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This is Part 4 of five parts.

LEGAL NOTICE
This report was prepared as an account of Government sponsored work. Neither the United
States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accu-
racy, completeness, or usefulness of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission" includes any em-
ployee or contractor of the Commission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee of such contractor prepares,
disseminates, or provides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.

This report has been reproduced directly from the best
available copy.

This report consists of 5 parts, total price $15.00
Available from the Office of Technical Services, Depart-
ment of Commerce, Washington 25, D. C. Printed in USA.
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NOT ICE

Although the work reported in this document was conducted for
the Commission, and has been accepted as fulfilling the terms of the
contracts between the AEC and the authors, it should be noted that:

1. The designs and costs are predicated upon successful com-
pletion of certain research and development. Research and
development results different from that assumed by the au-
thors may markedly affect the estimated costs and the perfor-
mance of the units. Also, since their technical assumptions
as yet remain unproven, the Commission cannot entirely sup-
port the conclusions of the studies.

2. The extent and cost of research and development required and
the time required to accomplish it are sufficiently uncertain
to make it doubtful that construction of each of the plants
could be started by July 1960 (one of the conditions set by the
AEC for this study).

3. The basis for the cost estimates made by the several contrac-
tors are not completely consistent. Therefore, any economic
assumptions of an absolute or comparative nature, should be
appropriately qualified.

The Commission staff has prepared an analysis of the four design
studies, TID 8504, and to the extent feasible, undertaken to adjust the
cost data in the several studies so they may more readily be compared
with each other.
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Foreword

This study is one of four initiated in 1958 by the Division of Reactor De-

velopment, U. S. Atomic Energy Commission, to assess the feasibility of power
generation through the use of certain types of nuclear reactors.

These studies are available from the Office of Technical Services, U. S.
Department of Commerce, Washington 25, D. C., as indicated below:

TID-8500 BOILING WATER REACTOR STUDY (Parts 1-3), Ebasco Services
Incorporated and General Electric Company, April 1959, price $5. 25

Part 1-306 MW Power Reactor Conceptual Design (previously
available as IDO-24030, Vols. 1 and 2).

Part 2-Separate Studies (previously available as IDO-24030,
Separate Studies 1 through 10).

Part 3-306 MW Coal-fired Installation (previously available as
IDO-24031).

TID-8501 ORGANIC COOLED REACTOR STUDY (Parts 1-5), Bechtel Cor-
poration and Atomics International, April 1959, price $15. 00

Part 1-Summary of Study (previously available as BCPI-1,

Vol. 1).
Part 2-300 MW Power Plant Conceptual Design (previously

available as BC PI-1, Vol. 2).
Part 3-Reactor Concept Evaluation (previously available as

BC PI-1, Vol. 3).
Part 4-75 MW Power Plant Conceptual Design (previously avail-

able as BCPI-1, Vol. 4).
Part 5-300 MW Coal-fired Power Plant Comparison Study (pre-

viously available as BC PI-1).

TID-8502 ADVANCED PRESSURIZED WATER REACTOR STUDY (Parts 1-
3), Stone and Webster Engineering Corporation and Combustion
Engineering, Inc., April 1959, price $10. 75

Part 1-Phase I Report (previously available as SW-1, Vol. 1).
Part 2-Appendixes to Phase I Report (previously available as

SW-1, Vol. 2).
Part 3-235 MW Coal-fired Generating Plant (previously available

as SW-1).



TID-8503 HEAVY WATER MODERATED POWER REACTOR PLANT (Parts
1 and 2), Sargent & Lundy, Engineers and Nuclear Development
Corporation of America, January 1959, price $11. 25

Part 1-Design Study (previously available as SL-1565, Vols.
1-3 and Addendum 1).

Part 2--Preliminary Design of the Prototype Plant (previously
available as SL-1581, Vols. 1-3).

TID-8504 AEC SUMMARY AND EVALUATION REPORT OF FOUR POWER
REACTOR DESIGN STUDIES, Division of Reactor Development,
U. S. Atomic Energy Commission, May 1959, price . 60 cents
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INTRODUC TION

This volume presents the results of a conceptual design study
for an intermediate size, 75 megawatt power plant utilizing an organic
moderated and cooled reactor. It was prepared for the Atomic Energy
Commission by Bechtel Corporation and Atomics International, A Divi-
sion of North American Aviation, Inc. , working together as contractor
and subcontractor respectively.

The purpose of the conceptual design study was to develop the
feasibility and overall economics for an intermediate size plant, con-
sistent with (1) present status of reactor technology, (2) projected
power requirements, (3) characteristics of available generating equip-
ment, and (4) possibility of initiation of construction, by a private or
public organization in the United States or abroad by July 1960 and com-
pletion for core loading within thirty-six months.

Tre design has been prepared in sufficient detail to estimate
plant costs, operating characteristics and construction scheduling,
consistent with the overall purpose. Specifications have been pre-
pared and quotations obtained from representative manufacturers on
all major equipment. Arrangement drawings and construction features
have been developed in sufficient detail for accurate estimating. Flow
and instrument diagrams have been included to develop the operating
and control techniques required for estimating instrument costs and
to define the start-up, operating and maintenance procedures. In-
cluded as part of this conceptual design is an outline of the recom-
mended research and development program together with an estimate
of cost and scheduling consistent with meeting the construction program.

Results have been included of a number of optimization studies
which were useful in establishing the reference plant design.

An extract of basic design criteria, including hypothetical site
data furnished by the Atomic Energy Commission in the contract and
subsequent reference documents, have been included as an appendix
to provide the reader with a full understanding of the conditions by
which the conceptual design study was governed.
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SECTION 1

SUMMARY AND CONCLUSIONS

A. GENERAL CONCLUSIONS

The study presented in this volume verifies the feasibility of
building an intermediate sized (75 megawatt) power plant utilizing an

organic moderated and cooled reactor (OMCR) within the time schedule

stipulated by the Atomic Energy Commission for use in this study, and
presents a conceptual design for such a plant along with its costs and

economics.

The estimated cost, through the main transformer, for the unit

is $32, 150, 000 which is equivalent to $427 per net ekw. These costs
include escalation, contingency, and interest during construction. For

purposes of comparison with other prevalent reactor costs, the present

day cost excluding escalation and not including client's costs (interest

during construction) is $351 per net ekw. Principal contributing factors

toward reducing costs in this nuclear plant are (1) the use of a closed

primary circuit for reactor heat removal utilizing the same fluid as for

the moderator, and (2) the further fact that this fluid has a low vapor

pressure and is practically non-corrosive. The combined result is a

very simple core construction plus the ability to use low pressure carbon

steel design for the core tank and throughout the primary coolant loop,

and a radioactively clean steam system which permits a low cost turbine

plant design.

The estimated fuel cycle cost, at 80 percent plant capacity factor,

varies between 3. 20 mills per net kilowatt-hour (30.4 cents per million

Btu) initially, and 2. 83 mills per net.kilowatt-hour (26. 9 cents per mil-

lion Btu) at steady state based on estimated initial core costs for fuel

element fabrication. These fuel costs are achieved for an intermediate-

sized plant primarily by the use of sintered aluminum powder (SAP) for

fuel element cladding with a resultant high neutron economy and low fuel

element fabrication cost, combined with programming of fuel capable of
sustaining high burnup.

Using an annual capital cost of 14 percent of total plant investment,

as stipulated by the AEC, plus steady state fuel and other annual charges,

the average cost of producing electrical energy is estimated to be about

13. 12 mills per net kilowatt-hour at a plant capacity factor of 80 percent.
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It is reasonable to presume that this cost might be reduced by as much

as 0. 9 mills per net kwh resulting directly from (1) potential reduc-

tion in fuel fabrication cost which could be as much as 40 percent within

the next five years, (2) possible reduction in coolant makeup cost ob-

tained by developments which might reduce radiation damage rates and
through negotiation for a long term supply contract for large quantities,
and (3) improved neutron economy by further use of SAP in the core to

replace stainless steel structural elements.

Construction of the unit is scheduled to start on July 1, 1960, with
completion for initial reactor loading approximately 30 months thereafter.
This timing is consistent with manufacturing lead time and installation
requirements of all major equipment, and with the necessary concurrent

research and development program. Escalation (at four percent annual-

ly from February 1959) and interest on construction (at one half of one
percent monthly until start of commercial operation in June 1963) for

this schedule have been included in the plant cost.

Consistent with the basis for the cost estimate, that a single con-
tractor is assigned all responsibility for engineering and construction,

the corresponding schedule for engineering calls for initiation of design
one year before the start of construction. All engineering costs have

been included in the total for the plant.

Several research and development (R & D) programs are required

specifically for the OMCR plant in addition to the Advanced Organic

Moderated Reactor program now being conducted under sponsorship of

the AEC. No R & D costs have been included in the total cost of the

plant. For a program consistent with the scheduled start of construction

in July 1960, the additional funding required is approximately $3, 432, 000

for fiscal year 1960 and $2, 182, 000 for fiscal year 1961. This funding
will cover development work for the OMCR design to include (a) fuel

element development and evaluations, (b) fuel element heat transfer and

hydraulic studies, (c) fission product removal, (d) development of abso-
lute seals, (e) power mapping system, (f) fuel element failure detection

system, (g) control rod development, and (h) the fuel transfer system.

In addition to these specific development programs, a full scale

critical experiment is recommended in order to develop necessary phy-

sics data so that the reactor plant can go into full commercial operation

as soon after core loading as possible with a minimum of pre-operational

and low-power testing. The critical experiment is estimated to cost

$2, 498, 000; of this $750, 000 is for pelletizing uranium oxide which can
serve as fuel for the first core loading, and is therefore recoverable.

The net cost in addition to existing programs for all research and devel-

opment chargeable to the 75 emw OMCR project is therefore $7, 362, 000
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The plant is designed for safe operation at high availability. The

total down time from all causes should not exceed the 4 percent allowed

in the AEC assumptions. Because isolation is provided for each of the

three primary coolant loops, it is possible to do maintenance work within

a loop cell while continuing to operate, with some load reduction. Also,

it should be possible to continue operation throughout a minor loop

accident.

While the plant design criterion calling for approximately 96% plant

availability, including refueling, is believed to have been met, a signi-

ficant saving in total plant investment could be made by eliminating cer-

tain design features which serve primarily to increase plant availability

to the desired level. The need for incorporating such facilities and

features is determined by the client from consideration of the role of the

plant in the system. An intermediate sized plant would not normally be

expected to perform base load service in a sizable system and therefore

would not be designed for exceptionally high reliability or availability.

If these design and cost adjustments were made to the present design it

is estimated that the plant investment would be reduced significantly.

The modified plant could still attain an 80% plant factor, but would be

more likely to exceed the 4% down time allowed for all causes.

A complete containment structure is provided around the organic-

cooled reactor complex, at significantly lower cost than has been exper-

ienced to date on comparably sized nuclear plants. This is an inherent

advantage of the OMCR's low vapor pressure primary coolant system.

It is considered that OMCR reactors, with low inherent levels of

induced activity in the coolant, are in an excellent position to benefit

from further experience and increased confidence in high integrity fuel

element design and fully proven fabrication and quality control techniques.

If fission products can thereby be confined to the fuel elements, coolant

purification and waste disposal costs should be reduced, loop accessi-

bility greatly facilitated, and plant design criteria significantly eased

with a resultant saving in operating cost, as well as cost of future units,

without any loss in plant availability.

The design presented is for an intermediate size plant with refer-

ence to the ultimate capabilities of a single OMCR power reactor. It

offers an avenue for evaluation of the design, construction and operation

characteristics and costs of a high performance OMCR power plant for

a plant investment considerably less than that required for a large plant

project. A large plant could then follow the intermediate plant with a

high degree of confidence in its performance, and an excellent probab-

ility of net generating costs approaching competitiveness with equivalent

fossil-fuel plants.
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B. DESCRIPTION OF PLANT

The plant includes a. 75 megawatt (Nameplate rating), 3600 rpm,
single shaft turbine with a double flow exhaust coupled to a hydrogen

cooled 96, 000 kva generator producing power at 13.8 kv for delivery,
through a transformer at 230 kv. The guaranteed throttle flow of the

turbine is 882, 000 lb per hour at 1000 psig and 650 F. A single pass
divided waterbox condenser is furnished, and is supplied by two circu-
lating water pumps of 3 1, 000 gpm capacity, so that, when both are run-
ning, the turbine exhaust pressure is 1. 5" Hg absolute when the river
temperature is 57 F (corresponding to yearly mean average). Five

stages of regenerative feedwater heating are employed, of which the
center heater is a. contact deaerator. Makeup to the feedwater system

is supplied as steam to the deaerator by waste heat boilers, burning

high boiler compound (HBC), the product of decomposition in the organic
coolant. These units will also serve as start-up boilers utilizing diesel
fuel. A condensate storage tank is provided as surge capacity to stabil-
ize condenser level.

The turbine gross cycle heat rate is 9, 822 Btu per kilowatt hour
at 1.5" Hg exhaust pressure. The corresponding full load generation
is 79, 481 kw gross. Deducting for plant auxiliary load and loss through
the main transformer, an estimated average output of 75. 3 emw net is
delivered to the switchyard.

The organic moderated and cooled reactor has a design capability
of 240. 8 megawatts of heat and is cooled by Santowax R having a bulk
temperature of 675 F at the reactor outlet. The design load coolant flow
is 21, 500, 000 lbs per hour with a temperature at the reactor inlet of

600 F.

The active core is approximately 7 feet 4 inches in diameter and
7 feet 5 inches in height and is made up of 156 fuel elements. Each fuel
element is made up of 100 extended surface tods of sintered aluminum

powder (SAP) inside a 0. 035 inch thick stainless steel box. The rods
contain uranium oxide pellets 0. 3 inch in diameter. The uranium is en-
riched to 2. 8 atom per cent U-235 and the total core loading is 14, 600

kilograms of uranium. The initial excess reactivity (hot and clean) is

13. 1 per cent which permits reloading by zones to obtain an average fuel

life of 15, 000 mwd/metric ton of contained uranium. The initial con-

version ratio is 0. 58.

The reactor is controlled by means of 25 cruciform control rods

driven from below the reactor and programmed throughout the life 6f
the core to control power and minimize the power peaking.
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The core is contained in the lower portion of a cylindrical reactor

vessel 51 feet in height and 12 feet in diameter, with a maximum wall

thickness of 1 inch. A transfer tube connects the reactor tank with the

fuel handling pool and permits spent fuel to be liquid cooled at all stages

of the refueling operation.

Coolant flows into the reactor vessel through three 24-inch nozzles

located about 5 feet above the core, then downward in an annular space

between the reactor vessel and a core support structure. It mixes in

a lower plenum, and then flows upward through the active fuel elements.

Coolant flows out of the reactor vessel through three 24-inch outlet

nozzles located above the inlet nozzles.

Three heat transfer loops are provided in three separate vaults

around the reactor vessel. Each loop is capable of being isolated from

the system. The individual loops include a vertic l, two stage, turbine

type circulating pump rated at 17, 000 gpm with a 700 HP drive. The

steam generators are horizontal, tubular heat exchangers with organic

on the tube side of U-tube bundles. The superheater is located above

the boiler and has the organic on the shell side. Each loop contains two

24-inch double block valves on each of the inlet and outlet lines, and has

a bypass line around the steam generator for control of heat input to the

steam generators at different power levels.

A summary of turbine -generator and reactor data appears on

page 1-11. Auxiliary equipment consists of purification, degasifica-

tion and gas handling systems. The purification system maintains the

high boiler compound (HBC) to a maximum of 30 percent of the coolant

by weight and cleans the new coolant makeup by continuous distillation.

The organic makeup rate at full power operation is 267 lbs/hr.

The plant is designed such that emergency decay heat removal

can be accomplished by convective circulation through any one of the

three steam generators. To escape dependence on availability of power

during this time, sufficient feedwater is delivered to the steam genera-

tors by small, turbine driven emergency feedpumps, taking suction from

the condensate storage tank and utilizing part of the steam generated by

the decay heat.

The plant is designed to function on a load following basis. System

frequency regulates the throttle valves and voltage controls excitation.

Feedwater flow is controlled by a conventional three-element controller.

Steam pressure ahead of the turbine throttle is used to control the flow

of coolant bypassing the steam generators, thereby controlling the rate

of steam generation. The bulk temperature of the coolant out of the re-

actor is used to control reactor power by positioning control rods. Up
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to 20 percent of the steam flow to the turbine can be manually bypassed
to the condenser to facilitate start-up.

Compressed air for plant instrumentation is furnished at 100
psig by two non-lubricated carbon ring compressors, each capable of

supplying the full plant requirement. Plant service air at 150 psig is
furnished by two conventional compressors, each capable of supplying
the full plant requirement. Service air is used for the operation of the

air motor driven main coolant system valves.

River water is used for the turbine lube oil coolers, hydrogen
coolers, fuel storage pit coolers and shield cooling coils. In addition,
a closed loop cooling system utilizing buffered condensate is used for
various small heat exchangers such as the boiler feed pump lube oil

coolers and air compressor inter- and after-coolers in which scaling

or plugging might result with river water.

Each of the three steam generators is provided with two power
operated relief valves, each capable of relieving approximately 120%
of design steam flow. In addition, each steam generator is provided
with safety valves as required by the ASME Boiler Code. The pri-

mary coolant loops are protected from the excess pressure which would
result from a rupture of a steam generator tube by a series of relief
valves on the main coolant lines. The organic coolant which is dis-
charged by these valves flows to the reactor drain tanks and the steam

is condensed in the relief system condenser.

A scram is a rapid emergency reduction in reactor power level

brought about by gravity insertion of all the safety rods into the reactor
core. Scram will be initiated by any of the following:

High or low coolant loop pressure-
High neutron flux
High coolant outlet temperature

Fast period in the startup range

Low coolant flow, low feedwater level, or loss of pump

power in two or more loops.

Certain of the above measurements will initiate a power setback

for minor deviations from normal; a scram occurring only upon the

sensing of a major deviation in these cases.

Normal auxiliary power is provided from the generator bus

through a transformer which steps down the voltage to 2400 volts to

serve main power auxiliaries. A start-up transformer delivers outside

power at the same voltage and can carry up to half the unit load during
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a generator outage. Power is further stepped down to 480 volts for

intermediate power requirements. A 120/208Y-volt, four wire system

is provided for normal plant lighting.

A highly reliable emergency power system is provided as re-

quired for essential loads and lighting to protect equipment, maintain

ability to quickly restore generation or ultimately to permit safe shut-

down of the unit. Two diesel generators are provided to back up power

on the 480-volt emergency bus which also feeds a 125-volt battery system

through two battery charging, inverter type motor generating sets. Cer-

tain critical auxiliaries which must be maintained to insure a programmed

reactor shut-down on loss of load can be supplied by these m-g sets dur-
ing the interval required for one of the diesel generators to come on the

line.

Utilizing data for a hypothetical site, furnished as part of the
basic criteria, a general plant arrangement has been developed to take

into account maximum overall economy consistent with public safety.

The reactor building - a 136-foot diameter, self-supporting hemispher-
ical dome surmounting a steel lined concrete cylindrical structure - is

located some 500 feet from the river edge, to assure that there will be
no public hazard at the nearest site boundary. It encloses the reactor,

steam generators, coolant pumps, new and spent fuel storage facilities,

and associated auxiliary systems, thereby completely containing poten-

tial sources of activity. To the east of the reactor building is a building
containing the waste disposal boilers.

Directly west of the reactor building is the turbine building which

contains the electric power generating equipment and auxiliaries usually

found in, a power plant of the size contemplated. Because the reactor

coolant transfers its heat without transmitting any radio-activity to the

steam which turns the turbine, no radiation shielding is required in the

turbine building. A central control room is located in the turbine buil-

ding to provide overall plant control. Plant offices, access control and

other personnel facilities plus the shop and warehouse, are situated on

the north side of the turbine building. Shielding is provided between the

reactor dome and the control room and office space. A 25 ton turbine

service crane spanning the turbine bay is provided for turbine-generator

maintenance.

Adjacent to the south wall of the turbine building are the main and

auxiliary transformers. The switchyard is south of the turbine and re-

actor buildings from which transmission lines take -off to connect with

the power network.

A concrete intake structure located due west of the turbine building
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contains equipment and pumps which provide river water to the plant.

The bulk of the water pumped from the intake structure flows through
the main condenser and is discharged into a canal beginning near the

intake structure and discharging into the river several hundred feet

downstream. Water for domestic use is supplied from wells drilled
on the property east of the plant site. A water storage tank is located

north of the warehouse.

Heating and ventilating systems are provided in all plant building

areas to satisfy the general requirements of comfort of plant personnel.

Large quantities of fresh ventilation air are provided in hazardous areas,

with the air flow pattern in the direction from areas of lesser to areas

of greater contamination potential and final discharge to atmosphere

through filters and a ventilation stack.

Plant systems and spaces subject to continuous or intermittent

radioactive contamination are provided with appropriate shielding and
activity monitoring instrumentation with necessary alarms. All plant
effluent streams are monitored as necessary to insure no hazard to the

plant environment.

East of the reactor building is located a group of low tanks, two
of which are the emergency drain tanks and four are HBC decay tanks.

Due to the radioactive nature of the tank contents, the group is sur-

rounded by a protective concrete wall. Southeast of these tanks is lo-

cated the radioactive waste storage site, two large square unpaved areas

surrounded by earth dikes, in which contaminated material embedded in

concrete cylinders is stored for a decay period prior to shipment from

the site for ocean burial.

Access to the plant by road is westward from State Highway No. 9

The road terminates at a parking area which is located north of the plant

and outside of the plant area. A single railroad spur, which serves the

reactor and reactor auxiliary building, enters the plant area from the

south. A barge landing is located near the circulating water intake

structure to handle river-borne freight to the plant.

A ten foot diameter service lock with autoclave doors is provided

through the reactor containment for passing materials from the spur

track to the reactor building interior. An internal 25-ton gantry crane

is provided to operate in conjunction with an outdoor loading hoist for

handling spent fuel casks. The gantry also serves to open the reactor.

A refueling machine, with provisions for indexing, places new fuel ele-

ments and transports spent ones to the fuel transfer tube for clean-up,

prior to hold-up in the spent fuel pool. A second fuel handling crane

handles the cooled element for casking prior to return for reprocessing

at the Hanford works.
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New coolant, supplied to the plant in railroad tank cars or in tank

trucks, is stored in heated tanks in the reactor auxiliary building. In-
mediately to the east of this building is located a fuel oil tank which sup-
plies standby diesel fuel oil to the waste disposal boilers.

C. SUMMARY OF ECONOMICS

A breakdown of estimated capital costs for construction of the

75 emw (net) plant is presented in Table 1-1. These costs are esti-

mated on the basis that the plant project will be carried out by a single

Engineer -Constructor contractor.

TABLE 1-1

CAPITAL INVESTMENT

Item Cost

$/ekw
net

Land and Land Rights
Structures and Improvements

Reactor Plant Equipment

Heat Transfer System

Turbine -Generator System

Accessory Electrical Equipment

Miscellaneous Power Plant Equipment

$ 360, 000
3, 970, 000
4, 660, 000
3,444, 000
3,835,000
1,365,000

276, 000

Subtotal Direct Construction Cost $17, 910, 000

8.

9.
Indirect Construction Cost

Contingency

SUBTOTAL: Direct and Indirect
Construction Costs,

plus Contingency

10. Escalation @ 4% annually (2/59-12/63)
11. Interest on Construction Investment

@ 6% annually (to 12 /63)

TOTAL CAPITAL INVESTMENT

7,090,000
1,470, 000

$26, 470, 000

2,690,000

2, 99%, 000

$32, 150, 000

The total capital investment determines the annual fixed charge,

taken as 14% per year, as shown in Table 1-2 along with a summary of
fuel cycle and operating costs.
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TABLE 1-2

ESTIMATED NET ELECTRIC GENERATING COSTS
(Plant Utilization Factor = 80%)

Steady State First Core

Capital Charges 8.58 8.58

Fuel Cycle 2.83 3.20

Organic Coolant Makeup 0.58 0.58

Operation and Maintenance 1. 13 1. 13

Total (mills /net kwh) 13. 12 13.49

Operation of the plant at a utilization factor of 0. 90 decreases
the generating costs to 1 1. 92 mills/net kwh
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TURBINE PLANT - SUMMARY DATA

Nameplate Rating (emw) @ 3-1/2" Hg abs. exhaust press.

Gross Electrical Power (emw) @ 1.5" Hg abs. exhaust press.
Net Electrical Power (emw) @ 1.5" Hg abs. exhaust press.

Gross Cycle Heat Rate (Btu/kwh) @ 1.5" Hg abs. exhaust press.,

TURBINE -GENERATOR

Type: Tandem-compound d
Nameplate Rating: 75 mwC
Guaranteed throttle flow:
Throttle steam conditions:
Number of feedwater extraction points:
Final feedwater temperature:

Condenser:

Generator;

Exciter

ouble-flow exhaust, 3600 rpm
@ 3.5" Hg abs. and 3% makeup

882,000 lb/hr
1000 psig 650 FTT
5
425 F

Single pass, divided water box, 1.5" Hg abs.
@ 57 F inlet water and 62,000 gpm flow

96,000 kva, 0.85 pf, 13,800 kv
H2 cooled @ 30 psig

Direct connected, 250 kw 375 volts

REACTOR, STEAM PLANT - SUMMARY DATA

Type:
Design capability (tmw):
Full load rating (tmw):
Coolant:
Coolant temp.:
Coolant flow:
No. of primary loops:
Fuel:

No. of fuel elements:
Control rods:

Initial enrichment:
Initial reactivity:
Conversion ratio:
Burnup, avg.:
Core size (active):
Peak avg. power ratio, initial:
Peak avg. power ratio, final:
Specific power, avg.:
Max. U02 temp.:
Max. clad surface temp.:
Max. heat flux, initial:
Max. heat flux, final:
Steam generators & superheaters:
Rating (#/hr):

Organic moderated and cooled
240.8
229
Santowax R
600 F inlet, 675 F outlet
21.5 x 106 lb/hr
3
0.30" dia x 0.60" U02 pellets in
SAP clad extended surface rods

156
25 cruciform - Eu2 03 clad in
stainless steel

2.8%
13.1%
0.58
15,000 tmwd/mt
7 ft 4 in dia x 7 ft 5 in high
2.64
3.32
16.4 kw/kg
3980 F
850 F
123,000 Btu/hr sq ft
150,000 Btu/hr sq ft
U-Tube heat exchangers
926,000 (delivered @ 1000 psig
650 F at the turbine throttle
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SECTION II

SITE AND SITE DEVELOPMENT

A. SCOPE

This section of the study covers a description of the hypothetic
plant site, a drawing of the conceptual plant site and a discussion of
site development with facilities required for normal plant operation.

B. SITE DATA

Detailed site data, furnished with the AEC Contract, covers
monthly averages for river water temperature, rainfall, thunderstorm
frequency and wind velocity. Also furnished are river and ground water
analyses, high altitude wind data, snow loading, hydrology, geology and
seismology information at the site. This information has been used
throughout the design study of the conceptual plant described in this re-
port and is included in the Appendix attached. However, very general
site characteristics are described below to provide a medium of orien-.

tation to the site.

1. General Site Characteristics: The hypothetical site, used as
the basis for the plant design, is located on the east bank of the North
River which flows due south. The site occupies 1200 acres of nearly
level, grass covered terrain, sloping gently toward the river and aver-
ages about 40 feet above the river minimum level and 20 feet above the
maximum river level. The temperature of the river varies from a
maximum of 75 F to a minimum of 40 F.

Thirty-five miles due south of the site is the city of Middle-
town with a population of 250, 000. The area surrounding the site is of
low population density with the nearest residence 3/8 mile east of the
site on a secondary road. Two hundred people reside within one mile
of the plant, 8000 within 10 miles of the plant.

There are 5 small industrial manufacturing plants within 15
miles of the site employing less than 100 people each. Surrounding
land area used for housing consists of closely populated areas found

only in the centers of neighboring small towns. The land on both sides
of the river is used as forest or cultivated crop land.

2. General Climatological Information: Average mean tempera-
tures at the site are 75 F in the summer and 27 F in the winter. Aver-
age annual rainfall is over 27 inches with the major fall occurring in
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the months of May through August. Prevailing surface winds blow from

the southeast quadrant varying from 4 to 15 miles per hour. Frequency
of temperature inversions approaches that of the national average.

3. Site Access: The site is accessible by all usual means of

transportation. A secondary road has been constructed to the site from
State Highway No. 9, fifteen miles to the east, and needs no additional

improvement. An airport, serving Middletown, is located three miles

west of State Highway No. 9 and approximately 20 miles southeast of

the site.

The B & M Railroad line approaches within 5 miles of the site
to the south. A spur track will connect the site to the rail line. The
North River is navigable throughout the year for boats up to 6-foot draft
thus providing a means to deliver freight by water to the site.

4. Background Radiation Survey: For an estimated program of

approximately 12 to 15 months prior to plant start-up, a program of
background radiation observation will be carried out directed at fall-
out, ground water, river and selected animal, fish and plant life. This
survey will provide reference and leg4l data for future use in evaluat-
ing the effectiveness of measures designed into the conceptual plant to
restrict the spread of radioactivity to the neighboring environment.

C. PLANT ORIENTATION

The conceptual plant is oriented to best utilize the natural site
conditions for a single unit station. "Site Plan," Plate 2-1, shows the
site and plant orientation.

The center of the reactor building is located 2500 feet from the

south boundary of the property and 500 feet from the river low water
line. Both the turbine -generator and the reactor share a common east-

west axis with the turbine -generator located on the west side of the axis
towards the river.

The main buildings form an "L" on the west and north side of the
reactor building. These structures include the turbine-generator build-
ing, turbine auxiliary building, shop, warehouse, administration and
access control areas, and reactor auxiliary building. See Plate 8-1.

The intake structure is located 50 feet from the river low water

and 180 feet west of the turbine-generator building. Two 42" I. D. con-
crete intake pipes carry circulating water underground from the intake
structure directly to the condenser. The circulating water passes
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through the condenser and is discharged directly into the seal well.
From the seal well, the water passes underground through 175 feet of
60" I. D. concrete discharge pipe and emerges through a headworks into
400 feet of canal. The circulating water is finally discharged into the
river 500 feet downstream from the intake.

The switchyard is located south of the turbine -generator building
and reactor building. Outgoing high voltage lines proceed southward
towards the existing transmission lines.

A separately fenced off area 250 feet by 440 feet located south-
east of the reactor building is provided for hold-up storage of radio-
active wastes. Earth dikes provide the necessary shielding. Emer-
gency drain and HBC decay tanks are located east of the reactor build -
ing and an aeration type sewage treatment plant is located at the
extreme south end of this area, 430 feet from the 'reactor building.

Two wells are located 800 feet apart on a north-south line. The
south well is 2000 feet east of the reactor building. These wells pro-
vide domestic water as well as plant wash and lube water.

D. GRADING AND DRAINAGE

Minimum grading is required because of the ideal natural ground
slope toward the river. The plant grounds and switchyard have been
graded so that surface water is directed to the sides and around the
plant and thence to the river.

E. LANDSXPING

Minim um landscaping is furnished at the entrance to the office
and access control building. No unusual protection against hydraulic
action is furnished except for rock fill protection on the river side of
any filled areas.

F. ROADS AND WALKS

A paved access road from State Highway No. 9 runs from the east
for 3200 feet along the south boundary of the site, then turns northwest
towards the plant and terminates at a paved parking lot located just out-
side the security fence to the north of the reactor auxiliary building,
administration and access control building. Within the plant area, one
loop of secondary road serves the plant itself. Two graveled branches
from this loop provide access to the intake structure, chlorination
room, barge landing, and radioactive waste hold-up area. A paved
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apron is provided for trucks on the north side of the warehouse and
pedestrian walkways are provided from the parking area to the ser-
vice building.

G. RAILROAD

A spur track serving the reactor building and reactor auxiliary
building is provided from the southern boundary of the site.

H. FENCING

A six foot chain link fence completely surrounds the plant area.
Secondary fences enclose the fuel handling area east of the reactor
building and the radioactive waste hold-up area southeast of the plant.

I. BARGE LANDING

A small bulkhead type barge landing dock has been provided for
receiving certain heavy and large pieces of equipment that may be de-
livered by water.
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SECTION III

REACTOR

A. SUMMARY

The primary objective of the conceptual core design is to devise

a configuration of slightly-enriched uranium oxide fuel elements, cooled

and moderated with a liquid hydrocarbon, which will safely produce suf-

ficient nuclear power and transfer it to the organic cooling system at a

temperature level such that (926, 000) lbs /hr of steam at 1, 000 psig and
650 F will be delivered to the turbine throttle under 105% of full power

operating conditions. Thermodynamic cycle analyses on the steam
power plant have established that these conditions require a design ther-
mal reactor power level of 240, 800 kw and a bulk coolant outlet tempera-
ture of 675 F.

In addition to this overall performance objective, there are a
number of specific design criteria which strongly influence the design
of the reactor. The fuel enrichment selected is required to provide
sufficient reactivity, on the basis of detailed nuclear analysis, to per-
mit irradiation of the fuel elements to an average of 150, 000 mwd/mt
burnup, to provide enough control margin for reasonable power changes
at all times, and to allow over-ride of equilibrium fission product poi-

sons under any operating or shutdown condition. The reactor must be
capable of sustaining power operation on a load schedule equivalent to
a plant utilization factor of 80%. A system of control rods must be
provided which, consistent with the protective system trip levels and

response times, is capable of reducing reactor power quickly enough
to prevent serious damage to the core under the worst conceivable ac-

cident. Operation of the control rod system must be flexible enough to
permit radial and axial power shaping as well as power level control.
The reactor must have stable kinetic behavior over the normal opera-
ting range and must be capable of following plant load demand changes

at the rate of about 15%/min between 20 and 100% of full power. A neu-
tron source is required which will be capable of supplying neutrons dur-
ing a shutdown at a rate which will enable monitoring on normal instru-
menta.tion. The nuclear fuel will be separated from the coolant by a
cladding material of sufficient strength, under normal operating condi-
tions, to prevent the release of solid or gaseous fission products to the
organic cooling system during the normal life of the fuel element in the
core.
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The velocity distribution of the organic coolant through the core

must be adjusted to maintain the established plant operating conditions

and to avoid fouling of the heat transfer surfaces . These criteria must

all be satisfied with a core design which is consistent with good fuel

cycle economics and which will permit the incorporation of sufficient

core instrumentation to detect and locate fuel element failures and to

provide adequate power mapping.

This section of the report describes the major design features

of the reactor and the component parts and mechanisms which make up

its internal and external structure. Reactor layouts are presented in

Plates 3-1, 2, 3 and 4.

The reactor core consists of an assembly of sintered aluminum

powder (SAP) clad UO2 fuel rods and stainless steel clad Eu2 0 3 control

elements positioned in the lower section of the vertical cylindrical re-

actor core tank. The core is surrounded radially by a steel inner ther-

mal shield and a core support shell and axially by a lower grid plate

and an upper grid and instrumentation assembly. The coolant, Santowax

R, enters the core tank through three large inlet nozzles, flows down-

ward through the annulus between the vessel wall and core support shell,

upward through the active fuel elements, and out through three outlet

nozzles. A second thermal shield, or outer thermal shield, is located

in the annulus between the vessel wall and the core support shell where

it is cooled by the circulating Santowax R. The reactor core tank is

supported by a reinforced cylindrical skirt attached to the bottom head.

The entire reactor core tank is enclosed by the concrete of the biologi-

cal shield which forms the walls of the reactor cavity. The reactor

core tank is covered with thermal insulation which partially fills the
annulus between the reactor tank and the concrete wall of the cavity. A

sub-pile room, located below the reactor vessel, contains the rod drive
thimbles and rod drive mechanisms.

Nuclear and thermal performance characteristics of the core are

summarized in Tables 3 D-1 and 3 E-1. The method adopted for radial
region fuel reloading is described in Section IV.

For an equilibrium fuel cycle it is expected that design average

element burnups of 15, 000 mwd/mt of uranium can be obtained without

exceeding a core average burnup of 10, 000 mwd/mt.

B. REACTOR VESSEL AND INTERNALS

The reactor core tank, reactor core and internal structure, and

the concrete cavity into which these units are installed are illustrated
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in vertical and transverse sections in Plates 3-1, 2, 3 and 4.

The reactor core tank is constructed of Type SA-204 Grade B

low alloy steel. Since the organic coolant does not attack mild steel no

cladding is necessary inside the tank. It is a cylindrical vessel 12 feet

in diameter by 51 feet high with a welded dished head at the bottom and

a removable dished head at the top. The design pressure and tempera-

ture of the reactor core tank are 150 psig and 750 F respectively requir-
ing a wall thickness of 1 inch. Since the wall of the vessel is relatively
thin and since thermal shields are provided between the core and the

core tank, the problems associated with thermal stresses due to steep

temperature gradients are minimized. Twenty-five cylindrical control

rod thimbles, located on 11-1/4-inch centers, penetrate the lower head

of the reactor vessel and extend into the sub-pile room. The upper head,

which is removable for fuel handling operations, is flanged and bolted.

This head is sealed with a soft metallic gasket.

Three 24-inch primary coolant inlet nozzles are located at 90

degree intervals in three quadrants around the reactor core tank about

4 feet above the top of the active core . The three outlet nozzles are

located 6 feet directly above the inlet nozzles . There are two 18 inch

nozzles provided to accommodate the instrumentation leads from the

core. These nozzles are located about 6 feet below the top flange of

the reactor vessel. One additional 14-inch instrumentation nozzle is
provided to accommodate the power mapping tubes. The reactor drain

and overflow line and the 14-inch instrumentation nozzle are located at
the same elevation as the main instrument nozzles. An 8-inch fuel

transfer tube nozzle is located about 13 feet below the top flange.

The reactor core is located in the lower section of the reactor
core tank. A section of the core showing the arrangement of fuel ele-
ments, control rods and thermal shields, is presented in Plate 3-3.

There are 164 square lattice positions in the core. These lattice posi-
tions are spaced on a 5-5/8-inch lattice, leaving 1/2-inch moderator
gaps between adjacent elements. In many of the lattice positions, the

moderator gaps are occupied by the cruciform control elements or

their followers. Active fuel elements occupy 156 of the total 164 lat-

tice spaces in the core. The remaining 8 spaces are occupied by 7

dummy elements and 1 neutron source element. A detailed section of

the fuel element is given in Plates 4-1 and 4-2. The important dimen-

sions and weights of the reactor vessel and structures are presented

in Table 3B-1 below.
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TABLE 3B-1

DESIGN FEATURES OF REACTOR VESSEL AND STRUCTURE

Reactor Core Tank

Overall height including heads 51'
Inside diameter 12'
Design pressure, psig 150
Design temperature, F 750
Wall thickness, inches I
Wall thickness, at nozzles, inches 2
Main coolant, nozzles, 24-inch dia. 6
Instrumentation nozzles, 18-inch dia. 2
Instrumentation nozzles, 14-inch dia. 1
Drain nozzle, 4-inch dia. 1
Fuel transfer nozzle, 8-inch dia. 1

Weight of vessel, lbs 148, 000

Outer Thermal Shield
Inside diameter, inches 128
Wall thickness, inches 6
Height, inches 165
Weight, lbs 91, 000

Inner Thermal Shield
Inside diameter, inches 96
Height, inches 191
Wall thickness, inches 1.5

Weight, lbs 20, 100

Core Support Structure
Inside diameter, inches 101
Height, inches 216
Wall thickness, inches 1.5
Weight, lbs 36, 450

Lower Grid Plate
Diameter, inches 100
Cover plate thickness, inches 1.5
Grid webbing thickness, inches 0.75
Grid webbing thickness, inches 6 to 12
Weight, lbs 11,980
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Upper Grid and Instrument Assembly
Diameter at bottom support, inches

Diameter 8 inches from support, inches

Webbing thickness, inches

Height, inches
Weight, lbs

Flow Baffle
Inside diameter, inches
Height, inches
Wall thickness, inches
Weight, lbs

Fuel Elements

Number of sub-assemblies per element

Length of sub-assemblies, inches

Number of fuel rods per sub-assembly
Fuel rod lattice spacing, inches
Active length of fuel rods, inches

Overall length of fuel element, inches
Coolant flow area per fuel element, sq. in.
Outside dimension of fuel element box, inches
Wall thickness of SS fuel element box, inches
Nominal distance between elements, inches
Total weight of fuel per element, kilograms
Total weight of uranium per element, kilograms
Total weight of fuel element, lbs

Control Rods
Poison material

Cladding material

Length of poison section, inches
Total length of blade section, inches
Length of follower, inches

Follower material
Control Rod shape
Blade length, inches
Weight of control rod and follower, lbs
Total rod worth, percent reactivity

Rod drive type

Total weight of rods and drives, lbs

100
92
3/8
27
5, 100

96
90
0. 5
4, 000

8
51
25
0. 503
43. 8
117
15. 14

5. 125
0. 035
0. 5
104. 5
92. 5
463

Eu 2 03
Stainless steel
87. 5
124. 5
160
SAP
Cruciform
4. 5
225

22
Canned rotor

rack and pinion

12, 500
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Reactor Core

Total number of lattice positions i64

Lattice spacing, inches 5.625
Total number of fuel elements 156

Number of dummy elements 7

Number of neutron source elements 1

Number of control rods 25

Equivalent core diameter, inches 88

Equivalent core height, inches 89

Equivalent reflector thickness, inches 6

Total weight of fuel in the core, kilograms 16, 300

Total weight of uranium in the core, kilograms 14, 600

Total weight of full core loading, lbs 68, 500

After the organic coolant enters the reactor tank, the coolant is

deflected downward by the core support structure and flows in the annu-

lus between the tank and the core support structure to the lower plenum.

The core support structure is extended below the lower grid plate to

avoid undesirable flow channeling around the peripheral elements. The

coolant mixes in the lower plenum and then flows upward through the

lower grid plate, which contains the orifices used to adjust the flow dis -

tribution through the active fuel elements, and through the upper grid and

instrument assembly into a reservoir above the core. An upper flow

baffle channels the flow to a point above the top of the control rods be-

fore the coolant turns down through the annulus between the flow baffle

and the reactor vessel and flow out through the outlet nozzles. This

baffle minimizes bending stresses due to flow turbulence on the 6 foot

cantilever span of the control rods when they are fully withdrawn.

The cruciform control rods are actuated from a sub-pile room

below the reactor vessel cavity and will be removed or replaced from

above the core. In order to take advantage of the weight of the rod during
scra.; insertion and to insure fail-safe operation, the poison section of

the rode :re positioned above the core when fully withdrawn. The poison

columns are supported on SAP rod followers which are also cruciform in

cross section, but with shorter blades. These followers are connected to

the rod drives, which are contained in cylindrical thimbles that penetrate

the bottom head of the reactor core tank and extend through shielding into

the sub-pile room. When the control rod is up, support is required to

prevent bending, but the actuation of the rod must not be inhibited. The

upper instrument grid assembly provides this support over the 2 foot

3 inch span of the guide lug.

Thermal shielding, in the form of concentric steel shells, is pro-

vided to reduce thermal stresses in the reactor core tank wall and the
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concrete biological shielding. The thermal shield consists of two parts:

the inner thermal shield 1-1/2 inches thick which is located inside the

core support structure to reduce thermal stresses in the core support

structure and to provide a means of limiting the direct transfer of heat

from the hot coolant leaving the core and the cold coolant entering the

core tank. This shield also eliminates direct radiation paths between

the active core and the vessel in the region of the nozzle welds. Space

is provided between the inner thermal shield and the core support struc-

ture to contain a layer of organic. Locating the 6 inch thick outer ther-

mal shield between the core and the core tank minimizes thermal stresses

due to gamma heating in the core tank.

The lower grid plate accepts the total dead weight of the core and

the inner thermal shield. During operation, this load is partially re-

lieved by the hydraulic forces due to the up-flow of the coolant. The grid

plate is composed of an egg-crate structure and a 1-1/2-inch-thick steel

cover plate. The grid provides the structural support and the cover plate

contains the orifice receptacles into which the fuel elements are seated.

These seats act as seals to control the leakage flow of coolant into the

inter-element and control rod spaces. The grid assembly is supported

by and bolted to a ring which is an integral part of the core support
structure.

The upper grid and instrumentation assembly is made up of three

sub-structures: the fuel element grid, the control rod guide, and the in-

strumentation grid. These grids are fabricated into one assembly which

is supported by and bolted to a ring which is an integral part of the inner
thermal shield. This grid assembly is 27 inches in height and has a web
thickness of 3/8 inch. The fuel element grid is an egg-crate structure
having a cell size of 5. 625 inches. There are 164 cells, 100 of which
have two sides removed to provide space for control rod motion. The
fuel elements are locked into, and laterally supported by this structure
which also acts as a control rod guide. The control rod guide lug acts

as t .e upper lateral support surface for the control rod. The control

rod guide lugs tie the instrumentation grid to the fuel element grid,

the reby forming a single integral assembly. This assembly is shown in
Plate 3-4. The grid structure is made from rectangular tubing and plate.

This tubing provides a channel to each lattice cell through which coolant
samples can be withdrawn to the Failed Fuel Element Detection and Lo-

cation (FEDAL) system. Of the 164 cells in this grid, 100 will utilize
the control rod blades to baffle the coolant flow and prevent mixing in
the region of the grid assembly. The 3/4 inch tubing which conducts the
coolant samples to the Failed Fuel Element Detection and Location system
enters the reactor via two instrument nozzles located six feet below the
flange on the core tank,
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The core support structure accepts the load of the inner thermal
shield, the core and both grid plates. This structure is a cylindrical
shell laterally restrained at the bottom and supported at the top by means
of the flange which rests on the internal support ring welded to the inside

of the reactor core tank. Thermal stresses are reduced by a 1-inch

thick layer of organic between the support structure and the inner ther-

mal shield. The support flange will also be protected from thermal
stress by the insulation provided by a layer of organic on the hot side of
the flange. The upper flow baffle channels the flow of coolant pas t the
elevation of the top of the fully withdrawn control rod. This arrangement
prevents coolant cross flow which might force the rods against the guide

lugs and thereby impede their motion. A large box is provided on the

flow baffle to allow rotation of the fuel elements to a horizontal position
prior to their insertion in the fuel transfer tube by the fuel handling
mechanisms.

The control rod sheaths below the core protect the control rod

followers from lateral forces due to coolant turbulence in the lower

plenum. These sheaths also provide channels to control the flow of

coolant around the rods. The sheath is a 5 inch pipe which slides over
a tapered nozzle at the bottom of the reactor vessel.

Fuel elements are removed from the reactor by a remotely con-

trolled fuel handling mechanism which lifts them from their in-core
position to the region above the upper grid plate, moves them to the
reactor vessel wall, rotates them 90 degrees, and pushes them out

through the fuel transfer tube to a fuel element wash cell. From the

wash cell, the fuel element is moved through another transfer tube to
the storage canal. The reactor is designed to permit the removal of
the entire core and reactor structure. The core support structure can

be unbelted at the ring support, and after all instrument leads have
been disconnected, all fuel elements have been removed, and all con-
trol rods have been disconnected and removed., the grid structures,

thermal shields, and core support structure may be lifted out of the
core tank.

The material used in the reactor core internals is low alloy steel,

SA-204 Grade B, as described in the Unfired Pressure Vessel Code,
Section VIII.

The reactor core tank is designed and made safe for all dead loads,

live loads, vibratory loads, thermal loads and stresses, construction

loads, installation loads, and earthquake loads. The earthquake loads are
for a Zone I loading in accord with Section 2312 of the Uniform Building

Code, 1958 Edition.
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C.. CONTROL RODS AND DRIVES

Twenty-five cruciform control elements are provided in the

reactor core to regulate power, provide negative reactivity insertion

for emergency shutdown, and permit shaping of the radial power dis-

tribution. These elements are arranged in a pattern such that in the

control region of the core there is one rod for every four fuel elements.
The arrangement of fuel elements and control rods in the core is shown

in detail in the transverse core section given in Plate 3-3.

The poison section of the control elements consists of a cruciform

beam 7. 3 feet in length, the blades of which are 0. 25 inches thick and

4. 5 inches from root to tip. The blades are composed of 0. 200 inches
of a Eu2 0 3 -steel matrix covered by stainless steel cladding 0. 025 inches

thick.

The poison sections are supported on cruciform SAP rod followers,
the total assembly weighing about 225 pounds. The rod followers are
connected to rod drive mechanisms contained in cylindrical thimbles
which penetrate the lower head of the reactor vessel and extend into the
sub-pile room. These thimbles are provided with organic coolant lines
which are used to introduce a forced flow of organic upward through the
control rod thimbles. This upward flow of organic prevents the deposi-
tion of solids in the control rod thimbles and enhances the cooling of the
control elements.

During an emergency shutdown, the poison sections of the safety
elements will drop by gravity fall into the active core region. A snubber
is provided in the control rod thimble to dissipate the kinetic energy of
the rod at the end of fall. The forces resulting from the dissipation of
this energy by the snubber are taken by the bottom head of the reactor
vessel.

As discussed more fully in the physics section, the control rods
are utilized not only to control reactivity, but also to control the spatial
power distribution within the core. Because of the propos d method of
refueling by radial regions, the fuel is never uniformly distributed ex-
cept for the initial core loading. Rod programming is therefore neces -
sary throughout the lifetime of the core.

The control rod drive assembly is of the rack-and-pinion type,
hermetically sealed within an appendage below the reactor vessel. It
consists primarily of a gear reducer, an electric driving motor, and an

electro -magnetic brake which, when released, will allow the control rod
to drop into the reactor core for emergency shutdown.
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The gear reducer is a planetary gear system of a design most

suitable to the combined functions of rod withdrawal, positioning, hold-

ing, and scramming. The reduction ratio on normal rod withdrawal

is approximately 40 to 1, reducing the motor speed from 87 rpm down
to 2. 18 rpm at the rod drive pinion to develop a rod speed of 12 inches
per minute. On scram insertion, only low inertia parts of the drive

system are in motion.

The electric driving motor is of the reluctance canned-rotor type.

It operates at very low speed, requiring an inverted low-frequency a-c
power supply. This type of motor is most suited for this application in
view of its synchronous speed and high zero-speed torque. The rod
"holding" function may be accomplished by application of very low "hold-
ing" current to the motor, or by separate mechanical means.

On normal rod withdrawal, the 40-to-i gear reduction is depen-

dent on one gear in the system being held stationary by the electro-

magnetic brake. "Holding" is accomplished by magnetic "solenoid"

gripping of four disks keyed to the gear. Interruption of d-c current to
the magnet coils will release the brake, allowing the gear to rotate
freely with the falling rod. By this method of operation, rotating parts
within the drive mechanism will offer almost negligible resistance to rod
acceleration.

Necessary accessories to this mechanism are a cooling jacket and
a rod position indicator. The cooling jacket is provided in order to
minimize motor and magnet temperatures consistent with life requirements.
The position indicator will be an electronic counter type receiver coupled

to a magnetic pickup transmitter which is mounted on the drive mechanism
adjacent to the rod drive pinion.

Initial installation of the control rod and follower is accomplished
through the top of the reactor. It is inserted through guides in the control
rod guide grid, the fuel locking grid, and the lower grid. From this point
it passes through a shroud tube and into the through tube, in the bottom
of the reactor tank.

The through tube extends down into the sub-pile room where it is

machined and flanged to receive the dash-pot, control rod seal ring, and
snubber piston assembly. At this point the cruciform follower ends, and
is connected by a manually operated ball-detent latch to the drive rack.

The entire assembly extending into the sub-pile room is enclosed in a
tubular housing, flanged at the piston and rack connection, and at the
end of the through tube.

3-10



On removal of the control rod, the drive housing is disconnected

at the flanged junction located at the connection of the drive rack and

piston, and lowered approximately 2 inches. A wedge-shaped tool is

used to raise the ball cam (approximately 3/8 inch), allowing the rack to

be lowered and disconnected. This then gives access to the extension of

the ball-detent latch cam in the piston. A clamping tool is inserted and is

clamped to the ball-cam extension. The extension of the ball-cam is then

pulled down approximately 3/8 inch and held by the clamping tool. The

control rod grapple is then free and may be removed from the top. The

new control rod is replaced by reversing the removal procedure.

D. CORE PHYSICS

1. Philosophy of Nuclear Design: The basic philosophy of the

nuclear design of the reactor is to achieve high power density, reduce

hot channel factors to a minimum, assure safe operation, and obtain

low fuel costs. This requires that the reactor be designed for long fuel

exposure - exceeding 10, 000 mwd/mt - and extensive and careful fuel

element and control rod programming throughout lifetime. The long

fuel exposure and control rod programming imply that a large amount

of excess reactivity must be built into the core, especially for the first

cycle. Safety requirements require that the core be undermoderated so

that sufficiently large negative temperature and void coefficients will

result. High power density is achieved by using many small diameter
fuel rods, with extended surface, on a tight lattice spacing. Good eco-
nomics demand high conversion ratios and low organic damage rates,
both indicating the need for a tight, undermoderated lattice. Reduction

of flux peaking factors to a minimum requires the elimination of large

coolant gaps between adjacent fuel elements and extensive control rod
programming. It was necessary to meet temperature limitations at

fuel rod centers and fuel rod surfaces, maintain minimum flow velo-
cities to minimize fouling, and prevent bulk boiling near fuel element
outlets due to control rod power perturbations throughout lifetime.

The nuclear analysis must be as accurate and as thorough as

practical due to the exacting thermal design criteria. The core is de-
signed such that the maximum-to-average power generation rate at any
point throughout lifetime will never exceed 3. 32. In the clean core, this
value will be about 2. 64. The numbers used for and generated from the

nuclear analysis are neither optimistic nor conservative, but are be-

lieved to be as accurate as possible considering time limitations on the

study. It should be pointed out that nearly all calculations were per-
formed for the initial core loading. These calculations do, however,

permit at least qualitative discussion of the characteristics of future
core loadings when fuel cycle programming will be employed.
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2. Methods of Nuclear Analysis: The methods used for the nu-
clear analysis of the reactor are well known and widely used at Atomics
International and other reactor engineering installations. Extensive use
was made of digital machine calculations on the IBM-704 and IBM-709.

Microscopic thermal cross sections were obtained from
BNL-325 Second Edition. Hydrogen scattering cross sections have been

measured at thermal energy for hydrogen bound in water and in the or-

ganic butadiene, C6 H 4 . Previous calculations on organic systems had

assumed that the hydrogen cross section in Santowax R, C1 8 H 1 4 , would

be about the same as that for butadiene, but recent experiments at

Atomics International indicate that the cross section should be slightly

lower, closer to that of water. Transport cross sections for hydrogen

were derived from the measured scattering cross sections using the

well known method of Radkowsky. Transport cross sections for carbon

in the organic terphenyl assumed that the carbon was fairly tightly bound

and not free. All thermal cross sections, for both reflector and core,

were averaged over a Wigner-Wilkins spectrum using the IBM-704

SOFOCATE code. Disadvantage factors were allowed for in calculating

the spectrum, although control rod effects were not. A thermal cut-off

energy of 0.625 ev was used. Average thermal cross sections, charac-

teristic of spectrums at 0 and 10, 000 mwd/T exposure, are given in

Table 3D-3.

Calculations to determine thermal flux distributions in and

around individual fuel rods were done in cylindrical geometry, three

regions, by the spherical harmonics method in P3 approximation, using
the 1-2 code for the IBM-704. Effective homogenized cross section for
the fuel rod region in the fuel element (subassembly) were obtained by

flux and volume weighting the cross sections of the respective component

materials.

Thermal flux calculations for the square fuel element cell were

done with two-dimensional, x-y geometry, two-group diffusion theory
using the PDQ code for the IBM-704. It has been found that PDQ calcu-
lations of fuel element flux peaking factors are more accurate (i. e. ,

compare better with experiments) if Maxwellian cross sections are used

instead of Wigner -Wilkins averages, This is because the larger Max-
wellian averaged cross sections produce larger diffusion theory flux

gradients, approximately compensating for the inability of diffusion
theory to accurately predict large gradients in small regions. So for

this, and only this calculation, pseudo-Maxwellian cross sections were

used by correcting all absorption cross sections with the ratio of a unit
1-over-v cross section in a Maxwellian and in the appropriate Wigner-

Wilkins spectrums. Hydrogen transport cross sections for this particular
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calculation were actually averaged over a Maxwellian spectrum. Effec-

tive thermal cross sections for the whole core were obtained by flux and

volume weighting the appropriate Wigner-Wilkins cross sections for the

component materials. Note that the fluxes calculated by Maxwellian

cross sections were used to weight the Wigner-Wilkins cross sections.

All fast group constants for both two-group and four-group
calculations were calculated on the IBM-704 using the MUFT-4 code.
The cross sections on the MUFT-4 library tape came from many sources,
but most of the angular distributions used were taken from BNL-400.
Hydrogen slowing down was treated by the P-1 Selungut-Goertzel ap -
proximation instead of the rigorous P-1 because of better agreement
with measured reflector savings for similar reactors. The difference
in reactivity between the two treatments is small. Slowing down by car-
bon and aluminum was treated by the consistent age approximation
(Greuling-Goertzel method) and all other elastic scattering moderation
by the ordinary age approximation. The method included treatment of
all inelastic scattering. The parameters ,A= U/2 , , andU.A. for
carbon and aluminum were obtained as a function of energy by numer-
ical integration using the measured angular distributions. Hydrogen
scattering at reactor neutron energies is isotropic.

The MUFT-4 treatment of U-238 epithermal absorption was
slightly modified. The effective resonance integral of UO2 measured by
Hellstrand, 5. 25 + 26. 6 S/M, was separated into smooth and resonance
capture components and put on the library tape such that calculations
would duplicate the exact measurements in the Swedish heavy water reac-
tor. It is to be noted that the apparent resonance integral in a hydrogen
moderated reactor is significantly larger than in a deuterium moderated
reactor (because of the shape of the epithermal spectrum) and this is
taken into account by the new method. The relative absorption of each
resonance is proportional to the parameter 1-VCE.7/E 0 which is more
appropriate than the conventional MUFT-4 treatment which was originally
designed for homogeneous mixtures.

Application of conventional Dancoff -Ginsberg corrections to the
effective surface of the fuel rods to allow for shadowing in resonance cap-

ture is complicated by the presence of the aluminum cladding, which is
nearly an apparent void. Upper and lower bounds to the correction were
calculated by homogenizing the organic up to the UO2 rod surface and by
homogenizing the rod out to the organic (for the correction factor, not
for determining S/M). Since the difference in the upper and lower bounds
is less than 2% in reactivity, the average of the two can be used with con-
fidence. The Doppler broadening coefficient of the resonance integral used
for the calculations was 1. 5 x 10 -4/ C. The average fuel temperature was
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calculated assuming a parabolic'temperature distribution in the rods,

and since the flux is almost flat across the reactor, one overall average

temperature, 1190 F, was used. The entire procedure for calculating
resonance capture in U-238 has been compared with a number of dif-

ferent TRX critical experiments and the agreement with resonance es-

cape probability data is excellent, within 1% in every case studied and

superior to the conventional MUFT-4 treatment.

Resonance absorption, both fission and capture, for other

elements was also considered. The resonance capture integral used

for stainless steel was 2. 1 barns, the value recently measured in the

Yankee critical experiment.

Control rod cell calculations were done by two-group diffusion

theory on the two dimensional, x-y geometry, PDQ code for the IBM-704.
,Each region, cruciform control rod, organic gaps, fuel element box, and

fuel regions, was mocked up explicitly and MUFT-4 fast constants and

SOFOCATE thermal constants were used. The rods were treated as

thermally black by applying the logarithmic derivative boundary condi-
tions on the flux, (2. 13 D 2 )-l, at their actual surface, where D2 is the
effective thermal diffusion coefficient for the entire cell. Since the poi-

son material used in the control rods (18 w/o europium oxide in stainless

steel) has about the same worth at 0. 200" thicknesses as massive hafnium,

effective epithermal absorption cross sections found empirically for haf -

nium, were used in the analysis. The fast absorption cross section for

the rod of 0. 169 cm~1 was derived using a PDQ analysis identical to the

one used here. Fast constants for the cell regions, excluding the rod,

were determined using a MUFT-4 calculation for the entire cell and then

separating the constants into component regions. This could only be done

approximately for the diffusion coefficients and the removal cross sec-

tions, but this does not significantly affect the calculations. Results were

processed to obtain effective epithermal and thermal poison cross sections
for the core constants.

Overall radial and axial core flux distributions and criticality

calculations were done on the IBM-704 and the IBM-709 with the WANDA
code, using two-group diffusion theory in one-dimension. Regions con-

taining control rods were simulated with poison cross sections. The com-
plete system of nuclear analysis was used to calculate several critical

assemblies very. similar to the present reactor with excellent results,

in each case within 2% of Keff.

Temperature and void coefficients of reactivity were calculated

by perturbing the particular reactor parameter, repeating the entire cal-

culation, and comparing the multiplication constant for the system. The

unperturbed case was always a just critical, power-flattened reactor, so
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that the change in neutron leakage was more important than in an un-

flattened reactor.

