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SECTION I

INTRODUCTION

On August 17, 1959, the United States Atomic Energy Commission, through
t.hb New York Operations Office, issued Contract No. AT (3o-1)-2)41 to
Kaiser Engineers for the "Study of Remote Military Power Applications".
The study is essentially an economic evaluation of the construction and
operation of nuclear power plants at several designated military instal-
lations where increased power generating capabilities of 5 to 40 mwe may
be required by the Government during the period 1963 through 1970.

Upon initiation of the study, information was obtained from the Atomic
Energy Commission and the Department of Defense concerning those mili-
tary installations for which an analysis of the cost of nuclear power
was desired. After an evaluation of the economic factors involved,
certain sites were eliminated from further consideration. One of the
sites selected for further studies was Guam, for which an additional
power requirement of 20 mwe in 1963 was stated.

In the report will be found a description of a 20 mwe nuclear power
plant that could be completed in 1963, together with concept drawings,
construction cost estimate, design and construction schedule, and
operating, maintenance, and fuel costs. For purposes of comparison,
a conventional 20 mwe steam power plant was selected, and its concepts
and costs are included.

This report is No. 3 of a series of reports' completed under Contract No.
AT (30-1)-2441. The completed study comprises a Summary Report, a
Selection of Applicable Reactor Concepts Report, and a number of site
reports.
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SECTION II

SUMMARY AND CONCLUSIONS

There is a need for additional electric generating capacity on Guam
to permit replacement of inefficient and obsolescent equipment, and
to provide for normal system load growth resulting from increased
military and civilian power consumption. Peak power loads on the
Island-Wide Power System presently exceed the system's firm power
generating capacity.

The power plant expansion program on which this study is based con-
templates an increase in the generating capacity of 20,000 kw in
1963.

A survey of the Island-Wide Power System (Section III A) indicated
that the present requirements for 20,000 kw of additional power in
1963 could be best met by the installation of one 22,000 kw (gross)
generating unit. Studies indicated that the most suitable type of
nuclear reactor for this installation would be a 75 mwt, direct
cycle, natural circulation, boiling water reactor (Section III B).
The net electrical capacity of this plant is 20,700 kw.

For comparison purposes, a conventional power plant consisting prin-
cipally of one oil fired steam boiler, and a 22,000 kw (gross) Pre-
ferred Standard turbine-generator unit was selected. Thus the nuclear
and conventional power plants selected each provide the same nominal
basic capacity of 20,000 kw (net) installed capacity.

Three different types of power plant installation were investigated;
land-based, barge mounted, and mobile marine platform mounted, to
determine the most economical means of providing the additional gen-
erating capacity. The necessity for this analysis was indicated by
the high cost of construction at Guam. For comparison with a land-
based power plant, power plants mounted on a DeLong mobile marine
platform, a converted Liberty Ship from the laid-up fleet, and a
new ship form barge, were investigated and order-of-magnitude esti-
mates of their construction costs prepared (Section III C).

These estimates indicated that for the nuclear power plant either of
the alternate water transportable power plant schemes were much less
costly than a land-based plant, and that the cost of a nuclear power
plant constructed on a DeLong mobile marine platform was slightly more
favorable than the other water transportable schemes. Accordingly, a
DeLong platform was selected as the concept to be studied for a nuclear
power plant at Guam.

- 2 -



KAIER
ENGINEERS DIvISION OF HENRY J. KAISER COMPANY

For the comparative conventional power plant, these estimates indicated
little difference in construction cost between any of the four alter-
nate schemes studied. Accordingly, based on considerations of main-
tenance cost and ease of access, the land-based concept was selected
for the conventional power plant installation.

An analysis of the island power system indicated that the most desir-
able location for the additional generating facilities is at Tumon
Bay, about 12 miles northeast of Apra. Accordingly, this study has
been based on location. of a nuclear power plant on a DeLong platform
in Tumon Bay, and a conventional power plant constructed on the shore
of Tumon Bay.

General arrangement and outline drawings have been prepared for both
nuclear and conventional power plants to permit the preparation of
reasonable and comparable estimates of construction costs for the two
types of power plants. Sections IV and V of this report present
facility descriptions and the estimates of cost for the nuclear and
conventional power plants. Estimated construction and operating costs
are shown in Table 1 on page 4.
The project schedule for the nuclear power plant covers a hl-month
period from initiation of the project to the date of initial power pro-
duction. This schedule is predicated on procurement of the reactor
vessel and other major plant equipment in the early stages of design
engineering and construction of the platform and power plant in a
West Coast shipyard. Under these conditions the project would have
to begin by mid 1960, if the nuclear power plant is to be completed
by the end of 1963.

The project schedule for the conventional power plant covers a 33-
month period from initiation of the project to the date of initial
power production. This schedule is predicated on completing design
engineering before starting construction.

A summary of the nuclear and conventional power plant data is shown
in Table 2 on page 5.

-3-



KAISER~P.
ENGINEERS DIVISION OF HENRY J. KAISER COMPANY

TABLE 1

ESTIMATED CONSTRUCTION AND OPERATING COSTS

Estimated Construction Costs

Total Construction Cost
Escalation through 1963

Total Including Escalation
Design Engineering

Total Cost Excluding Contingency
Contingency

Total Project Cost

Nuclear
Power Plant

$13, 044,000
786,000

3,30,000
900,000

$1,730,000
1 770,000

$16,500,00o

Conventional
Power Plant

$6,1449, 000
371,000
6,2,000

350,000
s7,170,9000

530,000
rTFO 7 00,

Estimated Average Annual and Unit Power C

Nuclear Power Plant
Average Unit Cost
Annual in Mills
Cost per kwhr '

Fixed Charges(l)
Operation and Maitnance Cost(2)
Nuclear Fuel 9 t'3)
Fuel Oil Costi

Total Average Cost

$ 825,000
437,000
655, 000

5.7
3.0

4.5

$1,917,000 13.2

osts
Conventional
Power Plant

Average
Annual
Cost

3 35,000
292,000

1,25,000
1,1922,ado

Unit Cost
in Mills
per kwhr0 )

2.7
2.0

8.6
153

(1) Based on a 20-year plant life equivalent to 5% of the total project cost.
No interest on investment has been included.

(2) Excludes interest on cost of fuel oil in storage, interest on spare parts,
nuclear indemnity insurance, other insurance, and taxes.

(3) Excludes nuclear fuel use charge.

(h) Unit power cost is based on an 80% plant operating factor equivalent to
145,000,000 net kilowatt hours per year.

(5) Based on 1959 commercial rates plus an average escalation over the life
of the plant.
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TABLE 2

SUMMARY OF POWER PLANT DATA

Nuclear
Power Plant

Conventional
Power Plant

1. Over-all Performance

Primary steam supply

No. of reactors/boilers
No. of turbine-generators
Reactor thermal power
Size of steam boilers

Gross electrical capacity
Net electrical capacity
Primary steam flow
Primary steam pressure
Primary steam temperature
Feed water return temperature

2. Reactor Characteristics

Fuel Assembly:
Fuel material
Initial enrichment
Weight of fuel in core
Irradiation at discharge
Cladding material
No, of assemblies
No. of control rods
Control rod material

Reactor Vessel:
Internal diameter
Inside height
Material

3, Containment

Direct cycle, natural
circulation, boiling
water reactor

1
1
75 mwt

22,000 kw
20,700 kw
260,000 lb/hr
1 025 psig
5sf 9  F
2700 F

Oil fired steam
boilers

1
1

200,000 lb of steam
per hr

22,000 kw
20.700 kw
189,000 lb/hr
900 psig.
905 F
350 * F

U0^.

3, % U- 235
5,560 Kg U
13,200 mwd/metric ton
Stainless steel
96
21
Boron-stainless steel

7 ft 6 in.
32 ft 5 in.
Stainless clad carbon
steel

h ft diem by 92 ft high
steel cylinder
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TABLE 2 (Cont'd)

Nuclear
Power Plant

Conventional
Power Plant

b. Turbine-Generator
Characteristics

1
Single casing, single

flow turbine-direct
connected generator

Gross capacity at 2 in.
Hg abs

Generator coolant
Generator voltage

22,000 kw

Hydrogen
13.8 kv

1
Single casing, single
flow turbine direct
connected generator -
AIEE-ASME Preferred
Standard

22,000 kw

Hydrogen
13.8 kv

5. Condensers

Number
Type

Condensing surface
Pressure (830 F sea water)
Cooling water flow

1
Single pass, divided
water box

24,000 sq ft
2 in. Hg abs
h2,000 gpm

1
Single pass, divided
water box
18,000 sq ft
2 in. Hg abs
34,000 gpm

-6G-
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SECTION III

GENERAL CONSIDERATIONS

A. Requirements for Additional Power

electric power is provided for the Island of Guam by the Island-
Wide Power System of Guam, Mariana Islands, an organization owned
and operated by the United States Navy. The system includes gen-
eration, transmission and distribution facilities which provide
electric power for all U.S. Navy and Air Force activities on Guam,
as well as power for the Government of Guam and the civilian
population.

Major military installations on the Island of Guam include the
Andersen Air Force Base, Harmon Air Force Base, Northwest Air Force
Base, Guam Naval Air Station and the Naval Base Marianas.

The steadily growing civilian population is in excess of 35,000.

Power demand and electrical energy usage has grown steadily from
15,000 kw in 1919 to 32,000 kw in 1955. The system peak power
demand is expected to be )1,000 kw for 1959, to exceed 60,000 kw

by the end of 1965 and to approach 75,000 kw by 1970. This fore-
cast of system load growth and future power consumption is based
on completion of construction projects now under way and current
plans for further expansion of military facilities, together with
normal increased power consumption resulting from expansion of the
Guamanian economy and the numerical growth of the civilian population

In Figure 1, page 10, Curves A and B show the predicted system load
growth of the Island-Wide Power System through 1970. Curve A indi-
cates the projected demand based on forecasts of power requirements
through 1965 as prepared by the U.S. Navy, U.S. Air Force, and the
Government of Guam (Ref. 1). There is an agreement between the
Department of the Navy and the Department of Interior, dated July 1,
1956, restricting the Government of Guam to a maximum power demand
of 9,450 kw. While it has not yet been necessary to impose this
restriction on the Guamanian economy, Curve B has been added to
Figure 1 to show the projected power demand if the Government of
Guam power usage were so restricted. The projected demand beyond
1965 as shown on Curve A includes a nominal increase in power con-
sumption of 3.0 percent per year to provide for population increases
and the rising economic level of the Island of Guam. The projected
demand beyond 1965, as shown on Curve B, includes a lower increase
per year to provide for increases in use of power by the military
establishments.

-7-
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Power for the present Island-Wide Power System of Guam is generated
by one land-based steam turbine-generator power plant and four land-
based diesel engine generator power plants. These plants are
connected with a 34.5 kv transmission system, transmitting power
to the 34.5 kv/13.8 kv step-down substations feeding the 13.8 kv
main distribution system0 The locations of the present facilities
and principal transmission lines are delineated on the map of
Guam on the preceding page.

The power generating facilities of the Island-Wide Power System
are described briefly below:

Piti Steam Power Plant

This is a modern steam turbine generating plant, installed in
a reinforced concrete structure. The power generating facil-
ities include three 115,00 kw turbine generators and oil-
fired steam generators. The first two power generating units
were installed in 1951 and the third unit was completed in
1955. This plant is the primary source of power for the
Island-Wide Power System. Power is generated at 13.8 kv,
3-phase, 60 cycles and supplied to the 34.5 kv transmission
system through step-up transformers adjacent to the power
plant.

Diesel Power Plants

There are four diesel engine power plants included in the
Island-Wide Power System, comprising a total of 37 diesel
engine generator units generating power at 4.16 kv, 3-phase,
60 cycles. In general, power is stepped up to 13.8 kv by
transformers in adjacent substations. The diesel plants
include the following units:

Nameplate
Location Rating Total

Agana 9 @ 700 kw, 1 @ 600 kw 6,900 kw
Harmon 6 @ 600 kw, 4 @ 700 kw 6,400 kw
Marbo 7 @ 500 kw 3,500 kw
Orote 10 @ 700 kw 7,000 kw

Total Diesel Generating Capacity 23,800 kw

These diesel plants are largely used for peak load and stand-
by power. The Orote and Agana diesel plants, completed in
1951, are housed in permanent typhoon-resistant structures.
The Harmon and Marbo diesel plante are the older plants of the
system. They were built in 1946 and are housed in interim-
type buildings.

-am
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Emergency Power Sources

Certain strategic locations and operations are provided with
emergency power sources in the form of local diesel engine
generators. These emergency power generators include the
following:

Location
Nameplate

Rating

Navy Hospital 1 @ 600 kw
Naval Radio Stations -

Barrigado 3 @ 600 kw
Finegayen 2 @ 600 kw

Total

600 kw

1,800 kw
1,200 kw

Total Emergency Generating Capacity 3,600 kw

The installed net capacity, i.e., the sum of the net nameplate
rating of all generating plants serving the present Island-
Wide Power System, totals 58,300 kw. The maximum firm capacity,
assuming the scheduled outage of only ,one of the steam turbine
generating units, and several diesel engines for normal main-
tenance, is 40,000 kw, as shown below. This so-called "firm"
capacity does not contemplate the unscheduled outage of a second
steam turbine generating unit which would severely reduce the
power system output to a level of 28,500 kw, necessitating a
curtailment of civilian power uses and some military operations.

Plant Location

Piti
Agana
Harmon
Marbo
Orote

TO TAL

Installed Net Capacity

34,500 kw

6,900 kw
6,400 kw
3,500 kw
7,000 kw

58,300 kw

Firm Power

23,000 kw
5,200 kw
4,600 kw

2,000 kw
5,200 kw

40,000 kw

-a9 -
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B. Proposed Additional Generating Facilities

The power plant expansion program upon which this study is based,
contemplates an increase in the generating capability of the
Island-Wide Power System of 20,000 kw in 1963. The determination
of an economical power plant design, for both the conventional
and the nuclear fueled plants, has proceeded on this basis.

The projected load growth curve for the Island-Wide Power System,
Figure 1, shows graphically the steady growth in power demand to
a predicted peak of approximately 75,000 kw during the year 1970.
This curve clearly indicates the need for increasing the power
generating capacity of the system. Since the peak load already
has exceeded the firm generating capacity, a scheduled or emer-
gency shut-down of any of the three Piti plant units will require
the adoption of strict power conservation measures for both mili-
tary and civilian housing, and carefully scheduled and controlled
power usage for military facilities. Even after completion of
the 20,000 kw (net) power expansion in 1963, the system firm
capacity, as shown on the curve, will barely meet the increased
demands of the military facilities only, provided the Government
of Guam power demand is restricted to the contract maximum of
9,150 kw. The scheduled or unscheduled outage of any of the three
Piti units, or of the new unit, will still make some power ration-
ing necessary, with power consumption for civilian and military
housing severely curtailed during this period. It should be noted
that all the diesel plants will be required to supply "peak load"
power even after the completion of the 1963 expansion. Dismantling
of the obsolescent and inefficient generating units at Harmon and
Marbo must be deferred until their replacement can be effected.

It is apparent from an analysis of the data presented on the load
growth curve, Figure 1, that an additional 20,000 kw of firm capacity,
above the contemplated 1963 installation, will be required shortly
thereafter. The firm power curve was constructed to show the effect
on firm capacity versus peak power demand resulting from the instal-
lation of a second 20,000 kw unit in the year 1965. The system peak
demands then will be met by firm capacity through the year 1968,
providing all the diesel plants are retained for peaking service.

-u-
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Some consideration has also been given to the installation of two
smaller units rather than a single large unit of 20 , 0 00 kw. While
such an installation would provide some additional firm capacity
for the system at considerable increase in capital and in operating
costs, it would not eliminate the system power shortage situation
after 1963. Therefore, the additional costs for this type of
installation do not appear to be justified and the power plant
design has proceeded on the basis of the recommended 20,000 kw (net)
unit size.

Selection of Nuclear Plant Size

The projected power demand for Guam calls for expanding the power
generating facilities by the addition of 20,000 kw in 1963. The
Guam system characteristics are such that this capacity can be
added in a single unit. Since both the unit capital cost and fuel
cost for nuclear power plants decrease markedly with increasing
capacity, there is no incentive for installing multiple reactor
units in the Guam plant. Therefore, the nuclear power plant will
consist of a single reactor of approximately 75 mwt and a 22,000
kw turbine-generator unit.

Selection of Reactor Type

The selection of the nuclear steam supply system for the Guam power
plant was developed from two preliminary tasks involving (1) a
technical and economic review of all known reactor types in order
to eliminate those concepts considered unsuitable to the Guam ap-
plication, and (2) final selection of the reactor concept.

The technical and economic review is summarized in a separate re-
port (Ref. 2) and concludes that for operation by 1963 the pressur-
ized water reactor (pwr) and the boiling water reactor (bwr) are
the most suitable; whereas for operation by 1965 or later, the
organic cooled and moderated reactor (ocmr) might also be consid-
ered. Since the additional power generating facilities for Guam
are to be completed by 1963, the choice must be made between the
pwr and bwr type plant.

The selection of the reactor concept involved the determination
of available nuclear power reactor designs of either the bwr or
pwr type which could be adapted to the Guam conditions. The nuclear
manufacturers which furnished such information include all current
pwr and bwr system suppliers.

Because of the requirement for operation by 1963, it was not reason-
able to contemplate the development of new reactor designs. It
was therefore necessary to rely primarily on existing reactor de-
signs, making such modifications as were necessary to fit the
subject application0

- 12 -
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The lower fuel costs for the nuclear plant compared with the
existing conventional plants would establish the nuclear plant
as a base-loaded plant, thus it will not normally have to
accommodate sudden load changes. Therefore, based on the infor-
mation received from the responsive nuclear manufacturers and
status reports which have been recently completed on behalf of
the U. S. AEC, it was concluded that a direct cycle, natural
circulation boiling water reactor would be most suitable for the
Guam application. The following are the principal reasons which
led to this conclusion (Ref. 2):

1. Capital costs for the direct cycle, natural circulation
bwr in this size range will be approximately $50/kw
less than the pwr (Ref. 2).

2. The sum of fuel, operating and maintenance costs for the
selected bwr design are no higher than any of the costs
from the four pwr manufacturers who submitted cost esti-
mates for plants in this size range.

3. The experience with EBWR, ALPR, VBWR has demonstrated
the basic reliability of the bwr concept as a base-load
plant.

Therefore, the nuclear power plant components proposed for the
Guam site are one 75 mwt direct cycle, natural circulation bwr,
and one 22,000 kw (gross) power generating unit.

Vapor containment of the reactor is proposed for the nuclear power
plant because of its proximity to populated areas.

Selection of Conventional Plant Type and Size

Minimum over-all cost for a stated new plant power output gener-
ally is achieved by the installation of a single large unit-or,
where the proposed expansion is relatively large compared to the
present facilities, by a multiple unit installation using the
largest unit size compatible with the capability of the over-all
power system and of the existing units of the system. Larger
units show a relatively small improvement in efficiency, but the
primary savings are in lower capital costs per unit of capacity,
reduced operating and maintenance costs and improved operation
with automatic controls.

