
"k'. :> i .. .. :. J::>:: i.: J ': :< t t . < <::: ii::::' ::. ' - '.... . 4: ii >> >1[ :f::::':< 1 :: :... ..>;.;> >:::: >::. 2: .... ;:

.::...... ..:.; . ..; . ':.:. :: .

... :.. ; .a '_ 't ? : 'C.:% :. :_::. is. :. "J:i .<..: ;. :.:. :' ' ' ":> > f :: 'J .. : 2 . Cf S. 'J :<>: :'"' > <> > : _ > < y: >f 2: . ... ':.. >:::: j 'zy::? i^ r >".: < :::>::::::' ':.<'.::"i: ._ :i . > : >:<> :::: : J'''
. : :. ;. ... :. .

.:.. :. .. : ...... .: ::....::....::.. .C .. . : . ..... :..: ::.::..:: :.: .:. .. ....... . . ... . ...: :..: A.:. x- .

_: > >
:.:.:: 

.<:;. .. :: .
.. .' : '.:. .:;.;:::. *;

.. ... ...... . . . ... . . ... -. . . . .. . y....... . . . . . ... ... ..... :: :.:.:......::.:..:.. ::.:: ::::..:..:::::.::.:::::::::: : .'.-.i ^:: is ii: "^ii:: i::::.-:.::, is :' . T.,f...: -! fi.::.: .:.: -.. : '?}?}>:}' :. ?::??> <: ii:ii: -... ......... . . .. ....... ........ ...... ..
:: :.:.:.::..:.i::

:. .. :... .. iii:::<:: ' :.f:: ::".:. .. :. > ::::.::: --
:::. :. .. a... - :: >: :::.:::...:::.:.::::. : ..... : ...... ::::.:.. ::::.:.. :::':::;:::::.. ... - :>::::.... .. '::r::::<:. :::: ::>:...- .--.. > -... .: ::: ::<. ::>, ::: : i:::ii <.:.tiii:>:>:::i i:: i:i ii ii::i: iii<:: >:::Y:;:::::............ .. :: r. ":::.:: .:::... .. .. .. .. : :.

... .. - ....... .. .. .... .. .. ..... ........... .... ...... .... ...... ..... :.

... ...... ... ...
:: - -.:.::. . . >:::

... .... ... .. ... .... ..-.X- - ..... ... .. ... ...
.. .. ......... ..... .. .. ..... .. .... ..... ... ........ ...

... .... :. .. ::.:.:. .:::.:..::.:.::: :... :::'.: -.. i s ?><:>:2::;2: ii :::;!i: >.: ""> i i ;; ::.......' :.::.:: <::o. i';::- :::': .... ... :!< ;2. -...... :::::::::.:::.::::::::. _ >:.::::::.... :.:.: . . . . :.:.: .. ::. .... :: :: .. .::.: ..:. :. .. .: .: .: ..::. :.. .: - .. .. .: :: ::. ::.::: :. .::. :::: :: :: :. ::... :.::.::: :..:. :.:.::..:. :: ..

:: ::....,..... :. .. ... ........... :.:.::::. :::: :::::::. ::..:::..........

.- : .. ... ::::::.::

....
". .... 

. .. .: : '.
..... :...... . Ems......... : :...

:.
. . ..... ..... . .......... ............. ..::: ..... . . :r .

... .. ..... . .. . ... ::.:.. .... ;.. ... .. .
... . . . . ... . ......... .. .. .. ..... .. . .. .. .. . .. .. ...... .... .... . .. .... ...... .... . .. . ... . . . . . .. . .. ... . .. .......... . ............... .. .... ....... . .. . ..... ... ... . .... ... . . .. ..::. :. :.. .:: :

t
........ : .... ::...:.......... ... ..... .. ........ ....

... :.:.......::::::::...,,.............. - !-' ".r.. ...... ...... ...... .. .. .. .. .. ...... . .. .. .. .... ... .. .. ....... ........ .. .. ..
.. ..... . .... .............. ... . . ..... ... .. .................................. ............... ........ :...:::.::.::::............ :...::.::

. :. .. .: ::..::..:.::...:..::::.. .

I

"

I DO-19021(Vol . 1)

ABWR PL-2 DESIGN REPORT

October 15, 1960

Nuclear Division

Combustion Engineering, Inc.

Windsor, Connecticut

7 7

dc95 86meta

::>::. .... . T:...:.. :: ..



Other issues of this report may bear the No. CEND-103(Vol. I).

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

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

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

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

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

Printed in USA. This report consists of 2 volumes, total

price $7.00. Available from the Office of Technical Serv-

ices, Department of Commerce, Washington 25, D. C.

USA EC D,-- of T.,h--1 Info ma.on E r"-- Oak Ridge, Tene-



IDO-19021(Vol. I)

REACTOR TECHNOLOGY

ABWR
PL-2 DESIGN REPORT

October 15, 1960

Contract Number AT(10-1)-967
U.S. Atomic Energy Commission

and
Contract DA-44-192-ENG-i1

U.S. Army Engineer Research and
Development Laboratories

Approved:

B. Gitlow
Supervisor, Plant Design

Varick Schwartz
Ass It Project Mana er

COMBUSTION ENGINEERING, INC.
NUCLEAR DIVISION ConnecticutWindsor



, !" r i

N 4 
r

PL-2 SMW TUNNEL

r y r



PREFACE

ABWR - PL-2 DESIGN REPORT

This report is presented in partial fulfillment
of the requirements of ERDL Contract DA-44-192-ENG-ll
and USAEC Contract AT(10-1)-9670

A separate report covers the PL-1 design0

This report satisfies the quarterly progress report
requirements for PL-1 and PL-2 plant design work for
the period ending September 30, 1960 At present time
a SL-1 Core II is under construction0 This is a
replacement core for SL-1 (ALPR) and will be identical
to a PL-2 core; a PL condenser is under test at the
SL-1 facility; final construction plans for PL com-
ponents and modules which are not site sensitive
will be completed in March 19610

ii
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Io SUMMARY

PL-2 is a natural circulation 9 boiling water reactor plant
designed to deliver 1000 KW of net electrical power and 193659000
BTU/Hr. of net thermal power for space heating. The plant is simi-
lar in design to the SL-l (ALPR) which has been operating at NRTS
as a power demonstration plant9 test and training facility since
late 1958.

Modular construction is employed to minimize field erection.
All modules can be transported by Cl30A aircraft and are suitable
for all types of surface transport0

In this report the installation of PL-2 in a snow tunnel is
developed0 PL-2 is9 however9 suitable for installation on perma-
frost and conventional underburdens0 The plant will deliver design
output for elevations up to 109000 feet and for ambient temperatures
up to 600F. The PL-2 plant does not require a source of cooling
water to reject cycle heat and is suitable for installation at arid
sites.

The reactor is conservatively designed and relies on proven
techniques for the fabrication of cores for power reactors. The
first production core is now being fabricated and will be installed
in the SL-l in the summer of 19610 The core has a design life of
three full power years.

The PL-2 plant is designed for continuity of power operation.
Installed spares are provided wherever practical and automatic
transfer to standby equipment is provided where immediate transfer
is mandatory for continuous operation. All equipment required for
power generation is accessible for maintenance during power opera-
tion with the exception of the control rod drives. The leveling
jacks in the reactor complex are not operated when the reactor is
critical

Steam is generated in the reactor at 600 psig and discharged
through a 4" steam main to a geared turbine generator set rated at
1250 KW gross electrical power0 The turbine exhausts to two air-
cooled condensers9 which are designed to condense at 15" Hg absolute
and subcool to 1000F when the ambient temperature is 60 0F The first
production unit of this type is now installed at SL-19 Figures 799
80 and 810 Proof tests were initiated in October 1960 and will be
completed by March9 1961. The condenser is mounted in an enclosure
and control of inlet air temperature is accomplished by recircula-
tion of hot exhaust air0

1



The condensers drain to a common hotwell where one of two
installed condensate pumps discharge to the auxiliary cooling water
supply header which distributes water to the various auxiliary heat-
exchangers. The auxiliary heat exchangers discharge through a com-
mon header to tare reserve feed tank. A three-way valve in this
discharge header recirculates condensate to the subcooling section
of the main onndenser during low load operation to maintain adequate
cooling water flow. One of two installed feed pumps supplies water
to the reactor through the feed regulating valve which is controlled
by reactor water level.

A bypass purification system continuously maintains reactor
water chemistry. Reactor water is cooled, demineralized and then
pumped back to the reactor through the feed line by one of two canned
rotor pumps.

Plant drain water is processed by an evaporator and deminer-
alizer so that drains may be returned to the plant or meet the
discharge activity concentration without dilution 0

All instrumentation and rod drive power is supplied from a
3 section DC bus. The first section supplies nuclear instrumenta-
tion power; the second section 9 rod diive power, process instru-
mentation, radiation monitoring and communications; the third section
supplies the circuit breaker tripping power. Each section is
isolated by a blocking rectifier. One of two rectifier regulators
provides DC power 0  In the event of interruption of AC power the
batteries take up the load0

A 200 Kw auxiliary diesel is provided for plant startup and
shutdown.
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II PL-2 PLANT DATA

A. Reactor:

Thermal Power
Core Lifetime, full power years
Maximum Burnup, MWd/metric ton of U
Average Burnup, MWd/metric ton of U
Steam Production
Operating Pressure
Operating Temperature
Feedwater Enthalpy

8.o MW

3
33,000
7,650
24,724 lbs/hr
600 psig
4890F
134.0 Btu/lb.

B. Electrical:

Net Output
Voltage
Frequency
Phase
Power Factor
Standby Power (diesel-generator)

1000 KW
2400/4160
60 cycles

3
0.8
200 KW

C. Environmental:

Ambient Temperature
Wind Velocity (Sustained)
Altitude

D. PL-2 Core Numerical Data:

60 to -125 F
125 Knots
0-10,000 ft

1. Fuel Element:

Fuel Composition
Fuel Loading, Metric Tons U
Fuel Enrichment
U02 Pellet Diameter
U02 Pellet Density
Clad Material
Clad Thickness
Fuel Tube Inner Diameter
Number of Fuel Tubes Per Assembly
Number of Poison Rods Per Sub-
assembly
Number of Fuel Elements In Core
Number of Poison Rods in Core

U02
1.145
4.5%
0.420 inches
10.30 gm/cm
AISI 348 SS,
0.020 inches
0.428 inches
60

0.05 w/o Co.

2
1440
48

3



2. Core Geometry0

Equivalent Core Dt meter
Active Core L ngth
Number of Assemblies
Fie4 Assembly Width
Fuel Assembly Length
Tube Spacing (pitch
Riser Height

35.5 inches
38.3 inches
24
5.592 inches (square)
46.3 inches
0.732 inches
3 feet

3. Control:

Number of Rods
Rod Type
Overall Length
Overall Span
Overam, Thickness
Length of Travel
Control Material
Clad Material
Length of Active Section
Span of Active Section
Thickness of Active Section

4. Thermal and Hydraulic:

Average Power Density, KW/liter
of Active Core
Average Power Density, KW/liter
of Coolant in Active Core
Heat Transfer Area
Average Heat Flux
Maximum Heat Flux
Burnout Heat Flux (Conservative

estimate)

9
Cruciform
58-5/8 inches
11.44 inches
0.250 inches
39.0 inches
Ag-In-Cd
AISI 348 SS, 0.05 w/o Co
39-3/4 inches
10 578 inches
0.135 inches

13.3

26.6
564 ft2
48,400 Btu/hr-ft2

279,000 Btu/hr-ft2

1,000,000 Btu/hr-ft2

E. Main Steam System:

Total Steam Flow
Steam Pre ssure
Steam Temperature
Turbine -Generator Steam Flow
TG Steam Iet Pressure
TG Steam Echasst Pressure
TG Extract ion Steam Flow

Space Heat Exchanger Steam Flow
Space Heat Exchanger Steam Pressure
Heat Transferred

Air Ejector Steam Flow
Air Ejector Steam Pressure

24,724 lb/hr
600 psig
4890F
24,211 lbs/hr
590 psig
15" Hg. Abs.
1895 lbs/hr

1895 lbs/hr
25 psig
1.715 x 106 Btu/hr

314 lbs/hr
150 psig

4



Service Water System Evaporator
Steam Flow

Service Water System Evaporator
Steam Pressure

Turbine Seal Steam Flow
Turbine Seal Steam Pressure

149 lbs/hr

150 psig

100 lbs/hr

2-3 psig

F. Condensate System:

Air Cooled Condenser & Subcooler
Steam Flow
Steam Pressure
Steam Temperature, In
Condensate Temperature, Out
Condensate Recirculated
Condensate Recirculation Temp-

erature
Air Flow (Two Units)

Air Temperature, In
Heat Transferred (Two Units)
Number of Fans (Two Units)
H. P. per Fan
Fan Head

Precooler & After Condenser
Motive Steam Flow
Motive Steam Pressure

To Precooler
Steam
Air
Temperature

From Precooler
Steam
Air
Condensate
Temperature

To After Condenser
Steam
Air
Decomposition Gases
Temperature

22,410 lbs/hr
15" Hg.Abs.

1790 F
1000 F
8,756 lbs/hr

150 F
2.95 x 105 cfm @n60 F &
6000 ft.

600F
21.41 x 106 Btu/hr
8
20
1.77" H20 @ STP

314 lbs/hr
150 psig

100.2 lbs/hr
70 lbs/hr
1850 F

6.4 lbs/hr
70 lbs/hr

93.8 lbs/hr
1200F

414.3 lbs/hr
90 lbs/hr
3.2 lbs/hr
2080 F

5



From After Condenser
Condensate
Temperature
Vent

Steam
Air
Decomposition Gases
Temperature

Coolant
Flow Rate
Temperature, In
Temperature, Out
Heat Transferred

Hotwell
Condensate Flow
Makeup Water Flow
Makeup Water Temperature

Condensate Pumps
Capacity
Suction Pressure
Discharge Pressure
Total Head
Condensate Temperature
Motor Horsepower

396.2 lbs/hr
1700F

18.1 lbs/hr
90 lbs/hr
3.2 lbs/hr
1400F

10,000 lbs/hr
1000F
1520F
516,340 Btu/hr

31,052 lbs/hr
18 lbs/hr
400F

6o GPM
-8.3 psig
40 psig
48.3 psig
1000F
5

G. Feedwater System:

Reserve Feed Tank
Condensate Flow
Condensate Temperature, In
Condensate Temperature, Out
Feedwater Recirculation Flow
Feedwater Recirculation Temp-
erature

Low Pressure Drains Flow
Low Pressure Drains Temperature

Feedwater Pumps
Capacity
Suction Pre ssure
Discharge Pressure
Feedwater Temperature
Motor Horsepower

22,314 lbs/hr
1500F
153 0 F
2500 lbs/hr

153 F
266o lbs/hr
179 F

54 GPM
0 psig

700 psig
1530 F
60

6



H. Purification System:

First Stage Heat Exchanger
Purification Flow
Temperature, In
Temperature, Out
Coolant Flow
Coolant Temperature, In
Coolant Temperature, Out
Heat Transferred

Second Stage Heat Exchanger
Purification Flow
Temperature, In
Temperature, Out
Coolant Flow
Coolant Temperature, In
Coolant Temperature, Out
Heat Transferred

Demineralizer
Purification Flow
Water Temperature
Resin Capacity

Purification Pumps
Type
Capacity, Normal Flow
Suction Pressure
Discharge Pressure
Water Temperature
Motor Horesepower

Eductor
Motive Water
Lift Water
Total Operating Head
Motive Water Temperature
Lift Water Temperature
Total Discharge Head
NPSH

I. Shield Cooling System:

Shield Cooler
Coolant Flow
Coolant Temperature, In
Coolant Temperature, Out
Heat Transferred

24'(6 lbs/hr
4890F
3310F
2476 lbs/hr
120 0 F
2910 F
427,880 Btu/hr

2476 lbs/hr
3310F
1200 F
6575 lbs/hr
100 0 F
1810 F
529,740 Btu/hr

2476 lbs/hr
120 0 F
2.8 ft3

Canned rotor
5 GPM
5?0 psig
6 45 psig
120 F
1.5

7.2 GPM
5 GPM
67 psig
1200 F
1700 F
15 psig
13.7 ft.

3155 lbs/hr
1000 F
1410 F
127,800 Btu/hr

7



J. Raw Water Purification System:

Makeup Water Storage
Makeup Water Pump

Capacity
Suction Pressure
Discharge Pressure
Motor Horsepower

50 gals.

5 GPM
atms.
34.0 psig
0050

5 GPM
40 - 700

3F
3.0 ft.

Raw Water Demineralizer
Flow Rate
Water Temperature
Resin Capacity

K. Lube Oil Cooling System:

L. 0. System Intercooler
Fluid Flow
Fluid Temperature, In
Fluid Temperature, Out
Coolant Flow
Coolant Temperature, In
Coolant Temperature, Out
Heat Transferred

L. 0. Cooler
Lube Oil Flow
L. 0. Temperature, In
L. 0, Temperature, Out
Coolant Flow
Coolant Temperature, In
Coolant Temperature, Out
Heat Transferred

Lube Oil Coolant Puanp
Capacity
Head
Fluid Temperature
Motor Horsepower

6010 lbs/hr
1400F
1150 F
5860 lbs/hr
1000 F
1260 F
150,000 Btu/hr

13,g10 lbs/hr
157 F
1300 F
6010 lbs/hr
115 0F
1400 F
150,000 Btu/hr

12.5 GPM
25 gsig
115 F
Q.50

L. HP Drain System:

Capacity 2094 lbs/hr

M. Low Pressure Drain System:

20 GPM
-6.8 psig

LP Drain Pump
Capacity
Suction Pressure

8



LP Drain Pump (Continued)
Discharge Pressure
Total Head
Drain Temperature
Motor Horsepower

N. Plant Heating System:

Operating
Air Flow to Plant
Ambient Temperature
Room Temperature
Heat Transferred
Space Heating Supplied
Plant Heating Supplied

Shutdown
Air Flow to Plant
Ambient Temperature
Room Temperature
Heat Transferred
Space Heating Supplied
Plant Heating Supplied

Space Heat Exchanger
Steam Flow
Steam Temperature, In
Condensate Flow, Out
Condensate Temperature, Out
Vent Flow
Coolant Water Flow
Coolant Temperature, In
Coolant Temperature, Out
Heat Transferred

Plant Heating Pump
Capacity
Suction Pressure
Discharge Pressure
Fluid Temperature
Motor Horsepower

0. Service Water System:

Spent Fuel Tank Cooler
Spent Fuel Tank Cooler Flow
Temperature, In
Temperature, Out
Coolant Flow
Coolant Temperature, In
Coolant Temperature, Out
Heat Transferred

10.5 psig
17.3 psig
1790F
0.5

1600 cfm
00 F (tunnel)
606 F
1.715 x 10 Btu/hr
1.365 x 10 Btu/hr
0.350 x 10 Btu/hr

3260 cfm
00F (tunnel)
600F
1.913 x 10 Btu/hr
1.365 x 106 Btu/hr
0.548 x 106 Btu/hr

1895 lbs/hr
2940 F
1895 lbs/hr
250 F
Negligible
56,825 lbs/hr
1900F
2200F
1.715 x 106 Btu/hr

35 GPM
0 psig
15 psig
1900F

0.75

3670 lbs/hr
160 F
1190 F
3489 lbs/hr
1000F
1430F
150,000 Btu/hr

9



Demineralizer
Flow
Water Temperature
Resin Capacity

Evaporator
Capacity
Overhead Purity
Bottom Solids Concentration

Overhead Condensate
to Storage

Drain Tank Pump
Type
Capacity
Suction Pressure
Discharge Pressure
Fluid Temperature
Motor Horsepower

Spent Fuel Tank Pump
Type
Capacity
Suction Pressure
Discharge Pressure
Fluid Temperature
Motor Horsepower

Waste Tank Pump
Type
Capacity
Suction Pressure
Discharge Pressure
Fluid Temperature
Motor Horsepower

Disposal Tank Pump
Type
Capacity
Suction Pressure
Di scharge Pressure
Fluid Temperature
Motor Horsepower

Temperature

3670 lbs/hr
1200F
2.8 ft3

200 GPD 8
Not more than lx10 uc/cc
Not less than 50% solids
by weight

1200F

Sump
7.5 GPM
Atm
29.4 psig
40 - 120 F
0.5

Sump
7.5 GPM
Atm
29.4 psig
40 - 120 F
0.5

Sump
2 GPM
Atm
14.2 psig
40 - 120 F
0.5

Centrifugal
10 GPM
Atm
21.6 psig
40 - 120 F
0.5

10



P. Shipping (Snow Tunnel)

Foundation, Structural and
Enclosure s 236 tons

Airlift Loads (C 130A) 16

Plant Components 242 tons
Airlift Loads (Cl30A) 18

Primary System 3 loads
Secondary System 7 loads
Interconnects plus 8 loads

Off skid

11





III. PLANT DESCRIPTION

A.  ARRANGEMENTS

1. Snow Tunnel Design and Construction

The general arrangement, Figure 1. of the PL-2 reactor
plant for an inland Antarctic site, utilizes a large snow tunnel
with all the buildings and facilities arranged in a straight line
within the tunnel. Many problems of construction and operation
encountered at surface installations where severe climatic condi-
tions exist are thereby eliminated.

Construction of the plant will be greatly facilitated by
ramping the tunnel at both ends. This will allow construction of
the plant to proceed simultaneously in the Reactor and Power Plant
areas and reduce total construction time. Two mechanized snow plows,
such as the Peter Snow Miller will be required because of the two
levels of tunnel depth. For the portion of tunnel at the Reactor
Complex some additional equipment will be required to remove the snow
excavated at the lower depths.

The tunnel will be roofed with corrugated metal arches,
seated on a snow ledge approximately ten feet below the ground
surface. The floor will extend to a depth of twenty-four feet in
the tunnel section housing all buildings except the Reactor Complex.
The tunnel section for the Reactor Complex will be excavated to
approximately forty-one feet below the surface. Snow will be back-
filled over the arches to a depth of approximately three feet by
the snow plows to obtain an insulating blanket.

A decrease in tunnel height, as a function of time, due to
the differential settlement rates of the tunnel floor and the roof
arch, is anticipated. The depth of tunnel has been established to
allow for an initial clearance of two feet six inch minimum between
the top of the buildings and the roof arch. Experience at Camp
Century will be evaluated to determine what allowance for settling
of the tunnel arch is required.

The tunnel is sealed for weather tightness at the base of
the ramp with a timber bulkhead. Large steel roll-up doors in the
bulkhead will provide for the entry of vehicles.

Penetrations of the corrugated metal roof arch will be
limited to the intake and exhaust ducts of the air cooled steam
condensers, the hatch openings above the snow shield, the ventila-
tion ducts for the buildings, and the various exhaust stacks from
machinery.
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Emergency escape hatches are provided at locations shown
in Figure (1). The hatches will be offset from the main tunnel and
consist of either vertical ladder shafts or spiral stairwells pro-
jecting several feet above the snow surface and connected at the
base to the main tunnel by means of small access tunnels.

A thirty foot tunnel width provides five feet minimum
clearance between the building wall and the tunnel wall0 The snow
floor of this space will be covered over with two inch planking and
utilized as a walkway. Tunnel lighting for the walkways will consist
of fixtures mounted on the exterior walls of the buildings.

All steam, water, drainage and steam condensate piping
carried within the tunnel will be insulated and electrically traced.
?iping within buildings will be insulated only0

A biological shield is provided between the Reactor Complex
and the remainder of the plant by means of a fifty foot section of
snow shielding within the tunnel. There is no direct line of sight
between the Reactor and the portion of the tunnel housing stations
for the operating personnel0 The snow shield comprises backfilled
snow compacted to a minimum density of .50 grams per cubic centimeter
and contained within a timber retaining bin held together with steel
tension rods. Two hatches are provided in the metal arch roof
directly above to allow the snow to be blown into the bin from the
surface by the Peter Plow.

The snow shield is flanked on two sides with small access-
ways9 connecting the two tunnel sections, for personnel, piping and
utilities

Separate buildings for Condensers0 Power Plant Equipment,
Personnel and Service are provided in that order, starting from the
snow shield0

These buildings will be carried on a structural steel floor
framing system supported on heavy timber cribbing foundations. The
steel was sized to provide a relatively rigid support level for jack-
ing0 All building and equipment loads, except the turbine generator,
will be mounted on separate cribbing foundations 9 independent of the
building0  Foundations for the Reactor Complex structure consist of
heavy timber forming raft type foundations resting on the tunnel floor.

Maximum snow bearing pressures do not exceed 1000 pounds per
square foot on any foundation. The foundation timber has been
designed and proportioned to obtain, within practical limits, equal
snow bearing pressures under all foundations during operation.
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Operating weights of various plant equipment and the
resulting bearing pressures beneath their foundation are as
follows:

Purification skid 40,000 lbs. 625 psf
Feed & Condensate skid 50,000 lbs. 655 psf
Turbine Generator skid 40,000 lbs. 660 psf
Electrical skid 30,000 lbs. ~625 psf
Auxiliary Boiler 11,000 lbs. 635 psf
Diesel Generator 6,500 lbs. 630 psf
Condenser skid 30,000 lbs. 680 psf
Reactor 200,000 lbs )
Spent Fuel Tank 165,000 lbs. 635 to 650 psf
Drain Tank 48,000 lbs.

Differential settlement can be expected between foundations
but the anticipated amount has been greatly minimized by the following
features

(1) Foundations are symmetrical.

(2) Comparatively equal bearing pressures are obtained
under operating loads0

(3) Maximum bearing pressures do not exceed the weight
of the excavated snow0

(4) A relatively rigid steel floor framing system under

the building tends to equalize loadings to the foundations.

However, differential settlement is possible. Control will
be obtained with a central manometer system installed at various
critical locations and a simple maintenance procedure can be estab-
lished for jacking and leveling using the steel floor framing and low
height ball bearing journal jacks, in all buildings except the Reactor
Complex structure0

The Reactor Complex structure contains eight jack screws
located at the operating level, of approximately 60 and 130 ton
capacity, for leveling the upper portion of the steel structure.
Sensitive adjustments of vertical height in the steel structure are
possible with the motor operated jacks and reduction gears. Correc-
tions of height as small as .1 inch per minute can be obtained with
this mechanism0

Piping runs will be designed to provide flexibility far
in excess of that necessary to allow for the maximum anticipated
differential settlement between piping support points.
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20 Enclosures

The PL-2 plant may be housed in any enclosure with adequate
width, height, and length. The T-5 building has been used in develop-
ing these plans0

The panels will be fabricated to provide for pipe penetrations
between buildings.

The steel structure for the Reactor Complex will be enclosed
with the same T-5 type of panels except for the main columns.

3o Machinery Arrargement

The PL-2 machinery arrangement incorporates factory assembled
modules. These modules permit great latitude in adjusting the overall
machinery arrangement to specific site requirements without changing
the basic machinery modules. The arrangement selected for the snow
tunnel minimizes tunnel construction work9 and maintains adequate room
for maintenance and operation. The arrangement permits routine
operation by one man0 Startup will require two men0

The Reactor Complex, Figures 2, 39 4, 5 and 6 contains the
reactor vessel and shield tank9 the spent fuel tank, the waste tank,
and the plant drain tank0 A 15 ton overhead crane is provided to remove
the pressure vessel head, transfer fuel elements from the reactor vessel
head, transfer fuel elements from the reactor vessel to the spent fuel
tank and to load the spent fuel shipping cask0 The entire reactor com-
plex is supported at eight jacking points0 The lifting mechanism is
designed so as to allow the upper complex structure to move up 6 feet.
The jacks are supported on eight stationary columns which distribute
the load to the reactor complex foundation, Figure 3. Pipe ways and
wire ways are run under removable sections of the floor plates to the
complex wall so that the operating floor is clear for refueling and
maintenance operations. The control rod drive trains are protected by
a raised section of floor grating. The grating is removable in sections
for access to the mechanisms which are in a well ventilated space and
will not be subject to excessive temperatures.

