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ADDENDUM

The superheater described in this report utilizes fuel with zirconium clad in
the boiling part of the plant. In practice the choice of cladding will, of
course, be made on the basis of reliability and economic conditions at the

time of fuel fabrication. An analysis of the power costs based on the economic
ground rules provided by the AEC for this study indicated that the use of thin

clad (11 mil thickness) stainless steel would result in improved economy.

As compared to zirconium, thin clad stainless steel requires increased enrich-
ment which results in higher depletion and inventory charges. However, this
is offset by a decrease in fabrication and first core capitalization costs.
The net effect of the change from zirconium to thin stainless steel cladding
is a savings of slightly more than .1 mill/kw hr 1in total power costs. The
economic analysis performed by the AEC is based on the use of thin stainless

steel cladding in the boiling core.
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0.0 Introduction

0.1

0.2

Scope

This report provides the preliminary design for the nuclear portion of
a 300 MWe Boiling Water Separate Superheater Plant to be in operation
by 1967. The research and development programs required to insure
plant feasibility and the construction schedule also are presented.

In addition, the potential for the Boiling Water Separate Superheater
concept which may be reelized in a plant to be in operation in 1975

is assessed in terms of projected plant capacity, technical improve-
ments and potential for cost reduction.

Economic considerations have established that no incentive exists for a
Boiling Water Separate Superheater in the 4O MWe size; therefore, it has
been excluded from this study.

The scope of work has been limited to the accumulation of design, per-
formance, and cost information on the nuclear portion of the plant in
accordance with AEC directive. The technical basis for the superheat
reactor design and performance is derived from work performed under
Task.; of the Nuclear Superheat Project under Contract AT(O4-3)-189,
P.A. #13.

Ground Rules for Evaluating Steam Cooled Reactor Plants

The AEC has established certain ground rules to be followed by the
individual contractors in establishing reactor design criterion and
for the purpose of estimating costs. The following summarizes those
portions of the ground rules which are of particular importance in
establishing the design basis.

(1) pPresent energy costs are based on those attainable from a reactor
plant which could be in operation by June, 1967.

(2) The 1967 plant net rating is 300,000 KW.

(3) Fuel costs for the 1967 plant are based on an equilibrium core; the
equilibrium core must be attained within five years of plant start-up.

(4) Potential energy costs are based on those attainable from a reactor
plant which could be in operation by June, 1975 assuming all research
and development planned under research and development programs
will be successful.

(5) Maximum superheater fuel cladding surface temperatures were to be:

Cladding Maximum Surface Temperature °F
SS 1250 F maximum hot spot temp. during

steady state operation
Zr T00 F



(6) Plant availability was to be 90% with a plant factor of 80%.

(7) « Maximum UO, fuel centerline temperature using an average thermal
conductivity of 1 Btu/hr-ft-°F was to be 4500°F.

(8) Primary system piping is stainless steel.

(9) Maximum permissible integrated Nvt at the pressure vessel, considering
neutrons 1 Mev and above, was to be no greater than 1019 with a
thirty year life at 80% plant factor.

(10) For the potential reactor, no restriction was placed on cladding
material but for the near term plant design cladding was restricted
to stainless steel, inconel, or zircaloy.

(11) The pressure vessel inside diameter was to be no greater than 13 ft.
(12) Steam velocity was to be optional.

(13) In considering the construction schedule for the 300 M/ plant, the
designer was to assume a 36 month construction period preceded by
9 months of design. For the 4O MW plant, he was to assume a 2
month construction period preceded by 9 months of design.

(14) The turbine generator could be located either inside or outside
the containment shell, depending on the designer's judgment. In
the design of the 300 MW plant, multiple reactor units could be
used providing total net power generation on range of 300 MWe. TFor
the current technology plant, designers were o assume that if one
reactor has maximum credible accident other reactors would be
equally affected. For the potential plant, designers were to
assume that if one of the multiple reactors should develop a maximum
credible accident, it would have no effect on the other reactors.

(15) No limit was set on steam pressure and temperature.
(16) Cladding thickness was made optional.

(17) For concepts utilizing feedwater return to the reactor, a full flow
demineralizer will be used.

(18) No limit will be set on flooding or unflooding coefficient of
reactivity.

(19) Radioactive waste disposal systems should be designed such that a
plant can operate with pin hole leaks in 0.3% of the fuel elements
at rated operating conditions.

(20) Non-freestanding superheater fuel cladding may be used.

(21) For the purposes of estimating the 1967 plant fuel cycle costs, the
maximum exposure of stainless steel clad, UO2 fuel elements will be
35,000 MWD/MTU based on the highest exposure ©of 1% of the fuel volume
when burnup is achieved. Maximum fuel exposure is defined as the



0.3

product of the integrated maximum power/average power ratio and
the average fuel exposure. The maximum power/average power
ratio should be based on the equilibrium fuel cycle.

(22) Thorium is excluded from consideration as a fuel

(23) Either pressure containment or vapor suppression containment
may be used.

Basis of Ground Rules for the Separate Superheater Reactor

The ground rules presented above consist of a summary of the more
important and salient points condensed from the more general formula-
tion of ground rules generated at Nuclear Superheat Study Meetings
held on August 16, October 11-12, and November 4, 1960. All the
subsequent amendments were acknowledged amd incorporated along with
the original list of rules in the compilation of the above list of
abbreviated ground rules.



1.0 Plant General Description

In the proposed nuclear power plant, a forced circulation single cycle
boiling water reactor and a separate superheating reactor combine to deliver
2,600,000 pounds of steam at 900°F and 965 psia to a tandem compound double
flow turbine-generator set. The gross electrical output of this plant is
316,000 kw, the net electrical output is approximately 307,000 kw.

The required steam output is generated at saturated conditions in a

single cycle forced circulation boiling water reactor and the steam is
superheated in a superheat reactor in a separate pressure vessel. This
physical separation of two different reactors permits the design of each
reactor for its own conditions and limitations. The boiling water reactor
is not hindered by superheat reactor limitations and the superheat reactor
is not hindered by boiling water reactor limitations. The net result
should be that these two reactors have the lowest fuel cost of any light-
water moderated thermal reactors.

The steam flows from the superheater outlet directly to the turbine inlet.
The turbine is assumed to be a tandem compound double flow unit. The low
pressure turbine exhausts to a surface condenser equipped with deaerating
hotwell. From the condenser, the condensate is pumped through full flow
condensate demineralizers, the steam jet air ejector condenser and gland
seal condenser to the feedwater heaters. From the heaters, the feedwater
is pumped back to the reactors. The gross heat rate for this plant is
8997 Btu/Kw-Hr.

Design of the containment for the nuclear system is based on the pressure
suppression concept. The reactors are contained in individual drywells with
provision for venting of those drywells to a water pool in the remote instance
of a nuclear accident resulting in a system rupture. Except for the

drywell structure, the reactor enclosure is not required to see any
appreciable internal pressures and is generally of conventional construction.
Balance of plant structures are also conventional except for shielding
requirements in certain areas.



1.1 SUMMARY DATA FOR POWER PLANT

Gross Electrical Power
Gross Plant Heat Rate

Turbine
1 Turbine Throttle Flow

2. Turbine Throttle Pressure

3. Turbine Throttle Temperature
L. Type

5. Speed

6. Last Stage Bucket Size

Condenser and Feedwater System
1. Condenser Pressure

2. Condenser Steam Flow

3. Number of Feedwater Heaters
k. Feedwater Temperature

Boiling Water Reactor
1. Thermal Rating

2. Fuel

3. Cladding

k., Moderator

5. Core Power Density
6. Fuel Power Density

Complete Boiling Water Reactor Date Sheet

Superheat Reactor
1. Thermal Rating

2. Fuel

3. Cladding

4, Moderator

5. Core Power Density
6. Fuel Power Density

Complete Superheat Reactor Data Sheet

Containment
1. Design Criteria

Type

Primary Loop Coolant Inventory
Geometry

Dimensions

. Design Pressure

Material

=N O\ FW D

.

316,000 KW

8997 Btu/KWwH

2,600,000 1bs/hr
965 psia

900°F

TCDF

1,800 1pm

43 in.

1-1/2" Hg
1,893,000 1bs/hr

p
LOOOF

619.2 MWT
U0o
Zircaloy
Light Water
1385 KWT/ft3
20 KW/Kg-U

Section 2.1.9

213.8 MWT

§/07)

Stainless Steel
Light Water
1070 KW/Ft3
20.0 KW/Kg-U

Section 2.2.6

Rupture of 22 inch steam

or water pipes

Pressure Suppression

200,000 1bs
Drawing 198E12L4
Drawing 198E12L4
100 psia
ASTM-300
A201-Grade B
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2.0 Nuclear Steam Supply

2.1 Boiling Water Reactor

2.1.1

2.1.2

General

Saturated steam required for this plant is produced in a single cycle,
forced circulation boiling water reactor. This reactor incorporates
significant advancement over previous designs and is based on operating
experience obtained at the Dresden Nuclear Power Station and on the
results of research and development activities conducted by the General
Electric Company et its San Jose facilities.

The boiling water reactor design conditions are as follows:

Total thermal power 619.2 MW(t)
Steam Pressure 1075 psia
Fuel-cladding U0, - Zire.
Fuel Specific Power 20 KW/Kgll
Core Power Density 48.6 KW/liter

A complete boiling water reactor data sheet is included in Sec. 2.1.9.
Vessel

The reactor vessel supports and contains the nuclear reactor core,
and supplies the necessary flow paths for fluids entering the core
and steam and water leaving the core.

The reactor vessel is designed, fabricated, tested and stamped in
accordance with the ASME Boiler and Pressure Vessel Code, Section I,
and the latest applicable addernda. The latest case interpretations
concerning nuclear reactor vessels are considered in the design.
The corrosion-resistant stainless steel cladding inside the reactor
vessel is in accordance with Section VIII of the ASME Boiler and
Pressure Vessel Code.

Where applicable codes do not cover the design, detailed structural
analyses are prepared to assure that the design is adequate and
complies with the intent of the code.

All welded joints, including those for nozzle attachment, are de-
signed and radiographed in sccord with ASME Code standards. Joints
are designed to minimize stress concentrations at changes in sectionms.

A stainless steel thermal shield and a water annulus between the reactor
core and vessel are provided to minimize radiation damage to the vessel.
The reflector and thermal shield were chosen to limit the integrated

nvt at the vessel wall to less than 1019 nvt, based on neutrons above

1 Mev, 30 year life, and 80% load fuctor. The reflector thickness is

13 in.

The head closure is designed for easy removal and reassembly. A
double seal is provided so that the area between the seals can be
monitored for leakage. Seal welding of the top head is not required.



Removable bushings are furnished in the body flange to facilitate
repair of damaged threads.

Penetrations in the lower head and flanged thimbles are provided for
aounting the control rod drives. The drives themselves are bolted
to, and are contained completely within, che thimbles.

The vessel is supported on pads attached to the bottom head. Lateral
stability for the top of the vessel is provided by matched sets of
guides or stabilizers attached to the dry well. These guides allow
axial and radial vessel expansion,

Steam outlet lines are permanently attached to nozzles in the vessel
body. This avoids breaking flanged joints in steam lines for head
removal, making refueling easier,

Nozzles are provided on the vessel head for mounting of safety valves.

2,1,3 Internal Structure

Within the reactor vessel, the main structures are supported by the
core support cylinder. This cylinder is bolted to lugs welded to
the vessel near the bottom head.

Attached to the bottom of the core support cylinder is a flow baffle
which serves :-o channel the recirculation flow to the bottom of the
vessal.

Mounted on top of the core support cylinder is the core support grid.
This grid is a fabricated stainless steel structure which supports
and aligns the fuel channels., Also mounted on the core support
cylinder is a cylindrical shroud assembly which serves to isolate
the core from the downcomer annulus, and to provide upper support
for the fuel channels.

Fuel channels, semi-permanently attached to the grid structure by
spring clips, provide suppori for the fuel bundles, and assure
proper distribution cf coclant through the core. In addition, the
fuel channels serve tc guide the control rods in the core. Initial
fuel channels are of stsinless steel to provide reactivity control
in the clean=cold condition., After injitial operation, these units
will be replaced witk zircallcy channels.

Cruciform~shaped control rcds, coupled to bottom-mounted drive
mechanisms, pass through the core support grid and between the

fuel channels., Control rods are fabricated of stainless steel en-
riched with natural boron., Vertical alignment is provided by a
system of rollers in the rods and fuel channels which prevent bind-
ing during insertion and withdrawal.

Above the core, bolted to the core shrocud, is a double tube sheet
assembly which supports the steam separators, and also serves as a
core spray and liquid poison sparger. The spray and liquid poison
are discussed in later sections of this study.

10



2.1.4

2.1.5

*

The steam dryer and dry box assembly, located near the top head, com=-
plete the core assembly. This is an integral unit bolted to the
vessel wall which provides final separation of steam and water and
channels the dry steam to the outlet nozzles.

Feedwater return is through a sparger ring bolted to the vessel in
the area below the dry box and in the downcomer annulus.

All components mounted above the core are designed for easy removal
for refueling.

Steam Separators and Dryers

2.1.4,1 Primary Separation

The primary steam water separators for this plant are
mounted on the plenum top plate above the core inside the
reactor pressure vessel., The entire core flow passes
through the primary units to provide a leaving steam quality
of 6 percent or less water by weight and water to the down~
comer at about 0.l percent or less steam carryunder by
weight. The steam separators are radial flow separators
developed uncer the Nuclear Superheat Project. Performence
data for these separators are reported in Progress Reports
for that project.

2.1.4,2 Steam Drying

Steam dryers are mounted in the reactor pressure vessel
head., These dryers are of the impingment type and take the
steam of up to 6 percent water by weight discharging from
the primary separators and dry it to 0.1 percent or less
water by weight., Drying devices to accomplish this have
been developed and are presently available,

Recirculating Pumps

The recirculation system consists of three loops, each of which con-
tains a high capacity recirculating pump. These units take suction
from the bottom of the downcomer annulus, and return to the inlet
side of the core. Appropriate baffling in the reactor vessel serves
to prevent mixing of inlet and outlet flows,

To protect the reactor in the event of an electrical power failure,

the pumps are provided with iarge flywheels which insure that

adequate circulation can be maintained until either power is re=
stored or the emergency condenser circuit has been placed in operation.

The pumps proposed are vertical centrifugal units with mechanical,

controlled-leakage, shaft seals ard are sized for full flow start-
up on cold reactor water,

11



2.1.6

2.1.7

Control Rod Drives

Each reactor control rod is individually driven by a locking piston
drive mounted on the bottom head of the reactor vessel. The locking
piston drive is a hydraulically operated unit initially developed
for the Dresden Station. Based on testing and operations at Dresden,
the current models have incorporated significant design improvements
for enhanced reliability and ease of maintenance.

The drive is basically a piston operating in a hydraulic cylinder.
Feedwater pressure applied to the piston drives the control rod into
or out of the core. Speed of insertion or withdrawal is controlled
by a flow control device in the hydraulic circuit.

The piston is contained in an annular space between concentric cylin-
ders. The inner cylinder, fixed to the drive mechanism flange,
contains magnetic position-indicating switches. The ratchet-locking
device 1s located in the upper end of the outer-fixed cylinder.

The drive mechanisms are mounted to thimbles in the bottom head of
the reactor vessel. The lower end of each thimble is flanged for
mounting the drive mechanism and attaching the hydraulic pipes.

The drive mechanism extends through the thimble into the reactor
vessel. No rotary or linear shaft seals are required at the vessel
penetrations as the drive housing is at reactor pressure. The
drive housing seal to the vessel is made by flanged joints using

metal "o" rings.

A coupling attached to the bottom of the control rod locks with the
spud at the top of the piston tube. The coupling is devised to
allow control rod replacement from above the reactor during refuel-
ing. It is also possible to uncouple the rod from below the reactor
for drive removal. In this case, the control rod is back-seated
against an internal extension of the vessel thimble. This seals off
the thimble, and prevents draining the water from the reactor. The
combination of backseating and possible uncoupling from below the
reactor vessel allows the removal of a control rod drive without
removing the reactor vessel head.

Core Design

2.1.7.1 Core Design Criteria

The boiling water core design was based on the following
criteria:

(1) The maximum fuel temperature under transient over-
power conditions is to be less than L500CF.

(2) The minimum burnout ratio shall be 1.5 (the minimum
burnout factor is defined as the minimum ratio of
heat flux to cause burnout divided by the actual
heat flux in a hot channel) at 125% power.

12



(3) The water-to-fuel ratio is to be low enough
so that the void coefficient is always
negative.

(4) The core shall possess both nuclear and
hydrodynamic stability.

(5) Within the limitations of criteria (1) through (4),
the core should be designed for minimum power cost.

2.1.8 Fuel Assembly

The boiling water fuel assembly is shown on Drawing 198E510.

The fuel assembly is a 10 by 10 array of Zircaloy clad, UOo
cylindrical rods. Twenty corner rods have reduced enrichmeénts

and smaller fuel diameters in order to reduce water peaking
effects.

13



2.1.9 BOILING WATER REACTOR DATA SHEET

A. Total Thermal Power

B. Steam Conditions
1) Steam Temperature
2) Steam Pressure
3) Steam Flow

C. Reactor Description
1) Reactor Vessel
a) 1Inside Diameter
b) 1Inside Height
c) Wall thickness =~ base metal
wall cladding
total wall
- base metal
wall clad

d) Material

e) Design Pressure
f) Design Temperature

2) Reactor Core

a) Equivalent Diameter

b) Active Height

c) Active Core Volume

d) Total Uranium Loading
Uranium Loading-Standard Rods
Uranium Loading=Corner Rods

e) Average Uranium Loading
Average Uranium Loading-Standard Rods
Average Uranium Loading=-Corner Rods

Uranium Loading Change with Life

Standard Rods

Initial enrichment 2.30a%
Middle of Life 1.45 a%
Final Enrichment 0.89 a%
Plutonium at end of life 0.75 a%

f) Structural Material
g) Neutron Moderator
h) Moderacor to Fuel Ratio

3) Reflector
a) Material
b) Axial Thickness, ft.

c) Radial Thickness based on equivalent diam.

4) Fuel Elements
a) Fuel Material
b) Fuel Element Geometry
c) Clad Material
d) Fuel "Meat" Diameter
Standard Rods
Corner Reods

1k

619.2 MW(t)

553.4°F
1075 psia
2,564,000 #/hr

11.08 f¢t,

42,00 ft.

5.0 in,

0.24 in,

5.25 in.
ASTM-A-302 Grade B
ASTM~A-264 Grade B
SS type 304-mod ified
1310 psig '
6500F

8.50 ft.

7.83 ft,

445 f£r,3

30,800 Kg

26,900 Kg

3,900 Kg

1.39% a%

1.45% a%

0.96% a%
Equilibrium core

Corner Rod
1.80 a%
.96 a%
0.52 a%
0.80 a%

Zircaloy

Light Water
2,2

Light Water

8 ft.
13 in.

UOZ
Solid Rod

Zircaloy

0.352 in.
0.332 in,



e) Clad Thickness .025 1in.

f) Fuel Clad Gap (Cold) None
g) Gap Material He
5) Fuel Assemblies
a) Total Number 164
b) Number of Rod Elements per
Assembly 143
Standard Rods 123
Corner Rods 20
c) Cross Sectional Dimension 6.387
d) Lattice Spacing 7.07
e) End Fitting Materials Zircaloy
6) Reactor Control
a) Method of Control Control Rod Movement
b) Absorber Material Boron Steel
¢) Number of Contrcl Elements 69
d) Cross Sectional Dimension 11 in. x 11 in,
Cruciform
e) Effective Length 7.83 ft.
f) Type of Drive Hydraulic

Locking Piston
D. Performance Data

1) Reactor Coolant Light Water
2) Reactor Coolant Outlet Temp. 553.4OF
3) Reactor Coolant Inlet Temp. 534.89F
4) Primary System Operating Pressure 1060 psig
5) Primary Coolant flow 25,600,000 #/hr
Average Exit Quality 10%
6) Average Core Coolant Velocity
Entrance k.5 ft/sec
Exit 10.8 ft/sec
7) Max. Fuel Temperature L5000F
8) Max. Cladding Temperature 580°F
9) Burnout Margin 1.5
10) Maximum Core Heat Flux
125% Power, 967% of heat in fuel 392,000
11) Average Core leat Flux 107,000
12) Average Core Power Density 1385 Kw/ft3
13) Peak-to-Average Power Ratio
Axial 1.60
Radial 1.25
Inter-Control Rod 1.20
Local 1.22
Overpower 1,25
. Total . 3.66
1 Average Specific Power 20.0 KW/Kg
15) Fuel Management -
18) Average Féel Burnup Core Reloading Batch-20%
Standard Rods 18,700 MWD
> MIU
Corner Rods 20,900 ggg
Core Average 18,980 ﬁ¥8
17) Peak Average Burnup Ratio 1.84
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2.2 Superheat Reactor

The superheat reactor is & single pass, steam cooled and light water
moderated reactor. Saturated steam from the boiling water reactor enters
nozzles at the top of the vessel and flows through demisters and inlet tubes
down into the core. The steam is superheated as 1t passes downward through
the core and is collected in an insulated manifold system at the bottom of the
vessel. Superheated steam leaves the vessel through nozzles in the side of
the vessel below the core.

Boiling of the moderator occurs due to heat generation in the moderator
and to heat losses from the superheated portion of the core and menifold
system. The moderator steam formed flows upward to the water surface where
it joins the saturated steam coming from the boiling water reactor. Feed
water required to maintain moderator level ir the vessel is imtroduced
through a nozzle in the side of the vessel near the bottom.

The superheat reactor shown on the isometric drawing on the following
pege 1s designed for these conditions:

Total thermal power 213.8 MW
Inlet steam pressure 1055 psia
Exit steam temperature 900°F

Fuel cled U0,-S.S. 30k
Fuel power density 20 KW/kg >f U
Core power density 36.6 KW/liter

A complete superheat reactor data sheet is included at the end of Section 2.

2.2.2 Reactcr Vessel

The superheat reactcr vessel is designed to conform with the same
criteria and codes as the boiling water reactor vessel (Section 2.1.2).

2.2.3 Vessel Internals

The core is supported by a stainless steel grid structure mounted on
lugs at the bottom of the vessel. Fastened to this structure are
separate support columns for each fuel assembly. Approximately half
of the columns in this structure serve the additional purpose of
guiding the lower end of the control rods. The structure is stiffened
with gussets to minimize deflections and internal lateral supports

are provided.

Fuel assemblies are coupled to the support columns which also serve
as steam conduits. The fuel elements are an assembly of insulated
rods in a square array. Each rod consists of an annular UQO, Fuel
region clad both inside and outside with stainless steel. 2The fuel
tube is inserted in a process tube of zircaloy lined with stainless
steel. ©Spacing and support of the rods is provided by a series of
grids along the element. These grids also contain rollers to guide
the control elements.
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2.2.4

2.2.5

The control rod is a hollow square tube which encases alternate fuel
assemblies. The absorber section is fabricated of boron stainless
steel. The control elements are guided during insertion and withdrawal
by rollers coupled to bottom mounted drive mechanisms.

