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Department of Energy
Washington, DC 20585

September 27, 1993

Mr. Steven A. Barsony

U.S. Department of Transportation

Federal Transit Administration

400 Seventh Street, SW
Washington, DC 20590

Dear Mr. Barsony,

In response to your request of September 8th, enclosed is the information on the joint

DOE/FTA Fuel Cell/Battery Bus Program. More specifically, there is a 12-page summary
of the program since its inception, a 3-page detailed summary of funds expended, and

a set of briefing charts that may be useful for your presentation.

Sincerely,

John J. Brogan

Director, Office of Propulsion Systems
Transportation Technologies

Energy Efficiency and Renewable Energy





THE PHOSPHORIC ACID FUEL CELL/BATTERY POWERED BUS SYSTEM

BACKGROUND

A review of the status of fuel cell technologies led to the initial selection of the

phosphoric acid fuel cell as being sufficiently compact, efficient and cost-effective for an
initial application in transportation. In addition, it is the only fuel cell system that is

sufficiently developed to permit demonstration and evaluation in a vehicle. The transit

bus was selected for the first application of fuel cells because the bus size permits

accommodation of the phosphoric acid fuel cell designs. Another factor in selecting the

transit bus is the long service life of these vehicles which allows the amortization of the

initially higher capital costs over a reasonable time period. Since transit buses operate

primarily in urban areas, the quiet operation and low pollution of the fuel cell powered
buses will be of particular significance.

The Fuel Cell /Battery Powered Bus System Program was initiated in FY 1988.

The objectives of this program, co-sponsored by DOE, DOT/FTA and California South

Coast Air Quality Management District (SCAQMD), is to show the feasibility of a

methanol-fueled phosphoric-acid fuel cell /battery propulsion system for a small urban

bus application and to advance the fuel cell /battery and control technologies in an

integrated fashion with available powertrain technology so as to provide an alternative

for diesel-powered buses.

The urban transit bus was selected as the entry point for application of fuel cells

for transportation because operation in urban areas will accentuate environmental

benefits; the transit route structure is relatively fixed and permits evaluation under

controlled conditions; the transit industry has an infrastructure in place to support

operation and evaluation of the fuel cell /battery bus; the long service life of transit

buses allows the amortization of higher acquisition cost over a reasonable time period;

and the bus size permits accommodation of the first generation fuel cell designs.

: The overall program is divided into four phases as shown in Chart 1.

Phase I - Proof-of-Feasibility

Phase I was a system design /integration effort directed at demonstrating proof-

of-feasibility for the fuel cell /battery propulsion system. Key activities included:

(a) Conceptual design of the bus system,

(b) Trade-off analyses and performance specifications, and

(c) The design, fabrication and laboratory evaluation of a half-size fuel

cell /battery brassboard propulsion system.
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Both air-cooled and liquid -cooled phosphoric-acid fuel cell systems were
evaluated in two separate cost-shared industrial contracts, one with a team led by
Energy Research Corporation (ERC), and the other with a team led by Booz-Allen &
Hamilton (BAH).

The two teams independently began with a conceptual design of a bus system
and component requirements. Trade-off analyses were conducted to determine the

optimum design and component specifications generated. During this process,

economic analyses were performed to insure that the design was economically feasible

and had the least cost possible. A brassboard propulsion system was built from the

component specifications and each team demonstrated the performance of components
and the system.

The results were evaluated to determine which systems would be the best for use

in a transit bus. Schematics of the air-cooled and liquid-cooled systems are shown in

Chart 2.

A comparison of each team's bus design and performance characteristics

compared to a diesel powered bus is shown in Chart 3. Note that even though the fuel

cell bus is heavier, it performs better than the diesel bus and its energy consumption is

less than the diesel bus.

Brassboard Test Results

Both BAH and ERC met or exceeded design specifications. No fundamental

design problems were uncovered and both systems successfully demonstrated the

ability to handle rapid load changes encountered in typical bus operation. Ultra-low

emissions and low noise levels were also confirmed.

Phase I Conclusions

Based on the results of the Phase I effort it can be concluded that a fuel

cell / battery powered urban bus is technically feasible and practical. The life cycle costs

of the fuel cell /battery bus can be economically competitive with the diesel and offers

additional undetermined economic benefits through improved acceleration, lower noise

and very low emissions. The liquid-cooled system potentially has lower fuel and life

cycle costs than the air-cooled system.

Since both systems demonstrated the feasibility of meeting bus requirements, the

Department of Energy proceeded with the Phase n development effort on a competitive

procurement from bidders of either air or liquid-cooled fuel cells.
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Phase II - Proof-of-Concept

The Phase 11 contract requires the design, fabrication and integration of three 25-

30 ft test-bed buses (TBBs), using standard off-the-shelf components to the extent

feasible. Emphasis is on a rugged design that meets bus industry standards with

acceptable performance. The liquid-cooled PAFC technology was selected for further

development based on superior system efficiency, packaging possibilities, and the

proposing team's technical merits.

Although no new technology development is part of this phase, the major

components - the fuel cell and the surge battery - have not been used in the hybrid

configuration for transportation applications. The major challenge is in the integration

of these components with the proven bus components for safe, economical operation.

System integration is therefore a key element of the project.

The contract team includes six companies headed by H Power Corp., which is

responsible for project management, system integration, and testing. Bus

Manufacturing U.S.A., Inc. is fabricating and assembling three test-bed buses. Fuji

Electric Co. is providing the fuel cell subsystem. Soleq Inc. is supplying the propulsion

system and electronics. Booz • Allen & Hamilton, Inc. is performing systems analyses

and preparing the test plans, and the operating and maintenance manuals.

