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2 PLANT DESIGN

,

200 GENERAL

Primary Plant

The primary plant consists of all the individual systems which
directly or indirectly are involved in the removal of nuclear heat from the
reactor. The primary plant contains the nuclear core in which the energy
released through the fissioning of uranium is converted to heat, thereby
increasing the temperature of the circulating light water moderator-coolant.
The coolant gives up this heat during its forced circulation through a shell
and U-tube heat exchanger where steam is produced for use in the secondary
plant. The coolant is then recirculated through the nuclear core.

The primary plant is composed of the main coolant system, which is
the basic system in this plant, and 17 auxiliary systems which, in one way
or another, service the main coolant system. A composite diagram of the pri-
mary plant and secondary plant is shown on drawing No. 9699-m -2A.

The largest single component in the main coolant system is the re-
actor vessel which contains the nuclear core. It is a cylindrical carbon
steel vessel clad internally with stainless steel. The vessel is provided
with a bolted closure at the top, which incorporates provision for seal veld-
ing and is also of carbon steel-stainless steel clad construction. On this
closure head are mounted the supports for the 24 control rod drive mechanisms.

O The reactor vessel also contains four inlet and four outlet nozzles, all
\ '

equally radially spaced and at the same elevation above the core. Four essen-
tially identical closed piping loops are connected in parallel to the reactor
via these nozzles.

To facilitate the control and recirculation of the coolant between
the core and the heat exchanger, the following additional equipment is em-
played in the main coolant system. Each main coolant piping loop contains a
canned motor pump to provide circulation of the coolant, a check valve to
limit coolant by-passing of the reactor vessel when the pump is shut down,
and two remote operated gate valves with which isolation of the loop from
the reactor vessel is accomplished when desired. The heat exchanger in each-
of the loops is of shell and U-tube design with the U-tubes oriented verti-
cally. The primary plant coolant is circulated through the tubes while steam
is generated on the shell side of the tubes. All of the major surfaces in
contact with primary plant coolant are of Type 304 stainless steel or equiv-
alent. The major piping in the main coolant system is nominal 20 and 24 in.
0.D. and designed for 2,300 paia at 550 F. Normally the main coolant system
operates at temperatu*es between 496 F and 532 F and pressures of 1,850 to
2,150 psi gage.

In general, and where applicable, all equipment in the main coolant
system is designed and fabricated to meet the requirements of ASME Boiler and
Pressure Vessel Code, Section VIII or the ASA Code for Pressure Piping, the
latest addenda and rulings.
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h The entire main coolant system, as well as the high temperature -
high pressure portions of the primary plant a W mv systems, is located
inside of the vapor container. This is a spherical steal envelope d6 signed
to contain the pressure build-up resulting from the major loss of coolant
accident, i.e. the mpture of one 20 in. main coolant line and one secondary
steam line which releases to equilibrium pressure and temperature the entire
moderator-coolant and the contents of one steam generater secondary side. !

To provide the necessary indication and control for safe and effi-
cient operation of the nuclear core, the nuclear instrumentation system moni-
tors the neutron flux in the neutron shield tank which surrounds the reactor
vessel. This sytem indicates startup rate and flux 3evel for all power ranges
and scrams the core when the startup rate da high or when flux level is high
or low. It also scrams the core when a low flow or low pressure condition
exists in the main coolant system.

In the normal operating ranges, control of the primary plant is
achieved by either manual or semi-automatic positioning of the control rods
in the nuclear core. Steady state control of the plant is accomplished by
the reactor control system about an essentially constant ovWe main coolant
temperature. The semi-automatic system is capable of restoring e.ystem average
temperature from a high main coolant temperature condition resulting from a
scheduled or transient load reduction. Semi-automatic positioning of the
control rods, that is automatic rod insertion, is possible over all power
ranges.

'') In order to preclude bulk boiling of the coolant in the main cool-
ant system, a saturation over-pressure is always maintained. This over-'

pressure is established, maintained, and controlled by the pressure control
and relief system which is connected to the main coolant system by a surge
line. Pressure control is accomplished in the pmssurizer vessel by main-
ta4ning a steam-water volume at an equilibrium temperature of 636 F. The

heat required to vaporize tlie coolant in the pressurizar is supplied by
electric immersion heaters. Plant load changes affect the temperature of
the coolant in the main coolant system and, therefore, its expansion and
contraction. These coolant density changes during normal plant load changes
are accomodated by the expansion and contraction of the steam volume in the
pressuriser, Coolant volume changes which cannot be accomodated by the pres-
surizer steam volume result in the blowing of safety relief valves on the pres-
suriser vessel during increasing volume surges or the scramming of the re-
actor vessel during decreasing volume changes.

Since the main coolant system is essentially a constant high pres-
sure system, facilities must be provided for pumping low pressure make-up
ooolant to the high pressure system and conversely for reducing the pressure

'

of any coolant bled from the main coolant system. These operations, as well
as ft1 Hug of the main coolant system, are the principal operations accomplished
by the charging and volume control system. The temperature of the coolant bled
from the main coolant system is reduced in passage through a regenerative heat
exchanger and subsequently reduced in pressure by orifices in the bleed line
to the low pressure surge tank. Introduction of coolant into the main co&lant
system is accomplished by means of the charging pumps via a charging line orc

. (3j a fill header.

.
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5 201 MAIN COOLMiT SYSTEM
-

v
General

,

3

The main coolant system is provided in a pressurized water reactor
.

plant to supply water at the required fled rate and temperature to meet the!

| heat transfer and moderating requirements cf the reactor core. This system
' transfers the heat generated in the nuclear core to the steam generators

where it is utilized in producing steam for the turbine-electric plant.
!

The main coolant system censists of four closed piping loops con-
nected in parallel to the single reacter vessel. The principal equipment in
each .of the loops are two gate type stop valves, a steam generating heat
exchanger, a canned-motor type circulating pump, a check valve, 20 and 2h in.

i piping, and pressure $ temperature and ficw instrumentation. Each main cool-
ant lecp also includes a by-pass line which connects the hot leg to the cold
leg, by-passing the reactor core. This by-pass line includes a gate type'

,

| stop valve and a relief valve which discharges into the relief valve dis-
; charge header. Amiliry system piping connections as well as pressure,

temperature and flow instrument piping connections are also provided. The
main coolant system is'shown on dravirg No. 6h6-J-h21.

,

The main coolant system design provides for tne transfer up to
2.0h5 billion Btu per hour from the reactor core. It utilizes this heat in,

i

evaporating water in the steam generators to supply approximately 2.38h million^

i - lb per hour of essentially dry and saturated steam to the main steam line
hich is used in the turbine-electric plant to generate 185 mw gross electrical.w

output. In order to provide the required cooling capacity for the reactor '

core for this gross load, the main coolant system circulates h2.0 mmion 1b
;

! per hour of water at an average temperature of $27cF :mrimm The total
volume in the main coolant system is 2,9hD cu ft.

.

During normal operation at full powe- and ccrresponding to approx-
. imately 185 MWe output, the coclant enters the reactor veesel at a temperature
of 5060F and leaves at a temperature of $h80F. The steam produced in the
secondary sids of the generator'is at a temperaturs of h800F and pressure of

;

i 569 pai gage. The maximum moisture in the' eteam at rated load is not over .
of 15. The feedwater returning to the steam generator is at a temperature

.

'

of 3550F.

The main coolant system in combination with the steam-electric
plant is designed for a normal rate of change of load of 3% of full load per'-

min. - The plant' is also designed to accomodate either a positive er nega -'

tive step change of load of 5% without reactor scram. In addition, the
'

plant is designed,'in case of. emergency,. to drop or scram its entire load'

i almost instantaneously.
''

In order to maintain stresses in the reactor vessel below marinram
levels, the heating as well as the cooling rate .cf the plant is Hmited to-;

0
'

$0 F per hr.>

P If the main coolant and reactor vessel are iso-thermal.at a tem-
perature'of 150 Ff the: heat-up rate of the plant may proceed at 500F.per hr0

.

J

$

-,-- -,-~.,-.,,.--v,.. %.,m,---.,_..., m .%,_.,., .,..,-m.,_ _.-,...,m.,,__s,,. .-...m ,,m-,, ~,v~.,...y .._...,,.-.,.g-
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( | continuous to operating temperatures. If the main coolant and reactor vessel,

are iso-thermal at a temperature lower than 1500F, the heat-up of the plant
0

~

may proceed at $0 F per hr to a main coolant temperature of 2500F. At 2500F,
2 hours are required to establish an iso-thermal concition between the main
coolant and reactor vessel. When iso-thermal is established, the plant heat-
up may proceed at 500F per hr continuous to operating tenperatures.

The nornal pressure in the nain coolant system is maintained at
2,0001 62 psi gage by the pressure control and relief system. If the operating
pressure exceeds 2,385 psi gage, an automatically actuated, solenoid operated
relief valve on the pressurizer will relieve steam. If this valve is incapable
of limiting the pressure buildup, code safety valves set at 2,hS$ and 2,560 psi
gage will open to relieve the system. If the pressure drops below 1,350 psi
gage, the reactor will scran.

The water used as the nain coolant during normal operation will at
times contain boric acid as a reactivity shim. Additional boric acid is added
to the main coolant prior to initiation of cooldown for refueling or maintenance
work, since control rods alone are insufficient to keep the cold clean core
suberitical.

The normal impurity content is less than 1 ppm, with dissolved oxygen
at 0.lh ppm, and hydrogen at 2-3 ppm (25 - 35 ml S.T.P. per K H O). Ther2
chloride content should be less than 0.1 ppn.

(~N The initial hydrostatic test pressure of the high pressure portions
( of the prinary plant with no core installed in the reactor vessel, employing'

demineralized water, is 3,h35 psi gage at a minimum temperature of 900F.
Cold leak test pressure of the hign pressure portions of the prinary plant
with core installed in the reactor vessel, enploying borated water, is 2,hd$
psi gage at a mininum temperature of 900F.

All coolant leakage from the main coolant system is controlled.
The major surfaces in contact with the main coolant are of stainless steel,
Type 30h.

All main coolant system apparatus which falls within the jurisdic-
tion of the ASME codes is fabricated to meet the code require.*.ents.

Steam Generators

The steam generators in the nain coolant system consist of a shell
and U-tube evaporator together with 3-stage moisture separating equipment.
The shell of the unit is oriented with its axis vertical and has the moisture
separating equipment located in the upper section of the shell above the tube
bundle. The primary side inlet and outlet nozzler are located at the bottom
of the vessel. The main coolant is the heating fluid and flows through the
tubes. Steam is generated on the shell side at a pressure of h85 to 759 psi
gage, depending upon load conditions. The shell blowdown from the stean
renerators is continuous and controls the chloride concentration to less than
0.5 ppm and solids concentration to less than 500-600 ppn.
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The steam generators are constructed in accordance with the re-
O quirements of the ASE Code, Section VIII, Unfired Pressure Vessels,1956

Edition, Paragraph U-1-e, under which they are classed as an unfired steam
boiler. The primary side of the steam generators is designed to a pressure
of 2,h85 psi gage and the shell side to 1,035 psi gage. The design tempera-
ture for the primary side and shell side of the steam generator is 650 F and
600 F, respectively.

Provisions have been made in the outlet nozzle of the steam gener-

ator channel head for the installation of a removable filter which is used
during the system flushing operation to remove foreign matter prior to plant
operation.

Pumps

The main coolant circulating pumps are of the canned-motor type.
Each pump unit consists of a hermetically sealed motor and centrifugal pump
impeller mounted on a single shaft as an integral unit complete with heat
exchanger, volute and high pressure motor terminals. The unit is mounted
with the motor shaft vertical and with the motor above the pump. These pumps
are designed for single speed operation.

For main coolant temperatures bslow 300 F, the pump design for four
pump operation requires a mini =n= pressure of 100 psi gage which must be
mairytained at the pump inlet. As main coolant temperature is increased, this
pressure must be raised accordingly. During normal operation at h96 F the

pd mini =i= operation suction pressyre is 685 psi gage. Each pump is capable of
supplying 25,600 gpm (10.2 x 10 lb per br) during normal operation, i.e.
h96 F and 2,000 psi gage.

During decontamination or heat up of a cold isolated loop, each
pump can be throttled to a minimi= pumping capacity of approximately 2,500 gpm.
Double acting thrust bearings are employed in the pump motor to obtain maximum
reliability at reduced flow rates. During initial startup of the plant, the
four main coolant pumps are employed to heat up the main coolant system from
ambient to reactor startup temperature.

A pump-valve interlock is employed to prevent pump operation when
the main loop stop valves and by-pass valves' are not in the correct operating
position. This interlock is part of the circuitry in the valve and pump
controllers. The foregoing pump-valve interlocking in each main coolant loop
includes (1) an interlock to prevent operation of a main coolant pump unless
both main coolant valves or the 5" by-pass valve is open (2) an interlock to
prevent restarting a pump unless the cold leg main coolant valve has been closed
and the 5" by-pass valve has been opened.

The pressure containing parts of the main coolant pumps are designed
to a pressure and temperature of 2,h85 psi gage and 650 F and are in accord-
ance with the ASE Code, Section VIII, where applicable.

Valves
n
(,,~) Individual loop isolation is accomplished by employing remote oper-

ated gate type stop valves in the reactor outlet and return piping. These
valves are normally fully open or fully closed. Valve travel time is 120 sec +

~

10%. These stop valves are designed to open against a differentini pressure
of 200 psi and close against a 500 psi pressure differential and are

.
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capable of withstanding a 3,450 pai differential, in either direction when
p closed . The operators for these valves are of the electric motor type with
V torque control. The torque limit switch is used to control stem back seat-

ing pressure. In addition to the torque switch, limit switches also limit
the travel of the valve stem in both directions.

The stem packing gland is designed for essentially leak free opera-
tion for long periods of time with a lantern ring and drain connection to
permit controlled disposal of any leakage. One feature of these valves is
that the inlet and outlet passages approximate a venturi, so that it is pos-
sible to employ 20 in, ends and an 18 in. valve orifice without sustaining a
substantial pressure drop through the valve. A valve-te=perature interlock
is employed to prevent any isolated loop from being placed into operation
unless the temperature of this loop is within 30 F of the highest cold leg
temperature of the remaining loops. The valve is designed to its particular
pressure and temperature (2,285 psi gage and 650 F) requirements according
to the 1957 edition of ASA B16.5, Standard for Steel Pipe Flanges and Flanged
Fittings, and other applicable codes.

Check valves are employed in the main coolant system to limit re-
verse flow through any one of the four main loops in the event of a pump
shutdown in that loop. The valve is of the conventional swing type check
valve, except for two features. The first is that flow openings are pro-
vided in the valve seat to permit a reverse flow of 100 gpm in the inopera-
tive loop, under the condition of three main coolant pump operation. The
purpose of this controlled reverse flow is to keep the inoperative loop at
an equilibrium temperature with the rest of the main coolant system. The

/3 second feature is the balanced disc of the check valve. This disc is bal-
\J anced so that when no-flow condition exists, the disc hangs open, well sep-

arated from the seat, leaving an open flow area. The disc does not close
against the seat until back-flow commences. The basic valve is a nominal
20 in body size with a nominal 24 in. inlet nozzle. The design and fab-
rication of this valve conforms with the requirements of the American Stand-
ard for Steel Pipe Flanges and Flanged Fittings, ASA B16.5,1957 edition,
and other applicable codes.

A 5 in, by-pass line located on the steam generator side of the
main stop valves is provided to permit recirculation of main coolant in an
isolated loop. Recirculation is used for warming a cool isolated loop prior
to return to four loop operation and may be used in the decontamination of
an isolated loop. A 5 in. motor operated gate valve is employed to prevent
flow in the by-pass line when the main coolant system is in normal operation.
This by-pass line is sized to allow approximately 2,500 gpm flow by isolated
loop pump operation.

A 1 in. relief valve is provided in each loop to prevent over
pressurization of an isolated main coolant loop. These valves are located
in the by-pass line in each loop and discharge into the relief valve dis-
charge header. These valves are set to relieve at a pressure of 2,735 psi
gage.

r

I

-
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Piping and Fittings

v The stainless steel main coolant piping is of hollov forged and
bored construction and correcponds to ASTM-A-376-55T-TP-304 material speci-
fication. The pipe fittings are cast ASTM-A-351-57T, CF8 material. The de-
sign and fabrication of the main coolant piping system is in accordance with
the requirements of the ASA B31.1,1955 edition, Code for Pressure Piping.

,

The sizing of the pipe as to vall thickness is based upon a design pressure
'

and te=perature of 2,285 psi gage and 550 F vith provision for variations
in pressure and te=perature as permitted by the Code for Pressure Piping.

Since the pipe caterial is austenitic stainless steel and the water
quality is highly controlled, corrosion is negligible and no specific corro-
sion allovance is included in the pipe considerations.

The first-pass velding of the main coolant piping system is accom-
plished by manual inert gas tungsten are velding utilizing a Type 308 stain-
less steel EB consumable insert ring. Subsequent passes are deposited by
manual are velding employing Type 308 stainless steel electrodes. Inspection
of these velds include radiographic and dye-penetrant tests.

The velocity of the coolant through the 20 in. pipe is approximately
38 fps and approximately 26 fps through the 2h in. pipe.