The condensers are housed in a separate building which is
modified to accept the intake and exhaust ducts, Figure l The floor
of the condenser building is 2 feet above the power plant building
floor to facilitate draining.

The power plant building houses, in order, the purification
module, the feed and condensate module, the turbine generator module
and the electrical module. The arrangement provides for a continuous
operating aisle 5 feet wide on one side of the building0 On the other
side are the pipe and wire ways for interconnecting piping. All
equipment is accessible for operation and pull space is provided so
that maintenance on any one component will not require disassembly of
operable equipment0 All pipe connections are anchored at the skids
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and connected with a flexible pipe configuration to the interconnecting
piping. This flexible configuration is designed to facilitate field
interconnection and will not require extremely precise skid location
in order to make up the flanged connections.

The Service building has two compartments and houses a small
maintenance shop and equipment for emergency power. The shop contains
a lathe, grinder, work bench, welding machine, pipe threader and parts
bin. The power equipment consists of a diesel generator, fuel tank
and auxiliary boiler. For boiler maintenance, work space is provided
by opening the door connecting to the shop, and pulling the tubes into
the shop area.

The Personnel building contains office space, toilet,
laboratory, decontamination shower, washer, and lockers. The layout
allows entry from the operating area directly into the lab and decon-
tamination area without passage through the office space.

4. Shipping

The PL-2 plant shown in Figure (1) can be shipped by 3
aircraft in a total of 34 loads, transporting a total of 478 tons
within a 22 day period.

The shipping arrangements are prepared within the limitations
of the PL-2 Guidelines, Appendix A, and the C130A aircraft load-space
limits of 30,000 pounds within an envelope not to exceed 30 feet in
length, 818" in width and 8'6" in height.

All principal components are skid mounted, and with the
exception of foundation timber and structural steel, all components
(including skids) are seal-crated in 3/8" plywood with hoisting,
buttressing and tiedown provisions adequate for both aircraft and
surface transportation.

a. Plant Equipment

Schedule (A) presents the shipping arrangement for the
nuclear plant machinery and furnishings. Exclusive of spare parts
and special tools, the plant comprises 242 tons, air transportable
in 18 loads. The items tabulated are noted on the Figure indicated
in the "figure" column.

It should be noted that 8 fuel assemblies and 3 control
rod blades are shipped in each of the 3 spent fuel cask shipping
assemblies, Figure 21.
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Schedule A is generally applicable and will not change
significantly for other installations which have similar requirements
for refuelling and waste disposal0  Where spent fuel may be abandoned
or accommodated by mobile equipment, a reduction in shipping of two
to three loads may be anticipated.

It should be noted that this shipping list includes every-
thing required to complete the erection, startup and operation of the
plant0  The equipment required for the generation of power including
provisions for storing spent fuel is:

Primary Loop Cl30A Loads

Reactor 1
Spent Fuel & Drain Tanks 1
Shield Tank 1

Total 3

Secondary Loop

2 Condensers 4
Purification and Waste Disposal 1
Feed and Condensate 1
Turbine Generator 1

Electrical and Control 1

Total 8

Interconnecting plumbing and wiring and items such as the
spent fuel shipping casks, auxiliary diesel and shutdown boiler
account for the remaining 7 packages0 The loads for the two conden-
sers include the combined inlet and exhaust stacks required to
penetrate the tunnel arch0
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SCHEDULE A

SHIPPING ARRANGEMENT FOR NUCLEAR PLANT MACHINERY AND FURNISHINGS

Load Box Contents Wt (ibs) Size (ft)

1 1 Feed and Condensate Skid

2 2 Purification Skid
21b 5 CIC-UIC Ion Chambers

3 6f Wiring, Outlets, Lighting Fixtures
15b Transfer Cask Mechanism
3 Turbine Generator Skid

4 4
6i

Electrical Skid
Bench

5 7 React. Vessel, Hd.&Hd. Shielding
19bl Cont. Rod Mechanism Actuator

6 5a
13f
19b2
19c1

Condenser Skid
Crane Assy Provisions
Cont. Rod Mechanism Actuator
Cont. Rod Drive Package

29,874 30x8.5x8

29,836
132

29,968

733
82

29,262
30,077

29,730
257

29,987

29,280

732
30,012

23,758
558
732
213

25,261

14x7x8
1.5xlxl

4x4x6
lxlxl

17x7x6

26x8 .5x8.5
7x2x2

20x6x8
5xlxl

25x8x8
6x4x3
5xlxl
2x1.5x1.5

7 5b Condenser Skid 23,758
6g Heating, Piping, Radiator, Controls 1.112
61 Fire Protection Equip. and Control 913
6k Toilet, Sink, Lavatory, Plumbing 1.035

26,818

8 8 Core 2,006
12 Waste Tank 1,892
16d Switch Gear, Welder, Grinder, Tools 1,764
5c (2) Sets Dampers and Supports 15,900
26 Source 471

22,033

9 9a Spent Fuel Shipping Assy 29,305
13d Crane Drive Unit 627

30,002

** Includes 8 Fuel Assemblies and 3 Control Rods

Figure

29

27
37

31
22

39

30
31

7
11

38
3/4

11
4

25x8x3
8x3x3
4x4x8

5x4x3

7x4x4
8x4x2

4x4x3
25x8x8
4xlxl

10x5x7
6x3 .5x3

38
31
31
31

15
2/3/4

.1

38
15

21**

3/4/5
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SCHEDULE A (Cont'd)

Load Box Contents

J0 9b Spent Fuel Shipping Assy
16h Lathe

11 9c Spent Fuel Shipping Assy
19b3 Cont. Rod Mechanism Actuator

12 10 Shield Tank Assy

13 11 Spent Fuel, Plant Drain Tanks
Shipp.

19d Cont. Rod Drive Connectors

14 15a
16b
6j
6k
6b
6c

15 5d1
13a
13b
14f
14g
14h
15c
18
24
20

16 5d2

5d3
13c
14a
14b
14c
14d
14e
19b4
19b5

Transfer Cask Assy
Auxiliary Boiler
Shower, Plumbing, Stool
Washer, Dryer

4) File Cabinets
6) Personnel Lockers

Wt (ibs) Size (ft)

29,305
619

9,924

29,305
732

30,037

29,978

29,512
503

30,015

11,874
8,000

648
688
559
830

22,599

Cond. Stack Girders, Beams Brackets 4,442
(2) Crane Trusses 1,825
(2) Crane Rail Beams 3,625
Ratiometer Jack 1,808
Ratiometer Jack 1,808
Ratiometer Jack 1,808
Transfer Cask Ext. Racks (3) 272
Refueling Plate Assy 6,519
Off Skid Heating Provisions 593
Instrument Well Shipping Pack 6,697

28,397

Cond. Stack Panels
Cond. Stack Panels
(2) Crane End Beams
Ratiometer Jack
Ratiometer Jack
Ratiometer Jack
Ratiometer Jack
Ratiometer Jack
Colt. Rod Mechanism Actuator
Cont. Rod Mechanism Actuator

3,442
3,442
1,252
1,858
1,858
1,858
1,858
1,808

732
7j52

10x5x7
6x4x2

10x5x7
5xlxl

21x8.5x8.5

27x8.5x8.5
6x2x2

6x3x3
10x8.05x5
3x3 xb
4x4x4
8x3x6
6x6x7

13x4.5x1.5
21x2x3
21x2x3
14xlxl
14xlxl
14xlxl
7xlxl

5.5x5.5x1
6x2x2
17x4x3.5

13x7x6
13x7x6
12x2x2
14xl xl
14xlxl
14xlxl
14xlxl
14xlxl
5xlxl
5xlxl

** Includes 8 Fuel Assemblies and 3 Control Rods
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21**

21**
11

18

19
3

22

31
31
31
31

25
3/4
3/4

3
3
3

22
23
59
35

25
25

3/4
3
3
3
3
3

11
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SCHEDULE A (Cont'd)

Load Box

16 (contud)

19b6
19b7
19b8
19b9

17 5d4
5d5
6n
6a
6d
6m
13e

18 6e
16a
16c
16e
16f
16g
16i
17
19c2
19c3
19c4
19c5
19c6
19c7
19c8
19c9
19e
21a
22
23
25a
25b

Contents

Cont. Rod Mechanism Actuator
Cont. Rod Mechanism Actuator
Cont. Rod Mechanism Actuator
Cont. Rod Mechanism Actuator

Cond. Stack Panels
Cond. Stack Cowling, Covers, De
(2) Desks, (2) Chairs
Radiation Counter
Contaminated Clothes Bin, Waste
Table
Crane Trolley, Motor, Reducer

(4) Internal Partitions
Auxiliary Diesel Generator
Fuel Tank Pipe Thread. Drill
Wiring Lights, Bins
Bench Boiler Piping
Heating and Fire System
Internal Partitions

Wt (lbs)

732
732
732
732

21,968

C
3,442.k 2,218
1,074

673
Box 431

589
1,843

10,270

Press

Spent Fuel Storage Rack
Cont. Rod Drive Package
Cont. Rod Drive Package
Cont. Rod Drive Package
Cont. Rod Drive Package
Cont. Rod Drive Package
Cont. Rod Drive Package
Cont. Rod Drive Package
Cont. Rod Drive Package
Cont. Rod Extension Shafts
(2) BF Instruments
Portable Radiation Monitoring
Fixed Radiation Monitoring
Feed Pump Motor
Feed Pump Motor

1,969
7,445
1,138
1,012
1,237
1,898
1,723
1,763

213
213
213
213
213
213
213
213
208
286
755
555

1,206
1,206

24,105

Size (ft)

5xlxl
5xlxl
5xlxl
5xl1xl

13x7x6
14x7x6
9x6x3
2x2x6
4x2x4
7x3x2
8x7x2.5

12x3x4

9.5x3.5x6.-5
6x4x4
6x6x3
6x6x3
12x4x4
11x4x2
4x4x2.5
2x1.5x1.5
2x1.5x1.5
2x1.5x1.5
2x1.5x1.5
2x1.5x1.5
2x1.5x1.5
2x1 .5x1.5
2x1.5x1.5
6xlxl
4xlxl

4x3x3
4x3x3
4x4x4
4x4x4

b. Foundations and Enclosures - (Snow Tunnel Installation)

Foundation timber, structural steel and building panels for the entire
plant weigh a total of 236 tons and will require a total of sixteen plane loads.
The timber and steel can be bundled into packages convenient for handling and
shipping. The T-5 building panels are stacked flat on a wooden skid, encased
in plywood sheathing and wrapped in heavy Manila paper. The crates are fastened
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11
11
11
11

25
25
31
31
31
31

3/4

31

33
4
4
4
4
4
4
4
4

11
36
69
69
29
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to the skid with metal straps. The weight per crate varies from 2800 to 3300
pounds and can be easily handled with a fork lift truck. The sizes of crates
vary in length from 9 to 16 feet 9 in width from 2'-6" to 40-6" and in height
from 4'-0" to 5 '-0". There will be a maximum of 50 crates for building panels.
The delivery of material to the site will be arranged so that timber and floor
steel are followed by building panels and equipment9 according to the erection
requirements.

The following schedule (B) presents the shipping arrangement for found-
ation timber, structural steel and enclosures. Schedule B is applicable to a
snow tunnel installation. Significant reductions can be expected for surface
installations.

SCHEDULE B

SHIPPING ARRANGEMENT FOR FOUNDATION TIMBER, STRUCTURAL STEEL (including Reactor
Complex) AND ENCLOSURES

No. Item wt,
16 x 3 x 5 Crates
13 x 3-6 x 5 Crates
12 x 12 - 26 ft.

Steel

16 x 3 x 5
13 x 3-6 x
11 x 4-6 x
12 x 12-24
12 x 12-26
18 WF50 20

Crates
5 Crates
5 Crates
Ft.
Ft.
Ft.

Steel

16 x 3 x 5 Crates
13 x 3-6 x 5 Crates
12 x 12 - 3 Ft.
18 WF 50 20 Ft.
6 x 12 - 13 Ft.

Steel

16 x x 5 Crates
11 x 4-6 x 5 Crates
6 x 12 - 11'-0

2
2

15

1.

2. 2
1
1
8
1
7

2
2

15
8
26

30

40

6600.#
6600.

16500.
29700.#

180
29880.#

6600.
33000
3200.
8000.
1100.
7000.

29200.#
56

29765.#

66000
5400.
1880.
8000.
7150.

29030.#
910

29940t

6600.
3200.
5650

2
1
26

22
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SCHEDULE B (Cont.)

Load No. Nc Item Wt. (lbs.)

4. e - 18 WF 50 - 16 Ft. 6400.
135- 16 WF 40 - 12 Ft. 6240.
15 - 12 x 12 3 Ft. 1880.

29970.

5. 4 - 11 x 4-6 x 5 Crates 12800.
13 - 12 x 12 5'6" Crates 3000.

7 - 18 WF 50 20 Ft. 7000.
4 - 8 WF1716 Ft. 1090.

13 - 16 WF 40 10 Ft. 5200.
1 - 10 WF 25 15 Ft.__75.

29465.
Steel

29950.

60 2 - 11 x 4-6 x 5 Crates 6400.
3 - 9 x 4-6 x 5 Crates 3460.
4- 16x16 10Ft. 3000.
8 - 12 U 2007 12 Ft. 2000.

12 - 8 U 1105 12 Ft. 1660.

Timber 8000.
29520.

7. 2 - 9 x 5 x 5 Crates 6250.
2 - 11 x 4 x 5 Crates 5860.

46 - 8 WF17 89 Ft. 6260.
15 - 12 x 12-3-0 Ft. 1880.
15 - 12 x 12-3-0 Ft. 1880.

Timber 7140.
29270.

8. 1 - 9 x 5 x 5 Crates 3125.
4 - 11 x 4 x 5 Crates 11720.
3 - 8 WF17 12 Ft. 615.

Timber 7280.
Timber 7350.

30090.

9. 2 - 11 x 4 x 5 Crates 5860.
1 - 11 x 2-6 x 5 Crates 1900.
1 - 9-6 x 3-6 x 5 Crates 1900.

Timber 16800.
Steel 3525.

29985.
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SCHEDULE B (Cont.)

Load No. No. Item Wt. (lbs.)

10. 1 - 12 x 4 x 4 Crates 3500.
Timber 3360.
Timber 18000.
Steel 2900.
Timber 2200.

29960.

11. Timber 19195.
Reactor Steel 10800.

29995.

12. Flooring 5000.
Reactor Steel 15000.

3 - Crates 10000.
30000.

13. Reactor Steel 20000.
3 - Crates 10000.

30000.

14. Reactor Steel 15770.
3 - Crates 10000.

Flooring 4000.

29770.

15. Reactor Steel 20000.
3 - Crates 10000.

30000.

16. Checker Plate 2310.
Grating 2655.
Flooring 3000.

Snow Shield 20000.
27965.

5. Erection and Assembly Schedule - Snow Tunnel Installation

a. Procedure

The Construction Procedure in the Reactor area is based
on having access from a ramp adjacent to the Reactor and the availability
of equipment for lifting a maximum of 20 tons.
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The sequence of construction will proceed as follows:

(1) Construct foundation cribbing on column lines
4 and 3, Figure 5.

(2) Erect temporary timber support for Spent Fuel
Tank and place four 10 ton hydraulic jacks in position.

(3) Install Spent Fuel Tank in temporary position
on jacks.

(4) Erect steel columns at column line intersections
4x, 4y, 3x, and 3y, Figure 50

(5) Erect steel framing and bracing of lower steel
structure between columns 4x, 4y, 3x and 3y, Figure 5.

(6) Install jacking devices near column line 4 and
attach 21 WF 73 at bottom of jacks.

(7) Construct foundation cribbing on column line
2 and repeat step 2 for supporting Shield Tank and Reactor between
column line 2 and 3, Figure 5.

(8) Install Shield Tank in temporary position on
jacks.

(9) Install Reactor in Shield Tank.

(10) Jack- Shield Tank and Reactor so that support
brackets are higher than the final position.

(11) Erect steel columns and framing of lower steel
structure between column lines 2 and 3.

(12) Install jacking devices near column lines 2 and
3 and attach 30 WF 108 and 27 WF 94 at bottom of jacks.

(13) Construct foundation cribbing on column line
1, Figure 5.

(14) Erect temporary timber support for Drain Tank
and place four 5 ton hydraulic jacks in position.

(15) Install Drain Tank in temporary position on jacks.

(16) Erect columns at column line 1 and complete lower
steel structure framing and bracing.

(17) Install last two jacking devices and attach 16 WF
58 at bottom.
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(18) bower Reactor and Shield Tank to proper final
position, erect supporting level of steel and fasten to Shield Tank.

(19) Remove temporary hydraulic jacks and supporting
timber under Shield Tank to transfer loading to structure.

(20) Jack Spent Fuel Tank into proper final position,
erect supporting level of steel and fasten to Tank.

(21) Jack Drain Tank into proper final position,
erect supporting level of steel and fasten to Tank0

(22) Remove temporary hydraulic jacks and supporting
timber under Spent Fuel Tank and Drain Tank, to transfer loading to
structure.

84' - 0".
(23) Erect upper steel structure above elevation

(24) Install 15 ton crane.

(25) Install Waste Tank beside Spent Fuel Tank0

(26) Proceed with housing enclosure of entire complex.

(27) Install electrical power and lighting.

(28) Level equipment and upper steel structure to

proper elevation by means of eight jacking devices.

(29) Install piping and insulation.

(30) Install exhaust stacks and ventilation system.

b. Sequence

The sequence of construction procedure in the machinery
area is based on having a power winch in the tunnel capable of pulling
equipment into position.

(1) Construct foundation cribbing for Condenser and
Power Plant buildings to same elevation. Top two layers of crib-
bing under condenser building will not be erected at this time.
Place temporary timber for jacking purpose under condenser building.

(2) Erect steel floor framing.

(3) Erect floor panels.

(4) Place 2 x 12 flooring in Power Plant building
floor.
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(5) Mark location of equipment on floors of both
Condenser and Power Plant buildings.

(6) Construct temporary timber bridge between
Power Plant and Condenser buildings to span opening between.

(7) Install condensers by rolling on pipe rollers
across Power Plant building, over bridge and onto Condenser build-
ing floor. Louver assembly will be mounted on condensers before
installation.

(8) Jack Condenser building to final elevation
and insert top two layers of cribbing on foundations.

(9) Erect walls and rafters of Condenser building.

(10) Remove temporary timber and jacks from beneath
condenser building.

(11) Erect structural steel supports for stacks in
Condenser building.

(12) Dismantle timber bridge between buildings.

(13) Install equipment in Power Plant building in
this order - 1. Purification skid 2. Feed and Condensate skid
3. Turbine Generator 4. Electrical skid.

(14) Erect walls, rafters and roof of Power Plant
building and roof of Condenser building.

(15) Construct foundations for Personnel and Service
buildings.

(16) Level all equipment skids.

(17) Install pipe supports in buildings.

(18) Erect condenser stacks in condenser building
and exhaust stacks in power plant building.

(19) Install electrical power and lighting Condenser
and Power Plant buildings.

(20) Install piping and insulation Condenser and
Power Plant buildings.

(21) Erect steel floor framing for Personnel and
Service buildings.

27



(22) Install heating & ventilation system in Power
Plant and Condenser buildings.

(23) Install stairs at all buildings.

(24) Erect floor panels in Personnel and Service
building.

(25) Construct timber for Snow Shield.

(26) Erect walls, rafters and roof Personnel building.

(27) Install plumbing, toilet fixtures, etc. in
Personnel building.

(28) Place 2 x 12 flooring in Service building.

(29) Install Diesel Generator and Auxiliary Boiler
in Service building0

(30) Install piping in Service building0

(31) Install piping in tunnel.

(32) Erect walls, interior and exterior, rafters
and roof of Service building0

(33) Install electrical power and lighting in
Personnel and Service buildings.

(34) Install shop equipment and lab0

(35) Install Heating and Ventilation system in
Personnel and Service buildings.

(36) Install Fire Protection system all buildings.

(37) Check levels of all equipment and buildings.

(38) Backfill Snow Shield.

(39) Painting all areas.

(40) Install Office furniture and equipment.

(41) Testing.
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c. Schedule

The Erection Schedule, Schedule C, is based on the

following work being completed and work proceeding in the Reactor
and Machinery areas simultaneously:

(1) Tunnel excavation, roofing and bulkheading.

(2) Penetrations in metal roof arch reinforced

with structural steel members and protected with temporary coverings.

(3) Emergency escape hatches and connecting access-
ways.

(4)

(5)

(6)

Tunnel lighting.

Survey work for location of foundations.

All material and equipment delivered at site.

PL-2 PLANT SNOW TUNNEL, ERECTION SCHEDULE

FIRST MONTH SECOND MONTH THIRD MONTH

FOUNDATIONS, TIMBER

FOUNDATIONS, EXCAVATION

FOUNDATIONS, STEEL FRAMING

BUILDING ERECTION, PANELS

EQUIPMENT INSTALLATION _

STRUCTURAL STEEL ERECTION _

TEMPORARY TIMBER WORK

LEVELING AND JACKING

DUCTWORK AND STACKS

PIPING IN BUILDING

PIPING IN TUNNELS _

INSULATION

CARPENTRY: SHIELD,STAIRS ETC_

PIPE SUPPORTS AND MISC. STEEL

ELECTRICAL POWER AND GROUNDING
ELECTRIC LIGHTING

FIRE PROTECTION SYSTEM
PLUMBING (TOILET FIXTURES AND LABORATORY)

BACKFILL SNOW SHIELD

HEATING AND VENTILATION

PAINTING

INSTALL OFFICE FURNITURE AND EQUIP.

TESTING

SCHEDULE C
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B. MECHANICAL SYSTEMS

1. Plant Heat Balance

The heat balance, Figure 41, for the PL-2 plant indicates
that 8.0 MW, thermal, of reactor power will produce a gross electrical
output of 1235 KW plus a gross heating load of 502 KW. The net
electrical power is 1000 KW at a power factor of not less than .8,
while 235 KW is required for the plant load. The net heating load
is 400 KW with the remaining heating load providing space heat for
the plant. The turbine engine efficiency is 64.7%.

Steam flow from the reactor is 24,724 pounds per hour of
which 24,211 goes to the turbine, 463 pounds per hour goes to the
reducing station, and 50 pounds per hour is assumed to be condensed
due to piping losses and is drained to the low pressure drain tank.
Space heat is obtained from turbine extraction steam of 1895 pounds
per hour at 93% quality.

The air cooled condenser load6 is 19.332 x 106 BTU/hr.
The load on the subcooler is 2.076 x 10 BTU/hr. The total flow
through the subcooler is 31,051.9 pounds per hour of which 8,756
pounds per hour is continually by-passed to provide the required
capacity for auxiliary cooling.

For this heat balance the following assumptions were made:

(a) Gross output of the turbine generator is 1235 KW.

(b) Turbine steam rate is 24,211 pounds per hour at
590 psig, throttle,

(c) Turbine extraction steam 7.8%.

(d) Turbine exhaust quality is 87% at 15" Hg absolute.

(e) Space heat load is 1.715 x 106 BTU/hr.

(f) Reactor operating pressure is 600 psig.

(g) Air leakage into the system is at 60 F.

(h) Heat losses from the liquid system are neglected.

(i) Heat losses from the steam system are represented by
steam condensation of 50 lbs/hr.

(j) Friction heating in the pumps and pump work is
neglected.
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2. System Descriptions

a0  Process Systems

1) Main and Auxiliary Steam System

The Main and Auxiliary Steam System, Figure 42,
distributes steam generated in the reactor vessel to the following
equipment and systems:

Turbine

Turbine gland seal system
Steam reducing station
Service water system
Air ejectors
Space heat exchangers
Air cooled condenser

Main steam flow passes through a motor-operated
stop valve, main steam valve, combination trip and hand operated
throttle valve and governor valves into the turbine. Exhaust steam
from the turbine is distributed to two air cooled condenser units.
The remotely operated stop valve along with the stop valve in the
feedwater line back to the reactor are located within the reactor
complex. Their purpose is to isolate the reactor from the plant
under various emergency conditions. The main steam valve is located
just inside the power plant building and is furnished with a small
by-pass for system warm up.

The trip throttle is normally held open by oil
pressure from the turbine lube oil system, and will trip shut on
low oil pressure or turbine overspeed. When the throttle valve is
closed as a result of a trubine trip, it is necessary to manually
reset by turning the handwheel to the closed position. The governor
valves which are controlled by the hydraulically operated governing
system, automatically regulate steam flow to the first stage nozzles
of the turbine.

The turbine is a multi-valve, multi-stage geared
unit rated at 1,250 KW0 A single point of extraction is provided
where 7.8% of steam turbine flow is taken at 50 psig for the space
heat exchanger.

A motor operated by-pass valve is furnished at
the turbine. It will operate as a back-up for the reactor rod
control system. Normally, the by-pass will be closed. In the event
that maintenance is required on a rod control system, the by-pass may
be opened, exhausting steam directly into the main condenser. The
by-pass valve will control steam pressure by maintaining constant
reactor steam flow.
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A reducing station is provided which takes 600 psig
steam from the main steam line, at a point between the flow nozzle
and the turbine isolation valve, and reduces the pressure to 150
psig. The 150 psig steam is then distributed between the space
heat exchanger, air ejector motive steam, and the service water
system. Under normal operating conditions the space heat exchanger
receives its steam supply from the turbine generator extraction
stage. However, the controls are so arranged that during low load
turbine operation, when the extraction steam will not be sufficient
for space heat requirements, steam is drawn from the reducing station
to provide additional capacity. Space heat can be supplied from
the reducing station in the event the turbine is shut down for any
reason provided the reactor can be operated.

Service steam for the turbine gland seal system is taken
from the main steam line upstream of the main steam strainer. The

gland seal system is included as part of the turbine generator skid.
The system includes a gland seal regulator and a gland seal back pres-
sure regulating valve. The two valves maintain steam pressure in the
gland seal system between 2 and 3 psig. When system pressure falls
below 2 psig, the gland seal regulator opens allowing the pressure to
rise. When the system pressure is above 3 psig, the back pressure
regulating valve will vent steam to main condenser.

Two steam relief valves are connected to the main steam
line between the reactor and the motor operated stop valve0  They
provide over-pressure protection for the reactor, and discharge
directly to the atmosphere through the reactor - complex exhaust
stack. Steam piping downstream of the main steam reducing station
is also protected by a relief valve. This valve discharges to atmos-
phere through the power plant exhuast stack. Condensate from both
the reactor complex stack and power plant stack is drained through
steam traps to the waste tank in the service water system.

2) Condensate System

The Condensate System, Figure 44, condenses exhaust
steam, provides cooling water for the auxiliary heat exchangers
throughout the plant, and supplies the condensate to the feedwater
system. Specifically, the condensate system performs the following
functions:

(a) Condenses exhaust steam from the turbine and
flash steam vented from the low pressure tank and return the con-
densate to the reserve feed tank.

(b) Maintains a partial vacuum at the turbine exhaust.

(c) Sub-cools the condensate sufficiently to permit
using it for auiliary cooling.
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(d) Supplies condensate to the auxiliary heat
exchangers throughout the plant for use as a coolant.

(e) Condenses the gland exhaust and seal leak-off
vapors and returns the condensate to the low pressure drain system.

