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2.0 Method of Investigation

2.1 Requirements

.

A fire could affect safe shutdown systems and impact public safety

while the loss of function of systems used to mitigate the con-

sequences of a design basis accident under post-fire conditions may
"

not necessarily impact public safety. Therefore, the need to limit

fire damage to safe shutdown systems is greater than the need to

limit damage to those systems used to mitigate the consequences of

a design basis accident. Levels of protection have been defined

by 10 CFR 50 Appendix R according to the safety function of the

structure, system or component. These are:

2.1.1 Hot Shutdown - One train of equipment necessary to achieve

and maintain hot shutdown from the control room or emergency

centrol station (s) must remain free of fire damage from a

single fire including an exposure fire.

2.1.2 Cold Shutdown - Both trains of equipment needed to achieve

and maintain cold shutdown may be damaged by a single fire,

including an exposure fire. However, damage must be limited

to the extent that at least one train can be repaired ori

otherwise made operable within 72 hours using onsite capability.

When alternate shutdown capability is provided, damage shall

be limited so that the systems can be made operable and cold

shutdown can be achieved within 72 hours.

I
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2.1.3 Design Basis Accidents - Both trains of equipment necessary

for mitigation of the consequences following a design basis

accident may be damaged by a single exposure fire. Repair

capability is not necessary to satisfy Appendix R requirements.

2.2 Functional Requirements

The selection of safe shutdown functions is principally based on

those identified in Nuclear Regulatory Branch Technical Position

(BTP) APCSB 9.5-1 Section C.S.c. Other functions may exist under

each of these broad headings. Examples of such functions are steam

generator level control and steam generator pressure control which

exist as a part of reactor heat removal. Steam generator level

and pressure control are required during initial hot shutdown

conditions. However, during certain portions of cooldown and all

of cold shutdown, the Residual Heat Removal System is operable and

these functions are not required. Other functions such as emergency

power, process cooling, etc., are included in the miscellaneous

supporting function definition.

In addition to the functions identified in BTP CMEB 9.5-1, a

Reactor Coolant Pressure Control Function has been included.

Although this function could be placed within the Reactor Coolant

Make-up Function and Reactor Heat Removal Function, the specific

goals achieved by the performance of this function are unique

enough to warrant a separate function classification.
.
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The specific safe shutdown functions necessary to satisfy Appendix

R acceptance criteria are as.follows:

(1) Reactor Reactivity Control Function

(2) Reactor Coolint Make-up Control Function

(3) Reactor Coolant Pressure Control Function

(4) Reactor Heat Removal Function

(5) Process Monitoring Function

(6) Miscellaneous Supporting Functions

2.2.1 Reactor Reactivity Control Function

After a reactor trip, the reactivity control function must be

capable of achieving and maintaining at least a 1% reactivity

shutdown margin from zero power hot shutdown to cold shutdown

conditions. The function must be capable of compensating for

any positive reactivity change as a result of xenon decay

and decreasing reactor coolant temperature during cooldown.

A safety sequence diagram, Figure 2-1, represents safe shut-

down functions for reactivity control.

Initial reactivity control results from an automatic Reactor

Protection System (RPS) trip or from operator initiation of a

manual trip. The effects of fires on the RPS do not preclude

the initiation of an automatic trip or control rod insertion

because the system is designed to fail in the safe (scram)
,

condition.
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Following control rod insertion, hot subcritical conditions

can be maintained for at least 24 hours with no addition of

boron, assuming all rods are inserted into the core and the

reactor trip occurs at worst case conditions (end of life and

at 100% power), with xenon at steady-state level. As xenon

decays, however, positive reactivity is added, requiring the

addition of borated water from the Refueling Water Storage
'

Tank (RWST) to maintain the required margin of shutdown

reactivity. The cooldown transition from hot shutdown, and

ultimately to cold shutdown, requires additional boration to

compensate for the negative moderator temperature coefficient.

The total quantity of borated water from the RWST (a minimum

Technical Specification concentration of 2000 ppm) which must

be injected into the Reactor Coolant System (RCS) to achieve

the required cold shutdown margin is less than the quantity

of borated water from the same source required to maintain

pressurizer level within the operating band during cooldown

(Reactor Coolant System volume shrinkage compensation). The

Chemical and Volume Control System (CVCS) is capable of in-

jecting this quantity of borated water into the Reactor Coolant

System and maintaining the required shutdown reactivity margin

throughout safe shutdown.

1

2.2.2 Reactor Coolant Make-up Control Function

The reactor coolant make-up control function must be cayable

of assuring that sufficient make-up inventory is provided to

compensate for reactor coolant system fluid losses due to
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leakage from the system and shrinkage during cooldown.

Adequate performance of this function is achieved by maintain-

ing pressurizer level within acceptable limits. A safety

sequence diagram, Figure 2-2, represents safe shutdown

functions for reactor coolant make0p control.

i

|

!
For the assumed fire scenario, reactor coolant make-up control

is achieved by isolation of the normal and excess letdown

CVCS paths and operation of the charging portion of the CVCS

through the RCP seal injection path. Alternatively, the

auxiliary charging path could be used.

Successful maintenance of RCS integrity is also necessary to

achieve adequate inventory and pressure control. Spurious

opening of primary boundary isolation valves such as pres-

surizer and reactor vessel vent valves, pressurizer power-

operated relief valves (PORVs), and RHR isolation valves will

be precluded or mitigated, and adequate maintenance of reactor

coolant pump seal integrity achieved.

Control of pressurizer water level is achieved manually by

controlling CVCS charging flow using local or remote pressurizer

level indication.

2.2.3 Reactor Coolant Pressure Control

Reactor coolant pressure control is required to assure that

the reactor coolant system is operated:

2-5
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(1) Within the technical specifications for reactor coolant

system pressure-temperature requirements;

(2) To prevent peak reactor coolant system pressure from
,

exceeding 2735 PSIG (110% of system design pressure); and

(3) With a sufficient subcooling margin to minimize void

formation within the reactor vessel during natural

circulation decay heat removal conditions.

A safety sequence aiagram, Figure 2-3, represents safe

shutdown functions for reactor coolant pressure control.

Overpressure protection of the RCS prior to a controlled cool-

down and depressu,rization is provided by the pressuriier

safety valves. After alignment of the Residual Heat Removal

System (RHR), at approximately 350 F and 425 psig, overpres-

sure protection is provided by the RHR safety valves. The

pressurizer safety valves and RHR safety valves, in conjunc-

tion with a controlled cooldown and a timely transfer to

shutdown cooling at or around a Reactor Coolant System

temperature of 350 F, will ensure that the RCS pressure-

temperature limits are not exceeded. For adequate pressure

control, isolation of the pressurizer auxiliary spray and
.

normal letdown will occur as the result of operator action.
i

Safety injection tank accumulators will also be manually'

isolated by operator action.

The establishment and maintenance of sufficient sub-cooling

margin within the Reactor Coolant System is essential when

2-6
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conducting a natural circulation c oldown. Pressurizer heaters

may not be available but maintaining a constant charging pump

flow rate while decreasing cooldown rate will raise system

pressure. In the event that depressurization is required

during cooldown, the preferred method will be to maintain

pressuriier level constant and reduce pressure via ambient
.

losses. If a more rapid means of depressurization is required,

the auxiliary spray can be operated manually.

2.2.4 Reactor Heat Removal Function

The reactor heat removal function must be capable of removing

both decay and sensible energy from the reactor core and

primary systems at a rate such that overall system tempera-

tures can be maintained within acceptable limits. This

function shall also be capable of achieving cold shutdown

conditions within a 72-hour period and maintain cold shutdown

thereafter. A safety sequence diagram, Figure 2-4 represents

safe shutdown functions for reactor heat removal.

Following a reactor trip with an assumed loss of off-site ,

power, decay heat is initially removed by natural circulation

within the Reactor Coolant System, heat transfer to the Main

Steam System via the steam generators, and operation of the

air-operated atmospheric steam dump valves or the Main Steam

System code safety valves. With the main steam safety valves

t
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alone, the RCS maintains itself close to the nominal no-load

condition.

For decay heat removal via natural circulation a minimum of one
n

steam generator is assumed to be available. This decay heat

removal requires the ability to supply sufficient feedwater

to a steam generator to make up for the inventory discharged

as steam by the safety or relief valves. For maintenance of ,

initial hot shutdown conditions, the secondary make-up flow
4

required to a steam generator is less than 200 gpm and is

supplied by the Auxiliary Feedwater System (AFW). The pre-

ferred feedwater source is the condensate storage tanks, with

the Service Water System available as a backup. Feedwater may

be supplied by the motor-driven auxiliary feed pumps or by

the turbine-driven auxiliary feed pump.

Transition from hot shutdown conditions to cooldown is

achieved by manual control of steam generator pressure. The

removal of decay and sensible energy is achieved by the
,

controlled operation of the steam generator atmospheric steam

dump valve and continued operation of the Auxiliary Feedwater |
2

System. During this cooldown phase, an auxiliary feedwater

flow of up to 200 gpm is required which can be supplied with <

the turbine-driven or motor-driven duriliary feed pump.<

,

As described above, the transition from hot shutdown to cool-

down is achieved via operation of the Auxiliary Feedwater

System and the atmospheric steam dump valves. After reduction^

'
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of reactor coolant system temperature below 350*F, the Residual

Heat Removal System is used to estabiish long-term core cooling

through the removal of decay heat from the Reactor Coolant

System to the environment via the Residual Heat Removal System,

Component Cooling Water System, and the Service Water System.

2. 2. 5 Process Monitoring Function

When information on process variables is required by operators

in order to either modify system alignments or control safe

shutdown equipment, such monitoring information must be avail-

able. The preferred mode of process monitoring is by direct

indication of those plant process ydriabics necessary for

plant operators to perform and/or control the previously iden-

tified functions. A discussion of the necessary instrumenta-

tion by safe shutdown function is provided below.

For the fire scenarios assumed in this analysis, inventory

make-up to the Reactor Coolant System will be from the Refuel-

ing Water Storage Tank through the reactor coolant pump seal

injection lines or auxiliary charging line. As previously

discussed, sufficient negative reactivity exists in the Reactor

Coolant System (after rod insertion) for 24 hours without the

need for additional boron. The negative reactivity inserted

by the control rods and the RWST water injected by the CVCS

(to compensate for the RCS volume decrease) will maintain the

core subcritical while cooling down from hot full power to a

cold shutdown condition, assuming no letdown is available.

2-9
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Technical Specifications for Point Beach ensure that sufficient

borated water is available to achieve the necessary cold shut-

down reactivity margin. With boron addition under procedural '

control, no additional operator actions are expected to be

necessary to ensure an adequate safe shutdown negative

reactivity margin. However, core source range indication is

available for core activity monitoring in the Control Room.

An additional source range channel with indication at a remote

location provides this information for areas requiring alter-

nate shutdown.

Various process monitoring functions must be available to ade-

quately achieve and maintain the reactor coolant makeup, pres-

sure control and decay heat removal functions. For the assumed

fire scenario, maintenance of hot shutdown requires that pres-

surizer level and RCS pressure instrumentation be available.

Reactor Coolant System temperature is controlled during hot j

shutdown and cooldown by energy removal via the steam generators

by manual operation of the atmospheric steam dump valves or

self-actuation of the main steam code safety valves. In the

natural circulation mode of operation, the difference between

the hot leg and cold leg wide range temperatures (T -T ) andh c

steam generator pressure provides a direct indication of the

existence of adequate natural circulation flow.

Operating personnel, monitoring RCS pressure and hot leg .

temperature (T ) instrumentation, will control RCS pressure
h

in such a manner that appropriate subcooling is maintained.

2-10
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Pressurizer level control is achieved by monitoring pressur-

izer level instrumentation and manual control of CVCS

charging flow.

Maintenance of hot standby also requires the control of the

secondary system to compensate for variations in the primary

system performance. Steam generator level and pressure instru-

ments are available to assure adequate and controlled decay

heat removal. Steam generator level control is achieved by

manual manipulation of AFW system flow, using local or remote

steam generator level indication. Control of secondary system

pressure will be monitored by steam generator pressure

indication.

The transition from hot shutdown to cooldown will utilize the

instrumentation discussed above for monitoring of natural

circulation conditions, subcooling margin, heat removal and

compliance with the plant's pressure / temperature limits as it

pertains to the low temperature overpressure protection of

the Reactor Coolant System (cold leg temperature in conjunction

with RCS pressure).

2.2.6 Miscellaneous Supporting functions

The systems and equipment used to perform the previous functions

may require miscellaneous supporting functions such as process

cooling, lubrication and ac/dc power. These supporting func-

tions shall be available and capable of providing the support

: 2-11
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necessary to assure acceptable performance of the previously

identified safe shutdown functions.

The various systems required to provide support to safe shutdown

equipment or systems are:

(1) Component Cooling Water System

(2) Service Water System

(3) Emergency Power System ,

The following sections discuss each of the required safe shut-

down systems and the support systems.

2.3 Safe Shutdown Systems

'

Various analytical approaches can be taken to assure that sufficient
|

.

plant systems are available to perform the previously identified

plant safety functions. Numerous plant systems are normally avail-

able, alone and in combination with other systems, to provide these'

required functions. However, the exact location and specific effects

of exposure fires cannot be precisely determined. In general, recog-

nizing the confined nature of fires in nuclear plant environments

and the inherent operational flexibility and physical diversity of

systems available to achieve safe shutdown, appropriate plant fire

protection features limit the potential for fire damage to the extent

that unaffected plant systems will be available to attain safe shut-

down. An extensive effort would be required to identify the effects

of postulated fires in all potential plant locations and on all the

2-12
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plant systems which are available to support safe shutdown. As a
'

constrvative alternative to such an approach, a minimum set of plant

systems (Safe Shutdown Systems) and components is identified in

response to the requirements of Appendix R. This minimum set of

components can achieve and maintain safe shutdown regardless of the
.

location of the fire while assuming concurrent loss of off-site power.

Demonstration of adequate protection of this minimum system set from

the effects of postulated fires constitutes an adequate and conserva-

tive demonstration of the ability to achieve and maintain safe shut-

down for the purposes of fire protection. Spurious operation of

components within the systems, and interfacing systems, necessary

to perform safe plant shutdown have been identified and addressed.

(Reference Section 4.4.1 and Table 4-1)

The safe shutdown systems selected for Point Beach Nuclear Plant are

capable of achieving and maintaining subcritical conditions in the
|

4

reactor, maintaining reactor coolant inventory, achieving and main-

taining hot conditions for an extended period of time, achieving

cold shutdown conditions within 72 hours, and maintaining cold shut-

down conditions thereafter.

2.3.1 Chemical and '!olume Control System (CVCS)

The charging pnrtion of the Chemical and Volume Control System

(CVCS) accomplishes the following safe shutdown functions:

:

(1) Reactivity Control by injection of a soluble chemical

neutron absorber (boron) into the RCS; and

2-13
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(2) Reactor Coolant Makeup Control by maintaining water

inventory.

.

Normal reactivity shutdown capability is provided by control

rods, with boric acid addition used to compensate for xenon

decay and plant cooldown. The control and shutdown rod groups

ensure the reactor is at least 1% subcritical (K,ff = 0.99)

following trip from any allowed operational condition, assuming

the most reactive rod remains in the fully withdrawn position.

This is conservative for the assumed fire scenario, which does-

not require the assumption of a stuck-rod condition.

When the unit is at power, the quantity of boric acid retained

in its Ratueling Water Storage Tank and ready for injection to

the RCS always exceeds that quanvit/ required to compensate for
s

normal cold shutdown. This quantity also exceeds the quantity

of boric acid required to bring the reactor to hot shutdown and

to compensate for subsequent xenon decay. The availability of

sufficient boron is required by plant Technical Specifications.

!

For the assumed post-fire scenario, make-up water to the

Reactor Coolant System will be provided by the Chemical and

Volume Control System from the Refueling Water Storage Tank

(borated at a minimum of 2000 ppm).

i

Numerous CVCS flow paths are normally available for charging

to the RCS (see Figure 2-5). For the assumed event, two

Iseparate and independent flow paths will provide redundancy

for reactor coolant makeup and boration:

2-14
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(1) The charging line to the reactor coolant pump seals,

and

(2) The auxiliary ct.arging line to the loop B cold leg,

For the assumed event, charging and boration will be accomplished

by operating a minimum of one charging pump taking suction from

the Refueling Water Storage Tank and injecting borated water

throtgh the RCP seal injection lines or the loop B cold leg to

the RCS. Suction to the che- + g pump can be delivered from

the RWST by manually openir- - normally closed motor-operated

valve.

Controlled leakage (letdown) from the Reactor Coolant Rvstem

normally occurs via the seal leak-off return path anc ne

normal and excess letdown paths. For the post-fire operational

sequence, the normal and excess letdown paths will be isolated

as a result of operator action to assure adequate inventory

control.

Seal leak-off flow will be isolated from the volume control

tank (VCT) by manually venting the instrument air supply to

containment which will insure that the common seal return

isolation valve closes and remains closed. This action

diverts seal leak-off flow to the pressurizer relief tank

(PRT) located inside containment.

The injection path from the charging pumps to the Reactor

Coolant Pump seals contains only manually operated, normally

2-15
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open valves. The auxiliary charging line contains one air-

operated valve which is a special valve functioning as both

an isolation valve and a relief valve (opens to provide flow

to RCS cold leg with a 200 psid). The operation of one charg-

ing pumo will ensure a rainimum RCS charging flow of approxi-

mately 20 gpm (minimum flow for each charging pump).

Isolation of the volume control tank outlet (by closure of one

motor-operated valve) during emergency makeup from the RWST

and isolation of the seal return line to the seal water heat

exchanger may be performed by local manual operation.

Pressurizer water level is maintained by operation of one

positive displacement charging pump using pressurizer level

instrumentation information.

Charging Pumps

!

Three charging pumps per unit inject coolant into the reactor

| coolant system. The pumps are the variable speed, positive

displacement type. At full capacity, each pump is capable of
|

delivering 60 gpm to the Reactor Coolant System. To ensure

that the charging pump flow is always sufficient to meet both
,

I the seal water and minimum charging flow requirements, the pump

has a variable control stop which does not permit pump flow

f lower than the specified minimum. This control stop is adjust-'

able to permit higher minimum flow limits to be set if reactor

coolant pump seal leakage increases during operation. At

|
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ainimum flow, each charging pump delivers approximately 20 gpa.

The charging pumps require no external cooling water or

lubricating oil supply.

In order to meet safe shutdown requirements in the event of

a fire, electrical crossties are installed on the "A" and "B"

charging pumps for each unit that allows these charging pun.ps

to be powered from the opposite unit. These tie breakers ar.

mechanically interlocked to prevent tieing opposite unit safe-

guards buses together and to prevent supplying two charging

pumps from the same bus breaker.

Refueling Water Storage Tank

In addition to its normal duty to supply borated water to the

refueling cavity for refueling operations, the RWST provides

borated water to all of the ECCS pumps.

The capacity of the refueling water storage tank is based on

the requirement for filling the refueling cavity. This quantity

is in excess of that required for safe shutdown. Technical

Specification minimum volume of the RWST is 275,000 gallons of

borated water at a minimum of 2000 ppm boron.

2.3.2 Reactor Coolant System

The Reactor Coolant System (RCS) consists of two similar heat

transfer loops connected in parallel to the reactor vessel (see

2-17
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Figure 2-6). Each loop contains a reactor coolant pump and

a steam generator. In addition, the system includes a pres-

surizer with associated code safety and relief valves (PORVs).

Reactor Coolant System instrumentation includes cold and hot

leg temperatures (wide-range), pressure (wide-range) and

pressurizer water. level.

The natural circulation capability of the plant provides a

means of decay heat removal when the reactor coolant pumps are

unavailable. Natural circulation flow rates are governed by

the amount of decay heat, component elevations, primary to

secondary heat transfer, loop flow resistance and voiding.

The conditions during natural circulation are related to main-

taining adequate primary to secondary heat transfer, subcool-

ing and inventory.

For this analysis of safe shutdown capability, one of the two

RCS loops will be monitored to ensure that natural circulation

I is established and maintained.

While in natural circulation, adequate heat transfer and coolant

flow are dependent on adequate inventory in both the primary

and secondary systems. Maintaining water level within the

operating band on the secondary side of the "U" tube steam

generators and adequate level within ti:e pressurizer are

requirements for natural circulation. Confirmation of flow

while in natural circulation is accomplished through the use

of temperature indications. Those indications are cold leg

2-18
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temperature (T ), and hot leg temperr.ture (T ). T should
c h c

attain a value which is a few degrees higher than the saturation

temperature of the secondary inventory. T should attain a
h

value which is less than at full power. When T and T attainc h

the values described above, flow and heat transfer have been

achieved in the associated RCS loops. The amount of subcooling

within the RCS is maintained by monitering RCS pressure and
.

loop hot leg temperature (T )*
h

Reactor Coolant System inventory control is based on the

operation of the CVCS charging paths. High pressure seal

water from the CVCS system is injected into the pumps through

the lower radial bearing chamber to prevent leakage of high

temperature reactor coolant along the pump shaft. The injec-

tion flow splits in the bearing chamber with a portion flowing

up through the radial bearing and into the shaft seal chamber.

The remaining portion flows down the shaft, through the RCP

thermal barrier and into the Reactor Coolant System. An

alternate charging flow path exists through tha auxiliary

; charging line to the cold leg B loop.

|

|
l Pressurizer Safety Valves

Overpressurization protection of the RCS is assured by two
l pressurizer code safety valves. The two pressurizer safety'

valves are spring-loaded, self-activated and have a set pressure

of 2485 psig. The combined capacity of the valves is equal to

l

|' 2-19
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or greater than the maximum pressure surge resulting from a

complete loss of load without reactor trip.

2.3.3 Main Steam System

For the post-fire scenario, maintenance of the steam generator

inventory and control of steam generator pressure are required

for both hot shutdown and subsequent primary and secondary

system cooldown to support the decay and sensible heat removal

function within the applicable operational limits.

The Main Steam (MS) system consists of two parallel flow paths,

one from each steam generator to the main turbine of the unit.

The secondary system will be isolated by operation of the

main steam isolation valves.

In accordance witn supporting FSAR analysis, control of one

steam generator is sufficient to provide the reactor heat

removal function during natural circulation conditions.

Maintenance of water level in the steam generator during the

i period of auxiliary feedwater operation (hot shutdown) involves
!
! remote or local manual positioning of the auxiliary feedwater

flow control valves and operation of the turbine-driven auxi-

liary feed pump based on steam generator level information.

Steam generator water level and pressure indication are avail-

able in the Control Room and on alternate shutdown panels
|

|
located in the auxiliary feed pump areas.

|
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The MS system is also designed to deliver motive steam to the

turbine driver of the turbine-driven auxiliary feed pumps (see

Figure 2-7). Steam to these turbines is supplied by branch

connections upstream of the main steam isolation valves on both

steam lines in each unit. Either line can supply sufficient

steam to the auxiliary feed pump turbine, but two are provided

for rodundancy. These lines are connected with a normally

closed motor-operated stop check valve in each line.

I

Safety Valves

A bank of four code safety valves are installed on each steam

line outside containment and upstream of main steam isolation

valves. The four safety valves (one set at 1085 psig, one at

1100 psig, two at 1125 psig) on each line are installed to

protect the MS system against overpressure and to provide a

combined relieving capacity greater than the maximum steam flow

rate. During initial hot shutdown conditions the code safeties

will provide adequate decay heat removal.

.

Air-0perated Atmospheric Steam Dump Valves

An atmospheric steam dump valve is provided on each steam line

which is capable of releasing the sensible and decay heat to

the atmosphere. The steam dump valves are used for plant

cooldown by steam discharge to the atmosphere. The two steam

dump valves have a total combined capacity of approximately 10%
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of the maximum calculated steam flow. For the assumed fire

scenario, one steam dump valve will be used to provide the

Reactor Coolant System controlled cooldown. l

1

Controls for steam generator atmospheric steam dump valve

operation are provided in the Control Room and the valves can

also be (handwheel) operated manually. During the hot shut-

down transition to cold shutdown, the one steam dump valve

per unit will be manually operated to remove decay heat from

the RCS. Thus, the RCS temperature is controlled by main-

taining the steam generator secondary water inventory at the

temperature that corresponds to the saturation pressure.

2.3.4 Auxiliary Feedwater System

The Auxiliary Feedwater (AFW) System is required during hot

shutdown to support RCS decay heat removal. For hot shutdown,

secondary system (steam generator) inventory control is provided

by the AFW system (see Figure 2-8). The AFW system consists

of two turbine-driven and two motor-driven pumps. Each turbine-

driven pump is dedicated to one unit, and valved to feed one or

both steam generators in that unit. The motor-driven pumps are

common to botn units. One pump is valved to feed the A loop

steam generator of one or both units. The other pump supplies

feedwater to the B loop steam generators of one or both units.

Cross-connect capability exists through normally locked closed

| valves such that either electric pump could supply feedwater
|

| to any of the four steam generators.
|
|
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The AFW system is designed to deliver enough water to maintain

sufficient heat transfer in the steam generators in order to

prevent loss of primary water through the RCS pressurizer safety

or relief valves.

Turbine-Driven Auxiliary Feed Pumps

The turbirie-driven auxiliary feed pump (TDFP) is designed to

deliver a sufficient flow to both steam generators of the unit

with which it is associated and maintain staam generator water

levels above the lower limit of the wide range level indicator.

Each is a horizontal, six-stage, centrifugal pump driven oy a

single-stage atmospheric exhaust turbine. Upon opening the

steam inlet valve, the turbine will function as a single speed

machine.

Each auxiliary feed pump turbine has its own self-contained

lube oil system utilizing ring lubricated, water jacketed ball

bearings. Cooling water is supplied by the service water

system. Service water flow is provided by the service water

pumps or alternately by the diesel-driven fire pump. Manual

operation of a strainer bypass valve ensures a path for water

to be supplied to the lube oil coolers.

Both steam generators provide motive steam to the turbine

driver for the auxiliary feed pump. The TDFP is capable of

operating down to a steam pressure which corresponds to RCS
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pressure and temperature at which the Residual Heat Removal

System may be placed in service.

Motor-Driven Auxiliary Feed Pumps

The two motor-driven auxiliary feed pumps (MDFP) are shared by

both units. One HDFP supplies the A steam generators of both

units, while the other supplies the 8 steam generators of both

units.

Each pump is a horizontal, eight-stage centrifugal pump.

Cooling water is supplied by the service water pumps. The

pumps require no other support services other than ac power.

Condensate Storage

Normal volume in each condensate storage tank (CST) is approxi-

mately 45,000 gallons. Should the CST supply become exhausted,

the service water system may be used as an alternate water

The service water isolation valves are located inscurce.

the AFW pump area. Ample time is available post-fire for a

local manual re-alignment of the normally closed valves that

isolate service water from the suction of the auxiliary feed

pumps.

2.3.5 Residual Heat Removal System

The Residual Heat Removal (RHR) System is designed to remove
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decay and sensible heat from the core and reduce the temperature

of the RCS during the cold shutdown phase.

The RHR system consists of two RHR heat exchangers, two RHR

pumps and the associated piping, valving and instrumentation

necessary for operational control of each unit (see Figure

2-9). The design residual heat load is based on the residual

heat fraction of the full core MW (thermal) power level that

exists 20 hours following reactor shutdown from an extended

power run near full power.

During cold shutdown operations, reactor coolant flows from the

RCS to the RHR pumps through the tube side of the RHR heat

exchangers and back to the RCS. The heat load is transferred

by the RHR heat exchangers to the Component Cooling Water System

which is circulating on the shell side of the heat exchangers.|

The inlet line to the RHR system is located in the hot leg of

reactor coolant loop A while the return line is connected to

the cold leg of reactor coolant loop B. Two additional return''

lines connect to the reactor vessel above the core to provide

the low head safety injection feature of the system.

.

Two motor-operated valves in series isolate the inlet line to
|

|
the RHR system from the RCS. The return lines are isolated by

check valves and motor-operated valves in each line. To avoid

potential RCS boundary leakage at the high/ low pressure inter-

faces, both of the motor-operated valves in the RHR suction
,

line and the motor-operated valve in the discharge line are
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kept closed (pre-fire condition) with the corresponding totor

control center breakers in the open position.
:

i

An orificed minimum flow recirculation line from the downstream

side of each residual heat exchanger to the corresponding

pump's suction line is provided to assure that the RHR pumps

do not overheat under low flow conditions.

The cooldown rate of tta reactor coolant is controlled by

regulating the flow through the tube side of the RHR heat

exchangers. A bypass line, which serves both residual heat

exchangers, is used to regulate and maintain a constant flow

through the RHR system.

The RHR system can be placed in operation when the pressure

and temperature of the RCS are less than 425 psig and 350 F,

respectively. If one of the pumps and/or one of the heat ex-

changers is inoperative, safe cooldown of the plant is not

affected; however, the time for cooldown is extended.

Residual Heat Removal Pumps

Two identical pumps per unit are installed in the Residual

Hect Removal System. Each pump is sized to deliver sufficient

reactor coolant flow through the residual heat exchangers to

meet the unit cooldown requirements. In addition, to meet

Appendix R requirements, spare cable is provided to supply
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power to one RHR pump of each unit required for plant cool-

.down if power to redundant pumps is lost due to a fire.

RHR Safety Valves

The RHR system safety valves provide RCS overpressure pro-

tection whenever the RHR system is in operation. The valves

are located inside containment on the common RHR inlet pipe,

the B train low head safety injection flow path, and the 1e.

down line which provides relief capability for the A train low

head safety injection flow path and the common RHR return pipe.

Accumulators

The manual isolation of the accumulators is assumed as a

post-fire activity. The isolation valve at each accumulator

is closed only when the RCS is intentionally deprescurized

below 1000 psig. If these valves' associated cables were

damaged by fires, the isolation is assumed to be performed

locally,' governed by adequate plant procedures (post-fire).

2.3.6 Component Cooling Water System

The component cooling loop is designed to remove decay and

sensible heat from the reactor coolant system, via the residual

heat removal loop, during plant shutdown; to cool the letdown

flow to the chemical and volume control system during power

operation; and to provide cooling to dissipate waste haat from

various primary plant components.
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The component cooling loops of each of the two units are

designed to operate independently with two component cooling

pumps and one component cooling heat exchanger in each loop.

The two remaining heat exchangers serve as shared standbys.

The capability exists for employing any of the four component

cooling pumps with either of the two units (see Figure 2-10).

During normal full power operation, one compon.nt cooling pump

and one component cooling heat exchanger accommodate the heat

removal loads. The standby pump and the shared heat exchangers

provide 100% backup during normal operation. Two pumps and

two heat exchangers are utilized to remove the decay and sen-

sible heat during cooldown. If one of the pumps or two of the

heat exchangers are not operative, safe shutdown of the plant

is not affected; however, the time for cooldown is extended.

The two component cooling loops associated with one unit are

interconnected downstream from the heat exchangers to effec-

tively form an open loop supply header for both essential and

nonessential loads. For the present analysis of safe shutdown,

no isolation of nonessential loads is assumed to be required.

However, in anticipation of a potentially large cooling demand,

the operator can shift to the other unit's component csoling!

system by repositioning manually operated valves.

The essential loads, other than the residual heat removal heat

| exchangers, are normally valved open to the supply header and
1
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discharge to the suction of the component cooling pump with

which these are normally associated, so that component cooling

water is circulated continuously through the essential loads

during normal operation.

Each of the component cooling outlet lines from the residual

heat removal heat exchangers has a normally closed motor-

operated valve which may be electrically or manually opened

during RHR cooldown. '

A surge tank is connected to the suction side of the pumps,

and makeup to the system is supplied to the surge tank from

either the demineralized water system or the reactor makeup

water system.

Component Cooling Pumps

The four component cooling pumps, which circulate component

cooling water through the component cooling loop, are horizontal,

centrifugal units. Normally two pumps are used with each unit

during a plant cooldown, but any of the four pumps can be used

with either unit. During the recirculation phase.following a

loss-of-coolant accident, one of the two component cooling

water pumps associated with each unit delivers flow to the

shell side of the residual heat removal heat exchangers. To

satisfy Appendix R requirements, in the case of a fire damag-

ing multiple CCW pumps, a dedicated spare motor and power

cable are provided such that one pump can be made available

for cooldown and maintenance of cold shutdown.
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Component Cooling Heat Exchangers

Four component cooling heat exchangers are of the shell and

straight tube (fixed tubesheet) type. Service water circu-
'lates through the tubes while component cooling water cir-

culates through the shell side. Normally one heat exchanger

is used with each unit with the two remaining as standbys.

2.3.7 Service Water System

The Service Water (SW) System provides cooling for the follow-

ing safe shutdown equipment:

(a) Component cooling water heat exchangers;

(b) Emergency diesel generator heat exchangers;

(c) Auxiliary feed pump bearing oil coolers.

The system also provides a back-up supply of water to the AFW

system in the event that the condensate storage tanks are.

depleted.

The Service Water System has also been designed to provide

redundant cooling water supplies with isolation valves to the

control room and cable spreading room air coolers, air

compressors, spent fuel pool cooling system, and to the

containment air recirculating cooling system.

2-30

- - -_ .- - - - . - . . _ .- _ - -



N < .
.. ;

This system also supplies water for the Emergency Diesel Room

fire protection systems and containment hose reels. The design

includes provisions for automatic isolation of nonessential

components following an accident. Lake Michigan.is the source

of service water.

This system which is shared by both units (see Figure 2-11)

consists of six motor-driven service water pumps and two main

supply headers, with a strainer in each header. Each

redundant header is served by three pumps and the system is

normally operated with the headers cross-connected. A loop

header system is provided by which each header supplies cooling

water to nonessential services in one unit. Supply of service

water for essential services is redundant and can be maintained

in case of failure of one loop section header. These components,

together with the associated heat exchangers, valving, piping

and local instrumentation, complete the Service Water System.

