SECTION 13

Roger Long
RESEARCH VESSEL PROCUREMENT STUDY

Resource Materials for Selection of Basic Vessel Type

This report contains materials intended to assist the Skidaway Institute of Oceanography in making a decision about
the basic type of vessel that will best serve as a replacement for the "R/V Bluefin". These materials were prepared to
be specifically relevant to the situation of this single institution and are not intended for use by other organizations or
to be a general guide to ORV selection.

This analysis assumes a budget for vessel procurement of $1,500,000. It describes four different vessel concepts.
Budget numbers are obviously quite rough at this stage of vessel definition. There is a reasonable expectation that a
vessel similar to any of the four described could be

obtained for the budget figure. It is less certain that the vessel would have the quality, features, and equipment
ultimately desired. This report incorporates a great deal

of author's judgment to keep many invisible factors roughly equivalent so that a type choice made at this point will
remain valid even though size, budget, and configuration may be adjusted later in the design process.

This report considers only monohull vessels. Exotic types such as Swaths and catamarans will probably become an
important part of the research vessel fleet -eventually. Their successful use will depend as much on changing the way
that research is conducted as on tinkering with the design

of the vessels themselves. Many problems with these vessels are yet to be solved. Given the importance of outside
investigators, whose equipment and methods are adapted to standard vessels, development of a new type does not
appear to be an appropriate path for Skidaway.

The influence of speed on vessel configuration is so great that: a decision about: basic vessel type is primarily one of
the speed regime in which it will operate. The hydrodynamics of hulls of the same shape and different size are
equlvalant only If the ratios of square root of waterline length to speed are the same. The appropriate hull
configurations for various speed length ratios do not change in a smooth fashion with increasing speed but in fairly
abrupt jumps at: a few points. This produces three genera of vessels, each of which is described here; with two
alternative powering methods for one of them. Dollars per unit weight tends to be the best predictor of vessel cost at
this stage of analysis. Weight, at this point in the design process, is roughly estimated according to the product of a
proposed vessel's overall dimensions .
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This makes the weight method generally equivalent to the "cubic" method often used. Figure 1, on page 3, is a graph
of dollars per pound vs. the non-dimensionalized ratio of speed / length. It will be no surprise that speed is expensive
but the magnitude of the difference may be. Note the line labeled "Limit for displacement vessels". This is a practical
speed limit for vessels of the hull form typical of fishing draggers, offshore supply, and most research vessels.
Operation at higher speeds requires, not just additional power, but significant changes in hull shape and weight to
direct the power into increased speed and not just increases in trim angle and wake size.

There is a large jump in cost in the region labeled "Transition Zone", due primarily to the need for aluminum or other
exotic construction. Design of a vessel in this region would be a poor option. First, operation in the transition from
semi-displacement to full planing tends produce a wallowing, struggling, motion as well as the poorest trade-offs
between fuel consumption and distance covered. Second, a vessel configured to operate in this reglon with
reasonable power and fuel consumption will have already paid most of the costs of higher speed. Little but sufficient
horsepower will be necessary to gain the benefits of fast operation. The additional expense of larger engines will not
be a significant percentage of the total vessel cost.

Figure 2 on page 4 shows a graph with the speed/length ratio on the horizontal axis and a non-dimensionalized ratio
of weight to length on the vertical axis. The design lane drawn on this graph is a prediction of how on-station
seakeeping and similar requirements would influence a design. Three concept design points are marked on the graph.
From these two pages it is possible, given a budgetary cost assumption, to determine a weight and length for each of
the concepts. Hereatfter, the three concepts will be referred to as "Slow", "Medium", and "Fast". A waterjet drive
version of the "Fast" concept will be referred to as "Jet".
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The appendix contains sketches of the four vessel concepts. These are not conceptual proposals
for each vessel but scale "cartoons" that illustrate the general volumes, areas, and characteristics
obtainable in each type. A spreadsheet of the principal characteristics of each vessel type will be
found on the following page. When comparing lab, deck, and accommodations areas It should be
remembered that these areas can be apportioned in different ways. The figures given are the
author's estimate of the proportions that would be chosen in a fully developed design. Comparisons
of the overall capacity of each type will be more accurate than comparisons of lab or
accommodations area alone. Berth numbers can also be varied according to the degree of comfort
and privacy desired.

