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INTRODUCTION

The Idaho Operations Office of the Atomic Energy Commission awarded 
Contract Number AT(10-l)-925 to Kaiser Engineers Division of Henry J.
Kaiser Company. Kaiser Engineers awarded a subcontract for nuclear 
design to ACF Industries, Inc.

The scope of work includes a preliminary design and feasibility studies 
of gas cooled, graphite moderated, nuclear power plants. More specific­
ally, it includes the following major responsibilities:

a. Title I design of a prototype natural uranium fueled plant. This 
plant is to have a net electrical output of b0,000 kw or such 
larger size as necessary to meet the prescribed pararaeters. It is 
to be a prototype of the optimum plant (Item b).

b. Feasibility study of a full scale natural uranium fueled plant 
optimized for cost of power.

c. Feasibility study of a prototype partially enriched uranium fueled 
plant, of approximately ]j0,000 kw net electrical capacity, to be the 
prototype of the optimum plant (Item d).

d. Feasibility study of a full scale partially enriched uranium fueled 
plant optimized for cost of power.

This report describes the work on the optimum, partially enriched uranium 
plant listed in Item d above. The scope of this feasibility study includes 
establishment of the general concept, selection of design parameters, deter­
mination of operating characteristics, and preparation of estimates of capi­
tal and operating costs. The design is based on technology currently avail­
able to the Comnission, with only such development work as may be undertaken 
on a schedule consistent with early initiation of construction.

Objectives of the feasibility study are (1) to obtain values of specific 
power, coolant temperature and pressure which will constitute a definite 
advancement in technology, (2) to determine whether fuel charging and dis­
charging under load is economically feasible, and (3) to present a design 
incorporating the best features of similar plants now operating or under 
construction and, where possible, to improve those features to reflect the 
latest advances in technology. In connection with this and in consideration 
of the United Kingdom* s prominence in pioneering of gas cooled, graphite 
moderated power reactors, the assistance and cooperation of the United King­
dom Atomic Energy Authority is hereby gratefully acknowledged.

A hypothetical site is used as a basis for design and for estimating con­
struction costs. The assumed site characteristics are typical for many 
sections of the United States.

- 1 -



*

- 2 -

*■

-4-



SU1MRY AND CONCLUSIONS I
This report contains a discussion of the feasibility study and cost 
estimates for a gas cooled, partially enriched, uranium graphite 
moderated power plant optimized for minimum power cost. The plant, 
rated at 2l£ mwe (net electrical), is designed for location on the bank 
of a river in a section of the United States having an average winter 
and summer climate. The plant consists primarily of one multi-purpose 
building which houses the reactor plant, turbine generator, warehouses, 
and shop. Other facilities include an office building, river pump house 
substation and necessary utilities.

A general plant arrangement is shown on Dwg. No. 100-P301. The estimated 
design and construction cost of the 215 mwe optimum plant (253 mw gross ' 
electrical) is $10i|,000,000, or $iilO per kw (gross electrical). This 
excludes design and construction costs of the switchyard and transmission ! 
lines which are omitted from utility power plant unit costs. The cost 
does not 'include the development program necessary to achieve the maxi- 
mum capability of this plant. The plant can be built on a schedule which 
would complete construction within 5l months from the time preliminary !j
design is initiated. This assumes that construction is initiated six 
months after the start of preliminary design. The estimated cost of I
power produced by this plant is 15 mills per kwhr of which fixed charges 
are 12 mills per kwhr, based upon a lifetime plant factor of 80$, annual n 
fixed charges at 11$, and accepted utility plant accounting practices.
The cost of $1|10 per kw is considerably higher than that for a conventional j 
steam power plant. In addition to the high costs expected to be associated 
with the nuclear portions of the plant, it should be noted that the steam 
generators for a gas cooled power reactor differ materially from standard 
boiler designs, primarily because the heat source is clean, high-pressure |j 
radioactive gas at relatively low temperature, the mass flow; of gas is very! 
large, and leak-tightness is vital. jj

Reactor Plant I

The rating of 215 mwe (net), corresponding to a reactor thermal rating I 
of 600 megawatts provides a reasonable value of plant output at the de­
sired outlet temperature and at a power cost only slightly greater than ij
that for much larger plants. The reactor is housed in a double-walled 1
vessel consisting of a 26' diameter carbon steel cylinder with hemispher- jj 
ical heads and overall height of 57* 5". The vessel outer wall is h" thick.:

The inner wall (temperature barrier) is stainless steel 1-3/8" thick, \
and ensures the maintenance of the outer carbon steel wall at a maximum jj 
temperature of 650 F. '\

The cylindrical graphite core is approximately 2h' in diameter by 26' 
high. Vertical channels (U" diameter with a lattice spacing of 7") j
contain a stack of nine 29" long fuel assemblies. Cooling gas passes up 
through the core. Control rods enter from above j the charge-discharge jj
of fuel is accomplished from beneath the reactor, and general reactor j
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servicing is from above, these operations being performed while the 
reactor is operating.

The reactor has a single-region core consisting of preferred fuel 
assemblies, i.e., a cluster of seven identical columns of stacked 2.5$ 
enriched uranium dioxide pellets. Each column is in a stainless steel 
tube. Each cluster is supported within a graphite sleeve. The use of 
the preferred fuel assemblies, as well as alternates discussed in Sec­
tion U, would depend upon the results of a development program. The 
2.5$ enrichment is selected to provide an average fuel element lifetime 
of 10,000 megawatt days per metric ton (mwd/K.T.).

The reactor physics calculations are based on conventional two-group 
theory, with the appropriate constants and modifications for partially 
enriched uranium, graphite moderated reactors.

The graphite structure which comprises both the moderator and reflector 
for the reactor is supported on a grid structure within the vessel. The 
design of the graphite stack allows for expansion due to temperature and 
radiation effects (Wlgner growth). Under the operating conditions of 
this plant, no damage from Wigner energy release can occur, even if the 
coolant system should fail completely.

During the feasibility study, carbon dioxide was selected as the primary 
coolant. However, at such time as preliminary design is performed, other 
gases will be considered.

The reactor is located within a concrete biological shield approximately 
Id' above grade. The operating level of the fuel element charge-discharge 
area is beneath the reactor vessel, approximately 26' below grade. The 
CC>2 coolant gas enters the reactor vessel at h73 F and leaves at 1,000 Fj 
it is pumped through six steam generators, each with its own coolant loop, 
located around the reactor pressure vessel. Blowers circulate the CO2 
back to the reactor vessel in a closed system. The steam generators pro­
vide steam at dual pressures, with reheat, to the 250 mw (net) turbine 
generator.

The control rods are of boron steel and are positioned from the top of 
the reactor by cable drives. Conventional reactor instrumentation is 
provided. In addition, a burst slug detection system permits the deter­
mination of the particular channel in which a fuel element failure has 
occurred.

The charge-discharge machine which operates beneath the reactor is capable 
of removing and replacing spent fuel elements or rearranging partially 
spent fuel elements from one position to another. A service machine 
located above the reactor can be used for replacing spent control rods, 
assisting in the removal of jammed fuel elements and in flux plotting.
Both of these machines perform their operations without requiring a
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reactor shutdown

Steam Power Plant
The steam power plant consists of six steam generator units which supply 
steam at dual pressures to a single turbine generator. The turbine is 
nominally rated at 250,000 kw, and is directly connected to the hydrogen 
cooled generators, rated at a total of 320,000 kva. The equipment and 
control systems for the steam plant and electric installation are, in 
general, of conventional design except for the steam generators.
The turbine generator unit operates on a dual-pressure regenerative re­
heat cycle with high-pressure steam supplied from the steam generators 
to the turbine throttle at 2,i|00 psia and 950 F. Exhaust steam from the 
high-pressure turbine is reheated in the steam generators and mixed with 
the low-pressure superheated steam} then the combined steam flow re-enters 
the turbine at approximately 750 psia aid 950 F, and passes to the con­
denser.
The condenser is at ground level in the turbine building, and the turbine 
generator is on the operating floor approximately 38* above ground floor. 
Controls for the reactor and power plant are centralized in one control 
room, located on the operating floor level at a point convenient to both 
the reactor and steam plant facilities.
A river pump house supplies the condenser cooling water. The condensing 
pressure is 1^" Hg abs with cooling water at 70 F. The estimated turbine 
heat rate is 8,1420 Btu/kwhr.
It is necessary to go beyond feasibility design on certain unique com- 
ponents in order to ensure a reasonable degree of accuracy in performance 
and cost estimates. The items in this category are as follows:

Charge-discharge machine
Fuel elements
Control rod drive mechanism 

Service machine 
Steam generators

Design Criteria
Some of the more important design criteria for the prototype and optimum 
plants are tabulated below. Comparative data are also presented for the 
optimum and prototype natural uranium GCPR plants, Calder Hall and for 
three other United Kingdom plants (Berkeley, Hunterston and Bradwell) 
which are in various stages of design and construction.
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COMPARATIVE PERFORMANCE DATA FOR GAS COOLED 
GRAPHITE MODERATED POWER PLANTS

Partially Enriched 
Uranium

Natural Uranium

Prototype
GCPR

Optimum
GCPR

Prototype
GCPR

Optimum
GCPR (1)Calder Hall

(2)
Berkeley

(2)
Hunterston

(2)
Bradwel1

No. of Reactors 1 1 1 1 4 2 2 2
Net Electrical
Output per Reactor 
(mw)

44 215 55 220 34-5 137.5 150 150

Net Plant
Efficiency (jt)

35.3 35-8 30.6 31.4 19.2 25 28-3 28.3

Specific Power 
Megawatts Thermal 
per Metric Ton

6.9 7-9 1.85 2-55 1-4 2.2 2.11 2.21

Outlet Gas 
Temperature (°F)

1,000 1,000 800 800 637 662 745 754

Outlet Gas
Pressure (psia)

387 370 280 275 110 140 165 165

Fuel Charging
4 Discharging

During
Operation

During
Operation

Dur ing 
Operation

During
Operation

Shut-down
Rec'd

During 
Operation

During
Operation

During 
Operation

HP Steam Pressure 
(psia)

2,400 2,400 1,450 1,450 210 320 590 765

HP Steam Tempera­
ture (°F)

950 950 750 750 590 612 700 700

LP Steam Pressure 
(psia)

750 750 500 300 63 77 160 209

(1) In Operation (2 Reactors)
(2) Under Construction



1.0 BASIS FOR OPTIMIZATION OF A PARTIALLY ENRICHED GCPR

The basis for optimization of a partially enriched GCPR is the minimum 
power cost for a single-reactor plant consistent with a design avail­
able for early initiation of construction.

There are many parameters involved in the design of a power plant; the 
object of this report is to select the combination yielding the opti­
mum plant. The principal parameters considered in order of selection 
are;

a. Vessel size, material and wall thickness.

b. Most suitable fuel element.

c. Temperature of reactor coolant.

d. Pressure of reactor coolant.

e. Core size.

f. Coolant gas.

Vessel Size, Material and Wall Thickness

In general, unit power costs decrease as plant capacity increases. 
Thermal cycle efficiency increases with increasing temperature and 
pressure of the reactor coolant gas. Cylindrical vessels (with 
hemispherical heads) present the most economical design with smaller 
vessels permitting higher pressures for a given wall thickness. 
Larger vessels permit longer fuel channels with resulting higher gas 
temperatures for a given maximum fuel temperature. The vessels in­
vestigated were cylindrical with inside diameters of 13, 16, 20, 26 
and 36 ft. The net effect of the various parameters is such that 
unit power costs decrease as vessel size increased. This relation­
ship is quite pronounced for the smaller vessels and becomes less 
pronounced for larger vessels. The 26> diameter vessel with V' 
thick walls was chosen for the optimum plant because it provides a 
reasonable value of plant output at the desired outlet temperature, 
and at a power cost only insignificantly greater than that for still 
larger vessels. The size of this vessel and its operating tempera­
ture establish the gas coolant pressure and maximum core diameter. 
The design is enhanced by selection of a double-walled vessel, with 
the inner wall serving as a temperature barrier. A higher pressure 
is then feasible within the reactor, since the outer wall is at a 
lower temperature than it would be with a single-walled vessel.

Most Suitable Fuel Element and Fuel Life

The fuel element selected for the optimum partially enriched re­
actor consists of a cluster of seven rods each composed of 2.5$



enriched uranium oxide clad in Type 30U stainless steel. On com­
pletion of a fuel element development program, this type of element 
would permit a coolant gas outlet temperature of approximately
1,000 F with a fuel life of 10,000 mwd/M.T.

Temperature of Reactor Coolant

The maximum allowable surface temperature of elements with Type 
30U stainless steel cladding on uranium oxide fuel is approximately 
1,300 F, corresponding to a coolant gas temperature of 1,000 F.

Pressure of the Coolant

The maximum operating pressure is U00 psia based on the vessel and 
gas temperatures described.

Core Size

For a vessel of given size, feasibility of support and sufficient 
access room determine the maximum core diameter of 211'.

Coolant Gas

Carbon dioxide was selected as the primary coolant gas during feasi­
bility study. However, its reaction with graphite may preclude its 
economical use at the temperatures given above. At such time as 
preliminary design is performed, more extensive examination will'be 
given to other gases.



2.0 BUILDINGS AND YARD FACILITIES

% ii

Three adjoining buildings house the major operational facilities: 
the reactor building, turbine building, warehouse-shop building. The 
office and cafeteria are in a separate building near the plant entrance. 
Service buildings consist of a fire pump house, service water pump house, 
chlorination building, well pump house, oil pump house and guardhouse.

Yard facilities are as follows: a river pump station, carbon dioxide,
oil and water storage tanks; warm waste retention basin with a leaching 
pit; an "imhoff tank with sludge drying beds for sewage disposal; fire 
hose houses; and railroad spurs to the oil and COg storage, and to the 
spent fuel basin.