Instrumentation and Control

p The main coolant system instrumentation is provided to measure the
V temperature, pressure, and flow in the main coolant system and provides the

necessary indications, alarms, and control signals required to operate the
plant safely and efficiently.

Flow rates through the main coolant loops during plant operation
are obtained by measuring the pressure drop across the steam generator. A
differential pressure detector, whose taps are placed in the inlet and outlet
channel of the steen generator, measures the pressure drop across the steam
generator. This measured pressure drop is compared with the calculated pres-
sure drop to determine the flow in the loop. The magnetic amplifier con-
troller receives an output signal from a differential transfonner mounted on
the differential transformer cell, demodulates and amplifies this signal and,

sends it to a control board mounted indicator, reading in pounds per hour,
a lov main coolant flov scram bistable, a power level scram cut-back circuit,
a ultipoint recorder and the annunciator for individual loop lov flow. A
fail-safe on-off signal is sent to the fail-safe panel to indicate a failure
in the instrumentation.

The hot leg narrow range temperature is detected in the inlet piping
to the steam generator by means of a resistance type, short time constant tem-
perature detector. The resistance temperature element is part of a bridge
circuit that is connected to a magnetic amplifier controller. The output of
the controller is a narrow range signal that varies between 510 F and 540 F.
This narrow range continuous signal is sent to the reactor control system,

O
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for use in controlling the primary plant by maintaining a constant average

Q temperature in the system, an indicator mounted on the control board and a
multipoint recorder mounted on the rear of the control panel. The con-
troller also sends an on-off high temperature alarm signal to the annun-
ciator on the control board. A fail-safe on-off signal is sent to the fail-
safe panel on the rear of the control board to indicate a failure in the
instrument channel.

The cold leg narrov range temperature is detected in the outlet
piping of the steam generator in the some m nner as the hot leg narrow range
temperature mentioned in the previous paragraph. The narrow range cold leg
temperature instrumentation and the narrow range hot leg tengrature instru-
mentation are identical except for the range and alarm setting, the cold leg
narrov range being set for k85 to 515 F.

The cold leg vide range temperature is detected in the outlet pip-
ing of the steam generator by means of a resistance type te=perature de-
tector. The vide range instntmentation detects, controls, and indicates
over a range of 70 F to 600 F and sends an on-off fail-safe signal to the
fail-safe panel upon instrumentation failure. The controller is designed
with magnetic a=plifiers. The vide range instrumentation contains a magnetic
n=plifier type valve-temperature interlocking circuit. This interlock pre-
vents any isolated loop from being placed into operation unless the tempera-
ture of this loop is within 30 F cf the highest cold leg temperature of the
remaining loops.

The system pressure is measured between the reactor and the stop
valve in the hot leg of loop No.1 which is connected to the pressurizer.w

The detector is a bourdon tube type pressure detector that produces a
voltage output from an integrally mounted differential transformer. This
output is sent to a magnetic amplifier controller where the signal is de-
modulated and a=plified. One output is sent to a control board mounted
indicator reading from 0 to 3,000 psi sage. The controller also sends
signals to the annunciator on high pressure and on low pressure. The out-
put of this channel is also sent to the pressure control and relief system
pressure channel which is used in case the pressure detector in the latter
channel becomes inoperative. There,is also a low pressure scram signal
sent to the alar = and scram panel which is used in conjunction with the
pressure scra : signal from the pressure control and relief syste=. There
is also an on-off fail-safe signal to the fail-safe panel to indicate a
failure in the instrumentation.

I

n
V
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202 PRESSURE CONTROL AND RELIEF SYSTEM
/

!' '' General

The functions of the pressure control and relief system are to
maintain the required main coolant pressure at the reactor outlet during
steady state operation, to limit to an allovable range the pressure changes
caused by main coolant thermal expansion and contraction during normal power
plant load transients, and to prevent the pressure in the main coolant
system from exceeding the design pressure.

The pressure control and relief system consists of a pressurizer
vessel containing a 2-phase mixture of steam and water, replaceable direct
immersion heaters, safety and relief valves, spray system, interconnecting
piping, valves, and instrumentation as shown on drawing No. 646-J-422. The
electrical heaters, located in the lower section of the pressurizer vessel,
accomplish pressurization of the main coolant system by maintaining the
water and steam at saturation temperature. The heaters are capable of rais-
ing the temperature of the pressurizer and contents at the desired rate dur-
ing startup of the reactor plant. The heaters are turned on in successive
steps when the system pressure decreases below the operating pressure.

The pressurizer vessel is designed to accannodate positive and
negative surges of the main coolant system caused by normal power plant load
transients. During a positive surge, the spray system causes steam to be
condensed so that the pressure vill not increase to a value which would ac-

I~ tuate relief valves. During a negative surge, flashing of water and genera-
tion of steam by heater operation in the pressurizer keeps pressure above as

minimum value fixed by the reactor core heat transfer design and safety re-
quirements.

Safety valves and a solenoid operated relief valve are provided
to accommodate large pressure surges which are beyond the pressure limiting
capacity of the pressurizer and spray system. The safety valves are capable
of preventing system pressure from exceeding the design pressure of 2,500 psia
based on ASME Boiler Code, Section I where applicable for this type plant.
The solenoid operated relief valve operates at a pressure of 2,400 psi gage
to minhnize the operating frequency of the code safety valves. Each main
coolant system loop is provided with a water relief valve to relieve thermal
expansion at 2,735 psi gage. Discharge of safety and relief valves is to
the low pressure surge tank which acts as a blowdown and quenching tank. In
turn, if the blowdown capacity of the low pressure surge tank is exceeded,
it relieves to the vapor container, thereby maintaining complete enclosure
of main coolant system pressure relief.

Pressurizer

A change in the turbine generator load vill cause a change in the
reactor core coolant water and fuel average temperatures. The magnitude of
the temperature changes depends on the following:

The rate and magnitude of the turbine generator load transient
$h The magnitude of the moderator negative temperature and positive

pressure coefficients of reactivity, and the fuel (Doppler)
negative temperature coefficient of reactivity
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The magnitude of reactivity change due to an automatic or manual
positioning of the reactor control rods.

g!
'- The density change of the coolant water caused by the temperature

change will result in a volume surge into or out of the pressurizer vessel.
The compression or expansion of the steam volume causes a change in coolant
water pressure. Pressure leereases must be limited so that the main coolant
water in the reactor does not boil excessively, causing damage to the fuel
or cladding. Pressure increases must be limited to prevent lifting the
selfactuated safety valves, cuasing unnecessary wear. Since the reactor
control system will not respond instantly to a change in the electrical load,
the pressure control and relief system is designed to prevent excessive
pressure change during the uncontrolled, or initial phase of the load transient.

The naximum step load change imposed on the turbine generator by
the electrical interconnection is not expected to exceed plus or minus 10%#

of full power generation, and loading and unloading rates are not expected
to exceed 3 to 5% of full power generation per minute. Sufficient time is
available for reactor control response, so that the pressurizer volume
surges will be less than the equivalent of a 10% uncontrolled load change.

The 295 cu. f t. pressurizer contains about 90 cu. ft. of water
during normal operation. This volume can absorb a positive surge of 32 cu. ft.
without causing safety valve operation and a negative surge of 38 cu. ft.
without causing the main coolant pressure to drop to 1,800 psi gage.

The pressurizer vessel is classified as an electrically heated
(~' steam generator and is designed, constructed, and tested in accordance with
k- the requirements of the ASME Boiler and Pressure Vessel Code, Section VIII h

(1956 Edition and latest addenda) and ASME Code Case Nos.122h and 123h.
The maximum allowable working pressure and temperature are 2,$00 psia and
6680F. This allows normal operating conditions of 2,150 psi gage and 6h60F;
although initially the plant will be cperated at 2,000 psi gage and 6360F.
All surfaces in contact with the water and steam are of Type 30h stainless
steel or equivalent. The maximum rate of heating or cooling of the
pressurizer recommended by the manufacturer is 2000F per hour.

The piping in the pressure control and relief system is sized,
constructed, and tested in accordance with the requiremnts of ASA B31.1 -
1955 Code for Pressure Piping, Section 1 and 6.

A h inch pipe connects the bottom of the pressurizer to the reactor
coolant outlet pipe on the reactor side of the loop No.1 isolation valve.
This pipe is subject to temperature changes of about 100 F caused by volum
surges during load transients. Type 316 stainless steel is used rather than
Type 30h, since it has a higher allewable stress value and permits use of a
thinner wall (schedule 120) piping. The thermal stresses caused by temper-
ature transients have less effect on the thinner-walled pipe.

A manually operated vent line permits intermittent or continuous
venting of oxygen and other non condensible gases from the vapor phase of
the pressurizer to the Iow Pressure Surge Tank. The vent or bleed flow is
controlled between 0 and h0 lb/hr manual by positioning of rieedle valves in

~

each of two parallel circuits containing capillary breakdown tubes. g( <
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Heaters and Heater Control

Direct imersion electrical haaters, having a tchl outp2t of
300 kw, are installed in four flanged penstrations in the lower section of
the pressurizer vessel. Twelve heatsrs, each rated at 6.25 kw capacity at
220 v, are welded to a diaphragm to form a heater bundle for each of the
four vessel penetrations. The diaphragms may be gasketed or seal welded to
the vessel. The h8 heaters are combined into twenty-four, hh0 v series
groups outside the secondary shielding in the vapor container. The 2h groups
are combined into eight 3-phase groups of 37.5 kw capacity. Each 3-phase
group is controlled at the reactor control board and can be placed on
cycling, low pressure backup, or manual control. The cycling control
energizes huaters at 1,970 psi gage and de-energizes at 2,030 psi gage. The
low pressure backup control energizes heaters at 1,950 psi gage and de-
energizes then at 1,980 psi gage.

Steady state heat losses through the pressurizer vessel insulation
and due to circulation spray amount to approximately 20 kw. During normal
operation, one heater group (37.5 kw) is placed on cycling control to main-
tain pressurizer pressure between 1,970 and 2,030 psi gage, and the remaining
seven groups are placed on low pressure backup control. If necessary, a
variable voltage controller can be wired into any group so that heater
cycling duty is reduced.

The total 300 kw heater capacity increases the pressurizer
temperature at 1000F per hour when the water volume is about 50 cu. ft. and
at h50F per hour when the pressurizer is completely filled with water.

(] During startup operations, the pressurizer must attain a steam-water temper-
U ature of 3850F or n'ust be filled completely with water and pressurized to

approximately 200 psi gage in order that the primary coolant pumps have
adequate suction pressure for operation.

The pressurizer heater sheath is designed to withstand an external,

pressure of 2,500 psia at 6680F. The terminal seal is designed to withstand'

an internal pressure of 2,500 psia at 0680F in the event that the heater
,

[ sheath ruptures. Nominal design life of the heaters is 10,000 hour at full
' capacity with 5,000 on-off cycles and 2,500 hour at full capacity with

20,000 on-off cycles.

Sorays - Surge and Circulation

The pressurizer spray nozzle is located in the manway at the top
of_the pressurizer, so that the nozzle can be removed or replaced through
the manway opening. The spray pipe (11/h in. schedule 160 piping) is

; connected to the reactor coolant inlet pipe on the reactor side of the loop
; No. 2 isolation valve. This connection is in the form of a scoop inside
'

the coolut piping, so that the coolant velocity head, plus the static
pressure difference between this connection and the surge pipe connection,
provides the mar 4=4 possible driving force for spray flow. A motor
operated valve on the spray line is actuated when the pressurizer pressure
reaches 2,300 psi gage and is closed when the pressure returns to 2,250 psi
gage. The motor operated valve can be operated manually by a switch on

p the main control board. The calculated surge spray flow with four main

Q coolant loops in service is between h5 and 50 gpm when the motor operated
valve is open.

,

;

!
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A needle valve controlled bypass around the surge spray motor
operated valve permits a constant water flow through the pressrizer. Thispd circulation spray flow prevents the surge line and spray line from cooling
below operating conditions and pz ovides water recirculation and int,erchange
with the primary coolant system. An additional function of circulation
spray is to maintain equilibrium saturated temperature and pressure conditions
between the water and steam phases of the pressurizer in a condition of
rising water level. The surge spray motor operated and needle valves may
be isolated from the main coolant system by closure of isolation valves, one
on each side of the valve station. Circulation spray flow rate is estab-
lished as 0.h gpm with four loops in operation. This amount is not expected
to cause abnormal pressurizer heater control during plant heat up or when
the pressurizer level control is on " manual" operation. Circulation spray
flow rate can be evaluated by observing the temperature detector installed
in the h inch surge line and by the electrical heater power required at
steady state; therefore, no flow meter is provided in the incoming line.

Safety and Relief Valves - Pressurizer and loops

Two self-actuated safety valves, connected to the steam volume of
the pressurizer, are provided to prevent system pressure from exceeding the
design pressure of 2,500 psia by more than 6%. These valves are designed to
the ASME Code, Section I, where applicable to this type of plant. Each
valve has a steam relief capacity of 92,000 lb per hour of saturated steam
at set pressure plus 3% accumulation. One valve is set to open at 2,h85 psi
gage and the other at 2,560 psi gage. The mnvimnm expected positive surge
rate into the pressurizer occurs during a full load rejection accident which

O is not accompanied by a reactor scram. The computed mn rimum surge rate is
kJ h.5 cu. ft. per second, which is equivalent to between 10h,000 and 12h,000

lb. per hour of steam, depending on the degree of superheat caused by the
initial steam compression. Control is provided that would normally scram
the reactor on turbine tripout, in which case pressure relief would not be
required.

A solenoid operated relief valve is provided to_ reduce the_ possibility
of self-actuated safety valve operation and leakage after improper reseating.
This valve opens if system pressure reaches 2,h00 psi gage and closes when
system pressure returns to 2,350 psi gage. This valve can be operated man-
ually by a switch on the main control board. The capacity of this valve is
50,000 lb. per hour of steam at 2,h00 psi gage. A motor operated valve placed
on the solenoid valve inlet piping is provided for isolation of the solenoid
valve if the valve leaks excessively due to closing improperly. This valve
is normally open during plant operation, so that time is not lost in opening
duri"A a transient requiring steam relief. If closed because of solenoid
val te lealage, the motor operated valve opens automatically at 2,h00 psi gage
if the solenoid valve is set for automatic operation.

Each main coolant system loop is equipped with a water relief valve,
located on the $ inch bypass pipe and set to discharge 90 gpm at 2,735 psi
gage. The valves are prcrided to prevent overpressure in isolated loops due
to water expansion caused by operating a main coolant pump or by injecting
hot feed water into the steam generator when the main coolant water is cold.

p The discharge piping from these valves joins the pressurizer relief valve

( discharge piping to the low pressure surge tank.

__ _
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Heaters and Heater Control

O Direct i==ersion electrical heaters, having a total output of
300 kv, are installed in four flanged penetrations in the lover section of
the pressurizer vessel. Twelve heaters, each rated at 6.25 kw capacity at
220 v, are velded to a diaphragm o form a heater bundle for each of the
four vessel penetrations. The diaphrag=s may be gasketed or seal velded to
the vessel. The 48 heaters are combined into twenty-four, h40 v series
groups outside the secondary shielding in the vapor container. The 24 groups
are combined into eight 3-phase groups of 37 5 kw capacity. Each 3-phase
group is controlled at the reactor control board and can be placed on cycling,
low pressure backup, or manual control. The cycling control energizes heaters
at 1,970 psi gage and deenergizes at 2,030 psi gage. The low pressure backup
control energizes heaters at 1,950 psi Eage and deenergizes then at 1,980 psi
gage.

Sten.dy state heat losses through the pressurizer vessel insulation
and due to circulation spray amount to approximately 20 kv. During nor=al
operation, one heater group (37 5 kv) is placed on cycling control to main-
tain pressurizer pressure between 1,970 and 2,030 psi gage, and the remaining
seven groups are placed on low pressure backup contrc,1. If necessary, a
variable voltage controller can be wired into any group so that heater cycl-
ing duty is reduced.

The total 300 kw heater capacity increases the pressurizer tempera-
ture at 100 F per hr when the water volume is about 50 cu ft and at 45 F per
hr when the pressurizer is co=pletely filled with water. During startupO operations, the pressurizer must attain a steam-vater te=perature of 385 F
or must be filled co=pletely with water and pressurized to approximately
200 psi gage in order that the primary coolant pumps have adequate suction
pressure for operation.

The pressurizer heater sheath is designed to withstand an external
pressure of 2,500 psia at 663 F. The terminal seal is designed to withstand
an internal pressure of 2,500 psia at 668 F in the event that the heater
sheath ruptures. Nominal design life of the heaters is 10,000 hr at full
capacity with 5,000 on-off cycles and 2,500 hr at full capacity with
20,000 on-off cycles.

Sprays - Surge and Circulation.

| The pressurizer spray nozzle is located in the canvay at the top
I of the pressurizer, so that the nozzle can be removed or replaced through

the manvay opening. Thespraypipe(11/4in, schedule 160 piping)iscon-
nected to the reactor coolant inlet pipe on the reactor side of the loop
No. 2 isolation valve. This connection is in the form of a scoop inside
the coolant piping, so that the coolant velocity head, plus the static pres-

; sure difference between this connection and the surge pipe connection, pro-
' vides the maxicum possible driving force for spray flow. A solenoid operated

valve on the spray line is actuated when the pressurizer pressure reaches
2,300 psi gage and is closed when the pressure returns to 2,250 psi gage.

