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FOREWORD

The seawater cooling concept has been investigated by
ERDA (1) (2) (3) for use in a district cooling system. The U.S.
Navy (4) has examined the concept as a conservation system for
Naval facilities. The basic concept is quite simple. Con-
siderably less energy is required, under favorable circumstances,
to pump natural cold water from the sea or a lake, through
air conditioning coils, than to chill the water by means of
refrigeration for this purpose. The above studies indicate
that 70% to 80% of the energy normally used for air conditioning

can be saved by this method.

The Energy Program Office of the U.S. Navy Civil Engineering
Laboratory in Port Hueneme, California, has issued Contract No.
N68305-77-C-0012 to Tracor Marine, Inc. to perform a preliminary
Design, an Economic & Energy Analysis, and an Environmental
Impact Assessment for a seawater air conditioning system for a
building in the Naval Security Group Activity in Winter Harbor,
Maine. This building requires year-round air conditioning and

is close to the sea.
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I. SUMMARY AND CONCLUSIONS - 1

A Preliminary Design, Economic & Energy Analysis and an
Environmental Impact Assessment have been performed for a pro-
posed seawater air conditioning system for an existing U.S. Navy

building at Corea, Maine.

Two major options were examined. The first, to use seawater
for the entire cooling load (100 tons); the second, to use addi-
tional cooling and dehumidification if and when the seawater
temperature exceeds 50°F. A number of alternate enhancement
methods were examined, and preliminary designs developed, including
one for a solar/desiccant drying system. A simple packaged air

cooled DX system (total 40 tons) was selected for the enhancement.

Seawater bottom temperature measurements must be made in Prospect
Harbor during the summer/fall season to determine the amount of

enhancement, if any, that will be required.

The existing air conditioning system can be used for enhance-
ment, if desired. The initial costs would be lower than for a new
enhancement system; however, life cycle costs for this option would

be higher due to greater energy use.

(a) Estimated Annual Energy Usage

1) Seawater system

111,100 KwH

2) Seawater« system w/enhancement - 249,540 KWH

3) Seawater System with existing
A/C system enhancement

4) Conventional A/C system

321,660 KWH
861,300 KWH
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® If the seawater system can be used without enhancement, it
can save 87% of the electrical energy used for air conditioning.

With enhancement it can save 68% of the electrical energy.

- (b) Life Cycle Cost ?

1) Seawater system - $305,449
2) Seawater system w/enhancement - 380,498
3) Seawater system with existing
enhancement - 396,554
; 4) Conventional A/C system - 404,044

The life cycle costs for the seawater system are lower than
for a conventional system, using a 7% differential escalation
rate for energy over other costs, and a FY 77 energy cost of

$.024 per KWH.

i (d) Environmental Impact Assessment

No significant long-term adverse environmental impacts are
foreseen. Minor temporary disturbance of the site will occur

during construction.

The net environmental impact to the region will be positive
(beneficial), because electrical energy conservation reduces

demand, thus reducing power plant requirements.
(e) Implementation Schedule

Preliminary scheduling indicates that if construction of the
system is to be completed prior to the winter of 1978, site survey
work (land and marine) and the development of a monitoring and

B evaluation program must be completed prior +o the fall of 1977.
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3
(a)

DISCUSSION OF DESIGN

General Guidelines

Integration with existing system.

Installation not to interfere with operation.

Life cycle costs within reasonable bounds.

Seawater system is considered to be a "demonstration" aimed

at obtaining additional engineering data.

Design Criteria Used

Conserve significant amount of energy.
Uninterrupted year-round operation.
Existing air conditioning system to remain as backup.

System to be expandable to include second building.
o
+2 F' 45%RH +15%

Room design conditions 72°DB =
-7°F - 5%

Utilize as much of existing system as possible.
Utilize as much "off the shelf" equipment as possible.

Comply with Federal, State, and Local regulations.

Design Data Used (Site-Specific)

Air Conditioning Design
(1) Building plans as provided by USN, Winter Harbor.

(2) Electrical current demand (amps) of electronic equip-

ment in buildings, as provided by USN, Winter Harbor. 115 VAC

and a power factor of 1 were used to determine wattage unless

otherwise noted in data.