2.1 Reactor-Turbine Building Complex 

Reactor Building

The reactor building rises five floors above grade and extends two 
floors below grade. It has a concrete substructure and a steel 
framed superstructure. A concrete biological shield encloses the 
reactor vessel located in the center of the building. There are six 
steam generators, three on the north side and three on the south side 
of the reactor. Below the steam generators at ground floor level are 
the coolant gas blowers and auxiliaries, and the gas purification 
system rooms.

The five floors of the reactor building contain facilities for fuel 
handling, shield cooling, burst slug detection, health physics, and 
operational control. An enclosed spent fuel storage area is at 
ground level and is served by a 5(3/5 ton bridge crane. Operating 
level of the fuel charge-discharge machine is below the reactor 
vessel bottom bioligical shield. The control rod operation area is 
serviced by a 15/2 ton bridge crane above the reactor vessel.

Turbine Building

The turbine building rises three floors above grade. The super­
structure is concrete and structural steel frame. The building 
contains the turbine generator, condenser, steam plant auxiliaries, 
electrical equipment, building heating and ventilating equipment, ;
warehouse, and shop space. A 75/5 ton service crane is provided 
in the turbine bay. A 10/2 ton service crane is provided in the 
shop area.

!i
Heating and Ventilating

lj
All areas of the building complex except those described below are |
steam heated and ventilated by four systems. All indoor winter 
temperatures are thermostatically controlled. The control room, 
amplifier room, and instrument fepair shop have an independent air

- 9 -



conditioning system. The charge-dischsrge area is steam heated 
and ventilated by an induced draft system that exhausts to the 
stack above the roof. The spent fuel storage area is steam heated 
by unit heaters and ventilated by gravity roof ventilators. The 
CO2 blower motor houses are heated by unit heaters. The COo blower 
motors are cooled by a central air cooling system in each blower 
house using water coils. The shops and warehouse are heated by unit

The power system for the service facilities is supplied at U80 v, 
3-phase, from normal and emergency power systems. Failure-free 
power is 120 v ac and 123 v dc. Normal, emergency and failure-free 
lighting is provided. The normal and emergency lighting systems 
are 14.80-120/208 v, 3-phase. The failure-free lighting system is 
123 v dc.

2.2 Office Building

The office building is a one-story pumice block structure with a 
steel roof frame. Office space occupies one-half the floor area 
and the cafeteria the other half. Building service power is supplied 
from a motor control center in the office building. Normal and 
emergency lighting are provided. The building is steam heated and 
ventilated by a central unit.

2.3 Service Buildings

The six service buildings for the plant are of prefabricated steel 
frame and insulated metal panel construction on concrete floor slabs. 
Equipment contained in the service buildings is as follows:

Fire Pump House: Two fire pumps and control panels.

Service Water & Well #1 Pump House: One deep well pumpj chlorin­
ation equipment for domestic system, and an electrical load center.

heaters.

Power

W

Chlorination Building: Chlorination equipment for condenser
cooling water system.

Well #2 Pump House: One deep well pump.

Oil Pump House: Fuel oil and diesel fuel transfer pumps.

Guardhouse: Radio equipment and supervisory alarm panel.

Service buildings and supporting facilities are provided with 
electrical power systems consisting of Iul6 kv normal power and 
U80 v normal and emergency power. Indoor and outdoor lighting 
systems are supplied at U80-120/208 v, 3-phase, from normal and 
emergency systems.
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All service buildings are heated by thermostatically controlled 
unit heaters, and ventilated by gravity roof ventilators.
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3.0 REACTOR AND AUXILIARIES

3.1 Core

3.1.1 Core Arrangement

The core is essentially cylindrical, 2!?,9" high and in
diameter, consisting of a central graphite moderator surrounded 
by a graphite reflector. The assembly rests on a steel grid 
framework within the reactor vessel. The core is pierced by U" 
vertical holes for fuel elements arranged on a 7" square lattice 
pattern and 3-l/it" vertical holes for control rods at the center 
of each group of 12 fuel channels.

There are nine fuel assemblies contained in each fuel channel, 
with a graphite dummy sleeve top and bottom. The fuel assemblies 
occupy the part of each fuel channel that passes through the 
moderator, and the dummy sleeves are in the reflector. The fuel 
element consists of a cluster of seven stainless steel clad ura­
nium dioxide elements approximately 2' long. The cluster is 
supported at the center of the graphite sleeve by top and bottom 
stainless steel spiders. The degree of enrichment (2.3$) is 
selected to provide an average fuel element lifetime of 10,000 
mwd/M.T.

3.1.2 Reactor Physics

The calculations of the infinite and effective multiplication 
factors are performed using the conventional two-group theory 
with the appropriate constants and modifications required to 
provide agreement between theoretical results and the results of 
previous exponential and critical experiments. The initial step 
in the calculations is to compute and tabulate the necessary nu­
clear constants. This is followed by the computation of the 
material volumes of the reactor. The four factors of the infin­
ite multiplication factor are then evaluated for the particular 
enrichment and core configurations under consideration.

The koc and keff for various core configurations are calculated 
for various lattice spacings, fuel slug diameters, coolant chan­
nel diameters, enrichments, core volumes and number of slugs per 
cluster.

Because fuel lifetime is a prime consideration in choice of core 
configuration, a lifetime study is done for the more promising 
geometries. The following design data are determined ty reac­
tivity and engineering considerations:



TABLE 3>1»1
COKE DATA

Type of Fuel
Lattice Pitch
Fuel Slug Diameter
ID of Graphite Sleeve
Enrichment
Core Diameter
Core Height
Fuel Cladding

UO2 Density-
Type of Graphite

7-slug UO2 cluster 
7.0"
0.705"
3.0"

2.5%
2U'U"
25*9"
20 mils - stainless steel
8.2 g per cir* (apparent density of cored 

slug)
AGOT

The nuclear characteristics of the above core configuration 
are listed in Table 3.1.2.

TABLE 3.1.2
NUCLEAR CHARACTERISTICS OF THE 215 MWE OPTIMUM 

ENRICHED URANIUM REACTOR AT OPERATING TEMPERATURE
Infinite Multiplication Factor, koo

Initial Conversion Ratio
Effective Multiplication Factor, keff

Thermal Flux n/cm?-sec 
Average in Total Core

Maximum
Estimated Fuel Lifetime

1.1728 clean 
1.1370 poisoned 0.68
1,1266 clean 
1.0922 poisoned
1.7 x MW

U.3 x lO^
10,000 mwd/M.T.
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3.1.3 Graphite Structure
The graphite stack consists of a graphite moderator, a graphite 
reflector, steel base plate, top grid plate, peripherial re­
straints and base radial keys. The graphite moderator and sur­
rounding reflector together form a cylinder 2U1-U" diameter and 
25'-9” high. The design provides for Wigner growth, thermal ex­
pansion and seismic forces. The total weight of finished 
machined graphite is approximately 1,OCX),000 lbs.
The moderator and reflector graphite is grade AGOT, density 1.7 
g per cm^. The graphite stack consists of lli levels of bricks 
arranged in five concentric rings about a center circular brick. 
The effect of Wigner growth on fuel channel lattice pitch is 
made insignificant by (1) the extrusion lines of all bricks, ex­
cept the center circular brick, running radially out from the 
active core center channel, and (2) the high bulk temperature of 
the core. Vertical and horizontal neutron streaming is made 
negligible by rotation of alternate levels of bricks.
The graphite stack has 980 vertical fuel channels of U" diameter 
on a 7n lattice pitch. In addition there are 95 vertical con­
trol rod channels at 3-lA” diameter on a 25.23" triangular pitch. 
The reflector graphite surrounds the moderator with a nominal 
thickness of 2,-0". Steel restraint straps, horizontally disposed 
around the graphite stack, limit radial movement of the core 
bricks. Movement of the whole core relative to reactor center- 
line datum is restricted by radial keys at the bottom level of 
the core interlocked with the core support ring girder. Steel 
leveling base plates maintain vertical alignment, and required 
flatness of the graphite core. A steel top grid plate provides 
protection for the graphite from impact loads imposed by falling 
control rods, and support for the burst slug detection piping.
The base and top plates have holes primarily for access to the 
fuel and control rod channels, and passage of coolant gas.

3.1.U Heat Transfer and Pressure Drop
A critical factor in the overall performance of the plant is 
the rate at which heat generated in the reactor core can be re­
moved economically. Good heat transfer is necessary to achieve 
both high power output and as high a temperature of the coolant 
gas leaving the reactor as possible, with fixed temperature 
limits for the fuel and other core materials. High power out­
put yields lower power cost by reducing unit fixed charges; and 
high gas outlet temperature also gives lower power cost by per­
mitting better plant efficiencies. Although heat removed from 
the core increases with increased coolant flow, pressure drop 
also increases, and an economic limit is reached beyond which 
flow should not be increased. This limit depends on the bal­
ance between pumping power required and the net power available
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for sale
In order to promote good cooling of the core in spite of the 
relatively poor heat transfer properties of gases, a fuel de­
sign with large heat transfer area is required. Fuel heat 
transfer area may be obtained (1) by using a relatively large 
number of small fuel rods or (2) by adding extended surfaces, 
such as fins, to a relatively small number of large fuel rods. 
For uranium dioxide fuel clad with stainless steel, the first 
alternative is preferred because:

a. Stainless steel has moderate neutron absorption, so 
minimizing its volume in the core avoids increased en­
richment.

b. Stainless steel has relatively low thermal conductivity 
and, therefore, is not a very effective fin material.

c. Uranium dioxide has very low thermal conductivity, which 
makes it necessary to use small diameter fuel rods if 
high specific power is to be attained without reaching 
excessive temperatures in the interior of the oxide rod.

The selected fuel assembly, a cluster of seven 3/hn slugs, 
represents a compromise between the heat transfer requirement 
of large surface area and the neutron-absorbing effect of the 
larger volume of steel required to clad a larger number of 
slugs.

The thermal power output of the reactor is determined by the 
heat transfer and the temperature limitations of the fuel.
For stainless steel clad uranium dioxide elements, the effec­
tive temperature limit is that of the cladding, approximately 
1,300 F. It is desirable to run each channel in the reactor 
so that this temperature limit is approached at some point in 
the channel. This is achieved by a variable orificing system 
for all channels in the reactor, except the central channels, 
which require the most coolant flow. The flow through the 
unorificed channels both limits the power level of the reactor 
and sets the core pressure drop.

The most important assumptions in the thermal power output 
analysis are:

(1) The heat generation in the fuel is distributed:

(a) Horizontally constant across each fuel slug and 
across each fuel cluster.



(b) Vertically as a chopped cosine function of the 
fuel height.

(2) A negligible flow of gas bypasses the fuel sleeves by 
flowing around the outside of the sleeves, through 
the openings in the graphite stack, and around the tempera­
ture barrier.

1

The calculation of core pressure drop takes into account en­
trance and exit losses for the fuel channels, pressure losses 
due to flow around fuel supporting members, the loss due to 
acceleration effects, arid the friction loss for the fuel ele­
ments. Friction factors for the fuel section are obtained 
from standard correlations.

Thermal Performance Values
The results of the reactor heat transfer and pressure drop 
calculations are given in Table 3.1*U.
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TABLE 3.1.1*
THERMAL PEHFORMAKCE DATA

Fuel Configuration: 7-rod cluster of 0.75” OD rods.

Plant
1. Net Plant Electric Power, mw 215
2. Pumping Power (Electrical), mw 28
3. Auxiliary Equipment Power (Electrical), mw 10

U. Gross Plant Electric Power, mw 253
5. Steam Cycle Heat Rate, Btu/kwhr 8U20

Reactor
6. Reactor Thermal Power, mw 600
7. Average Reactor Specific Power, mw/M.T.

Uranium 7*9

8. Inlet Gas Temperature, F U73
9. Mean Exit Gas Temperature, F 1000

10. Reactor Coolant Flow, Ib/hr liuU x 10^

11. Reactor Inlet Pressure, psia U00

12. Total Primary System Pressure Drop, psi UO

13• Pressure Drop in Core, psi 30
llu Pressure Drop in Steam Generator, psi 5
15. Pressure Drop in Primary System Piping, psi $

16. Maximum Cladding Temperature, F 1300

17. Coolant Mass Velocity in Central Fuel
Channel, Ib/hr-sq ft 7.U x 1CP



3*2 Reactor Vessel
The reactor vessel consists of an outer pressure shell and an 
inner temperature barrier. The outer pressure shell is a cylinder 
•with hemispherical top and bottom heads; overall dimensions are 
U" thick walls, 26»8M diameter and height. The pressure shell
is designed for an internal pressure of UOO psig at 650 F and is 
constructed of carbon steel plate. The inner temperature barrier 
is 1-3/8" thick and made of stainless steel, due to the 1,000 F gas 
temperature. To maintain the pressure vessel outer wall at a max­
imum temperature of 650 F, insulation is required on the inside of 
the temperature barrier and coolant gas at U73 F flows in the 
annulus between the barrier and the vessel outer wall. The exterior 
of the pressure vessel is insulated.
The coolant gas enters the vessel just below the top head, flows 
downward through the annulus mentioned above, and then upward 
through the core. After being heated in the reactor core fuel 
channels, the coolant gas leaves the reactor vessel through noz­
zles provided in the top head.

Pressure shell penetrations are as follows:

a. Nozzles are located on the top head to accommodate control rods, 
thermocouples, burst slug detection system piping, and gas 
coolant piping.

b. Gas coolant inlet nozzles are located around the upper portion 
of the cylindrical section.

c. Nozzles are located on the bottom head for thermocouples and for 
access to the fuel element channels when required by the charge- 
discharge machine.

The vessel is supported on columns equally spaced around the 
bottom of the vessel. The total loading to be supported is the 
combined weight of the pressure shell, grid support structure, 
and graphite stack including reflector. The grid structure 
consists of eight stringers 1-1/2" thick and 36" deep spaced on 
28" centers and eight intercostals 1-1/2" thick and 36" deep 
spaced on 28" centers. A 36" deep ling girder circumscribes the 
grid structure. The total estimated weight of the pressure ves­
sel, supports, and internals, including the graphite stack, is 
approximately 1,000 tons.