- 13-
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The unit capital costs and production costs of steam plants of
the size herein contemplated are considerably lower than the
costs of multiple unit diesel engine plants and oil-fired gas
turbine plants. Therefore, the conventional fueled power station
proposed is of the basic steam boiler turbine-generator plant
design.

Based on the established power plant expansion program of a
20,000 kw (net) increase in generating capacity in 1963, and
for the reasons discussed above, a steam power station com-
prising one 22,000 kw (gross) power generating unit was
selected for the initial step, with provision in the basic
design for future installation of an additional 22,000 kw
unit. The turbine-generator selected was a 22,000 kw (gross)
ASE-AIEE Preferred Standard unit. This is the largest size
practicable for the system and the proposed expansion program.
This design will provide the required increased system
capability with minimum over-all cost.

- 14-
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C. Type of Installation

Because of the inherent high cost of construction work on Guam
resulting from the necessity for importation of construction
labor, equipment, and materials, it appeared that an economic
advantage might be gained in constructing the proposed new power
plant on a ship-form hull or a barge in the United States, and
then towing it to Guam.

The basic factors considered in comparing a water-transportable
power plant with a power plant to be constructed on land on Guam
are as follows:

(a) The proposed new power plant should be located near
the future island power load center. For this rea-
son, the Tumon Bay area was selected as the location
for the water-transportable power plant and the land
based plant.

(b) The proposed new power plant will be a permanent
addition to the island power generating system, and
as such, if built as a water-transportable plant
rather than on land, will not be required to be
readily relocatable.

(c) The proposed new power plant, if installed on a ship-
form hull or platform, should have power reliability
characteristics not less than the inherent reliabil-
ity of a land based power plant.

Type of Nuclear Power Plant

Three alternate schemes of water-transportable nuclear power plants

located at Tumon Bay were considered and compared with a land based
power plant at Tumon Bay, including (1) a new DeLong mobile marine
platform, (2) a new ship-form barge and (3) a converted Liberty
Ship hull from the laid-up fleet.

A new barge design was developed to represent the optimum hull
configuration for the size of the power plant under consideration
and to provide a basis for evaluating the economics of construct-
ing the power plant in the hull of a converted vessel from the
laid-up fleet, or on a mobile marine platform of the DeLong type.

Table 3 on page 20 shows preliminary comparative estimates of
construction cost (excluding allowances for escalation and contin-
gency) for these alternate schemes of water-transportable nuclear
pcwer plants and for a land based nuclear power plant of equal
capacity. These preliminary estimates were prepared to provide
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a basis for the selection of the most economical concept of a
nuclear power plant for Guam, to be further developed in the
course of this study.

The principal characteristics of these alternate schemes are as
follows:

Scheme (1) - 20 M We Nuclear Power Plant on DeLong Mobile
Marine Platform

The DeLong platform for the nuclear power plant is described
in detail in Section IV of this report. The platform is of
the following dimensions and will be mounted on 24 - 6 ft
diameter steel caissons jacked down to firm bottom through
wells in the deck and structure of the platform.

Length over-all 290 ft
Beam 80 ft
Depth 31 ft
Draft 16 ft

The platform will be moored in a basin excavated into the
seaward edge of the coral reef at Tumon Bay and jacked up
to a hull bottom elevation of 15 feet above high water. It
is believed that this elevation of the hull above high water
level will provide adequate protection from typhoon wave
action. A coral fill causeway approximately 250 feet long
constructed of excavated material from the mooring basin
will connect the platform with the shore of Tumon Bay. Power
distribution lines to the transmission plant on shore, a
truck access road, and utility lines will be carried on the
causeway.

Scheme (2) - 20 W4ne Nuclear Power Plant On a New Ship-Form
Barge

The ship-form barge considered for the nuclear plant would
be a welded steel, single compartment vessel with void tanks,
side shell and double bottom, with the following dimensions:

Length over-all 250 ft
Beam 62 ft
Depth 33 ft
Draft 13 ft

The barge would be designed to accommodate the same nuclear
power generating equipment as required for a land based plant.
Concrete, steel and water would be utilized for reactor
shielding. Minimum living accommodations, primarily required
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during the tow period, would also be provided. Electrical
distribution equipment would be located on land. The barge
would be equipped with removable skegs and emergency diesel
generators for use during the tow period. Cathodic protec-
tion would be installed to minimize hull corrosion and the
requirement for hull maintenance.

The principal facilities required to berth this barge in
Tumon Bay would include a channel approximately 700 ft long
from deep water through the coral reef to the shore line, a
dike and cofferdam enclosed basin in which to moor the barge,
a bulkhead and mooring structure on the shore side of the
basin, and coolant intake and discharge facilities. Con-
struction of substantial mooring structures and a dike around
the mooring basin is considered necessary to provide protec-
tion from heavy wave action that could result from typhoon
conditions.

Scheme (3) - 20 NWe Nuclear Power Plant Constructed in a
Converted Liberty Ship Hull

A Liberty Ship hull of the EC-2 class available from the
laid-up fleet was selected for comparison with the new barge
hull and the DeLong platform barge. This vessel would pro-
vide sufficient space for an economical arrangement of the
nuclear reactor and power plant equipment. The dimensions
of the Liberty hull and its expected draft when reconstructed
as a nuclear power plant are as follows:

Length over-all 441 ft 6 in.
Beam 56 ft 10 3/4 in.
Depth 37 ft 4 in.
Draft 19 ft 0 in.

The facilities required to berth this vessel in Tumon Bay are
essentially the same as those described for the new ship-form
barge under Scheme (2) above. The length and depth of the
mooring basin would be greater than required for the new ship-
form barge, and the depth of the excavated channel through
the coral reef would be greater.

The preliminary comparative construction cost estimates shown in
Table 3 for these alternative schemes for constructing the 20 mwe
nuclear power plant at Tumon Bay are summarized below:

Scheme (1) - DeLong Platform $12,400,000
Scheme (2) - New Ship-Form Hull $12,700,000
Scheme (3) - Converted Liberty Ship Hull $12,500,000
Scheme (4) - Land Based Power Plant $14,100,000
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These preliminary estimates include direct and indirect construc-
tion cost but exclude allowances for design engineering, contin-
gency and escalation which would be approximately the same in all
cases. The estimate of cost for conversion of the Liberty Ship
hull includes only the cost of reactivation and necessary modifi-
cation. For the purposes of this study, no purchase cost is
assumed to be involved in acquiring the vessel from the U.S.
Maritime Administration.

Comparison of these preliminary estimates indicates that Scheme
(1), the nuclear power plant constructed on a DeLong platform,
shows a slight economic advantage over the other types of water-
transportable power plants, Schemes (2) and (3), and a substan-
tial economic advantage over a nuclear power plant constructed on
land, Scheme (h). However, consideration of the slight differences
between the estimates of cost for Schemes (1), (2) and (3), and
the limits of accuracy of these preliminary estimates, indicates
that for comparison purposes these schemes are equivalent in cost.

From a reliability standpoint, a nuclear power plant mounted on
a DeLong platform would provide better stability than a floating
barge mounted power plant during typhoon conditions. This type
of installation has been proven in water depths up to 200 feet
(Ref. 3). The annual maintenance cost of a floating barge or
hull is greater than the maintenance cost of a DeLong platform
because of the additional requirement for underwater hull corro-
sion protection. For these reasons, and the fact that Scheme (1)
does indicate a slight construction cost advantage over Schemes
(2) and (3) and a significant saving over Scheme (i), a DeLong
mobile marine platform nuclear power plant has been selected for
the purposes of this study.

Type of Conventional Power Plant

Three alternate schemes of a water-transportable conventional
power plant to be built in the United States were compared with
the concept of a land-based power plant located at Tumon Bay,
including (1) a new DeLong mobile marine platform, (2) a new
ship-form barge and (3) a converted Liberty Ship hull from the
laid-up fleet. The methods of mooring, site installations, and
type of construction for each of these schemes would correspond
with the like schemes previously described for concepts of water-
transportable nuclear power plants. The land-based concept of
the conventional power plant is described in detail in Section V
of this report.
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The dimensions of the three schemes of water-transportable
conventional power plants which were considered are as follows:

Scheme (1) Scheme (2) Scheme (3)
DeLong New Ship-Form Converted

Platform Barge Liberty Hull

Length over-all 220 ft 0 in. 200 ft 0 in. 441 ft 6 in.
Beam 70ft 0 in. 60 ft 0 in. 56 ft10 3/hin.
Depth 25 ft 0 in. 30 ft 0 in. 37 ft 4 in.
Draft 15 ft 0 in. 15 ft 6 in. 17 ft 6 in.

Table 4 on page 21 shows preliminary comparative estimates of
construction cost which were prepared for each of these three
schemes and for a land based power plant. Comparison of these
cost estimates considering the degree of accuracy inherent in
preliminary estimates does not offer sufficient reason for selec-
tion of any one of these concepts on the basis of construction
cost alone. Consideration of the easier accessibility and slightly
lower maintenance cost of a land based plant led to the selection
of the land based concept for the conventional power plait for
comparison with the proposed nuclear power plant.

It will be noted that the cost of the land based conventional
plant is about equal to the cost of the mobile platform based
conventional plant; whereas the cost of the land based nuclear
plant was higher than the cost of the mobile platform based
nuclear plant. The hull or barge cost is about the same for
either nuclear or conventional plant.

The relatively high cost of construction at Guam is not sufficient
to offset the hull or barge cost in the case of the conventional
plant, but it is more than offsetting in the case of the nuclear
plant.
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TABLE 3

PRELIMINARY COMPARATIVE ESTIMATES OF COST

Scheme 1
Power Plant

on DeLong
Platform

1. Site Structures and
Improvements (exclud-
ing Transmission
Plant)

2. Hull or Platform,
including Equipment
Foundations

3. Reactor Plant
Equipment

4. Turbine-Generator
Equipment

5. Accessory Electrical
Equipment

6. Miscellaneous Power
Plant Equipment

7. Transmission Plant
(On Land)

8. Towing

Total

Scheme 2
Power Plant
on New Ship-
Form Barge

$ 330,000 $ 1,260,000

2,100,000

5,880,000

2,630,000

640,000

180,000

530,000

110,o00

$12,400,000

1,510,000

5,880,000

2,630,000

640,000

180,000

500,000

100,000

$12,700,000

Scheme 3
Power Plant
on Converted
Liberty Hull

$ 1,550,000

Scheme 4
Power Plant

on
Land

$ 1,970,000

1,020,000(3)

5,880,000

2,630,000

640,000

180,000

500,000

100,000

$12,500,000

7,350,000(2)

3,290,O00(2)

800,000(2)

210,000(2)

480,o00

$14,100,000

(1) Estimates of construction cost
and contingency.

exclude allowances for escalation

(2) Includes equipment foundations.

(3) Ex-cludes hull acquisition cost.
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TABLE 4

PRELIMINARY COMPARATIVE ESTIMATES (1) OF COST

20,000 I CONVENTIONAL POWER PLANT

1. Site Structures and
Improvements (exclud-
ing Transmission
Plant)

2. Hull or Platform,
including Equipment
Foundations

3. Boiler Plant

4. Turbine-Generator
Plant

5. Accessory Electrical
Equipment

6. Miscellaneous Power
Plant Equipment

7. Transmission Plant

8. Towing

Total

Scheme 1
Power Plant

on DeLong
Platform

$ 510,000

1,610,000

1,380,000

1,700,000

590,000

80,000

530,000

100,000

$6,500,000

Scheme 2
Power Plant
on New Ship-
Form Barge

$1,100,000

1,160,000

1,380,000

1,700,000

590,000

80,000

500,000

90,000

$6,600,000

Scheme 3
Power Plant
on Converted
Liberty Hull

$1,380,000

Scheme 1{
Power Plant

on
Land

$1,050,000

780,000(3)

1,380,000

1,700,000

590,000

80,000

500,000

90,000

$6,500,000

1,830,000(2)

2,270,000 (2)

780,000(2)

90,000(2)

480,000

$6,500,000

(1) Estimates of construction cost exclude allowance for escalation and
contingency.

(2) Includes equipment foundations.

(3) Excludes hull acquisition cost.
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D. Area Description and Site Selection

Guam, lying at the southern end of the Mariana Islands and
approximately 1,600 miles due east of Manila, is a primary link
in the United States Pacific defense chain. Major military
installations on the island include the Naval Base Marianas,
Guam Naval Air Station, and Andersen, Northwest and Harmon Air
Force Bases. Guam is a United States possession under the
jurisdiction of the Department of the Interior. Government of
the civilian population is vested in a local Guamanian govern-
ment, but the military agencies command a prominent position
in island affairs.

The Island of Guam is approximately 30 miles long and from 5
to 10 miles wide. The population is composed of U. S. Armed
Forces military personnel and a native population of about
35,000 people. The native population is distributed about one-
third south of Apra Harbor and two-thirds north of Apra Harbor.

Guam is located at the southern end of a marine ridge which is
bordered by the Mindanao and Challenger deeps and extends north-
ward to Japan. Guam is essentially an island of coral, fairly
level in the north and more mountainous in the south with
elevations in several places near 400 feet. Vegetation generally
consists of tropical grasses, scrub growth and coconut palms.
There are a number of small rivers and streams draining the high
ground, mostly in the south. A one-half square mile reservoir
(Fena Valley) is situated approximately in the center of the
southern end of the island. There is a good natural harbor at
Apra, which is the site of the U. S. Naval Base. Beyond the
coral reef surrounding the island, the ocean floor drops off
steeply to depths over 100 fathoms. Normal tide ranges from a
few tenths of a foot to 3} feet.

Guam has a tropical climate with a mean annual temperature of
810 F and average annual rainfall of approximately 90 inches.
Relative humidity averages about 80 per cent. Northeast and east
surface winds prevail about 70 per cent of the entire year, and
about 80 per cent of the time between November and April. The
mean annual wind velocity is 6 to 7 miles per hour; however, the
island is subject to typhoons with winds reaching 125 miles per
hour. Guam is subject to earthquakes, and while they are gen-
erally of low magnitude, their frequency is high enough that
buildings are designed in accordance with Zone III requirements.

There is no significant industry on Guam, the principal civilian
activity being devoted to agriculture. Economy and facilities
on the island are generally controlled by United States military
agencies, or by the Guamanian government which is responsible for
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all civilian requirements. Power, water, and other utilities
required for military purposes are furnished by an island-wide
network operated by the military agencies. The networks may
furnish service for civilian requirements in addition to meeting
military needs. All but the hilly southern end of the island is
well served by a system of two to five lane all weather roads.
Commercial airlines use the airfield near Agana, the capital.
Apra Harbor has been developed as a commercial seaport as well
as a Naval base.

Since 1955, engineering studies and investigations have been
conducted to determine requirements for increasing the island
power generating capacity to meet the anticipated increase in
demand by the military and civilian population. Reports pub-
lished by engineering firms employed by the Navy cover this
subject in detail, and have been utilized as reference data in
the conduct of this study (Ref. h, 5, 6, 7, 8). These
studies have proposed the installation, in two increments, of
additional generating facilities at Tumon Bay, about 12 miles
northeast of Apra, and modifications to the island-wide power
distribution system. The proposed location of these additional
generating facilities at Tumon Bay appears favorably situated
with respect to the shifting of the geographic load center that
will result from anticipated military and civilian load growth.
In addition, the site is favorable in construction and economic
considerations. Accordingly, the Tumon Bay site has been selected
for location of the proposed 20 mwe additional power generating
facilities being studied.

The proposed plant site is located at the north end of Tumon Bay,
on the west coast of Guam, on a strip of land about 500 feet wide.
Site elevation is approximately 15 feet above MLLW. The strip
slopes very gently toward the shore line on the west and continues
southerly around the bay. A bluff on the north rises abruptly to
20 feet. The site geology is coral bedrock overlaid by coral
sand and gravel to a depth of about 10 to 15 feet. The shore line
is protected by a coral reef which extends approximately 500 feet
seaward. Ocean depths increase sharply beyond the reef. It is
possible that under certain storm and wave conditions, seawater
spray could be deposited on the plant site. Although this would
be an unusual occurrence, it should be considered in connection
with design and construction of a facility at this site.

Domestic water is furnished by the Naval island water supply
system and is assumed to be available to the proposed generating
facility for domestic water and make-up water requirements. Fuel
oil for a fossil fuel fired power plant at Tumon Bay will be
available from the Naval tank farm at Sasa Valley by means of a
pumping station and 13 mile pipe line which has been proposed for
construction (Ref. 8 ).
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There is an existing road which connects the plant site with a
main island highway.

Available maps indicate that the nuclear power plant, as located
at the Tumon Bay site, would be more than 1,500 feet from the
nearest residence and thus within acceptable safety limits, based
on an exclusion radius of 1,000 feet.
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E. Construction Considerations

Construction problems and techniques affecting construction work
on Guam are typical of those encountered in building in the tropics
and in semi-remote areas. Guamanian indigenous labor is in extreme-
ly short supply. Therefore importation of practically all semi-
skilled and skilled labor is necessary. Importation of Filipino
Nationals for construction on Guam has been the general practice
since 1947. There is no minimum wage law in effect on Guam. A
48-hour work week is generally in effect, with 40 hours being
worked at straight time and 8 hours at time and one-half. Spe-
cialty subcontractors and fabricating shops are not available on
the island, thus requiring considerable prefabrication in the
United States or the establishment of construction shops at the
job site. Coral aggregate is available commercially from a quarry
near Apra, and a United States firm operates a bulk cement storage
facility in the Apra area. All other construction materials must
be imported from Japan, the Philippines, or the United States.
The United States Navy owns and maintains at Guam some construction
equipment which it has purchased from contractors who have com-
pleted work on the island.

The port of Apra is served by major shipping companies and has
dock facilities which are adequate for handling heavy machinery
and equipment. A 125-ton floating crane, owned by the U. S. Navy,
is available for rental for very heavy lifts. Warehouse space is
available at Apra. An existing highway connects the port and the
Tumon Bay site that can be utilized to transport material and
equipment to the job site by truck. Major airlines serve the
international airport at Agana, between Apra and Tumon Bay.

Construction Labor

Filipino Nationals in essentially all construction crafts and
trades can be imported for work on Guam, subject to approval of
the U. S. Immigration and Naturalization Service, the U. S. Navy,
and the Government of Guam. Recruiting and personnel management
service agencies are available that will import such personnel to
Guam for a nominal fee and also, as an option, provide messing
and housing services. Up to three months time may be required to
obtain the required clearances for use of Filipino personnel in
Guam which will affect the time required by a contractor to mobil-
ize and move onto the construction site.

In this study, construction labor costs have been based on cur-
rent U. S. construction wage rates modified by a conversion fac-
tor representative of differences in productivity, wage rates,
and other factors relative to the type of construction
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personnel which would be utilized. The following tabulation com-
pares the U. S. rates with rate ranges currently paid Guamanians
and Filipinos on Guam:

Hourly Labor Rates

Craft

Brick Mason
Carpenter
Ironworker
Heavy Equipment Operator
Welder
Truck Driver
Concrete Finisher
Electricians
Plumbers
Common Laborer
Plasterer

Guamanian
Personnel
(Ref. 9)

$1.00 - $1.10

1.75 - 1.80

1.00 - 1.35

1.00 - 2.50
1000 - 1.05

1.50 - 1.75

Filipino
Nationals

(Ref. 9)

$1.10 -
1.00 -
1.00 -
1.00 -
1.25 -
1010
1.00
1.05 -
1.00 -
1000

$1.20
1.14
1.10
1.15
1.35

1.20
1.39

United States
(Alameda County,

Calif.)