(3) People loads, as provided by USN, Winter Harbor.




(4) Engineering weather data and psychometric summaries,

as obtained from the National Climatic Center.

- (b) Pipeline Route Design
(1) Commercially available aerial photos.
(2) Commercially available U.S. Government topographic
and bathymetric sheets.

(3) Visual inspection (snow cover).

(c) Water Temperature Data

(1) Surface and bottom temperature measurements in Penobscot
Bay (courtesy Central Maine Power Co.).
=3 (2) Literature search, survey of institutions in Maine,

National Data Center Computer Search.

(d) Cost of Energy

(1) Actual cost, as provided by USN, Winter Harbor.

o= 4. Design Approach

L Because the seawater system is an.unproven prototype meant
to service an important facility, overriding consideration is
given to uninterrupted operation and non-interference with the
existing system should backup be required. Frost conditions,
rocky terrain, biolégically rich waters (biofouling), and uncer-

tainty regarding maximum bottom water temperatures in Prospect

Harbor during summer months place further design constraints

on the system.




Our approach in this work is to treat each of these potential
problems in the most conservative manner, by providing preliminary

design solutions and estimated costs for all of them.

The most critical part of the system, the secawater supply,
is designed to be wholly redundant. The seawater intakes, pumps,
and discharge lines are duplicated, and each is capable of handling
the entire load by itself. This is done to permit shutdown of one
system to permit cleaning in the event of severe fouling (or
routinely to prevent fouling buildup). It is not known at this
time if this will be necessary; however, duplication is further
justified by the requirement that the system be capable of expan-
sion to the other building on the site. The choice of using a
larger diameter pipeline or a duplicate smaller diameter pipeline
also favors the duplicate in this case, because water velocities
can be kept high enough to reduce fouling in the smaller pipeline.
The cost of a duplicate is higher than its larger diameter alter-
nate, but since construction costs far outweigh material costs,

laying two pipelines at the same time is relatively inexpensive.

The preferred technique of transferring heat from the air
conditioning coils to the seawater is to utilize a plate-type heat
exchanger that isolates the seawater from a fresh chilled water
system. This permits rapid cleaning of the heat exchanger in the

event of fouling. In this application, two factors permit us to




consider elimination of the fresh water loop and the heat exchanger

by circulating seawater directly into special salt water coils
located in the air system. The main factor that permits considera-
tion of this option in this case is the location of the coils.
Unlike most chilled water systems that have large numbers of coils
with separate controls located throughout a building, this system
has two large coils (with a third under construction) located in
machinery spaces outside the building proper, with a complex air
handling system inside the building. Normally, we would prefer
not to circulate seawater throughout a building because of the
potential damage that could be caused by a leak or break in the
line. 1In this case, however, the seawater lines would be confined
to the machinery spaces and adequate protection for other machinery

can be provided in case a leak or break does occur.

The second factor is that the approach temperatures attain-
able in even the best heat exchangers (2o LMTD) would adversely
affect this systém. Seawater temperatures in Prospect Harbor will
reach about 50°F #3°F in the warmest months. The cooling effi-
ciency of available coils and particularly their ability to remove
moisture falls off rapidly at 50°F. A two or a three degree 1loss
in the heat exchanger at these temperatures could require an

additional 30 or 40 tons of vapor compression enhancement or de-

humidification.




Thus, circulation of seawater directly through special
chilled water coils not only improves performance of the
system during the critical warm period, but eliminates the
expensive plate-type exchanger (titanium) and could eliminate
the need for additional enhancement. A penalty must be paid
for these advantages since the type of coil used cannot be
readily cleaned, and fouling of these coils must be positively
prevented by filtering for larger organisms and biocidal
techniques for smaller organisms. This cost penalty is
offset by the elimination of the plate-type heat exchanger.

Both options are considered in our preliminary design.




