
Bo iler

Fuel consumed per year  ( ga l /y r )

Underw ay 2.2 x ~~ U.S. Coast Guard

In-Por t 2.2 x l0~ U.S. Coast Guard

Total 2 . 4  x ~~~ U . S .  Coast  Guard

WPB TYPE , 95 CLASS , E N G I N E  CH ARACTERISTICS

Value Source

Main engine  HP 2 , 400 U . S .  Coast  Guard

Number of hour s under way 537 Tetra Tech Report

A u x i l i a r y  engines  ( 2 )  68 HP
Diesel  U . S .  Coast  Guard
(1) Boi le r
(1) Burner

Fuel consumed per year  ( g a l /y r )

Under way 3 .4  x ~~~ U . S .  Coast  Guard

I n - P o r t  4 . 8  x ~~~ U . S .  Coast Guard

Total 3.9 x ~~ U.S. Coast Guard

28
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WLB TYPE , 180 CLASS , ENGINE CHA RACTERISTIC S

Value  Source

Main engine UP 1,367 U.S. Coast Guard
Numb er of hour s underway 1,495 Tetra Tech Report
Aux i’iary engines (1) 222 HP

Diesel U .S. Coast Guard
(1) 150 UP
Diesel

Fuel consumed per year (gal/yr)

Underway 8.2 x ~~ U.S . Coast Guard
In-Port 2.4 x l0~ U.S. Coast Guard
Tota l 1.1 x 10~ tJ .S. Coast Guard
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STEPS 1,2,3

(WHEC 378) - 3600H P @ 900 RPM

Engine
Sha f t  RPM RPM Mod. H . P .  ( % )  HRS ( % )

75 460 Slow £48 (15.22) 5.6 ( 5.46)
95 560 2/3 951 (26.39) 29.0 (28.27)

125 742 Cruise 2091 (58.08) 67.0 (65.30)
145 840 Full  2917 (81.03)  1.0 ( 0 .97 )

102.6 (100.00)

M 2 :
Engine

Shaft RPM RPM Mode H.P. (%)  HRS ( % )

75 450 Slow 516 (14 .33)  5 .6  ( 5 . 8 6 )
95 550 2/ 3  904 ( 2 5 . 1 1 )  2 0 . 0  ( 2 0 . 9 2 )

125 720 Cru i se  1922 (53 .39 )  6 9 . 0  ( 7 2 . 1 8 )
145 820 Ful l  2767  ( 7 6 . 8 6 )  1.0 ( 1 . 0 4 )

95.6 (100.00)

32 
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STEP 4
WHEC TYPE - HORSEPOWER ( % )  VS. UNDERWAY HOURS

HP% Mode Hours

1 5 . 2 2  Slow l / 2 ( 0 . 0 5 4 6 ) ( 4 0 0 0 )  = 109.2
26.39 2/3 l/2(0.2827)(4000) = 565 .4
58.08 Cruise l/2(0.6530)(4000) =1306.0
81.03 Full l/2(0.0097)(4000) 19.4

2 0 0 0 . 0

14.33 Slow l/2(0.0586)(4000) = 117.2
25.11 2/3 1/2(0.2092) (4000) = 418 .4
53 .39  Cruise  l / 2 ( 0 . 7 2 l 8 ) ( 4 0 0 0 )  = 1443 .6
76.86 Full 1/2(0.0l04)(4000) = 2 0 . 8

2000 .  0

_  .
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STEPS 5 ,6

WHEC TYPE (UNDERWAY HP-HRS)

RPM H P ( % )  HP x TOT HRS HP- FI RS

460 15 .22  .1522 x 7200 x 109 .2  = 119 ,665
560 26.39 .2639 x 7200 x 565.4 = 1 ,074 ,305
742 58.08 .5808 x 7200 xl306.0 = 5 , 461 , 378
840 81.03 .8103 x 7200 x 19.4 = 113 , 182