The system is sized to ensure adequate heat removal based on

highest expected temperatures of cooling water, maximum load-

ings and leakage allowances. The system is monitored and

operated from the Control Room. Isolation valves are incor-
|

porated in all service water lines penetrating the containment.
|

,

,

i
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Service Water Pumps

Six motor-driven centrifugal service water pumps are provided.
1

During normal operation, each service water pump has a capacity

of 6800 gpm. During an accident each has a capacity of 5500

gpm. Two service water pumps are connected to separate 480V

buses, one per bus. The four remaining pumps are connected,

two per bus, to two separate 480V buses. Two of the six pumps

are capable of carrying the required normal cooling load for

the two units.

The service water pumps are connected to the 480V buses that

can be supplied by the emergency diesels in the event of loss

of all outside power. For this condition, the service water

system is designed to supply cooling water to only the required

emergency systems. The pumps, which are located in the

circulating water pumphouse, take suction directly from the

lake and discharge to two below ground pipelines leading to

the ring header in the Class I section of the Control and

Auxiliary Buildings. Supply lines are run to the containment

from the Auxiliary Building from each side of the ring header.

The return lines are manifolded by areas and are discharged to

the condenser circulating water discharge pipe in either Unit 1

or Unit 2.

;

To preclude the possibility of an inadvertent blockage of
|
I cooling water flow, there are no automatically-operated valves
I in the service water system between the lake and the components
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which require cooling following the fire. Automatically-

operated valves are provided to isolate sections of the service

water system not required to be in operation.

In the event of a loss of normal safeguards electrical power,

each of the two emergency diesel generator units is sized to
~

supply three service water pumps in addition to the other

vital engineered safeguard loads in the unit in which the

accident occurred and the loads required by the other unit to

maintain a hot shutdown condition.

The service water lines to the Auxiliary Building primarily

supply cooling water to the four component cooling water heat

exchangers and the spent fuel pool heat exchangers. These heat

exchangers are utilized to remove heat from the primary

coolant system processes ar.d components and from the spent

fuel pool. The Residual Heat Removal System is employed

during normal cooldown operations. It also is placed in

service following a loss-of-coolant accident for cooling of

the recirculated flow from the reactor containment sump. The

spent fuel pool cooling system is not considered an essential

load and the service water cooling for this system is inter-

rupted during an accident condition if less than four of the

six service water pumps are operating.
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2.3.8 Emergency Power System

The Emergency Power System (EPS) includes an on-site emergency

source which supplies power to essential safe shutdown equip-

ment if the normal or the off-site power sources are not

available.

The emergency power facilities consist of two General Motors

Corporation, Electro-Motive Division, Model 999-20 diesel

engine generator units, each rated a 2,850 kW continuous, 0.8

power factor, 900 rpm, 4,160 volts, 3 phase, 60 cycle. The

units have an emergency capability of 3,050 kW for a 30-minute

period. Off-site power is not locked out upon emergency

| generator operation. Bus supply breakers from off-site power

|
are tripped on loss of bus voltage, and they must be manually

I reclosed upon restoration of off-site power.

Each emergency diesel generator is capable of starting

automatically and sequentially supplying the power requirement

of one complete train of safeguards equipment for one reactor

unit and providing sufficent power to allow the second reactor

unit to be placed in a safe shutdown condition. The units

are located in separate rooms in a Class 1 portion of the

Control Building. Each emergency diesel generator is equipped

with a completely independent and redundant starting system.

The starting system consists of two banks of three air storage

tanks with one air compressor system per bank. Each air

compressor is powered from a 480V emergency bus. One of the
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compressors can be powered by its own auxiliary cliesel engine

by manually changing a drive belt. Each air bank drives two

air start motors. Either of the two banks is capablo of

starting the diesel and has sufficient capacity to crank the

engine five times for the normal cranking duration.

Starting air is admitted from the storage tanks at a working

pressure of 200 psi to ti,e starting system through a two-way

solenoid valve. A start circuit selector switch determines

which solenoid valve and, in turn, which bank of starting

motors will be activated. When the signal to start the diesel

is initiated, a de motor-driven fuel pump and booster pump

will start, and the preselected solenoid. valve will be

energized to open. The starter motor pinions will engage and

the starter motors will crank the engine.

The units use No. 2 fuel oil. A 550 gallon storage tank is

located in the base of each of the units. An additional 550-

gallon "day tank" is located adjacent to each unit. The day

tanks cari be manually cross-connected c11owing either tank to

supply either unit. An on-site underground emergency fuel

oil storage tank has a capar.ity of 12,000 gallons. This

capacity provides sufficient fuel to allow one diesel to

operate continuously at full load for an additional 48 hours.

An additional supply of fuel oil is maintained on the site

in two above ground 60,000 gallon storage tanks to supply

the gas turbine and heating boilers. This oil is transferred

by gravity feed to the 12,000 gallon underground emergency
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storage tank. In addition, to satisfy the requirements of

Appendix R, the 550 gallon "day tank" may be gravity fed from

the 60,000 gallon bulk storage tanks by manually repositioning

isolation valves.

Gas Turbine

In addition to the two rapid starting emergency generators,

there is a gas turbine generator installed at the site. This

unit is rated approximately 23.1 MVA and is normally used for

allowing high line and equipment maintenance outage, spinr.ing

reserve, black plant startup, and for peaking purposes. This

gas turbine unit is connected to the auxiliary electrical

system such that it car,be paralleled with or serve in lieu

of the norcal source of plant startup and safeguards power,

thereby accomplishing its principal function of making it

possible to restart the Point Beach Nuclear Plant in case of

an area "blackout" in which off-site ac voltage is unavailable.

The unit is capable of being started and ready to accept

partial load in appro<imately three minutes and full load in

approximately five minutes. The gas turbine can be used as

a power source for safeguard buses during loss of off-site ac.

13,800 Volt System

The 13,800 volt system is divided into three buses. Bus

number 1HX04, for Unit 1, is normally powc/ed from high voltage

station auxiliary transformer IX03 with an alternate connection
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to the tie bus, H01. Bus 1HX04 feeds low voltage station aux-

iliary transformer 1X04. In like manner, bus 2HX04, for Unit 2,

is normally powered from transformer 2X03 with an alternate

connection to bus H01. Bus 2HX04 feeds low voltage station

auxiliary transformer 2X04. The gas turbine generator is

connected to the tie bus, H01. Closing of the bus tie breakers

into a common fault is prevented by trip and lockout interlocks

in the breaker control circuits. The bus arr-sngement is shown

on Figure 2-12.

4160 Volt System

The 4160V system is divided into six buses per unit. Two buses

for Unit 1, numbers 1-A03 and 1-A04, are connected to the

13,800V system via bus main breakers and the low voltage station

auxiliary transformer number 1-X04. Buses 1-A05 and 1-A06 are

connected to buses 1-A03 and 1-A04 using manually closed tie

breakers. Buses 1-A01 and 1-A02 are connected to the Unit 1

generator leads via bus main breakers and the unit auxiliary

transformer, number 1-X02. Buses 1-A01 and 1-A03 or buses

1-A02 and 1-A04 can be tied together via bus tie breakers. All

normal operating 4160V auxiliaries are split between buses 1-A01

and 1-A02. In addition, buses 1-A01 and 1-A02 each serve one

4160-480V station service transformer. Buses 1-A03 and 1-A04

serve buses 1-A05 and 1-A06 respectively, as well as buses

1-A01 and 1-A02 during startup, shutdown and after reactor

trip.
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Buses 1-A05 and 1-A06 each serve their respective 4160-480V

station services transformer for the unit's 480V safeguards

equipment and their respective 4160V safety injection pump.

Thus, no transfer is required for the safeguards equipment

in the event of a turbine generator trip. In addition to

being served by buses 1-A03 and 1-A04, buses 1-A05 and 1-A06

are directly served by emergency diesel generators G01 and

G02 respectively. Each emergency diesel generator will be

started automatically and placed on-line upon undervoltage on

either of its associated 4160V buses.

The six 4160V buses for Unit 2 have the same arrangement as

described for Unit 1 (see Figure 2-13 through 2-16).

480 Volt System

The 480V system is divided into four buses per unit. The

buses for Unit 1 are supplied from the 4160V buses though

individual step down transformers as follows: 1-801 from

1-A01,1-802 from 1-A02,1-803 from 1-A05 and 1-804 from'

1-A06. Tie breakers are provided between 480V buses 1-801

and 1-303, buses 1-802 and 1-804 and buses 1-803 and 1-804.

The four 480V buses for Unit 2 have the same arrangement as

described for Unit 1 (see Figure 2-17 and 2-18).'

,
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125 Volt dc System

A single system serves both units of the plant. The supply

portion consists of 6 static battery chargers powered from

the 480 V AC station safeguards buses and four 59 or 60-cell

lead-calcium batteries. The 2 spare chargers (009 & D109)

allow removal of a normal charger for maintenance. The soare

chargers can be energized from either station unit 480 V AC

sources which are electrically interlocked to prevent simul-

t,aneous energization from both sources. The distribution

portion of the system consists of 4 main battery buses with

associated switchgear and 10 distribution panels. (see

Figure 2-19)

Instrument Bus

The 120 volt AC instrument supply system consists of sixteen

buses, divided among four channels. Each of the four channels

are allocated four buses. The four channels are further sub-

divided into two bus groups, one group serving Unit 1 and the

other serving Unit 2. Each channel is powered by three in-

verters. One inverter is dedicated to Unit 1 buses and a

second inverter is dedicated to Unit 2 buses. The third

inverter is a backup, and can swing between the Unit 1 and

Unit 2 buses. Use of the swing inverter allows either dedi-

cated inverter to be removed from service for maintenance

(see Figure 2-20).
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iThe function of the inverters is to convert 125 volt DC to 120

volt AC. The inverters are therefore powered from the 125

volt DC system. The three inverters powering any one instru-

ment channel are powered individually from one of the main 125

volt DC buses.

2.4 Identification of Safe Shutdown System Components

Subsection 2.3 described the specific systems which will be used

to achieve safe shutdown. This subsection discusses the method of

selection of safe shutdown components for Point Beach Nuclear Plant.

For each system, plant flow diagrams, syster descriptions, and one-

line diagrams were used to identify the primary flow paths and

operational characteristics that must be established to accomplish

the desired safe shutdown function. From this information, a list

was compiled of the components which participate in the system's

performance of its safe shutdown function. These components are:

(1) Active components that need to change position to achieve

system function.

(2) Passive components which are in the proper position; power

loss will not result in a change of position but components

may change position due to fire damage.

2-40

. ._ - _ - . . - . . . _ . _ _ _ _ _ _ _ _ , . _



.s, :' %.'', ' .

(3) Power-operated components which need to change position to

establish system function, whose loss of motive power

results in the component adopting the desired position but

which may be affected by fire damage.

(4) Major mechanical components which support safe shutdown

(heat exchangers and storage tanks).

From the analysis of the safe shutdown system flow paths, those
i

components whose spurious operation would threaten safe shutdown

system operability were also identified. This identification

included those branch flow paths that must be isolated and remain

isolated to assure that flow will not be substantially diverted

from the primary flow path. Components that could be susceptible

to spurious operations are identified in subsection 4.4.1.

A minimum equipit.ent list was generated for safe shutdown devices

including device identification, normal operating status, operat-

ing requirements for hot shutdown and cold shutdown, required

supporting services and plant location.

The final safe shutdown component list developed for Point Beach

Units 1 and 2 includes the components required to protect the

safe shutdown capability from any credible fire in the Cable

Spreading Room, or Control Room. These lists are provided in

Table 2.1-1 and 2.1-2.

2-41

, -



i

SAFE SHUTDOWN FIRE U O
FUNCTIONS OF OFF SITE

POWER

REACTOR PRO-
TECTION ANO CONTROL ROO

REACTOR TRIP INSERTION

SWITCHGEAR

NTIAL
HOT SHUTDOWNREACTIVITY

CONTROL

BORATED WATER
RWST SOURCE

l
'

POSITIVE
DISPLACEMENT

CHARGING PUMPING
CAPACITYPUMP

(1 OF 3)
,

I
RC PUMP

b[ECuoN '" ""
TH

OR AUXILIARY
CHARGING LINE

SOURCE
RANGE INSTRUMENTATION

MONITORING

LONG-

f
REA TIVITY

CONTROL ,

FIGURE 2-1
i

RCS REACTIVITY CONTROL

|

.- - _ _ - - . - - . . _ . . _ . . _ _ _ . . - - . . - - - . _ _ . . _ - _ . -



" ' ~ ^

K. a- .,. ..- .

1

SAFE SHUTDOWN FUNCTIONS

STATION
FIRE PLUS LOSS

OF OFF SITE

)
WAMR

RWST
SOURCE

|

POSITIVE
DISPLACEMENT OUMMNG

CHARGING PUMP CAPACITY

(10F 3)

|

RC PUMP
SEAL OR INJECTION

AUXILIARY PATH
CHARGING LINE

CM% RCS NVENTORY

AKAGE

PRESSURIZER
LEVEL NSTRUMENTATION

MONITOMNG

REACTOR

- COOLANT HOT / COLD SHUv00WN
MAKEUP

CONTROL

.

FIGURE 2-2

RCS MAKEUP CONTROL

.

4



_ . . . ' '
't

-
.

-
, _

,

STATION
SAFE SHUTDOWN FIRE PLUS LOSS

IFUNCTIONS OF OFF. SITE
POWER

_

PRESSURlZER OVERPRESSURE
S AFETY-RELIEF PROTECTION

VALVES

Hi-LO PRESSURE OEPRESSWZATION
INTERFACE PROTECTION
ISOLATION

AUAILIARY
SPRAY LINE
ISOLATION

SU8 COOLING

> MARGIN
CONTROL

STEAM
QEN ER ATOR

PRESS.
MONITORING

RCS
PRESSURE
MONITORING

INSTRUW:N ATION

RCS T.
MONITORING

.

.

NTIAL
RCS NOT SNUTDOWN

PRESSURE
CONTROL

RNR OVERPRESSURE
SAFETY PROTECTION
VALVES

LONG-
TERM COLD SNUTDOWN

PRESSURE
CONTROL

.

FIGURE 2-3

RCS PRESSURE CONTROL



,' ..*

SAFE SHUTDOWN FUNCTIONS

STATlON
FIRE PLUS LOSS

OF OFF SITE
POWER 1

_

N CAPACI. TH
STEAM DRIVEN

M AIN 3TE AM STEAM

SAFETY VALVE HEAT RELEASE GENERATOR INJECTION

AND ATMOGaHERIC PATH INLET PATH

DUMP VAL'd MOVa

INITIAL
RCS NATURAL REACTOR HOT SHUTDOWN
T CIRCULATION HEAT

REMOVAL

RHR PUMP AND
STEAM GENERATOR
PRESSURE ANO STEAM GENERATOR HEAT EXCHANGER

LEVEL INSTRUMENTATION COOLDOWN
MONITORING (1 OF 2)

\CONOENSATE LONG-
STORAGE TANK SECONDARY TERM COLO SHUTDOWN
W 8E CE WATER SOURCE HEAT

, , REMOVAL

O
FIGURE 2-4

REACTOR HEAT REMOVAL ;

. . - - -_-. ._ _ . . - _ . .. . - _ . - - .



_.

.%

. . = a.. a . c,c.,,,,

. n.o..u. .mic .aus au
| !

O' ** oi

. .& ;a.''f . ',L A

. * *

\mei p .e.
.

j.n e,m
, ,c, (.;' Q*

6 M . H . ).- .m i p
,h A f J \.. ,. M'~ l 's.c

4 w ..K ,,qu. ''y.N -

{ -.g . .

%. ''. k ;, ,. II.. I,6 .?.%'.*-'*"'",}'' . * *

. m..n . . m.. . . c.z . 7. ,,. I. c,;
.w.r..

D ....x. .,. m ..
- ,.

, ....n ...

m. .~ M ,, _ "- --T 4::;u e. . - , . . . ,- ,;
> < * > > - "

g .
i

, nu 4.tt s ---
. 01. O. . e ,,,g

S V'' T n....e
p .%.u.n, ..
,c

4. p i ::....c
'' '

6 ace . ) t

.a n.m .! ," ~ '

l ,<.....,g(,,, .m

7,,,

_
. . . . . . , .u " . ~ , . . , ,y

<;
,4 . .*c a. . 6 ..

'[':" '-{' !e ; i' :r . . ..
,,%

y .

:1 f
". ::::y;:-

- x'em. a.
aw 4 u) p.t, a,nr, ; * * *a . $. c-

ania ,,..u......,,y .g>< .m .e .as.

" " ' ' " " ' * " ""'''"*' i. n >T0 F10tJRE 2-0 .cn....

. n a,9 " H @, %"",3 .. 4M U. .,

e .. . . u . . . > a u..m..

,

m
b'Wtoe3

,(.". E.-%,-@.
ca

3,f..
. . m . . ,c . ...

~...l
r- .. ,

dC n=%N .: ' I ' ^ -
,

,1,1 Eil-
- i "4'.n. . i-

,

. . .1. i N._. . . ..i
imm..cuas---- - N..APC, h3r OiRU4. - .o.n

F F ** Il i . ., . . . .
.

i, ,X,, , .. . ,m . .~. . %
6. * i =

.
!.... ..em.., , . . . . .a: .me .., c . . .

%,,,, ..m.3 't.,a,, ,, ,g ., .pg9 - -m.~.. n g
. w

. f. T
~

u e. ~. m ,

3~4* . . . .
" s' O,. .. - -m,.. .., , , - - . . . . . s .

Hi , ,.n.,, n.

' '' ' ' g,a
.

Also AvaMahle On _
. . , ,,,mHi * n. *

t-n , . ,

"** '~ "t' uAperture Card
i, .

g

, ry,,, y,, ..
m .. _ .. . , . . . . . . w._....,

. . . . . h,\ m . . . . . . . . ,...X
.m,

,/ amia.n.. . . . , , , , . ,s, o, ._..m....,o . . . . . . . . .
. , .

.

,

L . .. . . . ... o
.. . .

<~u... ,:.n :ou.. . s.s.,
, :

.nu,,,. . , . , . . , , . .
_

?.

n ,,. . . . . . . . . . , . .. ..

, 1 I ,,,a. ~ ~ n Jh,v . n . 1 I ,,o. ' <..B A n. . , . ~ -

,,,,,,, 3 . .. . .o. T . . . . .N.
.'a

,
., T.. ..

b. - . ..
id,..%".'.u .J. , ,., N % , . . . , . ..

I":rce vi m.b . n> - Imig;;,a ,*n.. g g.v t ,.,,.,.,.
.,

g gY---( H
~

9 ,<,,u,
V ... fie--------- ,

v tg[;, M '
****"'t' s ,'%, ,

5 .. . , 8 e@',......Aa
-

r--4Hto , iow. r
r----------,

...
'

"h'n**nu '

g ',,A
2"O vi p a,nu L

,

i a% Q: I'gr

t 9 *; V 8) s.c.- .m l 'at're ,1 -
af C ' ',

- t,,.q , ., &.@4.3.,u ;rg, g;|*'.y
s

1.c . - - .
- ty.y, i. s.#

t, A,,.

}iM*'' '""

,y'g'g'''**t.
/.E*. #s.' * ,. "'' g,y) . . .

: u.. ., ,._ a u ..

*i " . "f - - -

;s] w%.i .
|,s .. . -r e . - s.n

:ss, D ...t . . . - y svec . u s. :, ', - ?
,

,:, u-

, , , ,,
.LA . .ur. ,*

- - ~ .Y n.AhC- . ;:. ,+, ;;; - ,m y /; ... $- - -

ba n. n:1..
, A 4h ,...,3..

'.O! I ,,. ..v.v i." . .a =

i,.x. . h, . .,..o _
,

. . . , . , , . , ., . . . . . . . . , . . . . 5"'b ., N... .%,.

[gy,.a; [ :$'Q'.'3 :.[s
i 3
I ''6''*. j ee j

d'* ' " " * -

# bi $,(' '"i;',' - 7,'
'

LQ,*
. . . . . . . . w , ....

E 5:,, / / '8 ,; F ''" } " y i N .' Q _ _ .p
.1 % nc w ne. . .....e a.

...

3

-

s.



_

!
'

I Ii$ ..

l[""'."m" 6," r;; "Q ,6. -.u . @
. . . .> ,,,,, ) n .: . / ,y,. ' "

.,-e c ., ,y-

. . . . . ,-m
1 k. ,1 a_2. u"

i-:-- : - y-- . ,, e - n . > ,-
-

' - f-- Op*g ,,, L e.
,

>
., . . . a..,...,,.'( . _. . , , . . , . . .. . .. . . . ..

,u., .- ,,",,.,F,s _
\

-

.: ',mu.
_ ,,,,n.. , . .

.

t a..
,,. g , ;, ; y.

,

......u..n,

"% #.. 2 n |
; . e . n..

~.~.
, , .

.', %. . .
..,,,

....c .

e "p-
, . , . . , ,

1 :- u - 4.._u.c r y n,, m u.
,

3 .,L.,. . e ,.pD . :... cr ,..,.. x. . . .__, J ,/ 1 ,, e c:n. NI-* " ap- .m.e .
g. .

.
* ,c.s

.. imu
, , , , , ,

t .. . . . . . 1. . . nr- . , .2

'4, &?' ~,, ,.,".w.. w - 3 . % .: , .g ~ . N.===us-
..

i %..a.ul, M, -4 . >. - . . 'N.,u ,..,,,.

59 .. . ~ . ,. ...-...%.. . - .c ..
. x... a . x.. v

v .
,. .

. . . . . . . .2.
. o< .... . , . . n .... .i . .. . ...- .

_c =., 51
.. ,

. . . . . . . . .
.

. ,,., e~ ,= a,
m.f m. y.., w.. u %., v. _ .. %.. ..m , . .

. . . . ..m .m . =,- L . , , s,m ,,s,
w. , . , .

..~.-
1 . .. . ,

. 2.
.. , ., , ,, . , ,w_... m,.... ,. m - . . _. . Ly , . =., . "- -.m iy r..x-.gr. T ^/..

-%. -.

'

a L.e .. . :. .Y' a ,-.. .sn.j .._ -.

_.,_ a %.,

' ' ' ' ' ' ",m s e.u

m,e _ 4 3,y_... . ' 'q.
-~

g 1.. :g
.

; .)
..,..

.
s.... _ _ - ...~2.>..,.-._,V... .~.

... =.. . . , . - . . . . . , u . .. ..n . . . . . ,-
__ y.,. .m.

..-
.=. , . .

G.J_.M 6 . ~ . _, j. . . . . . .

g.,7, ,'.d...---
.

2-u\ y . - u.a.<....,g .

. N
.<.6ts .

.r
... .._ . s. -.

/ .:
.

_ . ,a .,. ,, mAV". .... ,. L93. y@.;.. a ..
..~. 'e .

.,
.... .

N'.'
.. .

i .Y.s . 7.,*/. "..":f.7",
.r . s.- . . . . . . . .

' .ro '.' yr ,.

7 ,. ,

x..:. ?...H. . F^vi he. ..\E. .. . .-./W ./ [ . . . g *. ,8. . 1 H
.. N. -

u L _,-._._~ e?..,. .. m.~. f. L ....
-

. . .
4

,

-
m x.mm.; ..u ;. .. ,. . m..' ' .

N .Ysl:U* [).a u x '* ***n u n.. ~ . m ....... . m ~
, .

\.''.MUVc "*"* 8**'

$.u. ,f. X ,@ /^ Wa. . y,J s :.m.n. .p, , . cm.... |
, .o . n .. )

| P.5 } n.< u! ~ '.q. , , ;. .:. of
' ;','' . -< ". A. . <.=

{:.:c,
y;;"= *

[ . c..
l m-~ ~ .-:- n.

"O ''.7. 's' UI.o
L'!J. L 'N V.' ' ' ' b, ",'" M 3 . . . ~ " " . " . " . .. .

"

s > /'
c' T.,.,. S. '.!. " ' ,,, , p]1 4.t N c., t.,

:
---

i. wca -t (I Cd y sw 4. s os,,,._4.,,W .
, , ** . s.s s.* ,.,

c@.. s %sp .tAa oo u ,,

a
i . s .

P-. sw nu a , , , , . . . . .
,_\ g .. ,,

|A - . '--Q . _.. ctg. h p cg m u. ; . . .
,

o w-a.7 .. ,,,g 'y',b H8' (s ~**#
,,. 4 k "*'' "S''*" 8* # 8 # d F t.M.

ns. u s.E;p ss tk., ,. % p.-- a
^ - --'....i.. o J, ''..,,,,

. . . . ' - !A . . .. * r ' ' '' ' .s. f.t.I'+
m-n. . 'a

1 e. ..e . e <

4 ..c.t ,/ N's-*n

)F |g4*j aa .e
'>

. J 4=-- Ma- Lill [ g' * ' '

' ' . *. 8 . l t. . . s. J. a,.g||,,
n .

e.u,.m, . w.,
4 .o u.e. . ~--

U7.'.f "' ' ' N *}
,; y.

... s)
, .t.* "',.*",* 2, -1.-Np t.s . . * " *

'\
,a., , , , ,

,, ,
H .-.

%
-

31.
y. s.

.

2 ,. s;. c,
.

- 3' 8 a w__t . nu
' " - ' ' ' ' 4 ;;g

%n $. . .L pj'
. g )

? :: ;>uj, ,.4; .u- a .i c
,

' 'J'' : 3 . .
*"*-:- * ^^ J''* ""' \

^

j s,. .. -,.

**r \'

we. g_ A
,a ^~ - , - s. g .. A , .t .e, , .T. . ' *

u

.ht'.c *: %,....i
- S

s ,,

n., m. s. u..o. , .. v.s s:. .
n

' %, .,.a . S,c ! g

- - q- g e_, ;g.gr," I.: - ' " -"-
, ,. g .c 3

| ,gw;p,. ~sc & ' ;W j
-

.

. . . .g. ,, y . . .. ..g.,..;....r.',,.
"'"

i FIGURE...

N.....
,, ,

.. . .

3, 2-5-- ' r.f : ., a 7 _' .
.. ;

'

. - u.w m m o i !

|- .

n, - -u .en
'b l 53 i

"

8803230233 -0/ . - - - - - -

-



u w
|

I6 Odlbs .u.m ______--d*..,,'
" auf t se ; ;- ' . - ~ . _

__

EMti @,'gr ~ ,."I j

+ = - y|.h me.-93y 1..o. qgj
,, ,,

@., . | odg!g;;g p.,( m'i1 i{ 3} ,

'
.

% T 2-r we
@' c. n gv.-= n =,._ _ s sp * *,' . <a -

,

'" " * '"
, ,

,.,
i 8 0 0'lI "1 |he .d t }d

'a s .
*va

| .gs A ..: 2s:.

gi ,
v. e t . s . .

g. v
W. .-b q.. u . ....s. w |**' g..

v.o;
. i= e. ...

<. T .c ~~ '#*
=,coso c-en .v. . _ _i ~

I

h ;.:.o e{e i " . b, .fh -% ;* T
,, ' L1Jg ..f' ,* 8 ' a o, y. w .s e a *U

.
**'

I <

.=| , , , .. M. /%
,e L... . 2. . , . ,

, - - - . .-: 3.a s s. . .

..is. ;;;i 'N; PAW ! ,qt - . ....
~

g..., g ~i * f,*
"

e i ne
., = , e . c a.

. , . . - - *
-

4(T'fbe:. . .: . . c c . . ~ .,, g. lag.,: o; r . . , . . . ,., . , :
INih [ d O 6 0j 9,y' . ' , ' . , . '''

., m ----. j-
.

y _utesE,L w , we ..*

8t *S Ia .f ..a
L *. .;.1h.3 3[a.30 **"S#.:8 E a * L e l f, n' * N .- e i

g

N' ; i.. . . . . . . . , , , t--,%* e'
R i.:.s,, ,

a u n= . _
w d* @

-

K..o. Peit31.JrJ,,g,g e ,~g ge as
,..

/ / (L.g cch. M.%
iti112 i / Q (t4 **C C';O=H'

m .v. s tto,o ....,3..,
, , , . e....

,

- . . . ..
to %.,, .... ...... .

-,

p// )p 3s..
__

, + , , . . , . , , =:.w O! < .,,,n.
. . -. . . .

A _ ... .. . " . . . . . . . . , .3~=p p,j ,,.,,e /m- -- ".. a, , . , , . . |

\p1TT@b = "'''f 4 ." ; Y ,, '

*memumimmuLumuma
.f.,.',h. " ". , , .

, . .

e - -*.-
I . ..

i = - ><1 --

....H...
, - ... ..

,. r-
c 3, hv 0 ... .. .. , , ,

%e-. ,
s

~ y,3. s.--O
, s,.,. pt ..

o a.,,,,. . . . . . . . . , m, _

".y *.,.a, y" L... ...

. ' . .< v. .
E st,.

| ,. t . 4 e .w , .. ur. .. ..,...,

--~ 2-ej,,. . . . c. , . . . . . .,. ,,....,

4. .. . . . .w
.

.. ...,

% wanale on
-- . ;;;~.~u|t{

,
> ,. m. -.. s, u = -

\pcriurtC M , s { _ .mg d ,,|/,-),5{ g,sj** r.,
, ,,

p.*,., %'.;,u':,, ,,o" ~ " "' ' ,*, -2-w .- - - - . t . L.

ei aa 'f .."( ,, ..

ii,.. .o. .e . .: .

. .A. p : e.. .. g
m*. ,-- - - . , , , ,

,,i o . ,...,,7 j") ['., . .$ t

*='s..s
- m.,w ,, ,g p' :u' "- .,i s

,, ,
o. e _% ,w- . . W, s. . w wa*s.

g.mN e tw.. m ,e.;

,
i :,.. . . .

.. t o s ,a...a. i. i s.gei< % ,...- ,,6, .cf, .. .s .a. . . . m.. . . . , . , , ,o .cm- A <- :.:w . .M. *,/ . . m,s .-
5 i -- - 3,

e ,l1
d Leoa oF,j i gM,i

. i i m-.
g >.m.. r't 8? t. {

, x

pg A*.M .
.o..,.. :.. A g r p, m..s... | ,. , , ; xem .L=.5>=.,._s. m .

i .- ,. ys a. c ... to_

*

; v - T Wi . .T ^ ' - 3!,'." ~ . t.m .... .x!.?.?| '.",, ;.5,'; , '.;;y ' N,.. E. W..
,

.. . . . . . . . . , ,
. ,

r

. - /t _ '" - ' - ~ .a e e . n : . e,

m a t r+ t , pt v ve . , %% . ...., A .3j ,

.b.'." L_
11 ' " * " * * . e:.ts a e .

|
, , , , ,..

, ,g, , . . ,___. --> e c = u : , , , ,
.C P.tt s.# tL4 st.t,,, a s .cggg y ,y, / ''"

e
''t***

*I'' I '', g , ,
spg,?.

.;
_

.

Q[*t 6 *a f .:5

e |.. . . . gE c'

h

p'inio!.n j t' n.g,i f u ,y.m .h 'O** *ms u " 'o<'d el. n. 'Pd
1 '* *

d"id t hp'. i D N'
e L;a!:he**Hp,L,*'

tE

%'' 'jt

P+1 = ;;4 h
, = -h- 'liW = U - 14..

-c: ;d {j[':j y,Qe.] N^. q,l g Cc'c =j %gggg< .s'y J .m. e; n. n
-:N 2 3 u:: ne g

- '':* ;e2 , E: a i; ! ) ,=,.t.-
_-

y. -

.,:{ g._.->2 ...7
1. 45n:3; .

i: , ' > < N . H *,4,, : . ' : -,

,

, ..

DI
u is n is e e,

*====.s



-

.o- s+e e
_ _._ i m~.J_-e t!TIRi%C($ j a ,ft)m

Y ' t peXttl'Jilia;aaw i 3,.C 4 8 :42 L ir mitot ala.cte
iI' EE J . * 7.

D(figi',4QaiC Co u. .Al ,lt nll;( $satC[G.
ufl.b| |,

s. y i i ,i i +r , I msm ..acIq 4. 8 C I agg's.gvaNh g (y.'a X g'aQat:$ y Svet Ag (.

4 a**.ig.S?st ';1 igg *t.vist *la;Lav$ $((f t:rg Aa CL0.nt va.y($ n$faaJ3.ifie
g-s

f t he L ($ M $(,af [1({PT NQ
\* @. t i 115.(3 a Mt 2 .ing g. gg.(;gJ .c ppg

/s " -"- N "! j gas;,. p s. c o sm.: u lis.o t ;r,7,<,x,4='y,,.i

-~

....m.,
-1,,

"oo
, . ,,ri .. . . ,a , mu , , s, 4 = tm'

\1 i .' A '
< y( 1p : ac t Ad w w.* N #$ WMM P4J 13 e d

n e. .t a d q g g g,t:g ;,'W..gg ,g,.
4 40y. E t t a . l *1 *&

.
g l& 18&?ti'ill;X'1

R=vg--=_M_ineqiymen._J . IL P t'' G 8' 1:'$lhJ 6 ITA%' P!'(
_

(V1'CA4t: N l'au e rt cariCgw

iym. , if -' .G..ig a

tutta;l:u. $G1 41 i rt. At]48 N CO*AL tion TO N

gi.ig pipp,A4.a%f P
w'.aL4C':4C

CatwOi 4 = Als k Cwa A Sv51w ,LCt Cl *. e: a> . m. e
; g,.cya gg g;sts 3 n g

\.'a's/
e' * $4.~T* t N sedJ/e.

,,c,
m.3g,.ogi N ta to naaig ty.tnog

|a' / C4Cl . C4.W. 6 vL*4 cwt A lv$ftw
1.. . .