Transportation Manufacturing Corp. is developing a design concept for a standard 40 ft

transit bus and providing the benefit of bus industry experience to the team. The team
is committed to the commercialization of fuel cell-powered transit buses, as evidenced

by a 23% cost-share and top management involvement from each participant in the

project.

The schedule for the Phase 11 effort is shown in Chart 4.

Current Status

The three test-bed buses are in various stages of fabrication and assembly. TBB-

1, which is scheduled for delivery in May 1994, is nearing completion. An integration

schedule is shown in Chart 5.

The bus configuration is summarized in Chart 6. The bus is powered by a

nominal 50 kW fuel ceU and a 216-Volt 200 amp-hour nickel/cadmium battery.

The fuel cell subsystem is shown in Chart 7.

A photograph of the assembled test-bed-bus is shown in Chart 8.

Performance

Projected performance is compared with FTA guidelines in Chart 9.
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Preliminary Conclusions for Phase II

The fuel cell /battery powerplant offers many significant advantages over

conventional transit bus power plants. Ultra-low emissions, higher fuel economy, no
noise, smoother acceleration, regenerative braking, reduced brake wear, and low
maintenance.

Many challenges remain after this phase is completed. The needed
improvements have been identified. Chart 10 summarizes the areas in which further

research and development is needed to make fuel ceU buses viable.

Phase III - 30 Ft Test-Bed-Bus Evaluation

Track testing and field evaluation of the test-bed buses will be accomplished in

Phase m.

Phase Ilia - Product Improvement

The findings of Phase 11 and the testing and field evaluation of Phase IE will be

utilized to improve the bus design. Several areas of improvement have been identified

in Chart 10.
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CHART 1

THE PHOSPHORIC ACID FUEL CELL/BATTERY BUS
PROGRAM

Phase Start End

I Proof-of Feasibility 4/88 2/90

II Proof-of-Concept 4/91 10/94

III 30 Ft TBB Evaluation 7/94 12/95

Illa Product Improvement 7/94 6/96





CHART 2
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CHART 3 Bus Design Characteristics

Diesel

Fuel Cell Bus Bus

Size . 27 ft, 22 seat 28 ft, 24 seat

Weight 19,025 lbs 17,000 lbs

Acceleration

0-20 mph 6 sec 10 sec

0-40 mph 22 sec 34 sec

Fuel Energy 65 100

Consumption

(% of Diesel)













CHART 6

TEST-BED BUS CONFIGURATION

Length
,

Width
Height

Curb Weight
Seating Capacity

Standees

Physically Impaired

Wheelbase
Floor Height
Ground Clearance

Useful life

Operating Temp. Range
Range

29 ft. (8.84 m)
96 in. (244 cm)
121 in. (306 cm)
24,000 lb (10,880 kg)

25 passengers + driver

13

2 wheelchair locations and
wheelchair lift

195 in. (495 cm)
32 in. (81 cm)
10 in. (25 cm) minimum
12-15 years

-5.8°Ftol31°F
150 miles (241 km)
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CHART 10

PRODUCT IMPROVEMENTS

FUEL CELL SUBSYSTEM
- REDUCE WEIGHT
- REDUCE START-UP TIME
- IMPROVE TRANSIENT RESPONSE
- REDUCE REFORMER SIZE AND WEIGHT
- INCORPORATE WATER RECOVERY
- SIMPLIFY ACCESSORIES
- IMPROVE EFFICIENCY FURTHER

BATTERY
- DEVELOP LIGHT-WEIGHT BATTERY FOR

HYBRID APPLICATION

BUS DESIGN
- REDUCE BODY /CHASSIS WEIGHT
- HEAT-ACTIVATED AIR-CONDITIONING
- POSSIBLE LOW-FLOOR DESIGN

ELECTRICAL SYSTEM
- INTEGRATE ACCESSORIES WITH

ELECTRICAL SYSTEM
- INTEGRATE SYSTEM CONTROLLER

WITH FUEL CELL CONTROLS AND
POWER SUPPLIES •





Fuel Cell Bus Program Funding Summary

Fiscal Year DOT Funds DOE Funds SCAQMD Funds FY Total Funds

FY 1987 $800,000 $1,000,000 $0 $1 .800,000

FY 1988 800.000 1.600,000 0 2.400.000

FY 1989 900.000 2,000,000 300,000 3,200,000

FY 1990 847,000 2,000,000 600,000 3,447.000

FY 1991 1.000.000 2.000,000 0 3.000.000

FY 1992 900,000 2.000.000 800.000 3.700,000

FY 1993 1,800,000 2.000.000 370.000 4,170.000

Totals $7,047,000 $12,600,000 $2,070,000 $21,717,000

- 9/21/93
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Fuel Cell Bus Program Costs Summary

DOT DOE SCAQMD Total

Phase I (FY87-FY90) Funds Funds Funds Funds

Booz, Allen & Hamilton $760,000 $1,277,000 $150,000 $2,187,000

- develop bus design

- build and test half-scale

fuel cell/battery power source

Energy Research Corporation $760,000 $1,268,700 $150,000 $2,178,700

- develop bus design

- build and test half-scale

fuel cell/battery power source

Georgetown University (7/87-3/90) $980,000 - - $980,000
- project management

Argonne National Lab (7/87-3/90) - $965,000 - $965,000
- project management

Phase I totals $2,500,000 $3,511,000 $300,000 $6,311,000

Phase II (FY91-FY94)