The condensate system contains two air cooled finned-
tube condensers, a hotwell tank, two condensate pumps, two condenser
air ejector sets, two gland exhaust air ejector sets, an after
condenser to condense the exhaust from the condenser and gland exhaust
air ejectors, and a precooler to condense the gland exhaust and seal
leak-off vapors.

Steam exhausted from the turbine and flash steam
vented from the low pressure drain tank enters the tube side of the
two condensers where it is condensed and the condensate sub-cooled
by air forced over the outside of the condenser tubes by eight
propeller type fans, four per condenser. The sub-cooled condensate
drains by gravity and is collected in a separate hotwell tank
located on the feed and condensate skid. A control valve in the
condensate drain line from each condenser automatically maintains
a preset level of condensate in the sub-cooling portion of the con-
denser.

One of the two condensate pumps, taking suction from
the hotwell, delivers condensate through a discharge header to a
heat exchanger supply header0 Loss of discharge pressure will
automatically transfer service to the standby pump. The heat
exchanger supply header distributes condensate for use as a coolant
to the following heat exchangers:

(a) After condenser and precooler which are
connected in series.

(b) Shield water coolers.

(c) L. 0. Intercooler0

(d) 2nd stage regenerative heat exchanger.

(e) Spent fuel tank cooler.

(f) Evaporator condenser.

(g) Shield tank coolers.

Condensate from the heat exchangers is delivered
to the reserve feed tank through a return header. A three-way valve
in the line to the reserve feed tank automatically maintains a
constant level in the reserve feed tank by by-passing part or all
of the condensate back to the sub-cooling portion of the condenser.
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Makeup water can be added to the hotwell manually
by a vacuum drag connection from the makeup feed tank or a connection
from the makeup pump discharge header.

One of the two sets of condenser air ejectors is
normally operating to remove air and other non-condensible gases from
the tube side of the two air coolea condensers and thus helps to
maintain the design condensing pressure, 15 inches Hg absolute at
full power. The other air ejector is manually started if the oper-
ating ejector fails.

One of the two sets of gland exhaust air ejectors is
normally operating to remove air and other non-condensible gases
from the shell side of the precooler and thus help to maintain the
design vacuum of 3 inches Hg. The other air ejector is manually
started if the operating unit fails.

The two air-cooled condensers are connected in parallel
and are located in a single T-5 building. The condensers are designed
to condense the turbine exhaust steam and maintain the design pressure
of 15 inches Hg absolute in the turbine exhaust line at full power
when the ambient air is 600F. The condensers are also designed to
sub-cool the condensate from 1800F to61000F. The two condensers have
a total thermal capacity of 21.4 x 10 BTU/hr.

Cooling air is supplied to each condenser by four 20
horsepower propeller type fans mounted under the condensing and sub-
cooling surfaces. The fans take suction from inside the building
and discharge through the condenser tube bank, a control plenum, and
a 5 feet by 15 feet exhaust stack to ambient above grade. Intake
air is supplied to the condenser building through a duct which
completely encloses the exhaust stack on all four sides and serves
to insulate the snow tunnel roof from the hot, exhaust air. The
intake air is directed through vertical, fixed storm louvers open
on all four sides of the stack. A sheet metal shield protects these
louvers from direct blowing snow. Manually operated single bladed
dampers are provided in the intake duct outlets on either side of
the condenser inside the T-5 building. A flexible connection is
provided between the control plenum and the stack to isolate the
stack from any vibration generated by the condenser. Provision is
made for the addition of 3 feet extensions in the air intake and
exhaust stacks above grade to compensate for snow accumulation.

Freezing in the condenser is prevented by recircu-
lation of part of the hot exhaust air to temper cold intake air and
maintain safe inlet air temperature to the fans. This is accomplished
by the control plenum located on top of each condenser. The plenum
contains two automatically controlled sets of dampers, exhaust and
bypass, which control the proportion of recirculated air to maintain
a constant inlet air temperature to the fans. The condensers drain

34



completely on shut down and space heat is recorded in the condenser
buildings to provide protection against freeze up.

s Figure 38 shows the arrangement of a single condenser
for application in a snow tunnel. Figure 25 shows details of the
intake and exhaust stack0

3) Feedwater System

The Feedwater System, Figure 46, delivers feedwater
to the reactor. The feedwater system also performs the following
secondary functions

(a) Supplies sealing water to the control rod drive
seals.

(b) Collects the plant steam drains and returns
them to the reactor.

(c) Returns the purified water from the purification
system to the reactor0

The feedwater system contains a reserve feed tank,
two feed pumps, and a control rod drive seal water filter.

Condensate from the condensate system and steam drains
from the low pressure drain system are delivered to the reserve feed
tank. The water level in the reserve feed tank is maintained constant
by the condensate control valve in the condensate system. An over-
flow connection to the hotwell is provided to prevent loss of the
condensate from the system if the condensate control valve fails.
The reserve feed tank provides a positive suction head to the feed
pumps and approximately a ten minute reserve feedwater supply in the
event of a condensate system failure. The reserve feed tank is vented
to the after condenser to prevent escape of vapors to the plant spaces.

One of the two feed pumps is operated to transfer
feedwater from the reserve feed tank through a discharge header to
the reactor and the control rod drive seals. An automatic feedwater
control valve controls the feedwater supply to the reactor to main-
tain a constant water level in the reactor. A connection ahead of
the feedwater control valve provides seal water to the control rod
drive seals. A replaceable cartridge type filter protects the control
rod drive seals from damage due to foreign materials.

An orifice meter is provided downstream of the feed-
water control valve to indicate the feedwater flow rate to the
reactor. The purification system discharges into the feedwater line
downstream of the orifice meter. A check valve is provided in the
feedwater line ahead of the purification system connection to prevent
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backup of the purification flow into the feedwater system. A fine
screen strainer is located in the feedwater line after the purifi-
cation system connection to protect the reactor from any foreign
material which might be carried by the feedwater or the purification
water. A motor operated stop-check valve is provided near the
reactor to prevent any reverse flow from the reactor and permit
remote isolation of the reactor from the control console.

A by-pass line, with an orifice, is provided from the
feed pump discharge to the reserve feed tank to protect the feed
pumps from overheating during operation at or near shutoff conditions.
Loss of discharge pressure will automatically transfer service to
the standby pump.

4) Coolant Purification System

The Coolant Purification System, Figure 48, removes
soluble and insoluble impurities from the reactor coolant by
continuously passing a portion of the coolant through a deminera-
lizer column. The soluble materials are removed by ion exchange and
the insoluble materials are removed by the filtering action of the
resin bed.

A purification flow of 5 gpm (at 120 F) flows from
the reactor to a holdup section (enlarged section of pipe) where the
fluid is held up to allow N radioactivity to decay. The flow is
then cooled to 1200F by the 1st and 2nd stage heat exchangers. Passing
through the demineralizer, the purified water is pumped by the coolant
purification pump into the reactor feedwater line upstream of the
feedwater strainer. This strainer provides secondary protection
against demineralizer resin entering the reactor vessel. Primary
protection is provided by filters integral to the demineralizer. Be-
fore the fluid is returned to the feedwater line, it passes through
the 1st stage heat exchanger and acts as a cooling medium for the
purification flow coming from the reactor. Sub-cooled steam conden-
sate is used as a cooling medium in the 2nd stage heat exchanger.

Sampling taps are located upstream and downstream of
the demineralizer to allow coolant samples to be taken for analysis
purposes. A resistance thermometer is located in the inlet line to
the demineralizer and provides alarm and control functions to protect
the demineralizer resin from high coolant temperature. Should the
coolant temperature rise above 140 F, a signal from the resistance
thermometer will de-energize the coolant purification pump, thus
stopping flow to the demineralizer. A thermocouple is also installed
in the inlet line to the demineralizer to provide temperature indica-
tion at the plant control panel. The pressure switch located down-
stream of the purification pumps will transfer service to the standby
pump on low pump discharge pressure. A flow measuring orifice is
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located in the purification return line to the reactor to provide
indication of the purification flow rate.

The Coolant Purification System is utilized to cool
down the plant after a reactor shutdown and also to remove decay
heat from the reactor0 An eductor is used to pull water from the
reactor during a shutdown when sufficient head is not available to
make water flow to the purification system. Eductor motive water
is provided by recirculating a portion of the purification pump
discharge through the eductor0

A packaged demineralizer, Figure 28, is employed to
remove soluble and insoluble materials from the reactor water. The
unit is a completely shielded shipping package designed to permit
shipment of a spent unit without exceeding ICC shipping regulations.
The demineralizer is located on the purification skid in the machinery
building and is fitted with unions for connection to the piping system.
Replacement of the demineralizer can be accomplished without
interrupting power operation.

5) High Pressure Drain System

The High Pressure Drain System, Figure 52, operates
to continuously drain any condensation from the main and auxiliary
steam lines, the space heat exchanger, and relief valve discharge
lines (except main steam relief valve discharge lines). The main
and auxiliary steam lines drain through impulse steam traps having
integral strainers to a common return header. Stop-check valves
are provided in the discharge line from each trap to prevent reverse
flow. The return header is drained to the low pressure drain tank
through a float trap. The casing of the float trap is vented to
the reserve feed tank0 Isolation and by-pass valves are provided
for each trap to permit maintenance and repair of the traps without
interrupting plant operation0

6) Low Pressure Drain System

The Low Pressure Drain System, Figure 53, operates to:

(a) Collect the seal leak-off from the control rod
drive seals and reactor vessel head seal, and the gland exhaust from
the turbine shaft seals, drain the condensate to the low pressure
drain tank, and vent the vapors and non-condensible gases to the
precooler in the condensate system.

(b) Collect the condensate from the high pressure
drain system, the turbine casing drains, and the after condenser and
precooler.
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(c) Return the collected drains to the reserve feed
tank for re-use as feedwater.

The leak-off connections from the control rod drive
seals and the reactor vessel head seal and the gland sel exhaust
connections from the turbine high and low pressure shaft seals join
to a common return header. This header is drained to the low pressure
drain tank through a float trap and vented to the precooler. The
precooler condenses any vapors and is maintained at 3 inch Hg vacuum
by the gland exhaust jet.

Condensate from the shell side of the after condenser

and precooler, drains to the low pressure drain tank through a duplex
drainer. The turbine steam chest and exhaust casing is drained to
the low pressure drain tank through a common header. An impulse trap
is provided in the steam chest drain line and a stop-check valve is
provided in the line from the exhaust casing to prevent reverse flow.

The condensate is collected in the low pressure drain tank.
The low pressure drain tank ismintained at turbine exhaust pressure,
15 inches Hg absolute, by a vent to the turbine exhaust line which allows
-vapors and non-condensible gases to pass to the main condensers. Con-
densate is transferred from the low pressure drain tank to the reserve
feed tank by one of two low pressure drain pumps. The pump is operated
by a level signal from the low pressure drain tank water level. If the
operating pump fails to start on the high level signal, a high level
alarm will be sounded at the control console and the operator will man-
ually transfer service to the standby pump. A stop-check valve in the
discharge line from each low pressure drain pump prevents reverse flow
through the standby pump.

7) Lube Oil Service System

The Lube Oil Service System, Figure 55, consists of
the following major components:

(a) Lube oil sump.

(b) Lube oil strainer.

(c) Main lube oil pump.

(d) Standby lube oil pump.

(e) Duplex lube oil cooler (one standby).

(f) Lube oil purifier.

(g) Two lube oil coolant pumps (one standby).

(h) Lube oil intercooler.

(i) Coolant surge tank.
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All of the above items except the lube oil intercooler
and the coolant surge tank are located on the turbine generator skid.
The lube oil intercooler is carried on the feed and condensate skid.
The coolant surge tank is a two feet long six inch schedule 40 pipe.

The main lube oil pump is driven from the main gear
and takes oil from the luhe oil sump located in the turbine generator
skid base, pumps it through the lube oil strainer, through one side
of the duplex cooler, and to the turbine generator bearings and
reducing gears. A portion of the lube oil is taken just after the
strainer and is sent to the turbine generator governor. Oil to the
duplex coolers is controlled by a manual duplex 3-way valve. An
intermediate cooling system is provided which minimizes the possi-
bility of oil from the lube oil system mixing directly with primary
water. The intermediate cooling system includes the intercooler,
surge tank and coolant pumps. The coolant pump circulates water to
the lube oil coolers, where it picks up heat from the oil, then to
the intercooler where the heat is given up to the condensate system.
The surge tank allows for the necessary expansion volume in this
system.

A turbine lube oil purifier, complete with corrosion
resistant bowl, integrally mounted inlet and discharge pumps is
provided. Both the centrifuge and the pumps are driven by a single
splash proof motor. The purifier and the lube oil sump are furnished
with immersion heaters0

b. Utility Systems

1) Raw Water Purification System

The Raw Water Purification System, Figure 50,
changes base water to reactor grade quality by use of an ion exchange
demineralizer. The system is operated intermittently, dependent on
makeup water requirement.

Raw Water(5 gpm) from the base water main passes
through a fixed Tsin bed demineralizer. Soluble ionic impurities
such as Ca ,KYg ,COg , C1 are removed by ion exchange with a
hydrogen-hydroxyl form resin. Insoluble non-ionic impurities are
removed by the filtering action of the resin bed. Since the resin
will not remove dissolved non-ionic impurities such as chlorine gas,
the raw water is tapped off the base water main upstream of the
chlorinator. The demineralizer is sized to contain three cubic feet
of resin. It is a cartridge type unit, that is, the resin is contained
in a cartridge which can be inserted into the demineralizer by removal
of its head. Since it is not intended to regenerate the resin on
site, the cartridge type unit eliminates regeneration facilities which
would require acid and caustic handling and storage. The demineralized
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water then flows to a storage tank. Water from the storage tank
can be pumped to the following plant locations:

(a) Main condenser hotwell.

(b) Spent fuel pit.

(c) Shield water tank.

Provision is also made so that makeup water from
the storage tank can be vacuum dragged to the main condenser hotwell
during plant operation.

A conductivity cell is located in the demineralizer
effluent line. The cell will initiate an alarm signal at the plant
control panel when the conductivity of the water rises to 1.7amhos.
The cell also gives an indication of conductivity level at the plant
control panel. A conductivity level of 2Amhos is an indication that
the resin is expended. Another conductivity cell is located down-
stream of the storage tank to determine the quality of the water
leaving the tank. If the water stored in the tank does not meet re-
quired quality it can be recirculated through the demineralizer
through a recirculation line, which runs from the pump discharge to
the demineralizer inlet line. The recirculation will improve the
water quality and insure that the water supplied to the system meets
specifications ofs

pH 6 - 7

Conductivity 2Amhos, max.

Provision is made to reuse water previously rejected
from the plant. Processed water of reactor grade quality from the
Service Water System is pumped, as required, to the makeup tank.

The makeup pump is utilized to provide a head for
cooldown flow to the Coolant Purification System during a reactor
shutdown operation. When cooling the reactor below 201 0F, prior to
putting the Coolant Purification System eductor into service, the
makeup pump runs at shutoff head to provide the required head. A
recirculation line around the pump is provided to prevent damage to
the pump when it is operating at shutoff head. The pump discharge is
connected to the feedwater line during this operation.

2) Service Water System

The Service Water System, Figure 57, collects all
plant radioactive water and processes this water so that (1) it meets
maximum permissible activity limits for disposal, (2) it meets reactor
grade specification for reuse is the plant. A spent fuel tank is also
included in the system to store spent fuel elements.
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Waste Tank

The waste tank located in the reactor complex
collects all plant contaminated wastes and radioactive drains. The
following locations discharge to the waste tank:

(a) All power plant building skid drains.

(b) Radioactive laboratory drain.

(c) Radioactive shower drain.

(d) Reactor complex exhaust stack drain.

(e) Contaminated laundry waste.

(f) Decontamination fluid.

(g) Relief valve drain.

(h) Shield water tank.

The tank capacity is 64 cubic feet and is sized to contain the total
wash and rinse volumes from a decontamination operation. Water from
this tank will be processed in a 200 gallon per day evaporator.

Evaporator

A 200 gallon per day evaporator which processes
radioactive water from the waste tank is located on the purification
skid in the power plant building. The overhead condensate will
gravity drain to the disposal tank also located on the purification
skid. The evaporator will concentrate the feed to about a 50-50%
water-solid mixture. It is estimated the evaporator can operate for
one year or more before it is required to dump the bottoms product.
The bottoms product will be packaged for shipment to a disposal area.

The following is a tabulation of normal liquid
makeup and activity concentrations from the evaporator.

Gal/wk Ac c c

Evaporator Overhead 427.7 1x10-8
Evaporator Bottoms 1.3 4.57 x 10

(activity level
at end of one
year)

The evaporator heating medium is 150 pounds steam from the Main Steam
System. The steam condensate will drain to the High Pressure Drain System.
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Disposal Tank

The disposal tank which primarily stores
evaporator overhead acts as a holdup reservoir prior to disposing
of this water. If it is desired to dispose of the water to the
base sewer, samples can be taken to insure the water meets per-
missible radioactivity dumping limits. If for any reason the
water doesnot meet the permissible limits, it can be pumped back
to the waste tank for another pass through the evaporator. If it
is desired to utilize disposal tank water for reactor plant make-
up, the water is pumped to the drain tank to await further processing
through the spent fuel tank demineralizer. This processing will
insure water of reactor grade quality. A disposal tank recirculation
line is provided to insure that a representative sample is taken
during a sampling operation0 The disposal tank is located on the
purification skid and has a capacity of 35 cubic feet.

The following table is an estimate of plant waste
water volumes, and plant makeup water requirements.

TABLE I

Gal/day Gal/week

Laboratory drains (from sampling) 10 70
and laboratory equipment cleaning
Plant Leakage 5 35
Radioactive laundry wastes1324
Gross Plant Waste Water 429
Plant makeup water requirements

Water loss through plant air ejectors 58
Sampling and leakage losses 10
Radiolysis of reactor water

73 511
Makeup water requirements from
Raw Water Purification System 82

Drain Tank

The drain tank located in the reactor complex is
provided to store the total amount of operational reactor plant water.
Water from the reactor plant will be stored in this tank if it be-
comes necessary to pump out the plant during a plant maintenance period.
Reactor plant water can be pumped to the tank either from the Coolant
Purification System or Condensate System.
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During operation of the plant, plant makeup
water from the disposal tank will be stored in the drain tank prior
to circulation through the spent fuel tank demineralizer. Circula-
tion of this water through the demineralizer will insure water of
reactor grade quality for re-use in the plant. Water from this tank
can also be pumped back to the disposal tank. The drain tank has
a capacity of 467 cubic feet0

Spent Fuel System Demineralizer

The spent fuel system demineralizer is utilized
to purify water from the spent fuel tank. A cooler located upstream
of the demineralizer cools the circulating water to 1200F to insure
the demineralizer resin does not suffer thermal damage. Water can
also be circulated through the cooler to take excess heat away from
the water due to heat generation from spent fuel elements. During
this operation the demineralizer is by-passed.

Reactor plant makeup water requirements can
partially be satisfied by re-using evaporator overhead condensate.
Disposal tank water is thus pumped to the drain tank for eventual
reuse. When makeup water is required, the drain tank water is
circulated through the spent fuel system demineralizer to insure
water of reactor grade quality0

pH 6.5 - 7.5
Conductivity 2pumhos, max.

Reactor grade water is then pumped to the makeup water storage tank
on the feed and condensate skid. Sample taps are provided upstream
and downstream of the demineralizer for water analyses purposes.
The demineralizer is of the packaged type, and is identical to that
used in the Coolant Purification System. It is also located on the
purification skid.

Spent Fuel Tank

The spent fuel tank is a large open top tank in
the reactor complex utilized to store spent fuel elementsunder water.

3) Plant Heating and Ventilating System

The plant heating system, Figure 59, is operated
to supply the thermal equivalent of 400 KW net for site heating and
to provide sufficient additional heat to maintain the machinery and
associated spaces at 600F. The system consists of a unit heater in
the boiler room and the machine shop; wall fin convectors in the
reactor complex, condenser, power plant and personnel buildings
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and piping connections to supply site heating. A steam to water
heat exchanger (space heat exchanger) is connected in parallel
with an oil fired hot water heater (shutdown boiler) and two hot
water circulating pumps and surge tank are provided.

The shutdown boiler and the space heat exchanger
are connected to common inlet and outlet headers such that either
unit can supply the plant heating load and the 400 KW (t) net site
heat load. The space heat exchanger is used during normal opera-
tion and the shutdown boiler is operated whenever reactor steam is
not available. Water at 1900F is supplied to the inlet header and
either heat exchanger by the circulating pumps. The water is heated
to 220 F and distributed via the outlet header to the plant heaters
and to the site heating system. Equipment necessary for site
distribution is not included in this system. Water from the plant
heaters and site heating system is returned to the pump suction
where a surge tank provides storage and surge capacity.

Hot water from the heat exchanger outlet header
to the plant heating system passes through a three-way tempering valve
which senses the outside ambient temperature and mixes cold water
from the plant heating pump discharge with the hot water to vary the
supply water temperature to the heating system. The heating system
consists of two parallel loops, one loop supplies the condenser and
reactor complex and the other loop supplies the power plant, personnel
and service building. An orifice connects the supply and return legs
of each loop and insures a minimum flow of approximately 1 gpm
through each loop to prevent freezing.

The reactor complex, condenser building, and power
plant building are heated by two parallel wall fin convectors mounted
along each side wall of the building. Common supply and return headers
connect the convectors to the supply and return legs of the heating
loop. A thermostatically controlled valve installed in the return
header and operated by a self-contained temperature pilot regulates
the flow through the wall fin convectors to maintain 60 F in the
building. Normal ventilation of each building is provided by manually
operated wall louvers and an insulated gravity exhaust stack which
discharges through the roof of the building. A manually controlled
exhaust fan in the exhaust stack of the reactor complex and the power
plant building permits forced purging of these buildings, if required.

During normal plant operation, the condenser
building is heated by recirculated air from the condenser exhaust
stack. During shutdown conditions, natural circulation through the
condenser and ducts will provide adequate ventilation.

The service building is heated by two unit heaters,
one in the boiler room and the other in the machine shop, which re-
circulates air within the space. Ventilation is provided by manually
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operated wall louvers and an insulated gravity exhaust stack to the
ambient above grade. Temperature in the building is controlled by
a thermostat in each space which starts and stops its respective
heater fan.

Spring loaded dampers with fusible links are
provided in each exhaust stack to provide automatic closure in the
event of fire.

4) Fire Protection System

The fire protection system consists of two major
parts, the fire extinguishing system and the detection and alarm system.

The fire extinguishing system is made up of a
separate fixed total-flooding carbon dioxide system for each building,
backed up by portable hand extinguishers. The fixed flooding systems
are designed for manual operation from the plant control station and
from a local station immediately outside each building. Automatic
devices are provided to shut ventilation openings and stop any fans
in the event of a fire0

The detection and alarm system performs two
principle functions:

(a) Warns the plant operator of an excessive
temperature condition in any building.

(b) Sounds an audible alarm in the affected
space to warn personnel to leave when the fixed flooding system is
actuated.

Temperature detectors will be located throughout each building in the
vicinity of major fire hazards. Two alarm points are provided at
each detection station, one at 850F and the second at 1300F. The
normal procedure is to send an investigation team to the scene at the
lower alarm point to determine if fire or a malfunction of the heating
system is the cause and take remedial action as necessary. This
early warning will normally permit extinguishing the fire with port-
able hand extinguishers while it is small and before it does extensive
damage. At the higher alarm point the automatic closure devices
operate and, if an investigating team is not at the scene, the
operator should immediately actuate the fixed flooding system. When
an investigating team is at the scene, actuation of the fixed flooding
system should normally be left to their discretion.

When the fixed flooding system is actuated, an
audible alarm will warn personnel to evacuate the space and will delay
release of the gas a pre-set time interval to permit evacuation.
Carbon dioxide is a smothering agent and therefore dangerous to
personnel. Care must be exercised after release of the gas to use
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proper protection, such as oxygen or fresh air breathing apparatus,
for personnel entering the space. After the fi-e is extinguished,
the space will be thoroughly purged to remove the carbon dioxide
gas.

Suitable provisions to permit testing of the
fire protection system without release of the carbon dioxide gas
are built into the system.

30 Shielding

a. Operating

The functions of the PL-2 reactor shielding may
be divided into two categories: One, its function during periods
of reactor operation and two, its function during periods of reactor
shutdown. Because the reactor complex (Figure 3) is located in a
snow tunnel, the shielding must not only take biological effects
into account but also the heat generation in the tunnel walls and
floor. When the reactor is operating, therefore, the shielding musts

1) Limit the exposure of plant personnel to
a dose rate not exceeding 100 mr per work week of 84 hours during
normal plant operation.

2) Limit the heat generation in the snow to
a value consistent with foundation requirements.

It is not anticipated that access to the reactor
complex will be permitted during reactor operation.

Attenuation of the reactor core gammas and
escape neutrons is accomplished along the core mid-plane by the
following materials, in sequence from the core surface:

(a) Reactor coolant, water, 6.3 inches

(b) Pressure vessel wall, steel, 1.3 inches

(c) Thermal insulation, 2.5 inches

(d) Support, steel, .125 inches

(e) Space, 1.5 inches

(f) Inner shield tank wall, steel, .25 inches

(g) Lead, 3.5 inches

(h) Shield water, 15.5 inches

(i) Outer shield tank wall, steel, .3 inches
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The shield tank is surrounded by insulated
panels about 3,5 inches thick. A space of about two feet exists
between the tank and panels0 These panels serve to minimize
thermal radiation from the reactor complex to the surrounding
snow in the tunnel and reduce the heating requirements of the
reactor complex.

Interposed between the shield assembly, Figure
18, and the power plant buildings is the spent fuel tank containing
water, eight feet front to back, and about fifty feet of snow.
In addition, the tunnel floor is offset about seventeen feet be-
low the access tunnel floor. Computation of the dose rate at the
plant buildings, using only the effect of the fifty feet of snow,
gives a level of less than 1 mr/hr during full power reactor
operation0 Table II below gives anticipated dose rates at
selected locations in the reactor complex. These are the total
of neutron and gamma contributions from an 8 MW(th) reactor core
and include absorption gammas, i.e., gammas emitted when a thermal
neutron is absorbed in a material0

TABLE II

DOSE RATES IN REACTOR COMPLEX,OPERATING

Location Dose Rate Notes

Lead Shields outside surface 205 x 105 R/hr

Shield Tanks outside surface 6.8 x 104 R/hr

Spent Fuel Tanks outside surface 250 mr/hr opposite core,
24 hrs. after

insertion of

spent fuel

Operating Floor: 2.9 x 103 R/hr directly over core

b0  Shutdown

The reactor shielding must allow access to the
reactor floor for refueling and maintenance after the reactor
is shutdown. Refueling is done after the reactor has been
cooled down and the system depressurized. Water level in the
reactor vessel is raised during this process to a point below
the vessel flange. The fuel is transferred (by means of a
shielded transfer cask) from the core structure to the storage
section in the spent fuel tank. Here the activity of the fuel
elements is allowed to decay to a level facilitating shipment
in shielded containers to a reprocessing plant. The transfer
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cask is designed to give a dose rate of 50 mr/hr during fuel
transfer from the pressure vessel to the spent fuel tank.

Spent fuel in the spent fuel tank is covered by
about twelve and a half feet of water which is recirculated to
remove the heat generated by the spent fuel. When this heat
generation has decreased to a level allowing shipment, the spent
fuel shipping cask can be lowered alongside the storage section
and the fuel transferred to it.