III. THE PRELIMINARY DESIGN

1. The Air Conditioning System

o The present system consists of three air conditioning and
heating zones. The first zone consists of what was the original |
building and primarily houses the computer facilities. The
system for temperature control consists of a chilled water
coil, steam coil, and steam humidifiers. The second zone

- consists of the first addition and is primarily designed to

house sensitive electronic equipment. The temperature control

system is basically similar to the first zone. Finally, the

third zone consists primarily of office space and is currently

under construction. The system for temperature control

— includes a heating coil, humidifier and a direct expansion
evaporator coil for air conditioning. This system has been
slightly oversized so that areas previously supplied by and
included in other zones have been added to zone three. This

has been achieved by necessary ductwork.

A detailed air conditioning load was computed for all three
zones to ascertain a preliminary size of the cooling coils. This
is summarized in Table I. The total air conditioning load was
‘ = estimated at 100 tons, thus requiring about 300 gpm of seawater
at temperatures varying from 40°F to 50°F. When the seawater
| 32 temperature exceeds 50°F, a chiller or a DX system is used

for augmentation. Owing to the large quantities of seawater




94 -

84 -

79 -

69 -

59 =
54 -

44 -
39 =
34 -
29 -

19 =
14 -

-10—-

95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

TABLE I
CONVENTIONAL SYSTEMS A/C ANNUAL LOAD

TOTAL HOURS TONNAGE
1 93T
13 93T
42 93T
128 93T
249 81T
411 78T
585 77T
786 75T
775 737
727 727
672 709
658 68T
771 66T
824 65T
566 63T
473 61T
355 59T
288 58T
199 56T
114 54T
70 52T
37 52T
18 52T
8760

EQUIVALENT FULL LOAD HOURS = 861,3

X

16
1.

10

KW/TON

1.09
1.12
1.1%
1.22
1.29
1.42
1.42
1.42
1.42
1.42
1.45
1.45
1.45
1.45
1.45
1.45
1.45
1.45
1.45
1.45
1.45
1.45
1.45

7591
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KWH

101
1146
4492
14523
26018
45522
63964
83709
80337
74328
68208
64879
73785
77662
51704
41837
30370
24221
16159

8926

5278

2790

1357
861,316
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to be circulated and the desire to use the present system as
a complete and independent backup, it was decided to not use
the present chilled water coils in zone one and two but to 1
design separate seawater coils. Since the third zone is
e designed with a DX system, it too requires an independent |

seawater coil. ]

2. Discussion of Design Options

There are two basic ways the seawater system can be designed.
The first method involves the circulation of cold seawater directly
through the chilled water coils after it has been suitably treated
o= to prevent the fouling of the coils. The presence of brine re-
guires the use of a cuprous-nickel alloy coil in place of the
standard copper coils. The advantage of this system is that the
temperature of the entering cooling water is very close to that

being pumped from the Bay. However, the fouling may be a problem.

The most serious fouling organisms in this area are the
mussels and hydrozoa. These can be sucked into the system in the
larval stage, and will affix to any hard surface and grow, if
— given the opportunity. The size of these larvae is in the 50-200 !
micron range. A sand filter would trap the larger larvae,
but a diatomaceous earth filter or equivalent is required to

trap the smaller organisms. Bacteria and other microscopic

organisms require either a chemical biocide or killing

s irradiation, such as ultra-violet (UV) 1light.




e

e

|
|
|

Where seawater is circulated directly through the chiller
coils, we have specified the use of mechanical filters (sand and
diatomaceous earth). Theéese can be backflushed as part of a
routine maintenance program in the warm months. The coils are
designed for seawater use and can be drained without removal,
permitting cleaning with chemical cleaning solutions, if necessary.
In addition, we have specified the use of ultra-violet biocidal
equipment to prevent biofouling in the coils. In options where
a seawater/fresh water heat exchanger is used (next péragraph).

only the mechanical filtering is required.

The second method utilizes a seawater/fresh water heat ex-
changer, with treated fresh water circulating through the chilled
water coils. Titanium plate heat exchangers are used. These
may be readily openéd and cleaned if necessary. The cold water
entering the chilled water coils will be somewhat warmer owing
to a temperature rise in the heat exchanger; thus, the system
for augmentation will kick in a little earlier and more enhance-

ment tonnage would be required.