1, , n , , . . '-tO gg s te eall LN . t'l

i4 eeg u.Anity.pic( & t's 5 $;,e Pg(3., g
S / 1)'118! J O'* ; i&d a 4

' 7e '98 gg;g . Ca(e.;c,vA,q tp.t Agiggw Al e paCLgg ew% f AJ apreci. 33 (g ii;
1 (ff O 1 Cw; na f
a.wr e ev C:c.agt 5,.ineu6 N il LOCA't ef 3 6%%it:'.a ll AAf f "Di c a.b($ aP88W, , , AC S 51W g geg #33, w,ng;sa'

T "" .M T C*C5C!!1
|t b 46 Elt ' .*$ m al't :s t nia. Sitit se Lx,g *ggg.Ci,g:t A C% V8 P(I 183' Ofit aLCte

p, g

g pg , --Yg .S-C A T
.; nad J t'i. , , ,

au g o,,g g g, p j e,n,. g 3 5 .,.:s asu insa.s.sse, , , , ,.

..,. ; .,,- \.yM, . , ,
kt' " o.9. . % 15 ) *L.4 ,msanw ro txe eac:,a .es

o g,, A: , ,,,aa , . . ,,,,.s a*m.
8,4 et.s $11 SUt*Y AT s

,g a441ut a s=Cm and DAN $ $mOg3 3(M Ne"l""M "6% ' th 'J 1 U 0 ''J *s' s ;.:hi:q p' * *#'n''s' I A "c'i:uc''m:ieri5$ 5 v

[[ .d'$, g i.' ,. ea se' pec e4fi:,,s,,A
, S 0VJ 8{ h M $att vtl'lf.AtP,Nd

i

M'h g .,gg f l. LX.*l 80Cf v.sv[5 at:4 8 (,g) a fi Jpi (y/"" %..7,..... at.Cfoe vt$sti u:'2Js
v.n t

33 ,o Ca Cal aut s.18 * J 18 72.
r.

LL.%CN or ieg' J; 3 sg:n pip ( 6 psf etiu 3 trgg.'f. *-.'-) vtN1 aL4.5a
. , , vit * tt .;ts in sit A3 ta to 3. fJ 81 a waiw.w :p 3 TT.= 1*L 't 8f $b891 Ll%GN ;# CAS U

Cf B*d tu%:f CJ .S f 1%Cu Piet h,81't1Aee,' .te i C. f ais t.f*(d C fa 0s. f3 84 a mas Ani84. f a it C8 D Cy a F1'f' **O"''* y
L.x,a6.aw is.wso% 5 M

Aa IL SC4.'NJ ti 7JL.

,I, f CW E t.1C.a't :eitect 4 valvt al heat WAS'#' #'
fv?C 15Aa%4 natel 't3f C;8.%IS:8e al PC1$ig;,L A4 C4 tflC{ PLa'! gifiq a**8 488

64 tuI) Cu W4 l'e'il fit t64.mf"t.R f$ itt9.
. . , ns... wlntAm a watets lasa a=3 sass. nos.n .s*

t,tcii.s ets,ni,ctos: oeiriCt P ,a's,c,s ecs.6 iwreg ws.g g ws. gu no
s igi e gag,33 i,c,a ag 3-

'' # .m a a vru r i.A:t:< msm set, ir ~.
.y ,.p, $1aLLL) 14 La04 Sf c' llXaflOpa ?!$f 3airt

Q["''*\
g *a esa os. N B r'ie a lea:LDE cap 141?aul) Ch N dis

M\.y . . , * M mc-
- ,.- .. e e .1. .. 1 e mme **** ** * ,s,e.a.s. . ,,, ,,.. _ ' TO DOURE 2 . . a -. . . :. . ..

-u n . , c .
.a .gr,.'. "T'-.

e 64 - u 4 - - a.
- ._h,. . , s - m.... s n3.- ~~ .-. ,. mm .. - . . . -.s.. s s '%,-

e c .3 m ~.
i 3 |... Cce m a

. , ,

-
' ,

. h. - > 7* . .., Xy . h<
.

T ,,.
,.c ...u% H;m, , .:. r. .n

%. ,:,d. . . . m ,&... ,C. ,,, t,w' o ~n ~> ~e
.3, , p. , ,.,

- .wg.,,..., ,,,n,,,, . ,,, g.j v . w - - -

,.., j 7 ,,3

. . . . . _ ,

3 m.w ,.,5j,,,4.3%''d S .s
g n.,, , , ,y

..r;: r_ - ,{ g ;,P'>-pm.j a 2
. .. n. . j h. p,w,M, m s

- - - ~ma ,
6

, , g. , 3, g
&

. t.
g;;;.i

.o. ,. s ,, , 'y.:, .j .. . . -,

~4 u~d _s::x. > = 7. .2 , .:'d , .2. g Ma , ; " "'' % p.
.

s '

su,i.- ;

.. ,.h.n ,,, , ..: i . n.u
a..n- . , ,a, . i a -

H pe
j m, a. , , ,

~~

v, M . 3 's y,j. 8,7 aJWpg ~: r '/ ir

(; y;I, an .[ck. .?
], ..''"- .. ..n. js +.. w -"nj , ft 't

, , ,unn Lc_ c A 2 y 4o, -..as:' E 9

m;y ,1@. , O.g,,
f.','.R.;..

.D, ed * t 2

K1 .. .. E -- ~
*"h

i

t *J. ~Q:.. .- n - " -4 gy-m --

.J g,i,i,aj - |
.

. n . q- . . . . .e .m -t , . .

. .~ e . .:
.+ ft ,. , .,m j ., .

, . e.. .m, . , , , , , ,
:- r ..a , .

1 j } .x .a .. -....a. ,q y - ^. ='g- - - -.

i o n .r. , n
si o. A "i G'k-.

v --

,,'|:w.h':!~./.,,..,[C
c .. , . . , . . .

\.y 6 ~i ;.m

. .m . . m/ ' ' " 7, -
*a. e.s,,,,, -n n

x.,,,,, t. . : ,,_.._t . . . . .Y-p;_ c.t. s.:ua em g
b. -.[ k .'N j ', h.g.O hd ~ | p; N.'94600MCOU 6 '"

_ .. _ , ,1 .n> p Al A W. . ,J c. ., f . .. - _ : :n,n, am...c n. a:m: m. . . w: ( d'-
. @e r :,

. . . . . . . . . . .. . .. ._:p.-ei e | Ni- is : sp.n. t; c . .c:c. .. . .. . A., , %s i ~ w ... . m. .. .. i #
.- .. . . ~ . . . . . . .

, E..1'..y @s
. . ..

e 2, r.9086. :, ..

. /..;.;;.o: : ;. -;. ;.:. :. .. :: .- : . i .- [ ' t n i t .c e e. .. FIGURE.v:. . . :.-
. .

'-

, .-. .. p y:; p'e,Q,g& -- ; t ;;:f.. ;,".:;; cc. .n r pk '
~- x _ . .i a n s e - s i n-gp s

$, .

i,e

V.g%js
e. . .

" - ' | ., . o . . Y =- e..-* * * *

, ~ ~-- Q1:j: %'.1._
. a a -- ' x Q- 6i--.

- u '- ' N _.1. _ t._ '.- .. b- p
_

g_gf
-

n, ) - 1---
"

L.. v.u < a :,
.

xeg,. il y - x.....,,

..,,-
, . . . . i . .,

8803330233 -03-



-__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~

triititititilitit:1stGili ("UUuppvPPPPPPvvPP (m i t ' ! s t ' t ' i' 1' i'i,

| e: _|_.11 .!..l. i.1 4 6 3

| .*"9 y,
.

; ' 9;,
.

| T.; 4. A...
H t. . . .

U ;;. :.
__ .............. ......

6 . . ,q,.. . ... , ; <

g @ k,.- .~@ t@t ,..,. p .$.3
g

, ,
.

Mac ,/ <;-|.
4_ ; ,

l. .d g
. -n. n. .

J,,, ,
_

. .. . . y. w.r...,.

eM .._ | .n 'f .
. .

I "_. _ T w., .

. k. .i ;; cc. $;, h. ..] N, "" ' - E* *J--- I. < ,.
E ~

, . .

. '"'@J. ,: ,;r : ~ 4 ; 4 -

v.x,o..
.. .,s : ta . . . . . , . , .

re 1,T *,7,3 : @' ''/ I' ! ,

.... -- : ,. 1 .g0.ir
Q.. . . .

.

eDu

.. .:c "4. ' s: '3.., .r,; -
u .- ;

....i

||
n;,. , . . . ,

- ,s ,,

@:,r.nm.
,. . .; . . . . , . .,, .n-~~.~ ,, . . ,.,

. . . , , , . . ,,

. . . , . . . . . . _ _ _ . . . . . . , , .;
,

,Q,.
.....g g _. _

__

,

__ .5-.a rm...... . . . . . . . , , ,,

I v..
.n s

; - on ,tuta c,g. p 1 o .; 4
.a a ei=

1 x ew ::
-

2 y (~ + ..t -
c ,,

~
1 - n,. .,o:w ,,==

I ,, . . ,
s.....y...~..._. -

.g. . . 8 ,; *rrr .. i

.

, .
,;; ; y

* *

7, $ 8T'?'
g&;'7. . . .' .j ts- .. .. : pr

9 y , !; :- >.g i. ~ " ' "% .( g tdy ||
. _ _ -- _ _ . . . . _ . . p_--

:

,,j t a.N
.I

,,
-

si
is , ' ' ' .{ 4. si -. . , , ,:-

8 p; . ,.. . s i. C. l
r

.

g+f.
u. . . . .

1 i.

stA || . -.

e-.........y 3 : L-'
,............

II , . . . - g .. a:( .f.: . :__ ,,,

'

o... i . s., "i
. .m 6..t

. . . - 3. -
, ,,...,i.

,I;. .t .i
,

i ;
, ..,

! .ga!' .3. 6 % .D
s. ,, ... m..

' 18. 8

I| t .

i * :/.(,.,.. i- 3-r r- . _ _ " .
. ' .~q . .

' " * v| , a

I _ e re ..' |, : 1+ ..o , ..

'a,.n creun

Q..'.. .

'.c. . . ..'W ~ .-T
"*; | ,. : a. OW . . . .

p@. ..t
e. ';';r I .,a

* -a .: i. ;, ;. . !=. . . 5. .
. - .

, , <6 s e., , . b. . . yr ;.'

~ (@ {- - g , , . .-

m,, ..'.'
**

i ',
A-@ ; ,9 Q. )': ,. .$ ,., . . .a. n ..i

.sj W ;|
. ..

.C.'.~ L ?s ,i yy. - . .
,

Ap
. ............... .

m(i
2 '

rdw I. . * . 4N*av

.. .- . G. ev#",

| $ '1,
'*

Ie. 3
' ' ' ' 't a'; '",-j ([

- F qy 1 . .,,, .......

8 " ' '

, yp . y . . .g ,.." xgj.ry: :y,.:. ,r. . . . . ,
i

Qe{ .,' ! ! *4 _ ,q ** " s. ',:;. .- mi. m'.'l*

.;:: .us ,

ei .:= .. , r., .. . . .,
.>% o. s*C

I,.. t ."'.r.
*

8. A: t
a

.4-

ip* .

i)! .M T. .~.* t. . sr.g-)_. 3 -an ~~v
.

y.
-

. u. . .
,

a' ?. . , . . . . . .la-
#.ees+ s.

l

A -' ''
- -

, + .
. . >
eb O s. - ..n..

g . _ .. ._, - 4
,

- - - *

g 4

. _ -

_ _ 7 ._ _--

_...__m., . _ _ _ _ . _ _ _ _ _ _ _

.-
, , ,

''"*'9

__ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -



1

y&M k

.

1

|

| ppp 4 rni iiiiiiiiii.iiii r,iii! i _i _ i it i remi i i i i i i i
.

r

-.. - ,.,,
.,, , , ,

-c, - -

h

' "
|w ~. i.

WY '

gy.i .
E3gj$, ;

-

- -

... . . . . -
e

r;> , , , ,
,, w . ,"*m,, .ir.. '

,. ., I . A . . . . . ,,
..

: .I ~ ,, ~1 I -

.. cm. .; ...
-.-- < a.,. . . , .

,, n ,..
. . . , . .

1,: ---c.. .I _a
. U t |tl A'.

..,.. . . .

r 13:
"

: 11 @ .. ._x.Je > ; !
V .. -. - . u;p : . :.? 1if g- y;'-- 1

.

-

.

: | P ., , @
., ' T. .' .1 I. . . . .,. . o sm. .: ..:..:,

-%.

.

&.., . sh-.-,
.t .i . , , . . g. m, -

'' '

7.c :r _,, , r . g = , he, g@.. ql_1. .,. ,,g@. . g"*:|
_

t....,.,..,..-..

'- g .: g.i .", -.@% - + . . ... @ 7m f.V. )'
=.vs... .,. -,.

&" i **W 2.- ri}- 6 iR
j%

- - . * . w .. a

h-@.a.
,

: 'ju .,

6.. G, e, "t. @3 A J b'* :'
.

I@e
e es

_t .--'t . . . . n , . . . s'.. ~-. . . . - -

@. 3
-

,

7@.Q7'$
' ~ ' ' 4

HG e;g ,o B::

,7. . . .: 1- . 2.L.: @;--
> ; i..--

, , . ,

. . . . ., i ,.

:g,@ gJp..:::..
I|'O. ..i>...

,r. ~- - . .

1.. . . . ., .g $*. . . .

A.r..n .

".,o , ,h.
, , . , , , .

w

.# ,L,, :>.
n.g. .. ,.

. ,

by ,. ,---,, ,. ~ > .:..:7 $ s.- p;2. . *-a a r. ..a b==
~. . - . [;

~
.

,. r<~= <> .

E' 5
-

9'
y:-T,-~r;'.: i.:.:': .'~ ,c" ..ammmmmmmmmmmmmme

,
,,,.

::,.:: ::: :.: mr::.:?. ,e.. .'. TI, y; ;,,,,,,..;; , g.;, . . .. .. . u .. a
-

;

,a,..~,,.,..........,.......... 4 P]-{-}-(r .
~

,,u ....u..,.
, ,

r j ..,..i..,......s.....
, u, r .. .........a

| * :n. u'.;:'./.'.'t.1.'.,*.' ?..*/../.:,. =. . .*.: '.';f.4, * " * * *
I., d },t b.,.

..i .,.. g .
-

. . . . . . ..u.,

. . . i . ,,..,g.......,.......,,.....,,.,,.,,,p y,,.,.,,...........g.....,, ,

M ~

l@} ". 7 ' s,,i U..;.'.'E...'SI'.'','*"/;VF, E.iii.i' W A u U n8A e O nn-. -.r.- y .

\per!ure Carelp.1 4, O.; -
r > k % +-- - . ........u
_ .,,,~,.....,.,..,........,u.,..~...o,t , . . , , ,. . .... . ....... a

I
Q..

-

.u,.....,,,.,a..,...,,. .u ...
\ ,- . . . . .. ..

* '" =

. 'T- T M
---- < . . ... ..,.. u.,..u ,,, ,. ,..'- -

-@ ) p-- 'g.39_W.M,',tG M Tt
.

: : yg .. .- i. . - .,.,

p (, y. v. . )G, ,
-c. 4

g . , - g
,

t
~

! ......u,,.... u . tog . s m .s.,
t

~'
- _ . .

. . .

.~. *?"*1.M ?. . . .= .i r. . ,_

' ' I. re< rww i -*,.2 ?.34 l'?.141r'.L.*" L .11u u * '
*'| | CV '/ 7, i 'N-k' . ,.* [ .'. ,*,' ,* * M

.m 4J.d

t ;'d dj|$% 9dI *
8- -< " E.x.'c * f ** ]_,"' d*** ''. , /- -. c.a , -- .r . . ~

.# n.. % ..
-

, , , .
4.s . t ) .5e .-*#_,-t.**w d* 4. t J . aan

*
'

0 i oN'<10 /I'.,'; I j9.0 p 7
_

's. MIM,1$f* = E . g' P d'

<.,,,,,, . . .. y a. . ". .ma _' .c . .~ . .> .
..

rpg .
T*

I
. . . 2-7

{ ,
.s* . . - - ... ,

b o n a a i a i e | 1

8803230233-03 e

m .



v w/

'4 p. . t. '. r. [ .? o : t, e .i + ' .u.n.o.e n. i ' .n.1.> i .l m. .t . u.t F P'. 1, .I .I .I .i i I I .I I ' i I 8 '. .' ' .' .' .' .' .I fi*Il!
~*

-.i-
-

w. . . . .

I '
| Lit . W *

__

H

l

/
a . . . . . . . . .

|.... . . .. [ '*%[a 5. . .?. '.S. ?. . <. u. s i c
- gg . . . ,

ie... ;i : 4,4 , 23,

|- Q "'
9
;en-o r

p a t=. e
t='. . . ;e - .

~

e
gob

^ ^ '

4 erg k- 4'' 7:g .

NL P+
..

||-

| ,.. , , AM t1- . ; ~r.
, . .o. .'t.r, *

i , . . . . . . . . . -..
pygg .%..,.,.,,. . . .(. i . u.n , ,,

u.> '!L'"'F L|
b *p,j,v.. . . .

. . . . . < ' * * p i $ %,, "W........i

| ' n- .. > j e .it .a 4. e *e s.

[ F.L s..., -y DN. . . ". . L" L w Y
s ._ (| 1

.\p.; "' :: 1..: yj ..

.u. C .. .
,1

_u Nii L.. L..

-

t -

a 2

: .. ..
s-

y sr

oe en,*. ..O ._ y y
--

* T- -enc.**-
v u i u. i . -

| 10) e...,'
I -

[ 4

8|. .T* *.'. . .O.M.. II.,,, 2 '%- .';o we .

. . . . ..........;** &~&... T * * O*- -Q.,.-
......; :. i g , g y g.o

I il 4*A k N'".f"*hr''

''pp,~^.

i *M e'' deE:-

g.3 Iv'. 3',g g
s :- --

p ~4
,:'

. a a . S.
-

.

c
, , s.nt-,;w;

*
L . f.'!'2. .. . . . e .q.. u c6

. . . . . ; ., j | g,*e [' * * - '*"'-

G....u.. r.i
i .. q ,,

.

. i 4 ....I k, y{ .. 4'M[n.rxE pf ';
;e e e' ii

- '

s.. 4
. . . . .

i ( | p-
.. n, ~ sq.rg. - . -[

ll y' .,

. ..s . .. . .C. ^eQ. . ** h k' '
- -'- ''

.....i .c
. E, % ; ...... g

-

e

- - ' -
. .

( * ;-Q . . (g , p
e ,e . . . . . .* I ,.,, r .

-
r....i Hr.. h m,

1
e.;........ 4

efQ' :..:
1 ,qw p -.d" , , o

{1, , '';fa"? - . . A M w ., .,,

, g, e , ,
IF v '.e+=* _-[. . . . . . .

gMs
Z, < *

";'?} * * ! . .% . *+ w - p r - '
,, a. -mq.3,, , ,.

' _ c.'.y 4i
. *t s . .

.%. v.cq.w.,m.....i ;t,.b .' -L. -

=

<,.; > ., I. .i %> . . < + . . <
. >.

t
, s, . . . . . p

t
- e 1

*-'-~.N .,h .4 " 4 *. * * "
- -

-| g i 5

;- ~
I



.- _

i. !.i,e.i.ii..i.i..i n9 t i. i. i. i .e I I ) .i mm. i i .I J l .i one
.

.,

i i i i ;

l j.
1;

a... , . . . . . . . . . . . . . . . . .. . . . . . . . . . . . , . .u.k. 4
. . . . .

. . .. 3 g i,

. r.r.:.n. . h_ . .
t. ..o. . oQp --- g ,p-N, .. u: t i3

. %*,w.'4W c . ' ' w
1 . . . . . . . . . . , . . __

. u. . -9-... . . . . . . . . . . . . . .

. . . 4 :.. m .r,,
.

%.. .
. .

e, .~ g. . . q;_., I ..,;; g . . . . . . . .. . . . . . . . ...

c......, .
,

....

.e m . %, .|, _a , ..
w4

. . . . . . . . . .
#_ . , . .c:. . . ..w a ,e.a e yg . . . _ . g. . ......

,

.. , ,t. . . . .,. . . . ..,x.s .w~,- - s.. . .. .

_ .

iuww
.spF',RTU,RE,

.. ."

W W [e.A4W h i
-'" A m s'

:
.

....... ......am
: R e.t ( . A. { R) -| F.c "c'

L . . . . . , . . . . . . .r @
.

, y
, . - ~ .: .

.r .
: s -

g:
-

' y- m,,,'
+e

-

, . . . .. 7,np ,

A s......,.... : : Also Ava.dable OnW i :
.

. :

..%. . .. ..~. 'W r. t . a. , w ... . . m. ..m.:. . m. . .: . . . . e4
~,.;

. ,
,d Aperiure Cm,.....w..., .. m .

. .e. . . " * . ...n-
. ..

:..
e

. w- w., .oa, , m .,n u...,.... t
-.

.. .e o .. . . .
;M---e / **? '.' 1] - - - - . , ,- W *, !=

- g. . n -
'

$
w-.,^ , - v

p-+. w. c. .)g.<y'
y $- . 7:..t--h,~ a. _.

<g, y .r, .
r .

.

y. , m. +4, q -.- -, . . . . ,..= 1. , F - : a 2C ,, n .'w, a,

. o. * . a . . '.
4., .m'b q3 - - D% e

n 1,.*d w*- u g.
,.y - 4., e

o., , ,.,pe .cn.uw p,, s .-.e s . sw...ag .g .,

. .n .+."a r a 4. , .. ueu -
.s

*'' a;,.. .- . . .. . . s .s.,g*-,
e %."o...... _ r. c**

I.a

O.
s

:

3 p g p....p, . . . . .

M E I i Pei oiroo3ooo90a281. . . . . . ~

0 , . . . . ." 4. . ."c. .'.N
' ' ' . #. .* . .. 'm, U5

o '

Mu... . n r. e u.. . . ::::-
::

' i i i ii1 -o ===u .
r. . .n., .

,%: & g g
_4,~

- /U' %'ef" . .at*4 ,' ..' / ; y | L
.

..~A te ...i. --

t-

m3c - "t.A.y'a:,/"" "8 g--- g , q* .*},, 7 ,

...,,,e..:| ,;.g ,;,pp.- R.- > . .
r, . . .. d e a e.r..

.

'

p _ ..,',, g'.M/ * i - M*
- - 11.' S"A r;,s q.2,,,,3 r. m. w- ~. ' e *

n y .* e =, =s v e wI
J. nV - #5. L,=,. . . . c s.

i ..

, . . . ' 'I.': p2pC4g .y*a .4.g .
Ag :

,

4** -.- , . . % ,-

* * . . , , ,4 (,( a
.,.y

i

,pg '' 1 { A, .. n . ....
..

i.. m c'.. w ..m wuw t 0,4;(c .s; , p u..uy *
e

- n'y g
Taaf ,,,..; . . ; ; r. , ; . ,i !'8v , 8. g - "-U' . g. A =.mca m; v- .a

. ! #4
. . s e ,.

Li .'.". 8 P I .| |;s. [.u ,,,D. . ~T E : 4... = .r.*,w .= h i |
'g p . n ,, . u. ( g . " < .e - ii -. . ) ..

,) .4....,u:Jss( 1 3 - . -

6..

[d ..I*
e .i . , ,a .:c,,...... ><: y 7.

.

_

........s..,.. . .. w , i
, .

* * a..o.v. .t. o.sn .:- :

. . . . .
- .

'."*"'
.

1 r ++- ,(.)s fp. s.::
,

. . . . . . . w
. .....e.s.-.

,wp. - y
v n. u o .... Q

," **p'...".* ................ . ...+.~ %%. 77. z.. .
..,....u.m
****v:,

3 -'- m g [ sia- 4. o . . m . . . . .,. . g.,,. i
*"

a,,Wj h- - ,.
m ,...n... ; i c

. s r . . ,a m.
. . . .w. -- - - - y

e ft?',T shp***@ Y ' :,[; .-(L.,.,=.,,,,,,,,,,, a ... c,7py.v o.
a. A
f. . i 4

-

y. y. H4 . ;.;" - + .. .;-mE _.qg
jp < ; c . , s . . . .... , . u

,

Q 13 ; go., m. .. . m :.

ig. , . T T..w.in. ~ ,g c. , g.. w .,=;;.;;m-4 . .3 . ,,.u.
n..s,, u . .n ,n.o. 3 .g.,| ,g ,. ;.,;; ,, ,;;;,, gc g . .g,,

.....,,.i.,,,,_,.n-
5,'. W; .. .:*-H.'.M t1.". . cc.c gf, vr. . _".. ,%.C
m.e5 m eua"",

..,h-8':.t L................... 1 -- --. !>G?%+ f ~W j .'j,y,,;'s&' N': a:m,- a
f e.: . si,. .y w. * *~ ca.v ** W*+3 . n .

f
'

U,j . O) * *)3 ,[' f*]",*,*,'''''*'""'',',*,*,* -.
,

i l , g.,q. g A.yQ * ~,C,. ft

- n........,.......i......
.

A * . i . m * ** . = * n . * .
1".

MK. . . - . . . .,.....y . m

u . - .- .
. - . , .. ,. . :: .-1

..s. ,

s i. a .u . . . . 1
"a

f 8iCHTEL -n..... -s>...... .

to ... . A ,,.; <

M, o v... --w o..., - n.

t** , , 8b f g TUTl8.G.h.lt .ll l.t, T. <C.C.0. .O tlc
. . .

-. :. y -. .,, 2 :.nu::..a ...........::: :a . . . . . . .. <

c.
.. ~ , . , ~ . . ::wm. A,. - : r. w...u . n m.. . .

. . . , . . . s,a i.e - e muu FIGURE
*

m .o
.

.

a _. __ .
. . . _ - - m ;;p:q.g.um e m sysm

r wt :* " - w +4 L .s).W : Q~8--

:k .I'd r i 6118 | M - 2 | 7 !l8 .

,

I-

t 4 i e i i

8803e302as o i
_ _



r
,

m*~~-

|

62O301 f.j

J

_

i
. ,.11 .. c.N'.:'. . .*'

' ' *,n''
-

*
.

. .. ;
9 at .2 t -

,

:. :. . . . :.
.. .m.~ .. c

I ''.'." d ~3fg' ' ' '
-

,

- . . .

I . .
1..,.- e.v. L. .. ..e..

- e+4% . 4 .. ..-

^ W ^ 7.,i.. ''9..%.. .Y' _ m _ m_ .. ,.. .w.. Up ;, '
.g. h -+* . . , . c. . . .g...

TO FIGURE 2-9 A -' *- .a''. A " ' *
. m-q;; . . . a

* * " <i ' * -
'tG ; W.- A...i'..-,

...N y ... .
. . . .

A .e*h.4.-% a e,
,

.*b:o', . . . OA 7
< t+-*

_ e .

:..ts.., '.. . . . . . ....

i '.o ;. . . .sens ---- g .

+ ..,,'s
t

,
, t ',*

gg ed,.t t;g t ' .% ' . . *v e. *S g
|

|

. i . . .. ./.L:)t
,r is.

./.. - - - - - - - - . - -

,a - s . . e . .,.
.ns s ==J u . ., w.d --'

,

. . .g
g.u ,

,_

.. / a
4 amo

#. .. - 1 ac a, s

~

.; h, "m[ I*e Vg'
!

E TO FIGt.'RE 2-9 A. . ' W
. .. ar. e..

>

j .. . . . . . O ;

:
.;;,,.;g,. . " " * 1 - ~ u. . . .t ... i. ;".:_. (- .

i ;4
. / ' 2 .c w #'

i- . ,
- < q.

pr.
f I ,,

.='.!D',. ..s
k,f

1/
_

. . .' A. -Q i
.

[,.. . .c u
.9< 's enu.
. . " . .

'~ '''- [' '"* *"* " .*Ch, ,

' (38/
.

...:..........; $ 2 *.12 ** . . ,

' ,
'

N' _ , , .

_

., ,

.- .+. ----
. . . . ./T r',P=* * .7. .. " ,%

;: ,,

@- (2
-

| ' W i.' " ' . " . g. .w **"*

I g
| 0 , I Ie..n. . ,

i d | g [.as. .he. 1

O'.'" ..
| .. q
|

' '
I a....., .

t / a t.u d - w '9_

1 ........./
-

\ m i. .u a 1, ', u .a . :

s g!

n --- ;.T4 ,q g ;.,,,
,

, .

|

k|.D.... m. .n.. . n s.
'*

C;; Gp 4 )e ....
*:,* .

| (
* su, . .

,m./ a q ,a, .

-,
,. . . . . .

{,a y..
,1 -

t u. "..I ..a .. c ,y a nT1 a.. . . , . . ,; ( ; , .,. f I" }>
' . . . . e. 4

'|

_ . n.. . * - - I. . ,* - I. ,:
*

1- , .i. . . / .t.
| |

.

w. y..
uA' ' *2 | [' ' * ." . . . .

. . . . .
.. n'"' s

d, | s .,,;,,. + - -: =.g-- u.'....+..i.N..
#"'''' '

| FROM FIGURE - [A .e, ,

w
i

I . S'T' .. . 3.s9 2-6 "."2 a

,- .,,3 t$ C* * *
. . . . . .

u
... . . . . . . . . . . . . . z

_

9

m he ;In. 9 :s iMJ !+.Mit !!!
A:%p:-(.L)!, p1.3 r. a4 ipuu 'd5 n

... t m.,1 p ! (g m:M 4;l y.p.'r j Fiim ii n. p

11 .;. p g n jin b.u a.i.: p1 -9,l.id.q;;h:
h- , . . . .

N: m: .-
d ' . .M;q-ri,. ;. iin i;i > ;}2 i:c,:'Sjdtg.. d:>r .1 ct@ ;!n. :n ti. h:: q. ;d| A .

1.PUd.. .-j"
i

n . i i I .2 i |

_

| 9 |
.c. <

" w
. . . _ _



i

_

i.

!
\;

.

i'

k
i

?

t

i
f

t

e FRoid FMURE 2-10 '
, , . . ,

''..u,.. ' =% . . ..s .
, ,,w#a 4H46MM

.s
; f. ~ , 'f'.t.. .c*.-

I.M, its % - M --

> TC. P100RE . t-10. ,

-

;

g- . '

.

i

a ,, . .u7.'.'^_*
_ ..x. s T. . _ . - - -

-

, . .

i
.

.
i : > ! t

, . . . . . . . s .-e.>..

, n. o,i r . . . . .
a sie m .a .s v.c ,. . a.s n. i a.,.x i,, ..

.!
. _ . , w...*.

,jl .;
,

2*

, qp ,

is --
. , ' . w s w a. .

. %. .,.
. in. g .

. , . . ...a, .. c s . v. .a

s.,e
as - , A W .- . .s

.e uo m.. n a.i
3...vm .w.cup.1's ..a r e4

w w.s a wtr as e '.lu .'W
- . 6 . ... ma**' h

, ~
m....

, .m. n aJ
**. 0

'

.

=pem.*= .

\,,,,,,J i + p.
-

..s as a<

sr... . .
e.'s

.
!

,

,,, .c.diu .

ym.. . as
.. si

. . W t*** * . 8 *
5,4p ''.

.wW#W* ; 8*v

.'d'|.* - 'h'c . . . , . .h3' , * ' , " ,
|.W99 ; * ' W '' # * '. , , ,

- .

. . . . . . .
,

; ,d t. ..- .. , , , ,

. w .. . .ss .n.t o . m.s . .
- . , ,,,r* :e ., .

e .a v. . . . . . . . . . . . . . . . . . _ . . , cn g .
.n t , .. s... . . m s .n, .w I L** ,. p e

., d . O.w <l t 5
- - - I ,se

,w ' 6 ;p,f .,,n......"

,, um .ein,,
...,c . . n i -

ia . .

. , , . ..

.c ; , ,,.v .a. u. . .w.e; ioi.s.
... N. p... ,

: .u ; . . . ,.cs.s s p s.,,,
4d t., ..o . tW u8 ven-8.~[ , ,gi jg 6 n ,r '.

. , . R.* . .. . . . . > . e 6
i.H , f /, '

V -

~

. . . . , 4=..'".~'.~.-A 4. n ,.s,, y.
, . . "

n..
o..- . . . . .

. . . ..- - -

,. , m.,
,,

y, -u -'- ..- =
1 s. .u. .. .

.,., . . . . . , . . .
. ...u.. a. - . .. ..,. 's j

w . . y% y. t' ; = |':'' ts, . . .o:,9;
6..

m- ~ m ..

.. .o ~.u. a. .it. . . . .~., .. .,.:......,.....
-

---.
. . . . . . . . . ~ . . ..

.. . ~ . . . . . . . . . . , .
. . .

. . , , , ._.,, , s .- . . . . . . . . . .
.

.. ,. . ,.

~ , . . . . o|4 .,,,.u...m.
. , ;>.. ..

,.. - >

. .
n.. .ua . . . . ,.n . ,.tv . a. ~ u.. ,. m

7 .. . . . . , . . ., u .. m, . . ,. .>. . u
~ ,,

. . . . . . . , , ...~ .>. , - . . . ...ri.- .,-.. vu..e.c. -o.. .

L . ~. .

w . , ,,m. o . . . . . .. . . . . :. ,- . . -.: w , ,;v _
,.m... , . .

=M.,>. . ..,,.....u-.,s.
.

.. . .n ~ .~
-y tv e m ;~- .. .

%:........... (", r^p ,. - ~ - '., - .. ' " ":. , ut:: M'.': -

.

I3. ... o

tN80 hi.dable o"
-w' .

' ' , ' ' ' " ' Aperince em -- ! ' +'4 W .%
- .

.4

L. w h. %..
(. ,

i.i . . .. m.

.:c. -ac =::c.:we.uu ..
_. t ,_..

tany.w coc pw , s . - . . . .

,, ; .s.
_ . . . .

. p61 ,ed.. .f'0'.'
........ _ ...

p% !.C b :;;. . . . ...

..r. :n. .;, a .- . ...

:|*7 . , '.!: 7
._.

. D.D I !'. I*!, p!at 'ii Ay(e,''3 j'

.

