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ABSTRACT

Volume B is one part of a two-volume report that presents
baseline design data for two types of floating Ocean Thermal Energy
Conversion (OTEC) pilot plants: (a) a moored plant that uses under-
water cables to transmit electric power to a shore-based utility
company, and (b) a cruising plantship that uses the OTEC electric
power to produce an energy-intensive product onboard, where it is
stored for later transshipment to market. This volume provides
the engineering drawings of the hull, cold-water pipe, ship out-

fitting and machinery, OTEC power system, electrical system, and
folded-tube heat exchangers.
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PREFACE

The Applied Physics Laboratory (APL) of the Johns Hopkins
University has engineered two baseline designs of 40—MWe(net)

floating Ocean Thermal Energy Conversion (OTEC) pilot plants, one
for moored operation near an island site with direct transmission
of OTEC electric power to shore, and the other for cruising opera-
tion in the tropical oceans (where AT is the maximum) to use the
OTEC power to synthesize an energy-intensive product (e.g., ammonia
or aluminum). These designs, at the preliminary engineering level,
are documented in a two-volume series and are designated Volume A:
Detailed Report, and Volume B: Engineering Drawings. In addition
to these reports, the design is supported by engineering calcula-
tions and computer analyses, all of which are available through APL
to Government and industry to support future design efforts in the
acquisition, construction, and deployment of OTEC pilot plants.

This work was sponsored by the Ocean Energy Systems Division
of the U.S. Department of Energy.

The layout and structural design of the platform hull and
cold-water pipe were performed by ABAM Engineers, Inc., under the
technical direction of Mr. William Cichanski. Mr. Earl Fenster-
macher of L. R. Glosten and Associates, Inc., developed the plat-
form outfitting and machinery details. Tokola Offshore, Inv., de-
veloped the concepts for deploying the cold-water and seawater dis-
charge pipes and selected the platform heavy-1ift systems, under
the direction of Mr. Ken James. Mr. Jerry Seward of Seward Associ-
ates prepared the design of the OTEC power utilization and electri-
cal load distribution systems. The design of the OTEC power system
and its integration with the platform structure and arrangement was
under the direction of Mr. Dennis Richards of APL, who also developed
the design of the ammonia product plant.

A more complete list of program participants is given in the
Preface of Volume A.
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Fig. 8 Longitudinal isometric section between grid lines C and D (PS-08).
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Fig. 9 Transverse sections at stations 17.5, 89.25, and 119.5 (PS-09).
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Fig. 172 Dimensions: primary structure 1. (PS-12).

12



THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUREL. MARYLAND

R

WWF 8x8- W5 xW6 EA. FACE
(TYP UPPER DECK & ALL BULKHEADS
BETWEEN EL+77.0' TO +89.0Y

REVISION

DATE

Ne.

PRINTS

10

DATE

BRUNING 44.132 31235

/‘VERT’ICAL TENDONS IN
* BULKHEADS ABOVE EL +77.0° (TYP)

7" CIP TOPPING &

1-0" P/C CHANNEL
SLAB

TYPICAL VERTICAL TENDONS IN
BULKHEADS BETWEEN EL>+4
TO +77.0'. SEE NOTEZ 2'

EMBEDDED
STAINLESS STEEL PLATE
TYPE ik

e e

T T

e

o 6 o © a o 0 o

5. o

o,

LA N IS P Py S

e

TYPICAL HORIZONTAL
TENDONS IN ALL
BULKHEADS.

o

°

o

o .o
S S

L WIF %o = WIOXWIO
EACH FACE (TYP ALL
LONGITUDINAL &
TRANSVERSE BULKHEADS)

s o e o & &8 o

o

I3

o o o

TYp VERTICAL TENDONS

To EL =+20.0' T0O PROVIDE
POST TENSIONING DURING
CONSTRUCTION

WWF 6 x6 -W6 xW6 EA FACE
(TYP ALL BOTTOM PLATES
AND EQUIPMENT DECKS)

@ TRANSVERSE SECTION - HULL e ¢ CWP

~—— NO ANCHORS ; TENDONS
SECURED BY BONDING
WITH HIGH STRENGTH
GROUT

NOTED:

I. DETAILS SHOWN ON LONGITUDINAL
BULKHEADS. SIMILAR FOR TRANSVERSE
BULKHEADS.

2. TENDONS ARE (112, ¢ (4 STRAND.

5. STRANDS ARE #'$ 7-WIRE, 710 K GRADE.

4. FOR PRESTRESSING SCHEDULES, SEE SHT P3-i4.

GRAPHIC SCALE: I'=5-O

. ABANM

© ABAM ENGINEERS INCORPORATED
CONSULTING ENGINEERS

1727 PORT GF TACOMA RGAD  TACOMA. WASH.
(208) 3833091

PROJECT TITLE:

APL
OTEC
PLANTSHIP

SHEET THVLE:

CONCRETE
STRUCTURE
REINFORCEMENT
DETANLS

vesoney: D, CLOUGH
omwnsy. MUA

wre 2| DEC. 199
mewo AT90O50

== PS-13

Fig. 13 Concrete structure:

- 13 -

reinforcement details (PS-13).



THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUREL. MARYLAND

LONGITUDINAL BUALKHEADS POST-TENSIONING SCHEDULE TRANSYVERSE SULKHEADS--POST-TENSIONING SCHEDULE /3_\ DECKS & BOTTOM PLATES--LONGITUDINAL POST-TENSIONING SCHEDMLE
£5-14/ 14,
Ne. of Strands No. of Ne. of Length Total Tenden Ne. of Strands Ne. of Ne. of Length Tetsl Tendon Ke. of Strands Ne. of No. of Length Teta) Tender
Grid Line (t) Elevatien (Ft.) Per Tendon Tendons Anchers Each }',,,d,,, Length Statfon (Ft.) Elevation (Ft.) Per Tenden Tendens Anchers Each Tenden Length Iten [X°X 1 Per Tenden Tendens Anchors Each Tenden Length
T ALS 2.50 to 20.00 19 14 28 443.5 Ft. 6,209 Ft. 0.0 1.00 to 20,00 19 13 % 140.0 Pt. 1,820 Ft. Bottom Plate AtoB 12 7 14 443.5 Fr. 3,105 Ft.
21.38 to 33.75 19 10 20 483.5 Ft. 4,435 Ft. 21.75 to 39.25 18 1 22 140.0 rt. 1,540 Ft. BtaF 12 “ 312 Yardes 11,126 Ft.
15.50 to 47.75 19 9 18 443.5 Ft. 3,992 Ft. 41.33 to 55.92 19 8 16 140.0 Ft. 1,120 Ft. BtoF @CWP 12 16 L] Yartes 900 Ft.
49.04 to 63.63 12 10 20 483.5 Ft. 4,435 Ft. 57.75 to 76.08 12 1 22 140.0 Ft. 1,540 Ft. Fto6 12 7 i 43.5 Ft. 3,105 Ft.
. . 12 9 54 375.0 Ft. 3,375 Ft. 78.17 to 87.75 6 6 12 140.0 Ft. 840 Ft.
65.29 to 75.29 Deck @ 77* Level Same as Bottom Plate, except No Tendons at CWP
77.96 to 87.54 12 6 12 443.5 Ft. 2,661 Ft. 89.33 to 101.40 6 8 16 108.0 Ft. 864 Ft.
. . 12 2 443.5 Ft. 5,322 Ft. Deck @ 89° Level AtoB 6 9 18 443.5 Ft. 3,992 Ft.
BaF Z18 w0 2.0 9 * 35.0 1.00 to 21.00 12 13 % 140.0 Ft. 1,820 Ft. '
. . 19 8 16 443.5 Ft. 3,548 Ft. BtoF 6 62 124 60.0 Ft. 3,720 Ft.
.25 to 33.75 t 23.00 to 41.00 12 10 20 140.0 Ft. 1,400 f£t. '
. . 20 483.5 Ft. 4,435 Ft. Ftoh 3 9 18 443.5 Ft. 3,992 Ft.
35.25 to 47.25 12 10 F 1942 % 50.33 12 s 1% 140.0 Ft. 1,120 Ft. '
. 3.88 iz 9 18 4435 Ft. 3,992 Ft.
49.04 o 6 61.92 to 76.17 6 10 20 140.0 Ft. 1,400 Ft. Deck @ 103" Level [ €, to € 6 17 3 182.5 Ft. 3,102 Ft.
66.17 to 75.33 12 7 42 375.0 Ft. 2,625 Ft. 2
CtoE 3 10 20 152.5 Ft. 1,525 Ft.
78.0 to £7.54 6 6 12 483.5 Ft. 2,661 Ft. 76.0 1.00 to 76.17 Same as Station 35.0
Btof 6 34 68 70.0 Ft. 2,380 Ft.
89.0 to 102.00 6 8 16 70.0 Ft. 560 Ft. 78.17 to 101.40 Same as Statfon 0.0
. 19 4 Ft. 1,320 Ft.
G &E 1.00 to 16.00 1 120 7t 108.5 1.00 to 76,17 Same as Statien 35.0
. 36 20 Ft. 1,080 Ft.
17.67 to 31.00 1 ° 120 F 78.17 to 101,40 Same as Statfon 0.0 48.0 Ft. 672 Ft.
33.00 to 43.00 19 6 2 120 Ft. 720 Ft.
.5 . . .
45.00 to 47.00 19 2 8 120 Ft. 240. Ft. 152 1.00 to 76.17 Same a5 Station 35.0 £\ DEcks o BOTIOM PLATES TRANSVERSE POST-TENSIONING SCHEDULE