$4.75
3.95

4.08
3.74
4.75
3.01
3.51
4.51
4,75
2.97
4.50

Based on the following criteria, a conversion factor of 0.80 has
been computed and utilized for converting U. S. labor cost to
equivalent anticipated labor cost on Guam:

1. Use of labor rates on Guam generally at the maximum of
the rate ranges shown in the preceding tabulation. It
is considered that the more highly skilled and produc-
tive personnel will be available at such rates.

2. Inclusion of transportation and recruitment cost esti-
mated at $275 per employee for an 18-month contract.

3. A 48-hour work week with time and one-half paid for
8 hours.

4. Construction camp operation by caterer with estimated
subsistence cost for Filipino Nationals at $13 per
week each. Construction cost of temporary barracks
and mess hall included in estimate of indirect con-
struction cost.

5. Use of U, S. citizens as supervisory personnel.

6. Estimated Guamanian and Filipino work productivity
at 65% of average U. S. personnel.
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Construction Materials and Permanent Equipment

Other than portland cement and concrete aggregate, all other
construction materials must be imported to Guam. For the
purposes of this study, United States material prices have been
utilized with estimated ocean shipping costs to Guam added.

Permanent equipment costs also have been estimated on the basis
of U. S. prices and reflect the added costs of ocean shipping,
export packing, and marine insurance.

Although some construction equipment may be available for con-
tractor use from the Navy's pool of used equipment, the estimates
of construction cost have been predicated on shipment of contrac-
tor owned equipment from the United States and its return upon
completion of the project.

Shipyard Costs

Labor rate used in preparation of the estimates of cost for
installation of the reactor, machinery and electrical equip-
ment is $3.00/hr, based on that rate currently used by George
G. Sharp, Inc. in developing cost estimates for nuclear powered
tankers for the Maritime Administration. Payroll additives and
other indirect costs must be added to this rate.

Refer to Section IV "Basis for Project Cost Estimate," for a
description of shipyard engineering and indirect costs.
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SECTION IV

PROPOSED NUCLEAR POWER PLANT

General Description

The proposed nuclear power plant will consist primarily of a
75 mwt direct cycle, natural circulation, boiling water reactor
producing dry, saturated steam, and a turbine-generator unit
rated at 22,000 kw (gross). Generator voltage will be 13.8 kv.
The power plant will be mounted on a mobile marine platform
conforming to the following dimensions:

Length over-all 290 ft 0 in.
Beam 80 ft 0 in.
Depth 31 ft 0 in.
Draft 16 ft 0 in.

The design used for the platform is based on information supplied
by the DeLong Corporation.

The hull will include transverse watertight and longitudinal bulk-
heads which will be arranged so that single compartmentation is
provided. The outboard longitudinal bulkheads forming the caisson
wells provide additional protection from collision during the tow
period. Water tanks for radiation shielding will be provided.
During the tow period these tanks will be normally dry. However,
certain tanks may be filled with water ballast, as required for
trim purposes.

An enclosed structure with a traveling bridge crane will be pro-
vided over the turbine-generator area. The crane rails will
extend beyond the end of the platform for loading and unloading
of equipment and material. Sheltered access to all portions of
the vessel is provided. For site erection purposes the platform
is equipped with twenty-four 6 ft diameter by 7/8 in. thick
caissons. DeLong type air jacks of approximately h00-ton capacity
would be used for erection purposes.

The platform and power generating facilities will be constructed
on the West Coast of the United States and towed to the site.
(Blocking and shoring of some reactor and auxiliary plant equip-
ment will be required during the towing period.) At the Tumon
Bay site the platform will be positioned in a prepared channel in
the coral reef and elevated intD position by means of the DeLong
jacks. After the caissons are secured to the platform the jacks
will be removed and returned to the DeLong Corporation for storage.

Future relocation of the platform may be accomplished by reinstall-
ing the DeLong jacks with stub caissons and freeing the welding
between the platform and caissons. The platform may then be lowered
into the water and the caissons retracted. Preparation of the
reactor for relocation will require removal and storage of all fuel
elements and control rod poison sections in the spent fuel pit,

- 28 -



ENGINEERS DIVISION OF HENRY J. KAISER COMPANY

increasing the cooling capacity of the spent fuel pit cooling
system, and shoring of certain reactor and power plant components.
The time required to prepare the platform and reactor for reloca-
tion is estimated at approximately 30 days predicated on storage
of the jacks at Guam. The cost of platform preparation for reloca-
tion is estimated at $312,000, also based on jack storage at Guam,
and is exclusive of towing cost, cost of preparation of the new
site, and cost of mooring at the new site. The cost of preparation
of the reactor for power plant relocation is estimated to be
approximately $100, 000.

The complete nuclear power plant with exception of the power trans-
mission facilities is located on the platform. A cylindrical
containment shell at the center of the platform houses the reactor,
associated shielding and fuel handling and storage facilities.
The turbine generator and auxiliary equipment is located outside
the containment shell and provided with biological shielding where
necessary.

The design used for the reactor plant is based on information
supplied by General Electric Company and is an interpolation
between the Vallecitos Boiling Water Reactor (VBWR) and their
design for the Pacific Gas and Electric Company's Humboldt Bay
plant.

The reactor will deliver 258,000 lb/hr of dry, saturated steam
at a quality of 99.8% and a pressure of 1,015 psia directly to
the turbine. (The generator will be rated at 29,11l kva, 0.85
power factor, 3-phase, 60 cycle, 13.8 kv, 3,600 rpm at 30 psig
hydrogen pressure.) Condensate from the condenser is returned
to the reactor in sequence through the condensate pumps, con-
densate demineralizers, feed-water heaters, and reactor feed
pumps. The discharge from the main condenser air ejector and
from the turbine gland seal co ndenser is directed to the plant
stack through an off-gas system designed to allow time for
decay of short half-life radioactive gases.

The reactor will consist essentially of the pressure vessel;
96 fuel assemblies; 21 control elements and drive mechanisms;
a support and alignment structure; flow baffles; and steam
separating equipment. During normal operation slightly sub-
cooled water enters the bottom of the core and is brought to
boiling within the fuel assemblies which make up the core.
The mixture of water and steam produced flows upward through
the core. A chimney section is provided to maintain the desired
circulating driving head. The wet steam generated flows through
the internal steam dryer, mounted below the top head, before
leaving the reactor vessel for the turbine.

Each fuel assembly consists of h9 fuel rods in a 7 by 7 array as
an integral unit encased in a removable square flow channel.
Each rod consists of three segments of stainless steel tubing
containing U02 enriched to 3.4% U-235.
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The control rods consist of two sections: the poison section and
a follower section. The poison section, of cruciform cross-section,
is approximately the same length as the active core and is made of
boron stainless steel. The follower section is attached to the top
of the poison section and is made of Zircaloy. The control rods
are held in transverse alignment by the fuel assembly channels.
The bottom of each rod is attached to a control rod drive mechan-
ism in vertical alignment with the channel. The control rod drive
mechanism is an integral unit contained in a thimble which is an
extension of the pressure vessel.

The core support structure supports and aligns the core assembly.
The entire weight of the support structure and core assembly is
supported from the vessel bottom head. Provisions are made in
the support system to allow final alignment of the core to be
readily accomplished in the field.

Primary separation of gross water from the steam is by gravity at
a steam leaving velocity of less than one foot per second. The
steam passes through the steam dryers in the head of the reactor
vessel. Steam leaving the dryers contains 0.2% or less moisture
by weight. The dryers are impingement type (screens or corrugated
plates), and occupy the full cross section of the head. They are
removable for maintenance and are inclined to provide drainage.

In addition to reactor instrumentation and the normal conventional
auxiliaries, the following may be considered as the major reactor
auxiliary systems:

Emergency Condenser System
Decay Heat and Shutdown Cooling System
Reactor Shield Cooling System
Post Incident Cooling System
Core Spray Cooling System
Clean-up Demineralizer System
Liquid Poison System
Radioactive Waste Disposal System

The Emergency Condenser System, located inside the containment
shell, dissipates reactor decay heat immediately following a
reactor scram and isolation of the nuclear steam supply system
from the main condenser. Steam lines from the main steam supply
connect with the tube side of the condenser. Drain lines
return to the reactor. The steam lines are normally open and the
drain lines are normally closed. On actuation signal, the drain
valves open permitting flow of steam to the condenser. The
system is sized for an initial heat removal capacity corres-
ponding to 6% of reactor power.
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The Decay Heat and Shutdown Cooling System, located outside the
containment shell, is used to reduce system temperature at the
time of shutdown, and to dissipate reactor decay heat for a sustained
period of time after reactor shutdown. The system provides con-
tinuous heat removal capacity of 1% of reactor power, correspond-
ing to estimated reactor decay heat at 8 hours after shutdown.

The Reactor Shield Cooling System, located outside the containment
shell, is designed to prevent excess temperature stresses within
the concrete reactor shield. Maximum concrete temperature will
not exceed 2000 F. The average temperature gradient through the
reactor shield wall will not exceed 50 F and the maximum local
temperature gradient will not exceed 200 F per foot. The required
heat dissipation for this system is approximately 60,000 Btu/hr.

The Post Incident Cooling System will provide for removal of heat
generated by fission product decay in the unlikely occurrence of a
rupture accident. This system utilizes sprays which are directed
toward the containment vessel walls and also toward the vapor
within the containment vessel. The system will permit the reduc-
tion of the containment vessel internal pressure to 5 psig within
2h hours after such a postulated incident by a heat removal rate
of 8 x 106 Btu/hr. It should be noted that this system is not a
mandatory requirement. However, by its inclusion fission product
leakage from the containment vessel will be reduced and the inter-
val between the time of occurrence of a postulated incident and
the time when personnel could enter to begin clean-up operations
would be considerably shortened.

The Core Spray Cooling System is provided as protection against
an incident resulting in a break in the bottom of the reactor
vessel followed by loss of reactor water. This system prevents
melt-down of the fuel elements from fission products decay heat.

The Reactor Clean-up System, located outside the containment
shell, maintains high purity of the reactor coolant to minimize
fouling of heat transfer surfaces by corrosion-erosion products.
Also, such impurities must be kept to a minimum because they
become secondary sources of radiation after being exposed to the
high flux in the reactor. The system is operable both when the
reactor is operating and when it is shut down. This system will
be capable of limiting total solids in the reactor coolant to a
maximum of 0.5 ppm. Resins will not be regenerated when spent,
but instead will be flushed from the demineralizers and sluiced
to a resin burial tank in the waste disposal system. A new resin
charge will replace the spent resin.
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The Liquid Poison System, located outside the containment shell,
provides an alternate and independent means for shutdown and
hold-down of the reactor under any condition. It discharges a
solution of sodium pentaborate into the reactor upon a signal
from the reactor operator.

The Radioactive Waste Disposal System provides for the safe han-
dling of liquid, solid, and gaseous wastes. The liquid wastes will
be processed to produce low activity demineralized water for re-use
while concentrating the radioactive contaminants in a small volume
for permanent off-site disposal. The liquid waste processing system
is based on batch operation to maintain positive control of wastes
prior to discharge from the waste disposal system. The radioactive
solid wastes, including the concentrated wastes from the liquid
waste processing plant, will be temporarily stored and then disposed
of after mixing with concrete in steel drums. Gaseous wastes will
arise from two major sources: ventilation air and process gases.
Ventilation air from radioactive areas will be exhausted through
suitable duct work to the stack. Process gases having the most
radioactivity will come from the air ejector, the gland seal
condenser, the main condenser start-up pump and perhaps small
quantities from the reactor vessel flange bleed. Process gases
will be treated in an off-gas system incorporating suitable hold-
up tanks, high efficiency filters and a recombining station prior
to disposal to the stack. The dispersal provided by the stack
will maintain the activity in the environs below permissible limits.
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B. Operation and Control of Nuclear Power Plant

Normal Operation

Normal power operation of the plant, including adjustment to load
changes, will be controlled manually. The main functions of the
operating personnel during normal operations are as follows:

Surveillance of reactor equipment for proper functioning and
performance of the necessary adjustments and repairs if feas-
ible. These functions include: routine preventive and over-
haul maintenance; coolant and steam sampling; observation and
recording of information provided by reactor instrumentation;
routine tests of control rod functioning; and periodic tests
of safety valves and bypass valves.

Adjustment of control rods to follow load changes, compensate
for fuel burnup, and achieve optimum power distribution in
the core.

Receipt and preparation of new fuel ror refueling and the
preparation of irradiated fuel for off-plant shipment.

Evaluation of any abnormal conditions and initiation of
emergency action as required to minimize the effect of equip-
ment difficulties. The safety of the plant is protected by
the inherent self-limiting power characteristics of the re-
actor and by the safety devices provided.

Confinement of any radioactive contamination to the smallest
possible area and keeping contamination of personnel areas
within the plant and its environs below maximum permissible
limits.

Operation of the waste disposal system.

Cold Start-up

A procedure for a normal cold start-up is summarized below. This
information is presented to indicate the nature and scope of the
program. Details may be modified as the final planning and execu-
tion progress-
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1. A complete and detailed prestart-up check will be made to
assure that all equipment is in proper condition for oper-
ation, that all safety circuitry and interlocks are operable
and in service where applicable, that valve and control
settings are proper for start-up, and that the reactor vessel
is properly filled with water. The actual start-up will
then proceed.

2. The reactor will be brought to criticality by withdrawal of
control rods. The safety of this operation is maintained by:

a. The design of the control rod control mechanism, which
permits only one rod to be withdrawn at a time and then
only at a safe controlled rate.

b. The reactor safety system period scram sensor and the
neutron flux level scram sensor, which operate to pro-
tect the reactor in event of an unsafe condition.

3. To avoid developing undesirable thermal strsses in the reactor
vessel walls, the rate of power increase will be adjusted to
maintain a rate of coolant temperature rise not in excess of
1000 F per hour.

4. As the water in the system becomes heated, vapor release in
the reactor vessel will maintain saturated pressure. Until
the system pressure reaches 150 psig, the steam flow will be
controlled by manual operation of the turbine bypass valves.

5. The pressure regulator will be placed in service at its low-
est design operating setting of 150 psig. To facilitate
boiling in the core, steam will be bypassed to the condenser
until such time as there is sufficient steam flow for turbine
start-up.

6. Upon admission of steam to the turbine, the turbine-generator
will be brought up to speed and checked with no load. Control
rod positions, pressure regulator settings, and turbine admis-
sion valve positions will be matched to maintain the allowable
reactor temperature rise. Gradual opening of the turbine
admission valves with a corresponding reduction of flow through
the bypass valves will minimize sharp changes of temperature
or pressure on the reactor.

7. The turbine-generator will then by synchronized and loaded and
put on the line. Reactor pressure still will be below rating
and will continue to increase.

8. When rated steam pressure has been reached, the flow to the
turbine will be increased to match the desired generator elec-
trical load. At the same time the control rods must be adjusted
to maintain reactivity with the increased void content and to
provide an optimum power distribution within the core.
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It is expected that a cold start-up will require a total of approx-
imately six hours. The length of the cold start-up is determined
primarily by the limitation on reactor vessel heating rate.

Hot Start-up

If the reactor system is already at operating pressure, such as
after a short shutdown, the limiting factor on start-up is the
turbine, which requires about thirty minutes to be brought up to
temperature and speed and about twenty more minutes to be brought
up to full load. Above 20% load, the only limitation on power
increase is the rate at which steam flow from the reactor can be
increased.

Normal Shutdown

A normal reactor shutdown of short duration can be accomplished
while maintaining system pressure. The reactor decay heat is
accommodated by the pressure regulator in a normal manner through
the bypass valves. The turbine can be removed from the line in
any approved manner that the operator chooses, and the reactor
steaming rate reduced by manipulation of the reactor control rods.

The turbine can be tripped and the reactor scrammed at all times
in complete safety for a practically instantaneous shutdown. There
is no equipment limitation on speed of shutdown. However, after
shutdown the reactor vessel cooling rate should not exceed 1000 F
per hour in order to avoid excessive thermal stresses.

Normal reactor shutdowns of long duration can be performed in a
similar manner. However, system pressure will be reduced by pro-
gressive readjustment of the pressure regulator setting in order
to insure controlled cooling within a minimum possible time. After
the turbine is removed from the line, steam will be bypassed to the
condenser until the rate of decay heat is sufficiently low to be
removed by the shutdown cooling system.

Emergency Shutdown

The reactor control system is designed to accommodate emergency
shutdowns such as complete loss of generator load or turbine trip-
out without scramming. In this event, primary steam is bypassed
to the condenser. If for any reason the condenser is not available,
the reactor will be scrammed and reactor steam condensed in the
emergency cooling system.

Refueling

The detailed steps for acccmplishing the reactor refueling opera-
tion are shown on Drawing 301-M. Briefly, the steps involved in
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an equilibrium core are:

1. Reactor shutdown
2. Removal of the reactor vessel head
3. Positioning of reactor vessel extension tank and refuel-

ing platform
1. Raising of the reactor vessel water level up into the

extension tank
5. Removal of spent fuel from the core and transfer to the

storage pool using the fuel transfer coffin
6. Reshuffling of partly depleted fuel within the core using

the shuffling winch on the refueling platform
7. Transfer of fresh fuel from the storage pool to the reactor

using the fuel transfer coffin
8. Lowering of the water level below the reactor vessel flange
9. Removal of the extension tank and refueling platform and

replacement of the reactor vessel head
10. Reactor start-up
11. Stripping of channels from spent fuel
12. Shipment of spent fuel from site after a suitable decay

period

The fuel transfer coffin must be used for most fresh fuel transfers
from the storage pool to the reactor due to re-use of irradiated
fuel channels. Fresh fuel with new fuel channels can be loaded
directly into the core, using the fuel shuffling winch.

The reactor vessel extension tank permits additional water shielding
above the reactor so that fuel elements may be raised their full
length above the normal top surface of the core and repositioned
without incurring excessive radiation levels on the refueling plat-
form. This arrangement significantly expedites the refueling oper-
ation in that fuel reshuffling may be performed while the fuel
transfer coffin is in transit to the storage pool. Without the
extension tank, the fuel transfer coffin would also be used for
fuel reshuffling.

Plant Control

Since nuclear fuel costs per kwhr are substantially less than the
cost of fuel oil on Guam, it can be assumed that the proposed
nuclear power plant will operate base-loaded with the other exist-
ing units on the system accommodating load fluctuations.

As a base-loaded station, the plant will be manually controlled
and the reactor maintained at constant power.

There are two fundamental methods for manually controlling the
plant.