Table III lists the expected dose rates at the
mentioned locations after shutdown:

TABLE III

DOSE RATES AFTER SHUTDOWN (MR/HR)

Location 05h 4h 12h 24h Notes

Operating Floor:
Above Core I 1 1 1

Water Surface 74 43 29 26 Inside pressure
vessel

Refueling Station - - - - Alongside transfer
cask

Operating Floor:
Above Tank 1 1 1 7* *With spent fuel in

storage

c. Foundation Heating, Reactor Complex

When the reactor is in operation, a continuous
stream of neutrons and gamma photons leaves the core. The gammas
are attenuated or debilitated in energy as the gamma stream passes
through the structural materials and shielding. Energy absorbed
appears as heat and affects a temperature rise in the material.
The attenuated gammas finally reach the snow and become absorbed.
Neutrons leaving the core are predominantly fast neutrons. In
passing through the materials surrounding the core, these neutrons
are gradually thermalized and absorbed. The absorption of ther-
mal neutrons is accompanied by the release of gamma photons which
are in turn gradually absorbed as they proceed through the struc-
tural materials. Thus there is a shower of released gammas that
joins the core gammas and neutrons and helps generate heat when
absorbed in the snow.
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A computer study has been made to determine the
effects of heat generation in the snow surrounding the reactor
structure. Figure 73 depicts the model used in the study. A
section was taken across the tunnel. With the core centerline
as the axis, a cylindrical geometry was assumed. Heat transfer
was taken as zero across the centerline and across the snow at
a height of 9 feet above the tunnel floor. Heat sinks were
assumed at 49 feet below the tunnel floor and 52 feet from the
tunnel wall. These distances were selected on the assumption
that they would not vary greatly with time. The tunnel wall
and floor were maintained at a constant temperature. A sink
temperature of -30 F was selected as representative of the
temperatures found in the snow at the plant site.

The snow volume under consideration was divided
into two major sections: A heat-generating section and a simple
conducting section. In turn, the heat-generating section was
subdivided into 18 regions, each with its own rate of heat
generation. Other assumptions made were:

(1) Snow density is constant at 0.5 g/cc.

(2) Snow conductivity is constant at .4116 BTU/
hr-ft 2 -F/ft.

(3) Heat generation is constant in each of 18
regions.

(4) Heat generation varies with radial as well
as axial regions.

(5) Heat sinks are not affected by heat flow.

(6) Snow is the only material of foundation.

(7) Induced activity in the snow is negligible.

As a comparison, two tunnel temperatures were
selected: 0 F and -150 F. Figure 74 shows the resulting isotherms
when the temperature is 0 F. A "hot spot" appears about two feet
below the floor but the rise is only three degrees above the
tunnel temperature. When -15 F is assumed in the tunnel, the spot
is at a depth of three feet and at five degrees above the base
temperature. Figures 76 and 77 are the result of assuming that
the heat generation has been increased by a factor of two and
four respectively. As expected, the maximum temperature increases
and the isotherm tends to appear at a greater depth. The value
of the maximum temperature, however, is not a linear function of
heat generation. At a tunnel temperature of 0 F, the maximum
temperature follows the approximations
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T -To(Q/Qo)n

where T = max. T, deg. F

T = max. T, with Q%, deg. F

Q= reference heat generation,
o BTU/hr-ft3

Q - heat generation, BTU/hr-ft3

n = 1.65 .15

The effect of using an added heat sink to control
temperature rise can be seen in Figure 78 where an additional
0 F sink was established two feet below the tunnel floor. Its
effect was to lower the maximum temperature by a factor of 0.65
but it drove the "hot spot" to a greater depth. To circumvent
this, it is suggested that any heat sink be used at a depth
greater than that at which the original maximum temperature is
expected to appear. This would not only depress the temperature
rise but also limit its movement.

In comparing Figures 77 and 78, it should be noted
that the addition of another heat sink as shown has a limited
influence upon the surrounding snow structure. The change is a
shift of a few inches in the isotherms below five degrees when
the tunnel is at 00F. Most of the variation in isotherms above
5 degrees occurs within a few feet of the heat sink.

The boundary value temperatures selected for the
study are conservative for Byrd Station. The resulting maximum
temperatures at the indicated "hot spots" are far below the range
of temperatures that can be considered to affect the stability
of the snow surfaces.

C. ELECTRICAL SYSTEMS

1. Electrical Power Load Analysis, Figure 61

An analysis of plant electrical loads under various
operating conditions was made to size the components in the
power system.

The analysis, Figure 61, shows that the total 480 volt
load at design full power is 218 KW or 240 Kva. This represents
a conservative load for the 300 Kva plant load center.

During startup conditions, the sum of the loads is
shown to be 122.5 KW. The shutdown power required is 91 KW. On
this basis, the auxiliary AC power source to supply startup and
shutdown power must be rated in excess of 125 KW. The maximum
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power transient during startup conditions occurs when the feed
pump is started. Using reduced voltage, autotransformer
(65% taps) starters for the feed pumps, the starting Kva of
these motors is 145. An 1800 rpm generator with a fast response
exciter requires a rating of 170%, of applied starting Kva to
keep the minimum terminal voltage above 85% during the transient*
A 200 KW diesel generator unit is used for the auxiliary supply.

The analysis shows that the highest load on the DC
bus occurs during shutdown conditions with a peak of 3860 watts.
To supply this demand 5 KW converters are used.

2. Main Electrical System, Figure 63

a. Main Generator

1) Description

The gross electrical power is generated by
a synchronous generator of the open dripproof, horizontal,
separately excited revolving field type. The principal generator
characteristics are: speed-1200 rpm, capacity-1250 KW continuous,
3 phase, 4160/2400 volt, 60 cycle, insulation-Class B. Generator
equipment includes: a direct connected exciter, amortisseur
windings in each field pole, six thermocouples embedded in the
stator with leads brought out to a terminal board, a ventilating
fan bolted to the rotor shaft, and an end shield bearing.

The turbine prime mover, the reduction gear
and the generator are mounted on a common skid base which, with
a protective enclosure for the equipment, is suitable for ship-
ment on an operational base.

2) Auxiliary Equipment

Control and protective equipment for the main
generator is housed in equipment cabinets on the electrical skid.
Generator protection is provided for overcurrent, undervoltage,
and directional differential current conditions. When the trip
points in any of these areas are exceeded, a lockout relay is
actuated. This, in turn, trips a power circuit breaker, 4.16Kv,
1200 ampere, metal-clad type, in the generator output line and
a field breaker in the generator field circuit.

Current and potential transformers in the
high voltage feeder lines provide signals of voltage, current,
frequency and power which are indicated on the front of the con-
trol cabinets and on the secondary control board at the console.
A synchroscope is provided to enable the turbine-generator to be

* At an estimated constant current initial load of 20 KW
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synchronized with an outside power source or with the plant diesel
generator.

3) Maintenance

The power circuit breakers are roll out
components to facilitate access for inspection and servicing.
Cabinet access from both front and rear makes the other
components available for service in addition to providing a
compact arrangement.

b. High Voltage and Distribution

1) Description

The gross generator output is fed from the
generator output breaker, ME-CB-02, to two utilization points.
The first is the plant load center, ME-T-01, which is located
on the electrical skid adjacent to the generator control
cabinets. The generator output is also fed to the station load
through a power circuit breaker, ME-CB-03, (oilless metal-clad
type) which is located on the electrical skid.

2) Ratings

The generator and station load breakers
are 4.16 KV class with an interrupting rating of 75 MVA.
Stored energy operating mechanisms provide rapid (5 to 8 cycles)
closure and trip which prolongs breaker life and reduces main-
tenance. The available energy is sufficient to close the
contacts under full short circuit conditions.

c. Plant Load Center

1) Description

The load center is a coordinated equipment
arrangement for stepping down from the generation voltage of
4160 Y/2400 to the plant supply voltage of 480 Y/277 and for
protecting and switching the low voltage power distribution
circuit. The assembly is enclosed in a freestanding, three
section, metal cabinet. The first section contains a fused,
air-interrupter switch for disconnecting the center from the
primary and for protecting the transformer. The center section
contains a three-phase, 4160 to 480 Y/277 volt, open dry-type
transformer. The low voltage section contains a low voltage
power circuit breaker for protecting the plant distribution
bus. A parallel breaker (not shown) is provided as backup to
increase system reliability.
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2) Ratings

The incoming line section fused switch is
rated at 4160V and an interrupting capacity of 60,000 amperes
(asymetrical) RMS. The 4160: 480 Y/277 volt transformer has a
rated capacity of 300 KVAO The secondary breaker is rated at
600 volts, 600 amperes continuous, and 60,000 amperes (asymet-
rical) RMS interrupting0

3) Maintenance

Access to the interrupter switch cabinet is
from the side of the skid, The access door is key interlocked
with the secondary breaker for safety to personnel and protection
to service continuity. The air-break type switch has an air
insulating medium which does not leak or require maintenance and
has contacts readily available for inspection and testing.

The transformer taps and connections are
available through a panel in the front of the transformer cabinet.
Periodic cleaning of the coils and core structure is required.
The silicone insulation minimizes drying times required before
reenergizing after a shutdown period.

The secondary breakers are dead-front
switch board mounted in the low voltage cabinet and are access-
ible from the side of the skid0

3. Auxiliary and Emergency Electrical System, Figure 64

a. Diesel-Generator

An auxiliary source of AC power is required in
the plant for several operating conditions. Because the plant
is an isolated, self-powered unit, an alternate source of power
is necessary during plant startup, plant shutdown or emergency
outages. To fulfill these requirements a diesel powered
generator is provided0

1) Description

The generator is a horizontal, open-drip-
proof assembly utilizing a fabricated steel housing and a
single ball bearing. A plate type coupling at the front of the
generator attaches the generator motor to the engine flywheel.
The excitor is top mounted and belt driven. The magnetic
amplifier type voltage regulator is located in a housing on top
of the generators
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The engine is a 4-cycle diesel unit with the
following characteristics:

cylinders - 6
rpm - 1800
fuel oil type - #2, gear type transfer pump
governor - flyball type, right side,

engine mounted

starting - electric
standard accessories which includes:

aftercooler
air cleaner, dry type
full flow filters, fuel and lube oil
flexible fuel lines
gauges: fuel pressure, oil pressure, water

temperature lifting eyes
lube oil cooler, water cooled
pumps: fuel transfer, packet water, lube oil
service meter
mounting brackets
thermostats and housing
turbo charger

2) Rating

Generator capacity is 200 KW continuous. The
voltage regulator will maintain a steady state voltage within
- 3 1/2% of rated voltage. Minimum generator voltage during the
maximum starting transient is 85% of rated load voltage.

3) Auxiliary Equipment

Accessories provided with the generator include:

Amortisseur windings in the field pole faces.

A wall mounted control panel which house a
voltmeter, an ammeter with selector switch
and a circuit breaker.

An automatic transfer - starting unit to start
the diesel upon failure of the turbine generator
supply and transfer the electrical load to the
diesel generator.
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The following equipment is supplied with the
diesel unite

overhead silencer

radiator and shaft mounted fan

4) Operation

The diesel generator is located in the service
building and is connected to the 480 volt plant power distribution
but through the automatic starting-transfer unit0

During plant startup, the diesel unit supplies
power to the plant loads, pumps, lighting, etc. As the turbine
generator is started, the load is transferred to it and the diesel
unit is stopped. In the event of failure of main electrical
power, the diesel unit is automatically started and transferred
to the line within, for normal operation, 10 seconds. The utility
loads and emergency power loads are picked up immediately and
the desired pumps may be started manually0

b0  Emergency System

An emergency electrical supply is provided for the
plant to provide electrical power for critical equipment in the
event of an interruption of power from other sources0

1) Description

The emergency bus is a DC bus which is fed
from two sources. During normal plant operation with AC power
supplied to the low voltage distribution bus, a pair of AC to DC
converters supply 78 volts, to the DC bus. Three load sections
are fed from this bus, each section being isolated from the bus
by a power rectifier. A bank of storage batteries is connected
to each section and floated on the line when DC power is supplied
from the converters. The batteries continue to supply current
to the loads, during AC power interruptions, for a period of
5 hours

Battery Section A supplies the nuclear
instrumentation with +25 volts and - 25 volts, Section B supplies
the control rod drive system, the process instrumentation and the
communications and alarm system with +65 volts, and Section C
supplies the power circuit breaker trip circuits with +64 volts
DC. Series regulators in each section supply circuit keep the
output voltage to the load within 0.75% of the preset value for
input voltage variations along the battery discharge curve.
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The power supplied to the control rod drives
from Section B is 208 Y/120 volt, 3 $ 60 cps. Dual inverters
are used to supply this output from the convertor or battery input.

2) Ratings

(a) Converter

input voltage
capacity
output

480 volt, three phase

5KW
78 VDC adjustable from
65 to 85 volts

(b) Rectifier

type
current
inverse voltage

silicon, power
100 amps rating
300 volt

(c) Batteries

type
no. cells per

section
capacity

(section)

nickel-cadmium
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60 ampere hour

Inverters

input voltage
output voltage
phases
frequency
capacity
type

78 to 65 VDC
208 Y/120 volt
3
60 cps
3 Kw
static

3) Reliability

Operation of the instrumentation, communications
and switch gear trips from the DC bus affords a high degree of
reliability since. the equipment can be powered directly by the
primary DC source #i.e. the batteries. The dual, static converters,
which supply DC during normal plant operation, provide a reliable
source and require little maintenance.

4. Plant Motor Supply

From the plant load center, power is fed, Figure 66,
to plant loads through a plug-in bus which is carried into all
plant areas. At skid and/or equipment locations, feeders, connected
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to the bus through plug-in breakers, conduct the power to the motor

locations. The number, application and location of the plant
motors is summarized as follows:

Application No. Installed 9
Service building

Condenser building

Turbine gen. skid

Feed & Condensate skid.

Purification skid

Reactor complex

oil pump
blower
condenser fan
louver
valve
standby lube-oil
lube oil cooling pump
lube oil purifier
feed pump
condo pump
plant heating pump
low press0 drain pump-make up pump valve
purification pump
disposal tank pump
waste tank pump
spent fuel tank pump
drain tank pump

The motors are supplied through combination starters
with circuit breakers and overload relays. In accordance with
JIC standards, size 1 starters are used on all motors through
7 1/2 horsepower. The starters for the 20 horsepower motors are
NEMA size 2, full voltage and the 60 horsepower motor starters
are NEMA size 4, reduced voltage, auto transformer type. Local
starting stations are provided for all motors at convenient
locations on the skids or in the various areas. In selected
cases, a secondary or remote station is provided at the plant
control console for starting the motors.

In critical applications, two motors are provided (one
operating and one standby) to insure a higher degree of service
continuity. To further this arrangement, dual feeders are run
to these skids or areas and each feeder supplies one motor of
the pair used for a particular application.

5. Plant Utility System, Figure 65

a. Plant Lighting

Area lighting for the various buildings is supplied
to I.E.S. recommended lighting levels by fluorescent units
suspended from the ceilings. The supply voltage to these lights
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Location

1
1
8
4
2
1
2
1
2
2
2
2
1
2
2
2
2
2

3/4
3
20

3/4
1/3
7-1/2
1/2
1/2
60

5
3/4
1/2
1/2
1-1/2
1/2
1/2
1/2
1/2



is 277 volts, 60 cps, single phase. Power is taken from the 480
volt plant distribution bus to lighting distribution boxes mounted
on the building walls. The numbering of individual light circuits
(line to neutral) is balanced on the three phase supply to reduce
the unbalance currents that may exist in the bus.

The light units are 4 light, cold cathode type.
Use of the cold cathode units reduces the possibility of bulb
breakage and reduces the bulb replacement requirement since the
manufacturers guaranteed lifetime is 25,000 hours (2085 years
continuous) at rated operating conditions.

Emergency lighting is provided by a series of
battery powered lights located at strategic points in the buildings
or areas. The units are each capable of illuminating 10,000 square
feet at maximum brightness for a period of four hours. During
normal plant operation, the emergency light batteries are trickle
charged from the convenience outlet supply. Upon an AC power
interruption, the lights come on automatically and remain on until
AC power is resumed or until rated life is exceeded.

b. Plant Convenience Power

Convenience outlets are provided along the walls
in each building for hand tools, test equipment or other apparatus
requiring 115 volt, 60 cps. power. These outlets are supplied
from the 480 volt plant distribution bus through plug-in breakers,
feeder lines, 480 - 208 Y/120 volt transformers and junction boxes.
The junction boxes divide the single phase loads among the 3 phase
inputs and provide a protective breaker in each circuit.

6. Nuclear Instrumentation System

The nuclear instrumentation, Figure 67, includes seven
channels of neutron flux monitoring equipment, scram logic
apparatus and a means of self-checking. The detectors are located
in instrument wells, Figures 36 and 37, which are installed in
the reactor complex. The readout, scram logic and test equipment
is located in a cabinet in the plant control console.

a. Source Channels

Flux detection in the source range is done with two
sensitive BF chambers located 1800 apart around the reactor and

90 to the startup source. The outputs from these detectors in
separate, identical channels are converted to log count rate signals
and reactor period signals. Local meters on the instrument drawer
face provide a continuous indication of the count rate and the
period signals from either channel. Signals for the count rate and
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period from either channel may be selected for presentation on

the face of the control console.

b. Intermediate Range

Flux detection in the intermediate range is
accomplished by two compensated ion chambers spaced 180 apart.
Ranges for the CIC's overlap the source and the power detector
ranges by a minimum of two decades. Signals from these detectors,
in separate identical channels, are converted to log N and
period signals. Local meters on the instrument drawer face
provide continuous indications of the selected log and period
signals. Signals for the count rate and the period may also be
selected, by a switch, for presentation on the face of the control
console.

In addition, the signals from the detectors are
amplified and presented in linear form to the flux level meter
on the face of the plant control console. A selector switch
selects the desired decade to be monitored.

co Power Range

Three uncompensated ion chambers are used in the
power range to monitor flux. These chambers are installed with
a 900 spacing.Each of these channels detects and indicates
linearly the power of the reactor from .0015% to 150%. Local
indication of the selected power signal appears on a meter on
the instrument drawer face. The selector switch on the console
panel face may select the linear signal for presentation on the
power indicator on the console.

d. Scram Logic

Period signals in the source and intermediate
ranges are auctioneered and fed to the scram logic. Signals
which indicate a period shorter than 15 seconds will initiate
an alarm and those shorter than 10 seconds will initiate a
reactor scram. In the power range, the power signals are used
in coincidence so that an alarm occurs if one signal exceeds
135% power and a reactor scram is initiated if a coincidence of
two out of three high power signals occurs. A scram is initiated
by interrupting the clutch holding power supplied to the control
rod drive mechanisms.

e. Self-Checking

To insure that the equipment is in operating
condition, a self-checking feature is provided to continuously
scan the channel components with test signals and, if a faulty
component is found, indicate the location of the component.
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f. Mechanical Assembly

The components for each range are located in a
single drawer. The drawer chasses are mounted on roller bearing
slides and are secured to mounting angles of the cabinet on the
front panel. Quick lock detents are provided on the slides for
easy removal of the drawer assemblies.

g. Maintenance

The pull out drawers provide easy access to the
operating components. Plug-in components reduce the time required
to change components if faults are indicated by the self-checking
system. Circuit connections between drawers are made through
AN connectors.

7. Process Instrumentation Systems

Monitoring instruments for process parameters have been
installed to provide the plant operator with information on plant
process conditions. The equipment was selected and applied to
provide this information with a high degree of reliability and
a minimum of different types of equipment. Wherever possible,
identical components are used in the different systems to provide
interchangeability and to reduce the spare parts stock.

All process instrumentation, with the exception of
temperature alarms, is supplied directly from the DC emergency
supply to insure continuity of service under all plant conditions.
This also increases system reliability by elimination of the
converters required to supply DC power. All pressure and differ-
ential pressure transmitters are zero-displacement, force-balance
type and in most cases do not require seal pots. DC signals are
used for transmission to reduce the problems of electrical pick-up
and frequency variations in the supply circuit. Wherever the
measurement is critical or access to the sensor is limited, dual
channels or separate channels for indication and alarm are provided
to increase system reliability.

a. Main. Steam System, Figure 43

Reactor water level is detected by two displacement
float assemblies which supply signals to identical channels of
alarm units, indicators, controllers, and to a common recorder.
Either channel, as selected by the operator, may be used to regulate
the feedwater flow valve and control reactor water level. The
other parameters monitored are:

60



indication
local* remote**

function
control alarm scram

temperature,

pressure,

flow,

main steam
main steam vent discharge
aux. steam discharge
turbine exh discharge
turbine exhaust
main steam
reactor steam
auxiliary steam
T. G. steam
space heat exchanger
T. G. gland seal
T. G. gland exhaust
T. G. exhaust
main steam

x
x

x

x

x

x
x

x
x

x

x
x

x

H
H
H

H,L
x H,L

Hx

x

In a similar fashion, the instruments in the other systems are as follows,:

b. Condensate System, Figure 45

indication
Application local remote

function
control alarm scram

temperature
condenser air inlet
condensate pump discharge
after condenser vent
shield tank temperature
shield tank cooler outlet
cond. to RFT

x

x
x

x

x

x

x

x
x

x

x

* local refers to an area near the sensor

** remote indicators are located in the plant control console

H - high level alarm

L - low level alarm

ATA - indicator pump automatic transfer
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indication
Application local remote

function
control alarm

evaporator condenser outlet
after condenser water out
L.O. intercooler outlet
2nd stage heat exch. outlet
cond. from SFT cooler

liquid level
condenser subcoolers
hotwell

flow
condensate pump discharge

pressure
hotwell
cond. pump seal water
cond. pump discharge
precooler shell
after condenser shell

x

x

x

x

x

x

x

x

x

x

x

x

x H,L
H,Lx

x

x

x x ATA

co Feedwater System, Figure 47

indication function
Application local remote control alarm scram

temperature, feedwater x x
liquid level, RFT x x H,L
flow, feedwater x x
pressure, feed pump discharge x x ATA

CRD seal water x x L

d. Coolant Purification, Figure 49

indication function

Application local remote control alarm scram

temperature, reactor water x
purify loop x x H

pressure, purify pump discharge x ATA
flow, purification loop x

e. Raw Water Purification, Figure 51
indication function

Application local remote control alarm scram

conductivity, demineralizer outlet
makeup feed

liquid level, makeup tank
pressure, makeup pump discharge

x

x

X

X

X

H
H

H,L
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fo Low Pressure Drain, Figure 54
indication function

Application local remote control alarm scram

temperature
controL rod drive seal water x H
reactor vessel head seal water x H

liquid level, L.P. drain tank x x x H
pressure, L.P, drain pump disch. x

go Lube Oil Service, Figure 56

indication fuzrotion

Application local remote control alarm scram

temperature, lube oil x
T.G. bearings oil x H
L.O. cooler outlet x
L.O. system cooler outlet x

pressure, L.O. cooling pump discharge x L
L.O. pump discharge x
L.O. strainer differential x
T. G. bearing oil x

ho Service Water, Figure 58

indication function

Application local remote control alarm scram

temperature, spent fuel tank
SFT cooler outlet
drain tank
waste tank
evap0 condenser coolant
evaporator
disposal tank

pressure, SFT pump discharge
drain tank pump discharge
waste tank pump discharge
disposal tank pump discharge

liquid level, spent fuel tank
drain tank
disposal tank
waste tank

conductivity, demin. outlet

X

X

x

x

X

X

X

X

x

x
x

x

x

x

x

x

x
x

x

x

x

H
H

H,L
H,L
H,L
H,L
H
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i. Plant Heating, Figure 60

indication function
Application local remote control alarm scram

temperature, shutdown boiler outlet x x
pressure, plant heating pump x x L

shutdown boiler shell x
fuel oil pump discharge x

8. Radiation Monitoring Systems, Figures 69 & 70

a. Gaseous Effluent Monitor

Radioactive effluent gases are vented from the process loop
through the aftercondenser vent line, A Tracerlab in-line gas monitoring
system, Figure 69, consisting of a gas chamber with detector housing and
shielding, a ratemeter and power supply with alarm unit, two flow meters,
and dual filters is provided to detect and indicate the level of activity
being released to the atmgsphere. Measurement of the activity covers 5
decades from 10 cpm to 10 cpm. The alarm point is adjustable within the
measurement range. The filters are absolute type filter which retain
particles larger than .3 microns in diameter. These filters are installed
in parallel upstream of the radioactive detection apparatus to prevent the
release of particulate matter. Parallel installation permits one to be
removed while the other is operating.

b. Area Monitoring

The radioactivities at various locations, Figure 70, in the
plant are monitored by a Victoreen area monitoring units which provide
indication of the activity levels at the control console and an alarm if
the activity exceeds a preset level. The Beta-gamma detectors supply
indicating station which cover a range of three decades. The alarm point
may be set at any point within the indicating range.

The sensing units in hermetically sealed assemblies are
mounted at their respective positions. The indicating stations are located
on the right wing of the plant control console.

Power for the area monitoring channels is obtained from the
DC emergency power supply for reliability and continuity of service.

c. Air Particulate Monitoring

To monitor the plant area for airborne, radioactive, parti-
culate matter, a mobile monitoring system is supplied. The assembly
includes a filter assembly with shielding, a pumping and flow control
system, a y-a' detector with ratemeter, recorder and alarm system. The
unit monitors activity over a 3 decade (logarithmic) range as it is
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deposited on the filter paper. Adjustable filter paper advance
speeds and adjustable pumping rates provide a wide range of
operating conditions.

The alarm is adjustable and has two levels. The
first is an alert indicated by an amber light and a 10 sec. audible
alarm; the second a continuous alarm with a red light.

All units are mounted on a mobile cart. Power
is obtained from a convenience outlet in the area where the monitor
is located.

9. Plant Control Systems

The center for plant control is the plant control console,
Figure 40.

a. Reactor Control

The reactor control equipment is placed directly in
front of the operator as he sits facing the console. On the control
board, the control rod drive actuators occupy a central position.
The pistol grip switch at right center moves the manually controlled
rods in or out; the switch at left center moves those rods which
can be manually or automatically -controlled. The rods to be moved
are selected by the oval handled switches adjacent to the drive
switches. Reactor parameters of flux, linear and logarithmic,
water level, and period are indicated on the vertical panel above
the control board. Selector switches adjacent to the meter permit
each channel to be monitored.

Control rod positions are indicated by meters located
above the reactor vessel display.

Automatic control of the reactor is accomplished by
movement of the control rods in response to a pressure deviation
signal from the P-Po measuring circuit. A motor controlled bypass
valve around the turbine (to the condenser), provides a back-up
plant control and enables the operator to accomodate large, programmed
changes in power with a minimum of reactor adjustment. A pistol
grip switch (not shown) located to the right of the manual rod
control switch, is provided for operation of this valve from the
console.

b. Process Control

The values of important process parameters are
indicated on the control panel. The indicators are arranged in
a graphic display for quick familiarity with the process.
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Continuous control is provided for reactor steam
pressure, reactor water level and condenser inlet air temperature.
All controllers have provisions for an indication of the set
point, an indication of controlled variable position and manual
operation

co Secondary Electrical Control

A secondary control station for the generators
control equipment is located on the panel face of the left wing
of the console 0J Switches in the mimic bus arrangement provide
for operation of the power breakers, Meters provide indication
of power parameters in the various systems0

Below the switchgear panel is a motor control board.
Duplicate starting stations at this point permit critical process
motors to be started or stopped0

do Plant Communications

The plant communications system consists of 1) an
amplifier-master station at the console with remote-slave speakers
distributed through the plant areas and living quarters and 2) a
number of telephone stations0 The telephone stations are capable
of paging all speakers through the master station0 A sound power
phone circuit connects the control center to all plant machinery
spaces 0

Alarms are provided to transmit evacuation or fire
alarms through the amplifier system regardless of cut off relay
or volume control position0

eo Auxiliary Systems

A power tot-alizing system is provided on the right
hand panel to provide a record of instantaneous plant power and
integrated plant power.