3.3 Control Rod Hechanisms

Control rod mechanisms consist of control rod drive assemblies 
and shock absorber assemblies. The drive assemblies, located 
above the reactor, insert and withdraw control rods from the core. 
Shock absorbers attached to the top and bottom of the rod absorb 
the shock from a falling rod.
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Each assembly consists of a control rod, shield plug, drive 
mechanism, connecting linkage, spring shock absorber, and broach 
arrestor. All the assemblies are identical and each may be oper­
ated as either a shim rod or a regulating rod as determined by an 
electrical interlock system. They are magnetically supported and 
act as safety rods.

The function of the shim rods is to bring the reactor up to the 
approximate desired power level during start-up and to compensate 
for variations in reactivity caused by temperature changes, fuel 
depletion and fission products poisoning. The function of the 
regulating rods is to counteract transient variations of reactiv­
ity.

The winding drums and gears for the rod suspension cables are 
located in the upper end of the plugs. The drum is driven through 
a pressure seal by a drive assembly located above the top biologi­
cal shield. The drive assembly includes a synchronous motor, a 
gear-train, a magnetic particle clutch, a centrifugal velocity 
damper, a position transmitter, limit switches, and a brake. The 
entire unit can be removed from its mounting for maintenance with­
out disturbing the control rod.

When power failure or a scram occurs, the clutch disengages, 
allows the rod to fall, and unwinds the suspension cable. When 
the rod reaches the last 2' of its fall, the brake contacts, stop­
ping the rod at its travel limit. The rod comes to rest when the 
top shock absorber contacts the grid plate on top of the reactor 
core. Fallen rods can be recovered and the entire control rod- 
shield plug assembly can be removed and replaced by the service 
machine during reactor operation.

3.I4 Control and Instrumentation

3.U.1 Nuclear Instrumentation

The neutron flux measuring instruments show the flux level and 
its rate of change from source level to full-power level, and 
provide signals to the safety system. The function of the nu­
clear instrumentation is as follows:

a. Measure neutron flux at low, or source, levels.

b. Measure neutron flux at intermediate levels.

c. Maintain the reactor at the flux level required by power 
demand.

d. Obtain information that permits calibration of control rods.

e. Control the distribution of neutron flux throughout the core.
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Neutron Flux Plotting System

Neutron flux distribution in the reactor core is determined by 
lowering.3U flux detectors into special vertical core channels 
and computing and recording the flux level of each at approxi­
mately 100 elevations.

3.U.2 Gas Cooling System Instrumentation

The gas flow is determined by measuring the pressure drop 
across each of six steam generators. Temperatures and pres­
sures in each of the main gas loops are monitored at the reac­
tor inlet and outlet, and at the steam generator outlets.

Pressure differential alarms across the main blowers indicate 
malfunction of the blowers. Motor-driven control valves are 
located in each of the reactor inlet and outlet lines to iso­
late the individual generators and blowers.

The total flow into each of the two purification systems is 
recorded and provided with low-flow alarm. The flows through 
both dryer systems are also recorded and provided with low- 
flow alarms. A dew point analyzer having an alarm for high 
moisture content is located on the outlet of each dryer system.

The inlet and outlet temperatures of each of the dryer systems 
are also measured. Pressure instruments are provided on each 
filter discharge, filter intake, purification system discharge, 
dryer intake and cyclone separator.

An integrating flowmeter measures the amount of CO2 fed into 
the system. Two oxygen analyzers, each serving three gas loops, 
are provided in the CO2 system. A dew point analyzer having an 
alarm for high moisture content is connected on the discharge 
side of each blower.

3.1;.3 Plant Control System

The plant control system is designed to permit the station to 
operate as a load-following plant when required. It is antici­
pated, however, that the station will normally operate as a 
base loaded plant.

When operating in either manner, the control system:

a. Positions the regulating rods and also adjusts the gas 
flow through the reactor to maintain a constant pressure 
in the high-pressure steam header.

b. Maintains the temperature of the reactor inlet gas at a 
fixed value by throttling low-pressure steam flow to the 
turbine.



c. Regulates the temperature of the reactor outlet gas at 
a predetermined value by resetting the flux controller.

Steam Pressure Control - An averaged flow signal from the two 
high-pressure steam headers senses load changes and acts as a 
reference signal for the gas flow control system and the flux 
controller. Also, a signal from a pressure sensing element in 
the same system trims the gas flow control. The speeds of the 
six gas blowers are controlled simultaneously to maintain con­
stant steam pressure.

When the power demand of the turbine generator is reduced at a 
rate faster than the reactor can follow, the pressure rises in 
the high and low-pressure steam headers. At a preset pressure, 
valves discharge the excess steam to the dump condenser, where 
the condensate is collected and returned to the system. These 
valves can discharge up to of the full load steam flow. If 
the steam pressure continues to rise, safety valves operate to 
release steam to the atmosphere.

Reactor Inlet Gas Temperature Control - A controller, that 
senses the average temperature of the gas in the six blower 
discharge lines, operates two control valves in the low-pressure 
steam headers leaving the steam generators. The pressure and 
the saturated temperature of the low-pressure steam, and con­
sequently the amount of heat transferred, is thus modified to 
maintain the gas temperature constant.

Reactor Outlet Gas Temperature Control - Although the gas flow 
is varied to meet system demands, theexit gas temperature re­
mains relatively constant. Final adjustment of the gas tempera­
ture is effected automatically by a temperature signal which 
trims the power level setting of the neutron flux controller.

3.U.U Rod Control System

Excess neutron production is controlled by inserting boron steel 
control rods into the core. There are two types of control 
rods: 37 shim rods utilized to start up the reactor, establish
a rough power base, and shut down the reactorj and three regu­
lating rods used to regulate power level.

The shim rods are designed to operate in unison, in banks, or 
singly. Two drive speeds are available: fast speed for reac­
tor ‘'rundown", and slow speed for normal operation. Each rod 
is held by a brake to prevent any vertical movement when power 
is not being applied to the drive motor.

The regulating rods and shim rods are identical, except that the 
regulating rods are equipped with velocity feedback mechanisms 
for connection to the automatic control system.



The positions of all control rods are projected onto the face 
of a cathode ray tube. The rod position indicator incorporates 
visual warning when there is no tension on the rod drive cable.

Interlocks are provided for maximum safety for both personnel 
and equipment.

3.U.5 Reactor Safety System

The primary function of the reactor safety system is to reduce 
reactor power when critical parameters approach a dangerous 
value.

The safety system is as simple as possible without compromising 
plant or personnel safety. All off-normal conditions actuate 
audible and visual alarm signals in the main control room.

In the preliminary design of the plant the following safety 
actions are preselected on the basis of the severity of the 
condition:

Withdrawal Prohibit safety action prevents the withdrawal of 
any control rods. However, insertion of control rods is 
still possible.

Rundown safety action inserts the rods at their maximum motor- 
controlled rate as long as the emergency condition exists.

Scram safety action decouples the control rods from the driving 
mechanism and allows the control rods to fall into the reactor 
core, thereby providing the most rapid shut-down of the 
reactor.

The safety actions, their causes, and direction in which the 
cause has departed from its accepted value are listed below.

- 23 -



CAUSE OF ACTION
Departure
From
N ormal Alarm

ACTION
Withdrawal Run- 
Prohibit down Scram

Manual Control Energized X X
Flux Level High X X X
Reactor Period Short X X X X
Instrument Power Failure X X
Blower Failure X X
Reactor Power to Coolant Flow Ratio High X X X
Reactor Coolant Pressure High X X

Low X X X
Reactor Coolant Outlet Temperature High X X
Failure-Free Power System Battery Disconnected X X
Control Rod Power Supply Failure X X
Graphite Temperature High X X
Fuel Element Surface Temperature High X X
Count Rate of Start-Up Instruments Low X X
Rod Clutch Bus De-Energized X X
Rod Insert Relay Energized X X
Fuel Element Can Ruptured X
Reactor Shield Coolant Temperature High X
Water Vapor in Reactor Coolant High X
Water Level in Any Heat Sxchanrer High or

Drum Low X
Heat Exchange Auxiliaries Failure X
Blower Auxiliaries Failure X
Burst Slug Detector Auxiliaries Failure X
Instrument Air Supply Pressure Low X
Error in Flux Controler High X
Water Vapor in Purification System High X
Flow Through Dryers Low X
Flow Through Filters Low X
Period Scrams Bypassed X
CC'2 in Low-Pressure Steam High X
Feedwater Pressure Low X
Feedwater Flow Lew X

!



3.5 Burst Slug Detection System

System Function and Description

The burst slug detection system identifies a channel containing a 
burst slug within 30 minutes. The system consists of stainless 
steel piping within the reactor vessel which permits removal of 
gas samples from each fuel channel. The gas sampling piping is 
grouped, brought through the pressure vessel shell and terminated 
at five UO-port rotary selector valves located in the burst slug 
detection room. The gas samples leaving the selector valves are 
cooled, filtered, and introduced into the detection instruments.
The gas samples are then returned to the main cooling system by 
use of gas compressors.

Detection System

The detection system consists of pressure chambers where partic­
ulate fission products are electrostatically precipitated onto a 
wire, and deposited activity is measured by a scintillation counter. 
Preamplifiers, amplifiers, readout scalers, decoders, and type­
writers complete the required instrumentation.

3.6 Reactor Coolant System

The gas coolant is circulated and heated in the core, and then passes 
through the steam generators where the heat is transferred to the 
working fluid which drives the main turbine. The gas leaving the 
steam generators is recycled to the reactor. There are six gas cool­
ant loops, each containing one steam generator and one variable speed 
blower. An automatic gas filtering and drying system of the continu­
ous bypass type is also provided.

3.6.1 Gas Coolant

The high purity CO2 required is specified below. Supplies for 
initial charging of the system and for make-up are delivered 
to the plant in liquid form and stored until required.

Carbon Dioxide
Hydrogen
Water
Nitrogen
Oxygen
Argon
Boron

3.6.2 Operating Conditions

- 99.8$ minimum, by weight
- not to exceed 0.1$, by weight
- not to exceed 0.1$, by weight
- not to exceed 100 ppm
- not to exceed 100 ppm
- not to exceed 1 ppm
- not to exceed 0.1 ppm

The gas leaves the reactor at 1,000 F and, after passing through 
the steam generators where it is cooled to 1*50 F, is returned to



the reactor at hi3 F (the heat input by the blowers produces 
a 23 F temperature rise at full load). The gas pressure at 
the reactor inlet is I4.OO psia and the total system pressure 
loss is UO psi. The reactor power control system maintains 
the temperature of the gas leaving the reactor at 1,000 F.
The gas temperature entering the reactor is maintained at 
U73 F by automatic controls at the steam generators.

3.6.3 Blowers and Drives
Each blower circulates one-sixth of the total coolant flow 
when pumping against the total system pressure differential.
The pressure rise across the blowers is UO psi, with gas enter­
ing at ii50 F and 363 psia. Control of gas flow in proportion 
to power demand is effected by varying blower speed. The range 
of automatic control for blower speed is from 20^ to 100$ of 
gas flow for full load power output.

3.6.1* Piping Systems
Each of the gas coolant loops is fitted with motor-operated 
isolating valves to permit the servicing of individual loops 
without depressurizing the reactor. The main gas piping for 
each circuit is in a single plane and expansion joints are pro­
vided to protect the equipment and reactor vessel against thermal 
expansion thrusts. Safety valve and other gas system vents are 
discharged through high efficiency filters to remove radioactive f 
particulate matter before gas is vented to the atmosphere through 
the stack,
A gas purification system, consisting of filters and dryers, is i! 
provided to maintain coolant gas purity and cleanliness. |i

3.6.5 Gas Storage and Make-Up System
i

Carbon dioxide is stored in liquid form at 1*50 psig and 20 F in 
two 30-ton capacity insulated and refrigerated storage tanks.
The refrigeration system for the storage tanks includes a com­
pressor and submerged cooling coils in each tank. Equipment 
for initial charging of the reactor coolant system with CO2 is 
designed to fill the system completely in eight hours. An auto­
matic gas make-up system with heat exchanger and all required 
controls is provided to maintain the average pressure in the 
coolant system. A gas recovery system is provided for the charge- 
discharge machine and for blower shaft seal leakage, if required.

3.6.6 Steam Generators
The steam generators are designed to operate on a dual-pressure 
reheat cycle. The steam pressures and temperatures are 2,1*30 psia, 
950 F at the high-pressure superheater outlet, and 780 psia, 950 F



at the reheater and the low-pressure superheater outlets. ^
The feedwater temperature is 30? F to the high and the low- 
pressure economizers.

The steam generators are installed outdoors to reduce build­
ing cost. The elevation of the steam generators, relative to 
the reactor, provides gravity circulation of coolant gas to 
dispel the reactor decay heat during shut-down periods. The 
steam pressures in the high and low-pressure circuits are normal­
ly greater than the gas pressure; leakage of radioactive gas in­
to the steam circuits therefore is avoided in the event of tube 
failure. Instrumentation and alarms are provided to detect ex­
cess moisture in the gas resulting from steam or water leaks 
in the steam generators, during periods of low power operation, !j 
the pressure in the reheaters drops below that of the gas, and 
the steam flow from the reheaters is therefore monitored. 1
Steam generators for a gas cooled power reactor differ materi­
ally from standard boiler designs primarily because (l) the 
heat source is clean, high pressure radioactive gas at relatively 
low temperature, (2) the flow of gas is very large, and (3) the 
gas temperatures entering and leaving the steam generator are !'
maintained at a constant level. These factors, coupled with the 
necessity for absolute cleanliness and leak-tightness, result h
in abnormally high equipment cost. The basic design criteria I
established for the steam generators are: gas flow in shell;
water and steam flow through tubes; all tube sheets accessible ij 
from outside gas stream to permit plugging of leaking tubes; 
and assembly of shell in large sections, with internals already 
in place and tested, prior to shipment. I

3.7 Reactor Auxiliaries Power Systems

Power for reactor auxiliaries is supplied at li.l6 kv ac, I|80 v ac,
125 v dc, and 120 v ac. The 1*80 v power is supplied from both a 
normal and an emergency power system. The 125 v dc and 120 v ac 
power are supplied from failure-free power systems.