Regardless of whether a seawater/fresh water heat exchanger
is used or whether the seawater is circulated directly through
the coils, there are a number of options available. The basic

options are illustrated in Figures 2 through 5.

12
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(a) If the seawater is cold enough year-round (less than 50°F),

no enhancement will be required (Figure 1).

(b) If enhancement is required during the warmest months:

(1) The seawater (or chilled water) can be further cooled
by passing it through a conventional chiller (air or water-cooled)

before passing it through the coils (Figure 2).

(2) Additional coils (either chilled water or DX) can be
placed in the air systems. These can be supplied by either in-
dividual small compressor units, or by a single large unit. The

compressor units can be air or water-cooled (Figures 3 and 4).

(3) Desiccant dryers can be placed in the air systems. The
desiccant can in turn be dried using existing steam or hot water;

or a solar dehumidifier can be used (Figure 5 and Appendix C).

In each of the above enhancement systems, controls would
activate the enhancement system when and if the seawater tempera-
ture rises above 50°F, and de-activate when the seawater tempera-
ture dropped below 50°F. A more sophisticated control system
could monitor temperature and humidity parameters of the air

leaving the seawater coils.

Engineering/cost trade-offs were made considering each of
the above options early in the project. Simplicity of installa-
tion of the enhancement system was given great weight, since the
main objective in this program is the evaluation of the basic

seawater system.

13
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Enhancement systems of the type described in paragraph (b)
(1) above, augmented cooling of all the chilled water, require
significantly more refrigeration than individually controlled
"dehumidification" coils in the air system. This results in a

higher initial cost and higher energy use costs.

Desiccant drying systems require little energy, but have
high initial costs. These require a good deal of space in the
ducts, and the existing ducts would require extensive modification,
if indeed they could be made to fit. Maintenance is high in these

systems.

Of the systems described in (b) (2) above, additional coils
in the air system, the following comments can be made:

a) Air-cooled DX systems are cheaper, more easily installed
and maintained, are not subject to freeze-up, and the coils take
up less space in the air ducts. They are "off-the-shelf" systems
and can be purchased as packaged units. They are, however, some-
what less efficient than water~cooled chiller systems.

b) Several individually controlled "packaged" compressor/
coil units would be simpler and easier to install and maintain
than a single compressor serving several coils. With the existing
three-zone system in the building, some energy savings might

be realized as well.

P A R VO A AN S A T AW TR 0 | e T NV

i A < Y3 o 3 PSRN A3 T AT YT AN




3. The Preferred Design Option - (Figure 6)

The chéice was made to eliminate the seawater/chilled water
heat exchanger and to circulate seawater directly to the chiller
coils. The additional cost of filters, biocidal equipment and
seawater resistant coils is roughly equivalent to the cost of a
good titanium plate heat exchanger. However, because we expect
that seawater temperatures in the warm months will be 50°F or
slightly above, and since this is the limiting seawater temperature
that we can conservatively tolerate with the coils available, two
degrees lost in the seawater/chilled water heat exchanger might
require an additional 25 fons of vapor compression:enhancement.
Fortunately, the existing system permits us to eliminate the heat

exchanger without the need to circulate seawater in the building.

No seawater temperature data is available for Prospect
Harbor; thus, data from neighboring areas must be used and ex-
trapolated to Prospect Harbor. Data from Penobscot Bay and Arey
Cove was used to predict the amount of enhancement that would b L
required during the warmer months (see Table II). A total of 40
tons éf enhancement is required, with individual units of 27 tons,

8 tons, and 5 tons for the three zones.

In this preliminary design, the enhancement system selected
is individual DX compressor/coil units. The DX coils are installed
in the air systems, each having its own controls and roof-mounted

compressor. In this selection we have eliminated the possibility
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— TABLE II
ANNUAL LOAD
A/C ENHANCEMENT BY INDIVIDUAL

DX COILS IN AIR SYSTEM (FIGURE 3)