48.50 to 62.00 12 10 a0 120 Ft 1,200 Ft. 78.17 to 101.40 Same as Statien 0.0 31.0 Ft 434 Ft. (D)
63.75 to  76.00 12 8 2 60 Ft. 480 Ft. 182.5 1.00 to 21.00 12 13 26 140.0 Ft. 1,820 Ft. ¢ No. of Strands Ko. of No. of Length Total Tendon
Item Station to Station Per Tendon Tendons Anchors Egch Tendon tength
cat 1.00 to 76.00 Same as § C; & E; 92 38.5 Ft. 1,771 Ft. 23.00 to 41.00 12 10 20 140.0 Ft. 1,400 Ft.
78.00 to 102.00 Same as ¢ B & F 28 38.5 Ft. 539 Ft. 31.00 to 63.50 12 16 32 108.0 Ft. 1,728 Ft. Sottom Plates 0 to 70 12 17 3 140 Ft. 1,680 Ft.
43.42 to 60.33 12 8 16 140.0 Ft. 1,120 Ft. 70 to 108.5 12 14 84 80 Ft. 1,120 Ft.
& E X 92 . . .
AR 1.00 to 76.00 same as 4.0 & € 30.0 Ft 1,380 Ft 61.92 to 63.50 3 2 4 140.0 Ft. 280 Ft. 108.5 to 152.5 12 1 2 140 Ft. 1,540 Ft.
K 8 s 28 .0 Ft. 420 Ft. .
78.00 to 102.00 ame as § B & F 30.0 Ft 0 Ft 152.5 to 182.5 12 1 66 63 Ft. 693 Ft.
271.0 1.00 to 63.50 Same as Statfon 182.5
z 0 1.00 to 16.00 19 1 " 379.0 (ave.)| 4,169 Ft. - 182.5 to 271.0 12 3z 10 varies 2,940 Ft.
17.67 to  31.00 1 9 36 369.0 (Ave.)) 3,321 Ft. 301.0 1.00 to 76.17 Same as Station 35.0 271 to 301 12 1 4 32 Ft. 352 Ft.
301 to 353.5 12 13 2% 140 Ft. 1,820 Ft.
33.00 to 47.00 18 8 2 359.0 Ft. 2,872 Ft. 353.5 1.00 to 76.17 Same as Station 35.0
28.50 to 62.00 12 10 40 150.0 Ft. 3,500 Ft. 353.5 to 383.5 12 11 [ 32 Ft. 352 Ft.
63.75 to 76.00 12 8 a8 205.0 Ft. 2,360 Ft 383.5 1.00 to 76.17 Same as Statfen 35.0 383.5 to 443.5 12 14 28 140 Ft. 1,960 Ft.
z .0 Fi. . .
2 78.00 to 102.00 Same as § B & F 56 235.0 Ft. 3,290 Ft. 78.17 to 87.75 Same as Station 0.0 Deck € 89' Level 0 to 383.5 [ 256 1,023 32 Ft. 8,192 Ft.
z 383.5 to 443.5 [ 2 50 140 Ft. 3,500 Ft.
443.5 1.00 to 87.75 Same as Statfon 0.0
Deck @ 103' Level 0 to 70 s 38 70 108 Ft. 3,780 Ft.
70 to 108.5 6 2 ] 48 Pt 1,248 Ft.
/B VERTICAL POST-TENSIONING SCHEDULE @ DECK PRETENSIONING SCHEDULE 152.5 to 182.5 3 20 40 31 Ft. 620 Ft.
-1 4,
@ J Interior Decks Composite, l;recut prestressed channel slab with 7% CIP topping
See Pretensioning Schedul
No. of Strands | No. of No. of Length Total Tendon No. of Length Total Strand 9 | ute [ I
; Item Location Per Tendon Tendons Anchors Each Tendon Length Item Station to Station Strands Each Strand Length
° Longttudinal ¢rsc 12 126 126 77 9,702 Ft. Deck @ 77 Level 0.0 to 70.0 43 140 Ft. 6,020 Ft.
g 70.0 to 108.5 2 80 Ft. 1,920 Ft.
ruimTs B ooy 12 2 23 65 1,405 Ft. 108.5 to 152.5 27 140 Ft. 3,780 Ft. 5
10 [vaTE ~TEN: RE
I3 1z 1o " ” - 162.5 t0 182.5 18 61 rt. 1197 Ft. o MISCELLANEQUS POST-TENSIONING SCHEDULE
B&F Same as § A, except No 25-Foot Long Tendons 182.5 to 301.0 73 32 Ft. 2,336 Ft. —