The fuel burnup calculations were of a preliminary nature and

were completed on an analog computer. The flux was assumed to be con-

stant across the core, a good assumption at the beginning of a core cycle,
but becoming progressively worse as burnout proceeds. Stable fission

product poisoning was assumed to be 50 barns per fission product pair.
It was intended to do CANDLE code calculations on the IBM-704 to de-

termine burnup behavior, but this was not done due to the inability of
the code to handle the complex control rod programming method.

3. Core Statics: An analysis of the static core parameters re-

quires a detailed knowledge of the geometry and composition of all ele-

ments in the core. Although much of this information is given in Sec-
tions III-B, III-C and IV-A, a brief summary is given of the parameters

affecting the reactor physics calculations.

Core: The reactor core is approximately a right circular

cylinder, 7. 3 ft high and 6. 5 ft in diameter. It contains 156 square fuel
elements on a close-packed square lattice and 25 cruciform control rods.

The core is reflected on all sides by organic coolant. The radial re-
flector is partially poisoned by dummy fuel elements around the peri-
phery of the core. The end reflectors are also partially poisoned due to

the upper and lower grid assemblies.

Fuel Element: The active fuel element consists of 100 SAP clad
U02 rods in a 0. 035 inch thick steel box, 5. 125 inches square and 7. 3

feet long. The fuel elements are located on a 5. 625 inch square lattice

leaving a half ins:h gap between elements for the insertion of control rods.

Fuel Rod: Uranium dioxide fuel pellets 0. 30 inches in diameter
and having a cold density of 10. 5 gm /cm3 (hot, 10. 3 gm/cm 3 ) are con-
tained in SAP tubes. These tubes have minimum wall thickness of 0. 015
inch and are externally finned.

Control Rods: Cruciform control rods with quarter inch thick
blades are located between the fuel elements. The thickness of the poi-
son region is 0. 200 inch. The poison material in the rods is 18%

Eu2 03.

Using the methods previously described, a detailed analysis
was made of all important core parameters. The results are presented
in graphical and/or tabular form. A list of these tables and graphs is
given below with discussion where appropriate.
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Table 3-D-1: Reactor Constants

This table includes all of the important nuclear characteristics
of the core. The initial effective multiplication of 1. 151 is large

enough to permit long burnup when coupled with the initial conversion
ratio of 0. 58. The temperature and void coefficients are both negative
and large (-1.56 x 10 -4 AEK/O*F at 600 OF, and -1. 2 x 10-3Z\aK//%void
respectively).

Table 3-D-2: Volume Fractions and Number Densities

The values given in this table were computed for the temperatures

and geometries involved.

Table 3-D-3: Microscopic Thermal Cross Sections

The thermal cross sections have been averaged over a Wigner-
Wilkins spectrum at 620 F. Cross section data are given for both 0
and 10, 000 mwd/mt burnups and show the effect of the change in the

thermal spectrum.

Table 3-D-4: Two-Group Constants

The thermal cross sections have been averaged over a Wigner -
Wilkins spectrum and are flux and volume weighted. The MUFT-4

digital code was used to obtain the fast constants.

Table 3-D-5: Neutron Economy

The results of the thermal and fast group cross section calcula-

tions have been combined to provide an approximate neutron economy

table. Listed are the percentages of the fission neutron which undergo
various interactions with the materials in the reactor.

Figure 3-D-1: Thermal Flux Distribution Around a Single Fuel Rod

The thermal flux distribution around individual fuel rods pro-

vided the basis for flux and volume weighting the cross sections of the

materials in fuel element.

Figure 3-D-2: Power Distribution in the Fuel Element

Homogenization of the fuel, cladding and moderator inside of the

fuel element made possible a two-dimensional calculation of the flux
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and power distributions. Contour lines separate bands of approximately

equal power density. The curves are normalized to an average power of

one.

Figure 3 -D-3: Power Distribution in a Fuel Element Adjacent to a

9-inch Control Rod

The power generation rate of the hottest fuel rod is about 1. 55

times as great as in the average fuel rod.

Figure 3-D-4: Power Distribution in a Fuel Element Adjacent to a

Control Rod Follower

The aluminum control rod follower only slightly perturbs the

power distribution.

Figure 3-D-5: Power Distribution in Two Fuel Elements Near One
9-inch Control Rod

During normal operation, alternate control rods will be removed

from the core. This plot shows the power distribution in a region of

symmetry under these conditions. Based on individual fuel rods, the

overall peak to average power is 1. 52. The peak to average in the

element adjacent to the control rod is 1. 5 1 while in the other it is

1. 25.

The flux and power distributions in the core are very dependent

on the manner in which the control rods are inserted. A discussion of

control rod programming and the resultant flux and power distributions

is given in the next section.

Figure 3-D-6: Radial Flux and Power Distribution

The radial flux and power distributions are shown for the initial

clean core. The peak-to-average power ratio is 1. 13 when the core is

just critical. In this analysis the control rods have been replaced by

an equivalent poison cross section unifw-vLmy distributed over the cot-

trol zone of th* core In spite of this approximation, it does indicate

the degree to which the gross power distribution may be flattened.
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TABLE 3D-1

REACTOR CONSTANTS

Data

Fuel U02

Moderator
Moderator/Fuel Volume Ratio

Initial enrichment
Effective multiplication
Initial reactivity
Initial conversion ratio
Fuel temperature coefficient

Moderator temp. coefficient

Moderator void coefficient

Stable Xe and Sm
Average Thermal Flux
Average Fuel Temperature
Average Moderator Temperature
Axial power peaking factor
Radial power peaking factor
Element power peaking factors

Total control rod worth
Reactivity lifetime

C18Hp42.90

2.80 a/o
1.151
13.1% bk/k
0.58
-0.18 x 10~
ALk/*F
-1.37 x 10
A k/*F
-1.2 x 10-3
A k/%
-3.48
3.00 x 1013
1190 F
610 F
<1.50
<1.13
1.1+ - 1.60

-22% Ak/k
> 10,000 mwd/mt

10.5 gm/cc cold
10.3 gm/cc hot
Santowax R
Unit cell without
rod or follower

Hot and clean
Hot and clean

At 1190 F

at 610 F

See section 3D-4
See section 3D-4
See figures 3D-2 to
3D-5

Average burnup, up to
first reloading.
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TABLE 3D-2

CROSS SECTIONAL AREAS AND VOLUME FRACTIONS

in2

U02
SAP
Organic in box
Organic outside
Steel web
Steel box
Unit cell

7.o686
3.2400

15.1433
5.3750
0.1011

0.7126
31.6406

22.340
10.240
47.860
16.988
0.320
2.252

HOMOGENIZE NUMBER DENSITIES AT 637 F (crn 3 x 102)

Core Cell

0.019371
0.010270
0.024906
0.002200
0.006164
0.00014377
0.004991

Follower In

o. 018796
0.010270
0.024166
0.002200
0.007323
0.00014377
0.004991

9" Rod In

0.018324
0.010270
0.023560
0.002200
0.006164
0.00014377
0.004991
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TABLE 3D-3

MICROSCOPIC THERMAL CROSS SECTIONS (barns)

Hydrogen Scattering
Hydrogen Transport
U-235 Absorption
U-235 Fission
< - 25

1 - 25
Pu-239 Absorption
Pu-239 Fission
Pu240 Absorption
Pu-241 Fission
Sm-249 Absorption
Xe-135 Absorption
Unit A

Zero Burnup

33.82
21.88
352.3
292.4
0.2049
2.055
1223.
748.8
104.1
781.7
6o,16o
1.712 x 106
0.5487

10,000 mwd/mt

33.10
21.07
337.3
280.2
0.2038
2.0518
1166.
714.1
105.0
737.7
56,865
1.615 x 106

0.5299

Unit A may be interpreted as the effective cross section of a
1/v absorber having a 1 barn cross section at 2200 m/s. The above
values have been averaged over a Wigner-Wilkins spectrum at 620 F.
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TABLE 3D-4

TWO-GROUP CONSTANTS

Neutron Energy

1.5253

0.007156

0.012830

0.0014833

1.000

1.95

0.000147

0.023601

Groups

0.4563

0.060781

0

0.09340

0

0.3527

0.006307

0

f - fraction of fission spectrum in respective
group
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TABIE 3D-5

NEUTRON ECONOMY FOR 75 emw 014CR

Energy Region and Material

Fission to resonance

Organic
Box and Web
Cladding and fins
Oxygen of U02

U-238 capture
U-238 fission
U-235 capture
U-235 fission
Leakage

Resonance

Organic
Box and web
Cladding and fins
U-238
U-235 Capture
U-235 fission
Leakage
Control rods

Thermal

No Rods
Absorbed Produced

.008

.063

.002

.464
3.719
2.808

.169

.761
3.765

.376

.323

.075
18.4o4

2.297
5.379
.911

7.475

1.957

13.221

Just Critical
Absorbed Produced

.008

.063

.002
465

3.730
2.816
.169
.763

3.486

.359

.308

.071
17.564

2.192
5.133
.803

4.026

7.497

1.963

12.617

Organic
Box
Web
Cladding and fins
U-238
U-235 capture
U-235 fission
Leakage
Control rods

TOTALS

3.654
3.564
.461
.762

6.630
7.669

37.442
.294

100.000

3.081
3.005
.389
.642

5.590
6.466

92.482 31.568
.179

7.122

115.135 100.000
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4. Power Shaping: Obtaining maximum thermal performance

of a reactor core requires some form of power shaping to reduce peak

power densities relative to the average. Since the amount of power

that can be extracted from a reactor is usually limited by excessive

temperatures at some point in the core, it follows that total power can

be increased by, bringing as much of the reactor volume up to the limit-

ing temperature as possible. The power distribution in a uniformly

loaded core, - (fuel, moderator, and control poisons uniformly distri-

buted), has the shape of fundamental modes and the highest power and

highest temperatures occur near the center. The most efficient way to

shape the power in a reactor is to distribute fuel, moderator, and con-

trol poisons such that the power is flat throughout the central region

of the core volume. Flattening the power in the center of the core also

increases the uniformity of fuel burnup so that longer exposures are

possible within specified metallurgical and reactivity limitations. It

should also be noted that power shaping has inherent disadvantages;

two principal ones are the increase in neutron leakage into the shield

and the tendency of the core to become less stable to transient perturba-

tions.

A core with a control or flat power zone can be designed

with (1) uniformly loaded regions, (2) a uniformly loaded flat power

region and one or more regions where the power decreases, or (3) with

a continuous spatial variation of nuclear properties. The continuous

variation of nuclear properties is impractical in the OMCR as well as

in most other power reactors. A uniformly loaded flat power zone im-

plies that the flux in that zone will also be flat, that there can be no

net leakage of neutrons interior to, nor between this and other regions,

and therefore the material and geometrical buckling is zero. (The

material and geometrical bucklings of a critical reactor or any com-

ponent region of a critical reactor are always equal). A power-flat-

tened reactor will then have a flat zone where the material buckling

must be held at zero (k. and Keff are always unity) and a buckled
zone where the material buckling or reactivity is sufficiently large to

"buckle" the flux and keep the reactor critical. The higher the reactiv-
ity in the buckled zone, the smaller is the region required to buckle

the flux. These conditions result in a large flat power zone and a

smaller peak-to-average power ratio.

The required material bucklings in the different regions of

the clean core can be obtained by varying the enrichment, the rod size,

the volume ratio of moderator to fuel, or the control poison concentra-

tion. It is thus easy to design the reactor to meet thermal requirements

at the beginning of core life, but as the core burns out, the reactivity of

the buckled zone decreases and the size of the zone must be increased
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to maintain criticality. The size of the flat zone must thus be con-

tinuously decreased throughout a cycle lifetime and the peak-to-average
power increases. Not only must the size of the flat zone decrease, but

the reactivity of the zone must be held constant, meaning that the re-

activity losses due to fuel burnup must be compensated by reduction of

control poison. The core with a flattened power shape has a control

zone in the center, the size and poison concentration of which must

decrease throughout cycle life. To achieve this goal it was decided to
use a flexible control rod system with extensive programming. It is

possible to use some of the other power flattening schemes in addition
to control rods, but the fuel elements must be interchangeable to im-
plement the fuel element programming, and thus the advantages of

using additional programming techniques appears to be lost.

By making use of partial length control rods appropriately

positioned, it is possible to flatten the power distribution in both the
axial and radial directions. However, the 75 emw OMR has relatively
few control rods (25) which must be able to provide a shutdown margin

of about 5% when the reactor is in its most reactive condition. The

reduced worth of partial length rods would make it very difficult to

attain the desired shutdown margin. Thus, it was deemed advisable to
flatten only the radial power distribution and to accept a slightly skewed

cosine axial power distribution. Judicious programming of the control

rods will keep the axial peak-to-average power ratio below 1. 50.

As discussed previously, the radial peak to average power

ratio is dependent on the buckling of the uncontrolled, or buckled zone.

By computing the buckling of this region during burnup, it is possible
to deduce the variation of the radial peak to average power ratio during
the life of the core. These power ratios have been plotted in Figure
3D-7. Three curves are shown. Two solid lines indicate the theoreti-
cal minimum radial power ratio with and without equilibrium xenon and
samarium poisoning. The third dotted curve is an estimate of power
flattening which can actually be attained. As operating experience is
gained, it is probable that the actual power distribution will more
closely approach the theoretical case. It ?hould be noted that Figure
3D-7 is plotted for the initial core .loading. In subsequent core load-
ings, new fuel will be added in the buckled zone while partially burned
fuel will be moved into the control zone. The average burnup of the
buckled zone under "steady state" conditions, in all probability, will
never exceed 5, 000 mwd/mt which corresponds to an average burnup
of about 6, 000 mwd/mt on the first core loading. This, it may be seen
that during "steady state" operation, the radial peak to average power
ratio will probably vary from about 1. 15 to 1. 25. In order to achieve
the desired high fuel burnup, a high initial reactivity is necessary.
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The control rods must be thermally black and have a large epithermal
worth to obtain the desired shutdown margin when the core is in its
most reactive condition. As may be seen in Figures 3D-3 and 3D-5,
the control rods cause a large distortion of the power distribution in
the adjacent fuel elements. Very little can be done to reduce this

effect. As the fuel elements burn out the element power peaking will
decrease. Thus, at the end of the core life, when the radial power
peaking is at a maximum, the contribution of the elements to the over-
all power peak to average will be somewhat reduced. Also, during
subsequent core loadings when the reactor is operating on a fuel pro-
gramming cycle, new fuel will be introduced outside of the control zone
and the element peaking factors will always be lower than the initial
value of 1.55.

5. Long Term Effects: A description of the initial core param-
eters has been given in the preceding sections of this report. During
irradiation, the heavy isotope concentration of the fuel undergoes
significant changes. The effects of these isotope changes will be
reflected in nearly all of the basic core parameters.

During burnup, there are three basic changes in the isotopic
concentration of the fuel. There is a depletion of U-235 due to fission
and neutron capture. Neutron capture by U-238 results in a buildup of
plutonium isotopes. In addition, there is a buildup of fission products
from the fissioning of U-235, Pu-239 and Pu-241. The depletion of
U-235 tends to decrease the reactivity of the core, while the buildup of
fissionable plutonium isotopes tends to increase the reactivity. Fission
products act as poisons which reduce the reactivity of the core.

An electronic analog computer was used to solve the' differen-
tial equations governing the changes in heavy isotope concentration. In
order to facilitate solution of the equations, the following assumptions
were made:

a. All microscopic cross sections remain constant during
burnup.

b. U-238 concentration is constant.

c. Half lives of U-239 and Np-.39 are zero.
d. Effect of U-236 is negligible.
e. Effect of Pu-242 is negligible.
f. Reactor power is constant.

The thermal cross sections used were modified to account
for epithermal effects since this method is, of necessity, a one group
treatment. Calculation of isptope concentrations in this manner is not
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as accurate as might be desired, but does provide a good first approx-

mation.

The effect of burnup on reactivity was accomplished by per-

turbation of the results of previous multi-group criticality calculations.
Fission product poisoning was simulated by addition of an absorption

cross section of 50 barns per fission. This method of calculation as-

sumes a uniform burnup over the core. This is a good approximation

at the beginning of core life when the flux is quite flat, but becomes

worse as the core burns out and the flux distribution becomes more

non-uniform.

Figure 3D-10 shows the changes in heavy isotope concentra

tion during burnup and Figure 3D-ll gives the variation of effective

multiplication. The curve of keff is based on a uniform burnup of the

core, i. e. , a uniform flat flux throughout core life. This curve indi-

cates a reduction in reactivity as the U-235 burns out and fission pro-

duct poisoning increases. The reactivity lifetime of the first core

loading is shown to be about 12, 000 mwd/mt, but the assumption of

uniform burnup tends to give rather optimistic results. It may be

deduced, however, that a burnup of 10, 000 mwd/mt can be attained

with the initial core loading.

The affects of burnup on the power distribution in the core

has been discussed in Section 3D-4 The worst (most non-uniform)

power distribution will occur at the end of the first core life. At this

time, the peak to average power ratios will approach the design condi-
tions. The power distribution during subsequent core loadings when

the reactor is on a "steady state" fuel cycle will be better than the

design conditions. Since the core is instrumented to provide continuous

power mapping, it may be possible to upgrade the thermal rating after
the "steady state" condition has been reached. A discussion of the fuel

cycle program is contained in Section 4-B.

E. CORE HEAT TRANSFER AND FLUID FLOW

1. Survey of System: The core is a single pass system with

coolant flow in the upward direction. Approximately 97% of the flow is

through the fuel elements. The remaining 3% flows outside of the fuel
elements to serve as coolant for the control rods, inner thermal shield,

and grid plates. Flow distribution through the fuel elements is con-

trolled by individual fuel element orifices located at the lower end of

each fuel element. The fuel elements are orificed so that the mixed

mean outlet temperatures vary from 660 F for the lowest power ele-

ment to 690 F for the highest. power element, based on the final power
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distribution throughoutthe core. This results in an average coolant

bulk temperature of 675 F at the core tank outlet. This variation is

necessary to maintain a minimum coolant velocity of 3. 5 ft/sec or

greater with one loop shut down, to prevent fouling by the organic

coolant,

Fuel element heat transfer is effected by both convective

and subcooled boiling heat transfer, the latter prevailing only at the

surface of the higher power fuel pins in the elements. Inasmuch as

the coolant is subcooled in all channels in the core, the vapor generated

by boiling heat transfer is restricted to a thin region adjacent to the

fuel pin surface. The control rods, inner thermal shields and grid

plates are cooled by free convection heat transfer, plus surface sub-

cooled boiling where the heat flux is sufficiently high.

2. Limiting Conditions: The following limitations were used in

the thermal performance calculations for the core:

a. A maximum surface temperature of 850 F. This limita-

tion is imposed by surface fouling considerations. As the surface tem-

perature is increased, there is an increasing tendency for the surface

to become fouled due to the thermal decomposition of the organic

coolant. Loop tests at Atomics International with a terphenyl mixture

containing high boiler compound indicate that surface fouling is insigni-

ficant at surface temperature below 900 F and adequate flow velocities.

b. A maximum UO2 temperature of 4000 F. The melting

point of UO2 is approximately 5000 F. This temperature limitation
was imposed to limit the amount of fission gases, release of which

increases with increase in temperature. The release of fission gases

must be limited to prevent excessive internal pressure in the fuel pins.

With additional data on the effect of temperature on fission gas release
and/or with modifications in fuel pin design, it may be possible to in-

crease the maximum permissible UO 2 temperature.

c. A maximum heat flux not greater than one half of the
burnout heat flux. With this ratio of burnout heat flux to maximum

heat flux, the burnout heat flux will not be reached in any anticipated

transients with the protective system in operation.

d No bulk boiling in any part of the core. This iimitatiOi.
wa unposed due to uncertainty in local flow stability in the fuel el -

ment under conditions of local bulk boiling.
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3. Steady-State Operation: Table 3E -1 lists the thermal and
flow data for the core when operating at the design power level. Due
to changes in the power distribution in the core during the core life,
the maximum temperatures, heat fluxes, etc. will vary with time.
The estimated final values shown in the table are at the end of core
life and are the highest expected at any time.

The maximum heat generation rate for a SAP jacketed,
0.30-inch UO2 pin operating with a center temperature of 4000 F and
a jacket surface temperature of 850 F was calculated to be 8. 3 kw/ft,
based on the following assumptions:

Uniform heat generation in UO2.

Gas gap of 0. 001 inch between UO2 surface. and SAP jacket.

Thermal conductivities as follows:

Material k, (Btu/hr-ft-F)

UO2  1135 T-0. 9; T = degrees Rankin
gas 0.051
SAP 110

The amount of extended surface was determined on the basis
of a maximum heat generation rate of 8. 3 kw/ft of pin and a maximum
heat flux of one -half of the burnout heat flux.

The burnout heat flux for Santowax R with 30% high boiler
compound (HBC) was calculated using the lower band (-33% of the mean
burnout heat flux data) of the Griffith correlation.* Burnout heat fluxes
for Santowax R ortho-, meta-terphenyl mixtures, and diphenyl have
been experimentally determined and are found to be correlated by the
Griffith correlation.

Figures 3E-1 and 3E-2 show the temperature distribution for
the highest power fuel pin with and without hot channel factors, respec-
tively. It is seen that boiling occurs only on part of the surface. There
will be no boiling around most of the fuel pins in the core.

* P. Griffith, "The Correlation of Nucleate Boiling Burnout Data"

ASME paper No. 57-HT-21, Aug. 1957
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TABLE 3E-1

THERMAL AND FLOW DATA FOR CORE

Coolant Temperatures (F)
Inlet
Mixed mean outlet
Maximum local outlet (with hot channel factors)
Saturation at center of core

600
675
775*
8oo

Fuel Rod Temperatures (F)
Maximum cladding surface
Maximum U02 surface
Maximum U02

Initial
045
1010
2600

Estimated Final Permissible
050 b50
1450
3980 4000

Thermal power of reactor (mw @ 105% steam flow)
Power transferred across fuel rod surface
Power generated in coolant, thermal shields, etc.

Heat Fluxes (Btu/hr ft2 )
Burnout

Maximum
Average

Initial Estimated Final
123,000 150,000

Heat generation rate in fuel pins (kw/ft)
Initial Estimated Final

-Maximum 6.9 8.3
Average

Surface area of fuel rod (ft 2 /ft)
Effectiveness of surface area

Pressure at center of core (psia)

)ressure Qrops (psi)
Core
sectorr tank, exclusive of core

total pressure drop from inlet to outlet nozzles

Flow rate (lbs/hr)
Through fuel elements
Leakage around fuel elements
Total flow rate

Velocities in fuel elements (ft/sec)
Maximum
Average
Minimum

300,000
Permissible
150,000
44,700

Permissible
8.3

2.0

0.199
0.95

33

20.9 x 106
0.6 0ox l01

S .-- 10

7.94
6.79
5.5

* This figure assumes no coolant mixing in fuel elements. Since there
will be mixing, the actual maximum local coolant outlet temperature
will be lower.
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4. Hot Channel Factors: The hot channel factors used in the

reactor thermal performance calculations are shown in Table 3E-2.

F t is the hot channel factor applied to the coolant temperature rise.

Fes is the hot channel factor applied to the film drop for convective
heat transfer. FF is the hot channel factor applied to the heat flux.
These hot channel factors are based on estimated manufacturing toler-
ances for the fuel elements, estimated flow distribution within an ele-
ment, and estimated flux peaking due to reasons indicated in the table.

The hot channel factors used are certainly conservative values due to

the highly unlikely basis on which they were computed. That basis
assumes that all of the factors which contribute to the hot channel

factors occur simultaneously at the hottest spot in the hot channel.

TABLE 3E-2

HOT CHANNEL FACTORS USED FOR ORGANIC MODERATED
AND COOLED CORE WITH SUBCOOLED BOILING

Factors Fit * F

1. Variation in fuel density and/or
diameter 1.00 1.02 1.02

2. Variation in U-235 dispersion 1.00 1.02 1.02
3. Power peaking at ends of fuel pins 1.00 1.04 1.04
4. Flux uncertainty 1.10 1.10 1.10
5. Power peaking due to insertion of

fresh fuel elements 1.05 1.05 1.05
6. Uncertainty in convective heat

transfer coefficient - 1.17 -
7. Non-uniform flow distribution in fuel

element and imperfect orificing 1.08 1.07 -
Total Product 1.25 1.56 1.25

* F0 .applies only for convective heat transfer.
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5. Part Load Performance: Figure 3E-3 shows the variation

of some pertinent temperatures and of the ratio of burnout heat flux to

maximum heat flux as a function of load for three-and-two-loop opera-

tion. The flow rate remains constant regardless of load. With only

two loops in operation, the flow rate is 68% of full flow, and the maxi-

mum load on the reactor will be 68% of full load. The mixed mean

coolant outlet temperature is held at 675 F regardless of load. Hence

with the flow rate held constant, the coolant inlet temperature increases

with decrease in load. The maximum local coolant outlet temperature
curves, which decrease with decrease in load, are based on the assump-

tion of no coolant mixing, hence, the actual maximum local coolant

outlet temperatures will be lower. The curve for maximum surface

temperature, which decreases with decrease in load, is based on the
assumption that there is boiling in the core regardless of load. Actually,
the amount of boiling will decrease and may become non-existent with
decrease in load, so that the actual maximum surface temperature will

be less than or equal to the maximum possible surface temperature
indicated by the curve.

It is seen that the ratio of burnout heat flux to maximum heat
flux increases with decrease in load and is always greater than two.

6. After Glow Cooling: The decay heat generation rate is shown
in Figure 5D-1. To allow for the possibility of loss of flow through
some !oops and loss of pumping power in all loops, the plant has been
designed so that the decay heat can be removed from the core by nat-
ural convection flow through any one of the three loops. A description
of the regular and emergency heat sinks for the decay heat is given in
Section V.
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F. IN-CORE INSTRUMENTATION

Facilities have been provided in the design of the reactor core

to accommodate an extensive in-core instrumentation system. The

function of this system is to measure several important static, dynamic
and transient operating parameters during power operation. These

include fuel element outlet temperature, fuel element failure detection
and location, and power distribution measurements within the core.

1. Core Instrumentation System: The coolant temperature at
the outlet of each fuel element is measured with a fast response

thermocouple. These thermocouples are iron-constantan wires in-

sulated with magnesium oxide and sheathed with stainless steel tubing.
Since these sensing elements are located at the immediate outlet of
each fuel assembly, they provide excellent data regarding static and
transient temperatures in the core. A representative number of these
measurements are transmitted to the reactor plant protective system
where they will initiate a power setback or scram if the temperatures
deviate beyond predetermined safe limits. Since the thermocouples

are utilized for control and protective purposes, the paramount con-
siderations are speed of response and reliability. The thermocouples

selected are small in size to provide fast response but are rugged
enough to withstand environmental conditions. Within the core they
are reasonably protected, since the thermocouple leads are contained
in the coolant sampling tubes of the failed element detection system
which are incorporated in the structure of the upper grid assembly.

2. Core Power Mapping System: A number of 1/4-inch diameter
stainless steel tubes running axially through the core have been pro-
vided to contain power mapping detectors. These detectors will con-
sist simply of uranium wires or might alternatively be small thermo-
piles. Nine of these power mapping tubes are located in one quadrant
of the core and three more are located in each of the other three quad-

rants to check the symmetry of the flux distribution. The flux detec-
tors in these tubes can provide detailed radial and axial power maps
of the core during full-power operation and record changes in the flux
distribution as the core burns out. This data will be used to formulate

rod programming schemes during'core life. The tubing of the power

mapping system is attached to the upper grid plate and routed vertically

down through the core through the lower grid plate. The tubes are

routed around the lower end of the core support structure, upward

through the annulus between the reactor vessel and the core support

structure, and out of the vessel through a 14 inch nozzle.



3. Fuel Element Failure Detection and Location System: Small

coolant sampling tubes are provided at the outlet of each coolant chan-

nel. These sample tubes are contained in the structural webbing of
the upper grid and instrumentation assembly and lead to one of two
monitoring systems outside the reactor, each serving one half of the

core. The thermocouple leads are within these sampling lines. Ef-
fluent coolant from each active fuel element is sampled individually
in rotation and examined at the monitors for delayed neutron and gamma
activity. The presence of traces of fission products in the coolant is

detected by this system providing an effective method for detecting
and locating defective fuel elements. The sample lines leave the grid
assembly and are routed around the inner thermal shield and flow

baffle and over the flow baffle to the wall of the upper section of the
reactor vessel. The tubes merge into two bundles, each of which leave
the vessel via one of two 18-inch instrumentation nozzles.

G. REACTOR KINETICS

There are many nuclear and kinetic parameters of the reactor

core which have an important influence on the safety characteristics
of the plant. Such characteristics as excess reactivity, control rod
reactivity, power coefficient, temperature coefficients, void coeffi-
cients, neutron lifetime, and effective delayed neutron fraction all
have a strong influence on the severity of operating transients which
can be experienced. Each of these parameters is discussed in the
following paragraphs.

1. Excess Reactivity: The maximum excess reactivity which
will be loaded initially into the OMCR is dictated by the maximum
operating life required of the initial core loading. A tabulation of the
excess reactivity required for the initial core loading is shown in the
following table.

TABLE 3 G - 1

Excess Reactivity Requirements

Xenon and Samarium (equilibrium) 3.48%

Fuel Depletion and long term 7.62%
Fission product buildup

Control margin 2. CY

Total e::cess reactivity 1_;
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This excess reactivity is for the reactor at rated power and

temperature, but with no poison buildup yet present.

2. Control Rod Reactivity: The total reactivity contained in
the control rods is adequate to shutdown the reactor when the core is
in the most reactive condition. The total reactivity held by the rods
is approximately 22%. This value when subtracted from the maximum

excess reactivity of the cold, clean core, yields a shutdown margin of

4.9% reactivity.

The maximum rate at which ractivity can be inserted by the
control rods is limited by the control rod drives. The peak reactivity

insertion rate is 0. 035%/sec when 50% of the rods are operated si-

multaneously in their peak reactivity worth region. The rod system

is interlocked so that no more than 50% of the rods can be operated
simultaneously. A peak reactivity insertion rate of 0. 035%/sec is
adequate to give the plant the desired load following characteristics.

3. Temperature Effects on Reactivity: In order to determine
the steady state power coefficient of reactivity discussed above, it is
necessary to calculate the important individual temperature effects

within the reactor which affect the total reactivity. These effects are:

a. Changes in temperature within the oxide fuel and
their resulting effect on resonance absorption

through the "Doppler" effect.

b. Changes in coolant temperature and the resulting
changes in neutron absorption.

Th. total reactivity effect due to changes in these individual
temperatures %n be approximated by a sum of the individual effects,
providing tinse changes in temperatures are kept sufficiently small.

AP ~_ fuel AT fuel +c" coolant AT coolant

These individual affects on reactivity for the OCR core
operating at temperature conditions corresponding to full reactor

power are:

F = -0. 18 x 10-4 cik/'k/ *F (Fuel Temperature Coefficient)

CC C ~-'37 x 10-4 dk/k/ F (Coolant Temperature Coefficient)

The isothermal temperature coefficient of reactivity is de-

fined as the reactivity change per unit change in core temperature,
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providing all components of the core (i. e., fuel and coolant) are main-

tained at the same temperature. The isothermal coefficient is approx-
imately -1.55 x 10 J4 k/k/ -F.

4. Power Coefficient of Reactivity: The steady state or static

power coefficient is an important parameter in the determination of

the inherent stability of the reactor. This parameter is defined by the
following:

Hs =

-A- P

where:

Hss = steady state power coefficient

AP = change in reactor power

Aho = resulting net change in reactivity after all
transients have subsided

This net change in reactivity is due to the temperature changes of the
various components of the core and its resultant effect on the neutron
cross section. Since the power coefficient is defined for the steady
state, it can give no indication of the dynamic behavior of the reactor
other than indicate whether or not a steady state can ultimately be
reached after a change in reactivity is made and no external compensa-
tion is provided. This steady state power coefficient is therefore a
measure of the static stability of the reactor.

The steady state power coefficient is evaluated by consider-
inc; the important reactivity effects of temperature changes of the in-
dividual reactor components and the resultant temperature changes of
each component with power level. The important individual temperature
effects on reactivity in the core are those in the fuel and coolant. The
total change in reactivity for a change in power level can be approx-

imated closely by summing the individual effects as

Hss = L\ P f +TCCA T c

DP F 0 P c 1P

where:

ATf = change in average fuel temperature
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NT c = change in average coolant temperature

F = fuel temperature coefficient of reactivity

F,= coolant temperature coefficient of reactivity

The terms in the parentheses can be considered as the suitably averaged
temperature change of a particular component per unit change in reac-

tor power. They are rather complex functions of the heat transfer
parameters of the system and depend on such factors as coolant flow
rate, thermal conductivity, heat transfer coefficients, surface areas,
and heat generation densities. By using the best available values of

the reactor parameters, it is found that the power coefficient is neg-
ative for all power levels at zero burnup. The effect of burnup on the

temperature coefficients and hence the power coefficient has not yet
been determined. At zero burnup the power coefficient is -3.4 x 10-5
4k/k per tmw.

5. Void Coefficient of Reactivity: The void coefficient of re-
activity is a controlling parameter in determining the shutdown mech-
anism for uncontrolled accidents. The void coefficient represents a
negligible reactivity feedback mechanism to the power level with sub-
cooled boiling in the core at full power. The void formation associated
with subcooled boiling appears only in the saturated boundary layer.
The void coefficient of reactivity for the OCR is

L2pvoid= -1.2Zx 10-3 QNk

k /501 void

6. Spatial Xenon Stability: Xenon spatial oscillations are a
characteristic of large thermal power reactors when certain conditions

exist. The problem of xenon stability has been extensively investigated
for a number of reactors." Using the method developed in the reference,
it. has been determined that the OMCR is stable even with 100% flat
flux. In particular the power coefficient required to prevent instability
is -2. 13 x 10-6 k/k per mwt, whereas the OMCR power coefficient
is -3.4 x 10-5. This is almost 15 times the power coefficient required
to maintain stability.

7. Other Kinetics Parameters: In addition to the temperature

and power coefficients of reactivity, two other parameters affect the
transient response of the core. These are the invariant neutron

* D. Randall and D. S. St John, "Xenon Spatial Oscillations,"

Nucleonics, March, 1958.
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lifetime and the effective fraction of delayed neutrons. The invariant

neutron lifetime is 10-4 second, whereas the effective delayed neutron

fraction is a function of core life due to the buildup of fissionable iso-
topes other than U-235. The value of the delayed neutron fraction at

the beginning and end of core life is:

Average Burnup
in core T

0 0.00642
15, 000 mwd/mt 0. 00488

The response of the reactor (without temperature coefficient
effects) to a positive step in reactivity is shown in Figure 3 G -1 for
the effective delayed neutron fractions at the beginning and the end of
core life.

8. Core Dynamics: The closed loop stability of the core was
investigated through the use of an analog computer model of the core
neutron kinetics and inherent thermal feedback kinetics. The neutron
kinetics were represented by simulations of the prompt neutron char-
acteristics and the 6 -group delayed neutron characteristics. The
thermal kinetics were represented by 5 thermal feedback sections for
a core separated into five regions axially, each region having a char-
acteristic fuel and coolant temperature feedback effect on reactivity.
Because of the neutron flux distribution in the core the feedback effect
for each region is weighted. The computer model investigated is
sketched in block diagram form below. The symbols used on the dia-
gram are as follows:

AP (s) = incremental change in reactivity

N (s) = incremental change in power

N0 = initial steady state power level (100% for
this investigation)

S = effective fraction of delayed neutrons

t.A L = fraction of i group of delayed neutrons

A = decay constant of ith group of delayed neutrons
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(i (weighted fuel temperature coefficient in jV
core region

(TC)cj weighted coolant temperature coefficient in jO
core region

fuel time constant in j core region

coolant time constant in ja core region

The frequency response of the model was obtained on the

computer over the range of 0. 05 to 10 cycles per second for a sin-

susoidal reactivity input of 0.25 x 10-3 3Ak/k peak to peak at full
power. The results obtained are shown on Figure 3 G-2 from which

it is seen that core stability without external control is adequate since
a 1800 phase shift is not possible. The magnitude ratio on the plot
indicates approximate critical damping due to the absence of a reson-
ant peak and the phase plot indicates a maximum 900 phase shift is

anticipated from the block diagram transfer functions below.

HK s) - -------- LT

j4 5+ Lj- S+'cJ
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SECTION IV

FUEL

A. FUEL ELEMENTS

The reactor core is fueled with uranium dioxide enriched to 2. 8%
U-235 and clad with finned tubing made of Alcoa M-257 sintered Alum-
inum Powder (SAP). This cladding material is composed of an Al-
A 1203 matrix (~ 7% A 1203) and possesses excellent creep rupture pro-
perties at elevated temperatures compared to ordinary aluminum.

The choice of urania as a fuel material is based upon thermal
considerations and upon the advanced technological state-of-the-art
related to this fuel. The cladding material, SAP, was selected due to
its good strength properties at elevated temperatures, its excellent
thermal conductivity, its low neutron absorption cross section, and its
excellent corrosion resistance in organic coolants. Some of the im-
portant physical properties of the fuel and cladding materials are pre-
sented in Table 4A-1 below.

TABLE IA-1

Melting Point, F

Thermal Conductivity

(Btu/ft-hr- (F)

Density, g r/cm3

Theoretical
Actual

Coefficient of Thermal
Expansion, in/in-F

5072 ~ 1200

1.47
(at 1200 F)

10.96
10.50

5.55 x 10-6
(0-1000 C)

114

2.76
2.73

13.6 x 10-6
(70-850 F)

Specific Heat
Cal/gm C

Tensile Strength, psi

Yield Strength, psi

11,500 (at 850 F)

10,800 (at 850 F)

4- 1
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Several important design criteria and limitations imposed by the
properties and performance of the fuel and cladding materials as an

integral fuel rod under reactor operating conditions influenced the de-

sign of the fuel elements. The stress-rupture properties of SAP, the
temperature dependence of the pyrolytic damage rate, and prevention
of fouling of the heat transfer surfaces led to a selection of a maximum

cladding temperature of 850 F. In order to preserve the integrity of
the fuel cladding throughout the life of the fuel element in the core,
provision must be made in the fuel rod design to limit buildup of in-
ternal gas pressure, due to the release of gaseous fission products, to
a level consistent with stress-rupture properties of the cladding tube.
Since fission gas release is known to be temperature dependent in the
UO 2 fuels, the fuel rods. must be designed to limit the maximum fuel
temperature to a value well below its melting point. The maximum fuel
temperature selected for this design was therefore set at 4000 F. If
the center line temperature of the fuel is limited to a maximum of 4000 F,
it is estimated that the fraction of fission gas released will not exceed
5%.

The fuel elements consist of eight half-length subassemblies of
25 fuel rods each, assembled to form 100 vertical fuel columns housed
in a stainless steel box measuring 5--1/8 inches on a side. The wall
thickness of the box is 0. 035 inches and is based upon the stresses
produced by the pressure differential between the organic coolant flow-
ing inside the box and the organic in the gaps between the boxes. Steel
perforated webbing, 20 mils thick, divides the box into four equal square
sections and reduces the effective unsupported span length of the sides
of the box, allowing a thinner box wall to be used and thereby reducing
the steel content of the core. Each of the subsections in the box con-
tains two of the eight subassemblies of 25 rods. The overall length of
the fuel element assembly is approximately 9 feet-9 inches and the
active length of fuel within the element subassemblies is about 7 feet-
5-inches. The detailed design features of the fuel element are shown
in Plates 4-1 and 4-2.

Each of the fuel rods or pins which make up the fuel subassem-
blies is composed of 0. 3 inch-diameter by 0. 6 inch long UO 2 pellets,
stacked vertically to form a column 43. 8 inches in length. This column
of fuel pellets is contained in a finned SAP tube approximately 4 feet
long which is sealed by plugs at both ends.

Approximately 5-1/2 inches of gas space is provi,. d at each end
of the fuel rod. These spaces will initially be filled with helium gas at
one atmosphere pressure at room temperature. The helium will also

fill any space left between the outer surface of the fuel pellets and the
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inner surface of the cladding tube due to manufacturing tolerances.
The pressure of the helium will facilitate the conduction of heat from
the fuel to the cladding and reduce fuel temperatures. The gas spaces
at either end of the rod will ultimately act as a reservoir for the gas-
eous fission products released during the irradiation of the fuel rod and
thereby limit the pressure buildup inside the cladding. Since these gas
pockets are located at the upper and lower extremities of the fuel rod,
the contained gas temperatures are not expected to exceed 750 F. Using
this temperature, a fractional fission gas release of 5%, and a cladding

tube-to-fuel volume ratio of 1. 15 due to the gas pockets, the data pre-
sented in Figure 4A-1 predict a maximum pressure buildup of 4. 3 at-

mospheres or 48. 5 psig. Since the SAP tube is designed to contain 150
psig, this pressure is well within the allowable limit. In fact, since
the pressure external to the rod at operating conditions is about 21 psig,
the differential pressure will be under 25 psi for most of the fuel ele-
ment life.

The SAP cladding tubes are extruded with ten helical fins measur-
ing 86 mils in height. Figure 4A-2 is a photograph of a piece of finned
SAP tubing having 16 fins 56 mils in height. These fins serve to in-
crease the effective heat transfer surface area of each fuel rod by a
factor of 220% and allow the hottest element to be operated at the max-

imum power density compatible with a fuel centerline temperature of
4000 F without exceeding one-half the burnout heat flux anywhere on the
cladding surface. The method by which these fuel rods will be fabri-
cated and assembled to form finished fuel elements is described in the
following paragraphs. Table 4A-2 contains a list of all parts referred
to in this discussion.

The UO 2 containers will be introduced into a ventilated glove box
or hood and batches weighed out into batching cans. The binder will
also be weighed out and added to these cans and a sample taken from

each shipment of UO2 for testing. The batching cans will be closed,
marked and transferred to the mixing, blending, and granulating ma-
chines which are also installed in ventilated enclosures. Here the
binder will be thoroughly mixed with the UO 2 and the fins non-flowing
powder granulated to produce a free-flowing granular product (-10 + 30

mesh) for feed to the press. This will be screened to remove over and
under size granules. The reject material will be returned to the mix-

ing and blending operations.

The product will be loaded into batching cans and transferred to
the pellet press enclosure. Here, pellets will be produced at a rate of

30/minute and carefully stacked into trays for firing. Rejects will be
recycled through the mixing and blending machines after disintegration
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in a hammer-mill. The loaded trays will be accumulated and stored

in the press enclosure and transferred to the sintering furnace as a

batch. The sintering will be done for 5 hours at 1750 C in hydrogen.
Heating up and cooling down will extend the furnace cycle to 24 hours.

On removal, the trays will be transferred to the inspection sta-
tions and kept together as a batch. Here broken or cracked pellets and
dimensional and density rejects will be removed. The reject pellets
will be disintegrated by an alternate oxidation to U 3 08 and reduction to
UO 2 and recycled through the powder weighing station.

Random samples of cracked or chipped reject pellets will be used
for U/O ratio and impurity analyses. Density determinations will be
according to a statistical sampling plan. A 100% go-no go dimensional
inspection will be used with a statistical sampling plan for more com-
plete dimensional measurements. Pellets may be individually ground
to final dimensions if further investigations determine that overall ec-
onomies will result. Experience at Atomics International to date in-
dicates that grinding may be the preferred method. After inspection,
acceptable pellets will be packed for interim storage.

Density measurements are to be run on not less than 1% of the
otherwise acceptable pellets from each powder batch by water inversion
method. This sample must average at least 10. 5 gm/cm 3 at 20 C and
the population standard deviation as estimated from the density meas-
urements of the sample must be calculated and used to accept or reject

the batch based on a " + " test and probability of 0. 02 of accepting a
density lower than 10. 40 gm/cm3 .

Sample weights will be used to estimate an average standard
deviation for each batch. The average weight minus 1-1/2 times the
standard deviation will not be less than the weight of a pellet with a
diameter equal to 0. 293", a length of 0. 600" and a theoretical density
of 10.40 gms/cm2 .

Normal receiving inspection and unpacking procedures will be

used except for extra care in handling the finned tubes to guarantee no
fin damage. All metal parts, whether manufactured in AI shops or on
contract outside AI, will be inspected according to standard Al Inspec-
tion Procedures (or special procedures where necessary) before accept-
ance. For the finned tubes, this will be done before cleaning and pack-
ing for shipping or storage, as it is planned to reduce the handling of
these units to a minimum to prevent damage to fins.

The loading of the fuel pellets into the cladding tubes will be
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accomplished in the following manner: A finned tube with bottom end

cap welded in place and previously helium leak tested will be unpacked

and placed in a loading fixture. The first insulator will be inserted
with a calibrated push rod, following which 73 pellets will be placed
into position and checked for column length. The length will be ad-
justed to 43. 800 (+ 0. 000, - 0. 375) by adding or removing pellets, and
the pellet column pushed into the tube. This tube will be transferred
to a capping chamber rack and the process repeated for a new tube.
When the rack is full, it will be inserted into the capping chamber, and
the air removed and replaced with helium. The top end-caps will then
be inserted and welds made on the whole group of fuel pins under helium
atmosphere. Figure 4A-3 is a photograph showing the end weld of a
5/8" diameter SAP tube to a SAP end-plug. The tubes will then be re-
moved and each weld tested with a helium leak detector. Reject tubes
will be rewelded once. If still defective, they will be destroyed and the
pellets recovered, reinspected, and reloaded. Acceptable fuel pins
will be accumulated until 25 are on hand. These completed pins will
then be clustered into subassemblies.

A jig is required to assemble the fuel pins into a square 25-pin
bundle. Two lengths of fuel pins, each about four feet in length, are
attached one to the other by the galling action of aluminum in a male-
female wedge fit. The coupled pins are then placed horizontally in the
jig. After a 25-pin bundle is assembled, a grid plate is slipped over
the bottom end caps of the fuel pin, and locking wire threaded through
all end caps. Four of these assemblies are required per element.

The jig, containing the square 25-pin bundle, securely holds the
pins such that they can be rotated to a vertical position. From this
vertical position the bundle is lowered into one of the 4 cells of the
element housing. This procedure is repeated until 4 bundles are in-
serted. After insertion, the element is rotated to a horizontal position
acid rigidly clamped for the final assembly steps. The bottom end cast-
ing is slipped over the lower end of the housing (the end with the grid
plate on the pins), clamped in place, and plug welded on three sides.
The top head assembly is installed in a similar manner. After both
end assemblies are attached to the element housing, all clamps are
removed and the fuel element turned over for final welding. The welds
are inspected by zyglo for any cracks or other imperfections. The

entire assembly is then checked for TIR, which is to be held to a max-
imum of 0. 065" along its length.
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Table 4A-2

FUEL ELEMENT PARTS

Items Number Needed

COMPLETE ELEMENT

Element Housing Subassembly 1

Bottom Casting I

Top Connector Subassembly 1

SUBASSEMBLIES

Element Housing Subassembly 1

a) Element Housing 1

b) Fuel Pins 200
Finned Tube 1

Insuilato rs 2
Top end-cap 1

Bottom end-cap 1

UO 2 Pellets 73

c) Bottom Grid plates 4
d) Top grid plate I

Bottom Casting-No Assembly Needed

Top Connector Subassembly

B. FUEL PROGRAMMING

In ord r to obtain the most efficient use of the fuel, it is neces-

sary to obtain the maximum possible burnup of every fuel element in-

serted in the reactor. With uranium oxide fuel, the burnup which can

be attained is limited by the depletion of U-235 and the build-up of

fission product poisons. The reactivity lifetime of a new core carried
to burnout without fuel shifting is about 10, 000 tmwd/mt (see Section
III). If this burnup could be' extended without increasing the initial en-
richment of the fuel, a considerable saving in fuel cycle costs may be

realized. There are several methods of fuel programming which will

permit an increase in fuel element burnup over that which can be at-
tained with a single core loading. By programming the insertion of new

fuel elements, it is possible to attain fuel element burnup of 15, 000

tmwd/mt in a portion of the core while maintaining the average burnup

over the core below 10, 000 tmwd/mt. A short description of various
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fuel programs is given below, followed by a more detailed discussion

of the program which is now believed the most desirable for the OMCR.

1. Fuel reloading by core: The entire core is reloaded with new

fuel elements each time the reactivity lifetime is reached.

2. Fuel reloading by zone: All of the fuel elements in one
radial zone are replaced when the reactivity lifetime is

reached.

3. Fuel reloading for uniformly graded exposure: Fuel ele-

ments in the radial zones are replaced at a rate proportional

to the power density in the zones. At steady state, the ave-
rage exposure of the fuel elements in the core is nearly in-

dependent of radial position.

4. Radially graded exposure - new fuel at center: Fuel elements
are moved from central positions toward the periphery of the

core during burnup. All new fuel is loaded into central posi-
tions and discharged from the outer positions.

5. Radially graded exposure - New fuel at periphery: Fuel ele-
ments are moved from outer positions toward the center of

the core during burnup. All new fuel is loaded into the outer
positions and discharged from the central positions.

In section 3D-4, "Power Shaping", it was shown that a very flat
radial power distribution can be attained if the region of the core out-
side of the control zone has a high buckling. In the control zone of the
core, control rods are used to maintain zero buckling. Thus, the most

desirable fuel program is a combination of methods 3 and 5 above. New

fuel is loaded at the periphery of the core. When partially burned out,
this fuel will be moved into the control zone to maintain a positive mate-
rial buckling.

The buckled zone of the core contains about one third of the fuel

elements. When operating on the "steady state" fuel cycle, these fuel
elements will be burned to about 5, 000 mwd/mt. At this time, half of
the fuel elements in the control zone will be removed from the core
and replaced by the fuel elements from the buckled zone. New fuel

will be loaded into the buckled zone and reactor operation re-initiated.
During the next refueling operation, the other half of the elements in the

control zone will be removed from the core. In this way, it is possible
to burn fuel elements to an average exposure of 15, 000 mwd/mt while

maintaining the average exposure of the core below 10, 000 mwd/mt.
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One consequence of this fuel program is the location of fuel ele-

ments which have undergone different exposures occupying adjacent
positions in the core. This will cause local peaking of the power dis-

tribution. However, during "steady state" operation, the element and
radial peaking factors will be lower than the design conditions and this
additional peaking factor can be tolerated. (See section 3D-4)

C. REFUELING SCHEME

After the initial core loading, the reactor will be operated for
approximately 24 months. At the end of this time, the average exposure
of the core will be nearly 10, 000 mwd/mt and the radial peak to average
power ratio will be very near to the design condition of 1. 43. One-half
of the fuel elements will be removed from the control zone of the core.
The elements from the buckled zone will be placed in these locations
and new fuel will be loaded into the buckled zone. This procedure will
be repeated every 12 months. At each refueling, the half of the fuel

elements in the control zone which have the greatest exposure will be
removed from the core.

Since the core contains 156 elements for a full loading, 52 are
removed to the storage pool, 52 are repositioned in the core and 52

new fuel elements are inserted during each fuel change. Thus, a total
of 156 elements must be moved. The estimated time for performing
this operation is 40 hours.

The fuel transfer sequence is illustrated by plate 4-3. The fuel

handling system plan and elevation showing the equipment used in these
operations are presented in plates 4-4 and 4-5.

Both the cask handling system and under-liquid handling system
for fuel were investigated, since both systems have been successfully
used at other reactor plants. The trend toward fuels of increased speci-
fic power and burnup has led to adding cooling systems of considerable
complexity to fuel handling casks to prevent melting of fuel during
handling. The cask handling systems require that at some time during
the cycle the fuel must be out of the coolant. If a malfunction occurs
during this time the fuel will melt within a few minutes.

The under-liquid fuel handling system avoids this problem by
keeping the fuel immersed at all times during transfer. This system
has the following advantages:

1. Cost is lower than for a cask with shielding, mechanism,
and crane.
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2. Inclusion of a fuel cleaning system is inherently simple.

3. The problems resulting from operator error or malfunction
of equipment are minimized.

4. Time for completing a fuel cycle is minimized.

5. Shielding is provided by the liquid.

For these reasons, the under-liquid transfer tube fuel handling system
was selected for the OMCR.

D. RELOADING CYCLE

1. General Survey: The following design criteria were estab-
lished for the fuel handling system:

a. No mixing of storage pool water and organic coolant
within reactor system may occur.

b. It must be possible to move fuel from the reactor to the
pool and return fuel from the pool to the reactor.

c. The fuel must be cooled by liquid at all times. In spaces
which are not conducive to convection flow, circulation
of fluid must be provided.

d. The fuel must enter the pool sufficiently clean to avoid
a major pool cleanup problem.

e. Components which support the fuel must be capable of
being serviced or repaired while supporting the fuel.

f. Time allowed for removal and replacement of fuel for a
full core shall not exceed 168 hours.

g. All mechanical parts working under fluid shall be readily
replaceable with spare units.

h. Mechanisms performing operations within the reactor
shall be capable of being operated throughout the fuel
changing cycle from a control room adjacent to the
reactor area.

2. Fuel Handling Equipment: The overhead fuel handling machine,
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illustrated by plates 4-6, 7 and 8 consists of a rail mounted structural

steel bridge and trolley fitted with a fuel element grappling tool. The

bridge provides for positioning on one coordinate axis and is equipped
with an indexing system to provide accurate location of the bridge. The
trolley is similarily equipped for positioning the grapple on the second

coordinate axis.

The reactor pivot mechanism illustrated by plate 4-9 consists of

a channel hinged at one end and fitted with a hydraulic cylinder for
swinging the channel into either the vertical or horizontal position.
Two lead screw-driven carriages move the fuel element along the axis

of the channel.

The fuel transfer tube, illustrated by plate 4-10 consists of a
connecting pipe between the reactor and wash cell, two valves and the

wash cell.

The fuel storage pool pivot mechanism illustrated by plate 4-11

is essentially similar to the reactor pivot mechanism.

An additional handling machine operating above the fuel storage
pool is provided to facilitate the handling of elements within the pool.

In addition to these mechanical components the system also in-
cludes a 115, 000 gallon concrete pool for storage of spent fuel elements.
The pool is fitted with steel racks to hold 360 fuel elements in a 9"
square lattice pattern. Fuel elements are stored in the pool for 3

months to allow the after glow heat generation rate to decay to a level
which will permit shipment to the processing plant, and to reduce the
radiation to a reasonable level. Afterglow power generation in the

fuel from a routine fuel change ranges from 2 x 106 Btu/hr immediately
after transferring 1/3 of a core loading into the pool to 1. 5 x 106 Btu/hr
6 days later, followed by a gradual reduction to a nearly constant rate
of 1 x 10 6 Btu/hr at the end of 30 days. The greatest possible heat

load to the pool could be expected if 30 days after unloading 1/3 of the
core all of the fuel then in the reactor were placed in the pool. The
heat load would then range from 3 x 106 Btu/hr immediately after un-
loading the full core to 2. 7 x 106 Btu/hr, 9 days later. If all fuel re-

mained in the pool until 30 days after unloading the reactor the power
generation rate would be nearly constant at 2. 2 x 106 Btu/hr.

To cool the pool and remove extraneous materials, an overflow

stream is circulated through a closed loop back to the pool. Two
parallel shell and tube heat exchangers are provided in the circuit,

either one of which will remove 1. 5 x 106 Btu/hr, which is the heating
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load from one-third core removal. The heating load of 3 x 106 Btu/hr
from a full core removal 30 days after unloading 1/3 of a previous core
can be handled by the two exchangers. Light liquid organic material
and heavy inorganic particulate matter are removed in a bypass stream
after the heat exchangers. Light organic material from the centrifuge
is transferred to the fuel wash system and heavy inorganic matter is
collected in the centrifuge bowl periodically and placed in a shielded
container for disposal. Service water to makeup for the pool evapora-
tion is fed continuously through a diatomaceous earth filter. When the
activity of the water reaches a predetermined level, it is either purged
or drained to the river depending on whether or not the water contains
radioactivity. Water containing radioactivity will be held up in storage
tanks until reduced to a safe level before discharging to the river.
Filtered service system water is used for the purging.

The following steps are necessary to prepare the reactor for re-

moval of fuel:

a. Shut down the reactor

b. Remove shield blocks above the reactor with the gantry
crane.

c. Depressurize and cool the organic to approximately 350 F.

d. Remove the reactor vessel cover using power operated
wrenches to remove bolts.

e. Remove the closure plug from the reactor side of the
fuel transfer tube using extension tools, and store the
closure plug in the socket provided in the reactor vessel.

f. Install the reactor pivot mechanism in the space vacated
by the reactor closure plug.

g. Lock the fuel wash cell in place within the fuel storage
pool, and energize external heaters.

h. With both gate valves on the wash cell closed, circulate
fresh organic through the wash cell, and open the reactor
side valve.

i. Position the overhead fuel handling bridge in the desired
location over the fuel elements to be removed. During
the time that the preceding operations are performed
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heaters on the grapple and telescoping tube are operated

to bring the temperature of parts to be immersed in or-

ganic to 350 to 400 F.

j. Ensure that pool water is at the high level (approximately

2 feet below the reactor room floor).

k. Control flow rate through the reactor core to maintain
an outlet temperature of 375 to 425 F.

Fuel may now be moved from the reactor by the following sequence:

a. Lower the- grapple to engage and lock on the fuel element.
This automatically unlocks the fuel element from the

upper grid plate.

b. Lift the fuel element to a position 12 feet below the top
of the reactor coolant.

c. 'Reposition the above floor fuel handling crane in the

"Pivot load" position.

d. Lower the fuel into the reactor pivot mechanism and
release the grapple. Mechanical design of the fuel ele-

ment grapple prevents release of the fuel element if it
is not properly seated.

e. Retract the fuel handling grapple to clear the pivot
mechanism. The overhead fuel handling machine may

now be repositioned for the next fuel element.

f. Reposition the pivot mechanism from vertical to horizon-
tal by operating the hydraulic cylinders.

g. Actuate the lead screws in sequence to move the fuel
from the reactor through the fuel transfer tube into the
wash cell.

h. Close the reactor side valve to the fuel wash cell. Inter-
locks prevent closing this valve if either the pivot
assembly push-rod or the fuel element obstruct this

valve.

i. Displace the organic in the wash cell with isopropyl
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diphenyl and continue flowing isopropyl diphenyl until

the effluent is clear.

j. Displace the isopropyl diphenyl with water.

k. Open the storage pool side valve. With the pool side
pivot mechanism in a horizontal position, operate the
lead screw to extend the carriage and latch mechanism
to engage the fuel element, and withdraw the element
from the wash cell to the pool pivot mechanism. When

the fuel is correctly positioned in the pivot, the grapple
will release and swing clear of the fuel element.

1. Reposition the pool pivot mechanism to hold the fuel ver-

tical. Initial movement of the pivot mechanism will

place a support at the lower end of the fuel element to
prevent it from falling out when the pivot is placed in the

vertical position.

m. Lift the fuel from the pool pivot mechanism with the above

pool handling crane and move into the fuel storage rack.

During the time that operation (h) through (m) of the fuel handling
sequence are performed by the pool equipment, the reactor pivot mecha-
nism is returned to the vertical position. Following this, steps (a)
through (f) are repeated to prepare the next fuel element for transfer
through the fuel transfer tube. When a fuel element has been removed
from the wash cell, the wash cell is readied to receive the next fuel

element by closing the pool side valve, displacing the water in the cell
with isopropyl diphenyl, and displacing the isopropyl diphenyl with fresh
organic. The reactor side valve may now be opened to admit the next
fuel element.

The cycle described above covers removal of a fuel element from

the core and applies only when fuel removal is the objective. When per-
formed in this manner, the overhead handling crane must wait for the

washing operation and hence is idle approximately two thirds of the
cycle time.

When the objective is removal of spent fuel from the control zone

of the core, shifting fuel from the buckled zone into the control zone
and adding new fuel into the buckled zone of the core; the cycle des-
cribed is modified as follows to obtain maximum use of equipment.

The fuel handling cycle is performed as described to place the
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first fuel element in the wash cell. While this element is being washed,

the space in the core vacated by the first element is filled by shifting
an element from the buckled zone into this position. When the second

spent fuel element from the core has been placed in the reactor pivot
mechanism, the grapple is retracted to pick up a new fuel element from

the new fuel magazine. At this time the reactor space is clear of ob-

structions so that the new fuel element may be placed in the buckled

zone of the reactor core. The overhead fuel handling machine moves

another element from the buckled zone to the control zone and the next

spent fuel element is moved to the pivot mechanism. From this point
on, the cycle becomes repetitive until the last new fuel element is in
place in the reactor. When refueling is done in this sequence, each
component machine is utilized to full capability.

3. Insertion of a New Fuel Element: When the reactor is ini-

tially loaded or when the reactor is reloaded with fresh fuel after
irradiated fuel has been removed from the core, only the overhead

fuel handling machine and building gantry crane are used.