In the first method with the reactor operating at the normal de-
sign operating pressure, the reactor is made slave to the turbine.
Changes in load demands are made through the turbine governor

- 36 -



E A '@ */E E R S DIVISION OF HENRY J. AIS R C M P NY -- - - -- - - - ---- ------ - - -- - - - -----_---

controlling the turbine admission valves. Such load demands are
conventional, i.e., through frequency changes or a change in the
governor set point. Reactor output will be manually controlled
by adjusting the control rod positions to maintain reactor pres-
sure. Inserting a control rod will decrease reactor power; with-
drawing a control rod will increase power. If the power generated
in the reactor is equal to the power absorbed by the turbine,
reactor pressure will remain constant. A mismatch in reactor
power and turbine power will cause pressure to change. The reactor
operator must monitor reactor flux and pressure and make correc-
tions in control rod settings to hold pressure within specified
limits.

In the second method with the reactor operating at a pre-set pres-
sure differential below normal design operating pressure, the
turbine is made slave to the reactor. The initial pressure regu-
lator will take over control of the turbine admission valves.
System load demands must be observed by the reactor operator.
While bringing the plant up to power or on a load demand, the
operator withdraws the control rods, reactor power increases,
pressure increases, and the pressure regulated turbine control
valve in readjusting pressure accepts the power generated by the
reactor.

In either method, fast load rejections such as those caused by a
turbine trip-off occur at a rate of 100%/second and cannot be
absorbed by the reactor. Therefore, fast acting, full capacity
bypass valves will be provided to shunt the steam flow around the
turbine to the condenser.
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C. Basis for Project Cost Estimate

1.0 Land and Land Rights

Acquisition of land and property has not been included in the
estimate.

2.0 Site Structures and Improvements

2.1 Towing to Site

Towing to the site is based on an estima bed towing speed
of 4 knots and a tow of 5,400 nautical miles from a West
Coast shipyard. Storage areas are available for fuel,
water, etc. Arrangements are provided on board for a
towing crew of 6 men.

2.2 Berthing and Setting

A channel for berthing the platform will be excavated in
the coral reef. It will be 100 ft wide by 320 ft long and
will have an average depth of about 12 ft into the coral,
sufficient to float the platform at high tide. A total
quantity of 14,000 cu yd of coral excavation will be re-
quired. The offshore end of the platform will be located
at the edge of the reef adjacent to deep water and the bow
will be approximately 200 ft from the existing shore line.

2.3 Site Grading

Access will be provided for personnel and equipment to the
platform by means of a causeway extending 250 ft offshore
to the platform. It will require approximately 8,000 cu
yd of earth or rock fill and 3,700 cu yd of rock facing.

400 sq yd of rough grading will be required for the shore
facilities.

2.4 Water Supply

6,700 if of 4 in. water supply line will be required to tap
the existing potable water system on Tumon Bay Road. The
line will be buried for the entire length and will extend
along the causeway to the platform.

2.5 Access Roads and Parking Areas

Approximately 6,700 lf of existing roadway will be reworked
to a 32 ft right-of-way with an 18 ft wide asphaltic paved
surface. Plant area roads will require 160 lf of 18 ft wide
asphaltic paved surface.
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Approximately 300 if of 14 ft stabilized water bound macadam
roadway will provide access over the causeway to the platform.
500 sq yd of paved surface will be provided for parking area.

2.6 Fencing

Approximately 1,000 lf of 6 ft chain link security fence will
be provided around the land based facilities.

2.7 Site Drainage

Provision for drainage of the switchyard, parking area and
roads will be provided as required.

3.0 Platform

3.1 Hull

The hull will be of all welded construction. The decks will
be supported by girders and columns. A double bottom will
extend from frames 0 to 23. Transverse watertight bulkheads
extending to the main deck will provide five separate com-
partments. All scantlings and plating will be sized in
accordance with the rules of the American Bureau of Shipping.

The containment shell will be an ASNE Code steel vessel
92 ft high and h1 ft in diameter. The shell will have a
cylindrical body, hemispherical top and a dished bottom,
and will average approximately 1.0 inch in thickness. One
3 ft by 7 ft airlock for personnel and one 8 ft by 8 ft
equipment airlock will be provided. Other penetrations of
the containment shell will include piping, ventilation and
electrical conduit. A 30 ton polar crane will be included
for reactor service and refueling operations.

Temporary quarters will be provided for use during the tow-
ing period. An office, laboratory and control room with
utility services including lighting, fire protection, water
and plumbing will be provided.

All wing tanks will be cross connected. A motor driven ver-
tical centrifugal bilge and ballast pump with a capacity of
300 gpm at 25 psig will be provided for transferring salt
water ballast. Mooring and towing fittings will be provided.
The total weight of hull and containment shell steel will be
approximately 2,085 short tons.
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3.2 Foundations and Caissons

Main equipment foundations will be of all welded construction
integral with the platform hull. Foundations in this cate-
gory will include those for the reactor, condenser and
turbine-generator

Twenty-four caissons, 6 ft diam, 7/8 in. thick, and
80 ft long will be provided.

Air jacks of approximately 400 tons lifting capacity will
be employed.

The total weight of foundations and caissons will be approx-
imately 1,000 short tons.

3.3 Superstructure

A superstructure of steel frame construction, corrugated metal
siding and steel roof deck construction will be provided over
the turbine room area. The high crane bay located on the
centerline of the platform will be 110 ft long, 27 ft wide,
and 29 ft high. A 20-ton bridge crane will be provided. The
crane runway will extend beyond the end of the platform for
equipment loading and unloading at the site. The lower bays,
port and starboard will house the office, laboratory, shops
and auxiliary equipment.

The boundaries of all deck houses will be of watertight con-
struction.

3.4 Erection and Installation

The platform will be positioned in the channel at high water
and raised from the water on the steel caissons by DeLong
jacks. After the platform is raised to its final elevation
approximately 15 feet above high water, the caissons will
be driven into the floor of the channel with a pile hammer.
Ring plates will be welded to the caissons and the platform

hull at the main deck and bottom of the platform. To ensure
adequate keying of the caissons to the bottom, dowel pins
will be driven into rock from the inside of the caisson,
and four feet of tremie concrete placed in the bottom sec-
tion of the caisson. For final installation the DeLong
jacks will be removed, the caissons cut off flush with the
deck and welded to the deck and the bottom shell. Sea
water inside the caissons will be removed.
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Additional caissons will be located aft to house the salt
water coolant intakes.

In the event that the platform requires relocation at a
later date, stub caissons of the proper length would be
welded to the ends of the existing caissons. The jacks
would be reinstalled, the welded ring plates removed,
and the platform jacked down to a floating condition.

4.0 Reactor Plant Equipment

4.1 Reactor Equipment

1.1.1 Vessel and Supports

The reactor vessel will be stainless-steel-clad
carbon steel, fabricated to ASME pressure vessel
code requirements for an operating pressure of
1,025 psig. The inside length will be approxi-
mately 32 ft, and the inside diameter will be
7.5 ft. A flanged removable head will be provided
for refueling and servicing. All nozzles attached
to the vessel will be stainless clad steel.

Reactor vessel internals include the control element
guide tubes, grid plates for top and bottom support
of the core, the core shroud, a chimney to promote
natural circulation of the coolant, the internal
steam dryer and feed-water sparger.

The reactor vessel will be supported by a steel ring
attached to the vessel by brackets, which bears upon
another ring embedded in the concrete biological
shield.

The vessel will be insulated to reduce heat losses.

h.1.2 Reactivity Control

Control elements (rods) for the reactor consist of 21
cruciforms, 614 in. long, of stainless steel containing
2% boron. The cost of the control elements are included
in the cost of core fabrication. Each rod will be
individually actuated by drive mechanisms which are, in
turn, controlled by an hydraulic system utilizing reac-
tor feed water as the operating fluid. The mechanism
will raise or lower the control element at a slow,
controlled rate and will provide high speed operation
in the event a reactor scram is initiated. Two 27
gpm pumps at 1,00 psi, two filters, 11 accumulators
(one for every two rods), with the connecting piping
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and instrumentation make up the external hydraulic

actuating system.

h.1.3 Miscellaneous Reactor Plant Equipment

A safety injection system will be provided which will
include a high pressure tank containing "poison" solu-
tion (sodium pentaborate), nitrogen bottles, poison
make-up tank, and related piping and valves.

To maintain low concentrations of impurities within
the reactor pressure vessel, a reactor clean-up
system will be provided. The reactor clean-up system
will include a regenerative heat exchanger, a non-
regenerative heat exchanger, mixed bed demineralizers
(no provision for resin regeneration), a reactor
clean-up pump, resin sluice pump, fresh resin storage
tank and related piping and valves.

Servicing equipment will be provided for removal and
servicing of reactor vessel head and control rods.

As part of the first core loading, 96 stainless steel
fuel assembly "channels" will be provided.

A neutron start-up source will be provided for reactor
start-up.

4.1.h Component Cooling Systems

The following cooling systems will be provided as
part of the reactor auxiliaries:

The Decay Heat and Shutdown Cooling System

The Reactor Shield Cooling System

The Reactor Emergency Condenser System

The Intermediate Demineralized Water Com-

ponent Cooling System

The Post Incident Cooling System

The Decay Heat and Shutdown Cooling System will include
a motor driven circulating pump with a capacity of
5OO gpm at approximately 50 ft TDH, and a heat ex-
changer which will transfer the reactor heat to the
intermediate demineralized water component cooling
system.
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The Reactor Shield Cooling System will be a closed
loop system which includes two parallel stainless
steel coil systems within the biological shield (one
a stand-by in the event of a rupture in the other);
two motor driven circulating pumps, one acting as a
stand-by unit, each with a capacity of 35 gpm at 60
ft TDH; and a shell and tube heat exchanger. The
plant service pumps will supply sea water to the sec-
ondary side of the heat exchanger for removal of heat
from the shield cooling water.

The Reactor Emergency Condenser System will consist
of an elevated carbon steel tank containing 2,900
gal of water surrounding stainless steel condensing
coils in which reactor steam is condensed and re-
turned by gravity to the reactor.

The Intermediate Demineralized Water Component Cool-
ing System will supply demineralized water to cool
reactor auxiliary equipment in a closed loop. This
system will include a heat exchanger utilizing sea
water to cool approximately 680 gpm of demineralized
water from 1100 F to 900 F, two motor driven pumps,
one operating and one a stand-by, each with a capac-
ity of 680 gpm at approximately 50 ft TDH.

The Post Incident Cooling System provides a method
for removing the heat released from fission product
decay following a nuclear accident. This system will
supply water to the spray nozzles located throughout
the containment shell, collect the water, cool it by
heat exchangers and return it to the spray nozzles.

4.2 Fuel Handling and Storage Facilities

The following equipment will be supplied for refueling
operations.

A 1/4 ton jib crane

A fuel transfer coffin

A refueling platform

A refueling extension tank

An assembly of fuel storage racks for storage
of irradiated fuel elements
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A channel stripping machine for dismantling spent
fuel assemblies under water

A fuel storage canal

A fuel storage canal water cooling system, including
a shell and tube heat exchanger to cool 50 gpm
canal water with water from the demineralized cool-
ing water loop, and a 50 gpm electrically driven
pump

An impact wrench for reactor vessel head removal

A stud extensionmeter for replacing the vessel head

A storage rack for the vessel head

Spent fuel element shielded shipping casks

Assorted underwater grapples and portable underwater
lights

4.3 Feed-water Supply and Treatment

The feed-water supply and treatment equipment will include

the following:

(a) The feed-water make-up system will include a mixed bed
demineralizer with a capacity of 15 gpm; a 20,000 gal
aluminum demineralized water storage tank; two 60 gpm,

70 ft TDH demineralized water transfer pumps, motor
driven, one operating and one stand-by; a 20,000 gal
condensate aluminum storage tank; and a 20 gpm, 70 ft
TDH condensate transfer pump.

(b) The full flow condensate demineralizer system will in-
clude two mixed bed demineralizers, one operating and
one stand-by, each with a capacity of 650 gpm; and
external regeneration tanks and equipment.

(c) The feed-water heating system for the turbine will in-
clude one gland seal steam condenser, one drain cooler,
one regenerative heat exchanger for the reactor clean-
up system (included in Par. 1.1.3), and one low pressure
and one high pressure feed-water heater. The feed water
is deaerated in the condenser hotwell.

(d) Two feed-water pumps, electric motor driven, each with
a capacity of 650 gpm at 1,200 psi, one operating and
one stand-by. One emergency core spray pump (25 gpm
at 1,200 psi) will be provided as part of the emergency
feed water system.

GM 44



KAISER
ENO/NEERS DIVISION OF HENRY J. KAISER COMPANY

4.4 Radioactive Waste Treatment and Disposal Facilities

The radioactive waste treatment and disposal system provides
for temporary storage, monitoring and disposal of all equip-
ment drainage and floor drainage, of laundry wastes, and of
demineralizer regeneration wastes.

The following waste disposal equipment will be provided:

Tanks

One 1,000 gal reactor enclosure drain tank

One 6,000 gal aluminum waste sample tank

One 3,000 gal laundry and floor waste tank

One 15,000 gal waste collector tank

One 7,000 gal stainless steel waste neutralizer tank

No facilities will be provided for concentrated radioactive
waste storage on board the barge. Instead equipment will
be provided for solidifying these wastes by encasing them
in concrete within steel drums. These drums will be disposed
of in the ocean.

Clean-up Equipment

One 85 gph steam operated evaporator of stainless steel
construction

One mixed bed waste demineralizer, 12 cu ft resin capacity

Pumps

Two 30 gpm, 50 ft TDH sump pumps for reactor enclosure drain
tank

Three sump pumps for building floor drains, 30 gpm, 50 ft TDH

Three tank drain pumps, 60 gpm, 25 ft TDH

One tank drain pump, 120 gpm, 25 ft TDH

Off-Gas System

An off-gas system will be provided to collect and dispose
of the radioactive noncondensables originating from the air
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ejectors on the main condensers and the gland seal condensers.
Subsequent to monitoring and after allowing for adequate decay
time, these noncondensables will be piped to a stack with an
outlet approximately 200 ft above sea level. The stack will
rise 150 ft above top deck and will have an inside diameter of
4 ft.

The radioactive ventilation system will include the following:

A 2,000/h,000 scfm ventilation supply fan and a supply air
duct to the torus ring distribution header encircling the
exterior surface of the control rod chamber. A second
29 000/9,000 scfm fan will force containment vessel air be-
tween the reactor and the interior surface of the biologi-
cal shield. A 2,000/4,000 scfm axial vane fan will exhaust
air from the reactor building. Two 79000 scfm axial fans,
one operating and zmn stand-by, will exhaust air from the
shielded areas of the turbine-generator plant. Two 8,000
scfm fans, one operating and one stand-by, will force air
into the stack for dilution when necessary.

4.5 Instrumentation and Control

The control and instrumentation for the reactor plant equip-
ment will be similar to that required for a conventional
power plant, except where operation and radiation character-
istics of the nuclear power plant require special considera-
tions.

The reactor instrumentation will be grouped into two main
categories: reactor operating instrumentation, and reactor
protection instrumentation.

The reactor operating instrumentation consists of the fol-
lowing systems:

Manual control system (see Section IV-B)

Neutron monitor system

Control rod position indicating system

Temperature monitoring system

Pressure monitoring system

Water level indicating system

Steam flow indicating and recording system
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Feed-water flow and reactor water level control system

Fuel rupture detection system

The reactor protection instrumentation system functions
automatically to scram the reactor and close the contain-
ment shell penetrations in the event of a dangerous
maloperation or accident. The system consists of two
independent, normally energized safety channels, both of
which must be de-energized to produce a scram or other
safety system function. The failure of a single component
or power supply does not prevent a desired scram or cause
unwanted scram. In addition to automatic trips, manual
trips will be provided for reactor scram, penetrations,
closures and reactor emergency cooling.

The conditions which initiate an automatic shutdown are:

High pressure within the containment shell

Low water level within the reactor

High pressure wi thin the reactor

High neutron flux

Short period

Naloperation of reactor scram system

Loss of auxiliary power

In addition to the above, the reactor instrumentation will
include the instrumentation for the following systems:

Safety injection system

Reactor clean-up system

Decay heat removal and shutdown system

Reactor emergency condenser system

Reactor shield cooling system

Post incident cooling system

Intermediate demineralized water component cooling
system
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Radiation monitoring

Fuel handling and storage facilities

Waste disposal system

Instrumentation for fuel handling and storage facilities,
feed-water supply and treatment system and radioactive
waste treatment and disposal facilities will be provided
as required.

The control and instrumentation equipment required by the
operator during plant operation are mounted on panels lo-
cated in the control room.

4.6 Steam Condensate and Feed-water Piping

Piping for lines attached to the reactor vessel (except the
main steam line) will be of stainless steel from the reactor
vessel up to and including the first block valve. The main
steam lines will be entirely of carbon or low alloy steel.
Other piping, including auxiliary steam, feed-water, drip,
drain and vent piping will be fabricated of carbon or low
alloy steel.

The piping included will be

Feed water

Main steam

Extraction steam

condensate

Service water

Demineralized make-up water

Domestic water

L..7 Biological Shielding

In order to meet the general occupational exposure permis-
sible limit of 9 rem per year, radiation sources will be
shielded to limit personnel exposure to a target limit of
100 mrem per week. To reserve most of this permissible
exposure for productive radiation zone work, dosage rates
in continuously occupied portions of the controlled area
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will be limited to a maximum of 0.5 mrem per hour. All
areas with expected dosage rates greater than 0.5 mrem per
hour are considered to be "radiation zones" with access con-
trolled by procedure. Within such areas, radiation sources
will be shielded to levels dependent on the expected occu-
pancy of the zone. Recommended shielding levels are:

PZrem per hour Expected Occupancy

0.5 Substantial to normal work week

6 Less than 10 hours per week

12 Less than 5 hours per week

These levels reserve a maximum of exposure time for those
types of work where direct exposure to radiation sources is
necessary. Such work includes entry beyond shielding, con-
taminated equipment maintenance, decontamination of equip-
ment and facility surfaces, and other jobs where protection
is provided by time limits and specific working conditions.

Shielding of various equipment components on the platform
will be accomplished through use of shielding materials as
shown in the following table.

Component Material Thickness

Reactor Vessel Side High Density 5-2/3 ft
at midplane Concrete

(sp. gr. 3.5)

Reactor Vessel Top High Density 3 ft
Concrete

(sp. gr. 3,.5)

Above Stored Fuel Elements Water 12 ft

Turbine Water and 2 - 5 ft
Plain Concrete
(sp. gr. 2.3)

Condenser Water and 5 - 10 ft
Plain Concrete

All concrete structures within the containment shell will be
high density concrete with an approximate total volume of
700 cubic yards. All concrete structures outside the con.
tainment shell will be plain concrete. In many locations,
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especially outside the containment shell, water-filled
compartments within the platform structure will be utilized
for shielding.

5.0 Turbine-Generator Plant

5.1 Turbine-Generator

One turbine-generator, rated at 22,000 kw (maximum continu-
ous capability) will be provided, utilizing saturated,
radioactive throttle steam at 1,015 psia, 546.40 F TT, 2 in.
Hg absolute condenser pressure, complete with standard
accessories. The estimated throttle steam flow will be
258,000 lb per hr at maximum load.