H-Power Corp. (through 9/93) $1,976,000 $6,395,000 $1,770,000 $10,141,000
- develop detailed bus design

- fabricate 3 fuel cell buses

Georgetown Univ. (4/90-9/93) $2,571,000 - - $2,571,000
- project management

Argonne National Lab (4/90-9/93)
"

$1 .804,000 - $1 .804,000

- bus battery testing

- project management

Other DOE Contractors (NREL.ESM.etc.) - $890,000 - $890,000
- environmental/infrastructure studies

Phase II $4,547,000 $9,089,000 $1,770,000 $15,406,000

(costs -I- commitments thru 9/93)

Total Program: Phases I & II $7,047,000 $12,600,000 $2,070,000 $21,717,000

(costs + commitments thru 9/93)

-9/21/93





Break-down of H-Power Corp. Costs bv Subcontractors

Funds committed as of 9/93:

H Power $2,975,833

TMC $1 ,033.000

BMI $1 .326,700

Fuji $2,878,100

Soleq $894,100

Booz.Allen $858,800

Tecogen $174,600

Total $10,141,133

-9/21/93









T3

O
<

CD

CD

H
O
CD

a
<
CD

O
CD

3 ^
CD ^
zr. CD
< O
Q IT

O o
o

CD

CD Q
T3
O

Q
CD
n

n'
Q

CD

CD

D
00

in

o

0 o

^ CD

o S
Q.

< ICD C
O

o o

^ 5

o
n
c
CD

o
JD ,

.a ^

S. o
o' $
13

CD

CD

CD 0_

^ O
CD 5"

CQ <
= • CD

C7
CD

CD
CD

Q. o
CD

g

o
CD

GO

3
CD

CD ^

n =3

O

if)

o
o
Z! CD

CD

c/: cr

CD
—

n

O
cd'

o

"a

o
<

CD

in

CD

CD
—

!

g — CD

CQ

CD
CD 3

1—^-

cr ^
CD 52.
n_ ^

- s

I= CD &1

CD

C
0

cr
CD cr CD

o

c;: o
CD

T3

IDd
O
O

^ 2-

O CD r-f

a) =z: CD
zr. D o
O 3"

=^ CD
^

o o
IT O
3 CQ
2. CD-

O 00

CQ< C5

O T3 OO IT
3 O Q.O C/D CD
CD "D <
T3 U CD^ O o

CD 0

3
CD ^ C

Q CD CD
—5 ^

^ CD Z3

CD cr
CQ. CD u^ ^ o
cr CD <
CD

^

CD

Q O ^.
CO Z7 CJ
• .Q —

O
CQ O

3' 3
CD CD

Q. ^
CD

O
o

CD

CD

CDd

13

o
Q
>

o

m
o
<
m
CO





D
c
cd'
I—

h

O
a
CD

CO
I—

h

5'

D

I

CO

CD

CD

<
CD_

co"

CL

3

t—i-

o'

EL

CD

CL
C
O
CD

Q.

o T 1

o
3 CD

"D
CD m
—

^

o
o

rr D
0

urn

CL

CD

C/)

CD

Fu

o

O
^1 ^ II Q
CD

CD

3
CD

com

—

^

CD

cr CD

c —

H

CO
1—(- o'

o" cd"

nc

o
—

K

3 go"

CQ
=7
0)

CD

D CD

O
ter

t

n
c
cp_

0
X

I

c

N
0
CO

3
O
3

I

"O
0

0
c

CD

CO

0
Q.

C
0
CO

Q.

O
O
CD
—

\

cr
o
3
CO

CD

3
CL

O
o

o
X

CD

3
CL

CO

D
c

I—

c
o 0
X
K O
0 0

1 i
CO

CO

o"
3
CO

CD

^ i.
3

CO CD

0

CQ
3

o'
CD

3

0
CO

T3
CD

CD

3

0
D.

O
0
CO

c_

CD

0
CO

H
CD

cr
CD

3
CD

!-+

cn

D3_ H
CD (D

3

<
CD

Tl
C
CD_

O
CD

o =

O

CD

CD

a

3

:± CD

CD r+

CL CD

CD v<
C/)

CD CD

CO

5)'

cr
CD

D
CQ

CL
CD

<
CD

q- o

3 CD

W D.

C

3

o
m
Tl
c
m

o
m

>
H
H
m
J)
-<

o

m
m
D
CD
C
CO

D
O
O
>





o
X
CQ
O

> im

® 13

^<

®
®
®
®
®

O
<-
3"
O
Q.
O

©
©
©
©
©

a.

o
CQ
Q
3

N3

Q. CD

2. §-

^ o ^o o 3
=o

a o ^
— O CD

5. Si n>

CO CO

E. ^

^ o
o

a.

0) o

a)

_ D
O ^
^ o

'<
CD
Q
3

3

CD

0)

c
—

n

o

CD
—

n

o
CD

CD

O
C/5 O CD

O '

3
o
<
MB I

D
CQ

CO

CD O
a) o
c/: =^—

• CD

c

O
o

(O o
o 3^ a-





a
o

3

H M H o g:

C/? ® Q -r O'

i 3c o
o o

I

CO

o.

Q
O

<
•3

CD

i-h

CD

C
2.

o
CD

CD

3 N>

3
CD

—

n

CD

o

3
c
CO

cr
CD

o
o
=3

CD

Q.

cr
o
c

cr
CD

2 2.