. The solenoid valve can be operated manually by a svitch on the main control
board. The calculated surge spray flow vith four main coolant loops in ser-
vice is between 45 and 50 gpm when the solenoid valve is open.

t
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O A needle va ve e ntrolled bypass around the surge spray motor
operated valve permits a constant water flow through the pressurizer. This i

circulation spray flow prevents the surge line and spray line from cooling |

below operating conditions and provides water recirculation and interchange
with the primary coolant system. An additional function of circulation
spray is to maintain equilibrium saturated temperature and pressure conditions
between the water and steam phases of the pressurizer in a condition of
rising water level. Circulation spray flow rate is established as 0.h gpm
with four loops in operation. This amount is not expected to cause abnormal
pressurizer heater control during plant heat up or when the pressurizer level
control is on " manual" operation. Circulation spray flow rate can be evaluated
by observing the temperature detector installed in the h inch surge line and
by the electrical heater power required at steady state; therefore, no flow
meter is provided in the incoming line.

Safety and Relief Valves - Pressurizer and Loops

Two self-actuated safety valves, connected to the steam volume of
the pressurizer, are provided to prevent system pressure from exceeding the
design pressure of 2,500 psia by more than 6%. These valves are designed to
the ASME Code, Section I, where applicable to this type of plant. Each
valve has a steam relief capacity of 92,000 lb per hour of saturated steam
at set pressure plus 3% accumulation. One valve is set to open at 2,h85 psi
gage and the other at 2,560 psi gage. The maximum expected positive surge
rate into the pressurizer occurs during a full load rejection accident which

O is not accompanied by a reactor scram. The computed maximum surge rate is
h.5 cu. ft. per second, which is equivalent to between lOh,000 and 12h,000
lb. per hour of steam, depending on the degree of superheat caused by the
initial steam comprension. Control is provided that would normally scram
the reactor on turbine tripout, in which case pressure relief would not be
required.

,

|
A solenoid operated relief valve is provided to reduce the possibility

of self-actuated safety valve operation and leakage after improper reseating.
This valve opens if' system pressure reaches 2,h00 psi gage and closes when
system pressure returns to 2,350 psi gage. This valve can be operated man-
ually by a switch on the main control board. The capacity of this valve is
50,000 lb. per hour of steam at 2,h00 psi gage. A motor operated valve placed
on the solenoid valve inlet piping is provided for isolation of the solenoid
valve if the valve leaks excessively due to closing improperly. This valve
is normally open during plant operation, so that time is not lost in opening
during a transient requiring steam relief. If closed because of solenoid
valve leakage, the motor operated valve opens automatically at 2,h00 psi gage

|
if the solenoid valve is set for automatic operation.

I

Each main coolant system loop is equipped with a water relief valve,
located on the 5 inch bypass pipe and set to discharge 90 gpm at 2,735 psi
gage. The valves are provided to prevent overpressure in iselated loops due
to water expansion caused by operating a main coolant pump or by injecting
hot feed water into the steam generator when the main coolant water is cold.

.

The discharge piping from these valves joins the pressurizer relief valve
discharge piping to the low pressure surge tank.

!

.
. -

,
. . .
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Quenchina in Low Pressuro Surge Tanj

The steam and/or vacer discharged from the pressure relief valves
passes through closed piping to a blowdown eductor located in the water vol-
ume of the low pressure surge tank, which is part of the charging and voltmo
control system. The discharge is quenched and cooled by the water flow in-
duced by the eductor. The tank volume is 750 cu ft and is maintained half
filled with water at or below 140 F during normal eperation. A hydrogen gas-
water vapor mixture is maintained at 15 psi gage in the tank.

i

The low pressure surge tank volume is capable of absorbing a dis-
; charge equivalent to three pressurizer steam volumes before the surge tank

design pressure of 75 psi gage is exceeded. The pressure and temperature
conditions followihg one complete steam volume discharge (1,065 lb at
1,150 Btu per Ib) would be 26 pai gage and 186 F. If a pressure relief valve
sticks open and continues to discharge for longer than the design period, a
control signal, actuated by a pressure of 30 psi gage in the low pressure
surge tank, starts the low pressure surge tank make-up pumps which inject
water into the tank vapor space through spray nozzles to cool and depres-

,

surize the vapor. The pressure control setting is adjustable within a
#

15 - 75 psi gage range.

In the event a pressure relief valve does not reseat or the
quenching capacity of the water in the low pressure surge tank is exhausted,
six 4 by 6 in, safety valves mounted on the low pressure surge tank open at
a pressure of 75 psi gage and can discharge up to 193,000 lb per hr of
steam through a header that discharges into the vapor container. To preventO

,

1 *ese or w ter verer, a7 reze d e**er 8 eee 1 *e **e v rer ce=*ai erd

during normal operation, the end of this discharge pipe is sealed with a
rupture' disc.

,I strumentation3

Under normal operating conditions the level, pressure, and tempera-
ture in the pressurizer should remain relatively constant. During transient
conditions, other than those requiring a reactor scram, the heaters, spray,
and charging and volume control system maintain the pressure, temperature,

,

and level.within the design limits of the pressure control and relief system.,

The pressurizer is equipped with two level detectors a wide range
detector used during filling and draining, and a narrow range detector used
for' control purposes. During normal operation, the charging and volume con-

;trol system maintains the pressurizer water level at about 120 in. above the
bottom of the vessel. A low level signal and alarm, set at 50 in., automat-<

ically deenergizes all pressurizer heaters, to prevent heater burnout if
level decreases below this point. A water level of 45 in will cover all
heaters.. A detailed description of the level control system is contained in

i Section 203.
.

The steam pressure in the pressurizer is detected by a 1,750 to
2,500 psi gage bourdon tube type detector with a secondary housing (2,500 psi
gage design pressure) containing the flexed element. The output from the

~

detector is taken from a differential transformer and sont to the magnetic,

er .s -m o _ e -- . _ _ _ _ - _ . _ . _ _ _ _ _
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amplifier controller where the signal is demodulated and amplified. A linear
signal is sent to a miniature indicator recorder, mounted on the control board,
to obtain a permanent record of the pressure changes in the pressurizer. An
instrument line connection is located in the high side line to the wide range
pressurizer level differential pressure cell, Connected to this line is an
accurate Heise pressure gage, located outside the vapor container. A high
pressure on-off signal actuates the spray valve and the high pressure alarm on
the annunciator panel. A low pressure on-off signal actuates the low pressure
alarm on the annunciator panel and the low pressure backup heater circuit. An
on-off signal also is sent to the heater cycling circuit. An adjustable low
pressure scram signal is sent to the alarm and shutdown panel when the pressure
reaches the scram set point, A high pressure on-off signal is sent to the con-
trollers of the electrically operated relief valve and the motor operated isola-
tion valve to open both valves on a high pressure. An on-off fail safe signal
is sent to the fail safe panel to indicate a failure in the instrumentation.
The controller also accommodates a linear signal from the pressure channel in the
main loop to be used in the event that the pressuri::er pressure detector becomes
inoperative.

The temperature channel in the pressure control and relief system con-
sists of seven similar resistance type temperature sensing elements located at
various points in this sytem. The steam phase and water phane in the pressur-
izer are both monitrred by two identical detectors. A detector is placed in

pV the surge line between the pressurizer and main loop that is indicative of flow
in this line caused by the spray. There is one detector in each safety valve
outlet pipe and one detector in the outlet piping of the electric operated relief
valve to determine any leakage pasb these valves. One detector is located in the
header outside the vapor container to determine if there is any leakage past the
upstream valves. All seven detectors go through an eight position switch. The
detector cutput is then sent to vacuum tube controller that amplifies the incom-
ing signal and produces a continuous signal out to a control board mounted indi-
cator. A low temperature in the surge line causes a low temperature alarm to be
actuated at the annunciator panel if the temperature in the line drops dui to
lack of sufficient flow in this line. Only the surge line temperature detector
is connected for the alarm function. An on-off fail safe signal is sent to the
fail safe panel to indicate a failure in the instrumentation.

O

.
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203 CHARGING AND VOLUME CONTROL SYSTEM

General

The charging and volume control system is an auxiliary system in
the primary plant and is designed to accomplish the following major functions:

Water charging to the main coolant system
Vater removal from the main coolant system
Boric acid addition and removal for control purposes

Quenching of relief and safety valve discharge
Pressurizer vessel cooling and decontamination

Noncondensible gas removal
Chemical addition

Water charging to auxiliary system and equipment

The arrangement of the charging and volume control system is shown
on drawing No. 646-J h30. It contains the following major items of equipment,
designed in accordance with the following codes:

Equipment - ASME Section VIII - 1956 - Unfired Pressure Vessels
Piping ASA 31.1 - 1955 - Code for Pressure Piping,

Sections 1 and 6
Valves, Fittings - ASA B16.5 - 1953 - Code for Steel Piping and

[ ,') Flanged Pittings
v

High Pressure Charging Rimps

Three motor driven positive displacement charging pumps are provided
in the charging and volume control system. The capacity of each pump is approxi-
mately 33 gpm, when operating against a discharge head of 2,100 psi gage. Two
of the pups serve as a spare for the other, and they can be operated singly or
simultaneously, if required. Any pump can be isolated from the system for re-
pairs. Two of the pumps are driven through variable speed fluid couplings, so
that their flow can be controlled between 11 and 33 gpm. Pump No. 3 may be
used in conjunction with the loop fill and chemical injection line to accomplish
charging to any isloated loop while one or both of the other charging pumps is
servicing the reactor vessel portion of the main coolant system. All of the
high pressure charging pumps are provided with a pressure relief valve.

Feed and Bleed Heat Exchanger

The feed and bleed heat exchanger consists of a set, of four small

individual heat exchangers connected in series, which cool the bleed before it
is reduced in pressure. Multiple exchangers are employed in order to reduce
the size of metal parts and the corresponding high thermal stresses that may
occur during severe thermal transient operation. The bleed flows through the
tubes while the feed is passed through the shell side, thus recovering some of
the heat otherwise lost in a bleeding process.
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A hi h degree of purity is maintained in the light water moderator-6
coolant in order to reduce the rate of activity build-up in the plant. Since
metal corrosion products are the principal contributors to long lived activity,

~

general corrosion is reduced to a minimum by 1imiting the dissolved oxygen
concentration to a very lov level. Maintenance of this condition is the func-
tion of the corrosion control system. During suberitical plant operation,
dissolved oxygen scavenging is accomplished by injecting, with the charging
pumps, a solution of hydrazine and water into the main coolant system. During
power operation, a hydrogen atmosphere is maintained in the low pressure surge
tank. There, hydrogen is dissolved into coolant which is subsequently pumped
into the main coolant system. In the presence of ionizing radiation in the
core the hydrogen combines with exygen in the coolant.

To assist in maintaining a low level of induced radioactivity and
to reduce the fouling of heat transfer surf. aces in the main coolant system,
undesirable impurities are removed from the coolant by the purification
system. Coolant from the low pressum surge tank, after having been previ-
ously cooled and reduced in pressure in extraction fmm the main coolant
system, is pumped through a mixed bed ion exchange vessel where it is fil-
tered and demineralized. The purified coolant is then discharged to the
charging pump suction header for return to the main coolant system.

A sampling system is incorporated in the primary plant to provide
the facilities for detennining the quality of the coolant at any time. This
system pennits rernote extraction of a water sample from various locations
in the plant and trant wrtation of the sample via a piping system to the

p sample cooler where it is cooled. The semple is then analyzed for dissolved

V and suspended impurities. Where low pressure, lov temperature, nonradioactive
systems are accessible, local samples are extracted. -

During plant operation, and even while shutdown, certain components
in the main coolant system and auxiliary systems require cooling. This func-
tion is performed by the component cooling system which services the main
coolant pumps, low pressure surge tank cooler, and neutron shield tank during
normal operation, the shutdown cooler during shutdown, and the fuel pit
cooler, sample cooler, and vaste disposal system as required. The component
coolin6 system is an intermediate system which dissipates the vaste heat to
the raw river water.

To facilitate the draining of the primary plant for maintenance

purposes, a system of valves and headers is_provided in the vent and drain
system. This sstem permits draining the main coolant system, except the re-
actor vessel, to the primary drain collecting tank, vbere, in turn, the cool-
ant may be dumped to the vaste disposal system. As its name implies, this
system includes facilities which pennit venting of entrapped gases from vari-
ous plant equipment to the primary drain collecting tank or to the vent stack.

Radioactive fluids which must be discharged from the primary plant
(or the secondary plant)'are disposed of through the vaste disposal system.
This system receives, contains, adequately treats and safely disposes of all
radioactive vastes in such a manner as to yield concentrated liquid vastes
and ashes. Lov activity level liquid vastes are discharged to the river after
being diluted with the secondary plant effluent cooling water. Gaseous vaste,

J expected in small quantities, after suitable dilution with fresh air, is dis-
persed to the atmosphere.
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Because there may be ins. .cient negative reactivity in the con-

O trol rods to maintain a suberitical s.ondition in the core at low temperatures,
the addition of supplemental neutron absorbing capability is provided. This
addition of negative reactivity is acccmplished by the injection of boric acid
solution into the main coolant system. A small quantity of highly concentrated
solution is injected into the main coolant system during normal plant shutdown
procedures by the chemical shutdown system. This system consists of a boric
acid mixing and storage tank along with a transfer pump to supply the boric
acid solution to the charging pump suction, which in turn, charges it into
the main coolant system.

During shutdown of the plant, heat generation in the core continues
due to the decay of fission products. To prevent the accumulation of this
heat in the main coolant system, auxiliary cooling is provided by the shutdown
cooling system. This system, which is essentially a small standby loop con-
nocted in parallel with the main coolant loops, contains a conventional shell
and tube heat exchanger and a circulating pump. The core decay heat is trans-
ferred from the reactor vessel by the main coolant to the component ec4ing
system. It is then subsequently transferred to the raw river water.

In the unlikely event of a rupture accident which would result in
the loss of the moderator-coolant, a low cancentration boric acid solution
would be charged into the main coolant system to provide core cooling and
negative reactivity and, thereby, ninimize the consequences of the accident.
This solution is pumped from a storage tank in the safety injection system
through the fill header to each of the main coolant system loops. The safety
injection system also supplies the borated water for flooding the shield tank
cavity during normal refueling operations. This flooding furnishes additional
radiation shielding above the reactor vessel while the vessel head is removed
for access to the cere.

Since some air-borne activity may be present in the vapor container
atmosphere after depressurization of the main coolant system, and entry into
the container is desired, a purge system is provided to dilute the air in the
container. These purge facilities, as well as vapor container heating and
cooling facilities, are provided in the vapor container atmosphero control
system.

A radiation monitoring system is provided and has the following
two purposes: to warn of any radiation health hazard which might exist, and
to give early warning of plant malfunction which might result in a health
hazard or plant damage. This system includes equipment for detecting, com-
puting, and indicating radiation levels at selected locations inside and out-
side the vapor container.

Periodically the plant will be shut down for refueling, maintenance,
and inspection. Because the systems which contain the moderator-coolant may
become increasingly radioactive during plant lifetime, it will be necessary
to reduce this contamination in systems to which immediate access is desired.
The decontamination system provides the means for accomplishing decontamina-
tion of isolated main coolant system loops as well as the pressurizer vessel.

O
t



200:5
9/15/59

In order that the reactor may be refueled without hazard to per-
sonnel, facilities are provided for remote underwater removal and transferm

of spent fuel assemblies from the reactor vessel to the spent fuel storage
pit. Installation of new fuel assemblies is also performed remotely and
under water. All of the remote handling provisions comprise the fuel han-
dling system.

Secondary Plant

The secondary plant provides the means of converting to electricity
the heat energy produced in the primary plant, together with a method of dis-
posing of the total heat existent or produced in the primary system following
a sudden shutdown of the turbine generator from full load to no load.

The electric power produced is delivered to the integrated trans-
mission system of the New England utilities comprising the Yankee Atomic
Electric Company.

The s.'it is designed as a base lovl plant and all equipment has
been selected with that in mind. Due to the pioneering nature of this proj-
ect, no provision is made in the layout for duplication or extension. Pro-
vision is made for future installation of a cooling tower in the event that
operating experience proves it to be economical.

The secondary plant and equipment are shown on the following draw-
ings Nos:

C %90-FW18A - Machine Location Plan - Operating Floor - Turbine Room
( 9699-FW18B - Machine Location Plan - Ground Floor - Turbine Room

9699-FW18C - Machine Location - Sections - Turbine Room
9699-FN18D - Machine location Plan - Mezzanine Floor - Turbine Room
%99-FW38F - Circulating Water System - Plan
%99-FW38J - Circulating Water System - Sections

The secondary plant consists of one 145,000 kw tandem compound
steam turbine generator with three points of automatic extraction for feed-
water heating, exhausting to an 85,000 sq ft single pass divided water box
condenser, together with all auxiliaries and controls, erected in a building
adjacent to and north of the vapor container and primary plant. Wings of
this structure provide office space and service area, including heating
boiler room, machine shop, laboratory, stores and water treating plant.