Steam for feed-water heating will be extracted from two
stages of the turbine. Extraction pressures will be un-
controlled.

The generator will be rated at 29,411 kva, 0.85 power factor,
3-phase, 60 cycle, 13.8 kv, 3,600 rpm, at 30 psig hydrogen
pressure.

5.2 Turbine Room Auxiliaries

Auxiliaries for the turbine generator will include one tur-
bine lube oil storage and purification station, two turbine
lube oil coolers, a duplex lube oil strainer, immersion oil
heater, and a hydrogen system.

5.3 Steam Condenser and Auxiliaries

Condensing equipment for the turbine-generator unit will
include one 24,000 sq ft surface condenser, single pass,
divided water box type, 2 in. Hg absolute condenser pressure,
utilizing 830 F salt water; a twin element, bwo stage steam
jet ejector with inter and after condensers; an air meter;
two full capacity condensate pumps; a priming ejector; and
an aluminum condensate storage tank.

The condenser will be designed to condense 260,000 lb per
hr of saturated steam dumped from the main steam supply
line. A pressure reducing and desuperheating station will
be provided in the dump piping to the condenser. The con-
denser will be equipped with a deae.rating type hotwell.

5.4 Condenser Cooling Water System

Sea water will be used for condenser cooling water and will
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be supplied by two full capacity, 42,000 gpm at 25 ft TDH
vertical centrifugal pumps, one pump operating and one pump
on stand-by. The pumps will take suction from within the
6 ft diameter caissons extending from the platform to the
bottom of the channel. Intake will be through slotted holes
in the caisson. A steam line will be provided for back
flushing and cleaning the intake slots.

The bearing cooling water system equipment will include an
18 in. diameter by 3 ft steel surge tank, two shell and tube
heat exchangers using sea water at 830 F, and two centrifu-
gal cooling water circulation pumps, 600 gpm at 50 ft TDH,
mounted within one of the 6 ft diameter caissons.

A h2 in. cooling water discharge line will extend from the
bottom of the platform to the floor of the channel to per-
mit a syphoning effect.

5.5 Instruments and Controls

The control room will be complete with a control benchboard,
panels and instruments to control the turbine-generator.
Controls and instruments for the reactor are included in
section 4.5. A local supervisory instrument panel will be
provided for the generator turbine complete with instruments
tubed and wired to panel terminal blocks.

5.6 Turbine Plant Piping

Piping for the turbine plant will include the following:

Lube oil
Instrument air
Relief, exhaust, and vents
Plant air
C02 fire protection

6.0 Accessory Electrical Equipment

6.1 Main Switching, Control and Protective Equipment

Main switching, control and protective equipment will include
a spare exciter; excitation equipment; a generator neutral
grounding single-phase indoor transformer; the main control
duplex benchboard containing all abnormal conditions annun-
ciation plus controls, relaying and metering for the gener-
ator, main transformer, start-up transformer, 13.8 kv side
of the auxiliary transformer and the 34.5 kv ring bus for
power distribution, plus the control and metering for the
2.h kv equipment.
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6.2 Auxiliary Electrical Equipment

The auxiliary electrical equipment includes one auxiliary
transformer, OA, 3-phase, 60 cycle, outdoor, oil immersed,
air-cooled, 2,000 kva, 13,800 v delta to 2,400 v delta; two
auxiliary diesel generators, 250 kw, 0.8 power factor, 3-
phase, 60 cycle, 480 v, 1,800 rpm; and one start-up trans-
former, 3-phase, 60 cycle, outdoor, oil immersed, air-cooled,
2,000 kva, 34,500 v solidly grounded wye to 2,400 v delta.

6.3 Auxiliary Switching, Control and Protective Equipment

This equipment will include auxiliary 2,400 v switchgear,
5 kv indoor metal clad; 100 mva interrupting capacity,
2.4 kv service, air circuit breakers; two buses tied together
with one connected to the auxiliary transformer and the
other connected to the start-up transformer. The equipment
also includes two 750 kva, 480 v indoor metal clad unit
substations with air circuit breakers and indoor transform-
ers; four motor control centers, hh0 v, 3-phase, 60 cycle,
one 125 v d-c motor control center; one 125 v d-c battery
and two battery chargers; and cable and auxiliary equipment
associated with the main and auxiliary generators.

7.0 Miscellaneous Power Plant Equipment

7.1 Instrument Air System

The instrument air system will include two motor driven
carbon ring compressors, each rated for 60 scfm at 100 psig.
One compressor will be for stand-by duty. Each unit will
be comple te with intake filter, inter and after coolers and
receiver. The system will also include a duplex air dryer
suitable for 60 scfm at 100 psig.

7.2 Plant Air System

The plant air system will include one air compressor rated
at 400 scfm at 100 psig, which will be provided complete
with intake filter, inter and after coolers and a receiver.

7.3 Intraplant Communications System

The intraplant communications system will consist of a sound

powered system with one paging master station and speakers.

7.4 Shop Equipment

Shop equipment will include a 200 amp output d-c generator
welder, an 8 in. bed milling machine, a drill press, a bench
grinder, a 12 in. lathe and miscellaneous hand tools.
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7.5 Laboratory Equipment

Equipment for the laboratory will include nuclear instru-
ments for testing and sampling radioactive and nonradioac-
tive liquids, one nuclear laboratory hood complete with
cup sink, utility connections, absolute filter, exhaust
fan, and a portable vacuum sampler.

7.6 Fire Extinguishing Equipment

Fire extinguishing equipment will include a central CO 2

system for the protection of generator lube oil tanks and
reservoir. Hand extinguishers of the soda-acid and CO2
type will be strategically placed throughout the barge. A
water system will be provided and served by a motor driven
fire pump rated for 400 gpm at 100 psi with a stand-by fire
and general service pump of the same capacity. A fire
alarm system will be provided.

7.7 Service Equipment and Piping

Ventilation will be provided to the turbine room and elec-
trical equipment rooms by two 40,000 scfm axial flow fans.
Induced draft air from shielded areas will be exhausted to
the waste gas stack. Air conditioning will be provided
for the office, control room, shops and laboratory.

8.0 Transmission Plant

8.1 Outdoor Structures

Outdoor structures will include the 34.5 kv switchyard and
structures supporting bus and electrical equipment other
than that associated with generator main and neutral cir-
cuits. One take-off structure will be aboard the platform,
with all other structures located on shore.

8.2 Transformer Foundations

The transformer foundations for the main and start-up trans-
former will be reinforced concrete pads located on shore.

8.3 Main Power Transformer

The main power transformer equipment will be 3-phase,
60 cycle, outdoor, oil immersed, air-cooled, 30,000 kva,
34,500 v solidly grounded wye to 13,800 v delta.
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8.4 High Voltage Switchgear, Control and Protective Equipment

The high voltage switchgear, control and protective equip-
ment will include four 34.5 kv OCB's, 1,200 amp, 1,000 mva
interrupting capacity; two transformer disconnect switches,
3 pole, 600 amp, 34.5 kv; ten OCB disconnect switches, 3 pole,
600 amp, 34.5 kv; two line disconnect switches, 3 pole,
600 amp, 34.5 kv with ground switches; six 1 pole, 30 kv line
to ground lightning arrestors and ground system; and six 1-
phase, 34.5 kv portential transformers and necessary fuses.

9.0 Communication System

Telephone facilities and short wave radio equipment will be

provided.

10.0 Indirect Cost

10.1 Platform

10.1.1 Shipyard Engineering

Shipyard engineering is estimated at the following
percentages of direct labor cost:

11% of hull and outfit
23% of turbine, boiler, and electrical work
42% of reactor plant equipment installation

10.1.2 Auxiliary Labor

Auxiliary labor includes the labor cost of crane
operators, cleaners, stagers, etc., working directly
on the project, and is computed at 14% of the total
direct labor cost.

10.1.3 Shipyard Overhead

This item of indirect cost is estimated at 70% of
the total of direct labor, shipyard engineering and
auxiliary labor cost, and includes the following:
craft supervision, consumable supplies, equipment
rental, medical facilities, selling expense, general
and administrative expense and payroll taxes.

10.1.4 Start-up, Testing and Trials

This cost includes the necessary labor, materials,
equipment and supplies for testing, checking and
adjusting all equipment, and the initial training
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of crews. Also included is the cost of a one day
towing trial of the platform. Reactor start-up and
criticality tests will not be performed until the
power plant has been erected at the site. The test
procedures will include a cleanliness inspection of
vital areas, continuity checks and pressure testing
of the system at the shipyard. Acceptance tests to
verify the performance of components in accordance
with specifications will be included, as well as a
pre-critical test of the integrated system to the
extent possible without producing steam. The reactor
protection equipment will be checked for its response
to signals from each of the instruments detecting
malfunction or maloperation. The costs incurred for
manufacturers' technical representatives assisting in
start-up and testing operations are included in the
costs of the respective items of equipment.

10.1.5 Shipyard Fee

A shipyard fee of 5% of the shipyard construction
cost has been included in the cost estimate.

10.2 Site

10.2.1 General Field Expense

This includes craft supervision and service personnel,
warehousing, warehouse equipment, small tools, pick-
ups, consumable supplies, and maintenance of construc-
tion facilities.

10.2.2 Export Packing and Ocean Freight

This includes export packing, freight forwarding
charges, port handling and wharfage charges, ocean
freight, and marine insurance.

10.2.3 Contractor's Field Overhead

This includes field supervision and field office per-
sonnel, transportation to and from job site, general
expenses, purchasing and expediting, field tests and
surveys and contractor's fee.

10.2.4 Construction Plant

This includes temporary construction buildings, office

i
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furniture and equipment, and temporary construction
facilities, utilities, and shop equipment.

10.2.5 Camp Expense

This includes temporary housing, subsistence, laundry,
medical, and recreation facilities.

10.2.6 Insurance, Bond, and Financing

These include public liability insurance (except for
nuclear indemnity insurance), the cost of performance
bond, and job financing charges.

11.0 Escalation

Escalation is based on an over-all escalation of 6% on labor and
materials. Since the bulk of the equipment and construction
materials will be purchased by the end of the second year after
the initiation of the project in 1960, this means that the aver-
age yearly escalation is about 3% per year.

Data used in computing escalation costs was obtained from the
Engineering News-Record of September 17, 1959, Cost Indexes for
Public Utilities.

12.0 Design Engineering

Design engineering costs include the normal naval architect and
architect-engineer services required for completion of construc-

tion drawings, specifications, operating manuals, test procedures,
and maintenance manuals, and advice and consultation services
during the construction period.

In addition to the naval architect and architect-engineer design
costs shown in the estimate, approximately $1,700,000 is included
in the costs of reactor equipment for engineering, development,
and field consulting costs.

Equipment procurement and expediting cost, site investigation
cost, and construction contract administration cost are not
included in design engineering costs.

13.0 Contingency

Contingency is based on 12% of the total cost, including escala-

tion and design engineering.
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D. Estimate of Project Cost

SUMMARY

20,000 KW NUCLEAR POWER PLANT

Permanent
Materials and

Description Labor Equipment

1.0
2.0
3.0
4.o

5.0
6.0
700
8.0
9.0

Land and Land Rights
Site Structures and Improvements
Platform
Reactor Plant Equipment
Turbine-Generator Plant
Accessory Electrical Equipment
Miscellaneous Power Plant Equipment
Transmission Plant
Communication System

Total Direct Construction Cost

10.0 Indirect Cost

Total Construction Cost

$k
,IL

228,000 162,000
- - 2,1.8,000
624,000 ,294,000
79,000 1,727,000
82,000 454,000
33,000 110,000
49,000 300,000
3,000 5,000

X1,098,000

333,000

$1,431,000

$ 9,200,000

2, 413,000

$11, 613, 000

11.0 Escalation

Total Including Escalation

12.0 Design Engineering

Total Estimated Cost Excluding
Contingency

13.0 Contingency

Total Estimated Project Cost

390,000
2,1).i8,000

4, 918,000
1,806,000

536,000
143,000
349, 000

8,000

$10, 29b, 000

$13,01t4,000

786,000

$13,830,000

900,000

$14,730,000

1770,000

$16,500, 000
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ESTIMATE OF CONSTRUCTION COST

20,000 KW NUCLEAR POWER PLANT

Permanent
Materials and

Labor Equipment

1.0 Land and Land Rights

2.0 Site Structures and Improvements (1)

Description

Towing to Site
Berthing and Setting
Site Grading
Water Supply
Access Roads and Parking Areas
Fencing
Site Drainage

Total Site Structures and
Improvements

1$ - ,
140,000
41, 000

11,000
34,000
1,000
1,000

$ 228,000

$ 114,000

11,000
32,000
4,000
1,000

$ -162,000

3.0 Platform (2)

Hull
Foundations and Caissons
Superstructure
Erection and Installation

$1,037,000
350,000
150,000
611,000

$2,148,000Total Platform

$ 11),000
140,000
41,000
22,000
66,000
5,000
2,000

$ 390,000

$1, 037,000
350,000
150,000
611,000

$2,148,000

(1) Labor includes direct labor, fringe benefits and payroll taxes, temporary
construction materials and construction equipment,

(2) The cost of the platform per DeLong Corporation letter December 22, 1959.
Cost includes all labor, materials and indirects (shipyard engineering,
auxiliary labor, shipyard overhead and shipyard fee as applicable to the
cost of construction of the platform only). Indirect costs for the
installation of the nuclear power plant on the platform are included
under Account 10.1. Costs are based on West Coast shipyard rates.
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ESTIMATE CF CONSTRUCTION COST

20000 KW NUCLEAR PCW PLANT
(Cont'd)

Permanent
Materials and

Labor EquipmentDescription

4.0 Reactor Plant Equipment

Reactor Equipment
Vessel and Supports
Reactivity Control
Miscellaneous Reactor Plant Equipment
Component Cooling Systems

Sub-Total

Fuel Handling and Storage Facilities
Feed-water Supply and Treatment
Radioactive Waste Treatment and

Disposal Facilities
Instrumentation and Control
Steam Condensate and Feed-water Pipir
Biological Shielding

Total Reactor Plant Equipment

Turbine-Generator Plant
Turbine-Generator
Turbine Room Auxiliaries
Steam Condenser and Auxiliaries
Condenser Cooling Water System
Instruments and Controls
Turbine Plant Piping

Total Turbine-Generator Plant

$ 24,000
26,000
26,000
31,000

$ 107,000

$ 12,000
30,000

35,000
144,000

ng 106,000

$ 624,000

$ 40,000
1,000

10,000
4,000

12,000
12,000

$ 1,733,000
393,000
320,000
131,000

$ 2,577,000

$ 2143,000
156,000

121,000
868,000
227,000
102,000

$ 4,294,000

$ 1,391,000
8,000

182,000
96,000
35,000
15,000

$ 79,000 $ 1,727,000

$ 1,757,000
419,000
346,000
162,000

S2,6 ,000

$ 255,000
186,000

156,000
1,012,000

333,000
292,000

$ 14,918,000

$ 1,431,000
9,000

192,000
100,000

47,000
27,000

$ 1,806,000

Accessory Electrical Equipment
Main Switching, Control and

Protective Equipment
Auxiliary Electrical Equipment
Auxiliary Switching, Control and

Protective Equipment

Total Accessory Electrical
Equipment

$ 17,000
25,000

$ 117,000 $ 134,000
150,000 175,000

403000 187,000 227,000

454,000 $ 536,000

Total

.1

.l.1

.1.2

.1.3

.1.4

.2

.3
.14

.5

.6

.7

5.0
.1
.2
.3
.14
.5
.6

6.0
.1

.2

.3

$ 82,000 $
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ESTIMATE OF CONSTRUCTION COST

20, 000 1SW NUCLEAR PCWER PLANT
(Cont 'd)

Permanent
Materials and

Labor EquipmentDescription

Miscellaneous Power Plant Equipment
Instrument Air System
Plant Air System
Intraplant Communication System
Shop Equipment
Laboratory Equipment
Fire Extinguishing Equipment
Vessel Service Equipment and Piping

$ 2,000
2,000
S,000
3,000
2,000
1,000

18,000

sp 9,000
11,000
12,000
10,000
10,000
25,000
33,000

$ 11,000
13,000
17,000
13,000
12,000
26,000
51,000

Total Miscellaneous Power
Plant Equipment

8.0 Transmission Plant(l)
.1 Outdoor Structures
.2 Transformer Foundations
.3 Main Power and Start-up Transformer
.4 High Voltage Switchgear, Control

and Protective Equipment

Total Transmission Plant

9.0 Communication System

Total Direct Construction Cost

$ 33,000 $

$ 25,000 $
5,000
6,000

13,000

$ 49,000 $

110,000 $ 143,000

32,000
8,000

120,000

$ 57,000
13,000
126,000

140,000 153,000

300,000 $ 349,000

$ 3,000 $ 5,000

$1,098,000 $ 9,200,000

$ 8,000

$10, 298,000

(1) Labor includes direct labor, fringe benefits and payroll taxes, temporary
construction materials and construction equipment.

. 60o"

7.0
.1
.2
.3
.14
.5
.6
.7

Total

COMPANY
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ESTIMATE OF CONSTRUCTION COST

20,000 IW NUCLEAR POWER PLANT
(Cont'd)

Permanent
Materials and

Labor EquipmentDescription

10.0 Indirect Cost

Platform
Shipyard Engineering
Auxiliary Labor
Shipyard Overhead
Start-up, Testing and Trials
Shipyard Fee

Sub-Total

Site
General Field Expense
Export Packing and Ocean Freight
Contractor's Field Overhead
Construction Plant
Camp Expense
Insurance, Bond, and Financing

Sub-Total

Total Indirect Cost

TOTAL CONSTRUCTION COST

$ - -n

130,000
-m -
115,000

- -6 245,000

$ 29,000

47,000
12,000

$ 55,000

$ 333,000

$1,431, 000

$ 340,000

980,000
42,000

615,000
1,977,000

$ 35,000
50,000
19,000
20,000
12,000

300,000

$ 2,413,000

$11,613,000

$ 340,000
130,000
980,000
157,000
615,000

2,222,000

$ 64,000
50,o00
66,000
32,000
12,000

300,000
T- -524,000

$ 2,746,000

$13, 04l,00

- 61 -
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E. Project Schedule

The project schedule on page 63 for the 20,000 kw (net) nuclear
platform mounted power plant has been prepared to provide a basis
for the estimate of cost. The schedule indicates a IA-month
engineering and construction effort based on construction of the
platform plant at a West Coast shipyard. Starting engineering
in July, 1960 will permit initial operation of the nuclear plant
by December, 1963.

The schedule is predicated on the award of a subcontract for fur-
nishing the nuclear steam supply system by the end of the fourth
month of the engineering period and delivery of the pressure
vessel 2L months thereafter.

The schedule is further based on the following:

A two-month period for towing the completed plat-
form from the West Coast to Guam.

A two-month period for plant start-up and testing
and training personnel after installation of the
platform at Guam. Because the nuclear power gener-
ating facilities do not include an auxiliary steam
source, only system testing and instrumentation
check-out can be performed in the United States.