An independent temperature monitoring system is
provided for snow tunnel and other critical temperatures. The
selector switch and readout meter are located on the right hand
panel
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IV. REACTOR DESIGN

A. Summary of Design and Performance Characteristics

The PL-2 reactor is a natural circulation boiling water type with a
power output of 8.0 Mw (t). It is designed to produce 24,724 lb/hr of
dry steam at 600 psig. The reactor core is capable of producing a total
energy output of 24 MW (t)-years over a lifetime of three full-power
years0

The core for the PL-2 reactor is similar in design to the SL-1
Core II which is now being built. Core II will be installed in the SL-1
plant by midsummer of 1961. Operation of Core II should also verify the
capability of this type of reactor for reaching the long life times
which are needed for economical operation of remotely located plants.

In the PL-2 plant this type of core will operate at a pressure of
600 psig instead of the 400 psig to which the SL-1 plant is limited.
The higher pressure operation in the PL-2 plant should enhance the be-
havior of the core.

Significant design characteristics and operating data of the PL-2
reactor are presented in Table IV.

B. Reactor Core

1. Nuclear and Thermal Behavior

a. Nuclear Characteristics

To meet present guidelines (Appendix A) the PL-2 plant
requires a reactor that can operate at 8.0 megawatts (th) for a full
power lifetime of three years. In addition the control rods must be
capable of shutting down the reactor at 680 F with any rod stuck in its
operating position, at 1800 F with any rod fully withdrawn and at 390 F
with all rods fully inserted. The 4.5 w/o U2 35 enrichment for PL-2 was
based on the shutdown requirements. With this enrichment the core has
the maximum reactivity which will still permit shutdown. Estimates of
the eigenvalues for PL-2 at beginning of life are shown in Table V.
These values are based on SL-1 Core II 400 psig data; detailed analysis
of PL-2 at 600 psig must be done in the future.
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TABLE IV

PL-2 REACTOR DATA

A. GENERAL

Power, MW
Core Lifetime, full power years (design value)
Maximum Burnup, MWd/metric ton of U (design value)
Average Burnup, MWd/metric ton of U
Steam Production, lb/hr
Operating Pressure, psig
Operating Temperature, OF
'Feedwater Enthalpy, BTU/lb
Fuel Composition
Fuel Enrichment, %
Fuel Loading Metric tons U

B. CORE

1. Geometry

Equivalent Core Diameter, Inches
Active Core Length, Inches
Number of Assemblies
Fuel Assembly Width, Inches (square)
Fuel Assembly Length, Inches
Element Spacing (Pitch), Inches
Riser Height, Feet

2. Fuel Element

U02 Pellet Diameter, Inches
U02 Pellet Density, gm/cm3

Clad Material

Clad Thickness, Inches
Fuel Tube Inner Diameter, Inches
Number of Fuel Elements Per Assembly
Number of Poison Rods Per Assembly
Number of Fuel Elements in Core
Number of Poison Rods jn Core
Burnable Poison, gm Blv

.420
10.30

AISI 348 SS

.05 w/o Co
.020
.428

60
2

1440
48

16.6

8.0
3

33,000
7,650

24,724
600
489
134
U02
4.5

1.145

35.46
38.3
24

5.592
46.3
.732

3

68



TABLE IV (Cont'd)

3, Control Rod

Number of Rods
Rod Type
Over-all Length, Inches
Over-all Span, Inches
Over-all Thickness, Inches
Length of Travel, Inches
Absorber Material
Clad Material

Length of Active Section, Inches
Span of Active Section, Inches
Thickness of Active Section, Inches

4o Thermal and Hydraulic Characteristics

Average Power Density, KW/liter of Active Core
Average Power Density, KW/liter of Coolant
Heat Transfer Area, ft2

Average Heat Flux, BTU/hr-ft 2

Maximum Heat Flux, BTU/hr-ft 2

Burnout Heat Flux, BTU/hr-ft 2

Average Exit Quality, w/o Vapor
Average Boiling Length, Inches
Maxixium Meat Temperature, OF (at 140%)
Allowable bleat Temperature, OF
Average Void Fraction, %
Downcomer Vetoaity, ft/sec
Stability Margin
ExiL Void Fraction, Hot Assembly, %-
Average Steam Release Rate, lb/hr-ft 2

9
Cruciform

58 5/8
11.44

.25
39.0

Ag-In-Cd
AISI 348 S3

.05 w/o Co
39 .3/4
10.578
0.135

13.3
26c6

564
48,400

279,000
1,000,000

32.97
4930
5000
l4l8
2.0
2.6

25.21
1800

5. Nuclear Characteristics

Core Reactivity, Beginning of Core Life
Cold, a.1L rods out
Hot, zero power, all rods out
Hot, equilibrium Xe, full power, all rods out
680 F, center rod out

Power Peaking
Gross Axial Factor, (beginning of life)
Radial x Local Factor, (beginning of life)
Over-all Peaking Factor, (beginning of life)
Over-all Burnup Peak, (lifetime average)
Integrated Fuel Element Factor, (lifetime

average)

keff
1.141
1:117
1.081
.9998

2.7
1.85

5.0
3.7

1.85
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TABLE IV (Cont'd)

C. REACTOR VESSEL AND HEAD

Pressure Vessel and Head Over-all Height, Inches 225
Pressure Vessel Height Over Flange, Inches 181 5/16
Pressure Vessel O.D., Inches 54 5/8
Pressure Vessel I.D., Inches 52
Vessel Wall Thickness Excluding Cladding, Inches 1 1/8
Clad Thickness, Inches 3/16
Bolt Circle Diameter, Inches 62
Flexitallic Type Closure Seal, Mean Diameter, Inches 54 1/2
Head Type 2:1 Semi Ellipti-

cal, Integrally
Reinforced

Head Thickness Excluding Cladding, Inches 2
Clad Thickness, Inches 3/16
Closure Studs (52) 1 1/2 - NC-8 with

1.250" Diameter
Shank

Vessel Penetrations
Feedwater Inlet Nozzle 2" Sch 80
Steam Outlet Nozzle 4" Sch 160
Purification Flow Nozzle 1 1/2" Sch 80

Head Penetrations
Control Rod Extension Housings (9) 3" Sch 80
Level Control Nozzles (2) 4" Sch 80

Do STEAM DRYER

Type

Position

Height, Inches
Thickness Parallel to Flow, Inches
Number of Segments
Maximum Outlet Moisture, w/o

E. CONTROL ROD DRIVE MECHANISM

Type

Stroke, Inches
Scram Actuator
Speed, Normal, Inches/Minute
Speed, Scram

Load Capacity, lbs.

Position Indication

Position Indication Accuracy, Inches

Static, multiple
screen

Internal, attached
to head

15
5 1/4

6
.10

Electro Mechanical,
Rack and Pinion

39
Gravity

3
Initial 4.5 Inches

in 0.3 sec.
Withdrawal - 225
Insertion - 450
Synchro - Pair with
Digital Readout

0.10
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TABLE V

BEGINNING OF LIFE EIGENVALUES FOR

PL-2 AS EXTRAPOLATED FROM SL-1 CORE II

Condition Keff

Cold (68 0F) Center Rod Out .9998

Cold, All Rods Out 1.141

Hot, Zero Power 1.117

Hot Operating 1.081

The cold stuck rod eigenvalue appears to be marginal, but
it is felt that the number is somewhat conservative. Further calcu-

lations will be needed to ascertain this conservatism.

The hot operating reactivity was calculated using a core
average void fraction of 15%. This was based on thermal calculations
using the beginning of life axial power distribution which is shown in
Figure 72. There is considerable uncertainty in both the eigenvalue and
the power distribution since iteration between the power and vapor

distributions must still be carried out. The analysis of the lifetime
behavior of the' core at 600 psig remains to be done so that, at present,
the ability of the core to meet the three year design lifetime has not
been verified.

As shown in Figure 72, the axial power peaking factor at
beginning of life with no xenon is 2.70. The combined radial and local
factor with a uniform vapor distribution is 2.00. In general this
factor is reduced by about 8% when the actual radial vapor distribution
is taken into account resulting in a radial factor of 1.85. The overall
peaking factor at beginning of life is therefore 5.0, with an uncertainty
of f 15%.

b. Thermal and Hydraulic Criteria

The thermal characteristics of PL-2 were selected to
produce the required output of 8 thermal megawatts within the framework
established by physical limitations of core materials. These limitations
may be summarized as follows:

(1) The maximum local fuel burnup shall not exceed
33,000 Mwd/metric ton of U.

(2) The maximum fuel temperature shall not exceed
5,000 F at 140% of full power.
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(3) The hottest fuel assembly shall be hydraulically
stable up to 140% of full power.

(4) The internal pressure in the hottest fuel element
shall not exceed 1000 psi at end of life.

(5) There shall be no steam entrainment in the down-
comer. To prevent entrainment, the coolant velocity in the downcomer
region is limited to a maximum of 2 feet per second.

(6) The moisture carryover in the steam shall not
exceed 0.1% by weight.

(7) The maximum steady state heat flux must be less
than 333,000 BTU/hr-ft2 to provide a burnout ratio of 3 based on a
burnout heat flux of 1,000,000 BTU/hr-ft 2 .

In order to accomodate transients, the overpower scram
is set at 135% of full power. Since the instrument error is 5%, the
reactor could reach 140% of 8 Mw (t) before scramming. The core was
therefore designed to operate safely for short periods of time at 140%
of full power. It is for this reason that the fuel temperature and
stability are determined at 140% of full power.

The downcomer velocity is limited to prevent steam

entrainment. Steam in the downcomer decreases the density of the
fluid, thus reducing the driving head. The reduced driving head in-
creases the void fraction in the core, thus adversely affecting hy-
draulic stability -and reducing core reactivity life. Experience has
shown that if downcomer liquid velocity is below 2 feet per second,
entrainment is negligible.

The reactor is assumed to be stable if the rate of

change of inlet velocity to the hottest fuel assembly with respect
to power level is positive. This is a conversative assumption since
there are stable boiling water reactors which operate at power levels
where this rate of change is negative and there are no boiling water
reactors which are unstable where the rate of change is positive.

Moisture carryover is prevented by gravity fallout of
water droplets in the steam dome and by a screen type steam dryer.
The vessel height available for gravity fallout is limited by reactor
space and weight considerations. For this reason, and because of the
limited experimental and theoretical data available on gravity fallout,
a screen dryer has been incorporated in the design. Maximum steam
velocity through the dryer is limited to 6 feet per second and the
moisture at the inlet must not exceed 10%.
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c. Flow and Temperature Data

The centerline temperature in the fuel pellet is the
saturation temperature of the water at maximum pressure, augmented by
the temperature drop through the boiling film, tube wall, gas gap,
and fuel. The temperature drop through the boiling film was calcu-
lated using the Jens and Lottes boiling film drop correlation. The
other temperature drops were calculated by the standard heat conduction
equations. The maximum temperature in the fuel is 4930 F which is
within the limit. This is based on the following assumptions:

(1) The saturation temperature is 4990 F, corre-
sponding to a maximum reactor pressure of 660 psig.

(2) The thermal conductivity of U0 2 is 1.0
BTU/hr-ft- F.

(3) The smallest pellet (0.4195 inch diameter) and
the largest tube (0.4285 inch ID) are at the hottest spot in the core.

(4) Five percent of the gaseous fission products
generated in the fuel have escaped into the gas gap.

(5) The total power peak is 5.75. This consists of
a calculated peak of 5.00 plus 15% uncertainty in the nuclear calcu-
lations.

(6) The maximum instantaneous power is 1.4 times the
steady state power of 8.0 Mw (t).

The best estimate of the burnup peak is 4.0 which yields
a maximum burnup in the core of 30,800 MWD/Tonne. This burnup is
slightly below the limit of 33,000 MWD/Tonne.

The fuel element internal pressure was calculated to be
940 psi. This calculation is based on the assumption that the largest
pellet is in the smallest tube. The fission product gas release rate
was assumed to be 30%. This is an extremely conservative estimate of
the release rate and is assumed in the pressure calculation in order to
eliminate any possibility of fuel element rupture due to internal
pressure. In'the pellet temperature calculation a release rate of 5%
was assumed. This assumption is based on the fact that 5% is the maxi-
mum release rate observed for stoichiometric U02. This is a suf-
ficiently conservative estimate for the temperature calculation, which
is very conservative in other respects.

The maximum steady state heat flux was calculated to be
279,000 BTU/hr-ft2 which is well below the allowable limit of 333,000
BTU/hr-ft2 .
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Hydraulic calculations for the core were done by means
of STREAC, and IBM-704 Code. The input to STREAC is the power level,
pressure, steam rate, and pertinent core geometry such as core length,
flow area, and hydraulic diameter. The code balances pressure losses
due to friction, expansion and contraction against the pressure gain
due to density differences between core and downcomer fluid. STREAC
then determines the core flow rate, void fraction, void profiles, and
flow rates for each typical fuel assembly.

The inlet velocity to the hottest fuel assembly does not
peak until the reactor power level reaches 2.6 times the design power.
Thus the reactor meets the hydraulic stability requirements.

Table VI is a summary of the core hydraulic character-
istics. The subassembly numbering system used in the table is shown
in Figure 71 The exit void fraction from the hottest assembly is
25.2% which is well below the maximum exit void fraction of 54.6%
calculated for EBWR. This is a further indication that the PL-2 core
is hydraulically stable.

TABLE VI

PL-2 HYDRAULIC CHARACTERISTICS

Average
Subassembly Core

Parameter 1 2 3 4

Radial Peaking Factor 1.471 1.176 0.856 0.660 1.000

Inlet Velocity 4.54 4.27 3.86 3.47 3.99

Boiling Length, in0  33095 33.39 32.34 31.46 32.97

Exit Quality, % 1.35 1.08 0.79 0.62 0.91

Exit Void Fraction, % 25.21 22.03 18.16 15.41 19.83

Avg0 Void Fraction, % 18078 16.14 12.86 10.57 14.18

The downcomer velocity is 2.0 ft/second. Since steam

entrainment in the downcomer does not become a problem until veloc-
ities somewhat greater than 2 feet per second are reached, there should
be solid water in the downcomer0
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do Hydraulic Experiments

To determine the validity of the analytical model assumed
in. the hydraulic design, a half-scale air-water model of the reactor
has been built and tested. This model has shown that steam entrainment
at atmospheric pressure and 700 F will occur with downcomer velocities
as low as .4 ft/second. The amount of entrainment decreases very
sharply with increasing temperature. It appears that there will be
no appreciable entrainment in the PL-1 and PL-2. However, the effect
of pressure on entrainment has not been determined as yet.

For conservatism the PL-2 design is based on a total
loss coefficient which is higher than the theoretical prediction.
This loss coefficient is based on extrapolation from the air-water
model, which indicates that the region between the top of the core and
the steam-water interface is extremely turbulent.

Further tests are required to determine the following:

(1) The differences, if any, between air-in-water and
steam-in-water 0

(2) The effect of introducing vapor at the bottom of
the core rather than along the length of te core.

(3) The effect of cold water quenching on steam en-
trainment.

(4) The variation of entrainment with pressure.

(5) Slip ratio in two phase flow around tubular
elements.

2. Fuel Assembly Design

Each of the 24 FL- fuel assemblies is composed of 60 fuel
elements, 2 poison rods, two end plates, ferrule type lattice spacers
and fixtures for lifting and guiding the assembly. The fuel assembly
is approximately square in cross section and is graphically repre-
sented in Figure 13. Typical fuel element and poison rod assemblies
are shown in Figure 10.

The fuel. element consists of a column of uranium dioxide fuel
pellets hermetically sealed in a helium atmosphere, in a tube with two
welded-on end caps. The fuel pellets are .420 inches in diameter and
.776 inches in length. The fuel tubes are low cobalt type 348 stainless
steel with an internal diameter of ,h28 inch, a wall thickness of 020
inch and a length of 39.3 inches~ An initial cold clearance of .006
inch on the diameter and 1.00 inches on the length has been established
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in order to minimize the hot gap size and yet prevent an interference
fit between hottest pellets and the cladding. This clearance space
also serves to contain the fission gas products released from the fuel
over lifetime.

The two burnable poison rods are provided for power peak sup-

pression and reactivity shaping. Each rod consists of a borated stainless
steel material encased in a stainless steel tube similar to the fuel
element tubes.

A group of 60 fuel elements and 2 poison rods are held in
position by two end plates0 The fuel elements are pin connected at each
end. The poison rods are suspended from two opposite corners of the top

plate by hanger bolts, and are pin connected at the lower end. Addi-
tional lateral support of the assembly is gained through the use of two
sets of intermediate ferrule spacers. The sets of ferrules are arranged
in parallel planes equidistant from each other and the end plates.
Integral with the top plate is a lifting fixture. Two installation
guides are attached under the bottom plate to provide additional lead-in

during core assembly. The lifting fixture and installation guides are
welded in place after the fuel elements and ferrules are brazed in one

operation into an assembly. All twenty-four assemblies are identical
for uniform fabrication procedures and ease of handling.

3. Control Rod Blade

The PL-2 reactor will have nine control rods of the basic
design illustrated in Figure 12. This design fulfills the following
control rod requirements:

(1) Adequate corrosion resistance.

(2) Adequate physics worth.

(3) Metallurgical stability under irradiation.

(4) Adequate mechanical strength and ductility.

(5) Use of readily available materials.

The neutron absorbing material used is an alloy consisting of

80% silver, 15% indium and 5% cadmium. A thin nickel plate assures
that the material will not be subject to corrosion, even under the worst

possible operating conditions. Because of the low creep strength of
this material, a welded sheath of type 348 stainless steel is required
to provide sufficient mechanical strength and structural rigidity.
This sheath is composed of a "picture frame" type structure to which
are welded four pre-formed right angle sections0 The structure is given
increased rigidity by joining the sheath sections together through the

active filler plates.
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The threaded male connector at the top of the control rod
provides a simple means of remotely engaging and disengaging the control
rod drive mechanism extension shaft0 The cruciform configuration of
this connector is required to provide adequate clearance for fuel
assembly removal or insertion. The thread fit makes the joint suf-
ficiently flexible to compensate for small misalignments between the
core and the closure head 0

During manufacturing, the blade will be held within a fixed
envelope over its full length. This envelope is such that binding of
the blade during operation, because of possible misalignments in the
core, is impossible. Small guide pads at the bottom of the blade allow
the use of wide channels in the stanchions while maintaining the re-
quired clearance between the control rod and adjacent fuel tubes0

4o Core Structure

The core structure (Figure 9) in the PL-2 reactor was designed
to meet the following requirements,

(1) The fuel assemblies must be securely supported and
accurately located0

(2) Accurately located and aligned channels must be
provided for the control rod blades0

(3) The downcomer region must be physically separated
from the steam riser region0

(4) A source must be positioned at the core mid-plate.

Figures 15, 16 and 17 show a half-scale model of the core

structure0

The major structural member is the cast stainless steel lower
grid.

Supported by four gusset plates protruding from the wall of
the pressure vessel, this lower grid is able to rigidly support the full
weight of the fuel and remaining core structure. Location of the 24
fuel assemblies is provided by the vertical stanchions fastened to the
Lower grid. The upper grid is a welded structure which rests on, and is
prnned into, each of the vertical stanchions. In this manner, the
upper grid accurately locates the upper ends of the stanchions, and
stiffens the core structure by providing lateral support for the
stanchions

In order to separate the fuel from the downcomer, a lower
core shroud is provided. This shroud consists of stainless steel sheet
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sections welded to the outer stanchions. Separation of the steam
riser region from the downcomer region is accomplished by the upper
core shroud0 This shroud, formed from stainless steel plate stiffened
by flanges, bolts to the upper grid. The feedwater spray ring is
supported by this shroud0

A source pipe extends down from the upper grid, to which it
is fastened, into the downcomer region. This pipe positions the source
at the core midplane. Due to its position in the downcomer, the source
will be provided with ample cooling0

Each fuel assembly, supported from its top plate which rests
on the cop of two stanchions, is laterally positioned at the top by
the upper grid and at the bottom by the stanchions. The nine control

rods move vertically in guide channels formed by the upper grid and
slots in the stanchions.

Positioning of the core structure in the pressure vessel is

accomplished by means of two alignment pins in the lower grid which fit
into holes in two of the gusset plates supporting the structure. Two
holddown bolts securely fasten the grid to the remaining two gusset
plates.

In order to avoid excessive thermal stresses in the pressure
vessel walls due to gamma heating, a thermal shield is positioned in
the pressure vessel at the core elevation. This thermal shield is a
3/4 inch thick stainless steel cylinder supported and located by the
same gusset plates that support the core.

5. Neutron Source Design

An antimony-beryllium photoneutron source of approximately
1.6 x 107 neutron/second output is provided for use during reactor
start-up operations. The antimony-beryllium type of source has been
selected in preference to other suitable source types because the
antimony-beryllium uniquely combines a relatively long half-life (60
days) with low cost and high yield. This source is especially suitable
for reactor applications, since it can be designed as a semi-permanent
part of the reactor, being constantly reactivated by the neutron flux
in the reactor.

The preliminary design consists of a natural antimony
cylinder 1/2 inch in diameter and 6 1/2 inches long surrounded by a
hollow cylinder of beryllium with an outside diameter of 1 1/2 inches.
These two components are then encapsulated in a stainless steel con-
tainer. The source capsule will be designed to fit in a support
structure attached to the reactor core upper grid0 In this position
the source would be close to the core and would be located such that
the nuclear instruments essentially read core reactivity 0
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Since the source decays out-of-pile, the strength of a new
source will have a contingency factor to compensate for possible delays
in reactor start-up. The contingency factor will be adjustment in
source output which will allow a maximum delay period of 6 months0

6. Core Servicing

a0  New Core Shipping

1) Fuel Elements

The fuel element complement will be shipped to the

site in the spent fuel shipping casks 0 Figure 20 shows the cask and
Figure 21 shows the cask prepared for shipment

2) Control Rods

The control rod blade assemblies will be shipped
to the site in the spent fuel shipping casks with the fuel assemblies 0

This compact arrangement permits a cask, three blade assemblies, and
eight fuel assemblies to be shipped as a single package0

3) Source

The source will be transported in its own indi-
vidual lead pig. Pool facilities at the site will be used to transfer
the source from its shipping container to the transfer cask.

b. Refueling Procedure

1) Transfer Cask

The transfer cask, Figure 22, is used to indi-
vidually transfer a control rod, a fuel assembly, and the source. To
remove a spent fuel assembly or control rod, the transfer cask is
positioned over the appropriate hole in the refueling plate assembly0

The particular hole is determined by the component to be removed0
Locating the cask centrally over the plate opening automatically
positions it for a direct vertical lift. The lift is accomplished by
a rack and pinion mechanism attached to the top of the cask0 One end
of the rack extends out the top of the cask and the opposite end, to
which a screw type gripper is permanently attached, is within the cask0

The rack is made in sections so that overhead clearance is not critical.
The entire lifting mechanism can be rotated in either direction to
enable the gripper to engage or disengage an object, and to permit full
use of 3600 alignment.
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A typical transfer procedure is as follows:

(a) Flood the vessel.

(b) Remove the vessel head0

(c) Install alignment ring and refueling plate.

(d) Position transfer cask on refueling plate.

(e) Lower gripper and engage fuel element (or
control rod).

(f) Retract element into cask.

(g) Move cask to spent fuel pit.

(h) Submerge cask, lower fuel into pit, and
disengage element.

(i) Retract gripper and remove cask.

(j) Using manual tools, insert element in
spent fuel storage container0

(k) Repeat items (d) through (j) for removal
of each assembly.

The spent fuel storage container (Figure 3) is

approximately 14 feet below the surface of the water in the spent
fuel pit. It is a rack type container providing storage for 24
spent fuel elements and 9 control rods, and is designed to be sub-
critical at 4oC, fully loaded, with no specific loading sequence
required0

Following item (k) above, new assemblies are

inserted into the reactor through the refueling plate openings, one
at a time, using manual tools0 The transfer cask is used for re-
placement of irradiated assemblies0  The refueling plate and ring
are removed, the head replaced, water level corrected, and prepa-
rations for startup are carried out0

2) Refueling Plate Assembly

The refueling plate assembly, Figure 23, serves
as a transfer cask support and positioner, and as a shield when
removing irradiated components 0

An alignment ring fits on the core barrel flange,
using bullet nose pins in the flange guide holes for positioning.
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Its purpose is to protect the barrel flange surface0 The support plate
rests on the alignment ring and can be positioned on or at 900 intervals
from the core centerline. The overhead crane is used to rotate the
plate, which is held in position by an index pin and matched holes in
the alignment ring.

The plugs in the plate are removable and also can
be indexed at 900 intervals0 The plate-hole index combination permits
all fuel assemblies, and all control rod blade assemblies except the
central assembly, to be accessible through a hole in the refueling plate0
Further, the centerlines of these components and the centerlines of the
respective holes above them coincide, and, therefore, a transfer cask
centered over a particular refueling plate opening is also centered over
a particular component in the reactor. To remove the center blade
assembly, manual tools transfer it to an adjacent blade location so that
it is in position for a vertical lift. The control rod is then removed
as described in paragraph 1 above0

3) Shipping Cask

The spent fuel shipping cask, Figure 20, will be
used to ship eight fuel assemblies and three control rod blade as-
semblies0 The loading operation is completed underwater in the spent
fuel well using hand tools to transfer components from the storage con-
tainer to the shipping cask. The cask cover is bolted in place, the
sealed container is removed from the spent fuel well, and is prepared
for shipment as shown in Figure 21. The site complement consists of
three fuel shipping casks to handle a full core loading of twenty-four
fuel elements and nine control rod blade assemblies 0

C. Control Rod Drive Mechanism Design

l1 Description

The control rod drive mechanism is an electro-mechanical
device which utilizes a rack and pinion combination to achieve con-
trolled linear motion of a control rod in response to operating
signals from the reactor control system0 The design is basically a
modification of the existing SL-l drive mechanism0 The modification
was undertaken to produce a simpler and more reliable mechanism by

incorporating those design features of the SL-l mechanisms that have
proven successful and modifying the design features that have been
problem areas0

Through use of gearing combinations, the mechanism is
capable of being driven at fixed speeds in the range from 1 to 7
inches per minute. The mechanism will satisfy the scram requirement
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of dropping the rod through its first 4o5 inches of travel in 0.3
seconds from any position of withdrawal0

A position indication system is furnished which provides
positive indication of the rod position within 0.100 inches throughout
the full range of rod travel 0

2. Actuator Design

The design of the mechanism actuator is shown in Figure 11.

Each control rod in the reactor is mechanically coupled to a drive

mechanism by means of a tubular extension shaft. The upper end of
this extension shaft is connected to the hollow rack shaft by means
of a connector bolt which passes through the rack shaft and screws

into the end of the extension shaft0 Relative rotation of the extension

shaft and rack shaft is prevented by a spline. The rack and extension

shafts pass through a stellite bushing at the lower end of the housing
extension sleeve0 This bushing serves the dual purpose of controlling
the lateral position of the shafts, and the rate of flow of cooling water
through the mechanism0 The housing extension sleeves are seated in the

control rod drive nozzles on the vessel closure head.