Inlet tubes are connected to the top of each fuel assembly and extend
upward to the demisters aear the top of the vessel. These tubes
displace the water shielding above the core end are designed with off-
set bends to prevent radiation streaming.

Accumulated moisture in the saturated steam is removed by demisters
at the top of the steam inlet tubes. The demisters are fastened to
and supported by the inlet tubes.

Lateral supports are located at the top of the fuel assemblies and
at the demisters.

The steam leaving the fuel assemblies is discharged to a collecting
header through the hollow fuel support columns previously described.
The header assembly, located between the core support structure and
the control rod drive thimbles, is shop fabricated to assure adequate
quality control and to simplify field assembly.

Control Drives

Control drives for this reactor are essentially'identical to those
provided for the boiler (Section 2.1.4).

The control rod is in the form of a 8.65 in. square tube. This control
rod shape has excellent mechanicsl strength when compared to a cruci-
form rod of the same blade thickness. The small blade thickness
results in minimum water-gep flux peaking.

The control rod is enclosed over & precision upright pipe column end
attached to the offset control rod drive. The fuel assembly is
located and positioned on top of the pipe column. Located at various
positions on the fuel assembly are control rod rollers which maintain
the position of the control rods with respect to the fuel assembly.

Core Design

2.2.5.1 Core Design Criteria

The superheat reactor core design was based on the following
criteria;

(1) The maximum clad temperature for 100 percent power in
the hot channel is to be 1250°F

(2) The maximum fuel temperature under transient overpower
conditions is to be less than 4500°F.

(3) The stainless steel cladding has to be of sufficient
strength to maintain fission gas.
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2.2.5.2

2.2.5.3

(4) The reactor should be designed for minimum reactivity
change for "flooding" or "unflooding'" the steam coolant
channels.

(5) Within the limitation of criteria (1) through (4), the
reactor should be designed for low power costs.

Single Pass Selection

Detailed analyses were performed on several fuel elements with
differing arrangement, geometry, and operating conditions.

The single pass wes selected as the reference design because
of the following advanteges over double pass systems con-
sidered:

(1) It allows a higher power density core. The single pass
coupled with hollow cylindrical fuel allows the greatest
volumetric heat generation within the clad temperature
limit of all concepts considered.

(2) It reduces the flow area required to meintain e given
pressure drop. Reduction of flow area minimizes the
reactivity changes associated with flooding or voiding
normel steam passeges.

(3) It reduces the difference between average temperature of
the inner and outer clad and thus minimizes differential
expansion and resulting stresses in the fuel element.

(4) It permits an increase in steam outlet temperature for a
given clad temperature limit. In the second pass of any
two pass system, the steam coolant must pass through the
peak heat generstion area at a high temperature. This
reduction in heat absorbing capability requires a re-
duction in outlet steam temperature in order to maintain
the limiting clad temperature.

(5) It reduces mechanical design problems and operational
requirements. Single pass designs eliminate the need
for separating inlet and outlet steam and allow for
draining of the superheater fuel prior to startup.

Superheat Fuel Assembly

The superheat fuel assembly consists of an inlet steam line
with de-mister, and a fuel bundle containing 49 fuel elements.
The thermally insulated lower end of the fuel bundle contains

a gasketed joint which seals a seating surface provided by an
upright pipe column. The force available for sealing is made
up of the load of the fuel assembly, the pressure of the water
acting on the tube sheet and the pressure differential between
the superheater steam pressure and the saturated steam pressure.
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2.2.5.4

§Eperheat Fuel Element

The basic superheat fuel channel consists of a zircalloy process tube
and a stainless steel insulation liner around an annular fuel rod.

The fuel rod is clad internally and externally with stainless steel.
An annular gap between the process tube and the insulation liner
contains stagnant steam to serve as a thermal insulastion between

the high temperature superheated steam and the moderator water. This
thermal insulation permits the zircalloy process tube to operate at
moderator temperature. The fuel element process tube has the function
of withstanding the pressure differential between the moderator and
the superheated steam and also prcvides the structural support between
the upper and lower tube sheets. The process tube is designed to
withstand 300 psi pressure differential between the moderator and

the steam. The stainless steel liner has the function of defining

the coolant flow passage as well as acting as the insulating barrier
between the fuel and the process tube. This liner holds the fuel

rod centered in the process tube by means of radial embossed surfaces
on the internal and external surfaces of the liner. The liner is
retained at the inlet end of the fuel element but is free to expand

at the lower end which will allow relative thermal expansion with
respect to the fuel rod and the process tube.

The fuel rod is supported from & plate at the upper end of the fuel
assembly. The rods hang freely from this support plate to accommodate
relative thermal expansion with respect to the liner.

Heat Transfer and Hot Channel

The superheat core is orificed to obtain spproximately the same steam
temperature from all 52 fuel assemblies. Permanent orifices are used
in the steam exit lines to accomplish most of the orificing. The
centrally located fuel bundles are unorificed. Additional orificing
may be used in the steam inlet lines to permit orificing adjust-

ment at the time of core refueling and fuel relocation.

Central Channel

A central fuel channel when delivering 900°F steam operates at an
exceptionally low clad temperature of 992°F. The heat transfer
characteristics of this central fuel channel were computed with the
aid of the digital SPAM Code* and are shown in graphical form on
the following page. The important results are:

(1) Exit steam temperature 900°F

(2) Maximum clad temperature 992°F

* Steedy state analysis of single pass annular superheat fuel elements.
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(3) Average heat flux 175,000 Btu/hr-ft°
(4) Maximum heat flux 312,000 Btu/hr-ft2
(5) Pressure drop 58 psi
(6) Maximum fuel temperature 2L20°F

Hot Channel Characteristics of Steam Cooled Reactor

A steam cooled reactor has two undesirable characteristics.
First, the specific heat of superheated steam decreases as
temperature decreases. Second, the steam flow in a hot
channel will decrease due to the increased pressure drop of
the hotter steam. The following tabulation shows the effect
of a 20% increase in local fuel element power of a central
channel.

Central Channel Centrel Channel
at 100% Power et 120% Power

Pressure Drop 58 psi 58 psi
Steam Flow 1280#/hr 1216#/hr
Exit Steam Temperature 900°F 1021°F
Steem Temperature Rise 3550F 4L76°F
(100%) (134%)
Maximum Clad Temperature 991 1156

It should be noted thet only an increase in local power of
20%, without considering any other hot channel factor, increase
the steam temperature rise by 34% and increase the cled
temperature by 165CF.

Local Pesking Effects Due to Control Rod Positlion

The movement of control rods in end out the reactor will change
the locel distribution. The effects of control rods position
is shown on the two following figures. An additionel local
flux peaking effect will result if adjacent control rods

are not inserted into the reactor to the same depth. 1In order
to obtain the satisfactory axisl power distribution throughout
core life, it will be necessary to withdraw adjacent control
rods different disteances.

The local peaking effects of these three control rod pattems
are:

Local Local

Power Heat Flux Hot Rod

Control rod fully in 1.30 1.30 Center
Control rod fully out 1.10 1.25 Corner
Alternate rods out 1.35 1.35 Center
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2.2.5.5

Hot Channel Clad Temperature

The most important consideration in determining the hot channel
clad temperature is the local power shape. The reactor of
this study has been designed to operate at full power with
alternate control rods inserted 80%, or with a local channel
power of 120% and a local heat flux of 135%. The reactor has
been designed on the basis that this local peaking will occur,
not on the basis that it may occur. As this one condifion
(local power) is so important, probability type calculations
have not been used on the hot channel analysis.

The hot channel is assumed to have these conditions:

(1) Hot channel is in the central region of the core.

(2) 120% channel power.

(3) 135% local heat flux peaking.

(4) 10% reduction in heat transfer condition due to fowling
of the heat transfer surfaces.

(5) 2 mil dimensional variation cr claddingor process tube.

The hot channel, shown graphically on the following pages,
has these characteristics:

(1) Pressure drop 58 psi
(2) Exit steam temperature 1 O4LOF
(3) Meximum hest flux 420,000 Btu/hr-ft2
(4) Maximum clad temperature 1233°F

Safety Considerations

Four accidents which are of importance in superheat reactor
design are:

(1) Flooding of the steam coolent passages when the reactor
1s operating at power.

(2) Steam pipe rupture accidents.

é3§ Sudden loss of steam flow.

k) Cold stert-up accidents.

The design features incorporated in this superheat reactor for
these four accidents are discussed in the following paragraphs:

Hot Flooding Accident

(1) The hot flooding accident,is a nuclear excursion produced
by the sudden addition of water moderator into the core
volume occupied by the steam coolant. The change in water
to fuel ratio may result in a positive reactivity addition
This problem has been attacked by both making the acci-
dent very improbtable and also by reducing the severity of
the accident.

30



TEMPERATURE -°F

1300 / \ 400000
~— HEAT FLUX
(INSIDE) r
1200 7 / \\
1100 // \
/ \| "
1000 ///’ %
TcLAD (INSIDE) &
x
/ \ 3
900 / / [T
g
w
/ .
800 Ve 200,000
TT—~TSTEAM (NSIDE)
700 V/ - \
600 e \\
_—_7/ \uoo.ooo
500
0 | 2 3 4 5 6 7
ToP AXIAL POSITION IN ELEMENT - FT. BOTTOM

HOT CHANNEL FUEL ELEMENT

31



Steps taken to make the accident very improbable are:

(a) The reactor design nas been changed to a single
pass design with steam exits in the lower portions
of the reactor vessel. A hot flooding accident now
has to be based on the premise that the exit steam
lines are suddenly plugged up and water is suddenly
introduced into the core:

(b) As will be discussed under a pipe rupture accident,
the process tubes and steam internals will not
collapse.

(¢) The full power rate of feedwater and rod seal water
addition to the superheat reactor vessel is 66,000
#/hr, or equivalent to a water change of less than
0.1 inch per second. Similarly the water intro-
duction rave (66,000 #/hr) is so low that the
80 seconds would be required to inject sufficient
water to occupy the core steam volume. Therefore,
fast flooding due to level control failure is
incredible.

Steps taken to reduce the severity of the accident are:

(d) The use of a single pass design reduces the steam
coolant volume. The steam coolant occupies only
14% of the core volume.

(e) Burnable poisons have been incorporated into the
fuel to reduce the amount of excess reactivity that
is present ir the core at any time.

(f) The moderator to fuel ratio has been selected on
the basis of minimizing reactivity changes due to
flooding and uaflooding. The selected moderator to
fuel ratio of 2.6 is above the moderator to fuel
ratio for minimum power costs.

Due to the steps of (d), (e), and (f), the estimated
maximum increase in reactivity under the worst combination
of core exposure, core flooding, and control positions

is 2-3% reactivity. Analog computer studies of flooding
accident with reactivity increasing at the rate of

L dollars/seconds show that the maximum hot spot clad
temperature increase would be 150-200°F.

In summary, complete and sudden flooding of the core is
very improbable and the accident is not severe.

32



(2)

(3)

Pipe Rupture Accident

Rupture of the steam entrance or exit lines is of concern
due to the fact that pipe rupture is & possible method of
core flooding and a possible method of stopping steam
flaw.

The rupture of an exit steam pipe will increase the reactor
steam velocity and will also increase the core pressure
drop. The internal steam piping has been designed for

500 psi pressure differential and the core process tubes
have been designed for 300 psi differential in order to
prevent process tube or pipe collapse.

The pipe connection between the boiling water reactor and
the superheat reactor has been equipped with check valves.
The check valves, located at the inlet nozzles to the
superheat reactor, prevent the loss of superheat moderator
and steam in event of a pipe rupture between the two
reactor vessels.

Sudden Loss of Steam Flow

The superheat reactor has been designed for complete and
instantaneous loss of coolant steam. The emergency
cooling system, described in Section 4.9, will limit

the maximum clad temperature rise to approximately
200°F. The transient temperature performance were
investigated by using the digital TIGER Code.

Cold Start-up Accidents

The cold unflooding reactivity and the cold temperature
coefficients will be negative through most of the core
life. However, at the end of life of the corec the

cold unflooded reactivity coefficient may be 0.5%
positive. To prevernt the necessity of start-up with a
cold moderator, the superheat moderator is heated by
interchanging moderator between the boiling water
reactor and the superheat reactor. The superheat reactor
is always sub-critical unmtil the moderator is heated and
steam flow through the superheat reactor is established.
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2.2.5.6 Physics Calculations

Superheat Reactor Physics Qualifications

1. The superheat reactor of this study differs from previously investi-
gated superheat reactors in that a burnable poison is used. A
burnable poison has been used to reduce the maximum excess
reactivity. A smaller excess reactivity is important in reducing
the severity of "flooding" and "unflooding" accident.

2. Most of the physics calculations performed on this study were
concerned with the change in reactivity with flooding,
unflooding, moderator void and temperature coefficients, and with
the determination of local flux distribution with control rods
in, control rods out, and with alternate control rods out.

3. No detailed burnup studies were made. The initial kefy required
to reach 19,800 MWD/MIU of U average burnup for the hot clean
core without burnable poison was estimated from previous point
burnup calculations. The calculations, while including equili-
brium fission product poisoning, were on a single batch basis and
did not take into account any spatial variations in burnup.

While it is known that under a multiple batch reloading scheme

a longer irradiation of the fuel can be achieved for the same
enrichment than in the single batch case, it is also known that
the axial variation in burnup will tend to cancel this gain for
the first core. When the equilibrium core is reached, it is
expected that approximately a 20% gain in discharge exposure

can be attained over first core discharge. However, the burnable
poison penalty (due to incomplete poison burnup) was calculated

on the basis of discharge exposure concentration with no allow-
ance for spatial distributions which underestimates this penalty.
This will tend to cancel the multiple batch reloading gains for
the equilibrium core. It is therefore felt that the required
initial enrichment that has been estimated to reach 19,800 MWD/MTU
of U average discharge exposure for the equilibrium core is
realistic. The Uranium-235 deplation and Plutonium buildup were
extrapolated from point burnup studies undertaken for boiling water
reactors(l) eand represent discharge isotopic concentrations.

These estimates are considered valid as they were interpolated

for the actual surface/mass ratio, initial enrichment, and water
to fuel ratio.

For a water to fuel ratio of 2.6; or stainless to fuel ratio of
0.14, and a steam void volume of 0.1l4, the burnup has been
estimated as follows:

(1) Equilibrium discharge exposure 19,800 MWD/MTU
(2) 1Initial enrichment 3.5 a%
(3) Final enrichment 1.65 a%
(4) EBquilibrium plutonium discharge
enrichment 0.7 a%

(1) R. L. Crowther and W. L. Cranor, Uranium-235 Depletion and Plutonium Buildup
in Large Boiling Water Reactors, April 17, 1959, GEAP-315l.
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SUPERHEAT REACTOR DATA SHEET

2.2.6

A. Thermal Power
1) Thermal Pover (to steam)

2) Thermal Pover (to moderator)
3) Total Thermal Power

B. Steam Conditions
1) Exit Steam Condition
2) 1Inlet Steam Condition
3) BWR Steam Flow
4) SHR Moderator Steam Flow
5) Total Steam Flow

C. Reactor Description
1) Reactor Vessel
a. Inside Diameter
b. Inside Ileight
c. Wall Thickness

d. Material - base metal
wall clad

e. Design Pressure
f. Design Temperaturc
2) Reactor Core
a. Active Equivalent Diameter
b. Active Height, ft.
¢. Active Core Volume
d. Total Uranium loading
e. Average Uranium Content
Initial Uranium Content
Final Uranium Content
Plutonium at end of life
T. Structural Material
g. lNeutron Moderator
h. Moderator to Fuel Ratio
3) Reflector
a. Material

198.8 MAT
15.0 MWT
213.8 MWT

980 psia, 900°F
1,055 psia
2,564,000 1bs/hr
52,000 1bs/hr
2,616,000 lbs/hr

8.50 ft.

43.00 ft.

4 in. base

1/k in. S.5. clad
ASTM-A-302 Grade B
ASTM-A-264 Grade B

S.S. type 304 - modified
1310 psig

6500F

5.83 ft.
7.5 ft.
201.0 t3
10,720 kg
2.57 a%
3.50 a%
1.65 a%
0.70 a%
30k S.8.
light water
2.60

light water

b. Axial Thickness 8 ft.
c. Radial Thickness on equivalent diameter 13 in.
4) Tuel Elements
a. Fuel Material Uo2
b. Tuel Element Geometry Annular, 0.260 I.D., 0.692 0.D.
c. Clad Material 304 s.s.
d. TPuel Meat Thickness 0.216 in.
e. Clad Thickness, in. 0.012

f. Fuel Form
g. Gap Filler Material
5) Fuel Assemblies
a. Total Number
b. DNumber of Elements per Assembly

c. Cross Section Assembly
d. Process Tube Material
e. Process Tube Dimension
f. Process Tube Insulation
g. Process Tube Spacing
h. End Fitting Material

35

Resonant Compacted
Helium

52
i

9

8.65 in.

Zircaloy-2

0.932 0.D. x 0.025 wall

0.008 304 SS Liner and
Stagnant Steam

1.18 in.

Zircaloy and SS 304



6)

Kea¢tor Control

a. Method of Control

b. Absorber Material

c. Number of Control Elements
d. Cross Sectional Dimensions
e. Effective Length

f. Type of Drive

D. Performance Data

Fw N -

\O o o\
N N ” N N S N

10)
11)
12)

1k4)
15)

Reactor Coolant
Reactor Coolant Outlet Temperature
Reactor Coolant Inlet Temperature
Steam Pressure

Steam Coolant Flow
Average Core Coolant Flow

Max. Fuel Temperature (125% Power)
Mex. Clad Temperature (100% Power)
Mex. Core Heat Flux (125% Power)
Average Core Heat Flux
Average Core Power Density
Peak to Average Power Ration
Axial
Radial
Local
Overpower

Inside clad surface/average clad surfece

Total
Average Specific Power
Fuel Management
Average Fuel Burnup
Peak/average Burn-up Ratio

36

Control Rod Movement

Boron Steel

24

8.65 x 8.65 in. square

T.17 £t.

Hydraulic Locking
Piston

Steam

900°F

553.5°F

1055 psia inlet
980 psia outlet
2,616,000 lbs/hr
89.5 ft/sec-entrance
167 ft/sec-exit
3800°F

1250

525,000 Btu/hr-ft2
140,000 Btu/hr-ft
1,070 KW/Ft

1.40

1.25

1.35

1.25

1.26

3.70

20 KW/Kg

Fuel Batch-20%
19,800 MWD/MTU
1.77
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3.0 Reactor Building

The reactor building provides shielding and containment for the boiling
water reactor, the superhest reactor, the reactor auxiliaries, and fuel
storage facilities.

The design and arrangement of this building is shown on drawing 198E124,
SH. 1 and 2. These drawings are located at the back of this section.

3.1 Basis of Design

3.2

3.3

The design of the entire plant is based on the premises that:

a) Normal operastion of che plant must not result in the exposure
of any persons on or off plant permises to radiation in
excess of the current recommendetions of recognized national
and inteinational radietion protection groups.

b) Safety against & nuclear sccident that might release dangerous
amounts of radiocactive materials must be preserved even in
the event of equipment malfunection, operator errors, or other
credible contingencies.

From the structural stendpoint, two basie requirements are governing:

a) Shielding must be provided around radioactive equipment to
comply with (&) above.

b) A reactor enclosure adequate to confine any significant
quantities of radiocactive materials released from & serious
credible accident must be provided to comply with (D).

Shielding Criteria

The basic criteria used to develop the shielding necessary for
various systems and areas of the plant are a function of source
strength and the degree of occupancy anticipated. In general,
shielding is chosen to provide adequate protection as follows:

Expected Occupancy mrems{hr
Substantial to coutinuous 1
Less than 10 hours per week 6
Less than 5 hours per week 12

Reactor Building Shielding

A suggested design of the reactor enclosure is included in this
proposal. Generally, the contasinmert areas are accessible with
suitable provision for access control. Operating floors, corridors,
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3.4

and certain rooms are accessible at all times. These areas have
been shielded to reduce radiation levels to less than 6 mrem/hr.
Certain areas are not accessible during operation. These are:

Reactor dry wells
Primary steam pipeway
Reactor cleanup demineralizer cell

The design of the dry wells and top shielding is based on full
accessibility to the area above the reactors during operation.
Dry well shield covers are selected to reduce radiation intensity
on the service floor to 1 mrem/ur. During refueling the area in
the dry well ahove the reactor vessel will be flooded. The depth
of water is sufficient to maintain the desired 1 mrem/hr.

Reactor Enclosure

The confinement requirement is provided by a pressure suppression
type reactor enclosure. In the pressure suppression system the
reactors are installed in pressure-tight dry wells. These dry
wells are vented to a water-filled suppression pool by a series
of vent pipes. In the event of an incident where primary fluid
is released from tlie reactor system the energy is released as
steam to the dry well. Following an initial pressure rise in

the dry well, the steam vents t the suppression pool where it is
condensed. Experimental programs corducted by General Electric
have conclusively demonstrated that all of the steam released
will be condensed within the suppression pool. Certain non-
condensible gaseous fission products will also be released with
the steam. These are collected in the area above the suppression
pool - a leak-tight concrete structure. No significant pressure
rise is encountered in the suppression pool.

The complete isolation of the pressure suppression system permits
conveantional design eml construction techniques to be applied

to the remainder of the reactor bullding. The principal exceptions
to this are that:

1. certain portions of the structure must be designed to meet
shielding requirements,

2. the structure must be reasonably leak-resistant in order to
protect the small comnections from the primary system which
will be brouwght into the general building areas for control
and instrumentation purposes,

3. thke refueling building must be leak-resistant in order to
provide protzction against fission product leakage in the
remote event of a refueling accident.

For the proposed plent, the pressure suppression system design is
based on a postulated meximum credible accident involving release

of all thke hot water energy in both reactor vessels at a rate
consistent with that which would result from two openings the

size of the saturated steam line connection between the boiler and
superheat reactor vessels. The dry well design pressure is 100 psig.
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3.5

3.6

3.7

The dry well vessel, vent header, and connecting pipes will be
designed, constructed, and tested in accordance with Section VIII
of the ASME Boiler and Pressure Vescsel Code and related case
decislions which deal specifically with the application of the
Code to containment vessels for nuclear reactor systems.

The pressure suppression pool is a reinforced concrete structure
located on the north side of the reactor building. The pool is
completely enclosed by reinforced concrete wells and a roof slab
with radiation shielding protection provided by the walls, where
required. The design pressure for the space above the suppression
puol is 8 psig. The reactor building is a reinforced concrete
structure that houses the reactor vessel and related equipment
which comprise the nuclear steam supply system, including the

fuel storage pool and fuel handling facilities.