Based on initial operation of the power plant in December, 1963,
a separate contract for site construction should be awarded by.
the end of December, 1962. This allows the contractor a three-
month mobilization period prior to the start of site work in
April, 1963.
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F. Estimate of Unit Power Cost

The calculation of unit cost of power is based on a plant operating
factor of 80% and the net rated plant capacity.

Annual Fixed Charges

Annual fixed charges are based on a 20-year plant life equivalent
to 5% of the total project cost. Interest on investment has not
been included. (Ref. 10)

0.05 x $16,500,000 = $825,000

Operating and Maintenance Cost

Table 5 shows operating and maintenance labor cost for a plant
operating complement of 38 personnel. The estimate is based on
the use of civil service personnel at civil service rates com-
parable to those currently paid operating personnel of the Piti
steam power plant (Ref. 9). Labor cost additives have been
included in accordance with the following criteria:

Labor escalation at an estimated annual rate of
increase of 2% over a 20-year period beginning
in 1963.

A night shift premium of $0.05/hr for hourly paid
personnel.

Payroll burden at 11% of base pay.

Home leave allowance for U. S. Personnel estimated
at $6,000 each every two years.

A nominal complement of maintenance personnel is included for per-
formance of routine maintenance and repair. It is assumed that
maintenance personnel requirements for major repair and overhaul
will be supplemented by personnel of the Piti steam power plant
and contract specialists, as required.

Data published by the Federal Power Commission shows that the cost
of maintenance labor and materials and operating supplies for con-
ventional power plants in the United States average one per cent
per year of the constructed cost of the plant, when the plant oper-
ating factor is 80%. For nuclear power plants, it is estimated
that the cost of maintenance labor and materials and operating
supplies will be closer to 0.8% of the total constructed cost of
the plant since a greater proportion of the cost of a nuclear
plant is represented by structures requiring little or no
maintenance. The cost of maintenance labor and materials and
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operating supplies, including the cost of radioactive waste
disposal, have been estimated at an annual cost of 0.8% of the
total constructed cost of the facility, less an allowance for
the difference between U. S. labor rates and the labor rates
utilized fcr the Guam power plant. A 20% allowance for average
escalation of materials and supplies over the life of the plant
has been included in the estimate.
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TABLE 5

OPERATING AND MAINTENANCE COST

Supervision and Clerical

Plant Superintendent
Plant Supervisor
Nuclear Engineer
Health Physics Supervisor
Clerk

Sub-Total

No. of Men

1 (U.S.)
1 (U.S.)
1 (U.S.)
1 (u.s.)
1

Rate

$11,250/yr
10,150/yr
10,000/yr
10,000/yr
3,600/yr

Operating Labor

Shift Supervisor
Reactor Operator
Operating Engineer - Turbine
Health Physics Technician
Utility Operator
Laboratory Technician
Relief Operator

Sub-Total

4 (u.s.)
4 (U.S.)
14
14
14
1
1

22

$ 9,100/yr
8,000/yr
1.65/hr
1.65/hr
1.42/hr
1.65/hr
1.65/hr

Maintenance Labor

Maintenance Foreman
Electrician - Instrument Man
Electrician
Welder
Pipefitter
Laborer
Janitor
Guard

Sub-Total

Total Labor

1 (u.s.)
1 (u.s.)
1
1
1
1
1

14

$ 9,100/yr
8,900/yr
1.65/hr
1.65/hr
1.65/hr
1.19/hr
1.19/hr
1.19/hr

38

Home Leave Allowance
Payroll Burden
Escalation

Sub-Total

Maintenance Materials and Operating Supplies

Escalation
Sub'.Total

TOTAL AVERAGE ANNUAL OPERATING AND MAINTENANCE COST

Annual
Cost

$ 11,250
10,150
10,000
10,000

3,600

$ 36,400
32,000
17,200
17,200
14,600
4,300
4 300

T o26,000

$ 9,100
8,900
14,300
4,300
4,300
3,400
3,400

13, 300
51,000

$224,000

$ 142,000
32,000
65 000

$139,000

62,000

12 000
$-7,000

$437, 000
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Nuclear Fuel Cost

Table 6 summarizes the nuclear fuel costs based on equilibrium
conditions. These costs are fuel preparation and fabrication,
fuel burnup and spent fuel processing, all based on information
derived from nuclear fuel manufacturers and U. S. AEC published
data. Fuel use charge is not included (Ref. 10). Escalation has
not been included since improvements in technology should compen-
sate for any increase in labor and material costs.

The fuel element assemblies consist of a bundle of 49 fuel rods,
each rod consisting of 0.4 in. diameter U0 2 pellets clad in
stainless steel. The assemblies have end fittings on top and
bottom for positioning in the core and to permit removal during
refueling. Surrounding the bundle of fuel rods are Zircaloy
channels. These channels are metallic shrouds around the fuel
assembly which serve four functions,

1. Increase structural rigidity of the fuel assembly.

2. Provide guide surfaces for control elements.

3. Protect fuel elements from damage during fuel
handling operations.

4. Provide a channel for natural circulation of the
coolant.

After the first core loading, approximately 1/5 of the core will
be replaced at the end of each normal fuel cycle. During the
refueling period, 19 or 20 elements will be discharged to the
fuel storage pool and replaced with new elements. The complete
refueling operation, including time required for reactor shutdown,
removal of the reactor vessel head, removal of the inner 20% of
the core, repositioning of the remaining fuel assemblies (to
obtain more uniform burnup), installation of new elements in the
outer region of the core, reinstallation of the reactor vessel
head and start-up of the reactor is estimated to take h to 5 days,
operating on an around-the-clock basis. Based on an 80% plant
operating factor and the design burnup of 13,200 mwd/metric ton
average exposure, the reactor will be shut down for refueling
approximately once every seven months.

The initial core loading will consist of 96 fuel assemblies of
uniform enrichment. All of the fuel assemblies will use temporary
stainless steel channels to provide extra start-up control.
These channels will be replaced with the Zircaloy-2 channels as
the core equilibrium cycle is approached. The cost of the tempo-
rary stainless steel channels is included in the capital cost of
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the plant under account number h.l.3, "Miscellaneous Reactor
Equipment". The cost of the Zircaloy-2 channels is included
in the fabrication price of the initial core loading. The
replacement of the stainless steel temporary channels with
Zircaloy-2 channels will be performed in two steps after about
7 and 14 months, respectively, of full power operation.
Approximately 4 days of reactor shutdown will be required for
replacement of these channels at each shutdown. The central
1/5 of the initial core will require replacement after approxi-
mately two years of reactor operation.
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TABLE 6

SUNMARY OF NUCLEAR FUEL COSTS

General Data

Gross capability, mwe
Net capability, mwe
Plant operating factor
Reactor thermal rating, mwt
Initial core loading, kgU
Final core loading, kgU
Average exposure, mwd/metric ton uranium
Throughput at 0.8 plant operating factor,

kgU/yr
Full power hours per core loading
Initial enrichment, % U-235
Depleted enrichment, % U-235
Pu concentration, gPu/kgU
Estimated life of control rod poison sections
Cost of fabrication of first core

(UFC to finished assemblies)
Control rod poison section replacement cost

Cost Analysis

Fuel Preparation and Fabrication

Fabrication and 4sembly (1) (8)
Material Losses (2

Sub-Total

Fuel Burnup

Value of Fuel Charged (9)
Value of Spent Fuel (9)

Burnup Cost
Pu Credit 3)

Net Burnup Cost

Cost/kgU Cost Per Year

133.30
17.50

$ 150.o0

Sh38.o00
-235.00

203.00
- )47. 0

$ 156.00

$ 221,000
29,000

" 250,000

$ 727,000
-390,000

337,000
- 78,000
U259, 000

22
20.7
0.8
75
5,560
5,500
13,200

1,660
23 500
3.4
2.1
14.5
5 years

$699,000
$61,800
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TABLE 6

SUMMARY OF NUCLEAR FUEL COSTS (Cont'd)

Spent Fuel Processing

Transportation of Fuel(
Processing to Nitrate (5)
Conversion of Nto UF(6)
Material Losses 7

Sub-Total

TOTAL FUEL COST

(1) Includes UF6 to U02 conversion and
rod replacement costs.

Cost/kgU

$ 2h.30
K5.00

5.60
3.50

6 395.20

Cost Per Year

$ 40,000
91,ooo
9,000
6 000

$ 655,000

prorated portion of control

(2) Allows for 2% irrecoverable loss in UF6 to U02 conversion and
2% irrecoverable loss in pelletization.

(3) Based on $12/g Pu as metal and $1.5O/g Pu for processing Pu
nitrate to metal

(h) Assumes shipment of spent and fresh fuel by commercial carrier
including insurance. Cost of shipping casks is included in
capital cost.

(5) Based on U. S. AEC published release (see Ref.1l). Estimated
batch size as 20% of core loading.

(6) Based on U. S. AEC charge of $5.60 per kgU as per AEC Press
Release dated March 12, 1958.

(7) Assumes 1% and 0.3% losses of uranium in processing to nitrate
and conversion of UNH to UF6,respectively. Also assumes a
total of 1% losses of Pu in processing to Pu nitrate and metal.

(8) General Electric Co. letter dated December 11, 1959.

(9) Based on U. S. AEC enriched UF6 cost schedule (see Ref. 12).
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Average Unit Power Cost

The average unit power cost is based on the production of
145,000,O0o kwhr per year.

Fixed Charges
Operating and Maintenance Cost
Fuel Cost

Total

Average
Annual Cost

$ 825,000
437,000
655,000

$1,917,000

Mills
Per kwhr

5.7
3.0

13.2
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G. Concept Drawings

The following drawings present the conceptual design of the
proposed 20 mwe nuclear power plant.

Dwg. No. Title

303-C Plot Plan
303-G General Arrangement
304-G General Arrangement
301-M Fuel Handling Flow Sheet
302-M Reactor Assembly
303-M Reactor Core Configuration
304-M Pressure Vessel Assembly
305-M Fuel Element Assembly
303-P Heat Balance
301-P Reactor Plant - P&ID
305-P Generating Plant - P&ID
306-P Waste Disposal - P&ID
302-E One Line Diagram
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KASE
K I EN /NEERS DIVISION OF HENRY J. KAISER COMPANY

SECTION V

PROPOSED CONVENTIONAL POWER PLANT

A. General Description

The proposed conventional power plant will consist primarily of
one oil fired boiler capable of producing 200,000 lb of steam
per hour at 900 psig and 9050 F, and one AIEE-ASME Preferred
Standard turbine-generator rated at 22,000 kw. Generator voltage
will be 13.8 kv.

The turbine building will be located approximately 200 ft inland
from the existing shore line at elevation 13.0 ft. The building,
housing the electrical generating equipment, condenser, boiler
feed-water system and control room, will measure 110 ft by 60 ft
and will rise 65 ft above grade. A 110 ft by 25 ft and 35 ft high
extension to the south will provide space for the offices, shops,
laboratory, water treatment equipment and toilet rooms.

The boiler, to the west of the turbine building, will be an out-
door, all weather type installation. A steel stack 75 ft high
will be provided at the west end of the boiler installation. The
switchyard and transformer area will be to the east of the turbine
building.

No. 5 fuel oil (Navy Special) will be stored in a 3,560 bbl tank
adjacent to the turbine building. The fuel oil supply line from
the Sasa Valley tank farm will be tapped to supply the storage
tank. It is assumed for purposes of this report that construction
of the fuel oil line from the Sasa Valley tank farm to the Tumon
Bay area has been completed.

A reinforced concrete intake pipe extending approximately 530 ft
offshore to deep water at the edge of a coral reef will supply
water to the intake pump station. The water intake pump station
will accommodate the fire pump, the service water pumps, the
condenser cooling water- pumps and the screen flushing pumps.

The outlet structure for the discharge of condenser cooling water,
waste service water and waste sanitary water will be located at
the shore line south of the water intake pump station. The dis-
charge structure will be submerged to effect a syphoning action.

An existing Navy water main on Tumon Bay Road 6,700 ft from the
plant site will be tapped to supply potable water for the domes-
tic water and boiler feed-water make-up systems.
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The plant site will be provided with outside fire protection by
a pump supplying ocean water to strategically located fire
hydrants. Inside fire protection in all buildings will be pro-
vided.

The plant site will have paved access roads and parking area,
security fencing, and will be landscaped. Provision will be
made for adequate plant site drainage.

Space for plant expansion will be provided on the north side of
the facilities.
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3. Basis for Project Cost Estimate

1.0 Land and Land Rights

This item is not included in the cost estimate. It is assumed
that land is available to the Government at no cost.

2.0 Structures and Improvements

2.1 Access Roads and Parking Areas

Access roads and interplant roads will consist of approxi-
mately 6,100 ft of existing road reworked to 18 ft paved
width, and approximately 1,800 ft of additional roadway
with 18 ft wide asphaltic concrete surface. Paved working
and parking areas will be provided.

2.2 General Yard Improvements

2.2.1 Site Grading

Site grading for the turbine building, boiler pad,
switchyard, fuel oil storage tank and plant roads
will require approximately 11,000 cu yd of comKn
excavation, 5,000 cu yd of back fill aLd 5,000 sq
yd of rough grading. For construction of the water
intake line, approximately 4,100 cu yd of ccral
excavation will be required.

2.2.2 Outside Water Distribution

Fire Protection

The fire protection system, utilizing sea water,
will consist of a vertical motor-driven pump rated
at 1,000 gpm at 350 ft TDH and an 800 lf system of
8 in. asbestos cement mains to fire hydrants. Fog
nozzles will be provided at transformer and oil stor-
age areas. All fire protection will be in accordance
with N.B.F.U. standards.

Service Water System

Two vertical motor-driven pumps rated at 600 gpm at
140 ft TDH will supply ocean water for the plant
miscellaneous cooling water requirements. Approxi-
mately 300 lf of 8 in. pipe will be required.
Service water mains will be asbestos cement pipe.
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Screen Flushing System

Two vertical motor-driven pumps rated at 300 gpm at
200 ft TDH will provide traveling screen flushing
water at the intake pump station.

Potable Water System

Potable water will be supplied to the plant for
domestic water and boiler make-up requirements.
The gravity feed system will consist of 6,700 lf
of 4 in. asbestos cement pipe between an existing
Navy water main at Tumon Bay Road and the plant
site. The pipe will be buried.

2.2.3 Site Drainage System

Culverts and drains will be provided as required.

2.2.4 Sanitary Sewer System

The sanitary sewer system will include a 2,000 gal
septic tank with effluent discharging to the ocean.

2.2.5 Intake and Discharge Structures

The water intake pump station will be constructed of
reinforced concrete. The station will have three
suction wells, two of which will be provided with
trash racks having mechanical rakes and traveling
screens. The third well will be provided for future
expansion of plant facilities. A 15-ton gantry will
be provided to service the equipment. The water in-
take pipeline will consist of approximately 530 1!
of 108 in. precast concrete pipe.

The waste discharge structure will be of reinforced
concrete with cast iron wear plates on the apron.

2.2.6 Finish Grading and Lanascaping

Finish grading and landscaping will be provided.

2.2.7 Outdoor Lighting

Outdoor lighting will consist of general area and
switchyard lighting.
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2.2.8 Area Fencing

Area fencing will consist of a 6 ft high chain link
security fence around the plant area.

2.3 Turbine Building

2.3.1 Turbine Building Substructure

The substructure will be of monolithic reinforced
concrete to and including the turbine operating
floor and floor framing. Building foundations
will be reinforced concrete spread footings. Exter-
ior walls rill be constructed of reinforced concrete
using removable precast panels for the north wall.
The floor slabs on grade will be reinforced concrete.

2.3.2 Turbine Building Superstructure

The superstructure will be of structural steel. The
flat roof deck will be of concrete over steel decking
with built up roofing. All exterior walls will be
reinforced concrete with removable precast panels on
the north wall.

2.3.3 Turbine Building Heating and Ventilation

Heating will not be provided. Wall louvers and roof
vents will provide ventilation. Air conditioning
will be provided for the offices and control room.

2.3.4 Turbine Building Plumbing

Toilet facilities, showers and change room will be

provided for 15 men.

2.3.5 Turbine Building Electrical

Electrical facilities will be provided for building
lighting, grounding, and power for building services.
Structures supporting the bus and electrical equip-
ment associated with generator main and neutral cir-
cuits will be included.

2.3.6 Station Crane

A 20-ton bridge crane with a 60 ft span will be pro-
vided in the turbine room. The bridge crane will
have a 5-ton auxiliary hoist and hook.

C 7 7
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2.3.7 Miscellaneous Cranes and Hoists

A 3-ton crane for heat exchanger servicing and a
2-ton hoist for miscellaneous servicing will be
provided.

2.3.8 Painting

All interior masonry and metal surfaces and all
exterior steel surfaces will be painted.

3.0 Boiler Plant

3.1 Boiler Equipment

Boiler equipment will include one oil-fired boiler rated
at 900 psig and 9050 F to provide steam at 2009000 lb/hr;
regenerative type preheater, forced draft fan, flues,
ducts and required accessory equipment. Steam temperature,
combustion controls and three element feed-water controls
will be included.

3.2 Boiler Plant Auxiliaries

Boiler plant auxiliaries will include two full capacity
horizontal, centrifugal,, multistage boiler feed-water
pumps; one horizontal, centrifugal boiler wash pump and
a blowdown tank. The feed-water equipment will include
one 250,000 lb/hr deaerator with 490 cu ft of storage
and three feed-water heat exchangers (two low pressure
and one high pressure).

3.3 Fuel Oil System

The fuel oil system will include approximately 900 lf of
8 in. welded steel pipe, one 3,560 bbl steel storage tank,
a 4,000 gal day tank and a boiler fuel oil pumping station.

The fuel oil pumping station will be mounted on a prefabri-
cated steel base and will be complete with pumps, heaters,
strainers, piping and controls. It will be capable of
supplying fuel oil at 50 gpm at temperatures from 900 F to
2200 F.

3.4 Water Treatment

The water treatment system will include two sodium zeolite
water softeners complete with control valves, brine tank
and accessories, each with a design flow rate of zero to
70 gpm; )ne mixed bed demineralizer for boiler make-up water;
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a caustic storage tank and an acid storage tank, each with
a metering pump; and one 10000 gallon aluminum demineral-
ized water storage tank.

3.5 Boiler Plant Instruments and Controls

One local control panel will be provided complete with
recording and indicating instruments.

3.6 Boiler Plant Piping

The piping for the following systems will be included:

Main steam
Boiler feed water
Heater drains
Fuel oil
Relief, exhaust and vents
Blowdown
Bearing cooling water

3.7 Boiler Plant Electrical

Boiler plant electrical facilities will include the power,
control and grounding wiring for the boiler plant equipment.

3.8 Boiler Plant Foundations

Reinforced concrete mats or pedestals at grade will support
the boiler, auxiliary equipment and the stack.

4.0 Turbine-Generator Plant

4.1 Turbine-Generator

The turbine-generator will be an AIEE-ASME Preferred Stand-
ard unit rated at 22,000 kw (maximum continuous capacity),
throttle steam at 850 psig, 9000 F TT, 2 in. Hg absolute
condenser pressure, complete with standard accessories.
The guaranteed steam flow capacity will be 196,000 lb/hr.
The generator will be rated at 29,411 kva9 0.85 power
factor, 3-phase, 60 cycle, 13.8 kv, 3,600 rpm, 30 psig
hydrogen pressure, and will be equipped with a 250 v d-c
direct connected exciter.