The "Installed Horsepower" numbers are based on Detroit Diesel DDEC engines which are
currently the best choice for a research vessel. DDEC engines are much like modern automotive
engines in that sensors work through a computer to adjust several aspects of engine operation
rather than a single component such as an injector rack or throttle plate. Each cylinder is operated
separately with independent control of air and fuel. The result is a very clean burning engine that is
able to tolerate the long periods of low power operation typical of research vessel operation. DDEC
engines can idle at about half the RPM of a mechanically governed engine due to the
instantaneous response of the computer. Fuel/air ratio and other factors can be nearly optimum
through out the power range rather than just at a single point as in the normal diesel. The "wet
stacking" and carbon production problems of diesels run for long periods at low power output are
considerably reduced. Other manufacturers will catch up on this technology within a few years but,
for now, the choice of engine supplier is an easy one.

The engines for the Slow and Medium concepts would be rated for "Continuous" operation,
permitting top speed to be maintained 24 hours a day. The Fast vessel would have engines
operating at the higher power output of an "Intermittent” rating. Operation at full power would be
limited to about an hour. At the higher speeds, and in the type of mission profile that would favor
selection of the fast vessel type, an hour of operation can be significant. The planing vessel in a
seaway also needs the power reserves to push through patches of rougher water and get back over
the hump into full planing mode. The Jet concept engines would be rated at the slightly higher

" Intermittent-Maximum" rating since jets are less stressful to the engines than are props.
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RESEARCH VESSEL SPEED TYPE COMPARISON
$1.5 MILLION DOLLAR VESSELS

POTENTIAL SPEED LENGTH RATIO
DISPLACEMENT LENGTH RATIO
DOLLARS / LB. DISPLACEMENT

LENGTH OVERALL
LENGTH ON DWL
BEAM

HULL DEPTH

KEEL DRAFT

LIGHT SHIP DISP. (LT)
CREW & EFFECTS
SCIENCE PAYLOAD
FUEL OIL

FRESH WATER

READY FOR SEA DISPLACEMENT

HALF LOAD DISPLACEMENT
INSTALLED HORSEPOWER
TOP SPEED (@ HALF LOAD)
SPEED LENGTH RATIO
CRUISING SPEED

GAL/MILE @ TOP SPEED
GAL/MILE @ CRUISING SPEED
RANGE @ CRUISING SPEED
HULL MATERIAL
LABORATORY AREA
ACCOMMODATIONS AREA
TOTAL DECK AREA

NUMBER OF BERTHS

SLOW
1.35

385
$5.25
76.50
69.96
26.00
10.50

8.50
131.80

1.00
15.00
19.00

1.00

167.80
149.80
840
11.25

1.35
10.50

4.31

4.00

1300
STEEL
340

630

800

11

MEDIUM
2.00

240
$8.00
75.75
70.39
21.00

8.50
8.00
83.71

1.00
10.00
16.00

1.00
111.71

97.71

1680
16.00

1.91
14.50

5.81

5.51
800
STEEL
210
550
580

10

FAST
> 3.00

210

$16.00
63.50
58.42
20.00
8.00
6.25

41.85

0.75
5.00
7.00
0.50
55.10
48.48
2120
23.00
3.01
19.50
5.21
4.94
400
ALUMINUM
100
280
600

10

JET
> 3.00

210
$16.00
63.5
58.42
20.00
8.00
4.00
41.85

0.75
5.00
6.00
0.50
54.10
47.98
3540
27.50
3.6
24.50
5.58
5.06
340
ALUMINUM
100
280
600

10
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Descriptions of the four vessel concepts follow:

Slow Vessel Concept

The sketch for the slow vessel concept shows a burdensome vessel optimized for seakeeping.
Additional weight can be easily accommodated and there is little fuel penalty in carrying it. The vessel
can therefore carry large superstructure, payload, and positioning thrusters. The thrusters shown
should be able to hold the vessel sideways in a 25 knot wind and provide back up propulsion at a
speed of about four knots. The vessel would be designed to create the optimum on-station motion
characteristics for handling of heavy objects on deck and minimizing breakage of deep wires. A
byproduct of this hull type is tremendous stability and lifting capacity. This vessel could be equipped
to safely lift greater weights with its A-frame than it would be prudent or practical to manage once they
were on deck. This vessel should be capable of occasional offshore trips as far as Bermuda.