So
CD CD

S o
a)

3

CD 1^

^ CD

CD ^
O ^

o

3 ^
O
3

C2

CD D
O CD

O 3"

C

3

CD

03

0)

3
O

CD

:^ 3

o 5

< 2.

Co

O

£
CD

•si







1

I



m
m "n
< c
"D —
O

o

33

Q.

c

o
0

s =:>i;

0

• • • "U

O I

O
= 2.

0}

o
o

o

o
o.

o

2. o

3" W

o o

3. O

o
2. ^
2 «

2 =
D. <

9:
3"

o I

«< =

CO

J2o
CD

W

— \ 12. O

3 =
0 2.

1 o

o o

c
2.

o
2.

o

D"
Q
O
o
o

C
o
o
o
w
V)

=•8 51

X. o

-1 CJ

o r-
c

^ 5'

o o -

^ c 3

si

c
-« o









•

H
c5 _^

o
o
CD c

'

d
CD

00

00 N
o" CD

T3
CO

CD

CO

o
o
o
3
3
o
Cl

5'

o

—

^

CO

Q
CD

CD

o"

CD -*

CD

o"

CD

5'

CD

o

H
CD

5"

00

CD

<
n'
CD

zr. ID

o i:

3 00^

o
^

o cr
cn c:

o
<
o

CD

CO

o

CD

CO

c"

CO

o

^ n"

00

5
D
O

O
"D
CD

5"

o

Q.
C
CO

CD

O
CD

< JD

c/:

o
3

03

C/3

o
p—t-

CD

5'

05

O
Q

CD

00

CD

<

c
03

CD

O
o

CO

CD

CD

03

CO

o
c
CD

CO

—

\

r-

o
c

CD

CD_

o:

o <
o ^

§ I
CO c

OA

•

en O
<

CD

o
1-4-

5'

CD

Z3
5"

O
o
3 —••

o Z3

OJ
3
CD
—

^

— I.
/I

•<

o

Oj

ft) ^ «'

O
3^ CD

CD

O
CD_

CD

O CD

Q

CO

<
CO

CD

3

> c
D ^— fi}

5' =

O CD

O
3
C
C/)

Tl
C

C/)

o o
2. CD

o

C/)

O

H
O

m

— <
O

O

Tl
O



1

I

1

I

'

.it

t



>
o CQ

0 O
—I
CD

O
3" CQ 0
U CD

o' z
O

wn 5*

3
age
c CD

D
3 <' r"
CD

CD
—

^

o
<-+-

atory

1

o Z
o

<

o Q.
CD

>
OQ.

T3
CD

go'

CD
i-t-

5" o"
D

a
O

Ti m
o
CQ X
S 0
3 CD

Q.
n

CD C
O Ji3

5-

C/)

Tl
C

I O
5 CD

3 =
O T)

CD g

N

O

Tl

C/3

CD

0
D.

DO

TJ

O
CD
—\





' ' m
• ' <

O H E
O 3-

q:

2,E

O" =
< D" O
cr c ^

-t c/) _
^ ff, z:t

O 0
2^ 3 ^

CD CD o

5Lc5

r T

CDa

o

CD

<
(D

o"

05

O
o
5

o
D
0
•-^

CO

3
Q.

N
0
CD

<
03

oT
a;

0
O"
03

0 0
C/3 Z.

0
C/)

o
o
</)

o
o
3

o

0

a
mmm

<
0

03

3

C/) "D

< 03
c/3 =;

0
3

0
o
0
a
03

0
a
0
<
0
O

3
0
3

0

C
0

o
0

>
"D
J3

O
>
O

C/)

o
c
o
0

3 H
CD O
3" Q.
03 0
3 <
O 0

0 0
Q. <

03

3 "D

03 OS 03

3 "D 0

O 03

CT mmm
3

r; o Q.
CO

03 U)
o 3"

a O
—

^

S

0_

O 0
0_

0
03

03 C/)

0 CT

<

MO o
0

03

o
CD

m
o
<
m



I

\

I

I

1



n -0

oo
m

O
Z
m

1 —

31 —I m m.
3 2J> ^5 Ct)

QJ n O O~
tr. ^ ^_
3 o

m
1—

m
O
H

O
-n

c o
X CD
:- C

m

C3

O
o

>

>

00

c
0

o
c

5
2

c
U3

<
H
m







i



<
2.

5"

o
(—

^

o

-0

o

C/)

o
c
O

O ^
CD O

C/)

CD
fi) 2.

c5'

0)
n'
0

o
<Da
0)

3
(/)

3.

o
3

CO
Oloo
3D0

D
O
3
o
o

(D _5'

Q. O

0) cno

>
Tl
o

S2.

S"

I

C

o
T3
(D

o CD

o
COo

CD
>

N5
I

C/)

"D
0
(D
Cl

><_

0

CO

oo
"0

D
O
3
o
o

2 E.

Q. O

Q) 0

5 cji

D
>n
o

0 o
3. ^^ o
= o

? 3"

o C£>

ooo

ro m
o



I

1

I



o

O
—+«

g
cd'

CO

Tl
c
o

m
3
O

O
o
3
(/>

C
3

Q
C
DO
O
c
(D

H
3

o o
O o

>
o
o
2.
o

3 3 Si
T3 T5 5"

(tl (0
o o

m
DO
-n

O
33

COo
CO

ro
CD

>

o
m
o
O

CO
CD

CO

CO
CO -i-

CO o
|m

b

^3

>

o

oo
CO

CO -J^

4^ o
CO

o





CO Tl
< C
U) CD

CD

3
o
o

CO CO
(J) ro

I I

o
2. 3 d:

o ^ o
CD

a

o
o
o
CDa

m
o
CD

(f)

CO

G"
o
CD

3 o

a: —
CD c:

^ C/)<
CD

8 ^

o -u

in 2

CD
O

. . O
N
•

>
CO CJl ^
TT 77 0

9
a E. ^

i-i- Q. C
rt> ;* —
< CD. ^

o 5
ro (/)= (/)

c O
O" 03
to -!
>< Q.