4.2 Turbine-Generator Pedestal

The turbine-generator pedestal will be of reinforced con
crete carried to a foundation mat bearing at elevation
3.0 ft.
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4.3 Turbine Room Auxiliaries

Auxiliaries for the turbine-generator unit will consist of
one turbine lube oil storage and purification station, two
lube oil coolers, duplex lube oil strainer, and a hydrogen
system,

4.4 Auxiliaries Foundations

Separate concrete pads will be provided for the turbine
auxiliaries. Light equipment will be anchored to the
floor slab.

4.5 Steam Condenser and Auxiliaries

The steam condensing equipment will include one single pass,
divided water box type condenser unit having 18,000 sq ft
of surface area, 2 in. Hg absolute condenser pressure with
830 F salt water; one twin element, two stage air ejector
with inter and after condensers; air meter; two condensate
pumps; priming ejector; and a 6,000 gal aluminum condensate
surge tank.

4.6 Condenser Cooling Water System

The condenser cooling, water system, utilizing sea water,
will consist of two vertical, motor-driven pumps, each
rated at 34,000 gpm at 40 ft TDHO The supply and discharge
lines will consist of approximately 400 If of 48 in0
reinforced concrete pipe.

The bearing cooling water system will consist of a steel
surge tank, a shell and tube heat exchanger, and two cooling
water circulation pumps

4.7 Instruments and Controls

One local turbine supervisory instrument panel will be pro-
vided, complete with instruments, tubing and wiring to
terminal blocks.

The central turbine-generator control room will be complete
with console desks, panels and instruments for control of
the turbine-generator and will include boiler indicating
instruments.
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4.8 Turbine Plant Piping

The following piping systems will be included in the turbine
plant-

Extraction steam
Steam condensate
Circulating water
Lube oil
Service water
Demineralized water make-up
Instrument air
Plant compressed air

1.9 Turbine Plant Electrical

Turbine plant electrical facilities will include local

lighting for the turbine-generator unit.

5.0 Accessory Electrical Equipment

5.1 Main Switching, Control and Protective Equipment

This equipment will include the spare exciter; excitation
equipment; single-phase, indoor, generator neutral ground-
ing transformer; main control duplex benchboard containing
all abnormal conditions annunciation, controls, relaying
and metering for the generator, main transformer, start-up
transformer, the 13.8 kv side of the auxiliary transformer
and the 34.5 kv ring bus for power distribution; and con-
trol and metering for the 2.4 kv equipment.

5.2 Auxiliary Electrical Equipment

This auxiliary equipment will include one 3-phase, 60 cycle,
outdoor, oil imme sed, air cooled, 2,000 kva, 34,500 v,
solidly grounded 4e to 2,400 v delta start-up transformer;
one 3-phase, 60 cycle, outdoor, oil immersed, air cooled,
2,000 kva, 13,800 v delta to 2,400 v delta auxiliary trans-
former; and 13.8 kv isolated phase bus, 1,500 amp rating
and 115,000 amp momentary capacity.

5.3 Auxiliary Switching, Control and Protective Equipment

This auxiliary equipment will include auxiliary 5 kv indoor,
metal clad, 2,400 v switchgear; 100 mva interrupting capac-
ity 2.4 kv service, air circuit breakers; one bus with a
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tie to the start-up transformer; two 750 kva, 480 v indoor,
metal clad substations with air circuit breakers and indoor
transformers; two 440 v, 3-phase, 60 cycle motor control
centers; one 125 v d-c motor control center; and a station
battery and battery chargers.

6.0 Miscellaneous Power Plant Equipment

6.1 Instrument Air Equipment

This system will include two carbon ring, motor driven com-
pressors, each rated at 60 scfm at 100 psig. One unit will
act as stand-by while the other is operating. Each unit
will be equipped with intake filters, inter and after cool-
ers, receiver, and a full capacity air dryer.

6.2 Plant Air System Equipment

This system will include two 100 scfm air compressors, each
with intake filters and inter and after coolers; and one air
receiver tank.

6.3 Intraplant Communications System

Intraplant communications will consist of a sound powered
system with one paging master station and speakers.

6.L Shop Equipment

Shop equipment will include a 200 amp output d-c generator
welder, milling machine, drill press, bench grinder, a
12 in. lathe, miscellaneous hand tools and a power distribu-
tion panel.

6.5 Laboratory Equipment

Laboratory equipment will include complete standard power
house laboratory equipment and facilities, including a
power distribution panel and plumbing.

6.6 Fire Extinguishing Equipment

Hand extinguishers of the soda-acid and CO 2 type will be
located throughout the plant. A central CO2 system will
be provided for the lube oil system.

6.7 Fire Alarm System

The fire alarm system will include strategically located
fire alarm stations, which on activation will transmit a
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coded signal to a paging speaker, taking priority over all
other calls.

6.8 Office Furniture and Equipment

Furniture and equipment for offices will be provided.

7.0 Transmission Plant

7.1 Outdoor Structures

Outdoor transmission plant structures will include the 34.5
kv switchyard structures and the structures required to
support strain bus and electrical equipment other than that
associated with generator main and neutral circuits.

7.2 Transformer Foundations

Foundations for transformers will be reinforced concrete
pads.

7.3 Main Power Transformer

The main power transformer will be a 3-phase, 60 cycle,
outdoor, oil immersed, air cooled, 30,000 kva, 34,500 v,
solidly grounded wye to 13,800 v delta unit.

7.4 High Voltage Switching, Control and Protective Equipment

This equipment will include four 34.5 kv, 1,200 amp, 1,000
mva interrupting capacity oil circuit breakers; two 3-pole,
600 amp, 34.5 kv transformer disconnect switches; eight
3-pole,1,200 amp, 34.5 kv disconnect switches; two 3-pole,
600 amp, 34.5 kv line disconnect switches with ground
switches; six 30 kv, one-pole, line to ground lightning
arrestors and grounding system; and six single-phase,
34.5 kv potential transformers with fuses.

8.0 Communication System

Telephone facilities and short wave radio equipment will be pro-
vided.

9.0 Indirect Costs

9.1 General Field Expense

This includes craft supervision and service personnel,
warehousing, warehouse equipment, small tools, pickups
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and automobiles, consumable supplies, and maintenance of

facilities and utilities 0

9.2 Export Packing and Ocean Freight

This includes export packing, freight forwarding charges,

port handling and wharfage charges, ocean freight, and

marine insurance.

9.3 Start-up and Testing

This includes the necessary labor, materials, equipment,

and supplies for running-in, testing, checking and adjust-

ing all equipment, and initial training of operating crews.

Cost of operating and maintenance manuals is included in
the architect-engineer costs.

9.4 Contractor's Field Overhead

This includes field supervision and field office personnel,

transportation to and from job site, general expenses, and
field tests and surveys.

9.5 Construction Plant

This includes temporary construction buildings, office fur-

niture and equipment, and temporary construction facilities,
utilities, and shop equipment.

9.6 Camp Expenses

This includes temporary housing, subsistence allowance for

supervisory personnel, laundry, medical and recreation
facilities.

9.7 Insurance, Bond, and Financing

These include public liability insurance, cost of perform-
ance bond, and job financing charges.

10.0 Escalation

Escalation is based on an overall escalation of 6% on labor and

materials. Since the majority of the equipment and construction

materials will have been purchased by the end of the second year

after initiation of the project in 1960, average yearly escala-

tion will therefore amount to approximately 3% per year.
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Data used in computing escalation costs were obtained from the
Engineering News-Record of September 17, 1959, Cost Indexes for
Public Utilities.

11.0 Design Engineering

Design engineering costs include cost of architect-engineer
services for preparation of construction drawings and specifi-
cations, operating manuals, test procedures, and maintenance
manuals.

Equipment procurement and expediting cost, site investigation
cost, and construction contract administration cost are not
included in design engineering costs.

12.0 Contingency

Contingency is based on 8% of the total cost including escala-
tion and engineering.
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C. Estimate of Project Cost

SUMMARY

20,000 KW CONVENTIONAL STEAM POWER PLANT

Labor *
and Field

Description Costs

Permanent
Materials and

Equipment

1.0 Land and Land Rights
2.0 Structures and Improvements
3.0 Boiler Plant
4.0 Turbine-Generator Plant
5.0 Accessory Electrical Equipment
6.0 Miscellaneous Power Plant Equipment
7.0 Transmission Plant
8.0 Communication System

Total Direct Construction Cost

9.0 Indirect Cost

Total Construction Cost

$- -
363,000
315,000
236,000
81,000
17,000
42,000
2,000

$1, 056,000

805,000

$1,861,000

398,000
936,000

1,1413,000
366,000
68,000

297 , 000
6,000

$3,b814,000

1,104,000

$4,588,000

10.0 Escalation

Total Including Escalation

11.0 Design Engineering

Total Estimated Cost Excluding
Contingency

12.0 Contingency

Total Estimated Project Cost

$ -s-
761,000

1,251,000
1,6149,000

447,000
85,000

339,000
8,000

$14,5140, 000

1,909,000

$6,449,000

371,000

$6,820,000

350,000

$7,170,000

530,000

$7,700,000

* Labor and Field Costs include direct labor, fringe benefits and payroll
taxes, temporary construction materials, and construction equipment.
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ESTIMATE OF CONSTRUCTION COST

20 000 KW CONVENTIONAL STEAM POWER PLANT

Labor
and Field

CostsDescription

Permanent
Materials and

Equipment Total

1.0 Land and Land Rights

2.0 Structures and Improvements

01 Access Roads and Parking Areas $ 8,000 $ 9,000 $ 17,000

General Yard Improvements
Site Grading
Outside Water Distribution
Site Drainage System
Sanitary Sewer System
Intake and Discharge Structures
Finish Grading and Landscaping
Outdoor Lighting
Area Fencing

Sub-Total

Turbine Building
Turbine Building Substructure
Turbine Building Superstructure
Turbine Building Heating and
Ventilation

Turbine Building Plumbing
Turbine Building Electrical
Station Crane
Miscellaneous Cranes and Hoists
Painting

Sub-Total

Total Structures and Improvements

Boiler Plant
Boiler Equipment
Boiler Plant Auxiliaries
Fuel Oil System
Water Treatment
Boiler Plant Instruments

and Controls
Piping
Electrical
Foundations

Total Boiler Plant Equipment

20,000
15,000
2,000
1,000

99,000
5,000
3,000
1,000

S146,000

$ 50,000
94,000

11,000
2,000

37,000
3,000
1,000

11'000
209000

$ 363,000

$ 194,000
5,000
8,000

11,000

31,000
60,000
4,000
2,000

1,000
50,000
2,000
1,000

92,000

6,000
4i 000

4 156y000

$ 26,000
106,000

.2

.201

.2.2

.2.3
.2.4
.2.5
.2,6
.2.7
.2.8

.3

.3.1

.3.2

.3,3

.3.4

.3,5

.3.6
.3.7
.3,8

$ 315,000 $ 936,000

21,000
65,000

4 ,000
2,000

191,000
5,000
9,000

5.000

* 76,000
200,000

43,000
7,000

63,000
33,000
4,000

16,000
$ 42,000

$ 761,000

$ 804,000
97,000
31,000
29,000

136,000
]42, 000

8,000
$ ,000

X1,251,000
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$233,000
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ESTIMATE OF CONSTRUCTION COST

20,000 IN CONVENTIONAL STEAM POWER PLANT
(Cont'd)

Labor
and Field

Description Costs

4.0
.1
.2
.3
.14
.5
.6
.7
.8
.9

$ 62,000
18,000
1,000
2,000

16,000
12,000
20,000

104,000
1,000

$ 236,000

$ 25,000
16,000

40,000

Permanent
Materials and

Equipment

$1,070,000
14,000
8,000
2,000

118,000
514,000
37,000

109,000
1,000

$ 107,000
113,000

146,000

Total

$1,132,000
32,000
9,000
4,000

134,000
66,000
57,000

213, 000
2,000

$1,649, 000

$ 132,000
129,000

186,000

Turbine-Generator Plant
Turbine-Generator
Turbine-Generator Pedestal
Turbine Room Auxiliaries
Auxiliaries Foundations
Steam Condenser and Auxiliaries
Condenser Cooling Water System
Instruments and Controls
Turbine Plant Piping
Turbine Plant Electrical

Total Turbine-Generator Plant

Accessory Electrical Equipment
Main Switching, Control and

Protective Equipment
Auxiliary Electrical Equipment
Auxiliary Switching, Control

and Protective Equipment

Total Accessory Electrical
Equipment

Miscellaneous Power Plant Equipment
Instrument Air System
Plant Air System
Intraplant Communications System
Shop Equipment
Laboratory Equipment
Fire Etinguishing Equipment
Fire Alarm System
Of fice'Furniture and Equipment

Total Miscellaneous Power Plant
Equipment

$ 1,000
29000
3,000
3,000
2,000
1,000
4,9000

1,9000

$ 179000

$ 9,9000
18,000
29000
8,000
14,000

1)4, 000
99000
4,000

$ 68,ooo

$ 10,000
20,000
5,000

11,000
6,000

15,000
13,000
5,00

$ 85,000
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ESTIMATE OF CONSTRUCTION COST

20,000 KW CONVENTIONAL STEAM POWER PLANT
(Contd)

Labor
and Field

Description Costs

Permanent
Materials and

Equipment

Transmission Plant
Outdoor Structures
Transformer Foundations
Main Power Transformer
High Voltage Switchgear, Control

and Protective Equipment

Total Transmission Plant

8.0 Communication System

Total Direct Construction Cost

Indirect Cost
General Field Expense
Export Packing and Ocean Freight
Start-up and Testing
Contractor's Field Overhead
Construction Plant
Camp Expenses
Insurance, Bond, and Financing

Total Indirect Cost

TOTAL CONSTRUCTION COST

$ 20,000
5,000
14,000

139 000

$ 142,000

$1 2,000

$1, 056,000

$ 27,000
8,000

123, 000

139,000

$ 297,000

$ 6,000

$3,484,000

$ 360,000 $ 103,000
293,000

41,000 6,000
318,000 259,000
36,000 62,000
50,000 225,000

156 000

$ 805,000

$1, 861,000

$1,104,000

$4,588,000

$ 147,000
13,000

127,000

152,000

$ 339,000

$ 8000

$14,540,o00

$ 463,000
293,000
47,000

577,000
98,000

275,000
156,000

$1,909,000

$6, 449, 000
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D. Project Schedule

The project schedule for the 20,000 kilowatt conventional power
plant at Tumon Bay was prepared as a basis for the estimate of
cost and is shown on page 92. The schedule indicates a 33-month
engineering and construction effort. Completion of the project
during the calendar year 1963 will require project authorization
and initiation of engineering in the middle of 1960.
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E. Estimate of Unit Power Cost

The plant operating factor, on which the calculation of electric
power produced is based, has been assumed to be 80% of net plant
capacity.

Annual Fixed Charges

Annual fixed charges are based. on a 20-year plant life equivalent
to 5% of the total project cost. No interest on investment is
included.. (Ref, '0)

0.05 X $7,700,000 - $385,000

Operating and Maintenance Ccst

Table 7 shows operating and maintenance labor costs for a plant
operating complement of 27 personnel. This estimate has been
based on civil service rates currently paid. operating personnel
of the Piti steam power plant (Ref, 9 ). Labor cost additives
have been included in accordance with the following criteria:

Labor excalation at an estimated annual rate of increase
of 2% over a 20-year period beginning in 1963.

A night shift premium of $0.05/hr for hourly paid person-
nel.

Payroll burden at 11% of base pay.

Home leave allowance for U. S. personnel estimated at

$6,000 each every two years.

A nominal complement of maintenance personnel is included for per-
formance of routine maintenance and repair0 It is assumed that
maintenance personnel requirements for major repair and overhaul
will be supplemented by personnel of the Piti steam power plant
and. contract specialists, as required.

The cost of maintenance materials and labor and operating sup-
plies have been estimated at an annual cost of 1% of the total
constructed. cost of the facility, less an allowance for the dif-
ference between Guam and U. S. labor rates. Data published, by
the Federal Power Commission shows that the annual cost of mainte-
nance labor and materials and operating supplies for conventional
power plants in the United States averages 1% per year of the con-
structed cost of the plant. Average escalation of materials and
supplies far a 20 year period estimated at 20% has been included
in the estimate0
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TABLE 7

OPERATING AND MAINTENANCE COST

Supervision and Clerical

Plant Superintendent
Plant Supervisor
Results Engineer
Clerk

Sub-Total

No. of Men

1 (U.S.)
1 (U.S.)
1 (u.s.)
1

Rate

$11, 250/yr
10,150/yr
8,000/yr
3,600/yr

Operating Labor

Shift Supervisor
Operating Engineers - Boiler
Operating Engineers - Turbine
Relief Operator
Utility Operator
Laboratory Technician

Sub-Total

Maintenance Labor

Maintenance Foreman
Electrician
Instrument Man
Welder-Pipefitter
Laborer-Janitor

Sub-Total

Total Labor

4 (U.s.)
14
14
1
14
1

i (u.s.)
1 (u.s.)
1
1
1~3~

$ 9,100/yr
1.65/hr
1.65/hr
1.65/hr
1.42/hr
1.65/hr

$ 9,100/yr
3.48/hr
1.65/hr
1.65/hr
1.19/hr

27

Home Leave Allowance
Payroll Burden
Escalation

Sub-Total

Maintenance Materials and Operating Supplies

Escalation
Sub-Total

TOTAL AVERAGE ANNUAL OPERATING AND MAINTENANCE COST

Annual
Cost

$ 11,250
10,150
8,000
3 600

S33, WO

$ 36,400
17,200
17,200

4,300
14,600

4 300
$ 9.,0 0 0

$ 9,100
8,900
14,300
4, 300
3,100

30,9000

$157,000

$ 27,000
21,000
46 000

$ 94,000

$ 34,000

7 000
$21,000

$292,000
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Average Annual Fuel Cost

The average annual fuel cost has been based on an estimated
delivered cost of No. 5 fuel oil of $4.52 per barrel delivered
to the Guam plant site, as follows:

Fuel Oil Cost

Fuel oil cost is estimated at $2.60 per barrel delivered to
tanker, San Pedro, California. Shipping cost to Apra Harbor,
Guam, has been estimated at $0.94 per barrel. Fuel oil pumping
cost from the Sasa Valley tank farm to the Tuna n Bay storage
tanks has been estimated at $0.27 per barrel, based on an annual
pumping cost of $76,500 (Ref.8). Total escalation of 20% has
been included as an average for a 20-year period:

Fuel oil cost (San Pedro)
Shipping cost
Pumping cost
Escalation (Fuel oil and shipping cost)

Total Estimated Average Annual Cost
Over a 20-Year Period

$2.60
0.94
0.27
0.71

per barrel

$4.52 per barrel

Annual Fuel Consumption

The estimated annual fuel consumption of 276,000 bbl is based on
the following criteria:

Fuel

Fuel heat value
Turbine cycle heat rate
Boiler efficiency
Plant operating factor

No. 5 oil, API
7.83 lb/gal

18,980 Btu/lb
9,723 Btu/kwhr
87%
80%

190 Gravity,

Average Annual Fuel Cost

276,000 bbl @ $).52/bbl - 41,245,000

Average Unit Power Cost

The average unit power cost is based on the production of
145,000,000 kwhr per year.