Power for nuclear instruments, recorders, and annunciators is supplied :j 
from the 120 v ac failure-free power system. 'j

.j
3.8 Radioactivity Monitoring

The instrument panel in the health physics room contains recorders, 
indicators, annunciators and switches to measure and/or record gamma 
radiation and particulate activity throughout the reactor and office 
buildings, the waste gas stack, and the warm sumo tank. ;!

1
Area radiation monitors are strategically placed throughout the i
reactor and office buildings. ||



The warm sump tank, located in a pit below the charge-discharge 
area floor of the reactor building, receives warm waste from the 
laboratory, all floor drainage in the reactor building, and drain­
age and purge from the spent fuel storage basin.

The waste water in the retention basin, located outside the re­
actor building, is tested periodically for radioactivity level.
When the activity is less than the prescribed limits, it is safe 
to discharge the water to leaching beds to percolate into the earth.

Fixed and portable personnel monitors are distributed at key points 
throughout the reactor building.

The radioactivity level of waste gas is monitored by the stack gas 
monitoring system.

3.9 Shielding

The reactor pressure vessel is surrounded by a conventional rein­
forced concrete biological shield with vertical side walls, and 
flat slabs above and below the vessel. Due to the number of primary 
coolant duct penetrations through the biological shield, the shield 
is separated into an inner and outer shield ring. The primary 
coolant ducts make 90° bends in the region between the two shields 
to minimize radiation streaming. The inside face of the inner con­
crete shield is located a minimum distance of It' from the outside 
face of the pressure vessel? this space is provided for working 
space during erection. A 6' high by 3' wide removable section is 
provided in the lower part of the shield for access to the reactor 
chamber.

There are penetrations through the shielding for shield ventilation, 
coolant gas ducts, bundles of burst slug detection tubes, ion chamber 
tubes, control rod servicing, and fuel loading. Radiation streaming 
is prevented by labyrinth and stepped openings which are designed to 
allow in-flow.of cooling air, and to prevent radiation scattering in­
to areas occupied by personnel. It is necessary to surround the re­
actor in the radial direction by at least 10* of conventional con­
crete to reduce the radiation level to 0.7$ mrem per hr in areas 
occupied by personnel.

Shielding for the Primary Coolant

Conventional concrete provides shielding for the activated CO2 
in the primary cooling loop to insure acceptable radiation 
levels throughout the reactor building and adjacent areas. The 
blower rooms, shield cooling equipment room, steam generators 
and reactor building roofs are isolated areas requiring controlled 
personnel access for limited periods of time.
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Biological Shield Cooling

The shield cooling system consists of cooling air circulating 
equipment, with two fans arranged in parallel and located in 
the reactor building on the top floor. This equipment filters 
the air coming into the reactor chamber from the outside. A 
distribution duct system in the reactor chamber directs the 
cooling air over the inside surface of the inner concrete shield 
and then to the fans that exhaust it to the stack.
Storage Basin - Shielding of Spent Fuel Elements

With a water depth of 20* the radiation level is approximately 
tolerance (2.5 mr/hr) at the surface of the water during the 
transfer of baskets of newly discharged elements. When no 
transfer is being made, the radiation level is less than l/lO 
tolerance at the surface of the water.

3*10 Fuel Charge-Discharge Machine
The charge-discharge machine is a self-propelled, shielded pressure 
vessel beneath the reactor. It contains the mechanisms required 
for charging, discharging and programming fuel elements. The ma­
chine is designed to perform all its functions while the reactor 
is operating to minimize reactor shut-down time, and to effect im­
proved fuel lifetime by programming fuel elements without loss of 
power production.

The charge-discharge machine rides on a carriage and bridge. This 
provides mobility for servicing the reactor core through the fuel 
charging nozzles and for positioning beneath the loading, unload­
ing and rehearsal stations.
The mechanisms of the machine are operated remotely from a console 
in a control room. The operator can:
a. Position the machine beneath any selected fuel charging 

nozzle.

b. Purge, pressurize and seal machine to the fuel charging 
nozzle.

c. Remove the shield plug from the fuel charging nozzle and 
stow it within the machine.

d. Insert into the reactor the extensible tube through which 
fuel elements are transferred between the selected fuel 
channel and the magazine of the machine.

e. Discharge, charge, or reposition fuel within any one of the 
16 channels serviced from a single nozzle.
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f. Withdraw the transfer tube, reinsert the shield plugs, 
and seal the fuel charging nozzle.

g. Transport the spent fuel to the unloading station for 
transfer to the storage basin.

h. Return the machine to the loading station to receive a 
load of new fuel.

3.11 Service Machine

The service machine is a self-propelled, shielded pressure vessel 
mounted above the reactor and equipped with a control console, 
integral carriage and bridge to provide complete mobility over 
the control rod nozzles and the loading, unloading, warm storage 
and rehearsal areas.

It is designed to permit servicing and maintenance of reactor 
internals during reactor operation to minimize reactor shut­
down time, and thus reduce operating costs and loss of power 
production.

Access to the reactor from above the biological shield is through 
the control rod nozzles. Operations such as dislodging and remov- |
ing jammed fuel elements, control rods and debris are readily jj
effected without shut-down. The machine also transports spent li
fuel to the conveyor in the unloading area and unloads control 
rods and shield plugs in the warm storage area.

3.12 Fuel Handling !
11 ■■ ' ■ 1 '■ * !!

Handling facilities are provided for the storage, preparation, 
and charging of new fuel assembly components, and for the shielded 
storage and shipping of spent fuel elements.

The storage area capacity is two months' supply of new fuel assembly 
components - fuel elements, graphite sleeves and end spiders. The 
fuel elements and components assembled for charging in a fuel pre­
paration room, loaded into the charge-discharge machine and in­
serted in the reactor as required.

Spent fuel element assemblies are removed from the core by the 
charge-discharge machine, transferred to the storage basin where 
they are dismantled under water shielding, and stored in racks 
for a minimum decay period of 100 days. They are then loaded in­
to shielded shipping casks for transport to the processing plant.
The entire core loading of fuel elements can be stored in the 
canal in the event of an emergency unloading. Graphite sleeves :
are stored in the basin for a short decay period, then dried in |
an oven and stored for re-use.
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h.c FUEL ASSEMBLIES

This section describes lifetime evaluation, selection of materials, 
and fabrication techniques for the partially enriched uranium GCPR 
fuel assemblieso

The preferred fuel assembly is a cluster of seven identical columns 
of stacked 2.$% enriched uranium dioxide pellets in individual stain­
less steel tubes supported within a graphite sleeve by top and 
bottom stainless steel spiders. The assembly is 29" long and 3.75" 
in diameter,, Nine such assemblies are stacked on top of one another 
in each of the vertical fuel channels in the reactor core. They are 
designed for bottom charging and discharging. The predicted metal­
lurgical life of the fuel assembly is greater than 10,000 mwd/M.T., 
provided that the surface temperature does not exceed 1,300 F (which 
corresponds to a coolant gas outlet temperature of 1,000 F)„ However, 
the selection of enrichment for the fuel elements is based on the 
degree necessary to maintain adequate core reactivity for an average 
fuel life of 10,000 mwd/M0T0 In the optimum plant, the enrichment 
is 2.&.

The fuel pellets are die-pressed from uranium dioxide mixed with 
a binder and sintered to 9S>$ of their theoretical density. The 
stainless steel fuel cladding and spiders are produced by conven- 
ti nal means. The graphite sleeves are extruded, graphitized, 
machined to the required dimensions, and coated with silicon car­
bide.

Other designs that received consideration are fuel assemblies with 
a cluster of 19 instead of seven fuel elements, and fuel assemblies 
suitable for top charging and discharging.

h.l Fuel Life

The extent of irradiation-induced fission gas release from uranium 
dioxide is dependent on the density and duration of exposure. Since 
fission gases released from the fuel material are confined with­
in the fuel container, the internal pressure of the fuel contain­
er rises continuously throughout the fuel lifetime. The strength 
of the container, therefore, places an upper limit on fuel ex­
posure. However, exposure of uranium dioxide fuel assemblies in 
the enriched GCPR is governed more by the inevitable decrease in 
reactivity as exposure continues than by metallurgical diffi­
culties in containing or controlling the effects of long-term ex­
posure. The tough, stainless steel can withstand fission gas 
pressures greater than those developed by exposure of the fuel 
to the limit set by reactivity requirements alone. This is true 
even if it is assumed that 50% of the fission gases are released 
from the fuel. Therefore, the expected lifetime of the enriched 
GCPR fuel assemblies is that determined by reactivity require­
ments: 10,000 mwd/M.To
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It.? Selection of Materials

The greater reactivity of enriched uranium systems permits the 
use of refractory ceramic fuel pellets and the moderately 
neutron-absorbent structural materials such as stainless steel. 
Ceramic fuel pellets permit a higher fuel and gas coolant operat­
ing temperature with a corresponding increase in the thermal 
efficiency. Since they are more resistant to radiation damage, 
ceramic pellets allow longer fuel exposure with a corresponding 
decrease in fuel cycle costs. Tough, heat resistant structural 
materials, such as stainless steel, further simplify the problems 
of fuel containment and mechanical design.

U.2.1 Fuel Materials

Ceramic uranium dioxide in pellet form has been chosen as 
the fuel material for the enriched uranium GCPR. Its tech­
nology is more highly developed than that of other ceramic 
fuels, and irradiation-induced changes in its density and 
dimensions are very slight, although some cracking of pellets 
occurs. The crystal lattice of uranium dioxide retains most 
of the fission gases produced during irradiation. Even so, 
the extent of fission gas release can be reduced and avail­
able reactivity increased by increasing fuel density. There­
fore, the fuel pellets are sintered to 95$ of their theoreti­
cal density.

Although uranium nitride and uranium carbide appear to have 
advantages as fuel materials, the present lack of data on 
their irradiation behavior and of suitable fabrication 
techniques precludes their use.

U.2.2 Cladding Materials

Fuel element design depends on the cladding material to 
support the fuel pellets and retain fission products with­
in the element. To meet these requirements the cladding 
material should have:

a. Low, or moderate, neutron absorption.

be Resistance to coolant, or fission gas, penetration.

Co Chemical compatibility with the coolant gas0

d. High thermal conductivity.

e. A coefficient of thermal expansion nearly equal to 
that of the fuel.

f. Good fabricability.
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g. Structural strength and low creep rates at high 
temperatures.

Type 30U austenitic stainless steel fulfills these require­
ments satisfactorily and is the least expensive. Several 
other materials, among which are beryllium, zirconium and 
its alloys, and molybdenum, offer advantages which may be 
made available by later developments, but the limitations 
of existing technology and cost preclude their consideration 
in this feasibility study.

b.2.3 Support Materials

To be acceptable, support materials should have negligible 
creep rates at the design temperature, low neutron absorption, 
and adaptability to mass production in the required shapes. 
Graphite was selected as the preferred material for the fuel 
assembly support sleeves, because other materials with 
acceptable mechanical and nuclear pronerties, such as beryl­
lium and silicon carbide, are more expensive and more diffi­
cult to fabricate. Stainless steel was selected for the top 
and bottom fuel assembly support spiders, because graphite 
spiders of the required strength would restrict coolant flow 
excessively. The use of graphite support sleeves in a CO2 
atmosphere at 1,000 F is open to question, due to the possi­
bility of a significant rate of reaction between CO? and 
graphite. One possible solution would be to coat the graphite 
with a layer of silicon carbide from 5 to 10 mils thick.

b.3 Mechanical Design

The sintered uranium dioxide fuel material is formed as a cored, 
right circular cylinder and enclosed in a thin-walled stainless 
steel can.

The mechanical design of the fuel assemblies must satisfy the 
extremely long periods of irradiation necessary to achieve high 
bumup, and the high probability that the associated thermal 
cycling will cause fragmentation of the fuel pellets. Because 
information on the extent of fission gas release under these 
conditions is incomplete, the assumption is made that $0% of the 
fission gases may be released into the voids within the can. The 
can is, therefore, designed as a pressure vessel with sufficient 
strength at maximum operating temperatures to contain the re­
leased gases. The open center fuel rod design vras chosen to 
limit the pressure rise to values compatible with practical can 
wall thicknesses.

The fuel elements are loaded in tension by suspending them from 
the top spider. If they were loaded in compression (by allowing 
them to rest on the bottom spider) they might be subject to 
warping or bowing.
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luU Fuel Assembly

The fuel assembly is a cluster of seven identical columns of 
stacked enriched uranium dioxide oellets in individual stain­
less steel cans supported within a graphite sleeve by top and 
bottom stainless steel spiders. The centers of six of the fuel 
rods are equally spaced on a 2" circle; the seventh fuel rod 
is at the center of the circle. The fuel assembly is designed 
for a coolant gas outlet temperature of 1,000 F and for bottom 
charging and discharging.

il.iul Fuel Rods

Each fuel rod consists of 35 cored, enriched uranium dioxide 
pellets. The rods are 26.6" long. Each pellet is 0.7" long, 
0.7" 0D and 0.32" ID0 A magnesium oxide spacer pellet 0.19" 
long and 0.7" in diameter is placed at each end of each 
column of fuel pellets for thermal insulation of the end caps 
of the surrounding stainless steel can.

ii.U.2 Steel Components: Cans, End Caps, and Spiders

The fuel and insulating pellets are placed in Type 30I4. stain­
less steel cans 27.5" long and 0.7" ID. The wall thickness 
is 20 mils. Top and bottom end caps of the same material, 
whose ends are shaped and slotted to fit into the spiders, 
are welded to the ends of the can to ensure gas-tight closures. 
The seven top end caps of the fuel rods in any one cluster 
are welded to the top support spider, from which they and 
the bottom spider are suspended. After the sub-assembly of 
fuel rods and top spider has been inserted into the graphite 
sleeve, alternate bottom end caps of the peripheral rods are 
welded to the bottom spider which laterally positions, but 
does not support, the lower ends of the rods. Only three of 
the rods are welded to the bottom spider to minimize stresses 
developed by differential thermal expansion.