;|4.!
'$' t behUt i. da i: p.)

i .I ' ll.*.'.*'t.'l.' Tf.f. '
;t '

e5* ::'.;?.* 2 7 *.T *. HD *r
. . . "=....'"*a.... .|. '^. e

> . " '~ t ",.
::"~ * *. *C.I / . *

-

E: 'b. . .gt 5. ":~iri: ~;.El J.hi Ph --%v .i i i 0,.E p.iV. ,n !P I
L ,4 - m ,. . , :...i,. ---

- - -
- ..

| 5 i .
6 | 7 | 6 | 3 | ? | 1

. , .

8803230233-o5 _._ -

._



es .

SE030llJ
=

3 . s .a-|
u 14.s i t'i;

m v -. % "'a .' a. . g" -
. ,

N. , . .7 ..: .

. a. s : t a ./p *
a ..ta.u_

u
* ..-

e i.., c .u. ~ n
.. ..i 1i .., . .,, , , . .

a. .t e
# '(19 6..)

g '.u. . - -C.u. *.)
..

Yo*
1 .igas.. N- 1

, g
,

s *.o.g%t.f.!|.*,1 - - *,-c -s: ' c. . . $ ...i.a . . yn..o.-

. . . 'C . a o
< ,,,4

'
t se . ...a

Og n .. a a g

= u "- a ' -' . . , , . . . . - , ... Unir U .s." ' *

4.f.,g , b w * "' h %.in..
'

g <

It. - . .n m. .,

g_,.
2T .%. w

'|i
! . s. ..es.e. 11 - 33 M |.\
t _

.'w.M 4
-.,

7. . g. j
-

.. . . .. . . m.

I'M "

-. E ., . -
. g.. . e.. . . ., ,.
- . . .

- ..a .. n,,

. -.a " .a .6a. , , f. ,, . . . . . s--.
' ~..av m.... i.....

'

mm _...,.l_w - ~ . . .
- * A A y: ..r

1 1..1. ... . . . . . . . . . ......

_ . . .
. _7.-c . . . .i %

g s, .. j_
. .

.m _
_

M:
a a - . ..". . mo. "m. . :' % .1

a
..i.. m., ...

.rr;;- \ d.it, '"-* '*'"~..'n + . . . . . . i=i . Ox..-

/ m.a. .
4 u,.....

. ., ....,s.,.....
. .: . . . , . " .s . u, ,,,.. V ..

- - .... .

W M-s....,.
n.

T,
<

n m
g 16 .:.' . . ~u

s'' _"i \,,,,,, /a n. ~..
..

' w.,.4. > e. ..m. 1 . , , ,f
u -m- '

.
. .. w. .

._
.TO TIQURE 2-4, ;-- _

7. \?/ k.. 7,.V - -.-
'

. s
|m.N. m- n..

'D
i 6T t

p . . . . . . ' . \....... gY
*

"*-

e , u. , . i / -
,._ w r 2. - -$ ea-...

.v - 3^ . . i i . . . O. A
i...i

A o --i c .I e.'in,,; ,;" FR0M FIOUF,l'. 2-t
...

*4.*,.'4.*f 4._ y ' g' '' :--
.

. g., .; ] h,.c ..
,

. . . - I

mm i, U";;. 'i . = . . , ,, i, , . , , ,

A N r--i s
- 'n+:% w '. ' .v/ 'W ' =

. n. 1 * * > . :::.u ,wi

. . 2
,W,ei ee a
n .

., , . . , . .. . . . . ,

ss
Ei7 - - - -i.

r- - #'a
i . r-

-
. ,w

....: .. .

.!.'r
- ...n... 6./ ;. _.. 7 \. . .

, : . s .i.:. .: q q,-
_,; i. ; g- . . c....... .s. ,

, . . ,
-

.-4
.-.. , .

-

& :*
. -4h.

8 . 3.d.,.]13*
,,

- -. - *

il t!!" ! r g ,;3 t h ,i 3 |j;.! Niji C3:-I'.{;n .- g; it ;; :,'j,.s>j ! -* '
-

*i ft'li! ?pli3
;;; i g g. s

; ,

w. qwim.![;ih:, . 45kj!}h.}.'p!qDiist.,:;.44t.'.1:ff ')) bif..
11' r. .

I | (!' iif .' 1.b. .i.5 F:,+3 .:.. .in :3.1
- .M g . 2 0 0;

s. % p:5 id k hIi. f $i
o..b,. e;

,

.u,emamesJ p:-

It h. I O h62 h|
80i4 | 13

w y



_ - _ _ __ --- _ ----_ _ -_- _ - - _ - _ - _ - - _ - - - - - - - - - - _ - - - - _ _ ,

-

- . . I.St
%'.' 7::.Ti;-hr- ;",:

4 Ah
-

,
.

h i m.. {.{ rysyx' ;$,'~~' ---

g m .;,.c.dd [--.s APy h,, PURE__.

(w |
o. , v,. . . . . .

....g, , ,

'' " y. CARDa-
1.,. . .

,A. .,

Also Available On
. . ./.. . a

,?;, = , -m;,v u-. e\perture Cardn...n.
,

AD. Y.
4"

713.t% 15esp .e st a: 40. . .;. t .ut
68 '8 8. . l.I' GP.XI)$ p 3...:,3

* L
* * * ' ' * * | . g

i

|
aestt o.rv.t f.W. .h. tw.4
T L $*tt

. h l'.si. 31
|

- L
. . , .3 m a g .T.1&

2 5 . 4.' 3%
.'A. .m .et.%9

,I, ,,g*d * T al% %ICtt%* est.r..%.I a:n titt sg. 43. ; n.
a 1 L3 sg %t. 4>= O j g lp . . * 6,

I 88
.s%.5 41E.4.

4. (.
{} .N. e o no .

T L 18tC C.i . ... . . .
s. :

T 4 l'tf. G 'tH. .r.
. .m..e

if IM. 1- .

~ .00 0r*.4 ..Ml
.ur'3 Ct.AA*T l.5'L..l *

$f .T .PV.4 2.3 d .W l.1'L.AC5 . . CJN

Cate s.'.A.I.|E.J.-t.0LIC.'.1ltlMs
T .*L

I
.CVCl .

$419 .9 .et t.'a dld? .I $ .es m.4JP.l
l.I.f n.es 5 us ttsyt.$1 * 11p
b, n sI1
..m, e s .

.,
|

g SmED M ? .3
i s= .

w( . . rt
s.w au e m er

| (., us
com,. ,e.m i

. < ,.e .

@6 [ .";.,; ;,gtI
. u:. o m . cca ..

= =.cna...a. sc .

.... ... a..u .am
. s. .- . . u,..). .c ..a,..

- =-m

W- . , kh .... . . am

m.,,.,..
.

.,,.n ., c

c.54A1
.c,

.,. i .c-.

. . .c . . i <-we. u- . . ..o .. .
85 8t11 CM 9809C .

. . . . .
.rtsy-
t . .<. ic w . t
a . . n..s sm . .. . i.s ti

n.,. .
.. m

...... . . . . . . . . ...,,.,....a,,.

. , . . ,/ . . . . . . . . . . . . . . . . su
..c..

.

..

.
i . . ......s

i m.,,

. . .u.. , .s n,.
.sc ..

..

k l
. .n .. .

s ., s: w e.s c..c o. . ...i....., .

.. i..u. mi. i.w.

m%,.6.Jg l C. ..c..s,C.s.. s.0. It11..; .g
s%

~ s.u .u . . .

. . s 4.a. 6 . . . . . . .

L' 'n..*::.::':'. ",":. W.' .7:
. . . .

i
. . .

|...
' * " '

. a. i v. c
.

^' MJ

./m 7. ,.
%.

.--

=>. w _ u .
. ,

. . . . . wn
g, ,. - . - -

m(...........-.- .~. .:.~,** ':.:.'*.*.7:~~~C:'' t u W L .'
_ . . _

.

.- ...\ "'l>** L*."~~.~~~~~.:.".Y~~.*"*: x || % ! t -..
~ *

;: :: : :f::::.-- --- v u a.: , .

4/ v. t._.,

/k 9f*h..
/\

.r 3 g t - e. i.s
- e - 1*t .s t

h. - e i. c : ,. .. . \ i. . ,
_

-

_
.p ,, ;.,. | ,. . Im -,

,
- - - . , t. .. . . . . . . . . ,

l .

^ l,.,.p+ p,"__'__fg;;. ;, era m m
_.

~ ~ . ~. .

- :::::. : ~.::::::. . W ; H': MQi t f . 1. @ * u ~' I.%
:. % )h:.i ~h4'p1 .c"&d..::*:gE 91; ttr @ w innqiin~N2

.. S L.~. .M-L 01 m. .::: .=. ...'. .::.:.T. .a- " FIGUREglP*&6 C+. ')

.

C H. !!i
8 -

~ ~ " ' ~ '-

f s

Qus,i r . , ..m. =. . .w ..Q.3.1, -
A ..s

3. ..

, . .T T'%. i noL 2-9A........
. . . . . . . . ~ . .m , ,

I . i . i ,. | T i . i . 1 .

8803230233 -06 i~
l

_ --- I



,

e .,. -e

62'O J 01.d
T
g ...'t,..

f .. h A..cs , . .c -9. .. .. e , ,,. e u
gf.&

p .um.i. . 4.
. . . , , , ,

r ,
> [. .].. . .j.. .. .. . s.* y. . :, f

,
._.

,, Y='nb,, . . ,., \
}u.

i., :.M ' '

..

A p. ..i, |:. ' <., , , . .

h,,7 ygas.gm.f..,,.;':.* *- i.~- '

. . . ..,.
,X ,. . .,.

~ . . . . .
.a .

.g<$ i
. i.......... m s- ,..u.

I .... . . . . . . . . . . .

f u'". y= %~ *''' '' '.. . . n. .: .. . .,a ' " , N. . i.

'

e

*:
- ... . . . , , .

H 1.: ui
'- . .: _ i...!..

.' y. ,,f, |*'8e.r.....'. .H|'" | _s t
i. ... .

#'" I #. .. e-
" " ' '

- w/- H .m ,
.

,...ft.5 .,

\,,
s

yy*'"lo >. :
,

.' 1,C al f * I'

' "'-
o

.t . 1, * ,

's i w >> i..>> > iis i >>>>>
_.g,,,,, g

6 .. |4. . . . A # s
~

TO FIGURE

2-9 .um usa 2.- nu
e .r is, i

b...)..,
f .6 /f .s

_..p , . . ,

,. u '* .* .o 3 . ,< * *. .e , ,

,. a . . , '. i * de .... ..I4,. .m. . ,..a:.'+. e A,
.. o .*.....n

>- >. a, r, ,,x, . . ....-.,=1e.. -. ,c . ., -. in, .. .,. .,:, iei> m w - .- wu
,....

,f.... tg i.,, -,. o.........,
s. s. ..

.i -
. . . , . , . ,.* ;; "''8,., e

T. i.
*

# A."a. N'$ s AE,' s

2h. ' .
*

,,

**
'i' . .t=. ,,. . / . :. . , . . , . . .

- ... .. ..
6,.1 A A

I . ,,J, ..
. . . , , . ,

s ... s.

,1.,. .. .x.,,',e ::g:',
. . . ri

'' ;;, ,. n , . .

, / .J > . . . i,., , , . . . , ,
h. . .. e1 ..a . .. |ou

* * m><
, . . . . . . . . , i ,- ;. .

e=, .>.. - .o.. J, el,L.. '". /. .|.,
'

.c>. c,.:,i.w.. . . :4d
s. e . .

3:s t.
i g'a

L........a "a

t:{ A1
,

- \ , , ,,.
.

/
~

:n w,W
" ' - * * 1' . 's <

. n ,/, x .i .o".4
c . n gl

:,.......l
|

:. , , - . . . . . . . . . . .,,
...,, x,...g u r..

.
.2 |f p...f ** * ".!!

i+ae,
"4 6........,

"- 6 . ... n, _.

' .1 *. . f f * 1 \,.,,,.,,
.e ''

,Un'.1's\ n -- ,, , ,, i ..

s FRold 8' ' * * "*'
A

FtGURE .e.i,,.'

/
2-9

~

.

. .} .N } tfif .3 i k! k . h| h Ih,'h. t.' C: . .

. f13h !!hk.kp.!..
; ! .s.0 bli. W. i.,}ii.iIkd.b.f..rI8,'! *'

'

.

n. h.. ,. r. .. m. . .. c. :. a. . .w
. 4p.. s,. g. m. n.| n . ,,

.

o

e. e * * !.
. ,. .

,

| ||||
8

'le |
10ll1113

|

|

%



i

t_w

TO

Fh3URE
* ' ' ' ' '2-11 !''

E t.-
T " '

nx. cat-

,a
'e G +++++

. . . , . . . . . . . . ,

' '.' .'Ie

N. .a *!". N' ,

p' ,, t,.
,q ,, .,.;,.; 3 . * * *' 'p 2_w n .e.,

$ .,,,'.,6 ["'''
't b s.2 ,,;,j* ' ' :. > .s w .<

; A a . .s

'A:
/y L in t

h. AQ.
Ft4014 F100RP. *

J". .
- -

w ,, . ,
=.. . g

- ; , . , 2- 1 1. -~. . . . . p::i." --: . :: ; ..m .4 .. _

} . . . . . . ,: -.u .
.. u

p> .. , b.,....u,,
sr

~ y .-, . . ,
Jt.sLJ = . .. e -

; .,,-----..-.4 !!'d..<a>
,

T 4, ,, , s,,.~, o'. .g. ..
>...,,.e..

. , , .
NN * . ' . . . 4 .-wu/H. U,

,........\'."' . . . . . '
i =

d'

T., f ,. '.'ilj p.. : <1,.-*. .,. ,. , . .
V , .., . , . . . . . g

-

i. ,

. . . . .,.. ..:....... .......... . , , . . , ,
. '"..... .

; *..
w t. . A'

.$: ' ' '.'&.Qff44p Q' '

4 s t.. ,

ir it ris is s ..t ? sts n# or:. r -r,,,,., , , . ,, ,

lh .II. J $

k {,*.;Of "' * N .:
'

s a.

d''_'. Ov 1; Mi4' A
''

7 . .

0M. . f a . ,,g QT($.i 4 A A.fl* 1
3f j /;. \g c, .. i .e ..

. 9 g w| s .. a .n. s . ..ar.. ,
* ' *

. ,,. : .k .!'.*!.'t, . ,
''. M .. ,

.a..., : ...e.
e e.. ,

sev. . ... . . . ._

3
. .

- ... .g as p3..-.,
_

*

; ,;i
g e

e.2 2. ,. %. . , -.
:. 3..i. +- 2. . . . .

y..= =}= .

u.:u - ..

: w w" T\:, 1,:::, . ..
- o.. .

, i o..m. lTRh,g P;;,
.

ih.,'-
'o w

. . ,. . . - "--.-
( ," , , O-y .(..= .. : .,

.s m. , , . . . ~ . . .
--.. . . , , , . my' - ri

/ 4.~. . . .. .. . ' .i','. ,.y,,,,
r"-~........ . . . . . , . , . - , , , , , , ,, s

9 Algo Avaijstle On';' "" 'i~

M. .. . A serture Car 8i : ', L.c >..
e I,n n.q ::,.:: . . . . ,

. . .,

.|g . # *fg f '.f.,41..- ,,.g
e f g g

. ,, . . ; , , j g $a,

. .

. . . .
.,

i- >_ . . .
. ;+, t:3,n v:

.

r , w,.
'

.; } , .. J.'!", , , .
,

.. - . . , . a a. tr. >-

/64.J
+

'n:tlun PA
- ,:,... ..

y

X. . . ,, . .
$ < f , f

7f7^y ...

- v'.,= !.'
i ' ' ;^^ AI

^ 2_
N N. rt . -

A /\ $$,2

p.g czncu0009oz 09
'

sh... ?.h.?..\::.
=

... . . ... .
. .

. . . . . . , . . . . . . . . .

. . . . . . . . .

2........
Am, . . . , .. . .. . . . ., <. . . .. ,> k %-

..:.re..u e. .. : n. . ~.x 'FIGURE; .v=;:n -.:. - :: y- x i ..- u . ... .

' N, ]IdlD2V -_n-jy. 3.=..f.1.i,;' ?:.2G
-

.

.. /.. 2 10... ,

. . . ..m...... ...=.....:.. ;,, se . ... . .m ,m,

I > I 1 . 1 . 1 . Ij* . i. m a -m

8803230233 o7
,-

_

-



.
--

. ~ _ ,

| .mu,vvvvvvvvv < n.mn,mn.m.vvvvvv <., u v u u . v u
... ,, % ., ,- - ,, .. .. ,

y., ,q ,,.y--<p.. . . .

r w,...... t w,. .
. . . . s

55 7 M... s +% ' w n....I ' cnn.
.- .r k.,1... A... m. . .. .

t.." e >s.

. d. _ 3. _* T F l' " 4 1.a"
~

. 1"'. . r. f" .s
. _ . . ._.- .

E . < _

wy,7 Air & s,,||r.i.: ,fr.';;_*4*.=;,'*,i;%#Ji' :;&is_"y_ -- .

*

V:';";| %.: p,,
. F W e- ^ ' - w P*N"'~2Mw

.(p- mC % Q hq %.
'

i.7 &.y.1h. m "..-..D
-

n .

,r ,i - @^w_
.

3
v .. . . _ .

mm- e.. , .1 m ,

3 !,-
..

. v. 2. .w .. , ., < . .. , . . .
, ~ .w ,. . . . > .e

L,,, +. . . w
_. . . .

. = .

#M-e ;:
... ....

i t,i .e-,+ ..
_m., wL. oc .i.. ..

1 .. . . .

- c - . . t,
,, . _,e- .. m,-

. . . .
i .. . . . . . 2 -

__
..

g , . . . . ., , ,

.

w; tr.r.. .t. . ' .3.. 2
"

e.c.. .s,

; o. mu--,.

y.-.
, v- ~-;

I w
e . . . .

.a,3 3. 4- e8

1,.. '.p _., .,
,-. . , ., ..

_
,

: +~ p
3.0,1..,;.~Ji

-

, .

i ww n. . - q .... ... . .; | 7o .. .

,

t . . . . ,c _ ,

gp | % ..c- 3
-

i .,4

.
.. s..-. . . a. .. .-

.-. .. _.. ... t. l.- v, c ,>

. ...
,. c. -- . ...

. . . .>. ,
- .1. . . .; ..

.g.
.

I''~}t' .:. 7-FROM FDOVRt g%q M= e 1
,,,,

"' '" q-w -en T.

.
A.,, , , ,- * < << i

Q. . t-. . , . . . i "' z,o 7[w yn-w .I ..| ),,. ..
-o

4~ | a@_:: i .. 4 ,

. . , . ,

_ Ta - %q '. l , .. . '. I
i".''e..j"'

i
Nngj W t' .. .-

.m
N W<.,. a . %. . . -

: c.: , . Q .i 4 .
M *LOM.

f't
* . I '1 g.3 .q.

3.
. i .. . . ..

e..= -'

hm.. . . ~~ s.
. m

; , .. . . % .-
,

s'i s. C 's'

,

.1 .-t fi_il.,, -

-
, ..

* ?,*, =v. , . . , Q, . . , . < ('-

. ..4.- ,
~

il , il Il F I .:

M. g .. . .. . .. J....
a_ , .c i g i, ,

_.

J , - .
, .,{ . _ _ .

.. g
. A ~] k o'..

. _
==e es .. . . ,.w

1 ,,,, 1 j 1 fA .*- . k
_,

Apl~ME -

"i. @. o.'O IrI,,...i i r [. v
^ '

-
. , , .. , . .

. .

di ." |( ,t.. $ $ $ g( a.-. 9f; 3. .:o . a:* e.i .:\ . i*v-
r. r, -

'

c - -. - - l | ,.. i. p
''

k. . I. j!!I[: 'i p:re,i :s -: - ' d. ; .ID
.

t r !$ [: h| N' g ||:X *b'Di.'.',' D
,' 54t*'

i 1 4 . 3

l ' s. A p*.N - j f .:'.'.$
...

# f.i I .Sid.Ylt < !!! $

i{4 JA. N. 6)"+ 1 if
' ' ;A fiU% Avancble on . . . . - g.g

\ *,m r t u r e t .a r tl
Jq j .: . :ww-, ,

%. ;
s i4 -,

! ._:-* I s i

. 4-

- 7 .. q'3
'

... - -

7
. _ _ . .

, ,

,v

. . _ _ _ _ _ _ _ _ _ _ _



o-

,1|f1811jl $ I I'l'1 l |I | 1 l I |1 !'I8 18 f '**. I I I I I ! k | I k$ I I I ! l ! !

d.M i ' hre '~''1.w--'~''"

l h,k li W
M>n:: ' * ' E

4 '.
. . . , , , < . - - - -

if n'. &TJ? ; '",

-|E" W ?fi6 '
-

;
T L-- r c' ~>h~~mG m h'

~ V;c --,eW<.
-

.> - - v'' eumi.cmys .~. mr.n#1-1 - '
- '

.

, z- g._; c.- .,r= --- ? ._ . . _P;. | .' '. > .
h ! .i ;; ,7 mn,,y . m m:,; _ 2 - #m ,, . ,mwe g .4. J*

,_r 4 ;:ir._4 .-

_. _

a x
; t" av ;g> ~g ". Ai - "

m,
i ..i

7 p,
_._m

. ,mm #
,.

: ..

3, e 3.,y y| m4- _F- >; c,;i-
;

- .

Y>,,
. 3.c. .

m i ,
._

.

a L.7 t
,

.
. . . . , ....

.- g - a. .
., g ,, ,

.._t, 1 e __)-@ Gl@ "

4, ! j .,, . h.o A,
- -

.

m ~ _ 3. . __s
-

. a. .m . I r .s.. .e . ., , ,., r-
W, /r . @. l e

~n: . m n- .+- , s 'I - .-s-
.% h:: ,..Q.sp._q. gg .

43 ,g, '.- + ' '
"* .

| eV% % |
, --: _ g
. l ..73d % | ' '' h"' . ' 'g ,e |i.. r - w-<

.' ,a a,
O"i-

<-6

1_ : 1i o@ @. g, A'g c, p_"1E. d 'f--U_i I "-
. , ,._

_ _ _ _ _ _ _ _ _ _ .

@ @,--
_

. . . o :

@~v |3 _ __ _ . . . . . . _ _ . . _ _ . . . . . .. '
' ,

l. i
< .,!;

5| 5
- - " -

N WP
---m ---.s

f' . u_ : $_h_ '' 0-

F@ W
-

{T m-
-' '

..A 0;e! F- ..

j byL i =~,
i -g @ g,y +_J p..

.,g , n:.~ . . . .
_

\
'88ii _( , G..

' !'b-5 -@e gpgL.a g.. !.--
---

agJ ,- . _ ,T 4 - -r- Mr- Q .. -

D] , $) . { [ f '* '-L..
s. * #4

Lam b :. . . pd. 9 - .. q.>..,..e.. ,
.. .. ; . ,m ., ,

f.'. M - w ', - Ii , -| q Q- [@A
.

<
. -

:. i- . __ r.n | mb
. , , mm.-

v&g . mh. g--@
s m.x < a

.c_
.__ ....

4. . . : ., s m 3. -
% + T i f,-O- CJ ' 4,9J ~ " ' ' -

___ _ .... 74
-g,- S. !:c' =e_.

% i
. , Lm. r LJ -

$.. . .. ,
. _ _ - .

% F y";p @ |g..,,h,' q a'
'

'e ji I j- '

I 'ii %

';' j c, j
.^ ;-- *

o
1,1 i? . .. ,

M ,4. n. c. , . . J . 4Ye'* ,i " 4-_-- :4 F,e
'" t

.Q. , :.+ - ,

n,,.o . . . . . . . . . ... . . . .

. ".. . s wq $q1._ y~@,
p , ,.

. p ;___________.,.
_

-

7,$ T h. .
'

j6 tg' >>-, .
' * -. *

.N ,.;s=*r'*==

I f _6
3' ** ,%, _1 _t r = p( ,'.'' "Q.. ,f N f *'1i*-H. i -q !

,

; g--@ i.-jc/ Y. . . . . ,
+ I

,,

, h.
=o .

@m f' pu e>
'- - - - i

. -r ,

1:'.'. v. e'~,*T'*
, q '

T - - - - - '

V '.) ~' =. . _ . . ..e ,,y m w.m o z.m - - m. -- - 7 .s :. = = m- % ''I_ p_ i: rr.1 - = iZ "'

4 ' { >>
'n memm__ _,

..;...,,,<u......a Ji -

. A.,, ;r .

- . . , _i ;
,,

3 , , . . . . . . .. . . . . .
.

,r ". A : - - -. . , .. . .o. .x. . - -I
. , -

i i
,

. m i :. : . . . .
t |r -.. s p*. =cw. <=r.n . ;." ''

. . < T.=. n . T| I. . . . . . . , ,.

e . .s . x .t 3 's't . | C.e.. . . h t'. . .

,
. - . A

3~-_ .. . _ w _. % ~E.9 N . h t*f._..

,. r,..J,m - FIGUREwe.gnps;n.n.....w.. , _ w+g. ,
.|I.,-![;I ~ i| - [.) l -/' ~ fs T Q jj

:ommm_

.. ~ .A. +, .v
[ ~= _x._._T_Q. Kl XLT_'~.9.l'A d.,i._ _ . _ . g.-.t --- - t

. . . . ..

_ . m _ ._. e - -;. --
. _ . ,

-

s t e i 2 | u | 1

88032D02330f . . _ . -

<w



,.,
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ _ _ _

l o m .

4

*seARCA DIANGRA Will.E
iI 5

|
1

1
8

14 r1
i solos

b J f
ds l 8 t'e g k<

6 /// 0 g

%}J
r7
t!!t
bJ>

| g

r i.n J '5 Mr o.*3i. a vl
,. 4

.S Sect:a
= f.xe o.* 2 at.Cr. / 3r,,?

34Sxv == .= = .m g .= _ == = = .= Ca
2a e.

. . g s.J
s.4 ,e

, I
l

(pgg3 *v!!CM
,,

//2. ,T,

i.I
I
g - - . _ _. _ _

.J

L___________________,
I

[ BYOJ'NERGy

1 = I.. . .-c=
._.n..-. -.. .. -.

l
"e -*

i

. _ . . 1. q
8

7

| +-M-= - i
g2 s_e . :s er e.

< | .,,..~,,,s.,,

!*s k I .. o n
I to/JT S sera*
I .ws-os Scf * J $ * 60 w

~ . ~ . ~ ~,1 4 tis > rs*e a .o c1~'
tum.nur s.ec.,w

--,

ovirkw raus set.4 | p en /** = Jr *C
* *

r#visada av g

|&, ese
Jr A*0, uc.arto af |M ZwrC,ansaa ,

"" ~ y p _ 77"**
* * ' " " * * ~ * * *

I os so ),,
k, af(tsenes g pk Ave dt g

av vecessac% eve*

ItJdAtvAest.NJod g i

I z.uon 2p Aan ur t. . . _ J ti
s . m ** c *.*
4%A #*** d

. . . - . - 3 a , , ra n r~s. w n >.. _ . .a o. a a o_ * os
\ p4 fj s .,pd e . ed, *d e s*rg*a4 WW /

W W
|

{sp e.e sar 20 sesv*

| 4.t'4 % ?aps 2*2 i >'
g efra . 38 *C|

~ _ . . . . - - ~ 3 u s a re. ve '
say .asy

.esod j p.go y,a
004 %.a ogatA*r*r9 0
###dd a pJ ##. 900 6

. <, o s.1s . -

, .. sop we af

#sq me43# *

V

_ _



_ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _

r

.

i*

1

I
*

// / !*.** E ,*,,'. 4
*

1

1

I
I i
| .

t
(" i

' ..si.

~tj .
>

as y

1
;>

i
se u r * y.s *J ?

w - _. - - -. ., , -. _. _ _ . - - ,ua st .: 7 .*--_._-.--_.g,- _ _ _ - - _ 4 _a ct_S_ _J* v* v ts e
JECT J e,y . ,

L. , J r

h_J | . g
'

1
|

$ .*nir|w1 1 . ': |f2 |r
I a.: I e

!-
'i' I

| |
I

t________________,
|

,._____..____..____._____._________|__;
.i

. . . j . . . , _ _ _ . ;
.

l . _ . __.
..

._. . . _ . _ .
.. ... . . .

I e

1 |
8. qp.....-

I 4-0--* $
{ S e t,4 * f,4 ev 9

"I. 3 .

.

W Y s9s os.'s *Envs4 '. g

| 1 g f ros .

>~F Dg 28/J19 sten
}e 4 W Y g 3 0 $ * * 3 8 49 * J r * $4 + |
s . . _ .a *.sj'e % ra*s 4 o a y. n

:, 1 ea/s . s J +c :
'

t [*~ ) i', Esk !.
*

' <i .

__. __ .
.

y_

%. u ,e. a. T1
'(PFTtTURg,

- . ora. ~ o
.-ar m.<-

CARU, s e <a .sn u.u a
m. v ~> nr

AlBO bTf*l1Ob\e 08
-

F .. .
,,_ _ _ - .- 4 e s ea eve ted t.s.

Aperiure C<ardi , , , .. . .e +<< wa p .- ...e,' ~
Io rm T gaso.eoeer.sp.sa ~e.

\ * 1 sopa .ss=r
e . s a p. r ** t e r s,%a ,

u ._ _ _ i. . _ . . . _

a r r. e
se a

~ sooon
.e

3.<. *<c,e s< o s- ,.m..,
esa r..,e

Fig. 2-12
.

'

13800 V ONE LINE DIAGRAM
,

b

.

0

32.0233 of _

1
;

.__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



m

**''* =- s

~ d e60v SUS 8 A c t
, 9 3

k'$. . . . . c .

>t , , >

Yo 'n. .
'''

. _. . . . . . ..

'* U'
6*/I

# II' 'O''"'''''O '' '' '' " s''m' * .* e"i **J
8

k; id +s6i t- -

3, , sa s ,s ara k ',.d
,.

erws/ pe J Ps .51 3.t t 's ,

E000 ? E*** /s.G $0t!,4/ 20 0
,*

,

.. ,

* 8* se at a.p

.,

.to. . "..e.s . . .u . .O, O, .. : ..
.

.-. , , , . , , ,

* '' '
t41

,9 ess6 6 **4 as ..

h
.a

en(- t',, T,,,f' " . . .
sate s ((~ re . . c I,3. ci . -

i
f, gf , . , ,.

| (1894
eignes es.r

y,., y , p , s1L. n g s.
#

| ',#, 89'S f ~ | Sei J 4Will U 9
. p,

.s o, s.oris |.s e. **s(: y ., . J
< 'a * * * ~Wo u ,. ; si, m,,;, ,n ,

, .. .ri,s ,e esaso,,
Jeoo ni | pes tw *

WAJ .

...., ,, .,,s..

,..E.1 m 'a s. 1 a Aa . sis tit to e st 1 Act

,...sg ....s .i s . , x vait ao at
Cree lesFall Se 3

_

hh

I

|

.'
..,, .s

.a'r.7 , e, . , , .. a ..

I.a tu .. .4 :

T, . 1.j J, . l,:i ,

, ,

* k. .NI d

f (. . . , uc .. t(. . ,c
1

.. p. ., ,.. . ,

- b * '.". ' i ' . 's

;;g$ '|3) ..]'|J?h , .||g' y. [$:y. |,',3.y.
"

...i, .
.. .

'

g. . . | . . .. . |
, ... . , ... ; , ... ;..

,
,,. . . , , , . . . ,,,,

' l ||
' ts , s. i

'

i
_ |'

sve s ( , g I '6(s eis <. ' , ' ' ' ; , duac ~

e t i t( ;

-. _ -. _s_. 'e ..w, t m (:3 3 (
_ _ - + o.3:

.es, '** (,

.(' . .-.- . . g . e, ,-,,. * s ( ..
, .,( - g , o... g. . . :.s., ,. r ***' < * * ',o.n

'.| ' ' " ' ( ..2 (**'" ' " ' (
s

_ . - ***k.. +s . .i . ..J''*t .++ . , .J (*. h ..a|f.':',,, < s . . ' h, ... *.:H * ' ' s '
-

..

''...!>n.n c ...' s . rec 8'-5
C. . . .. ic i e 4

se n ( %.
,

' a
-

s

. . . - ,(s t e(e ;A , ,. ... - .,
.

i .e
'

. (s ::N
<

.

1 x , ,. : , . . . ...x. < :. ~ . o c,.a:.., .
.

o ;. treo a,o

.i . t . ;s . n < c , : t . '. * : < 6 : . . i i .~ s ma s , s c a ., an.rtes oe...t 5&

S. p iP473 F.. era 6218 D . 's F 8 3Gl alttaattl 'vM8 6F.S I t t e.C-

9 w . 8 t- P 4 0 $ 811 ee

V V

_ _ _ _ _ _ _ _ _ _



#

..--

t

I4 s s __ i e, 3
_ r

,

4% % 6

., .,, m,
.. u. n. . . n.. .. . ..

,, ,, , ,e ,, ,

li'|&- |a'l n'& --s . . l'( , . .; * ' , ' , ' '--t ' n '.,';-f''
,

. ;, ( @ .'.' 4.:@. ,'.' f h G. . 4. .@,
L:: ( (. :: y; L:: t. ;;

(c9'' " "

|;.4bg-::.4, ,
''

:

W.;; ,9 ; . .q. :.:9. |; ::.g.
..

0 9. ;" " " -

.

. . . ,

,...: , . . . . .- , . - . . . , , . . . ,
.. ... : , . ... :.. . . . . . . . . . . ~,.., ,..