6 , 768 , 530

M 2 =

450 14.33 .1433 x 7200  x 117.2 = 120 ,9 2 2
550 25. 11 .2511 x 7200  x 4 1 8 . 4  = 756 , 433
720 53.39 .5339 x 7200 xl443.6 = 5 , 549 , 313
840 76.86 .7686 x 7200 x 20.8 = 115 , 105

6,541 , 722

TOTAL UP-HRS = 13 , 310 , 252

Total yearly fuel consumption = (13.3 x lO 6 ) ( O . 4 ) ( ~J_~.) =

7.39 x 10~ gal/yr

(The calc ula ted fuel con sumption , 7.39 x l0~ gal., is in agreement
with the value of 7.4 x l0~ gal. reported in reference 1. Therefore ,
proceed to calculate emissions - STEP 7).
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STEP 7
“CHASE” EMISSION RATE (SCOTT RESEARCH LAB. REPORT) - 3600 H.P. @900 RPM

RPM %H.P. CO HC NO
~ 

PART

460 15 . 2 2  4 . 2 0  1 . 7 7  10.86 -

560 26.39 2.19 1.69 22.06 -

742  58 .08  3 .87  2 . 7 5  33.31 -

840 81.03 1 0 . 2 0  4 . 1 0  4 2 . 6 9  5 .832

450 14.33 3 .82 1 .50  8 . 9 5  1 .921

550 25 .11  1 . 2 0  1 .37  2 0 . 7 8  -

M2 600 - 7.96 3.47 42.26 3.288

720 5 3
• 3 9  2.28 5.28 38.80 -

M 2 800 7 6 . 8 6  11.29* 5 59* 57 .8*  11 .244

M 840 - (7.58 (5.58 (52.282 15 .00)  5 .59)  6 3 . 3 2 )  -

*Average Number

35
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W H EC 378 CLASS - EMISSION CALCULATION :

Y e a r l y  E m i s s i o n s  = Emiss ion  Rate  ( l b s/ h r )  x hour s

RPM Mode C O ( l b s )  H C ( lb s )  NO ( lb s )

460 Slow 458.60 193.30 1185.90
560 2/3 1238.20 955.50 12472.70
742 Cru ise  5054.20 3591.50 43502.90

$40 Full 197.90 79.50 828.20
Total 1 6948.90 4819.80 57989.70

M 2

450 Slow 447.70 175.80 1048.90
550 2 / 3  5 0 2 . 1 0  5 7 3 . 2 0  8 6 9 4 . 4 0
720 Cruise 3291.40 7622.20 56011.70

820 Ful l  2 3 4 . 8 0  116.30 1 2 0 2 . 2 0
Total 2 4476.00 8487.50 66957.20
Total 1+2 11424.90 13307.30 124946.90

= 1.1 x ~~~ = 1 . 3  x ~~~ = 1 .3  x l0~

36
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WMEC 210 CLASS - EMISSION CALCULATION :

Yearly Emission = E m i s s i o n  Ra t e  ( l b s / h r )  x hours

RPM CO i-IC NOx
460 0 0 0
560 10 ,061.07 1 ,115.58 30 ,162.36

7 4 2  72 ,247.92 12 ,884.21 389 ,983.50

840 1,466.73 332.16 5,813 .28

Yl 83 ,7 7 5 . 7 2  14 ,331.95 275 ,959.14

‘1I - )

450 0 151.28 0

550 14 , 04 1.85 1, 103 .29  28 , 3 8 0 . 7 3

720  111 ,803.91 9,503 .33 327 ,9 8 4 . 7 7
820 1,7 2 6 . 0 2  2 4 7 . 4 0  8 ,342.43

127 ,5 7 1 . 7 8  11 ,005 .30 364 ,707.93

E2+ l

211 ,347.50 25 ,337.25 640,667.07

2.i x 10~~lbs = 2 . 5  x lO 4 lbs  = 6 . 4 x lO 5 lbs

Prev ious  e s t i m a t e s :

4 .1  x lO 5 lbs 8 .1  x lO 4 lbs  1.2 3  x l0 6 lbs
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