AUGUST, SEPTEMBER, OCTOBER AND PART OF NOVEMBER

— TOTAL HOURS  TONNAGE KW/TON _KWH

— 80° and above 50 45T 1.09 2452
IS5 = 19 ; 78 39 1.15 3498

el LS 182 37 1.29 8686 |
65 - 69 270 37 1.42 14185 %

B T 365 36 1.42 18658 f

__ 55 - 59 373 35T 1.42 18538 j
50 - 54 371 34T RER T 17911 !

— 45 - 49 330 33T 1.42 15463 |
40 - 44 280 327 1.42 12723

T e 30 248 31T 1.42 10916

30 - 34 200 31T 1.42 8804
48 . 29 106 30T 1.42 4515

— 20 - 24 38 29T 1.42 1564 '
15 - 19 13 28T 1.42 516 :

138439
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of freezing and the required modifications are least complex.
In addition, the control scheme is very straightforward and

maintenance is minimal.

In a less critical application, we would probably recommend
that the enhancement is unnecessary. We are confident that the
seawater coils specified can handle the entire sensible load,
and the latent load in this building is quite low due to the high
electronic load. However, because of the critical nature of this
application, and because the seawater system is not proven, we
do recommend that enhancement be made available in the event
seawater temperatures do exceed 50°F and the seawater system
alone cannot remove sufficient moisture to maintain the specified

humidity.

One option not previously discussed is to utilize the existing
air conditioning system in the building in the event enhancement
is required, and forego the installation of additional equipment
for this purpose. This has the obvious benefit of reducing the
initial cost, but energy costs will be higher. We estimate that
systems of this type cannot be cut back more than 50 percent of

capacity.

4. The Seawater System

The seawater system is required to supply a maximum of 280

gpm of bottom Bay water to the air conditioning system. This




will adequately provide cooling for the building during the
warmest periods of the year. During colder weather, the air
conditioning load in the building is reduced to about 60% of its
peak load, requiring less seawater for cooling. The amount of
seawater required is further reduced because the temperature

of the water is considerably lower during these periods as well.

The preliminary design calls for three identical 140 gpm
constant speed pumps to operate in parallel. During high demand
periods, two of the pumps operate together to supply 280 gpm.
During colder weather, only one pump will be operated to further

conserve electricity. The third pump is a spare.

The pumps are to be located in a sheltered and frost-protected
pumping station. This station should be as close to sea level as
possible to maintain seawater suction, yet high enough for pro-
tection against storms. Due to the large tidal excursion, and
the presence of cliffs along the shore, these criteria may require
high placement of the shelter with excavation of rock or soil to
a level suitable for suction pumping (essentially an underground
pumping station). Other options would be to build the pumping
station into the face of the cliff (there are existing indentations
in the rock), or to locate the station behind a cobble beach that
exists in a major break in the cliffs, and depend on an existing
cobble berm for storm protection. Other considerations, such as

selection of the optimum pipeline route, will limit these options.




The selection of the pipeline route will have to be based
on more detailed topographic, soils and bathymetr:. data than is
available at this time. Surveys to obtain this information are
specified in the design specification. Plate I of this report
delineates a zone of possible pipeline routes that encompasses

a variety of terrain and ground cover.

(a) Offshore Route

Several types of routes for the submerged portion of the
pipeline are apparent from the aerial photos and the NOAA
bathymetric charts. Most of the zone has a rock ledge only a
= few feet below low water that extends offshore for several
hundred feet. At the southern end of our zone, this ledge
has a relatively sharp drop-off to deeper water. This drop-off
| is much gentler in other portions of the zone. The off-shore
é B ledge is paralleled on land by a twenty-foot cliff at the water's
: edge. A large break in this cliff forms a cove with a cobble
beach near the northern part of our zone. This break appears
= to extend through the offshore ledge, and provides a gentler
slope from the treeline to the shore and thence offshore. The
beach here is made up of well-rounded cobble, about the size of

softballs. The cobble has been thrown up by wave action to form

a high berm that protects the treeline. Driftwood and other
E floating debris is found behind the berm, indicating that some
water does break over the berm. A detailed bathymetric survey

and diver examination of the offshore zone will reveal additional

design factors.
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(b) The Land Route

A visual inspection of the indicated zone was made during
the winter (snow cover). Features in the southern end of the
zone that resemble rock outcrops in the aerial photos are in
reality bog features. No rock outcrops were observed except
along the shore, and soil cover appears to exist over the entire
area. This should be confirmed by a detailed survey during a
warmer period (without snow) since State maps indicate rock out-

crop in this area.