'

. .. , p. ! ,...,p. !... , E-
:::: |

., , , p.
|

.m, i .. . F n.,'_s, |. ... [. ,.y: |.. - c,,,
, m,, .., ,-. . . . , ,, ..... . , ,

-

. :::: 'n:> nm, ; .,

; . %,_. [ 'i','.' [;, , jf!!'.j # .'I.' [_ .? g j Y.'l [ !?.g.j i'l [..:?; j ,,,, [
^ '

'd.'I h 1 4.'.:
,, _

a -- 1n . .. ,.,

t Q Jo.n:M,'f ~ " + P JJe ete,f ~ ~ ,. |g JJo ntsyp '' p 2
g _

Pk Jf.Mi*yf
tooo Sc:c sigo it so 43o 4go

a l A C 1D 2 C . .. a ne t $ 18 a 's C, t P. C s t C i# h a t.w fe t b. t,L N eat t ><t est t et tasaw eit Ait h t a Attep

P & .1) 8-Pt& Fttt*vA119 w A T C lit PWMP e P3&A NM P l. P { F A PQMP , P4 I C
P w .4 P t P 3 e a. P u e4 P g.P a. A

.-

I F~.. . . . . < , , , , , . , ,,
_

rj ... , &
- , Y '. . ,.

Q. !

7,,......
/:3 ,n,...,

....,
j g -:n: a .u .. si < . I, m , .g, p-ppug'u i n t-a . . . -,

,,, . , ,, - a ,

-y .;'|:,., |, :., Oy w:.' - C \ 110''

,
M,3

h*9 h' . . .! h. . .''i,,, 8y !! 'e.
!;1

%. u .n w ( , , ,

* | :: Al'c, Avndable On
. . .

! tb. , .'.[ .. . 2.','.... r[ \perinre Card1.., . . . .

O4 3,) ... ,2 - 0 4,

. . . . ~ ' . . . ('45)';,*6
" " '" ' "

rii ,, ,

e/ g g o n:e .u. ,,

D'P % .7%. )h1S( ~

1ta t a ;
e

4

y , .19 .a es. ..g b a s e S z''
. , , ,

''
,

L|do?* ra .~/r ;.' L ,yy

's. .'t 's't. .'. , r s'i . ||||/f ' '; e

. e - L. . ,,,,,
* .., N

{>,'' "J ...,><.se/ ..p" *
'

e .- t ! J ,,

o . J a ~ . =,1
.

..JeJ ** Y'*** 1t''t*' , __., o :, . a . ,.,,,,,jp, ,

5(t fa466.st.i
.(Ev t o t 1. t w *, n.C4 s ., e ggppW pjg, p.gy
* #*4 Vesel e. C' S D (;N.T Agg,
v c6 g . c. 3. i e i n t s ei , 7 sand I501.

!.3 60 V ONE LI NE I'l AGiA'i

8 8 0 3 2 3 0 2 3 3 ~/ 6
..



,

I

l

I

__

_ _ _ _ _ . _ .

l ;..
.-

L . . . . < ,,, , - .. .,,,

_ ,

,

-@ . - -

ed. <!.!!!. m -- B' & tr [
. .... ,

1 1
..

., , , , , , . , ..

3. (1 t ,. . , . 3.,c t. .gf, , .,. 3.L.Y'
#*'*.#"*'# 6a C1

c. . ,- ..- ..~ . , . - , . . ,
. , ../... .. . . . ..

" Q -G :%::.@ |.L#-?. . . . . . . . . .

g...
. .

:| g3 ,,, g, :,q , ,,, g,, g- .-

7.. : ..
- ,.,. . .

,

. . . . .. .. ~.

9,..
, ,

~ , . . ,
.

.
. . . e' .. , ... . ...-.

-* - - * * ' A , s. l.;.. .

. . . - . . . , . . , , . ,.-

. . . . . . ,'' ***
3.. ,

,'||/ sI U".,,,st.g - I N ?s(
'

8, P t:s(
l 3 (rs

3

s ..:y e s W ': ;,
.

( tsr. k si;o-se m i(
e ****S

. - t s.a. 5 /nuss - * .
Np.. ,, , .< r

* aca.
sr. * * >n

-''""

. ,i r er ses
(.'.s- Q... ''>* **s(... + c. s--

.

**.## o AsJ *41 (]% ss,j e t v & ('

4.. .*'-
-g. i gi3

.e a as6 tv3 ( , ,

'**'*e. m . .w ' so Ss o-s ( v- .,,. . r s
. i i. 4..

~?~O * * * A .r.p pres *tM// t' Q J/ent,9// 's k JJe19est/p'
{g

/o'f /sw 4! o 450 it s o y
N

til1*668'4981 .Ia'sa pa gew w( ATts. pa&*M C 0 D E tait CIRCvkAT"t,gggegg 3433
w e st an 0 4 4 Pw m p 4 .t.C Pw 4P 2 9 41 A Pwp47894&A Pg af ..P
C .= r. ! 4 i f a l l t e . J

E1 4//3 .' .*J3 /n!Of 16 to

1 Cf s * ,

mi t. , . , . -
as ,r .y; .sa

y]bx . . . .
'P I-

.

u (: .ui
. ..ie : db.

l i3' st: .'.tta.tal t

l..s l.
s s

s.s t 3-s*1 l- t * t )t'
ne***,,, e se 9, _,.sp _' *#>.ars ; . . . .

'' #
( -

( |
"

g

If '' . h . Q. . f. ~ Q.
"

, , t 3

.r.e . % s .

6

, . -: . ~9,.

d. . g 3" , . , e --u.t . . . ,.,,
T....., **. A' ,s.vn

.:ssi . r:s t

..

O,s.
~ .

;|, *
. s u,

6A i
1

3ct, i . . n ,: i vi.>< 3 n.

nu sz -- - -c , . - t . , .= -- * 7,,;' s . . . es o *> > c , , . c v'

.a.o ...e ,r.s

,' M ...,e r c. -+ f|.: i. .t . i <
-

1:: e a u,c y-A., c - . - ,
, - ,,

e. ~-. . . .
...

-- - . . . . - - e,,, e , ,

-
*\A * ) M e '. ii. * * j (" , e , h y. :a fy ['

; *'/# (, - <pa 6 .7.
,

.
O, \

5. t ; a . < ' 4 . ! * 1 .
. ~ . s...., s . stav wt.c c. c c - , vt.
s .it aus i t . s g ". . m i t P..> 1 *.4 gut.

taasg 1.s31 itionvA pg w

**.y

.- _ _ _ _ _ _ _ . _ _ _ _ . _ . _ _ _ . _ .



*-,--:

-

-

L
!

;) 7% 74 Pb 26

.s . t . s -

T
s,,,)t*G s

'I / . * . 'e.
.* * 4 .P #

.

(j # I* O *0Iap ; ai ,

isj' p .g su s - u ."a.
ag, p

g. n . n i

i

,,
g- .-, .g

-f . . .C t S
)+ s;.--f .l.. i t l i

.

}.* .C 1.ei,,j ; ---7 , ,, .f t.>.' >

c u., ( . :, . (

.,k 1 $ ''
*, .. . .'' ..- i; |" g'< g" %

" . .m " Ng ,;;- . . y. .- ;;-;p . ., .
, , ,

e I
. . , ,

s s .a a
*.- e e .os , .- o . s or sse | o, tst

o , a e a s

'

,aior , .a iso . < s> r , |

', i i.
, s. u n g- e

_
>:.c t : (

-g.

|
-

g
-

n..e. s t- y sus s q,--s. s? - sus
ast , ses> > c _ , ,

_

c.go,. C . a. L. > o . C _r.,. L ra, ,i,I
i isou * * > < . so**

. aineo <> ot

|u-O :y' C:c ::gy' 'L'b ::''g." 'a2 & :. Q f ::: n'' \vV.UTL
p (gl)- "- .- -

. c . .

s :nsa js n > su m s,y r+ soom y u x >. nom w < ~ 4 >c *** m n Nv

}3 $ 030 $030

, . . , __ .m,-..... , , . s,.. .- ...m
;di rtLQs. 1(A P4MP 2 P1A T . J. % 1. s t i V iT Ayw d|AOikV3d.&blP bUr.,,,,,. oso .= n . s.s.scs

A pe r t u r e (,.a r<;

..

__
, _

3 74 | 38 | ss | BA |

|'
"i.

@.,h..
'

;2 <=a . .e
<p' .8 - * f *

(!!';.ej .;it 4 "~a nu n g.g:
, s.wi e r a p ,.

E***' ?3 $- YY<' . - * . ' ' oT|o1r .,a s 0 y;;-r ' ',' |
. :(j0: c -: a w --

(h %. d..* 4, . h. ,' O . ... .h7,.iQ
* " ''

-

.te .. ".!) ?.n... .;/..,. . , . . . o. ~ , . - _ . .,

|,',h. k, h,. , $. . Y ,k-' .
,

..Y
. ,_f%.

y | h
,_

;':, | G. . ",,, |, G..'.',|
9.. 4p4..i

. . 1" .. . W,.....
,

~'': 2"' -
., ...,

, . , , , , , ..
* *

f.;;; .'. '.
.

, < . ,s L,
,,.

8

-

I me.r- | im,-
i

ato i s ,- .

3: o. s ( -
3 c

m. : ,k- - f ;,r. - - - c. C-- . L- m - ~,,s.
+ /4.'* . '
:- " ~

,,sr 4,,o , e or eo oor

'id v e o < ;;h "||'.- *|:' -

';: ' ' ' '
,-|fp"'fe5 a.r.rmg.. , ; . .v s c

s<1 e . - , , o

.

.. g, ;.- i.i - s c io. c ..., ,,

. . . .
'

Q , u s.- . ,,. N , . ., :. , s '~'h"'''<".'''
. g a 4 aa. .,s /j',''|,. w . n ann,r

.n o .,3 2 ao7
c.

, . . , u . . . . t c..:
3,e,..

s c.,. .: .u . m., i.ii....... Pie. 2- a
u,s -i, , , is e e.-,i. c ., e . n a n,...
i.e sa c - <. s a i r . i t s - a 4160 V ONE LINE DIACPA$t

'88032302 33 -//
. - - -

-



. _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ - - _ _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -

'

3s % S4 56 esto/SW3 &A02 5% ^O

%-
% e,s <

- 3.c e s -,,,,
""* : :.,:: fS#, - '[.:; (4*ac ,.J

n zu s s,..
. ...

~ *y n., .
- -

to tu ^## o .,, vo.t No,. 3 :{
- ..

. i

. .,,... ,,n x , , *+. . ..n. . ,,.
$$>+ u n e.. 4

. .se i *
, ,,

8t 'i j tt'

D a t'y,,, ,

,,,,J, ,ts e e'n.,
s ee s a

( l .

Ge, e % oo**
eo ooor *,
et pget

, (
88 asse

s

se
.

V Ft ,y, f=
4 ICC- A w680 4 ,,,y

de
A<%

p p

O 3 CT$
'-

seee 3 -

s*%> -

en s,s os
as or
co e)
ot* *

* * * ' * '~# # ' f' ''# *Ys.
w s e % *** e re'*/ $ res god-

' a

t t t 1% f. 6 A $ .7
* # ##

t=4 Swp PgY 1 s t 19 9 % 8 ASI "'#"*'#'
t v l' A. A um. Uma sT i.D 5 ##'#### # #
11tkNb o 504 5 4 6 41 F 51 k l

e

i
41 46 f 4% 12 di43f RJ5 t A*4 la

s*t9 % (' M1b( ' = ,.

'"*:C (:gason~b e .s. ,..
sL g g ss*, g g,... . ng

, {
. , , ,

* ~ * * y son *d

f. .
vo &4f. a m.i' == c J 6

ass t *i s
g .*p 1 et ste g .r. t en te st ?t ;* t g **

* ui t S g 7. .. ,,,,.#-eer
4 64 J 641 *-

,, ,,
,, , #8',

t es a + '~
g. si t ,,

J se e ae d **et a ;*,p . st 98 4;sne+|
, ,

, , . , . . ,

~:., u ,,,~t e,
:e -e o < o.. *

,'!!.) .an '. i s
' ' ',

, , q , , , ,,**

, ' ' " , . * , , '/@,,, . . e,=.

6.e

' c.. . . . . .

i .. . . . :..
I r.> .r. ,,,, /.

. j ,
I *'e[s les#[.'se

.' e ** 4 /.. , ,
. -

-

|J . *4 - psgs y =
'

I
9 Jff Jose it

esao

e ** ,g

I
, ,a 4 |t <*e s ? *c~r, / .s?sasA

_

pl Q ff c .wc roff g

/94 f ex |
|

...c s. sty 1.t v. s.s t. ti r./ r,f e es,s ...t

tt %% aus y % ii *.O 14 s esr A s. /O
11h%% l 34 L A *e t 4 * f l * % i m 1. . m 4 t e s#eJ# t o' d

i

/g

_ _ _ _ _ _ _ _ _ _ _ _ _ _



- - -

__

<> <t +0 s , i t .. , 3 4 4, ..

- - - .

K% b *j 3 L, s ) (11

""'c o
s,,

.cn s(e :,:
, .

<.. ruv . .. t :.'.* f~
,,.

/..... . , ,1 v ., . , . . . ..
, - ..~... ..,3

.. v
.a....

; . w ..
t' a w, z -s. s. .< .st, , , , , , , ,

. to tiv
La * ii " '5

:::f T|,;*; T '.!."; ,i a ei c.'i. , ,3 . . i. , < *,

u i e.y ...,-. 1.

Q _. ,),';
. . , . s. .. i ne. * ..

.m.,. . . . . m s .,isi s. . ,,.y ,. ,..
m , , , , ,.<,

,o . . ' '.I L;u,
.M. .. ]

'

, , ,

. . . . ,, , . , . , . .. .> *,
.. . . . . ., ;,,;;; ..

. .. . . . ,. ..

. .
.

, , r, ~
.

'
, , , , ,

. . .
>

.,, < .. e r
.

, , , , , , .~:; ::; ':: .; 1 o.
. , ~ ao<

: ,..,si ... . - . . ,..
u r. . , , , .,

.
. , . , . . , .

.
.. . .

r. no / . ' * *
<

"* 7. '. .< , 8 4 .e*' ,.,
s,. c.r s, -- 'o '#,,.e>

oog 2.,4-J/ ge ,b e .d.it..
. . -

.n-a r s.c o r t
-

L,os,
<-

sit ;n g 4 * 4 J S 61 j; o ,I . *
*

os
''8#8

y , hr B o n e t *'/ $ ,p,,,,

f.re 2.nv * ( % *** ** '*/# sLt 1,aGel*Jt*7<

rat to Des t att Tit FC .4% t. AOl I t. C . s WPPLY
w=irese is w w ,7 o is L v. '. T h. Aus,

s. G.S.itist.t * t*G s4,FI M %=.1 rR,A N S.1 2 C 4

s1 .r63vP.55434 ft 16 1s 66
*/ | L--,,.... s.ti s ,

ts.<'s3 g ,,, {
,,

f 3.. 4 ***** 4:::1 a cr.o s . .s,,,
*

., .. 1 *" :: /.f.t:;""
,e, , ; . , .

.
..,)

,o..,tv.iw.
.,. . . ..

. , , . , a.. -. t4.

. . . ~ .
, ,o... ,,,,,

tm ;;; o .s. ... .s . . .< , , , . , ,

,{ 'j oy r,i yg," m '::: " "'

> 7.., ,

.,. J
, , , ,

G.* s . . . M,.
,,

,4,, . . . . , - > . , --
_ ,, e ,a ;, n +; s.*a>;., . s:u.e

,

r1' ' \ n, ras ,, a s L :: ,Q t,,,, ,,; A,
' .,

' t
,,

- w, , . . . , .. ,.., .

:::: < - a s . r.n s . . :: . ' , , ;,. :.; Y,,)..3
O,,;. .9 ::x- . ~- -

..

. . .

' " "
j. g ,

.r>.> i. . , < s . a s.,
. , . . , |

S t,'A (* ) ( T T. ( '
|.

I

so , s ( - s..e s r
s. u r ~ o.

l, , , , e' . . j1 J, :- - - -
. , .

'' ' G ~ * &.,. J . s a n a r.e .,,is.

o

a .r . . . .o ,a a . \ .a. n e ~y
| f vf f vW

nw ',
i1 .,. . 1. . r..., ... ,.t,o.....I . e s.r,.y

.

--.e.., u .t o i. t v stA *s.
3 ,T I, ,. ,', { . R {,g(,.. ( J -c:..'u.. :-c s + . e .s t s.u t a * *4 % i * : * rto. 2-1s,

( ', * I ' .I ' 4160 V OSE !.INE DIAGhAM.s

A I m A 3..g ,, g,, ,

4(vfu n O.'d 880.92a0L'337 L ~~

_ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _



__ __ __ _ . _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

W WAIO

.-

i

|

as .

09'**
416C V iv! ts* *J se ,.- 4 0 ,

yrh ~

O''O 5 gre sn** $
#

e' * bY
.g

y. i^ E:;i;a &
o

,.,,,,,,e-

, ,A., ,..,,
... r.. a o

!b '* 4
'' d es 20:111 #

.,4 *If E-3 : ..:. ..er
3>

. , . ,
- .,

*I:, , . i I.t.14r3 t1"g
,$ .tr4ae v .y".:

iit. g14em'. .
S.. 419.:

p -

' . * C. !j ; Oio .

*t -

:: *.
iise:

.F., . - -ns.iG:(
-b.gg;

-
-

.n
w, .,., -,a e,.' .. . , :: , ,,n

i ,.
'

~ s ::. -u g
s a r

.' :p-
as #d7 pd g

8I ,
.<=

| I ..* nip.
-

. :.

| o<saa( ;uusks rse <r) :

may(? 'v-
I % ,,, t,,,;'

t ,,,s Io,..o ,,:, o n
:::t;M ', f///

* I
I u.. .n.

, o- ,, )t crEf - - s f r,a v.[~. ,l''
.J.;.s ,

e..r. ;;w

''
ss* *sorff i:- ?. . ''

.a r le j y.et abe=ca p ' w o), ssem ar/9s 't
!** VT's/retv2f.nes D.Temo r we. .ro

sus.Je torf t, B e 3 2?AStRV y,y,
frAna.o~ar) >':Pe*4
## *ey'sIef avA p'*,f,# ' ',* ",, _, , ,

...p F k:. : .. ... . . . :.:.:. :..
: . y.

4 e* *ee.n)}
s

<. :::
.:::::.::. /*d A;;:f: M:

se
X4'4er des ido s at se de

C U.s.ars
J+/h| |IE.

re avr,c.r*

j...' N.
n

3,.,..
. s.. . . ,

>a "
a.n,s,.,a.o r** n

. r.,.

' t;.-::- . . . , - ,
,::y , . . . , .e c.r.y% ...e-: ,p s-c i._.-s i.na' .. . nes.

" si C !!
". <

- @. -

,:'!j <, - O,. .

i.:.(>
i(

-+ 6 ,,,,.
,.

T,*+ ::!||.- a ,. **

f ::V.~~' i ::**
.....

<

ba. gd* .y . ,.. w. ,,
.

d .

I *s e ss |* *e
a i

:- * ' ^ ' t

h .

p eoa {s
.

, a tra'(' .. |
1

t a n 'o( ~

& elit $ [ IDoli (*t:
,

Idor f

::: i 'W|., .||T' e. 1 - ;.,, J e

.;:. . . ' .::, ,O. , :. ,. . t

o n . e'
^ *'

se o j{ } ', - --'Je s f ".J
o s. 4 . '

-J

m,,,,,..,.'.,u . , . . . . - . . , . ~ ,,,.... , WD.
E E 0 J0 0 **.rs t -r o u s e r M 1 e 4

ggsgg, pag ggy a ei iro v ros to res a n e s
,,,,yy rJ d h e O * *d V *o f * * 09
,, ,g g 9,g y *Je e/t r/J e t A coi Jesf elt,4e J
p,,,e p p p,g g

l

|

*w
_ _ - - - _ - _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _



,
.. .. .

- _ - __ _ _ ________ - __-________

,

._x_

_._

__

<. a, ,. a,so,on+,.a
,, .,

gN
ii,i p

{mv.
r ,

#,,4,
b. , -g.p4:# m = ~

g--
.

i; a. t ;e<..~ - , , , , , , , ,
.. . :. ...

. . ,,,> ,, .,,. .,a. n ,
:s4

o . s . . . ,. , 3. ,., - ,u# '

.* :Q:.:j.
.

.

| Q,,." p(T''*,~/.
? *' o

T .,... ,.u r ,aa :. ::ii' yy., n.

.. u. .c .:.:, , e - .
.

t.?1.1ng 6)+:;q !a?
J . - . n..

t !.g e, '-.;17+y go ga .nt'F-" >,* ...

:h --< -

c.rs ..e::x ,... m
||||

~;;!::::
, , .

3*;|,4:)
: a :: T-' "~

. , . .

n>:: ::: p i

.

7,>,.
. . . . w.,. .; ,. . , ... . : .-. ' . . , i ~ i

.

8
i:i::

ii:: . .n-

.:. -. .,"',;,"'. .

g g:: .
. . ,

, ,.

*

. . , "|. . ) .c.,6.

g , . s iyj, ,)~** "* ,s,
,,. . w

-:EE . ' ' <
-

t . .. I tr. ..
' i.;.. i. ,- ,, ,

..... .. . o o s.

:g;; g y;j g , , . , ,

-[ -....t . .o... ..;/ srr en c s e e s,5.s s.y u , ,,, , -,. ,,, vi
~ .) a. s (s.,if .. ..

n v~ ~-u tQ., * ~, , . , , , , ,
''* n.

o ~ , ,,, ,... ,,
\

, , , , . . , , , . . . e ~.
< - a s . . ., . ,,m, . , ,, <...e-.,

, , , ## #
i

,,..ii.,.,.7 9 , . , , ,, ;;:::::, jmwr .

,.. - .... .

's
L .< - -:t2 . ... <S9

. - . :- .
4.w ;

p.

i ,n I ,, .. ,, .. . . ,.. ..,

.'h. .. .... x 1 f.'f,E M..:) ''E.: . i g-J" >
. n-. , . . ,

/.s.. .

n) ya:-: e

. :::.
-

,.,,.a.,. ~

, , e 4.
,:. .. ~ , . , ,-w . . , . . . . . . .

.. .
. . , . . , , , . . , . , ,./.

..x .,

se,, ,.,.., T.. ,. ,
. -.

, , i. ..,
. . . . , - ... m. ,.,y. ..s

s.:d.
e ,, .:.a .,. . .

e..'Q.x.
...

:
| ..

.

4.,,..
*:3

- @ >.*f *% ;y * ** * ? -
%. %p

*8A
..ip:W. t . :.p;.. .

: .
D . .. .n|s- 1 ,.

~ **) ':||;
*'-

D8
gy ** . .

s. .. .
.s.:: ~. . ., . ..,. . . ,I,Is.. s. -,

6,. , . ..g. . .
-

, ... .

: q," .- -
,

; . d i m, T U R E9. . . .. ;.
~

. , .

. . .. .. , .
. '

| ,,,,, e ', C' '.\ M)71.L '.."7
d.). . *.". . "G. .&.. . | s, , ,i ,- - , . ..-

. . . , ;. N ,, ..,k l ,a,<..,,.p ,

sg
'O 4 :- -t7, . . |t ,, i:<

\180 . vashble On
, ,

:::: a. ;> ::::: i. . . .
' M,< eture car.3'

p%...gs.g,,,<,,,,....,a 4..., F r..+g. a ,...i: ._;
_ ,,., . . ,

. . . . ...
.

n ,a ,,. .,, ,, , . , . . ,~ + t ,~ -< -:r

(<-)~ ,,,...,,, "rco
.

c - -

.ra,in,,,, - <'. , . , , , , . . . .

r . , . v . . ,. . ,,,,,,, , , , , , <
. , .. . . , , . . , , , , ,~. ,a r . . . .m, , , . , , , , . . , ....,.,..>,.,.,,,,.,.u

l.160 V ONE L WE DIAC uM

8 8 0 3 2 b 0 2 3 3 _f 3 , _ _ _ .

.. _ _ _ _ . _ _ .



. _ _ . _ _ _

( J.

. . s. - - . b.
%9 % % % > A
*. k $$'i %*

kA h% %g *s

>I R +, % > lt>
I* ke.
:- o4kas b\ g $* s
%k } ''

)L ) %%

, ,A * %
A \.e.

% ,, S I
N* .*

.' t %

1k k
.. s
E trCCI-941

5 3Cr/runees s = 4 y,,

("''"'' '''') d s < /e ,%,o yit ~se var
=(4-h .,*[~,- 4h$

fe.___.......3u...
.

.. . - - - - ...., y% _ .. . ,, ,., , rtr,,,, s. , , , , , , ,

|3
~* %*>~~-tr swc:. /

''

| k top crive '**91 h')#'/'-J**
, ._

(\'y- ' . q .0 , -4%. y% fr C Str* J Gd %~ .*
. 6 o

' , .; 's , o % s.**nrorfe afstra G

h ~couraavMkr (fone'JZof. |'
~

Q 777p77 779pr yarsg
' 4

. pg'>~ .)
.

-b> k
^

n( . sT CY %'

':) -: :d?!)b. '
' **

-u v- , ,- 4>- t ''' t '" ~~!* ,r ris 5 g
^

\ r.irerr
.\ '} . > - ::4 nor of r4tfjoortro trarry

* k ' , _ O g&' * * y' ' ~.Q* ;h " Y ~,pp-.s~* >' k *?
_ ' t}_';?

.

" oserer cr~er s rrs , y, & \G poent**/ckgoe py.

4 / y _''.4y %s a. . -' f toWrdM f"^ L, y

a= ~ w 'Q
r, co- rra n

re t C 1-of t = " 5% % t*
% spasar ser % " " " r.ro r. c n-r 4 pe.-<m ,,,y,, y % u>, . . . . . , , . , w

'' n?O ",'' *r r :g _ _ . .; ; , , , , , , , , , ,

. . . . . . . . . . . . . . ..-.%
.

gaseyp psy .
O

s
. /wero-rna .- powriryot ::.:;utsus:: +\.*.jp orst ra s, , ~ , qs /,, ,4,

*( Y
~*>{

N2/sprrarr iv~r %
'

m,,o"O"' 's %
gr es or of k ,? *19r 29" .,

,,,r o*aeo ~
J ff/rreof rJ~J y

''''****''*/# ' ' ' ' 'h ,me vorD Q:::4::::.,. . . . fee e"'
#

. .w'** ' h ,,L {-4 y %
%* aw.y-

3 gf.g,j , . .,: rrr### Nas M #1*a* rsf f,,,,7 y,,ff J:: v *

::::p:)p:: :.: ***vsfh =' : ,
.. gg::p 1

Sreprev

._. . .. -g4: . . . . .
.

x .~ . . . . . .
- + y ~,s,.,,,..

% **'*# '#' :- ' g
. g ..ggv. J rg. rrssjro# Arts - 4_s u*,reejarif a va :: - JV -J*J., .'. ;e,, L

...g ;
/ 4 J**=/* . *ocst a,,a q 'L n ! ' d**v' G A !"=<*/9 ,,,'g"'yo tA m

^ 4 ^/~ ~~.'" %> $
'

I

. . . . k furef!ris ra. p.is s /e J -

05? ttt 5'; so, u,"""
O =ga..... j'" ||*,',',', W$c f ' $ f 3 N'f -(WVf> k N

y,a
9s j, soo nen/g sr.<r so

,
s/sr og s z,yW

mQsrf # r roos oW 1,,.; .',y tfp Q,, z { .rro <t raorte ? ,_
. ,. . in: ,Wu.:.:.g, , , _ , , , , , , , ,co-rn ~r-r g t .,

- - r : r w rirors- ~ ci u
s k f** ****/$ }: ,;. . .. ; mnw ;. s

, ri <,.,e
... , , , _ , , , , , , ,

-, s. ar -

"C*t gee , Jktsr-JOO ,.r,,,

5 5 $$'. 5k I
, , . . -

,',,','r ,,"$,' ,, : .: : ?#

.&:.:sa:::-}r--~., ~,
| 's /\p- x+,, L

ac m_ way:: ,r- ~ ~., , , , , , , , . , , , , ,
| ....a < rssas. o wrr t y 49 s, , , ,

% |!stssero!!! pafaxvs sesg,,,,,,,,,,, s

'4 /\ ,, ,,,>> 5; ',a.. o 1

Y:: '4 '\r- --%- 1 " * ' ' ?:.,,,,ar...
|| k i'''""'" operoso

.

:; F'," "*|,'**' ''N Q pfes,a,pg y, ,p. prep



- -

Legssu.<i.sct
c .r.* .vo se ea ea cc o rA rJ rc se e.a eo oc ao

$ A psa saat b raA b 2s :11o kpisA k oge4
~ N W". t a *1)s *T)jjoa A x|hyse $.uon k

o f N 2uU ! T 1
' "

r, ~ ,;
. * ) > + ):e 1) x= *t) =th q *7) a T)=: * ) > * ., ; *T) t

k 7: 7-
* * >

. . " D ',*'|. ' , ' , ' ' 6 % > t > ' ' > k* %,'' '
G:. t

)=: bt,
,,,/ .. .-

' #
a m, ?rr m- s- so s*, ,

a,

i ,., a n. - - ,

N '\?''NT M N t 4 f, ,

O>Ej T , ", s.d @ .M. .,iy 3 b t2 '"
( C

. . . . o %o.. m s'C 9 -

% '4'AA
g % %o tAT = = k* \% %D %% A% % % 4;A gt W ! !(1.S' 3 >> s A- Rt s {= '%. o ,

fb t ? I kk I I :kk kk b hs D

SY ,1 {gM [7 4 D ! u,t

g
4 0i

@. 2 u u ey[tv4lhsld
t2

,p n ;e n,:1 p;e tue :t-- < ,..

, s s 1,u
ulA ,E t -

)IgIJet'tM/f y w.1 ig /J o McM/pr
v

e/ C JJ A s) / sf C #4A s4/ re t /JA sff ett sd.d sif re t

dt/ ,i.:f....A.s i s:p. 1 1 i:W:i. 1 1 1 A /~. n u : j' ::: -:.
s{R s

g. :. .

m: L)j NSIf.:t $!T
sis 2: I)s*T>>hi[NhT){}I)54 I)hT)f 3 9, .$ kN! )

u
$1

p.s t

. :::-- gss e:5n: :s . g st ; i" ::, e/oy:n v3 -:.
:

ga: :.3 , n 's * :: e ,
4r) -<'- = <s,- - ** e -

v . $: -s...f t. >:::. :

: e
w

- i
5 .s.u ator-s/ , e

h ,, '!

s,y sy: a '$.",, h ' ' ? :.- k
.: 1 'ts D ** ##

'8' E ( T3 *
>' '

r .D k9* I7 i:9 'it '' F l''' ' i' ,. m;
, ./t','

,

.
4 3 k

. ,. , a'

4 %;.- -.... y 9 ' i y Q } @ f k, ,,s i ' , @ ~ f, Y ' j
t

k g {.*o'vg

I D
g g , w%)sy % %%

.,
N

k% .; - -k' kd(htik it N

e)h%
kkg,

(h''}&% (!*? sq &Of .
#$%

$ I y k *4}'! tl it
*

11 *
u * *e - 3- s

s g :-a -- O t, as

' ,p g,_a s:t
s %i \

g j (%% ts :y t :s Sgwt %

Ekk $k bl I % gg at
,,, $ O R DE$U U % %s

-

( N A' ED 'Dk >s
,

- 3 @g: :Fra nc M|pr ::": :

t- /s3 tr : A

s) . . rJ t tas v/ /st fo A fi) /C //d /// //C /14 /JJ /JC MA /4/ fita

A d ' i.1 : 1 *i:1 '. 'fd ' 5 1 1 1 d d 3 j;:). . - s:[ :. J

l ! )h 3 )!h )h )hl )! )[i )$2. k.
.h' I 3''' :kk k' % {k e k i 0 k k I: 3%' . I){ $

O !
( (t

*

{
5 5 . . S $

h; . ' . ,,, ' , ' ' g ' ' , $$ Y I Y Y : $ ( '' ( y , p p 1]]'{[

: : : : +

. . . ,., , .

I .5 *Q,; 7, $ :. e i: A.:p ..
.* g *= ?- % !. cg :. 9g.<.s <c s s ,

.I!?ti A '. ''l?)}}O O ps*:80

' ' ' '

J ''N'' gs ( gI '{' g5 d p i';-| l t h - f*N|,

M % : (?~ s <s it p
. *k ;' { A

%

$ll I s' s 'l s'( $2 i It -IR t I % %t 's%

I t '\ It( JDA $y sR $ 4 t )e, h ti v '' %i v2 l ''A s
Uk*g 3 i S%g sgt s% 5 4 *A A % g %

k k E R &,f 2Dx{ k=( '' dl. & s). f, \ \k\
['

e
,ss

**A% s v Fig. 0-17

480 V 0';E 1.1NE DIAGRAM

8 8 0 3 2 3 0 2 3 3 -g . -

'

.



-. ~

s c o v s.n t. cor
eA se dit die 4/4 eis ett 4/? sin oJJ cst oso die 44.9

kJ . - ) >>., k krau 1 1 ~,1s..s ks J.su 1.,,, k.s , . :, ,s

0 E i12 t I "
T ; *1)% 7)1 7)s T't T)>5 7 3 .T)5 -)2 .i)2 i)t

" -

*)v *: : . !.4,i,s a, s ns s
> s

t t s, ors
, -c , .,, . .

,.. ,,, 4*
[* s b'

a ss s -

$)O
,

>o sov <.1

L h %.
**

.'d.
* uu

-, y y ., y y, ,

f,
' ) h *bh I I

1 :. t ut t
: 4 j s t e a

*
4 ./'' * ' '- "<,

s n . - .S %, u
-s . 7

t!)kfI'$II I ENik!hlI ["'5,{! |*$ HNsh,
EE Uk i s i kIA 5 ss s

$3 l
N ty an a d y ?y ;d t - y u n m!*

*D 3-E tg el tssi ud O (1
*- ::

tso

JJA .*J e JJC .!*a J4t 24C JJe J11 JJC _Jo e

? '5 dw dg d% d ., D,hif:g
.d ='s 2y:k }6:d ing7){ * T),y 4 is S

.s .g
's '

8s R iii:<pi: ' .. qiii..
I g
:ir ..: ,( t

..

e'q.< : ,% .s i s..s. :: ::n , ses ;::. n> = y >
h k \ )ij:

+}: :iij g*l ,
4

:-: . Y '' } Y Y '

SisY
:::kt*# y

'h,Q t ' .!:.k.i4 Iii ...