Prior to start of fuel insertion, fuel is transferred from the fuel
storage area to the fuel element magazines in the reactor. Fuel ele-

ments in the magazines are preheated by the organic. The grapple is
designed with an integral heater to raise the grapple temperature to
350 F.

The overhead fuel handling machine bridge is indexed over the
hole which is to receive the fuel element. One fuel element magazine
is indexed so a fuel element may be picked up by the grapple. The

trolley moves the grapple over the fuel element to the desired position.
The grapple lowers the fuel element until it seats in the core. Inter-

locks prevent the grapple from releasing unless the fuel is correctly
positioned within the core. The grapple is released and returns to pick

up the next fuel element from the magazines. The cycle is repeated
from this point on until the core is fully loaded with new fuel. When
one new fuel magazine which has space for 14 fuel elements is empty,

it is refilled. This procedure insures that fuel elements are at a tem-

perature of approximately 350 F prior to insertion of the fuel element
into the core.

The fuel handling system design objective of reversibility is met
by providing a grapple recess in the lower fuel element end fitting and

by incorporating grapples on the reactor pivot carriage mechanism. If

due to accident or malfunction, it becomes necessary to remove all

fuel from the reactor core and place the fuel in the pool, it may be re-

turned to the reactor by reversing the fuel handling system. This
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feature also permits assembling the startup sources under water and

transferring them to the core.

The reverse fuel cycle is accomplished as follows:

The fuel wash cell is cleaned and filled with pool water. All
handling mechanisms are in position for performing the operations

listed.

a. The fuel is lifted by the above pool handling machine
into the pool pivot mechanism.

b. The pool pivot mechanism is repositioned to the horizon-

tal position.

c. The pivot mechanism carriage lead screw is actuated to

move the fuel into the fuel wash cell' and retracted.

d. The pool side gate valve is closed and the wash cell

heaters are turned on.

e. Isopropyl diphenyl displaces the water and remains in
the wash cell until the fuel wash cell reaches a tempera-
ture 375 F.

f. The isopropyl diphenyl is displaced by organic.

g. The reactor side gate valve is opened.

h. The reactor pivot mechanism carriage lead screws are
sequentially energized to withdraw the fuel element from

the wash cell onto the pivot mechanism.

i. The hydraulic cylinders are activated to return the reac-
tor pivot mechanism to the vertical position.

j. The overhead fuel handling machine grapple lifts the
fuel from the pivot mechanism.

k. The overhead fuel handling machine grapple is positioned
over the fuel element space to be filled.

1. The grapple lowers the fuel into the core, locks the fuel,
and retracts.
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E. NEW FUEL STORAGE

The new fuel storage facility consists of a vault type room
equipped with a combination locked door. Space is provided for storage
of 170 fuel elements. Wall racks fabricated from stainless steel accom-
modate 142 elements. The remaining 28 are stored on A-frame trucks.
All fuel is vertically placed in storage. A ceiling mounted curved track
monorail hoist moves fuel within the room to load and urpload the A -frame

trucks.

The two A-frame trucks are used to move fuel from the receiving
area into the vault, and from the vault to the fuel handling machine.
The trucks are normally stored in the vault loaded with fuel ready to
move fuel to the reactor.

Criticality of the fuel is prevented by providing racks which space
the fuel on 9-inch centers in two rows. Configuration and arrangement
of the racks and room prevents unintentional placing of a third row ad-
jacent to the racks. Since 12 elements in a 3 x 4 array are necessary
before criticality in water is possible, the geometry and 2 rows of fuel
in steel racks is safe. Further protection against criticality is
achieved by welding a 2% boron-steel sheet in place every third space
on the fuel racks. To ensure that the room will never be filled with

water, ample floor drains are provided.

Fire protection is provided by fog nozzles mounted on the room
ceiling.

F. SHIPMENT TO CHEMICAL PROCESSING PLANTS

Fuel is shipped to the chemical processing plant in a water-filled,
air cooled cask. This cask is illustrated in Plate 4-12.

I. C. C. regulations which affect the design of this cask control
the maximum weight of the cask to 31 tons for trucks and trailer shipment
and 120 tons for rail equipment.

The Bureau of Explosives rules guide the shipping cask design.
These are listed below:

a. The temperature of any part of the casks which may be

touched during shipment is limited to 150 F, based on
100 F ambient. air for cooling.

b. Water temperature inside the cask is limited to 180 F.
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c. Continuity of cooling must be assured at all times.

d. Safety valves must be provided to vent to a shielded
space via shielded lines.

e. A convenient sampling means must be provided to permit
monitoring of the water .in the cask.

f. Maximum radiation level at the surface of the casks shall
not exceed 200 mr per hour, and at 3 meters from the
surface of the cask shall not exceed 10 mr per hour.

g. The cask closure cover must be secured and sealed with
safety wire in a manner which requires breaking the seal
to remove the cover.

h. Identification of the cask and contents by permanent
marking and painting outside the cask is required. This
marking must specify the radiation level, quantity of
heat dissipation, and material contained, both kind and
quantity.

Prior to the time each shipment is made, a permit must be ob-
tained from the Bureau of Explosives.

The fuel is stored in the fuel storage pool for 90 days prior to
shipping. Two weeks round trip shipping time is assumed for each
cask and one additional week is allowed for handling at both the reactor
and the chemical processing plant.

The fuel shipping cask consists of a 17-inch inside diameter,
steel-jacketed, lead cylinder closed at one end and fitted with integral
fins for cooling. A pressure vessel structure is formed by the inner
stainless steel cylinder closed at one end. At the opposite end is a
gasket surface and bolting flange. This subassembly is leak tested and
hydrostatically tested to 200 psi. The external jacket is formed by a
36 inch outside diameter steel cylinder with 7-1/2-inch long fins spaced
1-9/16 inches apart and attached by welding. Lifting lugs for handling
are provided on the outside near the open end. A structural steel cradle
is provided for holding the cask during shipment. This cradle has an
integral pivot assembly which permits laying the cask on its side. The
cradle assembly may be handled along or with the cask. -Estimated
weight of the cask is 47, 000 lbs. The weight of the fuel element con-
tained in the cask is 1, 600 lbs. The weight of water is 720 lbs. and
weight of the cradle is 1, 730 lbs. The total shipping weight of a full
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cask and cradle is 51, 050 lbs.

The cask contains 4 fuel elements producing a maximum decay
power of 1. 5 kilowatts each, or a total of 6 kw.

Two casks will be used for shipping. Since each cask contains
four elements, and 3 weeks are allowed for a round trip for one cask,
21 weeks are required to ship 56 fuel elements. This is considered a
reasonable choice, in view of the fact that one cask could be withdrawn
from service for maintenance and the remaining cask could complete
the shipping cycle in less than 52 weeks.
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SECTION V

REACTOR PROCESS SYSTEMS

A. SCOPE

This section describes the heat transfer system employed to

remove heat from the reactor, the auxiliary process systems, and ser-

vice systems. The major components and method of operation of the

various systems are described. The physical properties of the organic

coolant used in the reactor are described.

B. GENERAL DESCRIPTION AND SUMMARY

Santowax R has physical properties which meet the rigid require-

ments for reactor moderator-coolant, and is marketed at a competitive

price. The radiolytic and pyrolytic damage rates are not excessive for

the operating conditions of the OMCR, and coolant makeup costs are of

the order of 0. 58 mill/kwh. Santowax R is a safe material and does not

present any handling problems from the standpoint of toxicology,

flammability, and explosibility. The physical properties of the coolant
are affected by temperature and high boiling compound (HBC) content.

Considerable information on the physical properties of Santowax R,
irradiated and unirradiated, has been developed and correlated. The
coolant is currently available in limited quantity, as a byproduct opera-
tion. The raw material for its manufacture is marketed universally,
and there is sufficient information regarding the manufacturing technol-

ogy to assume that it will be available in adequate supply at a competi-
tive price. Several means for lowering the coolant cost are possible,

such as the addition of decomposition inhibitors, reconstitution from the
polymer compound, or separation and sale of the decomposition byprod-
ucts for commercial use.

The heat transfer loops contain the largest sized components in the
process systems. They include the steam generators, pumps, block

valves and control valves, and flow meter elements for control of plant

power. Each loop is provided with double block valves and shielding to
permit isolation of any loop for maintenance while the other loops are in

operation.

A purification system is provided for the control of HBC concentra-

tion in the coolant, and the removal of particulate matter from the

coolant. A degasification and pressurization system is provided for the
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removal of water, hydrogen and other gaseous products, and to maintain

the system pressure. The decay heat removal and emergency cooling

systems utilize the steam generator facilities in the heat transfer loops
to remove decay heat by natural convection. A waste gas handling

system is provided for the separation and storage of fission product

gases for radioactivity decay to allow the hydrogen gas to be exhausted

to the ventilation stack. The HBC obtained through purification is

stored for fission product radioactivity decay, and then burned in a

small boiler. Aqueous wastes are collected, stored for radioactivity

decay, and discharged with the turbine condenser effluent to the river.
All radioactive solid waste is packed in shielded containers for offsite

disposal.

Other auxiliary systems include a nitrogen system for purging

process facilities and for pressurized fluid transfer, a new coolant

storage and handling system, a preheating system using a combination
of steam tracing, hot air circulation, and high temperature water, and

a pressure relief system for all of the above systems.

In addition to the process systems, several auxiliary services are

provided. The heating and ventilating system is designed to maintain a

negative pressure in the process areas which are under the containment

dome and in other enclosed process areas outside the dome. The fire

protection system is a dry-pipe automatic water fog system in the pro-

cess areas and an automatic CO2 system in vital electrical centers, and
is supplemented with portable extinguishers and a fire alarm system
throughout the facility.

C. ORGANIC COOLANT

1. General: Santowax R is a commercially available material

consisting of a mixture of approximately 10% ortho-terphenyl, 60% meta-

terphenyl and 30% para-terphenyl. Santowax R undergoes radiolytic and
pyrolytic damage, forming a high boiling compound (HBC). The rate of

decomposition decreases with HBC content, whereas physical properties

such as specific heat and viscosity are adversely affected. Figures
5C-1and 5C-2 show the radiolytic and pyrolytic decomposition rate.

For optimum conditions, the heat transfer system is operated with 30%

HBC content in the coolant. The residue is removed at a controlled

rate to maintain this composition, hence requiring an equal quantity of
new coolant makeup. Saniowax R has a high melting point, therefore
precautions in handling are taken to prevent its freezing in the process

system. These are discussed in the sections following.
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2. Coolant Makeup Requirements and Costs: Using a G value
of 0. 07 molecules of HBC formed per 100 ev energy absorbed, and a 4%

energy absorption in the coolant, the radiolytic damage rate is 1. 064
lbs /tmw-hr. For the 240. 8 tmw reactor, this is equivalent to 6155
lbs /24 hr. The total system volume is 70, 000 gallons, of which approxi-
mately 48, 000 gallons are at an average bulk temperature of 675F and
22, 000 gallons are at 600F. Also, it is estimated that the entire coolant
sees an average surface temperature of 750F approximately 0. 02% of
the time. The pyrolytic damage rates are 0. 00035 wt-%/hr at 600F,
0. 0023 wt-%/hr at 675F, and . 0155 wt-%/hr at 750F; hence, the total
pyrolytic damage is approximately 256 lbs /24 hrs. From this, the total
coolant makeup rate is approximately 6411 lbs /24 hrs or 267 lbs /hr.
Using $0. 17/lb for new coolant, the coolant makeup cost is 0.58 mill/
kwh.

3. Physical Properties: The hydrogen density of Santowax R
makes it suitable for use as a moderator as well as a coolant. The
final melting point of new Santowax R is approximately 295F, which

requires that for handling this material in the molten form, all process
lines and vessels be adequately heated. The viscosity and density of the
coolant are appreciably influenced by temperature as well as by the HBC
content. Thermal properties, such as specific heat, thermal conductiv-
ity, and heat vaporization are similarly influenced by temperature and
HBC content. These data and other physical properties are shown in
Figures 5C-1 through 5C-13.

4. Flammability and Explosibility Properties: The explosibility
properties of Santowax R powder, as determined by the Bureau of Mines,
are given in Table 5-1. The flammability and explosibility properties
of Santowax R in the liquid state have not been completely investigated.
Available properties, together with data obtained by the Bureau of Mines
for the related compound diphenyl, and for paraterphenyl which is a con-
stituent of Santowax R, are also given in the table.

These test data show that a dust cloud, which is the usual

form of the material when escaping into a room temperature environ-

ment, containing 0. 035 oz/ft3 can be ignited by a hot surface, an open
flame, and an electrical discharge. It should be noted that the ignition
temperature is approximately 475F higher than the maximum bulk cool-

ant temperature and approximately 300F higher than the maximum sur-
face temperature. All systems which contain organic coolant are

designed to conform with the recommendations of the National Bureau of

Fire Underwriters and all electrical equipment which could possibly come

in contact with the coolant is designed in accordance with the National

Electrical Code.
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TABLE 5-1

FLAMMABILITY AND EXPLOSIBILITY
PROPERTIES OF POLYPHENYIS

Para-
Santowax R* Terphenyl Diphenyl

Liquid
Flash point, (F) 375 397 232
Flame point, (F) 460 460 255
Spontaneous ignition temperatur (F) t 993 1004
Temperature limits of flammability
for saturated vapor-air mixtures

Lower (F) 397 232
Upper (F) 6o6 311

Powder t
Ignition temperature of dust cloud (F) 1148
Relative flammability (%)

In furnace at 1292 F 90+
In standard spark apparatus 90+

Minimum energy required for ignition
of dust cloud by electric spark from
condenser discharge (joule) 0.8
Minimum explosive concentration

(oz/ft3 ) 0.035

* M.McEwen, "Organic Coolant Data Book," Monsanto Chemical Company

It Technical Publication, No. AT-l, July 1958 (Supplemented by recent
Atomics International data). "Explosibility Characteristics of
Biphenyl and Para-Terphenyl, " Bureau of Mines, Division of Explosives
Technology, Report No. 3590, April 1957. Liquid sprays of these
materials at temperatures up to 900 F did not ignite spontaneously when
released into the atmosphere whose temperature was about 27 F.
Ignition of these sprays could only be obtained upon the introduction
of an ignition source near the outer fringes of the liquid spray.

Powder was obtained by grinding to pass through a No. 100 U.S.
Standard sieve. "Explosibility of Santowax R Powder," Bureau of
Mines, Division of Technology, Report No. 3538, July 1956.
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The absence of an oxidizing atmosphere within the heat

transfer system eliminates the gas explosion hazard within the piping

systems. A leak from the organic system could produce spontaneous

ignition only if the organic material temperature is high enough. The

spontaneous ignition temperature for paraterphenyl and for diphenyl is
approximately 1000F, which is approximately 325F higher than the tem-

perature of the coolant. This strongly indicates the negligible probabil-

ity of spontaneous ignition of Santowax R which might leak from the heat

transfer systems.

D. HEAT TRANSFER SYSTEM

1. Objective: The basic objective of the heat transfer system

is the transfer of thermal energy from the reactor core to a non-radio-
active steam system which is located in an accessible area external to

the radiation field of the reactor.

2. General Description: The heat transfer system is composed
of three identical heat transfer loops, designed for 150 psig. Each loop
circulates coolant between the reactor vessel and the steam generator,

and is provided with a circulating pump and isolation blocking valves.
The components are connected by 24-inch diameter pipe. Coolant flow
and temperature control instruments are provided. In order to main-
tain good heat transfer characteristics and prevent fuel element fouling,
the flow rate through the reactor must be maintained above minimum
allowable levels at reduced reactor power levels. For this reason a
bypass line is placed around the steam generator to reduce the flow of

coolant to the steam generator without decreasing the flow to the reactor
at low power. Control valves are provided to regulate this flow. Each
heat transfer loop is located in a separate process room, along with its
pump, steam generator and associated instrumentation and piping. The

block valves are located in the process room, as close to the reactor

vessel as possible. All instruments in the heat transfer loops are
remote read-out and all control and normally operated valves are
remotely positioned from the main control board.

3. Component Description:

Reactor: The reactor vessel encloses the core and extends

vertically to the reactor cover which seals the vessel. Coolant inlet and
outlet connections are above the core. Coolant from the three loops

enters the core and flows downward through the annular space to the
lower plenum, then up through the core, absorbing heat from the fuel

elements, and then into the upper plenum, leaving the reactor vessel

through the three outlet connections. The reactor vessel is completely
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filled with organic coolant. Pressure is maintained on the system
hydraulically by the pressurizing pump in the degasifier circuit.

Main Coolant Pumps: The main circulating pumps, shown

in Plate 5-1, are vertical turbine process-type pumps with individual

pump tanks. They are rated at 17, 000 gpm at a total discharge head of

130 feet as shown in Figure 5D-1. The pumps are driven by vertical

solid-shaft 700 hp, 2400-volt, 3-phase, 60-cycle motors. The pumping
unit is constructed of low-carbon steel castings, stainless steel fitted,
and with stainless steel impellers. The pump radial bearings located

in the organic fluid are the hydrostatic type with hard-faced steel
running surfaces, with full pump discharge pressure supplied to the

shaft at the bearing surfaces. This provides equalizing hydraulic
forces on the shaft with essentially no wear, thereby assuring relatively
maintenance-free operation. The pump shaft has a high-temperature
mechanical seal with a water-cooled jacket and includes an external
labyrinth to contain the leakage in the event of total seal failure. The
labyrinth is piped up to a drain and storage system to retain the leaking
organic fluid. The seal arrangement is installed above the pump base to
provide accessibility to the seal without requiring disassembly of the
piping or driver connections.

Main Block Valves: The heat transfer loops are provided
with two 24-inch power -operated block valves at each inlet and outlet
connection to the reactor. The valves are located as close to the shield-
ing as possible, however, they are accessible for normal maintenance

and manual operation. -The valves are instrumented and powered for
automatic quick closing, and have remote operation features. An inter-
lock prevents accidentally closing off more than one loop at any time to
retain emergency convective cooling capability. The valves are con-

structed of cast carbon steel, with chromium iron alloy and nickel
copper alloy trim components, with a backseating feature when in the
full open position. The valves have a plain bonnet and conventional style
stuffing box with high-temperature metallic and semi-metallic packing.
The valves are butt welded to the pipe.

Flow Control Valves: Each heat transfer loop is provided
with a 24-inch gate valve downstream of the steam generator bypass,
and with a 16-inch gate valve and a 12-inch venturi-ball valve in para-
llel in the bypass. These valves are modified to prevent 100% closure
in order that a small stream of coolant will flow through each section of

the loop at all times, thereby maintaining system temperature. The
valves are positioned in response to a flow signal from the main steam

line, thus regulating the flow of coolant through the steam generators in

proportion to turbine plant load. The control gate valves have identical
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features to the main block valves. The venturi-ball valves on the by-
pass lines are constructed of cast carbon steel, with chromium-iron
trim, hard faced with No. 6 Stellite. Plain bonnets and conventional
style stuffing boxes are provided, filled with high temperature metallic
or semi-metallic packing. The valves are direct-welded to the line.

Steam Generator: The steam for the turbine is generated in
three boiler-superheater units, each connected to one of the three pri-
mary organic coolant loops. Except for common feedwater supply
lines and steam headers with unit isolation valves, the steam genera-
tors are in no way interconnected, either on the organic or steam side,
and can be shut down individually for control purposes or maintenance.
The boiler and superheater are conventional horizontal type heat ex-
changers with U-tube bundles to avoid thermal expansion problems of
the tubes. The tube size in both units is 5/8-inch diameter x No. 16
BWG wall thickness. As indicated in Plate 5-2, the superheater is
located above the boiler vessel to maintain down flow of the organic
through the units and to facilitate piping and equipment layout. Under
full-load conditions, the coolant enters the superheater at 675 F and
leaves the boiler at 600 F. The coolant flows through the shell side
of the superheater and the tube side of the boiler. The coolant velocity
through the tubes is approximately 10 feet per second. Coolant pres-
sure drop through the boiler -superheater unit is 25 psi at full flow.

The steam generated in the boiler passes through the mois-
ture separators and steam dryers before entering the superheater.
This moisture separation equipment, in conjunction with the large
steam disengagement area, is capable of maintaining the following
steam conditions under the load change rates indicated:

Total solids carryover not to exceed 1 ppm with a
boiler water concentration of 2000 ppm

Load change rates: 157 min from 10 to 100% load
10% rapid load swing of 10%/sec

from any load level

Each boiler-superheater unit is designed to generate 309, 000
lb/hr steam at 1025 psig, 650 F at the superheater outlet, with an or-
ganic coolant flow rate of 7.18 x 106 lb/hr, and boiler feedwater at
425 F. The steam pressure drop through the steam generator is ap-
proximately 20 psi.
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The overall heat transfer coefficients used for sizing the

boiler and superheater surfaces are 200 Btu/ft2 hr F and 100 Btu/ft 2

hr F respectively, based on heat transfer studies on the coolant, and

applying appropriate fouling factors. The heat exchanging surfaces for

each unit are:

Boiler 16, 000 sq ft
Superheater 7,300 sq ft

The steam generators are completely shop assembled and

are fabricated of low carbon steel throughout, in accordance with the

applicable sections of the ASME codes. Boilers and superheaters are

all wvlded construction to preserve the integrity of the system, and are

pressure and radiograph tested in accordance with Code requirements.

In addition, all sections in contact with the organic coolant are halogen
leak tested. Manholes and hand holes are provided for inspection of

internals.

Flowmeters: Each heat transfer loop is provided with a

flowmeter in the bypass line and in the main circuit upstream of the

reactor. These flowmeters are equipped with four sets of taps for

measuring pressure differential. One set of taps in the bypass meter

provides a signal for flow control and is recorded. Three sets of sig-
nals in both meters are available for the reactor safety circuit. Carbon
steel flow tubes with stainless steel throats are used for the metering

devices and are designed for 400 inches of water maximum pressure

differential. Flanged connections are provided for convenient removal

of individual flowmeter assemblies whenever necessary.

Surge Tank: A 13, 000-gallon carbon-steel horizontal surge

tank is provided to cushion minor pressure surges in the system and to

act as a reservoir of coolant in the event of a very rapid contraction in

volume due to temperature lowering. The tank is positioned in the

piping to the reactor on one loop between the reactor and the block valves.
A manually operated nitrogen supply line is connected to the tank to pro-

vide a gas cushion in the system and regulate the liquid level in the tank.
The tank is connected to the heat transfer loop piping with a loop seal,

and this connecting line is provided with a remote operated valve to
enable isolating this tank from the system.



Piping: The piping on the main circuit in each heat transfer

loop is type ASTM A-106, Grade B carbon steel. The main circuit
and the bypass piping is 3/8-inch wall thickness on all lines 12 inches
diameter and larger. All connecting lines 2 inches through 10 inches

in diameter are schedule 40, and all lines under 2 inches are schedule
80. An all-welded fabrication is employed for the entire heat transfer
system, with the exception of the flowmete r s and the main coolant
pumps. These connections are made up with raised face flanges, using
soft iron gaskets. Adequate flexibility has been designed into the piping
to minimize stresses from thermal expansion. All piping in the heat
transfer system is steam traced and insulated.

Insulation: All straight piping is covered with aluminum jacketed
calcium silicate segmental insulation. All pipes 1-1/2 inches and
smaller in diameter are covered with single layer insulation. All pipes
2 inches and larger which are below 600 F temperature also have single
layer insulation. All pipes 2 inches and larger which are at 600 F or
above are covered with two layer insulation. Flatiges, elbows and
other fittings, six inches and larger, are covered with wedges shaped

sections of sectional insulation, held in place with tie-wires, and the
joints filled with insulating cement. Elbows and fittings 4 inches and
smaller are insulated with insulating cement. An asbestos finishing
cement is applied over the insulated elbows, flanges, and other fittings.
Vessels are insulated with calcium-silicate block insulation. An as-
bestos finishing cement is applied as a finish coat over the insulation.

4. Operation: The heat transfer system is designed for approx-
imately constant flow through the reactor, and variable flow through

the steam generators. At full reactor power, all three loops are in
operation, with the main block valves open and the main coolant pumps
circulating Santowax R from the reactor through the steam generator
and back to the reactor. The control gate valve downstream of the by-
pass line in each loop is in the full open position, and the control gate

valve and venturi-ball valve in the bypass line are closed, with only a
small flow through this line to keep it hot. Under normal operations,
all three loops will be in service, however, it is feasible to maintain
operations at approximately 68% of plant rated power with only two
loops running. The plant should not be operated for extended periods
of time with less than two loops in service, in that the coolant circu-

lation rate to the reactor vessel would be inadequate to prevent fouling.

At reduced power demand, the coolant flow to the steam genera-

tor is reduced proportionately. This is accomplished by opening the
venturi-ball valve in the bypass line and allowing a controlled amount



of coolant to bypass the generator. As power demand decreases, the
coolant flow through the bypass increases. The venturi-ball valve has

ample capacity for the coolant bypassing required for normal opera-
tions. At low power demand, the 16 inch gate valve in the bypass line

is opened in incremental steps and the venturi-ball valve is modulated

to allow more bypassing of coolant. At very low power demand, where

it becomes necessary to bypass large quantities of coolant, it is nec-

essary to reduce the flow to the steam generator by throttling the 24-
inch control gate valve, with the 16-inch bypass gate valve in the full

open position. The plant control system is programmed to give the
above sequence of valve operations. All three loops are modulated in

equal amount under normal operations. The control valves are inter-
locked to prevent accidental closure of all valves in one loop at any
time.

E. AUXILIARY SYSTEMS

1. Purification: The coolant purification system has two func-
tions: the control of the high boiler compound (HBC) content of the
heat transfer system, and the removal of particulate matter from the
coolant make-up streams.

The HBC content of the reactor coolant is controlled to
approximately 30% by weight by processing a stream of coolant from

the reactor through a distillation unit. The rate of processing is de-
termined by the rate of HBC formed by radiolytic and pyrolytic damage

in the reactor. The coolant from the main heat transfer system is

mixed with a side stream of new coolant make-up and the mixture is
heated by a 10 kw heater to 675 F before going to the flash section of

the distillation column. Maintaining the still pressure at 1 psia
causes approximately 68% of the feed to flash to vapor. The remaining
liquid flows down through the lower packed.section to the heated still
bottom to effectively strip most of the coolant from the HBC and par-

ticulate matter. The HBC then flows by gravity from the column into
one of two 1000-gallon purification waste receiver tanks. The tanks
are filled and drained alternately once a day. The HBC is then pumped
by a gear pump to the HBC decay storage tanks in the liquid organic
waste handling system.

Vapors leaving the still flow to the still condenser where

most of the coolant vapors are condensed. The temperature in the

condenser must be high enough to keep the condensed coolant in a

liquid state so a pressurized water cooling system is used which is

maintained at a saturation temperature corresponding to 50 psia. The
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heat is transferred in.a conventional exchanger to the plant service
water. The condensed organic material drains to the 1500-gallon
purification product receiver tank.

Only a small amount of organic is in the vapor stream
leaving the condenser and this concentration is reduced in one of two
full capacity freeze traps. The freeze traps are horizontally-mounted
fin tube condensers with service water flowing through the tubes at the
coolant temperature. The organic material freezes out on the conden-
sing surfaces for a 24 hour period. At the end of this time the alter-
nate trap is placed in service and the fouled trap is taken off stream.
The steam tracing on the body of the trap will heat the unit to melt
the organic material which will then drain to one of the purification
product receiver tanks. One of two 20 gpm coolant make-up pumps
transfers the purified coolant from the purification product receiver
tank to the suction of the coolant pressurizing pumps in the degasifica-
tion system.

The constitution of the noncondensable gases leaving the
freeze traps is water vapor, nitrogen, hydrogen and a small amount
of organic material. The water is removed in the water condenser
before the gases pass through the vacuum pump to the gas handling
system. Vacuum in the stills, condensers, and freeze traps is main-
tained by two 10 scfm rotary vacuum pumps provided in parallel ar-
rangement, with one pump as a spare.

If the system is removed from service for maintenance,
the HBC content of the coolant allowed to increase, particulate matter
may be removed in the degasification system.

2. Degasification and Reactor Pressurization: The purpose of
the degasification and reactor pressurization system is the following:
(1) to remove gaseous decomposition products, which are produced as
a result of the pyrolytic and radiolytic damage to the organic coolant;
(2) to remove water vapor, which may be introduced through minor
leaks in the heat exchangers; (3) to maintain uniform pressure in the
reactor and organic loop heat exchange systems; and (4) to provide a
volume for thermal expansion of the coolant.

The degasification and reactor pressurization system is a
complete circuit originating in the reactor outlet piping and termina-
ting in the reactor inlet piping. The flow of coolant from the degasi-
fier is regulated by manually positioning a flow controller located down-
stream of the pressurizing pumps to the desired flow rate, approximate-
ly 200 gpm. However the flow of coolant to the degasifier, which is
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also the expansion reservoir for the reactor system, is regulated by

the pressure control valve to maintain 36 psia at the reactor core.

When the bulk coolant changes temperature the flow automatically

varies to compensate for the volume change. Under steady state the

flow to and from the degasifier is equal. Two horizontal centrifugal
coolant pressurized pumps are provided, each of which is capable of

delivering the full system of 200 gpm.

The degasifier is a 8, 000 gal horizontal carbon steel tank

fitted with internal spray headers to facilitate diffusion of gases out of

the coolant. The degasifier operates at approximately 4. 5 psia. Va-

pors leaving the degasifier flow to the degasifier condenser where ap-
proximately 97% of the coolant vapor and 9% of the water vapor pre-

sent are condensed. The condensate is returned to the degasifier.

Vapors leaving the degasifier condenser flow to the after condenser
where 94% of the coolant vapor and 2% of water vapor present are
condensed. This condensate is also returned to the degasifier tank.

The coolant medium for the degasifier condenser and after
condenser must be at a temperature which is high enough to prevent

freezing of the organic liquid. A pressurized water cooler system is

used. In this system the cooling water is maintained at a saturation
temperature corresponding to 135 psia for the degasifier condenser
and 135 psia for the after condenser. The heat sink for the pressurized
water coolers is plant service water.

Only a small amount of coolant is in the vapor stream leav-
ing the after condenser and this concentration is further reduced in one
of two freeze traps before the vapor stream enters the waste gas hand-

ling system. The freeze traps are horizontally-mounted fin tube con-
densers. Service water flows through the tubes, flow controlled to

maintain a 150 F vapor outlet temperature. At this temperature, the
coolant freezes out on the condensing surfaces for a 24 hour service
period, at the end of which time the alternate trap is put into service
and the fouled trap taken off stream. The steam tracing on the body

of the fouled trap will heat the unit up sufficiently to melt the coolant,
which will then drain to the degasifier tank. Vacuum in the degasifier

and condensers is maintained by two 10 scfm conventional rotary vacuum

pumps provided in parallel arrangement, with one pump as a spare.

All Santowax R is purified before it is charged to the reac-

tor process system, and because corrosion products are considered

negligible, it is not anticipated that any particulate matter will be pre-
sent in the bulk coolant. However, .in the event particuate matter does

enter the system, facilities are provided in the degasifier circuit for its
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removal. Particles of 5 micron size or larger are removed in a dis-
posable cartridge type filter, positioned upstream of the degasifier
tank. The full degasifier stream flows through this unit continuously.
In the event that fine particulate matter is also present, a portion of
the degasifier stream is processed through a solid bowl centrifuge.
The solids which collect in the bowl are removed by backwashing.
This centrifuging operation is conducted intermittently.

Degasification may also be performed in the purification
still, though not as efficiently as in the degasifier, and pressurization
can also be accomplished at the surge tank liquid surface. Thus the
degasification circuit may be temporarily shut down for repair without
shutting down the reactor.

3. Decay Heat Removal, Shutdown and Emergency Cooling: A
major requirement for the plant is the continuous and safe removal of
decay heat from the reactor after shutdown, under normal operations
and for emergency conditions. This is provided by using the steam
generators in the heat transfer system.

The heat removal rate required is a function of time, and is
shown by the decay heat curve in Figure 5E -1. For a normal plant
shutdown, with electric power available, the decay heat is removed
from the reactor by continuing the circulation of coolant through the
heat transfer system. The steam generated as a result of this is
dumped into the turbine condenser through the turbine bypass system.

For emergency conditions, such as a total loss of electric
power which would make the main coolant pumps and the condenser
circulating water pumps inoperable, the decay heat is removed from
the reactor by natural convection flow through the heat transfer system.
This is provided for in the design of the system, by locating the ther-
mal center of the steam generators at a suitably higher elevation than
the thermal center of the reactor core. However, to assist the removal
of sensible heat from the core during the period of normal flow decay,
a pony motor on the main pumps, drawing current from the critical

power bus, provides additional flow capacity for 2 minutes. With the
arrangement shown on Plate 174 approximately 2. 7%/ of the reactor
thermal load can be removed with only one loop in operation, based on
675 F reactor outlet and 600 F reactor inlet temperature. This heat

removal rate can be increased by reducing the steam generator pres-

sure, which would result in lowering thte reactor inlet temperature.

As heat is removed from the coolant in the steam generators,

a portion of the steam thus produced is used to operate one of two small
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auxiliary steam-turbine-driven boiler feedwater pumps, which take

suction from one 50, 000 gallon condensate storage tank. This pro-

vides approximately 10 hours of feedwater supply. Safety features

for an extended period of time beyond this are discussed in Section

X - Safety. Steam produced in excess of the requirements of the

turbines is exhausted to the atmosphere through pressure controlled

relief valves.

4. Coolant Drains, Vents and Fill: Process drains are pro-
vided for all equipment and piping containing organic coolant except
the reactor. A system of drain headers connected to the low points
of the coolant lines and relief headers drain directly into two 20, 000
gal drain tanks which are located in separate cells. The reactor can

be drained by gravity only down to the level of the block valves in the
coolant return line insuring that the reactor core cannot be drained
inadvertently. The lower part of the reactor can be emptied only by
pressurized transfer.

The drain tanks are sized to contain the total capacity of 2
coolant loops in either tank, or 37, 000 gals from the reactor in two
tanks. If the reactor is drained, the organic liquid in the coolant
loops will be retained in the loops. Organic is transferred from the
drain tanks by two 100 gpm centrifugal pumps, one in each drain tank
cell. The manifolded discharge from the drain tank pumps flows
through a 50 micron disposable cartridge filter to either the reactor
coolant system or the purification system for processing. The auxil-
iary systems drain to-appropriate tanks where the organic liquid may
be held up or transferred to the drain tank by gas pressurization or
existing pumping facilities.

The high points of the organic coolant system are vented to
the top of the reactor drain tanks. The drain tanks are in turn vented
to the relief system condenser. The organic heat transfer system can
be filled by transfer from the reactor drain tanks, .the degasifier tank
or the purification system product receiver tanks. Prior to filling,
the system is thoroughly purged with nitrogen gas. All vent, drain,
relief and fill lines are insulated and steam traced.

5. Pressure Relief: A pressure relief system is provided to
protect against overpressure in any part of the process systems. All

equipment and associated piping are protected by relief valves or rup-

ture discs in accordance with the ASME and ASA Code. The relieving
devices are installed on all equipment which could be subjected to over-

pressure due to an operational error or equipment failure. Most

important of the relieving systems are those on the main heat transfer
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loops. A bank of balanced relief .valves on each loop is sized to relieve
the complete flow of coolant caused by flashing water which would enter
the loop if one steam generator tube should completely rupture below the
water level. These relief valves are piped to a relief header running
to the reactor drain tanks which in turn are vented to a relief condenser.

Two power actuated relief valves are provided on the steam
side of each steam generator and are tripped by a rise in main heat
transfer loop pressure. This will reduce the differential pressure
between the steam system and the heat transfer system thus reducing
flow. These valves are set to close if the pressure in the organic
coolant system approaches that in the boiler. A power actuated shut-off
valve is provided on the feedwater to each steam generator which will
also trip on high coolant loop pressure This will limit the supply of
water available during a tube rupture. One 6" x 8" pressure relief
valve is provided on the reactor coolant header inside the block valves
to provide for pressure relief if the reactor should become blocked in.
Vapors and gases from the reactor drain tanks are condensed or
scrubbed in the 13, 000 gal relief system contact condenser and associa-
ted scrubber. If a large volume of noncondensible gas such as purge
nitrogen is vented to the relief system, it is normally discharged through
a monitored line to the stack.

6. Nitrogen System: The purposes of the nitrogen system are
to provide a pressurized inert cover gas in the reactor surge tank, to
provide an inert gas for transferring organic liquids from tanks by gas
pressure, to provide an inert atmosphere in tanks containing organic

coolant or its vapors to minimize the fire or explosion hazard, and to
supply an inert gas for purging the heat transfer system.

The system consists of one bulk gas unit connected to a
main header maintained at supply tank pressure. Control valves connec-
ted. to this main header supply a surge tank with nitrogen at approximate-
ly 60 psig. A relief valve is provided on the tank to protect the equip-
ment and piping system downstream. Small pressure control valves
provide the nitrogen at approximately 45 psig as required at each unit.
The nitrogen supply consists of two bulk gas units, each having a capac-
ity of 10, 000 scf at approximately 2, 400 psig. The surge tank has a

volume of 75 cu. ft. Two bulk gas units are connected in parallel to a

single main header maintained at tank pressure. One unit is used at a
time. When the pressure in this unit. falls to a preset minimum, the

supply is automatically s\vitched to the ull alternate unit. A low
pres. ure alarm siena is that a unit is empt7.



7. New Coolant Storage and Handling: The amount of decompo-
sition products generated daily in the plant is approximately 6400
lb/day. Facilities must be provided to continuously supply an equal
quantity of new coolant makeup. Shipments of Santowax R will be
received in tank trucks or tank cars. A steam connection is provided
for heating the carrier's tank and an air connection is provided for
pressurized transfer. Two 15, 000 gal storage tanks for new coolant
are provided. The tanks are insulated and heated with plate steam coils.
New coolant is introduced into the feed stream to the purification system
by a manually set controlled volume pump. Feed rate is adjusted to
make up for the decomposition products 'removed from the heat transfer
system.

8. Preheating: Santowax R has an upper melting point of
approximately 300F. Therefore all organic coolant piping and equipment
in the process systems must be initially preheated before the coolant is
charged. In tankage and intermittently-circulated lines which are not
heated by process requirements, heat has to be continuously supplied
to keep the organic coolant in a liquid state. Finally, in the event of
shutdown or temporarily restricted flow in all parts of the process

system, except the reactor, heat will also have to be supplied. The
heat required to keep organic coolant fluid in these lines and equipment
is supplied from the 200 psig steam system which is always in operation.
This system will serve to preheat all lines and equipment except the
reactor and steam generating equipment. The steam generating equip-
ment will be preheated by circulating hot pressurized water through the
equipment on the steam side. The 200 psig steam system heats the
water in an exchanger and an auxiliary pump is used for circulation.
The reactor is preheated initially by circulating hot air at 500F through
temporary ducting. An electric heater and blower are used. Thermo-
couples are provided at various points throughout the system to check
the preheat temperatures.

When the system is preheated to approximately 350F, molten
>Ao ant which has been purified in the distillation s section is charged to

the system. When the reactor and one cociaint ocm are Fi' ed the circus -

lating pump in the loop is started and the energy dissipated from pump-

ing serves to further preheat the system. The. remaining two coolant

loops are filled and the entire system circulated.

9. Reactor Services: The purpose of the reactor service

facilities are: to provide adequate cooling for the concrete biological

shielding around the reactor; to provide adequate cooling of the spent
fuel storage pit; to remove the coolant from the reactor fuel elements
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when they are transferred from the reactor to the spent fuel storage pit
without contaminating the coolant in the reactor with water; and to purify
the isopropyl diphenyl solvent used as a washing medium while trans-

ferring fuel.

Biological Shield Cooling: The shield cooling load, both sen-
sible and gamma, is estimated to be approximately 200, 000 Btu/hr.
This heat with no external cooling would result in raising the concrete
temperature excessively, thereby setting up high internal stresses and
causing the concrete to crack. It is desirable to keep the concrete
temperature below, 175 F and therefore a temperature of 150 F was
taken as a design maximum. Cooling is accomplished by embedding
cooling coils relatively near the inner face of the concrete shield as
required. An annular header around the bottom of the reactor outside
the biological shielding supplies cooling water to 50 vertical cooling
circuits. An annular return header at the top of the reactor collects
the water from the coils. An additional cooling water header supplies
water to 20 horizontal circuits around the reactor-with each circuit
making 2 complete revolutions. These coils are located in the core
area to facilitate removal of gamma heat. Temperature indication on
each circuit permits control of the system and indicates plugged cir-
cuits.

The river water used for cooling is filtered through a self-
cleaning filter so that solids over 0. 005" will be rejected. A bypass
around the filter through a duplex basket strainer with 80 mesh screens
is provided to clean the water during filter shutdown. The neutron flux
will not activate the filtered river water to any significant extent. Water
velocities are maintained in the cooling circuits so that any silt which
may pass through the filter or strainer will not settle out. The effluent
water is discharged to the river after mixing with the main condenser
circulating water effluent.

Spent Fuel Storage Pit Cooling: Spent fuel is stored in
water in a 115, 000 gal concrete pit. When spent fuel is transferred to
the pit, heat is given off and organic and radioactive materials are in-
troduced. To cool the pit and remove the extraneous materials, an
overflow stream is circulated through a closed loop back to the pit by
two 150 gpm pumps. Two parallel shell and tube heat exchangers are
provided in the circuit, either one of which will remove 1. 5 million
Btu/hr, which is the heating load from one-third core removal. The
heating load of 3 million Btu/hr from a full core removal 30 days after
unloading 1 /3 of a previous core can be cooled by the two exchangers.
Light liquid organic material and heavy inorganic particulate matter are
removed in a bypass stream by a centrifuge. Light organic material
from the centrifuge is transferred to the fuel wash system and heavy
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inorganic matter is collected in the centrifuge bowl. The bowl is cleaned

periodically and the contents placed in a shielded container for disposal.

Service water to make up for the pit evaporation is fed continuously

through a diatomaceous earth filter to the fuel storage pit surge tank.

When the activity of the pit reaches a predetermined .level it is purged

by introducing service water and discharging effluent to the river in the

main condenser coolant stream. A diatomaceous earth filter, slurry
mixing tank and slurry injection pump are furnished to filter the service

water. If the radioactivity is excessive, the effluent is held up in two

100, 000 gal emergency storage tanks until activity is reduced to a safe

level.

Fuel Wash System: During plant refueling, the fuel elements

are washed in the fuel handling system transfer tube using a circulating
stream of isopropyl diphenyl (IPD) as solvent for the Santowax R. Sol-
vent is circulated from the 15, 000 gal distillate tank through the transfer
tube and is discharged to the 15, 000 gal solvent tank. When approximate-
ly 10, 000 gals of used solvent are collected in the solvent tank, this

material is charged to the IPD distillation reboiler. Fuel washing opera-
tions are continued in the normal manner and the used solvent is cleaned

in the distillation unit by batch fractionation. The fuel wash still is
charged through the reboiler where it is heated with 200 psig steam.

The fuel wash still consists of 2 sections of packed columns in series
with a 20 gpm pump returning the bottoms from the second section to the

top of the first section. The IPD vapor from the top of the second column

is condensed in a water cooled shell and tube condenser. Part of the

stream is returned to the top of the still as reflux and the remainder
gravitates to the 10, 000 gal product receiver tank. Water vapor is

exhausted through the steam vapor ejector to the stack. Periodically,

the contents of the product receiver tank are transferred to the fuel wash

distillate tank by a 150 gpm pump. Organic coolant collected in the still
reboiler is drained to the 4, 000 gal waste receiver tank. A 20 gpm

pump is provided to transfer organic coolant to the drain header. The
sysan provides ample solvent storage and distillation capacity so that

relatively clean solvent will be available for a complete core removal.

10. Waste Gas Handling: The waste gas handling system sepa-

rates the important radioactive fission product gases from the non-radio-

active waste gas for storage and final disposal. Hydrogen is generated
by the polymerization of the organic coolant at about 200 scfh. Until the
plant experiences ruptured fuel elements the waste gas stream from the

degasifier and purification still is essentially this hydrogen. However,
with small breaks in the fuel cladding fission product gases are released

to the reactor organic coolant and the gas streams will contain small
quantities of the radioactive isotopes of xenon and krypton, with minor
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quantities of bromine and iodine, in addition to large quantities of non-
radioactive nitrogen and hydrogen. The stream is monitored continu-

ously for radioactivity concentration. The radiation controller allows

the gas to flow to the stack while the activity is low enough to permit

mixing the gas stream with the building ventilation system so that the
air discharge at the top of the 300' ventilation stack is below the MPG

for unidentified isotopes. When the radiation content approaches the

limiting value the stream is diverted to the waste gas handling system

to separate the xenon, krypton, and organic vapor from the hydrogen in

order to reduce the required storage volume.

When the gas stream is diverted to the waste gas handling

system, hydrogen, contaminated with radioactive xenon and krypton,

flows up the packed absorption column and is contacted by Amsco sol-

vent. This material is a specific absorber for the xenon and krypton

removing them from the hydrogen carrier gas. Two absorption columns

are provided in series for complete removal of the xenon and krypton.

The cleansed hydrogen can now be sent directly to the stack. The con-

taminated Amsco solvent is removed from the absorption columns by

the 5 gpm rotary gear stripper feed pump. This stream is divided,
allowing 0. 5 gpm to be pumped to the steam stripper and 4. 5 gpm to be

pumped back to the top of the absorption columns.

The stripping operation releases the noble gases from the

Amsco solvent in a packed steam stripping column by raising the temper-

ature of the Amsco solvent. The heat for the stripping column is sup-
plied by 25 psia steam generated in a conventional steam to water re-

boiler and circulating in a closed system to contact the Amsco. The
reboiler is used to protect against contaminating the plant steam. The
decontaminated Amsco is cooled in the absorber heat exchanger by plant
cooling water and returned to the top of the absorption column by the

0. 5 gpm rotary gear absorber feed pump. The xenon and krypton are
separated from the steam in the shell and tube steam stripper conden-
ser. The gas flows to the 25 cu ft compressor suction tank, and the

water flows by gravity back to the steam reboiler. The suction tank

operated below atmospheric pressure to protect against gas leakage out
of the system. The 0. 5 scfm canned rotary compressor starts when the
pressure in the suction tank reaches 15 psia, and pumps the gas to one
of the three decay tanks until the suction tank pressure is reduced to
10 psia.

The high pressure alarm in the decay tank informs the opera-

tor when to switch tanks. When the xenon and krypton activity decays to
an acceptable level, the gas is released from the tank to the ventilation

stack through two banks of absolute filters which remove any particulate

matter. Three decay tanks are required: one for decay, one filling, and

one being released. The are designed to the ASME Boiler Code for vessels

containing lethal gas.
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11. Liquid Organic Waste Disposal: The liquid organic waste

disposal system is designed to dispose of the high boiler compound

(HBC) collected in the purification system. The polymerization of the

organic coolant generates approximately 275 lb/hr of HBC. OMRE

operating data shows that the iodine and bromine isotopes combine with

the HBC and the coolant. The energy available from the heat of combus-

tion of HBC amounts to 17, 000 Btu/hr and is utilized in generating steam.

The radioactive fission product gases that are chemically combined with

the HBC and the radioactive particulate fission products require removal

by decay and mechanical separation.

Prior to burning, the HBC is transferred from the purifica-

tion HBC receiver tanks to one of four 30, 000 gal HBC decay tanks

which are shielded by concrete walls. After 106 days storage, the

iodine and bromine isotopes and daughter products decay to a level of

activity which permits further processing. Steam coils are provided to

reheat the HBC prior to disposal. From the decay tank, a transfer

pump feeds the HBC through a filter designed to remove particulate

matter of size greater than 5 microns. A second transfer pump serves

as a spare, and an alternate filter installed in parallel to the first is

provided to permit continuous operation of HBC filtration when replacing

caked filter cartridge. Filtered HBC then flows to a centrifuge where

particulate matter of 5 micron size arid smaller is removed. The cen-

trifuge discharges the clarified HBC into one of two 1, 200 gal day tanks.

Two auxiliary boilers are provided to burn the HBC and are

also equipped for firing on diesel oil. Each boiler will produce 4, 000

lb/hr of steam at 200 psig and is of the induced draft type. Under nor-

mal conditions only one boiler is in service. The steam produced sup-

plies the normal requirements for distilled water makeup for the plant.

Leakage of radioactive gases into the boiler room is prevented by the

negr.tive pressure maintained in the combustion chamber by means of

the induced draft fan.

From the day tank, a 1 gpm gear pump feeds the HBC

through a' 10 kw circulation type electric heater where its temperature

is raised to 550 F before entering the boiler combustion system. The

combustion gases are drawn through a prefilter and a remotely replace-

able Argon type absolute filter by.the induced draft fan before being

exhausted to atmosphere through the ventilation stack. When the pres-

sure drop across the filters reaches an allowable maximum, the contan-

inated filter element is replaced.

To provide process steam and makeup water for plant startup

and demands in excess of normal requirements, firing of the boilers by

diesel oil is provided. A fuel oil pump supplies diesel oil to the burners
from 10, 000 gal diesel oil storage tank located in the plant yard adjacent

to the reactor auxiliary building.
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12. Aqueous Waste Disposal System: The purpose of the aque-
ous waste disposal system is to prevent the uncontrolled discharge of

contaminated water from the plant. The only continuous services of
aqueous waste are from the water condensers in the degasification and

purification systems. Other aqueous waste is generated batchwise from
the relief system condensers and the gas scrubber. The continuous
waste is approximately 2 gals per hour and contains trace quantities of
iodine and bromine, plus negligible quantities of particulate matter and
organic. The spent fuel storage pool contains approximately 115, 000
gals of water with similar contamination. The relief system condenser
and gas scrubber contain approximately 13, 000 gals of similarly con-
taminated water.

The aqueous waste generated from the degasification and
purification systems is collected in two 20, 000 gal radioactivity decay
storage tanks and monitored by periodic sampling. When the activity
decreases to an acceptable level the contents are discharged by a 225
gpm pump to the condenser effluent stream for disposal to the river.

Since the contamination consists of isotopes of iodine and bromine,

sufficient storage is provided for a decontamination factor of approxi-
mately 105, which is storage for approximately 150 days. The 20, 000
gal tank is ample for this requirement. An additional storage tank of
similar capacity is provided for disposal of the relief system condenser
and gas scrubber contents. When these two units become excessively
contaminated and have their effectiveness reduced, the contents are
transferred to one of the 20, 000 gal storage tanks for decay. The length
of time required for decay and the rate of discharge is determined by

sampling the contaminated water.

13. Solid Waste Disposal: These facilities provide a means for
the safe handling of solid radioactive waste. Solid radioactive wastes
such as, contaminated clothing, equipment, filter pads and small quan-
tities of very high level liquids are transported to the disposal area for
temporary storage and accumulation. Temporary inexpensive shielding

is provided with portable concrete blocks or dirt in a diked and fenced

area,

Waste materials are prepared for final off site disposal

according to the quantity of material accumulated so that economical

packages may be prepared. Items which may be compressed, such as

clothing, filter pads, glassware, etc. , are placed in the baler to reduce

the bulk volume and placed in water-tight containers. Large non-com-

pressible items are bagged or wrapped as required. Aqueous and
organic wastes that must be disposed of by packaging are either mixed



with cement or absorbed by a suitable absorbent to form a solid. Ordin-

ary concrete is poured around the items, if needed, to shield and reduce

the radiation level below the values required for transportation by
common carriers.

14. Decontamination Facilities: The decontamination room

provides an area in which contact decontamination can be performed on
large or small components with safety to the operating personnel, plant
and public. The specially designed room is equipped with ventilation

safeguards, fire protection, and radiation monitoring which permit the

operation of equipment designed to manually decontaminate the surfaces
of reactor plant equipment without endangering operating personnel, the
plant or the public. Therefore, only parts having an activity level less
than about 50 mr/hr may be handled. The decontamination is performed
with conventional apparatus such as an ultrasonic cleaner for.small
parts, a steam cabinet and exhaust hood for larger parts. All effluents

are held up and monitored before release.

F. AUXILIARY SERVICES

1. Heating, Ventilating and Air Conditioning: The reactor
building and the reactor auxiliary building are supplied with filtered air
from ventilation supply fans and distributing ductwork systems. The
direction of all air movement within the area is controlled by regulating

the air flow into and out of individual rooms. By maintaining pressure
differentials between individual rooms, all formed, air-borne particu-
late moves in a general direction from areas of lesser to areas of
greater contamination potential. The system is described in detail in
Section 8.

2. Fire Protection: The fire protection system described in

Section 8 provides water for fireprotection where required. Hydrants,

hope houses, hose racks, sprinkler systems, and manually operated

fire extinguishers are provided throughout the area and a high pressure

carbon dioxide system is also provided.

3. Emergency Power: An emergency power distribution sys-

tern is provided to supply electrical energy for auxiliaries essential for
safe shutdown of the plant. A detailed description of emergency power

system is described under Section 9.

5-22



Emergency power is supplied by automatically started diesel
generators connected to the emergency bus. Certain critical auxiliaries
that require shut-down power are supplied from the station batteries
during the short time necessary for the diesel generator to start and to
come up to speed. Other essential auxiliaries that require non-interrup-
tible power are supplied from the station batteries through motor -
generator sets. Loads served by the critical service bus are motorized
valves, control rod drives, critical process instruments, and primary
coolant torque pumps. Loads served from the emergency bus are
cooling water pumps, emergency-service water pumps, and fuel element
cooling water pumps.
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SECTION VI

TURBINE-GENERATOR PLANT

A. SCOPE

In this section, the study covers the main factors which ade-

quately describe the electric power generating portion of the concep-
tual plant, keyed to the turbine -generator unit. Each of the many sys -
tems auxiliary to the turbine are described, including the condenser
and circulating water system, the condensate system with its feedwater
heaters and pumps, and the various cooling service systems.

B. SUMMARY

Non-radioactive superheated steam at 1000 psig and 650 F drives
a 75 emw (nameplate rating) tandem-compound double-flow turbine-
generator unit which is mounted on a concrete pedestal. The gross
and net outputs of the turbine -generator plant with 57 F river water
and a condenser pressure of 1 -1 /2" Hg absolute are approximately
79. 5 emw and 75. 3 emw respectively. Exhaust steam from the tur-
bine flows into a single-pass divided water box condenser located be-
low the turbine. River water is used to condense the steam which is
reused in the system. The condensate is pumped through low pressure
extraction steam heaters and a deaerating heater to increase its tem-
perature. Boiler feed pumps taking suction from the deaerator force
the feedwater through high pressure feedwater heaters and into the
steam generators at a pressure of 1035 psig and 425 F where it is
again converted to steam, thus completing the cycle.

Plant auxiliary equipment requiring heat removal is served by
one of two systems. In the service water system, chlorinated river
water is circulated through the generator hydrogen coolers, turbine
lubricating oil coolers, and heat exchangers for other separate closed
loop systems. Buffered condensate is circulated through the cooling
water system to the air compressors, air dryer and heat exchangers
for which river water is not suitable. This cooling water circulates
in a closed system losing its heat to the river through a heat exchanger
on the service water system.

C. TURBINE-GENERA TOR

1. Steam Cycle: Steam is generated in the three boilers at a
combined normal rate of 882, 000 lbs /hr and subsequently super-
heated. It enters the turbine at a pressure of 1000 psig and a
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temperature of 650 FTT. Exhausting to the condenser at an absolute
pressure of 1. 5" Hg, a turbine-generator cycle heat rate of approxi-

mately 9822 Btu/kwh is obtained. This operating condition includes

steam extraction for feedwater heating to 425 F as well as the internal

generator losses. The details of this cycle are shown in the Heat
Balance on Plate 6-1.

2. Main Steam Supply: The superheater outlet of each of the

three steam generators is connected to an 8" pipe, which connects to
a 12" schedule 80 main steam line. The main steam line is connected
to the emergency stop valves which admit steam to the turbine control
valves. The piping is carbon steel ASTM A -106 Gr B, and all connec -
tions are made by welding. Constant support hangers together with the
inherent flexibility of the piping prevent thermal expansion stresses
from exceeding conservative limits both in the pipe and at the connec-

tions to the equipment. Provisions are made for manually bypassing
the turbine and admitting up to 20% of the rated steam flow directly to
the condenser during start-up and low load operation.

3. Turbine: The turbine -generator is of the 3600 rpm tandem-
compound double-flow type with a nameplate rating of 75, 000 kw at
3. 5" Hg and 3% makeup. It is expected to produce approximately
79,481 kw gross at 1. 5" Hg absolute back pressure and 1/2% makeup.
The unit is mounted on a concrete pedestal. Steam for feedwater heat-
ing is extracted at five pressure stages, four of which incorporate pro-
visions for partial moisture removal.

4. Turbine Auxiliaries: The turbine spindle is sealed against
both steam leakage to atmosphere and air-in-leaks by means of a bal-
anced system mainly composed of a steam seal regulator and a gland
steam condenser with two exhausters.

The turbine hydraulic control system and the bearings are
normally supplied by a shaft driven oil pump This pump is automatic -
ally backed up by a full capacity a-c motor driven pump. Furthermore,
an a -c and a d -c motor driven bearing oil pump are provided to supply
the bearings while the unit is on turning gear. Two duplicate oil cool-
ers are installed. The oil piping'is completely welded. A vapor ex-
tractor produces a slightly sub-atmospheric pressure in both the oil
reservoir and front standard thus removing oil fumes and traces of

dissolved hydrogen.

The exhaust end is protected against overpressure by means
of rupture diaphragms.
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5. Generator: The generator is of the totally enclosed, non-
salient pole type, and rated 96, 000 kva, 0. 85 pf, 0. 64 short-circuit

ratio and generates at 13, 800 volts, wye connected. Cooling is ac -

complished by hydrogen at 30 psig which is forced through the genera-

tor by means of an axial-flow compressor mounted on the generator
shaft. Field excitation is 250 kw at 375 volts. Incorporated in the
stator are admiralty fin-tube coolers sized to cool the hydrogen at
rated load utilizing water from the service water system.

6. Generator Auxiliaries:

Hydrogen System: During periods of reduced load the hydro-
gen pressure can be reduced by means of regulating devices. Also in-
cluded is a CO2 scavenging arrangement and hydrogen purity controls.

Seal Oil System: The hydrogen seals at both ends of the gen-
erator shaft are of the double flow type and are supplied from the seal
oil system; a-c and d-c motor driven pumps and a seal oil cooler are
included in this system.

Temperature Detection System: Resistance temperature
detectors embedded in the windings signal high temperature.

Excitation System: Two full capacity self ventilated exciters
are provided each rated at 250 kw at 375 volts. The main exciter is
direct connected through a reduction gear to the main generator shaft.
The spare exciter is driven by a 2400 volt motor.

D. MAIN CONDENSER SYSTEM

1. Main Condenser: A single pass condenser with divided water
box, using screened river water, is provided to condense the exhaust
steam from the turbine while operating at full capability. Its design
performance is tabulated below:

Steam flow 524,420 lbs/hr
Total heat rejection 486 x 106 Btu/hr
Absolute pressure 1.5" Hg
Inlet water temperature 57 F
Cleanliness factor 85%
Velocity in tubes 7. 0 ft/sec (max.)

A hotwell is provided with capacity for one minute storage
and is designed for an effluent of 0. 03 cc per liter of dissolved oxygen
content. The hotwell is connected to a large capacity condensate
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storage tank through a level controlled valve to accommodate surges.

The condenser is rigidly supported and is connected to the

turbine exhaust flanges by means of suitable expansion joints. Stand-
ard construction materials are used including carbon steel shell and

tube support plates and water boxes. Tubes are 7/8" OD 18 BWG

Admiralty metal rolled into muntz metal tube sheets. Design of the

condenser includes provisions in the condenser neck for the installa-

tion of the lowest stage feedwater heater.

2. Condenser Auxiliaries: A single twin-element, two-stage,
steam-jet air ejector with surface type inter- and after-condenser is
provided for normal operation. Steam is supplied to the air ejector at
the required pressure through one fixed orifice per element. Conden-

sate is used to provide cooling to the inter- and after -condensers.

A steam-jet hogging ejector, operating on steam from the

main steam line is provided for evacuating the steam spaces during
startup.

3. Circulating Water System: Cooling water for the main con-
denser is drawn from the river through an intake structure located

2500 feet from the south boundary of the property. A floating log boom
is located across the front of the intake structure to ward off floating
debris and small boat traffic. At the intake structure the water passes
through bar trash racks and traveling screens for removal of debris
and is then pumped through two 42 inch I. D. reinforced concrete pipes
to the condenser. Cooling water discharged from the condenser is car-
ried in a single 60 inch I. D. reinforced concrete pipe to a discharge
canal. Timer operated chlorination equipment is provided for control
of marine growth.