The turbine operating floor and control room are located at
El. 1,0528-8". The condensate pumps, heater drain pumps, boiler feed pumps,
air compressors and most of the auxiliary equipment are located on the con-
denser floor at El. 1,0228-8". A mezzanine floor at El.1,037'-8" provides
a switchgear room below the control room and access to gland steam controller,
condenser vacuum piping tank, air ejector, and various piping systems. The
three vertical feed-water heaters are in the auxiliary bay south of the tur--

bine generator unit and are generally accessible from the medzanine floor.

Main steam lines from the steam generators within the vapoi
tainer of the primary plant enter the turbine room aboveground, below t .

n) turbine operating floor El. 1,052'-8".i

f
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Condenser circula*, ira water is tven from nearby Sherman Pond, one,m

(j. of a series of lakes in the controlled Deerfield River systen, and is piped
from the Circulatirg ' dater Pmp Hoase, uMargrcund to the condenser, thence
underground to the seal pit where it is discharged back into the pond near
the Sherman Hydroelectri: Plant intake.

The arrangement of equipment and pipirg is shown diagrammati-
cally on flew diagrams included with the descriptions of the individual
systems of the eecondary plant.

The component parts cf the se:cnda y plant are of type conven-
tional17 used in larg- central stations, arrarged to provide the best possible
thermal economy of reactor plant output without sacrifice of safety or economy.

The expected turbine heat rate at 1.5 in. Hg abs back pressure is
11,283 Btu per kw-hr. at the 185 Mie lead. The average auxiliary power re-'

quirement at this load is expected to be 9,350 101. The expected station heat
rate at the 185 M4e load is 11,900 Btu per kw dir.

Complete heat balance data are given on the follcwirg drawings:

9699-FM-h5A Heat Balance Digram - 157 M4 Load

9699-FM-h5B - Heat Balance Diagram - Ih5 Md Load

9697-M1-h5C - Heat Balance Diagru - 125 M4 Load

V 9699.-FM-h5D - Heat Balance Diagram - 72 M4 Load

9699-FM-h5E - Heat Balance IM.agram - 111 M4 Load

96994M-h5F - Heat Balance Diagram - 170 M4 load

9699-FM-h5H - Heat Balanca Diagram - 185 Md lead

The secondary plant is designed primarily for the lh$ M4 rated
capability.of the turbine generator. Hcwever, it was recognized that the
unit possessed higher gross :apability and that design margins applied to
the secondary plant auxiliary equipment were adequate to permit a gross
turbine capability of more thin 185 Md.
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Design Data Normal Mariwnue

Duty, Btu /hr h.1 x 106 615.75 x 10

Tube side temperature, operating
Inlet, F $00 500
Outle , F 188 200

Shell sids temperature, operating
.IInlet, F 120 120

Outlet, F hh0 h28

Flow
Tube side, lb/hr 12,500 50,000
Shell aido, lb/hr 12,500 50,000

Design pressu-e
Tube side, psi gage 2,500 -

Shell side, psi gage 2,500

Design temperature
Tube side, F 650

''

Shell side, F 650

Pressure Reducing Orifices

Three stainless steel orifices connected in parallel in the
bleed line fix the bleed flow rate in increments of roughly 25 gpm when
the normal operating pressure drop exists across the orifices. The normal
upstream and downstream pressures are 2,000 psi gage and 15 psi gage and
60 pai gage, respectively. The normal bleed temperature is 175 F but can
reach a maxin.m of 250 F. Two of the orifices are designed for a flow of
between 15 and 35 gpm and the thini orifice for a flow of between 50 and
75 gpm. In order to facilitate removal of the orifices for cleaning or
replacement, flange connections with provision for seal wehling are
provided.

Low Pressure Surge Tank

The low pressure surg tank receives the main coolant bleed and
the discharge of primary plant safety and relief valves. It is a' horizontal
cylindrical stainless steel tank which has a volume of 750 cu ft. The
normal water level in the tank, corresponding to a volume of 375 cu ft, is
maintained by level control instrumentation. The pressure in the low
pressure surge tank during normal operation is fixed by the saturation
pressure of the water and the hydrogen atmosphere overpressure, which is
maintained in the tank. The design pressure of the low pressure surge
tank is 75 psi gage; the normal operating pressure is 15 psi gage.

Low Pressure Surge Tank Pump

{*' This centrifugal pump has a capacity of 1,000 gpm when operating
against a pressure of-78 psi. It recirculates water between the low
pressure surge tank and the low pressure surge tank cooler during periods
of high heat removal requirements. Since radioactive fluid is pumped,
leakage from the pump is controlled by a double balanced mechanical seal.
This unit is fully interchangeable and cross connected with the shutdown
cooling pump.
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Low Pressure Surce Tank Cooler

This shell and U-tube heat exchanger is designed not only to fulfill
the requirements of low pressure surge tank cooling but also to serve as a back-
up for the shutdown cooler. The component cooling system provides the cooling
water to these coolers.

Desien Data Normal Maximum

Duty, Btu /hr - 1.0 x 106 4,0 x 106

Tube side temperature, operating
Inlet, F 120 120
Outlet, F 100 112

Shell side temperature, operating
Inlet, F 75 75
Outlet, F 85 83

Flow
Tube side, gpm 100 1,000
Shell side, gpm 200 1,000

Design pressure
*

Tube side, psi gage 425
Shell side, psi gage 125

Design temperature
Tube side, F 370 |

Shell side, F 150-

Low Pressure Suree Tank Make-up Pumps

Two small centrifugal pumps are provided for charging water from
the primary water storage tank or the demineralized water storage tank into

, ' the primary plant through the low pressure surge tank or directly to the high
! pressure charging pump suction header. These pumps have a capacity of 100 gpm

each when operating against a total dynamic head of 100 psi gage. Their de-
L sign pressure is 200 psi gage. The pumps' suction and discharge piping is so
| arranged that the pumps may be operated singly or in parallel.

Instrumentation

| Feed and Bleed Instrurtentation - The level in the pressurizer is de-
tected by two differential pressure level detectors having external uncompensated

L reference legs with condensing chambers. The narrow range level detector covers
c 'a range 'of 120 in, with the bottert tap located at approximately 40 in.. from the
| bottom of the pressurizer. - The changing level will cause a change in the elec-
|- trical output of the differential transfomer which is attached to the D/P ' cell.
'

This output is sent to a cagnetic amplifier controller which demodulates and
~

amplifies the incoming signal. The controller has built-in manual compensation
for setting the system for operation at the various saturation conditions that

- are present in the pressurizer. . A high level on-off signal is sent to the
-O

!

,

. . . _ _ _ - - _ _ . _ _ _ _ _ _ . _ _ m
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annunciator panel. A low level on-off signal is sent to the annunciator panel

Q and to the bleed valve controller, to close this valve, and to the heater con-
D trol circuit, to turn off all the heaters. A linear signal is sent to a min-

inture indicator-recorder mounted on the control board to obtain a permanent
record of level changes in the pressurizer. A linear signal is also sent to the
charging pump speed control channel which varies the feed flow to the main loops
to maintain a constant level in the pressurizer. The level controller also
accomodates a narrow range signal from the wide range level channel which can
be used if the narrow range detector becomes inoperative. A fail safe on-off
signal is sent to the fail safe panel to indicate a failure in the instrumentation.

A level signal frca the narrow range level channel of the pressurizer
or a pressure signal from the nain coolant system pressure channel is amplified
by a magnetic amplifier. An electro-pneumatic transducer converts the output
of the magnetic amplifier to a proportional pneumatic signal. Two pneumatic
control stations, mounted on the control board, send a pneumatic signal, manual
or automatic, to actuate the mechanism of the variable fluid coupling which in
turn adjusts the speed of the two variable speed charging pumps. The system
also allows for manual, automatic, or standby position of both the single fixed
speed pump and the two variable speed pumps. There are two pressure switches
in the proportional air line that are actuated by a high signal for one and a
low signal for the other. These signals actuate corresponding alarms. The
high pressure switch is used to energize the pump which is in the standby con-
dition. A third pressure switch is used to close the bleed valve when the
pressure corresponds to an extremely low level in the pressurizer. A fail safe
signal is sent to the fail safe panel to indicate a failure in the instrumentation.

I The wide range level detector covers a range of 3h0 in, with the
" bottom tap located approximately 21.5 in, from .the bottom of the pressurizer.

The wide range detector is similar to the narrow range detector except for the
range _of the instrument. The output of the detector is sent to a magnetic
controller which demodulates and amplifies the incoming signal. The controller
also has built-in manual compensation for setting the system for operation at
the various saturation conditions. One, output of the controller is a linear
signal sent to an indicator on the control board. An adjustable high level
scram signal is sent to the alarm and shutdown panel when the level reaches the
scram set point. A narrow range signal, corresponding to the narrow range level
detector span, is sent to the narrow range controller to be used in the event-
the narrow range detector becomes inoperative. A fail safe on-off signal is
sent to the fail safe panel to indicate -a failure in the instrumentation.

The two feed and bleed resistance type temperature sensing elements
are connected to a vacuum tube controller through a two-position selector
switch so that either feed or bleed temperature readings can be monitored de-
pending on the position of the switch. ' The controller amplifies the incoming
detector signal and transmits the amplified signal to a control board mounted
indicator..

The low pressure surge tank resistance type temperature sensing
element is connected to a vacuum tube. controller that amplifies the signal and
then sends it to a control board mounted indicator reading. An on-off signal
is sent to the annunciator panel when the temperature reaches a preset value.
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OO The flow and pressure indicators in the feed and bleed lines
and the loop fill line, and the level indicator in the low pressure surge
tank, all have a differential transformer giving an output which is
denodulated and amplified by a vacuum tube controller. The output of the
controller is sent to an indicator mounted on the control board.

The feed and bleed flow measurements are indicated separately
on the control board and separate flow integrating units give the total
flow to and from the main coolant system. For the bleed flow measurements
the control board indicator has a reading from 0 to 150 gpm and a flow
integrating unit gives the total flow from the main coolant system.

The low pressure surge tank pressure detector is of the
Bourdon tube type with a differential transformer output to a vacuum tube
controller and then to a control board indicator. An on-off signal is
sent to the annunciator panel when the pressure reaches a preset 1value.
An on-off signal is sent to the fail safe panel to indicate a failure in
this instrumentation.

The level in the low pressure surge t ak is detected by differ-
ential pressure detector with an extejenal uncompensated reference leg and
condensing chamber. The level in the reference leg is maintained by
allowing water to continually flow into the condensing chamber. The output
of the level detector signal is sent to a vacuum tube amplifier and to a

o control board indicator. An on-off signal is sent to the annunciator

Q panel when the level reaches prese.t high and low values. An on-off signal
i's sent to the fail safe panel to indicate a failure in this instrumentation.

The pressure in an isolated loop is obtained from a pressure
detector located in the loop fill line header. By opening or closing the
appropriate valves in the loop fill. lines any individual loop pressure-

can be obtained. The flexed element of the Bourdon tube type detector is
contained in a secondary housing capable of withstanding the design pressure.
The differential transformer output is sent to a magnetic amplifier and
then to a control board indicator. An on-off signal is sont to the
annunciator panel when the pressure reaches preset high and low values.
An on-off signal is sent to the fail safe panel to indicate a failure in
this instrumentation.

! The pressure in the outlet header of the_ charging pumps is
detected by a Bourdon tube type pressure detector with the flexed elementt

being contained in a secondary housing capable of withstanding the design,

pressure. The differential transformer output is sent to a vacuum tube
amplifier and then to a control board mounted indicator.

Auxiliary Instrumentation - In the line between the low pressure
surge tank make-up pumps and the low pressure surge tank and-between the
low pressure surge tank make-up pumps and the cha'ging pumps suction, are
mounted local flow indicators with totalizers.'

p These flow totalizers are used to measure the quantity of water>

'V added to the main coolant system. This information is used to accurately
determine the water balance of the main coolant system which is important
-during boron shim operation.
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An automatic pressure control valve which relieves the pressure in
the low pressure surge tank is actuated by a Bourdon tube type pneumatic
pressure controller set to open on increasing pressure in the low pressure
surge tank starting to open at 17 psi gage and to be fully open at 20 psi gage.
Since the maximum flow rate through the valves is 10 scfm of pure hydrogen, a
high pressure override is provided by a pressure switch actuating L three-way
solenoid valve in the air loading line to the coatrol valve to shut ine control
valve when the tank pressure reaches approximately 35 psi gage. In addition,
a temperature controller also actuates the same three-way solenoid to override
the action of the pressure controller when the temperature in the tank exceeds
180 F, which is the maximum allowable mixture temperature in the vaste disposal
system. The pressure control valve may be remote manually operated from the
control room.

Instrumentation to control make-up water to the low pressure surge
tank consists of the following: a differential level transmitter on the low
pressure surge tank sends a pneumatic signal to a controller which operates a
make-up valve on lov level and a drain valve on high level; a Bourdon tube
pressure controller operating through a relay and pressure switch opens the
make-up valve and starts the low pressure surge tank make-up pumps to provide
water for quenching safety valve discharge on steam pressure buildup in the
low pressure surge tank. The make-up valve may be remote manually operated
from the control room. When the temperature in the low pressure surge tank
exceeds 180 F, a pressure switch in the loading .' 2 from a temperature con-
troller actuates a three-way solenoid valve in tue loading line to the tank
drain control valve, preventing high temperature fluid discharging to the

o vaste disposal system.
b

Local Bourdon tube type pressure indicators are mounted on the
outlet header of the make-up pumps, the low pressure surge tank, and the
outlet of the low pressure surge tank pump.

Rinctional Requirements

The following is a discussion of how, by employing the- equipment
presented above, the required charging and volume control system functions
are accomplished.

Water Charg4 :o the Main Coolant System

During i
filling.iank cavity water tank is pumped by the high

gnd venting procedures, borated water from
the safety injectiot shield-

pressure charging pul_J into the main coolant system. When filling and vent-
ing the isolated main coolant loops the loop fill and chemical injection line
is employed, while the feed line is used in filling and venting the reactor
vessel and the pressure control and relief system. The feed line is connected
to the hot leg of loop No. 4 of the main coolant system. The loop fill and
chemical injection line is connected to the cold leg of each main coolant
loop, upstream of the isolation valve, by means of a piping header system.

Changes in the steady state operating conditions of the main coolant

fS system result in changes in the specific volume of the water in that system.
g_) This, in turn, affects the normal pressurizer vessel water level. When negative
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p/ volume changes occur, a signal is sent from the pressurizer vessel instrumen-
tation to the operating variable speed charging pump calling for an increasew

in feed flow until the normal water level is reestablished. Charging pump
suction during normal main coolant system operating conditions is taken from
purification system and/or the low pressure surge tank. Normal plant cool
down operations also cause contraction of the water in the main coolant system.
This result's in a lowering pressurizer vessel water level and the signal to the
high pressure charging pumps calling for an increase in feed flow to maintain
the water level. During the plant cool down operations, the charging pump suc-
tion is taken from the safety injection and shield tank cavity water tank.
This make-up water is charged by the high pressure charging pumps, through the
feed and bleed heat exchanger, and then into the main coolant system.

i

In converse to the above, i.e. a positive volume change and a rising
water level in the pressurizer vessel, a signal from that vessel calls for a
reduction of the charging flow.

Any leakage from the main coolant system or the pressure control and
i relief system, as well as bleeding of main coolant for purification purposes,

results in a lowering of the pressurizer vessel water level and, in turn, the
signal calling for an increase 1,n feed flow to maintain the water level.,

During certain plant shutdown conditions, with the main coolant loops
isolated from the reactor vessel, operation of the charging pumps is requbed
to establish and/or to maintain a pressure in the isolated loops. In this case
water is charged into the isolated loops via the loopfill and chemical injec-O tion line.4

The three high pressure charging pumps in the charging and volume1

control system are connected to a common suction header and a comon discharge
header with appropriate valving employed to facilitate individual or simul-
taneous operation of two or three pumps. The arrangement is such that when <

charging pumps Nos.1 and 2 are servicing the reactor vessel portion of the
main coolant system, pump No. 3 may service the isolated loops. Also, all three
pumps may service the same area. Isolation valves are installed in the pumps'

^

suction and discharge piping, so that any pump may be isolated for repair and
not affect the operation of the other pumps.

: During nonnal plant operating conditions, the feed flow is balanced
with the bleed flow by the variable speed high pressure charging pumps which
receive signals from the pressurizer vessel instrumentation calling for main-
tenance of water level.

When an unbalance between the feed flow rate and the bleed flow rate
! occurs, the low pressure surge tank water level will rise or fall. During

a falling water level condition, the low pressure surge tank' water level instru-
mentation originates signals which start up the low pressure surge tank make-up
pump (s). These pumps normally take suction from the primary storage water tank
or alternatively from the domineralized water storage tank and discharge to the
surge tank. When a rising water level condition exists, the low pressure surge

i tank instrumentation originates a signal which opens a valve in the purifica-
/] tion system to drain the excess water to the waste holdup tank or the activity
V dilution decay tank.