Where shielding requirements permit, the exterior walls of the
building are concrete block. The operating floor, which 1is the

top level of the building, is enclcsed with concrete block walls
and a roof supported by a structural steel frame. The steel

frame also supports the runway girders for the crane which services
the area.

The roof of the building consists of & concrete slab roof and a
20-year built-up roof. An elevator provides access to the lower
floors of the building, and a stalirway is provided as an alternate
access.

Biological Shield Cooling

It is necessary that cooling be provided in the concrete opposite
the reactor core.

This system is designed so that maximum cooling effectiveness is
achlieved at 5-10 inches in from the inside face of the concrete

wall. Thermal gradients in the concrete will not exceed 15°F

per foot. The total gradient through the wall is less than S50VF.

The shielding cooling system is designed for a duty of 2.5 x 10 BTU/HR.

Suppression Pool Cooling

A cooling coil is installed in the suppression pool. This will
permit controlled cooling of the suppression pool after an incident.

Heating and Ventilation

The design of heating and ventilating systems is generally in
accord with conventional practices. The nuclear system does,
however, require some special considerations. The basic parameters
and requirements are listed below:
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Ventilation - Rea¢tor Building

3.7.1

3.7.2

General Areas

The following criteria apply to the ventilation system
in the reactor building exclusive of the dry well and
suppression chamber:

1. Temperature limits:

Accessible areas - 100°F max.
Inaccessible areas - 150°F max.
All areas - 50°F min.

2. Air requirements:
inlet filtering not required.
Exhaust filtering of general building air not required.

3. Air flow:
Recirculation of air from potentially contaminated areas
is not permissible.
Flow shall be generally toward areas which are most
active or most liable to contamination.
All exhaust flow shall be directed to the stack.

Refueling Building Ventilation

The ventilation of the refueling area during normal plant
operution shall be handled as a part of the conventional
building ventilation. During refueling operations the
exhaust from this area shall be directed through high
efficiency filters to the stack. This air shall be main-
tained at & negative pressure with respect to atmosphere.

Dry Well Ventilation

A closed forced recirulation system employing coolers is
used to provide cooling in the drywell. This system is
designed to control the air temperature in the drywell
to a maximum of 150°F during normal plant operation.

A single unit cooler above the reactor vessel head will
provide cooling in this area. The drywell is separated
into two areas by the vessel to drywell wall seal but
some cooling interchange will be provided through the
large vent pipes.

The ventilation system includes valved connections which

will permit purging of the drywell to the stack at shut-
down prior to access to the drywell.
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3.7.3 Suppression Chamber Ventilation

The suppression chamber above the suppression pool will

not normally be ventilated. Provisions are incorporated

to purge this area under controlled conditions to the stack.
An in line filter with bypass provisions is provided in the
exhaust purge line. The filter will be a high efficiency

filter so arranged that disposal handling can be conveniently
accommodated.
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4.0 Reactor Auxiliary Systems

The following systems are included as reactor auxiliary systems:

Reactor By-pass Demineralizer System
Shutdown Cooling System

Fuel Pool Cooling System

Emergency Cooling System

Control Rod Feedwater Supply System

Reactor Core Spray System

Liquid Pcison System

Superheat Mocderator Preheat System

Nuclear Steam Supply System Piping and Valves
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Reactor Bypass Demineralizer System

The reactor coolant is maintained at & purity of one megohm of
resistivity or better by utilization of the reactor bypass demineralizer
system. Low solids are required for the following two reasons:

1. To maintain good heat transfer conditions in the core by
eliminating the possibility of solids deposition in the
fuel elements.

2. To minimize the concentration of activation products and
fission products in the reactor coolant by continuous removal.
Solids entering the reactor as products of corrosion-
erosion become irradiated in the high flux of the core and
thus become secondary sources of beta and gamma radiation.

The continuous cleanup of the reactor coolant is accomplished
with a minimum of heat loss and no water loss from the cycle
during normal operation.

The reactor bypass demineralizer is a closed loop system. Reactor
water 1s taken from the reactors and passes to the bypass system
recirculating pump, the tube side of the regenerative heat-
exchanger, the nonregenerative heat-exchenger, the mixed bed

demineralizer, the shell side of the regenerative heat exchanger
and back to the resctor feed piping.

No chemical regeneration of spent resins is carried out because
of the high radiocectivity of the impurities removed from the
reactor coolant. Spent resins are sluiced from the demineralizer
vessel to the contaminated resin hold tank to be held for off-site
disposal.

Fresh resins are hydraulically transferred to the cleanup demineralizer
from the resin storage tank in the condensate deminerslizer

system. During initial start-up operations, used cleanup system

resins may also be hydraulically transferred to this storage tank

for dirt removal or regeneration.

k9



k.2

4.3

A simplified flow diagram of the reactor by-pass demineralizer
system is shown on the following page. A complete reactor by-pass
demineralizer piping and instrument drawing is included at the
end of this section.

The reactor by-pass demineralizer system is sized for a continuous
by-pass of 140,000 #/hr of reactor water.

Shutdown Cooling System

The shutdown cooling equipment primarily provides for decay heat
removal from the reactor water system prior to and during the
refueling operation. In a normal shutdown for refueling, the
reactor is initially cooled at a controlled rate by passing
decay heat-produced steam through the steem bypass system to the
main condenser. After approximately three hours of controlled
bypass flow and system temperature reduction, the shutdown system
is put into operation. At this time, the reactor decay heat
output is near the rated duty of the shutdown system, and the
reactor water has been cooled to 125°F and afterwards held at or
below this level for the refueling operation.

The system consists of parallel cooling circuits, each with a pump,
heat exchanger, related piping and instrumentation.

During normal plant operation, one of the system heat exchangers
serves as & refueling pool cooling source in conjunction with the
refueling pool circulating pumps.

If an emergency condition occurs which requires a reactor scram
and use of the emergency condenser, the reactor may be shutdown
in a similar procedure as for normal refueling preparation,
except that the heat removal by the emergency condenser would
result in a longer initial phase of operation. In this case, the
shutdown system would be utilized after approximately eight hours
of emergency condenser operation. At this time the shutdown
system would be able to cool the reactor as in a normal shutdown.

The shutdown cooling system is sized for 1 percent of the combined
thermal power of the boiling water reactor and the superheat
reactor. The shutdown cooling system is shown on the nuclear steam
supply piping and instrument drawing. This drawing is located

at the back of this section.

Fuel Pool Cooling System

The fuel pool cooling system is required to remove the heat
generated by spent fuel elements which have been removed from
the reactor and are awaiting shipment to a reprocessing plant.
The system includes circulating pumps, in-line filters, and a
piping and valve system which interconnects the fuel pool, the
reactors, and the shutdown heat exchanger system. This latter
system serves as the fuel pool heat exchanger.
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Pool water temperature is maintained at or below 125°F by circulating

pool water through one of the shutdown heat exchangers. In addition, the
system is designed to provide a circulating system for the pool and reactors
during refueling operations. At this time, water is delivered to the pool
and the sealed reactor dry well are above the reactor vessels. This water

is c¢irculated through the reactor and, via the shutdown heat exchanger system,
back to the fuel pool circulating pump. Thus, the system provides

edditional circulation and temperature control of the water shielding
required during refueling.

Two pool circulating pumps are provided, each is equipped with appropriate
filters, velving and instrumentation.

Emergency Cooling System

The function of the emergency cooling system i1s to transfer decay heat
from the reactors to prevent overpressure in the primary system and to
prevent excessive temperature rise in the fuel cladding in the event the
main condenser should become isolated from the primery system. The condi-
tions under which the emergency cooling system must operate are:

1. Complete loss of normal station service power

2. Generator trip out, closure of turbine admission valves, and
failure of bypass valves to open and pass steam to mein condenser

3. Contaimment isolation valve closure

k., Main condenser failure

The emergency cooling system consists of high capacity dump valves

which pass steam to the pressure suppression vent pool when the system is
initially brought into service; a desuperheater and its associated equip-

ment to remove superheat from the initial steam flowing to the emergency
condenser, an emergency condenser vented to the atmosphere, and the

necessary piping, valves, and controls. A simplified emergency cooling system
flow diegram is located on the next page.

At the onset of the emergency condition, an automatic signal scrams both
reactors and simultaneously activates the emergency cooling system. The
dump valves, emergency condenser, and desuperheater coolant valves are
immediately opened which results in initial steam flow rates of approxi-
mately 60% of full load stean flow. These high flow rates are required
in order to assure that the superheater cladding will not exceed desirable
limits. After a time increment of approximately 30 seconds, only about 6%
of rated flow is required to cool the superheater fuel elements, the dump
valves are then closed and the emergency condenser is utilized to bring
the system down to atmospheric pressure.

The dump valves, having flow capacity of approximately 60% of rated

flow, are provided to cool the superheater fuel elements during the initial
period of high reactor power decay and to dissipate the stored heat in the
fuel. Four valves are provided on the primary steam lines within the dry
well, which pass steam to the pressure suppression vent pool. The valves
are fast acting, closed to fully open within approximetely one second,
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in order to prevent a substantial drop in steam flow through the super-
heater during the initial transient condition.

A desuperheater is provided in the steam lines to the emergency condenser
to desuperheat the initial steam and thus prevent initial high thermal
shock to the condenser tubes. The desuperheater system consists of a
high pressure accumulator, fast acting valve in the coolant line from
accumulator to desuperheater nozzles, and the desuperheater. When the
emergency condenser steam line is initially opened, the desuperheater will
be simulteneously brought into service. The desuperheater coolant lines
and accumulator will be sized to remove all superheat from the initial
steam flow to the condenser. As pressure in the accumulator drops, flow
will decrease and the steam flow to the emergency condenser will begin to
pick up superheat. By the time accumulator pressure drops to primary system
pressure, the emergency condenser will be adequately warmed and capable

of accepting superheated steam.

The emergency condenser is sized to be able to condense approximastely

six percent of rated stesm flow. During normsl plant operation, the shell
side of the condenser is filled with water at atmospheric pressure. The
tube bundles are connected to the steam lines through normally open inlet
valves. The emergency condenser is brought into service by either an auto-
matic signal or by manusl operation of the discharge valves. The condenser
is at the highest practical location to provide sufficient gravity head
for natural circulation of the coolant.

Control Rod Feedwater Supply System

The control rod feedwater system supplies high pressure demineralized
water to the control drive system to provide a seal leakage flow of
water into the reactor for the drive mechanisms and to provide cooling
for the drive unit.

The system is made up of two high-head low-flow pumps, filters, control
valves and process instrumentatior. Fach pump is capable of supplying

the requirements of the rod drive systems. Normal operation consists of
teking pump suction from the feedwster system prior to the lowest pressure
feed heater. At this point, the feedwster is below the maximum temperature
vermitted by the rod drive mechanism. An alternate suction line is pro-
vided to allow pumping from the condensate storage tank.

During normel operation, pump flow is delivered to the rod drive control
system. An alternate discharge connection to the feed lines of the
reactors is provided so that these pumps may be used as emergency feed
pumps if necessary. The pumps will be connected to the emergency power
source and the supply lines from the pumps are sized to take the flow of
both pumps.

Reactor Core Spray Water System

To guard against possible fuel melting in the event of a loss of water
accident, a core spray system has been provided. The system supplies
cooling water to the reactor core spray and liquid poison sparger previously
described. Two independent, full capacity pumping systems are provided.
Upon receipt of an initiating signal from the control and instrumentation
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system, one of the pumps is automatically started. If for any reason the
on-line pump should fail, the second unit is automaticeally brought into
service. The systems take suction from the plant condensate storage tank
and continue to operate until temperatures in the reactor have been reduced
to safe levels or until the water level in the reactor has been restored.
Connections are provided in the piping system for utilizing water from the
plant fire mains if necessary.

Liquid Poison System

In the event of an equipment melfunction which prevents the control

rod system from shutting down either reactor, the operator may inject a
sodium penteborate solution into the system. This solution is injected
through previously described spargers, mixed with the water in the vessel
and, because of the high neutron absorption cross-section of boron, causes
the reactor to go sub-critical. The system consists of a storage tank, a

set of positive displacement pumps and appropriate piping, valves and instru-
mentation. Three pumps are included; two pumps have a-c electric motors,

and the third pump has a d-c motor. This system 1s intended as a back-up
control to be used only et the discretion of operating personnel. Initiation
is, therefore, menual from the reactor control room. Once the opera-

tor decides to energize the system and pushes the button, about 30 seconds
are required to inject sufficient pentaborate into the reactor and shut it
down.

Moderator Preheat System for Superheat Reactor

Prior to superheat reactor start-up, it is desirable to raise the tempera-
ture of the moderator to near saturation. The moderator preheat system
utilizes the boiling reactor clean-up loop. As a source of hot water,
clean-up loop water is delivered to the superheat reactor moderator section
through a line from the clean-up pump discharge. Moderator water is returned
to the boiling reactor vessel by means of a transfer pump. The moderator
preheat loop flow is controlled by the level control systems of the two
reactors. The moderator transfer pump flows are matched with the clean-up
circulating pump flow. The proposed system is designed to preheat the
moderator volume in approximately two hours using full system capacity.

Nuclear Steam Supply System Piping and Valves

The piping and velve design ard selection meet the requirements of Section I
of the ASME Boiler and Pressure Vessel Code and also conform to Section I

of the Americen Standard Association Code for pressure piping and related
code cases.

k.9.1 Piping

The Nuclear Steam Supply System P & ID indicates the piping in a
disgram form including size and major valves requirements. The
Pipe Material Tabulation Drawing provides the piping material
selection and pipe schedule as referenced in the piping diagram.
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L.9.2 Valves

Valve selection and design are based on the following
requirements:

1.

Valves indicated in P & ID for containment and/or system
isolation are gate type with remote motor operators.
Valves have butt welded ends. Body materials conform
to the system piping material specification.

The bonnet is a bolted type with provisions for seal
weld. The body-to-bonnet joint shall be leakage free
when tested under hydrostatic pressure.

Stem seal stuffing box design shall utilize two sets of
packing, each of which shall be able to withstand
design conditions without visible leskage. A lantern
ring with a bleed off connection shall be installed
between each set of packing. The packing material
shall be mice impregnated asbestos with monel wire
insert or equivalent.

The electric motor operstor is dri-proof rated at

110 V a.c., 3 phase, 60 cycle. Contairment isolation
valves are tied into the DC power supply through

e control inverter unit.

Valve position indicator lights for fully open and
fully closed positions are furnished.
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Proposal

PIPE MATE:
145 A 59k2 IPE MATERIAL

CONT ON SHEET 2 sH NO. 1

Ref. A These lines shall be fabricated from alloy steel ASTM A-376 type 30L4.
The minimum walls shall be as follows:

Pipe Size Min. Wall Thickness
1" thru 18" Schedule 80
20" thru 24" Schedule 100

The joints shall be butt welded for sizes 13" and over, and
socket welded for 11" and under.

Ref. B These lines shall be fabricated from Carbon Steel, ASTM A-106 Gr. B.
The minimum walls shall be as follows:

Pipe Size Min. Wall Thickness
2" thru 12" Schedule 80

The joints shall be butt welded for sizes 24" and over, and

socket welded for 2" and under.

Ref. C. These lines shall be fabricated from Carbon Steel ASTM A-155 type
KC 70. The minimum walls shall be as follows:

Pipe Size Min. Wall Thickness
2" thru 16" Schedule 80
26" 1.25"

The joints shall be butt welded for sizes 23" and over, and
socket welded for 2" and under.

Ref. D. These lines shall be fabricated from Alloy Steel ASTM A-155
Gr. 2L Cr. Class 1. The minimum walls shall be as follows:

Pipe Size Min. Wall Thickness

2" thru 6" Schedule 50

8" thru 10" Schedule 100
26" 1.50"

All joints to be butt welded.
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Proposal

CONT ON SHEET

Ref. E

SH NO. 2

These lines shall be fabricated from welded carbon steel ASTM A-53
or ASTM A-120. The minimum wall thickness shall be as follows:

Pipe Size Min. Wall Thickness

i" thru 12" Schedule 40

The Joints shall be butt welded or flanged for sizes 2% and over,
and socket welded for sizes 2" and under.
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5.0 Plant Control and Instrumentation

5.1

5.2

General Plant Control

The control and instrumentaticn system provides the necessary information
and control to enable the operator to start up, operate, and shut down

the reactor plant end to protect plant personnel and equipment. The system
¢consists of the necessary control and instrumentation equipment and
associated control consoles and panels. Conventional power plant practice is
generally followed except where the operating characteristics and radiation
protection requirements of the ruclear plant require special consideration.
These components have been thoroughly proven on numerous reactors installed
throughout the world.

Plant Operation Control

5.2.1 Control System Requirements

The control system for this two reactor power plant will be designed
under the following requirements:

1. Reactor power of either the boiling water reactor or the super-
heat reactor will be cortrolled by positioning the control rods.

2. System pressure will be controlled automatically by the
initial pressure regulator on the turbine control valve.

3. System steam temperature will be controlled by adjustment of
the superheat reactor power.

4. Partial or full load generator rejections will be ebsorbed by
8 full cepacity bypess velve o the condenser in order to
prevent the reactors from scremming on high flux or high
presaure,

5.2.2 System Pressure Control

An initial pressure regulator (IPR), ir controlling the turbine
control valve, msintains system pressure. With the turbine under
this type of control system losd demeands must be observed by

the reactor operastor(s). On & load demand, the operator withdraws
the control rods, reactor power increases, pressure increases, and
the pressure regulated turbine control valve, in readjusting
pressure, accepts the power generated by the reactor.

5.2.3 Reactor Control Under Load Changes

Normal load charges are performed in a stepwise manner between the
boiler and the superheater in order to maintain close control of
the superheater outlet temperature. On a load increase, the power
from the boiler is increased a finite increment. Then the super-
heater power is increased to maintain the outlet temperature. On
a load decrease, the procedure is reversed in that the superheater
power 1is decreased enough to decrease the outlet temperature, and
then a boiler power decrease raises the temperature.
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Although these load changes are described as a series of steps in
operating the boiler and superheater, it is expected that the operators,
with training and experience, will be able to maneuver the two reactors

5.2.4 Bypass Steam

At the reactors, load rejections cause pressure to rise, and because
of the positive effect of pressure, flux rises. A flux rise to the
high flux level scrams the reactors The bypass valve to the condenser
serves to prevent such a scram by providing a path to the condenser for
turbine rejected steam. With full capacity bypass valves tla t open as
fast as the turbine control valves close, the reactor sees little or no
load change

In addition to a fast response, the bypass valve must also regulate
reactor pressure when it is in operation. During operation, it behaves
essentially the same as the pressure regulated turbine control valve.
This requirement insures that the valve bypasses the correct amount of
rejected steam without causing the pressure disturbance

An additional requirement, that of accommodating a stop valve closure
by the bypass valve without scramming the reactor, is deemed necessary
because in all probability a stop valve closure implies a major turbine
incident (loss of oil pressure, overspeed, loss of vacuum) that would
require a plant shutdown. Thus, on a stop valve closure, the bypass
valve is required to operate fast enough to prevent a system overpressure
and to provide a path for boiler steam flow through the superheater to
the condenser. For example, the stop valve closes, pressure rises, the
reactors scram on stop valve closure, high flux, or high pressure, and
the bypass valve Opens on a stop valve closure signal to shunt excess
steam to the condenser ard maintain system pressure.

5.2.5 Start-up and Shutdown Procedure

The start-up and shutdown procedure for the separate superheat reactor
plant is cutlined below:

Start-up After Refueling

1. After a refueling shutdown both the boiler and superheater will be
cold and flooded.

2. The superheater elements will be drained.

3. The water level in each reactor will be lowered to the normal water
level.

L. with the superheat reactor still subcritical, the boiler is brought
to criticality and the moderator heating process begins.
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5. The superheater is heated by circulating the boiler moderator
through the superheater.

6. The boiler continues to operate at low power, heating the
moderator and boiling to increase steam pressure.

T. After all sections of the superheater have been cleared, the
boiler is brought to a sufficient power level to provide 10%-20%
steam flow through the superheater bypass valve to the main
condenser.

8. With 10%-20% steam flow established, the superheater can then
be made critical.

9. The boiler and superheater can then be brought up to operating
pressure and temperature.

Normal Start-Up

After most shutdowns, the superheater fuel elements will already

be cleared of water. Then, as soon as boiler steam flow is established
the superheat reactor can be made critical and brought to operating
steam temperature.

Normal Shutdown

The normal shutdown procedure is as follows:

1. The power level in both the boiler and the superheater is
reduced menually.

2. The bypass valve to the main condenser is opened and the
turbine removed from service.

3. If the shutdown is only for a period of hours, the reactors
are continually cooled by passing steam to the main condenser.

4, If the shutdown is for a longer period of time, the reactors
are made subcritical and are cooled for several hours by
passing steam to the main condenser.

5. The superheater cools itself by radiating heat directly from
the fuel elements to moderator. The moderator of all reactors
is cooled by the shutdown heat exchanger.

6. If the vessel head is to be removed, the moderator water level
is raised to flood the superheater fuel elements. If the
vessel head is not removed, the superheater fuel elements will
remain unflooded.
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5.3 Reactor Protection System

The protection system for the boiling water reactor and the superheat
reactor is designed to protect equipment, plant and personnel by repidly
inserting the control rods in the event of an accident or dangerous mis-
operation. Control signels which initiate scram of either or both
reactors originate from a variety of control and detection devices. These
signals activate control circuitry to cause the reactor to be immediately
shutdown and initiate opesration of penetration closures, emergency
cooling, and various other devices which are necessary for safe plant
shutdown.

Each reactor has an independent two charnel, 'fail-safe", reactor pro-
tection system which must te de-energized to produce & reactor shutdown
or other safety system function. The protection systems for each reactor
are appropriately interconnected to provide a complete system. The total
system is designed for long life and maximum reliability using proven,
commercially avallable, devices in coincidence circuits so that in most
cases the failure of a single component or power supply does not prevent
& desired shutdown or cause an unwanted shutdown.

Each sensing element is continuously monitored so that ar operation or
failure (either continuous or intermittent) is clearly indicated and
identified for quick and easy meintenance.

Whenever practical, the two channels of each subsystem are physically
separated ard clearly identified so as to minimize the possibility of main-
tenance personnel causing an accidental shutdown.

The dual charnel reactor preotection system utilizing series-parallel
switchirg elements provides a high integrity reactor control system

with a very low incidence of false operation due to component failure.
Any transistor or diode can fail in either & short circuit or an open
circuit, and it will not cause a false screm or cause the reactor to fail
to shut down if it should. Furthermore, any logic element or power
switch mey be removed from the system without impairing the integrity of
the reactor protection system.