Intake Structure: The intake structure consists of three
compartments: two compartments each have a sloping bar rack, a

traveling water screen, and a circulating water pump, the third has
two service water pumps, one emergency service water pump, a fire
pump, and two screen wash pumps. Top of intake structure is at ele-

vation 982 feet and floor is at elevation 951'-6". Pump located in the
rear portion of the structure are housed over with a light steel frame

building. A small adjoining two-cell unit on the south side of the in-
take structure houses the screen refuse pump and wet well.

Trash Rack Cleaners: The stationary trash racks located
at the face of the intake structure are cleaned with a trash rack rake.
This rake is mounted on rails and moves back and forth from rack to
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rack when in operation. The trash rack rake is designed to grapple
trash such as oil drums and large branches. The rake will dump this
trash into a rubbish cart that can be hauled to a disposal area.

Traveling Screens: Two vertical traveling screens are pro-
vided, each 10 feet wide, with front wash and individual two speed
drives in an enclosed head housing. The screen design is such that
the water velocity through the screen will not exceed 2. 0 ft/sec at
lowest water level with both screens in service. The screen drives
have provision for manual-automatic starting, the latter being actuated
from differential level across the screen. One weatherproof control
panel is provided for the screens.

Screen Wash Pumps. Two vertical, submerged type screen
wash pumps are provided, each capable of washing two screens simul-
taneously with water at approximately 100 psig pressure. A take-off
connection to the fire system permits these pumps to act as standby
fire pumps. A twin basket strainer is provided in each pump discharge.
The traveling screen selected for service is started either automatic -
ally by the screen differential control or manually. Lack of pressure
in the wash header, after starting has been initiated, is annunciated
in the control room indicating that the other screen wash pump should
be started. The wash water is carried in a concrete trough to the
refuse pit. Control interlocks prevent the traveling screens from
operating unless screen wash water is being supplied to the screen
wash spray nozzles.

Chlorinators: A small chlorination room is provided just
south of the intake structure and east of the screen refuse sump.
Chlorinators will introduce metered quantities of chlorine to the water
supplied to the circulating water pumps and to the house service pumps
to restrict algae growth.

Sluice Gates and Stop Logs: Two control gates are installed
in the intake structure to allow dewatering of any water compartment
without shutting off the flow to the other two compartments. Gate posi-
tions are controlled by manual operation of the handwheel. Provision
is made for installing stop logs between traveling screen and trash
rack.

Circulating Water Pumps: Two half-capacity, 200 hp motor
driven vertical mixed flow circulating water pumps are provided with
one in each main bay. Each pump is rated at 31, 000 gpm at 18 feet of
head.
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Piping: Each circulating water pump is equipped with a 42-

inch motor-operated butterfly valve at the discharge nozzle. The valve

is electrically interlocked with the pump motor so that it opens when

the motor starts and closes when motor stops, thus it serves as both a

check valve and a shut-off valve. The discharge piping is anchored at

the back wall of the intake structure immediately downstream from the

expansion joint. Two 42-inch ID concrete pipes carry circulating
water to the turbine-generator room.

Two 42-inch. ID condenser circulating water lines discharge
into the seal well, located immediately to the south of the turbine-

generator room. A weir is provided in the seal well to assure full

vacuum recovery during periods of low river level. From the seal
well, the discharge circulating water passes through a 60-inch ID
concrete line 175' long and thence into the discharge canal.

Discharge Canal: A 400 foot discharge canal receiving ef-
fluent from the 60-inch discharge line headworks releases warmed cir-

culating water 500 feet downstream from the intake structure. The
discharge canal has a bottom width of 7 feet with side slopes in rock

of 1:4 and side slopes in soil of 1 -1 /2:1. A fence is provided near the
mouth of the channel to prevent trespass by persons in small boats.

E. CONDENSATE AND FEEDWATER SYSTEMS

Condensate is removed from the main condenser, pumped
through the air ejector inter- and after-condenser, gland seal con-
denser, two closed feedwater heaters and one deaerating heater to the

boiler feed pumps. Flow from the boiler feed pumps is through two
closed feedwater heaters to the three steam generators. Separate
feedwater regulating equipment is used on each steam generator. A
storage tank is provided for condensate makeup and surge require-

ments.

1. Feedwater Heaters: One low pressure feedwater heater of

the two pass, U-tube type with integral drain cooler is located in the
condenser neck for the first stage of feedwater heating. There is one
feedwater heater of the shell and tube type, horizontally mounted, with
removable U-tube bundle and integral drain cooler for the second stage

of feedwater heating. The third stage heater is a tray type deaerator
provided with three minutes storage below normal water level for pro-
tection of boiler feed pump suction. Both high pressure stages of
feedwater heaters incorporate a single shell and tube type unit, hori-
zontally mounted, with removable U-tube bundle and integral drain

cooler.
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Level in each feedwater heater shell is controlled by regu-
lating the drain flow out of the heater. Sub-cooled drains from the
higher pressure heaters will cascade to the lower pressure heaters
through the normal level control valves. Sub-cooled drains from the
first stage heater are introduced to the condenser at an elevation suf-
ficiently above the hotwell to permit adequate deaeration. A second
control valve on each heater opens on high level in the heater to bypass
all or part of the heater drains directly to the condenser hotwell. High
level alarms in each of the feedwater heaters will annunciate high level
of the drains. Deaerator water level is maintained by control of con-
densate flow. Abnormally high water level will be signalled by an alarm.

Turbine extraction non-return valves are furnishe d in the
steam extraction lines to three closed and one open heater. Closing
of these valves will be initiated by the turbine overspeed trip or by the
high level switch on the appropriate heater. A non-return valve is not
required on the extraction line to the low pressure heaters in the con-
denser neck due to its short length, but high water level alarms are
provided. Heater shell vents will be run directly to the condenser.

To maintain pressure in the deaerating heater above atmos-
pheric pressure during low loads on the turbine-generator, steam is
supplied automatically from an auxiliary steam line through a pres -
sure reducing valve.

Feedwater heaters design performance is shown in Table
6-1. The 2. 6 F temperature rise between heaters #3 and #4 repre-
sents heat added by the boiler feed pump.

2. Condensate Pumps: Two full capacity, vertical, multi-
stage centrifugal pumps are provided to pump the condensate from the
hotwell to the condensate system. The combined capacity of each pump
is adequate to provide approximately 115% of the condensate flow re-
quired at full capability of the turbine-generator with all five stages of
feedwater heating in service. The pumps are designed to operate
against a total head of 380 feet while pumping 1550 gpm of 91. 7 F con-
densate when operating at rated voltage and frequency.

The pumps are driven by vertical, drip-proof solid shaft
induction motors with standard NEMA rating.

3. Boiler Feed Pumps: Two full capacity feed pumps, taking
suction from the deaerating heater, discharge feedwater to each steam
generator through the fourth and fifth stage heaters and a common head-
er. The rating of each pump is 2100 gpm at 3000 feet TDH with suction
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TABLE 6-1

FEEDWATER HEATER DESIGN PERFORMANCE

Heating Stage No.

No. of heaters

Feedwater in, F

Feedwater, Out, F

Extraction steam pressure, psia

Heater terminal diff., F

Cascaded drips in,- #/hr

Enthalpy of drips, Btu

Drains out, F

Drain cooler approach, F

Tube side design, psig

Shell side design, psig

'

1

1

91.7

160.5

6.0

5

57,230

143.4

106.7

15

300

30

2

1

160.5

217.14

20

5

175.5

15

300

150

1

217.4

288.5

60

0

136,750

273.2

285.9

150

14

1

288.5

338.0

105

5

91,280

324.7

303.5

15

1500

150

1

338.0

1425.7

385

5

353.0

15

1500

300

- - - I



conditions at 286 F and 54 psig in the deaerator. The capacity of each

pump is suitable to deliver approximately 120% of the flow required at

79. 5 emw with all feedwater heaters in service when operating at
rated voltage and frequency.

The feed pumps are of the horizontal, split case, multi-
stage, centrifugal type of conventional construction, direct-connected
through flexible steel spacer-type couplings to 3600 rpm drip-proof
motor drivers of standard NEMA design and rating. The pump for
each unit utilizes a self-contained lubrication system. Minimum flow
through the feed pumps is maintained by an on-off recirculation valve
and orifice taking water from the discharge line of each pump. The
recirculation is discharged to the deaerating heater storage tank and
will be actuated from a flow switch in the feedwater suction line of each
pump whenever the indicated flow is less than the minimum required.

A check valve in each feed pump dischage line will prevent
reverse flow through an idle pump. A small manual bypass around this

check valve will permit warm -up of an idle pump. An air operated
regulating valve in each steam generator feedwater line controls flow
to that steam generator in response to the signal from a 3-element con-
troller, modulated by steam and feedwater flows and steam generator
water level.

4. Piping: The condensate lines from the condenser to the con-
densate pump are 12 inch schedule 40 pipe. From the condensate pump
discharge to the deaerator is 6 inch schedule 40 pipe. The boiler feed
suction line from the deaerator is 10 inch schedule 40 pipe, while the
boiler feed discharge line to the steam generators is 8 inch schedule
80. All piping is seamless carbon steel equal to ASTM A -106 Gr B.

F. COOLING WA TER SYSTEM

A closed, buffered condensate circuit is provided for cooling the
service and instrument air compressors and their aftercoolers, the
instrument air dryer, various oil coolers and other equipment not suit-
able for river water. Two vertical centrifugal 440-volt motor driven
pumps, rated 150 gpm, 100 feet TDH, are installed in the cooling water
return tank and circulate the buffered condensate through one of two
river water cooled heat exchangers.

G. SERVICE WATER SYSTEM

Chlorinated river water is circulated through the major equip-
ment coolers including the above mentioned station cooling water heat
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exchangers, the hydrogen coolers, turbine oil coolers, fuel storage pit

exchangers, shield coolers, etc. At the end of the circuit the water is

discharged to the river.

Installed in the suction bay of the intake structure are two full

capacity service water pumps, each rated 2500 gpm, 75 feet TDH, and
one emergency service water pump, rated 200 gpm. The pumps are of

the vertical, centrifugal, open-suction type, driven by 440-volt motors,
rated 60 and 5 hp, respectively. A service water strainer is installed

in the pump discharge piping.

H. FEEDWATER MAKEUP

1. General Description: Due to both the general plant losses
and the blowdown necessary as a result of injection of chemicals into
the steam generators, primarily for oxygen scavenging and pH control,
a makeup rate of approximately 9 gpm is required. The auxiliary
boilers and associated feedwater treating system provide the plant
makeup. The water treating plant normally processes river water
and is mainly designed to remove suspended particulate matter, hard-
ness (Ca and Mg) and bicarbonates from the feedwater supplied to the
auxiliary boilers. In normal operation one boiler is fired with the con-

tinuous rejection of organic waste and its rate of evaporation is equal
to the normal makeup requirement. In the event of increased makeup
needs, the second boiler is fired with diesel oil. The steam generated
is condensed in the heating and ventilating system or admitted to the
main deaerator. The excess distillate is stored in a 50, 000 gallon
condensate storage tank.

2. Equipment: The water treatment plant includes the following:

1 Settling basin of 4000 gals
2 Pressure filters

2 Hydrogen zeolite softeners

2 Sodium zeolite softeners
1 H2 SO4 regenerant tank
1 NaCl brine tank

The softeners are each sized for rated plant capacity so that
one can be regenerated while the other is on stream.

The auxiliary boiler plant includes two 200 psig boilers, each
rated 4000 lbs /hr, one deaerator, two full capacity boiler feed pumps,
two induced draft fans, flue gas pre-filters, and disposable absolute
glassfibre filters, and automatic feed and combustion control systems.
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The fans will maintain a negative pressure in the boiler furnace, thus
preventing any radioactive gases from entering the boiler room.

I. GENERAL SERVICES

1. Lubricating Oil System: The lubricating oil system is pro-
vided to insure a constant, filtered supply of lubricating oil to the tur-
bine -generator hydraulic control equipment and bearings. It consists
of a dirty oil storage tank, centrifuge, clean oil storage tank, turbine
lube oil reservoir, vapor extractor, oil coolers, high pressure oil
filter, pumps and piping. The main oil pump is shaft driven from the
turbine and is provided with an oil ejector for priming.

A motor-driven main auxiliary oil pump provides all oil
required during starting or stopping periods of the turbine -generator,
and in the event of low bearing oil pressure this pump will automatic -
ally cut in to back up the shaft driven pump. A motor-driven turning
gear oil pump is used when the unit is on turning gear. A direct-
current motor-driven emergency bearing oil pump is provided for use
when a-c power is not available or when all other pumps described are
unable to supply the bearing oil needs. The lubricating oil system is
also connected to the generator hydrogen seal oil system and acts as a
back up in the event that the hydrogen seal oil pumps fail.

The oil drains from the generator bearings are isolated from
the turbine bearing drains through a loop seal system to eliminate the
possibility of hydrogen reaching the oil reservoir. A vapor extractor
is furnished in this loop seal and disposes of any vapors which are
formed. The turbine oil reservoir is equipped with an internal flow
connection from which oil passes to an oil conditioner in which water
and sediment are removed by settling and filtering. The conditioned
oil is recirculated back to the oil reservoir by a filter pump. The con-
ditioner is provided with a vapor extractor and the necessary level
indicators and alarms. The dirty oil storage tank is for contaminated
oil and a centrifuge is furnished to take suction from this tank and dis -
charge into the clean oil storage tank. A positive displacement trans -
fer pump enables the transfer of lube oil from either tank as well as the
turbine lube oil reservoir.

2. Compressed Air Systems: Two compressed air systems are
provided to supply pressured air requirements of the plant, one for in-
strument air and one for service air.
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Instrument Air System: Instrument air is furnished at 100

psig by two non-lubricated carbon piston-ring type, motor -driven 100
scfm capacity air compressors, one of which is on automatic stand-by
service. Each is equipped with an air filter silencer at the inlet and

an aftercooler and moisture separator at the outlet. Cooling water for

the aftercoolers and cylinder jackets is obtained from the closed sta-
tion cooling water system of buffered condensate. An air receiver with
each compressor is used to equalize discharge pulsations as well as
provide storage capacity and deliver a steady stream of air to the sys -
tem. Downstream of the receiver the air passes through an air dryer
and a bank of filters and thereafter is reduced to 50 psig for control
drives and further to 30 psig and is piped at these pressures to various
pneumatic instruments. Automatic back-up operation of either com -
pressor for protection against malfunction of the system is provided by
adequate instrumentation with suitable alarms.

Service Air System: Service air is furnished at 150 psig by
two oil lubricated piston type, motor driven 100 scfm capacity air com-
pressors, one of which is on automatic stand-by service. Each is pro-
vided with an air filter silencer, aftercooler and moisture separator,
and discharges into an air receiver. Station cooling water provides
cooling of the aftercoolers and cylinder jackets. Downstream of the
air receiver the system consists of piping runs to air motors and
various service air hose connections located at central points in the
plant. Automatic back-up operation of either compressor is insured
by instrumentation and alarms. A manual tie line to the instrument
air system provides pressure controlled back-up on loss of both instru-
ment air compressors.
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SECTION VII

INSTRUMENTS AND CONTROLS

A. SCOPE

The contents of this section describe the control and instrumen-
tation systems for the reactor and turbine plants. These systems may
be divided into the following classifications:

1. The reactor plant control system which provides automatic
load following control in the power range and non-load following con-
trol during startup and normal shutdown.

2. The reactor plant protective system which provides protec-
tive actions to minimize or prevent thermal damage or excessive pres-
sures due to misoperation or malfunctioning of plant equipment.

3. The reactor plant instrumentation systems which provide
information to:

The reactor plant control system for automatic control.

The reactor plant protective system for plant and per-
s onnel safety.

Operating personnel to enable them to make correct and
necessary decisions for plant operation.

To provide for safe and efficient operation of the overall plant,
all, necessary information display and manual control equipment is
located in one centralized control room. ssential portions of the
control systems will be capable of either rhanual or automatic control
within limits as defined by the setpoints where automatic protective
action will occur. Automatic control of all portions of the plant is
used to the fullest extent possible to minimize the number of operating
personnel required.

B. REACTOR PLANT CONTROL

The primary function of the reactor plant control system is to
automatically regulate reactor plant power output in accordance with
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turbine plant load demand in steady state or transient load operation

over the range of 5 percent to 110 percent of rated plant capacity.
Satisfactory load following characteristics will be maintained with this

system for step load changes up to 10 percent of rated load, and for
gradual increases up to 15 percent per minute over the entire auto-

matic control range.

Secondary functions of the system are:

1. To provide semi-automatic control functions for power opera-
tion below 5 percent of rated load, for startup, and for shutdown opera-
tions.

2. To maintain constant reactor organic outlet temperature in
the control range.

3. To maintain constant turbine throttle inlet steam pressure
in the control range.

4. To provide variable flow control in the steam generators to
meet variable load demands while maintaining approximately fixed
reactor flow.

5. To maintain constant boiler water level at all loads.

6. To provide steam dump control for large abrupt load losses,
or complete load loss at the turbine.

Design Philosophy and Criteria: As a result of core heat trans -
fer characteristics, approximately constant organic flow in the core is
required at all load levels. To obtain variable load capability at the

steam generator a constant flow pump with a controlled flow bypass
line is used to provide approximately constant core flow and variable
steam generator flow. To maintain satisfactory turbine efficiency at
all loads a minimum change in superheat steam temperature is re-
quired over the load range. This is accomplished by holding super-
heater organic inlet temperature constant over the controlled load range.

The selection and design of the control system components adhere

to the following criteria wherever technically and economically feasi'e:

1. Use of conventional equipment of proven reliability.

2. Duplicate equipment where high reliability is required.
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3. Fail-safe provisions for critical control components.

4. Self-test capability for infrequently active components.

5. On-line maintenance for critical control components.

6. Smooth switching from manual to automatic control, and
vice versa.

7. Accessibility and simplicity of manual control equipment.

8. Absolute stability of the over-all control system and sub-

systems.

Control Scheme: The control scheme used to satisfy the various
functional requirements of the control system is shown on Plate 7-3
(Reactor Plant Control System) and in Figure 7-1..

A description of the operation of each unit in the system is given
below:

Flow Demand Computer: The flow demand computer accepts input
signals proportional to total steam flow and steam pressure, and com-
putes a flow demand signal for input to the coolant flow controller in
each of the three main coolant loops. The portion of the total power
demand provided by each coolant loop is determined by the operator,
and the computer programs the coolant flow in each steam generator
to insure that the sum of the separate loop demand signals is equal to
the total plant demand signal.

A pressure error signal (Pe) is generated by comparing the
measured steam pressure (ps) with a pressure setpoint (pS set) ac-
cording to the relation

Pe = pg set - pS . . .. (1)

The flow demand signal (WD) is obtained by proportional action
on total steam flow (WS) and reset (integral) action on steam pressure
error (Pe) according to the following relationship:

W D = K WS S + Kp2  Pedt .... (2)

The flow demand signal to each coolant loop (WD WD2 and
WD3) is determined by the following simultaneous equa dons:
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W D K W for loop number 1, .... (3)

WD2 = K2 WD for loop number 2, .... (4)

WD3  K3WD for loop number 3, .... (5)

WD - WD1 + WDZ + WD3 .... (6)

and

1 :K 1 +K 2 + K 3  -.-. -7)

where the proportional load factor (K 1 ) is that portion of the total load
demand supplied by loop 1, and K2 is that portion of the total load de-
mand supplied by loop 2, etc.

The steam flow transducer in the steam header measures the
total steam flow to the turbine and/or bypassed directly to the turbine
condenser, but does not measure the steam flow dumped to atmosphere
through the steam dump system.

Coolant Flow Controller: The coolant flow controller provides a
signal to the organic bypass valve positioner to maintain the coolant
flow in the superheater and boiler equal to the flow demand for that
loop. A conventional three mode controller is used in each loop. The
following equations apply to controller action in loop 1. The controller
actions in the other two loops are identical.

A valve position error signal (We 1 ) is obtained by comparing the
flow demand signal (WD1) with the difference between the measured
flow to the reactor (WR1) and the measured flow in the organic bypass

(WB1)

Ve WD1 - WR1 + B1.... (8)

The valve position command signal (VcI) is obtained by propor-
tional, rate (derivative), and reset (integral) action on the coolant flow
error signal (Wel) according to the following equation:

VCI = KeIIWel Ke12d el + Ke13 W dt .... (9)

Thermal Power Computer: The function of the thermal power
computer is to develop a nuclear power demand signal as a function of
the coolant temperature at the inlet to the reactor (TRI) and the cool-
ant mass flow rate in the reactor (WR). The total coolant mass flow
rate in the reactor is computed by summing the measured coolant mass
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flow rate in the reactor is computed by summing the measured coolant

mass flow rates from each coolant loop according to the following:

WR 'WR1+WRZ+ WR3 .... (10)

The average coolant temperature at the reactor inlet (TRI) is
measured by three fast acting resistance thermometers in the reactor

inlet plenum. The nuclear power demand signal is computed according
to the following:

nD =WRCp (TROset - TRI) -.-- -.(11)

where Cp is the specific heat of the coolant and TROset is the reactor

outlet setpoint temperature which is normally held constant at 675 F
for all power levels above 5 percent of the rated plant power. TROset
is a motorized and thus a rate limited setpoint which may be varied
between 350 F and 675 F.

Reactor Temperature Computer: The temperature of the cool-
ant at the outlet of the reactor is held constant for all power level and

flow conditions including operation with one of the three main coolant
loops out of operation. A reactor outlet temperature error signal

(TROe) is obtained by comparing the measured outlet temperature
(TRO) with the setpoint. (TROset)-

To take advantage of the fast time response of thermocouples,
and to limit the effects of the coolant transit time delay between the
time the coolant is heated in the reactor core and the time the coolant
temperature is measured by the resistance thermometer in the reactor
outlet plenum, the following method of measurement of TRO is used.
Thermocouples designed for fast time response are located in the out-
let coolant stream of each fuel assembly to measure the core outlet
temperature. An average core outlet temperature (TCO) is obtained
by. summing the signals from six selected thermocouple positions ac-
cording to the following relationship:

TCOl + TCO2 + TC03 + TCO4 + TCO5 + TCO6
Tco +Tco 6... .(12)

fCO 6

The temperature of the coolant in the reactor outlet plenum

(TROP) is obtained by summing the signals from three fast response
high accuracy resistance thermometers located at selected points in
the plenum:
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O 
ROP + R 2 TROP3  .(13)

TROP 3

The reactor outlet temperature (TRO) is computed according to
the following relationship:

TRO -- TCOKROGRO(TRO - TROP) -...- (14)

where KROGRO is the transfer function of the rate limited servo-
mechanism which forces TCO to equal TRO in the steady state.

Neutron Flux Controller: The neutron flux controller provides
a control rod demand signal (n) by operating on the neutron power

demand signal (np), a neutron power error signal (ne) and the tem-
perature error signal from the reactor temperature conputer (TRO )
The neutron power error signal (ne) is produced by comparing the e
neutron power demand signal (nD) with the average flux measured by
the three power range neutron detectors according to the following
equation:

n1 + n2 + n3
ne - nD ~ 3 . ... (15)

The control rod demand signal is developed according to the

following equation:

n :Kone+ Ko2 dne + Ko3 nedt + Ko 4  TROedt . .. . (16)

Three mode control action is performed on the neutron power
error signal (re) with the proportional action inversely proportional
to the neutron power demand signal (nD). The last term of the equa-
tion provides temperature reset to hold the reactor outlet tempera-
ture constant.

Control Rod Programmer: The function of the control rod pro-
grammer is to position the groups of control rods in a predetermined
sequence in response to neutron flux demand signals from the neutron
flux controller. The program by which the rods are moved is computed
to insure a minimum of neutron flux peaking due to control rod pertur-
bations, and provides for automatic reactor power control and power
setback.

Feedwater Controller: The function of the feedwater controller

is to maintain constant feedwater level in the boiler for all load condi-
tions. A conventional three element controller is used on each boiler.
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Control action is derived by matching feedwater flow to steam flow and

resetting on feedwater level error.

Steam Dump Controller: The control system is designed to dump
the full power steam flow to the atmosphere in the event of large load
drops or complete load loss. The steam dump controller operates on
steam header pressure and a set value of steam dump pressure. The
error between the set pressure and the actual pressure is used as a
demand signal to the positioner of the steam dump valve.

During normal operation the dump set pressure will be set at
approximately 1100 psig. The dump set pressure can be manually set
at any pressure between 1100 psig and atmospheric pressure. The
equipment provided is further described in sub-section E.

Steady State Performance Analysis: A s part of the effort to
determine an optimum control scheme, a steady state analysis of the
plant for partial load conditions was performed. This analysis is based
upon a mass and energy balance of the overall plant heat transfer system
utilizing the effectiveness concept in the mathematical model of the
steam generator. 1 A special digital computer program 2 for the IBM
709 computer was modified to fit the control scheme shown in Figure
7-1.

The following plant parameters and assumptions are used in this
analysis:

1. Reactor outlet coolant temperature constant at 675 F, with
the reactor inlet temperature at 600 F at 105 percent of rated steam
flow.

2. Turbine throttle inlet steam pressure constant at 1000 psig.

3. All three coolant loops share the load equally.

4. The superheater overall heat transfer coefficient varies
with the square root of the steam mass flow rate.

1. W. T. Morgan, "Application of Effectiveness Concept to Steady
State Analysis of Nuclear Steam Generators," NAA -SR -Memo
1962, Oct. 31, 1956.

2. Blue, L. and Baller, J. , "NAA -Program Description for Steady
State Analysis of the Organic Moderated Reactor Steam Genera.-
tion System" Atomics International, July 1957.
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5. The steam temperature at the outlet of the superheater is

650 F at 105 percent of rated steam flow.

6. The boiler overall heat transfer coefficient varies with the

square root of the organic mass flow rate.

7. The organic coolant is Santowax R at 30 percent high boiler

compounds with a specific heat constant at 0. 508 Btu/lb-F.

8. The feedwater temperature and enthalpy are functions of

load as shown in Figure 7-4.

9. The heat load per coolant loop is 274. 0 x 106 Btu/hr at 105

percent of rated load.

10. The steam flow at 105 percent of rated power is 0. 926 x 106
lb/hr.

11. The total organic flow in the steam generators at 105 percent
of rated power is 2. 15 x 107lb/hr.

12. Boiler pressure is 1045 psig, and superheater pressure drop

is 20 psi at 105 percent of rated steam flow.

The results of the steady state analysis are shown in Figs. 7-2
and 7-3. Organic and steam temperatures and mass flow rates are
shown as a function of the plant load over the range from 5 percent to

105 percent. The temperature at the outlet of the reactor, and the
steam pressure at the turbine inlet were held constant. Of particular
interest is the variation of superheat temperature with load. As the
load is decreased, the superheater temperature increases almost
linearly up to a maximum of 670 F at approximately 25 percent of
rated load. At this load the superheat temperature approaches the
reactor outlet temperature, 675 F, within about 5 F. The superheat

temperature then drops off rapidly approaching the boiler steam tem-
perature at zero load. The reactor plant control system contains pro-
visions for lowering the reactor outlet temperature setpoint so that the
reactor outlet temperature, and thus the superheat temperature, can
be adjusted manually for operation at reduced loads if desired.

Plots of organic heat transfer system pressure drops and the
estimated main coolant pump head curve are shown in Figure 7-5. It
should be noted that the use of a bypass line around the steam generator
will result in an increased reactor flow when the bypass control valves

are fully open. This flow increase at low loads would result in
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undesirable pumping power losses and is eliminated in practice by the
throttle valve located at the inlet to the steam generator as shown in

Figure 7-1. These valves are mechanically interlocked so that it is

impossible for all of the control valves in a loop to close at the same

time. In the event of a reactor scram, all of the bypass valves are

tripped closed and the throttle valve tripped to the fully open position.
This action minimizes thermal shock in the steam generator and auto-
matically sets the organic heat transfer loops to the proper flow con-
trol condition for decay heat removal by convection flow.

Transient Performance Analysis: To insure that the plant con-
trol scheme will provide adequate control for rapid load changes, the
plant transient performance was analyzed. The transients studied
were for 10 percent load changes from 90 percent to 100 percent
power and from 50 percent to 60 percent power at a ramp rate of 15
percent/sec.

The initial and final conditions for the transients were specified
as the values from the corresponding steady state performance analy-
sis.

The following assumptions and plant parameters were used in
these analyses:

1. Steam and feedwater flow follow load changes with no delay.

2. Organic coolant flow to the steam generator responds to load
changes at a rate of 2 percent/sec.

3. Rod reactivity responds to increasing load changes at a
maximum rate of 3.5 x l0-4 _4kLsec.

4. The reactor power coefficient is -3. 4 x 10 -5 kiMWt.
k

5. The total reactor temperature coefficient is -1. 56 x 10-4
Q k/IF
k

6. The weight of the tubing in the four boilers is 116, 000 lb
with a heat capacity of 0. 12 Btu/lb-F.

7. Fifty percent of the water in the boilers is at saturation
temperature at any time.
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8. Seventy-five percent coolant mixing is achieved in the
reactor inlet plenum.

The performance characteristics of the system for the two load
changes analyzed are shown in Figures 7-6 and 7-7. The results shown
are based on a series of analog computer studies of the plant dynamic
response to rapid increase in load demand with the control system
functioning in the normal manner. Figure 7-6 shows the response of
the plant to a 10 percent per second load change from 50 percent to
60 percent of the rated plant power. The steam pressure during the
transient dips approximately 5 psi and recovers in 22 seconds. The
core outlet temperature drops about 5 F and also recovers in 22 sec-
onds. Figure 7-7 shows the plant response for the same rate of load
change from 90 percent to 100 percent of the rated plant power. The
steam pressure drop in this case is 5 psi with recovery in about 75
seconds. The core outlet temperature drops approximately 3 F, re-
covering in 20 seconds. The steam generator organic flow is limited
at 101 percent of the rated flow. The maximum organic flow available
will depend on the final plant design and will probably be no more than
one or two percent above rated flow. However, if the organic flow
were allowed to increase according to demand the result would be a
decrease in pressure recovery time to approximately 20 seconds. The
drop in steam pressure and core outlet temperature would be approxi-
mately the same as the case shown.

C. REACTOR PLANT PROTECTIVE SYSTEM

The primary function of the reactor plant protective system is to
protect the reactor and the organic heat transfer system from thermal
damage and excessive pressures. The protective system is completely
independent of the reactor plant control system and functions only as
an automatic pre -emergency or emergency device in the event that the
control system fails to function properly. Separate and independent
protective devices are provided for protection of the steam turbine-
generator portions of the plant.

The reactor plant protective system provides protective action
by automatically reducing the reactor power level when an unsafe con-
dition is detected in the reactor plant. In general, the speed of re-
sponse of the detecting elements and the speed at which corrective
action is taken is faster in the protective system than in other portions
of the plant instrumentation and control system. Abnormal plant con-
ditions requiring protective actions may result from any of several
causes, including:
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1. Failure of electrical power.

2. Failure of the control system.

3. Mis -operation by the plant operator.

4. Failure of a plant component.

5. Loss of electrical load to the turbine-generator.

In the organic cooled and moderated reactor concept utilizing
"nucleate boiling" as the principal means of heat transfer and SAP

clad oxide fuel, the maximum power rating of the reactor core is

limited by the center temperature of the uranium oxide fuel. In
analyzing the transient response of the reactor plant for the various

assumed accidents, the neutron flux, coolant temperature, coolant
flow, and the protective system pressure setpoints and scram trip
points must be chosen such that failure of the fuel cladding is pre-
vented.

A detailed discussion of the various assumed accidents related

to the organic cooled and moderated reactor concept, and their effect
on protective system design is contained in Section X.

Performance Requirements: The following protective system
performance requirements were established as a basis for design.

1. The system must protect the plant from thermal damage or
excessive pressures at all times. Protection of the reactor core will
receive first priority.

2. The system must not unnecessarily interfere with the normal
operation of the plant and must not cause unnecessary shutdowns.

3. No single component failure in the plant protective system
shall prevent the necessary protective action from taking place.

4. The design shall be such that no corrective action must ever
depend on the perception, decision, or action of a human operator. The
function of the operator in the system is best defined as monitoring the
over-all system operation to be in a position to act when an instrument
malfunction has occurred.

5. The individual components and information channels shall be

continuously self-monitoring, and a means shall be provided to indicate
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a protective system failure or imminent failure.

6. The over-all reliability of the system, taking into considera-

tion that some components must be designed to be fail-safe, shall re-
sult in a system failure rate not higher than that obtained with protec-

tive instrumentation in a modern fossil fueled central power station.

7. The components of the system shall be designed so that each
information channel and each component in the channel, including the
primary transducers, can be calibrated in place after installation in
the reactor system, if possible.

8. The use of any component of the protective system for any
other control function in the plant is not permitted.

9. The components shall be designed and constructed for con-
venient replacement with pre-tested spare units without interfering
with the normal operation of the plant or the function of the reactor
plant protective system.

10. The operational readout, display, annunciator, and system
controls shall be located on the main control board and panels in the
control room.

11. The annunciator alarm and power setback setpoints, and the
scram trip level shall be either fixed as part of the equipment design
or automatically reset. No manual adjustment of protective system
setpoints or trip level shall be necessary under any operating condi-
tion.

The automatic actions taken by the reactor plant protective sys-
tem are of the following types:

Interlocks: Electrical and mechanical interlocks are provided to
prevent both automatic or manual mis -operation wherever possible.
These interlocks are arranged to insure that certain operating condi-
tions are met, and that the correct sequence of actions occur during
startup, shutdown, stand-by, and power operation. In the event of
manual mis -operation these interlocks will act to override the opera-
tors' actions and give a visual and audible warning.

Annunciator Signals: Both visual and audible alarms are used to
alert the operator of an approach to an undesired or unsafe operating
condition, to indicate a manual or automatic mis -operation, and to pro-
vode information on the operability of installed stand-by or operating
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equipment, redundant instrumentation, control systems and components.

All signals which may cause an automatic corrective action, by either

the control system or protective system, have alarms associated with

them. In most cases an alarm setpoint is established to sound an

alarm before the automatic power setback point or scram point is

reached.

Automatic Protective Actions: Two types of automatic power re-
duction protective actions are provided to cover the situations in which

the operator or the automatic control system fails to make proper cor-
rective actions in response to an abnormal plant condition. These pro-
tective actions are power setback and scram. Both actions are accom -
panied by annunciator signals which sound an audible alarm, indicating
the type of protective action taken and the abnormal plant parameter.

Power Setback: Any abnormal condition arising within the reactor

or organic heat transfer system as a result of change in reactor power
level, reactor pressure, organic coolant temperature, or organic flow
must be corrected before damage can occur. The reactor power level
setback is the first and least severe automatic protective action to
reduce reactor power level. The interlock and annunciator protective
functions act to prevent further control rod withdrawal or give an
alarm. The power setback is intended to correct any abnormal operat-
ing condition without resorting to a complete shutdown of the plant by
a scram. A power setback is accomplished by removing the reactor
plant from automatic load following control and causing all control rods
to be inserted at the maximum rate into the reactor by the control rod
drive mechanism. This setback action is irreversible and will con-

tinue as long as the abnormal condition exists. A setback is stopped
when the abnormal condition no longer exists. In the usual case, the
reactor will be subcritical when the setback action stops, and the
reactor power level will continue to decrease unless the operator
manually restores the reactor plant to automatic control.

scram: A scram is a rapid emergency reduction in reactor
power level brought about by gravity insertion of all the safety rods
into the reactor core. A scram will occur when all other means of
manual or automatic protective action have failed to correct an abnor-
mal condition that is potentially dangerous to the reactor plant or per-
sonnel. The reactor may be scrammed manually if the plant operator
is not satisfied that a serious operating condition is being adequately
corrected.

When a reactor scram occurs, the steam flow to the turbine
must be rapidly reduced and the organic bypass control valves closed,
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providing full organic flow to the steam generator to minimize thermal

shock in the steam generator. The reactor plant protective system
controls these operations by providing trip signals to the turbine pro-
tective system and the organic bypass and throttle valves.

A block diagram of reactor plant protective system is shown in
Plate 7-4. The system consists of circuits which provide automatic
protective actions plus auxiliary circuitry for the detection of mal-
functions or component failures in the system and for functional test-
ing. For simplicity, only the automatic power reduction protective
functions are shown.

D. REACTOR INSTRUMENTATION

The reactor instrumentation systems include those instruments
used for the measurement of neutron flux, internal and external to the
reactor core, temperatures within the reactor vessel and the instru-
ments required to detect and locate a failed fuel element.

Nuclear Instrumentation System: The functions of the nuclear
instrumentation system are:

1. To facilitate reactor operation by providing a fast responding
method of continuously monitoring reactor power level from shutdown
to full reactor power.

2. To provide signals to the plant protective system for alarm,
power setback, and scram purposes.

3. To provide signals to the plant control system for automatic
regulation of reactor power level.

Performance Requirements: The following performance require-
ments and design criteria were used as a basis for the design of the
nuclear instrumentation system:

1. The instrumentation shall cover the entire flux range at all
times.

2. A minimum of one decade overlap between successive flux
ranges shall be provided.

3. A minimum of two channels shall be provided for each range.
In event of any failure this leaves one or more channels operable. Dup-
lication also provides the operator with a continuous check on the
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agreement of both channels.

4. The nuclear instrumentation system shall be compatible

with all requirements of the plant control and plant protective systems.

5. Fail-safe design shall be provided wherever feasible to

insure maximum protection, should there be a component or power
failure.

6. Where feasible, the control channels shall be designed to

fail "as is". Such failures will initiate manual or semi-automatic
control before protective action occurs.

7. A minimum of three channel coincidence shall be provided
for all channels associated with the plant protective and plant control
systems.

The nuclear instrumentation system provides continuous indica-
tion of reactor power level by monitoring the neutron leakage flux
from the reactor. Leakage flux, being a function of fission rate, is
proportional to reactor power level. Neutron flux from source level
to 150 percent of full reactor power varies over a span greater than
eleven decades. Although no useful power is developed over much of
this flux range and operation in the lower and intermediate portions is
considered transitory, it is nevertheless extremely important from the
standpoint of safe operation that the instrumentation be capable of
monitoring the entire range. Since no single instrument can satis-
factorily cover the entire flux span, the system is divided into three
ranges; these are the source, intermediate, and power ranges. Each
range covers a specific portion of the neutron flux density with positive
overlapping between successive ranges. Eleven separate neutron instru-
ment channels are employed in this system as indicated on the nuclear
instrumentation block diagram, Plate 7-1.

The neutron detectors are housed in instrument thimbles located
at various positions around the reactor core tank. The thimbles are
adequately cooled to protect the detectors from high temperatures and
contain the necessary gamma shielding and neutron moderator material
to obtain optimum detector performance.

Source Range Channels: For reactor startup, the channels in

the source and intermediate ranges are utilized. The source range

instruments (channels I and II), comprising duplicate and independent
channels, monitor the neutron flux from shutdown or source level to
five decades above this level. A high sensitivity multi-element boron

7-15



trifluoride proportional counter monitors the thermal neutron flux in
this range. A mechanism is available to withdraw the detector from
high neutron and gamma fields during high power operation. This
allows continuous channel operation, prevents detector radiation
damage, and provides positive indication that the channel is in proper

operating condition in the event of a scram and subsequent startup.
The pulse rate and period computer receives pulses from the BF3

detector and computes the logarithm of the count rate and reactor
period. These computed signals are transmitted to indicators and
recorders located in the control room.

Intermediate Range Channels: The intermediate range instru-
ments (channels III and IV) also employ duplicate independent channels
and monitor neutron flux in the intermediate portion of the flux range.
These channels provide coverage for approximately seven decades of
power level and overlap the upper portion of the source range and lower
portion of the power range. A boron-lined compensated ionization
chamber is used for the detection of thermal neutrons. The log cur-
rent and period computer convert the current from the ionization cham-
ber to a voltage proportional to the logarithm of the current. Differen-
tiation of this voltage provides a signal inversely proportional to reactor
period. Log current and period signals are transmitted to indicators
and recorders in the control room.

Protective Channels: These channels monitor neutron flux from
1 percent to 150 percent of full reactor power, and furnish signals to
the reactor plant protective system. Boron-lined uncompensated ioni-
zation chambers are used. A current amplifier receives the output
current from the detector and supplies signals proportional to this
current to the plant protective system, alarm system, recorders, and
period cutout circuit. Signals to the protective system are used to
setback and scram the reactor when abnormal conditions prevail. The
four channel system in coincidence provides false shutdown protection
arid safety reliability.

Control Channels: These channels, containing identical equip-
ment, monitor neutron flux from 1 percent to 150 percent of full reactor
power and furnish signals to the reactor plant control system. These
channels are identical to the protective channels. Three channels are
utilized to improve the reliability of the control system and provide two
modes of operation - auctioneered or average. The auctioneered method
selects the highest of three signals.

Core Instrumentation System: The function of the core instru-

mentation system is to obtain static, dynamic, and transient
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temperature measurements in the reactor core. These measurements

are required:

1. For detection and location of hot fuel channels.

2. To provide signals to the reactor plant protective system for

alarm, power setback, and scram purposes.

3. To provide signals to the reactor plant control system for

the purpose of automatically regulating reactor power level.

4. To provide information used in computing fuel element burnup.

5. To aid in manual rod shimming when adjusting for proper
outlet temperature.

6. To provide permanent records of reactor operation.

7. To aid in determining locations of failed fuel elements.

The coolant temperature at the outlet of each fuel element is
measured with fast response thermocouples. These thermocouples are
iron-constantan wires insulated with magnesium oxide and sheathed with
stainless steel tubing.

A selected number of these measurements are transmitted to

the reactor plant protective system where they initiate a power setback
or scram when the temperatures deviate beyond predetermined safe
limits. Since the thermocouples are utilized for protective purposes,
the paramount considerations are speed of response and reliability.
The thermocouples selected are small in size to provide fast response,
but are rugged enough to withstand the environmental conditions.

In addition to the temperature signals supplied to the protective
system, one signal from each fuel element is supplied to a data logging
system. This system receives output signals from sensing elements
and converts this information into digital form which is printed out on

an electric typewriter. The data logger provides the reactor operator
with a visual display of reactor core fuel channel outlet temperatures.
The data logger continuously scans all input variables and provides

automatic readout of all points on a periodic cycle. The logging cycle
is also initiated on demand by the operator in the event of an abnormal

condition on any measured variable. The system initiates audible
and visual alarms when temperatures exceed predetermined values.
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To consolidate data for recording purposes, the data logging
system also receives signals from plant variables other than the fuel

element outlet temperatures. These signals are neutron flux level in
the power range, reactor inlet and outlet temperatures, primary sys.-
tem pressure, primary coolant flow in each loop, the steam system
pressures, temperatures, and flows, and the total electrical power
generated. The majority of these signals are not received directly
from sensing elements, but are retransmitted from other instrumenta-
tion. Trend recorders are incorporated as an integral part of the data
logger, the circuitry is arranged such that any input signal can be con-
tinuously monitored for trend purposes.

The core instrumentation system also employs fast response high
accuracy resistance thermometers. These elements measure the
coolant temperatures in the inlet and outlet plenums of the reactor.
This information is transmitted to the reactor plant control system
where it is utilized in the automatic regulation of reactor power level.

Core Power Mapping System: The core power mapping system
performs three primary functions:

1. To measure and compute the radial and axial neutron flux
and power density distribution throughout the reactor core and to pro-
cess and display this information in a form suitable for the determina-
tion of optimum programming of the control rods throughout the life
of the core.

2. To compute the average and peak fuel burnup in each fuel
element.

3. To detect localized power perturbations.

The in-core measurements are made by using either activation
or burnup wires, or neutron sensitive thermopiles. These detecting
elements are contained in small stainless steel thimbles that penetrate
the reactor core in a vertical direction. The thimbles are connected
to positioning and scanning mechanisms in the core instrumentation
rooms by tubing which enters the reactor core tank through special
instrument nozzles near the top of the vessel. A total of eighteen
thimbles are provided for flux and power mapping purposes. Of these
nine are located in one quadrant of the core. Each of the other quad-
rants contain three thimbles.

The core power mapping system includes automatic positioning
mechanisms for inserting and removing the thermopiles and activation
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or burnup wires, an activation wire scanning unit, and electronic

instrumentation for the amplification of the output signals from the
boron thermopiles. A small process type stored program digital
control computer is used for the computational and data storage func-

tions of the system. Data is supplied to the digital computer by means
of a card reader, or through an analog to digital converter. The out-
put data from the computer is displayed in the form of axial and radial
flux and power density plots. Fuel element maximum and average
burnup data is printed out by a computer controlled electric typewriter.

A simplified block diagram of the-proposed core power mapping
system is shown on Plate 7-5. Each of the three proposed methods
of in-core flux and power density measurements are illustrated. Two
channels of the ten channel activation wire scanning system are shown
in detail. The in-core thimbles, positioning mechanisms, detecting
elements, automatic activation wire scanning mechanism and the
method of processing this flux scanning data using IBM punch cards
are to a large extent based on similar systems developed in AEC
Laboratories', 2, 3, 4, 5, 6.

Performance Requirements: The following performance require-
ments and design criteria are used as a basis for the conceptual design
of the core power mapping system:

1. The system shall be designed to obtain the following reactor
performance data:

Measurements of time integrated axial neutron flux distri-
butions within the core.

1. "System Description - Neutron Flux and Fuel Distribution Mea-
surements, " KAPL-M-SSD-37 Revision 1.

-. E. B. Fehr, "Automatic Neutron Flux Plotting," KAPL-M-EBF-7,
February 26, 1957.

3. D. D. Beebe, "System Design Description, Neutron Flux Measure,
ment for SIC Project," Feb. 15, 1958.

4. A. E. Klickman, G. W. Cunningham, J. W. Chastain, D. L. Keller
and S. L. Fawcett, "A Wire-Activation Technique for Reactor-
Flux-Profile Measurements, " Battelle Memorial Institute Report
BMI-1086, April 25, 1956.

5. W. Bernstein, E. H. Foster, and J.J. Floyd, "Neutron Flux
Scanner,'" AECU-1621, Nov. 5, 1951.

6. In-core Flux Mapping positioning mechanisms, have been devel-
oped and manufactured for AEC Contractors by Teleflex Inc. ,
Nuclear Division, Church Road, North Wales, Penn.
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Measurements of instantaneous neutron flux at various points.

within the core.

2. The system will independently compute the flux, power den-
sity, and burnup distributions throughout the core by use of a digital
computer which will simulate the core in real time using a simplified
mathematical model. The measured parameters listed in 1. above

will be used to correct accumulated computational errors in the mathe-
matical model at intervals during the life of the core and will not be
normally used as continuous input to the computer.

The digital computer will also be used for the computation
of the maximum fuel burnup in each fuel element using the computed
flux and power density distribution as input data. The average fuel
burnup in each fuel element will be computed, using the computed flux
and power density distribution as input data, and will be checked against

a second method of computation using measured power output of the fuel
element as continuous input data. Both sets of data will be printed out
on an electric typewriter.

3. The system shall be capable of continuous operation and
shall be designed to require a minimum of manual operation.

4. The system shall employ tried and proven techniques and
equipment to the fullest extent possible. Where the life of a compo-
nent is an important factor in its design or selection, the component
shall have a design life of not less than 20 years. This requirement
will not apply to components external to the reactor core tank if such
components are designed to be easily replaced in service.

5. The penetrations of the reactor core tank by the instrument
thimbles shall not impair or limit the containment integrity of the
reactor.

6. The placement of instrument thimbles within the reactor core
(shall not unnecessarily interfere with the normal loading and unloading
of fuel elements or the replacement of control rod poison elements.

7. The detecting elements, thimbles, and positioning cables
,shall be designed for continuous operation within the reactor core
under full rated power conditions. The maximum expected thimble
temperature is 750 F, neutron flux approximately 1014 neutrons /cm 2 -
sec, and maximum gamma heating approximately 12 watts per gram of
absorbing material.
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8. The design pressure of the thimbles and associated equip-
ment shall be 150 psig.

9. The design temperature of all components within the reactor

core tank shall be 800 F.

10. All detecting elements, activation and burnup wire mechan-

isms and positioning cables shall be capable of passage through stain-

less steel thimble tubing with a minimum inside diameter of 0. 25 inch

containing bends of 6 inches minimum radius.

11. The activation and burnup wires and adjacent in-core
lengths of positioning cable shall be designed for minimum activation

and/or fast radioactive decay to the maximum extent possible.

12. A positioning mechanism shall be provided for each in-core
instrument thimble to permit automatic or remote insertion, position-

ing, and removal of detecting elements and activation or burnup wires.

13. The system-shall provide a means for detecting the leakage

of reactor organic coolant into the thimble tubing and shall provide a
means for closing off and isolating each of the thimble tubes in the

event of an instrument thimble rupture within the reactor core tank.

14. All mechanisms necessary for the in-core measurement
portions of the system, except the in-core thimbles, shall be located

in the core instrumentation room. All other portions of the core

power mapping system including the electronic instruments, card
punch, card reader, digital computer, and display and readout equip-
mont shall be located in the control room.

15. The system shall be designed so that the handling of activa-

tion and burnup wires and other in-core measurement and positioning
devices does not result in over-exposure to operating or maintenance
personnel.

16. The system shall provide for the coincident insertion and
'emoval of all activation wires to permit simultaneous and equal activa-
tion times for all wires activated in a given measurement.

In-core Thimbles and Positioning Mechanisms: A total of

eighteen in-core instrumentation thimbles are provided for neutron
flux, power density and burnup measurements. As shown in Plate 3-3
(Reactor Cross Section and Nozzle Orientation), nine of these thimbles

are located in one quadrant of the core and are distributed to give both
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axial and radial coverage in this volume. Three thimbles are located

in each of the other quadrants to aid in the determination of any assym -
metry in the flux or power density distribution throughout the core.
Each thimble consists of a type 304 stainless -steel tube with a minimum

inside diameter of 0. 25 inch, and a wall thickness of 35 mils. These

thimble tubes enter the reactor core tank through special instrumenta-

tion nozzles located near the top of the vessel, pass down the inside of
the vessel, and enter the bottom grid plate as shown in Plate 3-1
(Reactor Sectional Elevation). The in-core thimbles are approximately
9 feet long and extend up through the core in spaces between the fuel
elements. The thimbles are sealed at the top and are supported at
both ends by the upper and lower grid plates. The total length of the

tubing between the core instrumentation room and top of the thimble
is approximately 100 feet.

The positioning mechanism consists of eighteen independent
cable drive units, one for each core instrumentation thimble. Each
drive unit contains approximately 100 feet of positioning cable driven
by a special helical drive gear and wound on a spring loaded reel.
When making activation measurements the control box worm gear
engages the helical wound positioning cable to which the activation
wires or other detecting elements are attached, thus inserting, position-
ing and withdrawing the measuring device.

The positioning cable is made of carbon steel and is constructed
of layers of high tensile wire wound around a stranded core. A heavy
outer wire, the helix, is tightly and accurately wound to a pitch of 10
per inch. A worm drive gear is contained in a box housing which
serves to guide the positioning cable over the gear to insure that pro-
per meshing is maintained. By use of a rotation counter, the electric
drive motor can be stopped at any predetermined position.

Neutron Flux Distribution Measurements: Neutron flux distribu-

tion measurements are made by inserting activation wires into vertical
thimbles within the reactor core. A detecting nuclide distributed
uniformly throughout the flux wire is activated by neutron absorption
during the in-core period. For maximum accuracy, the flux distribu-
tion measurements should be made when the reactor is operating at
constant power level. After activation, the wire is withdrawn into the
interconnecting tubing, outside of the core vessel, and allowed to
decay. After the activity has decayed to a suitable level for handling
and scanning, the activation wires are further withdrawn into the core
instrumentation room where they are positioned in the flux scanner for
beta activity measurements. Ten wires are scanned at one time. The
induced radioactivity at any point along the wire is a direct function of
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the time integrated neutron flux at the corresponding location within the

reactor core.

The activation wire to be used for time integrated flux measure-

ments is a titanium wire containing 0. 6 weight percent copper. This

wire is approximately 0. 025 inch in diameter and can be used in flux

densities ranging from 1013 to 1014 neutrons /cm2-sec. Pure copper
wires will be used for measurements in the lower power flux range
from 1010 to 1012 neutrons /cm2 -_sec.

Titanium was selected as the basic activation wire material
because of its low level of impurities and short radioactive half life
which result in a low level of radioactivity shortly after irradiation.
This low level of activity from the wire constitutes the background
above which the activity level of the detecting nuclide must be measured.
Low activation wire materials also minimize the exposure to personnel
when manual handling of activated wire is necessary.

Copper-63 is used as the detecting nuclide because of its low
thermal neutron absorption cross-section and its relatively short half
life (12. 8 hours). The activation of the copper also follows that of the
OMCR fuel reasonably well in the thermal fission range.

The activation wire flux scanning unit is capable of scanning ten
separate wires at the same time. A separate beta sensitive scanning
head is used for each wire as shown in Plate 7-5 (Block Diagram -
Core Power Mapping System). Beta activity measurements are pre-
ferred to gamma measurements because of the improved scanning
resolution that can be obtained.

Instantaneous Neutron Flux Measurements: Neutron-sensitive
boron thermopiles are used for instantaneous thermal neutron flux
measurements at given points within the reactor core. These detect-
ing elements are designed for insertion into the same thimbles used
for activation measurements. The detector may be positioned verti-
cally at any desired point within the thimble.

The same positioning mechanism is used for the boron thermo-
piles as for the activation wires. A special positioning cable contain-
ing a coaxial conductor is used to position the detector within the core.

The boron thermopile detectors consist of a series arrangement
of two thermoelectric couples. The detecting couple contains boron
and is sensitive to thermal neutrons as well as the ambient temperature.

The second couple is sensitive to temperature only and is connected in
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series opposition to the boron couple, thus providing temperature com-

pensation. The output voltage is therefore a function of neutron flux

only.

Burnup Measurements: Fuel burnup is measured by means of
special activation type wire, doped with fuel material identical to that

contained in the fuel elements. These wires remain in fixed positions
within the core at all times, except for short intervals when the wires
are removed to obtain burnup samples. The uranium isotope burnup
and the plutonium buildup percentages in the fuel doped wires should
be identical to that in the fuel element at the same location after apply-

ing a correction for self-shielding effects in the thimbles and the
neutron flux distribution within the fuel element.

Fuel burnup measurements are made at specified periods dur-
ing the core life by removing the fuel-doped wires from the thimbles
and clipping several short specimens at various points along the wire.
These specimens are examined by chemical separation and mass spec-
trometry to determine the uranium and plutonium isotope concentra-
tions.

The burnup data obtained in this manner is used to correct the
burnup computational program in the digital computer. This data is
manually imputed to the computer by means of the IBM card punch.

Stored Program Digital Computer: The heart of the core power
mapping system is a small general purpose stored program digital
computer similar in concept to the types developed for computer con-
trol in the process industry. 1, 2, 3

The computer will employ a simplified mathematical model of

the reactor core to predict neutron flux, power density and fuel burn-
up as a function of spatial position in the core, reactor power level,
individual control rod positions and time. Real time simulation will
be used. At suitable intervals, the computed data will be compared
with actual in-core measurements and the computer program corrected

1. A.H. Kuhnel, "Industrial Uses of Special-Purpose Computers,"
Instruments and Automation, Vol. 28, pp 1108-1113, July 1955.

2. M. Chister, Jr. , "The Application of Digital Control Systems in

the Process Industries," Computers and Automation, Vol. 7,
No. 8, pp 14-15, August 1958.

3. W.S. Aiken, "Building Reliability into Digital Process Control
Systems,' Control Engineering, Vol. 5, No. 10, pp 76-79,
Oct. 1958.
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to agree with the measured values. The technique for the correction

of accumulated computational errors will permit the use of a simplified

computer program and will reduce the need for large storage capacity
and high computational speed within the computer.

The digital computer is also used for the computation of the

average fuel burnup in each fuel element using measured reactor para-

meters as input data. This computation is made on a time sharing
basis with other computer functions.

The average fuel burnup in any given fuel element can be computed
with a fair degree of accuracy if the inlet temperature, outlet tempera-
ture, specific heat and mass flow rate of the organic coolant are known
as a function of time. The inlet temperature to all fuel elements is
the same and is measured by taking the average of three resistance
bulb thermometers located in the reactor inlet plenum. The organic

outlet temperature at each fuel element is measured with a fast response
thermocouple and is used for input data to the core outlet temperature
scanner and data logger. The organic mass flow rate through each
fuel element is a constant ratio of the total mass flow rate of the organic
through the reactor and is measured by flow meters in each of the three

heat transfer loop inlet lines. Each of these parameters is supplied to
the computer as continuous analog signals as shown in Plate 7-5 (Block
Diagram -Core Power Mapping System). The specific heat of the cool-
ant is essentially constant and is set into the computer by hand.

The various units which make up the digital computer are shown
in Plate 7-5. Input data is supplied to the computer by means of an

IBM card reader or an analog to digital converter. The output data
from the computer is displayed in the form of axial and radial flux and

power density plots. Burnup data is printed out on a computer controlled
electric typewriter. The computer will actuate the "hot spot" annuncia-
tor and audible alarm when the maximum neutron flux at any point within
the core exceeds predetermined limits.

Fuel-Element-Failure Detection and Location System: The pre -
sence of significant quantities of gross fission products* in the coolant
of a reactor system employing a recirculating coolant is of concern
primarily because of the radiological hazards associated with the fis-
sion products. In a heterogeneous reactor system employing clad fuel
elements, the presence of gross fission products in the coolant is an
indication of a failure of the integrity of the fuel cladding material.

* The term gross fission products refers to the over 200 radio-
active nuclides that result from nuclear fission.
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The containment philosophy for this design study is based on
the assumption that fission products may be circulating in the system
as a result of failures in the fuel element cladding, and that the plant
will not be shut down until the fission product concentration in the cool-
ant reaches a predetermined level based on radiological hazard con-
siderations. The early detection and localizing of the cladding failure
is extremely desirable.

An ideal cladding failure detector should be capable of detecting
and locating the source of very low levels of gross-fission-products
activity so that the defective fuel element can be removed before a
major failure results in a serious contamination of the entire coolant
system.

The mechanisms by which fission products can escape from an
irradiated clad fuel element are:

1. Diffusion of gaseous fission products through pinholes and
microcracks in the fuel cladding.

2. Diffusion of gaseous fission products through the cladding

material.

3. Leaching from the surface of the exposed fuel.

4. Fission recoil from the surface of exposed fissionable
material.

5. Physical erosion of the fuel by the coolant.

The quantity of fission products released to the coolant by the
above mechanisms is to a great extent dependent on the period of ir-
radiation, the physical condition of the fuel and cladding materials,
acid the type of fuel material.

The relative concentrations of the various nuclides in the coolant
will to some extent be dependent on the mechanism of release. For
example, if the failure in the cladding consisted of pinholes or small
cracks, one would expect to find the activity in the coolant largely due
to the gaseous fission products and their daughters. Leaching, how-
ever, would result in a higher concentration of the fission products
that are soluble in the coolant. In the case of fission recoil, the con-
centration of all fission products should be in the ratio of their direct
fission yield. Physical erosion would result in the presence of fuel
material as well as fission products. It would be possible by careful
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analysis of the fission products in the coolant to estimate the type and

extent of the failure in the fuel cladding and to evaluate the seriousness

of the failure. 1

The following methods of detection of fuel element cladding
failures were investigated for application in the OMCR concept:

1. Detection of the radioactivity of gros s fis sion products in

the coolant from:

Delayed alpha activity
De layed beta activity

Delayed gamma activity

2. Detection of radioactive fission product gases in the coolant.

3. Detection of fission product particulate matter in the coolant.

4. Chemical or radiochemical isolation of one or more of the
fission products.

5. Detection of fissionable material in the coolant by chemical

analysis or neutron irradiation.

6. Use of chemical, dye tracer, or sources of unique radio-
active species materials mixed with the fuel materials.

7. Use of an adsorptive filter in the effluent sample from each
fuel assembly.

8. Use of temperature or flow monitors in the outlet of the
fuel assemblies to detect a decrease in flow due to major deformation
of a fuel element.

Each of the methods outlined above have certain advantages and

disadvantages depending upon the characteristics of reactor systems
in which it is employed. One of the more important considerations in
evaluating a method of detecting fission products in the coolant by

their radioactivity is the normal or background radioactivity of the
coolant itself. The sensitivity of any of the methods considered will
depend on optimizing the signal-to-noise ratio, but, to generalize, it

1. J. F. Palmer, and W.M. Barss,, "A study of 50Sheath Failures
in NRX from Sept. 1955 to Aug. 1957." Atomic Energy of Canada,
Ltd. Report CRR -749 (AECL No. 650) 39 pp, June 1958.
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appears that the cost and complexity of any given detection system will

be in direct ratio to the desired sensitivity.

The OMCR core is designed so that the probability of a fuel

cladding failure due to burnout is essentially zero during normal

operating conditions. A safety factor of two has been used as the
design ratio of burnout heat flux to the maximum operating heat flux.
As described in Section X, it is possible under certain conditions in-

volving control system failure to melt some fuel cladding. The func-

tion of the reactor plant protective system is to minimize this probabil-

ity.