3

CD

>
(f)

(f)

CD

O
>
a
C/)

m

a
m
CO
o

O
z



I

;

-.,1

r







'
1!

|i|





>

m
J3
O
G.
O
cn

1

>

Q.
O
CO

cn

i o

cn

! cn

^. I
on

O '

'

—

c/) !

o :

CD
c
in

cn

"D
CD

CD

CL

?

o cn o
ro
o

ro
cr,

CO
o

CO
CJ1 o cn

cn
o

b
o

o
o

b
o

o
o

b
o

b
o

o
o

o
o

b
o

b
o

b
o

cn -

cn

ro

D
o ro
~ cn

CO

o

CO

cn

o

c
I-

O

m
J3

>
O
O
m
I-
m
J3

>





OCX
II. Q- Q,

D 2 O

§

a

o
o
(D

3.
to'

(0

O
3
(/)

CD

S"
CO
CO

3
COo

3

m
3

.
<

o

?i
«> s

o

3
Q.

^ CO

3 (D

r> O
" > i

3
^

O
(D
0
3
o
><

E
CO

O
><

3,
co'

CO

o
3
CO

S
CD

<D

n
c

O
"n > £1

2. S" CD

o 3 2i
CD S

2. ji;^ CO =; i±

3
Q.

CD

a
o
a
o
Q)

3
CD
CD
CO

a
CD

3
o
3
CO

CDa

^ m CD

5 CD

^ 55 §
CO S". 3^ o .

^ 3 r
CD o CO

3^ «
go?
'IS.-T CD r*»

Q) -t O
CD Jf^ 3

S 3. Q-
0 3= (D

s I
3 3-

3 3"

o E

<
O ?

o
S
<D

CD

E
CD

CD ^

o 3

^ 23 <^>

o

CD ^
o 5"

3- 3
Si o
0) O
a 3

O" CD
03 ^
2 CD

^ §•

03 O
CT ^
= 3» '-^

03< 3
O
CDCO

O 03

CO

0

03

o- o
S
0

03

3
03

3

o

03

0
Q.

O"
C

o
CO

o
o
3

3
0a

0

Tl
C
SL

O
-D SL

0 o —

03 2
33 O-

o

0
3

3 ro £
"E o
^. o
§ ?r m
o ^ o
-*» ^ 0
_l < 0
O Q.

00 ro g,

= ^ 3,

« ?
« m 3
_i o o>

_i =
CO g
77
CQ

CO

"D
0
O

C/)

T3
0
O
—*»

o
03

o
3
CO



I

I



m
3

o
o z =

3
-T m

O (D ^
D CD a)

O o <D

O O o

(D 2 o
3 i.g
^' I--

(t>
<^

(D 2.
/IT

(D 2

E 2

1^

3
Q.

>
g;

o

"n
c
<D

O

-t C/)

D eg. D
Q. CD

C

O
> 2-
c ~
o
3
CD CD

o c/)

5. 3

o
Q) O
Q.-0

0
3" a)

3 CD

CD g

a =
3 <
O CD

0
o C/)

^«
o
g
0

CO

D
CD

cr

0
^ 0
0 c
Q. =

"D
O
S
0

D
CD
0

0

<
0

0

CD
fi)

0

3" O ^
- I -

^ ^ ^
a S 3

^ ^^ < 0
3 =:
0

0
O

={ C/3

O 0
0 2.

o' ?
CO

0
0
o
o
3

3
0a

o
CO

0a

n
c

. 2.

O
"u 2.
o —
S CO
0 c
-« cr
n ^

£ sa
"D 0
£ 3

CO S
N o
ro -«

7T m< X
o
0
0a
0
Q.

O

5"

0
Q.

CO

0

CO
ro

3
3

?r o
g 0
CO ^
0 0
o 2.

o
2.

o
3
CO





Tl I Z O

c o

CD cr
C/) o

o 7^ cm on

^ b b oi

oooo
o
CO

C
P P
O O CDo ro ^

CO CD
o

o
CO
C71

o a)

a;

CD

o o o
o
o
o

o
oo
o
CO
01 (Ji

o
o

ro G)

CD

CD

Tl
c
CD

o
CD

J3

0 O

a*
c
CO

CO*

o
3

zr —

'

p CD

IT 0
s3 X

c
C/)

CQ
&)
CO

—«t

o
3

—tl

C
CD

O
<D

SD

3a

C/) 0) o 0
ma CI on

'pe

O r-
-t
fi)

am
o

ime tes

o CO 0)c o
xy

COn CD
CD

0
1Z

o ro

X 0
0

Oa
c
o
CD a
Q.

5'
oa
c

CD o
bu

es

—

:

D 3
CD 5?.3'

o
m
>

O
O
>
J}
>
o
m

COH
O
CO





g m

O O
O 3
= 3

3 S

CD

D
CD

C/)

O

3.
cJ3'

C/)

o
3
(fi

0)

Da

55'

(D

CD
<
CD

CD

^ CD

o 2.