(Y [ No. of Strands No. of No. of Length Total Tendon
301.0 to 353.5 33 140 Ft. 4,620 Ft. Item Locatfon Per Tendon Tendons Anchors Each Tendon Length
20 2 77 1,540 Ft.
‘-cl & 12 0 353.5 to 383.5 19 32 Ft 608 Ft. Bottom Plate | §CLE € & E 12 3 36 167 Ft. 1,000 Ft.
12 20 20 65 1,300 Ft. Beams
383.5 to 443.5 37 140 Ft 5,180 Ft.
dcse 12 13 13 77 1,001 Ft. Web Frames Various Locatfon &
Deck @ 65' Level 70.0 to 108.5 24 32 Ft. 768 Ft. Elevations 12 8 9% 16 Ft. 768 Ft.
I 77 770 Fe. 353.5 to 383.5 19 32 Ft. 608 Ft. :
dc,0, 12 10 0 CWP Support: Elevation
(X} 12 98 98 77 7,546 Ft. Deck @ 45' Level 0.0 to 70.0 43 108 Ft. 4,644 Ft, Cone 0.75 to 13.50 13 10 80 176.0 Ft. (Ave) 1,760 Ft.
12 20 20 65 1,300 Ft. 108.5 to 152.5 27 108 Ft. 2,916 Ft. Socket 14.75 to 40.75 12 22 176 202.0 Ft. {Ave) 4,444 Ft.
301.0 to 353.5 33 108 Ft. 3,564 Ft. Cylinder 42.00 to 64.00 12 12 9% 238.0 Ft. 2,856 Ft.
Transverse Bkhds. | Stations 0.0 & 443.5 12 43 43 77 3,311 Ft.
. 43 43 25 1,075 Ft. Deck @ 32' Level 70.0 to 108.5 28 48 rt. 1,152 Ft.
to 77" Level 12 *Each strand 4s 1/2" § with 7 wires, 270 KSI grade.
152.5 to 182.5 19 31 Fe. 589 Ft.
Stations 35.0, 70.0,
108.5, 152.5, 301.0, u
353.5, 383.5 & 413.5 Same as Statfon 0.0, except No 25-Foot Long Tendons *Each strand s 1/2" § with 7 wires, 270 KSI grade.
]
Transverse Bkhds | Stations 182.5 & 271.0 12 10 10 77 Ft. 770 Ft. B\ PRESTRESS WATERIALS SUMWARY
to 77" Level 12 33 33 65 Ft. 2,145 Ft. 3
Long & Transy. SA. 8, &, 0, D, B, E, 6 1,400 2,800 Varies 22,400 Ft.
Bkhds Above v 46 12 & 26 Post-Tensfoning
77° Level Stations 0.0, 70.0 .
108.5, 182.5, 162.5, Noves ¢ Tenden Tendon Nusber
.5 N 1. Each strand 1s 1/2* § with seven wires, 270 KS| grade. Type Length of Anchers
12 32 3z 77 Fe. 2,464 Ft.
3 b Frames Varfous Locations ’ 2. A1l lengths are net and do not include additienal 6-Strand 79,100 Ft. 4800
Tength fer tensioning eperatien. . 12-Strand 227,500 Ft. 4700
3. Miscellansous epenings In hull fer hatches, thrusters, trand
- pipe panetrations, etc. have bean neglected in computing 18- 53,000 Ft. 700
tenden lengths and number of ancherages. FreTeastontng
1/2° §, 7-Wire Strend: 44,500 Ft,
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Fig. 14  Concrete structure: pre-stressing schedules (PS-14).
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Fig. 43 Air conditioning and ventilation system diagram (MO-10).
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Fig. 50 Ammonia product plant schematics (M-5).
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Fig. 51