The reactor core is made up of 15,600 fuel pins contained in 156
fuel elements. It is believed that if a fuel cladding failure does occur,
it will most likely be the result of undetected defects in the materials
or fabrication techniques used in the manufacture of the fuel pins.
Even though rigid quality control and inspection techniques are used in
each step of the fuel fabrication, there is a finite probability that one
or more "defective" fuel pins will be loaded into the core with each fuel
loading.

In the design of the fuel element failure detection and location

system it has been assumed that one of the more probable points of
failure will be at the end caps of the fuel pins, or through small un-
detected pinholes in the tubing. It was further assumed that if such
defects were not detected by the quality control and inspection tech-
niques they would not show 'up until the fuel elements had been ther-
mally cycled and some fission product gases had accumulated in the
helium gas spaces within the pin. It is conceivable that with this
type of failure only "old" fission product gases, from which the delayed
neutrons had already been emitted, would be released into the coolant.

The proposed fuel element failure detection and location system
employs both the delayed neutron and delayed gamma methods of
fission product detection. Experience in other reactor systems1 , 2
indicates that the delayed neutron method of detecting fuel cladding
failures will give the greatest sensitivity in an organic cooled reactor
system. To provide for the special case where the failures involve the
release of only "old" fission product gases, the delayed neutron monitor

1. C.H. Millar, B. W. Sargant, and J.C. Horseman, "Delayed-Neu-
tron Monitors for Sheath Failures in Reactor Fuel Rods": Nuclear
Science and Engineering Vol. 2, No. 3, pp 363-372, May 1957.

2. P. W. Frank and K. H. Vogel, "The PWR Failed Element Detection
and Location System, " WAPD-T-599, June 1957.
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is backed up with a differential gamma fission product monitor similar

in concept to the system used on the MTR 3 .

The selection of the delayed neutron and delayed gamma method

of detecting cladding failures is based on the premise that a defect in

the fuel element cladding is of concern because of the radiological
hazard associated with the presence of fission products or fissionable
material in the coolant. A defect or failure in the cladding that did
not result in the release of fission products or fissionable material, if
such a situation were possible, would be of no concern. This premise
leads to the conclusion that the best method of detecting a cladding
failure is to detect the presence of fission products in the coolant. It
is difficult to conceive of a mechanism that would permit the release
of fissionable material without also releasing fission products.

The use of special chemical, dye, or unique radioactive species
mixed with the fuel material was considered impractical because of
the large number of fuel assemblies to be monitored and the complex-
ity and operating cost of a monitoring system capable of detecting these
tracers in the organic coolant. The use of chemical or radiochemical
isolation of one or more of the fission products in an organic coolant
has not been thoroughly investigated. It appears, however, that this
method would be very costly and complex unless satisfactory ion ex-
changers can be developed for use with organic coolants. The use of
an adsorptive filter in the effluent sample from each fuel assembly
does not appear to be satisfactory because the filter would also adsorb
and concentrate the normal radioactive materials in the coolant result-
ing in a low signal to noise ratio. A method that would require the
adsorptive filters to be removed from the sampling line and trans-
ported to a radiochemical laboratory for analysis was considered to
be unsatisfactory from an operating standpoint.

A well-mixed organic coolant sample is taken from the outlet of
each of the 156 fuel elements. This sample is piped from the core to
the neutron and gamma fission product monitors located in the Core
Instrumentation Room. For fuel cladding failure monitoring purposes,
the reactor core has been divided into halves. The sampling tubes
from each halfare brought out of the core tank through one of two sep-
arate instrumentation nozzles located near the top of the vessel. See
Plates 3-1 (Reactor Sectional Elevation), 3-3 (Reactor Cross Section
and Nozzle Orientation), and 3-4 (Reactor Detail and Core Instrumen-
tation Routing).

3. R. O. Heath "Fission Product Monitoring in Reactor Coolant
Streams, " IDO-16213, Jan. 1, 1956.
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A separate fission product monitoring system is used for each

half core. The use of two systems reduces the time required to scan
each element. The systems are designed so that any one of the moni-

tors can handle both halves of the core. This allows the monitoring
units to be shut down for decontamination, when required, without in-
terfering with the operation of the overall fuel cladding failure moni-

toring system.

A block diagram of the proposed fuel element failure detection
and location system is shown in Plate 7-6.

Performance Requirements: The following performance re-
quirements and design criteria were used a.s the basis for the design

of this system.

1. The system shall be continuous and automatic in operation.

2. Each fuel element shall be monitored repeatedly so that it
will not be necessary to remove more than one element in order to
remove the defective fuel pin.

3. The sensitivity of the system shall be capable of detecting a
fuel cladding failure equivalent to the loss of one square millimeter of
cladding material. This sensitivity is to be based on the assumptions
that the reactor is operating at 50% of its rated power, the maximum
concentration of oxygen in the system is based on a maximum water
concentration in the coolant of 200 ppm by volume, and that the fission
products enter the coolant by recoil from unclad fuel.

4. The system shall be capable of detecting the locating a fuel
element from which the fission product release is the result of the dif-
fusion of fission product gases through a failure in the fuel cladding.

5. The system shall be capable of detecting a new failure in the
presence of an existing one.

6. The operation of the system shall not interfere with the nor-
mal operation of the reactor plant.

7. The system shall not prevent or interfere with the insertion
or removal of fuel elements or control rod poison elements.

8. Where the life of a component is an important factor in its
design or selection, the component shall have a design life of not less
than 20 years. This requirement will not apply to components external
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to the reactor core tank if such components are designed to be easily
replaced in service.

9. The system shall have no moving parts within the reactor

core tank or biological shield.

10. Multiple systems shall be used external of the reactor and

biological shield to insure reliability of operation.

11. The device used to indicate which fuel elements are being
sampled shall be capable of maintaining its accuracy without adjust-
ment during the life of the equipment.

12. All valves in the system shall be accessible for operation
and maintenance during reactor operation without over-exposure to
personnel.

13. Manual override of automatic operation shall be provided so
that it is possible for the plant operator to select any one of the fuel
elements for sampling and for any desired duration of sampling time.

14. A method of measuring, indicating, and recording the sample
flow rate, the radiation level in the sample, and the position of the fuel
assembly being sampled, shall be provided.

15. An alarm shall be provided to indicate system failure, low
sampling flow, and high radiation level in the sample.

16. The system shall be designed for a normal operating tem -
perature of 775 F at the inlet to the sampling valves and 150 F at the
radiation detector location.

17. The coolant not being carried to the radiation detection
elements shall be kept in continuous flow through suitable bypass lines
and returned to the coolant system.

18. The total leakage of the coolant from all sources other than
the fuel assembly being sampled shall not exceed 10% of the sample
flow during its travel through the entire system.

Radiation Monitoring Systems: The radiation monitoring systems
serve three primary functions:

1. To monitor the radiation integrity of the reactor plant.
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2. To provide signals to actuate fast closing dampers in the

ventilation system and stack when excessively high radiation levels

are reached.

3. To provide operating personnel with a knowledge of the
radiation levels in the various areas both inside and outside the plant.

Although each radiation monitoring unit in the system is designed

to have sufficient sensitivity to detect maximum permissible concen-
trations of radioactivity as established by AlEC regulations, it is not
intended that they should replace or even be a substitute for health
physics instrumentation. It is felt that the health physics aspects of
plant operation should be the sole responsibility of the plant health
physics staff who are equipped with their own special health physics
instrum ents.

A functional block diagram of the various monitoring units in

the radiation monitoring systems is shown in Plate 7-2.

Plant Integrity Monitoring System: The primary function of the

plant integrity monitoring system is the detection and measurement of
both normal and excessive radioactivity levels within the various areas
of the reactor and organic heat transfer portions of the plant. The
existence of abnormally high radiation levels in any of these areas is
an indication of a failure in the containment integrity of the organic

coolant heat transfer system, the fuel element cladding, or the biolo-
gical shielding of the reactor. As such, this system serves as an
operational monitoring system to warn operating personnel of plant
component malfunctions and failures that might not be detected by other
means. The system also provides a continuous recorded history of
radiation levels in the various areas of the plant.

The plant integrity monitoring system employs two basically
different types of radiation monitoring devices: the area monitors
which continuously measure and record the gamma radiation levels
in the area, and the air particulate monitors which measure the con-
centration of radioactive particulate matter in the air. The detector
units of the gamma area monitors are usually located to give an indi-
cation of the maximum gamma level in the area. The air monitors,
in most cases, are located outside of the area being monitored, the
air sample being carried to the filtering device through air sampling
ducts.

Ventilation Monitoring System: All of the plant areas containing

organic process equipment, including the three heat transfer rooms,
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are provided with separate ventilation systems which discharge to the

ventilation stack. The function of the ventilation monitoring system

is to measure the radioactivity level in the air being discharged from

each of these areas, to provide signals to operate fast closing dampers,
and to stop the ventilation fans when the radiation levels exceed safe

limits.

Gamma-sensitive ionization chambers located in the inlet to the

exhaust ducts are used to monitor the discharged air. The signal
front each ventilation monitor is displayed on remote indicators in the

control room and recorded on a multipoint strip chart recorder. An
adjustable alarm and damper closing set point and an annunciator are
provided for each unit.

Waste Gas Monitoring System: The function of the waste gas
monitoring system is to measure the concentration of radioactive par-
ticulate matter and gases in the gaseous exhaust from the degasifica-
tion and purification systems and in the discharge line leading from the
decay storage tanks to the stack.

An air particulate monitor and a gas monitor are located in each

gaseous waste discharge line as shown on Plate 7-2 (Radiation Monitor-
ing Systems). If the concentration of particulate or gaseous activity
from the Degasification and Purification Systems exceeds a predeter-
mined level, as determined by the stack dilution factor, the monitor

will close the damper valve in the gas discharge line.

Stack Monitoring System: All ventilation air passing through the
reactor and process areas, and all gaseous wastes are discharged to
the atmosphere through the ventilation stack. The function of the stack
monitoring system is to monitor this discharge to insure that the con-
centration of airborne radioactivity at ground level in surrounding areas
does not exceed the maximum permissible concentration permitted by
AEC Regulations. The stack monitors sample the stack discharge im-

mediately downstream of the stack particulate filters and act as a back-
up to the ventilation and waste gas monitoring systems.

Two air particulate monitors and two gas monitors are provided

to insure that one monitor unit of each type is in operation at all times.
The count rate signals from each monitor are displayed on remote in-
dicators in the control room and recorded on a multipoint recorder.
An adjustable alarm setpoint and annunciator are provided for each
monitor unit.
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In the event that the radioactivity level in the air passing up the
ventilation stack exceeds the maximum allowable level the monitor
will shut off the stack dilution fans and close the stack dampers.

Aqueous Waste Monitoring System: The function of the aqueous
waste monitoring system is to insure that the concentrations of radio-
active liquid wastes discharged into the condenser cooling water do not
exceed the maximum permissible concentration established by AEC
regulations. Separate beta-gamma monitors are used on aqueous
waste cooling water systems discharging into the cooling water coming
from the turbine condenser. The detection units are sufficiently sen-
sitive to measure either beta or gamma concentrations of 10-6 'ac/cc
with a counting rate of at least twice background. Adjustable alarm
setpoints and annunciators are provided for each unit. The counting
rate is displayed on individual indicators in the control room and re-
corded on a multipoint recorder.

E. TURBINE PLANT CONTROL

Functions: The turbine plant control system is designed to pro-
vide action or information required for automatic, manual or super-
visory control of the main operating equipment. It includes instru-
ments and controls for the maintenance of continuous operation of the
turbine generator under normal steady and normal varying load condi-
tions.

Plant power output is basically determined by the network fre-
quency which, as a measure of load demand, acts upon the turbine
controls. Thus, the rate of steam admitted to the turbine is automati-
cally adjusted by the position of the turbine control valves. The steam
pressure will be held constant at all operating power levels, and the
control system on the reactor-steam -generator loop will vary the
coolant flow to provide this condition. Under conditions of start.-up,
normal and emergency shutdown of the plant, the control system will:
maintain coolant pressures and temperatures within design limits;
maintain steam pressure and temperatures within design limitations;
automatically control the water level in the steam boilers and conden-
sate levels in the condenser hotwell and feedwater heaters.

When an increase in power is required, the turbine control valves
are opened to increase steam flow. A control signal proportional to
both steam flow and change of steam pressure from standard is trans-
mitted to a power demand relay which in turn closes partially a control
valve in the coolant loop steam drum bypass providing an increased
evaporation rate until the system once again balances. Feedwater flow
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rate responds to steam flow and drum level signal independently of the

primary control system.

On a decreased power demand, the turbine control valves are

partially closed, reducing steam flow, which in turn reverses the

action of the component functions described above. In the event of
sudden complete closure of the control valves or tripping of the stop
valves pressure in the main steam line will rise. This in turn acti-

vates a dump relay which signals the opening of power relief valves

which dump full steam to atmosphere. These valves can relieve more

than 100% of design flow. If the turbine is tripped out and is not
brought back on the line within a specified time, relays and controls
will shut down the reactor. In the event of turbine tripout and loss of
generator load, the turbine stop valves close. Continued operation of
equipment and instrumentation, required to insure a safe and complete
shutdown, will be maintained by feed back from the start-up trans -
former or by auxiliary power from one of two diesel generators which
will start up automatically.

Equipment: The turbine control system consists of the follow-

ing governor devices which position the steam control valves through
hydraulic relays:

Speed governor with motor-operated synchronizing

device
Load limit device with starting handwheel
Underspeed release device

Initial pressure regulator

1. Primary speed and load control is provided by the centri-
fugal type speed governor having a rotating pilot valve with a spring -
closed speed relay piston. Oil is admitted to the governor passing
first through the auxiliary pilot valve which is mechanically controlled
by the starting and load limit handwheel. The oil then passes through
the governor rotating pilot valve and from there to the speed relay
piston. This piston acts, through a mechanical linkage, on a second-
ary pilot valve which hydraulically positions the main operating piston
and therefore the control valves. Speed (or load) of the turbine may
be varied by means of the synchronizing device which mechanically
positions the outer governor pilot valve bushing with respect to the
inner- rotating governor pilot valve. After the turbine-generator is on
the line the synchronizing mechanism is used to adjust the load.

2. The load limit device restricts the amount of control valve

opening to set an upper limit on the load. It may be adjusted either by
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the starting handwheel at the turbine standard or motor-operated from

a switch on the turbine board in the Control Room.

3. The underspeed release device provides a means for block-

ing the governor so that it does not move the control valves in response
to the continual small frequency changes. However, if the frequency
drops a large amount, the governor is released and opens the control
valves to whatever extent is required by the setting of the governor or
the load limit.

4. The initial pressure regulator prevents the throttle pressure
from dropping below a predetermined setpoint by closing the steam con-
trol valves sufficiently to hold the pressure at the setpoint. This de-

vice protects the turbine against high moisture carry-over.

In addition to the normal control system, an emergency
governor is provided which trips the turbine on overspeed by closing
the main stop valves as well as the steam control valves.

Steam Dump System: It is the purpose of the steam dump system
to discharge the total generated steam to atmosphere in case of large
load drops or complete load loss of the turbine-generator.

Four 2-1 /2" electromatic valves are connected to each steam

generator and piped to the outside of the containment. The controlling
variable is the steam header pressure and the valves will open at
approximately 1100 psig. In addition, another steam dump system is
provided to bypass to the condenser up to a capacity of 20% of the total
and is manually operated from the control room. Since this method
entails no loss of condensate, it may be used for long periods, when-
ever the generator load drops below 20%.

Condenser & Condensate Flow Control: The level in the conden-
ser hotwell is maintained by means of high a'nd low level controllers
which operate the level control valves. The respective valves permit
condensate to discharge to the condensate storage tank in the case of
high condenser level, and to draw the condensate from the storage tank
in case of low condenser level. At low turbine load a minimum flow of
about 200 gpm should be maintained for cooling the ejector and gland
condensers. This is done by means of a flow controller in the main
condensate header, which at low flow opens a control valve in the by-
pass line to the condenser.

The deaerator level controller actuates two 6" control valves

which are installed parallel in the main condensate line and operate in
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sequence. The control schemes of the other auxiliary services are

described in their respective sections.

F. CENTRAL CONTROL ROOM

The instruments and controls are installed on ceiling -height
panels, consoles and bench boards which are arranged in two semi-
circular concentric rows. This arrangement permits viewing from the
three-operator desk located in the center of the control room.

The outermost row of panels is divided into the following five
categories of indicating and recording instruments and annunciators,
as seen from the operators' desk: Left - reactor core; left center -
reactor; center - main heat transfer; right center - turbine and power
generation; right - organic treatment and radiation monitoring.

Between this row of panels and the operators' desk is the half-
circle of three control consoles. The function of each console is gen-
erally related to the panels in a radial pattern. Thus, the left hand
console pertains to control rod positioning; the center console con-
tains the remote controls for valves and pumps in the primary and
secondary loop. The latter are arranged in a graphic layout of the
process. The right hand console incorporates the controls for the
turbine unit, the main power circuit breakers, and the auxiliary power
circuit breakers. These devices are also arranged graphically by
means of a "mimic bus."

Behind the operators' backs is an upright panel containing a data
logger, trend recorders and receiver screen for remote-reading of
process variables.
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SECTION VIII

BUILDINGS

A. SCOPE

This section of the study covers the design and arrangement of
the major buildings and service facilities in the plant. The nature of
the plant was taken under consideration in the design for control of per-
sonnel access to the operating areas within the buildings. In the design
of heating and ventilating systems, consideration was given to the dif-
ference in needs and function of the various operating areas. Railroad
trackage is located along the east side of the plant and truck access is
provided on the north and west sides to satisfy the requirements, for
two types of service.

B. DESIGN CRITERIA

Overall design criteria was established by the Atomic Energy
Commission through applicable AEC Manuals and expanded through
their subsequent contract documents by means of which they pinpoint
location, physical characteristics and general conditions. Any design
criteria must, of necessity, conform to the requirements of good prac-
tice and must be consistent with the applicable governing building codes.

Design criteria for the plant study buildings are obtained from the
following applicable codes and given data:

1. Codes: All codes used are of current issue.

Uniform Building Code (UBC).
Specification for the Design, Fabrication and Erection of

Structural Steel for Buildings, AISC.
Building Code Requirements, A CI.
American Standard Building Code Requirements for Masonry,

NBS.
Light Gauge Steel Design Manual, AISI.
Standard Specifications for Open Web Steel Joist Construc-

tion, SJI.
Code for Arc and Gas Welding in Building Construction, AWS.
National Design Specifications for Stress Grade Lumber and

Its Fastenings, NLMA.
National Electrical Code, NBFU.
Heating, Ventilating and Air Conditioning Guide, A SHA C E.
National Plumbing Code, NPA and HHFA.
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2. Loads:

Snow 30 psf
Wind 100 mph
Floor - per AEC Manual Chapter 6300

3. Bearing:

Soil 6, 000 psf
Limestone: Brassfield 18, 000 psf

Richmond & Shale 15, 000 psf
Bedrock unlimited

4. Seismology: Zone 1 site per UBC, Table 23-C.

5. Meteorology: Per AEC Contract site data.

C. GENERAL ARRANGEMENT

Building arrangement is determined by consideration of basic
need, design criteria, usefulness and economy. The following major
buildings and facilities included in the plant complex are shown on
Plate 8-1:

Reactor building
Turbine -generator building
Turbine -generator auxiliary bay
Administration and access control facilities
Machine shop
Warehouse

Reactor auxiliary building
Decontamination building

Plant operation criteria and radiation protection criteria deter-

mined that the reactor plant, including the main heat transfer loop, be
housed in a low pressure gas -tight building. This requirement largely
dictated the overall plant building arrangement. The turbine -generator
building is located so that the turbine is "head-to" the reactor with a
minimum practical distance separating the reactor building and turbine-
generator building. The turbine -generator auxiliary bay is parallel to
and immediately north of the turbine -generator building, and includes
space for the control room at the operating floor level.

The administrative offices, access control facilities, shops and
warehouse are located adjacent to and north of the turbine-generator
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auxiliary bay and provide a close coupled pattern of personnel flow and

plant operation control. The access control facilities provide control

of personnel entering or leaving any potentially hazardous area such as

the reactor building and the reactor auxiliary building. The rail spur
entry to the plant from the south will require control by a roving guard.

Main access to the turbine-generator building and operation control

room is also through this facility. The shop, warehouse and turbine-

generator building are all served by truck access.

The reactor auxiliary building is at the minimum practical dis -

tance from the reactor building and the access control facility and is

located directly north of the reactor building. The decontamination
building has a common wall with the reactor auxiliary building and is
located on the reactor side so that it is easily accessible. All three
potentially hazardous buildings - reactor building, reactor auxiliary
building, and the decontamination building - are served by the same
railroad spur. This spur handles the new and used fuel and new cool-
ant as well as associated equipment.

D. REACTOR BUILDING

The reactor building contains the following elements of the sys-
tem: reactor and main coolant loops, steam generators, reactor drain
tanks, spent fuel storage pool, new fuel storage racks, fuel handling
gantries, coolant processing system, and a 25-ton service gantry crane
arranged to operate in conjunction with a 25-ton outdoor loading hoist
which is located immediately outside the main service lock.

The arrangement and size of the building are dictated by mech-
anical layout requirements. The structural design provides for total
containment of radioactive gases released during an incident and for
concrete shielding around the reactor and other components which might
contain radioactivity as a result of fission product leakage from the core.
The building consists of a circular reinforced concrete structure 140
feet in diameter, rising 54 feet above grade, which is crowned by an
insulated hemispherical steel dome 136 feet in diameter. Complete
containment is provided by joining the steel dome to a continuous steel
lining attached to the concrete and extending below grade to provide a
continuous gas -tight envelope.

The major portion of the concrete structure is formed by the
three steam generator cells located about the reactor structure. The
foundations are placed on solid rock and the operating floor elevation
is fixed by the internal equipment heights and shielding thickness.
The reactor is mounted vertically in a gas -tight cavity formed by the
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primary biological shielding and necessary penetration seals. The
control rod drives are housed in a gas -tight sub-pile room directly
below the reactor vessel. Access is gained through a door from an
elevator shaft. The containment structure as a whole is designed for
an internal pressure of 8 psig. In addition, owing to the possible maxi-
mum water table elevation of 980, the lower portions of the structure
are designed for an external hydrostatic pressure of 11 psi. Through-
out the building concrete thicknesses have been sized for structural
requirements except where shielding and access considerations dictated
thicker sections.

Penetrations through the dome and the concrete have been held
to a minimum. There will be a single 3-foot diameter emergency exit
through the dome at operating floor elevation. All other penetrations,
including a 10-foot diameter service lock with autoclave-type doors
and a 2'-6" by 6-foot diameter personnel door will be located in the
concrete wall below the operating floor. Access to the steam genera-
tor cells is through gas -tight hatches in the roof of each cell. The
three steam generator cells are nominally isolated from each other
and the remainder of the reactor building by low pressure seals at
all penetrations. Low pressure (1. 5 psig) rupture disks are placed
between adjacent cells. If an incident should cause the pressure
within the cells to exceed 2 psig, spring loaded dogs on the access
hatch will allow the hatch to raise and relieve the pressure to the dome.
The bottom of each cell is lined with steel plate to facilitate cleanup of
any spilled organic liquid and the walls and ceiling have a plastic paint
finish.

Insulation and control joints are provided wherever necessary
to control thermal stresses.

E. REACTOR AUXILIARY BUILDING

The reactor auxiliary building is of conventional design, fabri-
cated from concrete block and reinforced concrete, and houses the
main plant heating and ventilation units, new coolant storage, nitrogen
storage and auxiliary boilers.
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F, DECONTAMINATION BUILDING

The decontamination building is used for decontamination treat-

ment of materials and equipment. It houses such items as shower area,
steam c abinet, stainless steel sinks and fume hood, aggregate storage
bins, concrete mixer, steel storage drums and a stainless steel work

bench. A 5-ton monorail facilitates on- and off-loading across the rail-
road track that services the east ends of the reactor auxiliary building
and the reactor building. The side walls and "shadow" wall of this build-
ing are of reinforced concrete to provide biological shielding. The roof
is a structural reinforced concrete deck with 20-year bonded roofing
that provides adequate shielding.

G. TURBINE-GENERATOR BUILDING

The turbine -generator building and auxiliary bay are conventional,
heavy industrial type buildings, which are inherently large because of

the space requirements of the equipment they house. Optimization
studies established the most reasonable arrangement for the structure

to be a fairly long span steel roof deck with vapor barrier, rigid insu-
lation covered with 20-year bonded built-up roofing, and corrugated
asbestos siding, supported on structural steel framing. Separate
columns, laced together, are provided for crane way and building sup-
ports. Foundations are of reinforced concrete designed to withstand
hydrostatic uplift under flood stage conditions. Rolling doors are
located at the truck access on the west side of the building.

H. SERVICE BUILDINGS AND FACILITIES

The service buildings include the administrative and access con-
trol facilities, laboratories, warehouse and shop - all located north of
the turbine auxiliary bay and west of the reactor auxiliary building. All
service buildings are at ground floor level except for a small service
area which is adjacent to the turbine auxiliary bay control room at
operating floor level.

The access control, laboratories and personnel monitoring facili-
ties are centrally located for easy access to the nuclear portions of the
plant. The function of these facilities is to give positive control of all
personnel entering or leaving potentially hazardous areas. Personnel
may proceed freely from the main plant entrance to the non-nuclear
portions of the plant but access to and from the nuclear portions may
be gained only through a monitored area. Only rail shipments to and
from the reactor portion of the plant are not directly visible from the
access control area and will require surveillance by a roving guard.



Administrative and supervisory offices are located east of the

warehouse and shop, adjacent to the access control area and conven-

ient to the main entrance. Operators' offices and locker facilities are

provided on the partial second floor.

Long span metal roof deck, on purlins spanning between trusses,

vapor barrier, rigid insulation and 20-year bonded roofing is provided

for roofs over the shop and warehouse areas. Heavy concrete shield-

ing roofs with 20-year bonded roofing comprise the roofs over the con-

trol room, access control, laboratory and office areas. Walls at the

south end are reinforced concrete. Exterior walls on the north and

west are corrugated asbestos cement board supported on steel girts
spanning between steel columns.

The shop is a clear space building with a five-ton service crane
covering the entire area running east and west on rails supported by

the building columns. The floor is a concrete slab at grade and is
designed to support heavy loading. The shop machinery is selected

and located to best suit the expected type of maintenance work. Rol-
ling doors are located at the truck access.

The warehouse building is a clear span building with grade level
loading and unloading for trucks on the north side. The floor is a
concrete slab at grade level designed for heavy loading. There is no

crane provided in the warehouse. Rolling doors are located at the
truck access.

I. GENERAL SERVICES

1. Fire Protection: The fire protection system is designed in
accordance with the requirements of the National Board of Fire Under-
writers, and the applicable portion of the AEC Manual, Volume 6000.
Full flow of river water within the system is provided by the screen
wash pumps which also serve as motor driven fire pumps. Two screen
wash pumps are provided, each capable of washing all screens. The
system is designed so that either screen wash pump can be connected
to the fire protection system and be automatically started by low pres -
sure in the system. A diesel engine driven fire pump is provided in
the system as a standby for the screen wash pumps and to maintain
system pressure under peak fire flow conditions. Pressure is main-
tained in the fire lines at all times by a jockey pump and accumulator
tank supplied from the well water storage tank. Fire hydrants and hose
houses are provided for fire protection for the outside plant area.
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Automatic, dry pipe, pre-action sprinkler systems with fog

type heads are provided for the areas within the reactor building and

the reactor auxiliary building and for protection of the main power
transformers. A separate pressurized carbon dioxide fire extinguish-

ing system is provided for the control room, cable spreading room,

coolant storage and melt station, lube oil storage room, and the main

generator.

A central fire detection and coded alarm system of the posi-

tive succession, non-interfering type is provided for all building areas,
including equipment and process cells. The system complies with the
requirements of the National Board of Fire Underwriters for Central
Station Protective Signalling Systems and Proprietary Protective Sig-

nalling Systems.

2. Heating and Ventilating: The ventilation equipment is de -
signed to protect operating and maintenance personnel from air-borne
radioactive contaminants and excessive thermal conditions and to insure

that any routine release of gaseous or particulate material to the atmos-

phere would be through the ventilating stack and would be below the
levels established for radiological safety of the general population. To
meet the first requirement, air flow within the reactor building and the
reactor auxiliary building moves in a general direction from areas of
lesser to areas of greater contamination potential with final exhaust and
dispersion to the atmosphere through the ventilation stack. Cooling
system capacities are established to meet equipment heat loads and

provide safe temperatures for personnel. To meet the second require-
ment, air exhausted to the atmosphere is filtered to remove particulate
matter and ventilation air quantities are such that the total gaseous
activity is diluted to below the maximum permissible concentration at

the stack exit. The temperatures used as a design basis are shown in
Table 8-1.

Heating and ventilating ductwork having contamination poten-
tial is fabricated of welded and flanged steel sheets or schedule 10 steel
pipe with a corrosion protection coating. Heating and ventilating duct-
work without contamination potential is fabricated of aluminum sheets.
In areas subject to radiation level increase due to minor spills or a
rise in pressure above a set point, ventilation ducts to those areas are
supplied with two quick-closing, tight-sealing valves in series at the

point where they enter and leave the enclosure. In the event of an in-
crease in level or pressure, these valves are automatically closed and

maintained tight against a pressure of 8 psig.
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TABLE 8-1

OUTSIDE DESIGN CONDITIONS

-10 F dry bulb

15 MPH wind velocity

95 F dry bulb

78 F wet bulb

INSIDE DESIGN CONDITIONS

Dry Bulb Temperature, F

Winter (Min) Summer (Max)Room or Area

Static
Pressure
Inches E20

Reactor Building
Steam Generator & Process

Equipment Rooms
Operating Floor, Access

Galleries & Stairway
Instrument
Sub-pile (non-ventilated)

Reactor Auxiliary Building
Auxiliary Boilers
Decontamination
Ventilating Equipment and

Residue Process
New Coolant Storage Aux.

Boiler Feedwater System
and Nitrogen Storage

Turbine Building
Turbine, Turbine Auxiliaries

Switchgear, Battery and
Ventilating Equipment

Control Room

Administration and Access Control

Shop

Warehouse

60

60
70-

60
60

60

60

60
70

70

6o

6o

150

'100
80 @ 50% RBH

150

120
105

105

105

105
80 @ 50% RH

80 @ 50% RH

105

105

8-8

Winter Summer

-0.25

-0.10
0.00

+6.0

-0.125
-0.25

-0.125

Atmos.

Atmos.
Atmos.

Atmos.

Atmos.

Atmos.



Each steam generator room is supplied with filtered ventila-

tion air by a supply fan and ductwork. Ventilation air quantities are

such that the cooling requirements for these areas are served by the

ventilation air. Heating coils are mounted in the supply ductwork.

Ventilation air is exhausted from each steam generator room by a fan

and ductwork through filters to the ventilation stack. Negative pres -
sures within the rooms are controlled by regulating the flow of air into
and out of the rooms. Supply and exhaust fans for the steam generating
rooms are provided with 100% capacity standby. Ventilation air quan-

tities for the steam generator rooms are based on a minimum of two
room volume air changes per hour. During periods of occupancy of
the steam generator rooms, both the main and the standby supply and
exhaust fans can be operated to provide a minimum of six room volume
air changes per hour for each steam generator room and to maintain
room temperatures at a maximum of 105 F.

Filtered ventilation air for the operating floor, access gal-
leries and other process equipment rooms is provided by a supply fan
and ductwork terminating in the area above the operating floor. Ven-
tilation air is drawn from the operating floor and access galleries
through openings into the process equipment rooms by a central ex-
haust fan and ductwork system connected to each room and exhausted
through filters to the ventilation stack. Negative pressures within the
spaces are maintained by regulating the flow of air into and out of the
rooms. Ventilation air quantities for the equipment rooms are such
that the cooling requirements are served by the ventilation air. Fan
and coil type cooling and heating units are located on the operating
floor and in the access galleries to provide for cooling and heating of
these areas. Ventilation air quantities for the equipment rooms are
based on a minimum of two room volume air changes per hour. During
periods of occupancy of any one equipment room, a minimum of ten
room volume air changes are provided for increased ventilation and

cooling by closing the normal exhaust from the operating floor and ex-
hausting this air through the equipment room. This increased quantity
of ventilation air maintains room temperatures at a maximum of 105 F.
The supply and exhaust fans are provided with 100% capacity standby.
The sub-pile room is not ventilated and is provided with a fan and coil
type cooling unit. An air conditioning unit is provided in the preampli-
fier room to maintain design temperatures.

The deconta mination, heating and ventilating, auxiliary

boiler and residue process rooms are supplied with filtered ventilation

air by a central fan and ductwork system. Room cooling loads are met

by the ventilation air quantities supplied to each room, while heating
loads are satisfied by heating coils in the supply duct to each room.
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Ventilation air is exhausted through filters to the ventilation stack by
an exhaust fan and ductwork system. Negative pressures within each
room are maintained by regulating the air flow into and out of the rooms.
Ventilation air quantities are based on a minimum of six room volume
air changes per hour for the decontamination room and two air changes
for the remaining rooms. The ventilation supply and exhaust fans are
provided with 100% capacity standby. The nitrogen storage, new cool-
ant storage and auxiliary boiler feedwater system rooms are provided
with heating and ventilating units within the rooms to maintain design
room temperatures. Water chilling units and pumps are provided to
supply the cooling coils in the reactor building with chilled water. The
heating coils are provided with steam from the auxiliary boilers. All

ventilation supply air for the reactor building and the reactor auxiliary
building is filtered by automatic, renewable media filters. All exhaust
air is filtered by automatic, renewable media filters. All exhaust air
is filtered before entering the ventilation stack by disposable type pre-
filters and absolute filters. One supply and exhaust fan for each ven-
tilation system serving the reactor building and the reactor auxiliary
building and water chillers and chilled water pumps are provided with
power from the 480-volt emergency bus. The ventilation stack is a
300-foot high concrete stack with a top diameter to provide a minimum
of 3000 feet per minute discharge velocity. Ventilation stack exhaust
is monitored by an isokinetic type sampler.

The turbine building is supplied with filtered ventilation air
by a ventilation supply fan and ductwork system. Ventilation air is
cooled in summer by an air washer and heated in winter by steam coils
in the supply ductwork. An exhaust fan and ductwork system is pro -
vided to exhaust all ventilation air during the cooling season and to
partially recirculate the ventilation air during the heating season. The
supply and exhaust systems incorporate dual fans to provide 50%
capacity in the event of failure of one fan.

The control room is air conditioned by remote equipment
located adjacent to the control room. System controls maintain design

temperatures within close tolerances. The air conditioning unit con-
sists of fan, filters, direct expansion cooling coil and steam heating
coil, all mounted in a unit cabinet. For cooling, a freon compressor
with water cooled condenser is provided.

The administration and access control area is air conditioned

by a forced air system with supplementary perimeter heating. All air
supplied to the controlled area within the access control area, includ-

ing the laboratory and laundry, is exhaust through filters to the main
ventilation stack. Within the access control area, the direction of air
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flow is from the non-controlled area to the controlled corridor and then
into the laboratory and laundry to be exhausted to the ventilation stack.
The air conditioning unit is of the multi-zone type with fans, filters,
direct expansion cooling coil and steam heating coil, all mounted in a
unit cabinet. Refrigerant for cooling is supplied by a freon compressor
with water cooled condenser. The access control area exhaust fan is
provided with a 100% capacity standby.

The shop is heated by steam unit heaters. Ventilation air is
supplied by heating and ventilating units. Exhaust of ventilation air is
accomplished by roof type exhaust fans. The warehouse is heated by
steam unit heaters. In summer, the warehouse is ventilated by mech-
anical roof ventilators.

3. Sanitary Facilities: Sanitary sewage is lead to a single
header outside of all buildings and run by gravity to a pumping station
approximately 600 feet south of the office structure. All underground
outdoor lines are protected against freezing by a minimum of 5 feet of
earth cover. For exposed piping, adequate insulation covering with
protective wrapping is provided. From the pumping station the sewage
is passed through an adjoining aeration type plant, sized to serve 100
persons, which provides both primary and secondary treatment. The
treated effluent is discharged into the river near the circulating water
discharge canal. Electric power and light service are provided to the
pumping station. Electric automatic heating is provided to the housing
over the sewage treatment plant for protection during intense cold
weather. Provision is also made for electric light and power sources
for inspection and maintenance.

4. Domestic Water: The domestic water system is of the pneu-
matic pressure type. Water for domestic use is supplied from the well
water storage tank. Well water is pumped by the domestic water pumps
from the storage tank through a flow proportioning chlorinator to the
pneumatic accumulator tank. Domestic water is delivered from the
accumulator to points of use throughout the plant.

5. General Light and Power: All power for the buildings and
general facilities is supplied at 480-volt, 60 cycles from 480-volt
unit-substations or motor control centers. Detailed descriptions of
all plant lighting and power systems are under Section IX.
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Motors 1 horsepower to 75 horsepower inclusive will be
served from motor control centers, and motors 100 horsepower to
200 horsepower will be served from unit-substations. Power for
lighting will be provided by regulated transformers supplied from
480-volt motor control centers. A lighting system of fluorescent
lamps and incandescent lamps arranged in suitable ratio and applica-
tion is provided. A separate emergency lighting system fed from the
480-volt emergency bus is provided.
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SECTION IX

ELECTRICAL PLANT

A. SCOPE

This section enumerates the basic components of the electric
systems and presents a description of these components and their
functional relationship to the project development and design.

B. GENERAL DESCRIPTION

One of the basic components of the electric generating and dis -
tribution system is a 3600 rpm generator driven by a tandem -com-
pound double-flow steam turbine. The generator is connected through
metal enclosed bus to the terminals of the low voltage delta winding of
the main power transformer. The high voltage terminals of the main
power transformer will be connected by an overhead line connection to
a 230 kv switchyard, not included in this study. Bus taps are provided
on the main generator bus for service to an auxiliary transformer
which reduces the generator voltage from 13, 800 volts to 2400 volts to
serve the main power auxiliaries. Service at 480 volts for intermed-
iate power requirements for plant process systems and building facili-
ties are provided through a 480 volt unit substation and motor control
centers.

Start-up power is provided by a step-down three-phase power
transformer. The high voltage side is connected to the 230 kv trans -
mission system and the low voltage side is connected to the 2400 volt
bus. This start-up transformer may also serve, if necessary, as
back up service for the auxiliary power transformer.

Plate 9-1, Electrical Single Line Diagram, represents the basic

electrical flow diagram and plant system connections.

C. GENERATOR AUXILIARIES

The neutral of the generator is grounded through the primary
winding of a 50 kva, 13, 800-120/240 volt distribution transformer.
The secondary winding of this transformer is loaded with a 0. 49 ohm
resistor. All neutral ground equipment is assembled in a drip-proof
sheet metal compartment.
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Generator excitation is provided by a shaft driven 250 kw 250 volt

d-c exciter. A spare motor driven exciter is provided. Metal clad,

indoor excitation switchgear houses a generator field circuit breaker,

field discharge resistor, voltage regulating apparatus, field ground

detector alarm relay, necessary control apparatus, shunts and wiring.
Switches and instruments required for remote operation of the excita-

tion system are mounted on the control console, in the central control

r oom.

Generator potential transformers for generator metering, relay-
ing and control are provided. Two sets connected open delta are con-
nected to the generator main bus. One set provides potential for the

voltage regulator, while the other set serves the generator metering
and relaying. The potential transformers and appurtenant apparatus
are mounted in a free-standing sheet metal enclosure. The generator
is protected by alarms and protective relays from damage caused by

abnormal operation and faults. Protective relaying includes the fol-
lowing:

Generator differential
Unit differential
Generator negative sequence
Generator loss of excitation

Generator overcurrent backup

D. TRANSFORMERS

1. Main Power Transformer: The 90, 000 kva main power trans -

former is a three-phase outdoor unit, oil-immersed, forced -oil-cooled
with forced-air cooler (Class FOA). The high voltage winding is con-

nected wye for 132, 800 /230, 000 volts with two 2 -1 /2 percent full capa -

city taps above normal and two 2-1/2 percent full capacity taps below
normal for operation with solidly grounded neutral. Low voltage is

13, 800 volts delta. The high voltage winding insulation class is 825 kv
basic impulse level (BIL). The low voltage winding is 110 kv BIL rat-
ing. Transformer mounted lightning arresters with a rating of 182 kv
are provided. The transformer is also provided with accessories in
accordance with ASA Standard C 57. 12-1956, and in addition is equipped
with sudden pressure relay, and temperature detectors. The low volt-
age terminal connection is arranged to accommodate metal enclosed bus
from the generator terminals. The transformer is finished in accord-

ance with the manufacturers standard practice.

2. Auxiliary Power Transformer: The auxiliary power trans-

former is three-phase, outdoor, oil-immersed units with a rated
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capacity of 5000/6250 kva, type oil-immersed, self-cooled/forced-
air (OA /FA) cooling. The high voltage winding is 13,800 volts con-
nected delta with two 2-1 /2 percent full capacity taps above normal and
two 2-1 /2 percent below normal. The low voltage winding is 2400 volts
delta. The high voltage winding insulation class is 110 kv BIL and low
voltage insulation class 60 kv BIL. The terminal connection on the high
side is arranged for metal enclosed bus, and the low voltage side ar-
ranged with an air filled terminal box for cable connection. The trans -
former is provided with accessories in accordance with ASA Standard
C 57. 12-1956 and is finished in accordance with manufacturers standard
practice.

3. Start-up Power Transformer: The start-up power transfor-
mer is a three-phase, three winding outdoor, oil-immersed unit rated
3000 /3750 kva, type OA /FA cooling. The high voltage winding is
132, 800/230, OOY volts with neutral for ungrounded operation, and
with two 2-1 /2 percent full capacity taps above normal and two 2-1 /2
percent full capacity taps below normal. The low voltage winding is
2400 volts delta. The high voltage winding insulation class is 825 kv
BIL, the low voltage winding insulation class is 60 kv BIL. Trans -
former mounted lightning arresters with a rating of 182 kv are pro-
vided. Standard accessories are in accordance with ASA Standard
C 57. 12-1956 and finish is manufacturers standard practice.

E. SWITCHGEAR

1. 2400-Volt Switchgear: The 2400-volt switchgear is of the
indoor, conventional metal-clad type with drawout air circuit breakers.
The switchgear is provided in one line up. The switchgear arrange-
ment and auxiliary circuit connections are shown on Plate 9-2 of this
section.

The air circuit breakers are three pole, rated 1200 amperes
continuous on the incoming lines, and 600 amperes continuous on all
motor and feeder circuits. The breakers are rated at 100, 000 kva,
interrupting at 2300 volt minimum, and 40, 000 amperes momentary.
Each breaker compartment has the necessary breaker indicating lights,
relays and instruments. The breaker is 125-volt d-c solenoid operated
and is controlled by a remote control switch mounted in the control
room control panel.

2. 480-Volt Unit Substation: The 480-volt unit substation is of
the indoor unit substation type with transformers close coupled to the
metal-clad switchgear containing drawout low-voltage air circuit
breakers. The substation is of the double-ended type with two 750 kva
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transformers feeding two sections of the low voltage switchgear. A

normally open tie breaker connects the two switchgear sections. This

substation provides power to the reactor and turbine-generator auxil-

iaries, and power for the building services.

3. 480-Volt Motor Control Centers: The 480-volt motor control

centers are provided for distribution of power to the smaller station
auxiliaries. The motor control centers are of the indoor, free-stand-
ing, completely dead -front type with enclosed drawout type control as -

semblies. Enclosures are NEMA Type IA, control center wiring is
NEMA Type B. Starter units are of the combination type with molded

case air circuit breakers.

F. EMERGENCY POWER SYSTEM

The emergency power system provides a highly reliable source
of power for essential and emergency loads. The system consists of
two 125-volt storage batteries, two battery charging motor-generator
sets, and two diesel driven generators with the required switchgear
and control apparatus, for back-up power to the 480-volt emergency
bus. See Plate 9-2. The batteries supply power to essential instru-
ments and devices that cannot be interrupted for any length of time
and which require electrical isolation to reduce any electrical "noise"
and transient voltage surges. The batteries also provide power to the
inverter type motor-generator sets to supply emergency a-c service
to essential equipment until the diesel-generators are started and 480-
volt power is restored to the emergency bus.

G. GROUNDING

A low resistance grounding system is provided by means of a
buried ground bus or grid of 500 MCM stranded, soft drawn, bare
copper cable connecting 3/4" copper clad ground rods. The main
grounding grid consists of copper ground bus installed on the periphery
of the reactor and turbine-generator plant with adjacent ends of each
bus connected to ground bus test stations. Ground rods are driven to
below ground water level and spaced on approximately 20 foot centers.
Ground bus test stations are made up of 1/4" copper bar bolted, in an
accessible location, to steel columns of the various structures. Ground
cable and bus joints, taps, and connections to ground rods are made
with the thermal weld (Cadweld) process. Cable connections to ground
test stations and to equipment are made by "Cadweld" lugs or solder-
less pressure type lugs.
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Equipment and systems are grounded by means of bare copper
cable connections to the ground bus or network. Grounding cable sizes
are 500 MCM for the unit auxiliary transformers, 250 MCM for switch-
gear, motor control centers, load center transformers and motors 100
horsepower and larger, #2/0 for lighting transformers, lighting panels,
small equipment and motors less than 100 horsepower, #6 AWG wire
for conduit, trays, receptacles and small wiring devices.

H. MOTORS

Motors rated 300 hp and larger are rated 2300 volts for service
on 2400-volt, 3-phase, 6 0-cycle service. In general, motors 250 hp
and smaller are rated 440 volts for service on 480-volt, 3-phase, 60-
cycle service. Where operational service requirements permit, some
fractional horsepower motors are rated for 115-volt, single phase, 60-.
cycle operation. Some of the motors applicable to the reactor have a
208-volt, 3-phase, 60-cycle rating. Some motors for critical emer-
gencies are rated 120-volt d -c for operation on a station battery. In
general, drip-proof motor enclosures are standard for all motors
located in normally clean and dry locations. In areas where conditions
require, splashproof or totally enclosed motors are used. Outdoor
applications have totally enclosed or weather protected motors. Ex-
plosion proof motors are used in reactor areas where required. Space
heaters are provided in all motors above 100 hp where conditions so
require.

I. LIGHTING

A 120-208Y-volt, 4-wire system supplies service for the plant
lighting requirements. Three phase dry type transformers, 480-120/
20CY-volt, each supplied from 480-volt distribution busses are pro-
vidcd at specific locations in the plant areas.

Ea.ch of the transformers feed a primary distribution panel which
in turn feeds lighting panelboards serving specific areas. The trans -
formers and primary distribution panel are assembled in a sheet steel
enclosure arranged for floor mounting. The switching elements of the
distribution panels and the lighting panels are molded case circuit
breaker type.

Design illumination levels for specific areas are in accordance
with current national standards.

Areas lighted, in addition to the main reactor and turbine -gen-
erator buildings, are the cooling water intake structure and adjacent
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area, sewage treatment area, tank space, parking lot, and service to

the 230 kv switchyard. Lighting in passageways, critical working and
operating areas are provided with emergency lighting circuits supplied
by a lighting panelboard normally fed from the 480-volt emergency bus.

J. COMMUNICATIONS

A communication system is provided for vocal contact between the

plant engineer, operating control rooms, and all operating and process

areas. The system consists of master stations at normally manned con-
trol points and paging speakers with talk-back provisions in the normal
maintenance areas. Telephones and test jacks are provided in various
areas for tests, start-up and maintenance convenience.

K. SPECIAL ELECTRICAL CONSIDERATIONS

The diesel-generators for the emergency system are arranged for
both automatic and manual starting. The control arrangement provides
automatic starting of the first diesel-generator followed by the second
diesel-generator if the first does not start in 20 seconds.

The electrical equipment specified for installation within the
reactor containment is provided with enclosures which are approved
for use in Class I locations in which flammable gases or vapors may
be present in the air in quantities sufficient to produce explosive or
ignitible mixtures. Such enclosures include explosion proof motor
housings, total enclosed lighting fixtures, plug and receptacles in
explosion proof chambers, sealed condulet and conduit devices. The
control for motors will be installed outside the containment.
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SECTION X

SAFETY

A. SUMMARY

This section presents a summary of the potential hazards in the
plant and describes the controlling safeguards provided. Included is a
discussion of the radiation protection and plant shielding analyses of
various plant accident situations, and a- discussion of the criteria. and

provisions for containment of the plant.

Radiation protection is specified on the basis of dose rates of
0. 75 mrem/hr for uncontrolled and routinely occupied areas and 7. 5
mr/hr for plant maintenance. and fuel handling operations. Shielding
provided on the plant is designed to meet the above requirements. The
radiation monitoring equipment for the plant is discussed in terms of
its functional requirements.

Plant accident analyses are based upon a set of hypothetical
failure conditions which are considered to have some degree of credi-

bility. Considered are: (1) uncontrolled continuous rod withdrawal
during startup of the reactor, (2) loss of coolant flow, (3) loss of
coolant pressure, (4) leakage of boiler water into the coolant, and
(5) fires and coolant leaks in the reactor process rooms.

For all the accidents studied, proper action of the reactor pro-
tective system will result in immediate shutdown of the reactor with
no severe temperature or pressure transients in the system and no
release of radioactivity. In only three accident situations involving
the separate and additional failure of the protective system, does
partial meltdown of the core occur with subsequent release of some
radioactivity to the coolant. In all three cases, the activity released
by the core is contained within the coolant system. These accidents
are (1) uncontrolled reactivity insertion coupled with failure of the
reactor to set back or scram; (2) simultaneous loss of coolant flow in
all loops due to loss of pumping power from two independent power
sources coupled with failure of the reactor to scram; and (3) loss of

pressure in the core tank coupled with failure of the reactor to scram.

In all these cases the simultaneous malfunction or failure of indepen-

dent and unrelated control and protective equipment must occur before

the accident can proceed as far as a partial meltdown of the core. In

addition, the pressure and temperature transients associated with

these multiple accidents are such that the system is not breached, and
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the activity release is contained within the system.

Containment for the OCR is based on provision of a leak-tight
envelope surrounding the reactor plant in the form of a containment

vessel. Choice of this maximum degree of containment is dictated by

the desire to maintain positive control over release of all radioactivity
from the plant under any and all normal operational or plant accident

situations.

B. RADIATION MONITORING

The safe operation of a nuclear power plant requires that infor-

mation be available at all times regarding the levels of radioactivity
throughout the plant and the surrounding areas. The function of the
Radiation Monitoring System is to provide an unattended automatic data
collection and recording system to accomplish this purpose. A second-
ary function of the system is to provide signals to operate dampers in
the ventilation system and stack when radioactivity levels in certain

areas exceed safe limits. The Radiation Monitoring System proposed
for this design is shown in Plate 7-2 and described in detail in Sec-
tion VII.

C. SHIELDING

Design Criteria: Shielding requirements for the OCR are dic-
tated by the design criteria listed in Table 10-1.

TABLE 10-1

GENERAL CONDITIONS AND SHIELD DESIGN CRITERIA

Operating power

Maximum bulk or ganic tempe rature
Density of organic at 650 F
Design dose rates,

Routinely occupied areas
During maintenance and fuel handling

Maximum allowable heat flux in concrete
Maximum neutron flux incident to earth fill
Maximum allowable stress in core tank wall
Maximum fission product activity in the coolant

240.8 MW
675 F
0.866 gm/cm3

0.75 mrem/hr
7.5 mrem/hr
150 Btu/Hr-ft2

108 n/cm 2 -sec
17, 500 psi
100/Ic/cm3

(equilibrium)
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Shield Materials: The basic shield materials used are organic
coolant (Santowax-R+30% HBC), steel, and ordinary concrete (density=
150 lbs/ft 3 ).

Reactor Core Shielding: The reactor core is located above ground
level. Radial shielding for the reactor core consists of organic coolant,
two concentric steel shells, an outer thermal shield, the core tank wall,
and the concrete biological shield. Shielding above the core consists of
the upper grid assembly, an organic pool, the core tank top head, and a
concrete top shield plug. Shielding below the core consists of the lower
grid plate, an organic pool, the core tank bottom, and concrete. Dose
rate above the reactor tank on the working floor is less than 0.75 mrem/
hr during full power reactor operation with the design level is fission
product activity (100//C /cm 3 ) in the coolant.

Sub-pile Room: Since access to the sub-pile room is desired
directly after reactor shutdown, the design dose rate in this room
after shutdown is a total of 7. 5 mr/hr from all sources.

Shielding above the sub-pile room corresponds to the shield
below the reactor core. Since there are no sources of radiation be-

neath the sub-pile room, there is need only for a normal structural
floor. No side shielding is required.

Heat Transfer Rooms: The dose rate in the heat transfer rooms
is due primarily to the activity in the coolant with no significant con-
tribution directly from the core or coolant pools in the core tank. The
concrete floor above the heat transfer rooms is adequate in thickness
to maintain a dose rate of less than 0. 75 mrem/hr at the operating
floor level during full power reactor operation. Concrete walls be-
tween the heat transfer rooms reduce the dose rate from adjacent
rooms to a total of less than 7. 5 mrem/hr in any given room during
reactor operation.

Organic Purification Equipment: Organic purification equipment
(HBC distillation unit and storage tanks) is shielded by 5 feet of con-
crete to reduce radiation levels in adjacent working areas to less than
0.75 mrem/hr.

Fuel Element Storage Pool: The fuel element storage pool is
shielded vertically by a minimum of 14 feet of water to reduce the
dose rate at the working floor level to less than 0. 75 mrem/hr with
the equivalent of a full core loading in place. Five feet of concrete
are required between the fuel storage pool and the equipment pit or
heat transfer room to reduce incident dose rate in these rooms to less

10 -3



than 7. 5 mrem/hr during reactor operation. To allow access to the
fuel storage pool for maintenance purposes, 5-1/2 feet of concrete are

required between the core tank and the pit.

Fuel Transfer Tube: The fuel transfer tube which passes be-

tween the reactor tank and biological shield requires the equivalent of
10 inches of steel around it to reduce the streaming dose up the annulus
to less than 0. 75 mrem /hr at the nearest accessible point during nor-

mal fuel unloading procedures.

Pipe Galleries: The pipe galleries are shielded from the heat

transfer rooms and operating gallery by 2-1 /2 feet and 3-1 /4 feet of
concrete respectively. The dose rate in the heat transfer room, from
this source, is less than 7. 5 mrem /hr, and in the operating gallery
less than 0. 75 mrem/hr.

Miscellaneous Low Level Activity Areas: Decontamination areas,
hot shops, the pool water purification system, and low level activity
waste storage areas are shielded by concrete to reduce dose rates from
these areas to less than 0. 75 mrem /hr in the operating gallery and in
adjacent accessible rooms.

Shipping Cask: Irradiated fuel elements are stored in the stor-
age pool for a period of approximately three months prior to being
shipped to processing facilities. The fuel element transportation cask,
designed to carry four fuel elements, is shielded by a minimum of
8-5/8 inches of lead. The dose rate outside this cask is less than
10 mrem/hr one foot from the cask surface.

Shielding Summary: Shielding requirements are summarized in

Table 10-2.

TABLE 10-2

SHIELDING SUMMARY

A. CORE SHIELDING

1. Radial

Inner Thermal shield, steel 1-1/2"
Organic 1"
Core Support structure, steel 1-1/2"
Organic 12"
Outer Thermal shield, steel 6"
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Organic 2"
Core tank, steel 1"

Concrete 7'

2. Above Core

Grid assembly, steel -'2" (equivalent shield
thickness)

Organic 26' (minimum)
Reactor tank cover, steel 1-1/2"
Concrete 3'

3. Below Core

Grid plate, steel "'l" (equivalent shield
thickness)

Organic 5'
Reactor tank, steel 1-1/2"
Concrete 3'

4. Sub-pile Room

Same as below core shielding (see Section II)

5. Heat Transfer Rooms

Walls between heat transfer 3' (concrete)
rooms

Floors above heat transfer 3-3/4' (concrete)
room s

B. ORGANIC PURIFICA TION EQUIPMENT

Between still and operating gallery 5' (concrete)
Between HBC storage and operating 51 (concrete)

gallery
Between HBC storage and fuel ele- 4' (concrete)

ment storage pool

C. FUEL ELEMENT STORAGE POOL

Water above elements 14' (minimum)
Between fuel storage and equip- 5' (concrete)

ment pool
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Between fuel storage pool heat
transfer room

Between fuel storage pool and

core tank

D. FUEL TRANSFER TUBE

Surrounding tube

4-1/4' (concrete)

5-1/2' (concrete)

10" (steel)

E. PIPE GALLERIES

Between pipe galleries and heat
transfer rooms

Between pipe galleries and
operating galleries

2-1 /2' (concrete)

3-1/4' (concrete)

F. MISCELLANEOUS

Between decontamination area and
heat transfer room

Between pool water purification sys -
tem and heat transfer room

Walls between sub-pile room ele-
vator shaft and heat transfer room

2-1 /2' (concrete)

3' (concrete)

3-1 /2' (concrete)

G, SHIPPING CASK

Thickness of lead 8-5/8" (minimum)

Accessibility: Accessibility to the heat transfer rooms and other
areas containing circulating coolant is directly related to the specific
activity of the coolant. The coolant activity is primarily determined by
the number of failed fuel pins in the core although with no fuel pin
failures sufficient coolant activity exists from activated corrosion
products and cladding recoil fragments in the coolant to limit access
to operating areas to a few minutes per week.

Access to a shutdown loop will be obtained by draining the loop
and flushing to the plant drain tanks. Draining a loop with no flush
will reduce the activity by a factor of about 100. With one flush of
fresh coolant a factor of 1000 reduction can be obtained.

Coolant activities and their associated gamma radiation and
access times are tabulated in Table 10-3 for the cases of coolant with
no fission product activity and coolant with the design level of activity
of 100,4 c /cc.
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TABLE 10-3

ACCESSIBILITY TO OCR PLANT

Contribution Source

1. Normal Activation
a) Corrosion Products
b) Recoil Fragments
c) Impurities
d) Total

2. Fission Products
a) Failure of 1 fuel pin
b) Design level for maxi-

mum coolant activity due
to fission products (0.1%
of core failed = 33 pins)

3. Total Coolant Activity

Specific Activity

0.5 u c/cc
0. 3 u c/cc
negligible f
0.8,.. c/cc

3.O0A., c/cc

bOA4 c/cc
100 , c/cc

Radiation*
During Operation

0.3 R/hr (1 hour)

1.0 R/hr

33 R/hr
33 R/hr (30 sec)

and Access Times t
24 hrs After Shutdown

0.03 R/hr (10 hours)

0.06 R/hr

2 R/hr
2 R/hr (9 minutes)

ACCESSIBILITY TO SHUTDOWN LOOPS

Condition of Loops

At moment of Shutdown
1 hr after shutdown
12 hrs after shutdown
Loop drained 1 hr after shutdown
Loop drained and flushed 1 hr after

shutdown

Radiation Level*

33 R/hr
16 R/hr
3.3 R/hr
0.16 R/hr

0.016 R/hr

Access Time t

30 sec
1 minute
5 minutes

100 minutes

16 hrs

* Radiation levels at 1 foot from 24" dia. piping
t Determined on basis of allowable dose of 300 mr/week received in 1 hours time

Cleaned up before entering system

a)
b)
c)
d)
e)

f

'



D. SAFETY ANALYSIS

1. Plant Design Features Affecting Safety: A design objective
for the OMCR is continued operation with failed fuel pins in the reactor
core. This means that it will not be necessary to shut down the plant
in the event a small portion of the fuel pins within the core develops
weld failures or pinhole leaks which release fission products into the
coolant. Operation will continue up to a maximum level of activity at
which point the plant will be shut down for removal of the fuel elements
containing the failed pins.

During operation, the core will be monitored for failed fuel
pins by the fuel element failure detection system and the coolant will

be periodically sampled for determination of fission product concen-
tration. This information together with a realistically established
maximum value for specific coolant activity will permit removal of
failed elements during regularly scheduled shutdowns for fuel reload-
ing.

Evaluation of fabrication procedures, operating experience,
and experimental tests of fuel pins reveals that 0. 05 to 0. 1% can be

taken as an upper limit estimate of the expected failure of the fuel pins
during operation. An OMCR fuel pin is the smallest section of integrally
clad fuel in the core. The core contains approximately 32, 000 fuel pins
and each pin generates an average of 7. 6 kw of thermal power when the
core is operating at full power.

Since the core is designed to operate without fuel centerline
melting under normal conditions, fission product release has been
determined for the case of continued operation with cladding failures,
pinholes, or "leaky" fuel pins. Under these circumstances a conserva -
tive approach is to consider release of 10% of the volatile (i. e., Xe, Br,
Kr, and I) fission product isotopes to the coolant. Coolant activity due

to~fission product contamination has been determined on the basis of
fission product release from one UO 2 fuel pin. The equilibrium cool-
ant activity produced by one failed pin in this situation is 3. c /cc.