The pinion housing, which contains the pinion, back-up roller,
and associated shafting and bearings, is bolted to the control rod drive
nozzle. The rack passes up into this housing and is held in engagement

with the pinion by the back-up roller. A circular shoulder at the top

of the rack shaft, in combination with the removable hard stop, provides

positive stoppage of the control rod at the end of the scram. Ball
bearings on the pinion shaft accurately locate the pinion and allow
rotation with a minimum of the friction0

The seal assembly is connected to the pinion housing by a
bolted flange The seal shaft is connected to the pinion shaft by means
of a tongue and groove arrangement which prevents the introduction of
any loads into the seal assembly. The seal is a floating ring, con-
trolled leakage type, thus allowing a direct mechanical drive into the
mechanism. Cool, purified reactor feedwater is introduced into the seal
housing inboard of the seal0 Approximately 10% of this flow leaks
through the seal and is then collected and returned to the feedwater
system at 10 psia0 The remainder of the feedwater flows through the
actuator into the reactor to provide cooling and lubrication of the
actuator components 0

An upper housing, which is bolted to the flange at the top
of the pinion housing, completes the actuator assembly.

30 Drive Package Design

The design of the mechanism drive package is essentially the
same as that of the present SL-1 drive unit. The drive package is
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designed to be mounted outside the reactor shielding as shown in

Figure 2. This method of mounting in a region of low ambient temper-
ature and radiation level allows the use of conventional components
and facilitates maintenance. Each actuator is connected to its drive
package by a shaft which passes through the shielding0 Flexible
couplings at each end of the shaft compensate for possible actuator-
drive package misalignment. The drive package consists of a drive
motor, clutch assembly, and position indication equipment.

The drive motor is a commercial, three-phase motor with

integral reduction gearing. An integral friction type brake is in-
corporated in the motor to prevent coasting and consequent over-
travel of the rods in operation. The motor is coupled to the clutch
assembly by a quick change gear set. A shear pin is incorporated to
limit the torque that the motor can transmit to. the remainder of the
system. It also prevents possible motor failure due to stalling
which might result if the limit switch failed to de-energize the
motor when the rods were driven to full insertion.

The clutch assembly consists of a magnetic clutch paralled
with a cam type over-running clutch, the latter operating in the
"rod-in" direction only. During normal operation, the magnetic clutch
is energized to allow the motor to drive the control rod or to hold
it in a fixed position. During scram, the clutch is de-energized, so
that the control rod can drop into the core0 As long as the control
rod drops at a higher than normal operating speed, the over-running
clutch rotates freely. If the rod should stop for any reason, the
over-running clutch allows the motor to drive the rod into full in-
sertion. Because of the high torque capacity of the over-running
clutch, the drive package can exert a drive-in torque equal to 3 times
the normal running torque0

The position indication system used with this mechanism
consists of a high accuracy synchro-pair and associated readout
equipment. The synchro-transmitter is mounted on the drive package.
To prevent any ambiguity of the position indication signal, the
synchro rotation is held to less than one revolution for full rod
travel. A rotary cam type limit switch is used to provide "rod-in"
and "rod-out" signals and to de-energize the drive motor at either
limit of rod travel.

D. Reactor Vessel Assembly

1. General Description

The reactor vessel assembly, as pictured in Figure 8, consists

of a cylindrical vessel, a welded ellipsoidal lower head, and an el-
lipsoidal flanged closure head.
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An integral steam dryer is mounted in the closure head cavity.

A shield can is mounted on the closure to hold a mixture of radiation
shielding and thermal insulation. Four pads are located in the bottom
head of the vessel to provide the main core support.

Three penetrations are provided in the pressure vessel for a

feedwater inlet, a steam outlet, and a purification outlet line. The
closure head is provided with 9 control rod mechanism nozzles and 2 water
level control nozzles0

Both vessel and head are designed in accordance with the ASME

Unfired Pressure Vessel Code, Section VIII, 1959 edition, and with the
nuclear addenda as published in "Mechanical Engineering", July, 1959.
Design pressure and temperature for items governed by the Code are
720 psig and 6000 F, respectively.

The specific design of the vessel and head have been calcu-

lated using SA212B carbon steel clad with AISI 304L stainless. However,
effort is being expended on the uses of other suitable materials such
as stainless steel and inconel0 The general configuration of the vessel
and its installation are not affected by changes in vessel materials.

2. Vessel and Head Design

a. Reactor Pressure Vessel

The vessel is a simple cylinder, 52 inches inside di-
ameter, fabricated of SA212B boiler plate, 1 1/8 inches thick. It is
clad with 3/16 inches AISI 304L stainless steel for corrosion re-
sistance. The bottom head is a 2:1 ellipse welded to the cylinder at
the tangent point of the head. The bottom head is also 1 1/8 inches
thick, clad with 3/16 inches of stainless cladding0

The flange of the pressure vessel is a weld-neck flange
forging of SA-105 Gr II low alloy steel. The flange has tapped holes
for fifty-two 1 1/2 inch diameter 8 threads per inch, studs and a
double groove for placement of a stainless steel, spiral-wound,
asbestos filled inner gasket, and a soft metallic outer gasket. Between
the gasket grooves, a leak-off drain is provided to collect any possi-
ble seepage of reactor coolant0

Three penetrations are provided in the side wall of the
vessel. These are:

(1) Carbon steel (SA-212B) main steam outlet nozzle
with a stainless steel (AISI 304) transition piece and bolting flange
for field connection to the main steam piping. The nozzle is designed
to connect to 4 inch schedule 80 stainless steel pipe
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(2) Stainless steel (AISI 304) feedwater nozzle.

This nozzle is of the double wall type. A long nozzle is welded di-
rectly to the vessel wall, and the continuous feed pipe is welded
inside the nozzle. This design prevents thermal shock of the vessel
wall. The feedwater nozzle is designed to accornodate a 2 inch
schedule 80 stainless steel feedwater pipe.

(3) Stainless steel (AISI 304) purification nozzle.

This pipe serves as a line through which a portion of reactor coolant
is circulated through the purification system continuously to remove
radioactive contaminents from the main plant system. A 1 1/2 inch
schedule 80 stainless pipe is welded by transition metal directly into
the vessel wall.

All piping penetrations meet the ASME Code requirement
of full reinforcement for primary vessel penetrations.

Four stainless steel (AISI 304) core support pads are
mounted in the bottom head of the vessel for the purpose of supporting
and aligning the core and for supporting the thermal shield.

b. Vessel Head

The closure head assembly (Figure 14) utilizes a standard

semi-ellipsoidal head fabricated from SA-212B boiler plate and clad on

the inner surface with AISI 304L stainless steel. The head flange is
a SA-105 Gr II forged bolting flange clad with 304L stainless steel.
Head thickness is 2 inches throughout except for the bolting flange
which has a varying contour. All clad surfaces have a minimum 3/16
inches of stainless steel except the sealing surface of the head flange
which has a minimum 1/2 inch of cladding.

Head penetrations consist of 11 welded nozzles as follows:

Nine, 3 inch (Nominal) Control Rod Drive Nozzles

Two, 4 inch (Nominal) Level Control Nozzles

The center control rod drive nozzle flange is 8 inches
higher than the others to meet control rod drive mechanism installation
requirements.

All nozzles terminate with bolted flanges at the upper
end. Sealing is obtained by spiral-wound stainless steel, asbestos-

filled gaskets. All nozzle flanges are standard, AISI 304 stainless

steel 600 lb. welding neck flanges.

Three lifting lugs, made from structural "'EE" beams,
are welded to the head 1200 F apart. Each lug has been designed to
sustain the total closure head assembly weight under a 5 "Gt shock
loading.
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A cylindrical shielding container is formed by welding
3 curved plates circumferentially to the outside diameter of the el-
lipsoidal head, and longitudinally to the lifting lug flanges. The
cylinder thus formed is approximately 56 3/8 inches ID by 26 inches
long. A flat, perforated circular plate bolted to the upper end
covers the cylindrical container, allowing the nozzle flanges to pro-
trude through the perforations0

3. Integral Steam Dryer Design

The steam dryer shown in the closure head assembly drawing
Figure 14, is installed inside the closure head dome. The dryer is
fabricated entirely of type 304 stainless steel materials. Steam
drying takes place as the steam flows radially inward through an
annular arrangement of 6 dryer cartridges. A baffle directs the
steam from the center region to a steam outlet adapter which delivers
it to the pressure vessel main steam outlet.

Each dryer cartridge consists of eleven alternate layers of
flat and corrugated wire screen contained in a 4 sided frame. The
inner and outer screens are flat, 2 1/2 mesh, 0.135 inch diameter
wire. The sandwiched screening is 6 mesh, 0.047 inch diameter wire.

The cartridges are welded into the dryer support structure
which in turn is bolted to a ring on the concave portion of the head.
The dryer support structure contains a top plate and a bottom plate,
both conically sloped to provide for water drainage. The top and
bottom plates are connected by eight 3 1/4 inch OD tubes. These tubes
provide passage through the structure for the control rod extension
shafts.

Passage for water level control equipment is provided by

holes cut through the structure in line with the corresponding head
penetration. To provide passage through the entire length of the
structure, screen area is removed and replaced by baffle plates
which are welded to the top and bottom plates.

4. Arrangement of Vessel Internals

In addition to the 4 core support pads previously described,
the vessel contains the main steam transfer duct, the vertical leg of
the feedwater pipe, and the feedwater ring0

The steam transfer duct is flanged at its lower end for
bolting to a boss on the inside wall of the pressure vessel. At its
upper end is a spring loaded flange which mates with a flange in the
steam dryer support structure when the head is in place. The transfer
duct is the carrier for dry steam away from the dryer and out of the
vessel into the main system piping.
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The feed piping, after penetrating the vessel wall is bent
at a 900 angle to form a free standing pipe which is connected to the
feedwater ring. The feedwater ring rests on brackets which are welded
to the upper shroud of the core support structure. Since the ring is
not rigidly attached to the brackets, differential thermal expansions
can be tolerated.
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APPENDIX A

PL-2 GUIDELINES (REV 1 of June 1, 1960)

I. General Requirements and Objectives

Essentially, the PL..2 shall be a factory pre-packaged modular
nuclear power plant to provide heat and electricity. The plant shall
be:

a. Factory assembled into air-transportable packages suitable
for rapid on-site installation and interconnection, and suitable for
expeditious relocations to alternate operating sites at minimum installed
and capital costs.

b. Designed such that all components and accessories shall
be located in an easily accessible position for operation and maintenance.
Each component shall be accessible without the movement of any other
component, where practicable. Maintenance and adjustments shall be
made readily utilizing conventional, general-purpose tools normally
associated with items of this nautre, and with minimum drainage require-
ments. Plant maintenance requirements shall be held to a minimum.
Predictable maintenance shall be accomplished with a minimum number
of operating and maintenance personnel.

c. Designed to insure adequate safety to personnel and equip-
ment

d. Designed in accord with the National Bureau of Standards

health and safety regulations and requirements.

II. Power Plant Requirements

The PL-2 nuclear power plant shall be designed, fabricated
and erected to meet the following requirements:

1. The plant shall produce and deliver a minimum of 800 KWe
(net electrical power) and 1,300,000 BTU/HR suitable for central
heating at the designated site.

2. The plant shall be safe to operate and service.

3. The plant shall be designed for factory assembly into
packages which will facilitate transportation, erection and inter-
connection at minimum installed costs.

4. The plant shall be capable of satisfactory operation as
an independent power source and satisfactory operation in parallel
with electrical and heating facilities at the operating site. No
distribution equipment shall be provided to tie in with electrical
and heating facilities at the operating site.
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5. The plant shall operate at design output with cycle heat
(all cooling requirements) being rejected to the atmosphere under the
following three (3) conditions:

a. Temperature.........................60F + 70F
Altitude............................Sea Level
Wind................................0 mph
Humidity..........................0%
Precipitation.......................Oin.
Sunlight............................Full

b. Temperature.........................*
Altitude............................*
Wind...............................0 mph
Humidity ............................0%

Precipitation...................0 in.

Sunlight............................Fu. l
*Station A

c. Temperature.........................**
Altitude ............................**

Wind.................... ........ ... .0 nmph
Humidity............................0 %
Precipitation.......................0in.
Sunlight............................Full

**Station B

6. The generator(s) output voltage characteristics shall be
2400/4160 volts, 3 phase, 60 cycle and 4 wire. The generator(s) shall
permit external connection to delta or grounded wye.

7. The heat source for power production shall be a nuclear
reactor designed to operate the plant for a minimum of one year or
integral years thereafter at 100% rated capacity. The plant shall be
capable of startup within 24 hours after plant shutdown from
extended power operation.

8. The overall plant shall be capable of continuous operation
for the maximum period of time; i.e., total downtime per year shall be
minimized and not exceed three (3) weeks. The specified three (3)
weeks downtime per year shall include annual maintenance and complete
core replacement within four (4) days from shutdown to "on-the-line"
operation at rated output.

9. Major plant components, including reactor vessel and
heat but excluding core components, shall be designed for a useful
life of 20 years under conditions of normal use and maintenance.

1.0. Each factory-assembled package or module shall be designed
and fabricated with a rigid base to facilitate shipment, erection, and
relocation.
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11. The physical layout of the plant and the equipment
arrangement within each package shall facilitate plant operation and
maintenance.

12. The plant shall be contained in the fewest practicable
number of packages suitable for air transport by C-130A type aircraft
over a range of 1000 miles under standard operating loads. Each
package, complete with all shipping appurtenances, shall conform to
the cargo requirements of this aircraft.

13. The packages with all shipping appurtenances shall
also be designed, so far as practicable, for transport by rail, ship,
and military ground transport vehicles; such as a trailer, flatbed,
40 feet long.

14. The design of the plant shall be such that field erection
to a fully operating condition at a remote site is practicable in the
minimum period of time, not to exceed three (3) months. Installed
facilities (foundations, off-site utilities, vapor container, if
required, etc.) shall be erected during the plant erection period
indicated above.

15. The heat source shall be a heterogeneous boiling light
water cooled and moderated reactor using enriched uranium.

16. The reactor shall have inherent safety characteristics
under all conditions of startup and power operation; i.e., negative
temperature and void coefficients, etc.

17. The reactor shall have the minimum number of control
rods consistent with the core design. The rods shall be capable of
shutting down and holding down the reactor at any time of core life
at any temperature from operating to ambient if all rods are operative.
If any one rod becomes immovable in its normal operating position,
the remaining rods shall be capable of shutting down and holding
down the reactor at any time of life at any temperature from operating
to ambient air temperature (70 F). Further, if any one rod becomes
immovable in its full out position, the remaining rods shall be capa-
ble of shutting down and hold down the reactor at any time of life
at any temperature from operating to 1800F.

18. The plant shall incorporate the following:

a. System design to provide steam of such quality
that negligible moisture carryover into the turbine inlet shall occur
during any plant transinet or during steady state operations.

b. Proper safeguards to protect all equipment and
components of the plant.

c. Minimum requirements for make up water.
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19. An emergency batter chargeable by the turbine-generator as well
as by the diesel backup generator(s) shall be provided to supply power to
operate essential lighting, instrumentation, recorders, valves, and other
vital equipment for a period of time adequate for plant safety following
loss of station electrical power.

20. The design shall provide auxiliary power to allow plant start-
up from the cold shutdown conditions.

21. The plant controls and console arrangement shall conform to
beet the following requirements:

a. Operable by one (1) man during normal operation.

b. Minimum operator fatigue.

c. Instrumentation and control sufficient for manual control
of the integrated plant and conspicuously displayed.

d. Malfunctions and abnormal conditions which could have a
serious effect on plant operation shall be indicated both visible and audi-
bly at the control panel. "Test", "Reset", and "Acknowledge" controls for
the annunciator shall be located on the control console.

22. Instrumentation and control systems shall be as simple as
possible consistent with reliability and accuracy. Semi-conductors, mag-
netic amplifiers, and other high reliability components shall preferably be
used wherever possible. Relays and vacuum tubes shall be avoided where
possible in favor of more reliable components such as those mentioned above.

23. (Deleted)

24. Neutron flux instrumentation must record flux and indicate
reactor period from source level upward to 1.5 maximum design flux. Posi-
tive overlap of at least one decade must be provided between channels for
flux measurement.

25. The contractor shall make recommendations on the following
aspects of fuel handling and storage:

a. Storage of replacement core prior to utilization.

b. Spent fuel storage facility.

c. Practicable method of removing spent fuel from the core
and placing them in storage facility.
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d. Practicable method of removing spent fuel from storage
facility, placing it in a shippingcontainer and removing it for shipment
during reactor operation.

e. Spent fuel element transfer cask which shall permit air-
transport of the maximum number of spent fuel elements from the plant site
to a reprocessing plant.

26. Shielding shall be such that operating crews working an 84
hour week under routine conditions shall not receive radiation exposures
greater than the maximum permissible limits (Ref. NBS Handbook 69 dated
June 5, 1959).

27. Fixed radiation monitoring equipment shall be provided in
pertinent areas of the plant. Immediate indication of a radiation level
above normal and its locations shall be made in the control area. An
automatic, fail safe, battery-operated evacuation warning system shall be
provided.

28. Adequate health physics facilities shall be provided to
include monitoring equipment, special clothing, etc. Also, the plant shall
include provisions for facilitating decontamination of personnel, equip-
ment and areas subject to radioactive spills or leaks.

29. The plant shall include provisions for monitoring and safe
controlled disposal of radioactive solid, liquid and gaseous wastes.
Provisions shall be included for draining and storing all primary coolant
and additional storage as may be necessary for other radioactive wastes.

30. The plant equipment where applicable shall be equipped with
the necessary drains, vents, hand or man holes, etc., to facilitate inspec-
tion, maintenance and decontamination.

31. All piping and electrical connections between packages shall
be designed for quick connection and disconnection, insofar as practicable.

32. Heating facilities shall be provided to prevent freezing of
process fluids and to permit useful occupancy of the plant by personnel
during plant shutdowns.

33. A recommended method for relocating the plant after extended
power operation shall be submitted by the contractor for review by the AEC.

34. The design shall be accomplished to meet the following

enviornmental conditions and climatic forces.
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35.
the reactor
critical at

Wind Load.....................125 knots
Temperature Range..............-125 0 F to 700 F
Snow Load................... ,..Q.. lbs/ft2

Ice Thnickness.................2 inches
Drift...........................Height of structure

Means shall be provided to inject a chemical poison into
without power, in sufficient quantity to maintain the core sub-
cold conditions with inoperative rods.

III. Power Plant Objectives

1. The turbine-generator electrical specifications shall be:

Capacity:

Voltage:

Phase and Freq:

Connection:

Power Factor:

Steady State Voltage:

Steady State Freg:

Transient Voltage:

Transient Freq:

Recovery Time from Trans-
ient to Steady State
Conditions:

Turbine-generator capability shall
be sufficient to insure at least
800 KW(e) net power.

2100/4160 volts

3 phase, 60 cycle

External, to permit delta or
4 wire wye

0.8

Plus or minus .5%

Plus or minus .25%

Maximum variation not to exceed

2% in the range between 10%
and 120% of rated station load
when subjected to an instantaneous
station load change of 30% at
0.8 power factor.

Maximum variation not to exceed
2% in the range between 10%

and 120% of rated station load
when subjected to an instantaneous
station load change of 30% at 0.8
power factor.

Voltage 1.5 seconds

Frequency 5 seconds
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Parallel Operations: Capable of paralleling

Deviation Factor: From no load to balanced
(line to line volt) full load 5%

INIS value of all harmonics: 5% (at full rated load)

14S value of any one harmonic: 2% (at full rated load)

Plant Factor: 0.7

Overload: 200 KW at .8 P.F. continuously

2. (Deleted)

3. Control systems shall be designed such that any single error
by an operator does not result in physical damage of consequence to the
overall plant .

4. The contractor shall consider the consequence of a fission
product release (viz: ruptured fuel element) on the safe operation and
maintenance of the overall plant.

5. The plant shall be capable of startup with a maximum of two(2)
men.

6. (Deleted)

7. Field strength welds shall not be permitted at the erection
site.

8. The reactor shall be capable of producing 50% power with the
most valuable rod immovable in the fully inserted position.
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APPENDIX B

WEIGHT REPORT

Breakdown of the "per box" weight estimates sued to arrive at the "per
load" totals for each of the eighteen Cl30A loads summarized in section
III.A.4.a, is as follows:

Box 1 Load 1 Wt. (lbs.)

Feed and Condensate Skid (Figure 29)

Skid and Support Members
12 WF 27, 66 ft. 1,582
10 WF 21, 44 ft. 924
10 U 20, 74 ft. 1,48o
8 WF 17, 19 ft. 323
8 U 19, 32 ft. 608
8 119, 6 ft. 11
7 U 10, 2 ft. 20
4x4 I 13, 6 ft. 78
4" Pipe 15, 40 ft. 600
3 1 8, 8 ft. 64
2 L 4, 150 ft. 6oo
1/4" BP, 24 sq. ft. 290
1/4" BP, Lo-Pressure Drain Tank Saddle 102
1/4" BP, After-Condenser Saddle 10
1/4" BP, Pre-Cooler Saddle 40
1/4" BP, Hot-Well Saddle 132
1/8" Weld Rod, 2000 ft. 25
Misc. Gussets, Clips, Angles, Fasteners, Shims 200

Total Skid and Support 7,222

Components and Piping
Feed Pump, 2 req'd @ 3000 ea.(pump motors on 6,000

Load 18)
Reserve Feed Tank 1,000
Hotwell 800
Condensate Pump, 2 req'd @ 250 ea. 500
Plant Heating Pump, 2 req'd @ 140 ea. 280
Makeup Pump 70
Lo-Pressure Drain Pump, 2 req'd @ 110 ea. 220
Makeup Tank 250
Lo-Pressure Drain Tank 600
Raw Water Demineralizer 750
Lube-Oil Intercooler 806
Space Heat Exchanger 807
After Condenser 1,010
Pre-Cooler 1,220
Condensate Control 500
Feed Water Control Valve 500
Duplex Drain Controller and Trap 125
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APPENDIX B (Cont'd)

Box 1 Load 1 (Cont'd)

Components and Piping (Cont'd)
Steam Traps, 3 req'd @ 42 ea.
1/2" Valves (average), 35 req'd @ 23 ea.
2" Valves (average), 35 req'd @ 56 ea.
1/2" Piping (average) 200 ft . @ .851 lbs/ft.
2" Piping (average) 200 ft. @ 3.653 lbs/ft .

Total Components and Piping

Electrical
Feed Pumps Motor Starter Center
Starter Boxes, 5 req'd @ 21 ea.
Push Button Boxes, 9 req'd @ 5 ea.
Electrical Disconnects, 10 req'd @ 2 ea.
14x4 Wireway, 40 ft. @ 3.5 lbs/ft.
6x6 Wireway, 40 ft. @ 5.5 lbs/ft.
Wiring
Total Electrical

Wt. (lbs.)

126
805

1,960
170
731

19,230

800
105

45
20

140
220
300

1,630

Pack and Ship

Total Feed and Condensate Skid

Total Box 1

Total Load 1

Box 2

Purification Skid (Figure 27)

Skid and Support Members
12 WF 27, 28 ft .

8 WF 24, 62 ft.
4 U 7.2, 1.5 ft .
Clips, 4 req'd @ 3 ea.
4 I 13, 7 ft.
Purification Saddles, 2 req'd
4 U 5.4, 4 ft.e
2 L 4.6, 6 ft.
Disposal Tank Cradle, 2 req'd
Miscellaneous Bolting, Gussets
Welds

Total Skid and Support Membe

1,732

29,814

29,814

29,814

Load 2

756
1,488

11
12

100
@ 30 ft. 6o

22
28

@ 110 ft . 220
, Angles, Fasteners, Shims 75

50
rs 2,822

Components and Piping
Evaporator
Demineralizer, 2 req'd @ 7800 ea.
First Stage Heat Exchanger
Second Stage Heat Exchanger

1,162
15,600

150
300
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APPENDIX B (Cont 'd)

Box 2 - Load 2 Wt. (lbs.)

Components and Piping (Cont'd)
Spent Fuel Pit Cooler 490
Purification Pumps, 2 req'd @ 200 ea. 400
Poison Cylinder 800
Disposal Tank 572
Disposal Pump, 2 req'd @ 150 ea. 300
Shielding 76 ft.2 @ 41 ft. 3,120
3>1/2" Piping, 76 ft. @ 2.7 ea. 205
1" Piping, 147 ft. @ 1.7 ea. 250
1/2" Piping, 220 ft. @ .85 ea. 187
1/2" 150 Lb. Valves, ?5 req'd @ 6 ea. 150
1" 150 Lb. Valves, 12 req'd @ 14 ea. 168
1-1/2" 150 Lb. Valves, 2 req'd @ 27 ea. 54
1/2" 600 Lb. Valves, 13 req'd @ 18 ea. 234
1" 600 Lb. Valves, 10 req'd @ 42 ea. 420
1-1/2" 600 Lb. Valves, 7 req'd @ 80 ea. 560
Flanges (approximate) 100

Total Components and Piping 25,222

Electrical 165

Pack and Ship 1,626

Total Box 2 29,835

Box 21b

CIC Ionization Chamber, 2 req'd @ 20 ea. 40
UIC Ionization Chamber, 3 req'd @ 10 ea. 30
Pack and Ship 62

Total Box 21b 132

Total Load 2 29,967

Box 6f Load 3

Personnel Bldg. Equipment (Figure 31)

Wiring Including Outlets 250
Lighting Fixtures 150
Pack and Ship 333

Total Box 6f 733
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APPENDIX B (Cont'd)

Box 15b - Load 3 Wt. (lbs.)

Transfer Cask Mechanism (Figure 22) 45
Pack and Ship 37

Total Box 15b 82

Box 3

Turbine Generator Skid (Figure 39)

Turbine 4,200
Generator 14,000
Reduction Gear 3,800
Base Plate and Plumbing 3,000
Lube - Oil Coolers 1,600
Auxiliary Lube - Oil Pump 200
Lube - Oil Filter 80
Lube - Oil Purifier 550
Coolant Circulation Pumps 150
Pack and Ship 1,682

Total Box 3 29,262

Total Load 3 30,077

Load 4

Box 4

Electrical Skid (Figure 30)

10 WF 33 - 53 ft. 1,749
8 WF 31 - 28 ft. 868
8 WF 17 - 71 ft . 1,207
6 u 8.2-28 ft. 230
Misc. Brackets, Shims, Gussets, Chips 250
Weld 72
Wireways 190
Wiring and Installation 769

Total Base Structurals and Wiring 5,335

Control Console 4,787
Batteries 982
Metalclad Switchgear - Aux. Cabinet 1,721
Metalclad Switchgear, Station Feeder Cabinet x,013
Metalclad Switchgear Generator & Instr. & Control
Cabinet 4,886
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APPENDIX B (Cont'd)

Box 4 - Load 4

Electric Skid (Figure 30) - (Cont'd)

Power Center, Distribution Center, Transformer
Section and High Voltage Inlet

Grounding Reactor
Total Components

Pack and Ship

Total Box 4

Total Load 4

Wt. (Lbs.)

5,512
x,628

21,529

2,89

29,758

29,9758

Load 5

Box 7

Reactor Vessel, Head and Head Shielding (Figure 27)
Pack and Ship

Total Box 7

Box 19b1

Control Rod Mechanism Actuator (Figure 11)
Pack and Ship

Total Box 19b1

Total Load 5

27,100
2,180

29,280

650
82

732

30,012

Load 6

Box 5a

Condenser Skid (Figure 38) (Actual)
Pack and Ship

Total Box 5a

22,000
1,758

23,758
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APPENDIX B (Cont'd)

Box 13f - Load 6

Crane Assy Provisions (Figure 4)
Pack and Ship

Total Box 13f

Box 19b2

Control Rod Mechanism Actuator (Figure 11)

Pack and Ship

Total Box 19b2

Box 19cl

Control Rod Drive
Pack and Ship

Total Box 19cl

Total Load 6

Box 5b

Wt. (Lbs.)