.. % :::A s ..:
.)i:9 j:il::. $ t i::1 E

s,
. . . , , , .g . - . g. . . - . .

4 % %

k k I* *
s u ! > t s;

k uIsy ss A A $A0ys

A k gg,

. , , , . . , ~ , s u , w ,,
pss ses /J C'S i:?re d Jef ret /M /// J 't 14' P'1

d.) .:ck :+.i' ' ::.J J 1 1 iii.: i:sA:iL i::Ai: i::1 '3.-

i G' t)t ,ii . L $^ 49t)t, fit):-&
t> >;' 7) =Es

:'

isi)|s :. : ::!b,h ':::'- e t:s.r s% 8
^;% c -

.

:

u o. san d. jpi . . . g et t- t :ii
.

:.s ! r 42 s:i: .1>we .5 ! :

E, " 7<' s' *d ,'/. r' 4 t ti! !:D 47 d! 'i E pu ,y, , Q) hit is
.

*

iin! is H i . 17 :e, ,

s t },y J, p it - jt
4. 4. 4. ' 1.

"s
!!M''+-.

?g- I, !- 1. Id37'i !. !,.
: ',.

. - .. . i .

. .. j gi @
-

.

L[ t e e ; e r"g' M ..M!!&f @:.:i s
c.' c %* '- i4s x s 'i ' T ,; Q-

e.G.N)
i : < <

=" " >-

e. a n 1 ,v- s s
.. s.

l't
.e it' h ' a,n !D % !m. ti n b; 1,t',s

q . $ 3. :y- t t },. 1 1 s u *t it n:

m!! is
%~ 3 !!

-

(,b4 h s e b e' 0-a 't' g-
!!e isl! !! !! !!!! hr el * s

.- ,

l



.

Je o v 903 f 40/
sig esa sjs osc os s o.s es c o. o es oss a re oro con ess are soo

1 1 J s.,13,o 1 u yq J us Ja>> J~. J>.a 1 J . J u.s3 .

.f.j % ) ~e," - )> - )71)=i 1):* i)=i T)t T)T T)$ T,3 T,t= ,/c .1)=5
'' 13T-

s :. :!: .~- - -,

5, u , ,". . i.",, et . ,. , t ,s ,g S : [: : s s s-
: e , , , . ss g

.k. 3, b
**

$ , k,
*

, ,,
,. x .. .. , , . .. ..

t '. ~ f:N [ [ } } I I:. t , i = =, .

i } l i i i i ! A 'fl

}
,' (I)I e, q

'

9 ,J f ,f t'J d w arURE
"

y,

sx x 't Q. t Qt~ ''t, ,

..M Pt
'"

6 CARD* t R.
i s .- t3 ,

t ' .k JR% %I IT \
{s

%
$ t t sg

a {3.:
u. 2 . p< R ' g

s
h.*t=, i< x *s

4-j s * * i% w% u

55 NEE k '.$
h6 E,. N (g !g g; g

g gt
,

,

2 . b1c On* "" a% , ,
,.

N !! h h ! {t e r 1 8Ntk '

a we tsi
_

18O V Jt'S ?- /03

;44 joe j ,a Jr4_ JIC JoA Jos JIC JJ' JJ/ J'c 40A Aod det

g 7),,:u T)t !.!!!$a||(s,s r[ h A ,7) , T)4 !!@:
1 A .is1 j !i 1, iiii1Q 1,, 1 1 1 j fu jf; lij .!!1II%

T)4 T),
y wT ,,

7)32 .- iMi

1 ()4
3o.

t s:: ii.tr.
,:: :: 3 a

g |P: :j.4 i gR :- e !:
, 3 :n >- u > - . . - :* '

4 it tt h, 3,;'t r, "j gj' ;bi ::s ta .'s
,

- :: -

h .s
..x :c. .

y !!N ;.s 7 -) Q El ") ,b) 1

,,

I ~ ':. $I!!kM
,.s '' * "'

[ f s" I t i t t t s
g li $t ,i ! I

_
h 7" /'!- /:', EN ' '

7s @:...::.:.i.$...",i +$E$ W' d s : W i.ji.' Q!:i Nyk

T '- }{ '| ' ...
**

?j
,- , - - >, # < : , ,, e

T.gs% s g % s 6, s . ,

, s% R 1s 4 % ,%, y*o*
. . . . gs a 4 % 1 g\g gk 13 s % $ ( \ %

g = t
% 5 % I {%D I

1('
i k s R3 1,5 .1 g% *!'

11 at * r ., sg Es * as 1- g -

**t g-
R- ss .-

, * .% .g% R .
w *% g w1 '{s && 3< (%ts t %s

's
&ss .( % }. gs) N.!19' ,, I

.-
1 ;,j lks t; 14 ls OR I 7,', 2.44 |? {3 g!} $

t t r.x

et 5t t. i

.o se,- -

.:? + .' ....

g. p64 :::
s,e tsa r>s s>c Jos Jr/ JoC J'A J4 J'c J/A .W / J/c

,d .i::d.', d d d: d. . .k ,, I:h.d:::.
:ik.7m

b
.: , , . :

''$3',8 ')O 7)S: ') {I ')$IIIhji 'Ns:v:J,.' =; ):- q:
, ,

')! Sp$y
::.. .

Elp;i, ,' e t: (= q= i:.t r

nii! 1 $ $ ..

c:.9:.
,. .

1 3 y ,4 3 y 7 3
..

3| t
-1

* 1 '

:: & |IC/WO(il '
2

. swoossatt.tr// ct.Je act
i } t 2 3, |i t 4 . ,, s e e , e, - < ,i

f .$.

* < '''

::t - t v N :t

. ?s :: . e. rass er is sco<

:%. ., s , , , , , , , , , , , , , ,,,y ,
3 <:

s
., t g -

,,

!sk D 4i \ t &g'1, ' I i ss 2: 4 1 ( t suini 5; dt- >

8' '
?dt t1:s adtte g} t'; cso v m;E LINE DI ACRA.'is

8 8 0 3 2 3 0 2 3 3 - n-
-

a



P

%.a* *.=#

.ma .

ane r eer r,r, se ess e er r.o.os so
see are e. .a u s. o.** eee- e se a,e

c oes.o e .e r s..* se ee

r - - - qs r. . .
r- -

.e.ua n eu , n:rn.

'"J, l J *f,9 8L.e .)4 e)n(f.a.e e,.* | } at

s r---* e. s s. w ,g|ts e.
.n . .a

e

. .u.
.,,1

aor=w.e,

.
I e i a **4 i )*p

| D; ; -|
e i . .

mI i N
I 'tg g **/ g

| -gt | l'

a i e i

b8 91'. yt .. au J '. . hL _ .ns.I
'

i g j
m I

g . . . . . . . . . - .- . .. _ .-.. .q, --

, >

. wit e ,a
ej ;_;., . .:s a n e. .yaa. .

,.s ,e
,

1 .. .s j u

e e.,.,s.e n, , . _ r g g .s _ . . *. ,,, ;
-

.m. ,,) w .. ;w .._.s,. e. a a2 .. <

g . ,

ro .e e er .* < e w**<** %g . cg . ;t .
-

.. .

m +,,.

i <*.e<e-,,
.

L= 4 se es
Y. .'. ::? ***''. . . , ' .

*.s* n V.e s ~ =<* : A n.. . , , , , ,,n a m ***d " ' * *
j:^ E 5L^- s.es. . , _ , .g ....

. .e . . . ' - - . -. ., :.: : * e,,j _ a .r. ,

{ t -::s: . ;;.is: :::. .
.za ,E'''- aaes .:'

-
. ;.:

,

:g'.w:*.
.-.. .a

,se,.".'. . = . .h'.''... . . .

gae,* . ' . " .
,e*

l, ...IQ. , ,.N.4 f.9'.
*

. _ .
*..

M .: 9

*& '*==.'t
a...

.f k :, .....MO... . , .

'

g, p '&'O AY \ W?& j,$

M% $M I. ,..- ,. . .
. . . .. .c. v. . ... . , , . . . ,

v.. ... ... ,* 8e.. 68.#.. ' # ee as.4 e**Cc __*# e.e ' . f f a #e 8
e e * e ed .g #e #f e

te m
.e. r###,4 s.e orr s*.*e

,,,.=.y _s f,,,
f e e * .m re

,

J wS e . e .* *s cee eg

seeg ..e .e
.=e .e4 e e ..as e .e

** 'E.

, . ' . . . . .
J aa,

.........4
.

, e
. "g* :.:.:wre . . w4 3 . (

'*" b'$-N N '"# two sa

- .v4.we .:.$.
; . .#.=<s.s.e.s .6.s,a yfW:*** +:::uv.

-s'+ .

W. . . . .y :. . . . .7 4. . .
. .. ra.....

a a** ,,, s e

< --m..e., _,,
-

we m,

.. . . .~...,_-.en
.r.t...~.

ee.. - - Q.6 . ne^* .

.* ....

#. .;;,w,-?. .M n::.,.: e
. ~ ., s

. .,. : :
. 9-

.-

- ,,k e _ .- ,+7:.#.:.. .

..

s W''.DaE 4%.ua e:.........e
.e

ee os <..un w = m c.
.Q....v

. . . ' .. . . . , . . , , , , , ,. . ..
::.: y .=' ' * *_ ^ .a.xs - _; .* L== y. * - QF: 's.C;&m.QWn ^ .s }'.' .*.*d |.~.;''.~.*? h

- .. e r o w w. . ,- .. :.:.a.ug.:
* . < *. ..,, .. : ...

s. . . ._nu w. n _ _ e.. ~ a: s:a n _ .,,,, y
-,-.....ae.,..o.-.

e. . . ..n, ..:...,.>..
. . . . a.4. a.

.

,,.,,~,.o,,._ - n. .. . . , .

Le;#. m* ;;;.;
. mu. ~.*.*.*.=..a<== ' is,

, ..:.:.:%.y : i' '.' . . '. .d '.- ,-.
-, . . . . . . . , .. , . ~ . . . ...- . , . . . .. . . ..r .. :.

. k. , . .. .m. ^ :.Aw.., _u u.r ^ _ ...., . , < , . . ...n..,- .
. . a.< . a, ;

2. . .,.i$. . .h. .....m o: T :',.r::'*,, ..x ~ a. ,., _-~L u 4**
. . .

. -%
..

.,_.~.a,., 't.:
. <.w,..,...

:.- , ,. ,.

. . . , s- . .. .. . ..
:3. .
.

M: ''.,et :!A.M.Q....?,2Ets ;.;; , - , . , is. . ,u . . . ,.,, .a.1 e_%......,., ,..... .
''

-
9 .. .' nt ao,

y. . . . . . . . ,, s a .e....,,,, f'n. :; JiL .*^-...u P
g; ..,. , o .., m*a.~-.....

. as ..< .. . . , ..a,

~-
.

2^-: . . - *g*,,,,,.,. s... ~ 1, <
..

. 4 . . - ,y
a.

.. . .
. , , , , , - . . . . , ,-..a - :.u ~, u-- . . ; , , . :.

-

f . . . , .:....,,,. ., ..
. .

--

1. . ... ~ w ayH g5, .p; e -. . .. ~.z: Lu ^- - . . . . . s a > xr.2 .

w. ..

ec : >. e.. . ~ .u a .. e c c. : .< o . w. s .r,_u

{
.

: em : :. a. . : . c. a :.m..; ,..
. .

a.. u w. . . .v.: m. . ,, m ...,:g;;;.=,,er. -"q --y.. a. ~ . . , , - u . a . . .u .p.p__ ,- y , n,,, .

..
, a a.

-

. . , , , . . . ...

,:. q,
. , , - . . . , . , , , . .

,_%. .c m _ , , , , , , , , , , , , ,, , ,, . _g ,1. u._ n
. . . . , . . . . .

-, , ., .,
- - ^ *:.~'. -m .".,,,^.. ., , .. .,

,
......w , .w

, m.J.s s ~. r.e, *. e~....~. .. .. ,.,: , . :,
. M: . . . . .

;.<; . ,,: _n.u +m:g; . . , . . ..

-

.
'- .? v54..:

._,. e n

;) ; i** F.* .s.r j_1 s , < o . . c . .. . ;ns

=
% **ess

' .



.- .u~

1

1

I

.e. .Ap.e,as e
es.4

.

A en Jd 1

e ese h

1-,,

S t. ..s*tt alg 1
a

oe.s o o.e.n.e.e a| s.r *
oo

y.**c 1 I [,
l

t .

1
I

!.
"*O g ,

,9|
i .e .
9 9

h
'

.
e . . . f. - w

S.

=-.&_ .,. .s. .
c. . re. s

~ . - - . . M ..--. . .

y...,.......n <<

w }e .u e
taah. < a ,a g w s.,- = ) te ase

>.As

, . . , , 4 ; _ ,jy. ss Jm

} 1 , .* u. e a. n,~.u; e . . . . =.n e.r
. e ee. es.a.es e ,, _.,_^.se. y,,

j .

., ,
, f. asJ t.v .ae. sg

ii.a. sw er$ .&: s
s nos . * . , . . ;;**AL h ,:'** e- sees

**

| .mer - -=

. . . ....f& - .j'
- ' ..ars e s.e e

.s ~^J4JE." -- esas
.

smts .s e - sen e
*.O*_.^.,u :s.L P._.,, se

. .:.m. ~.-..n

a.|
, **>.,. p.:mauv.e

) $:sf i Thi:M,
aa 1+w+@:..,Wb,.* : we.:

i:

a., ., , om .:y .,, w. e rL, , , ,

L<~nn.,.,....- m ~ . . * * *:; ~*. *, '"n^uu. . . , . . c. o . ., e ..

.ae( -^ JL*- *.2* #"' gf Dse,gp N}3 (g >> M;. '.:.'. . A :.

** f .: .. 4 e# e . . . * . . .
4
)a .%.. .

..* aesss.rese av e.er.s. -
( ,, A k k *)t olmeus.e -m Ma.: 4+i 44.a..+%...

...'.e''::::Mu . :::44W:::g- =^- .,
.

-, -

Also Ayal1able On. . _ ~^ . **

% . 8. : f ..< * **4. .;.:.F. .. . . . ~. ,,. ~-g\pg W c Card
__ . . .. e.

._. 61....

._ D . ._. 8. Aahh. 8I.? . ...O ._ i
*

a....
....y. e**Apor e

: e r4've w *./ 4- +i ,
4 a<t

*.*u ;f 5fo;

M ,.a
#

es wa, ae e .
....

$ 'i|',I '.# .!"N. . .,a, +,.....o. . .+E:.<a.:.,h^. 0. Y*M ***N

:4
6,''.e'[ *" " ' . . E

#

** ^ ~ b. 8, a."< <* .es.m .
* ? * *' f * ** 'r

.*%e... * s.A;,.;.",N:.!;./^... ;g 's. .e . .as,. .ar.J. - e aes.,
e

.e*4.% . ,% p
.-.:b. ..**os. e -r . grf.f;:. . e,e .,o t . s,s . .e

...s...=.ru.e,.s,.,.,-'^2.E^-***- ^

s .s . . ..r a..,so . . m ... w::. s
. . .|

e .* ..%:no
. . . .:.:. dt... ,..-., .a

e . o ro r. ;p- an
: ..r.< :. . . , . . - - - -- . ... .w;b.se . a. s . . . .

. .,: ., . MI.N.w+h. . . i.)* * * * * ^
****/ -a .,.e..,.s ...

F ../ : . . . . . .. , . , . . . . . , , m,e s
. ..ua '::.y.n i:r;;. ..*, .e .r

.r ..ro .*+n .

s_,,..,we:;;.;; *"' _._ %
..., * ~ ~ ' ' ' ~ ' * * " * * * * ,, .,... ., ,. ,,. ,. , ... ,,

~r.. ***~*~-r.~.~ - ~~<.... ..

%' :.t" inn. .iM'-%iH:o
^ w.^ '''** "~ *' ' ' ' ' ' * * * " ' ' ' * -

. < ~ ~ .' .. s c ~ .~n o a '. e a.o:i < < <- << - <. o.
-

.
,ur-.o - - c u v oso.:e.n :. .+s a.:<.: . . . ..,;. s . . ^ ua~..,n,,y.,*:.:. ..~,.e

n ^ ~ * * * " <- ~* a,-..."as ,r - - n,<r,,_:

..

.- nn .
. . , m

w . ~.. v. . :.1, *n:. . .., z .. < < .. e: . o .. m ra ~ - ..< - n o. ~ . ~ . < > ~ . * . .
u -^-

. ~ < * . . ~ > . . ~ . ~ *:g na. . ...
s ,~ , n -y .: .. ,9 >-..e < .n m.

.:
r 7...... ... .

m.w r ~v . ...,, .n .+>
. . . . . ,, 3 _ ^ :LIJi u . . r,. s,. p

- -o
. , ,, , ~ .t.1. 13_q t.;;t. t<f,,>qi.,...,.

.> s .. , w a. w. r . s. .i i . a ,, . u.,. . . ,.,.c
. a ..u..a.... ~ ~ , . . .,...o .....n..... ..

ce c : < e. s. .. . r. s- e < c : ,. o . , . e. ... r. e u
-- .se rr u ru :es. a

6 e ,.9)
. r.or.e..,a ,s *.. e..a,s s s. .o.g . =r, o.e
. ..

'

. . .

};.:........H+ia::4X 0:+'M:. . . . .4* ;.,+: .
g'r . ..

. . . . :

....n'.>, ' .e. . . . . . . .

.y .~. dd"s.s6 . N": ...,;;.;,:M;; M.*_ .. .. - ,, . , , .
. , , , . . . , . . . . - ::w, . . . . . .1

- . . w. ,. .. ,,. .

m,_ . ~ . . . , . . , , , ,\ -. r.._ . .. . . . . . . . , , - , ,

. . . .. a<n .: .,.
., __ , , . ,.. ,.,._ ,2. ~ . . . . . . . , . ,

. , . :., .na v ...

. - - .- ,. ,,,. .wm .a . . . . . . .., ,,

:< m ;. Figure 2-19 Sheet. 1- as x.a e.-_. m . . . . . . . , ,,

, a.~ ~ ,m,,-
125 V D.C. ONE LINE DIAGRAM

.c-,,
'

t

,

ia<: * re :* *.pt. 3 w. , y . . , , ,, ; ;

1
.

-

-
! 8803230233 -/

. - - . . . . -. . _. .- _ _ .-.



.

4.== ==

e.

ast V. 60 MRfl. !8
f FJe plL 4 29$2 3H

p .._ ____.)
'Nf ' !

Iww

a

|' e !
! ---O !
l 64 M an 2C20
3 |

| '. l

| D |
i ,
1 I
Li__._____a

G
.a : , , 2, .. .. c. ________________a________.

lii' |l
C 15'E :.Mi^= A5 3

eW a ) P2'301*g3.- |
-Ng

I*
1

1

| }LC11 ) 12i1 )11! )lill ) l'i'.2;a 5tes 3Xa 3xa 3tt a
g

T2 389 72 '01 f 2 104 f 2 1f5 F2 St4
g

L ., _ . _ ..____ .__.___. ___

0 h 5 0
Ee a

Ea .
W 5 -

h I b
a -

i

12-310s 72-3.52.

&LI. (fm'IPJL Kbl B 4 (II)-^ * *
' 0' ^Ditsit WE 6 31 - p tag

Il 3103 72 3.ca
'

ysof ^ - 5'aet^

T2 3125 72 3 M
"' '^po t " - p asts

72-3101 72-3:t4
agt. 5 s/>M _m 2:a ta n_ 9,,g

N1*J( gi a T!cm a (Iti s

72 3109 72 1610

y La( _ ^ - $& aP(^

72-311( '
12-3.12^' " ' ^g ,y - - gay

T2 311$ T2 3. 4 4

MaM^''' - p ast'*^

D. C. Oll'a !U : _m # as! L C )|

I

=

w em4*



.

. . - .

!' " fff!ifb.'.' ro'A'eIlt.'Al'Nh M4b
; c s - - - - h--- , ,a,,,,, ---------,

(y,7|* c,,n.ar,.,tn i i i ic.
. i .t i e i

i I i i
Iam 1 4mm i

' 1 - 1- 1 I
l !L Q 3 I Jk I
a v i 1 I

||- - -O ! | ---

9 a 2ct, j 9 aw 2.2e|
a4a.

| O- '

| ! @- '
|

!,( O !,!,i O i

L _ i _ _ _ _ _ _ _ _ s, L_i________a

. GG GG G
5 6 '- (-

r - - - - - - - - - - - [)- - - - - - - - - - p) 7 2 4 31- - - - - - - - - - '* ;' a"M i y At
.- - - - - ,

|$1stI fMa 12 4?! essa(* 12-3 2 I
C 04

3 15, 4 0!! 3) sici, p17, D0ft 3) 1

I I I I I < g

1001 ) l0!.i ) S!f a ) 3Ma )MCa )M g
.

3:} 12!1 l I
3C3a 3:$a loca 2ta 3;t a3CC a r? 3ni I 72 443 3 ta

12 4:8 12 404 72 405 T2 4% ??-409 12 40f ,
72 308 I;;a 1 1

) pataM,_ _ _____-____..____ _____ _____

g

)E| | ___s
._,.i

L. _-..___J. t_ ...__J

a e ! T12(29 2(20 m

-,'37tes .59 ! E I WERTURE
A 14<4&& Citt Saffttf 60 Citt BaTTit?

425 V. 195 M* 325 v. Its an. 't ,;\ 1\

() M. Aallair.) 8 3 hit, talliuG)

Also Available On
Aperture Card-

-

12 410t 12 4Jb1
01 tilt Eis GC2 ,_n i ee s na n _ p,g

att. Cohtex PCvit 4:13) ,
,,

n Sca 30a n y,

y2 4105 I2 * 81 C'

spant yant $7.l.?^ I# ' I' ' ^

s. @54' tats 1sa:= a-17 4is: 2.di ca
''

i,sfJ'c,a',Lia.,, ^ "' ' ^- va" G 54i = '": r
12-4109 F2-4110 2. att rit:,ta (IPt.,17 5C-M is tf th$

p,q _n ? c a n _ pg,, vitt (c.ils? y pewt vjeta pitys?es
Bs '. *#>f rii. g gi ng g,ga3 ;3 3

72 4113 F2 4!!! 3. Stiants172-142 aC T2 a32 a <f at t

0;' ;g|Jo "'*' e'' '"fg a. __ ^ " ' ' 5 ' c___ v a.1
12-4113 ?! 4114
^ "a "a ^ga.: y a.,

9
D.C. Ol!Tt%fl(4 Pav!L C 41

.

. Figure 2-19 Sheet 2

125 V D,C. OfiE LINE DIAGRAM

.

8803230233 -/ . _

-, .. . _ _ . . - - .- .- - . . . .. .- - - - . - . - _ _ . - - _ .



% .- s
,

e.
__

125V 00 EUS' 001 125V DC BUS D02 125V DC

1)72-105 1)72-101__
m. -

1)72-205 1)72201 )7!-

_L _L
z z

STA110N $1A110N

EA11[RY EA11[RY

005 006

125V DC FAh[L 012 125V DC FAhtl 014
oum== - : u -

- 3cyg3

)72-1215 )72-121; )72-1220 72-1415) 72-1417) 72-1420) _.

1Y203

lhVERTER 1hVER1ER IhvER1ER IhvCR1ER 1hy[R1[R ! AVER 1[R )
10Y01 CYOA 20Y01 10Y02 OYOB 20YO2 ;

/ / \ l' T A
/ / \ / ) \

) )h0RM) ) ALT ALT ) ) h0RM ) ) ALT ALTh0RMn0RM i

(
-

120V AC EUS lYO1 120V AC EUS 2Y01 120V AC EUS 1YO2 120Y AC EUS 2Y02 12'

|

|
|

) ) h0RA) ) ALT) ) ALT

) b) hCe
'

1. C 8 *h0RP ALThCD ALT

e
s,

| 120V AC EUS 1YlC) 12CV AC EUS 2Y101 120% AC EUS 1Y1C2 1204 AC EUS 2YlC2 !?

RED CHANNEL BLUE CHANNEL

A:rt;i.'l C d. 11C'.E C b!E!1[F l Hit.-!*-t-2.

cat
w w



_

|

EUS 003 125V DC BUS 004
_

I}72-305 )72-300
_L) 72-302

})72z04 I}72-405|}72-4061)72402
} } |

'

-304

1

z z !

$1A110N $1A110N -|

EA11ERY EA11[RY

|D105 D106

-|

|
_

CYCC 20103 1DYO4 DYOD 20YC4

'
-

v203 2Y203 1Y204 Y204 2Y204
o ,

)I) ) )) ) )) 1) ) ) ) )

) )h0RM ) )h0RM) )AllNORMALT All All

iv AC EUS lYO3 120Y AC BUS 2YO3 120V AC BUS 1104 120V AC EUS 2YO4

,

,

} } ALT All) )ACFP ) } All
All hCPFhCRk

>

m
V 1C E' S 1 TIC 3 120V AC EUS 2YlC3 1:0) AC EUS 11:04 1 CV (C Ee! 2Y104J

WHITE CHANNEL YELLOW CHANNEL

di
APEigDRM

e Aim

a ),,, A , u_ _?, i e o., FIG. 2-20
Apertere (' i r d

INSlRUMENT BUS ONE LINE DIAGRAM

1

8803 3 302 33 f(



5' '

i TABLE 2.1-1: POINT BEACH NUCLEAR PLANT

HOT SHUTDOWN COMPONENTS

ELECTRICAL SOURCES
NORMAL ALTERNATE

-

C'ONTROL POWER CONTROL POWER .

COMPONENT SYSTEM DESCRIPTION

1A52-58 AC/DC STA. SERVICE TRANS. [1-X13] BREAKER D11 1ACS D13

D11 G01 013
1A52-60 AC/DC EMERGENCY GENERATOR BREAKER

D11 1AD.; to 1A06 D13
1A52-61 AC/DC BliS TIE BREAKER

1A52-64 AC/DC STA. SERVICE TRANS. [1-X14] BREAKER D13 1A06 D11

D13 G02- D11
1A52-66 AC/DC EMERGENCY GENERATOR BREAKER

1A05
1-X13 AC/DC STATION SERVICE TRANSFORMER

1A06
1-X14 AC/DC STATION SERVICE TRANSFORMER

1852-16B AC/DC STA. SERVICE TRANS. [1-X13] BREAKER D11 1A05 013-

D11 1803 to 1804 D13 j/
1852-16C AC/DC BUS TIE BkEAKER

1852-17B AC/DC STA. SERVICE TRANS. [1-X14] BREAKER D13 1A06 D11

D13 G02 011
2A52-67 AC/DC EMERGENCY GENERATOR BREAKER

2A52-69 AC/DC STA. SERVICE TRANS. [2-X14] BREAKER D13 2A06 D11

D11 2A05 to 2A06 D13 .

2A52-72 AC/DC BUS TIE BREAKER
D11 G01 D13

2A52-73 AC/DC EMERGENCY GENERATOR BREAKER

2A52-75 AC/DC STA. SERVICE TRANS. [2-X13] BREAKER
D11 2A05 D13

2A05
2-X13 AC/DC STATION SERVICE TRANSFORMER

2A06
2-X14 AC/DC STATION SERVICE TRANSFORMER

2B52-25B AC/DC STA. SERVICE TRANS. [2-X14] BREAKER
D13 Z n6 D11

2852-40B AC/DC STA. SERVICE TRANS. [2-X13] BREA.KER
D11 2A05 D13

D11 2B03 to 2004 013
2B52-40C AC/DC BUS TIE BREAKER

DOS
001 AC/DC MAIN 125VDC DISTRIBUTION BUS

006
D02 AC/DC MAIN 125VDC DISTRIBUTION BUS

DOS AC/DC STATION BATTERY NO. 1

006 AC/DC STATION BATTERY NO. 2
001

Dil AC/DC 125VDC DISTRIBUTION PANEL
Page 1 of 6
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TABLE 2.1-1 (continu d)
,

HOT SHUTDOWN COMPONENTS

ELECTRICAL SOURCES
NORMAL ALTERNATE

COMPONENT SYSTEM DESCRIPTION CONTROL POWER CON 1ROL POWER o

D12 AC/DC 125VDC DISTRIBUTION PANEL 001

D13 AC/DC 125VDC DISTRIBUTION PANEL 002

D14 AC/DC 125VDC DISTRIBUTION PANEL 002

D16 AC/DC 125VDC DISTRIBUTION PANEL D11

D17 AC/DC 125VDC DISTRIBUTION PANEL D11

D18 AC/DC 125VDC DISTRIBUTION PANEL D13

D19 AC/DC 125VDC DISTRIBUTION PANEL D13

D21 AC/DC 125VDC DISTRIBUTION PANEL D13

D22 AC/DC 125VDC DISTRIBUTION PANEL D11 /
D105 AC/DC STATION BATTERY

D106 AC/DC STATION BATTERY

G01 AC/DC DIESEL GENERATOR D11,012,D18 D3]

G02 AC/DC DIESEL GENERATOR D13,014,D16 041 -

1-MOV4000 AFWS AFW ISOLATION MOV [1-P29] D14 D14

1-MOV4001 AFWS AFW ISOLATION MOV [1-P29] D12 D12

1-CV-4002 AFWS AFW RECIRCULATION A0V D12

1-M0V4006 AFWS SWS BACKUP FEEDW4TER SUPPLY TO 1-P29 1B42 1B42

1-P29 AFWS AUX. FEED PUMP (TURBINE DRIVEN)

2-MOV4000 AFWS AFW ISOLATION MOV [2-P29] D14 014

2-MOV4001 AFWS AFW ISOLATION MOV [2-P29] D12 D12

2-CV-4002 AFWS AFW RECIRCULATION A0V D12

2-MGV4006 AFWS SWS BACKUP FEEDWATER SUPPLY TO 2-P29 2842 2B42

2-P29 AFWS AUX. FEED PUMP (TURBINE DRIVEN)

CV-4007 AFWS AFW RECIRCULATION A0V D11 D13
,

MOV4009 AFWS SWS BACKUP FEEDWATER SUPPLY TO P38A 1B32 1832

Page 2 of 6
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bTABLE 2.1-1 (continued)
HOT SHUTDOWN COMPONENTS

ELECTRICAL SOURCES
NORMAL ALTERNATE

COMPONENT SYSTEM DESCRIPTION CONTROL POWER CONTROL POWER

CV-4014 AFWS AFW RECIRCULATION A0V D13 D11

M0V4016 AFWS SWS BACKUP FEEDWATER ' SUPPLY TO P388 2842 2842

MOV4020 AFWS AFW ISOLATION MOV [P38A] 2842 2842

i MOV4021 AFWS AFW ISOLATION MOV [P388] 1842 1842

MOV4022 AFWS AFW ISOLATION MOV [P38A] 2832 2832

MOV4023 AFWS AFW ISOLATION MOV [P38B] 1832 1832

P38A AFWS AUX. FEED PUMP (MOTOR DRIVEN) D11 1803 D13

P38B AFWS AUX. FEED PUMP (MOTOR DRIVEN) 013 2804 D11

s

CV4012 AFWS AUX. FEED PUMP P38A FLOW CONTROL

CV4019 AFWS AUX. FEED PUMP P388 FLOW CONTROL

1-LCV112B CVCS RWST CHARGING WATER SUPPLY ISOLATION MOV 1832 1832

1-LCV112C CVCS VCT CHARGING WATER SUPPLY ISOLATION MOV 1832 1832

1-P2A CVCS CHARGING PUMP D11/D13 1803 D13

1-P2B CVCS CHARGING PUMP D11 1803 D13

1 1-P2C CVCS CHARGING PUMP D13 1804 D11
,

1-V200A CVCS NORMAL LETDOWN ORIF. ISOLATION VALVE A0V D17

1
; l-V200B CVCS NORMAL LETDOWN ORIF. ISOLATION VALVE A0V D17

1-V200C CVCS NORMAL LETDOWN ORIF. ISOLATION VALVE A0V D17

2-LCV112B CVCS RWST CHARGING WATER SUPPLY ISOLATION MOV 2832 2832

2-LCV112C CVCS VCT CHARGING WATER SUPPLY ISOLATION MOV 2832 2832'

; 2-P2A CVCS CHARGING PI''.P D11/013 2803 D13

2-P2B CVCS CHARGING PUMP D11 2803 D13

2-P2C CVCS CHARGING PUMP D13 2804 D11

2-V200A CVCS NORMAL LETDOWN ORIF. ISOLATION VALVE A0V D17

2-V2008 CVCS NORMAL LETDOWN ORIF. ISOLATION VALVE A0V D17

Page 3 of 6
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TABLE 2.1-1 (continued) -

.

' HOT SHUTDOWN COMPONENTS
-

4 .