There are separate wet and dry lab areas and vans could be set up to serve as extensions of the wet
lab. The sleeping accommodations are in the middle of the vessel, the area of least motion. A vessel
of this type could maneuver in any attitude with no exposed, rotating, underwater machinery. The
thrusters shown have very low suction head and present little hazard to divers or ROV tethers.

Medium Speed Concept

The medium speed vessel would be of similar length but the hull shape changes necessary to
operate at the higher speeds would require a significant reduction in hull volume, and thus, weight.
The weight would be saved in two areas, superstructure and machinery. Thrusters, other than low
power docking aids, are probably not feasible in this type of vessel so twin screws become
mandatory. Use of aluminum could save a good deal of weight but would increase cost and reduce
the overall size of the vessel in this comparison.

The twin screw configuration requires that the accommodations be forward of the engine room.
Motion will be greater in the forward location and the higher speed of the vessel would create greater
pitching forces.

The motion characteristics of this vessel would probably not be as good, as the slow concept but the
differences would not be significant. Lifting capacity would be similarly reduced but still in excess of
any normal requirement for a vessel of this class.
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Fast Vessel Concept

The fast vessel concept shows rather starkly the cost of speed. However the additional lab and
accommodations space of the slower concepts is advantageous only if it is consistently used. All
else being equal, the faster vessel will do more science and produce better data in synoptic studies.
If the capacity of the fast boat is close to what you would generally utilize in the slower types, it can
provide significant schedule flexibility.

Operation of a 50 foot vessel of this type by the University of New Hampshire has been very
successful and the boat has proven itself an excellent platform for deployment of oceanographic
moorings weighing up to four tons. The concept shown is three times the displacement and should
be able to lift weights of well over 10,000 pounds.

The number of berths is similar to the other vessels but most berths would be in common areas
rather than in staterooms as in the other concepts. The lab and galley areas would be adjacent so
that the galley could serve as additional lab area on short trips. This has worked well on the UNH
boat.

Jet Boat Concept

This concept would differ from the fast concept primarily in the propulsion system. Waterjets would
provide significantly reduced draft and increased maneuverability. Jets are most efficient at speeds
over 25 knots so higher horsepower would be installed to gain the maximum benefit from the fast
vessel concept. Three engines would be installed. The center engine would be a non-steering
booster that would not provide propulsion while on station or at slow speeds. This engine would be
used to provide hydraulic and, possibly, electric power while on station.

Operational Analysis Materials

The fast vessel concept operates at the greatest economic advantage on trips of twelve hours or
less duration. Coast Guard regulations require additional licensed crew for longer trips. The
savings in salary on short trips can be very significant. The following pages show map of the area
that can be covered in a twelve hour day by vessels of various speeds .
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The following five pages show a map with distances from Skidaway and sheets giving time and fuel
consumption figures for the four vessel concepts.

The primary objective of a research vessel is to provide on-station time, i.e. time spent elther
motionless or at speeds under five knots. This is the productive time so it is instructive to look at fuel
consumption as a function of hours on station. Spreadsheets on page 19 and 20 show the fuel
consumption figures for the four concepts. Annual operation is considered as one big trip with a total
number of station hours and a total length of cruise track.

Figures for six combinations are given. Within the range of probable operations, fuel consumption
can be seen to be a not particularly significant issue.

The most significant numbers on pages 19 and 20 are the

total operating hours. A small institution with just one boat crew on salary can expect about 2000
hours of work from that crew. The difference between this number and the total operating hours is
the time available for this crew to perform maintenance and other shoreside duties. This is where the
best rational for trading speed for overall space and capacity may be found.
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SLOW VESSEL WITH 16V-92 ENGINE