448
90

538

650
82

732

Package (Figure 2) 150
63

213

25,241

Load 7

Box 5b

Condenser Skid
Pack and Ship

(Figure 38) (Actual)

Total Box 5b

Box 6g

Personnel Bldg. (Figure 31)
Heating Radiations Piping and Controls
Pack and Ship

Total Box 6g

Box 61

Personnel Bldg, (Figure 31)
Fire Protection System and Tanks
Pack and Ship

Total Box 61

22,000
1,758

23,758

850
262

1,112

600
313

100

913



APPENDIX B (Cont'd)

Box 6h - Load 7

Personnel Bldg. (Figure 31)
Water Closet Including Plumbing
Lavatory Including Plumbing
Sink Including Plumbing
Pack and Ship

Total Box 6h

Total Load 7

Wt . (Lbs.)

425
200
200
210

1,035

26,818

Load 8

Box 8

Core (Figure 8)
Pack and Ship

Total Box 8

Box 12

Waste Tank (Figure 3)
Pack and Ship

Total Box 12

Box 16d

Service Bldg.
Switch Gear
Welder
Hand Tools
Grinder
Pack and Ship

Total Box 16d

Box 5c

Condenser Dampers
Actual
Pack and Ship

and Supports (2 sets) (Figure 38)

Total Box 5c

1,750
256

2,006

1,500
392

1,892

300
500
650
150
164

1,764

12,240
3,660

15,900
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APPENDIX B (Con'td)

Box 26 - Load 8 Wt. (Lbs.)

Source, Contained (Figure 15) 385
Pack and Ship 86

Total Box 26 471

Total Load 8 22,033

Load 9

Box 9a

Spent Fuel Shipping Assy (Fig. 21) Includes 8 Assys
& 3 Rods 28,250
Pack and Ship 1,055

Total Box 9a 29,305

Box 13d

Crane Bridge Drive Unit Including Motor & Reducer
(Figure 4) 500
Pack and Ship 197

Total Box 13d 697

Total Load 9 30,002

Load 10

Box 9b

Spent Fuel Shipping Assy (Fig. 21) Includes 8 Assys
& 3 Rods 28,250
Pack and Ship 1,055

Total Box 9b 29,305

Box 16h

Service Bldg. Lathe 400
Pack and Ship 219

Total Box 9b 619

Total Load 10 29,924
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APPENDIX B (Cont 'd)

Box 9c Load 11

Spent Fuel Shipping Assy (Fig. 21) Includes 8 Assys
& 3 Rods
Pack and Ship

Total Box 9c

Box 19b3

Control Rod Mechanism Actuator (Figure 11)
Pack and Ship

'Total Box 19b3

Total Load 11

Wt. (Lbs.)

28,250
1,055

29,305

650
82

732

30,037

Load 12

Box 10

Shield Tank Assembly (Figure 18)
Pack and Ship

Total Box 10

Total Load 12

27,954
2, 024

29,978

29,978

Load 13

Box 11

Spent Fuel and Plant Drain Tanks Shipping Assy
(Figure 19)
Pack and Ship

Total Box 11

Box 19d

Control Rod Drive Connectors (Figure 8)
Pack and Ship

Total Box 19d

Total Load 13

26,550
2,963

29,513

360

503

30,016
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Box 15a

Transfer Cask
Pack and Ship

Total Box 15a

APPENDIX B (Cont'd)

Load 14

Assembly (Figure 22)

Wt. (Lbs.)

11,499
375

11,874

Box 16b

Service Bldg .
Pack and Ship

Auxiliary Boiler

Total Box 16f

Box 6j

Personnel Bldg. (Figure 31)
Shower, Stall and Plumbing
Stool
Pack and Ship

Total Box 6j

Box 6k

Personal Bldg. (Figure 31)
Washer and Dryer
Pack and Ship

Total Box 6k

Box 6b

Personnel Bldg. (Figure 31)
(4) File Cabinets
Pack and Ship

Total Box 6b

Box 6c

Personnel Bldg. (Figure 31)
(6) Personnel Lockers
Pack and Ship

Total Box 6c

Total Load 14

104

7,535
465

8,000

350
35

263

648

400
288

688

240
319

559

360
70

830

22,599



APPENDIX B (Cont'd)

Box 5d1 Load 15

Condenser Stack Structure (Figure 25)
Columns, Girders, Beams, Brackets
Pack and Ship

Total Box 5d1.

Box 13a

Cranes Trusses, 2 req'd @ 700 ea. (Figure 4)
Pack and Ship

Total Box 13a

Box 13b

Crane Rail Beams, 2 req'd @ 1600 ea. (Fig. 4)
Pack and Ship

Total Box 13b

Box 14f

Ratiometer Jack (Figure 3)
Pack and Ship

Total Box 14f

Box 14 g

Ratiometer Jack (Figure 3)
Pack and Ship

Total Box 14g

Box 1th

Ratiometer Jack (Figure 3)
Pack and Ship

Total Box 14h

&Ox 15c

Transfer Cask Extension Racks, 3 req'd @ 40 ea.
(Figure 22)
Pack and Ship

Total Box 15c

Wt. (Lbs.)

4,052
390

4,442

1,400
425

1,825

3,200
425

3,625

1,712
96

1,808

1,712
96

1,808

1,712
96

1,808

120
152

272
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APPENDIX B (Cont'd)

Box 18 - Load 15

Refueling Plate Assembly (Figure 23)
Pack and Ship

Total Box 18

Box 24

Off=Skid Heating Provisions (Figure 59)
Pack and Ship

Total Box 24

Box 20

Instrument Well Shipping Pack Skid (Figure 35)
Skid Steel
Skid Lumber
BF3 Wells, 2 req'd @ 558 ea.
3 OIC Wells @ 544 ea.
2 CIC Wells @ 545 ea.
Pack and Ship

Total Box 20

Total Load 15

Load 16

Box 5d2

Wt. (Lbs.)

6,100
419

6,519

450
143

593

646

1,775
1,116
1,635
1,090

435

6,697

29,397

Condenser Stack
Pack and Ship

Total Box 5d2

Panels (Figure 25)

Box 5d3

Condenser Stack
Pack and Ship

Panels (Figure 25)

Total Box 5d3

Box 13c

Crane End Beams, 2 req'd @ 500 ea. (Figure 4)
Pack and Ship

Total Box 13c

106

2,700
742

3,442

2,700
742

3,442

1,000
252

1,252



APPENDIX B (Cont'd)

Box 1Pa - Load 16

Ratiometer Jack (Figure 3)
Pack and Ship

Total Box 13a

Box 14b

Ratiometer Jack (Figure 3)
Pack and Ship

Total Box 14b

Box 14c

Ratiometer Jack (Figure 3)
Pack and Ship

Total Box 14c

Box 14d

Ratiometer Jack (Figure 3)
Pack. and Ship

Total Box 14d

Box 14e

Ratiometer Jack (Figure 3)
Pack and Ship

Total Box 14e

Box 19b4

Control Rod Mechanism Actuator (Figure 11)

Pack and Ship

Total Box 19b4

Box 19b5

Control Rod Mechanism Actuator (Figure 11)
Fack and Ship

Total Box 19b5

Wt. (Lbs.)

1,746
112

1,858

1,746
112

1,858

1,746
112

1,858

1,746
112

1,858

1,712
96

1,808

650
82

732

650
82

732
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APPENDIX B (Cont'd)

Box 19b6 - Load 16

Control Rod Mechanism Actuator (Figure 11)

Pack and Ship

Total Box 19b6

Box l9b7

Control Rod Mechanism Actuator (Figure 11)
Pack and Ship

Total Box 19b7

Box 19b8

Control Rod Mechanism Actuator (Figure 11)
Pack and Ship

Total Box 19b8

Box 19b9

Control Rod Mechanism Actuator (Figure 11)
Pack and Ship

Total Box 19b9

Total Load 16

Load 17

Box 5dr

Condenser Stack Panels (Figure 25)

Pack and Ship

Total Box 5d4

Box 5d5

Condenser Stack Cowling, Covers, Desk (Figure 25)
Pack and Ship

Total Box 5d5

Wt o (Lbs.)

650

82

732

650
82

732

650
82

732

650
82

732

21,768

2,700
742

3 ,442

1,490
728

2,218
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APPENDIX B (Cont'd)

Box 6n. - Load 17 Wt. (Lbs.)

Personnel Bldg. (Figure 31)
(2) Desks @ 300 ea. 600
(2) Chairs @ 30 ea. 60
Pack and Ship 414

Total Box 6n 1,074

Box 6a

Personnel Bldg. (Figure 31)
Radiation Counter 500
Pack and Ship 173

Total Box 6a 673

Box 6d

Personnel Bldg. (Figure 31)
Contaminated Clothes Bin 75
Waste Box 200
Pack and Ship 156

Total Box 6d 431

Box 6m

Personnel Bldg. (Figure 31)
Table 400
Pack and Ship 189

Total Box 6m 589

Box 13e

Crane Trolley Including Motor and Reducer for Drive
Plus Hoist and Hoist Motor (Figure 3 and 4) 1,500

Pack and Ship 343

Total Box 13e 1,843

Total Load 17 10,270
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APPENDIX B (Con'td)

Box 6e Load 18 Wt. (Lbs.)

Personnel Bldg. (Figure 31)
400 ft. Internal Partitions @ 4 ea. 1,600
Pack and Ship 369

Total Box 6e 1,969

Box 16a

Service Building
Auxiliary Diesel Generator (Skid Mounted) 6,985
Pack and Ship 460

Total Box 16a 7,445

Box 16c

Service Building
Fuel Tank 400
Pipe Threader 200
Drill Press 300
Pack and Ship 238

Total Box 16c 1,138

Box 16e

Service Building
Wiring 250
Lights 150
Parts Bins 350
Pack and Ship 262

Total Box 16e 1,012

Box 16f

Service Building
Work Bench 175
Boiler Piping 800
Pack and Ship 262

Total Box 16f 1,237

Box 16g

Service Building
Heating and Fire Protection Including Plumbing 1,450
Pack and Ship 1448

Total Box 16g 1,898
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APPENDIX B (Cont'd)

Box 16i - Load 18 (Cont'd)

Service Bldg. Internal Partitions
Pack and Ship

Total Box 161

Box 17

Spent Fuel Storage Rack (Figure 33)
Pack and Ship

Total Box 17

Box 19c2

Control Rod Drive Package (Figure 2

Pack and Ship

Total Box 19c2

Box 19c3

Control Rod Drive Package (Figure 2
Pack and Ship

Total Box 19c3

Box 19c1+

Control Rod Drive Package (Figure 2
Pack and Ship

Total Box 19c4

Box 19c5

Control Rod Drive Package (Figure 2
Pack and Ship

Total Box 19c5

Box 19c6

Control Rod Drive Package (Figure 2
Pack and Ship

Total Box 19c6

Wt. (Lbs .)

1,1+00
323

1,723

1,474
289

1,763

150
63

213

)

) 150
63

213

) 150
63

213

150
63

213

)

) 150
63

213
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APPENDIX B (Cont'd)

Box 19c7 - Load 18 (Cont'd)

Control Rod Drive Package (Figure 2)
Pack and Ship

Total Box 1907

Box 19c8

Control Rod Drive Package (Figure 2)
Pack and Ship

Total Box 19c8

Box 19c9

Control Rod Drive Package (Figure 2)
Pack and Ship

Total Box 19c9

Box 19e

Control Extension
Pack and Ship

Total Box 19e

Wt . (Lbs.)

150
63

2-13

150
63

213

150

63

213

Shafts, 9 req'd (Figure 11) 117
91

208

200
86

286

Box 21a

BF3 Instruments, 2 req'd @ 100 ea. (Figure 36)
Pack and Ship

Total Box 21a

Box 22

Portable Radiation Monitoring (Figure 69)
Pack and Ship

Total Box 22

Box 23

550
205

755

350
205

555

Fixed Radiation Monitoring
Pack and Ship

Total Box 23
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APPENDIX B (Cont'd)

Box 25a - Load 18 (Cont'd) Wt. (Lbs.)

Feed Pump Motor (Figure 29) 1,000
Pack and Ship 206

Total Box 25a 1,206

Box 25b

Feed Pump Motor (Figure 29) 1,000
Pack and Ship 206

Total Box 25b 1,206

Total Load 18 24,105
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APPENDIX C

1/4+ SCALE MOCKUP

The 1/4 scale mockup has been used to develop the arrangement
plans shown in this report. Maximum pull space and operational access
have been provided on the mockup. Since the last report the T-5
building shells have been completed, and the stationary structure of
the reactor complex completed. Final machinery arrangements and inter-
connecting piping are being incorporated. Figures 82, 83, 84., 85, 86,
87, and 88 are photographs of the mockup as of October 31, 1960.
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UPPER SHROUD ASSY SPRAY RING FUEL ASSY UPPER GRID ASSY THERMAL SHIELD LOWER SHROUD LOWER GRI

31PEF 48 (REF) -C-R-

S4 STILL WELL LEVELTROL

3.300 ACTIVE CORE LENGTH-
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CONTROL PANEL CONSOLE

a8'0". $ ert" ,i : O y ' Q P- $, j' ti t" 5 ' ' ' y 4, 4,V1 (Th P 4,O F'S h P 4,VP'4, F

MS-C-02 MS-C-03 C - O- ,"O'0S0WS ,]

5W SW SW' SW
MS-Sw I 5SSW-01 SSW-OI 5-5W-Ol SSW01-

TO SCRAM LOG -

MS- AU-OI HT H PA H TA HPAHA
HLA HLS HLS HLA L MS-AUO7 MS-AU-03 MS-AU04

MS-AU-05SAU07& 08 MS-AU-06 TO R PASMTS-PS-O PS'-P2S-PS-0
STACK MS-RT-OISPSO

TO FW P0
CONTROL

VALVE MS-TT-OI TO STACK
S-PS-O'

MS-LS-OI MS-LS-02
lIPS T TC
LPS MS-FT-OI TO STACK

ES' MS-AU-09,1O
S-PS-O1 TO ROD R MS-PT-02

DRIVE MTR. )S -P-02

MS-PT-O )T TURBINE GENERATOR
T MS PT 04 MS-TT-03 MS-TG-OI

REACTOR

MS-PV-0 --MS-TT-04 MS-FS-01

MS-RT-02

PR T
MS-PT-03 MS-TT-02

C-

TO SERVICE
WATER SYSTEM

4 -
Q*

KS
1
' P

1 P V
V V

4"'

INSTRUMENT COMPONENT LIST
1 SET POINT MOUNTING |EQUIR

INST.NO. TYPE INPUT RANGE MFG. MOD. NO. OUTPUT C TROIA R I MONTCNNET QNP.
I I [ ~ . _____ _____CONTROL ALARM INSERTION CONNECTION SPEC. NO.sI L tlv c n ron o"so a wint enf r~.s '"- j'~ ______ ______7 7

SYMBOLS

C

HTA

L PA

HPA

F7P-A-

VALVE,GLOBE

RECORDER

RECORDER, TWO PEN
(SHOWING ONE INPUT)

INDICATOR ,ELECTRICAL (SINGLE)

INDICATOR , ELECTRICAL (MULTIPOINT)

LIGHT, INDICATING

CONTROLLER

SWITCH, MULTIPOBIT

POWER SUPPLY SYSTEM

HIGH TEMPERATURE ALARM

LOW PRESSURE ALARM

HIGH PRESSURE ALARM

RESISTANCE THERMOMETER

w . 4 uc I..v -. -

r FG / .c . - ess o- to si4'- NC''- 'cra

.wr u r u m a e o- eee oo 1 e' 1 J **"''"'r . -Eto o1Z Z

ITzD THERMOCOUPLE

~JD FILLED THERM. SYSTEM

SENSOR,PRESSURE

I CONDENSERS

MS-TH-O1

TO

CONDENSERS

SPACE HEAT
EXCHANGER

P / P 4,VPVP /T
Ps

5,_ Q 4 J

VPf O P

OVP

SENSOR, DIFFERENTIAL PRESSURE

SENSOR, PRESSURE AND 1ACUUM

GAGE, PRESSURE

GAGE. VC& - PRESSR

GAGE ,TEMPERATURE

PRESSURE TRIP

FLOW INDICATORORIFICE TYPE

.

MA/N STEAM SYSTEM-PROCESS
INS TRUMENTA TION DIAGRAM

Fig. 43
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VENT IC POWER PLANT
EXHAUST STACK
MAIN STEAM SYSTEM

(REF 1)

P45

C-TH-06
TO RESERVE C-40

FEED TAW C C-41 C39 1
(REF 2) c-42 C10

C n 04

C43

FROM RESERVE
FEED TANK

LEVEL INDICATOR
(REF 2)P

CP34

C -TT- 3

I g P 61 N

r SMIELG TANK COOLERS '

O

P 6C r 60

FROM MAIN _
STEAM SYSTEM a 3x2 ' J J P-35

(REF I) 3x2 1C-GA05 CG'06

C54 FROM L P

P7 C-rk- G C-T T-2 1r SYSTEM
W W .W > r 19

C-nF+02
C23

C25 C-24 ATER C D R PR -C LR a
cHX 6 C H)05

RESERVE FEED--- - - -
TANK VENT

,REF 2)

C-38

I I

TO LP
DRAIN SYSTEM

(REF ,3)

FROM
L.O COOLER

(REF 5)

c-CP 3 C- - - - - - - - - - - - - -
I C2

C2B C-_I L.O INTERCOOLER L I
FROM PURIFICATION- - TL.O LO.

SYSTEM REAI 2ND STAGE REGENERATIVE COOLER(REF5)
- -_HEATE__GER

- C-29

C-3--C-30- ------ - - - - - -
1

-L --pi-- -- -- O

'11

FROM SERVICE WATEk SYSTEM (REF6-- (SYSTEM RE 4)

c-TH-os r - -- 1-- -~ l
I C-12

P-36
C- C-2 1PEVAPORTOR CONDENSER P-5

FROM SERVICE WATERSYSTEM (REF6)+-SERVICE WATER
FROM S I SYSTEM (REF 6)

C-TH-(6 F r-
C-32

P-27 U-P-2O
C-36 C-35 i SPENT FUEL TANK COOLER

-SERVIIE WATER
SYST:IM (REF 6)

CL3

FROM MAIN FROM MAIN
STEAM SYSTEM STEAM SYSTEM

(REF I) (REF I)

P-33

CONDENSER CONDENSER
C-H*01 C-HX02

A LLA HL

rLC LC

SUB-COOLER -- <--SUB-COOLER ,
CH03 C-47 046 C-HX-04

4X2 4X2

L--- -- --- N 9

4X2
4X2

3 :

C-3 C-4

P-3

C-55 47
C-GA-0O 

-4

u O RESERVE FEED

-- TANK VERFLOWc-PT-OI FRC FEEDWATER
C-66ISYSTEMI

( 7(REF 2 )

- ~~HOTWELL 00-1
SC-FT-01 C-II C-6 CT-0OI

F C-TH-Ol-' - -- ~1

C-T T-01[ 2C-LI-03

P-4I d LA L FROM RAW WATER
c-57 C-+7 VENT _ PURIFICATION SYSTEM

/C13 (REF 7)

u~ PoO

C-PT-02 p cPVI

u u
SHAFT SEAl n CONDENSATE

P31 a PUMPS

' ~VENTC-1
C-14 CO3G03p 5

C- PVO2

i/}- P
1 19 C-c*04

SYMBOLS

-DK- GATE VALVE

SWING CHECK VALVE

-t><:- GLOBE VALVE

-f(1- GLOBE VALVE,ELECTRO-HYDRAULIC OPERATED-

3-WAY VALVE, ELECTRO-HYDRAULIC OPERATED

-[~~ - RESISTANCE THERMOMETERREMOTE INDICATING

C&IP THERMOCOUPLE, REMOTE & LOCAL INDICATING

CdF-D FILLED THERMOMETER, LOCAL INDICATING

FLOW INDICATOR. ORIFICE TYPE

PRESSURE SENSOR

( PRESSURE GAGE

COMPOUND GAGE (PRESSURE, UACUUt)

LEVEL CONTROL _____

H- HIGH LEVEL ALARM ____

LOW LEVEL ALARM

c w
SAIR EJECTOR

ADIFFERENTIAL PRESSURE SENSOR
REMOTE INDICATING

-I1- LEVEL SENSOR.FLOAT TYPE

SPECIAL VALVE AND FITTING LIQ

RESISTANCE THERMOMETERLOCALS&REMOTE INDICATING

-> CONCENTRIC REDUCER

TA HIGH TEMPERATURE ALARM

Fem.
Pri

Pa

a

Pb

v>.

vx

De
F~1

o }

s

PH

rL-

J1

FAD

ksa

v s.

sc

r.a y
r"s h'

rat '

~ h -
.. s y
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L-:-- - -
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MLA
LLA

C-AU-0I

O~VP

h-"
#VCo

te9

-5" ,' ' P 

,Q
C. Q

(9*0

LLA ATA

C-AU-7 7 C-AU-08
TO MOTOR CONTROL
STATION EMC&05.16

(REF-3)

(9 >9
0' (' .& ' O, X06 Cp

LTAI ' p A, T. LTA C HLANO ( ; *

Q. N

p'. Q/# #P# 
0* 0 0 CJ

Eo"r
* q. O C. (94'4O O O

;~ . SP;- 0-P011CT 0]A --0 0
coswo' , NslO

SWj
-S- I- -~ - -- - - -

LTA E L ALTLT MA

e C-c

C-M-OT0T- 

LLA

0~J ~C-TK-OO6

g t0} 5 ~ ~ -PS-1Y S PS'T1

CUB-COLECOTOL I

C - R T -OA I- 
R T -0a iiT I I C R T - c 2 CP T -0 3 L O V E S C T 4 8&-I- 0

C-RT-OK: C-RT-02C C-RT-03C C-RT4

STEAM 4) CONDENSER CONDENSER (REAEF 4)

C-HX-03 C-HX-C02

HOTWELL
C-TK-O1

s-PS-0 I

QQ4444

44. J , py V

INSTRUMENT COMPONENT LIST
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S SW-

C

- T-
-Tf-01

O O
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44',O 4 OO

S-PS-OI

C-FTT-0r

--

0 I
-f

-FS-01

C-TH-05

O OT

A Jt F

OP
4'-oa 

4'o P O

0,K
-, O

>z U

w ' ~ C-TT-02

- C-TH-02 C-RT-05

vT

OVP OVP /T

V $

F ,' 9
F~~ ~
P4

CF \'

0*

PLANT CONTROL PANEL Xos

ti4

19.1

,'U- -

9 0 04'O

C'',-O
017 '2

P41

,
s'

SW, SWJ 5w;

HTA HTA
C-AU-09 C-AU-10

r--
F - - - t 

-- - >>< H ll ,

WZ3 8 C-T T-OS
1<' 14 w o

'~-

C-TH TO SURCOLC-TRT-0

4' 4- (9"' '4- FOMCT L EL-

4' .s
-  

C' TRANMITTE
>I ,EE4 FED SS

>EF_,)I

4* (9

p.

INST.NO. TYPE INPUT RANGE

4,-1

LLA]

HPA
LPA

ATA

CW

c-Qto - a-C P ICe R a -X

s- b ACv RrR a ra
C-T~i1 raf v4M -x0

C-/o-o /.o. /lc~e lr i aTr

1ox Mt R w0.rN t0
* 

TO l.Tll- (04 N Ote

MFG. MOD. NO. OUTPUT SETP T M OUTING EOCT SP .

THERMOMETER, DIAL SYMBOLS THERM. RESISTANCE

RECORDER, TWO PEN THERMOCOUPLE

/ F FILLED THERM. SYS.
INDICATORELECTRICAL,SINGLE T SENSOR, PRESSURE

INDICATOR, ELECTRICAL, MULTIPOINT SENSOR, 01FF. PRESS.
LIGHT,, INDICATIONS

LIGHT, INDICATING
HIGH LEVEL ALARM

LOW LEVEL ALARM

HIGH PRESSURE ALARM

LOW PRESSURE ALARM

AUTOMATIC TRANSFER ALARM

SWITCH, MUIJIPOINT

POWER SUPPLY, SYSTEM

RES. TO CUR. CONVERTER

SENSOR, PRESS. VAC.

GAGEPRESS.

Q VP GAGE , VAC:-PRESS
QT GAGE, TEMP

- FLOW IND.,ORIFICE TYPE

CONTROLLER

CM SENSOR, LEVEL

CONDENSATE SYSTEM PROCESS
INS TRUMENTA TION-ONE LINE DIAGRAM

Fig.45
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FRM RAW. WATER
RRIFICATION

SYSTEM
(REF Z,-

TO
REACTOR P .-

FF-24

F--9

P-2$

RIO I RIO

F-I I F-ST-OI F-OR-O0 F-20

DR-IN4SFEM (RHP DRAIN
>}--DRAIN SSTEM ---

F-23 F-ST-02

FRC LP DRA1 _
F-bO SYSTEM (REF 6f

F - - - - -FROM PLRIFICATION
F-55 SYSTEM

P43 (REF 4) F-GA-01
P-4/ P

F-12-

~T -
IL F-PT-O0

F-7 F-6 F-5 a. FEED WATER

P-2P P 4

F-2I-

0. 3 
9]

-PU-2-2

F-42 p F-GA-02

F-4 O

TO CONTROL -1-F-FR-I
ROD DRIVE [> F -

SEALS Fp4 pI F-? F-16 F-15 F

F p 0

DRAIN
F-PT-02

FROM
CONDENSATE

SYSTEM (REF 3)

-- VENT TO AFTER
CONDENSER (REF 3)

RESERVE FEED
TANK F-GG-O1

F-TK-I -- d

LL

aa

OVERFLOW
TO

HOT WELL
(REF )

SYMBOLS

-t><- GLOBE VALVE

->l- GATE VALVE

AT l-AUJTOMATIC TRANSFER SWITCH

4 Z iI SWING CHECK VALVE

41- NEEDLE VALVE

-I1N GLOBE VALVE, ELEBTRO-HYDRAULIC

ORIFICE

Y STRAINER

-- FLOW INDICATOR, ORIFICE TYPE

-*1- GLOBE VALVE, STOP CHECK

ANGLE RELIEF \ALVE

FLOAT TRAP

-JI - THERMOCOUPLE, REMOTE
INDICATING

DIFFERENTIAL PRESSURE SENSOR,
LOCAL AND REMOTE INDICATING
FILTER

T CAP

QP PRESSURE GAGE

PRESSURE SENSOR REMOTE
INDICATING

HL HIGH LEVEL ALARM

LOW LEVEL ALARM

LC1

SPECI A FITTI LIST
VALV CO-o-EM SE~lE TYPE ATp FAL AT*LE .1 REMARKS

IN$T RUME T l$T (REF. ONLY)T____INSTRUMENT_LIST (E

MU9

PIPF IC;T

aw..TCw .ww uc A.

FO ti I R!C !/LAT.tW u i s

!FO .4 P wICLKtI[i NY Go'

!D hiMP wlc wcuu

FCFOMNTYw CRO yAL NMTCA /,t rev - --

REMas

LEVEL CONTROL

GAGE GLASS WITH
ISOLATION VALVES

DIAL THERMOMETER

DIFFERENTIAL PRESSURE SENSOR.
REMOTE INDICATING. ATMOS. REF LEG.