£ ^
O ^<
CD (fi

0 o
C/) o

CD
C/)

o

3
O
o c
c =
3 <
^ 9-

CD
0 3
^ O
5' =5

O 0

CT 3-

3 0

O CJ3 =:
0

O
= I3
a
0

c
3
a
CD

3
0
3

a
0
CO,

(5'

3

o
a;

0
3
CO

c
3
O
o
<
0
0a

0
3̂-

3i 03
o ^
CD iL.

—

.

O* CD
3 3
(/) d
m
o
C/)

CO

0
3
CO

3
0

0
X
o
0
0
Q.
0
a.

Q.
0
(0

c5"
3

03

>
(/)

0)
CD

o
>
3D
O
H
m
H
DO
m
0)

0)



I







00
CD

5?
00
CD

00
CD

> T3 C/)

i <
"

o
o

I

o
I

Tl
CD
03

p ^
CD 0

C/)

a) ^
CO 0
CD C/5

C/) c _

3 c/) —
CD 05 5".

D 3 IT.

O ^<
-K = 33
CD CD
^ 5 "u
52. g o
C7 — -1

C/)

0

Q.

C/5

> CD— O

|S
i.

o "

n to
n o

II
CD (/)

—
(D
03

C/)

C/3

(/^

(D

C/)

C/3

5
0
D

03

o o
< :£

(D

° ><

im 55'

n"
CD

a u
w

to

U3

D
a

0
"D

D

0
3
a
52.

tn
3

55

> =
o o

= I
E
0

CO

• O
o

CO

CO

0
C/)

CO

3
CD

Q.
0
C/5

05

O
CD

0)

CO CD
0 D

3
0

DO
CDu

cr o
c 3.
CO C/)

D
a

o

C
CO

o
3
CO

CO
«^
0
3
Q.
0
CO

c5"

3

"0

>
C/^

m

m
O
H
C/)





^ a
W CD
< (J)

CD —

= O

§1—K —
=• O

D

3
CD

Q- o

(/) c
C/) CD

=^ 2.
Q- —
0 03

O

ct>

(/)

o

o
0

o S c
3 3 fl)

O o =
_.(/>"<
O O
o- -
o O C/)

3 g <D

a CD <

(/) -. CD

(f> _.

o' 3

a§
CD

5? 3

Q. (/3

£! C/3

o c
o

D3_
3-

CD 0

3 ?
5' a
§.2

H
CD

CD

CD
O
O

o
3
o5
= 2.
<: CD

o o
o o
3 a
0 -H

0 -

0 c
0
O
0

0

cr
c
(/)

o

cr
0

0
CD -^

5:2.
^ 2
03 2.

2.<
o
0) o

0
0
a.

0)

3
cr
c
(/)

0
o

o
0)

>
m

o
O
z
o

0)

o
z
0)



-J







i







I

f"'

i



5 3

(/) CD

O
o

(D
'

(D

05

o 2-
-T —

sr <
o
?r

o
(/>

C/)

(D

</>

I-*

<
0

o o
o S.
3" ^
o 3

o
3

Oo
(D

5

(D

3
i • 0

cnCQ

^ (p m
— m - •

o 5 2.
S -I

5'

(D (D 3
O O

O O <
O < —
O CD </)

ro

CD (

T3
O

o

S ID

2 ^ CD

CD

c

CDa

O
D)

a ^c _

«
CD —
Q) 3

? I
O S
C 3

CD

3
(/>

o E.

c 9-

3 "
« i
55 CD

O -K
vO c

CD

3

0

CD

^ =
CD 52,

ST
o

CO

c
CD

m
o

o
>
r-

>
CD
(/)

m
(/)

(/)

m
z
H

CD 2. o 5
<^ 3 S

o ^ 5. 8o o 3
C/) 0 C 3

o 5:-u
o sr ^ o

3

O
3

O

3

3
CD
3

3 < CQ ^
CD CD o

- O CO §c
C/)

§ CO
CO

CO o
3

CO (D

CD 5
3 ^

CO

CO

CD

3

o
3
CD
C

3
3
CD
CDa



1



05 m o-

5 33 2.

± Q ^

3 3
S o

O —
o
^ 3

CD

(/>

o

0

0
3
0
—

t

0
C/)

3
0

0

0

»<

a
0
<
0
o

3
0

12.

ST
CD
0

O
O
D
<
0
—I
U)

o

3
0

O

a
o
CD
0
3

O

m
O
Da

>

0^
o

3
0

0

o

3

0

m
o
z
o
>
r"

>
cn
in
m
0)
C/)

m
z
H

3 a

0

"D
O
D
C/)

0
O

o

O

c
0
o
0

(/)

»<

0
0
3

C/)

3
C/)

^ 0
Xo
0
3
C/)

<
0
O
o
3
"O
o
3
0
3

fid

0
3

o
o
o

O
O
z
J2
o
m
>

-5 H
0" O
CO 2
3 ^
c
o

0
if>

CO

<
o
c
3
0

fi)

3
-+»

c
0
o
0

CO

S"
o

Tl
c
m
DO
m
Tl
O
DO

m
30





m
O

! O-

i I
o

3u
o

o

c
Q
O
CD

3a
03

BIB •

o

=• o

Is
O 03

V> ^
£D ^Q. ^
Q.

o

o
C/)

C/)

(D
(/>

m
• o

k< CD

& "
CD O
3 =
^ o
CD

c
CD

O
CD

Q)
D
Q.