The top spider is made of Type 301; stainless steel. It con­
sists of a rim 3.28" 0D, 0.09" thick, and 0.50" high, with 
a diametral bar crossed at right angles by two other bars 1" 
apart. The height and thickness of all bars are the same as 
those of the rim. The bottom spider is similar in all respects 
except that it is only 3/3" high, and it is notched to receive 
the lower rod end caps.

It.lu3 Graphite Support Sleeve

The fuel rods and spiders are surrounded by a graphite sleeve 
29.0" long and 3.75" 0D which may require silicon carbide or 
other suitable coating. The sleeve wall thickness is 0.375". 
Internal shoulders are machined at each end of the sleeve to 
receive the top and bottom spiders0
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The entire load of the internal sub-assembly is carried by 
the internal shoulder at the top of the sleeve. The sleeves 
also protect the moderator graphite and transmit the load 
of the fuel assemblies to the lower ends of the fuel channels,,

h.5 Alternate Assemblies

U.5.1 Nineteen Rod Cluster Fuel Assembly

A fuel assembly with a cluster of 19, rather than seven, fuel 
rods was considered as one of the variations in the optimization 
study of the enriched reactor. The thermal performance of the 
19-rod assembly is superior to that of the 7-rod assembly, but 
this advantage is accompanied by the offsetting disadvantages 
of a lower conversion ratio and the necessity for higher en­
richment.

U.5.2 Modified Fuel Assembly for Top Charging and Discharging

A fuel assembly suitable for insertion and removal from the 
top of the reactor was studied. For top insertion and re­
moval, it is desirable to minimize the number of fuel assemblies 
per channel and, therefore, to increase fuel assembly length.
The increase in length is limited by the restrictions thus im­
posed on fuel rearrangement for even burnup and by the space 
available above the reactor for handling fuel assemblies.

A suitable compromise between these opposite effects is a 
fuel assembly 6E>" long. This increased length would probably 
result in the following changes;

a. Incressed core fuel loading.

b. Substitution of a more shock-resistant material for 
the graphite sleeve.

c. Addition of a grappling tool receiver on the top 
spider.

If, during preliminary design, top charging and discharging 
are shown to be advantageous both economically and operation­
ally, a fuel assembly of this type described above will be 
adopted.

h*6 Fabrication of the Fuel Assembly

Uranium dioxide, produced from uranium hexafluoride by the ammonium 
diuranate precipitation process, is mixed with small amounts of 
titanium dioxide and a binder. The mixture is die-pressed to form 
"green" pellets, which are then sintered to 9$% of their theoretical 
density in a hydrogen atmosphere furnace at 1,700 C to form the



finished fuel pellets.

Powdered magnesium oxide and a suitable binder (if necessary) are 
mixed and die-pressed to form "green" pellets, which are then 
sintered to the required density to form the spacer pellets.

The fuel cans are made from Type 30ii stainless steel seamless 
annealed tubing, suitably cut, inspected, and cleaned. The end 
caps are produced by automatic screw machines or by casting. The 
spiders are cast.

The graphite sleeve will be extruded with more than the required 
wall thickness, and then finished by boring, reaming, and outside 
turning. .After the sleeves are cut to length, the inside shoulders 
are counterbored and the entire surface may be impregnated and 
coated with silicon carbide.



5.0 STEAM POWER PLANT

General

The steam power plant consists of six steam generator units which 
supply steam at dual pressures to the turbine generator. Equipment 
and control systems are of conventional design except for the steam 
generators and the primary cycle equipment. The plant is designed 
to operate on a dual-pressure, reheat steam cycle based on coolant 
gas temperatures of 1,000 P entering and Ij.50 F leaving the steam 
generators. The improved performance of the dual-pressure reheat 
system over the single-pressure reheat cycle is shown below:

Dual-Pressure Reheat Cycle

Turbine Heat Gross Power 
Rate Btu/kwhr Output, kw

8,1*20 250,000

Single-Pressure Reheat Cycle 8,960 235,000

Turbine Generator

The turbine generator consists of a cross-compound, double flow, 
condensing, reheat turbine rated at 250,000 kw, 3600/1800 rpm, 
and direct-connected hydrogen pooled generators, 18,000 v, 3-phase, 
60 cycle, 320,000 kva, 0.85 pf O.6I4. short circuit ratio, U5 psig 
hydrogen pressure. There are three 375 v dc motor generator 
exciters. High-pressure steam is supplied at 2,1*00 psia and 950 F. 
The combined reheat and low-pressure steam re-enters the turbine 
at 750 psia and 950 F. Full load back pressure is 1-1/2" Hg abs.

Feedwater Cycle

Condensate is pumped from the main condenser through the hydrogen 
coolers, air ejector condensers and the low-pressure heaters to 
the deaerator and thence through the high-pressure heaters to the 
low-pressure and high-pressure economizers. Demineralized water 
is used for make-up to the system. Steam supply to the feedwater 
heaters is from extraction outlets on the turbine. The low- 
pressure heater drains cascade to the condenser, and high-pressure 
heater drains cascade to the deaerator.

Main Condenser and Auxiliaries

The main condenser is a single pass, divided water box type 
complete with two circulating water pumps, three condensate pumps, 
two air ejectors and all required accessories. Condensing pressure 
is 1-1/2" Hg abs with 70 F river water.



Dump Steam Condenser and Auxiliaries

A dump steam condenser, complete with all required auxiliaries, is 
designed to handle %% of the total output from the steam generators 
and operates at atmospheric pressure. Electrical apparatus is 
connected to the emergency power system.

Boiler Feed Pumps

Three low-pressure and three high-pressure motor-driven boiler feed 
pumps are furnished, two normal and one standby. Two motor-driven 
boiler feed pumps, connected to the emergency power system, are 
provided for operation during reactor shut-down periods.

Steam Plant Controls

A conventional control system is provided for the steam power plant. 
A constant pressure is maintained at the turbine throttle and the 
control system permits base load and load following operation. A 
single control room is provided for the steam power plant and re­
actor .

Electrical Generation and Transmission Facilities

The electrical generation and transmission facilities include the 
generators, generator transformer, two normal auxiliary trans­
formers, start-up transformer and 230 kv substation with two trans­
mission circuits, all arranged to operate as a unit system. The 
generators, generator transformer and two normal auxiliary trans­
formers are connected by isolated phase bus, without intervening 
circuit breakers, to form an integrated operating unit.

The transmission system facilities include a 230 kv substation with 
a U-section ring bus and four oil circuit breakers to connect the 
unit generator system and a start-up transformer to two trans­
mission system circuits.

The generator transformer is rated 280,000 kva, 18 kv split-winding, 
delta low voltage, 230 kv wye high voltage, with tap changing under 
load. The two normal auxiliary transformers are each rated 25,000 
kva, 18 kv delta high, voltage, U.l6 kv split-winding, wye low volt­
age. The start-up transformer is rated 25,000 kva, 230 kv wye high 
voltage, I4..I6 kv split-winding, wye low voltage, with tap changing 
under load. Power for steam power plant auxiliaries is supplied at 
U»l6 kv ac, U80 v ac and 125 v dc.



6.0 UTILITY SYSTEMS

6.1 Water Systems

Because the optimized enriched uranium reactor is located at a 
hypothetical site, the following design assumptions are made:

(1) condenser cooling water is assured because of location on the 
bank of a river carrying sufficient flow to prevent exceeding 
the allowable temperature rise in the river, and

(2) there is adequate ground water supply available at a depth of
150'.

Domestic water is pumped from two wells, one of which is on stand­
by service, and is chlorinated and stored in a tank.

Make-up water for the steam generator is supplied from the domestic 
water storage tank and demineralized by cation and anion de­
ionizers .

Bearing cooling water is supplied from the domestic water storage 
tank.

Condenser cooling water is supplied by two pumps at the river pump 
station. Chlorinators apply intermittent treatment for slime and 
algae control. After passing through the condensers, the water is 
returned to the river downstream from the pumps. Two auxiliary 
pumps, one of which is standby, supply river water to the dump 
condenser, service cooling water heat exchangers, turbine lubricat­
ing oil cooler, and diesel generator heat exchanger. Upon power 
failure, automatic controls supply emergency power to one or the 
other of the auxiliary pumps.

Fire protection water is pumped from the river by two vertical tur­
bine pumps, one on normal electric power and one driven by diesel 
engine.

A distribution loop supplies yard hydrants, building standpipes and 
sprinkler systems. The fire loop is pressurized from the domestic 
water system during periods of no usage.

6.2 Air Systems

Plant air is provided for general utility and for the service and 
refueling machines by a compressor, receiver, and distribution sys­
tem. Instrument air is provided by a separate compressor with a 
dryer and receiver. The plant air system is piped to permit cross 
connection with the instrument air system in the event of instrument 
air compressor failure.



6o3 Sewage Disposal

Sanitary sewage drains from the building sanitary fixtures through 
the yard sewage system to a sewage lift station. Duplex sewage 
pumps lift the sewage to the Imhoff tank. Sludge is drained to a 
sludge drying bed. The effluent is chlorinated and piped to the 
river. Storm runoff is conducted to the river by surface ditches 
and by an underground storm sewage system.

6.1; Radioactive Waste Disposal

Gaseous wastes are exhausted to atmosphere from an 111 diameter 
stack 150* above the high point of the reactor building. Biologi­
cal shield cooling air containing radioactive argon, and primary 
coolant containing CO2, CO, and radioactive argon without fission 
products, can be released under all meteorological conditions. 
Primary coolant containing fission products from a burst fuel ele­
ment will contain as much as £00 curies. Release of this gas is 
permissible only during favorable meteorological conditions in 
which case weekly tolerance may be exceeded in the plant area by 

This is acceptable because of infrequency.

'’Warm" liquid wastes consist of those liquids which by dilution and 
temporary retention will have their radioactivity reduced to a 
level which will permit discharge either into the ground or the 
river. If the activity cannot be reduced to this level, the liquid 
is considered "hot", and will be shipped off-site for disposal. 
Solid wastes are sealed in suitable containers and buried.

6.5 Electrical Distribution Systems

Normal power for the station auxiliaries and station supporting 
facilities is supplied from U.16 kv, 3-phase, 60 cycle, resistance 
grounded, and Ij80 v, 3-phase, 60 cycle, solidly grounded radial 
type power distribution systems.

Emergency power is provided for essential plant auxiliaries from an 
emergency diesel engine generator integrated with the Ii.l6 kv nor­
mal power distribution system.

Failure-free power is provided for critical plant and reactor aux­
iliaries from 125 v dc and 120 v ac failure-free power systems.

6.6 Communications and Alarms

Alarm systems for the area consist of a fire alarm system and a 
supervisory alarm system, each repeating signals into the district 
central fire station.

Telephone service for the area is by a commercial telephone system 
which includes paging signal chimes and horns.
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Intercommunication networks consist of systems for nuclear and 
steam process operation and maintenance.

6.7 Steam Distribution for Building Heating

Steam for building heating, CO2 vaporization and oil heating is sup­
plied by a boiler in the turbine building.

6.8 Fuel Oil and Diesel Fuel System

Fuel oil is received, pumped to a storage tank, and recirculated 
from a suction heater in the tank to the boiler, with excess return- 
to the tank.

Diesel oil for the emergency diesel generator and start-up of the 
boiler is received and pumped to a yard storage tank.
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7.0 COST ESTIMATE AND SCHEDULE
7.1 Design and Construction Schedule and Preliminary Estimate of Cost

A design and construction schedule and an estimate of cost for 
the optimum plant are based on the assumption that the work is 
performed under cost-plus-fixed-fee contracts. The schedule and 
estimate'assume that construction begins shortly after the start 
of detailed design and proceeds concurrently with engineering, 
significantly shortening the overall project* On this oasis the 
facility would be completed in 51 months, and is estimated to 
cost approximately .$107,000,000; the cost is $10U,000,000 exclud­
ing the cost of design and construction of the switchyard and 
transmission lines0

It is assumed for estimating purposes that preliminary engineering 
(Title I) requires approximately three months to complete0 Con­
struction would begin approximately three months after the start of 
detailed design and would require approximately U5 months to com­
plete. Costs include escalation commensurate with this time 
schedule.

Estimates of cost for the optimum plant assume construction at a 
hypothetical site with characteristics typical for many sections 
of the United States.

7.1.1 Design and Construction Schedule

Preliminary Engineering (Title I) 

Detailed Design (Title II)

Construction, Inspection (Title III) 

Combined Design and Construction Period

US months

18 months

51 months

3 months



7.1.2 Preliminary Estimate of Cost
Engineering 

Construction 

Site Work 

Buildings 

Reactor

Power Generation 

Electrical Distribution 

Sub-Total 

Contingency

Total Construction Cost

2.350.000

8.370.000

17.990.000

U8,880,000
2.890.000

80,9^0,000

16.020.000

Total Engineering and Construction Cost

$10,000,000

97,000,000

$107,000,000*

* $L0U,000,000 excluding design and construction cost of 
switchyard and transmission line.

7.2 Estimated Cost of Operation

The cost of operation consists of:

a. Annual fixed charges on the total capital cost.

b. Operating and maintenance expenses, including general and 
administrative expense.

c. Nuclear fuel costs.

Annual fixed charges and operating and maintenance costs are 
computed on the basis used by public utilities in the United 
States.

Nuclear fuel costs are estimated from net burnup of fissionable 
material, cost of fuel element fabrication, fuel rental, and cost 
of chemical processing of spent fuel elements. These are based 
on fuel life of 10,000 mwd/M.T. and a plant factor of 80$.