Fixed charges
Operating and Maintenance Cost
Fuel oil cost

Total

Average
Annual Cost

$ 385,000
292,000

1,245,000

$1,922,000

Mills
Per kwhr

2.7
2.0
8.6

13.3
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F. Concept Drawings

The following drawings present the conceptual design of the
20 mwe conventional power plant.

Dwg. No. Title

302-C Plot Plan
301-G General Arrangement - Plans
302-G General Arrangement - Elevations
301-P Heat Balance
302-P Piping Diagram
301-E One Line Diagram

- 95 -





TUMON BAY PLANT DOMESTIC WATER SIPPN
20 MEGAWATT '(.7100 tI..

II
)/ REWORK EAIST. ROAD

Ia'?OO L.F

d Pj TUMUNINGi

If N h7TOP Of- C/FF hh

SA5A VALLEY NIMITZ NI AJANA/ 
K

TANK FARM MILL. "---FUEL OIL LINEQ-70,000 L.R. _O L G-

PUMP STATION -(

(EIITIO)FUEL O IL SU P PLY SYSTEM\
G RA P H IC SCALE 4 MILES

J ~FUEL OIL TANK 4

FUEL OuL PUMP S. I AP.35(0 88LS 
Yf

48 ACO MDE NSER COOLING SUPPLY

FIRE PROTECTION SUPPLY / I N iDtTP

SERVE ATE ll 1 1 / PLANT RADS (TPIC ALSERVICE WATER 1,"32ROWs-

INTAKE PUMPING STATION 6
0 ~~EQUIPMENT _,

1-15 TON GANTRY
2-TRASH RACKS WITH MECIH. RAKESII/C\1 {

2-TRAVELLNQ SCRENS
2-34,000 GPM-COND, CO0LIN CRCUL.PUMPS.FUTUE

ETUNEL 2-300QPM-SCREEN FLUSHING PUMPS

PRECAST COC. PIPE . 600GPM-SERVICE WATER PUMPS L__ .- R
OI000GPM-FIRE PUMP - !FUEL Ol AY-T NKSWITCH

---------- 11111 ~- 4D0 S d---- - - - - - - - - - - - - - IYA R D I _ /

SERVICE WATER WASTE __'271.

48'CONDENSER COOLING DSCHAR6E -- TURBINE BLDG.

EXCAVATION IN CORAL REEF DISCHARGE .FL.EL. 13.0

I/A -KIr -- v. - TY0.)

\'_FRE POECTOM 
DOMESTC WATER t

1D PL.A

I GRAPHIC SCALE

40 80' 120 160'

STUDY OF REMOTE MILITARY POW
FOR

U. S. ATOMIC ENERGY CO.
A P PROV A L AT N KA I SE R E NG I

1"" ~GUAM, I

Sw20MW- CONVEY
P

=NEE1/2/ JOB No. 5929

f3-

/1/

'ER APPLICATIONS

MMISSION

IN E E R S .«..

MARIANA ISLANDS

NATIONAL POWER PLANT
LOT PLAN

DWG. No. 302-C





0c

EMPOVALE COIC.
PAMEL WALL

60' 20

- -

ROLLIG DOP 1  M 2IDCMCCC
-. --. RG -

POT equal AUX

TNSaIR E
113 ElITRATNSI IL

113 , Lt~NS LI

O
0

ti

ISO. PHBus
r0 ToRAUS.

BATTeRY RM.
SHOP f-

TOILET STORAGE WATER TREAJME LT N

E LOCKER

z
0

Ui

di

STACK

ENCLOSED
FIRING AISLE

r

0 UP OW. -

A-

30

11'

REMOVABLE COIJC. PAN L WALL
zo'

CONTROL

HR 2.4 KW.\jI SWI~TCH AR,

LiH.H
-- -- TURB eGlE ERATO

MAN DOOR EXC AT CU

exC

JAN. GE U.OFFICEJ.UCLOI
LA 6. STORAGE&

u OFFICE OFfICE
-N

ITRU

- - ~

G R 0 U IJD F L OOR P L A N O P E R A T I ! G F L OOR L E V E L

AP PRO VA L DAT

0 10' 20' 30' 40'

GRAPHIC SCALE

STUDY OF REMOTE MILITARY POWER APPLICATIONS
FOR

U. S. ATOMIC ENERGY COMMISSION

KKAI SER ENGINEERS .

C/AKSOU I4 GUAM, MARIANA

cma. 20MW- CONVENTIONAL
" A.WILso F s GENERAL ARRANGE

*oe J N. 5929 DWG. No.

ISLANDS

L POWER PLANT
MENT - PLANS

301-G

30.

FIRIIMG AISLE

[~UP

E- T A Auce *

4 .H.+CO DUIT

N

11

f Ai

V V V Y V V ! 1.. F! IW

. I

@,

11



9



I

LONG ITUDIWiAL SECTION

20 TON

Il
NI

IL ,~L~J ~-~ L --y

LB -

EAST LEVATIOWJ

REMOVABLE COWC. PANEL WALL

AN DOOR
ENCLOSED FIRING AISLE-

IRI&G$LIR

W EST E LE-VAT1ON

m mm

WdORTH ELEVATIOU SOUTH ELEVATION

O %0' 40' 60' 60'

GRAPHIC SCALE

STUDY OF REMOTE MILITARY POWER APPLICATIONS
FFOR

U. S. ATOMIC ENERGY COMMISSION

A APPROVAL EDATE C-KAISER ENGINEERS
ISLANDS

L POWER PLANT
NT- ELEVATIONS

302-G

"AAU K A" GUAM, MARIANA

C/WJCKO O// 20MW - CONVENTIONAL
R.A WILSON mr 93 GENERAL ARRANGEMENT

GNee 4.// JOB No. 5929 DWG. No.

mI
N

O UT L I N E OF S P ECIFICATI OJS

GENERAL

ROOF VENTILATION LOW SILHOUETTE TYPE., DAMPERED

ROOF STEEL DECKING,COUC.,ECOMPO.ROOF ING.
COPPER GUTTERS E DOWNSPOUTS.

CHIMNEY (STACK) STEEL
FIRING AISLE PLATFORMS STEEL
PLATFORM STAIRS
MAIN STAIRWAY CONCRETE
LOUVERS STORM PROOF - ADJUST.,TYPHOON PROTECTED
INTERIOR PAINTING ALL MASONRY SURFACES E METALS.

EXTERIOR PAINTING ALL METALS
AIR CONDITIONING CONTROL RM., LAB., E OFFICES
EXTERIOR CONC.SURFACES - UNITE

GROUND FLOOR

FOUNDATIONS REINP. CONCRETE.

EXTERIOR WALLS REINF. CONCRETE iPFEMOVABLE PANEL WALLS
FLOORS CONCRETE W/HARDENER
PARTITIONS CONCRETE BLOCK
TOILET ROOM TILE FLOOR, BASE, E 4-OWAINSCOT

OPERATING FLOOR LEVEL

EXTERIOR WALLS REINF. CONC., E REMOVABLE PANEL WALLS
FLOORS CONCRETE W/HARDENER
HATCHES E OPEN FLOOR AREAS-- HAND RAIL ENCLOSED

INTERIOR PARTITIONS CONC. BLOCK * MOVABLE METAL
OFFICES,LAB.,g CONTROL FLOORS - ASPHALT TILE E RUBBER BASE
TOILET ROOM TILE FLOOR, BASE,E 4'-O" WAINSCOT

NI

ni ii i ii 1n

C R OSS S E CT I O N
o Io' 20' 30' 40'

GRAPHIC SCALE

1

r

-- -

' i

i 7

I' 1 '' 1 I -{--1 1 1 1 1 111iHull 
H

_

E: J l/9

F

i + r

--R E-r-

--.-

N-

-II

' 

' 

'

i '
.

_ ,

I

{

I

{ BUS

,





DEAERATING HTR NQ 3

_ 90~a~y 1Qy90.22000 NW

TO AIR EJECTO

N I2

2" HG ABS.

I y..

CONDENSER

I CONDENSATE
PUMPS

O LL #O LL 4o # * O

STEAM (500/HR.

STAM --

142.1PSIA i3,9 PSI6.99 PSIA E.9H A

I 200/HR 1100 PSA 168,460#/HR 16,40
287.9F 259.1W .17 F 3?.9H 104.7'F 72.7H

6 7./HR __0_140*/H_ - 0 F O/.IR. -. 20 640 HRR - - ____________._ _ ____ ._
297.9F 267.5 H 161.8'F 149.7H 14.7'F 82.6 H

HTR NQ 4 BOILER FEED PUMPS HTR NQ 2 HTR N -I

LEGEND
STEAM~ 865 PSIA/ 900*F

- - - EXTRACTION STEAM

- - -- BOILER FEED WATER E CONDENSATE

-- - ------ HEAT EXCHANGER DRAIN WATER

GROSS ELECTRICAL POWER
AUXILIARY POWER, 6 /

NET ELECTRICAL POWER

TURBINE HEAT RATE
NET PLANT HEAT RATE

NET PLANT EFFICIENCY
BOILER EFFICIENCY

22,000 KW
1,300 KW

20,700 KW

9,723 BTU/KWHR
I I,890 BTU/KWR

28.7 r
87.09.

AIR EJECTOR

STUDY OF REMOTE MILITARY POWER APPLICATIONS

U. S. ATOMIC ENERGY COMMISSION

Ei' K A I S E R ENGINEER S
NONE " "EGUAM, MARIANA
DURUM 0.30.
J P. EACKAY t 20 MW - CONVENTIONAL

HEAT BALA

2/ / //'-.- JOB No. 59 DWG. No.

ISLANDS

L POWER PLANT
DANCE

301-P

BOILER

89 200*/HR 188.700 */HR

TURBINE GENERATOR

DATE

I

- L

865 PSIA 9OO F 145. H

A C P i 0 v c



l



DEMINERALITED WATER
TAN K

CONDENSATE STORAGE
SURGE TANK

LIC

E--

FRC

STOP
CHECK

OVERFLOW .

TREATED WATER

11

TOHTRN9-4-HLC -t TT

PlC

LC

LIC

! ! I II
- L.

FIC

LCH 1
LCL

D

HTRNQ4

in ES
Mr- r FTS

1i ES

ES

U

HTR N 2

LCH LCH

LCL LCL

C OIL

UUL

CON DENSER

HLS u HOT WELL

CONDENSATE
PUMPS
I ~ STAND-BY

PS

SS

-- 

FIC

C

L2 i
PRIMING
EJECTOR

AIR EJECTOR

D

-.j

NTR N A APPROVAL DATE

ThTOj~ ___ /4

7
HYDROGEN COOLERS

(COOLER

SEAL WELL

I PS

1s

CIRC. WATER
PUMPS

(I-STAND-BY)

SERY. WATER
PUMPS

(I-STAND.Y)

MISC. BRG. COOLING

LEGEND

ST LETTER 2"'a LETTER 3 AD LETTER

C CONTROL CONTROLLERCOSIROL NRLE
F FLOW

H HAND HIGH

INDICATING INDICATING

L LEVEL LOADING LOW

P PRESSURE
R RECORDING

RECORDERR
S SOLENOID SWITCH

T TEMPERATURE

S STEAM-
ES EXTRACTION STEAM

C CONDENSATE
FW BOILER FEED WATER

D HEATER DRAINS
CW CIRCULATING WATER

R RECIRCULATING LINES
SW SERVICE WATER
TT TURBINE TRIP

VALVES
AUTOMATIC CONTROL
GATE
GLOBE

- ----- CHECK

-1~-- ---- POSITIVE CLOSING CHECK
-AIR CYLINDER OPERATED

-P.--------------BUTTERFLY
STRAINER

-- IIFLOW ELEMENT
CONTROL ORIFICE
PNEUMATIC TUBING
CAPILLARY TUBING
EXPANSION JOINT

STUDY OF REMOTE MILITARY POWER APPLICATIONS
FOR

U. S. ATOMIC ENERGY COMMISSION

.oA KAI S ER ENGINEERS .
NONEAGUAM, MARIANA

Rw DURUM 10.30.54
JP M C AY 030S 20 MW CONVEN T IONAL

PIPING DIA

ENGINEER 1/-Z-J1 JOB N. 5929 DWG. No.

ISLANDS

L POWER PLANT
GRAM

302-P

DEAERATI NG
HTR N 3

TURBINE GENERATOR

BOILER FEED PUMPS
('STAND-BY)

I

I

E5 am-

-2 -- __ -
I

D IBM,
-

I

BOILER

W

r

s-

ww v'



i



SURGE PROTECTION CUBICLE

U I 

29,411 KVA,30 PS G-H2
0.85 RF, 13.8 KV
3 PHASE, 60 CYCLE

L

co

37.5 KVA
14,400-120/240 V.

N EUTRA
COM PART

TO EXISTING
SYSTEM

r -H

STRAIN BUS

OVERHEAD LINE

I,

TRANSFORMER N? I
4 30,000 KVA

Y434.5-13.8 KV
3 PHASE, 60 CYCLE

-METAL ENCLOSED
ISOLATED PHASE BUS

REMOVABLE LINK

TRANSFORMER NO 2
42000 KVA
S13.8- 2.4 KV

3 PHASE, 60 CYCLE

2.4 K V

VOLTAGE REGULATOR I
EXCITATION CUBICLE

2.4 K

EX

J Ia 

I

_i

M ENT

SPARE

- I Il

C a
09

S W I T C H G E A R

V , 100 MVA BUS

0'

-N4

an

U W

4 8 0 V P O W E R
TRANSFORMER N* 4

<4 750 KVA
1$, 2400-480 V.

3 PHASE, 60 CYCLE

C E N T E R

4 8 0 V. L 0 A CEN T E R

TRANSFORMER N? 5
d 750 KVA

P02400-40.
- 3 PHASE, GO CYCLE

w wa

31 a Na 3

.4 0  a

M, C C.MOC . -2

UNIT AUXILIARIES PLANT AUXI LIARIES
MOTOR CONTROL CENTER MOTOR CONTROL CENTER

TO EXISTING

TO EXISTING
SYSTEM

0-/ HD

34.5 KV, 000 MVA BUS

L E G E 1 D

0i AUTOMATIC TRANSFER

-I0- 1200 A. OIL CIRCUIT BREAKER

- GROUP OPERATED DISCONNECT SWITCH

GROUP OPERATED DISCONNECT SWITCH WITH
ARCING HORNS

AIR CIRCUIT BREAKER

-i -e LIGHTNING ARRESTER

--- OVERHEAD LINE

TRANSFORMER 1? 3
J 2000 KVA

'*< 34.5-2.4 KV
3 PHASE, 60 CYCLE

OUTDOOR

IN DOOR

r Z

Q Q~

_I)

44

09

STUDY OF REMOTE MILITARY POWER APPLICATIONS
F O R

U. S. ATOMIC ENERGY COMMISSION

1 K A I S E R E N G I N E E R S
ISLANDS

L POWER PLANT
AGRAM

301-E

C A DE O DA0 GUAM, MARIA NA
O W0-30-59

ECEL.GEE-0.NEPONICE 03059 20MW-CONVENTIONA
ONE LINE .OI

N ,/?d '2 //-J7 JOB N. 5929 DYG. N.

APPROVAL DATE

aE g

I
0- D

L

J '

cx
W

x
W

W

Q

d

JI

W

J

Cl)

Q

U

2
a
LL

Cc -4
C) 0
wo

- /

r







IC4Isr
5seEERs DIVISION OF HENRY J. KAISER COMPANY

SECTION VI

REFERENCES AND GLOSSARY
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January, 1960.

3. Report by DeLong Corporation, Contract NBy 31579 "Mobile
Marine Platform Housing a 20,000 KW Nuclear ElTectric Power
Facility"., April, 1959.

4. Report on Island-Wide Power System, Guam, Mariana Islands,
with Appendix, Rogers Engineering Co., Inc.

5. Improvements to Island-Wide Power System, Guam, Mariana
Islands, August, 1958, and Appendix, August 8, 1958, Daniel,
Mann, Johnson & Mendenhall and Sargent & Lundy, Revised
February 10, 1959.

6. Specifications for Steam Generating Unit and Related Major
Auxiliaries. Improvements to Island-Wide Power System,
Guam, Mariana Islands, Navdocks 1337, Revised June, 1956.

7. Staff Study of Nuclear Power Plant for Guam, 1957, Army
Reactors Branch, U. S. AEC, and the Bureau of Yards and
Docks, Department of the Navy.

8. Improvements to Island-Wide Power System, NBy 3366, Economic
Analysis of Fuel Oil Supply System, March, 1959, Revised
April 28, 1959.

9. Letter November 2, 1959, Resident Officer in Charge of
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B. Glossary

abs
AIEE
amp
ALPR
AS"E
bbl
Btu
bwr
cfm
C02
cu ft
cu yd
d-c
diam
EB .R

OF

ft
gal
g
gph
gpm
Hg
hp
in.
kg
kv
kva
kw
kwhr
lb
lb/hr
lf
MLLW
mph
mrem
mva
mwd
mwd

mwe
mwt
N.B.F.U.
ocmr
PF
psi
psia

psig
MAID

- absolute
- American Institute of Electrical Engineers
- ampere (s)
- Argonne Low Power Reactor (SL-1)
- American Society of Mechanical Engineers
- barrel (s) - )42 U. S. gallons
- British thermal unit (s)
- boiling water reactor
- cubic feet per minute
- carbon dioxide
- cubic foot, feet
- cubic yard (s)
- direct current
- diameter
- Experimental Boiling Water Reactor
- degrees Fahrenheit
- foot, feet
- gallon (s)
- gram (s)
- gallons per hour
- gallons per minute
- mercury
- horsepower
- inch (es)
- kilogram (s)
- kilovolt (s)
- kilovoltamperes
- kilowatt (s)
- kilowatt hour (s)
- pound (s)
- pound (s) per hour
- linear feet
- mean lower low water
- miles per hour
- .001 roentgen equivalent man
- million volt amperes
- megawatt (s)
- megawatt day
- electrical megawatt (s)
- thermal megawatt (s)
- National.Board of Fire Underwriters
- organic moderated reactor
- performance factor
- pounds per square inch
- pounds per square inch absolute
- pounds per square inch gauge
- piping and instrument diagram
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POL - Petroleum Oil Lubricants
Pu - Plutonium
PWI - pressurized water reactor
rem - roentgen equivalent mn
rpm revolutions per minute
scfm - standard cubic feet per minute
SCR - short circuit ratio
sq ft - square foot, feet
sq yd - square yard (s)
TDH - total dynamic head
TT - total temperature
U - uranium
UF6  - uranium hexafluoride
UNH - uranyl nitrate hexahydrate
U02  - uranium oxide
v - volt
VBWR - Vallecitos Boiling Water Reactor
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