CD

3 -
^ 3
o
(D CD

C/)

0
C/)

<
CD

O
O
0)

D
(D
CD
(/>

D -D -D

? O ?
<. 3

3 CD (/)

£ c/> ^
O 0

J2. ^

3
>

CD C/)

^ 1< c

o
o

o o
C/) 73

CD

(/)

5 o

CD CD

52. CD
0 CD
3 CD

CD

3
CD
0

CD

O
CD

c
CD

0)
O
C/)

CD

O
>

>
C/)

m
C/)

m

n
c
m

o
m

CD
>

m

m
"n
>
o
m



r

- '^ JUkUtt-.rt.^ril II IMIlilll II I liyilMWIll



CD

o
o
3
CQ

CD

9L

O
o
is.

03

Q.

o

CD

— . m CD
o 2 3 a
c/) c/) :^ o

0 *<

3
£
o<
o
3
CD

Tl
C
CD

O
CD

0)
<:

52.

CD

3

ST

co
03

CD

o
»<
o

J3
O
CD
r-m

>

0)
c
m
0)



r



1 ft

o 5 <fl

o ST

T" o a.

O 3 —I

<:

C3 — r-

en

P

n
c

2
o

re

o 5

P IT,

Q 3

n
re

2
o
a.

5;^

n
Q-

2. c

^3
<

5 T

o
3
P
3

O O
3 "O

C

2-
OQ C
s o

= W
p p
3 j:;

D- re

C
O o

o
5i

p
3

3 p

o n

o

n O
rt o

O
3
n
n
T3

Ti
c
n

o

D
ft

«s
re

o

D
ft

o o ts

ft

<
ft

05
3

O
T3

3
ft

s

p

ft

«<

n
c

H

o

H g

O
o

6

o

n

H

c
2-

o
ft

D3
p

P
Q.
ft

6

>
3
P

P 3
t/l Q,

1/1 o

3 p

n
ft

-o
«-*-

c
p

3

n
O
O

cr
o
p

ft

p
3

35
n
P

o"
3

D3

H ^
PI B

>

CO

H
O

G
IT

cr

2
O

o

H
O
2
W

o
>

3
>

H

O
<

G
cr

cr

cr

O

>

I

r
00
00

(33

CD

n ^





o O
(/) c
CD a
C/) o
whi

rov

ch ide

om <
u)

D
O CD

CD o
C c
CD CO

fi) o
"D

2. SL

o
CD

3 <
a-
&)
C/) o
CDa
c
CD

3 (/)

§ 3

a o
o -«

ST o

|i

CD

0

I
o

5'

3

C

O

O
2.

<D

D
O

(D

(Da
c
c
(/>

V)
«<
w
o
3
D
O
(O

Q)

3





o
CD

O
-n
(Q
(0

o

<
CD

03

>—

^

O
3
13

0

o*

r—
CD
Cr
O

o

D
O
m

o

CD

Q)
CQ
0
3
0
D

H
CD
CD

3

CD C

O 0
o
CD
CO

D
CD

> 0

D
i: H
I—t-< CD

C/)

•D
O

CD

CD

0)
CQ
0
3
0
3

C/)
(—f-

o
I—+

O
>
o
D

o

D
OH

C
CO
•

D
0
•o
CD

3
0
3

m
13
0
—

^

CQ

o
m

CO
"D
O
3
CO
o

D
om
o
o
I—

h

—

^

o

CO

O

o

>
m
COD

m
i

>
o
O m

33
3 mC COm m
f" >
o 5m o
r- I

Si

2m m
^ ;^

I

U3
m
D

CO

Q] m
3D Z
CO H
O O
c -n

13O _m o

^ 2
>0
o Q
D



r







a>







r



m

c
z
o
o
o
c

D

<
CO

O
>

CO

H
>
z
D
Z
o

CO
m
>
H
m
D

"D
>
CO
C/D

m
z
o
m
CO

>

m
D

ro CO 4^



r



X
o
<
m
z
o
o

13

o

J3

>
Z
o
m

TI
r-

O
O

m
O
H

m —

5 ^

m
z
o
H

m
z
H
CO

o

m
CO

CO
o

I

CO

O
X
m
CO

ro

O
m
CO

CD

o
m
CO

CO

o
Tl

m
m
H

>
X





D •

m I—
^ O
> w

H O
X m
> r-

n rn

2] OD

H

m
O

o
m

ii

I

"n

>
H
>

O

2 z
H m
O -
Z 05

CO

^ <
n m

CO

o
o
>
o

H
<
XI

o
c
H
m

o
c
H

O
-<

o
r-
m

m m
^ m
S

^

o =

H 5
< H
u m
O OD
> o
^ O
H ^

> X
z m
03 O
H C

CO S
03 m
O
2:
03

H
03

o
z
u
o

H
Z
o



r



7J — no CO
> ro • O 1 1 I "D
Z >t CJI m
CD >^ S S S m
m cn D

rn-D~DTi
>ma D
m

m cj) —
CJl mscDm

22 2cncDcn"mmXT xnnco
r m
m n

m CD CJI CjJ

,+ 2Ln ji^a^22
xcnuiLO

»—

«

m m m
r nnn
m
CO

um

o
73

n
m

cd:e:ox

m

o
m
nH
m



r



O

n
o
z
a
H
o
m
O
O
«

n

o

H
O

n
X
>HH
tT3

<
o

O
:$
D

o
o
c
nH

>

o
n
>
CD

>H
I—

I

2

n

O
<
D

O

o

H
o
I—

i

oo

O

a

o

m

CO ^

>

O

o

C
r'

n

in

O
3

rri

Z
H
C/5







r

I

!