This activity is equivalent to approximately 1.0 R/hr at a one foot dis-

tance from 24 inch diameter piping.

In order to develop a consistent plant design, a maximum

equilibrium specific coolant activity has been established on the basis
of a 0. 1% failure of fuel pins in the core. This activity is 100,ez c /cc
of coolant. It represents an upper limit on coolant activity during rou-

tine operation and is used as the design level for coolant activity

in the conceptual design. The gamma radiation associated with this
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coolant activity is 33 R /hr during plant operation at the one -foot dis-

tance from 24-inch-diameter piping.

After extended operation of the plant at power, C 14 and

tritium will build up in the coolant to the following equilibrium values,

C1 4 - 8. 9 x 10-6A c/cc (total curies = 0. 0025)
H3 - 3.4 x 10-5e c/cc (total curies = 0.009)

Assuming that all the C 1 4 and tritium are in gaseous form and are re -
moved in the degasifier, the equilibriurui concentrations in the gas

from the degasifier are 2.4 x 10-5 and 9 x 10-5.. c/cc of gas respec-

tively. These concentrations are further reduced by a factor of

3 x 103 by dilution before release from the stack. Thus the concentra-

tions of C1 4 and tritium in the stack effluent are about 8 x 10-9 and
3 x 10-8 4 c/cc of air, respectively. Since these concentrations are

less than the permissible air concentrations in unrestricted areas of

5 x 10-8..< c/cc for C14 and 2.5 x 10-6-u c/cc for H3 , release of these
materials from the plant presents no hazard.

During normal plant operation, the ventilation system main-

tains the containment vessel at a negative pressure with respect to the
atmosphere (-0. 1" H2 0) and maintains the heat transfer rooms at a

negative pressure with respect to the sphere (-0. 25" H2 0). Also the

exhaust from the ventilation system,' 30, 000 scfm is pumped to the

stack to provide diluting volume for the radioactivity routinely released

from the gas handling and waste disposal systems.

In the event of a coolant leak or fire in a heat-transfer room,

the room will be isolated from the ventilation system to prevent the
spread of radioactivity and reduce the flow of oxygen to the fire. Iso-

lation of the heat transfer rooms is accomplished by means of quick-

closing dampers in the supply and exhaust ducts servicing each room.

The dampers are closed by either of two signals, 1) radiation in the
exhaust ventilation ducts sensed by monitors located in the ducts or

2) reduction to zero of the pressure differential between the room and

the containment vessel due to the pressure buildup associated with a

leak of coolant.. Isolation of the plant container will be accomplished

with similar quick-closing devices in the ventilation system servicing

the containment vessel when the pressure in a heat transfer room

reaches 1. 5 psig. Venting of the heat transfer room to the containment

vessel will occur when the room pressure reaches 2 psig. Pressure

buildup in the containment vessel as a result of venting of a heat
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transfer room will be negligible. Activity released into the plant con-

tainer under these circumstances will be held there for decay and sub-
sequent release to the atmosphere at controlled and acceptable rates.

Fire protection for the reactor, heat transfer and process
areas of the plant is provided by fog nozzle sprinkler units in the fire
protection system. The system is activated by heat-actuated water
release devices and fusible links in the fog nozzle heads. The nozzles
are distributed to provide sufficient fog flow (i. e., 0. 1 gpm/ft 2 of floor
area) so that a coolant fire will be immediately extinguished upon acti-
vation of the fog flow.

Radioactivity is removed from the OCR coolant system by
the purification and degasification system and through natural decay of
the radioactive isotopes. Overall releases of activity from the plant
during routine operation at full power are listed below:

Activity Released During Routine OCR Operation at Full Power

Material Released

1. Gaseous Activity
released at stack
mouth

a) Total

b) fIl

c) Xe + Kr isotopes
(exclusive of Kr8 5)

d) Unidentified - 'o

e) Kr8 5 (9.7 year half
life)

Concentration
When Released

(Czc/cc)

2 x 10+8

3 x 10-10

2 x 10-

4 x 10-14

1.7 x 10-8*

Maximum
Permissible
Concentration

(Ac/cc)

Total Activity
Released

(curies/year)

1095

3 x 10-10

1.7 x 10-7

1.7 x 10_7

0.128

1095

1. 46 x 10-5

2.5

2. Solid Activity Released as shielded
and packaged waste

* Controlled release at a rate equal to or less than the maximum per.
missible concentration.
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When the plant is operating at the design level for the maxi-

mum fission product concentration in the coolant of 100Ac/cc, approxi-

mately 400 curies/sec enter the coolant from failed fuel elements. The
degasifier removed 1. 3 curies/sec of this activity. The purification

stream removes 0.01 curies/sec and the remainder is removed by
natural decay. As discussed above, this activity in the coolant consists
primarily of volatile fission products which have been released from

the fuel, their daughter products, recoil fragments from the cladding,
and activated corrosion products. The distribution of isotopes com-

prising this activity is approximately as follows:

Iodine - 25% All non-gaseous

Bromine - 10% daughter,

Krypton - 10% corrosion products
Xenon - 15% etc. 40%

Total 100%

The waste handling systems are described in Section V.

Decay heat removal is based on circulation of coolant from
the core to the steam generators by natural convection through the

main coolant loops. The difference in elevation between the core and

the steam generators and the favorable plant arrangement with three

main coolant loops assures sufficient thermal driving head and con-

tinuous availability of at least one flow path to a heat sink. Other

design features incorporated in the plant layout and arrangement to

guarantee continuous and positive removal of decay heat are discussed

below.

The core tank is suspended in a concrete cavity designed to

hold coolant and prevent uncovering of the core should a leak occur in

the core tank itself. The cavity extends around the main coolant

nozzles and main coolant loops up to the blocking valves on the main

loops where it is sealed to the loop piping. Thus, a leak in this por-

tion of the main loop piping will drain into the cavity and will not re-

sult in interruption of decay heat removal by draining to a level below

the main coolant nozzles.

In addition, all main coolant piping outside the sealed cavity

is located at elevations above the main loop nozzles. In the event a

break occurs in these lines, the blocking valves in the broken loop will

be closed and the core decay heat removed by coolant flow through the

operable loops. Should the blocking valves fail to close, decay heat

removal can still be effected, since the coolant levebin the core tank
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will drain only to the elevation of the break and will not uncover the

main loop nozzles.

In the event decay heat removal cannot be maintained through

the main loops in spite of the safety features included in the design, the
core tank contains provisions for supplying additional coolant from the
new coolant storage tanks, and other stored volumes of coolant in the
plant. The vaporized coolant produced by boiling in the core under
these circumstances will be passed to the relief system condensers.

A plot of the decay heat generated in the shutdown OMCR core

is shown in Figure 10-1, and the Decay Heat Removal System is de-
scribed in Section V of this report.

Two-loop operation has been specified for the plant to permit
maintenance on a shutdown loop without necessitating shutdown of the

entire plant. Operation on two loops will produce 68% of full power at

68% of full flow. The 'main coolant loops are adequately shielded from
each other to permit maintenance of a shutdown loop with continued
and uninterrupted operation of the two remaining loops. The shutdown

loop is isolated from the reactor core tank by the double set of blocking

valves adjacent to the core tank nozzles. Thus two barriers are pro-

vided between the maintenance work and the operating plant. Access to

the shutdown loop is obtained with minimum time delay by draining the

loop to the drain tanks.

Restoration of the shutdown loop to service is readily ac-

complished without necessitating shutdown of the plant or requiring

complicated additional control equipment and without endangering the

safety of the plant or its operating personnel.

2. Reactor Accidents: One of the more severe potential hazards

associated with the operation of a nuclear reactor is the so-called start-

up accident. This accident occurs when the control rods are withdrawn

continuously from a shutdown condition. It results in a very rapid in-

crease in power level as the reactor approaches full power and an in-

crease in power level beyond the protective system setpoint due to the

time-lag in the response of the protective system. The extent of the

power overshoot is a function of several core parameters such as

source level, effective fraction of delayed neutrons, neutron lifetime,

reactivity insertion rate, full power rating of the reactor core, pro-

tective system setpoints, etc. This study considers the startup acci-

dent for the OMCR core with and without protective system action.
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With protective system action, the startup excursions pro-
duce no radiation hazard nor in any way cause mechanical damage to
the core. Without protective system action, melting of some fuel clad-
ding and fuel may occur during the accident but the integrity of the
main coolant system will be maintained, and the entire accident will
be contained within the coolant system.

As discussed in Section III the temperature coefficients
associated with the core are all negative. These coefficients serve
to reduce the reactor power during a transient of this nature.

In addition the reactivity insertion rate is limited to a value
which will not cause damage to the core should a startup accident occur.
The startup accident study merely places an upper limit on the inser-
tion rate which may be used. If the rate required to change power
level for a specified load change is less than the maximum permissible
insertion rate as determined from a startup accident study then the
lower value would be used. The maximum reactivity insertion rate,
required for the desired load following characteristics,has been deter-
mined as 0. 035%/sec (see Section VII).

Finally, many precautions have been taken to ensure that the
reactor protective system will protect the reactor against this type of
accident. For the accident to occur, the operator must continue to
withdraw the rods, or the control circuit must malfunction so that the
rods continue to receive the electrical power necessary to withdraw

and the following alarms, setbacks and scrams in the protective

system must fail to function:

1) Low level Period Computer Channels 1 and 2

a) Alarm

2) Period Computer Channels 3 and 4

a) Alarm
b) Power Setback

c). Scram

3) High Neutron Power (Coincidence Circuitry)

a) Alarm

b) Power Setback

c) Scram
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Description of the Accident: The startup accident was

studied with various reactivity insertion rates for the following plant
operation conditions:

a. Startup Accident with 100% Flow and A Scram Setpoint at

120% of Full Power

Reactivity insertion rate = 0.01%/sec
Reactivity insertion rate = 0. 03%/sec
Reactivity insertion rate = 0. 05%/sec

b. Startup Accident with 100% Flow and No Protective

System Action

Reactivity insertion rate of 0. 05%/sec

Case b. is considered to be potentially the most damaging
. the core. Case a. was studied to determine the highest reactivity

insertion rate which can be used during startup without impairing the

mechanical integrity of the core.

The neutron kinetics equations were solved numerically on
an IBM-704 computer to the point of appreciable heat generation
(approximately 0. 1% of the full power) in the core; the results obtained

from this solution were then used as the initial conditions for an

electronic analog simulation of the reactor kinetics and the core heat

transfer characteristics on a startup transient. The analog was pro-
grammed for a central core channel, and included the core hot-channel
factors. The accident was assumed to occur immediately after a

scram, so that the inlet temperature was at 600 F rather than at the

preheat temperature of 350 F. This condition causes greater temper-
ature transients in the core and makes less time available for the

protective system to take action during the initial part of the transient.

Hence, it is a more severe case. For all cases studied the protective

system was assumed to have a response time of 50 milli-seconds
after the reception of a scram signal. Also, the control rods were

assumed to start their drop from the full-out position (i. e. least re-

active position) with an acceleration of 95% of gravity.

Results:

a. Startup Accident with 100% of Full Flow and A Scram

Setpoint at 120% of Full Power: The reactor power, maximum fuel
temperature, hot spot cladding temperature, hot channel outlet coolant

temperature, and the maximum heat flux were recorded as a function
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of time for each reactivity insertion rate considered. The significant

results are tabulated below:

Maximum
Maximum Maximum Outlet Minimum Ratio

Reactivity Cladding Fuel Coolant of Burn-out to
Insertion Temp. Temp. Temp. Operating Heat

Case Rate %/Sec (*F) (*F) ( F) Flux

(a)-l) 0.01 850 F 4700 F ~-737 1.6
(a)-2) 0.03 850 F 4700 F -,737 1.6
(a)-3) 0.05 Negligible Negligible Negligible Very Large

Rise Rise Rise

The reactor is not damaged in any of the cases considered.
Case (a)-2) is shown in Figure 10-D-2 as a typical case. Note that
the transient shown is not carried to the point of shutdown. The tran-

sient proceeds in a quasi-steady-state manner and does not overshoot

the scram setpoint but rather approaches it linearly thus providing an
orderly shutdown. The melting points of the fuel and SAP cladding are

~i 5000 F and 1200 F, respectively. The saturation temperature of
the coolant is 800 F. In case (a )-3) above, the temperature rises in
the core are negligible because the scram occurs on the initial peak
in the power transient.

b. Startup Accident with 100% of Full Flow with no Scram:
The startup accident with 100% of full flow combined with failure of
the reactor to scram is considered to be the maximum credible acci-
dent affecting the reactor. The results are plotted in Figure 10-D-3
showing the power level, maximum fuel temperature, and maximum
outlet coolant temperature as a function of time. Since the reactor
will always have a shutdown reactivity of more than 5%, the amount
of time required to reach the point of appreciable heat generation in
the core from the initiation of rod withdrawal at the rod rates avail-
able will always be at least 150 seconds.

At 100% power the minimum ratio of burnout heat flux to
operating heat flux is equal to two as a design basis and the AT in a
fuel element hot-channel is 114 F assuming coolant mixing in the ele.-
ment. In order to reach the burnout heat flux, a power level of 200%

and a hot-channel T -of 228 F must be attained. Since the saturation
temperature at operating pressure is 800 F this implies that bulk boil-
ing will occur at the outlet of the fuel element before a burnout flux is

reached if the coolant inlet temperature to the element is greater than

572 F (i. e., 572 + 228 = 800 F).
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With coolant inlet temperatures less than 572 F the burn-

out flux will be reached before bulk boiling occurs. Bulk boiling at the
outlet of a fuel element can cause flow reduction and channel blocking
in the element due to the high pressure drop associated with two-phase

flow. Sufficient channel blocking can occur to cause meltdown of the

cladding and the fuel in the affected channel. A burnout heat flux will
also cause cladding and fuel melting and subsequent blocking of the

channel with further melting as the flow area is decreased.

In either case, the ultimate shutdown mechanism for the
core will be void formation and a change in the core geometry due to

the melting of fuel elements. Since the coolant system is designed to
contain the thermal expansion of the coolant which would occur during

this accident the entire accident will be contained within.the primary
system. It therefore represents no hazard outside the plant.

Rod Withdrawals from Full Power: Another possible
reactivity insertion accident is control rod withdrawal from the core

during operation in the power range. Should this accident occur with
no protective system action, some melting of the core will occur.

This accident, however, is less severe than transients occurring dur-

ing startup accidents. The reactivity ,insertion rate used for power

level control is the same as that used for startup purposes. In the

case of rod withdrawal from full power, the temperatures in the core
rise immediately and the temperature coefficients tend to return the
reactor to a critical condition; whereas, in a startup accident, a large
amount of reactivity can be inserted into the core before the power

reaches a level which will introduce substantial temperature coeffi-
cient effects. For these reasons, the maximum power attained during
a startup accident will be higher and the results more severe than the

case of a rod withdrawal accident from an operating power level.

Loss of Coolant Flow: The power generated in the plant

is 'transferred from the core to the steam superheaters and boilers by

the circulating coolant. Accidental interruption of this coolant flow

could produce severe temperature transients in the core and could

result in serious damage to the coi-e's integrity. The loss of flow
study considers, two cases: 1) loss of flow in all loops (i. e. , complete

loss of flow) and 2) loss of flow in one loop. If flow is lost in one cool-

ant loop with all loops operating the power level will automatically be

reduced to 68% and the plant will continue operation on two loops with

no scram of the reactor. If flow is lost in more than one loop or if

one loop is lost during two-loop operation, the reactor will scram.
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The main coolant pumps are connected to a 2400 volt bus

which has two independent sources of power, namely, the main generator

in the plant and the high-line through the start-up transformer. A fault

in either the generator or the high-line will cause automatic isolation

of this power source and switch the coolant pump load to the other source.

Complete loss of flow in the plant, therefore, requires simultaneous
failures in the two power systems supplying the main pumps. In such
an emergency, pony motors in each loop, driven by the standby diesel

generators, supply sufficient coolant flow to remove decay heat from

the core.

Complete loss of flow in the puant with protective system

action produces no severe effects in the core although it is necessary

to supply sufficient inertia to the main pumps to keep the flow from de-

caying too quickly. Complete loss of flow with failure of the protective
system implies the occurrence of three simultaneous and independent

failures. This was not considered credible for the plant and was not

studied.

With or without action of the protective system, loss of

flow in one loop presents no hazard to plant operation, provided the

loop is isolated in time to prevent flow reversal in the loop. Quick-

closing valves are installed on all loops for this purpose. Should these

valves fail to close, the reactor will be scrammed by the protective

system.

Plant Characteristics Affecting the Accident: The reactor

protective system is designed to minimize the severity of a loss-of-

flow accident, should it ever occur. The coolant flow in all loops is

continuously sensed by instrumentation which will cause a reactor

setback in power if the flow in one loop decreases below 90% of rated

loop flow. The reactor will be scrammed if the flow in two loops de -

creases below 90% of rated loop flow. In addition, backup scram

action is provided by a signal actuated by loss of electrical power to

the main coolant pump motors. The main coolant pumps are of heavy

construction and have a high reliability factor. Protection is provided

against simultaneous pump bearing failure by continuous separate lubri-

cating oil supplies for each main coolant pump.

Due to the relatively low thermal conductivity of UO 2 , a

considerable quantity of heat is stored in the fuel. During a loss-of-

flow transient, this heat is released to the coolant over a relatively

long (~10 seconds) period of time. If the flow decay following pump

failure is rapid, the heat is not completely released until a relatively

low flow rate is attained. Temperatures in the core following such an

accident may become unbearablyhigh and cause melting or damage to
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the core structure. To minimize the effects of this accident pony mo-
tors have been added to the pumps specified for the plant.

With a loss of flow in one loop it is possible to obtain re-

versal of flow through the loop unless it is blocked off. Quick-clos-
ing blocking valves which close in 10 seconds have been located in each

loop for this purpose. A loss of flow will cause the valves in the re-
spective loop to close. In addition the reactor will scram if reversal
of flow actually occurs in a loop.

Description of the Accident: The accident was studied on
an analog representation of the core. It was assumed that all power

was removed from the pumps which fail and that a reactor scram
occurs at 90% of the operating flow. The cases considered were:

a. Loss of Flow from Full Power and Full Flow

Pump and motor inertia = 9, 400 lb ft2

Pump and motor inertia =14, 000 lb ft2

Pump and motor inertia =18 , 500 lb ft2

b. Loss of Flow in a Single Loop Without a Shutdown or
a Setback and a Pump and Motor Inertia of 18, 500 lb
ft2

Results: Complete loss of flow; the reactor power, maxi-
mum fuel temperature, hot-channel outlet coolant temperature, hot-
spot cladding temperature and maximum heat flux were recorded as a

function of time for each of the inertias considered. The significant
results are listed below:

Max. Coolant
Temperature

Leaving Minimum Ratio of Burnout
Case Inertia Channel to Operating Heat Flux

(a)-l) 9,1400 790 F > 2.00
(a)-2) 14,000 760 F >2.00
(a)-3) .8,500 750 F >2.00

Case (a)-3) is shown in Figure 10-4

A cross plot of inertia versus maximum coolant outlet

temperature is shown in Figure 10-5. Note that an inertia of 8, 700 lb
ft2 is required to keep the maximum outlet temperature below the satu-
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ration temperature of 800 F. With sufficient inertia in the system,

there is no bulk boiling at the outlet of the element, no cladding melt-

ing or fuel melting, and a burnout heat flux is not attained.

Loss of Flow in a Single Loop With Protective System
Action (Inertia of 18, 500 lb ft2 ): In order to determine when flow would

reverse during this transient, it was necessary to determine the time

required to reach the point of flow reversal as a function of pump iner-

tia. This study established the closing speed required for the blocking

valves in the loops. The results are shown in Figure 10-6 where it may
be seen that flow reversal occurs in 10 seconds with a pump inertia of

6, 200 lb ft 2 .

The results for the loss of flow in one loop (assuming the

blocking valves close before flow reverses) are shown in Figure 10-7.

In this case the only parameter which increases as a result of the

accident is the outlet coolant temperature of the channel. This tem-

perature, however, is still well below the saturation temperature at

the operating pressure and hence no bulk boiling will occur.

Large Coolant Leak Accident: The severity of a large

coolant leak is strongly dependent on the location of the break in the

primary system. If the break occurs on the suction side of the main

coolant pump, the pressure and static head within the reactor will

force the coolant out of the broken line. If the rupture occurs on the

discharge of the pump the coolant will be discharged at a rate which is

a function of the pressure and static head within the reactor and the

pump pressure drop. A major break in any of the primary loops will

be sensed by instrumentation and the blocking valves on the affected

loop will be closed. The valves are located as close to the core tank

as practicable. They close at a rate fast enough to prevent the cool-

ant drainage from uncovering the mainloop outlet nozzles. This en-

sures capability for decay heat removal from the core. The reactor

is, of course, scrammed with a major rupture of a primary loop.

The core itself is not damaged by a major rupture in the

piping, since the reactor is scrammed and the main loop blocking

valves are closed. Flow can be maintained in the other operable loops

and the transients in the core are similar to those of an accidental

scram from power with 100% of full flow. The hazard of a coolant spill

is caused by the radioactivity released from the spilled coolant and the

possible further release of this activity outside the process area due to

the pressure buildup caused by contact of the hot coolant with the air

in the room. The activity release has been determined for a spill of

one entire coolant loop amounting to 10, 000 gallons of coolant at 675 F.
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Pressure buildings due to a spill have been determined for a spill of

an entire loop and for spills of smaller volumes.

Pressure Buildup due to a Coolant Leak: Since ventilation

to a heat transfer room will be cut off by the presence of radiation in

the exhaust ducting, the room is considered to be isolated at the same

instant a coolant leak occurs. Pressure buildups due to coolant leaks

have been calculated on the basis of no ventilation during the leak

(i. e., no exhausting to the stack of activity or pressure). Results have

been determined for conditions of coolant leak without a fire and cool-

ant leak followed by a fire. Results are tabulated below:

PRESSURE BUILDUP IN HEAT TRANSFER ROOM

DUE TO COOLANT LEAK OR FIRE WITH NO PRESSURE RELIEF

Coolant Temperature-675 F Room Volume-40,000 ft3

Sprinkler Maximum*
Volume Rate Pressure

Case Spilled Ventilation Fire (gpm/ft2) (psig)

1 10,000 No No -- 15
2 10,000 No Yes 0.1 110
3 1,000 No 'No -- 12.5
4 100 No No -- 5
5 100 No Yes 0.1 <1/2

* Assumes no heat loss to the surrounding structure.

For the cases of coolant leak followed by a fire, a fog

nozzle flow of water at a minimum rate of 0. 1 gpm/ft2 of floor area

will assure that the fire is immediately extinguished. The greater

pressure buildup due to a fire is not caused by the combustion pro-

ducts of the coolant but rather is from the steam produced by the
water quenching action. For the case of a fire following a small spill
(i. e. , 100 gallons) the quenching and cooling action of the water is so

rapid that the air is not heated and no buildup in pressure occurs.

Activity released due to a coolant leak: The total fission

product activity associated with leak of an entire coolant loop (i.e.
10, 000 gallons) amounts to 3, 800 curies when the coolant contains

activity at the design level of 100 c/cc. As discussed above, less

than 50% of this activity is actually due to gaseous fission product
isotopes, the remainder being solid fission products or material

chemically combined with the coolant. For the accident situations
considered here, however, the coolant activity has been assumed to

10-20



be due entirely to gaseous fission product isotopes and all the activity
has been assumed released from the coolant dumped during the leak.

Under these circumstances 3, 800 curies of activity would

be released from the coolant as a result of a leak of an entire coolant
loop. Since ventilation to the room has been cut off, the pressure in

the room would increase until it vented into the containment vessel.
The activity would be retained here until it decayed or was released to
the atmosphere at controlled rates. Direct radiation from the 5/8-inch

steel containment vessel containing a cloud of all fission products re-

leased by the leak (i. e. , 3, 800 cures) amounts to the following:

distance from edge of containment vessel 200 ft-<0.43 R/hr
distance from edge of containment vessel 500 ft-<0.05 R/hr

Release of the activity directly to the atmosphere through
a 300-foot stack has also been considered for leakage of an entire cool-

ant loop. Under the worst weather conditions at the given site, the
total radiation dose received by an individual standing downwind from
the stacl. at the point of maximum ground concentration would be as
follows:

1131 to the thyroid (worst offender fission product) 0.5 Rad

Overall body gamma dose -j2 mrem

Under more favorable weather conditions and at locations

other than the point of maximum ground concentration, the dose would

be less.

Coolant Leak Combined with Failure of the Reactor
Protective System: A failure of the scram system on a large coolant
spill accident is essentially a loss of flow in one loop without protective
system action. The pressure in the core tank will decrease to approx-

imately 19 psia before the pump ceases to perform. Within 10 seconds,
the blocking valves will close and the surge tank will tend to return the

pressure to normal. During the reduction in pressure some clad and

fuel melting may occur due to bulk boiling at the outlet of the hottest
fuel channels, although the outlet temperature of all of the fuel element

sub-assemblies will be below the saturation temperature at atmospheric

pressure. Fission products released by any melting of the core during

this accident will be contained within the unbreached portion of the

coolant system and hence will present no hazard to the public.
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Loss of Coolant Pressure: The coolant system of the reactor

is pressurized to maintain nucleate boiling and to prevent bulk boiling

of coolant in the core. Loss of pressure in the system could presum-

ably result in bulk boiling of coolant with subsequent vapor binding,

channel blocking, and damage to the core. The loss-of-coolant acci-
dent described in paragraph "d" above, is essentially a combination of
loss of pressure and release of radioactive coolant. The loss of

pressure is necessarily less severe since it is possible to lose pres-
sure without losing coolant (for example, malfunction of the pressure
regulating system).

Study of this accident indicates that with protective action
following such a loss of system pressure no damage to the core will

occur and no fission products will be released to the coolant system.

If the reactor is not crammed upon loss of pressure, bulk boiling in

the core may occur. With bulk boiling and subsequent channel blocking,
it is possible for some clad and fuel melting to occur and release

fission products to the coolant. These fission products will be con-

tained in the coolant system however, since the system is not breached.

Should t-ie loss of pressure result from a leak or failure of the core

tank with subsequent loss of coolant from the tank, the accident will

be contained by the cavity surrounding the core tank. Coolant will flow

into the cavity but the core will not be uncovered. No melting of the

core will occur since the reactor will be scrammed. Should the re-
actor protective system fail to function in the event of this accident,

bulk boiling and some core melting will occur, but the accident will
still be contained within the core tank and the cavity.

Thus, a loss of pressure accident in the OCR under any
combination of circumstances presents no hazard to the public.

Water Leak Into Main Coolant.System: Since the operating
pressure of the OCR is less than the pressure- of the steam being

generated, a leak in a steam generator could introduce water into the
coolant system. Excessive pressure buildup in the coolant system
would result from this water being flashed to steam by the higher-

temperature coolant. The pressure relief system has been designed
to prevent damage to the reactor or the coolant system in the event an
accident of this nature should occur.

Plant Characteristics Affecting the Accident: The steam
pressure in the boilers during plant operation is ~1000 psia. The

coolant pressure in the boilers is about 70 psia. Thus, a pressure

differential exists which would allow water to enter the main coolant

system in the event of a leak or failure of a boiler tube. Since the
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coolant temperature in the boiler, is about 670 F, water entering from
a leak will be vaporized to steam with a consequent buildup of pressure
in the main coolant system.

The following design features have been incorporated into

the plant to minimize the possibility of this accident:

1. Relatively small-diameter tubes have been specified
for the steam generators (5/8 inch OD) to minimize
the amount of water which would leak. from a failed
tube. (Leaks from the steam generators are more
severe than leaks from the superheater, since a
greater weight of water is transferred to the coolant
system from a failed boiler tube.)

2. The steam generating equipment will be designed,
constructed, and tested in accordance with ASME
code requirements.

The following design features have been incorporated into,
plant to minimize the effects of this accident:

1. The design pressure of the main coolant system is
150 psia.

2. 39pres sure relief valves have been included in the
main coolant system, 13 in each loop.

3. A reactor scram circuit is provided for emergency
shutdown due to high pressure in the reactor coolant
system.

4. Steam dump valves are provided on the steam gen-
erators to rapidly lower the steam pressure in the

event of. a leak and thus reduce the flow of water
into the coolant system. These valves are of the
quick-operating type and are actuated automatically
by a high-pressure signal from the coolant system.

5. A main coolant loop may be isolated from the rest
of the plant in the event of a water leak by closing

the blocking valves in the loop.

Provision of 39 relief valves is adequate to handle pressure

buildup due to a water leak. The pressure relief system is discussed in
Section V.
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3. Chemical Compatibility in the Core: Experimental inform-

ation on chemical reactions between UO2 fuel and aluminum indicates
formation of an intermetallic compound between aluminum and uranium
when intimately mixed in a dispersion type matrix at temperatures

about 900 F. Initial tests conducted at Atomics International in which

UO2 pellets were sealed in a SAP tube and held at 900 F for approxi-
mately 30 days indicate no reaction. While further tests will be con-

ducted it is presently believed that no chemical instability exists.

Corrosion tests of SAP material in organic coolants at re-
actor operating conditions have indicated excellent corrosion resistance.
SAP corrosion tests have been run in circulating diphenyl at 800 F and
coolant velocities ranging from 0 to 30 ft/second for periods up to 3
months. Weight changes observed during these tests have varied from
0. 06 mg/cm 2 -mo weight gain at zero velocity to 0. 3 mg/cm 2 -mo weight
loss at the higher velocities. In addition SAP material has been ex-
posed under static conditions to mono-isopropyl diphenyl containing
0. 3 w/o water, for 1000 hours at a temperature of 750 F. Weight
gains of the order of 0. 5 mg/cm 2 -mo have been observed on these
tests.

Since the corrosion rates observed for SAP in organic cool-
ants have been essentially negligible, the combination of SAP cladding

with coolant may be considered non-reactive.

No problems of incompatibility between UO2 fuel and organic
coolant have been uncovered and none appear to exist. Corrosion tests
of UO 2 in Santowax R at 750 F indicate no significant weight changes in
the fuel.

E. CONTAINMENT:

1. Introduction: Containment for the OMCR is predicated on a
structural envelope surrounding the reactor plant. Choice of this
method of containment is based on assuring absolute and complete con-
trol of the release of any and all fission products and radioactivity
associated with any credible or conceivable accident to the reactor or

plant. The criteria for design of the containment envelope and a descrip-

tion of the containment structure is discussed below.

2. Design Criteria: The design criteria for OMCR containment
are as follows:

a. Release of all radioactivity and radioactive material

from the plant during normal operation to be equal to
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or less than the maximum permissible concentrations
established by the AEC for continuous uncontrolled ex-
posure to the public.

b. Release of radioactivity during abnormal operation or
as a result of an accident situation to be contained in a
structural envelope surrounding the plant with subsequent
release to the atmosphere at monitored and controlled
rates.

3. Description of Containment: The containment structure en-
closing the reactor plant consists of a 136-foot diameter hemispherical
steel dome surmounting a steel plate lined cylindrical, concrete sub-

structure. The dome is fabricated from 5/8-inch plate and the sub-
structure lining is 1/4 inch plate. The design pressure for the sphere
is 8 psig. The maximum leak rate from the containment structure has
been specified as 5% per day at the design pressure on the basis of
limiting the release of fission products leaking from the sphere at the
peak pressure condition to tolerable levels and controlling the release
thereafter so as not to exceed tolerable levels. Consideration of the
hemispherical dome as a radiation source containing a cloud of fission
products released from a spill of the entire contents of one coolant
loop indicates a radiation level of 0.43 R /hr at a distance of 200 feet
from the wall of the sphere and less than 0. 05 R /hr at a distance of
500 feet.
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SECTION XI

START-UP, OPERATION, MAINTENANCE

A. SCOPE

Preliminary plans for plant start-up, operation, shutdown and

maintenance have been developed for this conceptual design to the ex-

tent necessary for assurance that (1) the design characteristics, lay-
outs, facilities and services specified meet reasonable requirements,
(2) further design work is properly directed along practical, acceptable
lines, (3) reasonably accurate cost estimates for initial start-up and
normal operation and maintenance may be made for the purpose of pre-
dicting construction cost and plant power generating cost.

Plant start-up is considered to include all preliminary equipment
tests and inspections which are not part of the construction phase of
work, and to extend through the period of power testing until the plant
is declared available for regular duty in the system. Plant operation
is considered to include all procedures and requirements during the
periods the equipment is carrying an external electrical load. Plant
maintenance is considered to include requirements for repair, modi-
fication, preventive maintenance and 'other procedures when the equip-
ment is not in operation. In this concept, maintenance specifically
includes reactor refueling operations in contrast with conventional
plants where fuel supply is normally considered an operating function.
The necessity for removing the plant from operation to refuel is con-
sistent with classifying the procedure as a maintenance function.

B. START-UP

1. Preliminary Tests and Inspections: A procedure of pre-
operational testing and inspections of all equipment and systems is
performed to demonstrate that the plant is built to specifications and

that it is ready for fuel loading and initial start-up. Each system is
to be tested functionally and include, as'appropriate, hydros tatic and
cleanliness tests, installation checks, response and sensitivity mea-
surements, wiring checks, air flow tests, rotation checks, vibration

checks and so forth. All safety and protective system circuits and
interlocks are checked with simulated signals.

The preliminary tests and inspection phase is intended to
verify the satisfactory condition of systems prior to operation. A com -
plete and detailed check list is run through to assure that all equipment
is in proper condition for operation and that all safety circuitry and
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interlocks are operable and in service, and that valve and control
settings are proper for start-up.

2. Initial Start-up: The normal station personnel organization
is modified during initial start-up to accommodate senior technical
supervisors from the reactor manufacturer and other representatives
of equipment suppliers. These representatives will assist in the dir-
ection of all activities relating to check-out, testing and approval for
operation of systems within their design responsibility. They will
consult with and advise the supervising start-up engineer and plant
manager on all technical matters relating to their equipment and sys-
tems. They will instruct and assist station operators in organizing
procedures for performance of the operation and maintenance of their
respective equipment and/or systems and will be present for all im-
portant steps in demonstration of station operating capability.

The following is presented to indicate the nature and scope.
Details will be modified as the final planning and execution progress:

Plant auxiliary systems are placed in service.

The feedwater system and main coolant system are set up
for preheating, using the auxiliary boiler for providing
auxiliary steam to heat feedwater and steam trace all main
loop components to minimum operating temperatures. The
reactor vessel is preheated by the use of forced hot air.
When a desired temperature of preheating is obtained, the
coolant is charged to the main loops and reactor by placing
the purification system in service.

The neutron source is then inserted in the core and source
range nuclear instrumentation checked and calibrated.

With the reactor full of hot coolant, fuel is loaded in the
core while checking for criticality at each calculated half
loading as determined by control rod withdrawal tests. At
criticality the required physics measurement and calibrations
are performed. Core loading is then completed to the re-
quired excess reactivity.

Test operation and response of all valves and pumps in the
coolant and process systems is performed along with check-
ing main coolant loop inertia by tripping the coolant pump in
each loop, and in all loops simultaneously. A check follows
of all instrumentation, controls and protective system
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operations and calibrations.

The lube oil system of the turbine-generator is placed in

service and unit rotated on turning gear. All emergency
turbine stop valves are closed and the drains and hand con-

trolled steam dump valves opened to the condenser.

The feedwater system is set up for normal service and the
steam generator levels lowered to operating range, followed
by raising of control rods with the result of bringing the
reactor plant to low power level.

As steam pressure rises the flow is hand controlled through
the main steam header dump valves to the condenser. When
the steam flow and pressure are sufficient, the main unit is
warmed up, tested and made ready in accordance with the
manufacturer's established procedures.

After overspeed test and when the unit idling speed drops to
normal, the overspeed trip is reset and normal no-load
operation restored. Phase-out of the generator then takes
place, after which power operation involves station syn-
chronizing to the electrical network for initial loading. The
steam flow bypass is at this time reduced along with an in-
crease of the reactor power until the generator supplies
station auxiliary load. The station load is manually in-
creased by manipulation of turbine speed changer and reactor
control rods, to minimum levels of the reactor control range,
and then the reactor is placed on automatic.

Actual power operation consists of a program of tests at
reduced and rated pressure and at intermediate power levels
up to full power. Progress from one step to the next depends
upon successful completion of tests at each level. Appropriate
tests determine core flow characteristics, power distribution,
integrated operational characteristics of reactor and turbine
generator units, operation of safety and protective system for
demonstration and proving design.

C. OPERA TING

1. Normal Plant Start-up: In a normal plant start-up the main
loop organic is assumed to be at minimum operating temperatures and
all reactor and turbine systems are available. Except that the special
supervision initially provided and the extensive time element for
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thermal expansions is not required, plant normal start-up will be
similar to the previously described initial start-up procedure. Exten-

sive pre-system tests prescribed for the initial start-up are appropri-
ately modified for normal plant start-up.

2. Normal Operation: Normal operation is undertaken in ap-
proximately the same way as in a conventional power plant except that
reactor skills modify personnel structure.

The control system automatically adjusts plant load in re-
sponse to slight system frequency variations resulting from the elec-
trical network demand through the turbine-generator governor and
thence to the reactor. Readjusting of plant load is obtained by remote
manually resetting the speed changer position or by response to a
system frequency controller impulse. The plant can also be operated
base load by using the load limit device. Some of the major variables
of automatic control consists of the following:

Maintain system frequency.

Maintaining steam pressure and temperature.

Maintaining stear'n generator water level and feedwater

control.

Maintaining deaerator and feedwater heaters control.

Maintain reactor organic outlet temperature control.

Maintain organic flow in the steam generator.

The main function of the plant operators is surveillance of
all plant equipment and systems for proper functioning and making
necessary adjustments. Such functions include stream sampling,

observing and recording of information provided by plant instrumenta-
tion, evaluation of any abnormal conditions and taking action as re-
quired to minimize the effects of equipment difficulties. While the
plant is protected by safety devices provided, an alertness of operat-

ing personnel insures the functioning of the automatic features with a

minimum of interference with the normal operating performance of

the plant.

Besides routine preventive and overhaul maintenance, re-

ceipt and preparation of new fuel for refueling and the preparation of

irradiated fuel and other solid waste for off-plant shipment is considered
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normal operation. Radiation monitoring of the plant and environment
is carried out routinely by the operating personnel.

3. Normal Plant Shutdown: A normal shutdown is accomplished
by gradually reducing generator load to the minimum level of reactor

automatic control range and then changing over to manual control.

Station auxiliary power is transferred to start-up transformer
power and the turbine-generator load along with the reactor load are
manually reduced before the turbine-generator is separated from the
line and manually tripped. At generator outputs below approximately
20 percent, steam from the main header is by-passed to the main con-
denser by means of remote manually controlled valves.

Simultaneously with turbine trip, all rods are driven into the
reactor core along with the closing of the steam generator organic by-
pass valve and opening of the organic throttling valve to permit natural
convection cooling of the core. All main coolant pumps are stopped,
followed by adjustment of steam bypass flow, in bringing reactor and
steam generator equipment to equilibrium temperatures below pre-
scribed level.

The duration of plant shutdown will govern the number and
systems of auxiliary equipment to remain in service.

4. Emergency Shutdown: An emergency shutdown can be con-
sidered scram initiated whether caused by a safety signal or manual
operation of the scram button and/or loss of generator load or turbine
trip off.

In any event, reactor power is automatically and rapidly
reduced and steam automatically relieved by steam generator power
operated safety valves.

If at a time of emergency shutdown the station is confronted
with loss of power from the outgoing line, emergency power is avail-
able from two separate sources in a station safety system which is
designed to take automatically appropriate safety action. In addition,
action may be necessary to protect personnel, plant equipment or the
environs. Such action will be greatly dependent on the particulars of
the situation and will initially be at discretion of the responsible per-
son of the station. However, in all credible emergency situations the
fail safe features of the system and protection devices will remain in
effect regardless of the operational action taken and therefore allow
protection in the consequences of inadequate action.
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In all instances of emergency shutdown, the first action is

to make certain that expected sequence of operation has performed,
and that the equipment is properly shutdown or controlled. There-

after, steps are taken toward locating and correcting the condition.

When the condition that initiated the shutdown is found and corrected,

the plant may be started up without thermal expansion time element
delay when the existing near operating temperatures of the unit are
near normal values. This is referred to as a "hot start-up" and
rapidly allows limited power availability when synchronized to the

electrical network.

D. MAINTENANCE

Routine preventive maintenance is undertaken in about the same

way as in a conventional power plant. The equipment supplier furnishes

with his equipment all drawings, instructions for erection or installa-
tion, operation and maintenance, and a list of recommended spare parts,
from which an equipment and system maintenance record will be kept so
as to facilitate scheduling and completion of all necessary maintenance.

Design of the plant includes a bridge crane, gantry crane and

monorail hoists for providing overhaul and repair to all machinery in

the plant. The automatic protective and interlock devices have been
carefully selected so that proper maintenance can be performed with-
out disrupting total plant operation.

Maintenance requirements for components associated directly

with the reactor complex are not considered severe. Mechanical
components which are expected to require maintenance are primarily

the control rod drive mechanisms and those components associated
with the fuel handling apparatus. Other parts of the reactor complex
such as the core tanks, grid plates, and other permanently installed
in-core components are not expected to require maintenance during
plant lifetime. Fuel handling mechanisms are readily accessible and
maintenance handled as routine.

A slight reduction of plant loading will be required to permit

maintenance on such major components as an organic coolant loop or

a steam generator. For maintenance purposes. secured coolant
equipment will be provided with radiation monitoring during the initial
approach and periodically after decontamination and during disassembly.

Maintenance of equipment in the auxiliary systems can in general

be accomplished without reduction of plant loading. Plant shutdown is
required to permit maintenance on the turbine-generator or the reactor
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and for reactor refueling.

All major overhaul periods requiring complete shutdown are

scheduled on the basis of the safety of continued operation and system

power requirements. Supplementary manpower is required from the

system organization to perform these operations and is provided for

in the total wage cost estimates.

E. MANPOWER SCHEDULE

The responsibilities and duties of plant personnel for the job titles

shown on the proposed Organization Chart, Figure 11-1, which are not

obvious or require clarification, are briefly described herein.

Title Job Description

Plant Manager

Responsible for operation and maintenance of entire station, in-
cluding system liaison and public relations.

Assistant Plant Manager and
Chief Engineer

Assists Plant Manager in operation and maintenance of station;

in absence of Plant Manager is responsible for all station activ-
ities; licensed reactor operator; supervises technical operations.

Reactor Engineer
Licensed reactor operator; assists Chief Engineer in reactor
operation problems; provides technical assistance to all groups
concerning reactor operation, instrumentation and control; re-
sponsible for establishment of and adherence to safe reactor
operation and refueling procedures; maintains records of reactor
operation.

Shift Supervisor
Licensed reactor operator; in charge of each shift and responsible
to Chief Engineer for operation of the station; in absence of sta-
tion management is responsible for station security, safety, and
action of all personnel; responsible for operation of station ac-
cording to station procedure and system power requirements.

Chief Operator
Licensed reactor operator; responsible to Shift Supervisor; con-
trols reactor, turbine -generator and station output from the cen-
tral control room; maintains operating records; assists in

11-7



Title Job Description

refueling and maintenance of the reactor and reactor instru-

mentation during shutdown.

Reactor Operator
Licensed reactor operator; assists Chief Operator in central
control room; maintains operating records; assists in refueling
and maintenance of the reactor and reactor instrumentation dur-'
ing shutdown.

Reactor Process Attendent
Assists Chief Operator; operates locally controlled process sys -
tem equipment, spent-fuel element washing equipment and evaluates
abnormal conditions, taking actions as required according to sta-
tion operation procedure; records routine data; services and main-
tains equipment.

Power Generator Attendent
A;sists Chief Operator; operates locally controlled equipment
and evaluates abnormal conditions, taking actions as required
according to station operation procedure; records routine data;
services and maintains equipment.

Maintenance Supervisor
Responsible to Chief Engineer for station maintenance with tech-
nical assistance from Reactor Engineer; directs work of entire
maintenance staff; schedules all maintenance with exception of
instrumentation and controls.

Results Engineer
Responsible to the Chief Engineer; responsible for operability
and maintenance of station instrumentation and controls; in
charge of chemical operation and water conditioning; in charge
of station efficiency and performance tests reactor and turbine-
generator equipment and auxiliaries; directs work of instrumen-
tation staff.

Chemist
Responsible to Results Engineer for chemistry of entire station;
conducts tests and maintains records; monitors coolant system.

Radiochemist
Assists Chemist; responsible for monitoring build-up of radio-
active particles in reactor coolant system and determining source;
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Title Job Description

maintains records.

Instrument Technician
Assists Results Engineer; performs instrument and control main-

tenance; provides technical assistance to instrument mechanics;
conducts efficiency tests in accordance with station procedure;
maintains records.

Instrument Mechanics
Perform all maintenance of station instrumentation and controls;
record data during plant testing.

Health Physicist
Responsible to the Chief Engineer; in charge of station radiation
safety; conducts routine and special radiation surveys; determines
allowable exposure time and protective clothing requirements for
personnel working in areas where radiation exists; maintains all
records of radiation surveys, station personnel and visitor expo-
sure and radioactive material transferred to or from the station;
directs health physicist staff.

Radiation Safety Technicians
Perform survey work; determines personnel exposure from
dosimeter and film badge readings; maintains radiation monitor-
ing equipment; assists in directing work personnel assigned to
radiation areas and oversees operation of change room; collects
and processes samples and determines count rates.

Waste Handler
Works under direction of Health Physicist for handling radioactive
waste disposal system.

Administrative Officer
Responsible to Chief Engineer; in charge of office administration;
station security force; warehouseman; janitors; clerk-secretary;
receptionist -typist.

Total station personnel required to operate a single nuclear power
plant unit is 66. The station is manned around the clock by a total of
33 operating personnel with not less than 8 per shift. An additional
staff of 33 people work a normal 40 hour week.
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SECTION XII

RESEARCH AND DEVELOPMENT

A. INTRODUCTION

The Research and Development Program outlined in this section
has been developed with the objective in mind of satisfying the specific

engineering requirements necessary to complete the design and con-
struction of the 75 emw OMCR selected as the reference design during
Phase I of this study. These projects are directed toward the develop-
ment of the specific components or sub-systems planned for the OMCR.
It is assumed the basic general OMR design information will be avail-
able from the Advanced OMR Program supported by the AEC under

Budget Activity No. 4107. This includes determination of basic heat
transfer, physical and chemical properties data for organic coolants.

B. OMCR DEVELOPMENT PROJECTS

The organic moderated and cooled reactor concept as proposed
in this report represents a significant advance over other OMR designs.
As such, several well defined basic areas require an extension of pre-

sent development effort. These areas are: (1) a complete experimental
investigation of nucleate boiling heat transfer with organics, including
fouling and burnout studies, (2) fuel element materials and design
studies, irradiation and post irradiation evaluation of materials, and
the investigation and development of fabrication techniques, for fuel
element cladding specifically SAP and similar materials, and (3) the
investigation of the physics of a power flattened core. Component
development work deemed necessary includes prototype control rod
testing, testing of the failed fuel element detecting system, testing of
the incore power mapping system, development of absolute seals for
organic coolants and prototype testing of the fuel handling system.

Specific development programs essential to the OMCR Program
as follows:

1. Fuel element heat transfer and hydraulic studies on OMCR

elements and at OMCR operation conditions; specific infor-
mation required consists of:

(a) determination of nucleate boiling heat transfer para-

meters
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(b) determination of burnout heat flux limitations for the

OMCR fuel element configuration

(c) determination of the fouling characteristics and limita-

tions of the OMCR coolant, and fuel element configura-
tion

(d) determination of the hydraulic performance of the OMCR

fuel element including pressure drop and pin vibration

under hydraulic loading

(e) determination of flow characteristics during nucleate
and bulk boiling, including instabilities associated with

reactor transients.

Preliminary studies conducted at Atomics International have

established the technical feasibility of utilizing nucleate boiling with
organic fluids as a means of heat transfer. The studies outlined above
are necessary to define the limits of nucleate boiling, to enable some

of the present design conservatism to be eliminated, and to specifically
investigate the applicable OMCR components under conditions simula-

ting the OMCR core.

2. Fuel Element Development and Evaluation

The Research and Development Program set forth under
this subaccount is scheduled to include the following:

(a) Fuel element materials and design studies.

(b) Irradiation and post-irradiation evaluation of
materials.

(c) Development of fabrication and assembly techniques

for the fuel element box and end connectors.

(d) Development of production jigs and fixtures.

(e) Development of tests and procedures for quality con-
trol of finishing fuel element components.

Preliminary development work at Atomics International under

the advanced OMR program has demonstrated, on a laboratory scale,
the feasibility of using SAP as a cladding material for U0 2 . The work
outlined above is to augment the present effort. In addition, this phase
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of the R & D program will furnish the equivalent of approximately 15
fuel elements required for other test purposes, e. g. hydraulic studies,
fuel handling, etc.

3. Fuel Handling

Work to be undertaken under this subaccount includes a
mockup, full scale, of the wet type fuel handling system
proposed for the OMCR. Whenever possible components
will be utilized for development tests which may later be
incorporated into the reactor facility. This includes, but
is not limited to, the two fuel handling bridges and the re-

mote indexing system.

4. Core Power Mapping System

Effort under this subaccount will be devoted to component
and system testing of individual components which comprise
the core power mapping system. Since the majority of these
components are commercially available primary emphasis
will be placed on system reliability. Specific equipment to
be tested includes:

(a) The activation wire and drive system and the position-
ing accuracy.

(b) The activation wire scanners.

(c) The data logging system.

(d) Electrical noise problems associated with incore
instrumentation.

The successful completion of the work undertaken under this
subaccount will allow semi-continuous monitoring of the
power distribution in the OMCR core. It is expected that
the information gained therefrom will improve the control
rod programming and assist in securing higher core perfor-
mance.

5. Control Rod Development

Specific information to be secured under this phase of the
R & D program is the testing under simulated operating con-
ditions the control rod and drive system proposed for the
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OMCR. Specific information to be obtained includes:

(a) Operating characteristics of the drive.

(b) Reliability of the drive.

(c) Performance characteristics of the rod snubber

system.

(d) Structural behavior of the rod and follower.

(e) Wear rates of the various components.

(f) Reliability and operating characteristics of the com-
plete control rod and drive assembly.

A full size mockup of the bottom mounted control rod
assembly proposed for the OMCR core will be required.

6. Incore Failed Fuel Detection System

Specific work included under this program will be the op-
timization and development of a fuel element monitoring
system capable of detecting minor cladding failures within
the fuel elements. The development work will emphasize
environmental factors peculiar to an organic cooled reactor.

7. Development of Absolute Seals for Organic Coolants

While the pumps, valves and other components utilized in

the OMR main heat transfer loops and process systems are
commercially available, additional emphasis is required to
develop techniques for effecting leak tight seals requiring a
minimum of maintenance. Various mechanical seal designs
will be developed and tested under this program.

8. Fission Product Removal

Because of the large core and number of fuel elements with
their associated end closures it is anticipated there will be
some fission product leakage to the organic primary system.
The plant is being designed to operate with a certain leakage
rate. It will be necessary to have a processing system to
continuously remove fission products from the coolant. A
study will be made under this project to determine the best
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methods for removing fission products from the degasifica-

tion system. The plant is presently designed such that

fission products removed from the high boiler residue are

stored for an appropriate decay time before burning.

9. Critical Experiment

A full-scale critical experiment is recommended for this

project. The critical experiment would be used to minimize

the many uncertainties that exist in the core physics data.

This data will give information on the effects of various

control rod poisons, power flattening of the core and con-

trol rod programming, the temperature and void coefficient
of reactivity, shielding parameters, and will establish cri-

teria for orificing the core to maintain the required bulk

outlet temperature. Such a critical is necessary in order

that the full- scale plant will have a minimum time for
checking out before going into full power commercial opera-

tion.

C. SCHEDULING AND FUNDING FOR OMCR DEVELOPMENT
PROGRAM

Table 12-1 gives the funding for each of the above projects for
fiscal years 1960 and 1961. The total funding for 1960 exclusive of the
critical experiment is $3, 432, 000 and for 1961, $2, 182, 000. The total
cost of the critical experiment is estimated to be $2, 498, 000. This
total amount includes $750, 000 for pelletizing UO2. The pelletizing
costs are recoverable since the UO 2 can be utilized and fabricated into
the fuel for the first core loading. It is to be noted that the above pro-
grams required for the OMCR R & D Program must be increased in
the event the Advanced OMR program is not supported at a minimum
level of $3, 800, 000 in fiscal year 1960 and $5, 000, 000 in fiscal year
1961.
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TABLE 12-1

SCHEDULE AND FUNDING - OMCR R & D

(In $1, 000)

Title FY '60 FY '61 Total

(1) Fuel Element Heat Transfer and
Hydraulic Studies 631 372 1003

(2) Fuel Element Development and
Evaluation 1148 287 1435

(3) Fuel Handling Development 671 527 1198

(4) Power Mapping Monitor 40 167 207

(5) Control Rod Development 416 494 910

(6) Fuel Element Failure Detection
System 202 190 392

(7) Development of Absolute Seals 188 18 206

(8) Fission Product Removal 136 127 263

SUB-TOTAL 3432 2182 5614

(9) Critical Experiment (unrecoverable
costs)* 1150 598 1748

TOTAL 4582 2780 7362

*Not including $750, 000 for U0 2 pelleting since these costs are
recoverable by utilizing this fuel in the first core loading.
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SECTION XIII

CONSTRUCTION

The construction schedule shown on Plate 13-1 covers a period
of 30 months. The starting date is set as July 1, 1960, by directive,
and the end of construction is considered to be the date on which fuel
loading starts.

The lead time of 18 to 20 months required for the turbine-
generator unit in conjunction with the proposed construction sequence
of the reactor building primarily governs the construction schedule.

The conceptual steel containment envelope for the reactor build-
ing requires two stages of construction. The first stage consists of
placing the bottom lining and cylindrical section below the main operat-
ing floor. The second stage is the erection of the' dome and an overall
leak rate test. Between the first and second stages the major portion
of the superstructure concrete will be poured. This procedure will
allow a faster concrete placement rate and makes it possible to elimi-
nate any temporary construction openings in the containment envelope
after testing. This sequence requires that the reactor vessel and other
large pieces of equipment in the reactor building be on the site in
October or November of 1961. Erection of the dome is scheduled to
start January 1962 and will be completed July 1, 1962.

The reactor internal structure can not be placed until after the
operating floor is cleared of the dome erector's equipment. There-
fore, an allowance of 6 months for this work following the completion
of the dome, sets the end of construction date as January 1, 1963.

From the above key dates, the following time schedule for design
and construction has been prepared:

Item Start Completion

DESIGN
Reactor* July 1 '59 May 1 '62
Plant Facilities** July 1 '59 July 1 '62

CONSTRUCTION
Reactor* Jan. 1 '61 Jan. 1 '63
Plant Facilities** July 1 '60 Jan. 1 '63
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Item Start Completion

START-UP OPERATIONS
Reactor (Critical) Feb. 15 '63

Plant Facilities March '63

COMMERCIAL POWER
OPERA TION June 15 '63

* Reactor includes: Reactor core tank, core tank internals, con-

trol rod system, core instrumentation, primary coolant loop
components.

** Plant Facilities include: All other plant features and components.

Site improvements and excavation have been scheduled to begin
in July 1960. However, an actual site and site conditions may indicate

that initial site work could be started in the late fall of 1960 or early
1961 and thus reduce the duration of site construction work.

With the schedule shown, all major building foundation and super -
structure will be essentially cotnplete by mid 1962 with the exception
of the steel dome over the reactor building. Also, by this time all
major vessels and process tanks will be in place.

A 45-day fuel loading period has been scheduled starting January
1, 1963. Criticality is scheduled to be reached Feb. 15, 1963, and is
followed by four months of test power operation.
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SECTION XIV

ECONOMICS

A. SCOPE

This section treats the manner in which the cost of electric power
from the 75 emw (net) organic cooled reactor power plant is computed.
Estimates of construction, fuel-cycle, and operating costs are also dis-
cussed in conjunction with detailed information presented in tabular
form. The effects on costs of changing the plant factor are also re-
ported.

B. UNIT POWER AND CONSTRUCTION COSTS

Based upon the data and methods presented below, it is estimated
that the 75 emw (net) plant can be built at the specified site for a capital
investment of $427/net ekw. The unit cost of electric power generated
by the plant at the high voltage side of the main transformer, including
contributions from the fuel-cycle and operation, amounts to 13. 12 mills/
kwh net with an 80% plant utilization factor. These estimates apply
only when all engineering, procurement, and construction are under a
single responsibility.

C. CAPITAL INVESTMENT

The estimated capital investment consists of costs for materials,
equipment, construction labor, design engineering, system testing, and
startup of the reactor (excluding fuel and operator costs). Interest
during construction and escalation are also included, based on a date of
June 15, 1963, for commercial operation.

Estimated costs for major items of equipmemt in the reactor and
steam -electric plants are evaluations based upon quotations or estimates
from manufacturers to supply such equipment according to the descrip-
tions or specifications furnished them. These items include the turbine -
generator, heat exchangers, pumps and switchgear, transformers, etc.
Costs of other items of equipment, piping, instrumentation, site im -
provement, and construction of buildings are based on data for such
costs accumulated through extensive experience in construction. Sim -
mary costs of plant equipment, construction, etc. are tabulated later
in this section.
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Wages for construction personnel are shown in Table 14-1.
These wages are augmented 20% to cover the cost of payroll taxes and
insurance, and fringe benefits, including welfare, travel, subsistence,
and isolation. The schedule of construction labor is based:on the Con-
struction Schedule given in SectiCin 2fI ; no premium payment for over'
time work is included.

TABLE 14-1

CONS TRU C TION WA GE RA TES

Category Hourly Base Rate

Air Tool Operators $2. 398
Asbestos Workers 3.446
Boilermakers 3.490
Bricklayers 3.650
Carpenters 3.232
Cement Finishers 3. 343
Electricians 3. 597
Iron Workers, Structural 3.455
Iron Worker, Reinforcing 3. 294
Laborers 2.389
Painters 3. 069
Plasterers. 3. 309
Air Compressor Operators 2.944
Power Hoist Operators 3. 224
Power Shovel Operators 3.466
Roofers 3.063
Sheet Metal Workers 3.463
Steam Fitters 3. 529
Truck Drivers 2.424

Cost of plant equipment, building materials, and construction
wages.are escalated at 4% per year from February 1, 1959, in antici-
pation of construction in the. period 19601963. Interest during con-
struction is taken at 6% per year of the investment required to meet
the donstruction schedule. Annual fixed charges at 14% are assessed
against the entire capital investment to cover the costs shown in
Table 14-2. It should be noted that this assessment does not provide
for liability insurance against nuclear accidents.
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TABLE 14-2

COMPONENTS OF FIXED CHARGES
(Established by AEC)

Cost of money 6.0%
Depreciation 1. 3%
Income tax 4.6%
Local tax and insurance

(excluding third party liability) 2. 1%

Total 14. 0%

D. FUEL-CYCLE COSTS

For the first core, it has been calculated that an enrichment of
2. 8% will give a reactivity life sufficient to achieve an average expo-
sure of 10, 000 tmwd/m ton. Because the peak-to-average flux ratio
increases during this period, the central third of the core is exposed
to an average of approximately 11, 000 tmwd /m ton upon removal. By
shifting the remaining fuel toward the center and inserting a fresh batch
of fuel on the periphery, additional energy can be extracted from the
remaining two-thirds of the original charge. Similarly after further
exposure, the central section is removed and fresh fuel is loaded as
the fuel-cycle approaches a steady state condition.

Fuel cycle costs have been estimated for both the first core and
the steady state condition. For the present purpose, the first core
costs are defined as those associated with the initial charge of fuel
including all steps of the fuel cycle for every element. These costs,
divided by the net electric energy obtained from the initial loading,
constitute the fuel cycle cost for the first core. It is estimated that
this cost amounts to 3. 20 mills /kw hr based upon the following assump-
tions:

1. The core is divided into three regions, each containing
4,870 kg U.

2. The central region is burned to 11, 000 tmwd /m ton when
the average exposure is 10, 000 tmwd /m ton.

3. Fuel initially loaded in the other two regions is eventually
exposed to 15, 000 tmwd /m ton.
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4. Normal inventory charges include the time required to
fabricate the entire core and for 6 months of startup.

5. No charge is included for working capital required to
fabricate the core.

6. The plant utilization factor is 80% corresponding to the
operating schedule of Appendix C.

Fabrication charges for the first set of fuel elements is estimated
to be $99. 40 per kg of contained uranium. This figure includes all
handling charges, material losses, and packaging FOB the manufac-
turer's site but does not include the cost of working capital. Since there
are 93. 58 kg U in each fuel element, the fabrication charge for each
element is $9, 302. Fabrication of the first core therefore costs
$1,600, 000 for 156 elements (plus 16 spares) which amount is not cap-
italized as part of the construction cost of the plant.