GLOBE VALVE,STOP CHECK,
MOTOR OPERATED

-B--+- TAKEDOWN CONNECT ION

-#>t CONCENTRIC REDUCER

+
4

GATE VALVE, LOCKED OPEN

GATE \ALVE, LOCKED CLOSED

CO- ONENT UNIT
COMP NNS2LST,

FEE) SYSTEM
Fig.46
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PLANT CONTROL PANEL
U\' (~

F ' Q

. Q5*

0 \ A ~

-1
Sw

- - - - - - - - - - - - - -SW - 0

HLA
LLA
F-AU-OI

S-PS-O1

0

S-

TF-PT-01

F-LI -01 -F-T T-01

RESERVE FEED
TANK

F-TK-01 
I

T

FEEDWAE
PUMPS

F-PU-02

TO CONDENSATE
CONTROL VALVE

(REF2) /

,? 4
@0'- j~
:s" ~

'$1/S. 4

44,4 ~~9*
01*

o
P0 QQA q9

P 4'O

7(

-2 0

JATA L PA

AU-03 F-AU-04

PS P P5,
PS-OI S-PS-OI S-PS-OI

F-FT-O1

0 F-PT-02
TO REACTOR

F-F5-01

FROM MAIN STEAM SYSTEM
(REF 3)

O CONTROL ROD
DRIVE SEALS

lP t

'(S

P~ c2'4"

-I

NST.NQ TYPE

S-PS

- -O1 pvasi e u o7.

F-0r-O /Tu.,9r*.
F--04 11/NO F EC

INSTRUMENT COMPONENT LIST

INPUT RANGE MFG. MOD.NO. OUTPUT E POINT ErCMOUNTING EQUIP.
INPU AG F. ~ CTO ALARM INSERT N C SPEC . NO.

0-40 FO_+y?;J YJ_ -b1

= + ---y- -- ra .sswo
-+------~

- _ - _- - -r - - - - _

0S000l00Z~'F000I 0- /100 010017-1 0000 -

F-Po -o | '/OCJoS/ -\rogac G PL

F-Pr. Fu B G2g _ 63 -F"
E-a- >G-ugr v L -A -oi t arwy

_-2r 1_ /aSxRo a3

7- / e . S ' w-E r7to/ 0 -00 .rO 0 - sOr

Fa 'S a I/ wr. 2n00, 05 '07/Pi6 FxaRO -
F-Lr-oE:t"o-oo_ iL--T 37 .e!

REMARKS

____ 7ao-

~ - --II- f

2Q-//-9 7

r. y _o-//-__LNaT_ . /1- G_ _ _ _ _
__j_ t Pr I Zi0-/-Q/ _

I I- '-/ .

SYMBOLS

OP

OT

GAGE, PRESSURE

GAGE , TEMPERATURE

E RECORDER, ONE PEN

RECORDER, TWO PEN,
-- ONE INPUT

IND ICATOR, ELECTRICAL, MULTIPOINT

CIQ THERMOCOUPLE

THERMOMETER, RESISTANCE

FILLED THERMOMETER SYSTEM
T

HLA HIGH LEVEL ALARM
LLA LOW LEVEL ALARM

HTA HIGH TEMP. ALARM

ATA AUTO. TRANSFER ALARM

LW3 SWITCH, MLTIPOINT

[ POWER SUPPLY, SYSTEM

SENSOR,PRESS.

SENSOR, DIFFERENTIAL PRESS.

FLOW INDICATOR,ORIFICE TYPE

,i1 - SENSOR,LEVEL

CONTROLLER

THERMOMETER , DIAL

Z / E-- Ct- -- e aw'T aNs

PEFE2ENCE G1 AW/VG5

FEED SYSTEM PROCESS
INSTRUMENTA T/ON-ONE LINE DIAGRAM

Fig. 47
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~-n

REACTOR
IMS-PV-OE

d.

_FRQM FEED WATER SYSTEM

P-$

SAMPLE 1

P-5

s

DECONTAMINATION
CONNECTIONpp dr-,

CP-TT-02

T 6
p2 3 15 STAGE HEATc B

CPE-OI CP-25 EXCHANGER

CP CP-

O'4411-Oi

P--4

d CP +*02

U- -
250 STAGE HEATS

DECONTAMINATION EXCHANGER

CONNECTION

P-24

TAP

UV

CA2

I

TO SERVICE WATER SYSTEM P.14
--- - --- - ga.

a-'

a:

cc.

C-)

.
U-

FROM CONDENSATE
SYSTEM (EF1)

R CC9 CR31

7 P 0
CP- -01

CF-33 

y 

3
C P-PU- 02 P10 CP-3 P 9

CP-PX-OI

GA I

a.

P-.S

I7 Pi ?

SYMBOLS

-T GLOBE V\ALVE

THROTTLE VALVE

-N - LIFT CHECK VALVE

-(>4- STOP CHECK GLOBE VALVE

STRAINER

T CAP

-DIFFERENTIAL PRESSURE SENSOR

FLOW INDICATOR, ORIFICE TYPE

(--- RESISTANCE THERMOMETER,

PRESSURE GAGE

[J- PRESSURE SWITCH

EDUCTOR

-t+-- SCREWED UNION

-HE- TAKEDOWN CONNECTION

II - FLOW INDICATOR

HTA -H~IH TEMPERATURE ALARM

- --- THERMOCOUPLE
REMOTE INDICATING

CO SNENT C CTTE TIC SD C Y/GSA Yf4 RG WEIGHT REYARNl

C5,-N , A ' rl. . .;C I" (* K.1KM MIL

4 Aft mos 04-i/ COoW-rr i rr r LnewrredwM
N res _ zo _ o.vas .ars . w -_

_ M 2/3 M k -,r. a AW"MR/i

it EFEKENC E- .P5MG

P-25

COOLANT PURIFICATION
Fig. 48
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PLANT CONTROL PANEL

.Q.
.--4,

be

4.

L
C

PUR IF.
PUMPS

CPF-PU- 02

tiQi

CP-AU-02

EEDWATER

INST. NO. TYPE INPUT

atc-o / iG NTr CP-Ai-Ot
CAL-O D w I r

apFTO ;r PoW% 1irE i-FS"o/

CAX-s cir yr

CA 77-02 7/2663 ro
s-5w-o /o 7 /

s- PS-o, 6.41 VOm .

O/ , rIT TENl

RANGE MFG. MOD. NO. OUTPUT

I- ,/ CPe O

&56L
34937F

SET POINT I
T ALARM INS

6A4,

MOUNTING EQJIP.
ERTION CONNECT. SPEC. NO. REMARKS

2267 2 -/-
9/ No .4U70. TRA/202dR

S.~ 530___

2' N P
T  

7 ___

_s 8!_

5. NPR6 7/

682

BFI 3REr

SSW-OI S-SW-01

P-AU-01 ATA HTA

-S_
5- PS-01

- --.- . 1FROM FE
SYST E M

(REF 3)
CP-TT-02 REACTOR

CP-PX-01CP- FT-01T MS-PV-OI

12z
OW

C P-FS-01

-E-dCP-HX-Ol
C-- CP-T T- 01 CP-RT- 01

SECOND STGE

HEAT EXCHANGER

CONDENSATE SYSTEM
(REF 2)

IP

a~
ATA

HTA

ES:]

QP

INDICATOR , ELECTRICAL

AUTO. TRANSFER ALARM

HIGH TEMPERATURE ALARM

SWI CK, MULTIPONT

POWER SUPPLY, SYSTEM

PRESSURE SWITCH

SENSOR , DIFFERENTIAL PRESSURE

FLOW tO CAXR, ORIFICE TYPE

RESISTANCE THERMOMETER

THERMOCOUPLE

GAGE, PRESSURE

LIGHT, INDICATING

COOLANT PURIFICATION PROCESS
INSTRUMENT T/ON-ONE LINE DIAGRAM

Fig. 49
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SYMBOLS

INDICATOR , ELECTRICAL, MULTIPOINT

3 P122//,7 2/O/ /42t6f7FqJYJ OM 6.
2 I ( 222/19 2/02 TCl 24 2-NF 04_.

/qZ 2. 272E 2i. i N A/ )'/ /01 .6
iR _ A'CE r4W 5

REFERENCE DQAW/rN $

-:-r-

7-
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INSTRUMENT COMPONENT LIST
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BASE WATER
RWP-2

P-I

T

RWP-L

CHA

a

TO
SKID DRAIN

RWP-24

-Q

SE&U

t-/-

:Fit

SHIELD WATER
EXPANSION

P-9 TO SHIELD
RWP-15 RWP-16 TANK

P.O TO SPETFEL
T TANKARRP- K)

RP7 RWP-8-0

aSo RWP-can-01 P-17 I_-_ ----- TO FEED S
P-20 P RWP25 RWP-26 (REF 2)

PRWP-28

a Q ..

HEMAKEUP WATER M:-A -
4OSTORAGE TANKRWP-6

P9 RRWP-TK-0 r RWP- -0 P.3

RW4 RWP-5W

N NSM n RWP-PU-RH
AHC MAKE UP WATER PUMP

TO %
SKID DRAIN TO><

RWP-20 SKID DRAIN

I RWP-OR-01 RWP-27

T P P-5 TO MAIN CONDENSER
.,SAMPLE WP9 RWP-8 PWP-22 HO TWELL

(REF 1)

FROM
SE RVIC E

WATER
SYSTEM
(REF 3)

SYSTEM

SYMBOLS

-I><}- GLOBE VALVE

THROTTLE VALVE

LIFT CHECK VALVE

CONDUCTIVITY CELL REMOTE INDICATING I
CAP

GLOBE VALVE, LOCKED CLOSED

PRESSURE GAGE.
DIFFERENTIAL PRESSURE SENSOR
REMOTE AND LOCAL
INDICATING

-t+- SCREWED UNION

HIGH LEVEL ALARM

F AJ

- F

LOW LEVEL ALARM

ORIFICE

TAKEDOWN CONNECTION

HCr HIGH CONDUCTIVITY ALARM

GAGE GLASS WITH ISOLATION VALVES

r VENT

PIPE LIST
N O I S C M A T E S S /A /- S E R V IC E I /S L C / % ( / 0 5$ J &G T E T E M A R K S

P /0 e w O stt o-'i/ -se s-P N c s 5
00 o .304 --s' A04SLZ. oA'flte ur .'4s070a cW>

P-/ it I DJOB ST n- ra 0-- - -/0. msoIOl/'

/0 P O S i07/AP.l A54N W--7 40'00 C0300P A s 

00,0/
P4 /O S0P'.1a_ 100 C-U 7w Y /70 5.0C0-05Y/0 "2

A'S /O 5M O 00/FLU /fAi70,[/0000I4/# 000-A/St OW!L- 0/00'//014/

0/0 / !aT f r/U 'f S 040005/ o,_ S P /00 'F 0/

P/2 /0 PoaA ST r00r/00r0M s-/0N0 /sf/10 00r s10401KOAl1 / A/t 0/,/s SISWA004" W 1M M

-- -

P /91 .l 0 59 'NPfJS SP//AEo/pPLY-OP s/ .y ^irie
A5.o* O ''0 3051r / P5//HARE SAPP0V-OPSPA//OP A f

PU/ /0 00/I 11 A'/00/0 G ! - PI' ^R

SPECIAL VALVE AND I TING LIST
NO NO SERVICE ,P ECONK E o06 LT - C NO REMARKS

CONS0(0UP Hd/IS
1 

P a/. A,
5 
N

INS UMEN LI ST
NO INSTRUMENT NAME SERVICE REMARKS

P/A-U, PPOO0A/E 4N0! 5' .N ws. ._____

COMPONENTS LIST
COMPNENT UNIT CAC 00/P FACIER WETREMARKSOO3IT TEPISTCS SPEC NO aE 5/H C/SA

PM'S-/H -0/ 0M/N!//Z0/0 '/0l0/1 r7-e /+ 50 /850/550.O(-O/ / A /ATNI / 7/' /00 0/0p-13 0/ / 00 -~~C/ A

- W r 415 21r 55W

_ __ K/t89 |L//O _ _ ,uenc/patys yiwr
2 R2~2/0 03 0c- 5 f /O I017 4O/00sw0.

oRlC'S5/ ur65 NV As/m,:'

RAW WATER PURIFICATION
Fig. 50
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PLANT CONTROL PANEL

& -I

A 

q, 1 4.

RWP-AU-O I
HLA
L LA

ck:)
J 0

psS-PS-O
5-15-01

AMPL RWP-CA-OI
0

PS
S-PS 01

C RPCO RWP-LT -01 AMPL R.W.P-CA-02

MAKEUP WATER
STORAGE TANK RWP-C-02

RWP-"TK-Ol
C ->< J

MAKEUP WATER

PUMP
RWP- PU-Ol

- FROM SRVICE
W AT ER SYST E M

REE. 3

d0

--- - - - - - - - 1

--

INSTRUMENT COMPONENT LIST

INST. NO. TYPE INPUT RANGE MFG. MOD. NO. OUTPUT SET POINT MOUNTING EQUIP. REMARKS
____ LARSPEC. NO.

RwP-C-O/ CNON. C4Ct _ p O r r //,-Os.P tiNtii f -. z.-irwS /NO , s ef SS- G M Lzoo-/- 6t

Ru T-CLE SiKS05 CmmcOr OTE E7. L"I. O - 4 aFOxaO.o TYFJ r/3 /-.-b/ ti/

PwI~ A-Oi/ qn 4R, NI? jroirEPP ML POA5O (. -_L___A_____

bP, Z-o7 /.Na I7. MEiPFE iD7 Eva. 0- 4 6E - locx a O -L
RWP-/d-0I /4.~. LR4'PAV-0-1 4LO6'A 4 PH ____ ___

RwP-/t-OZ/ / /!A' P-A/-ol EC H 00 i ____ ____ ___

Rw C-O O, gOA. CdL apAcfup !!OGo4O'Q 5M -. /-MP0 /4 i % C r < 3 5-1 6' > -NP S

RAWP/-O 14.i r i? E/P ME0 cOAiD ' OEM.O2'AIN [ _

SPS -0/ G CM * I.PAr Y - RE"!-

EN ,toip7i~ VPUT co yoPtOEIA / 'LA

___ __-O/i A& 4G K i AW3Y5 P csc,( lu O-1D PSi4 4Z0Pf27T !9795
Pw' F3-Li /N0L (tCL T. ______ 0..v sw. - fa o080 4 - - -.
RWP- 40/ ' /A. . tiQ/EONMIM OTRItT OMcom /1 EI 7 .6PNOt
RIP(Q-OZ 05 lAwoiPetKs RJ N[ P E SOCOU I A/CSr 4-4 f-SOMA 20srr10 ___s _ _ -
fwf I-0x- 1. 05 . rr. l OUt - ~ oDU- .l/'- foD otO 65P
-M4-90-D OMO L.rr ,Er P 78.0 MNOS P0 0DAW 45A 1. _____.t

SYMBOLS

INDICATOR ,ELECTRICAL, SINGLE

CONTROL AMPLIFIER

HLA

L LA

C5
v5

TO MAIN CONDENSER HOTWELL REF I

H---+TO FEED SYSTEM REF 2

TO SPENT R
FUEL TANK REF 3

LIGHTINDICATING

HIGH LEVEL ALARM

LOW LEVEL ALARM

POWER SUPPLY, SYSTEM

CONDUCTIVITY CELL

SENSOR, DIFFERENTIAL PRESSURE

4P GAGE, PRESSURE

3 .L 5 /49 2 // i/O ,RIcw2 s$2 4NM

2 PL 2J 32/9 210/-03 AUig/A I/iiGLY

I P(2J21,i , 211- / 0IW TFAI? 1zIS/ 1,6

o04819/C 1/'PROJEC L T I-rE

R" *ENC( O PtW,

RAW WATER PURIFICATION PROCESS
INSTRUMENTATION-ONE LINE DIAGRAM

Fig. 5 /
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HPD6

P-6
HPD-TP-02

FROM MN. STM. LINE P-4 P-5
TO FLOW NOZZLE HPD-4 HPD-5

(REF- I) HPD-9

H PD- TP-03
FROM AUX. STM. LINE TO P-7 >(] r 3 P7P-8
REDUCING STATION HPD-7 HPD-e

(REF-I) HPD-12

P12
HPD-TP-04

FROM MN. STM. LINE P-lO 0P-Il
TO THROTTLE \ALVE HPD-I0 HPDII

(REF-I) HPD-15

P15
HPD-TP-05

FROM REDUCING STATION P-13 P-14

(REF-I) HPD-13 H PD-14
H PD-IS

P-18
HPD -TP-06

FROM AUX. STM. LINE P-1 P-17
TO AIR EJECTORS HPD-16 HPD-17

(REF-I) HPD-21

P-21
HPD -TP-07

FROM EVAPORATOR P-19 ~* P-20
COIL DRAIN HPO-19 HPD-20

(REF-2) HPD-42

FROM EVAPORATOR P-37 HPD-TP13P3
BOTTOM COIL DRAIN HPD 40 HPD-41

(REE-2) HPD-27
P27 

-j-
FROM AUX. STM. LINE TO T.G. P-25 27 PD-TP-096
GLAND SEAL SYSTEM HPD-25 HPD-26

(REF-I) HPD30
P-30

HPD-TP- 10
FROM AUX. STM. LINE P. HDT-0P-2
TO SPACE HEAT XCHR. HPD-28 HPD-29

(REF-1) HPD-33

P:33
HPD-TP-II

FROM SPACE HEAT P-31 HPDST 3O -P-32
XCHR. DRAINHP-1HD3

(REE-3) HPD-36
P-36

FROM AUX. STM. RELIEF P-34 HPD-ST-02HPD-TP-1
2  

P-35
VALVE DISCHARGE LINE HPD-34 HPD-35

(REF-I)

HPD-3
P-3

FROM T.Ci EXHAUST TRUNK P- HPDST-03HPD TP-IP-2
-RELIEF VALVE DISCHARGE LINE HPD-1 O HPD-2(REF-I)

SYMBOLS

->- GLOBE VALVE

-:k-- GATE VALVE

-t* STOP CHECK GLOBE VALVE

-OD- FLOAT TRAP

-W7- Y-STRAINER

IMPULSE TRAP WITH
INTEGRAL STRAINER

HPD-46-TO RESERVE
FEED TANK

v r (REF-4)

HPD-ST-04 HPD-44

P-42 H P-45TO L.
HPD 43 HPD-TP-14

PH44
HPD-45

P-48

VALVE COMPONENTINO. I NO.

SPECIAL VAL\E AN IT TING T
SERVICE

P DRAIN TANK
REE-5)

N SCNO MATE IAL SERVICE

II/It40 300 3 TT6YIN. JOYS

f4lt

PE ((ST

N rR4 V RERSS

I LOW DEI R TEST
TN.FLAN'115 PRESS. E

IS A f a

REMARK=

0

-

DRAWING NO PROJECT TITLE

REFER EKE DRAWINGS

HIGH PRESSURE DRAIN
Fig.52
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SPECIAL VALVE AND FITTING LIST
NQVt COM ET SERVICE Z TYP C . DEO" M TN E C N REMARKS

we oO T LP( -2 ,WE'D --* -- ..rt
VDYF o NA== I WE'D -Si

CONTROL ROD DRIVE
SEAL WATER LEAK-OFF

A L7

P-I)

LPD-GA-I

P

TO RESERVE FEED TANK P-58
(REF. 2)

LPD-2

Z

0

= z

AFTER UP-
6. PR-5 J

CONDENSER I COOLER I

'Y
S- -....-- - _- --

N 2 1' O Q

LPD-ST-02

LPD-PO2

V V LPD-00.-1 a-Q
ID

LPPD- R36 VL O -5 7

P-50

FROM H P DRAIN SYSTEM --- - -- VENT TO TURBINE
(REF. 3) & EXHAUST TRUNK

(REF 4)

LPLIPU-A N-
SL.P. DRAIN TANK CG LPD-oL

C aLPD-TK-01
-C

L.F DRAIN PUMS
LPD-PU-02

x DRA-

SYMBOLS

-dx-- GLOBE VALVE

SWING CHECK VALVE

T CAP

T.G. GLAND SEAL
LEAK-OFF

(RF4

-OD-

Y-STRAINER

FLOAT TRAP

IMPULSE TRAP

INS T UMENT LIST (REF. ONLY)

l!OTT SIOE EM K

-0T -
-- 1 T O

--D -RT-O

* _ __f _ _
L Da - _

--- GATE VALVE

-'>- REDUCER

REA
H

LOW PRESSURE DRAIN
Fig.53
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CTOR VESSEL
EAD SEAL
EAK-OFF

LPDRT-IO

LPD-TTHO

(0, PRESSURE GAGE

JI- HIGH LEVEL ALARM

F LEVEL CONTROL

MA HIGH TEMPERATURE ALARM

V V DUPLEX VACUUM TRAP

THERMOCOUPLE,
REMOTE INDICATING

LEVEL SENSOR, FLOAT TYPE,
LOCAL INDICATING

PTPELIST-
IN SI CK MATEMAL SERVICE TML FLOW E RK

- -----
1- -- -

- - - --- ('- -------
P-9C DSA .Q ETU n EAER

R20 L _ RFK D EDSEAL EK OF
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INSTRUMENT COMPONENT LIST

PLANT CONTRC DL PANEL 4Z
F P F 5

\ ' V \' ( 1QM' ro n1 b ' GO i

S W S-SW-OI s W 'S-Sw-01

LPD-AU-05 LPD-AU09 LPDAU-IO
HTA HTA HTA])T HTA HTA HTA HTA HTA HTA

LPO-AU O LPD-AU-02 LPD-AU-03 LPD-AU-04 LPD-AU-06 LPD-AU-07 LPD-AU-08

PR R C R R R:K-- R R R

LPD-RT-OI LPD-RT-02 LRD-RT-03 LPD-RT-04 LPD-RT-05 LPD-RT-06 LPD-RT-07 LPD-RT-08 LPD-RT-09 LPD-RT-lO

T T T T T T T T T T
LPD-TT-OI LPD-TT-02 LPD-TT-03 LPO-TT-04 LPD-TT-05 LPD-TT-06 LPD-TT-O7 LPD-TT--08 LPD-TT-09 LPD-TT-IO

TO RESERVE
FEED TANK
(REF, 2)

VENT
EXHAU

L PD -PU-Ol 
(RE

C L.F DRAIN TANK E] LPD-LI-OI
LPC-TK-01

L.P.UDRAIN\

CUMP

~. '~-V V ' I

I

I

i

I

r

INST. NO. TYPE INPUT

LPO-*TO dS.TEP? - -

LPD-A'7-43

1A'0-RT-OP4._ 1

IPO- '7-0&

140- 7-06

040-7709 AIS.4 7C
0-O-OS 02

L 0- IL-d

AFTER PRE-
CONDENSER 'COOLER

V V

L__ A L.oMe o ir _
LftO bO 2/3L0*14[/AL IDoPO 'Lll

LOo-/1-/D" I. 1,/ENT
1 D-04-01 WGAGE. P/ASS. sN AKIC 0551 WES.

4

RANGE MFG.
T M . . U U C NM N ETPN T M O U N T IN G E Q U IP .

MOD. NO. OUPU T ALRMISERTIONCC1t'CT. SPEC. NO.
Xs ser 4 ?/0o 0 -70

SYMBOLS
TO TURBINE
ST TRUNK
F 3)

INDICATOR, ELECTRICAL; MULTIPOINT

CT- - THERMOMETER, RESISTANCE

ci THERMOCOUPLE

HTA

HLA

HIGH TEMPERATURE ALARM

HIGH LEVEL ALARM

SWITCH, MULTIPOINT

SENSOR , LEVEL- FLOAT TYPE

GAGE,PRESSURE
V .

O0 LIGHT, INDICATING

LOW PRESSURE DRAIN PROCESS
INS TRUMEN TAT/ON- ONE LINE DIAGRAM

Fig. 54
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P.

- I

L _ -37 P-

-O 
O

fRW CGO~l. Lo- -of -S-'-

(LP 3l

(REF /)F

9 " "~. " aR o

COOL/N6 I/MP5

to w,-o

LO 13 L-S L

L .. COO/NG PUMP

LO .3 LOM G 1

LO P-/6
to.GA-0!

DP 10-C.-02 MAIN L O PUMP

p P./0 P-9 |P-/J INTI6. 101RNOR

L 

LC

ANA/ RfDUfr /ON GLARS

LO-5-O/
(0-12

LO-

L D -/6 P

AN

L.O PR/i-
O~-PR-O/

SYMBOLS

-C><- GLOBE VALVE

GATE VLE

- -SWN6G CECSYALYE

GAE VA4VE LJCRED OPEN

LATE vaLVE- LOCKEJ CLOSED

9.WX-TNWVavE

SPECIAL VALVE AND FITTING LIST
CICE DUM TNwE/END 1A .RERK 

N O .N O .S Rv i % 2/ C E 2 Z aN .F V o T a E N __ _ ._ -

I I-I-IIi Q TANR M W- /NW/hiG5ET

INSTRUMENT LIST (REF ONLY)

INST i |NSTUMENT ANCCE (A TAU ANGESEMAMS
NO (0. E(AWE T O. (NT(IA A

tT t L0 COOER WRIER s Ef REf L
EMPERAURE OUT |AE

LO. 0EOO 11ER EE REF 2LO -T O/ waffR TEMP Our RE

LOI 3L O PUM/ /SfNAREI
TEMPERATURE

LOO-tPRESSURE T-- J
L.O PRESf URE 10

LOO fPRff SURE DROP tUBE 0/
ACROSS S Fk/ ER

LOO lL 0 COOL/NG PUMP WRIER S[RFC
-0A /SceRGE rwPswRE

T. TEgMPRTR"E ---- | T- 5 -

PIPE LIST NU. ES ET
NO IE TER A L SERVICE THK FLO W'' PRE

-- 1 J U G AN/. CONNEcTJ/OM _ | > .eTD f/
P- WATER FROM C O /NlERCOOG LR-

S30 0(OO/NG PU6P SUCI/ON.- - -.

R< ( O GCOOL/NC P MPSUC/L/ - ---- --

P- L 0 001/NG Pp 913NAA- - - --

p6 L D COOL /NG M /5N G - - -

C) [OO/R T 10,0 COOL ER .
P.B00LANT FROM 1 .0 COOLER-

Pg J mA/N L L PUMP SuC/ON P /- r

P/ L O JO BEAR'NC,5 AN0 RE00CT ON G ARS_-
P- 2' L O TO oJ~ RNON

( [0 M e AR-C5Gs - REOC//ON -R

16 L MA/N [ 0PUMP PRESSURE Rf ---

P / - 0-. FROM OP1U./1 -OPMP OT/N --

X (' 'S' MA B -0 UMP1G , 0/EwRE

p23 GAGE [rNE J /0 PURMP LySCN PESJ G - __
.p - GAcE [/nE TO LO f sAR/NL PRESS LACE -

-- - tRL T N~ - -_~~

-- B . SAND-bI (.: P M PRES.' NE/EF _ -
-. 2 / ( . 70 BEARNLS BACn PRE 53 CONTROL _-_-_ --

P> OPRE: RELUry/N VALVE BY-PASS ----.
-. J - O SIN /NER GAGE L/NE ---

P. L T1RA11ER GALE t/NE
P33 / COOL AN TO7 L O 0001f1NO/ 1T G15J/ PS/L

-~~ OO(ANT FO0 COO(0LER N0-2---
NS| / COOLANT FROM [ O0 C0OLER NO --

-- 00AN! FROM i0 'OGLER O. Z-.-
P 2 L 0. TO0 0 COtER NO / --- mN5

- p TO [ O 00ER N0.2 -_ -- --

.Jt C . FROM L.O. COOL fR 1 .
10. FROM (0. COOLER NO Z - - -

PE, 6AC - [NE 7)O (.0 COOL /NG AMP O/JfR. PREJSS - - u .H7S
t - _ < L REL VAV5" Ok A/ __ - - T

P REFERENE /3 0 - / -2 -LM.-----~OT --'~~

DRAWIN-

COMPONENTS LIST
COMPONENT POo T MFRE6T RP T EMARS

u J J ILUBN EOILS/ ERVICE-.---EM
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