A lifetime operating plant factor of 30$ was selected by the 
Commission for this report to allow unit cost comparisons with 
other proposed Commission reactor power plants. At this plant 
factor, the lifetime average production for the plant is 1.5 x Hr 
kwhr/year.
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The 21^ mwe power plant lifetime unit cost is estimated as follows:
Fixed Charges (1U$) 11.6 mills/kwhr

Operating and Maintenance 1.3

Nuclear Fuel Costs 2.U

Total Cost 16.3 mills/kwhr

.. Annual Fixed Charges

These charges are taken as a percentage of the total capital 
cost. Included in capital costs are construction costs, in­
terest charges during construction, plant start-up costs, 
operating spare parts inventory, working capital, and fuel 
fabrication cost of the initial reactor core.

The percentage used to compute the annual fixed charges is 
composed of depreciation allowances on the physical plant, 
ad valorem taxes on the physical plant, miscellaneous replace­
ment costs, state and federal income taxes on the gross income 
and the net income allowed the average utility company after 
deduction of operating and other production expenses.

The assumptions used for computing the annual fixed charges 
are based on the following percentages of the total capital 
cost:

a. Average utility company financing consists of $0% bonds, 
20$ preferred stock, and 30% common stock. Average al­
lowable return is assumed at 6% of total investment.

b. Depreciation is based on straight line rate of 2-1/2$.

Co Ad valorem taxes are estimated to be 2$.

d. The cost of miscellaneous parts which need replacement 
during the life expectancy of the plant is estimated to 
be 0.2$ of the initial total capital cost.

e. State income taxes are estimated to be h%3 and federal 
taxes 52$ of the gross income.

The percentage of annual fixed charges based on the above 
assumptions is computed to be lit.5$ of the initial total capital, 
This is in substantial agreement with the modern steam 
generating plant average of 1U$. The Initial total capitali­
zation is reduced each year by the annual depreciation allow­
ance; therefore, the percentage applied against the initial
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capitalization can be reduced over the plant lifetime«

During the plant lifetime, an average annual fixed charge 
percentage of 9,2% would ordinarily be applied to the initial 
total capital cost established below. However, in an effort to 
maintain uniformity of fixed charge calculations among its 
various contractors working on nuclear power plant studies, the 
AbC requested that lifetime fixed charges (in mills/kwhr) be 
calculated based on 30$ plant factor and lh% fixed charge on 
total capital cost. Therefore, the costs referred to on pages 3 
and hS reflect this method of calculation.

LIFETIME ANNUAL FIXED CHARGES

Capital Cost Annual Cost
Capital Cost Components (Millions) Rate (Millio;

Construction and Engineering 
(Excluding Substation and
Transmission Lines) $107.0 9.6$ $10.0

Fuel Fabrication Inventory 2.3 7.1$* 0.2

Interest During Construction 
(12.5$ of Construction and
Engineering) 9.6 7.6$** 0.7

Working Capital 3.3 5.1$*** 0.2

Start-Up Costs 1.0 7 • 6%-^* 0.1

Equipment Stores 1.0 9.6 0.1

Total Costs $12U.O 9.2$
III .0$

$11.3 
17.1;

-* 9.6$ less 2.5$ depreciation.
u-:i- 9.6$ less 2.0$ ad valorem taxes.
-8-K-a- 9.6$ less taxes and depreciation0

7.2.2 Operation and Maintenance Costs

Operating expenses of the power plant consist of plant per­
sonnel salaries and wages, payroll benefits, operating and 
maintenance supplies, liability insurance, and general ad­
ministrative expenses.

It is estimated that a total of 108 employees is required to 
operate and maintain a nuclear power generating station of 
this type and size. The maximum number expected to be in the 
plant on a single shift is 5U. The plant organization has 
10 clerical and supervisory, 22 maintenance and ?6 operating 
employees. The cost of operating and maintenance supplies is 
based on the costs of a comparable steam power generating
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station, and adjusted to meet the requirements of a nuclear 
power generating station.

Summary of Operating and Maintenance Costs - The estimated 
annual operating and maintenance expenses are tabulated below:

Annual Costs

Mages and Supervision $ 768,000

Payroll Taxes and Benefits @ lh% 108,000
Operating Supplies and Expenses 225,000

Maintenance Supplies and Expenses 150,000
Demand Charges 60,000

Insurance ij.80,000
General and Administrative Expehse 
at lk% of Production Cost Less Fuel

2119,000

Total ^2,0U0,000

Say $2,000,000

Nuclear Fuel Costs

Fuel cost is computed from:

a. Net burnup of fissionable material.

b. Cost of fuel element fabrication.

c. Fuel rental charges.

d. Cost of processing spent fuel elements including ship­
ping charges.

e. Losses of fuel during fabrication and chemical process­
ing.

The assumptions used in computing the cost of nuclear fuel 
are:

a. The average fuel exposure is 10,000 mwd/M.T.

b. The discharged fuel contains l.b% of and 8.5 grams 
plutonium per kg of fuel.



c. In computing fuel rental charges, tiie 2.$% enriched 
uranium fuel is valued at $296 per kg of uranium, and 
leased from the AEG at h% per year.

d. The reactor is loaded with 77 metric tons of 2.5% 
enriched uranium and operates at 80$ plant factor and 
600 mw thermal rating. The fuel discharged from the 
reactor is O.OitS metric ton per day.

Fuel Cycle Summary - Optimum Reactor

Annual Fuel Costs (18 metric tons per year):

Cost Per kg 
Uranium

Annual Cost 
(Thousands)

Net Fuel Costs $86 $1,300

Fabrication Cost 30 5ii0

Fuel Inventory 36 1,000

Fuel Processing 36 63o

Annual Total Cost of Fuel 4*3,690
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8,0 SUMMARY OF STUDIES

General

The introductions and summaries from selected studies are included 
as follows:

CORE LIFETIME AS A FUNCTION OF IRRADIATION FOR ENRICHED URANIUM, 
GRAPHITE MODERATED, GAS COOLED REACTOR SYSTEM (ACF STUDY NOV 133)

Introduction - The purpose of this study is to determine the core 
lifetime for a partially enriched uranium, gas cooled, graphite 
moderated reactor.
Summary and Conclusion - The core lifetime is a prime consideration 
in selection of design parameters of a partially enriched reactorj 
consequently, a lifetime calculation is done for a number of core 
geometries. The core lifetime in megawatt days per metric ton 
(mwd/M.T.) is determined for:

(1) A 7-slug cluster of 0.75" diameter rods with 2.0% enriched 
uranium and lattice spacings of 7#0U, 8.0", and 9.0".

(2) A 19-slug cluster of 0.5" diameter rod with 2.5% enriched 
uranium and lattice spacings of 7-3A" and 9".

For each combination of fuel enrichment and lattice spacing, the keff 
for the poisoned core is plotted as a function of fuel life in mega­
watt days per metric ton of fuel in the core. The core lifetime is 
then taken as the irradiation value at which the keff for the particu­
lar case under consideration is reduced to unity. Table I summarizes 
the results:

Table I 
Core Lifetimes

Lattice Spacing 

Lifetime - mwd/M.T.

2.0% Enrichment 
0.75" Rod Diameter 

7 Rods/Cluster

7" 8" 9"

10,200 11,000 9,200

2.5% Enrichment 
0.50" Rod Diameter 
19 Rods/Cluster

7-3 A" 9"

11,000 11,100
LATTICE STUDY FOR AN ENRICHED URANIUM, GRAPHITE MODERATED, GAS COOLED 
REACTOR (ACF STUDY NO. 120)

Introduction - The infinite multiplication (koo) and the critical 
buckling are two of the principal factors which determine the re­
quired enrichment, optimum spacing between fuel channels, fuel slug 
size and coolant channel dimensions.
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This study determines the variation of koo and k^ff* with enrichment 
and the lattice dimensions of a gas cooled, partially enriched uranium, 
graphite moderated nuclear reactor with uranium oxide fuel#

Summary and Conclusion - The fuel assemblies considered are 7 and 
19-slug clusters of uranium dioxide' clad with stainless steel# The 
lattice parameters varied to determine the corresponding nuclear 
properties of the core are: fuel slug diameter, coolant channel
diameter, lattice spacing, core size and fuel enrichment. For each 
specific set of geometric parameters, the thermal utilization factor, 
fast fission factor, resonance escape probability and neutron pro­
duced per thermal neutron absorbed in the fuel are calculated and 
are presented in tabular form. The infinite and effective multipli­
cation factors are determined, and those of the critical systems are 
presented in graphical form as a function of lattice spacing.

The calculations are based on the hot-clean reactor.

STEAM CYCLE ANALYSIS FOR AN OPTIMUM ENRICHED, GRAPHITE MODERATED,
&AS COOLED REACTOR (KE STUDY NO. 13A)

Introduction - The purpose of this study is to analyze the steam 
cycles for the partially enriched uranium GCPR and to determine the 
most efficient cycles for various reactor coolant temperatures. The 
range of coolant temperatures considered is 350 F to 550 F leaving 
and 900 F to 1,200 F entering the steam generators. The cycles and 
heat rates developed in this study are used as parameters in the de­
termination of optimum reactor operating temperatures.

Summary and Conclusion - Steam cycles analyzed include single and 
dual-pressure reheat systems. The critical variables are inlet and 
outlet temperatures for the primary fluid (CO2), and the approach 
temperature, feedwater temperature, steam pressures and steam tem­
peratures for the working fluid (steam). The ratio of high-pressure 
steam flow to total steam flow is a critical variable for the dual- 
pressure systems. Due primarily to the relatively low gas tempera­
tures available from the enriched uranium GCPR, the dual-pressure 
reheat cycles have a considerably lower heat rate than comparable 
single-pressure reheat cycles. Optimum feedwater temperatures are 
lower than for normal regenerative feedwater heating cycles to per­
mit the use of higher pressures in the steam cycle. The feedwater 
temperature, steam pressures and temperatures, and per cent of high- 
pressure steam are optimized to obtain the lowest cycle heat rate.

Dual-pressure reheat cycles are recommended for use in establishing 
the optimum plant design. A summary of the heat rates and design 
data for the most efficient steam cycles for various gas inlet and 
outlet temperatures is shown in Table II.
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TABLE II
STEAM CYCLE SUMMARY

Coolant 
Inlet 
Ten?). F

Coolant 
Outlet 
Terr?). F

Feedwater 
Temp. F

Superheater 
and Reheater 
Outlet Temp. F

HP Steam 
Pressure 
PSIA

LP Steam 
Pressure 
PSIA

Per cent of Steam 
Flow from
HP Evaporator

Heat
Rate
Btu/kwhr

900 350 165 850 2200 350 68 91*20

900 U5o 325 85o 21*00 550 72 8730

900 55o Wo 850 21*00 720 91 8390

950 Wo 320 900 21*00 630 78 8520

1000 35o 207 950 21*00 320 78 8620

1000 Wo 308 950 21*00 750 78 8W0

1000* Wo 205 95o 1120 * 100 8960

1000 550 it 79 950 21*00 1100 85 8010

1100 35o 230 1000 21*00 280 88 8380

1100 Wo 335 1000 21*00 800 88 8210

1100 55o h79 1000 21*00 1380 95 7780

1200 35o 265 1050A000 21*00 260 93 8320

1200 Wo 365 1050/1000 21*00 850 93 8030

1200* 55o b99 1050/1000 21*00 * 100 7810

* Single pressure reheat cycle. All other values listed are for dual pressure reheat cycles.
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9.0 SUMMARY OF DESIGN DATA
The principal design criteria and performance characteristics for 
the partially enriched uranium gas cooled power reactors are as 
followsr

Prototype Optimum
Units Plant Plant

Net Electric Power Output mwe hh 215
Reactor Power mwt 125 600
Power Added by Blowers mwt 3.2 28
Power to Steam Generators mwt 128.2 628
Gross Electric Power mwe 51 253
Auxiliary Power, Including Blowers mwe 7 38
Plant Efficiency - Gross % U0.8 U2.1

- Net % 35.3 35.8
Coolant Gas - Type co2 CM

oo

- Flow Ibs/sec 805 3900
- Weight tons 12 39

Reactor - Outlet Temperature F 1000 1000
- Inlet Temperature F U63 l»73
- Outlet Pressure psia 387 370

- Inlet Pressure psia koo Uoo

- Fuel Loading M.T. 18 77
- Specific Power mwt/fa.T. 6.9 7.9
- Enrichment % 3.0 2.5

Number of Fuel Channels 3Uli 980
Fuel Channel Spacing, Sq Pitch in. 7 7
Shim Safety Rods, Number 21 37
Regulating Rods, Number 3 3
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Units
Prototype

Plant
Optimum
Plant

Reactor Pressure Vessel - Shape Cylinder with 
hemispherical 

heads
Cylinder with 
hemispherical 

heads
- Dimensions 18‘-0" ID x 

bO'-O" 
overall

26'-0" ID x
57*-5"
overall

Graphite Moderator 
• and Reflector Weight tons 170 510
High Pressure Steam - Pressure psia 2b00 2b00

- Temperature F 950 950
Low Pressure Steam - Pressure psia 750 750

- Temperature F 950 950
Condensing Pressure in. Hg abs 1-3A 1-1/2
Turbine Heat Rate Btu/kwhr 8500 8h20

Heat Cycle Efficiency % bo.l bo.5

-
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215 MWE (NET) ENR. GCPR DRAWING INDEX
DWG. NO. TITLE