Burnup charges are based upon the price schedule for partially
enriched uranium published by the A EC. Plutonium contained in the
spent fuel is credited toward the uranium b nup cost in the amount of
$12/gm of plutonium (all isotopes) minus $1. 50/gm for reducing pluton-
ium nitrate to metal.

Spent fuel is held in storage 6 months for cooling before being
shipped to Hanford, Washington for reprocessing. Shipping charges
are estimated at $5/kg U. Total insurance charges are estimated to
be about 1/2% of the value of the fuel shipped, or $3. 36 /kg U.

Charges for processing the spent fuel to nitrates is based upon
the hypothetical processing plant specified b y the AEC. Each batch of
spent fuel elements requires one day of plant operation per thousand
kilograms of uranium plus 8 days for turn-around. The charge for
each day of operation is $15, 300. Reclaimed uranium nitrate is con-
verted to UF6 at the standard charge of $5. 60 /kg U.

The following material losses are included in the processing
charges:

1. 1% U loss in processing to nitrate.

2. 1% Pu loss in processing to nitrate.

3. 0. 3% U loss in conversion to UF 6 .

14-4



4. 1% Pu loss in conversion to metal.

Inventory charges are calculated with a 4% per annum assess -
ment on the value of the uranium at its initial enrichment. Residence
times are estimated for the first core in Table 14. 3.

TABLE 14-3

RESIDENCE TIMES FOR THE FIRST CORE

Item Residence Time Quantity
(Years) (Cores)

Fabrication

Core 1.0 1.0
Spares 0.5 0.1

Startup
Core 0.5 1.0
Spares 0.5 0.1

Power Operation
Core 3.0 1.0
Spares 3.0 0.1

Cooling 0.5 1.0
Reprocessing 0.25 1.0

The net fuel cost is the sum of costs for fuel preparation and
fabrication, net fuel burnup, shipping, reprocessing, insurance, and
a use-charge for the entire period that the uranium is not in AEC pos -

session.

The fuel-cycle cost for the first core discussed above is some-
what larger than the corresponding cost for the steady state. Since
limitations of time precluded the computation of the steady state cost
on the basis of detailed physics calculations for that condition, it was
estimated as follows. The exposure of all fuel was taken as 15, 000
tmwd/m ton at which point it contains 7. 09 gm of plutonium per kg of
uranium and has an enrichment of approximately 1. 56%. The fabrica-
tion cost is taken as the same as that for the first core. The steady-
state throughput is estimated to be 4, 480 kg U per year at the 80%
plant utilization factor specified by the AEC. Residence times in the
steady state are:
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Item Tim e Quantity
yr) (cores)

Fabrication 0. 75 1 /3
Spares 1.00 1/10

Reactor 1.00 1
Cooling 0.50 1/3
Reprocessing 0.25 1/3

With these provisions, the previously discussed method is used

to compute fuel-cycle costs. No charges have been included for amor-
tizing the cost of fabricating the first core. This charge can be retired
in the first few years of reactor operation and should not influence the
steady-state, fuel-cycle costs. Neither are charges included for work-
ing capital. In the steady state, fuel burnup charges may be deferred
until spent fuel is returned to the AEC for credit. T"iUs deferred pay-
ment offsets the advanced payments for new fuel elements permitting
the plant operator to pay fabrication charges out of operating revenue.

The OMCR fuel costs are expected to decrease significantly dur-
ing the first ten years of reactor operation due to technological develop-
ments combined with the advantages of mass production techniques.
Fuel element fabrication charges should decrease approximately 40%
during the first five years of plant operation. The time required to
fabricate a years supply of new elements should also be reduced from
9 months to 3 months. During the second five years of plant operation,
technological developments should permit burnups of at least 20, 000
tmwd /m ton; increasing the burnup to this value would further reduce
the fuel cycle costs. The steady-state fuel cycle cost is estimated to
be 2. 83 mills /kwh based on the fabrication cost of the first core. A
detailed breakdown of this cost appears later in Table 14-7.

All calculations discussed above apply only to a plant operating
with the specified load factor of 80%. Naturally, fuel-cycle costs in

mills /kw hr vary with the operating schedule of the plant. For this
reason load duration data were postulated to give plant factors of 0. 60,
0. 70, and 0. 90 and were used to estimate corresponding fuel cycle
costs with due. allowance for the variation in plant heat rate for opera-

tion at less than 100% rated load.

E. OPERA TION AND MAINTENANCE

The organization chart shown in Figure 1 1-1 summarizes the per-
sonnel required for normal 24-hour operation and maintenance of the
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plant and indicates the number of individuals of each specialty required.
Wages for operating and maintenance personnel, amounting to $464, 000
per year, are based on the rates shown in Table 14-4. These wages
are those furnished by the AEC as supplemented with rates for other
specific individuals required for plant operation. To these rates were
added ten cents per hour as premium payment for non-day shift work.
Fringe benefits and payroll taxes for hourly employees were accounted
for by increasing the gross adjusted rates by 20%.

TABLE 14-4

WAGE RA TES FOR PLANT PERSONNEL (by AEC)

Plant Manager $15, 000 p/a
Assistant Plant Manager 12, 000 p/a
Shift Supervisor 160 p/wk
Reactor Foreman (Chief Operator) 3. 70 p/hr
Reactor Operator 3. 20
Fuel Charge Operator 3. 20
Power Generation Foreman 3. 70
Power Control Operator (Power

Generator Attendant) 3. 20
Auxiliary Equipment Operator

(Reactor Process Attendant) 2. 70
Welder 2.65
Pipe Fitter 2. 65
Machinist 2. 70
Health Physics Technician 3. 30
Janitors 1.60
Guards 2. 00
Maintenance Foreman 3. 15
Electrician 2. 65

Instrument Repairman (Instrument
Mechanic) 2.65

Painter 2. 30
Laborer 1. 90

Additional personnel and wages (estimated)

Reactor Engineer $10, 000 /yr
Results Engineer 3. 70 /hr
Health Physicist 3. 70
Chief Unit Operator 3. 70
Maintenance Supervisor 3. 70
Administrative Officer 3. 30
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TABLE 14-4 (continued)

Rad-Safe Technician 3. 30 /hr
Radiochemist 3. 00
Electrical Foreman 3. 15
Chemist 2. 90
Assistant Reactor Operator 2. 70
Assistant Power Generation Operator 2. 70
Mechanic 2. 70
Waste Handler 2. 50
Warehouseman 2. 00
Instrument Technician 2. 00
Instrument Specialist 2. 00
Yardman 2.00

Clerk-Secretary 1. 90
Receptionist-Typist 1. 90
Helper 1. 90

F. MA TERIA LS AND SUPPLIES

The annual cost of providing overhead items and restocking ex-
pendable materials for the plant is intended to include all costs asso-
ciated with such things as makeup of organic coolant, tools, fuel oil,
lubricants, chemicals, office supplies, and transportation. Costs of
major spare parts are specifically excluded. These costs are sum-
marized in Table 14-5.

TABLE 14-5

ESTIMATED COSTS OF MATERIALS AND SERVICES
(Thousands of dollars per year)

Plant Utilization Factor

Item 0.60 0.70 0.80 0.90

Coolant Makeup 225 265 304 344
Major Spare Parts (not included)
Consumable-Expendable 13 14 15 16
Filters 5 6 7 8
Control Rods 75 87 100 112
Waste Disposal 5 5 6 6

Total 323 377 432 486
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G. COST SUMMARY

A detailed capital cost summary including construction costs,

indirect cost-o, and contingencies, is presented in Table 14-6. For
purposes of the present estimates, contingencies are included:

a. For the preliminary character of design information and

quantity evaluation.

b. For labor productivity and material prices.

c. For errors and omissions.

Other contingencies, not included in the present estimate but which
would be required for establishing an appropriate budget to build the
300 emw nuclear power plant would be contingencies for changes in
site conditions, labor rates, escalation rates different from those
defined for the present investigations, and differences between the
plant as finally designed and the reference design described in pre-
vious sections. Finally, contingencies should be provided to account
for unusual insurance premiums for circumstances such as damage
from floods, hurricanes, etc. , and prolonged work stoppages beyond
the control of the contractor.

The gross capital investment (including escalation and the first
class of contingencies) required for completion of the plant, excepting
the switchyard, constitutes the capital investment used in computing
annual fixed charges at 14%. This charge amounts to $4, 501, 000 /yr.

A detailed breakdown of estimated electric generating costs is
presented in Table 14-7. The total cost of the plant discussed above
is entered into this table and, as just described, constitutes the basis
for computing fixed charges at 14% per year. Contributions from the
fuel-cycle and plant operation are then added to the fixed charges.
Transforming these costs into mills /kw hr and summing th-m gives
the estimated generating cost of 13. 12 mills /kwh for a plant utilization.
factor of 0. 80.
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TABLE 14 -6

COST BREAKDOWN

$ 360,000I. LAND AND LAND RIGHTS

II. STRUCTURES AND IMPROVEMENTS

A. Site Preparation and Improvements

B. Reactor Containment Structure and Services
1. Excavation and Substructure
2. Biological Shielding
3. Superstructure

a. Containment Shell
b. Other (Superstructure and Archi-

tectural Features)
4. Services

Total II.B. - Reactor Containment Struc-
ture and Services

C. Reactor Auxiliary Building
1. Excavation and Substructure
2. Superstructure
3. Services (Including Stack)

Total II.C. - Reactor Auxiliary Building

D. Turbo-Generator Building
1. Excavation and Substructure
2. Superstructure
3. Services

Total II.D. - Turbo-Generator Building

E. Office, Shops, Warehouse and. ]econtamination
Building

1. Excavation and Substructure
2. Superstructure
3. Services

Total II.E. - Office, Shops, Warehouse and
Decontamination Building

F. Other (Waste Treatement and Miscellaneous Equipment
Foundations)

TOTAL II. - STRUCTURES AND IMPROVEMENTS

100,000
8714, 000
551,000

388,000
i16,o00

$2,329,000

$ 28,000
180,000
79,000

$ 287,000

$ 122,000
225,000
155,000

$ 502,000

$ 15,000
112,000
83,000

$ 210,000

$ 114,000

$3,970,000
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III. REACTOR PLANT EQUIPMENT

A. Reactor
1. Vessels and Supports

a. Vessel
b. Vessel Supports
c. Core Supports

2. Thermal Shielding (Outer Thermal Shield)
3. Reactivity Control

a. Control Rods
b. Housing and Shrouds
c. Mechanisms (Control Rod Drive Mechanisms)
d. Other (Control Rod Handling Cask)

4. Other (Dummy Fuel Elements)

Total III.A. - Reactor

B. Auxiliary Heating and Cooling

C. Moderator System (Coolant)

D. Fuel Handling and Storage

E. Radioactive Waste Treatment and Disposal

F. Instrumentation and Control
1. Reactor Safety (and Control) System

a. Reactor Safety
b. Reactor Control and Supervisory

2. Waste System
3. Radiation Monitoring

Total III.F. - Instrumentation and Control

TOTAL III. - REACTOR PLANT EQUIPMENT

IV. HEAT TRANSFER SYSTEM

A. Reactor Coolant System
1. Main Pumps
2. Piping
3. Valves

Total IV.A. - Reactor Coolant System

$ 299,000
17,000

332,000
44,000

1,613,000

348,000
6,000
14,000

$2,673,000

$ 29,000

$ 168,000

$ 542,000

$ 190,000

$ 200,000
689,000
36,000

133,000

$1,058,000

$4,660,000

$ 327,000
208,000

7,000

$ 542,000
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IV. HEAT TRANSFER SYSTEM (Cont'd)

B. Coolant Supply and Treatment
1. Charge and Discharge (Including Coolant

Receiving and Storage and Inert Gas System) $ 151,000
2. Purification 122,000
3. Sampling
4. Pressurizer (Pressurizing System) 46,000

Total IV.B. - Coolant Supply and Treatment $ 319,000

C. Steam Generating System
1. Pumps (Including Other Equipment) $ 8,000
2. Piping 37,000
3. Valves 6,000
4. Steam Generators 1,036,000

Total IV.C. - Steam Generating System $1,087,000

D. Feedwater Supply and Treatment $ 762,000

E. Instrumentation
1. Primary Plant Control $ 32,000

2. Heat Transfer System 412,000
3. Steam Generator System 260,000
4. Other (Auxiliary Systems) 30,000

Total IV.E. - Instrumentation $ 734,000

TOTAL IV. - HEAT TRANSFER SYSTEM $3,!444,000

V. TURBO-GENERATOR SYSTEM

A. Turbo-Generatcr and Auxiliaries $3,203,000

B. Condensers and Water Systems $ 620,000

C. Instrumentation and Control $ 12,0)0

TOTAL V. - TURBO-GENERATOR SYSTEM $3,835,000

VI. ACCESSORY ELECTRICAL EQUIPMENT $1,365,000

VII. MISCELLANEOUS POWER PLANT EQUIPMENT $ 276,000

TOTAL DIRECT CONSTRUCTION COST $17,910,000
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VIII. INDIRECT CONSTRUCTION COST

A. Engineering, Design and Inspection
1. General Contractor
2. Nuclear Technology by Reactor Supplier

B. General and Administrative (Including Field
Supervision, Labor Expenses and Engineer
Constructor's General Overhead and Fee)

C. Startup Cost

TOTAL VIII. - INDIRECT CONSTRUCTION COST

TOTAL DIRECT AND INDIRECT COSTS WITHOUT CONTINGENCY,
ESCALATION, AND INTEREST DURING CONSTRUCTION

Contingency (See Section XIV for description)

Escalation

Interest During Construction

TOTAL CAPITAL COST

$l,81.0,ooo
2,270,000

$2,280,000

$ 700,000

$7,090,000

$25,000,000

$1,470,000

$2,690,000

$2,990,000

$32,150,000
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TABLE 14-7

ESTIMATED ELECTRIC GENERATING COSTS

Thousands of Mills per
Capital $ per Year Kilowatt Hour

Plant Cost, Millions 32.15
Net Output, mwe 75.3
Unit Cost, $/kwe 427
Capital Cost* 4,501 8.58

Fuel KgU

Fuel Preparation &
Fabrication

UF6 to U02 pellets 43.50 195
Fabrication & Assembly 52.80 237
Material Losses 3.10 14

Subtotal 99.40 446 0.85

Fuel Burnup

Value of Fuel Charged 343.00 1,540
Value of Spent Fuel 155.00 695
Burnup Cost 845
Pu Credit** (.472 g/mwd) 334
Net Burnup Cost 511

Spent Fuel Processing

Transportation of Fuel 8.36 37.4
Processing to Nitrate 30.60 137
Conversion of UNH to UF6 5.60 25
Material Losses 3.51 15.7

Subtotal 48.07 215.1 0.41

Fuel Use Charge*** Days KgU

Fabrication 274 4,480 46
Spares 365 1,500 20.5
Reactor 365 14,600 200
Cooling 183 4,480 30.7
Reprocessing 91 4,480 15.4

Subtotal 1278 29,540 312..6 0.60

Total Fuel Cost 1,485 2.83



Number of Thousands of Mills per
Employees $ per year Kilowatts Hour

Operation & Maintenance

Supervision & Engineering 12 113
Station Labor 51. 351
Materials and Supplies 432

Total 896 1.71

Total Station Coat 6,882 13.12

* Based on l4%/year financing charges; 80% plant factor.

* Based on $12/g Pu as metal; $1.50/g Pu for processing Pu nitrate to
metal.

***Steady state condition.
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H. VARIATIONS IN FUEL-CYCLE COSTS

As was previously mentioned, the fuel-cycle cost used in Table
14-7 to compute the generating cost is the estimated steady-state value
based upon the fabrication cost of the first core. Fuel-cycle costs

several years after startup, however, are considered to be more indi-

cative of the generating cost over the life of the plant because signifi-
cant changes in fabrication costs are anticipated. Technological ad-
vances are also expected to permit increased burz.up with corresponding
changes in the fuel-cycle cost. Table 14-8 indicates the effect upor
generating costs of using several different conditions for estimating the
fuel cycle costs as follows:

A. First Core -- cost estimated for fuel initially loaded in the core,

B. Steady State -- cost estimated for the equilibrium fuel-cycle
using the fabrication cost of the first core,

C. Near Future -- cost estimated for the equilibrium fuel-cycle
using fabrication costs after 5 years of development and some operation, and

D. Ultimate -- cost estimated for the equilibrium fuel-cycle
using fabrication costs predicted for five years after startup and utiliz-
ing the predicted increase in burnup.

TABLE 14-8

VARIATIONS IN FUEL-CYCLE COSTS (mills /kwh)

First Steady Near

Core State Future Ultimate

Fixed Charges 8. 58 same same same
Fuel Cycle 3.20 2.83 2.43 2.26
Organic Makeup 0. 58 same same same
Operation & Maintenance 1.13 same same same

Total 13.49 13.12 12.72 12.55

I. EFFECT OF PLANT UTILIZATION FACTOR

Generating costs for the single -unit 75 emw plant are also esti-
mated for different values of the load factor as shown in Table 14-9.
Since the overall plant efficiency falls off when it is operating at less
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than 100% rated power, the fuel-cycle cost increases somewhat at the
lower values of the load factor. No change occurs in the total cost of
wages for operating personnel because the complete staff is required
to operate the plant independent of its output over the range considered.
The cost of supplies is inversely proportional to load factor and, finally,
fixed charges show a marked increase at lower load factors. All these
effects combine to make generating costs substantially higher at the
lower plant factors. These relations are illustrated in Figure 14-1.

TABLE 14-9

GENERATING COSTS FOR 75 EMW OMCR
(mills /kwh)

Plant Utilization Factor

Item 0.60 0.70 0.80 0.90

Fixed Charges 11.59 9.87 8.58 7.59
Fuel Cycle .3.04 2.93 2.83 2.73
Organic Makeup 0. 58 0. 58 0. 58 0. 58
Operation & Maintenance 1. 45 1. 26 1. 13 1. 02

Total (mills /kwh) 16.66 14.64 13. 12 11.92

J. ASPECTS OF MULTIPLE UNIT DESIGN

If the site were to be developed for a multi-unit station, some
additional expense would result from re-orientation of the plant in
order to facilitate future construction. The reactor-turbine-generator
axis would be placed in a north-south direction with the turbine located
north of the reactor, instead of the present east-west axis as shown in
Plate 2 of Section 8. A second unit would be placed on this same north-
south axis, opposite the first unit and immediately to the north so that
the two turbine -generator buildings are adjacent. Third and fourth
units would be similarly placed on the same north-south axis to the
north, placing the reactors about 500 feet apart and 500 feet from the
river.

The additional plant cost for this re-oriented layout is largely
associated with the circulating water system. The first unit of a multi-
unit station would require greater lengths of circulating water intake
and discharge lines and a triple width discharge canal to prevent clogging
when widening for subsequent units. Prelaid ducts would be placed dir-
ectly behind the intake structure to eliminate blasting in this area for
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the second intake structure. Furthermore, slightly higher pumping
costs and a slightly deeper turbine bay basement would result.

Certain plant services such as domestic water supply and sewage
treatment would be sized for greater capacity with appropriate connec-
tions furnished for future units. It is not anticipated that the shop,
warehouse access control, health physics and administrative facilities
would be oversized for the first unit.

The total additional cost associated with the first unit of a four
unit station is estimated to be $130, 000.
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SECTION XV

OPTIMIZATION STUDIES FOR THE CONCEPTUAL DESIGN

A. INTRODUCTION

The objective of the studies presented in this section is to opti-
mize the design concept for a 75 mw organic cooled nuclear reactor

power plant in sufficient detail to establish the criteria for the prepara-
tion of a preliminary design and cost estimate, including capital cost
and estimated cost of power.

The Atomic Energy Commission has furnished, as a part of the
contract, specific site data and assumptions for the hypothetical site
upon which this plant is constructed. This data and an extract of the
contract are included in the Appendix.

A nuclear power plant represents the conversion of natural
energy to a useful form of power for public use. The best use of this
energy involves a complex determination of the optimum combination
of heat source, steam generating equipment, turbine inlet steam pres-
sure-temperature, turbine steam flow path, combination of feedwater

heaters, fuel costs and the incremental capital costs of each of these
cycle efficiency improving components. In conjunction with the fore -
going there are several other factors to be considered in determining
the optimum design concept:

Comparison of indoor and outdoor plants wherein all or a
portion of the plant might be of outdoor construction.

Consideration of site characteristics affecting accessibility,
cooling water requirements, nuclear hazards and safety and
plant layout.

Detailed studies of chemical processes affecting optimum
organic preheating, makeup and storage, clean up, and
waste disposal and to utilize plant facilities to the maxi-
mum possible while minimizing the associated problems of
radioactive contamination.

Comparison of alternate layout schemes and equipment ar-
rangements aimed at a close coupled unit minimizing piping
and electrical leads while obtaining optimum utilization of
shielding concrete for structural purposes. Consideration
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must be given to plant elevation with respect to site grade
to evaluate the merits and savings of earth shielding.

Throughout all these studies the aim has been to achieve maxi-
mum utilization of all portions and components of the plant. Where

possible, functions of various auxiliaries and components have been
combined to lessen the overall scope of the plant and the associated
systems.

To determine the optimum components for a 75 emw organic
cooled and organic moderated nuclear power plant this study is pre-
sented in the following sub-divisions. Within each sub-division is
discussed scope, assumptions, optimization studies and conclusions.

It is not the purpose of this report to include all of the alter-
nates, arguments and engineering calculations considered in arriving
at the optimized criteria but rather to present a logical discussion,
supplemented with sound engineering backup for the conclusions pre-
sented.

B. SITE DEVELOPMENT

The development of the site encompasses the broad field of civil
engineering required for the construction of a "grass roots" power
plant project. Within this field, consideration has been given to the
affects of topography, geology, plant functional requirements and con-
struction upon the ultimate plant, building design and arrangement.

The only basic assumptions made which were not given in the
site criteria is that the average river water level is at elevation 967
and the maximum flood stage does not exceed elevation 981. The fol-
lowing major items were considered in arriving at the conceptual plant
orientation:

1. Single unit station.

2. Capitalized cost of the main condenser -circulating water
system.

3. Radioactive hazards.

4. Station flexibility.

5. Switchyard arrangement.
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6. Building groupings.

For the basic plant layout, consideration of well-developed alter-
nate schemes was not required since the effect of major variables had
already been examined in the study of the 300 emw plant. As directed,
no study was made of the switchyard or outgoing transmission lines
beyond designating their location. Optimization studies were carried
out covering such items as condenser-circulating water systems, con-
denser-building elevations and reactor building shadow shielding.

An evaluation of the major variables listed above indicated that
the most economical location of the plant in the east-west direction is
about 500 feet from the river. At this distance, shadow shielding
between the reactor building and the river can be eliminated.

Land contours and river flood planes largely determined the plant
location in the north-south direction. The plant is situated on the
steepest contours of the east side of the river some 2500 feet from the
south boundary of the property. This location reduces the fill required
to keep the area between the plant and the intake structure above high
water.

The intake structure is located 50 feet back of low water to pro-

vide room for a construction bulkhead if required and to avoid obstruc-
tion of the steam flow during most of the year. An intake structure
located at or near the turbine-generator building was considered with
open channel substituted for the buried intake line. An open intake
canal has a lower first cost but is subject to silting during high water
and associated low velocity. The cost of trapping this silt in a basin
in front of the intake structure and periodic removal, offsets the initial
savings.

The dimensions of the turbine-generator determine that for
greatest economy the 25-ton service crane must span the unit trans -
versely rather than longitudinally. This arrangement permits the same
crane to operate over the enclosed rail spur and over the lay-down
space. Both these areas are located at the west end of the building.

The possibility of an exploding turbine -generator unit damaging
the reactor containment structure was considered. In lieu of provid-
ing missile protection, the turbine-generator and reactor building are
placed on the same axis, thereby practically eliminating the danger of
containment damage from turbine-generator missiles.
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C. REACTOR STEAM-GENERATOR PLANT

1. Heat Transfer System:

Number of Loops: The reactor has a thermal output at
105% of rated steam flow of 240. 8 tmw equivalent to a total of 8. 22
x 108 Btu/hr to be transferred from the organic coolant to the steam
generating facilities. This is done through a number of heat trans-
fer loops, each loop taking hot organic liquid from the reactor, cir-
culating it through the steam generator, and returning the cold liquid
to the reactor. Each loop contains a circulating pump, a steam boiler,
and a superheater, along with the piping, valves and controls.

In selecting the number of loops, the several factors to con-
sider include the effect on plant flexibility, control aspects and cost.
An economic study was conducted comparing a two, three, and four
loop piping system. This study has indicated that the three loop sys-
tem represented the most economic selection.

If the reactor is designed with more than two loops, it can
be operated with one loop shut down and at least two cooling loops re-
main in operation. If one of the remaining operating loops should fail
during this operating condition, the reactor would be scrammed and
there would still be at least one loop available for the removal of de-
cay heat. This safety feature is not inherent in the two-loop arrange-
ment and in this case would require an auxiliary decay heat removal
system in addition to the two main loops. Therefore the three loop
system would provide greater operating flexibility than the two-loop
system. Consistent with the plant requirements for high operating
availability, the three loop system was selected as the optimum one.

Steam Generators: Two types of steam generators were con-
sidered:

Vertical natural circulation units with separate steam
drum and superheater.

Horizontal shell and U-tube bundle type with separate
U-tube bundle superheater.

The steam generator selected was the horizontal shell and
U-tube bundle type.

a. This offered the largest steam disengagement area which
would then supply steam at optimum moisture carryover
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conditions during rapid load swings.

b. The boiler drum with its large volume of water can act
as an accumulator delivering energy instantaneously
during very rapid load swings.

c. Comparative cost estimates for horizontal and vertical
steam generators demonstrated that the vertical units
were higher in cost than horizontal units.

d. Studies of equipment arrangement with both horizontal

and vertical units showed that there is no decrease in
volume requirements in the heat transfer rooms when
utilizing vertical steam generators.

e. To facilitate removal and installation of vertical steam
generators, the containment envelope over the reactor
plant must be increased in height with consequent in-
crease in this cost.

f. In order to remove afterglow heat by natural convection
flow, the horizontal type steam generator offers the
most reasonable arrangement, since the maximum avail-
able difference in elevation between reactor core and
steam generator can be obtained.

g. Internal fittings for the horizontal steam generator for
moisture removal from steam are standard items utilized
in conventional utility type units and are developed to a
very advanced state. Therefore moisture carryover
guarantees can be considered realistic without need for
costly component development programs in this area.

h. In order to obtain comparable water level control for
vertical units as compared to horizontal units, a separate
steam and water drum must be utilized with the vertical

unit.

i. Control system for each type of unit can be either pneu-
matic or electric as fast response time is not required
with the accumulator type steam generator.

For the purpose of optimizing the two types of steam genera-
tors and to obtain comparable layout parameters from equipment manu-
facturers, the following overall heat transfer coefficients were used for
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determining the heat transfer surface.

Superheater U - 100 Btu/ft 2 Hr F

Boiler U = 200 Btu/ft 2 Hr F

The heat transfer coefficients selected were based on the

organic coolant velocity through the boiler tubes. A study was made to

optimize the coolant velocity in the boiler tubes in order to obtain the
minimum total annual cost for pumping power and related equipment.
A heat transfer coefficient was then selected with due regard for cor-
rosion and fouling rates.

Line Size: Organic coolant circulation rate required for
each loop is 17, 000 gpm for a three-loop heat transfer system. In
selecting the line size for this circulation rate, there are several
factors to consider in addition to the cost of the piping and valves.
This includes the pumping facilities, building requirements, and pump-
ing power. As the line size increases in diameter, the cost of the pip-
ing increases. Also, as the line size increases, the piping loop must
be extended to retain the necessary flexibility. This, in turn, neces-
sitates an increase in building size. However, by increasing line size,
the pressure drop through heat transfer loop piping is reduced, with a
corresponding reduction in horsepower requirements for the pump
motor, resulting in lower cost for the pumping facilities. Also, with
the lower pressure drop through the piping, the cost of pumping power
will be proportionately lower. he above factors were evaluated for 20,
24, and 28-inch line sizes, to determine the most economic line size.
A 24-inch size with 24-inch block valves was selected as optimum for

the plant.

Valves: There are two different performance requirements
for the valves in the heat transfer loops: these are the main valves
and the control valves. The main block valves must be positive action,
and have 100% closure characteristics with minimum pressure drop
through the valve. Several commercial valve designs were considered
for this service. These requirements are satisfied by using a solid
wedge gate valve with a piston operator. The valves are to be line
welded as close to the reactor vessel as possible to permit servicing.
In order to increase the reliability, double valves are provided for
each blocking service.

Flow control valves have somewhat different requirements.

These include a well-defined performance curve, with minimum hyster-
esis, low pressure drop, good response, and reliability. Of the several
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types of valves considered for control service, the choice was resolved

between a butterfly valve arrangement and a combination of gate valves

and venturi-ball valves. Proportioning valves were eliminated from

this selection because of high pressure drop. Butterfly valves have

good flow characteristics between the range of 15% to 80% open, low
pressure drop at full flow, and good response. The flow characteris-

tics at both ends of the performance curve must be developed, and
hysteresis for the entire curve must be defined. Gate valves have well
defined performance curves, however, control is very sensitive when

the valve approaches the closed position and is relatively insensitive
at high flow conditions. Also, gate valves normally have an appreciable
amount of hysteresis. Pressure drop is negligible at full flow, and good
response can be assured. Venturi-ball valves have good flow character-
istics over the entire performance range, with low hysteresis and good
response. Pressure drop is appreciably higher than for the other type

valves considered. The best arrangement of valving for control re-
quirements includes a gate valve in the main piping, and a gate valve

and venturi -ball valve in parallel arrangement in the bypass line. This
gives the maximum sensitivity of control with minimum pressure drop,

thereby resulting in minimum pumping power requirements and minimum
capital cost.

Flow Control: The basic control scheme is to operate with

a fixed reactor outlet temperature of 675 F and vary the reactor inlet

temperature in accordance with power demand. With nucleate boiling
in the reactor core, the velocity through the core must be maintained

above some safe minimum value to avoid fouling. With this considera-
tion in mind, this eliminates flow control through the main coolant loop
by such means as throttle valves or regulating the pump output. The
only practical method of meeting the flow requirement is by providing

a bypass loop around the steam generator, and then regulating the flow
through this bypass.

Main Coolant Pumps: Each heat transfer loop is provided

with pumping facilities to deliver the required circulation rate. The
selection of the type pump for this service is between a vertical and a
horizontal centrifugal. The major factors governing the selection be-

tween these two pumps is that the horizontal pump is lower capital
cost, and the vertical pump has better reliability. Although the price
differential is proportionately significant between these two pumps,

the vertical pump was selected because of the increased reliability

inherent with this equipment. A comparison of installation cost was
made between an electric motor and a steam turbine. For the plant

requirements the electric motor installation is less expensive, hence

this was selected.
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2. Auxiliary Process Systems:

Decay Heat Removal: A major requirement for plant safety

is the continuous and safe removal of decay heat from the reactor under

normal operating conditions, and for normal and emergency shutdown.

The decay heat curve for one year operating time is shown in Figure

15 C-1. This shows that the decay heat from the core is approximately
5% of the total reactor power at 10 seconds after shutdown, and falls

off rapidly to 2% after 20 minutes, approaching 1% four hours after

shutdown. With electric power available, this heat can be removed
during routine operations or for a normal shutdown through the steam

generating equipment, dumping the generated steam into the turbine
condenser through the bypass system. In an emergency shutdown with
no electric power available, three concepts for decay heat removal

were studied.

a. An auxiliary heat transfer system for decay heat re-
moval.

b. Add pony motors to the main pumps to provide forced
convection in the heat transfer loops and allow the
utilization of the steam generating facilities.

c. Provide an elevation difference between the reactor and
steam generators to obtain natural convection flow in
heat transfer loops with a means of retarding the initial
flow decay.

Natural convection circulation can be maintained in the heat
transfer loop by providing a moderate difference in elevation between
the steam generator and the reactor core. The heat transfer system
has three heat transfer loops, and the plant is designed to be able to
operate with one loop shut down. Therefore, it is necessary to provide
adequate protection with two loops and one of these loops failing. An
elevation difference of 24 feet between the thermal center of the steam
generator and the core will provide 2. 7% normal coolant flow, which
will be adequate protection to the reactor core. Steam turbines, fly
wheels, or small motors can supply the energy required to retard the
decay of coolant flow. Motors, drawing current from the emergency
a-c bus, appear to be as reliable as fly wheels and are less expensive
than either fly wheels or turbines. Therefore this concept is adopted.

With the above concept, feedwater supply to the generators

can be assured by providing an auxiliary steam turbine driven pump.
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Pressure Relief: A pressure relief system is provided to
protect against over pressure in any part of the process system. All

equipment and associated piping are protected by pressure relief de-
vices in accordance with the ASME Code for Unfired Pressure Vessels
and ASA Code for Power Piping. These devices, relief valves or rup-
ture discs, are installed on all equipment which could conceivable be
subjected to over pressure due to an operational error or equipment
failure.

The pressure at which all the relieving devices are set to
open is related to the design pressure limit of the system. An optimi-
zation study was made comparing the economics, operational reliability,
and maintenance requirements for 100, 150, and 300 psig design pres -
sure levels. The major relief condition is presented by a large water
leak in the steam generator. The maximum leak is defined as a tube
rupture in the steam boiler exposing two orifices of the area of the
boiler tubes. The steam pressure in the boiler is 1045 psia, and the
differential between this and the design pressure of the heat transfer
system determines the capacity requirements of the pressure relief
system on the heat transfer loops. As the design pressure of the heat
transfer system is increased, the required relief system size decreases
greatly with a corresponding decrease in the initial cost for relief
valves, and relief system piping. Conversely, the difficulty and expense
of the manufacture, handling, and shipping of the heat transfer system
pressure vessels increases sharply as the design pressure increases.
Any changes in the reactor vessel design represent a major cost, and

to a lesser extent also affects the cost of the steam generator, valves,
piping, and associated equipment. The cost of the larger pressure re-
lief system is minor compared to the cost of the reactor and heat trans -
fer system equipment. Although the 150 psig design pressure system
was slightly higher in first cost than the 100 psig pressure system, this
difference in cost was more than offset by utilizing a standard ASA
rated system and therefore the 150 psig system design was selected as

optX 'im.

Coolant Drain and Vent: Process drains are provided for
all equipment and piping containing organic liquid and connect to drain
tanks sized to provide storage for system repair and maintenance.

Two conditions were considered for sizing the organic drain
tanks; i. e. , drainage of the entire organic system, and drainage of a
portion of the system. To drain the entire system of its organic con-
tent at normal operating temperature would require a storage capacity
of approximately 90, 000 gallons. It is considered unfeasible that any
situation will develop which will necessitate removing all coolant from
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the process systems, hence, the drain capacity is sized to contain only
the volume of organic either in the reactor vessel or in the three heat

transfer loops. The reactor vessel contains approximately 37, 000
gallons, therefore, the reactor drain tanks must be sized to contain
this volume. In the event the reactor is drained, the balance of the
coolant will be held up in the piping and equipment by valving off the

reactor.

Purification System: The organic coolant undergoes radio-
lytic and pyrolytic damage during normal reactor operations, forming
a polymer high boiling compound (HBC). A s the HBC content increases
the density and viscosity of the coolant increase, and at higher concen-
trations the heat transfer properties of the coolant are affected, How-
ever, as the HBC content increases, the rate of formation of polymer
decreases. This concentration must be maintained at an optimum
value which has been determined to be 30% HBC in other OMR studies.

In order to maintain as low an activity level as possible in
the process systems, a careful handling technique is employed to pre-
vent foreign matter from entering the heat transfer system. All new
coolant is purified immediately prior to adding it to the process sys -
tems. This could be done by filtration, centrifugation, and/or distilla-
tion techniques. None of these methods add any appreciable cost to the
plant, either in facilities or operating cost; hence, the distillation me-
thod was selected for purification of new coolant as it is the most posi-
tive. In addition to removing particulate matter, distillation will also
remove moisture and dissolved matter, which can not be accomplished
by either of the other two methods. The coolant, Santowax R, is not
corrosive to carbon steel with water concentrations of the order of 300
ppm as demonstrated in the OMRE. The water concentration in the
process system is maintained at 200 ppm so corrosion products should
be no problem. Facilities can be provided for particulate matter re-
moval should any enter the system. This can best be accomplished by
using a prefilter centrifuge in the degasifier stream.

In selecting the type of filtration equipment to use for parti-
culate matter removal, a backwash type filter unit was considered along
with the disposable cartridge filter. The backwash filter is somewhat
higher in capital cost, and requires a backwash receiver with accessory
piping and valves. The disposable cartridge filter does not have these
accessory equipment requirements; however, it has the disadvantage of
limited life and requires special handling in changing the element.
Eventually, the backwash filter element would require replacement,
necessitating special handling techniques, although this replacement
would be less frequent. However, the backwash filter has the major
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disadvantage of the possibility of overflowing the backwash tank through
faulty valve operation or through operator error which makes this type
less desirable. For this reason, the disposable cartridge filter was
selected. Spare units are not considered necessary.

Experience has shown that the practical limit to the particle
size which can be removed with filtration equipment is approximately
5 micron diameter. Particulate matter smaller than this must be re-
moved by other means. Two methods were considered for this service,
an inline mechanical centrifuge and an inline cyclonic separator. Both
systems are technically feasible. The mechanical centrifuge is a more
complex machine, which makes it more expensive than the wet cyclone,
and will require more maintenance attention. The wet cyclone has the
major disadvantage of a high pressure drop across the unit, which would
necessitate a larger pump and motor, and would consume more pump-
ing power. As this operation will only be required at infrequent inter-
vals, the mechanical centrifuge is considered the optimum selection
for minimum power consumption.

New Coolant Handling: The amount of decomposition pro-
ducts generated daily is approximately 6400 lb. Facilities must be
provided to continuously supply an equal quantity of new coolant make-
up. Santowax R is available in solid form in bags and in drums, or as
molten material in tank trucks or tank cars. It is considered that re-
ceiving the coolant in molten form will simplify handling, reduce opera-
tion attention, and be lower in cost. Tank car shipment is being pro-
vided for, although tank truck receipts can also be handled.

Preheating: Santowax R has an upper melting point of ap-
proximately 300 F; therefore, all piping and equipment in the process
systems must be preheated to above this temperature before charging
coolant. Three systems were considered for this service: preheating
by stamp, by hot gas (hot air or combustion gases), and by electricity
(resistance heaters or induction coils).

The main disadvantages of electrical preheating is that it
creates an explosion hazard and the cost of maintenance and power re-
quirements are larger than for steam or hot air circulation. Steam
preheating has the advantage of proven reliability, and no fire or explo-
sion hazard. System maintenance is low and the initial installation cost
is small, since a waste fired boiler is already provided for feedwater
production. Steam preheating imposes specific temperature require-
ments on the waste fired boiler. In order to obtain a preheat tempera-
ture of 350 F, a minimum of 200 psig steam must be available from the
boiler. Circulation of combustion gases is probably the cheapest
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method for preheating the reactor vessel. However, internal cleanli-

ness of the reactor and organic system is essential, and contamination

of the system could be incurred by this procedure. The preheating

system selected for the plant is a combination of steam tracing hot
pressurized water circulation and hot air circulation. All lines and

smaller components will be steam traced and insulated. The reactor

will be preheated by the circulation of hot air introduced through tem -

porary connections in the piping system. The steam tracer heat will

be maintained on all facilities on which it is applied, during regular
plant operation as well as during shutdowns. Pressurized water is
used to heat the steam generators.

3. Auxiliary Services:

Heating and Ventilating: The ventilation requirements for

the areas within the containment shell are based on routinely providing:

Unlimited, continuous personnel access to the reactor
room and other spaces above the reactor loading face,

the access gallery, personnel passages and the instru-
mentation cells.

Limited, intermittent personnel access to the remaining
areas which comprise generally the heat transfer cells,
sub-pile room, pipe gallery, degasifier equipment cell,
surge tank area and drain tank cells.

Unlimited access requires that the personnel spaces be ven-
tilated for comfort in accordance with established building occupancy
codes, and in addition, be provided with a sufficient quantity of fresh
air to limit the concentration of organic fumes and/or activity which
may form in the air from possible system leaks to levels below:

MPC radiological = 2 x 10-9 c /cc

MPC taxicological = 2 x 10-9 gm /cc

The volume of fresh air to be supplied to each occupied area,
therefore, may become a direct function of organic coolant which may
leak from pump seals, valve packing, pipe unions, flanges, etc. , and
become airborne. The relationship of coolant leakage to air quantity
may be expressed as:

Grams /minute coolant leakage = air cfm x 28, 300 x mpc

_(c /minute coolant activity = air cfm x 28, 300 x mpc
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The effects of airborne organic coolant leakage into occupied spaces can
be minimized by locally exhausting the fumes from anticipated leak
sources.

During normal reactor plant operation the requirements for
ventilation in the limited access areas is predicted on a need for atmos-
phere cooling. Ordinarily, high radiation levels in these areas pro-
hibit personnel entry. On rare occasions, personnel access, as for
maintenance, will be required in these areas for extended periods of
time. When this occurs, large quantities of ventilation air may be
required to permit entry into hot areas, and provision must be made
in the system to divert air from other areas or provide auxiliary air
sources. Under emergency conditions, optimum safety requires that
the containment shell effectively isolate the reactor contents from
environment.

In general, the principal requirements for optimum ventila-
tion include:

Ensuring the control of effluent (radioactive) release to

the environment through a central system in which the
discharge may be monitored and released in conformity
with existing regulations.

Filtering all inlet air to prevent adsorption of radio-
activity on airborne dusts.

Controlling the airflow patterns of non-turbulent air
which flow from non-radioactive areas (normally clean)
to areas of moderate contamination potential, and sub-
sequently to areas of high contamination potential.

Maintaining air flow patterns independent of door or

port positions.

Providing the number of air changes per hour needed in
any area as a function of the radiological and taxicologi-
cal hazard.

Filtering all air supply to areas which may become con-
taminated on a once-through basis and exhausting to a
ventilation stack, through fire resistant, high efficiency
air filters. Fireproof prefilters should be used to mini-
mize loading and increase high efficiency filter- life.
Locating filters as near the sources of contamination as
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possible, with ease of change and maintenance in mind.
Locating inlet air intakes to minimize any possibility of
re-entry of radioactive gas effluent.

Providing a ventilation stack to loft the effluent plume

sufficiently high for the dispersion cone to clear the
building.

Specifications for the different areas are:

Clean areas - defined as 'an area in which a contamina-
tion hazard is not anticipated under normal operating
conditions - use the airchanges normally specified for
personnel comfort.

Areas of low contamination potential - defined as an area

where no contamination is present, but there exists the
possibility of an incident involving radioactivity - use 6
to 10 air changes per hour.

Areas of high contamination potential - defined as an

area where normally no contamination is present, but
there exists a greater probability of an incident involv-
ing radioactivity - use 10 to 15 air changes per hour.

Optimum containment design requires that the ventilation
system include provisions for:

Maintaining the atmosphere in the heat transfer rooms
at a substantially negative pressure with respect to the
reactor sphere atmosphere and the containment vessel
pressure at a slightly negative pressure with respect to
outdoor atmosphere.

Shutting off ventilation to the heat transfer rooms when
the radiation level exceeds emergency concentration
levels or the pressure rises to the same level as the
containment vessel pressure.

Shutting off ventilation to the containment vessel when
the heat transfer room pressure rises to 1-1/2 psig.
Relief valves between the heat transfer room and the
containment vessel to relieve excess pressure when
room pressure reaches 2 psig.
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Fire Protection: Field tests conducted by Atomics Inter-
national's fire department have demonstrated that fixed-pipe water-fog
sprinkler systems effectively combat organic fires of all magnitude,

and that CO2 fixed-pipe high-pressure systems effectively protect re-
actor control and instrument rooms. The results of these tests have
been acknowledged by Factory Mutual Association as providing adequate
protection for the involved risks. These systems, supplemented by
fire selection and alarm systems and hand extinguishers, provide opti-
mum fire protection for the reactor installation.

D. FUEL HANDLING AND STORAGE

Two types of fuel loading systems are in general use on existing
and planned reactors. These are (1) cask handling systems, and (2)
under liquid transfer systems.

The cask handling systems have proved adequate for reactors
having long specific power and short life fuels and for reactors where
waiting time for decay of afterglow power generation rate is of no con-
sequence. With improvements in fuel performance to higher specific
power and longer life, and increasing emphasis on minimum down time
for power reactors the cask handling system becomes less attractive.
To achieve a reasonable short down time for the reactor fuel handling
these fuels must be removed from the reactor while their afterglow
power generation rate is still sufficiently high to create danger of melt-
ing fuel and jacket material during the fuel handling cycle. Cooling sys-
tems have been built into casks to alleviate the problem with the end
result that the cask becomes complicated in order to provide only a
partial solution to the problem. In most cask handling systems the fuel
is uncooled during transfer while the fuel moves from the reactor cool-
ant into the cask and until the cask can be sealed. A malfunction during
this transfer period leaves the fuel vulnerable to melting and to create
a hazard which cannot be ignored. At best the cooled cask handling
system is a stop gap method which does not completely solve the basic
problem.

Under -liquid fuel handling systems are in general use and have
proven satisfactory. With this type of system, continuity of cooling
for the fuel is assured at all times during transfer. This system was
chosen for the OCR. Fuel is stored in a water to avoid a possible fire
hazard associated with organic coolant and to avoid the problem of keep-
ing the coolant molten. Manipulation of fuel within the pool is made
easier because water provides a better visibility than organic liquid.
A unique problem results from the choice of water for the storage pool
for an organic cooled reactor with an under-liquid transfer system in
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that the water must be isolated from the reactor. The solution to this

problem is to provide a wash cell within which change of fluid is ac -

complished. Continuity of cooling is accomplished by sequential dis-

placement of fluids. The storage pool contains the wash cell and pivot
mechanism for placing the fuel in a vertical position after transfer to

the pool is completed.

Space is provided in the pool for storing 1-1 /2 times the amount

of fuel contained in the reactor. The fuel is stored in racks con-

structed of 2% boron steel to assure that criticality will not occur if

partially spent fuel elements must be stored in the pool.

E. TURBINE-GENERATOR PLANT

1. Scope: The scope of the effects of steam cycle optimization

is so wide that it influences most of the essential elements of the
plant. Apart from the immediate objective, the selection of the tur-
bine-generator, it provides the key for design data of most major
equipment, including the transformation from thermal kilowatts of the
reactor to generator electric output, thus providing basic parameters
for the nuclear portion of this study. The turbine -generator output is
fixed by terms of the contract, so that the important features which
may be optimized are the cycle pressure, temperature, and feedwater
heating. By applying the principles of steam cycle optimization as out-
lined on the following pages, the most economical cycle has been se-
lected for the reference design.

2. Steam Cycle: The optimization for the 75 emw unit was

carried out in several stages.

At the start, preliminary inquiries were submitted to the

turbine manufacturers relative to machines of 75 emw capability and
with throttle pressures in the range of 600 - 1250 psig. The throttle
temperature at the first approach was assumed at 650 F, which con-
temporary studies had established to be the optimum temperature for
the 300 emw reference design. Preliminary calculations were made
with regard to the final throttle pressure in the following manner. A
manufacturer's estimated heat rate of 10, 000 Btu/kw hr for a 1000
psig, 650 F turbine cycle was used as the optimization basis, and
several corresponding cycles were chosen at throttle pressures of
600, 850 and 1250 psig, which are manufacturer's standard turbine

cycle pressures. Cycle efficiencies were determined from the West-
inghouse publication 'Comparative Performance of Modern Steam
Turbine-Generator Units for Atomic Power Plants. " Using 10, 000
Btu/kw hr as the basis, heat rates for the other cycles were estimated
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by the following efficiency relationship:

10, 000
(H/R.)' =10,000 7

Turbine-generator handbook prices for the specified output
at the steam cycle conditions considered were obtained from a leading

manufacturer.

The calculations for this study and the throttle temperature
optimization are based on the following cost figures, which will be used

in all later evaluations throughout this sub-section.

Fuel Cost: 20 cents /10 6 Btu.

Organic Coolant: This item has been priced at 0. 7 mill/kw

hr @ 29% cycle efficiency, being inversely proportional to that effici-

ency.

Reactor Incremental Cost: For 240 tmw the reactor cost

amounts to approximately $23/tkw. By applying the "0. 7 power" rule
a curve can be drawn for the whole range of reactor capabilities,
which shows an incremental rate of $15 /tkw at 240 tmw.

Steam Generator Cost: psig $/ft2

600 12.40
850 13.75

1000 15.00

1250 16.50

It was decided to optimize the throttle pressure by comparing
the annual differential evaluated costs of major parameters affected by

changes in throttle pressure. Heat rates were determined as outlined
above, and the changes in heat rate were used to determine differential
first costs of the reactor and steam generators. Differential turbine

first costs were determined from handbook prices. For these and suc-

ceeding differential figures on this study it was decided to use the 1250

psig cycle as the base, as this is the moat efficient of the turbine cycles

considered. The annual fixed charge on the sum of reactor, steam
generator, and turbine differential first costs was determined based

on the 14% annual charge as specified by the contract. The changes in
heat rate were also used to determine the annual differential costs of
fuel and organic. The annual differential fixed charges, fuel costs,

and organic costs were combined and show a distinct minimum near
1000 psig. All important parameters and differential costs determined
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in this study are shown in curves on Figure 15E-1. It was decided to

fix the throttle pressure at 1000 psig as this is the manufacturer's

standard pressure nearest the pressure evaluated as having the mini-

mum annual cost.

The next step was the optimization of the throttle steam tem -

perature, which had been tentatively assumed at 650 F. For this evalua-

tion the manufacturer's selected turbine cycle (1000 psig @ 650 F, 9822
Btu/kw hr heat rate) was used as the optimization basis and several

corresponding cycles were chosen, varying only the throttle steam tem-
perature through the range of 600 F to 670 F. Cycle efficiencies were

determined as in the turbine throttle pressure optimization study. Us -
ing 9822 Btu/kw hr as the basis, heat rates for the other cycles were
estimated by the following efficiency relationship:

(H.R.)' =(9822)( 9822

The throttle temperature optimization was carried out in a
similar manner to that used for the throttle pressure optimization with
one exception. Differential turbine costs were not included due to the
nature of their price structure as based on increased throttle tempera-
ture. Price reductions are available only for increments of 50 degrees
of steam superheat. For our study this would result in a price break
at 645 F and a distortion of the net annual differential cost curve at
that point. For this reason and since it does not affect the ultimate
result of the study, it was decided to eliminate this parameter from
consideration. All other differential costs were determined as before
and are summarized in curves on Figure 15E-2. Curve "D" shows a
distinct minimum at 655 F. It was decided to fix the design point at
650 F, since it is not economical to provide additional equipment for
marginal improvements with the curve flattening out toward its mini-
mum.

The next effort was directed toward the determination of the
economics of four feedwater heaters vs five. The approach to this pro-
blem is different from the throttle pressure and temperature optimiza-
tions in that the amortization of the first cost was used as the basis for
selection. It is generally understood that the five heater cycle is a
more efficient one and results in a lower annual power cost. The ability
of the lower annual power cost to pay out the higher first cost determines
the feasibility of the cycle.
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The manufacturer's selected turbine heat rate of 9822 Btu/
kw hr was again used as the basis, but a different method was neces -
sary to determine the four heater cycle heat rate. Using as a refer -
ence "Steam Turbines and Their Cycles" by J. K. Salisbury, the fol-
lowing equation was derived:

(H. R. ) = 9822 1- (PG)'
1 - (PG)

where: P = Actual Reduction /Theoretical Reduction in
Non-extraction Heat Rate, which varies with
the number of heaters used and the percent-
age of maximum feedwater enthalpy rise ob-

tained.

G Theoretical % Reduction in Non-extraction
Heat Rate. This is constant in our case.

By varying the values of the appropriate factors from five to
four heaters, keeping the percentage of optimum feedwater enthalpy
rise constant at 87. 5%, the new heat rate for the four heater cycle was
established. A saving of 84 Btu/kw hr was obtained in favor of the
five heater cycle. The annual fuel cost savings of the five heater cycle
were determined and applied against its added capital costs, requiring
a pay-out period of four years. The conclusion is made that the pro-

vision of the fifth heater is fully justified by the very short pay-out

period. The results of this study are summarized in Table 15E-1.

3. Condenser and Circulating Water System:

Condenser: The optimization of the condenser required two
studies: the first study determined the most economical tube length
both for a single pass condenser and for a double pass condenser. The
lowest first cost was determined for each condenser, including circulat-
ing water pumps, motors, demand capacity charge and capitalized fuel
cost. As a result, a single pass condenser with 28 foot tubes was
selected over a double pass condenser with 26 foot tubes. Despite
lower demand capacity charge, lower pumping costs and smaller static
head over a portion of the year, the two pass condenser was eliminated
on the basis of higher first cost.

Having selected the optimum condenser, the second study
determined the optimum condenser -building elevations at which the
condenser system cost plus the turbine-generator building costs is a
minimum. The least building cost occurs with the floor close to
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TABLE 15E-1

SUMMARY - 5 HEATERS OPTIMIZATION

Reduction in Heat Rate
For 5 Heaters vs 4 = 8I Btu/kw

Annual Heat Savings Due
to Reduction =

Annual Heat Loss Due to
Increased Pumping Requirements

Net Annual Heat Savings =

Net Annual Dollar Savings = $8,666

Added Capital Costs:

Additional Feedwater Heater Area

Additional Piping, Valves, Founda-
tions, etc.

Additional Pumping Capacity
Charge

Total Added Capital Cost

Pay-Out Period = 4.00 years

hr

44.15 x 109 Btu

-0.82 x 109 Btu

44.33 x 109 Btu

= $21,070

= 10,000

= 3,576

=$34,646
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natural ground line; the least condenser cost occurs at that elevation
at which no pumping is required against static head. Seven feet of
elevation separate these two minimums. The study concluded that
overall optimization occurs with a shallow basement type building and
the condenser operating against static head less than half the year.

Circulating Water Pumps: Two vertical mixed flow axial
pumps were selected in order to provide the least penalty while operat-
ing under a variable head. These pumps are constructed of ordinary
metals and are suitable for the river water being handled. The con-
denser being of the divided water box design lends itself well to the
selection of two or more pumps. Reliability of circulating water pumps
is such that two pumps will service the condensing water requirements
adequately. With one pump out of service, the remaining pump will
continue to support a major proportion of the load at a reduced conden-
ser vacuum. Two pumps with their individual lines and a valved cro s -
over afford adequate reliability and versatility without suffering any
cost penalties.

Circulating Water Piping: The cost of piping as well as the
cost of pumps, fuel and demand capacity were considered for two
plant locations - 150 feet and 500 feet from the river. Obviously, the
least expensive piping system occurs with the plant located closest
to the river. However, the site 500 feet from the river was chosen
in order to eliminate the need for radioactive shielding of boat traffic
on the river. The difference in cost between one large intake line
versus two small lines was considered. In view of the small cost dif-
ference, the two small lines were chosen to provide greater flexibility.

4. Auxiliary System:

Service Water: For maximum reliability consistent with
moderate equipment cost, it was deemed adequate to provide half-
capacity and one 10%-capacity service water pumps.

Cooling Water: The requirements of this system as to mass
flow and rate of heat removal justified the provision of two full-capa ity
pumps and heat exchangers.

Makeup Water: Equipment cost was evaluated against both
capitalized regenerant and incremental attendance cost which led to
the selection of a split-stream water treatment plant using polystyrene
resin for softening and dealkalyzing of the feedwater to the auxiliary
boilers. The evaluation was based on a hypothetical analysis of the
river water.
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F. INSTRUMENTS AND CONTROLS

The basis for design of the plant control system is considered to

be an inseparable part of the description of the system and will be

found integrated with that description in Section VII.

G. PLANT AREA ARRANGEMENT

This sub-section discusses the approach taken and reasons for

arriving at the conceptual plant area arrangement. To some degree
plant area arrangement was necessarily discussed in sub-section B,
Site Development, as the area arrangement effected the overall site
layout.

Various plant building arrangements were considered with a view
to centralizing control of all personnel, visitors and vehicles entering
the plant. This requirement has been mostly fulfilled by placing the
north fence through which all pedestrian and truck traffic must pass
in clear view of the access control room. From this location the guard
on duty observes traffic and remotely controls the gates. Once inside
the main fence, a person must pass directly through the access control
facility and obtain permission to enter all areas other than the conven-
tional power plant facilities.

Consideration was given to the introduction of two spur tracks
through the north gate under the surveillance of the access control
room. One track would serve the reactor buildings, the other would

serve the warehouse, shop and turbine-generator building. It was de-

cided to abandon the idea of two rather lengthy tracks from the north
and instead to introduce a single direct route to the reactor buildings
from the south. A roving guard would control the rail traffic through

the south gate since such a guard would be desirable in any event to
expedite the receipt of truck deliveries.

H. BUILDINGS

Discussion and Conclusions: The primary object of this optimi-
zation study was the selection of buildings and materials which will

best house the various functions and simplify the servicing of equip-
ment. The interrelationship of buildings and functions was a second-
ary objective.

These comparative studies for the reactor building have been
restricted to structures affording complete low pressure containment
in the event of an incident. Initial consideration was given to a sphere
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which required a diameter somewhat greater than that of the proposed
dome in order to provide the area needed at the steam generating cell

floor level. Additionally, a greater amount of concrete is required
for the sphere concept over that shown in the conceptual design. A
spherical shape can not be justified for a large, low pressure vessel

since external loads govern the plate thicknesses. A cylindrical ves-

sel with a hemispherical top and ellipsoidal bottom was investigated
but again the total plate requirement was much greater than the con-
ceptual scheme because external loads governed the plate thickness.

In view of the foregoing a containment envelope consisting of a
hemispherical dome over steel lined vaults was selected. Detail de-
sign and pricing will be required to determine whether the dome struc-
ture will be of self supporting plate based on external building require -
ments or a thin plate sized to resist internal pressures with stiffeners
added to resist buckling.

Optimization studies of the turbine -generator unit and its auxiliary
bay were made to determine the column spacing and detail which would
best house the necessary equipment and services selected. Similar
studies were extended to cover the sizing and spacing of purlins and
girts necessary to support the roof and walls as well as studies govern-
ing the selection of materials for the roof and walls.