_ . . - - . ,
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Water Removal from the Main Coolant System

Water is removed from the main coolant system for purification, for
draining to the drain collecting tank, or for disposal to the waste disposal
system, as well as to maintain pressurizer vessel water level during plant
heat up operations and during long time volume surges resulting from changes in
main coolant system operating conditions.

Normally, all water bled from the main coolant system flows through
the bleed line connected to the cold leg of loop No.1. This bleed is cooled
in passage through the feed and bleed heat exchanger before being reduced in
pressure by the orifices. The cooled, Icw pressure bleed is then discharged
to the low pressure surge tank through an underwater eductor. The bleed flow
rate from the main coolant system is controlled by establishing flow through
one or more of the orifices by opening the motor operated gate valves located
at the discharge of Mch orifice. When a low water level condition exists in
the pressurizar vessel, however, all blood flow is stopped by closure of the
diaphragm operated valve in the bleed line downstream of the orifices. Also,
should the tercperature of the bleed become excessive, an alarm vill be sounded
by a temperature sensing element located upstream of the low pressure surge
trW connection.

During nomal operation the temperature of the water in the low
pressure surge tank is maintained within the desired limits by recirculating
a constant flow of water through the low pressure surge tank cooler and the
purification system by the purification cooling and drain pumps. The cooled
and purified water is returned from the purification ion exchanger to the

() high pressure charging pump suction header for charging into the main coolant.

V system with the excess flow being returned to the low pressure surge tank.

Boric Acid Addition and Removal for Control purposes

In order to supply the necessary supplemental neutron absorbing
capability, in excess of that possessed by the control reds, when shutting
down the plant, sufficient boric acid is pumped into the main coolant system
to establish a boron consentration of 950 ppm. Normal shutdown procedures
call for predetermined quantity of 12% boric acid solution to be supplied by
the chemical shutdown system to the suction header of the high pressure charg-
ing pumps for injection into the main coolant system via the feed line.

Boric acid is removed from the main coolant eystem by dilution and
by the purification system. During nomal plant startr-up procedures, treated
water from the primazy storage water tank or the demineralized water storage
tank is supplied by the low pressure make-up pumps to the suction header of
the high pressure charging pumps. These pumps, in turn, charge the unborated
water into the main coolant system, while water, containing decreasing concen-
trations of boric acid, is bled fztm the main coolant system via the bleed
line. This bleed is discharged to the low pressure surge and subsequently
dumped to the vaste disposal system. During this operation, the charging
pumps are controlled so as to maintain a conctant water level in the pres-
surizer vessel. The dilution operation continues until the bcric acid con-
centration in the main coolant system is reduced to 20 ppm. Thereafter, the
boric acid is removed by passing the borated bleed through the purificationp) system and returning the purified unborated water to the main coolant system,(

e
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Reduction of Main Coolant Activity by Dilution
bq

When the reactor vessel head is to be removed following plant
operation with scme fuel cladding defects, the main coolant activity must
be reduced by a bleed and feed dilution operation when shutting down the
plant. This is necessary so that the activity of the shield tank cavity
water, after it mixes with the diluted main coolant remaining in the isolated
reactor, will give a sufficiently low dose rate to pemit refueling and other
operations on the charging ficor.

While maintaining the main coolant system in a hot standby condi-
tion, the activity level is reduced during the nomal shutdevn procedure by
charging purified make-up water frcm the primary water storage tank to the
main coolant system with the high pressure charging pumps maintaining normal
water level in the pressurizer. Diluted main coolant of decreasing activity
level is bled at about 100 gpm frca the main coolant system through the bleed
line and low pressure surge taak and pumped from this tank to the vaste dis-
posal system. The dilution operation is continued until the gross activity
level of the diluted main coolant in the bleed line is 0.58 microcurie per ml.
Based on cladding defects in 1% of all fuel elements, the quantity of water
required for this dilutien operatien is 69,000 gal if a constant 10 gpm puri-
fication rate is used, or 61,300 gal if the maximum purification rate of
100 gpm is maintained for one week prior to a nomal plant shutdown. Since
decay of the radioactivity continues during the additional time required for
complete cold shutdcwn of the plant, the activity of the main coolant in the
isolated reactor when the vessel hecd is removed will be 0.42 microcurie per ml.

'

Safety and Relief Valve Quenching

The safety valves on the pressurizer vessel as well as the relief
valves on the safety injection line, feed line, shutdown cooling lines, main
coolant loops and on the pressurizer vessel are all connected to a common
header which discharges to the low pressure surge tank thrcugh an undervater
eductor. Also, when the main coolant drain header is used as a bleed line,
that header is connected to the low pressure surge tank via the safety velve
header. As a result of the discharging of the safety valves into the low pres-
sure surge tank and depending upon the conditions of the discharge, the tempera-
ture and pressure in the surge tank may increase.

In the event of excessive temperature in the low pressure Arge tank,
it will be necessary for the ocntrol room operator to manually start the low
pressure surge tank cooling pump {s) af ter proper valving has been arranged
locally. Temperature instrumentation will close the 1cw pressure surge tank
relief pressure control valve to prevent discharging high temperature steam
to the primary drain collecting tank. The low pressure surge tank pumps are
started and the level control valve is opened on high pressure in the low
pressuro surge tank to provide a cold water spray. In the event of pressure
buildup in the low pressure surge tank caused by failure to quench the pres-
surizer safety valves discharge properly, a group of safety valves on the low
pressure surge tank set at 75 psi gage will relieve the tank contents into the
vapor container. The Icw pressure surge tank is nomally maintained half full

p) of water for the purpose of providing an adequate heat sink as well as providing
( a volume for an accumulator effect for steam fomation.
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The icw pressure surge tank sooler and pump are so interconnected
with the shutdown coolirg pump and heat exchanger, that the correspondings

equipment may be operated in parallel, if desired, and one item may serve
as a back-up for the other.

Pressurizer _ Co211re and Deenntaminati:n

During the normal plant shutdcNn procedures after initial cooling
and depressurization and af ter snutdown of the main coolant pumps, the rate
of depressurizaticn of the primary plant may be increased by operating the
auxiliary spray en the pressuricer vessel. This auxiliary spray is connected
to the feed line dcwnstream of the feed and bleed heat exchanger. This
arrangement permits the charging cf water by the high pressure etarging pumps
into the top cf tua pressurizer vessel with resulting condensation of the
steam bubble. The auxiliary spray ficw is very small and is balanced with a

l small flow through the bleed 11ne. Tnis will heat up the spray water thereby
reducing the thermal gradients in the pressurizer vessel.

To facilitate decontaminaticn of the pressuricer vessel, a line must,

be provided at scue future date between the loop fill and chemical injection
line and the auxiliary spray line. The decontamination solution will then

flow from the boric acid mixing a.d storage tank to charging pump No. 3 (which
is valved off from the other pumps) through the loop fill and chemical injec-
tion line, to the line to the auxiliary pressurizer 7essel spray. For flush-
ing the pressurizer vessel af ter deccntamination, treated water frcm the
primary storage water tank or demineralized water storage tank is supplied to

'

p the high pressure charging pump by the icw pressure make-up pumps and, in
turn, through the same flow path as the decentaminatien solution.v

To assure that no decentsmitation solution flows to the main coolant
system frem the presturizer vessely a snall feed flow is established by either
charging pump No. I cr No. 2 This feed flow is bled off through the pres-
surizer vessel drain. This operation establishes a flow in the desired direc-
tion in the surge line; 1.e. frcm the main coolant system to the pressurizer
vessel.

Noncordanetble Gas Retrial

. Since the low pressure surge tank is maintained at a lower pressure
! and temperature than the main ecolant system, some of the gases which become..

dissolved in the main coolant ccme out of soluticn and accumulate in the low
pressure surge tank. Pericdically3 the Icw preesure surge tank is blcwn down
to the primary drain collectir.g tank in order to dispose of these gases.

ChemgiG_ Addit;;I,

In order to establish and maintain a lcw concentration of dissolved
oxygen in the main coclant system, hydrogen and hydrazine are employed as
scavengers. During suberitical plant oneration, the ecavenging of oxygen is
accomplished by injecting a solutien of h>1racine and water. Tnis solution is
supplied by the corrosion centrcl system to the suction piping of each of the
high pressure charging pumps which charge 'it into the main coolant system via.O the feed line,

v
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During normal plant power operating conditions a hydrogen atmos-
- phere at a pressure of 1$ psi gage is maintained in the low pressure surge

tank. There, the hydrogen under pressure and in contact with the water is
dissolved in the water which is subsequently pumped into the main coolant
system. In the presence of ionizing radiation in the core, the hydrogen
combines with the oxygen in the main coolant.

Water Charging to the Auxiliary Systems and Fquipment

The charging and volume control system facilitates charging of
water from the demineralized water storage tank or the primary storage
water tank to the following systems and equipment for the indicated purpose:

System or Fauipment Purpose

Chemical Shutdown System Supply and for flushing of m

equipment and piping

Safety Injection System Flushing of equipment and piping
Make-up of boric acid solution

Ion Exchangers Flushing of vessels and piping

Fuel Pit Filling, make-up and pump priming

O aish eressure chersime amPe se 11nsr

Primary Pumps Sealing Tank Filling and make-up

Steam Generators, Secondary Side Emergency loss of station power

Boric Acid Make-up to the Low Pressure Surge Tank During Chemical
Shim Operation

To maintain stable boron concentrations in the main coolant system
during operation with chemical shim, the boron concentration of the liquid '

in the low pressure surge tank must be controlled at the desired level. To
accomplish this, both the low pressure surge tank make-up pump and boric
acid transfer pump are started on a low pressure surge tank low level signal.

. The discharge line from each pump enters a common mixing section to insure
| admitting a uniform solution to the low pressure surge tank. The proper
| boron concentration of the low pressure surge tank make-up is provided

by adjusting the metering or proportioning valves in the discharge lines
from the boric acid transfer and low pressure surge tank make-up pumps.

| Totalizing flowmeters in each line provide a means for checking the setting
of the metering valves.

h

- . .. . - . . - . ..
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p 20b CHFRICAL SHUTQC&Q S'iSQ
v

Boric Acid Ad w icn

General

The functicn of the chemical shutdown system is to provide a neutron
absorbing boric acid solution to be injected into the main coolant system to
complement the control rods. Boron is required in the coolant during certain
periods of operation at power and also to give 5% d (k/k shutdown with all 2hcontrol rods fully inserted in the cold, clean core See Section 103, CORE
NUCLEAR DESIGN).

The chemical shutdown system consists of a mixing and storage tank,
transfer pump, valves, piping, and instrumentation for pressure, temperature
and water level control as shown on drawing No. 6h6-J-h26.

A second, independent source of boric acid which is available to
Boratedprovide the -necessary shutdown margin is the safety injection system.

water from the safety injection tank can be routed directly to the suction of
the charging pumps. However, this system would not be used except in the
event of a failure in the chemical shutdown system, and such a failure is
very unlikely because this system is virtually duplicated within itself.

The system is sized to attain any desired concentration of boric
acid in the main coolant. The actual boric acid concentration required for
cold shutdown will be ascertained during initial critical tests. The boric(" ' acid is added to the main coolant in a 12 wt % solution and is injected by
the charging pumps. Main coolant pump circulation assures that the injected
solution is well distributed throughout the main coolant system. The oper-
ating procedure requires that the proper boric acid concentration be main-
tained throughout the shutdown period and that any previously isolated loop
must contain borated water at the proper concentration before chemical shut-
down is accomplished. This elirinates the possibility of subsequent change
in boric acid concentration.

The entire injection operation can be carried out by remote control
of the motor operated inlet valve between the mixing and storage tank and the

| charging pump suction header.
|

Boration of an isolated loop is accomplished by charging a pre-
calculated volume of 12 wt % solution from the mixing tank into the isolated
loop, while bleeding an equal volume of water from the loop through the drain
to the waste disposal system.

Mixing and Storage Tank - The solution is prepared in a 3,000 gal
mixing and storage tank by adding technical grade granular boric acid to
domineralized water, heated to 150 F. A motor driven agitator is provided in0

the tank to assist initial mixing. Steam heating coils are also provided in
the tank to maintain 12 wt % solution of boric acid completely soluble at
150 F by an automatic temperature controlled steam valve. A local temperature0

indicator and remote low temperature alarm are included to assure.that the
0

('N solution is maintained at 150 F.
Location of the mixing tank is such that a substantial positive

suction head is provided from the tank to the charging pumps. The mixing and
storage tank is vented to the atmosphere.

I
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A local level, recorder and indicator with remote high and low
level alarms provide complete instrumentation to assist the operator in all
phases of operation of the system.

Piping is arranged so that the line from the tank to the charging
pump suction header may be flushed with demineralized water to the yard
drain.

1

Transfer Pump - The 100 gpm transfer pump has three functions.
The first is to transfer batches of 12 wt % boric acid solution from the
m!.xing tank to the safety injection shield tank cavity water storage tank

where it is diluted with domineralized water to a 1 wt % boric acid solution
required for safety injection. The second function of the transfer pump,

is to periodically recirculate the 12 wt % solution to keep the concentration
uniform throudhout the mixing tank. A local pressure gage on the pump
discharge provides convenient indication of pump performance. The third
function is tc provide borated make-up to the Low Pressure Surge Tank
during chemical shim operation.e

Boric Acid Removal
.

General - During reactor startup, the boric acid solution is
removed from the main coolant system. In the initial phase, the boric
acid concentration is reduced by dilution and recirculation for approximately
11 hr af ter which only $% of the boric acid remains in the main coolant.

O The remainine beric e=id ie remeved br ien exchanee reauirine ePProximate17
9 hr so tt t after a total of approximately 20 hr the main coolant system
has no ap: iable amount of boric acid remaining in solution. Ion
exchange . :complished by bleeding the slightly borated main coolant to
the low pcessure surge tank and pumping it with the purification pumps
through tne chemical shutdown ion exchangers to the charging pumps which
return the deborated water to the main coolant system.

Ion Exchangers - Two 30 cu. ft. ion exchange vessels are located
1. in the-lon exchange storage pit. Each vessel is charged with 20 cu. ft.

of Rohm & Haas Anion Resin #XE-78 or equivalent. The ion exchange resin
j temperature is limited to a maximum of 1ho F. Remote means for replacing

and disposing of the exhausted ion exchanger are provided. In Section
205, PURIFICATION SYSTEM, the means of manipulating the ion exchangers
is more fully described.

Isolation and operation of the radioactive portion of the chemical
shutdown system is performed by means of manually operated valves with
reach rods through concrete shielding.

All materials of the system in contact with the solution are
Type 30h stainless steel. Tests over long periods of time have shown the,

' boric acid corrosion rate of Type 30h stainless steel to be negligible.
i

All equipment is constructed and installed in accordance with the
requirements of the latest edition of the ASME, Section VIII, Unfired

! ' Pressure Vessel Code.

Piping and valves are 150 lb class and meet the requirements of-
ASA B31.1, Code for Pressure Piping and ASA B16 5, Steel Pipe Flanges and
Flanged Fittings, respectively.

,_ _ , __ __ . . _ _ _ - . . , _ _ _ . _ . _ , - . _ _ _ . _ . _ - , _ . _ . - _ _ -
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205 PURIFICATION SYSTEM
q

General

The function of the main coolant purification system is to remove
impurities from the primary coolant. This is necessary in order to limit the
level of induced radioactivity and to reduce fouling of h at transfer sur-
faces. Normally, the chief source of radioisotopes expected in the main
coolant vill be parent- nuclides from Type 348 stainless steel. The impurity
content, exclusive of chemical additives, is kept at 1 ppm or less, except
during the plant initial operation period.

The cystem consists of two 100 gpn pumps in parallel, two ion ex-
change beds of mixed resin, and the necessary associated valves, pipe,
fittings and instrumentation as shown on drawing No. 646-J-723

The purification system operates at lov temperature and pressure
and is located outside the vapor container. Although access to the purifi-
cation piping and equipment is not intended during operation, a spent ion
exchanger can be r3placed without interrupting the estimated normal puri-
fication flow of 10 gpm. The resin vessels cre designed and stored for ease
of handling; the portion of the purification-cooling-drain pumps flow which
is sent to the ion exchanger passes through a pipe galley and shielded valve
pit out into the ion exchangers, which are submerged in a water-filled pit.
The reference height of water shielding is 10 ft above the top of the resin.

3 Normally, only a cooled, depressurized by-pass stream of main
s ,) coolant vill receive ion exchange treatment. However, piping is provided

so that liquid in the primary drain collecting tank of the radioactive vaste
disposal system can be decontaminated by the purification ion exchangers, if
it meets certain other chemical requirements. The liquid thus purified is
returned to either the vaste holdup or activity dilution decay tank in vaste
disposal for further treatment. In addition, the main coolant by-pass stream
can be rejected to vaste disposal after passing through the ion exchangers,
if desired.