CIVIL
57I4-6CPR -100 - P 301 PLANT GENERAL ARRANGEMENT

ARCHITECTURAL
57I4-GCPR-60I-A- P 301 REACTOR - TURBINE BUILDING . PLAN AND ELEVATION

601-A-P 302 REACTOR - TURBINE BUILDING _PLAN AND SECTION A-A

ELECTRICAL
5714-GCPR- 602-E- P 301 ELECTRICAL ONE LINE DIAGRAM. SHEET NO.I

602-E-P 302 ELECTRICAL ONE LINE DIAGRAM . SHEET N0.2

MECHANICAL
5714-GCPR - 601- M-P 800 REACTOR VESSEL ASSEMBLY

601- M-P 803 GRAPHITE CORE - PLAN AND ELEVATION
601- M-P 301 EXTERIOR FUEL HANDLING - FLOW SHEET

PIPING
5714-GCPR- 602- P-P 301 STEAM PIPING AND INSTRUMENT DIAGRAM

602- P- P 302 CONDENSATE PIPING AND INSTRUMENT DIAGRAM
602- P-P 303 BOILER FEED WATER PIPING AND INSTRUMENT DIAGRAM
602-P-P304 CIRCULATING AND SERVICE WATER PIPING AND INSTRUMENT DIAGRAM
602- P -P 305 SIMPLIFIED HEAT BALANCE .250,000 KW_i'A-h9 BACK PRESSURE-GAS IN- 1000 °F . GAS 0UT-450 °F
601 - P - P800 MAIN GAS COOLING SYSTEM FLOW DIAGRAM
60I-P-P80I GAS PURIFICATION SYSTEM FLOW DIAGRAM
601 - P-P802 GAS VENT SYSTEM FLOW DIAGRAM
601 - P - P804 BURST SLUG DETECTION SYSTEM FLOW DIAGRAM
601 -P-P 805 MAIN GAS COOLANT PIPING PLAN AND ELEVATION

MECHANICAL SPECIALTIES
5714-GCPR- 601- MS-P828 CONTROL ROD SHIELD PLUG ASSEMBLY

60I-MS-P84I CHARGE MACHINE GENERAL ASSEMBLY
601- MS-P87I SERVICE MACHINE GENERAL ASSEMBLY

A

HO. DAT! | DOCRIPDON LOC APPVD. AIC
APPVD.
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DIAWN A.OAKArT

DATl

2-13-SI

REVISIONS
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2-IS'SA*n5. ■ Tim KAISER ENGINEERS
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U. S. ATOMIC ENERGY COMMISSION
IDAHO OPERATIONS OFFICE

IDAHO FALLS, IDAHO

APPROVED 5 2-h*S\
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1 APPROVED
ACC APPROVED 2/4/5)
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TYPICAL CONTROL ROD HOLE, FOR COMPLETE 
HOLE PATTERN SEE DW6- 60I-M-P803

FUEL ELEMENT CHANNEL

10 BURST SLUG DETECTION N02ZLES 
PIPE SCHEDULE WV'

95 CONTROL ROD NOZZLES 
(12" SCHEDULE 160)

DETAIL A
SCALE f-0“

SECTION B-B
SCALE

CONTROL ROD NOZZLES 
OMITTED FOR CLARITY

ST'-S"

6 OUTLET NOZZLES 
36 "OD

BURST SLUG DETECTION 
SYSTEM NOZZLES-IO REQ'D 
12" SCHEDULE 160

6 FLARED INLET NOZZLES

INSULATION

GRAPHITE CORE 
SEE DWG. &0I-M P803

TEMPERATURE BARRIER

/A*SEE DETAIL 
CORE BOTTOM PLATE 
AND LEVELING

CORE SUPPORT 
RESTRAINTS 18 REQ'Dl

SEISMIC RESTRAINT 
9 REQ'D.

VESSEL SUPPORTS 
IB REQ'D/

■■(“HI-

^0-0-0-^-' 

^-0-0-0-

- IB* VESSEL SUPPORT 
COLUMNS

THERMOCOUPLE 
NOZZLES 4 REQ'D 
12" SCHEDULE 160

FUEL CHARGING NOZZLES 
OMITTED FOR CLARITY

— 69 FUEL CHARGING NOZZLES 
12’ SCHEDULE 160

SECTIONAL ELEVATION
SCALE

REFERENCE DRAWING:
I. GRAPHITE COPE PLAN AND 

ELEVATION,SOI* M-PSOI

VIEW D-D
SCALE

69-FUEL CHARGING NOZZLES 
12“ PIPE, SCHEDULE ISO

PCtCWIPTIQX

215 MWE (NET) ENR
REACTOR VESSEL ASSEMBLY

Nuclear Products-Ergo

KAISER ENGINEERS
DIVISION OF HENRY 4. KAISER COMPANY 

OAKLAND,CALIFORNIA
rwrv-

U.S. ATOMIC ENERGY COMMISSION
IDAHO OPERATIONS OFFICE

IDAHO FALL1. IDAHO __
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Q OF GRAPHITE CORE

SIDE RESTRAINTS CONTROL CHANNEL

CONTROL CHANNELS

FUEL CHANNEL

---- ACCESS HOLE FOR TIGHTENING
OF RESTRAINTS

RESTRAINT

RESTRAINT CUTOUT
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0 O G r '' O CORE GEOMETRY

CORE 0. D = 24'-4"

CORE HEIGHT * 25'-9"
NO. OF CONTROL ROD CHANNELS *95 (ji" I D.)

NO. OF FUEL : NNELS ' 980 (4" I.D.)
PITCH OF FUEL CHANNELS = 7"
FINISHED MACHINED WT OF STACK * 1,021,400 L#S.
EFFECTIVE MODERATOR DIA=20,-7^''
EFFECTIVE MODERATOR HEIGHT = 21'-9"
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REVISIONS
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GRAPHITE CORE
PLAN AND ELEVATION
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FROM
FUEL FABRICATOR

FROM GRAPHITE 
fabricator

FROM USED SLEEVE 
RECOVERY

NOTE:

TWIS FLOW SHEET IS BASED ON THE FOLLOWING ASSUMPTIONS: 

FUEL BURN-UP WILL BE 10,000 MW* DAY/ TON. FUEL REPLACE-

NEW FUEL HANDLING REACTOR FUELING SPENT FUEL HANDLING

IV DATl

MAWN EJ.e.r H-7-F7
a-ti-rtREFERENCES APKOVIO C\s<.3L H-17-57

TITII CWC. NO. APPtOVCD 0 fOmP
APPIOVID wr /i-3W7
APnOVED i-20-3i
APPROVED hn*$i
AIC APPROVED 9MjT *Msi
AIC APPtOVCD

SCALE: NOME

DATE:

NO. DAT! DBCRIPDON LOC APPVD. AK
APPVD.

REVISIONS

215 MWE (NET) ENR.
EXTERIOR FUEL HANDLING 

FLOW SHEET

KAISER ENGINEERS
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1 *0* 1
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2" i&'TO DESUPERH£ATIRS STEAM

SEE DWG. NO. 
602-P-P-30I

TO DESUPERHEATER HOT REHEAT

VENT

4"
DUMP CONDENSER

r

gk
^ si?

Iv 3|i

AIR EJECTOR

L.P. HEATER 
NO. 2

@k
3

@) (^) © © © © © (^)

f© [j [i [j li LlLililJ'’
H.P TURBINE 
GENERATOR 

HYDROGEN COOLERS

L.R TURBINE 
GENERATOR 

HYDROGEN COOLERS

H

TO BOILER TO 6. F. PUMP SUCTION
DRAIN TANK

CONDENSATE PUMP

____ !

$ M 1 '*■ f if

CONDENSATE PUMP

CONDENSATE STORAGE TANK

■~>crlH-0 J

CONDENSATE PUMP

-oo-CKtr-E)

CONDENSATE PUMP

i 1 i
CONDENSATE PUMP

T
■c

-©

EMERGENCY 
DUMP LINE

rr DAT!

DRAWN Adams rc/Wvi
CHICK IP MClKkC >-v4-«R

AFFROVID ii'ft

AFFROVID /♦•>?. A*

AFFIOVED A**'
AFFtOVED P«Fi •v.i.rl
AfC AFFtOVED 93’/'
ACC AFFtQVCO

SCALE: NONE

DATE: iHfSt

INSTRUMENT LEGEND
TX AVERAGING RELAY
SIC SP££D /UDICAT/N6 CONTROLLER
FE FLOW ELEMENT
FR. now RECORDER
FRC FLOW RECORDER CONTROLLER

F/C FLOW INDICATING CONTROLLER
FI FLOW INDICATOR
FC FLOW CONTROLLER
FCV FLOW CONTROL VALVE
T/A TEMP. INDICATING ALARM
PdR PRESS. DIFFERENTIAL RECORDER
PSV PRESS. SAFETY VALVE
PR PRESSURE RECORDER
PRC PRESS. RECORDER CONTROLLER
PIC PRESS. INDICATING CONTROLLER
PC PRESSURE CONTROLLER
PI PRESSURE INDICATOR
PCV PRESSURE CONTROL VALVE
PS PRESSURE SWITCH
SV SOLENOID VALVE
Cfi CONDUCTIVITY RECORDER
LR LEVEL RECORDER
LRC LEVEL RECORDER CONTROLLER
L1C LEVEL INDICATING CONTROLLER
LC LEVEL CONTROLLER
LI LEVEL INDICATOR
LCV LEVEL CONTROL VALVE
LG LEVEL GAGE
LSN LEVEL SHUTDOWN t-UGH
LAN LEVEL ALARM HIGH
LAL LEVEL ALARM LOW
ALS AIR LOADING STATION
TR TEMPERATURE RECORDER
TRC TEMP. RECORDER CONTROLLER
TIC TEMP. INDICATING CONTROLLER
Tt TEMP. INDICATOR
TCV TEMP. CONTROL VALVE
NCV HAND CONTROL VALVE
RCV REVERSE CURRENT VALVE
ciA coNoucnviry ind/ca ting aiaea
sc SAMPLE connection
MPA MOtSTUPE PECOPDEP ALARM
OR OXYGEN RECORDER
F* AVERAGING RELAY

MOTOR OPERATED VALVE

P/sroN OPERATED CNECN 
VALVE

LOCALLY MOUNTED

BOAPD MOUNTED

TRANSMITTER

215 MWE(NET)CNR

CONDENSATE 
PIPING & INSTRUMENT DIAGRAM

KAISER ENGINEERS
DIVISION OF HENRY J. KAISER COMFANV 

OAKLAWP, CAUWHU
-Poil-

U. S. ATOMIC ENERGY COMMISSION
IDAHO OnUTlOW OFFICE

________________ IDAHO FALLS, IDAHO_______________________
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NO]
STEAM GENiRATOR

L.P.

ECONOMIZERECONOMIZER

H.P. HF.ATER *2

FROM MAIN CONDENSATE SYSTEM

SEE DWG. NO. P-P302

DEAERATOR

H.P. HEATER #1
TO STEAM GENERATORS £ 5

TO STEAM GENERATORS 4,5*6

—tx:—Sj-—IXI-

TO STEAM GENERATORS 2 4 3

TO STEAM GENERATORS 4,5 4-6

B.O.O.-B.D.O. B.O.O..'BREAKDOWN ORIFICE B.O.O.
mote:

FOB INSTBUMtNT LEGtHD SEE 
DWG. 5714-GCPB -GOE-P-PSOZ

REVISIONS

21 5 MWE [,NET)ENR..

BOILER FEED WATER 
PIPING Ec INSTRUMENT DIAGRAM

SHUT DOWN 
BOILER FEED PUMPS

H.P. BOILER FEED PUMPS L.P. BOILER FEED PUMPS

KAISEr ENGINEERS
DIVISION OF HENRY J. KAISER COMPANY

U. S. ATOMIC ENERGY COMMISSION
IDAHO OPERATIONS OFFICE

_____________________ IDAHO FALLS, IDAHO_____________________
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DOMESTIC WATER SUPPLY

TO & FROM COe OHS BLOWER 
OIL 8 DRIER COOL ERS

EOR CONTINUATION 
SEC DWG.

HXJ-

TYPICAL
SAMPLE COOLER

■ TO WASTE

H.P. &.F. PUMP HR S.F. PUMP H.P. Q.F. PUMP

(|/)—

5

@—

©—irr !Za"

l n
0:•aj Q

*
o
d s
dj «0 'J

i 3«

(@)

1

8Q

V!> <3

l'/s”

SHUT DOWN 
B. E- PUMP

-sj

u

©^‘r?
l'/2"

^1

—<@)

©
3/4*

__ /TA

SHUTDOWN 
8. r. PUMP

L.RB.E PUMP L.P.B.F. RUMP

CONDENSER 
WATER SOX

72"

L.P.B.F.PUMP

^"1 TUHB/NE O/L 6" 
COOL ER

TURB/NE O/L 
COOLER

K

i r
----► _

COOL /NO
WATER

HEAD TANK B* J 
#1

J

/•/a-

i
JLC GLAND SEAL

fc HEAD TANK

l'/2u DRAIN

U/Z” TO TURBINE GLANDS

I'Sz" FROM CONDENSATE SYSTEM

FROM COM PR. — 
MOTOR CIRCUIT

COOL /NG 
WA TER 

RE TURN 
TANK

PLANT AIR COMPRESSOR

i —cket\^\7nterco OL ER 

-{aftercool ER
lt/2"

^ YTi\ FROM COM PR.----- -j
(g) ^ MOTOR CIRCUIT |

1^INSTRUMENT AIR COMPRESSOR (Ap€^
■ T~'

CKET ^INTERCOOLER l-txj-1—t3cMx>7
rJ

-{AFTERCOOL f/ghx-l

FROM COMPP -- 
MQTOR CIRCUIT

COOLING WATER 
PUMPS

INSTRUMENT AIR COMPRESSOR 
ckYt\^-\ INTER COOL ER~\

^AFTERCOOLER^XX-
l"J

r©
F-©

i 70* MOTOR 
CIRCUIT

FROM PS-115 
S PS-2K3 
DWG. 602-P P30I

I U ' 
I

/£'

FROM AUXILIARY RIVER PUMPS

-©

©

I 9<S" r -

FROM R/VFft PUMP UOUSC

10

Its” X'2'

1Y DATE
DRAWN Adams ilzlsi
CHECKED MLlKwC l-LA-Sg
AFFROVED Tl/ 4**W I-L4-S1
AFFROVED 'J'*'' PAM- z-if-n
AFFROVED VvAttC
AFFROVED h V-Tl
AFFROVED
A EC AFFROVED t*F/ i/t/stAEC AFFROVED
SCALE: NONE

2IS MWE (NET) ENR

CIRCULATING &SCRV/CS WATS* 
PIPING <§ INSTRUMENT DIAGRAM

KAISER ENGINEERS
DIVISION OF HENRY J. KAISER COMPANY OAKLAND, CALIFORNIA

-n°D-
U. S. ATOMIC ENERGY COMMISSION

IDAHO OPERATIONS OFFICE
___________________ IDAHO FALLS, IDAHO____________________
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s
2

7&0P5IA ^ 
950* F q: 
1483.Bh -*

780 PSIA 
665 "F 
1317.4h

349, 300 VHR.