Once a typical pattern was satisfactorily established it was fol-
lowed faithfully, though not blindly, to optimize the building details
completely.
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SECTION XVI

EQUIPMENT LIST

A. EQUIPMENT SUMMARY:

1. SUMMARY OF SYSTEMS

I - REACTOR PLANT SYSTEMS

Reactor
Primary Reactor Loop
Coolant Purification
Coolant Degasification
Coolant Drain and Vent
New Coolant Handling
Pressure Relief
Nitrogen
Fuel Handling Services
Emergency Feedwater Su;
Preheating
Shield Cooling
Emergency Power
Decontamination

and Reactor Pressurization

II - WATER HANDLING SYSTEMS

Waste Gas Handling
Liquid Organic Waste Handling
Aqueous Waste Handling
Solid Waste Disposal

III - TURBINE-GENERATOR PLANT SYSTEMS

Turbine-Generator
Steam and Condensate
Circulating Water
Station Cooling Water
Compressed Air

IV - SERVICE SYSTEMS

Fire Protection
Heating, Ventilating and Air Conditioning
Domestic Water
Miscellaneous Service Equipment

V - ELECTRICAL

16-A-l

A.
B.
C.
D.
E.
F.
G.
H.
I.
J.

K.
L.
M.
N.

A.
B.
C.
D.

A.
B.
C.
D.
E.

A.
B.
C.
D.



2. SUMMARY OF EQUIPMENT

I - REACTOR PLANT SYSTEMS

A. REACTOR

1 - Core Tank
1 - Outer Thermal Shield
1 - Core Support Structure
1 - Inner Thermal Shield
1 - Upper Grid Plate
1 - Lower Grid Plate
1 - Flow Baffle

156 - Fuel Elements
7 - Dummy Elements
1 - Source Element

25 - Control Rods

B. PRIMARY REACTOR LOOP

3 - Boilers
3 - Superheaters

3 - Primary Coolant Pumps

1 - Coolant Surge Tank

C. COOLANT PURIFICATION

1 - Purification Still Condenser
2 - Purification Still Freeze Traps
1 - Purification Water Condenser
1 - Purification Pressurized Water Cooler

2 - Purification Vacuum Pumps
2.- Coolant Makeup Pumps
2 - Purification HBC Pumps

1 - Purification Still
1 - Purification Product Receiver Tank
2 - Purification HBC Receiver Tanks
1 - Backwash Receiver Tank

2 - Flash Feed Heaters

2 - Purification Still Reboilers

D. COOLANT DEGASIFICATION AND REACTOR PRESSURIZATION

1 - Degasifier Condenser
1 - Degasifier After-Condenser
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2 - Dega.sifier Freeze Traps
1 - Degasification Water Condenser
1 - Degasification Pressurized Water Cooler #1
1 - Degasification Pressurized Water Cooler #2

2 - Degasification Vacuum Pumps
2 - Coolant Pressurizing Pumps

1 - Degasifier

2 - Degasifier Filters
1 - Pressurized Coolant Centrifuge

E. COOLANT DRAIN AND VENT

2 - Reactor Drain Tank Pumps

2 - Reactor Drain Tanks

1 - Reactor Drain Tank Filter

F. NEW COOLANT HANDLING

2 - New Coolant Storage Tanks

2 - New Coolant Pumps

G. PRESSURE RELIEF

1 - Relief System Condenser

1 - Gas Scrubber Circulating Pump

H. NITROGEN SYSTEM

1 - Nitrogen Manifold
1.- Nitrogen Surge Tank

I. FUEL HANDLING SERVICES

2 - Fuel Storage Pit Heat Exchangers
1 - Fuel Wash Still Condenser
1 - Fuel Wash Still Reboiler

1 - Diatomaceous Earth Feed Pump
2 - Fuel Storage Pit Pumps
1 - Fuel Wash Solvent Pump

1 - Fuel Wash Distillate Pump
1 - Fuel Wash Still Pump
1 - Fuel Wash Waste Pump
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1 - Diatomaceous Earth Slurry Tank
1 - Fuel Storage Pit Surge Tank
1 - Fuel Wash Still
1 - Fuel Wash Solvent Tank
1 - Fuel Wash Distillate Tank
1 - Fuel Wash Product Receiver Tank
1 - Fuel Wash Waste Receiver Tank

1 - Fuel Storage Pit Makeup Filter
1 - Fuel Storage Pit Filter
1 - Fuel Storage Pit Water Centrifuge
1 - Fuel Wash Vapor Ejector

3 - Fuel Shipping Casks
3 - Fuel Cask Cradles
1 - Fuel Handling Machine
1 - Fuel Transfer Tube
1 - Fuel Storage Pit Fuel Pivot Assembly
1 - Reactor Fuel Pivot Assembly
1 - Fuel Cask Crane
1 - Impact Wrench
1 - Orifice Handling Tool
1 - Control Rod Blade Grapple

J. EMERGENCY FEEDWATER SUPPLY

1 - Emergency Shutdown and Warmup Exchanger

2 - Emergency Shutdown Pumps

K. PREHEATING

1 - Warmup Pump

1 - Warmup Expansion Tank

1-- Hot Air Circulating Blower

L. SHIELD COOLING

1 - Shield Cooling Water Filter
1 - Shield Cooling Water Bypass Strainer

M. EMERGENCY POWER

1 - Diesel Generator Day Tank
2 - Emergency Diesel Generators
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N. DECONTAMINATION

Ultrasonic Cleaner
Steam Cabinet
Stainless Steel Work Bench
Fume Hood
Stainless Steel Sinks
Storage Drums
Monorail Hoist
Wash Pad

II - WASTE HANDLING SYSTEMS

A. WASTE GAS HANDLING

Gas Absorber
Gas Stripper
Gas Stripper

Cooler
Condenser
Reboiler

1 - Waste Gas Absorber Feed Pump
1 - Waste Gas Stripper Feed Pump

Waste
Waste
Waste
Waste
Waste
Waste

Gas Absorption Columns
Gas Stripper
Gas Absorber Makeup Drum
Suction Tank
Gas Decay Tanks
Gas Relief Drum

2 - Waste Gas Compressors
2 - Waste Gas Filters

B. LIQUID ORGANIC WASTE HANDLING

1 - Auxiliary Boiler Deaerator

HBC Transfer Pumps
HBC Feed Pumps
Diesel Oil Hand Pump
Diesel Oil Feed Pumps
Auxiliary Boiler Makeup Pumps
Auxiliary Boiler Feed Pumps
Condensate Return Pumps

HBC Decay Tanks
HBC Day Tanks
Diesel Oil Storage Tank
Regenerant Storage Tanks
Regenerant Feed Tanks
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1 - Chemical Feeder
1 - Condensate Return Tank

2 - HBC Filters
1 - IBC Centrifuge
2 - HBC Heaters
2 - Auxiliary Boilers
2 - Flue Gas Prefilters
2 - Flue Gas High Efficiency Filters
2 - Auxiliary Boiler Induced Draft Fans
2 - Makeup Water Pressure Filters
2 - Hydrogen Zeolite Water Softeners
2 - Sodium Zeolite Water Softeners
2 - Auxiliary Boiler Steam Purifiers

C. AQUEOUS WASTE HANDLING

1 - Waste Water Pump

2 - Waste Water Decay Tanks
2 - Emergency Drain Tanks

D. SOLID WASTE DISPOSAL

1 - Solid Waste Baler
50 - Solid Waste Storage Drums
1 - Cement Mixer
1 - Fork Lift Truck

III - TURBINE-GENERATING PLANT SYSTEMS

A. TURBINE-GENERATOR

1 - Turbine-Generator
1 - Main Exciter
1 - Spare Exciter

1 - Hydrogen Seal Oil Cooler
4 - Hydrogen Coolers
2 - Turbine Lube Oil Coolers

1 - A.C. Lube Oil Pump
1 - D.C. Lube Oil Pump
1 - Turning Gear Lube Oil Pump
1 - A.C. Seal Oil Pump
1 - D.C. Seal Oil Pump
1 - Lube Oil Filter Pump
1 - Lube Oil Transfer Pump
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I - Lube Reservoir
1 - Lube Oil Filter Tank
1 - Clean Lube Oil Storage Tank
1 - Dirty Lube Oil Storage Tank

1 - Lube Oil Centrifuge

B. STEAM AND CONDENSATE

1 - Main Condenser
1 - Air Ejector
1 - Gland Steam Condenser
1 - #1 Feedwater Heater
1 - #2 Feedwater Heater
1 - #4 Feedwater Heater
1 - #5 Feedwater Heater
1 - Deaerating Heater
2 - Feed Pump Oil Coolers

10 - Sample Coolers

2 - Condensate Pumps
2 - Boiler Feed Pumps
1 - Boiler Hydrotest Pump
2 - Boiler Chemical Pumps

1 - Condensate Storage Tank
1 - Continuous Blowdown Tank
1 - Atmospheric Blowoff Tank

1 - Hogging Ejector

C. CIRCULATING WATER

2 - Circulating Water Pumps
1 - Screen Refuse Pump
2 - Bearing Lube Water Pumps

2 - Traveling Water Screens
2 - Intake Structure Trash Racks
1 - Trash Rack Rake
1 - River Water Chlorinator
1 - Condenser Waterbox Air Ejector

D. STATION COOLING WATER

2 - Cooling Water Heat Exchangers

2 - Service Water Pumps
1 - Emergency Service Water Pump
2 - Cooling Water Pumps



1 - Cooling Water Return Tank

1 - Service Water Basket Strainer

E. COMPRESSED AIR

2 - Instrument Air Intake Filters
2 - Instrument Air Compressors
2 - Instrument Air Aftercoolers
2 - Instrument Air Receivers
1 - Instrument Air Dryer

2 - Service Air Intake Filters
2 - Service Air Compressors
2 - Service Air Aftercoolers
2 - Service Air Receivers

IV - SERVICE SYSTEMS

A. FIRE PROTECTION

2 - Screen Wash Pumps
1 - Diesel Fire Pump
2 - Jockey Fire Pumps

1 - Fire System Accumulator
1 - Fire System Air Reciever
1 - Diesel Fire Pump Day Tank

1 - Fire System Air Compressor
- Fire Extinguishers
- CO 2 System

B. HEATING, VENTILATING AND AIR CONDITIONING

1 - Ventilation Stack
2 - Reactor Bldg. Supply Fans
6 - Steam Generator Cell Supply Fans
2 - Reactor Aux. Bldg. Supply Fans
2 - Reactor Bldg. Exhaust Fans
6 - Steam Generator Cell Exhaust Fans
2 - Reactor Aux. Bldg. Exhaust Fans
2 - Dilution Fans
2 - Reactor Bldg. Water Chillers

- Control Room Air Conditioning Equipment
- Administration Area Air Conditioning Equipment
- Access Control Area Air Conditioning Equipment
- Misc. Heating and Ventilating Equipment

16-A-8



C. DOMESTIC WATER

2 - Domestic Water Supply Pumps

1 - Domestic Water Accumulator

1 - Domestic Water Chlorinator

D. MISCELLANEOUS SERVICE EQUIPMENT

1 - Reactor Crane
1 - Turbine Crane
I - Machine Shop Crane

2 - Deepwell Pumps
1 - Well Water Storage Tank

- Miscellaneous Machine Shop Equipment

V - ELECTRICAL

I - Main Power Transformer
1 - Startup - Auxiliary Power Transformer
1 - Auxiliary Power Transformer
2 - 45 KVA Regulating Transformers
2 - Potential Transformer Compartments
1 - Generator Neutral Compartment

1 - Metal Enclos ed Bus (4, 000A )
1 - Metal Enclosed Bus (1,200A)

1 - Excitation Switchgear
2 - 2400 V Switchgear Assemblies
2 - 1500 KVA D. E. Unit Substations
3 - 480V Motor Control Centers

2 - 120/208, 3 Phase Critical Power Distribution Centers

2 - 120V D.C. Battery Power Distribution Centers
2 - 120V Lead Acid Batteries
2 - 480V Motor-Generator Set Battery Chargers
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SECTION XVI

EQUIPMENT LIST

B. EQUIPMENT SPECIFICATIONS:

The service ratings shown for the equipment listed herein are unit
design ratings.

1. MAJOR EQUIPMENT

Service

Nuclear Reactor

including:

1 Core Tank

Outer Thermal Shield

Core Support Structure

1 Inner Thermal Shield

1 Upper Grid Plate

1 Lower Grid Plate

1 Flow Baffle

156

7

1

25

Fuel Elements

Dummy Elements

Source Element

Control Rods

Rating

Organic Cooled Type 244 mwt., 32
psia, 675 F Coolant outlet Temp.

ASTM A-204 Gr B, 150 psig @ 750* F;
51'-0" O.A. x 12' ID 1" thick

Iron, 10' -8" ID x 6" thick

ASTM A-204 Gr B
18'-o" O.A. x 8'-5" ID x 1-1/2"
thick

ASTM A-204 Gr B
15' -ll"O.A. x 8'-o" ID x 1-1/2"
thick

ASTM A-204 Gr B, 8'-0" dia x
2'-3" thick

ASTM A-204 Gr B, 8'--4" dia x
1-1/2" thick - 10-1/2" web depth

ASTM A-204 Gr B, 8'-o" dia x 1/2"
thick

1 hp Drive Motors each
Rod Speed: 12"/min

Quan.

1

1

1



1. MAJOR EQUIPMENT (Cont.)

Rating

1 Turbine -Generator Unit

1 Turbine Crane

1 Reactor Crane

75 MW, 3600 rpm, TC2F
1000 psig, 650 FIT, 3-1/2" H,
3% Makeup, 5 Stage Feedwater
Heating, guaranteed throttle flow:
882000 lb/hr

Generator rated 96 MVA, 13.8 kv
@ 30 psig hydrogen pressure,
0.85 pf, 0.64 scr.

(Estimate 79.5 Gross MW @ 1-1/2"
Hg, 1/2/ Makeup, 5 Stage Heating)

25 Ton Main Hoist, 5 Ton Auxiliary
Hoist, 67 ft span, traveling
bridge, full magnetic control

25 Ton Main Hoist, 5 Ton Auxiliary
Hoist, 26 ft span, gantry type,
full magnetic control
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2. HEAT EXCHANGERS

Quan. Service

1 Feedwater Heater #1

1 Feedwater Heater #2

1 Feedwater Heater y4

1 Feedwater Heater #5

1 Deaerating Heater

3 Boilers

3 Superheaters

1 Main Condenser

2 Cooling Water Heat
Exchangers

2 Fuel Storage Pit Heat
Exchangers

(Normal)
(Maximum)

1 Emergency Shutdown &
Warmup Exchanger

1 Auxiliary Boiler
Deaerator

2 Service Air After-
coolers & Jackets

2 Instrument Air Compressors

2 Instrument Air Jackets

1 Air Eje cor Inter- &
Aftercondenser

Type

Horizontal U-Tube

Horizontal U-Tube

Horizontal U-Tube

Horizontal U-Tube

Horizontal Tray with
Vent Condenser

U-Tube Kettle

U-Tube, 2 Pass Shell

1 Pass

Horizontal, 1 Pass

Horizontal, 1 Pass

6 Duty
10 Btu/hr

42.3

39.2

43.6

77.3

9.0

)
)
)

280.0

522

0.96

1.5
1.875

8.oHorizontal, 1 Pass

Integral Spray 2.85

Furnished with Compressors

Furnished with

Furnished with

Furnished with

Compressors

Compressors

Condenser
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2. HEAT EXCHANGERS (Cont.)

Quan. Service

1 Gland Steam Condenser

1 Hydrogen Seal Oil Cooler

4 Hydrogen Coolers

2 Turbine Lube Oil Coolers

2 Boiler Feed Pump Oil
Coolers

10 Sample Coolers

1 Fuel Wash Still
Condenser

1 Fuel Wash Still Reboiler

1 Waste Gas Absorber Cooler

1 Waste Gas Stripper
Condenser

1 Waste Gas Stripper
Reboiler

1 Purification Still
Condenser

2 Purification Still Freeze.
Traps

1 Purification Water
Condenser

1 Purification Pressurized
Water Cooler-

1 Degasifier Condenser

1 Degasifier Aftercondenser

Type

Furnished with
Turbine -Generator

Furnished with
Turbine -Generator

Furnished with
Turbine -Generators

Furnished with
Turbine -Generator

Furnished with
Feed Pumps

U-Tube

Tank, U-Tubes

Straight Tube

Straight Tube

U-Tube

Straight Tube

Finned Tube

Straight Tube

Tank with Internal Coil

Straight Tube

Straight Tube

6 Duty
10 Btu/hr

1.5

1.5

0.025

0.09

0.09

0.075

0.0075

0.04

0.075

0.225

0.025



2. HEAT EXCHANGERS (Cont.)

Service Type

2 Degasifier Freeze
Traps

I Degasification
Water Condenser

1 Degasification
Pressurized Water
Cooler #1

1 Degasification
Pressurized Water
Cooler #2

Finned Tube

U Tube

Tank with
Internal Coil

0.005

0.10

0.225

Tank with 0.008
Internal Coil
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3. PUMPS

Quan. Service

2 Boiler Feed Pumps

2 Condensate Pumps

2 Circulating Water Pumps

3 Primary Coo'ent Pumps

2 Service Water Pumps

1 Emergency Service
Water Pump

2 Emergency Shutdown
Pumps (Turbine Driven)

1 Warmup Pump

2 Cooling Water Pumps

2 Fuel Storage Pit Pumps

-2 Screen Wash Pumps

1 Diesel Fire Pump

2 Jockey Fire Pumps

1 Screen Refuse Pump

1 A.C. Lube Oil Pump

Type

Horiz.Cent.
Dbl. Suction

Vert.Cent.
Dry Pit

Vertical
Mixed Flow
Wet Pit

Vertical
Turbine
Dry Pit

Vert.Cent.
Wet Pit

Vert.Cent.
Wet Pit

Horiz.Cent.
End Suction

Horiz .Cent.

Vert.Cent.
Wet Pit

Horiz. Cent.
Dbl .Suction

Vert.Cent.
Wet Pit

Vert.Cent.
Wet Pit

Horiz .Cent.

Vert.Cent.
Wet Pit
Non-Clog

Furnished with Turbine-Gen.
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GPM

2,100

1,550

30,500

17,000

2,500

300

75

55

150

150

6oo

750

50

60o

DiffT.
Head
Feet

3000

381

18

50
PSI

75

50

2500

100

100

43

290

231

230

30

Driver
H.P.

2000

200

200

6oo

6o

5

50

2

7.5

3

75

70

15

10

100



3. PUMPS (Cont.)

Quan. Service

1 D.C. Lube Oil Pump

I Turning Gear Lube
Oil Pump

I A.C. Seal Oil Pump

I D.C. Seal Oil Pump

1 Libe Oil Filter Pump

I Lube Oil Transfer Pump

2

1

Boiler Chemical Pumps

Boiler Hydrotest Pump
(Air Driven)

Type

Furnished with

Furnished with

Furnished with

Furnished with

Rotary Gear

Rotary Gear

Positive
Displacement

Diff.
Head

GPM Feet

Turbine -Gen

Turbine -Gen.

Turbine -Gen.

Turbine -Gen.

10 50

100 50
PSI

3500

5 2000
PSI

2 Deepwell Purnms

2 Domestic Water Supply
Pumps

2 Bearing Lube Water
Pumps

2 Auxiliary Boiler
Makeup Pumps

2 Auxiliary Boiler
Feed Pumps

2 Condensate Return Pumps

1 Diesel Oil Hand Pump

2 Diesel Oil Feedpumps

2 New Coolant Pumps

Vertical
Wet Pit

Horiz .Cent.
End Suction

Horiz .Cent.

End Suction

Horiz.Cent.
End Suction

Horiz.Cent.
End Suction

Horiz.Cent.
End Suction

Hand

Rotary Gear

Controlled
Volume

230 60

30 115

25 324

18 130

18 500

15 58

10 -

5 50
PSI

2 25
PSI
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Driver
H.P.

7.5

10

3

3

1

7-1/2

1-1/2

10

5

2

1/2

3

1/2

1/2
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3. PUMPS (Cont.)

Quan. Service

2 Purification HBC Pumps

2 Coolant Makeup Pumps

1 Gas Scrubber
Curculating Pump

2 HBC Transfer Pumps

2 EBC Feed Pumps

2 Coolant Pressurizing
Pumps

1 Waste Gas Stripper
Feed Pump

1 Waste Gas Absorber
Feed Pump

1 Waste Water Pump

1 Fuel Wash Solvent Pump

1 Fuel Wash Waste Pump

1 Fuel Wash Distillate
Pump

1 Fuel Wash Still Pump

1 Diatomaceous Earth
Feed Pump

2 Reactor Drain Tank
Pumps

Type

Rotary Gear

Horiz .Cent.
End Suction

Horiz.Cent.
End Suction

Rotary
Gear

Rotary
Gear

Horiz.Cent.
Dbl.Suction

Rotary
Gear

Rotary
Gear

Horiz.Cent.
End Suction

Horiz.Cent.
End Suction

Horiz.Cent.
End Suction

Horiz .Cent.
End Suction

Horiz.Cent.
End Suction

Horiz.Cent.
End Suction

Horiz.Cent.
End Suction
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GPM

10

20

50

2

1

200

5

0.5

225

150

20

100

20

2

100

Diff .
Head.
Feet

20

20
PSI

40
PSI

50
PSI

50
PSI

8o
PSI

4
PSI

40

PSI

115

30
PSI

20
PSI

30
PSI

30
PSI

50

50
PSI

Driver
H.P.

1/2

1/4

1-1/2

1/2

1/2

15

1/2

1/6

10

3

1/2

3

3/4

1/2

5



4. TANKS AND PRESSURE

Quan. Service

1 Well Water Storage Tank

1 Condensate Storage Tank

1 Condensate Return Tank

1 Domestic Water
Accumulator

1 Fire System Accumulator

1 Cooling Water Return
Tank

1 Warmup Expansion Tank

1 Continuous Blowdown

1 Atmospheric Blowoff Tank

2 Instrument Air Receivers

2 Service Air Receivers

1 Fire System Air Receiver

1 Lube Oil Reservoir

1 Lube Oil Filter Tank

1 Clean Lube Oil Storage
Tank

1 Dirty Lube Oil Storage
Tank

1 Chemical Feeder

2 Regenerant Storage
Tanks

2 Regenerant Feed Tanks

1 Diesel. Oil Storage Tank

Capacity

100,000 G

50,000 G

100 G

1,000 G

700

1,000

G

G

65 ft3

40 ft3

198 ft3

48 ft3

48 ft

18 ft3

Furnished

Furnished

5,000 G

VESSE LS

Design
Press, Psig

Atmospheric

Atmospheric

Atmospheric

65

140

Atmospheric

Design

Temp. 0 F

Atmospheric

Atmospheric

400

Atmospheric

200

102

150' 350

10Q 340

2 240

125 350

170 350

200 350

with Turbine--Generator

with Turbine -Generator

Atmospheric 150

5,000 G Atmospheric

3G

Furnished

Furnished

10,000 G

300

with Water Softeners

150

250

with Water Softeners

Atmospheric Atmospheric
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4. TANKS AND PRES

Quan. Service

1 Diesel Fire Pump
Day Tank

1 Diesel Generator

Day Tank

1 Nitrogen Surge Tank

2 New Coolant Storage
Tanks

1 Purification Still

1 Purification Product
Receiver Tank.

2 Purification HBC Recvr.Tks.

1 Backwash Receiver Tank

1 Relief System Condenser

1 Degasifier

1 Coolant Surge Tank

2 Reactor Drain Tanks

1 Waste Gas Relief Drum

1 Waste Gas Absorber
Makeup Drum

1 Waste Gas Suction Tank

3 Waste Gas Decay Tanks

2 Waste Gas Absorption Columns

1 Waste Gas Stripper

SURE VESSELS (Cont.)

Design Desijr
Capacity Press, Psig Temp. *

90 G Furnished with Diesel
Driver

270 G Furnished with Diesel
Generator

75 ft 3  6o 100

15,000 G Atmospheric 500

1,500 G

1,000

1,000

13,000

8,000

13,000

20,000

100

100

25

25

G

G

G

G

G

G

G

G

Vac to 100

Vac to 100

Vac to 100

100

100

Vac to 100

100

50

150

25

ft3

ft3

750

6oo

750

6oo

700

700

700

700

300

250

150

150

150

300

Vac

75

150

150
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4. TANKS

Quan. Service

? Fuel Wash Still

1 Fuel Wash Product
Receiver Tank

1 Fuel Wash Waste
Receiver Tank

1 Fuel Wash Distillate
Tank

1 Fuel Wash Solvent Tank

2 Waste Water Decay Tanks

I Fuel Storage Pit
Surge Tank

1 Diatomaceous Earth
Slurry Tank

4 HBC Decay Tanks

2 HBC Day Tanks

2 Emergency Drain Tanks

AND PRESSURE VESSELS (Cont . )

Design
Capacity Press, Psig

-- Vac to 50

10,000 G Vac to 50

4,000 G Vac to 50

15,000 G Vac to 50

15,000

20,000

1,000

G

G

G

Vac to 50

50

50

50 G Atmospheric

30,000

4oo

100,000

G

G

G

50

Atmospheric

Atmospheric

Design
Temp. * F

300

200

300

250

250

200

150

100

500

350

200

16-B-11



5. FANS AND COMPRESSORS

Quan. Service

FANS:

2 Auxiliary Boiler Induced
Draft Fans

1 Hot Air Circulating Blower

2 Reactor Bldg. Supply Fans

6 Steam Generator Cell

Supply Fans

2 Reactor Aux. Bldg. Supply
Fans

2 Reactor Bldg. Exhaust Fans

6 Steam Generator Cell
Exhaust Fans

2 Reactor Aux. Bldg. Exhaust
Fans

2 Dilution Fans

CFM

3,500
(500 F)

19,300

4,000

4.5,300

Diff.
Head

7" W.G.

2-

2.00" W.G.

2.25" W.G.

1.50" W.G.

6.00"

6. oo"

19,300

4 , 000

45,300

23,400

W.G.

W.G.

5.00" W.G.

1.25" W.G.

COMPRESSORS

Purification Vacuum Pumps

Degasification Vacuum Pumps

Instrument Air Compressors

Service Air Compressors

Fire System Air Compressor

Waste Gas Compressors (Canned)
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Driver
H.P.

15

10

3

20

30

7-1/2

6o

7-1/2

2

2

2

2

1

2

10

10

100

100

10

0.5

2

4

40

3

1/4

100 PSIG

150 PSIG

130 PSIG

25 PSIG



6. MISCELLANEOUS EQUIPMENT

Quan. Service

1 Machine Shop Crane

2 Traveling Water Screens

2 Intake Structure Trash Racks

1 Intake Structure Trash
Rack Rake

1 River Water Chlorinator

1 Service Water Basket
Strainer

1 Condenser Waterbox Air
Ejector

2 Auxiliary Boilers

2 Makeup Water Pressure
Filters

2 Hydrogen Zeolite Water
Softeners

2 Sodium Zeolite Water
Softeners

2 Auxiliary Boiler Steam
Purifiers

2 Flue Gas Prefilters

2 Flue Gas High Efficiency
Filters

2 Instrument Air Intake

Filters

1 Instrument Air Dryer

2 Service Air Intake Filters

Rating

5 Ton Tramrail

30,500 gpm, (2) - 2 hp drives

32" high (each)

Hoist Capacity: 3000# Gross,
1500# Net

Including 2 - 10 kw Evaporator
Heaters, Chlorinator, Valves,
Control Panel, Chlorine Pumps

Dual Type, S.S.'Baskets w/ 1/8"
Perforations, at 2,500 gpm,
t h. = 5' max w/65% clogging

Furnished w/Condenser

4,000 lb/hr, 200 psig Sat.

15 gpm

15 gpn

15 gpm

Furnished with Compressors

4.5 kw Heater, 150 psig

Furnished with compressors



6. MISCELLANEOUS EQUIPMENT (Cont.)

Quan. Service

1 Domestic Water Chlorinator

2 Emergency Diesel Generators

1 Lube Oil Centrifuge
(Portable)

1 CO2 System

Fire Extinguishers

2 Flash Feed Heaters

2 Purification Still
Reboilers

1 Pressurized Coolant
Centrifuge

2 Degasifier Filters

1 Reactor Drain Tank Filter

1

2

1

2

2

1

1

1

Nitrogen Manifold

Waste Gas Filters

HBC Centrifuge

BBC Filters

HBC Heaters

Ventilation Stack

Shield Cooling Water Filter

Shield Cooling Water
Bypass Strainer

Rating

30 gpm, 50 psig

100 kw, 720 rpm

200 gph, incl. pumps (1 hp total)

and 20 kw Heater

Protecting Control Room, Cable
Spreading Room, Coolant Storage
and Melting Area, Turbine Lube
Oil Reservoir, Dirty and Clean
Lube Oil Storage Tanks

10 kw, 700 F, 150 psig

20 kw

50 gpm, 575 F, 100 psig

200 gpm, 600 F
5 Micron Size

100 gpm, 400 F
5 Micron Size

2400 psig/60 psig

8" x 8" 25 psig, 50 SCFM max

1 gpm, 400 F

1 gpm, 400 F

10 kw 1gpm, 550 F Outlet

300' high

460 gpm, 150 F

460 gpm, 150 F
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6. MISCELLANEOUS EQUIRvENT (Cont.)

Quan. Service Rating

1 Fuel Wash Vapor Ejector 10 lb/hr, Vapor
100 lb/hr, 200 psig steam

1 Fuel Storage Pit 15 gpm
Water Centrifuge

1 Fuel Storage Pit Filter

1 Fuel Storage Pit
Makeup Filter

3 Fuel Shipping Casks

Fuel

Fuel

3

1

Cask Cradles

Handling Machine

1 Fuel Transfer Tube

1 Fuel Storage Pit
Fuel Pivot Assembly

1 Reactor
Fuel Pivot Assembly

1 Fuel Cask Crane

1 Impact Wrench

1

1

1
Set

Orifice Handling Tool

Control Rod Blade Grapple

Decontamiriation Room Equipment

250 gpm Diatomaceous Earth

1 gpm Diatomaceous Earth

For 10' Fuel Elements
36" dia x 131" 0.A.

149" x 51" x 36"

Incl. Air Compressor & Receiver,
Trolley Drive, Bridge Drive,
Grapple Hoist, and Grapple Assembly

Incl. Expansion Joints and
Shutoff Valves

with 10', 15', 20', 25', 30'
extension wrenches

Incl. 1 Ultrasonic Cleaner (16"
dia x 18"), 1 Steam Cabinet (6'
x 6'), S.S. Work Bench (20' long),
1 Fume Hood (4' x 8'), 2 S.S.
Sinks w/Foot Pedal (16" x 16")
4 - 50 gal Storage Drums
1 - 5 Ton Monorail Hoist, 1 Wash
Pad (10' x 20', w/ 8 " Curb)
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6. MISCELLANEOUS EQUIR4ENT (Cont.)

Quan. Service

1 Solid Waste Baler

50 Solid Waste Storage Drums

1 Cement Mixer

1 Fork Lift Truck

2 Reactor Bldg. Water Chillers

1 Control Room Air
Lot Conditioning Equipment

1 Administration Area Air
Lot Conditioning Equipment

1 Access Control Area Air
Lot Conditioning Equipment

1 Misc. Heating and
Lot Ventilating Equipment

1 Hogging Ejector

Rating

100 lbs

50 gal

1 Sack

2 Tons

48 Tons Refrigeration, 60 hp

30 Ton Refrigeration

8 Tons Refrigeration

12 Tons Refrigeration

Furnished w/Condenser



7. ELECTRICAL EQUIPMENT

Quan.

1

1

1

1 Set

1 Set

1

1 Set

3

1 Set

2

1

1

2

2 Sets

3

1

1

Service

Main Power Transformer
3 Phase 60 Cycle

Startup - Auxiliary
Power Transformer

Auxiliary Power Transformer

Metal Enclosed Bus

Metal Enclosed Bus

Assembly 2400 V Switchgear

1500 kva (750 kva Each End)
D.E. Unit Substation

Assembly 480 V Motor Control
Centers

Excitation Switchgear

Potential Transformer Compts.

Generator Neutral Compt.

Critical Power Distribution
Center

480 V Motor-Generator
Battery Chargers

120 V Lead Acid Batteries

Regulating Transformers

Main Exciter

Spare Exciter

Rating

90,000 kva FOA 13,800 VA
- 230,000 Y

3000/3750 kva OA/FA
2400 V A- 230,000 V Y

5000/6250 kva OA/FA
13,800 - 2400 V A p

13,800 V 4000 amp

13,800 V 1200 amp
for Aux. Trans.

2.4 kv - 100 MVA

11 Feeder Circuits & Bus Tie
in each substation

480 V

Furnished with Generator

13,800 V - 120 V

37-1/2 kva 13,800 V - 240 V

120/208, 3 Phase

60 hp - 24 kw,
for.120 V Batteries

60 Cell, 120 V, 581 A.H.

45 kva 480-120/208 V, 3 Phase

Furnished with Generator
250 kw - 250 Volts d-c, 1800
rpm Shaft Driven

Furnished with Generator
250 kw - 250 Volts d-c, 1800
rpm Motor Driven
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APPENDIX A

EXTRACT: CONTRACT BETWEEN BECHTEL CORPORATION AND THE U. S. ATOMIC

ENERGY COMMISSION

The Chicago Operations Office of the United States Atomic Energy

Commission awarded Contract Number AT(1L-1)-708 to Bechtel Corporation

effective December 4, 1958 for an organic cooled power engineering

study. Bechtel Corporation awarded a subcontract to Atomics Inter-

national for the nuclear design. An extract of this contract follows:

"PURPOSE - In accordance with legislative authority, and as part of its
civilian power reactor 'program, the Commission intends to explore what
would constitute the most economical nuclear power stations over the
next five to ten years, consistent with (1) present status of reactor
technology (2) projected power requirements, (3) characteristics of
available generating equipment, and (4) possibility of initiation of
construction by a private or public organization of a reactor of each
type in July 1960 in the United States or abroad.

"It is the purpose of this contract to provide the terms and conditions
under which the Contractor will furnish engineering and design services
to make a design study of an optimum sized electric power station utili-
zing an organic cooled nuclear reactor.

"It is recognized that the Contractor has prime responsibility for the
work under this contract, but that such work will be a joint effort be-
tween the Contractor and Atomics International, a division of North
American Aviation, Inc. (called "Atomics International"), and that the
work to be carried on by Atomics International will be under a subcon-
tract to be entered into between the Contractor and Atomics International.

"ARTICLE II - SCOPE OF WORK

"'l.a. The objective of the design study which is the subject matter of
this contract is to prepare a preliminary design and cost esti-
mate (including capital cost and estimated cost of power) for the
most promising design variation of an organic cooled reactor and
associated electrical generating plant. This 'most promising de-
sign' must be consistent with a schedule calling for the start of
construction in July 1960. In selecting the 'most promising

A-1



design' consideration must be given to the compatibility of the
power capacity of individual units with utility practice and
projected utility system growth. The study should also provide
estimates of additional cost reduction which might be achieved
through design and construction of multiple units of the same
type in a nuclear power station.

"b. For the purpose of this study the following assumptions are to
be used.

(1) The design study shall be based upon utility practice and
projected utility system growth in the United States.

(2) The selected design must not incorporate any unique fea-
tures which cannot be adequately demonstrated consistent
with a schedule to construct the reactor starting in
July 1960.

(3) With the exception of facilities for fuel preparation, fab-
rication, and reprocessing, all things necessary for the
continued operation and maintenance of the station shall be
included in the designs and cost estimates.

(4) Only minimum but necessary laboratory and administrative
facilities shall be provided.

(5) Site data necessary to carry out the required studies will
be furnished at the appropriate time by the Commission.

(6) The economic analysis factors are:

(a) Plant load factor 80%.
(b) Annual fixed charges - 14% of plant investment.
(c) Fissionable material costs and buy-back prices, and

spent fuel processing costs to be estimated using
Commission price data (plutonium to be credited at
$12/g less $1.50/g for conversion of plutonium
nitrate to metal).

(d) Fuel use charge - 4% per annum.
(e) Reactor fuel elements not be capitalized as part of

plant and equipment.

(7) The Commission may modify these assumptions or furnish
additional assumptions without the execution of a formal
supplement to this contract.

"c. The work under this contract shall be performed by the Contractor
in two phases as described in Sections 2. and 3. of this article.
Upon completion of Phase I, as described in Section 2., the Com-
mission shall determine whether or not Phase II, as described in
Section 3., is to be carried on by the Contractor. The Contractor
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shall not perform any of the work described in Section 3. until
given notice to proceed by the Contracting Officer. In the event
the Commission decides not to proceed with Phase II of the work,
the Contracting Officer shall so notify the Contractor and this
contract shall expire in accordance with its terms, and such
notice shall not constitute a termination within the meaning of
Article XXVI - Termination. In the event the Commission deter-
mines to have Phase II carried on by the Contractor, the parties
shall by mutual agreement establish a time schedule for the com-
pletion of such work and the fixed fee to be paid by the Govern-
ment to the Contractor for carrying on such work.

"2. Phase I will consist of the following:

a". Evaluate various design possibilities and concept variations of
basic concept including parameters within each variation to
determine the specific reactor concept and size most likely to
result in the most economic reactor that can be built starting
construction in July 1960.

b". Prepare a conceptual design of the most promising concept in suf-
ficient detail to estimate:

(1) Capital costs.

(2) Fuel cycle costs.

(3) Operating costs.

(4) Research and development work required including cost and
schedule for performance.

(5) Operating characteristics and safety.

(6) Schedule and cost for Phase II.

c". Evaluate the variations in cost as a function of unit size.

d". Evaluate the reductions in ultimate costs that might be achieved
by design and construction of a nuclear power station of multiple
units of the same type. The units would be added to the station
on a schedule consistent with normal utility system growth.

"e. The results of the Phase I study shall be incorporated in a re-
port to the commission prior to March 23, 1959. This report
shall include but not necessarily be limited to the following:

(1) Nuclear design of proposed unit (including fuel elements,
control rods, reactor parameters, etc.). Designs and speci-
fications on unique components and systems shall be detailed
to the extent necessary to establish cost estimates.
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(2) Methods, assumptions, and results of optimization studies.

(3) Plant layout and equipment design specifications.

(4) Estimates of capital costs (Form to be furnished by the
AEC).

(5) Estimates of operating costs (Form to be furnished by the
AEC).

(6) A time schedule for completion of design and plant construc-
tion (Form to be furnished by the AEC).

(7) An outline of a recommended development program, its sched-
ule and cost estimate for each principal phase.

"3. Phase II will consist of the following:

"a. Undertake the preparation of a preliminary design of the "most
promising" first unit reactor plant. This preliminary design
should be carried through what is normally considered Title I
design except that it should be consistent with the fact that
the site used for the purpose of the study is fictitious.

"b. Prepare a preliminary hazards evaluation of the reactor.

"c. Evaluate the potential for further cost reductions of the re-
actor based upon development improvements and added features;
i.e., (i) advantage of further development work that might delay
starting of construction of the first unit, and (ii) pertaining
only to a second unit.

"d. The results of Phase II study shall be incorporated in a report.
This report shall include but not necessarily be limited to the
following:

(1) The same type of information as included in the report des-
cribed in subsection 2.e. of this article, but reflecting
the additional work.

(2) A preliminary hazards evaluation report."

A summary of the assumptions furnished by the AEC including later

modifications and the site data and Forms referred to in this contract

are included as "Appendix $".



APPENDIX B

1. SUMMARY OF DESIGN CRITERIA FURNISHED BY THE AEC

For this O.C.R. study, the Atomic Energy Commission established cer-
tain conditions and assumptions. Detailed site data is given in part 2.

General:

1. The design study shall be based upon utility practice and pro-

jected utility system growth in the United States.

2. Productivity of labor is the same as in Western Massachusetts.

3. For data not provided, values consistent with those for Western
Massachusetts shall be assumed, if this procedure does not lead to con-
flict with information supplied elsewhere.

Disposition of Maximum Power Output:

1. Plant load factor 80%.

2. The site is located within the general distribution area of
the hypothetical Central Edison System. The system voltage is 230 kv.
A 5-mile transmission line is required to connect the plant to the
system but the cost of this line is not included in this study. Based
on projections of load growth, the system will absorb the entire station
output as it becomes available.

3 Use power demand as follows:

Hours % Rate Product

4500 100 4500
2190 75 1645
1730 50 865
340O 0 0

8760 80 7010

Plant Design Criteria:

1. The selected design does not incorporate any unique features
which cannot be adequately demonstrated consistent with a schedule to
construct the plant starting in July 1960. (Start of construction is
construed to mean placement of the first order for major equipment.)

2. Only minimum but necessary laboratory and administrative
facilities are provided.
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3. Natural gas service is available in town four miles from the

site on the same side of the river.

4. Materials and construction style of architecture, etc. are

in accordance with AEC Manual, Chapter 6300 plus ASTM, ASME, and the
National Board of Fire Underwriters codes and standards where appli-
cable.

5. Communication lines are furnished to the project boundaries
at no cost. Cost for communication within the project boundaries will
be in accordance with standard utility company practices.

6. Site data including topography, general characteristics,

climate, etc. are given in Section B-2 of this appendix.

7. Plant wastes are disposed of by commercial means.

8. Facilities in the plant shall be specified at the discretion
of the contractor and justified in the body of the report.

Economic Analysis Factors:

1. Interest during construction is computed at 6% per year on
the expenditures required to meet the construction schedule and is
included in the plant cost. Annual fixed charges are equal to 14% of
plant investment with the following breakdown:

Cost of money 6.0%
Income tax 4.6%
Local taxes and insurance (not

including third party liability) 2.1%
Depreciation (sinking fund for 30 years) 1.

14.0%

2. Percent escalation for cost' estimating shall be 4%/year for
construction in 1960-1963.

3. With the exception of facilities for fuel preparation, fabri-
cation, and reprocessing, all things necessary for the continued opera-
tion and maintenance of the station are included in the designs and
cost estimates.

4. Land valuation for cost estimating shall be $300/acre. Land
is generally available surrounding the site at the same cost. There is
no land easement charge.

5. Spare parts of warehouse type will not be included in costs.

6. Cost estimates shall be made to high side of transformer; the
switchyard is not to be included in cost estimate.

B-2



7. Cost for five miles of railroad is $300,000, exclusive of

plant trackage.

Fuel Charges:

1. Reactor fuel elements are not to be capitalized as a part of

plant and equipment.

2. The first core is not to be capitalized.

3. Fuel use charge is 4% per annum.

4. For estimating reprocessing costs, fuel elements are assumed
to be processed at Hanford in accordance with Federal Register Notice
of March 12, 1957, and supporting document Wash 743 Summary Report
"AEC reference fuel processing plant."

5. Selected fuel is assumed to be compatible with available
processes.

6. Shipment of spent fuel and casks should be assumed to be
provided commercially. Shipments and casks meet AEC processing site
and proposed licensing requirements.

Estimating Procedure:

1. Cost estimates are based upon accounting principles of AEC
Manual, Chapter 1140.

2. Contractors normal practices are used in estimating all costs.
Components of the cost are tabulated in the form of "Cost Breakdown -
Phase I - Design Studies."

3. Construction cost is based on a 40 hour work week with no
overtime.

4. Wage rates used in computing costs of construction labor are
shown in Table IV.

5. Wage rates for operating personnel are those shown in Table V.

6. The AEC standard form, "Estimated Electric Generating Costs"
shall be used.

7. On cost estimates, contingencies shall be based on standard
procedures of the contractor and shall define the type of contingency
provided.

8. Sales tax shall be taken as that in Western Massachusetts.

9. Freight costs for Western Massachusetts shall be included in
estimates.
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APPENDIX C

2. SITE DATA FURNISHED BY THE A.E.C.: (Quoted)

Background: This information is provided in accordance with para-

graph III (c) of Appendix "A" to the Commission's invitation of
September 15, 1958, for preliminary design and cost evaluation proposals
on PWR, BWR, and OCR civilian power systems. In the absence of a
specified site or group of alternate sites, the characteristics of a
hypothetical site are given to provide a basis for the plant designs.

The information in this document should be used where applicable
in the design study to provide a set of common and consistent site

assumptions. This will enable the Commission to perform a fair evalua-
tion of the three design studies.

Summary of Major Characteristics of Hypothetical Site:

1. Topography and General Characteristics:
a. Location and Total Area
b. Access
c. Population
d. Land Use in Surrounding Region
e. Public Water Supplies

2. Meterology and Climatology:
a. Prevailing Wind Variation
b. Average and Extreme Temperature History
c. Frequency of Temperature Inversions
d. Frequency and Severity of Disturbances

3. Hydrology:
a. Precipitation
b. Drainage
c. Ground Water

4. Geology and Seismology:
a. Soil Profiles and Load Bearing Characteristics
b. Seismology

5. Waste Disposal.

6. Other Site Information:
a. Disposition of Maximum Power Output
b. Availability of Local Labor Force



Detailed Characteristics:

1. Topography and General Characteristics:

a. Location and Total Area - The site is located on the
east bank of the North River and 35 miles north of Middletown, the
nearest city. It is 40 feet above the river minimum level and 20 feet
above maximum river level. The site occupies approximately 1200 acres
of level terrain and is grass covered. A topography and site map are
included as Figures 1 and 2.

b. Access - The site is accessible by highway, railroad,
air and water as follows:

(1) A 15-mile.secondary road to State Highway No. 9
has been constructed and needs no additional im-
provements.

(2) A 5-mile spur to be constructed which will inter-
sect the B & M Railrcad.

(3) An airfield 3 miles from State Highway No. 9 and
15 miles from Middletown.

(4) The North River is navigable throughout the year
for boats with up to 6 foot draft.

c. Population - The site is near a large city (Middletown,
250,000 population) but in an area of low population density. Varia-
tion in population with distance from the site boundary is:

Miles Population

0.25 0
0.5 60
1.0 200
5.0 2,700

10.0 8,000
20.0 40,000

The nearest residence is 3/8 mile east of site on
secondary road.

d. Land Use in Surrounding Region - There are five indus-
trial'manufacturing plants within 15 miles of the site, but these are
small plants employing less than 100 people each. Closely populated
areas are found only in the centers of the small towns in the area, so
the total land area used for housing is small. The remaining land,
including that across the river, is used as forest or cultivated crop
land, except for railroads and highways.
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e. Public Water Supplies - The North River provides an
adequate source of raw make-up and condenser cooling water for the ulti-
mate station capacity. A listing of river water temperatures averaged
over 35 years is attached as Table IA. The average maximum temperature
is 70 F and the average minimum is 40 F. An analysis of the river water
is included as Table IB.

2. Meteorology and Climatology:

a. Prevailing Wind Variation - Prevailing surface winds in
the region surrounding the site blow from the S through W Quadrant at
speeds varying from 4 to 15 miles per hour through the year. There
are no large daily variations in wind speed or direction. Average sur-
face wind speed and frequency for sixteen compass points are shown in
Tables IIA and IIB. Observations of wind velocities at altitude indi-
cate a gradual increase in mean speed and a gradual shift in prevailing
wind direction from southwest near the surface to westerly aloft. Table
IIC shows high altitude seasonal mean winds.

b. Average Temperature History - Monthly average maximum,
minimum and mean temperatures are shown in Table III, based on 5-year
history.

c. Frequency of Temperature Inversions - Surface-based atmos-
pheric inversions occur frequently during summer and early fall nights
with clear skies and low.wind speeds. These inversions are destroyed
quickly by solar heating. Inversions occurring during winter or spring
are more likely to exist into the daytime. Inversions occur most fre-
quently when the winds blow from the south. Unstable weather conditions
usually occur with winds from the north or west. Stagnation periods
with steady light winds and a high frequency of inversions are most
probable from August to October. A persistent inversion with its base
between 1,000-4,000 feet, wind speeds less than 5 miles per hour below
5,000 feet, and clear skies which permit the formation of surface-based
inversions at night are characteristic of these periods. Table III lists
monthly percentages of time with inversions. The annual average is 48%.

A..survey of U. S. climatological records summarized in WASH-740 indicates
50% of total annual time with inversions as a representative national
average. Table III also lists precipitation, sunshine, and fog data.

d. Frequency and Severity of Disturbances - A maximum wind
velocity of 100 MPH has been recorded at the site. Information is given
in Table III on the frequency of hail and thunderstorms.

e. Snow Load - 300#/ft2 shall be used for snow loading.

3. Hydrology: Average annual rainfall at the site is over 27
inches per year (see Table III). Natural drainage of the sites is pro-
vided by the land contours. The subterranean water travels toward the
river at a velocity of 300 feet per year. The maximum river tempera-
ture is 75 F with sufficient flow available to prevent exceeding the
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allowable temperature rise specified by the State. Ground water in

the region collects mostly in the weathered layer of the shale above

the bedrock (see Section 4. Geology and Seismology). Adequate ground

water for sanitary supply and plant make-up is available within 50 feet
below grade. Most wells in the region are drilled to the shale layer.
An analysis of the ground water is attached as Table IC.

4. Geology and Seismology:

a. Soil Profiles and Load Bearing Characteristics - Soil
profiles for the site show alluvial soil and rock fill to a depth of
8 feet; Brassfield limestone to a depth of 30 feet; blue weathered
shale and fossiliferous Richmond limestone to a depth of 50 feet; and
bedrock over a depth of 50 feet. Allowable soil bearing is 600#/ft2

and rock bearing characteristics are 18,000#/ft2 and 15,000#/ft2 for
the Brassfield and Richmond strata, respectively. No underground
cavities exist in the limestone.

b. Seismology - This is a Zone 1 site as designated by the
Uniform Building Code based on the observation of three earthquakes of
seismic intensities 6-8 on the Rossi-Forel scale in the period 1870-
1958, causing minor damage to towns in the surrounding area.

5. Radioactive Waste Disposal:

Sewerage: All sewerage must receive primary and
secondary treatment prior to dumping into
North River.

Volatile Wastes: (Radioactive and Toxic Gas).
Maximum permissible concentrations or dosages shall be as

prescribed in:

a. Standards for protection against radiation, AEC Regula-
tion (10 CFR Part 20) Federal Register Doc. 57-511, filed January 25,
1957.

b. National Bureau of Standards, Handbook 52, Maximum
Permissible Amounts of Radioisotopes in the Human Body and Maximum
Permissible Concentrations in Air and Water.

c. In the event of conflict between items a and b above,
item a shall govern.

Liquid Waste: Maximum permissible activity of water enter-
ing the North River shall be as prescribed in the references listed
under "volatile wastes" above. For the purpose of this study, the
activity level of the liquid effluent shall be measured as it leaves the
plant. No credit for dilution in the North River will be assumed.

Solid Waste: Storage on site for decay will be permissible
but no ultimate disposal on site will be made. Assume commercial rates
of sea disposal and plant located 500 miles from shipping site.
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6. Other Site Requirements:

a. Disposition of Maximum Power Output - The site is located
within the general distribution area of the Central Edison System. The
system voltage is 230 kv. A 5-mile transmission line is required to
connect the BWR to the system.but the cost of this line will not be
included in this study. Based on projections of load growth, the sys-
tem will absorb the entire station output as it becomes available.
See Table V for use power demand.

b. Availability of Local Labor Force - Labor availability
for plant construction and operation at this site is adequate although
the distance of 35 miles to the nearest large center of population
requires an additional transportation allowance in the wage rates for
all classes of construction labor. A survey of hourly construction
rates in this area has established the applicable hourly base rates
and fringe benefit allowance shown on Table III.

c. Productivity - Assume productivity will be equivalent to
Western Massachusetts.

d. Estimates of capital costs, estimates of operating costs,
estimated electric generating costs, and a time schedule for completion
of design, plant construction, and operation are attached as provided in
scope of work of the Contract.

e. Breakdown of the l4+% capital charges follows. The annual
fixed charge based on capital cost is 14% of the capital costs. The
annual rate provides for amortization of the capital investment in 30
years.

Cost of money 6.0%
Income tax 4.6%
Local taxes and insurance
(not including third party liability) 2.1%
Depreciation (sinking fund) 1.3%

14.o%

f. Construction and, Emergency Power - Construction power is
available at southeast corner of site boundary. Cost of this power is
15 mils per kilowatt hour. Provision should be included in design for
an emergency power source as the distribution system in the area is a
single source transmission.

B-8



TABLE IA

AVERAGE WATER TEMPERATURE OF NORTH RIVER

40
42
47
56
67
73

F
F
F
F
F
F

July
August
September
October
November
December

75
72
66
57
47
42

TABLE IB

RIVER WATER ANALYSIS

Total dissolved solids
Organic matter
pH
Phenolphthalein alk. (as CaCO3 )
Methyl orange alk. (as CaCO3 )
Hardness (as CaCO3 )
Total iron (as Fe2 03 )

261
28

8
8

162
152

0.45

TABLE IC

GROUND WATER ANALYSIS

ppm epm

Iron (total)
Calcium
Magnesium
Sodium
Turbidity
Color
Odor
Temperature
Depth

Fe
Ca
Mg
Na
Tr
0

0.4
105.7
52.1
22.8

5.29
x+.28
0.99

0
52 F
50 ft

Chloride Cl
Nitrate NO
Sulfate S04
Alkalinity (as CaCO3 )
Hardness (as CaCO3 )
Residue

ppm = parts per million
epm = equivalents per million
ppm x .0583 = grains per gallon
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January
February
March
April
May
June

F
F
F
F
F
F

ppm
ppm

ppm
ppm
ppm
ppm
ppm

0.6
3.6

131.0
380.0
181.0
548,.0

0.17
0.06
2.73
7.60
9.62



TABLE IIA

AVERAGE WIND SPEEDS FOR HYPOTHETICAL SITE

(MPH)

J F M A M J J A S 0 N D

N 9 9 8 9 9 7 6 6 7 7 10 7

NNE 9 8 8 9 7 6 6 6 7 7 9 7

NE 6 7 8 6 7 6 5 5 5 6 5 7

ENE 6 9 9 7 8 6 5 5 6 6 6 9

E 8 9 9 9 7 7 5 5 6 7 8 11

ESE 11 10 11 10 8 8 6 6 7 7 9 12

SE 11 11 11 11 8 8 7 6 7 7 9 10

SSE 13 12 12 10 9 8 7 7 8 9 12 12

S 15 15 14. 12 10 9 9 7 10 10 13 13

SSW 14+ 14 15 14 11 10 10 8 10 11 13 13

SW 11 13 16 13 11 11 9 8 9 10 12 12

WSW 16 16 17 15 14 12 11 9 10 12 15 14

W 15 17 17 16 12 10 10 9 10 11 14 14.

ww 16 15 16 14 12 10 10 9 11 12 15 14

NW 12 10 12 9 10 7 7 7 8 9 11 9

NNW 9 9 8 9 8 6 6 6 7 8 9 8

%Calm 2 1 3 2 2 3 3 4 5 4 3 3
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TABLE IIB
HOURLY AVERAGE WIND VELOCITY FOR PERCENT

OF YEAR FOR MIDDLETOWN

0 to 10

N

3.2

2.4

11 to 20

0.9

2.1

1.5

1.1

0.9

1.9

1.5

0.8

3.0

1.5

2.4

2.7

2.1

2.8

2.1

2.4

1.7

5.0

6.3

5.2

4.4

21 to 30

0.1

0.5

0.2

0.2

0.1

0.2

0.5

0.2

0.9

1.9

0.7

0.8

0.5

0.6

0.2

TABLE IIC
HIGH-ALTITUDE SEASONAL MEAN WINDS*

Altitude (ft)

10,000
20,000
30,000
40,000
50,000

*Direction/Speed

Direction 31 to 40

4.0

4.5

2.6

1.7

2.8

1.5

NNE

NE

ENE

E

ESE

SE

SSE

.05

0.05

0.1

0.1

0.01

0.04

0.1

0.1

0.2

SW

WSW

W

WNW

NW

NNW

.1

.3

.3

0.2

0.1

.02

Winter

285/23
294/36
281/63
283/76
279/50

Spring

284/18
287/35
278/48
276/55
273/39

Summer

282/11
284/17
280/25
286/29
269/23

Fall

280/16
286/26
279/40
274/44
269/40
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TABLE III

METEOROLOGICAL DATA FOR HYPOTHETICAL SITE

Item Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

Tempo. - Mo. Av. Max. 34 37 50 62 73 83 89 87 79 67 50 38

Lempo. - Mo. Av. Min. 15 17 28 41 51 62 67 64 56 44 30 20

Tempo. - Mo. Av. Mean 25 27 39 52 62 72 78 76 68 56 40 29

% Time with Inversion 46 52 46 41 39 45 50 54 50 56 50 43

Maximum low -20 F Design for -10 F Maximum high 105 F

Precipitation, Av. In. 0.7 1.0 1.3 2.5 3.8 4.3 3.6 3.4 2.9 1.9 1.2 0.8

Days with precipitation
greater than 0.4" 1 2 3 6 9 9 7 7 6 4 3 2

% Maximum Sunshine 57 59 60 60 63 69 76 70 66 65 57 54

Days Light Fog 4 3 3 2 1 1 1 2 3 3 3 4

Days Heavy Fog 1 1 1 0 0 0 0 0 1 0 1 1

Days Hail 0 0 0.1 1 1 1 0.3 0.3 0.3 0.1 0.1 0.1

Days Thunderstorm 0.1 0.2 1 4 7 10 8 8 5 2 1 0.1

95 F dry bulb, 75 F wet bulb exceeded during 5% of total number summer hours
Maximum rainfalls: 0.5 inches rain in 10 minutes every two years; 4 inches rain in 24 hours every
five years.

w
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Category

Air Tool Operators

Asbestos Workers

Boilermakers

Bricklayers

Carpenters

Cement Finishers

Electricians

Iron Worker, Structural

Iron Worker, Reinforcing

Laborers

Painters

Plasterers

Air Compressor Operators

Power Hoist Operators

Power Shovel Operators

Roofer s

Sheet Metal Workers

Steam Fitters

Truck Drivers

TABLE IV

CONSTRUCTION WAGE RATES*

Hourly Base Rate (Unless noted)

$2.398

3.446

3.190

3.650

3.232

3.3+3

3.597

3.455

3.29+

2.389

3.069

3.309

2.944

3.224

3.466

3.063

3.463

3.529

2.42k

*NOTE: These rates are to be used for estimating direct costs. Add
20% for fringe benefits, including welfare, travel, subsistence
and isolation. No overtime rates are to be used for estimating
direct costs. Includes payroll taxes and insurance.
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TABLE V

PLANT PERSONNEL WAGE RATES

Category

Plant Manager

Assistant Plant Manager

Shift Supervisor

Reactor Foreman

Reactor Operator

Fuel Charge Operator

Power Generation Foreman

Power Control Operator

Auxiliary Equipment Operator

Welder

Pipe Fitter

Machinist

Health Physics Technician

Janitors

Guards

Maintenance Foreman

Electrician

Instrument Repairman

Painter

Laborer

Hourly Base

*

Rate (Unless noted)

$15,000 p/a

$12,000 p/a

$160 p/wk

$3.70 p/hr

3.20

3.20

3.70

3.20

2.70

2.65

2.65

2.70

3.30

1.60

2.00

3.15

2.65

2.65

2.30

1.90

*NOTE: Add 10 cents per hour for shift premium pay. To obtain cost of
fringe benefits and payroll taxes for hourly employees, take
20% of gross hourly payroll. (Foregoing is summary of AEC tele-
type 2-3-59).
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COST BREAKDOWN - PHASE I - DESIGN STUDIES

I. LAND AND LAND RIGHTS

II. STRUCTURES AND IMPROVEMENTS

A. Site Preparation and Improvements

B. Reactor Containment Structure and Services

1. Excavation and Substructure
2. Biological Shielding
3. Superstructure

a. Containment Shell
b. Other

4. Services

C. Buildings and Services (List Major Buildings Separately)

1. Excavation and Substructure
2. Superstructure
3. Services

III. REACTOR PLANT EQUIPMENT

A. Reactor

1. Vessel and Supports

a. Vessel
b. Vessel Supports
c. Core Supports

2. Thermal Shielding
3. Reactivity Control

a. Control Rods
b. Housing and Shrouds
c. Mechanisms
d. Other (Boron injection, etc.)

4. Other

B. Auxiliary Heating and Cooling

C. Moderator System (if other than coolant)

D. Fuel Handling and Storage
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E. Radioactive Waste Treatment and Disposal

F. Instrumentation and Control

1. Reactor Safety System
2. Waste System
3. Radiation Monitoring System

IV. HEAT TRANSFER SYSTEM

A. Reactor Coolant System

1. Main Pumps
2. Piping
3. Valves

B. Coolant Supply and Treatment

1. Charge and Discharge
2. Purification
3. Sampling
4. Pressurizer

C. Steam Generating System

1. Pumps
2. Piping
3. Valves
4. Steam Generators

D. Feedwater Supply and Treatment

E. Instrumentation

1. Primary Plant Control
2. Heat Transfer System
3. Steam Generator System
4. Other

V. TURBO GENERATOR SYSTEM

A. Turbo Generator and Auxiliaries

B. Condensers and Water System

C. Instrumentation and Control

D. Feedwater Heaters

VI. ACCESSORY ELECTRICAL EQUIPMENT N.B.
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VII. MISCELLANEOUS POWER PLANT EQUIPMENT

TOTAL DIRECT CONSTRUCTION COST

VIII. INDIRECT CONSTRUCTION COST

A. Engineering, Design, and Inspection

B. General and Administrative

C. Start-up Costs

IX. INTEREST DURING CONSTRUCTION

TOTAL DIRECT AND INDIRECT COSTS

X. ESCALATION

XI. CONTINGENCY

Show contingencies using your standard procedures and define
type of contingency for which you are providing.

N.B. Cost estimates to be made to high side of transformer.
Switchyard not to be included in cost estimate.

TOTAL ESTIMATED COST
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ESTIMATED ELECTRIC GENERATING COSTS

Thousands of'
Capital

Plant Cost, Millions

Net Output, MWE

Unit Cost, $/KWE

Capital Cost a

Fuel

Fuel Preparation & Fabrication

UF6 to

Fabrication & Assembly

Material Losses

Subtotal

Fuel Burnup

Value of Fuel Charged

Value of Spent Fuel

Burnup Cost

PU Credit J (_g/MWD)

Net Burnup Cost

Spent Fuel Processing

Transportation of Fuel

Processing to Nitrate

Conversion of UNH to UF6

Material Losses

Subtotal

Fuel Use Charge 2 Days _

$ per Year
Mils per

Kilowatt Hour

Kg U
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Days

Fabrication

Spares

Reactor

Cooling

Reprocessing

Subtotal

Total Fuel Cost

Operation & Maintenance

Supervision & Engineering

Station Labor

Materials and Supplies

Total

Total Station Cost

KgU

Number of
Employees

Thousands of
$ per Year

Mills per
Kilowatt Hour

a Based on 14%/year financing charges; 80% plant factor.

b/ Based on $12/g Pu as metal; $1.50/g Pu for processing Pu nitrate to
metal.

j Steady state condition.
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TIME SCHEDULE FOR DESIGN AND CONSTRUCTION

1. Start of design (indicated as base date)

a. Reactor

b. Plant facilities

2. Completion of design

a. Reactor

b. Plant facilities

3. Start of construction

a. Reactor

b. Plant facilities

4. Completion of construction

a. Reactor

b. Plant facilities

5. Startup operations

*a. Reactor

b. Plant facilities

6. Full power operation

* Signify critical or low power.
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