Preliminary analysis of the reactor system indicates that the following
functions or type of functions should scram the reactors:

Scram from Short Reactor Period (BWR or SHR)

This prevents the resctor from increasing power too rapidly, thus
anticipating a too-high flux corndition. The reactors will scram
independently for the following reascns: (1) Short period protection will
be used on the BWR only up to the power point where boiling begins. Period
trip is then bypassed. During this time, the SHR may either be shutdown
or just critical, and there should be no thermal problem should the BWR
scram when there is a small emount of steam flow. (2) The SHR is brought
up in power only when there is cooling steam flow from the BWR. As in

the BWR, tkere will be period protection only up to the point where boiling
begins in the SHR moderator. This power pcint should be low enough so that
the amount of superheating is low and s scram of the SHR will not cause
too~-rapid cooling of any part of the system.
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Scram from High Neutron Flux (BWR or SHR)

This 1limits the instantaneous core power to a level well below where
any damage to the fuel could result.

Scram from High Reactor Pressure (EWR or SHR)

This limits the rise in core powver due to the positive pressure coef-
ficient to a safe value. Since the pressure rise implies an interruption
in steam flow, emergency actions for cooling (open valves to pressure
suppression pool and emergency condenser) are initiated.

Scrams from High Dry Well Pressure (BWR or SHR)

The rise in pressure indicates a rupture within the dry well severe

enough to drain the water in the reactor vessel to the point of uncovering
the core if no corrective action is taken. This would cause the release
of radioactive maeterial in the dry well. Scramming the reactor minimizes
the possibility of dameging the core. Since there is the possibility

of release of radioactive materiel, isolation of the dry well is initiated
by closing the steam isolation valves, and since steam flow is interrupted,
emergency cooling is also initiated.

Scram from Low Water Level in Reactor Vessel (BWR or SHR)

The same reasons and actions as for High Dry Well Pressure apply.

Scram from High Water Level in Reactor Vessel (SHR)

This prevents water from being carried by the steam into the superheat
fuel element tubes with subsequent ercsion and thermal stresses.
Flooding, of course, is the extreme condition this scram protects
against.

Seram from High Water Level In Drive System Soram Durmp Tank

This insures that the reactors are not operated with insufficiert free
volume in the drive system scram dump tank which would prevent rapid
insertion of the rods (screm).

Scram from Low Condenser Vacuum

This insures that the reactors are not operated without their main heat
sink. Continued operation would cause escape of radiocactive steam to
the turbine room through ruptured relief diaphragms.

Scram from Closure of Both Turbire Stop and Rypass Valves

This minimizes the pressure rise due to the fail-safe action of these
fast-acting valves. Since steam flow is interrupted, emergency cooling is
also initiated.
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Scram from Loss of Auxiliary A-C Power

This anticipates the scram that would result from a number of

unsafe conditions caused by loss of pumps, instrumentation, etc. It

is initiated by the fail-safe circuitry of the safety system which
gets its power from motor-generator sets driven off the auxiliary

bus. Large inertias built into the M-G sets sllow a few seconds
auxiliary power interruption without scram. The fail-safe feature
initiates steam isolation valves closure, waich then initiates cooling.

Scram from Closure of Steam Isclation Valves

Scram is initiated when the valves are only particlly closed, which
will minimize the resulting pressure rise in the reactors. Emergency
cooling is also initiated since steam flow is interrupted.

Scram frcm High Steam Temperature in SHR

Outlet steam temperatures will be measured in the steam channels.
An excessively high temperature will cause scram since it indicated
insufficient cooling in the channel which can caise fuel element
failure.

Scram from High Ratio of Flux to Steam Flow in SHR

This anticipates a dangerous rise in temperature, and therefore, would
precede a High Temperature Scram.

The reactor protection system is a dual bus static control system
consisting of logic elements, power supplies emd power switches. The
control elements are so0lid state devices using silicon diodes and
silicon transistors to perform logic arml switching functions.

Typical block diagrams applicable to the boiling water reactor and to
the superheat reactor are shown on Drawing 612D731. Each channel of
the system is powered by two 24/12 volt D-C power supplies, either

one of which can provide power for the load. The logic elements are
composed of diodes arranged o perform a desired logic and ® provide

a duel series element transistor output. The diode logic switching
elements are operated in pairs with a common input and a two transistor
series-parallel output. The power switches are operated in parallel
and are reset independently to reduce load inrush current. During
normal operation the input to the power switches is held at a nominal
12 volts by the logic elememts. To initiate reactor shutdown, the
input to the power switches is dropped from 12 volts to a fraction of
a volt, causing all controlled rectiviers to cut off. Actually,

the trip level of the power switches is established at about 8 volts.
The typical input to each logic elemeat 1s a nominal 12 volts D-C
supplied through a pressure or level switch or supplied directly from
one of the neutron monitoring instrumemts. If all inputs are 12

volts, all logical element transistors are held in thelr comducting
state and the input to the power switches is maintained at 12 volts
D-C. If any single output signal goes to zero, both transistors in a
given logic element cut off and initiate a trip sigral in the respective
channel. If both chanrels of the reactor vrotection system are tripped
in coincidence, the reactor is scrammed.
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Short reactor period, BWR
Short reactor period, SHR

High reactor flux, BWR
High reactor flux, SHR

High reactor pressure, BWR
High reactor pressure, SHR

High dry well pressure, BWR
High dry well pressure, SHR

Low water level, BWR
Low water level, SHR

High water level in SHR

High weter level in scram dump tank

Low condenser vacuum

Closure of both turbine stop
and bypass valve

Loss of auxiliary a-c power

Closure of steam isolation valves

High temperature, SHR

High ratio-flux to steam flow, SHR

SAFETY SYSTEM FUNCTIONS

Open Dump
Valves to

Close to
Steanm

Scram To Emergency Pressure Sup- Isolation

BWR SHR Condenser pression Pool Valves
X
X
X X
X X
X X
X %
X X X X X
X X X X X
X X X X X
X X X X X
X X
X X
X X
X X X X
X X X X X
X X X X
X X
X X
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5.4 Reactor Neutron Monitor System

An instrumentation system is provided to monitor the neutron level of
the reactor from startup through full power. The instrumentation will
cover a range of 9 decades in three phases:

5.4.1

5.4.2

l. Startup - 3 channels
2. Period or Intermediate Range - 3 channels
3. Flux Level or Power Range - 6 channels

Startup Range

With the initial fuel loading, & neutron source is inserted in
the core to assure a count rate of several neutrons per second.

The s tartup instrumentation covers the range upward to about 107
counts per minute. Three channels of instrumentation monitor this
phase of the operation. The primary neutron detectors are pro-
portional counters housed in guide tubes which place them adjacent and
external to the reactor vessel wall about two feet above the midplane
of the core. Neutron leakage through the vessel wall interacts with
the boron lined chamber of the proportional counter. The resulting
ionization of the contained gas gives & series of pulses proportional
to the reactor neutron count level. The average rate of the series
of pulses is measured on & count rate meter with a logarithmic

scale in order to encompass six decades of measurement. The count
rate is recorded continuously. An additional circuit differentiates
the log count rate and indicates the reactor period at this low level
on & period meter. A short period at this low level is annunciated.

Period Range

This phase of the instrumentation system is concerned with the

rate at which the neutron flux is increasing and monitors and
controls the reactor as it rises toward full power. Three channels

of instrumentation cover this range. The primary detectors are gamma
compensated ion chembers housed in guide tubes near the reactor
similar to the startup channels. As the neutron count increases to
about 107 cps the time average of this intensity of radiation results
in a d-c current proportional to the neutron flux. This measurement
is known as Log N and d-c techniques are required to measure these
currents of about 10-10 amps. The Log N channels will be on a scale
and overlap the previous startup channels. The output of the gamma
compensated ion chamber is passed to a Log N amplifier which indicates
the logarithm of the input on a scale covering from 10 ' to full
power. The output of the Log N amplifier is continuously recorded.

A time derivative of the output is also indicated on a meter as

the reactor period. A warning will be indicated visually and

audibly if either channel approaches a short reactor period. Control
rods are inserted if the reactor exceeds the short period trip setting.
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$.4.3 Flux Level or Power Range

As the reactor reaches about 10~1 of full povwer, boiling begins

and the steam voids cause the period measurements to fluctuate. In
order to avoid spurious scrams, the period channels are disabled
from the safety circuits at this point. However, two decades below
this point the power level instrumentation will be functioning and
vill monitor the reactor through full power. These are six channels
of instrumentation to cover this renge.

The primary detectors ara gemma compensated chambers positioned in
guide tubes at the mid-plane of the reactor and located externally
to the reactor vessel. The output is fed into & power range flux
amplifier of fast response and atable characteristics. The power
level is read on & meter indicating the per cent of full power and
is continuously recorded. A warning will be annunciated if

any of the six flux level indicators exceed a preset percentage

of over flux. A scram signal to insert rods and shut the reesctor
down is indicated whenever two of the six power level indicators
show an excess of neutron flux (one odd and one even numbered
channel is needed for & scram).

A similar system to monitor the superheat reactor is provided with
two startup, two Log N/period, end six power renge channels to
monitor flux from startup to rated power.

5.5.1 In-Core Flux Monitor System

An extensive in-core flux monitoring system is provided to measure the
flux inside the reactor core and provide - 2 operational data.
The incore system does '"see' more into the core center than does the
external viewing system described above. This additional information
concerning the flux in the core center helps to control the power
density distribution and provides more accurate fuel power history

in order that optimum scheduling and utilizetion of the fuel can be
achieved.

The system will consist of chembers located between control rods and
fuel bundles. In each position there will be four detectors at different
elevations. The detector assemblies will be distributed throughout

the core. A special cable will be provided to supply power and signal
for the detector.

Only stainless steel is exposed to the reactor coolant. A calibrating
wire utlizing the irradiation/counting technique is also part of the
assembly.

The assemblies described ebove are enclosed in a thimble and penetrate

the bottom of the reactor vessel. A special seal will be provided to
fit the reactor vessel.
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5.5.2

The detector ionization current provides an electrical signal which
is read out through an amplifier and meter displayed in the main
control room in a display integrated with the control rod position 8o
&as to be meaningful to an operator.

The instrumentation needed to count wires for the in-core monitor
calibration is also provided.

In-Core Steam Temperature Monitor System

The steam temperature of the superheat reactor fuel assemblies will
be measured and read out to provide the basic control and monitoring
system. The steam temperature signel will be amplified, recorded,
and displayed in the control room.

5.6 Control Rod System Instrumentation avnd Control

5.6.1

5.6.2

Rod Selection and Control

The boiling water reactor has 69 hydraulically drivencontrol rods
end the superheat reactor has 24 hydraulically driven control rods.
Each control rod is controlled manually from the control room.

Selection of the one rod under manual control is accomplished by

the use of two master selector switches. One switch sele¢ts the

row array, and the second switch selects the column array the electrical
circuit corresponding to the row snd column arrays in the control rod
pattern. Thus, only the control rod located at the intersection of
the row and column arrays within the electrical circuit is responsive
to menual position control.

A pilot light on the position indicator for the selected rod is also
energized to indicate which rod is responsive to manual positioning.

Manuel position control is accomplished with the use of one master
position control switch which either energizes the 'insert solenoid
valve" in the hydreulic system to that particular rod selected for
manual control.

Manual and Automatic Shutdown

Automatic rapid insertion of the control rods is accomplished in the
duel fall-safe features of the Reactor Protectlion System by the off-
normal condition of the various primary elements ‘:Gontained within
the clrcuit.

A manual control for rapid insertion of control rods is also provided

in the control room to be used at the discretion of the reactor
operator.
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5.6.3

5.6.4

5.7 Liquid

Rod scram, when initiated either automatically by the Reactor
Protection system, or by the manucl scram switch, is accomplished
by de-energizing the solenoid pilot valves (supply port closed when
de-energized) which supply air loading pressure to the spring-
loaded air-powered (air to close) inlet and outlet shutdown valves.

When the solenoid pilot valves are de-energized, the air pressure
holding the shutdown valves closed is removed from the valves, and
they are immediately forced open by the stored energy in the

springs and the difference in pressure existing across these valves.
The outlet shutdown valves dumps the pressure on top of the rod piston
to a dump tank, and the inlet scram valve supplies hydraulic pressure
from an accumulator to the bottom of the rod piston whiech forces the
control rod into the core. The system is grouped so that one pair of
solenoid pilot valves control one pair of shutdown valves (inlet and
outlet) which accommodate three control rods.

Hydraulic System Instrumentation

The operating condition of the control rod hydraulic system is continu-
ally monitored by pressure, level, and position instruments. These
devices transmit signals to the control room to indicate system
pressures and to annunciate inlet and outlet shutdown velve positions,
loss of accumulator eir pressures, water level inthe air side of the
eccumulator, and dump tenk water levels. These devices provide
continuous indication, or alarm, of off-normal conditions of the
system.

Rod Position Indication System

The position indication system provides simultaneous digitel indi-
cation of the position of each of the 76 control rods.

Position indicators, and "all-in" and "all-out" pilot lights are
provided for each rod. These devices are grouped together and arranged
on the control room panel in a pattern simuleting the relative locations
rods with respect to each other in the reactor core, and is integrated
on the panel with the iun-core monitor system.

Poison System Instrumentation

5.7.1

Master Injection Controls

Injection of the liquid poison solution held in the storage tank

is a manual operation which must be initiated by the reactor operator.
Two master control switches are provided to open the two in-line solenoid
valves; also two pump controls are provided by pump operation. The

main pump has an a-c motor drive and the backup emergency pump has a

d-c battery powered motor drive. Valve position is indicated by pilot
lights. Pump operation is indicated by pressure of the indicator at

the pumps located in the turbine building.
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5.8

5.7.2

5:T-3

Test Control

The pumps may be operated with control valves closed through a
relief valve by pumping back to the liquid poison storage tank.
Valve leakage tests may be performed by manual valve operation
and pump operation without discharging poison to the reactor.

Process Instrumentation

The liguid poison system is continually monitored by process instru-
mentation to indicate operating conditions; standby conditions, and
sccidental leakage of system valves. The storage tank is equipped
with a level indicator and & low level alarm.

Main Power Loop Instrumentation

5.8.1

5.8.2

5.8.3

Temperagture

Metal temperatures of the pressure vessel outside wall will be
sensed in places of interest to the operating and design groups.
This information will be used to determine the maximum allowable
rate of heating and cooling.

All temperatures will be recorded on the process control panel.

Ligquid Level

Liquid level in the pressure vessel will be measured ccntinuously
by means of externally mounted differential pressure type sensing
devices. The reactor water level will be controlled, recorded,
indicsted, and high and low level annunciated.

Liquid level switchesg on the pressure vessel will monitor low level.
In case of extremely low water level the switches will energize the
safety circuit.

Pressure

Pressure will be measured in the pressure vessel and transmitted
electrically tc the control room. At the panel, the transmitted
signal will be recorded and indicated.

Pressure switches vn the pressure vessel will be used to monitor
for high pressure. On high pressure the switch will energize the
safety circuits. Two switches are provided for each safety
circuit.

Four pressure switches will also be mcunted on the containment
sphere and used to actuate the safety circuit on an unusual increase
in containment pressure.

Differentisl pressure will be measured across each of the four

recirculating pumps. This signal will be transmitted to an
indicator in the control room.
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5.8.4 Reactor Feedwater Tastrumertation

Water level in the reactor vessel will be contrelled by a three
element level control system. This system uses the measurement of
steam flow, feedwater flow and water level. Normally, the steam flow
signal equals that of water flow.

Water level, feedwater and steam {low rates will be recorded in
the control room.

5.9 Plant Auxiliaries Instrumentation

5.9.1 Emergency Cooling System Instrumentation

When the closing of isolation valves calls for action of the emergency
condenser, a sequence timer will go into operation. First, the
superheater dump valves will be opened and they will dump for & controlled
interval. As the ernd of the Interval epproaches, the emergency condenser
coil drain valves will be opened and steam will begin to flow through

the condenser. After tais actlon is started, the duxp velves will be
closed.

Level in the Emergency Condenser will be measured and controlled, A
differentieal pressure transmitter will sense condenser level and
transmit to & level indiceting controller which will regulate the
control valve in the feed line from the condensate storage tank.

Temperature of the coil drain lines will be measured and recorded.
A temperature transmitter with sensor in the superheated steam line
will open the desuperheater control valve and allow water to be fed
to the desuperheater from the sccumulator.

Accumulator pressure will be transmltted to the contirol room where

it will be indicated. Should the accumuletor pressure drop below &
preset point, the rod seal will be automatically started. When the
pressure drops below a lower preset point, a self-operated reguleting
valve will open to allow a high pressure air line to feed the
accumulator.

5.9.2 Reactor By-Pass Clean-up System Inetrumentation

Clean-up flow will be measured and recorded. A remote manual control
station will be used to position the regulating valves. Sample
coolers and conductivity cells will be furnished for both the super-
heater and boller clean-up lines.

5.9.3 Emergency Poison System Instrumentation

Level in the liguid poison tank will be annunciated when either a
high or low level is sensed by & level switch. Low temperature
will also be alerwed. Poison pump output pressure will be sensed by
pressure transmitter and indicated in the control room.

T3



5.10

5.9.4 Shield Cooler Instrumentation

A thermocouple in the shield cooler discharge line will be used
when setting the cooling flow through the shield cooler.

Fuel Element Rupture System

A fuel element failure is detected by monitoring the off-gas from the
main condenser with gamma spectrometry instrumentation. By selective dis-
crimination of the isotopes of the fission product gases, the sensitivity
of the detection system is increased above that determined by the gross
activity increase during fuel element failure.

Gamma. spectrum analysis is provided to determine the extent of the
failure.

Two channels of instrumentation monitor the off-gas and serve two
functions: (a) 1o detect a fuel element failure, and (b) to automatically
close the off-gas line to the stack in the event of excess activity in the
off-gas.

5.10.1 Fuel Element Rupture Detection (BWR)

A fuel element failure is detected by monitoring the off-gas from

the main condenser with gemms spectrometry instrumentation. By
selective discrimination of the isotopes of the fission product gases,
the sensitivity of the detection system is increased above that deter-
mined by the gross activity increase during fuel element failure. The
gammsa spectrum analysis is used to determine the extent of the
failure.

Two channels of instrumentatlion monitor the off-gas and serve two
functions: (a) to detect a fuel element failure, and (b) to
automatically close the off-gas line to the stack in the event

of excess activity in the off-gas.

5.10.2 Fuel Element Rupture Detection (Superheat)

A fuel element failure in the superheat reactor is detected by:
(a) the fission iodine activity in the off-gas, or (b) by process
of elimination by comparing the off-gas activity with the activity
of the non-condensibles in the saturated steam from the boiling
water reactor.

5.10.3 Fuel Rupture Location System (BWR)

If a break should occur in the cladding of a fuel element, the

plant may continue to operate as long as the quantities of fission
products released to the atmosphere do not exceed the maximum per-
missible concentration. If the number of failures increases so that
these meximums are exceeded, then it will be necessary to shut down
the plant and replace the fsiled assemblies. To enable replacement
with minimum downtime, it is desirable to know during operation which
elements have failed. The Fuel Rupture Location System is provided
for this purpose.
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The mechanical components of the system are & number of collector

tubes located in the reactor core. Each tube samples the steam-water
mixture at a given core location. These tubes are piped out

through the reactor vessel and shielding to a valve bank in the sampling
room.

Steam samples, each representative of the steam generated by a parti-
cular fuel assembly, are withdrawn from the pressure vessel and

stripped of non-condensible gases in de-gassifiers. The gas is
monitored by gamma spectrometry instrumentation to determine the fission
gas activity. In this manner, fuel element failures can be located
with respect to the assembly while the reactor is operating. Two
channels of gamme spectrometry instrumentation are provided. Each
channel monitors one-half of the reactor core.

5.10.4 Fuel Element Rupture Location (Superheater)

A sample of superheated steam is taken from the outlet of each fuel
bundle and monitored, one sample at & time, with gamma spectrometry
instrumentation for traces of fission products. An alternate to the
gamma instrumentation under consideration is neutron-sensitive
instrumentation that will detect and indicate the delayed neutron
activity of the individual samples.

Both systems can be operated at or near full reactor power or at
reduced power levels. The system with the highest sensitivity to
small fuel ruptures will be used.

5.11 Plant Process Radistion Monitors

Instrumentation is selected for continuous monitoring of the radio-
activity of certain processes. Critical processes significantly high in
radioactivity are monitored for variation from the norm. Certain non-
radioactive processes are monitored to provide alarm in the event of con-
tamination which requires action to prevent a significant amount of radio-
activity from reaching the environs.

5.11.1 Air Ejector Off-Gas Monitor

Non-condensible gases from the main condenser are monitored to deter-
mine the gross activity being discharged to the stack. If the gross
redioactivity becomes too high (according to pre-established
standards), the instrumentation trips the off-gas valve closed to
prevent environs contaminetion. Trips are provided for alarm at
lower activity levels.

Two channels of gamma spectrometry instrumentation are provided.
One served as a backup to the other in the event of temporary
equipment failure. This instrumentation also serves for fuel
rupture detection.
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5.].1.2

5.11.3

5.11.'4-

5.11.5

Air Bjector O0ff-Gas Monitor Additions for Operation of the Superheat

Reactor

Samples of gas are withdrawn from the off-gas line immediately
downstream from the air ejector and immediately downstream from the
charcoal filter. One sample is monitored continuously to establish
gross activity released to the stack. During periods of high
activity the two samples are compared for iodine and noble gas
activity levels to establish filter efficiency in removal of the
various isotopes.

Stack Gas Monitor

An isokinetic probe is employed to collect a representative
continuous flow sample of the gas discharged from the stack. The
stack-gas sample is monitored by a dual function gamma spectrometer
for gross gamma activity and for the activity of a particular isotope
such as Argon-41 or Nitrogen-13. Both measurements are continuously
recorded to show trends and activity levels. A filter is provided
to collect particulate matter from the semple stream. The filter

is checked periodically for contemination.

Liquid Process Monitors

The following liquid processes are monitored continuously, and
recorded intermittently to determine radioactive changes and
trends:

a. Reactor Enclosure Cooling Water

b. Service Water Discharge

c. Circulating Water Discharge

d. Waste demineralizer Effluent

e. Condensate Demineralizer Influent

f. Condensate Demineralizer Effluent

€. Reactor Cleanup Demineralizer Influent
h. Reactor Cleanup Deminerelizer Effluent

Where required, continuous flow samples of these processes are
taken so that holdup time may be employed to allow short half-life
isotopes to decay to negligible levels. In-line detector may be
employed where holdup is not required.

Emergency Condenser Vent

The gross gamma activity in the vent stack of the emergency condenser
is continuously monitored to determine breakthrough of the radio-
active steam to the atmosphere in the event of tube failure during
operation. This unit relies on the activity of the Nitrogen-16
isotope being present at the detector in the event of breskthrough.
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5.11.6 Saturated Steam Monitor

A sample of the saturated steam from the boiling water reactor is taken
and the non-condensable gases are removed and monitored for the fission
gas activity. The fission gas activity in this process is compared

to the off-gas activity to determine the location (which reactor) of

a fuel element failure and the operating limits (if required) that

may be governed by large failures. This system needs to be operated
only when fuel element failures are suspected.