A by-pass stream (25 to 125 gym in 25 gpm steps) is bled from the
cold leg of one main coolant loop through the charging and volume control
system variable flow orifices. The temperature is reduced to less-than 240 F
in the bleed portion of the regenerative heat exchanger, and a pressure re-

; duction from 2,000 psi gage is accomplished at the orifices. The cooled,
depressurized water is then pumped from a surge tank through a nonregenera-i

tive cooler into purification, normally at a temperature of 120 F, and re-
turned to the suction side of the positive displacement pumps in the charging
and volume control system. The purification system is arranged in parallel
with the charging pump suction line from the surge tank and its flow is
variable from 10 to 100 gpm by means of an automatic flov' control valve.
Thus, purification flow may be adjusted periodically during reactor opera-
tion to accomplish activity reduction or allow for increased pressure drop
across the resin due to removal of insoluble solids. The system is pro-
tected by temperature and pressure controls to operate only at design con-
ditions.j;_q -

U
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Ion Exchangers

O Desien - The navimm rate of corrosion product removal allowed for
is 20.5 lb each month. In addition, it is assumed that a maximum of 5 lb of
uranium dioxide and associated fission products are leached uniformly through-
out each year from fuel elements. These impurities, both soluble and insolu-
ble, will be solids and gases.

The mvimm allowable temperature for water entering the ion ex-
changer resin column is 140 F. Higher temperatures would cause some decom-
position of the resin and a corresponding loss in capacity for impurities.
For example, tests have shown that for 18 weeks exposure at 140 F, the resin
capacity was reduced approximately 12%. For this reason, the normal purifi-
cation inlet temperature is 120 F, or less.

A maximum flew loading of 10 gpm/sq ft of resin bei cross-section
should not be exceeded for efficient operation. Since the mnvim m flow through
one ion exchanger is 50 gpm, the diameter of each unit is fixed at 2 ft-6 in.
The capacity of a new bed is 12 kilograins as CACO 3 per cu ft of resin. Based
on experimental results, the minimum lifetime for a 20 cu ft bed should be at
least five months. The overall height of an ion exchanger is about 6 ft-6 in.
to the top of the lifting lug.

Main coolant entering the ion exchanger is passed through a distrib-
utor ring above the resin level in the ion exchanger, so that nc channeling
through the resin is permitted. The water flows down through the resin and
past a supported clcse velding pattern metallic filter orifice plate. A top-
entering standpipe which passes through the resin, filter, and filter support

v plate returns purified water from the bottom of the ion exchanger to the
charging pump suction line from the surge tank.

. Pressure drops across a new resin and support filter have been esti-
mated to total about 6 psi at 50 gpm. The resin may serve to filter out in-
soluble corrosion products as well as exchange with soluble impurities. As-
suming 50% pluggage at the erd of resin bed life, the pressure drop across the
filter should be approximately 11 psi. To overcome these losses and all other
system losses, the purification pumps are sized for a total dynarde head of
96.5 psi at 100 gpm.

Analyses of activity in the main coolant versus purification flow
rate indicate a " point of diminishing returnn" for flows above 70 gpm. Thus,
the maximum system capability of 100 gpm is adequate, ard the variable flow
feature gives the advantage of less waste heat and lower pumping costs when
low flows are allowable.

The equipment in the purification system is sized, constructed, and
installed so that the requirements of the latest ASME, Section VIII, Unfired
Pressure Vessel Code can be fulfilled. The piping in the purification system
is sized, constructed, and installed so that the requirements of the ASA
B31.1 - 1955, Code for Pressure Piping, Sections 1 and 6 can be fulfilled.
Design pressure for all components is 150 pai gage. Reference design life-
time (except for the resin) is 140,000 hr.

f3a
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As diseassed earlier, the ion exchangers are submerged in a water-
filled pit. They are disposable cartridge type units, so that when the resin

[) is spent, the whole unit is disconnected and stored in the pit for an appro-
'' priate decay period before ultimate disposal. This method eliminates handling

of loose radioactive resin, since the resin containing vessel is operated, re-
moved from service, and stored while always submerged. Only when the unit is
to be sent to ultimate disposal does it leave the pit. However, it will be
loaded into a shipping coffin first and will meet established shipping regu-
lations on activity external to the coffin when removed.

Before an exhausted ion exchanger is removed from service, it is
flushed with pure water to vaste disposal to remove contaminated water. The
inlet and outlet nozzles at the top of the resin vessel are connected to
vertical risers. Removable concrete slabs shield the inlet and outlet lines
above the water surface. These slabs are removed and flexible cormeetion
flanges at the tops of the risers are broken. A special sealing plug, seated
inside the nozzle at the top of the vessel, is then inserted through each
riser by means of a long manipulating wrench. The riser is then unscrewed
under water and a cored pipe plug screwed into the nozzle, above the sealing
Plug.

The ion exchanger vessels are supported by lugs on bearing plates
in the pit, which are arranged in a rail-like fashion. Space for about five
vessels is available in each of two rows. Initially, a minimum of two ion
exchangers should be available. Since the inlet and outlet lines to each

are separated by concrete shielding above the water level, one vessel can be
isolated and removed from service while the other is in operation. The ex-

(O
pended resin vessel is moved down the rail by a crane, away from the flexible

/ connections, and stored for decay. A new vessel containing fresh resin with
preassembled risers can then be lowered from above the pit into position and
the connections to the flexible hose made.

Performance - The reference resin is nuclear grade H-OH saturation
resin; Westinghouse PDS-ll557-3. The manufacturer's value for capacity is
12 kilograins as CACO 3 per cu ft of resin.

Decontamination factors obtained under laboratory conditions for
the important corrosion products were:

Fe-273
Cr-180
Co-4000

Fe, Cr, Co-1188 (corrected for difference in
specific activity of the

elements in the feed mixture.)

Decontamination factors for mixed fission products average about
1,200.

Crud levels in the main coolant (nominal pH neutral) may be as
great as 1 ppm based on Army Package Power Reactor experience. Actual ex-
posed miqus descaled weight changes have been determined to average about
30 mg/dm' for austenitic stainless steels in out-of-pile tests for the
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Yankee reactor. This layer constitutes the majority of the corrosien product
formed, which has been measured to form at a rate of less than 10 mg/dm2/ month
in out-of-pile tests.

In addition to the soluble crud in the main coolant, insoluble corro-
sion products which probably exist as colloids and particulate matter vill be
picked up by the resin by a filtering action.

The life of the resin vill be established mainly by gross decontam-
ination factor. The decontamination factor based on degassed,15 minute decay,
inlet and outlet samples should norr. ally exceed 100.

An increase in ion exchanger effluent water conductivity above the
nominal value of approximately 2 ft. rho /cd will also indicate resin exhaustion.

O
-

.
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206 COMPONENT COOLING SYSTEM

O General

The component cooling system is provided to dissipate vaste heat
from the various nuclear steam generator plant components. An intermediate
fluid is used to ensure that any leakage of radioactive water through the
cooled components may be under control.

The component cooling system ic shown on drawing No. 646-J-424
and consists of two coolers, two circulating pumps, a surge taak, a chemical
addition tank and associated piping, system and instntmentation piping,
valves, fittings and instruments. This equipment is connected to two main
piping headers which are located cutside the vapor container. Independent
lines, provided with isolation valves located outside the vapor container,
are connected from the header to the various components inside the vapor con-
tainer.

,

I Each component cooling pump and cooler can accommodate full heat
removal loads. For increased reliability of the system, each unit can be
operated singly or in parallel and each pump and cooler can be cross con-
nected.

The system is initially filled from the plant condensate supply
and a corrosion inhibitor is immediately added to the fill water. During
normal system operation, the chemical addition tank and associated piping

A an isolated.
%)

To maintain the desired water level in the component cooling
surge tank, level controls and alar =s are provided in the water surge tank
of the system. A valve in the feed line is operated by the surge tank
controls.

The component coolant fluid is circulated by one or both pumps.
A pressure switch, a pressure alarm, and pressure indicators are provided
in the outlet of the pumps in order to check that the pressure remains

|
vithin assigned limits. Check valves prevent backflov through the pumps.

A local temperature indicator in the common cooler inlet pipe is
provided.

i
| Temperature indicators, local and remote, a high temperature alarm,

i a flow meter, and a flow meter alarm are provided in the common cooler outlet
pipe in order to check that the temperature and the flow of the component
coolant remains vithin the assigned limits.

i

The component coolant flows from the common cooler outlet pipe into
the main header from which seven branch lines, provided with check and stop
valves, enter the vapor container. These lines connect with the four main

|_ coolant pumps, the neutron chield tank coolers, the sample cooler, and the
I neutron shield surge tank for fill and make-up only.

-Oo
|
t
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Four other branch lines from the main header which is outside the
A vapor container provide cooling water for the fuel pit cooler, the low pres-
V sure surge tank cooler, the shutdown cooler, and for the Waste Disposal

Building. Stop valves are provided in each of these lines.

Six return lines from the vapor container connect with the four
main coolant pumps, the neutron shield tank coolers, and the sample coole:r.
All return lines are provided with temperature indicators and manually oper-
ated flow control valves. The cooling lines from the main coolant pumps are
also provided with temperature alarms. A trip valve is provided in the com-
mon header of the six return lines to isolate the component cooling piping
in the vapor container from the rest of the system in the event of a major
rupture in the main coolant system.

The return lines from the shutdown cooler and the low pressure
surge tank cooler are provided with temperature indicators. A control valve
which regulates the flow from the heat exchanger is controlled by the tem-
perature in the low pressure surge tank, which is maintained at approximately
120 F.

The return line from the fuel pit cooler is provided with a temper-
ature indicator, a stop valve, and a manual flow control valve.

All the return lines connect to a common header which is provided
with radiation monitoring and temperature indicators before entering the
component cooling pumps inlet. .

The four main coolant pump returns, the sample cooler return, and
the shutdown and low pressure surge tank coolers are provided with safety
valves discharging through a common line into the component cooling water
surge tank. The safety valves in the return lines from the main coolant pumps
are sized to handle the maximum flow occurring from a ruptured cooling coil
in the pump.

The component cooling water surge tank is provided with a vent line
discharging to the primary vent stack. In case the activity level indicated
by the radiation monitoring unit in the pump inlets should be too high, a
valve in the vent line shuts automatically in order to avoid any active vapor
entering the stack. A safety valve discharging into the vapor container
drain tank takes care of any excessive pressure in the component cooling
water surge tank.

The system is provided with sdequate drains discharging to the yard
storm sewer or to the gravity drain tank if the water in the component cooling
system becomes contaminated.

Desien

The component cooling system is designed to remove heat from the
various reactor plant components and to operate at a maximun design pressure
of 110 psi gage and a maximum temperature of 150 F.

b)m
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Material in contact with the component cooling is carbon steel ex-
p cept for the tubes and tube sheet of the heat exchangers and the pump inter-
d nals. Stainless steel is not required since it is not possible, except

through leakage, for component cooling water to enter the primary system,
because these system are not cross connected.

The component cooling system is designed in accordance with the
following codes:

Equipment - ASME - 1956 - Unfired Pressure Vessels, Section VIII

Piping - ASA B31.1 - 1955 - Code for Pressure Piping, Sections 1
and 6

Valves,
Fittings - ASA B16.5 - 1957 - Standard for Steel Pipe Flanges and

Flanged Fittings

The system design is based upon the following maximum heat require--
ments for each component:

No. of Unit Heat Removal Total Heat Removal
F4uipment Units Btu Per Hr Btu Per Hr

0 6}hin Coolant Pumps 4 1.2 x 10 4.8 x 10
Neutron Shield Tank
Coolers 8 .011 x 10 .090 x 1066

Il Sample Cooler 1 0.5 x lob 0.5 x 106V Waste Disposal Building
6 6Connection 1 2.8xlg)*6.5x106 2.8xg0 6(16x 10 (16x10 )*6.5 x 10Shutdown Cooler 1

Low Pressure Surge
6 6Tank Cooler 1 4 x 10 4 x 10

Fuel Pit Cooler 1 5 x 106 5 x 106

*0nly applicable for short periods of time.

The severest combination of simultaneous heat removal requirements
gives the following design criteria for the component cooling coolers and
pumps:

Startup Normal Normal Design
60 F Cooling 60 F Cooling 81 F Cooling 3 Hr After

Conditions Water Water Water Shutdown

Total heat re-
moval from
system, Btu per

6 6 6hr 11.8 x 106 8.5 x 10 8.5 x 10 16 x 10
Total component
coolirg water
required, gpm 2,000 1,050 2,000 2,000

g
U
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Pumps

Two motor driven centrifugal circulating pumps are provided. The
capacity of each pump is approximately 2,000 gpm, with a total dynamic head
of 190 ft of water and a design discharge shutoff pressure of 110 psi gage.

The' component cooling pu=ps can be operated singly or in parallel
if required, and either pump can be isolated from the system for repairs
without disturbing the operating pump. The pump power supply is designed to
be hi hly reliable in order to provide dependable cooling to protect theE
serviced equipment from overheating. The main coolant pump, for example,
must not be without component cooling water in the jacket for more than
3 min or, with water in the jackets, without circulation for more than 8 min.
One component cooling pump is a spare and has an independent power supply.
It is' interlocked to the operating pump, so that a power failure to one pump
will not affect the operation of the component cooling system.

Coolers

The two component coolers are of the shell and tube design and are
provided to transfer heat from the component cooling water to the raw water.
The tubes are made of admiralty metal. Each cooler is designed for thb ullf

cooling capacity reached during normal plant operation, i.e., 8.5 x 10 Btu
per hr. Either cooler serves as a spare for the other, but each can be oper-
ated in parallel, if required. Either cooler can be isolated from the system
for repairs.

O cee1er aeeise aete ere ee re11 ewe =

Normal . Normal Design
60 F Cooling Vater 81 F Cooling Water 3 Hr After

Case Pond Water Cooline Water Shutdown
,

Duty, Bt' . _ - 8.5 x 106 g,5 x 106 16 x 106

Tube temperature,
in out, F 91-75. 100.5-92 96-80

Shell temperature,
_

81-87.8 60-72.8in out, F 60-74.2
.

Flows, gpm
Tube side 1,050 2,000 2,000
Shell side 1,200 2,500 2,500

'

.
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Surce Tank |

A surge tank (4,000 gal) is used in the co=ponent cooling system
to provide make-up water for the system, to accor.odate the expansion and
contraction of the water in the system as temperature changes, and to act
as a receiver for the safety valves in the component cooling lines. The
water level in the tank is maintained at approximately 2,500 gal by the
level control valve on the condensate supply pipe. !

The surge tank is equipped with a vent to the primary vent stack
and with a safety valve which discharges into the vapor container drain tank. .;

Corrosion Control

For corrosion control, a small tank is provided in which potassium
chromate is added, and then water is circulated through the tank to dissolve
the chemical. During normal plant operation, the concentration of potassita
chromate in the component cooling water is maintained between 300 and 500 ppm.

The neutron shield tank is filled from the co=ponent cooling system.

The valve arrangement of the system provides a means of filling the neutron
shield tank with water of the det.2 red concentration of 300 to 500 ppm of i

tpotassium chromate.
/

1A11.9A

There are no unusual required features for the valves in the com-s
ponent cooling system. They are manually operated gate and flow control
Valves.

Instrumentation :

The location of tne instruments used in the component cooling system
is shown on drawing No. 646-J-424. The functions of these instruaonts are asg,.s

( follows:

1125 $nction Limits

Canned Motor Temperature Measures the outlet Normal pressure - 100 psi
.

Detector temperature of the gage*

componant cooling Normal design pressure -
.

water from the pumps 150 psi gage - temperature
;

i range 70-200 F

!

j Local Pressure Detector Measures (the outlet Normal pressure - 100 psi
( gage

Controls (pressure of;

the compon- Max. design pressure -! Pressure Switch
! (ent coolant 150 psi gage

Iow Pressure Alarm Checks (water from Maximum temp. - 150 F

|
(the pump Pressure range - 0-150 psi

gage .

i

O
'

i
t

I
i

,, - ,- -, ,_,. . - - , _ _
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Item Function Limits

System Flow Peter Measures (the outlet Pax. temp. - 150 F
l (flow of the lhx. design pressure -

(component 150 psi gage
(cooling water Flow range - C-4,000 gpm
(from the heat

Low Flow Alarm Checks (exchangers

Radiation Monitor Unit Xeasures the inlet ac- Pax. temp. - 150 F
tivity of the compo- Pax. design pressure -
nent cooling water 150 psi gage
at the pump suction Max. range .01 to 10 r per

hr

System Temperature Measures (temperature Normal pressure - 100 psi
Indicator (of the con- gage

Temperature Switches Control (ponent cool- Max. design pressure -
Temperature Alarm Checks (ing water 150 psi gace

Temp. range - 0-200 F

!

O

:

i

O
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207 CORROSION COLTROL SYSTEM, _ PRIMARY PLANT

S'2DSI.11

The function of the corrosion control system is to inject hydrazine
or hydrogen into the main coolant for the purpose of reducing the dissolved
oxygen concentration and maintaining it at a minimum value.

It is expected that the corrosion rate within the primary plant
systems will be most subject to increase when the dissolved oxygen ceneen-
tration increases in the main coolent. The two predominant means by which
dissolved oxygen may be introduced into the main coolant are make-up water
or contact with the atmosphere during a plant cold shutdown and radiolysis
of coolant passing through an epithermal neutren flux in the reactor core.'