Z430 PSIA 
950*F 

1426.8h

^1,282, 500*/HR

1,283,100 */HR

SECONDARY
L.P.

SUPERHEATER

780 PSIA------,

950°F/l4B3.8h

H.P.
SUPERHEATER

^HOT REHEAT

PRIMARY
L.P.

SUPERHEATER

SECONDARY
H.P.

ECONOMIZER

L.R BOILER

L.P.
ECONOMIZER PRIMARY

H.P.
ECONOMIZER

780 PSIA 
67 l *F 

132l.3Vt

6 0 0 */ H R
TO AIR EJECTORS

TO GAS FLOW CONTROL

FROM GAS TEMPERATURE CONTROL 
AT REACTOR INLET

COLD REHEAT STEAM

I, 253,100*VHR

3 49, 300*/ HR

CYCLE HEAT RATE* 8420 BTU/HR

307 *F ,/bopsuN 1,6 3Z,400 */ HR 259’F

276.8h
V V vr

V 3I2*F 7
269’F 78,900 */HR

227.6 h

237.8 h 70.7h 
L.P. HEATER

H.P. BOILER 

FEED PUMPS

TURBINE HYDROGEN 
COOLERS

H.P. HEATER. L. P- BOILER 
FEED PUMPS

AIR EJECTOR 
CONDENSERS

r

rf DATE
DRAWN ADAm»A.LMITU 'V'S/^T
CHECKED MtlfcLR 1 14-f*
AFFROVED <3$/1 1-14 -S*
AFFROVED l-li-il
AFFROVED
AFFIOVED tit t-v-fi
AFFROVED TO
AEC AFFROVED 9«A zfAtKti
AEC AFFROVED
SCALE: NONE

if it St

ZIS MW6 (MET,) EMR.

SIMPLIFIED HEAT BALANCE 
250,000 KW - l'/i"Hg BACK PRESSURE 

QAS IN-- 1000°F^ GAS OL)T= 450'F
KAISER ENGINEERS

DIVISION OF HENRY J. KAISER COMPANY
OAKLAND, CALIFORNIA

-DE>
U. S. ATOMIC ENERGY COMMISSION

IDAHO OPERATIONS OFFICE 
IDAHO FALLS, IDAHO

Er 57I4-GCPR-602-P-P305
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STEAM 
GENERATOR 

NO I

STEAM
GENERATOR

NO-6

STEAM 
GENERATOR 

NO 3

STEAM 
GENERATOR 

NO- 5

STEAM 
GENERATOR 

NO 2

REACTOR VESSEL

BLOWER-6BLOWER-3COg BLOWER'2COo BLOWER-1 C02 BLOWER-4

------------- MAIN GAS COOLANT PIPING
SEE DWG 60I-P-P800

IT SYSTEM 
> 802

TO C< 
DWG-TO C02 VENT SYSTEM 

'DWG 60i'P-P802
----------------electric

1 i~--------- 1 HEATERS
ELECTRIC *- -i ELECTRIC 

HEATERS
ELECTRIC
HEATERSHEATERS ^

RECIRCULATION
BLOWER

RECIRCULATION
BLOWERDRYER l-BDRYER I-A MOISTURE

SEPARATOR
MOISTURE
SEPARATOR

DRYER 2-8DRYER 2-A

COOLING WATER COOLING WATER

C02 LOOP FILL 

TO VENT SYSTEM
4 DWG 601 - P- P802

TO VENT SYSTEM 
DWG 60I-P-P802

)P FILL
REMOVABLE ELBOWREMOVABLE ELBOW !------- CXE

C02 MAKE-UP
(FILTER l-BFILTER l-A FILTER 2-A FILTER 2-B/PT\

1739-Bj
MAKE-UP

NOTE:
FOR INSTRUMENT LEGEND, SEE 
DWG 602-P-P 302 .

CYCLONE l-BCYCLONE l-A
CYCLONE

2-B
CYCLONE

2-A COOLER NO. 2

COOLING WATER 
DWG 601-P-P 803

COOLING WATER 
DWG. 60I-P-P803

81' 7.2xl04LBS/HR 473 *F

“I SHIELDED L
JRECEPTACLE V

7.2 »IC^LBS/HR 473CF

SHIELDED rh
RECEPTACLE i__ !

7.2xl04 LBS/HR 473#F

SHIELDED I 
RECEPTACLI

TO COg VENT SYSTEM 
DWG 60I-P-P802

7 2* 10^ LBS/HR
TO C02 VENT SYSTEM 
DWG. 601 - P- P802 REVISIONS

215 MWE (NET) ENR-

GAS PURIFCATION SYSTEM 
FLOW DIAGRAM

Nuclear Products-Erco

KAISER ENGINEERS
DIVISION OF HENRY J. KAISER COMPANY 

OAKLAND.CALIFORNIA

U.S. ATOMIC ENERGY COMMISSION
IDAHO OPERATIONS OFFICE 

__________ IDAHO FALLS.IDAHOscale*, none
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VENT FROM SERVICE MACHINE

FILTER FILTER

STACK

RELIEF VALVE- 
SET @) 400 PSIG 6"

MAIN GAS COOLANT PIPING 
DWG. 601 -P-PFOO

MAIN GAS COOl ANT PIPING
DWG 60I-P-P800

STEAM 
GENERATOR 

NO. I

STEAM 
GENERATOR 

NO. 2

STEAM 
GENERATOR 

NO. 3

STEAM 
GENERATOR 

NO. 4

STEAM
GENERATOR

N0.5

STEAMREACTOR
GENERATOR

1760-KJ
u60-Gy

BLOWER- BLOWER- 3BLOWER-2 BLCWER-5 BLOWER-6BLOWER J 
OIL SEPAI

BLOWER SEAL-* 
OIL SEPARATOR

BLOWER SEAL — 
OIL SEPARATOR

NOTE :
FOR INSTRUMENT LEGEND,SEE 
DWG 602-P-P302

FROM CHARGE 
DISCHARGE MACHINE

i¥4

VENT FROM CYCLONE 
a FILTER NO 2

REVISIONS

VENT FROM CYCLONE 
a FILTER NO. I

VENT FROM 
DRYER NO. I

VENT FROM 
DRYER NO 2

VENT FROM MAIN. 
COOLING LOOPS 
1,2,3.

215 MWE (NET) ENR.

GAS VENT SYSTEM FLOW DIAGRAM
VENT FROM MAIN COOLING 
LOOPS, 4,5,6.

Nuclear Products-Erco
D£V 1 QCf

KAISER ENGINEERS
DIVISION OF HENRY J. KAISER COMPANY 

OAKLAND, CALIFORNIA

U.S. ATOMIC ENERGY COMMISSION
IDAHO OPERATIONS OFFICE 

IDAHO FALLS. IDAHOSCALE*. NONE
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1
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4

5

0

7

8
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10

11

- 5 PENETRATIONS - 5 PENETRATIONS 
TO REACTOR VESSEL

0-1 P

40-| VALVES

3 VENT —-
4

20-| PIPE PER GROUP

3"
40-^- VALVES

| R-795C --------- SAMPLE GAS
1 COOLERS

SAMPLE GAS 
COOLER

• SAMPLE GAS 

FILTERS

/TTn
U42G)

------ — ---------- ------- DETECTION -------- - ^--------OETECTION---------- 'v. -------  DETECTION -------- ;

1 UNITS ' 2 UNITS 3 * UNITS ^ 4 5
i_________________ |

SAMPLE GAS 
FILTER

OETECTION
UNIT

J C02 PURGE
^ I
1 X r

_____T._______________ 4 T

i------—

SAMPLE GAS 
RECEIVER

^S\K
JG2AJ

~^x—rn——1—-cx?-

SAMPLINGGAS SAI------  ~LJ I GA5 SAMPLIN(
'-----v____V J~R-798A COMPRESSOR

- 4" TO MAIN COOLING SYSTEM
2 ^ TO MAIN COOLING

SYSTEM ^ ^

J2______ D
r

R-798ft

| AUXILIARY
I COMPRESSOR
I
I

SAMPLE GAS 
RECEIVER

/PIC\

FOR INSTRUMENT LEGEND 
SEE DWG 602-P-P302.

/**

L>1n nu.S

AEC APPROVED

:SI
AEC APPROVED Ij/qjtt

'■hjfZ

This*

SCALE*. NONE 

DATE*. 'I’/lo/SS

Na DATE DESCRIPTION IOC fcPPVl AEC
»PP«

REVISIONS

215 MWE ( NET) NAT
BURST SLUG DETECTION 
SYSTEM-FLOW DIAGRAM

Nuclear Products-Erco
DIVISION or C\C'f' INDUSTRIES

INCOdPOSATIO
REACTOR ENGINEERING

KAISER ENGINEERS
DIVISION OF HENRY J. KAISER COMPANY 

OAKLAND,CALIFORNIA

U.S. ATOMIC ENERGY COMMISSION
IDAHO OPERATIONS OFFICE

IDAHO FALLS. IDAHO

S:G- 5714 - GO PR-601-P- P804
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GENERAT0R*4 GENERATOR #6STEAM STEAM GENERATOR 5 STEAM

36" 0 0-

56-0"

3 O'-6"

REACTOR STEAM
GENERATOR

so'-o"

122'-0"

(£_ REACTOR

REACTOR
SHELL

20-0“

REACTOR FLOOR LINE 
EL.IOI-O'STOP a 

GUIDE -

■a^otU-s^o'V

SECTION 'A'-'A*

215 MWE (NET) ENR.

MAIN GAS COOLANT 
PIPING

PLAN 8 ELEVATION

GENERA!OR * 2STEAM GENERATOR*!STEAM STEAM

Nuclear Products - Erco

KAISER ENGINEERS
DIVISION OF HENRY J. KAISER COMPANY 

OAKLAND,CALIFORNIA

U.S. ATOMIC ENERGY COMMISSION
IDAHO OPERATIONS OFFICE
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TCP tlOLOetCAL SHELD

LEAD SHOT

'< < <?

3'- fl*(REF. FOR CENTER NOZZLE)

SHIELD PLUG

ELEVATION
SCALE 2*» I'-O"

\y} sffitsy V

• • i '-V

2" 3- 4* 3"

SHIELDING PLUG DETAILS
._i ■ ’-'ATI r

SCALE
GEAR

SHEAVE

215 MWE (NET) END
CONTROL ROD 

SHIELD PLUG ASSEMBLY

Nuclear Products-Erco
jmv1»10w_£Z. QC^V

KAISER ENGINEERS
DIVISION OF HENRY J. KAISER COMPANY 

OAKLAND .CALIFORNIAPLAN VILW PJLLE'i ARRANGEMENT 
scale i”-r U.S. ATOMIC ENERGY COMMISSION

IDAHO OPERATIONS OFFICE
SCALE-. AS SHOWN 

DATE* l/ft-JSl Sr 5714-GCPR-60HMS-P 8 2 6 |\Q
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CHARGE NOZZLE VALVE 
MOTOR DRIVEN

REACTOR VESSEL 
DWG 601-M-P 800

-FUEL ELEMENT MAGAZINESHIELD PLUG IN PARTIALLY REMOVED POSITION

SUPPORT STRUCTUREl—REMOVABLE SEGMENTS

SHIELDING 
RETENTION 
RING---------

CHARGE
MACHINE CARRIAGE

LEAD SHIELDING

BALL STORAGE CHUTE
FUEL TRANSFER NOZZLE
VALVE MOTOR DRfvEN
—>

GRAPHITE
EXPANSION JOINT LEAD SHIELDING

FUEL TRANSFER TUBE ASSEMBLY
CHARGE NOZZLELOADING INSERTS

31-6" ID.

-GRID PLATE 
(CORE SUPPORT]

-SHIELD PLUG ELEVATING 
DRUM AND MOTOR— CLAMPS

BOTTOM OF GRID STRUCTURE
SHIELD PLUG !• OZZL F VALVE

SHIELD PLUG REMOVAL MECHANISM;

RAIL
SHIELD PLUG LATCH TOP OF FUEL T KANCF t.F TULE 

IN DOWN POSITION

SHIELD PI JG IN ;..0C:

49 6
TO BOTTOM OP PIT

rf ALE

33’ '0

BIOLOGICAL SHIELD

2I5 MWE (NET ) ENR

CHARGE MACHINE GENERAL 
ASSEMBLY

Nuclear Products-Erco
£_rVl_8r_ON__OF_

IHCONPOftA

--------------------------- rpoin---------------------------

KAISER ENGINEERS
DIVISION OF HENRY J. KAISER COMPANY 

OAKLAND,CALIFORNIA

U.S. ATOMIC ENERGY COMMISSION
IDAHO OPERATIONS OFFICE

IDAHO FALLS.IDAHO__________________

g;G-57l4-GCPR-60i-MS-P84l [\Q

REVISIONS

SHIELD PLUG IN STQV.ED POSITION

ABCDEFGHI jklmnopq

1

2

3

4

5

6

7

8

9

10

1 1



1

2

3

4

5

e

7

8

9

10

11

A B C D E F G H J K L M N O P Q

A

50'- 0" —

38'-0H IO’-6"

BIOLOGICAL SHIELD

TRACK

SERVICE MACHINE BRIDGE

REACTOR VESSEL—

SERVICE MACHINE 
CARRIAGE

BRIDGE
SPANOVERHEAD SERVICE ___ 

CRANE

-SERVICE MACHINE 
NOZZLE

<£ REACTOR

BELLOWSVALVELEAD SHIELDING

SERVICE MACHINE 
VESSEL OPERATORS

CONSOLE

4 - TRACK

B C D E F G H J K L M