5.11.7 Central Installed Areas Monitoring System

Gamma sensitive detectors shall be located throughout the plant, each
arranged to monitor a specific aresa. The gammsa flux level at each
detector shall be indicated continuously in or near the station
control room. Adjustable trips will provide annunciation in the
event of a high gamma flux level at any particular detector. A
multipoint recorder will permenently record the gamma flux levels

on a continuous cycle basis.

Each detector-indicator unit will be designed to monitor the gamma
flux level over three decades betwsen 0.1 mr/hr and 10 r/hr with

the particular range chosen to suit the predicted conditions for that
detector. The detectors will operate within stringent specifications
regarding gamme energy dependence, accuracy and drift.

5.12 Control Room Arrangements

The over-all plant control and sefety systems are designed to make the plant
safe, reliable, and easy to operate. A centralized system of plant control
is provided. Local instrumentation and control boards are included, where
necessary, to supplement the facilities in the central control room. Con-
ventional power plant instrumentation and control are used as far as possible.

5.13 Portable Instrumentation

Radiation Survey Instrumentation

Portable radiation survey instruments are required to monitor alpha, beta,
gamma, and neutron radiations throughout the plant. These radiation measure-
ments are used primarily to establish time and exposure limits for personnel
entering radiation zones. The instruments are slsc used in connection with
equipment de-contamination and non-routine process monitoring.

Particle Collection

Semi-portable air flow samplers are required to collect particulate matter on
stationary filters. These are used in and about the plant for routine and non-
routine air sampling.

Personnel Monitors

Personnel monitoring instruments such as beta-gamma hand and foot monitors, alpha
probe counters, beta-gamma probe counters, are also required.
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6.0 Service System

6.1 Closed Cooling Water System

6.2

6.3

Certain components of the nuclear steam supply system require a closed
loop cooling system to guard against the possibility of a gross distri-
bution of radioactive water to the plant service water system. These
components are:

Cleanup demineralizer non-regenerative heat exchanger
Recirculating pump cooling system

Radioactive enclosure drain tank

Biological shield cooler

Cleanup system recirculation pump cooler

Sample coolers

Water is pumped in a closed system to each of the above systems. The
heat absorbed is then transferred to station service water in the
closed cooling system heat exchanger. Normel design prectices will
govern the design of this equipment. It is recommended that two full
size pumps and heat exchangers be provided, and that & surge tank be
included to protect the system from normel operating transients.

Service Water System

A conventional station service water system should be provided to remove
heat generated in the various equipment (i.e., station air compressors).
In addition to those normal requirements, certain special systems
unique to the nuclear plant will require service water cooling. These
items are:

Shutdown heat exchangers.

Shutdown pump coolers

Dry well cooler

Water vapor condenser (waste system)

Waste collector tank cooler (waste system)
Suppression pool (reactor containment system)

Service water may be safely used in the above systems since they are low
level radioactivity mediums and/or equipment used only during reactor
shutdown periods.

Liquid Waste System

6.3.1 System Description and Criteria

Many of the wastes are intermittent or irregular in nature depending
on the frequency of refueling and the need for maintenance. Therefore,
the waste system is sized for peak loads as well as for daily loads.

In general, the wastes are ultimately collected in either the
waste collector tamnk, in the floor drain collection tank, or in
the waste neutralizer tank. These also serve as feed tanks for
subsequent weste treatment equipment -- the demineralizer, the
filter, or waste concentrator.
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6.3.2

The waste system is designed so a minimum of wastes are
discharged to the river. Most wastes are processed such that
the treated water is suitable for return and reuse in the
plant as make-up.

Waste resins or concentrated wastes are collected in interim
storage tenks where they are held for shipment to off-site
disposal sites. Although several alternate methods of off-site
shipment and disposal are available, that chosen for study use
was the use of a waste disposal contractor. On this basis
concentrated wastes would be put into 3000-4000 gallon tank trucks
for hauling away. Spent resins would be put into 55-gallon drums
for off-site disposal. Therefore, the concentrated waste
receiver is sized to hold 8000 gallons to give some flexibility
end freedom from truck schedules. The spent resin receiver was
sized to receive two batches of resin to again permit flexibility
in time of loadout into drums.

Flow Diasgram end Data

The waste disposal flow diagram (Drawing No. 198E147) shows all
the waste routings, tanks, equipment, etec. Sizes, numbers and
types of tanks and equipment are shown. The following tabulations
also give some of this information.

Capacity

Collection Tanks of Size Material
Chemical Addition Tank 300 Gal. Rubber-lined steel
Waste Collector 25,000 Gal. Carbon Steel
Reactor Enclosure Drain

Tank 5,000 Gal. Carbon Steel
Waste Neutrelizer 12,000 Gal. Plastic-lined steel
Floor Drein Collection

Tank 10,000 Gal. Carbon Steel
Treatment Equipment
Waste Filter 250 gpm Carbon Steel
Weste Demineralizer 250 gpm Plastic-lined steel
Weaste Concentrator Including

Vapor De-entrainer 150 gal/hr Stainless Steel
Retention and/or Storage
Waste Sample Tanks 2 @ 25,000 Gal. Ea. Aluminum
Floor Drain Sample Tank 10,000 Gal. Carbon Steel
Concentrated Waste Storage 8,000 Gal. Carbon Steel
Resin Storage Tank 2,000 Gal. Stainless Steel

AISI - 316

Waste Decay Tank 150,000 Gal. Carbon Steel

As mentioned in the above, treatment is either by filter or deminera-
lizer for removal of radioactivity or by concentration to a small
volume (20-30% solids by weight) for subsequent storage.
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98

~150,000 Gal. @ < 107> pc/mi

REFUELING SHIELD WATER

REACTOR COOLANT AT EACH START UP
~10,000 Gal.@ 1072 ue/ml

LEAKAGE
<I0,000 gpd@ <10™' uc/mi

~5 x |0°Gal./month

SAMPLE DRAINS
<2,000 gpd@ <107 pc/ml

MAINTENANCE WASTES
<25,000 Gal./batch@ <0.05 pc/mi

REACTOR ENCLOSURE FLOOR DRAINS

<10 wc/ml

<10,000 Gal./day

WASTE
DECAY
TANK
WASTE WASTE
COLLECTOR DEMINERALIZER

10" me/ml

WASTE SAMPLE
< TANKS

TO CONDENSATE STORAGE

ALTERNATE TO WASTE COLLECTOR OR NEUTRALIZER

L

FLOOR DRAIN

TURBINE BUILDING FLOOR DRAINS

LABORATORY DRAINS
~200-50049al/day@ ~10 c/ml

CONDENSATE DEMIN. REGENERANTS
| BATCH every 2-3 WEEKS

@<5x%10™° pe/ml

COLLECTION
TANK

WASTE FILTER

DISTILLATE TO WASTE COLLECTOR

11,000 Gal./ batch@~10""uc/mI

12000 Gal./batch

WASTE

DECONTAMINATION STATION DRAINS
INFREQUENT

CLEAM UP DEMINERALIZER RESINS
99 Cu.Ft. Resin/batch @ <3 X10°¢,4-6/yr.

WASTE DEMINERALIZER RESINS

@ ~5c/batch

~1000 Cu.Ft./yr

NEUTRALIZER

WASTE
CONCENTRATOR

~300Gol/batch

FLOOR DRAIN
SAMPLE TANK

———

~5c/batch

SLUICE WATER TO WASTE COLLECTOR

CONCENTRATED
WASTE RECEIVER

<5 x 10°Gal./month

<4x10°Gal/month

<10’ pc/ml

TO RIVER

<10 pe/ml (unidentitied)

OFF-SITE DISPOSAL

TANK

~6000 Gal./yr@~10""uc/ml

99 Cu.Ft.Resins/batch @ <30c/batch,4-6/yr.

SPENT RESIN

(~6000 Gal/yr.)

OFF-SITE DISPOSAL

RECEIVER TANK

ESTIMATED QUANTITIES & ACTIVITIES OF RADIOACTIVE UQUID WASTES

(~1000 Cu. Ft./ yr.)



6.3.3

6.3.4

The demineralizer produces decontamination factors of 102

minimm, and effluent activities of 103 uc/ml or less are
expected depending upon influent activity. This is adequate

for wastes to be returned to the plant. Whenever waste activities
are low enough ( 10™* uc/ml) and a large enough source of
dilution water is available, e.g., condenser cooling water, wastes
may ve diluted to isotopic concentrations less than the mps

and such wastes may then be safely discharged to the river.

The vapor de-entrainer above the concentrator is designed for a
maximum solids content of the condensate of 2 ppm. Further decon-
tamination of this is accomplished by the demineralizer.

Large decay times have not been specifically provided since many
of the activated corrosion products have half-lives of 30 or
more days. Decay of these would not prove very fruitful, as a
method of daily processing. The significant short half-lived
corrosion products are Mn-56 and Ni-65 with half-lives of about
2-1/2 hours and 12 hr. Cu-6k. Decay time of several days will
reduce the activity of these contributions to about that of the
longer lived radioisotopes. Such decay times can be obtained by
using the waste decay tank.

Flexibility

As may be noted by inspection of the flow diasgram, the system
permits considereble operational flexibility. First, tenk and
treatment equipment capacity is based on peek loads expected as
well as daily loads. Since the large quantities of wastes are

due to condensate demineralizer regeneration and maintenance
operations, ample capacity is availeble for processing the daily
wastes. Second, wastes received in the waste collector, floor
drein collection tank and waste neutralizer may be treated by
either filtration and demineralizetion or concentration. Also,

if of low enough sctivity, they may be discharged off-site.

Third, off-standard wastes may be returned for retreatment or con-
centration and storage. Fourth, treated wastes may be returned to
the plant for reuse or discharged to the river, provided discharge
specifications are met. Fifth, adequate drain lines are provided
so that all plant equipment and piping mey be flushed and drained
to the waste system as necessary for maintenance.

Types of Construction

To prevent leakage to ground and subsequent contamination of ground
water, secondary containment is provided for radioactive waste
piping and equipment. Means of detection of lesks or overflows

are also provided. The containment is provided by locating the
tanks and equipment within the buildings, dikes or concrete vaults.
Piping outside of buildings is encased in concrete trenches.
Exceptions are lines carrying treated wastes having low enough
activity so significant ground contamination would not occur.

Sumps with liquid level devices are provided to detect leaks.
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6.4

6.3.5

6.3.6

Tanks are of welded construction and materials are suitable for
the services. Piping is primarily welded although some flanged
connections are used. Yo screwed fittings are employed.

cher Featuggs

Whenever wastces are discharged Lo ihe river, a sampler is located
on the discharge canal to provide & composite sample of water
discharged to the river. This serves as a check on waste system
discharges.

Further, an environs monitoring program is recommended both prior
to operation and after operation to provide data on the effect
(if any) of plant operation on environmental radioactivity.

Control

Liquid waste system operation is controlled from a local panel in
the waste building. Operation is remote rather than at the equip-
ment because of radiation and the location of most of the equipment
behind shielding.

Solid Wastes

Solid radiocactive wastes result from operatior. and maintenance of a
nuclear power plant. Means of safe handling and disposal of these
wastes are necessary to assure proper control and to prevent spread of
contamination.

6.4.1

6.4.2

Sources and Types of Wastes

The following are typical of potentially radiocactive solid wastes:

l. Spent radioactive resins from deminerslizers.

2. Air filters from off-gas and ventilation systems.

3. Miscellaneous paper, rags, etc., from contaminated areas.

k. Contaminated clothing, tools, and small pieces of equip-
ment which cannot be ecornomically decontaminated.

5. Solid laboratory wastes such as convuminated glassware, etc.

6. Used reactor equipment such as spent control rods, fuel channels
and in-core ion chambers.

In addition to the above, which are generated more or less regularly,
there may be occasionally a relatively large piece of contaminated
equipment which could be more economically replaced than decon-
taminated.

Methods of Handling and Disposal

The general plan is to temporarily hold the solid wastes on the
plant site in a separate controlled area until suitable amounts

are on hand for shipment to a permenent off-site disposal site.
However, used reactor equipment is first stored for several years

in the fuel storage pool to obtain optimum decay before removal to
final storage. Shielded containers will be required for these items.
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Wastes received in the waste collector are generally demineralized
water with verying amcunts of radicactivity depending upon from
which portion of the plants the wastes derive. Activity of these
wastes range from about one to 10-2 microcuries per milliliter
(uc/ml) depernding upon the scurce and proportion of fission and
corrosion products. Usuelly these wastes are treated by deioni-
zation, then sampled and returned to condensate storage for reuse
in the system. Alternately, if of low enough activity, or if

they can be sdequately diluted,; they can be discharged to the river.

Wastes raceived in the floor drain collection tank are primarily
floor drains. These wastes are usually low in sctivity (normally
less than 5 x 105 uc/ml) but they may be high in solids and dirt
corntent. Thus, they may be most easily disposed of to the

river with dilution s&s reguired. Filtration is provided to
minimize psrticle dischsrge to the river and to permit deminerali-
zation as an alternate tregtment.

Wastes received in the waste neutralizer are usually corrcsion
wastes oxr wastes comparatively high in dissolved solids content.
They may alsc contain high concentrations of ectivity. For these
reasous the wmost suitable treatment is reduce their volume as much
88 possible by evaporation and store the concentrate indefinitely.
To make the equipment materials following the neutralizer as
economical as possible, the wastes are made slightly basic

(pH = 7 - 9) @s necessary with the addition of a caustic.

The waste system is desigred as a batch system instead of as a
continuous type of system because many of the wasies are of
irregular frequency snd especially because it is necessary to
maintain control of all discharges from the system. Thus, the
suitability of each batch of weste for disposal must be first
determined by sampling and labocratory analysis.

Wastes to be returpned to the plant must be low encugh iv activity
so radistion levels in storsge tanks, piping or egquipment are not
significantly affected. An activity concentration of about 10-3

uc/ml meets this requirement. Also, these wastes must meet feed-
water purity requirements - pH 7.0 - 7.2 and conductivity of

1 micromhos.

Wastes discharged tc the river should have radicisotope concen-
trations at the plant boundary and after any diluticn which are
below the maximum permissible concqntrations (mpe) ag stipulated
in Title 10 - Part 20, "AEC Standsrds for Protection Agginst
Radiation." For unideatified mixtures, this mpc is 10-7 uc/ml

of beta-gamma and of alpha activity, since radium isotopes will
not be present. For mixtures containing known radioisotopic
concentrations (as by analysis) the mpc may vary from a minimum of
& total beta~gamma or slphs count to wmore complete analyses for
radioisotopes having low mpc's to eatablish the mpe for the

batch. Treated wastes meeting neither of the above disposal require-
ments are returned to the waste system for reprocessing.
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Most of the solid wastes are not so radioactive as to preclude
handling by contact. They should be collected in a standard size
container so final storage space is used most effectively. The
containers are located in sppropriate zones around the plant as
dictated by the volumes of wastes generated during operation and
maintenance. The containers (Fiber drums, cartons or boxes) are
periodically monitored during filling so that the contents do
not exceed a prescribed maximum before disposal (a reading of
50-100 mr/hr would be & maximum). The containers are then sealed
and moved to a central collection area.

Where possible, wastes which are compressible are compressed in

a conventional press and bgling machine to reduce their volume.

The press, which exerts a pressure of about 16,000 psi and

reduces the volume to about £ of the original volume, is located in
e small building in the storage yard. Filtered ventilation air
flowing past the press prevents spread of particulate
contaminetion which may result from compression of solid wastes.

Compressed oxr not, the packaged solid wastes are periodically
shipped in approved containers to a permanent disposal site.

Equipment too large for the above handling and which mey require
disposel on occasior is handled as a special case at the time

of disposal. Since the frequency and need for the disposal of
large equipment is unknown and will probably be quite infrequent,
providing disposal facilities in advance is not justified.
Disposal of such equipment will depend upon the radiation level,
transportation facilities and available disposal sites.

6.5 Off-Cas System

The deaeration system for a muiclear plant requires special consideration
‘due to the relatively large quantities of gases to be handled, the
radioactivity of these gases, and the potentially explosive situation
created by the presence of hydrogen and oxygen.

6.5.1 Objectives
The objectives of the off-gas system are:

l. Provide sufficient decay time for N16 and 019 produced in the
reactor so that ectivity from these elements will not provide
significant radiation exposure to plant personnel or the
environs after release to the atmosphere vie the main stack.

2. Provide for controlled release and dispersion of fission
geses, primerily iodine, xenon and kryptom, which may be
released in significant quantities due to fuel element

rupture.

3. Keep radioactive particle escape to the atmosphere below safe
limits. Minimize the safety hazard due to the presence of hydro-
gen and oxygen in explosive concentrations.
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6.5.2

6.5.3

6.5.4

Main Condenser - Air Ejector Off-Cas System

This system provides a 30 minute boldup of gases prior to release
from the stack. This includes the mipimum decay time of five
minutes required to allow decay of N1© and 019 to negligible
rediation levels. The remaining hold-up time permits the operator
to take suitable action to reduce or otherwise control the release
of noble gases should they be generated at high rates.

To control any radioiodine released to the off-gas system, char-
coal filters are provided. These have an efficiency of 99.998%.
These are preceded by a preheater to dry the gases to about 80%
humidity to prevent wetting of the charcoal filters.

Flovmeters to measure off-ges flow, and temperature and pressure
recorders are provided., A valve near the stack will permit closing
the system to retain the gases if necessary. A filter near the
stack is provided to remove particulate matter.

The system is designed to contain explosions, except at the air
ejector efter-condenser. Here, & rupture disc is provided to
protect against over-pressurization. A steam system 1s provided
which will automatically dilute the gases to less than L%
hydrogen (the lower explosive limit) on & system pressure or
temperature rise. The steam system capacity provides for at least
five minutes dilution.

Gland Seal Condenser Off-Gas System

This off-gas system provides 90-second holdup between the gland
seal condenser and the stack for decay of N0 to a negligible
radiation level. PFrovision is made for future addition of e pre-
heater and charcoal filter to this system should they prove
necessary. However, orly a small). fraction of the fission gases
follow this route so this is only a precauticn. Explosive mixtures
are not present. The system is kept separate from the air ejector
system. Gases removed from the condenser by the vacuum pump at
startup should be routed to the stack via the gland seal off-ges
line.

Ventilation and Vents Off-Gas System

The other source of gaseous radioactive waste is the ventilation
air and gaseous vent discharge from processing equipment or storage
tanks for radioactive material. The reactor eunclosure and turbine
building ventilation air contributes the greatest volume of
effluent air from the plait. The potential for the presence

of significant particulste matter in ventilation air from these
sources is small, and therefore this air is not filtered. It is
routed to the main stack, however, to provide for dispersal in
the remote event of a process leak. An additional reason for
discharge of ventilation air from the reactor enclosure to the
stack is that it occasionally includes air from around the reactor
vessel. This air contains Argon-Ll, which is a radioactive gas,
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not removable by filtration. The air around the reactor
vessel is released to the stack after suitable decay only
before refueling.

Radioactive particulate matter is the primary source of radio-
activity in gases or air from vents. The radioactivity is
removed from these gases by use of high-efficiency filters. In
addition, these gases are discharged through the main stack or
through small stacks or vents to provide some dilution and dis-
persion into the atmosphere for the small quantities of activity
which may remain. The continued effectiveness of these
measures is observed by periodic gas sampling and area surveys
using both permanent and portable instruments. Any unusual
release from these sources generally results in a plant site
problem rather than an environs problem so corrective action,
if needed, can be taken before any significant environs
exposure results.

Vents and ventilation air from equipment or buildings containing
non-radioactive material are usually kept separate from geses
from radioactive zones or sources, and are discharged to the
atmosphere in & conventional menner.
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T.0 Reactor Refueling and Maintenance

Reactor servicing is separated into two categories: refueling and maintenance.
During refueling, preliminary servicing is necessary to provide access to the
reactor core. This consists mainly of removing the dry well head shielding,
reactor head, and internals over the core. After initial preparation has

been made, the refueling procedure follows.

Reactor maintenence will be necessary at less frequent intervals during the
life of the reactor. Maintenance will be scheduled so that it can be accom-
plished during the refueling shutdowns to minimize plant downtime. All reector
core components are designed for ready removal and replacement when necessary.
Reactor refueling and servicing are somewhat interdependent, but the flexi-
bility built into the system allows for variation in sequential operationms,

and permits simultaneous refueling operations, decreasing plant shutdown costs.

T.1 Refueling

T.1.1 Fuel Handling

The major components supplled for fuel handling have been evaluated
to provide an overall cost improvement in the system while mein-
taining the festures of irherent safety, flexibility, and ease of
operation and meintenence. The refueling arrangement adopted
minimizes fuel handling aad other time-consuming operations.

Water is vsed to shield the operators and permit direct
observetion of underwater operstions. Refueling operations are
carried on simultaneously above the reactor and over the fuel
storage pool from moving bridges. A large-diameter transfer tube
provided with a gate valve connects the reactor well with the fuel
storage pool. The valve is closed durirg reactor operation, and
opened during the refuelirg operation after the reactor well has
been flooded. The carrier, operating in the trensfer tube, 1s used
to move the gpent fuel from the reactor well to the fuel storage
pool. The transfer carrier is powered independently, leaving the
hoists and bridges free for other fuel handling operations while
the fuel is being transported. The pool water provides an

adequate heat sink for the decay heat from the fuel assembly.

Simple handling tools are used to grapple fuel in the core and to
load the transfer carrier. A duplicate set of tools is used in the
storage pool to grapple fuel in the carrier and transfer it to
storage racks. These tools, evolved from past experience at Dreeden
and other operatirg plants, are used in conjunction with a hoist
mounted on each operating bridge.

A similar refueling procedure is planned for the superheat reactor.
Space is provided in the pool for decay storage of superheat fuel.
Pool heat removal and water cleasnup equipment is sized for combined
reactor fuel storage requirements. An additional bridge, transfer
tube, and carrier are required to service the superheat reactor,
along with different fuel grapples and other hand tools. To reduce
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the length of the superheat fuel assembly to be handled, the steam
inlet lines are removed and stored temporarily in the reactor well.
The active fuel is handled like the boiling reactor fuel. The steam
inlet tubes are reused on new fuel assemblies.

7 1.2 Fuel S‘bora.ge

Controlled conditions are required for storage of new and spent fuel
to prevent assembly of a critical array outside of the reactor, to
shield the operators from spent fuel, and for accountability of
nuclear material assigned to the plant. A storage pool water cooling
system is required to remove decay heat from spent fuel.

New fuel requires mo shielding, but storage spacing must be adequate
to avoid criticality in case the vault is flooded. Normally, enough
fuel is stored on site to cover refueling requirements, plus & few
repls.cements for elements that might be dameged in handling. It

is also desirable to provide space in or near the vault for inspection
of incoming fuel assemblies. Temporary storage can be considered for
the bulk of the first core loading. Use of the fuel racks in the
storage pool is one possibility. Provision is required for mechanized
handling of fuel from the vault ® the reactor area.