The former would be the probable source for an increase in dissolved oxygen
content during a plant shutdown and subsequent startup period. Increase in
dissolved oxygen by radiolysis would occur during the time the reactor is
critical.,

The cencern over corrosion is not due primarily to mechanical con-
sideration (reduction in wall thickness) but to induced radioactivity of the
corrosion products, and therefore the radioactive contamination hazard.

1 The corrosion control sycten, as shown on dravirc No. 646-J-431,
consists of two sections, the hydrazine addition section and the hydrogen
addition section, in order to provide means for lowering the oxygen concen-
tration in the main coolant systen during both plant startun and normal
operating conditions; hydrazine during plant startup and hydrogen during

-

reactor operation.

Hydrazine Addition

In onier to minimize corrosion whenever the main coolant system is
operated with the reactor suberitical, hydrazine is injected into the primary ,

plant make-up water to reduce the dissolved oxygen concentration of the cool-
ant. The facts that in the absence of radiation, introduction of hydrazine
will not increase the dissolved or suspended solids in the primary coolant
and facilities already exist for the use of hydrazine in the secondary system,
point to the selection of hydrazine over other corrosion inhibitors. Theo-'

retically,1 lb of 100% hydrazine is capable of removing 1 lb of oxygen ac-
cording to the reaction: NH2 4 + Q = 2H O +N. At low temperature the2 2

i reaction of the hydrazine may not be directly with the oxygen but rather with
I the surface iron. This iron then undergoes a surface reaction with the oxy-
! Een. Therefore, a higher quantity of hydrazine has to be injected. However,
| the handling of pure hydrazine presents safety hazards; for this reason, solu-

tions of hydrazine in water are employed in the plant.

The hydrazine addition section consists of a feed tank, a feed pump,

| and the charging line. As a spare, the morpholine equipment also used for
j the secondary plant, of the sane size and of the same material as the hydra-

'
| zine equipment, can be utilized.
r

O
|
|

|

|

i
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x With the exception of a portion of the charging line, the hydra- !

' zine addition section is located within the water treatment room.
_

i

The hydrazine feed tank is equipped with a level sight glass, -

an overflow line and a drain line; both of which discharge into a flume.
Condensate water is supplied through a tangential mixing connection at the
bottom of the tink.

i The hydrazine feed tank is charged with a 35 wt % solution of
hydrazine in water that does not have either a flash or fire point. The
feed tank may also be charged with a more dilute solution prepared from
the 35 wt % solution. The capacity of the tank is 38 gallons.

The hydrazine solution flows from its feed tank to the suction of
the feed pump. To prevent foreign matter from entering the feed pump, a
strainer is provided on the pump suction. To protect the remainder of the
system from overpressure, the pump is equipped with a safety valve on the

i .

discharge line. The hydrazine solution is discharged into the suction of
each charging pump. This connection provides a direct path from the hydra-'

zine feed tank to the operating charging pump and reduces the possibility
of " hide-out". The charging pumps in turn feed the hydrazine solution into
the main coolant system.

To ensure that a radioactive contamination problem does not occur
from backflow of the prinary coolant, the hydrazine feed line contains two
check valves in series just upstream of its discharge points. In order to

O 1 e1 te the 7 te rre the vri r7 9 at, 8 ede *79e eter v 1ve 1-1 1
provided in the charging line downstream of the metering pump.

Materials in contact with the hydrazine solution are Type 30h
stainless steel or equivalent for corrosion resistance.

] The need for hydrazine during plant startup is determined by
analyzing the main coolant for dissolved oxygen.

) Hydrogen Addition

khen the reactor is critical, water passing through the core region
will undergo radiolysis by the epithermal neutron flux. Since the products
of water radiolysis are oxygen and hydrogen, this would create a dissolved
oxygen buildup in the main coolant and might increase the corrosion rate

,

i through the primary system. Maintaining an excess of dissolved hydrogen
; will tend to reverse or prevent the radiolysis reaction and consequently
; maintain a low oxygen concentration. For this reason, hydrogen is used as
j the corrosion control agent during reactor operation.
' '

The hydrogen residual is obtained by introdacing the gas into
the low pressure surge tank. The method employed consists of establishing
a hydrogen overpressure in the vapor phase of the surge tank sufficient to
maintain 25 to 50 cc (STP) of hydrogen per kilogram of water at equilibrium
conditions. This requires that, with a normal operating temperature of
130 F in the surge tank, approximately 25 psia partial pressure of hydrogen,

be maintained in the vapor phase.| -

I
,

i

I
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208 SAMPLLNG SYSTDi, PRIMARY PLANT

The function of the primary plant sampling system is to take
samples of main coolant liquid and gases for chemical and radiochemical
analyses. Sampling is a manual operation except for remotely controlled
isolation valves in inaccessible areas. local sampling of auxiliarj
systems is not described herein.

The primary plant sampling system, as shown on Drawing No.
6h6-J-h27, is operated intermittently throughout the life of the plant
to withdraw samples from the following systeam and transport them to the
sample room:

Main Coolant System, Pressurizer Drain and Bleed Line -- A common
high pressure-hign temperature sample cooler is used for all
systems. The sample line for the main coolant system is used for
all systems. The sample line for the main coolant system and
pressuriser drain comes from the drain header. The bleed line
sample point is ahead of the regenerative heat exchanger. A common
line is used downstream of the high pressure sample cooler.

Shutdown Cooling System -- A low pressure sample line comes from
the shutdown cooling system return line to the main coolant

{} system.

Charging Cooling System -- A low pressure sample line comes from the
shutdown cooling system return line to the main coolant system.

Charging and Volume Centrol System -- A low pressure-low temperature
sample line comes from the bleed line, between the pressure
reduction point and the low pressure surge tank. This samples the
same fluid as the bleed line sample, but samples af ter the regenerative
heat exchar. gar and breakdown orifices and contains a low pressure-lcw
temperature sample cooler.

Purification System and Chemical Shutdown System -- A low pressure-low
temperature sample line comes from the ion exchange inlet header,
which is common to both systems. A low pressure-low temperature
sample line comes from the ion exchange outlet header, which is
common to both systems.

Each of the five sample lines contain an isolation valve and
slipstream sampling valve. The sample lines terminate in a header, which
is equipped with local temperature and pressure indi stion, and a pressure
relief valve discharging to the primary drain tank. This header normally
discharges back to the low pressure surge tank to allow continuous
sarpling without system fluid loss, however, the discharge maybe valved
to the waste disposal system.

Ov
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The sample room, located outside the vapor container in the
Primary Auxiliary Quipment Building, contains a ventilation hood to vent
radioactive gases to the primary vent stack, which might be released while
a sample is being taken and a sample sink which discharges to the waste
disposal system.

Two sample coolers, one located in the vapor container in the
line for sampling high pressure-high temperature fluid and the other
located in the sample room in the low pressure-low temperature line

0reduce main coolant sample temperature to about 100 F. A muffle orifice
downstream of the high pressure-high temperature sample cooler reduces
the pressure of main coolant samples to 30 psia.

One or more sample lines are allowed to flow into the sample
header and recirculate back to the main coolant system via the low pressure
surge tank until the flow in the line is representative of the point
being sampled. A sample is then taken through the slipstream at the
sample sink.

The design of the sampling system is based on the safety
philosophy that no sample lines operating at high temperature and pressure
containing radioactive fluids are allowed outside the vapor container.
The high temperature-high pressure cooler is designed to reduce the
main coohnt sample temperature from 6500F to 2000F at a maximum flow of

O 3 gpm and at a design pressure of 2500 psia. The cooler is located
within the vapor container and is cooled by component cooling wateb A
minimum line length of 50 feet assures adequate decay of N16 and O
activity -in the sample fluid at the design sampling rate.

The muffle orifice is designed to reduce the pressure of the
main coolant samples from 2500 psia to 30 psia at 3 gpm. The individual
sample lines terminate in the sample header which recirculates the fluid
back to the system via the low pressure surge tank.

Sample lines from the neutron shield tank and the steam generator
blowdown connections terminate in the sample room. Since the sample
fluids differ from the nain coolant system fluid in chemistry and radio-
activity, they do not connect to the sample header.

Service water is supplied to the sample room to flush and clean
*

the uncontaminated sample sink. All the drains from the contaminat.ed
sample sink are dumped to the primary drain collecting tank, and if
secondary sample is contaminated it can be taken in contaminated sample
sink.

All equipment is constructed of AISI 3014 stainless steel and
installed in accordance with the requirements of the 1956 edition of the
ASME, Section VIII Unfired Pressure Vessel Code. Piping and valves meet
requirements of ASA B31.1-1955 code for Pressure Piping and ASA B16.5

. Steel Pipe Flanges and Flanged Fittings, respectively.

.
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209 RADIOACTIVE WASTE DISPOSAL SYSTEM

General,

The waste disposal system receives, contains, adequately treats
and safely disposes of all radioactive wastes other than certain separately
handled low activity wastes which may come from the secondary plant. The
basic processes used in this system are: natural decay of radioactive
isotopes, filtration to remove most of the radioactive particulate matter,
evaporation to concentrate radioactive constituents in a small volume of
liquid waste to be solidified in concreto, incineration to concentrate
activity in a reduced volume of solid wastes and dilution of low activity
liquid and gaseous discharge. The waste disposal system consists of
liquid and gas storage tanks, evaporator, incinerator, wet gas scrubber,
pumps, conpressors, heat exchangers, filters, instruments, piping and
valves, all as shown on drawing No. 9699-RM-blF.

Although not a part of the waste disposal system, certain waste
systems of the secondary plant are discussed in this section so that all
waste handling methods are described in one place.

The potential sources of radioactive liquid and gaseous wastes
to be processec. by the waste disposal system are as follows:

G
Main Coolant System

Charging and Volume Control System

Purification System

Sampling Syster

Chemical Shutdown System

Vent and Drain System

Shutdown Cooling System

Vapor Container Drain Liquid

Safety Injection - Shield Tank Cavity System

Radioactive Iaboratory, Decontamination Cubicle and
Decontanination Pad Drain Liquids

Contaminated Laundry Drain Liquid (If on site
laundry installed in future)

p Contaminated Area Floor Drain Liquid

V
Steam Generator Drain Liquid
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Durin6 normal operation, no detectable leakage of main coolant
, , _

'~') through steam generator tubing to the secondary side of the steam generators(

is anticipated. It may be desirable, however, to operate the plant with a
small amount of leakage as long as there is no hazard to the public. If
such leakage should occur, it could provide a cource of radioactive liquid
and caseous vastes in the form of the following:

Steam Generator Blowdown

Condenser Air Ejector Effluent

Radioactive wastes from the reactor plant, operating at steady
state, appear as solids in suspension, solids in solution, gases in solu-
tion, and gases out of solution. If no fuel rod cladding defects occur,
only activated corrosion products are piped to the waste disposal system
or diluted and discharged to the environment for safe disposal. Plant
operation, however, will continue with some fuel cladding defects, depending
upon the adequacy of the primary plant chielding and the capacity of the
disposal cystems to handle and discharge these vastes safely.

Intermittently, other liquid wastes containing radioactive mate-
rials are handled by the system. These vastes include liquids from the
ra.licactive laboratory and the decontamination cubicle and pad in the
Service Building; drain liquids from various primary auxiliary systems not
radioactive normally but which may, under certain conditions, become radio-
active; drain liquids from the shield tank cavity system and spent fuel pit

('') which occur only infrequently; and activity dilution liquid and boron di-
\~/ lution liquid comprising relatively large volumes of liquid at each com-

plete plant shutdown and startup. When the plant is operated with some
fuel cladding defects, the activity level in the main coolant must be re-
duced by charging make-up water to the main coolant system and discharging
diluted main coolant to vaste disposal as part of the plant shutdown opera-
tion. This is necessary so that the activity of the shield tank cavity
water, after it mixes with the diluted main coolant remaining in the iso-
lated reactor, will be sufficiently low to permit refueling operations.
On the second and subsequent plant startups, the boron-containing water
used in cold shutdown of the plant will be radioactive and must be dis-
posed of safely. In addition, the system is designed to handle decontam-
ination solutions if their use becomes necessary.

Adequate monitoring of the waste disposal systems is provided to
assure safe operation, storage, drussing, and controlled release of all
activity either to the environment or to approved waste disposal sites.
Sufficient tank capacity is provided to permit suitable analysis of processed
liquid wastes before a decision is made to treat and then reuse in the primary
system or dilute and release to the environment.

The systems are designed to handle the total quantity of radio-
| active liquid, gaseous and solid wastes originating in the primary plant,

secondary plant, and Service Building, based on primary plant operation

t

|
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330 days per year, two cenplete shutdesin; p. : year, and 15 days fcr in-
spection and maintenance during each chutdcun. The tetal quantity of9 radicap.ivity entering the avstems is au 1 n 10 gpr purificatica rate
and no att.sn generator leakage, ani equilibr: n 'fissien prcduct activity in
the main coolant of 3h.S$ nicrecurin ny d r uulting from cladding defects
in 1% of the total nunber of fuel rc h and a rain ecclant e,uilibrium
cerrosien product activity of 2.76 micrecurie rvr nl. The equilibrium
activity of each radicactive f actope in the nun ecclant is given in
Section 106, RMCTCR CCCL.37 CW::!IMRY. Scra fracticn of this activity
may be safely dispos,d cf under centrolled cenditions, as Icw activity
steam generater blowdown and air ejectcr efflu2nt if steam generator
lerJ< age shculd occur.

Steam generater blcwdewn and air ejec tor effluent will be ecn-
trolled so that, after dilution at the plant site, t e ccncentrations cf-

activities from these sources will not exceed those specified in the
current text of AEC Regulation 1CCfR20 for unidentified nixtures of iso-
topes in unrestricted areas. If it becomes necessary, in order to stay
within the AEC regulations for the release of radioactive isotopes,
peri dic isotcpic anal:rces of these effluents may be performed so as too
characterize the activities present.

The processed waste liquids, irrespective of activity level, are
divided into two classifications: reactor plant effluents defined as
radioactive liquids centaining dissolved hydrogen and fission product
gases; and radioactive liquids containing dissolved air. The gaseous
wastes are subdivided into a mixture of hydrogen and fission product

( ) gases and air with undetectable activity. Solid wastes are cenbustible
and noncumbustible. Each classification and type of waste requires a''

somewhat different treatment process. Hereaf ter, these wastes are
described as " Processed" wastes. Possible wastes frem stean generator
blowdown and air ejector effluent are discussed separately.

Processed Liquid Wastes

The volume and activity of liquid wastes entering the waste dis-
posal system that always require treatment, based on an assumption of
cladding defects in ]T of all fuel rods,10 cpm purification rate, and no
steam generator leakage are as follows:

Average Volume, Average
Cu Ft per Gross Activity
6 Months Plcrecurie per ml

Reactor Plant Effluents

Main Coolant (No Beren)
Normal operatien 1,320 29.6
Shutdown ( Activity
dilution process) 9,210 11.12*

,

g

_.'
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O
Average Volume, Average
Cu Ft per Gross Activity
6 !bnths Microcurie per ml

Reactor Plant Effluents

Main Coolant (With Boron)
Shutdown (Drain loops and
equipment) 2,165 0 57h

Startup (Boron dilution
process and coolant
expansion) 8,L3 0.003

Radioactive Liquids
Containing Air

Incinerator Roto-Clone
drain liquid 120 0.030

Radioactive Laboratory
sink, decontamination
cubicle and pad drain
liquid from Service
Building h,lho 0.029

4

Total Volume 25,688 or
h,280 cu ft per month average

Total Average Activity = $.56 microcurie per ml

* The activity dilution liquid is passed through one of the purification
ion exchangers giving an assumed decontamination factor of 10 for
nonvolatile fission products and corrosion products.

The major volume of reactor plant effluents entering waste
disposal consists of activity dilution liquid pumped from the low pressure '
surge tank to the activity dilution decay tank; boron dilution liquid
pumped from the low pressure surge tank to the waste hold-up tank; and
liquids from primary plant valve stem leak-offs and the main loop drains
which flow by gravity to the primary drain collecting tank. These liquids
are pumped batchwise to the waste hold-up tank. A filter unit is provided
to remove most of the radioactive particulate matter before the liquids
are discharged to waste disposal. Provisions are provided which will
allow recirculation of the liquids through the filter either before they
reach waste disposal or after the liquid is in the evaporator. Incorporated
as part of the purification ion exchange system are provisions for passing
boron-free waste liquids being discharged to waste disposal from the low
pressure surge tank or the primary drain collecting tank through an ion

- f' m exchange bed to remove nonvolatile fission and corrosion products on resin.
d These methods of operation will be used to remove part of the nonvolatile

activity, if the extra decontamination factor is required when discharging
activity dilution liquid to waste disposal, or if it proves to be more
economical than evaporation and drumming.
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The waste hold-up tank' serves as a surge tank, and as soon asx
sufficient volume has accumulated for one evaporator batch, processing is
started through the evaporator. Since the activity dilution liquid contains
over 70% of all nonvolatile radioactivity discharged to waste disposal,
it is stored separately from the other reactor effluents and decayed a
total of 30 days to reduce the nonvolatile fission and corrosion product
activity by a factor of 6.2 before further treatment. In addition, all
liquids charged to the evaporator can be passed through a disposable filter
unit which will reduce the nonvolatile fission and corrosion product
activity by another factor of 10, which permits operating the evaporator

~

at a higher concentration factor.