Ground cover varied from large trees to low brush in the
bogs. Several zones of previous "cuts" were overgrown with a
thick young scrub. An open cut containing electric cable conduit
runs westerly from the building area to an electronic unit about

1000 feet down the slope.

In selecting the land route for the pipeline, the existing
road or the existing cut through the trees should be utilized as
much as possible, not only for obvious environmental reasons, but

to reduce the cost of an access road to the pump station.

For example, a route along the southern boundary of the zone
would follow the main road to its bend, then proceed downsiope
through the bog to the treeline. Probably a.considerable amount
of fill will be required for pipeline burial and an access road
through the bog. At the landward side of the treeline, the route

should turn sharply, then proceed to the pump station at an angle

g o oibin Sassl iai




to the main route so that trees hide the main part of the
route when viewed from the Bay. This route would be suitable
if both buildings are to be supplied eventually, but presents

construction difficulties due to its termination on the cliff.

A route following the northern-most edge of the zone would

utilize the existing cable route for a good part of the run, then

ks faclisi ol el

would cut downslope through trees to the shore. This route could
= be modified to run to the cobble beach, or to the cliff, as

desired. This would appear to be the best route to service the

northern building only.

0 Other suitable routes exist, and final selection will depend

on a number of design and site-related factors.

k. (c) The Pipeline

After consideration of other candidate pipe materials (e.g.,
steel, fiberglass, PVC), high-density polyethylene (HDPE) was

selected, for the following reasons.

Good heat insulation properties.

Good "smoothness" factor.

Can be essentially joint-free to reduce biofouling.

Is not brittle in cold.

Is not oversensitive to sunlight (deterioration).

Does not corrode.

= Is lightweight.

Can tolerate some movement once installed (frost and
storms) .

Will conform to topography.

Perhaps the most important reason is its ease of installation.

The offshore portion is either extruded continuously, or sections
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are welded to form one piecé. The end is sealed and the pipeline
is floated in the Bay, where concrete weights are attached

(see Figure 7). It is then towed into position and installed

on the bottom by controlled flooding. While some preparation of
the sea-bed route is required, the pipeline as installed does not
require firm anchoring (embedment anchors) to the sea-bed (Ref. 5),
and the degree of foundation preparation required is considerably

less than that needed for other materials.

Because HDPE is subject to chafing and erosion, it is pro-
tected through the tidal and surf zones by a steel conduit (that

must be firmly anchored).

Other features of the pipeline are shown in Plate II of this
report and further described in the section on Design Approach and

in the Specification section.

The filtering and biocidal equipment discussed earlier will
be located in the pumping station and will prevent fouling in
the seawater system beyond this point. Several techniques are

available to keep the offshore pipeline from clogging.

A common technique used with duplicate intake lines is to
alternately shut one line down for a period of time. This causes
the trapped seawater to stagnate (turn anaerobic). If this is done
about every two weeks, young organisms inside the pipeline will die
and not accumulate. Other variations of this technique are to fill

the unused pipeline with fresh water for this period or to add
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Figure 7.

HDPE pipe with concrete loading weights.

From Janson (5)
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chlorine or another biocide. If these techniques fail, we have

provided (in the specification) for mechanical cleaning of the

pipeline as a backup.
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IV. DESIGN SPECIFICATIONS

1. Seawater Supply System 1

—_ (a) General

Provide construction plans and specifications for a pipeline
to supply cold ocean water for heat transfer for a prototype sea- :
water air conditioning system at a U.S. Navy facility at Corea,

Maine.

The pipeline shall be designed to pump seawater from the
Atlantic Ocean at Prospect Harbor, Maine, through a heat transfer

system and return the effluent to the bay.

Key components of the system shall be redundant for con-
tinuous operation. Prime consideration shall be given to mini-

mizing the operational energy requirements of the system.

(b) Technical (Refer to Plates I and II at the end of this report)

(1) Route Selection

The designer shall establish an economically feasible pipe-

line route within the specified area (see Pl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>