ELECTRICAL SOURCES
NORMAL ALTERNATE ,

j COMPONENT SYSTEM DESCRIPTION CONTROL POWER CONTROL POWER -

I 2-V200C CVCS NORMAL LETDOWN ORIF. ISOLATION VALVE A0V D17

I IT13 CVCS REFUELING WATER STORAGE TANK
,

2T13 CVCS REFUELING WATER STORAGE TANK'

i 1-CV2015 MSS SG ATM DUMP VALVE [1-HX1B] A0V 1YO3 2Y02

, 1-CV2016 MSS SG ATM DUMP VALVE [1-HX1A] ACV 1Y03 1Y03 r-

i 1-MOV2019 MSS AFW PUMP [1-P29] STEAM SUPPLY MOV D12 012

1-MOV2020 MSS AFW PUMP [1-P29] STEAM SUPPLY MOV D14 D14
2

1-CV2017 MSS MAIN STEAM ISOLATION VALVES D17, 021
4

1-CV2018 MSS MAIN STEAM ISOLATION VALVES D17, D21
1

! 1-CV5958 MSS SG BLOWDOWN A0V (1HX-1A) D17

1-CV5959 MSS SG BLOWDOWN A0V (1HX-18) D17

| 2-CV2015 MSS SG ATM DUMP VALVE [2-HX1B].A0V 2Y03 2Y02 ,

| 2-CV2016 MSS SG ATM DUMP VALVE [2-HX1A] A0V 2Y03 2Y03 J

2-M0V2019 MSS AFW PUMP [2-P29] STEAM SUPPLY MOV D12 D12
;

2-MOV2020 MSS AFW PUMP [2-P29] STEAM SUPPLY MOV D14 D14

f
: 2-CV2017 MSS MAIN STEAM ISOLATION VALVE 019, D22

f 2-CV2018 MSS MAIN STEAM ISOLATION VALVE 019, D22

! 2-CV5958 MSS SG BLOWDOWN A0V (2HX-18) D17

J

) 2-CV5959 MSS SG BLOWDOWN A0V (2HX-1A) 017 .

! T24A CS CONDENSATE STORAGE TANK

T24B CS CONDENSATE STORAGE TANK

i 1-PCV430 RCS PRESSURIZER PRESSURE RELIEF A0V D19
<

1-PCV431C RCS PRESSURIZER PRESSURE RELIEF A0V D17

2-PCV430 RCS PRESSURIZ'ER PRESSURE RELIEF A0V D19
,

I Page 4 of 6
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TABLE 2.1-1 (continued) ;

HOT SHUTDOWN COMP 0NENTS

ELECTRICAL SOURCES
M9PP.AL ALTERNATE

COMPONENT SYSTEM DESCRIPTION CONTROL POWER CONTROL POWER

2-PCV431C RCS PRESSURIZER PRESSURE RELIEF A0V D17

1-TE451B PMS REACTOR COOLANT HOT LEG TEMP. ELEM. LOOP 'B' 1Y101 C207 Note 1

1-TE451C PMS REACTOR COOLANT COLD LEG TEMP. ELEM. LOOP 'B' 1Y101 C207 Note 1

1-PT483 PMS 'B' STEAM GENERATOR PRESSURE TRANSMITTER (W.R.) 1Y01 C207 Note 1

1-LT470A PMS 'B' STEAM GENERATOR LEVEL TRANSMITTER (W.R.) 1Y101 C207 Note 1

1-PT420 PMS RCS PRESSURE TRANSMITTER (W.R.) 1Y101 C207 Note 1

1-LT426 PMS PRESSURIZER LEVEL TRANSMITTER 1Y01 C207 Note 1

1-N40 PMS FLUX MONITOR 1Y02 C207 Note 1

2-TE4518 PMS REACTOR COOLANT HOT LEG TEMP. ELEM., LOOP 'B' 2Y101 C207 Note 1 i

2-TE451C PMS REACTOR COOLANT COLD LEG TEMP. ELEM., LOOP 'B' 2Y101 C207 Note 1

2-PT483 PMS 'B' STEAM GENERATOR PRESSURE TRANSMITTER (W.R.) 2Y01 C207 Note 1

2-LT470A PMS 'B' STEAM GENERATOR LEVEL TRANSMITTER (W.R.) 2Y101 C207 Note 1

2-PT420 PMS RCS PRESSURE TRANSMITTER (W.R.) 2Y101 C207 Note 1

2-LT426 PMS PRESSURIZER LEVEL TRANSMITTER 2Y01 C207 No+' 1

2-N40 PMS FLUX MONITOR 2Y02 C207 Note 1

1-TE450D PMS REACTOR COOLANT HOT LEG TEMP. ELEM., LOOP 'A' 1Y103

1-TE450A PMS REACTOR COOLANT COLD LEG TEMP. ELEM. , LOOP ' A' 1Y103

1-PT469 PMS 'A' STEAM GENERATOR PRESSURE TRANSMITTER (W.R.) 1YO3

1-LT460B PMS 'A' STEAM GENERATOR LEVEL TRANSMITTER (W.R.) 1Y103

1-PT420A PMS RCS PRESSURE TRANSMITTER (W.R.) 1Y103

1-LT427 PMS PRESSURIZER LEVEL TRANSMITTER 1Y03

2-TE4500 PMS REACTOR COOLANT HOT LEG TEMP. ELM., LOOP 'A' 2Y103

2-TE450A PMS REACTOR COOLANT COLD LEG TEMP. ELM., LOOP 'A' 2Y103

2-PT469 PMS 'A' STEAM GENERATOR PRESSURE TRANSMITTER (W.R.) 2Y03

2-LT460B PMS 'A' STEAM GENERATOR LEVEL TRANSMITTER (d.R.) 2Y103

Page 5 of 6



TABLE 2.1-1 (continu:d)
HOT SHUTDOWN COMPONENTS

ELECTRICAL SOURCES
NORMAL ALTERNATE

COMPONENT SYSTEM DESCRIPTION CONTROL POWER CONTROL POWER
-

2-PT420A PMS RCS PRESSURE TRANSMITTER (W.R.) 2Y103

2-LT427 PMS PRESSURIZER LEVEL TRANSMITTER 2YO3

P32A SWS SW PUMP D11 1803 D13

P32B SWS SW PUMP D11/D13 1803 D13

P32C SWS SW PUMP D13/D11 1804 D11'

P32D SWS SW PUMP D13 2B04 D11

P32E SWS SW PUMP D13/011 2B04 D11

P32F SWS SW PUMP D11/D13 2803 D13
'

CV2838 SWS CONTROL VALVE G01 COOLING A0V 2YUS

CV2839 SWS CONTROL VALVE G02 COOLING A0V 1Y05

1-SV2090 SWS COOLING TO TURBINE-DRIVEN AFW PUMP LUBE OIL 1YO6

COOLER

2-SV2090 SWS COOLING TO TURBINE-DRIVEN AFW PUMP LUBE OIL 2YO6

COOLER

Note 1: Instrumentation required for alternate shutdown. Alternate Power provided by station batteries

through a dedicated inverter.
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TABLE 2.1-2: POINT BEACH NUCLEAR PLANT
-

COLD SHUTDOWN COMPONENTS

ELECTRICAL SOURCES
NORMAL ALTERNATE

COMPONENT SYSTEM DESCRIPTION CONTROL POWER CONTROL POWER
.

'
.

1A52-58 AC/DC STA. SERVICE TRANS. [1-X13] BREAKER D11 1A05 013

1A52-60 AC/DC EMERGENCY GENERATOR BREAKER D11 G01 D13
,

1A52-61 AC/DC BUS TIE BREAKER D11 1A05 to 1A06 D13
,

1AS2-64 AC/DC STA. SERVICE TRANS. [1-X14] BREAKER D13 1A06 011'

1A52-66 AC/DC EMERGENCY GENERATOR BREAKER D13 G02 D11

1-X13 AC/DC STATION SERVICE TRANSFORMER 1A05

1-X14 AC/DC STATION SERVICE TRANSFORMER 1A06

1852-14B AC/DC SAFEGUARD MCC-1832 BREAKER D11 1B03 D13

1B52-16B AC/DC STA. SERVICE TRANS. [1-X13] BREAKER D11 1A05 013 /

1BS2-16C AC/DC BUS TIE BREAKER D11 1803 to 1B04 013

1852-17B AC/DC STA. SERVICE TRANS. [1-X14] BREAKER D13 1A06 011

IB52-23C AC/DC SAFEGUARD MCC-1842 BREAKER D13 1804 D11

2A52-67 AC/DC EMERGENCY GENERATOR BREAKER D13 G02 011

2A52-69 AC/DC STA. SERVICE TRANS. [2-X14] BREAKER D13 2A06 011

2A52-72 AC/DC BUS TIE BREAKER D11 2A05 to 2A06 D13
|
j 2A52-73 AC/DC EMERGENCY GENERATOR BREAKER D11 G01 D13

) 2A52-75 AC/DC STA. SERVICE TRANS. [2-X13] BREAKER D11 2A05 013

2-X13 AC/DC STATION SERVICE TRANSFORMER 2A05

2-X14 AC/DC STATION SERVICE TRANSFORMER 2A06

2B52-25B AC/DC STA. SERVICE TRANS. [2-X14] BREAKER D13 2A06 011

2B52-32C AC/DC SAFEGUARD MCC-2B42 BREAKER D13 2B04 D11

2B52-38B AC/DC SAFEGUARD MCC-2832 BREAKER D11 2B03 D13

2B52-40B AC/DC STA. SERVICE TRANS. [2-X13] BREAKER D11 2A05 D13
]

2B52-40C AC/DC BUS TIE SERVICE D11 2803 to 2B04 D13

Page 1 of 6
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TABLE 2.1-2 (centinued)
COLD SHUTDOWN COMPONENTS

ELECTRICAL SOURCES'

NORMAL ALTERNATE
i

; COMPONENT SYSTEM DESCRIPTION CONTROL POWER CONTROL POWER <

4

D01 AC/DC MAIN 125VDC DISTRIBUTION BUS DOS

D02 AC/DC MAIN 125VDC DISTRIBUTION BUS 006

005 AC/DC STATION BATTERY NO. 1

D06 AC/DC STATION BATTERY NO. 2

D11 AC/DC 125VDC DISTRIBTUION PANEL D01

D12 AC/DC 125VDC DISTRIBTUION PANEL 001

D13 AC/DC 125VDC DISTRIBTUION PANEL D02'

D14 AC/DC 125VDC DISTRIBTUION PANEL D02

D16 AL/DC 125VDC DISTRIBTUION PANEL D11

D17 AC/DC 125VDC DISTRIBTUION PANEL D11

D18 AC/DC 125VDC DISTRIBTUION PANEL D13'

I D19 AC/DC 125VDC DISTRIBTUION PANEL 013

! D21 AC/DC 125VDC DISTRIBTUION PANEL 013

D22 AC/DC 125VDC DISTRIBTUION PANEL D11

G01 AC/DC DIESEL GENERATOR Dll,D12,018

G02 AC/DC DIESEL GENERATOR D13,D14,D16

D105 AC/DC STATION BATTERY

D106 AC/DC STATION BATTERY

1-MOV738A CCWS CCWS TO RHR HX ISOLATION MOV 1B32 1832

1-MOV738B CCWS CCWS TO RHR HX ISOLATION MOV 1842 1842

1-P11A CCWS CCWS PUMP D11/D13 1803 D13

1-P11B CCWS CCWS PUMP D13/D11 1804 D11

2-MOV738A CCWS CCWS TO RHR HX ISOLATION MOV 2B32 2B32

2-MOV738B CCWS CCWS TO RHR HX ISOLATION MOV 2842 2B42

Page 2 of 6
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TABLE 2.1-2 (continu d) |
'

COLD SHUTDOWN COMPONENTS;

I ELECTRICAL SOURCES
NORMAL ALTERNATE

COMPONENT SYSTEM DESCRIPTION CONTROL POWER CONTROL POWER

i

2-P11A CCWS CCWS PUMP D11/013 2B03 D13

2-P11B CCWS CCWS PUMP D13/D11 2B04 D11

HX12A CCWS CCWS HEAT EXCHANGER

HX128 CCWS CCWS HEAT EXCHANGER

HX12C CCWS CCWS HEAT EXCHANGER

HX12D CCWS CCWS HEAT EXCHANGER

1-CV2015 MSS SG ATM DUMP VALVE [1-HX1B] A0V 1YO3 2YO2

1-CV2016 MSS SG ATM DUMP VALVE [1-HX1A] A0V 1Y03 1Y03

1-CV2017 MSS MAIN STEAM ISOLATION VALVES 017, 021 /

1-CV2018 MSS MAIN STEAM ISOLATION VALVES D17, D21

2-CV2015 MSS SG ATM DUMP VALVE [2-HX1B] A0V 2YO3 2Y02'

2-CV2016 MSS SG ATM DUMP VALVE [2-HX1A] A0V 2YO3 2Y03

2-CV2017 MSS MAIN STEAM ISOLATION VALVE D19, D22 .

2-CV2018 MSS MAIN STEAM ISOLATION VALVE D19, D22

) 1-PCV430 RCS PRESSURIZER PRESSURE RELIEF A0V D19

1-PCV431C RCS PRESSURIZER PRESSURE RELIEF A0V D17
,

2-PCV430 RCS PRESSURIZER PRESSURE RELIEF A0V D19

2-PCV431C RCS PRESSURIZER PRESSURE RELIEF A0V D17

1-MOV852A RHR RHR INJECTION ISOLATION MOV 1B32 1832

1-MOV852B RHR RHR INJECTION ISOLATION MOV 1842 1842'

1-FCV626 RHR RHR HXS BYPASS ISOLATION A0V 1Y01 1YO2

1-HCV624 RHR RHR HX FLOW CONTROL A0V 1Y02

1-HCV625 RHR RHR HX FLOW CONTROL A0V 1Y02

1-HX11A RHR RHR HEAT EXCHANGER
4
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TABLE 2.1-2 (centinuid) .

COLD SHUTDOWN COMPONENTS
-

ELECTRICAL SOURCES
NORMAL ALTERNATE

CONTROL POWER CONTROL POWER
COMPONENT SYSTEM DESCRIPTION

1-HX11B RHR RHR HEAT EXCHANGER

1-MOV700 RHR RHR/RCS BOUNDARY ISOLATION MOV 1832 1832

1-MOV701 RHR RHR/RCS BOUNDARY ISOLATION MOV 1B42 1842

1-M0V841A SI ACCUMULATOR ISOLATION 1832 IB32

1-M0V841B SI ACCUMULATOR ISOLATION 1842 1842

D11/D13 1803 D13
1-P10A RHR RHR PUMP

'

D13/D11 1B04 011
1-P10B RHR RHR PUMP

2-MOV841A SI ACCUMULATOR ISOLATION 2B32 2B32

2-M0V841B SI ACCUMULATOR ISOLATION 2842 2B42

2-MOV852A RHR RHR INJECTION ISOLATION MOV 2B32 2B32

2-MOV852B RHR RHR INJECTION ISOLATION MOV 2B42 2842

) 2-FCV626 RHR RHR HXS BYPASS ISOLATION A0V 2Y01 2YO2
,

! 2-HCV624 RHR RHR HX FLOW CONTROL A0V 2Y02
-

2-HCV625 RHR RHR HX FLOW CONTROL A0V 2YO2

4 2-HX11A RHR RHR HEAT EXCHANGER

2-HX11B RHR RHR HEAT EXCHANGER

2-MOV700 RHR RHR/RCS BOUNDARY ISOLATION MOV 2B32 2B32

: 2-MOV701 RHR RHR/RCS BOUNDARY ISOLATION MOV 2842 2842

D11/D13 2803 D13
2-P10A RHR RHR PUMP

,

D13/D11 2B04 D11
2-P10B RHR RHR PUMP

1-TE451B PMS REACTOR COOLANT HOT LEG TEMP. ELEM., LOOP 'B' 1Y101 C207 Note 1

1-TE451C PMS REACTOR COOLANT COLD LEG TEMP. ELEM., LOOP 'B' 1Y101 C207 Note 1

1-PT483 PMS 'B' STEAM GENERATOR PRESSURE TRANSMITTER (W.R.) 1Y01 C207 Note 1

1-LT470A PMS 'B' STEAM GENERATOR LEVEL TRANSMITTER (W.R.) 1Y101 C207 Note 1
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TABLE 2.1-2 (continued) ,

. .

COLD SHUTDOWN COMPONENTS

ELECTRICAL SOURCES
NORMAL ALTERNATE

COMPONENT SYSTEM DESCRIPTION CONTROL POWER CONTROL POWER

1-PT420 PMS RCS PRESSURE TRANSMITTER (W.R.) 1Y101 C207 Note 1
,

1-LT426 PMS PRESSURIZER LEVEL TRANSMITTER 1Y01 C207 Note 1

2-TE451B PMS REACTOR COOLANT HOT LEG TEMP. ELEM., LOOP 'B' 2Y101 C207 Note 1

2-TE451C PMS REACTOR COOLANT COLD LEG TEMP. ELEM. , LOOP 'B' 2Y101 C207 Note 1

2-PT483 PMS 'B' STEAM GENERATOR PRESSURE TRANSMITTER (W.R.) 2Y01 C207 Note 1

2-LT470A PMS 'B' STEAM GENERATOR LEVEL TRANSMITTER (W.R.) 2Y101 C207 Note 1

2-PT420 PMS RCS PRESSURE TRANSMITTER (W.R.) 2Y101 C207 Note 1

2- LT426 PMS PRESSURIZER LEVEL TRANSMITTER 2Y01 C207 Note 1

1-TE4500 PMS REACTOR COOLANT HOT LEG TEMP. ELEM., LOOP 'A' 1Y103 j/

1-TE450A PMS REACTOR COOLANT COLD LEG TEMP. ELEM. , LOOP ' A' 1Y103

1-PT469 PMS 'A' STEAM GENERATOR PRESSURE TRANSMITTER (W.R.) 1Y03

1-LT460B PMS 'A' STEAM GENERATOR LEVEL TRANSMITTER (W.R.) 1Y103

1-PT420A PMS RCS PRESSURE TRANSMITTER (W.R.) 1Y103 _

1-LT427 PMS PRESSURIZER LEVEL TRANSMITTER 1YO3

2-TE4500 PMS REACTOR COOLANT HOT LEG TEMP. ELEM., LOOP 'A' 2Y103

2-TE450A PMS REACTOR COOLANT COLD LEG TEMP. ELEM. , LOOP ' A' 2Y103

2-PT469 PMS 'A' STEAM GENERATOR PRESSURE TRANSMITTER (W.R.) 2YO3

2-LT4608 PMS 'A' STEAM GENERATOR, LEVEL TRANSMITTER (W.R.) 2Y103

2-PT420A PMS RCS PRESSURE TRANSMITTER (W.R.) 2Y103

2-LT427 PMS PRESSURIZER LEVEL TRANSMITTER 2YO3

P32A SWS SW PUMP D11 1803 D13

P32B SWS SW PUMP D11/013 1803 013

P32C SWS SW PUMP D13/011 1804 D11

P320 SWS SW PUMP D13 2804 D11
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TABLE 2.1-2 (continu d) ,

.

COLD SHUTDOWN COMPONENTS
'

ELECTRICAL SOURCES
NORMAL ALTERNATE

COMPONENT SYSTEM DESCRIPTION CONTROL POWER CONTROL POWER -<

P3.2E SWS SW PUMP D13/D11 2B04 D11

P32F SWS SW PUMP D11/013 2803 D13

CV2838 SWS CONTROL VALVE G01 COOLING A0V 2Y05

CV2839 SWS CONTROL VALVE G02 COOLING A0V 1Y05

.-
_

Note 1: Instrumentation required for alternate shutdown. Alternate power provided by station batteries
through a dedicated inverter.

.
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3.0 Proposed Modifications For Alternate Shutdown Capability

3.1 Introduction

For the Point Beach Nuclear Plant 4160 volt switchgear room,

compliance with the provisions of Section III.G.2 cannot be effec-

tively or economically achieved due to the configuration of safe

shutdown equipment, cables and associated circuits. For this area

WE has determined that the appropriate technical approach necessary

to comply with the provisions of Section III of Appendix R is to

provide an alternate shutdown capability. This section provides

informatior, for the proposed plant modifications necessary to pro-

vide alternate shutdown capability for the 4160V switchgear room.

3.2 Scope

A postulated fire in the 4160 volt switchgear room could interrupt

the transmission of electrical power from the emergency power diesel

generators through the 4160 volt and 480 volt electrical systems to

designated safe shutdown equipment. The following modifications are

to be provided to meet the requirements of Section III.L.2 of

Appendix R.

,

1. Power systems will be modified to provide an alternate power

supply and a power transmission network to safe r,hutdown and

supporting systems.

3-1
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2. Electrical Systems will be modified to provide alternate safe

shutdown capability for the following safe shutdown and support-

ing components.

a. CVCS charging pumps

b. Residual heat removal pumps

c. Component cooling water pumps
'

d. ' Service water pumps

3.3 Emergency Power System

Separation of buses 1A05, 1A06, 2A05 and 2A06 and associated cables

in the 4160 volt switchgear room does not comply with the require-

ments of Section III.G.2 of Appendix R. Therefore a postulated fire

could affect power supplies from both diesel generators. The exist-

ing gas turbine generator described in Section 2.3.8 will provide

power for the alternate shutdown capability.

3.3.1 Gas Turbine

The gas turbine and all starting and loading components, in-

cluding control of the gas turbine output breaker, are located

within the gas turbine building which is more than 75 feet

remote from safety related structures and is independent of

the 4160 volt switchgear room. Cables, which provide for

instrumentation and gas turbine control in the control room,

are external to the gas turbine building. These cables are

i

also independent of the 4160 volt switchgear room. Therefore,

3-2
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.

the gas turbine satisfies the guidance of Section 5.3.6 of

Enclosure 2 to Generic Letter 86-10 without modification.

3.3.2 13,800 Volt System
.

The 13,800 volt system does not contain sufficient bus

capacity to provide a path for alternate shutdown power.

The system is being expanded to provide additional capacity

and improved reliability. In the revised arrangement, bus

number 1HX04 is replaced by bus H02 and bus number 2HX04 is

replaced by bus H03. The gas turbine generator is connected

to a new tie bus H01. The new bus H01 provides power to

alternate shutdown transformer X08. Bus isolation capability

adequate to prevent spurious supply of power to the 4160 Volt

switchgear room is provided.
,

Existing breakers which must be operable in order to load the

gas turbine are dependent upon 125 VOC control power which

orginates in the 4160 volt switchgear room. Two sources of

125 VDC control power, one of which is independent of the

4160 volt switchgear room, are being provided for the modified

13,800 volt bus arrangement. The capability to operate bus

tie breakers, gas turbine generator output breakers and

alternate shutdown supply breakers from the control room will

be provided. The modified 13,600 volt bus arrangement is

shown on Figure 3-1.

3-3
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.3.3.3 480 Volt System

Buses in the normal 480 volt system are supplied through step-

down transformers from 4160 volt buses located in the switch-

gear room. A switchgear room fire event could disable all

normal 480 volt power supplies. Two alternate shutdown buses

808 and B09 will be provided remote from and independent of

the 4160 volt switchgear room. Buses 808 and 809 will be

supplied from the 13,800 volt system through step down trans-

former X08. Bus 808 will provide the necessary power for

Unit 1 safe shutdown systems and bus B09 will provide the

necessary power for Unit 2 safe shutdown systems. The buses

will be solidly connected with space provided for future

installation of a tie breaker. The buses will also provide

power to a distribution panel for plant services (battery

charger, lighting, communications,etc.). Power will also

be provided for the fire system jockey pump, service water

P rainer and lighting in the pumphouse. Undervoltage pro-

tection will be provided for each bus to monitor bus energi-

zation and to enhance safe equipment operation. The proposed

480 volt alternate shutdown bus arrangement is shown on

Figures 3.2.1 and 3.2.2.

3.4 CVCS Charging Pumos

One charging pump is required for each unit in order to achieve safe

shutdown. Cross tie breakers are provided between the A train

charging pumps of each unit (1P2A-2P2A and 1P28-2P28) in order to

3-4
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provide alternate shutdown capability for the cable spreading room.

In the event of a limited fire in the cable spreading room, which

could cause the loss of power to all three charging pumps of one

unit, power to an A train charging pump can be restored by operation

of the cross tie breakers. Cross tie capability is provided on two

pumps to ensure alternate shutdown capability should a designated

pump be out of service. The cross tie breakers are equipped with

manual interlocks to prevent the supply of power from more than a

single source at anytime.

A fire in the 4160 volt switchgear room could cause loss of power to

all charging pumps for both units. A breaker will be provided at

bus B08 to supply alternate power to charging pump 1P2A and a

breaker will be provided at bus 809 to supply alternate power to

charging pump 2P2A. Existing connections to the cross tie panels

for these pumps will be modified to the configuration showr. in

Figure 3-3. Cable routing between buses B08 and 809 and the cross

tie panels will be accomplished in a manner which will maintain

existing charging pump power supply cable separation. Pump start

capability will be provided at the switch panel location. The

existing 1P2B-2P2B cross tie will be retained for cable spreading

room alternate shutdown capability. The proposed charging pump

alternate shutdown power supply arrangement is shown on Figure 3-3.

3.5 Service Water Pumps

Service water is necessary for cooling the turbine driven auxiliary
T r.feedwater pump bearings and for cooling the emergency diesels.

3-5
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the event that service water is unavailable, the diesel driven fire

pump will supply the auxiliary feedwater pump turbines of both units

with bearing cooling water. In the event of a 4160 volt switchgear

room fire, all diesel generator output power distribution could be

disabled. Therefore, the diese' generators will be shut down for

this event. Thus, the service water system is not reouired to

achieve safe hot shutdown in the event of a 4160 volt switchgear

room fire.

Two service water pumps are necessary to achieve cold shutdown for

both units. One breaker will be provided at each bus 808 and 809

to provide power for two service water pumps. Cross tie panels will

be provided for a total of four service water pumps to receive power

from the alternate shutdown buses. The cross tie panels will be

equipped with a manual interlock to prevent the supply of power from

more than a singie source at any time.

All wiring between buses 808 and 809 and the service water pump

cross tie panels will be independent of the 4160 volt switchgear

A selector switch will be provided for each pair of serviceroom.

water pumps to ensure that a minimum of two pumps will be available

in the event that a designated pump is out of service. Puaip start-

ing capability will be provided at the switch panels. The proposed

service water pump power supply arrangement is shown on Figure 3-4.

3.6 Residual Heat Removal Pumps

As a result of a postulated fire in various fire zones, redundant

RHR pump motor power cables could be damaged. Dedicated power cable

3-6
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has been labelled and stored for use to reestablish RHR system

operability. A repair procedure has been written to direct proper

cable insta11a' ion. The dedicated cable would be routed manually

between the normal 480 volt system and the RHR pumps.

A fire in the 4160 volt switchgear room could cause loss of power to

the normal 480 volt system and all RHR pumps of both units. A

breaker will be provided at Bus 808 to supply alternate power to

Unit 1 RHR pump 1P10A or IP108 and a breaker will be provided at

Bus B09 to supply alternate power to Unit 2 RHR pump 2P10A or 2P108.

Cross tie panels will be provided for all pumps of both units. The

crose tie panels will be equipped with a manual interlock to prevent

the supply of power from more than a single source at any time. A'

selector switch will be provided for each unit to ensure RHR system

availability if one of the redundant pumps is out of service. Pump

starting capability will be provided at the switch panel location.

The cross tie panels for both units will be train separated by a

3-hour rated fire wall and all wiring between buses B08 and 809 and

the selector switches will be independent of the 4160 volt switch-

gear room and one train of RHR pump normal power supply cables.

Power supply cables for one train of RHR pumps for each unit will

be provided with a 3-hour fire rated wrap between the cross tie

panels and the pumps. The proposed RHR pump power supply arrange-

ment is shown on Figure 3-5.
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3.7 Component Cooling Water Pumps

As a result of a postulated fire in the crea of the component cool-

ing water pumps, operability of all four pumps could be affected. A

spare CCW pump motor and dedicated power cables have been labelled

, and stored for use to reestablish CCW system operability. A repair

procedure has been written to direct proper motor and power cable
1 installation. The dedicated power cable would be routed manually

between the normal 480 volt system and the CCW pump. Following

installation of the alternate shutdown capability, the labelled and

stored cables will no longer be required. The dedicated status and

the installation procedure for these cables will be discontinued.

A fire in the 4160 volt switchgear room could cause loss of power

to the normal 480 volt system and all CCW pumps of both units. A

breaker will be provided at B08 to supply alternate power to Unit

1 CCW pump 1P11A or IP11B and a breaker will be provided at bus 809

to supply alternate power to Unit 2 CCW pump 2P11A or 2P118. Plug

type connections will be provided at each pump and at a safety

switch located in the adjacent fire area. Alternate shutdown power

cable will be permanently installed between buses 808 and 809 and

the safety switch panels. Dedicated cables will be provided for

manual plug insertion connection between the safety switch and a

CCW pump. Pump start capability will be provided at the safety

switch panel location. The proposed CCW pump power supply arrange-

ment is shown on Figure 3-6.
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FIGURE 3.1 -

13.8 K.V. SYSTEM CONFIGUR ATION
345 K.V. BUS SEC 5345 K V. BUS SEC.1
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FIGURE 3.4
SERVICE WATER SYSTEM

.

2B04 2B0.3 1B0_4 1803

27C 278 348 20C 11C IOC

CABLE SPREADINC ROOM

4160V cWiTCHGEAR ROOM

|

CIRC. WATER PUMPHOUSE

_h hf _h . N
d__ .d_ ,d_ .d_

_n _a _a _a

P32F P32D P32E P32C P328 P32A

*
MECHANICALLY
INTERLOCKED

o co c BREAKERS <,<,

o
9
|

|

UNIT 2 TUR8!NE BUILDING

_

809 BG8

. . . - - - - - - . _ . _ _ . . . - - - . - . - - - - . - - . _ _ . _ - - - - _ . . . - _ _ .



-, _, , . _ . __. - . - _ _ . .
_ - - .

FIGURE 3.5
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FIGURE 3.6
COMPONENT COOUNG WATER SYSTEM
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4.0 Safe Shutdown Scenario and Timetable ,

4.1 Introduction

The safe shutdown scenario provided in this section is based

on a worst-case fire affecting the 4160 volt switchgear room

which requires the use of alternative shutdown methods indepenaent

of the switchgear room. The equipment and personnel used in the

scenario are the minimum necessary to achieve hot shutdown. For

this scenario it is assumed per established Point Beach procedures
,

that additional personnel will become available for operating,

maintaining and repairing equipment necessary to perform plant

cooldown and subsequently achieve cold shutdown. The scenario

presented in this section will be integrated into safe shutdown

procedures for Point Beach.

4.2 Assumptions
,

l
Previous discussions highlight the components required for

achieving safe shutdown using the following assumptions:

(1) The units are operating at 100% power upon the

occurrence of a fire.

(2) The reactors are tripped either manually or automatically.

(3) As a limiting condition the loss of off-site power

causes the 345kV to 4kV breakers to open. These

breakers must be manually closed which precludes the

possibility of off-site power spuriously returning

and energizing the 4kV switchgear.,

4-1
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(4) No additional single failures are considered other

than the loss of off-site power and those directly

attributable to the fire.

(5) No equipment required for safe shutdown is assumed to

be out-of-service.

(6) All MSIV's will go closed.

(7) All motor operated valves will be available for manual

operation when de-energized.

(8) All required mechanical components (valves etc.) are

assumed operable and free of damage due to fire.

(9) Electrically dependent components (pumps, MCC's etc.)

will have power cables available. No control power

will be assumed available.

4.3 Manual Action and Repairs

There ar3 two issues regarding allowable repairs and cold shutdown,
i

|
These are:

1

(1) Allowable repairs to achieve safe shutdown; and

!

(2) Allowable time to achieve cold shutdown.
|

5
l

Both issues grew out of a lack of definition for the term

"repairs" and apparent inconsistencies in requirements for

repair and shutdown activities relative to the 72-hour
.

limit. The principal aspects of these issues are as follows:

4-2
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Repair

(1) Repair activities may not be credited in assuming hot

shutdown system availability;

(2) Manual operation of valves, switches, and circuit

breakers is not considered to be a repair activity and,

hence, is allowable for hot shutdown systems;

(3) Fuse removal or replacement (under most circumstances) is

I considered to be a repair activity and is not allowed for

maintaining hot shutdown system availability or for

mitigating the consequence of potential spurious operation

of components; and

(4) Modifications, e.g., wiring changes, are allowed to

cold shutdown systems and/or components which are not

used for hot shutdown or are not used to mitigate the

consequences of fire or fire suppressant-induced mal-

operations that directly affect hot shutdown systems.

These repairs must be achievabie prior to the malopera-

tions causing an unrecoverable plant condition.

Time

(1) The sum of repair time and time to achieve cold shutdown

must be less than or equal to 7? hours when alternate

shutdown capability is provided;

(2) Repair time only must be less than or equal to 72 hours

when alternate shutdown capability is not provided; and

4-3

I-



, ..' \ '^*
,

(3) Off-site power is assumed to be restored after 72 hours.

The manual activities necessary to support cold shutdown are

allowed a wider latitude reflecting the greater amount of time

and resources available to achieve that condition. Thus, fuse

removal for isolation is permissible. Equipment replacement

is also permissible if it can be demonstrated as feasible.

In this context, feasibility is judged on an individual-case

basis considering procedures, available materials, analysis

of entry time, and task durations. Repairs must also be of

sufficient quality to ensure safe operation. Operation of

alternate shutdown systems requires operator training and the

availability of written procedures to conduct an orderly

transfer of control between the remote stations and the

Control Room.

4.4 Activities to be Accomplished

Within the first hour post-fire, the following general activities
i

must be accomplished to ensure hot shutdown conditions. By per-

forming the actions identified within the designated time frame,

neither unit will reach an unrecoverable plant condition.

Communication will be established between the operators performing

the described activities. Radios, sound powered phones or the

plant public address system will be used to provioe coordination

to ensure the proper sequence of actions and to maintain control

of information regarding required plant parameters,

4-4
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4.4.1 Spurious Operation of Components

Cables that are not part of safe shutdown circuits
~

may be damaged by the effects of postulated fires.

Cable damage may subsequently result in spurious

operation of equipment directly affecting the

ability to achieve safe shutdown due to hot shorts,

open circuits, or shorts to ground. Because of

this, associated non-safe shutdown circuits should

be isolated from safe shutdown circuits or action

taken to prevent spurious operation from affect-

ing the ability to reach and maintain safe shutdown.

Spurious operations may be conceptually divided

into two classes:

1) Maloperation of safe shutdown equipment due to

| control circuit interlocks between safe shut-

down and other circuits, and
4

2) Maloperation of equipment which is not defined

as part of the safe shutdown systems but which

could prevent the accomplishment of a safe ,

shutdown function.