Spent fuel must be stored under water to shield the operators end
for removal of decay heat until fuel activity level has decayed
enough to permit economical shipment for reprocessing. Poisoned
fuel racks are required to minimize storage pool size, and therefore,
the cost of the surrounding building.

Storage space for 120% of a core loading is required so that the
entire core may be unloaded if necessary while a batch equal to 20%
of the core loading is stored for decay prior to shipment for re-
processing.

Shipment of fuel for reprocessing involves loading the shipping

cask with spent fuel in the storage pool, decontamination of the cask
exterior, and placement of the cask on a railroad car at the site.
Pool space is provided for loeding the shipping cask which must

be handled with the large building crane.

T.2 Meintenance

T.2.1 Chennel Handling

The fuel channels (used in the boiling water reactor only) are
designed to remain with the core structure, and only the fuel is
removed during refueling. This arrangement has proven satis-

factory for the Vallecitos Boiling Water Reactor, and allows a more
economic system for reuse of channels. In the event a channel is
damaged, it may be readily removed and replaced with another. The
channels are connected to the bottom grid of the core structure by
spring clips which are released by the channel handling tool. The
channel is then withdrewn, placed in the transfer carriage, and moved
to the pool for storage.
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T7.2.2 Control Rod Handling

Control rod life approximates core 1life tut depends on the time the
control rod spends ia high flux regions of the core. Control rod
strength i1s normally checked during criticel testing after each
change in core loading. When replacement is indicated, the fuel
assemblies and the chamnels surrounding a control rod are removed.
The control rods are attached to the drive mechanisms by a spring-
loaded coupling that can be actuated from above the core to release
the control rod from the drive mechanism. The conrtrol rod is then
greppled like a fuel element, and moved to the storage pool via
the transfer tube and carrier.

Irrediated control rods must be shlelded, but the depth of water
required is less than for fuel.

Although the control rods for the superheat reactor are box-shaped
rather than cruciform, they are coupled to the offset drives with a
similar coupling that cen be released from above. A stop at the
top of the core support and control rod guide structure must be
removed from above before the control rod can be lifted out of

the core.

T.2.3 Control Rod Drive Me:hanism Removal and Replacement

Infrequent drive maintenance is required to inspect wear surfaces

and replace seals and other worn perts. This maintenance is performed
in the room below the reactor vessel during a plant shutdown. The
control rod is withdrawn from the core until & seal surface on the
coupling closes off the top of the control rod drive thimble. The
coupling is actuated either from above the reactor if the vessel head
is removed, or from bvelow by using an activating cylinder and external
Jack screws built into the drive. Water in the drive is drained,
drive mounting bolts wre removed, and the drive is lowered to a
handling dolly using & hoist attached to the surrounding structure.
The procedure 1s reversed to reinstall the drive.

In case a drive becomes Jammed in an extended condition, it can be
removed using essentially the sume procedure described avove. The
control rod is removed by uncoupling from above. A thimble is
lowered over the control rod, and seals against the control rod
drive thimble at the bottom of the reactor vessel. The drive is
then drained and lowered in the conventionel menner. Partial drive
disassembly may be required to completely remove the drive from the
thimble.

T.2.4 In-Core Flux Monitor Servicing

The in-core flux monitors are positioned in guide tubes located
between channels, and need not be disturbed during normal refueling.
In order to replace a string of flux monitors, the electrical
connections below the reactor are broken, a holddown fitting in the
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flux monitor seal flange is removed and replaced with & thimble;
then the flux monitor assembly is withdrawn from above. Water in
the well above the reactor shields the operators from the radio-
active pvortion of the flux monitor assembly. A new assembly is
threaded down through the core from above using a sleeve to stiffen,
guide, and protect the connectors on their way down through the core.

BWR Recirculation Pump Maintenance

A special problem encountered in the design of the proposed plant
was the necessity of incorporating the reactor recirculating loops
within the boiling water reactor dry well. These pumps must be
serviced periodically, and consideration must be given to easy
access. This problem has been studied by Generel Electric, and a
suggested solution is offered as outlined below.

A personnel hatch has been provided in the dry well to allow easy
access for meintenance personnel to perform routine inspections and
minor maintenance during plant outages. (Access is, of course, pro-
hivited Quring operation.)

If it becomes necessary to make major repairs, a large equipment
hatch is provided. Access to this hatch is obtained by removing
stacked shielding blocks outside the dry well. The size of the
equipment hatch allows the largest single component of the
recirculating pump assembly to be removed from the dry well. Once
outside the dry well, the equipment can be lifted to grade elevation
by the building service crane.
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8.0 Safeguard Considerations

8.1

8.2

8.3

Introduction

The basic safeguard philosophy guiding the design of the plant is
summarized in this section. The embodiment of the safeguard philosophy
in specific design is reflected in other portions of the report.

Safeguard Objectives

The safeguard objectives guiding the design of those features important
to the safety of the plant are as follows:

(a) Normal operation of the plant must not result in the exposure
of any persons on or off the plant premises to radiation in
excess of the current expert recommendations of recognized
national and international radiation protection groups.

(b) Safety against a nuclear accident that might release dangerous
amounts of radioactive meaterials must be preserved even in
the event of equipment malfunction, operator errors, or other
credible contingencies.

(c¢) Confinement of any significant quantity of radioactive materials
that might be released from the reactor must be assured in the
event a serious credible accident does occur to the plant.

General Safety Features

Safeguard provisions can be considered in three broad categories:
contrecl over receipt of radistion and release of radiocactive material
during normal operation; accident prevention; and mitigation of effects
of credible accidents.

8.3.1 Normal Creration

Features important tc the control of radiation exposure
arising from normal cperation include:

(a) The design of the gaseous and liquid waste handling
systems in such a msnner as: 1o minimize the quantity
of these wastes 10 he routinely released to unrestricted
area; to provide for adequate monitoring and measure-
ment of the radioactive content of such materials;
to control their release based on measured results.

(b) Location or shielding of sources of radiation inherent
in the system to the extent necessary to minimize
personnel exposure during the performance of normal
operating tasks in the plant.
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8.3.2 Accident Prevention

Features important in preventing serious nuclear accidents
include:

(a) The inherent safety of light water moderator reactors, that
is, the negative void and temperature coefficients of
reactivity and the strong negative Doppler coefficient
of reactivity in the low enriched fuels. These are of
particular importance in limiting the extent of such
accidents as the start-up accident or refueling accident.

(b) Two separate and independent mechanisms to assure
shutdown of the reactor. The principal mechanism involve
control rods capable of fast automatic shutdown of the
reactor from any one of several potentially unsafe operating
conditions. The other involves & liquid poison system to
act as a back-up source of negative reactivity.

(c) Alternate systems for emergency removal of reactor heat.
The primary full power heat removal system is the turbine
main condenser. This unit may be used to remove reactor
heat under many emergency conditions but in the event
the reactor is isclated from the condenser other means are
required and provided to remove reactor decay heat. These
systems include: an emergency condenser located within the
reactor building, and a core spray system design to cool
the core sufficiently to prevent fuel meltdown following
scram and loss of all other cooling measures.

(d) A reactor safety system with sensing devices to detect and
prevent potentially unsafe operating conditions from
becoming too severe. This system includes a sensing device
for all reasonably conceivable unsafe operating conditions
that might arise from operator errors or equipment mal-
function.

(e) The design of control of the reactor and primary equipment
in such a way as to minimize the possibility for operator
errors or that the malfunction of equipment could lead
to an unsafe operating condition.

8.3.3 Accident Mitigation

Though the likelihood of a serious nuclear accident is extremely
remote by virtue of the foregoing design features and the
availability of strong procedural ccntrol, the protection of

the health and safety of the public is further assured by:

(a) The provision of constant monitoring and automatically

controlled isolation equipment on the primary system
off-gas discharge line, and
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(b) Housing the reactor and its principal auxiliaries within
a vapor tight enclosure.

8.4 Safeguards Evaluations

The fundamental purpose of safeguards evaluations during the conceptual
stages of a design study is to show that a plant can be designed to
be safe.

8.4.1 Boiling Water Reactor

The design of the boiling water reactor i1s similar, when viewed
from a safety viewpeint, to previous General Electric boiling
water reactors. The maximum credible accident is unchanged; this
accident is discussed in Section 8.4.3.

8.4.2 Superheat Reactor

The superheat reactor has been designed with consideration of four
accidents. These accldents are the hot flooding accident, the
pipe rupture accident, the loss of steam flow accident, and the
cold start-up accident. As reactor core design and reactor core
safety are so closely related, these accidents have been discussed
under Section 2.2.5, Reactor Core Design.

8.4.3 Maximum Credible Accident

It should be recognized that because of the relative degree of
detailed studies and the state of technology for the superheat
concept, that safeguards analysis for the superheat concept must
be considered preliminary. It is assumed that the maximum
credible accident for the superheater is the same as for the
boiling water reactor.

The maximum credible accident invelves an instantaneous severence
of the largest water or steem line in the primary system while

the reactor is opersting under conditicns of maximum energy content
in the coolant.

The pressure suppressicn conrntsinment has been designed for this
accident. The liguid ccclant of both reacter vessels is assumed

to be released. This energy ic released to the pressure suppression
pool.

In summary, it is believed that this boiling water separate super-
heat plant can be designed as a safe plant.
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9.0 Projected Economic Potertial for 1975 Separste Superheat Reactor Plants

9.1 Introduction

The potential of the Separate Nuclear Superheat concept to produce ecohomic
power is based on three key feetures. These are improved technology in
the superheat reactor, direct incorporation of advanced boiling water
technology and adaptability for very large central station ratings. In
consideration of projected economic potential for 1975, advantage of each
of these features can be logically incorporated.

9.2 Improved Technology irn the Separate Superheat Reactor

Technical improvements in Superheat reactor technology are expected to
occur due to normal evolutionary advances as operating experience is
obtained. The proposed development program is intended to provide the
broad base of nuclear techrology as required to construct the 300 MW(e)
plant; however, realization of the full potential of the superheat reactor
concept to improve the competitive pcsition of nuclear power is dependent
upon the degree of success in extending technology in the following areas.

9.2.1 TFuvel Costs

Improved fuel cycle costs thwrough reducing the stainless steel to

fuel ratio in the =ctive core by thizn cladding techniques or by intro-
duction of & low thiermal cross section, high temperature cladding
material. For long rarge projections, it is expected that fabrication
costs will be reduced to the point, where further reductions in fuel
cycle costs are dependent upon increesed thermal efficiency and improved
neutron economy. Im the 1975 projections, no adventage is teken in
terms of reduced fabrication costs or utilization of low thermal cross
gsection meterial. Reduction irn fuel costs is shown as a result of
improved turbine conditions.

9.2.2 Higher Thermal Efficiency

In the superhezser reactor desiga for 1967 construction, the design
limit was fixed at 1250F meximum steady state surface temperature.

It is reasonsble to expect that with reactor and fuel operating experience

it will be possible to raise the average exit temperature to 1050F
without & lerge incresase in capital cost of the superhest reactor.
This could he done in the sume superheater by increesing the ratio

of power between the superheater and boiler by accepting either a
higher alloweble fuel surface temperature or by reducing the ratio of
peek to aeverage surface tempersture by improved orificing, reducing
local power pesking or improving gross power distributions. The
expected improvement 1u erergy cenversion by ircreesing the super-
heater exit temperature to 1050F is about 1.4% or to about 39% gross
thermal efficiency. This has the effect of reducing the fuel cost by
3.7% and should alsc reflect further reductions in the capital cost of
the equipment outside of the steam generating equipment.
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9.2.3 Increased Volumetric Heat Relesse

In a steam cooled reactor, the heat transfer properties of the steam
are not as good as if water were used as a coolant. On the other
hand, there is no heat transfer discontinuity in steam which
corresponds to the burn-out heet transfer limit in boiling water
reactors. This means that as higher tempeirature cladding materials
become avalleble it will be theoretically possible to operate
superheat reactors at higher maximum heat flux than boiling water
reactors. The volumetric heat release of the reactor core is pro-
portional to the averege heat flux so that in addition to raising
maximum allowable fuel surface temperature and maximum heat flux,
there is a strong incentive to reduce the ratio of peak to average
temperature and power in the superheater. This can be done by flow
orificing, local flux flattening and variable moderator or variable
enrichment schemes of gross power flattening. Once a surface
temperature limit hes been established, it is necessary to select
the best compromise between increasing reactor exit temperature and
operating at increased heat flux to reduce the reactor size. The
design of the proJjected 1975 superheat reactor is based on utilization
of higher allowable surface temperatures and improved flattening
techniques such that 1050F superheat steem and 50 kw/liter operation
is feesible.

9.3 Improvements in Boiling Water Reactor Technology

Since approximetely two-thirds of the power for a superheat plant is generated
in the boiler, it is spparent that the thermal and economic performance of
the boiling water reactor has a dominant effect in the cost of power from

& nuclear superheat plant. The projected characteristics of the 1975 plant
shown in Table 9.1 are baesed on the development of & high power demsity
boiling water reactor. The major technical objectives involved in high

pover density boiling water rezctors is to increase the volumetric heat
release of the fuel snd the coolant.

Increased specific power of the fuel has two aspects. The first is economic
in that with reduced fabrication costs, smaller diameter fuel rods may be
used. The higher surface to volume ratio of small rods permits operation
et higher heat flux. The specific power of the fuel may also be increased
by operating at higher UQp temperature or by iacreasing the conductivity

of the fuel. The second aspect is burnout heat transfer limits. 1t is
expected that better heat transfer data may permit operstion at reduced
factor of safety to burnout.

Increesed volumetric hea*t releasze t¢ the cooiant involves a larger enthalpy
rise or increased exit quelity from the boiling core. Increased exit
quality is dependent upon & better urnderstending of limits in terms of

both hydraulic and nucliear stebility. For the boiling water reactor
projected to 1975, the power density is 75 kw/liter. It is significant that
the Consumers Power high power density reactor also has T5 kw/liter reactor
power density as a technical goal. The boiling water reactor to deliver
1360 MW(t) for the projected plent is 11 ft. inside diameter. This is the
same size vessel as the 619 MW(t) boiling water reactor for the 1967 plant.
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TABLE 9.1

COMPARISON OF PLANT CHARACTERISTICS

Net Output (MW(e)
Cycle Efficiency (gross)%

Thermal Power
Boiler (MWt)
Superheater (MWt)
Total

Turbine Conditions
Throttle Temperature
Throttle Pressure, psisa

Vessel Diameters ID (ft)
Boiler
Superhesater

Core Equivalent Diameter
Boiler
Superheater

Power Density kw/liter
Boiler
Superheater

Fuel Cladding
Boiler
Superheater

Fuel Specific Power kw/kg
Boiler
Superheater
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1967 Plant

300
37.6
619.2

213.8
832.0

900
965

11.0
8.5

20
20

1975 Plent

750
39
1360

640
2000

1050
1000

11.0
10.0

®

31
27.4



9.4

Although the thermal rating increased by over 100%, no increase in vessel
size is required. This projection is based on extrapolations of current data
on steam separators now under development. It is noted that increasing

exit quality irom the boiling reactor reduces the flow requirements on the
steam separators.

Adaptability for Very Large Central Station Retings

The historical trend in the electrical utility industry has been to construct
larger and larger central station units. At the present time, power plants

in the 400-600 MW range are under construction, and 750 MW(e) units will be
commonplace in 1975. The utility industry has doubled in size every 8-10 years
with the size of individual generating units following this pattern of

growth. In order to be competitive with fossile fueled plants in the period
of 1970-19560, it would seem fairly certain that saturated turbine conditions
must be replaced with superheated turbine conditions. The projected 750 MW
unit will employ reactor vessels, buildings, and auxiliaries which are nearly
the same as the equipment specified in the 1960 300 MW unit. The capital cost
of the nuclear steam supply system in terms of %/kw would decrease by 30-50%.
This cepital cost reduction of large units is one of the most promising features
of the separate superheat reactor concept.

108



10.0 PEesearch and Development

10.1 Introduction

This section will scope a research and development program required to
achieve the stated goal of operation of a large superheat plant by June, 1967.
The establishment of an end date requires that key events and the level of
effort for the R&D program be fitted to a somewhat demanding schedule.
Assuming a three-year construction schedule, and further assuming that the
program is not authorized until early in fiscal year 1962, approximately

two and one-half years are aveilable for R&D prior to start of construction.

Research and Development is recommended in six mejor areas:

Fuel Development

Core Development, Physics and Safeguards Analysis
Heat Transfer and Fluid Flow

Alternate Materials, Corrosion and Coolant Chemistry
Reactor Control

Mechanical Development

o\ F W
o e e

The recommended program, together with existing R&D programs, must provide
a sound technical foundation upon which to base the final design. Major
requirements which the integrated programs must supply are:

1. The necessary test eguipment and facilities required to develop
and proof-test the conceptual design. Due to the long lead time
required to design, fabricate, and construct complex facilities,
early action must be initiated to insure the availebility of
the required facilities for the proof testing of final equipment
and compocnent designs.

2. The major design parameters and sufficient informetion to pre-
pare a Preliminary Hazards Summary Report. It is assumed that
major design details, based upon the operating experience gained
by the operation cf test and prototype facilities and acceptable
analytical techniques, will have to be presented prior to receipt
of a construction permit.

3. Information on which to base the selection of reference and al-
ternate materials and components. The lead time required to
manufacture large hardware items necessitates early "freezing"
of design specifications for the reactor vessel, turbine,
large pumps, etc. In the special nuclear areas such as the
fuel elements, controi rods, and control instrumentation, a
reference design and material may be selected and developed
and, in some areas, development of other promising candidate
materials or components will be required as a back-up effort.

The recommended program advocates specific rather than broad develop-

ment. It provides an optimum comhination of development, testing, and

plant construction such that minimum cost will be expended during the

period of pre-economic nuclear power. It provides for reasonable financial

and technical risks and permits the full utilization of normal evolutionary
advances during sequence of development test, prototype construction, and

large plant constructiorn. The program provides the following sequence of events:
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Establishment of a Technical Fase for Nuclear Superheat

This phase of the work was initiated on June 30, 1959, on Con-
tract AT(O04-3)-189, Project Agreement No. 13 between the Atomic
Energy Commission and the General Electric Company.

Construction of a Small 10 to 15 MW Thermal Separate Superheat
Fuel Test Facility at the Vallecitos Laboratory

It is anticipated that this facility will be designed and con-
structed by the General Electric Company in conjunction with a
utility group. The cost of the development, operation, and fuel
is included as a part of this program. Although the capital
costs of providing this facility are not part of the cost esti-
mate for research and development, the facility would be avail-
able for testing and determining the performance limits of econo-
mic superheat fuel types under this program.

Construction of a 300 MWe Boiling Water Separate Superheat Plant

This plant, when constructed, would approach economic nuclear
power. The technical information obtained from the earlier

phases of the superheat development program and from the

boiling water reactor program would result in incorporation of the
latest and most advanced features of both reactor types at the time
of construction.

The development work associated with the construction of this
plant would be limited to fuel, core structure, control rod drives
and refueling systems as required to demonstrate reliable, long
life performance.

Although the primery motivation for the superheat R&D program is
economic, it is anticipated that seversl other benefits to the
overall nuclear program will be realized:

1)

2)

The realizatior of nuclear superheat will indicate to potential
users of nuclear steam a coming age of nuclear power. Nuclear
power will have developed to the point where it can match the
requirements of the most adverced steam utilization equip-
ment.

The fuel development will provide basic technology directly
applicable to other reactor concepts and designs. The rigorous
requirements for superheat fuel should allow for the adoption

of materials, fabrication techniques and designs to other systems
with the potential of improved performance and longer life.
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10.2

10.2.1

lo.2.2

The total cost of this program is estimated to be $20,433,000.
The details of the cost estimate are provided in Section 10.6.

The schedule as discussed in Section 10.4 is based on the availability
of the required test equipment and facilities as well as the direct
financial support.

Nuclear Superheat Development Problems

Major Problems of Technical Feasibility

The two major problems of technical feasibility are the verification
of acceptable radiation levels in a direct-cycle nuclear superheated
steam system, and the availability of fuel performance data as required

to establish reliability and statistical performance limits on superheat

fuels which have economic potential. ‘These questions are related
since it is expected that the fuel cladding corrosion, erosion, and
transport of fission products will be related to the factor of safety
used in the fwel design. The premium is on the determination of the
optimum compromise between the required fuel performance and low fuel
cost.

Nuclear Superheat Fuel Design

The most obvious conflict of superheat fuel requirements is related

to the compromise between the physics optimum and tke mechanical and
heat transfer practicality. This leads to the reguirement of providing
the absolute minimum amount of stainless steel in the active core
region which is consistent with the required reliability of the super-
heat fuel. Several practical comsiderations impose the major
limitation on the achievement of the physics optimum. This is the
requirement for cladding the fuel which results from the necessity

of preventing the coolant from coming in contact with the chemically
active uranium and from keeping the fission products and the fission-
able material within the controlled confines of the reactor vessel.
Utilization of an oxide of uranium minimizes the extent of further
chemic al reactions; however, utilization of the fuel impose the
requirement that the cladding act as a pressure vessel for the

fission product gases. In addition, the cladding must act as a pres-
sure vessel in order to prevent coliapse of the cladding when subjected
to the primary coolant system pressure inside the reactor. For
temperatures of interest to nuclear superheat, the corrosion rate

and strength of the known low cross-section materials, such as
aluminum and zirconium, are not satisfactory for use in a superheat
reactor. As a result, high nickel alloys and stainless steels must
be used. Since these materials are significantly more of a thermal
neutron poison, the neutron economy of a superheat reactor is lower
than that of a zircinium-clad boiling water reactor. Although

it 1s desirable to select stardard materials fabricated with standard
production methods, the incentive for designing in-core components

to the most stringent specifications, to minimize the amount of high
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cross-section material, may well be worth the extra cost of fabrication
and quality control. In addition to the strength considerations for
the cladding, an adequate margin for corrosion and erosion must be
provided. Provision must be made to insure that thermal stresses and
thermal cycling do not cause fatigue failure of the cladding structure.
In order to provide for adequate heat transfer characteristics in the
steam cooled system, small hydraulic diameters must be utilized. This
imposes an additional requirement of fuel element dimensional stability
during all conditions of reactor operation.

The achievement of high turbine inlet temperature and high thermal
efficiencies provides a means for the reduction of fuel cost, even in

a system of relatively poorer neutron economy. As a result, there is
significant incentive for gradual increase of the outlet temperature from
the superheater. Two methods of increasing the average outlet- tempera-
ture for the superheater are available.