TOP SPEED =11.25 GAL./MILE =4.31
CRUISING SPEED =10.50 GAL./MILE = 4.00

TOP SPEED CRUISING SPEED
RADIUS HOURS GALLONS HOURS GALLONS
20 3.56 172.40 3.81 160.00
40 7.11 344.80 7.62 320.00
60 10.67 517.20 11.43 480.00
80 14.22 689.60 15.24 640.00
100 17.78 862.00 19.05 800.00
120 21.33 1034.40 22.86 960.00
140 24.89 1206.80 26.67 1120.00
160 28.44 1379.20 30.48 1280.00
180 32.00 1551.60 34.29 1440.00
200 35.56 1724.00 38.10 1600.00
220 39.11 1896.40 41.90 1760.00
240 42.67 2068.80 45.71 1920.00
260 46.22 2241.20 49.52 2080.00
280 49.78 2413.60 53.33 2240.00
300 53.33 2586.00 57.14 2400.00
310 55.11 2672.20 59.05 2480.00
320 56.89 2758.40 60.95 2560.00
340 60.44 2930.80 64.76 2720.00
360 64.00 3103.20 68.57 2880.00
380 67.56 3275.60 72.38 3040.00
400 71.11 3448.00 76.19 3200.00

410 72.89 3534.20 78.10 3280.00



TOP SPEED

CRUISING SPEED

RADIUS HOURS GALLONS HOURS GALLONS
420 74.67 3620.40 80.00 3360.00
440 78.22 3792.80 83.81 3520.00
460 81.78 3965.20 87.62 3680.00
480 85.33 4137.60 91.43 3840.00
500 88.89 4310.00 95.24 4000.00
Note:

All figures are for round trip.
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MEDIUM SPEED VESSEL WITH TWO 16V-92 ENGINES

TOP SPEED =16.00 GAL./MILE = 5.81
CRUISING SPEED =14.50 GAL./MILE =5.51

TOP SPEED CRUISING SPEED
RADIUS HOURS GALLONS HOURS GALLONS :
20 2.50 232.40 2.76 220.40
40 5.00 464.80 5.52 440.80
60 7.50 697.20 8.28 661.20
80 10.00 929.60 11.03 881.60
100 12.50 1162.00 13.79 1102.00
120 15.00 1394.40 16.55 1322.40
140 17.50 1626.80 19.31 1542.80
160 20.00 1859.20 22.07 1763.20
180 22.50 2091.60 24.83 1983.60
200 25.00 2324.00 27.59 2204.00
220 27.50 2556.40 30.34 2424.40
240 30.00 2788.80 33.10 2644.80
260 32.50 3021.20 35.86 2865.20
280 35.00 3253.60 38.62 3085.60
300 37.50 3486.00 41.38 3306.00
310 38.75 3602.20 42.76 3416.20
320 40.00 3718.40 44.14 3526.40
340 42.50 3950.80 46.90 3746.80
360 45.00 4183.20 49.66 3967.20
380 47.50 4415.60 52.41 4187.60
400 50.00 4648.00 55.17 4408.00

410 51.25 4764.20 56.55 4518.20



TOP SPEED CRUISING SPEED

RADIUS HOURS GALLONS HOURS GALLONS :
420 52.50 4880.40 57.93 4628.40
440 55.00 5112.80 60.69 4848.80
460 57.50 5345.20 63.45 5069.20
480 60.00 5577.60 66.21 5289.60
500 62.50 5810.00 68.97 5510.00
Note:

All figures are for round trip
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FAST VESSEL WITH TWO 16V-92 ENGINES

TOP SPEED =23.00 GAL/MILE = 5.21
CRUISING SPEED = 19.50 GAL./MILE = 4.94

TOP SPEED CRUISING SPEED
RADIUS HOURS GALLONS  HOURS GALLONS :
20 1.74 208.40 2.05 197.60
40 4.10 395.20
60 6.15 592.80
80 8.21 790.40
100 10.26 988.00
120 12.31 1185.60
160 16.41 1580.80
180 18.46 1778.40
200 20.51 1976.00
220 2256 2173.60
240
260
280
300
310
320
340
360
380
400
410
420
440
460
480
500

Note: All figures are for round trip



-18

C-192 SKIDAWAY INSTITUTE OF OCEANOGRAPHY

JET VESSEL WITH THREE 12V-92 ENGINES

TOP SPEED =27.50 GAL/MILE = 5.58
CRUISING SPEED = 24.50 GAL/MILE = 5.53

TOP SPEED CRUISING SPEED
RADIUS HOURS GALLONS HOURS GALLONS :
20 1.45 223.20 1.63 221.20
40 3.27 442.40
60 4.90 663.60
80 6.53 884.80
100 8.16 1106.00
120 9.80 1327.20
140 11.43 1548.40
160
180
200
220
240
260
280
300
310
320
340
360 -500
Note:

All figures are for round trip.
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GALLONS PER STATION HOUR

$1.5 MILLON VESSELS

VESSEL TYPE SLOW MEDIUM FAST JET
LENGTH ON DWL 69.96 70.39 58.42 58.42
DISPLACEMENT (HALF LOAD)  149.80 97.71 48.48 47.98
PROPULSION (1) PROP (2) PROP (2) PROP  (3) JETS
NUMBER OF ENGINES 1 2 2 3
ENGINE TYPE 16V-92 16V-92 16V-92 12V-92
RATING CONT. CONT. INTERM. INT.-MAX
HORSEPOWER (CRUISING) 700 700 849 739
GALLONS PER HOUR (CRUISE ) 38.00 38.00 46.20 40.00
TOTAL HORSEPOWER (CRUISE) 700 1400 1698 2217
TOTAL GALLONS PER HOUR 42.00 80.00 96.40 124.00
SPEED 10.50 14.50 19.50 24.50
SPEED | LENGTH RATIO 1.26 1.73 2.55 3.21
GALLONS PER MILE 4.00 5.52 4.94 5.06
GPH ON STATION 14.00 10.00 8.00 8.00
TIME ON STATION = 1000 HOURS (ANNUAL TOTAL)

CRUISE TRACK = 10000 NAUTICAL MILES (ANNUAL TOTAL)

TOTAL TRANSIT TIME 952 690 513 408
TOTAL OPERATING HOURS 1952 1690 1513 1408
TOTAL FUEL CONSUMPTION 54000 65172 57436 58612
GALLONS / HOURS ON STATION  54.00 65.17 57.44 58.61
TIME ON STATION = 1500 HOURS (ANNUAL TOTAL)

CRUISE TRACK = 10000 NAUTICAL MILES (ANNUAL TOTAL)

TOTAL TRANSIT TIME 952 690 513 408
TOTAL OPERATING HOURS 2452 2190 2013 1908
TOTAL FUEL CONSUMPTION 61000 70172 61436 62612
GALLONS ; ~OURS ON STATION  40.67 46.78 40.96 41.74
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VESSEL TYPE SLOW MEDIUM FAST JET
TIME ON STATION = 1000 HOURS (ANNUAL TOTAL)

CRUISE TRACK = 15000 NAUTICAL MILES (ANNUAL TOTAL)

TOTAL TRANSIT TIME 1429 1034 769 612
TOTAL OPERATING HOURS 2429 2034 1769 1612
TOTAL FUEL CONSUMPTION 74000 92759 82154 83918
GALLONS / HOURS ON STATION 74.00 92.76 82.15 83.92
TIME ON STATION = 1500 HOURS (ANNUAL TOTAL)

CRUISE TRACK = 15000 NAUTICAL MILES (ANNUAL TOTAL)

TOTAL TRANSIT TIME 1429 1034 769 612
TOTAL OPERATING HOURS 2929 2534 2269 2112
TOTAL FUEL CONSUMPTION 81000 97759 86154 87918
GALLONS /HOURS ON STATION 54.00 65.17 57.44 58.61
TIME ON STATION = 1000 HOURS (ANNUAL TOTAL)

CRUISE TRACK = 20000 NAUTICAL MILES (ANNUAL TOTAL)

TOTAL TRANSIT TIME 1905 1379 1026 816
TOTAL OPERATING HOURS 2905 2379 2026 1816
TOTAL FUEL CONSUMPTION 94000 120345 106872 109224
GALLONS /HOURS ON STATION 94.00 120.34 106.87 109.22
TIME ON STATION = 1500 HOURS (ANNUAL TOTAL)

CRUISE TRACK = 20000 NAUTICAL MILES (ANNUAL TOTAL)

TOTAL TRANSIT TIME 1905 1379 1026 816
TOTAL OPERATING HOURS 3405 2879 2526 2316
TOTAL FUEL CONSUMPTION 101000 125345 110872 113224
GALLONS; HOURS ON STATION  67.33 83.56 73.91 75.48
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