The systems and components identified as being

required for safe shutdown and their cable routings

were reviewed to determine those components subject

4-5
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to potential spurious operations in accordance with

the guidance contained in NRC Generic Letter 86-10.

This component list was then reviewed to insure the

high pressure system boundary valves at the high-

low pressure system interfaces of those systems

required for safe s'hutdown were included where

' necessary.

These high-low pressure system interface boundary

valves are of particular concern because tpurious

operation of these valves could challenge low

pressure system integrity and result in an uncon-

trolled loss of primary system inventory.

The high-low pressure interface boundary valves

were further classified as:

1) The valve can be shut against primary system

pressure or would not cause loss of the low

pressure system integrity, or

2) The valves cannot be shut against primary

system pressure or may result in loss of low

pressure system integrity.

Where a passive component such as the letdown orifice

is the high-low pressure interface, the upstream

isolation is considered the high-low pressure boundary

4-6
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isolation and evaluated in accordance with the require-
,

ments of Generic Letter 86-10 as a high-low pressure

interface.

After the above classifications were made, the

potential spurious operations were reviewed to

determine possible resolutions. These resolutions

can be separated into three possible categories.

These are:

1) Providing a means to isolate equipment when-

not normally needed (e.g., pre-fire isolation)

2) Provide a means to detect spurious operations

and develop procedures to defeat the

maloperation, or

3) Modify power and control circuits to prevent

spurious operations.

Table 4.7-1 lists the equipment and components
~

subject to spurious operations. The valves consti-

tutinn the high pressure system isolations at the

high-law pressure interfaces are also identified.

For each component the concern presented by spurious

operations and the corrective action taken are also

identified.

i

4-7
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4.4.2 Steam Generator Inventory Control

Sufficient water must be available in the secondary

system to provide for initial primary system heat

removal. The steam generator code safety valves

provide the path for initial heat removal and the

auxiliary feed pumps replace the water lost due to

steam relieved through the safeties. The following

components are required to establish steam ger.erator

inventory control:

1. Turbine-Driven Auxiliary Feed Pump

2. Turbine-Driven tuxiliary Feed Pump Steam Inlet

Valves

3. Turbine-Driven Auxiliary Feed Pump Recirculation

Valves

4. Turbine-Driven Auxiliary Feed Pump Discharge

Valves

5. Plant Process Monitoring System (Instrumentation)

6. Turbine Driven Auxiliary Feed Pump Bearing Cooling

Water

4.4.3 Support Systems

The auxiliary feed pump turbine bearings require

cooling water within the first thirty minutes of

operations to avoid bearing failure. In the event

that service water is not available, the diesel

driven fire pump will supply the auxiliary feed

4-8
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pump turbines of both units with cooling water.

Thus, bearing cooling water will be available when-

ever the turbine-driven auxiliary feed pump is

started.

The gas turbine generator provides power for establishing

hot shutdown conditions. Breakers can be manually operated

to provide power to service water pumps which normally pro-

vide cooling water to the auxiliary feed pump turbine bearings.

4.4.4 Primary System Inventory

Primary system inventory control and boration to cold

shutdown requirements is accomplished using charging

pumps and borated water from the refueling water

storage teik (RWST). The suction valve from the RWST

will be aanually opened after de-energizing the

respective valve control power circuit in the Cable

Spreading Room. The volume control tank outlet

valve will be shut. The breakers for the charging

pumps will be closed manually.

.

4.4.5 Plant Monitoring System

Maintenance and control of various plant operating

modes requires indication of certain plant parameters.

A minimum set of instruments provides an alternate

4-9
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method of indication and for each unit includes:

pressurizer level, reactor coolant system pressure,

hot and cold leg temperature, steam generator level

and pressure, and neutron flux level.

4.4.6 Safe Shutdown Procedures

Using the assumptions and considerations previously

presented, a safe shutdown process is presented

describing the actions necessary to achieve hot and

cold safe shutdown. The process assumes a fire of

sufficient severity to require alternate operation

of equipment independent of the 4160 volt switchgear

room. It is assumed that plant operations will

utilize all plant systems available post-fire to

perform a controlled cooldown to cold shutdown. The

actions presented herein are predicated on the assump-

tion that only the minimum set of sa'e shutdown

equipment is available. It is also assumed that only

three operators are available to perform the initial

actions to reach hot shutdown. Either as a result of

the fire brigade being dismissed or the personnel

call-in procedure, other operators will be available

to perform cooldown and repairs required for cold

shutdown.

A timeline developed from the required operator actions

discussed in the following sections demonstrates that

4-10
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.

the time requirements of Appendix R can be met. This

timeline is depicted in figure 4.1. Operator actions

are summarized in table 4.2.

4.4.6.1 Actions Required to Achieve Hot Shutdown

The actions required to achieve hot shutdown

conditions will be accomplished with three

operators (1, 2 and 3) within approximately the

first hour after the fire alarm is sounded.

Before leaving tne Control Room, operators 1 and

3 will close the main steam isolation valves

(MSIVs) and place the manual / auto station for the

main steam atmospheric steam dump valves in the

manual position for their respective units.

Operator 1 will then proceed to the 84 ft

elevation to secure the instrument air at the

MSIV and verify closed or close the valves for

Units 1 and 2. While on the 84' elevation, -

Operator 1 will disable in the closed position the

main steam atmospheric dump valves for Units 1

and 2. This action will preclude any spurious

opening of these valves as a result of fire-induced

control circuit failures. Operator 1 will now

establish auxiliary feedwater flow using turbine-

driven feed pumps. A fire in the 4160V Switchgear

Room could have adversely affected the automatic

starting capability of the auxiliary feedwater

4-11
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pumps. The turbine-driven auxiliary feed pumps

are independent of AC power, however, the steam

inlet valves and discharge valves are DC controlled.

The DC control power to these valves will be

de-energized to prevent spurious operation of the

valves.

Operator 2 will proceed to the-Cable Spreading

. Room and perform the following actions:

(1) In DC panel 0-12 open the following breakers:

(a) 1208 (2H0V-2019)

(b) 1206 (1MOV-2019)
,

(c) 1212 (2MOV-4001)

(d) 1210 (IMOV-4001)

(2) In DC panel D-14 open the following breakers:

(a) 1408 (1M0V-2020)
!

/.b j 1406 (2MOV-2020)

(c) 1412 (IMOV-4000)

(d) 1410 (2MOV-4000)

,

Operator 3 will proceed to the auxiliary feedwcter pump

room and open and gag open valves ICV-4002 and 2CV-4002.

,

h

4-12
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These actions will ensure cinitum recirculation of water

when the turbine driven auxiliary'feedwater pumps are

started.

Operator 1 will proceed to the 46 ft elevation

and check closed (or close) steam supply valves

IMOV-2020 and 2H0V-2020 and open steam supply

. valves IMOV-2019 and 2MOV-2019. The valves, thus

aligned, will provide motive steam to the turbine-

driven auxiliary feed pumps of each unit from

the "B" steam generators. Operator 1 will now

proceed to elevation 26 ft pipeway 2 and 3 and

isolate and vent instrument air to the contain-

ment. This will ensure that the pressurizer

PORVs, the letdown orifice valves and the steam

generator blowdown valves all close on loss of

instrument air. Isolation of containment instru-

ment air will prevent any spurious electrical

signal from affecting the position of these valves.

Operator 1 will then proceed directly to the

auxiliary feed pump room on the 8 ft elevation.

The following actions will be performed at each

turbine-driven auxiliary feed pump bay:
4

(1) Establish cooling water flow to the turbine

bearings.

4-13
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(2) Establish steen generator feed flow to the

"B" steam generator.

(3) Transfer instrumentation to the local

station.

Providing cooling water flow to the turbine is

essential to prevent bearing failure. Service water

pumps (normal cooling water) or the diesel-driven

fire pump will supply turbine bearing cooling water.

Manual valve manipulation at the auxiliary feed pumps

will establish the parallel cooling water path from

the diesel driven fire pump. The diesel-driven fire

pump will auto-start on low fire main pressure and

provide cocling water to the turbine-driven auxiliary

feed pump bearings. Operator 1 will have controlled

feed flow established to both units in approximately

22 minutes.

The "B" steam generators of each unit are being

supplied with feed flow and are providing motive

steam to the auxiliary feed pump turbines. The

alternate instrumentation monitors the "B" steam

generator, thus one steam generator in each unit

is used to monitor, control and maintain the

unit in a safe hot shutdown condition.

Operator 2 while in the Cable Spreading Room will

electrically isolate the remaining potentially

4-14
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spurious components. The following sequence of

activities will be accomplished by Operator 2 in

the Cable Spreading Room.

A. Open breakers 1101 through 1120 in DC panel

D-11. The following breakers are significant

to this scenario.

(1) 1109 Control Power (normal) to 1A05

1110 Control Power (normal) to 2A05

[1111 Control Power (alternate) to 1A06)

[1112 Control Power (alternate) to 2A06]

(2) 1117 Control Power (normal) to 1803

1118 Control Power (normal) to 2803

[1119 Control Power (alternate) to 1804)

[1120 Control Power (alternate) to 2804)

(3) 1123 Control Power to Control Panel 1C20

(4) 1124 Control Power to Control Panel 2020

8. Open breakers 1301 through 1320 in DC panel

0-13. The following breakers are significant

to this scenario.

(1) 1309 Control Power (alternate) to 1A05
,

1310 Control Power (alternate) to 2A05>
t

[1311 Control Power (normal) to 1A06] [

!
[1312 Control Power (normal) to 2A06]

|

(2) 1317 Control Power (alternate) to 1803

4-15
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b

1318 Control Power (alternate) to 2B03

(1319 Control Power (normal) to 1804]

[1320 Control Power (normal) to 2B04]

(3) 1323 Control Power to Control Panel 1C20

(4) 1324 Control Power to Control Panel 2C20 t

C. Open the following main supply breakers in the

480V switchgear cabinets.

(1) In 1-B03 open 16B

(2) In 1-804 open 178'

(3) In 2-B03 open 40B

(4) In 2-B04 open 25B

The breakers above, once open, will isolate

the 480 V switchgear from the 41GO V switchgear

room.

Operator 2 will then return to the control room and

perform the following actions:
i

(1) Open and lock out niain generator breakers

! 122 and 142.

(2) Open and lock out breakers 20 and 21'

on bus H02

;

,
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(3) Open and lock out breakers 30 and 31 on
,

bus H03.

These actions will prevent the spurious ,

supply of power to the 4160 V switchgear

room.

(4) Close breakers 10 and 11 on bus H01, start

the gas turbine and observe it to energize

the H01, 808 and B09 buses.'

Operator 2 will proceed to the Unit 2 electrical

equipment room where he will align MCC B81 to provide

alternate power for lighting and communications.

The isolation of DC control power in the cable spreading

room will not disable all channels of primary system

instrumentation. Operator 2 will return to the control

room to monitor available instrumentation and gas

turbine operatior.

Operator 3 will proceed from the raviliary feedwater

| pump room to the Diesel Griierator Rooms (G01 and G02) ;

and will ensure the diesel generator cannot start

spuriously. If the diesel is already operating, he will
.

stop the diesei and isolate the fuel oil supply to pre-
,

I vent a spurious restart. Operator 3 will then proceed

|
to the charging pump area.

.

|

,

b
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Operator 3, is to provide manual alignment of

potentially spurious components and line-up

components for charging pump flow in both

units by performing the following actions.

(1) Open (or check open) the RWST suction

valves to the charging pumps for both units.

(2) Close (or check closed) manual isolation
valves for the auxiliary spray line in both

units. This action prevents charging through

the auxiliary spray line which could affect .

primary system pressure control.
1

(3) Proceed to the 26 ft elevation and isolate
the volume control tank from the charging pump

suction for Units 1 and 2. This action will

preclude the possibility of boron dilution

and allow only borated water from the RWST

to be pumped through the charging pumps.

(4) Proceed to the Unit I charging pump area to
-

prope'*1y align the breakers for the charging

pumps. By design, the cross-tie breakers are

interlocked to prevent one charging pump from

being powered by two independent power sources

or for one power source to provide power to

two charging pumps simultaneously. Operator 3

4-18
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will go to Units 1 and 2 "A" charging pump
.

cross-tie panels and align the breakers to

the alternate power supply. Once aligned

Units 1 and 2 "A" charging pumps can be

powered from buses 808 and B09 respectively.

(5) Operator 3 will transfer to the local position

the plant monitor instrumentation at the Unit 2

local shutdown panel and do likewise for Unit 1.

The above actions completed by Operators

1, 2, and 3 will have established the

following:

1. Auxiliary feed flow to the "B" steam

gent.rator in each Unit. the steam

generator code safety valves are

providing initial primary system heat

removal.

2. Borated water flow through a charging

pump in each unit to the reactor coolant
'

pump seals and, if sysi.em conditions

allow, through the auxiliary charging
<

lines to the cold leg.

1

3. The gas turbine generator in operation

and essential electrical busses energized, i

4-19
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4. Cooling water flow to each auxiliary

feed pump turbine. (Note: prior to

service water pump operation the diesel

driven fire pump provides bearing cooling

flow'for each auxiliary feed pump turbine)

5. Safe shutdown instrument indication

for both units. (Hot and cold leg

temperature, steam generator level

and pressure, reactor coolant system

pressure, pressurizer level and neutron

flux level).

6. Potentially spurious components that could

affect hot safe shutdown in each unit are

in a safe condition.

A. Pressurizer PORV's are shut

B. Pressurizer Vent Valves are shut

C. Reactor Vessel Head Vent Valves shut

D. Steam Generator Atmospheric Dump

Valves are shut

E. Auxiliary Spray Valves t.re isolated

F. VCT outlet valves are shut

G. RWST suction valves are open

4-20
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H. Normal letdown system isolation

valves are shut

I. The excess letdown valves are shut

J. The steam generator blowdown valves

are shut

K. The electrical distribution is

aligned in such a way that spurious

return of offsite power could not

affect safeguards busses, and the

diesel generators are prevented from

starting.

The safe hot shutdown conditions provided by

the above described actions can be maintained

until operators become available from fire

brigade dismissal or procedural call-in for
!

cooldown to cold shutdown conditions.
j

4.4.6.2 Actions Required to Achieve Cold Shutdown
,

!' The safe shutdown scenario, thus far pre-
|

| sented, has assumed a fire has occurred in

the 4160 Volt Switchgear Room which requires
|

f use of alternate methods for hot safe
1

| shutdown systems. This assumption was made

to demonstrate hot safe shutdown capability
|

outside of the 4160 Volt Switchgear Room

using alternate shutdown methods. The fire
;

f
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occurring in the Switchgear Room would also

require the repair or re powering of cold

shutdown components. The remainder of this

section will explain the alternate methods )

used to achieve cold shutdown outside the 4160

Volt Switchgear Room. Other sections provide

the potential repair actions required to

achieve cold shutdown in the event a fire has

occurred in other plant areas (i.e. other than

the Control Room or the previously established

limited fire damage areas) where evaluation has

shown that fire damage will be limited to one

division of safe shutdown systems or repairable

cold shutdown systems.

After establishing hot safe shutdown conditions,
.

which will be achieved in approximately 1-1/2

hours, a plant cooldown will commence. At that

time additional operators will be available to

. assist in the cooldown. The cooldown phase

requires additional systems and components and

also requires manual operation of valves. The

component cooling water system, service water

system and residual heat removal system will be

required for the cooldown.

i

|
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The actions required to achieve cold shut-

down are summarized as follows:

(1) Start two SW pumps; one powered from bus

B08 and one from bus 809.

(2) Manually operate the "B" Steam generator

atmospheric dump valves to remove

residual heat from the primary system.

(3) Line up and initiate component cooling
4

water system operation (minimum of-

one pump for both units required with

associated heat exchanger).

, ,

(4) Line up and provide manual control of

auxiliary spray (as necessary) to de-

crease reactor coolant system pressure.

| (5) Line up and initiate residual heat

removal system operation.

| Primary system cooldown can be initiated

by dispatching two operators to manually

control each of the "B" steam generator
|

atmospheric dump valves. The total flow
i

|
capacity of each valve is approximately 5%

|
' of maximum calculated steam ficw. By
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controlled release of steam to the atmo-

sphere and continued feed flow from

auxiliary feed pumps, primary system heat
.

is removed. The operators at the steam

dump valves and at the auxiliary feed

station will be in communication with each

other to coordinate the rate of cooldown.

The cooldown rate will be controlled to

within Technical Specification limits or

will be controlled within the limits of

safe shutdown system capabilities.

Approximately 160 gallons per hour, per reactor

coolant pump, would return to the pressurizer relief

tank as a result of seal water return flow. The

reactor coolant pump seal return lines are isolated

by a containment entry and local closing of valves.

Though not presenting a short-term problem, this

action is perfcrmed to prevent filling the PRT.

The cooldown using the atmospheric steam dumps

and the auxiliary feed pumps will proceed until

the pressure and temperature have reached residual

heat removal system operating conditions (425 psig

and 350 F). The auxiliary spray line can be

manually controlled to lower the primary system

pressure, if necessary.

.
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The component cooling water pumps and heat j

exchangers and the service water pumps are

required to support RHR system operation.

Manual valve operation will be required to

align the systems.

The component cooling water system can be placed

into operation to support cold shutdown by providing

power to one of the four pumps and manually opening

the inlet valve on the appropriate residual heat

removal heat exchanger. Component cooling water

flow is from the CCW pump through the CCW heat

exchangers which are cooled by the service water

system to the RHR heat exchangers back to the

suction of the CCW pumps. Any unnecessary heat

loads can be manually isolated to provide maximum

cooling capacity to the RHR heat exchangers.

The residual heat removal system can then

be placed in operation. As a result of fire

induced damage, valves may have changed position

requiring a check of the system valve line-up

before system operation. Both of the RCS suction

isolation valves and the discharge isolation

valve in each unit are shut with the associated

breaker locked-open. The containment sump

isolation valves (IMOV-851A, IMOV-8518, 2M0V-851A,

2MOV-851B) in each unit require verification that

4-25
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they are in the closed position. The RHR heat

exchanger discharge isolation valves (1HCV-624,

1HCV-625, 2HCV-624, 2HCV-625) are normally open,

fail open, air operated valves. If not open, the

appropriate valve can be failed in the open

position to provide flow back to the cold leg.

Thus aligned, the RHR pumps provide primary system

heat removal with reactor coolant flowing from the

"A" loop hot leg through the RHR pump and RHR heat

exchanger back to the "B" loop cold leg.

4.4.6.3 Maintenance Procedures

Appendix R allows the repair of equipment

and components necessary to achieve cold

shutdown as long as cold shutdown can be

established in accordance with paragraph 2.1.2.

The CCW pumps are located in a configuration

which could be susceptible to damage from

a single fire outsido the 4160V switchgear room.

The pumps are not needed for safe hot shutdown

and only one pump is needed for attaining cold

shutdown. A spare CCW pump motor has been

obtained to be used as a replacement for repair

to meet the cold shutdown requirements of

4-26
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Appendix R. MI 18.5, Instructions for Emergency

Replacement of a Component Cooling Pump Motor,

governs the repair action.

The possibility exists that a fire outside the

4160V switchgear room could damage power cables

to redundant RHR pumps. MI 21.7, Installation

for Emergency Replacement of Power Supply Cables

to RHR and CCW Motors, has been prepared to direct

replacement of damaged power cable to a RHR pump.

Power cable has been dedicated for this replacement.
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TABLE 4-1: POINT BEACH NUCLEAR PLANT
POTENTIAL SPURIOUS MALFUNCTIONS THAT COULD AFFECT

SAFE SHUTDOWN

Potential Spurious
Component System Effect of Malfunction Resolution

1(2) M0V 2019 MSS Closing would result Manual opening of the
in loss of steam valve after deenergizing
supply to the turbine- dc power to the valve (2)
driven auxiliary feed
water pump.

1(2) M0V 2020 MSS Opening would result Manual closing of the
in steam being supplied valve after deenergizing
to the Turbine-driven de power to the valve (1)
auxiliary feed water
pumps from both steam
generators.

1(2) CV 2015 MSS Opening of the main Isolate instrument air
1(2) CV 2016 steam atmospheric and bleed valve positioner

dump valves would air to insure that valves
result in uncontrolled remain shut (1)
cooldown.

1(2) CV 2017 MSS Opening of the MSIVs Isolate instrument air
1(2) CV 2018 would result in a loss and bleed valve positioner

of secondary system air to insure the valves
inventory during hot remain closed (1)
shutdown.

1(2) CV 5958 MSS Opening of the Steam Isolate and depressurize
1(2) CV 5959 Generator blowdown instrument air to

valves would result in containment
a loss of secondary

system inventory during
hot shutdown.

,

1(2) V 200A CVCS Opening would result Isolate and depressurize

1(2) V 200B in loss of primary instrument air to,

i

1(2) V 200C system inventory. containment
j

1(2) MOV 1299 CVCS Opening will result in One hour fire rated
loss of primary coolant cable will preclude
through excess letdown spurious operation (3)
lines.

1(2) M0V 285 CVCS Redundant to M0V 1299. No action taken. Pro-
Operation could result tection for MCV 1299
in loss of RCS will prevent loss of
inventory. inventory if valve

r spuriously operates
| (1) (3)'

|

|
Page 1
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TABLE 4-1 (continued): POINT BEACH NUCLEAR PLANT
POTENTIAL SPURIOUS MALFUNCTIONS THAT COULO AFFECT

SAFE SHUT 00WN

Potential Spurious
Component System Effect of Malfunction Resolution

1(2) V 296 CVCS Operation when charg- Shut manual isolation
ing pumps are running valve 1(2) V 384A (1)
could result in cooling
of the pressurizer and
depressuring the RCS.

1(2) MOV 851A,8 RHR Opening of these valves Operator will insure
1(2) M0V 856A,B could result in drain- M0V 856A,B are in

ing the RWST to contain- the closed position (1)
ment sump B.

1(2) MOV 700 RHR Opening could result Power is normally removed
1(2) MOV 701 in loss of RCS and breakers locked open
1(2) M0V 720 inventory. (3) (4)

1(2) PCV 430 Opening of PORVs would Isolate and depressurize
1(2) PCV 431C result in loss of RCS instrument air to

inventory. containment (1) (3)

1(2) RC 570A,B RCS Opening would result Power is normally removed.
1(2) RC 580A,B in loss of RCS (3)
1(2) RC 575A,B inventory.

1(2) MOV 598 RCS Opening of the RCS/ Power is normally removed
1(2) MOV 593 Orain tank boundary and breakers locked open.

isolations would result (3)
in a loss of RCS
inventory.

1(2) SV 2090 SW Service Water to the Manual opening of
Turbine-driven AFW strainer bypass valve
pump lube oil cooler will allow fire water
may shut resulting backup to provide the
in overheating and necessary cooling.
pump damage.

1 A52-59 AC/DC Spurious closing of Manual trip of 13.8 KV
1 A52-65 these breakers could breakers will prevent
2 A52-74 energize safety injec- power supply to 4 KV
2 A52-68 tion pumps P15A and buses.

P158 if off-site power
returned.

Page 2
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TABLE 4-1 (continued): POINT BEACH NUCLEAR PLANT
POTENTIAL SPURIOUS MALFUNCTIONS THAT COULD AFFECT

SAFE SHUTDOWN

Notes:

1- Post-fire action. Operator has sufficient time.to prevent potential
.

spurious operation or detect spurious operation and take action to
correct the malfunction.

2. These valves provide isolation at a high-low pressure interface. The
letdown orifices provide the actual interface, prevent overpressurization
of the low pressure system and limit inventory loss.

3. These valves are isolations at a high-low pressure system interface.

4. Redundant high-low pressure interface isolation is provided by a check
valve.

|

|

I
1
|

|

1

!
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WISC0f4Sitt ELECTRICOperator lio. 1

ASSUMED 4160 V SWITCHGEAR ROOM i

Leave
Control
Room (Time in Min

0 5 10 15 20 25 30

1 1 I I I 1

/_ BEFORE LEAvil43 THE C0t4 TROL ROOM PLACE - MAtiUAL/ AUTO STAT 10t4

| | PROCEED TO ELEVAT10f4 84' - ISOLATE AIR TO Mall
- ISOLATE AIR TO ATM

'

I J PROCEED TO ELEVATI0tt 46'

| I PROCEED TO ELEVATI0li

1

,
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l
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'
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POWER COMPANY Page 1 of 3

' IRE SCENARIO FOR APPENDIX R

ites)
35 40 45 50 05 60

l I I I I I

OR ATMOSPHERIC DUMP VALVES IN MANUAL POSITION - UN]TS 1 & 2

s' STEAM ISOLATION VALVES - UNITS 1 & 2
) SPHERIC DUMP VALVES - UNITS 1 & 2

MANUALLY CLOSE LOOP A STEAM SUPPLY MOV - UNITS 1 & 2 I

MANUALLY OPEN LOOP B STEAM SUPPLY MOV - UNITS 1 & 2 |

26' PIPEWAY 2 & 3 - ISOLATE AIR TO CONTAINMENT AIR HEi. DER - UNITS 1 & 2

[ PROCEED TO ELEVATION 8' AUXILIARY FEEDWATER PUMP AREA
- MANUALLY OPEN AUXILIARY FEEDWATER PUMP DISCHARGE VALVE 10% TO

STEAM GENERATOR B - UNITS 1 & 2
- MANUALLY CLOSE AUXILIARY FEEDWATER PUMP DISCHARGE VALVE TO STEAM

GENERATOR A - UNITS 1 & 2

- VERIFY COOLING WATER TO AUXILIARY FEEDWATER PUMP TURBINE BEARINGS -
UNITS 1 & 2

- TRANSFER INSTRUMENTATION TO LOCAL ALTERNATIVE OPERATING STATION -
UNITS 1 & 2

~- ESTABLISH AND MAINTAIN LEVEL IN STEAM GENERATOR B WITH MANUAL CONTROL OF
FEEDWATEF DISCHARGE VALVE - UNITS 1 & 2

FLOW RATE CONTROLLED - MONITOR PRIMARY PLANT PARAfiETERS -
~~~ ~ ~ ~ ~

UNITS 1 & 2

T1
/tP ElRJ1'IJilEC

CAlll)

Also AvaHable On
Aperture Carel

f]GURE 4-1
OPERATOR NO. 1 T]!:ELINE

8803230288 -/7 -
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Operator No. 2 WISCONSIN ELECTRIC i

ASSUMED 4160 V SWITCHGEAR ROOM F

Leave
Control
Room (Time in Minu-

0 5 10 15 20 25 39
I l 1 1 1 1

1 i PROCEED TO CABLE SPREADING ROOM ELEVATION 26' - PERF'

I I PERFORM PROPER LINE-UP 0F 480V BREAKERS

L I PROCEED TO CONTROL ROOM EL

,

I _| START GAS TU

| [ PRC

5

t

I

,

%me g
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'0WER COMPANY Page 2 of 3

LRE SCENARIO FOR APPENDIX R

Les)
35 40 45 50 55 60

1 I I I l |

1RM PROPER LIl4E-UP 0F 125V DC BREAKERS (l's TOTAL - UNIT 1; 10 TOTAL - UNIT 2)

(2 TOTAL - UNIT 1; 2 TOTAL - UNIT 2)

EVATION 44' - PERFORM PROPER LINE-UP OF 345 KV BREA:ERS

(2 TOTAL)

- PERFORM PROPER LINE-UP OF 13.8 KV BRiAKERS
,

(6 TOTAL)

1BINE AND BRING ON BUS

ICEED TO UNIT 2 ELECTRICAL EQUIPMENT ROOM - LINE-UP DISTRIBUTION PANEL

; WITCHES TO PROVIDE ALTERNATE LIGHTING AND COMMUNICATIONS POWER

7 TOTAL)

____ PROCEED TO C0l; TROL ROOM - MONITOR PRIMARY PLANT PARAMETERS -

UNITS 1 & 2

'I'I
APERT M
CARD

Also Ava'dable Gn
Aperture Card

flGURE 4-1
OPERATOR NO. 2 TIl1ELINE

8 8 0 3 2 3 0 2 3 3 ,1J
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Operator tio. 3 WISCONSIt1 ELECTRIC

ASSUMED 4160VSWITCHGEARROOMQ

Leave
Control
Room (Time in Mind

0 5 10 15 20 25 30

J_ l | I | l ._._

|
| _1 PROCEED TO AUXILIARY FEEDWATER PUMP AREA - OPEt

U!ITS 1 & 2

| 1 PROCEED TO DIESEL GEt4ERATOR ROOMS

I I PROCEED TO CHARGIti(

l | Pi

I. .

,
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POWER COMPANY Page 3 of 3

IRE SCENARIO FOR APPENDIX R

ites)
35 40 45 50 55 60

I I | | | |

' MIN 1 MUM RECIRCULATION VALVE FOR _ TEAM - DRIVEN AUXILI ARY FEE 0 WATER PUMP -

- SECURE FUEL SUPPLY 10 PREVENT SPURIOUS START - U'41TS 3D & 4D

PUMP AREA ELEVATION 8' - OPEN RWST TO CHARGING PU91P SUCTION - UNITS 1 & 2

- CLOSE MANUAL ISOLATION VALVE TO NORMAL CHARGING
PATH - UNITS 1 & 2

?0CEED TO ELEVATION 26' CLOSE VOLUME CONTROL TANK DISCHARGE TO CHARGING
PUMPS - UNITS 1 & 2

1 PROCEED TO CHARGING PUMP AREA ELEVATION 8' - LINE-UP BREAKER
FOR UNIT 1 CHARGING
PUMP IP2A

[ l LINE-UP BREAKER FOR UNIT 2 CHARGING PUMP 2P2A
- TRANSFER INSTRUMENTATION TO LOCAL

ALTERNATIVE
- VERIFY PROPER CHARGING PUMP OPERATION

I ESTABLISH / MONITOR PRESSURIZER
~~~

LEVEL AND MONITOR REACTOR COOLANT
SYSTEM PRESSURE - UNITS 1 & 2

| ___ Monitor Primary Plant Parameters -
Units 1 & 2

TR
APERTURS

CARD

Also AvaUable ()n
Aperture Chr,3

FIGURE 4-1
OPERATOR NO. 3 TIMELINE

8 8 0 a e a o 2 3 3 -p-/ ~
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WISCONSlis ELECTRIC P@
ASSUMED 4160 V SWITCH 3 EAR ROOM FlR

(Time in Hos
0 1 2 3 4 5 6 7 8 9 10 20 30

I I I I I I I i i i I I I

JL FIRE STARTS 111 4160 V SWITCHGEAR ROOM - DETECT 10!i SYSTEtt ACTUATES

JL LOSS OF OFF-SITE POWER REACTOR AND TURBlNE TRIP

1 j !!EE DUR/, TION - FIRE Er.lGtDE DETERMINES EXTEt:T OF DAMtGE - FIRE ERIG

| JL FIRE ERIGA.DL ARRIVES Al fli.E SEE! E

! J&< 0PERATOR STARTS TURBillE-DRIVEtt AUXILI ARY FEEDWATER PUMP'

| I OPERATOR STAT 10NED AT ALTERt1 ATE OPERATII G STATION FEEDS
'

_____

[_j OPERATOR ISOLATES SPURIOUS COMPoliENTS ELECTRICALLY

L__I OPERATOR CHECKS POSITI0tt OF SPURIOUS COMPONENTS - MANUALLY ALIGNS SAFE SHL
' ~ '

(_j OPERATOR MANUALLY STARTS AND LOADS GAS TURBINE GENERATOR

ACHEMICAL AND VOLUME CONTROL SYSTEM CONTROLLING PRIMARY SYSTEM INVENTORY

| 1 OPERATORS ASSESS FIRE DAMAGE TO COLD SHUT 00Wri CIRCUITS -

[ ] OPERATOR TO PERFORM MANUAL BREAKER LINEUP THROUGH BUS

;&g PLACE INTO OPERATION ADDITIONAL SERVICE WATER PUMPS (
~

l _____ CONTINUE PLANT C00LDOWN - REMOVE DECAY HEAT VIA S'

d ESTABLISH COMPONENT COOLING WATER FLOW (MINIMUM Of

s8L CONTAINMENT ACCESS AVAILABLE - 1) ISOLATE SAFf
2) VERIFY ISOLs

,
_

1 | RHR S'
3

i SYS1

I l _

;

1

|

1

I
.
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s'ER COMPANY
E SCENARIO FOR APFENDIX R

rs)
40 50 60 70 80

1 1 I I I-

4DE OPERATORS RELEASED

-B STEA!4 GENERATORS TO CONTROL DECAY HEAT
APER M
CARD

|UDOWN SYSTEMS

Also AvallehITn
'

OPERATOR MONITORS PRIMAP,Y PLANT PARAPETERS

DENTIFY DAMAGED CIRCUITS - DEVELOP CORRECTIVE ACTION

VIES TO POWER SAFFGUARDS BUSES (IF AND AS APPROPRIATE)

MNIMUM 0F 2 REQUIRED)

EAM GENERATOR B FEED AND MANUAL CPERATION OF ATMOSPHERIC DUMP VALVES

1 REQUIRED)

TY INJECTION TANK ACCUMULATORS: RCS > 1000 PSIG
IION OF LETDOWN ORIFICES AND ISOLATE IIEACTOR COOLANT PUMP SEAL RETURN LINES

STEM LINE-UP - ENSURE POTENTIALLY SPURIOUS COMPONENTS ARE CHECKED AND
EM IS ALIGNED PROPERLY

USING AUXILIARY SPRAY, AS NECESSARY,
- DEPRESSURIZE IN ACCORDANCE WITH TECHNICAL SPECIFICATIONS

"---

AND PROCEDURES .

I START RHR SYSTEM WHEN RCS REACHES 350 AND 425 PSIG
_____

l ESTABLISH C00LDOWN WIT i RHR SYSTEM AND C00LDOWN TO < 200
REACTOR IN COLD SHUTDO.|N 4

-
~~~

FIGURE 4-2
72 H3UR TIMELINE

8 8 0 3 2 3 0 2 3 3-9 F i
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