Electrical eqi:ipment layout: 77-ft level (moored) (E-1).
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Fig. 52  Electrical equipment layout: 5-ft and 89-ft level (moored (E-2).
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Fig. 53  Electrical one-line diagram (moored) (E-3).

- 54 -



THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUREL. MARYLAND

Fig. 54

-a

- 55 —

PILOT HOUSE ——
BRIDGE DECK ——
"D“DECK ——
o 13.8 KV STAIRWAY
C*DECK  —— ) TIE au;\ ’7/
. 2000 HP 2000 HP WWP KVA OTEC 2500 HP CWP 2000 HP WWP 2000 HP
B"DECK — WWP MTR. UNIT XFMR/MTR SECONDARY UNIT XFMR/MTR UNIT XFMR/MTR. WWP MTR
* A" DECK STARTER SUBSTATION STARTERS STARTER 13.8 KV
89. SWITCHGEAR
[ I d. 11 M1 ki [ﬁ\_h [ I [
y
SECONDARY RECTIFIER XFMR
2000 KW, ~— 5000 KvA — SUBSTATION
416 KV 4.16/13.8 KV MEZZANINE ]
DIESEL GEN. TIE XFMR. 66' LEVEP:E b
SEE LMSC NEUTRAL L(o MW RECTIFIER
DWGS. FOR GROUNDING — = FORWARD
DETAILS EQUIPMENT
SECTION A—A
— 2000 HP WWP UNIT 2750 KVA, 13.8/4.16 KV
XFMR/MTR STARTER XFMR
5000 KVA — KVA OTEC 2500 HP CWP UNIT 2000 HP WWP UNIT— 2500 & 750 HP COMPR
4.16/13.8 KV SECONDARY SUBSTATION XFMR/MTR STARTERS XFMR/MTR STARTER MOTOR STARTERS
TIE XFMR
A | 5P ofp mom == xn-l==xns Sxazs | -
[ 7 P _A S S A G E W _A_Y | S
_ '
- 2500 HP
2000 KW, 4.16 KV SYN GAS A
DIESEL GENERATORS COMPR —— AMMONIA /NITROGEN
PLANT EQUIPMENT
— I HATCH
1000 KVA AFT 4.16 KV SWITCHGEAR I l o0 He
SHIPS SERVICE : JHU/ APL /OTEC LMSC/ALFA LAVAL/OTEC AIR COMPR FORWARD
SUBSTATION EQUIPMENT SPACE 4-2500 HP EQUIPMENT SPACE .
2-14 MW MODULES CWP MTRS 2-14MW MODULES = —
[ SEE DWG M-2 FOR DETAILS SEE LMSC DWGS FOR DETAILS =
w
BATTERY RM — % @ AIR COMPR 20' 0 20' 40° 60' 80' 100'
~ 4 HATCH e ———
o
2000 KW, 4.16 KV 2500 HP
DIESEL GENERATORS SYN GAS
COMPR
F s =mn m
| a1 = L | A=
‘ | G, AWKARD 27 NOV 79 THE JOHNS HOPKINE UNIVERSITY
| | Z | peiwnye P APPLIED PHYSICS LABORATORY
5000 KVA e KvA OTEC 2500 HP CWP 2000 HP WWP 2500 8 750 HP COMPR j . JOMNE HOPKIN® NOAD.  LAUACL MANTLAWS sbe1
4.16/13.8 KV SECONDARY SUBSTATION UNIT XFMR/ UNIT XFMR/ MOTOR STARTERS e N -
TIE XFMR L— 2000 HP WWP MOTOR STARTERS MOTOR STARTER 2750 KVA, 13,8 /4.16KV XFMR o gy P e 40 MW OTEC PLANTSHIP
%El"ronxg:énn R v la n GRAZING AMMONIA PLANT
@ () (s3) (o) no) (oo (#=2) (e9) 700 — el o CONCEPTUAL DESIGN
253 80C M ELECTRICAL EQUIPMENT LAYOUT-77'LEVEL
v oot e | =
' -— e
LAYQUT-77" LEVEL SEWARD ASSOCIATES 88898
CONSULTING ENGINEERS - O
WASHINGTON. DG, scars 1"5 20 e Jowerr E-§ o
..

Electrical equipment layout: 77-ft level (grazing) (E-4).
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Fig. 55 Electrical equipment layout: 57-ft and 89-ft level (grazing) (E-5).
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Fig. 56 Electrical one-line diagram (grazing) (E-6).
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Fig. 57 APL OTEC pilot plantship preliminary electrical one-line diagram
for ship service (E-7).
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Fig. 58 Heat-exchanger assembly {(D24-50026).
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