The most obvious method would be to utilize higher surface temperatures
for the fuel. However, surface temperatures of the cladding above
1250°F and l300°F are questionable due to the rapid deterioration of the
physical properties of stainless steels above these temperatures. The
second means available for increasing the superheat outlet temperature
is to reduce the peak-to-average power and temperature ratios in the re-
actor so that all the superheat fuel is operating at or near its maximum
allowable level. The order of magnitude of gain by this approach can be
appreciated by considering that a reduction of peak-to-average from 3.5
to 2.5 would result in & 40% increase in reactor power from the same ves-
sel with the same surface temperature limit.

In order to design fuel intelligently for superheat application, it

is necessary to test superheat fuel to failure in order to make a rational
determination of the factor of safety of the particular fuel element when
operating under its design ccnditinns. This is further complicated by the
fact that there are so many variables to be considered in fuel performance.
As a result, individual fuel tests may not adequately determine fuel ele-
ment failure trends. This impcses the requirement of obtaining statisti-
cal fuel performance in order to estaplish fuel performance reliability

on & realistic basis.

10.2.3 Coolant Chemistry and Radiation Levels

Conventional superheat power plant technology has produced a family

of components and materials which have been proven by use over a number
of years. In the majority of cases, these materials and components are
readily adaptable to a nuclear superheat plant. However, each material
or component must be examined for compatibility with three additional re-
quirements:

1) Ability to withstand radiation-induced aging
2) Ease of maintenance under radiation conditions

3) Provision for decontamination without deteriorating effect
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While many problems in this area have been solved in the design and
operation of boiling water reactors, some effects may be accentuated by
the superheat environment. In a boiling water reactor system, the boiling
mechanism tends to separate impurities and corrosion products out of the
steam. This decontamination factor is on the order of 1000 to 10,000 in
a boiling water reactor system. Since the superheat coolant is single-
phased, there is no similar decontamination mechanism in play. For this
reason, it may be expected that crud deposition and radioactive material
carried over may be more significant in a steam-cooled reactor than in a
boiling water reactor. In addition, two other factors may lead to more
difficult coolant chemistry problems. There is the possibility of higher
corrosion rate and more crud treansfer than in a bolling water reactor sys-
tem. The higher corrosion rate is expected due to the higher cladding
surface temperature, superheated steam environment, and the presence of
radiolytically decomposed water gases. Increased transfer and deposition
of corrosion products, steem system impurities, and other radioactive
materials may result from ercsion due to high velocity steam and due to
thermal shock of fuel element cladding as & result of system temperature
transients. Elimination or reduction in the amount of high activity
elements such as cobalt may be an aid in minimizing the problem. In
addition, it is expected that in the event there is a fuel element rup-
ture, water-soluble fission gas products which would normally be retained
in a boiling water reactor system would be carried over and deposited

in the primary coolant system of the superheated steam power plent. This
would result in & different distribution of fission products in a super-
heated steam system than has been observed in boiling water reactor sys-
tems. It is expected that the activity levels in the primary coolant
system and in the turbine would not be any higher at full power than in
& boiling water reactor system. This is due to the significantly higher,
but short life gamma activity from nitrogen 16 in the primary coolant
system. In the event of fuel rupture; the deposition of fission products
in the primary coolant system and in the turbine may lead to more diffi-
cult decontamination procedures and higher activity levels during periods
of maintenance after the plant is shut down. This may require the addi-
tion of auxiliery systems which are not required on boiling water reactor
plants.

10.2.4 Physics Considerations

In general, a water-moderated nuclear superheater i1s quite similar in
nuclear characteristics tc & water-moderated and cooled boiling water or
pressurized water reactor. It is the small differences created by the
steam flow paths in the reactor core which modifies the physics analysis
and requires development beyond that previously done for boiling water re-
actor cores. The steam void space introduces a more basic physics problem
which is associated with the changes in reactivity due to flooding of the
steam channels. It is very difficult to design & core in which a reactivity
effect of flooding the steam channels is negative and at the same time the
moderator void coefficient is negative. In a typical design case, the
flooding coefficient is negative when cold and positive when the moderator
is hot. This leads to a positive void coefficient cold and a negative co-
efficient hot. The possible hazerd associated with boiling the moderator
while cold or flocding the steam channels while hot must be carefully con-
sidered in a design of the superhect reactor.
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10.2.5 DNuclear Superheat Safeguards Considerations

A detalled preliminary safeguards analysis for the nuclear superheat
design appears in Section 2.2.5.5. However, the research and development
program is heavily oriented to providing data, information and experience
which will satisfy the questions which arise in the course of the hazards
evaluation. Therefore, a brief discussion of need for detailed considera-
tion of safety problems as part of the R&D program is provided.

The following is intended as & brief summary of difference in safety

and accident problems between & boiling water reactor and a steam cooled
nuclear superbeat reactor. All of the major differences are associated
with the expected differences between a water cooled and gas cooled reactor.
For the superheat reactor, since 1t is desirable from s cycle efficiency
point of view tc miniwmize the loss of heat from superheated steam to the
moderator there is noc prompt temperature coefficient, with the exception

of Doppler ccefficient, between power level in the reactor and reactivity.
This constitutes a major change in control philosophy since in a superheat
reactor there will probably not be a built-in power limiting characteristic
corresponding to steam voids in the boiling water reactor. In the super-
heat reactor, it will probably be necessary to adjust reactivity as a func-
tion of superheat exit temperature. This imposes a requirement for continu-
ous duty control drive mechanisms.

The superheat reactor has a large number of the safety problems which
characterize gas cooled reactors. These are associated with the necessity
of providing both heat transfer mechanisms and a heat transfer sink for
the reactor fuel under all conditions. Since the volumetric heat capacity
of steam is not large enough to utilize natural convection cooling, it is
necessary to provide a reliable means of maintaining & heat transfer mecha-
nism from the fuel to the heat sink. This problem is simplified in the
boiling water reactor since the moderator water provides the dusal function
of heat transfer medium and heat transfer sink. In the case of steam
cooled superheat reactors, this function is provided by steam from the
boiling water reactor. For emergency conditions, direct thermsl radiation
from the fuel element to the process tube separating the steam flow pas-
sage from the moderator may be utilized. Preliminsry studies have indi-
cated that even with the direct thermal radiation heat transfer mechanism,
a relatively large flow of steam is required for several seconds in order
to remove the stored heat and decay heat from the fuei element.

The economic requirements for good neutron economy are in conflict

with the requirements for minimum resctivity change in the event that the
passages provided for steam flow become filled with moderator water.
Studies have been made which indicate that large changes in reactivity
are possible under certain conditions unless the superheat reactor de-
sign is adjusted to minimize these effects. The change in reactivity on
flooding can be made small by reducing the steam flow passages, utiliza-
tion of soluble poisons in the moderator; or reducing excess reactivity.
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An additional problem of a steam cocled annular fuel element is the
possibility of melting the inside fuel cladding which would result in a
reactivity increase. The magnitude of this increase may be reduced by
utilizing thin clad fuel elements and by arranging the reactor design such
that the reactor would be scrammed immediately on anticipation of any acci-
dent which might cause melting of the inside diameter fuel cladding.

The radiation levels expected from a single phase gas cooled reactor in

e direct cycle system are different than one would expect from a boiling
water reactor. This difference is due to the fact that in a boiling water
reactor, due to the phase change, or evaporation effect, there is a decontam-
ination factor which may be on the order of 10° to 107. In the case of a
single phase steam cooled reactor there is no similar decontamination mecha-
nism in effect. For operation with sound fuel elements, the activity level
may be higher due to higher steam teumperatures, presence of radiolytically
decomposed hydrogen and oxygen, possibility of thermal shock of fuel suf-
faces which would result in high activity "crud" brusts and possible in-
crease in erosion of fuel element surfaces due to high velocity steam. For
operation with a defective fuel element, the activity levels may be higher
due to the fact that there is no decontamination effect in the steam cooled
reactor system. This may result in more particulate matter carried over
into the turbine and also the presence of certain fission product materials,
such as Iodine which being soluble in water are not normally present in the
exit steam from a boiling water reactor operating with defective fuel.

The limited experimentel data obtained from the SADE loop has verified the
presence of Iodine in the SADE discharge steam piping. Analytical predic-
tions indicate that the steady state turbine activity due to carryover of
Iodine-131 from a defective superheat fuel element will not be significantly
larger due to the high background activity of N-16. It is expected that
some auxiliary system, such as silver mesh, may be required to scrub Iodine
out of the stack. In sddition; it is expected that the background activity
after shutdown may be higher in a superheat turbine. It is predicted,
however, that because of the relatively short half life of the Iodine-131
that normal detergent cleaning will remove the major portions of this con-
tamination.

10.2.6. Heat Transfer

In any gas-cooled reactor system, the coclant by virtue of its low
volumetric heat capacity, imposes & serious deeign problem associated with
providing a continuoue and reliable means of providing coolant flow at all
times. This problem ies zignificantly more difficult than in a liquid metal
or water~cooled reactor system, where natural circulation cooling may be
utilized. In a gas-ccoled reactor, some provision must be made to provide
a positive heat sink, either by auxiliary or back-up coolant systems, or
by utilizing a secondary heat transfer mechanism. In a light-water-moderated
system, the moderator constitutes a very large heat sink. In the General
Electric Company superheat reactors, the utilization of the direct thermal
radiation mechanism for loss of coolant flow either during scram or decay
heat removal operation, provides a reliable, practical solution to this
problem.
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10.3

10.2.7 Control of Nuclear Superheaters

While instrumentation exists for both superheated steam conventional
power plants and boiling water reactors, the requirements for a nuclear
superheater pose a number of development problems. Special detectors are
required for steam temperature, fuel temperature location of ruptured fuel
elements, incore flux patterns, incore steam flow, etc. Based on present
information, there are no completely acceptable neutron detectors which
will operate reliably for extended periods in a steam enviromnment. The
higher temperatures result in special materials problems. Since the safety
of the reactor is to a large degree dependent on the accuracy and religbi-
lity of the instrumentation, a thorough testing program must support the
selection of new or modified sensors and instruments.

A separate nuclear superneater, comnnected in series with a boiling
water reactor, reduces the control problem. As in any boiling water re-
actor system, the system pressure must be maintained constant by varying
reactor power to correspond to load. Superheat reactor power will be ad-
Justed to provide constant superheat outlet temperature. Since there is
no nuclear coupling between the boiling section and the superheat section,
reactivity can be controlled by control rods. This will require a continu-
ous duty type control mechanism since there is no, or little, built-in load
following characteristics.

The problem of temperature sensing devices, and particularly the time
delay assoclated with these mechanisms, may present design difficulties.
With this type of system, it will be required that the superheat reactor
never become criticel before the boiling water reactor has warmed up and
is generating steam. In a similer manner, scram of the boiling water re-
actor would also scram the superheat reactor. With this condition, a
limited supply of steam would be available to the superheater because of
the stored energy in the boiler. For slow load changes where the boiling
water reactor pressure is meintalned constant, the power level in steam
flow from the boiling water reactor would match load demand. For fast
transients where load is dumped end an ettemperator for by-passing the
superheated steam to the main condenser may be required. The ability to
pick up load rapidly may be somewhat slower in the boiler-superheat plant
because of the increased system time constants; however, it 1s expected
that this will not constitute any unusual operational limitations.

Detailed Research and Development Program

At the present time there are no superheat reactor plants in operation.

In addition, there is little irradiation data on nuclear superheat fuels.
However, the satisfactory operation of the SADE loop in the VBWR has indi-
cated that there are no insurmountable technical problems which would pre-
vent the utilization of superheated steam as a reactor coolant. The major
technical risk, therefore, is the uncertainty associated with the ability
of the superheat concept to produce power at a lower cost than an advanced
boiling water or other reactor system.
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The light water-moderated steam cooled superheat reactor provides the
promise for the earliest exploitation of nuclear superheat. At the
present time there is not enougk informstion tc provide the basis for a
clear selection of integral vs. separate superheat concept. A development
program including a separate superheat rezctor is not incompatible with
integral superheaters; on the contrary, development of the separate superheat
reactor will allow for pinpointing problems common to all superheat reactors
which will, in turn, allow for early solution and orderly advancement in
the state of the art.

A research and developmert program to result in the operation of a
300 MWe superheat plant in June, 1967, cortains four elements as follows:

1) Base superhest development program

2) Constructior and operation of a flexible fuel test facility

3) Specific resesrch and developmert, design, construction, start-
up, and operstior of s 300 MWe superheat plant

L) Confirmed operation of the *uel test facility, prototype super-
Leat reactor and large superheat reactor to develop the additional
techrology required to expioit the concept.

10.3.1 Base Development Program

Contract AT{Ok-3)-189, Froject Agreement #13

This phase of the werk waz initisted ox June 30, 1959. between the
Atomic Energy Commission and the Gerneral Electric Company. The objective
of the nuclear superhkeat precject is to estzblish & valid experimental base
leading to rezaiistic ruclear superhest reactor design criteria which will
recognize the potentizl for evolutionary improvemernts, and ultimately re-
alize the cost advantage of higher thermsl efficiencies. This program is
intended to establish on &3 realistic a basis as possible the order of
magnitude of difficulty of development problems and the potential of nuclear
superheat to improve the ccmpetitive position of nuclear power. The nuclear
superheat project is & coordinatel, flexible program to investigate in
depth the major prcblems of technical feasitility for the economic appli-
cation of nuclear superheat for power generation.

The base developmert program is considered to apply to no one super-
heat concept. Therefore, it is considered inappropriate to charge the
cost of this work to the development program for the 300 MWe plant.

Mejor taeszs and significant progress to date are as follows:

10.3.1.1 Task A - Conceptuzl Desigr snd Program Evaluation

The purpose of Task A is to provide the engineering design and analysis,
nuclear physics, ard reactor systems evaluetions that are required to establish
economic potential, development program test conditions, and nuclear super-
heat reactor design criteria. This work is needed in order to estahlish
realistic development test corditions, to recognize design areas most signi-
ficant to the reduction of power gereration costs, to emphasize these areas
in development testing, and to establish realistic reactor design criteria
based on development results.
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The set of design parameters for the 300 MWe Separate Superheater
plant has been established as a result of work on this task.

10.3.1.2 Task B - Fuel Technology

The purpose of the fuel technology program is to design, fabricate,
irradiate, and evaluate various superheat fuel concepts, including vari-
ous fabrication techniques, various geometries, and variable fuel cladding
thickness. The need for this activity is to provide realistic design in-
formation on superheat fuel in order that an intelligent selection can be
made of the minimum factor of safety and maximum fuel operating conditions
which are consistent with the high degree of reliability required from
power -producing nuclear systems. The determination of operating limits and
fuel performance is the most important single aspect of developing nuclear
superheat technology. The major engineering development tool for the fuel
technology program is the irradiatiom of superheat fuel elements in
the SADE loop in the VBWR reactor.

An aggressive development program is well under way and features out-
of -reactor heat transfer, dynamic erosion and performance of warped fuel
element tests, as well as in-reactor irradiation of capsules and prototype
superheat fuel elements in the GETR and SADE loops in VBWE.

Work to date has involved U0, pellets and the work must be classified
as "screening" and inconclusive. Although no major difficulties have been
noted and several promising designs have been evolved, continueda emphasis
on this phase of the program is required.

10.3.1.3 Task C - Materials Develomment

The purpose of the materials development activity is to provide mater-
ials property evaluations on stainless steel fuel cladding. Work to date
includes the determination of yield strength and ultimate strength on sev-
eral cladding specimens teken from fuel elements irradiated in the SADE
loop. In addition, analytical studies and experimental evaluations will
be made to predict the cyclic strein and fatigue characteristics of clad-
ding materials operating in the plastic region. The need for this activity
is based on the apparent necessity of minimizing the amount of stainless
steel in the superheat core in order to improve the neutron economy and
achieve low power cost.

10.3.1.4 Task D - Experimental Physics

The purpose of the experimental physics program is to determine the
limits on questions of basic feasibility for the annular superheat fuel
gecmetry and a light water matrix. This work is needed in order to es-
tablish the validity of current nuclear physics calculational methods for
annular fuel geometries. The probability of reactivity changes due to
flooding of steam coolent passages and reactivity changes associated with
temperature effects in the moderator are very significant to both reactor
safety and also to achievement of high volumetric heat release from the
superheat reactor.
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10.3.1.5

10.3.1.6

10.3.1.7

The critical experiment facility at Vallecitos Atomic Laboratory
has been designed, fuel fabricated and experimental measurements
started during October, 1960.

Task E - Corrosion and Coolant Chemistry

The purpose of this activity is to determine the expected distribu-
tion of radioactivity in the main steam sys tem of an operating

direct cycle, nuclear superheat plant. The work involves theoretical
analysis and experimental evaluations, both in-pile and out-of-pile,
to determine the corrosion rate, radioactive deposition, and expected
radiation levels for both sound and purposely defected superheat fuel.
The need for this activity is associated with providing fuel design
information as required to anticipate corrosion and erosion difficul-
ties, and also to determine any system requirements that result from
the use of superheated steam in a direct cycle system.

A dynamic corrosion test loop has been erected and is in operation.
Work to date has been in support of the in-reactor operation of the
SADE loop.

Task F - Heat Transfer

The purpose of this activity is to provide the engineering am lysis
and experimental evaluation that is required to determine heat
transfer limitations associated with high steam qual ity, and to
provide engineering design data for use on the design of reactors
using superheated steam as a coolant. The need for this activity
is based on the fact that even though steam is a conventional heat
transfer medium, there is not adequate experimental data in several
areas of interest to superheat application. This program will
provide experimental data on heat transfer in regions of high steam
qudal ity, and heat transfer in regions of high mass flow rates.

MAn out-of-reactor "burnout" loop has been operated and produced
data useful to the establishment of conceptual design parameters.
Work is proceeding on the instrumentation of in-reactor fuel bundles
to provide definitive heat transfer performance data.

Task G - Mechanical Development

The purpose of this task is to provide the engineering analysis

and experimental verification of the predicted performance of several
mechanical components of the nuclear superheat reactor such as steam-
water separators, seals, design of large tube sheets and nozzles,

and materials compatibility. The need for this activity is based

on establishing the performance characteristics, life and reliability
characteristics of mechanical components, which are essential to
establishing low cost and reliable performance from nuclear superheat
reactors.

Work to date has been centered on the selection and testing of
candidate steam separator designs.
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10.3.1.8

10.3.1.9

10.3.2

Task H - Superheat Advance Demonstration Experiment

The purpose of the SADE loop is t0 preovide the basic engineering
development tool for fuel element perfocrmance evaluations, corrosion,
and coolant chemistry evaluations, and the determination of opera-
tional characteristics of superheat systems as required to perform
the previously listed tasks. The need for this facility is based on
the necessity of obtaining performance data from a single, welli-
instrumented superheat fuel element; operated under identical
conditions to that expected in a superkeat steam system. The
results from this experiment shoulé regquire a minimum of extrapola-
tion in terms of establishing realistic reactor design criteria.
Obvious limitations of fuel testing in the SADE loop are the
relatively low neutron flux, the limitation on the number of fuel
elements that may be irradiated, and a conflict between testing a
few fuel elements tc kigh burnup, or a large number of fuel elements
to a relatively low burnup.

Irradiation of prototype fuel assemblies has been carried out in the
SADE locp. The loop has been modified to provide for: a) better
control of irradiations, and b) additicnal performance data.
Irradiation of promising fuel designs will continue within the
limitations of the loop.

Additional Considerations

A proposal has been made to the Atomic Energy Commission to expand
the present single fuel element SADE locop to a 9-element expanded
SADE loop. The AEC has given technical approval to this proposal
and design activity has started. It is expected that the expanded
SADE facility will be in operation in the spring of 1961.

A continual review of other superheat programs insures proper
direction of the basic superheat program. This integration is provided
by the AEC through their semi-annual Nuclear Superheat Technical
Meetings.

VBWR Hook-On Fuel Test Facility

The basic research and development program, now in progress, contains
all of the elements required for the research and development
program for a 300 MWe plant. However, in some areas augmentation
and acceleration of the effort is reguired.

The present research and development program can best be augmented
by providing a facility to perform the required development of
superheat fuel. The facllity will be expected to answer or confirm
major questions of:

Fuel performance

Fuel corrosiom, erosion and radicactivity transport
Control and load matching of boiler aml superheater
Simplification of reactor ani plant design
Criteria for reactor safeguards requirements
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The General Electric Company is designing and constructing a separate
superheat facility to be operated in conjunction with the VBWR. The facility
which will be devoted exclusively to the development of superheat reactor
technology and is not encumbered with a requirement for electric power
generation will (1) provide for in-pile testing of a large number of super-
heat fuels of various designs, and (2) will provide for the development of
informetion important to basic nuclear superheat reactor technology.

In this country and abroad, the value of similar pilot reactor facilities
as & means for obtaining basic reactor technology has been demonstrated
and the results cbtained have accelierated the pace of technological advances.

The General Electric Company has indicated a willingness to meke this
facility available, on a priority basis, for the Atomic Energy Commission
Superheat program. The integrated Research and Development program described
in this report postulates the essentially full-time application of this
facility to the program requirements.

10.3.2.1 Functional Description of Reactor

The purpose of the VBWR Separate Superheat Reector is to provide the
functional requirement of a superheat fuel element test facility. The initial
loading of the reactor will consist of 288 stainless steel clad annular
fuel elements similar to those previously developed and proof tested in the
SADE loop. Since the reactor diameter is relatively small, with a high peak-
to-average distribution, a relatively wide range of fuel performance in terms
of heat flux, surface temperature and exposure can be obtained in a relatively
straightforward manner. The reactor facility will be provided with steam
flow orifices such that variations in heat transfer conditions, steam
velocity, and pressure drop mey be obtained. It is expected that the initial
loading of fuel will provide a significant number of fuel element samples
of various clad thicknesses and manufacturing procedure in each power level
location. This will provide a basis of direct comparison of important per-
formance variables. The reactor will provide sufficient flexibility so
that, if desired, various fuel element configurations of a more advanced
type may be tested providing continued utilization of the facility.

From this point of view, the VBWR Separate Superheater may be con-
sidered a critical assembly of in-pile test loops. Valving will be provided
to permit continued operation with defective superheat fuel.

10.3.2.2 Major Technical Cbjectives of VEWR Hook-On

The three major technical objectives of the VBWR Hook-on facility
are as follows:

1) To provide a definitive answer to questions concerning radio-
activity levels of a direct cycle superheat steam-cooled reactor
system for both sound and defective superheat fuel. It is
expected that these evaluations will provide a basis for establishing
any auxiliary system requirements for the full size plant.
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2) To provide an experimental basis for evaluating the performance
limits of superheat fuel elements by testing fuel to failure at a
relatively wide range of test conditions, such as heat flux, clad-
ding surface temperature, fuel irradiation exposure and superheat
coolant conditions of moisture, temperature and velocity.

3) To provide an experimental basis for establishing reelistic
superheat fuel design criteria as required to optimize superheat
reactor performance for minimum fuel cost s and technical and
economic risk.

10.3.2.3 Recommended VBWR Hook-on Phase of the Research and Development
Program

The Generel Electric Company has previously recommended a program of
edvanced fuel fabrication and testing based on the availability of the
hook-on facility. This program is epplicable and in direct support of the
overall program required for & large Superheat plant.