J











2
2
H
H

0

o
a

n

o

o
•1

OQ

C/5

X
o
n

H
o

2
n

S
o

n

H
o
2
H
O
r
n

>
2
n
• •

CP

'Gio
a;
N

2
O
CD

A

O

• • §
n 2 ^
o o

cr>

a D
re rs
cn CO

G
ITI

n

CD

CD

r» CD

2 H

^ CD

ffl

Q
HI
n
>

0
CD





2

IS3

CO

CD

N

X

In

n
O
O
>
2
H

>
O

o

O

N3

>
H
2
O

(/J

C

X

o

>
H
z

L-J

>
H
C

oo

n

O

G

o

n

O
H
>
£71

>

>
H
m
O
n
c

m
2
H

C^

<
n

>

O
n
c

m
2

COo

N3

O

>
H
a

o

o
c
H

N5





L-J N •

• • n
1 o
H -

• • A
hs5

V
n
>

-J

C
rri

2
H
T3
C^O

n

tn

>
z
o

n
o
z
<

O
Z

a

o
n
ts

Z
a
rn

<

>
H

>

H
a
>
z
o

GO
N3 V

O
I

o o

CP



I

I

i

j

J

1

1

I



CD

O

o

71

c

0

W
c
0"

0

0

CD

c
00





3
1

cust

req ort

1
c C/)

o (D (/)

SLU
C/) c

Q
O CD

(D

oke wai

ing

ver Ad<

ent
o—

dress

3"
(5' oa o

a
c

CD

3
CQ

D
C
0)
c
CDa

CD O
CO CD

CD
C/)

(/)

H
O

a

o
o
CD
CDa

o

s-
<

CD 2

1 =
CD

55.

m
c
2-

O
CD

(f>
*<
(/)

CD

3

>
C
(Q

- C

Tl

o-

o'
0)

5'

o

r
o
CQ

I

r-
CD

a
Ml

3
(D

o
o
3
o
3
CD
3

CD

a
CD

S

0)

S

(2
(/)

o
O
3o
CD

CDa

O
CD

CD

CD

a
a
CD

cq'

m
CO

55'

CD

a

3
a
>
(/)

CD

3

3

C
2-

O
2.

(f)

c
(/)

Q
3

o
Q
Q.
c
0
CD
3
Q.

S"

c





CO

C/)

c
(/)<

3









•

1
c
CO

O"
0
Q

o X

(D (T>
-t

g
5'

3 MM

O
\

c
CD

c (£2

CD

o

o
r-

c
SL—
*<

o
o
3
mmt a

3
C
O
c

•

1 MM fl

CD

o
-T
CD
*< Mr

5
O
c 3

c
o

"D
C

3
CO o
CD
< CD
CD

</>

O
<
0

im -t
CD

CD
(/)

3,.

m
3
CDD
03

CD

O
03
"U
Q)
O

1

(/)'

O if)omalm
03

w CQ
CD

03
"T
vu 03 —
CD 0
03

o
O 03

ar O
O
0

w o
Q) o
n
(Q
>w

lar

Q3 (Q
0
03o

03

0
(0

3
0
03

0
JQ
C
03

O

c

CD
CD

o

3
3
W
o
Tl
C
CD

O
o

CD
c



i



o
Q.

o o O
Q.

CD
£D
Q.

I

>
O
Q."

CD

Q.
I

>
o
CL

®
Q.

>
o
CL

CD

Q.
I

>
O
CL

o
X
cn
on

CO
HX
CDoo

C/)

H

rooo

(7)

rooo

C/)

ro

CJ>o

CD
I

a

CD
I

o
C/)

I

o
CD

^ CD

o
"D
TD
CD
O
CD

>
CO
>
-n

CO
>
Tl
H

O
CD

H
£1)'

3
O

m
X
CL
CD

o

CD

ro

cn
CJl

C3Do cn

rooo ro

O^ CD

4:^

CO

o

ro
GOoo

CD
COO

CO

CD

ro

CD
CD
ro

05 CD

CO '

S" -til

CO

V
ro
cnoo

V
ro
rooo

V
CO

oo

CD

o

cno

O
C
H
CO r;

O CD

<D
CO



I



52.
(5'

O

>
0

O Q)

2.
<'

CD

032.

i.
^'

S o

CD

<

c
£D

CD
Q.

3

O

CD

o
O
CD

D
53'

</) o

i s

O o
CD -5= CD

? S"

CO
H
I

Oa
o*

CD

*<

CD
O
O
3
3
CD
D
Q.
CD

. a

£ o

i -
o ^
=5" CD

CD
(/)

O
3
CD O

=r CD

CD

CP O

i-

'

Q- CD

8 i

2. CD

0)

I i
MB!

o c5'

J2.^ 05

3a

QI
Q)

• 1

c 1
CD

3
05

CD 1

05 1ô#
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Ĉ
n

rn
C/5

H >
O
H
?3

>
2
CD

O

>

s
2

O

o

>

a

H
•-a

H
rn

n
>
H
o
z
o
-n

Cm
r-

03

a
CD n

in >
^ H

o ^

.. ^
a



DOT LIBRARY

00399266