In generel, the R&D program is heavily oriented to the del ineation
of fuel element parameters with emphasis on multiple in-reactor irradiation
of defected as well as sound fuel elements.

The major elements of the recommended program are as follows:

Test Program Planning and Evaluation

Objective - To make certain that all phases of fuel development work
performed in the VBWR Hook-on has specific direction toward realistic
objectives, and that the design of the VBWR Hook-on facility will pro-
vide the test enviromment required in order to obtain experimentally
valid data.

Plan of Attack - Establish the development program test requirements,
initiate VBWR Hook-on reactor specifications, initiate test instruc-
tions, end evaluate and interpret results.

Fuel Design and Fabrication

Objective - To design and fabricate superheat fuel elements for the
first core for the Hook-On Superheat Reactor.

Approach to the Problem - Conduct design studies and analytical
investigations as required to design and fabricate superheat fuel
elements for both first core fuel types and more advanced development
fuel types. Analyze and interpret results from fuel irradiatiomn
testing in the SADE facility in VBWR and other AEC programs and
incorporate the most promising fuel types into more advanced fuel
development testing.
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Fuel Irradiation

Objective - To provide an experimental basis for determing the limits
of performance of superheat fuel elements.

Plan of Attack - Design, fabricate and irradiate & large number of
superheat fuel elements to determine the effect of surface temperature,
heat flux, clad thickness, velocity limits, erosion and corrosion and
irradiation exposure levels.

Defected Fuel Irradiation

Objective - To determine the release rate from purposely defected fuel
elements as a function of heat flux and surface temperature, in order
to establish auxiliary system requirements and activity levels in a
direct cycle superheat steam-cooled reactor system.

Plan of Attack - Install a sigrnificant number of purposely defected
superheat fuel elements in the VBWR Hook-on to measure activity levels.
Perform irradiation of sound fuel elements until failure in order

to evaluate the activity levels from an "in service failure"

on the superheat fuel elements.

Radioactive Material Laboratory Investigetions

Objective - Perform post-irradiation investigations to determine physi-
cal changes in fuel elements, metallurgical changes, and cause of
failure of superheat fuel elements. Investigate propegation of failure
under actual operating conditions.

Plan >f Attack - Perform RML investigations on a number of sound, pur-
posely defected and "in service" superheat fuel elements after irredi-
ation in the VBWR Hook-on.

§H§erheat Instrumentation

Objective - To develop reliable instrumentation for use in a superheat
reactor for determination of steam temperature, fuel surface tempera-
ture and location of ruptured fuel.

Plan of Attack - Develop instrumentation required for both fuel irradi-
ation program and for subsequent use in a full size superheat reactor
by installation and test of required instrumentation in the VBWR
Hook-on.

Hook-on Superheat Reactor Operations

Objective - To operate the Hook-on Superheat Reactor as required to
perform the expeiimental evaluations in Superheat Fuel Development and
evaluate the performance of a Separate Reactor.

Approach to the Problem - Provide experienced scientific and technical
personnel for operation of a new reactor type as required to insure
successful completion of the required work on schedule. In addition,
provide the highly specialized supporting scientific personnel and
facilities to provide for complete accumulation and evalusation of

the performance data.
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Superheat Evaluation

Objective - To determine the reactor operating characteristics of a
separate superheat reactor such as load following, behavior under
transient load changes, decay heat removal characteristics and
overall operating characteristics when coupled to a boiling water
reactor and a turbine hest sink.

Plan of Attack - Measure reactor characteristics under various

load and operating conditions.

10.3.2.4 Expected Results VBWR Hook-On Program

Although the VBWR Hook-on phase of the program is scoped to be of a

flexible content and subject to changes in direction as definitive in-
formation is generated. It is expected that major technological break-
throughs will result. Examples are as follows:

1)

2)

3)

4)

5)

6)

7)
8)

9)

10)

11)

12)

13)

1k)

Definition of operating limits and fuel element failure modes which may
be used to design fuel elements for Superheat reactors which have economic
potential.

Definition of system radiation levels and release rates for failed fuel
elements.

Determination of auxiliary system requirements, if any, for a direct
cycle superheated steam cooled reactor system.

Determination of the maximum number of fuel element failures allowable
without causing a reactor shutdown.

Determination of any special accessibility or maintenance problems in the
primary coolant system and turbine of a direct cycle steam cooled system.

Determination of significance of design variables on superheat fuel
performance.

Insight into mode of failure which will permit improved fuel design.
Experimental results which will allow prediction of superheat fuel life.

Minimum of extrapolation of fuel test date required due to close
simulation of fuel operating requirements by virtue of boiling water
reactor steam source.

Establish precedent for superheat reactor operating characteristics by
actual operating experience.

Establish decay heat removal characteristics, start-up characteristics
and shutdown characteristics by actual operating experience.

Establish precedent for the safety criteria of separate superheat reactors
as required to meet AEC licensing requirements.

Development of instrumentation as required to obtain and interpret fuel
element performance under the development program.

Development of reliable instrumentation for use in a large superheat
plant.
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10.3.3 Large Superheat Reactor Development

The Separate Nuclear Superheat plant concept for operation in
June of 1967 represents a significant step beyond present technology.
This is true not only fcr the Separate Superheat Reactor, but also
for the boiling Water Reactor. The development work for the boiling
water reactor technology is currently being conducted through several
AEC sponsored development programs such as City of Los Angeles,
Consumers Public Utilities, etc. It is of particular significance to
note that since approximately two-thirds of the system power is
generated in the boiling water region, the economic incentive of the
system is strongly dependent upon achieving economic performance from
the boiler. In addition. from a development point of view, in the
Separate Nuclear Superheat concept, the development advances made in
the boiling water reactor may be incorporated directly.

The technical advances incorporated into the large nuclear superheat
reactor are based on results from the previous development activities
in the base program, and fuel test facility. The development work on
the large superheat plant is limited to those areas wherein proof
testing is required to provide reasonable assurance of achieving
predicted performance in terms of economics, reliability and system
maintenance.

Associated research and development for the large separate nuclear
superheater is recommended in areas as follows:

1. Fuel Development

Basic superheater fuel technology would have been developed as the
result of the several activities in previous development programs
such as allowable surface temperatures, velocity limits, cladding
corrosion margin, burnup limits, and fabrication techniques. A
period of pre-operation R & D in fuels technology would be required.
Fabrication development of long superheat fuel elements would be
performed. Irradiation tests of these fuel types (in shorter
lengths) would be performed. It is expected that the fuel test
facility at VBWR will be utilized effectively during this period.
The major development effort would be associated with flow and
vibration characteristics of individual fuel elements, support
methods, etc., of the longer fuel elements which are characteristic
of large thermal output reactors.

2. Core Development

Core development activity would be required to establish detail
design data and obtain performance and fabrication data for fuel
assembly units, grid structure and control rod and drive systems.
Four prototype fuel assemblies would be constructed in order to
perform the tests outlined below:
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a. Control Rod Tests - A complete control rod and drive assembly
will be assembled in a control rod test facility. Tests will
be made at operating temperature and pressure to assure
conformance to specification, obtain data on performance and
reliability and to ensure conformance to life requirements.

b. Fluid Flow and Vibration Tests (Fuel Assemblies) - A representa-
tive superheat fuel assembly will be tested in a suitable
facility to determine plenum hot channel effects, velocity
distributions, pressure drop, orificing characteristics and
freedom from flutter or vibration difficulties.

c. Fluid Flow and Vibration Tests .(Core Structure) - A prototype
core assembly will be fabricated and tested in a suitable
facility to determine overall core plenum effects and hydraulic
characteristics.

d. Fabrication Investigation for Core Structure - A prototype
core assembly will be fabricated to provide development infor-
mation on fabrication of grid elements, core structure and
control rod rubbing surfaces. In addition, certain limited
experimental stress analysis work will be performed to confirm
analytical methods of several component parts such as tube
sheets, etc.

e. Fuel Handling Prototype - A prototype fuel assembly will be
assembled in the core mock-up and fuel handling facility.
Development work will be performed to establish design detail
of special handling tools and equipment, refueling procedure
and thus ensure relative ease of handling during refueling.

Post Operational R & D Program

In addition to the normal start-up tests for a first of type reactor, a
period of performance evaluation and analysis is necessary in

order to obtain design data that is not available from standard

piant instrumentation. This irnformation would be required not

only to provide a better understanding of nuclear, heat transfer

and power level and power transient limits, but also is required

to provide the proper direction to refinement of plant design that

may be necessary for the concept to achieve is full economic

potential in second and third plants of the same concept.

The four phases of post operational R & D on the operating plant
are as follows:

a., Start-up Tests

These tests include critical measurements, pump performance
tests, control rod tests, low power reactivity measurements, etc.
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10.4

The cost of these tests are included in the engineering cost
of the plant for start-up.

b. Fuel Performance Evaluation

Several specially instrumented fuel assemblies for performance
evaluation will be included in the first core. Provision will
be made for special non-destructive and destructive radioactive
material laboratory measurements on these and other standard
fuel assemblies.

c¢. Coolant Chemistry Evaluations

Provision will be made to evaluate the water chemistry,
radiation activity levels and activity distribution of the
plant in order .to establish performance characteristics and
design margir of shielding, coolant purification systems etc.
These evaluations will contain over a fairly long period of
time in order to establish the rate of activity build-up in
the plant and also to evaluate the significance of activity
bursts due to in-service type fuel failures.

d. Nuclear Physics and Plant Performance Evaluations

After the plant has started, and is producing power, there
will be a continuing effort by an evaluation team to provide
feed«back to the reactor manufacturer. This information will
be used to coordinate refinements in design of following
plants of the same concept.

Research and Development Program

The target date of 1967 for operation of a 300 MW(e) economic super-
heat plant requires that each development activity occur in sequence to
permit the timely utilization of the development information for the
next succeeding steps. In addition, periodic review of the progress to-
date must take place and the directicn of the program altered accordingly.
At the outset it is expected that the research and development activi-
ties in several areas, such as the selection of a fuel rod cladding
material, will encompass several materials or concepts. A date must
be established at which time the candidate material is selected or the
design of a component frozenm on other processing materials or concepts;
however, the primary effort will emphasize the selected material or
component. Therefore, the schedules developed for the program must
contain dates of decision as well as dates of accomplishment. Table
10.1 presents the schedule for accomplishment of key phases of the
development program.
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TABLE 10.1

SEPARATE SUPERHEATER DEVELOPMENT PROGRAM

Base Development Program

(Ref. Section 10.3.1)

SADE
E-SADE
HSR Planning

Hook-On Superheat Reactor

(Ref. Section 10.3.2)

Design
Construction
Operation
R&D Program

300 MW(e) Separate Superheat Plant

(Ref. Section 10.3.3)

Design

Fuel Fabrication
Construction
Safeguards
Operation
Pre-operation R&D
Post-operation R&D

Alt. Development Program

Prototype Reactor
(Ref. Section 10.5)

*  Preliminary Report

%% Final Report

Design

Fuel Fabrication
Construction
Safeguards
Operation
Pre-operation R&D
Post-operation R&D

CALENDAR YEARS
1961 1962 1963 1964 1965 1966 1967 1968
XXX
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10.5 Alternate Development Approach - Prototype Superhéat Reactor

10.5.1

10.5.2

Introduction

The 1967 Operating Date for a large 300 MW(e) Separate Superheat

Plant precluded the construction and operaticn of a prototype

separate superheat plant in time for the fuel performance results

to be utilized effectively in the design of the large plant. It is
clear that the risk in achieving the predicted economic performance of
the large plant will be increased to some extent if prototype reactor
experience is not available. This is true because unless there is an
adequate technical basis for engineering decision, the only recourse is
to provide an increased design margin to provide for added contingency.
This is particularly true for fuels development where years of fuel
operation are necessary t¢ provide a valid statistical basis of fuel

-performance. Although a realistic schedule does not permit effective

utilization of a prototype separate superheat reactor for the design
of a Separate Superheat Plant for 1967 operation, a prototype reactor
should be considered in the overall superheat development program
because of its importance in minimizing technical and financial risk
and of extending technology of second rcund plants of the same comcept.

Technical Justificaticn

The VBWR "hook on", supplemented by the SADE loop, will provide the
necessary facilities to perform the required development of superheat
fuel types. Fuel operating experience and reliability is the key to
power cost reductions. This is true fram the point of view of industry
acceptance of a large plant, and alsc because the desired cost
reduction with size is not valid for high risk plants. The large
superheat plant must be beyond the development stage if cost reductions
are to be realized through increased size. Operating experience from
a prototype test reactor would provide design information on system
activity, steam turbine accessibility, and auxiliary system require-~
ments in a direct cycle system using a single phase gas coolant.
Operation of a prototype superheat reactor would provide operating
experience vhich would be useful in establishing operating procedures
for the 300 MW(e) Separate Superheat Plant and would be of value in
further economic refinement of the plant concept. For a large
superheat reactor, the high reliability requirements dictate
development work for mechanical components which are unique to
superheat reactors as compared to boiling water reactors. A prototype
reactor would provide invaluable experience on internal steam mani-
folding, high temperature instrumentation, refueling systems and other
auxiliary sys tems. The fuel performance
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and design information from a small separate superheater are meaningful
to application for other large superheat reactors. Although the fuel
performance requirements are approximately the same for either the
separate or integral reactor, the extrapolation of small to large
reactor cores in the separate concept is considerably more straight-
forward because of the constant void in the entire core of the separate
superheater.

10.5.3 General Description of Prototype Superheat Reactor

The output rating of the Boiling Water-Separate Superheat Plant
should be about 75 MW(e). This size is based on providing the minimum
size plant, in order to minimize financial risk, that will still provide
statistical fuel performance data and meaningful extrapolation to
superheat plants in the economic size range.

The technical requirements for this plant are:

1. Provide statistical performance data on the installed superheat
fuel as required to establish fuel integrity at design surface
temperature, and burnup, when subjected to erosive and corrosive
action of superheated steam coolant.

2. Provide power plant performance data as required to establish
plant reliability, operability, normal maintenance, decontamina-
tion effectiveness, refueling, and any additional auxiliary
system requirements.

3. Provide reactor performance data on fuel, load following char-
acteristics and plant safety as required to establish a safeguards
orecedent for the separate superheater plant concept.

4. Provide a useful power generating station for continued use after
completion of the post operational research and development program.

The above requirements are satisfied in the 75 MW(e) power plant. The
significant areas of extrapolation are fuel length and steam flow
passages, reactor vessel and coolant nozzle size, and reactor internal
core arrangement and manifolding.

The advantages of the 75 MW(e) size as compared to a larger power plant
are as follows:

1. 1In small plant sizes, more advanced or developmental features may
be incorporated because of the relatively lower financial risk.
Intelligent selection of the minimum safety factor for superheat
fuel which is consistent with the high degree of reliability for
nuclear plants is the key to the economic incentive of nuclear
superheat.
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2. Ultra-conservative safeguards features may be incorporated at
relatively low cost in order to establish realistic safeguards
criteria for larger superheat plants.

3. Due to the high development content in first-of-its-type plants,
the usual reduction in cost per installed KW is not applicable
for larger plants. This results in a major capital risk in large
developmental plants.

k. Power plant down time due to development difficulties or required
changes, although higher in terms of operating and capital cost
per installed KW, will amount to a lower total cost.

The advantages of the 75 MW(e) size as compared to a small power
plant are as follows:

1. The prototype superheat reactor plant must permit meaningful
extrapolation of fuel performance, power plant performance, and
safeguards performance to large, economic nuclear superheat
plants. The 75 MW(e) plant as contrasted to a small power plant
will provide sufficiently valid data in order to permit this
extrapolation.

2. Although it is recognized that extrapolation is a matter of degree
requiring considerable judgment on the part of the designer, the
reactor must be large enough to utilize fuel elements representative,
except in length, of the full size reactor. In addition, the core
must be large enough to reflect power distribution, void content,
neutron leakage and other nuclear characteristics close enough
to the full size reactor to permit verification of engineering
physics calculation methods. The approximate 60 MW(t) superheat
reactor for the 75 MW(e) power plant is considered to be the
minimum size from this point of view.

3. Since one of the technical requirements for this plant is that it
provide a useful power generating station for continued use after
completion of the post operational research and development program,
the selection of the 75 MW(e) output provides a good probability
of meeting this objective.

10.5.4 Development Program Associated with the Prototype Superheat Reactor

The development program which is essential to the successful and
meaningful execution of a nuclear superheat demonstration is presented
in detail in four major categories. These are fuel development, nuclear
development, plant development and operational planning. The fuel
development work is intended to establish performance limits, reliability
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burnup and fabrication costs of fuel operating in the superheated

steam environment. In addition, development work on improved fabri-
cation techniques will be done which will result in reduced fabrication
costs. The nuclear development work will consist of investigations of
design performance and limitations in the areas of reactor control,
flood safety, decay heat performance, transient performance, heat
transfer and fluid flow and overall system performance. Inherent in
the suggested program is the need for obtaining statistical fuel
performance data and operational tests and analyses of the type that
can be satisfactorily performed only in an operating reactor.

Fuel Development Program

1. Pre-Operational Phase
a. Irradiate prototype fuel bundles in SADE and/or VBWR Hook-on
refueling characteristics, dimensional stability, and verify
nuclear, heat transfer and hydrodynamic predictionms.
b. Examine irradiated fuel elements in RML to determine fission
gas builldup, geometric stability of element, cladding corrosion
and erosion.

c. Investigate means of reducing fuel fabrication cost by
improving fabrication techniques.

2. Post-Operational Phase
a. Irradiate experimental fuel under predicted conditions,
evaluate performance and extrapolate results to higher
performance fuel and core arrangements.

b. Fabricate, install and irradiate more advanced fuel conceptus.

c. Establish statistical basis of superheat fuel performance as
a function of variables significant to superheat fuel cost.

d. Perform RML investigations con irradiated fuel to determine
design margin.

Nuclear Development Program

1. Pre-Operational Phase

a. Obtain basic information trom irradiation testing to establish
limits for nuclear superheat performance.

b. Do development work on reactor contrcl system for time delay,

reliability and application of temperature, power and other
control actuation devices.
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Establish performance characteristics of equipment unique to
superheat system that requires development.

Obtain design information for specific prototype design and
investigate methods of improving reliability and performance
of the prototype reactor.

Perform analytical study and perform limited experimental
program to establish means of improving core performance such
as power flattening and temperature flattening.

Perform critical experiment on selected fuel configuration.
Note: This work may not be necessary 1f resilts of Base
Development are applicable.

Perform core mock-up test and flow distribution tests to
determine fabrication techniques, improve performance and
relisbility, and verify refueling techniques.

Post-Operational Phase

8.

Complete start-up test procedure to evaluate all reactor
characteristics: criticality control, instrument, scram
characteristics, decay heat removal; xenon.

Complete start-up test procedure to evaluate control, coupling
and operating characteristics of combined-plant.

Perform rod oscillation tests tc measure transient response
characteristics.

Determine operational characteristics and design adequacy for
reactor cooling, start-up, ard decay heat removal systems.

Install orificed fuel elements tc evaluate performance of
temperature flattening devices.

Investigate power flattening, refueling and control rod patterns
to power flatten to increase cutput.

Check-out operating characteristics of new reactor system
instrumentation.

Perform design analysis of prototype first core and extrapolate

results for application to second core and larger nuclear
superheat reactors.
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Superheat Plant Development

1.

Pre-Operational Phase

a.

Perform mechanical component development and perform life
tests to establish reliability of components such as control
drives, vessel nozzles.

Do development work on reactor control system for time delay,
reliability and application of temperature, power and other
control actuation devices.

Post Operational Phase

a.

d.

Evaluate stability, heat transfer and other design characteris-
tics of combined boiler separate superheat system.

Determine reliability, availability and operational characteris-
tics of complete power plant system.

Investigate methods of improving plant performance, reliability
and availability.

Develop design criteria for larger or higher performance
superheat reactor systems.

Operational Planning

1.

Pre-Operational Phase

a.

b.

c.

Determine and specify test programs.
Plan tests and issue specifications.

Develop and specify special instruments for operational tests.

Post-Operational Phase

a.

b.

Designate start-up test program.
Coordinate test programs and interpret results.

Perform engineering application studies and make recommendations
on superheat power systems.
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10.6

10.5.5 Prototype Reactor Development Costs

It is estimated that the cost of the development program described
in Section 10.5 would be about $5,722,200 not including the cost of the
prototype reactor.

R&D Cost Estimate for Proposed 300 MW(e) Separate Superheat Reactor Plant

The three phases of the recommended R&D program have been discussed in

the previous paragraphs of this Section. The estimated cost of this
program is summarized in Table 10.2. The total R&D cost of the program

is estimated to be $20,433,000. Of this amount, approximately $1,907,354
is funded in the current base development program. In addition, it is
currently planned that the $7,750,000 capital cost of the Hook-on Super-
heat Reactor at VBWR will be provided by private financing. The remaining
development costs would be $10,776,100. The cost of supporting an
alternate development program utilizing a ptototype superheat reactor

is included in Table 10.2.

The following assumptions have been made in the preparation of the cost
estimate.

1. The overhead rates used in the estimate are the approved 1960
provisional rates. No escalation of 1960 dollars was provided.

2. The cost of the Hook-on Superheat Reactor at VBWR and the 75 MW(e)
prototype Separate Superheat Reactor are not included.

3. In the development program for the Hook-on Superheat Reactor at VBWR,
fuel costs are included for fabrication and cost of conversion of
UFg to UOp but not inventory or reprocessing charges. In addition,
the cost of fossile fuel for the auxiliary steam boiler is not
included.

4. In the development program for the 75 MW(e) Prototype Separate
Superheat Reactor, no fuel charges are included.
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TABLE 10.2

R&D PROGRAM COST ESTIMATE

FY FY FY FY FY FY FY
1961 1962 1963 1964 1965 1966 1967 Total
Nuclear Superheat 1,632,900 274,454 1,907, 354*
Project - Base
Development Pro-
gram - Reference
Section 10.3.1
Hook-on Superheat 164,100 695,000 2,064,000 2,006,800 1,610,500 235,700 6,776,100
Reactor at VBWR -
Ref. Section 10.3.2
300 MW(e) Separate 1,000,000 3,000, 000%%*k 000,000
Superheat Reactor-
Ref. Section 10.3.3
Total 1,797,000 969,45k 2,064,000 2,006,800 1,610,500 1,235,700 3,000,000 12.683.454
7,750, 000%*
2043315k
Alternate Development Program
Prototype Superheat k74 koo 892,500 851,600 1,283,000 759,000 797,700 664,000 5.722,200

Reactor (75 MW(e)) -
Ref. Section 10.5

¥  Funded under Contract AT(O4-3)-189
*¥% Currently planned that capital cost of Hook-on Superheat Reactor at VBWR be provided by private financing.
*¥% Part of these funds would be expended after FY 1967 for post operation R&D.