Liquid from either the waste hold-up tank or the activity
dilution decay tank is charged continuously at 5 gpm through the disposable
filter unit to the evaporator. The reboiler circulating pump takes suction
from the liquid in the evaporator shell and pumps it into the reboiler. The
effluent from the reboiler, consisting of steam and liquid, then flows into
the cyclone separator where the liquid phase is separated and retuined to
the evaporator shell reservoir.

The steam from the cyclone separator passes into and up through
the evaporator tower, and is condensed in the evaporator overhead condenser.
The distillate is collected in a distillate accumulator before being pumped
through the feed-distillate exchanger and a purifying unit to a test tWc,
where it is sampled for laboratory analysis. Based on the analysis, the
distillate may be transferred to the primary water storage tank or discharged
to the river after dilution.

The test tanks and the primary water storage tank are provided
with floating roofs with seals at the tank wall to minimize diffusion of
oxygen into the stored liquid, in order to maintain an oxygen content of
less than 0.2 ppm. If an excess of primary make-up water occurs it will
be discharged at a controlled rate to the main turbine condenser cooling
water discharge line, resulting in sufficient dilution to satisfy AE
Regulations for " Unrestricted Area" concentrations.

The evaporator concentration factor is adjusted by monitoring the
bottom of the svaporator to produce a bottoms liquid, which when mixed with
cement and solidified in $5 gal steel drums and then stored to give a total
of sixty days decay, meets all AE and ICC Regulations for common carrier
shipment of radioactive materials. These drums are shipped away without
additional shielding for ultimate disposal in an approved manner, either
on land or at sea..

Liquids containing dissolved air which are normally only slightly
radioactive from nonvolatile constituents, such as floor _ drains from con-
taminated areas and other miscellaneous drains, are held in the monitored
waste tanks for sampling and laboratory analysis. If, after dilution with
' the main condenser effluent cooling water, the monitored liquid meets the
standanh of public authorities, it is discharged at a controlled rate to the
condenser discharge line. Monitored liquids and all other waste liquids

p containing air, which are expected or known to have a nonvolatile activity

d level too high to obtain adequate dilution with the quantity of main
condenser water available, are transferred to the gravity drain tank. All
liquid pumped or drained to the gravity drain tank is processed the same as
the reactor effluents, but in' separate batches to prevent the mixing of air
with fission gases and hydrogen which could result in the possible formation
of an explosive hydrogen-air mixture.
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Processed liquid wastes f ra., the waste '!isposal systen will be dis-
O charged only if the activity contained tNrain, in etnbirstion with any
V activity being released fren the stau c w>ratcr olewdown, is within the

maximum pernissible concentraticn, af t >r blution, which is estanlished in
AEC Regulaticns, Part 20.

Although it is clar. red ; > hw tJ c ontminated clcthing laandered
under centract by a corrierclal i undry, n necessary fa ilities are pro-
vided for handling the waste liquids fr:n an en site centaninated laundry.
This will permit the installation and use of laundry equipnent in the Service
Building if this becomes necemry in the future.

The total volume of centaninated area fleer drains and other nis-
cellaneous drains can not be determined. liowever, it is expected that these
liquids will consist of small and infrequent batches of low activity fluids.

Processed Gaseous Wastes

The processed gasecus wastes censist alncst entirely of hydregen
and radioactive fission product gases which are dissolved in the liquid dis-
charged to waste disposal, cr which continueusly leak thrcugh or are re-
leased intermittently to the primary drain collecting tank by the pressure
control valve on the low pressure surge tank. Fission gases and hydrogen
are collected from the distillate accumulator and frem the vapor space of all
reactor effluent liquid drain and hold-up tanks in a completely closed

T is is compressed to a gas surge drun, which iswaste gas header system. h
blod back to the compresacr suction to maintain a constant pressare on the

3(d waste gas header and a cushicn to permit filling and emptying of tanks.
' Initially, this system will be filled with nitrogen and this atmcsphere may

be maintained indefinitely at the option of the operator.

The net gas make collects gradually in the waste gas surge drt.m
and is removed once each mcnth from the conpressor discharge line and
stored under pressure in ene cf the three gas decay drums for about 60 days
to reduce the activity. The decayed gas discharged from a gas decay drum
is passed through a deep bed particulate filter and then released at a
carefully controlled rate to the suction side of either the Primary
Auxiliary Building exhaust fan er the vapor container purge fan, each of
which has a capacity of 15,000 cfm. The Primary Auxiliary Building ex-
haust fan is used normally; but if this fan becomes inocerative, the other
fan may be used by changing the blanks in the sucticn and discharge ducts
from one fan to the other. Interlocks are provided to shut off, auto-
matically, the flcw of waste dispcsal gas if the fan steps. The decayed
gas and dilution air are thoroughly mixed during passage through the fan,
after which the mixture is discharged to the atmosphere thrcugh the primary
vent stack. The stack gases are continuously menitored. The processed
gaseous waste equipnent is designed and sized to accommodate the maximum
expected activity emanating from the main coo; ant. Dilution is also pro-
vided so that all gaseous effluent accumulated during a period of continuous
plant operation can be discharged at acceptable ccncentration during two-
thirds of the hours in that period. This provides operating flexibility
and allowance for equipnent maintenance.

p)(_
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9! Nearly all the gaseous activity dischar;;od fron the waste dis- j
-

! posal systen to the stack is caused by 10.3 year kryMon-85 isotope since,
!

!. af ter 60 days 2 decay, the activity of the 5.3 aay xerar.-133 is very small. !
| The naximum permissible concentration of either k eypton-85 or xenon-133

!i in air as given in the Prc posed Ammr.dnent of AEC Regulations (10 CFR'

Part 20) is 1 x 10-5 nicrocurie per ml in a restricted area and 3 x 10-7
microcurie per nl in an unrestricted area.

;

!'

{ For the purpose of analysis, two cases were evaluated. The first
case covers operation of the waste disposal system withcut stean generator

.

leakage, the expected normal case. The second case covers steam generator
leakage without waste disposal systen operation.

;
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In the case of vaste disposal plant operatica alone, and when
0 averaging concentrations over a period of one month or one year, the MPC

calculated for continuous exposure in an unrestricted area may be increased
by a factor of 15, since radioactive air is to be discharged only 20 out
of every 30 days of plant operation. This gives a corrected MPC in the
air discharged from the stack of 4 5 x 10-7 microcurie per ml for krypton-85
or for xenon-133

Based on the intermittent discharge of a mixture of air and radio-
active krypton-85 and xenon-133 to the suction of either the Primary
Auxiliary Building exhaust fan or the vapor container purge fan, the volumes
and activity levus of gaseous vaste, assuming cladding defects in 1% of
all fuel rods, are as follows:

Average volume of gaseous vastes,
scf per month 206

Average gross activity of gaseous vastes:
At zero decay, microcurie per ml 80.1
At 60 days ' decay, microcurie per ml 4 31

Discharge rate of decayed gaseous vastes,
scf per hr* 0.43

Air dilution volume, cfm 15,000

Average gross activity of air discharg
from the stack, microcurie per ml 2.06 x 10-6

Total activity discharged to the atmos-
phere, curie per month 25 2

Total volume of radioactive kryptor 65
released, al per month 16.2

The air discharged from the stack during a 20 day period has a
gross activity level about one-fifth that permitted by the AEC Regulations
for mixed identified isotopes in a restricted area. In order to satisfy
the AEC proposed MPC of 4 5 x 10~7 microcurie per ml for discharge two-
thirds of the total time in an unrestricted area, an additional dilution
factor of about 4.6 is required. Since the decayed gas is being emitted
at 26 fps, the dilution by entrainment abcyc the stack gives the required
dilution, with vind speeds less than 10 rps, without resorting to the
atmospheric diffusion away from the source to produce the dilution. At
vind speeds in excess of 10 fps, the turbulent atmosphere provides a di-
lution factor of 5 within 30 ft of the stack. The formulae in Section 301,
METEOROLOOY, show that the expected maximum ground level concentration,
with vind speeds of l') fps, and an effective stack height of 150 ft, is
of the order of 1/3,000th of the concentration at the top of the stack;
i.e., a dilution factor of 3,000.

* Based on discharging decayed gas 20 days out of every 30 days
v' of plant operation.

:
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Air nor= ally having undetectable activity from the stripper con-

O denser, when stripping liquido containing air, is passed through a particu-
V late filter and discharged to the vaste disposal stack.

Combustible Solid Waste

Combustible solid vastes, such as removable floor covering,
cloths used for decontamination, shoe coverings, and contaminated paper,
are transported to the Waste Disposal Building in combustible fiber drums.
The drums vill be re-used until they become conteminated. This vaste is
burned in a specially designed incinerator, based on a U.S. Bureau of Mines
recommendation, using free vortex flov of combustion air over the grate.
Bottled gas is used au fuel to start and complete the combustion.

The flue gases from the incinerator are mixed with cool air and
then passed through a combination vet gas scrubber and induced draft fan,
in which essentially all particulate material 5 microns and larger and more
than 70% of those particles one micron and larger is removed, and the gases
are further cooled. The gas is then filtered- through a glass vool packed
deep bed filter for final cleanup and discharged to the atmosphere.

i

The incinerator is designed to burn about 80 lb per batch. After
a complete charge is burned, the residue ash is dropped through the cone
bottom into an open top 55-gal steel drum about one-half full of water.
The drum is connected securely to the special head attached to the bottom
of the cone, so that dust from the ash can not escape from the drum into
the room. When the drum contains about 18 batches of ash, the two sprays
inside the special head are operated to vet the ash thoroughly. Liquid
is decanted from the settled ash, the drum lovered from the special head,
and a standard clamp-on head installed. The number of batches of ash and
the volume of liquid remaining in the drum are adjusted so that, after
mixing with' cement, the mixture solidifies. Drums containing the solidified
mixture are ready for shipment and disposal by burial. Liquid drained from
the wet gas scrubber, in excess of that remaining with the settled ash in
the drums, is pumped to the gravity drain tank for further treatment.

Noncombustible Solid Waste

The noncombustible solid waste consists of cartridges from small
filters, glass vool from large filters, and various items of contaminated
equipment. The filter elements and small items of plant equipment are im-
mobilized and shielded in concrete in 55-gal drums, ready for ultimate
disposal in an approved manner. Large items of contaminated equipment
whhh can not be decontaminated will be suitably shielded for temporary
st rage until arrangements can be made for permanent storage or burial at
ar. A3C approved disposal area.

Steam Generator Leakage

As a result of careful design, fabrication and quality control,
it is expected that the stainless steel steam generator tubes will be leak-
free. However, the question of operating the Yankee Plant for prolonged
periods of time with leaking steam generator tubes is evaluated.

._ .
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The analysis of the leakage hazard is based on the split of

O volatile and nonvolatile main coolant activities given in Section 106 and
maximum permissible concentrations (MPC's) of radioisotopes appearing in
the current text of AEC Regulation 10, CFR Part 20. MPC's for isotopes
not appearing in the current text are obtained from the proposed arandment
to Part 20. Where the MPC for the soluble and insoluble forms of an iso-
tope differ, the more restrictive form is assumed. No credit is taken for
radicactive decay of nonvolatile isotopes during steam generator holdup.

Two general criteria for MPC's are used. One set of criteria
for mixtures of unidentified isotopes is used as a basis for selecting
set points for continuous radiation monitoring equipment. A second, less

: restrictive set of criteria may be used after periodic sampling and iso-
. topic determinations of steam generator blowdown and air ejector effluent
i to permit maximum discharge rates consistent with 10 CFR Part 20.

The following MPC criteria are established to provide a basis
for continuous monitoring.

a. For " unrestricted area" vater-borne activity consisting
of " unidentified beta or gamma emitters or any undetermined
mixtures of beta or gamma emitters": 1 x 10-f j4c per ml
at the circulating water discharge to Sherman Pond.

Steam generator blowdown monitor alarm set points will be
established based on the availability of approximately
138,000 spa of condenser circulating water for dilutionO purposes which vill be assumed to contain no natural or
fallout activity. This dilution is less than Sher =an Pond
inflow during 1941, the driest recorded year, which
averaged over 200,000 gpm.

,

b. For " unrestricted area" air-borne activity consisting of
" unidentified beta or gamma emitters or any undetermined
mixtures of beta or gamma emitters": 1 x 10-9 p c per ml
at the closest unrestricted area.

The air ejector effluent monitor alarm set point will be
established based on the availability of approximately
15,000 cfm of primag auxiliary building exhaust fan or
vapor container p a ge fan capacity for dilution purposes
which vill be assumed to contain no natural or fallout
activity. In addition, a dilution factor of 1,000 vill be
assumed to be available from the top of the primary vent
stack to the closest unrestricted area. Smoke tests'per-

) formed under the most unfavorable meteorological conditions -
! that is, with a temperature inversion and light down-valley

winds - indicate that a dilution factor of approximately
5,000 may be expected. These smoke tests are discussed on
pages *,31:3, 301:4, and 403:7

Ov

_ _ _ _ _ _ = - _ _ _ _ - - _ _ _ - - - - _ _ . _ . _ _ _ . _ _ _ _ . _
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!O
! Modified or characterized MPC's may be selected for use under con-

trolled conditions based on periodic isotopic analyses of the waste effluent
stream. These criteria have been established for the reference main coolant
activity and their estimated magnitude given belows

a. For " unrestricted area" water-borne activity, with radio-
iodine activity assumed to be controlling, the characterized
MPC for steam generator blowdown is of the order of
7.9 x 10-0 uc per ml.

b. For " unrestricted area" air-borne activity, consistirg primarily
of noble gas radio-isotopes, the characterised MPC for the airI

ejector effluent is of the order of 2.5 x 10-7 pc per al.

Equipment Capacities and Ratiras
.!

The capacities and ratings of equipment shown on drawing
No. 9699-RM-blF which follows page 209:1 ares

,

Net Operating
Tanks Capacity

1 - Primary building sump tank (TK-2h), gal h8h

:O 1 - or vitr er i t #x (tx-27), s 1 h,7oo'
|

2 - Monitored waste tanks (TK-29-1, 2), gal each 1,370 |'

1 - Primary drain collecting tank (TK-30),. gal 7,500 |
1 - Waste hold-up tank (TK-31), gal 75,000 i

1 - Activity dilution decay tank (TK-32), gal 75,000 |

1 - Distillate accumulator (TK-33), gal 60* |

2 - Test tanks (TK-3h-1, 2), gal each 8,0h0 |
'

1 - Compressor K.O. drum (TK-35) -

1 - Waste gas surge tank (TK-36), eu ft h,160
603 - Oas decay drums (TK-37-1, 2, 3), eu ft each

1 - Primary water storage tank (TK-39), gal 135,000 |

1 - Dilute caustic storage tank (TK-h0), gal 235 l

1 - Ash dewatering sump (TK-h3), gal 100
1101 - Cyclone Separator (TK-h7), ' gal

!

Design -

Opm, Each
Punps

2 - Primary building sump tank pumps (P-2h-1, 2) 75
2 - Gravity tank transfer pumps, (P-25-1, 2) 10
2 - Monitored tank transfer pumps (P-26-1, 2) 50 ;

2 - Collecting tank transfer pumps (P-27-1, 2) 50
2 - Waste liquid transfer pumps (P-28-1, 2) 20 |

102 - Bottom pumps (P-29-1,2)
101 - Distillate pump (P-30)

1 - Test tank effluent pump (P-31) 20
OV 1 - Ash devatering sump pump (P-32) 10

1 - Roboiler circulating pump (P-55) 200

* 1/2 full of liquid.

_ ___ _ ___--__--___- _ _ _ _ _ - - _ _ _ _ _ _ _
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O %.
Other Equizment Rating, Eaoh

2 - Weste gas compressors (C-3-1, 2) sofa 20
1 - Disposable filter unit, gpn 6

1 - Incinerator (M-1), lb per he hO
1 - Roto-Clone (M-2), lb per he h80 :

1 - Reboiler (E-15) spa 6 ,

i1 - Evaporator shell (N -1) -

I

l
i

i

I

I

J
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i
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210 SHUTDOW COOLING SYSTEM
'

General

The shutdown cooling system is provided to remove the heat generated
by radioactive decay of fission products in the reactor core during extended,

shutdown periods. The reactor plant is cooled down after control rod insertion
and before depressurization by discharging the steam from the steam generators

; through the turbine steam bypass to the main condenser. The shutdown cooling
i system is placed in service after the main coolant temperature has been re-
1 duced to approximately 330 F and the pressure to less than 300 psi gage. The

shutdown cooling system then reduces the main coolant temperature to 140 F or
less and operates continuously to maintain this temperature as long as is re-
quired by maintenance or refueling operations.

The shutdown cooling system consists of a heat exchanger, circulating
pump, piping, valves, and instruments arranged in a low pressure auxiliary loop
parallel with the main coolant loops, as shown on drawing 646-J-425 The shut-
down cooling pump takes auction from the hot leg of the main coolant piping on
the reactor side of the loop stop valves and recirculates radioactive main
ecolant water through the tube side of the shutdown cooler and back into the
cold leg of the main coolant piping, also on the reactor side of the loop stop
valves. Tne main coolant is contained in a closed system and reactor decay
heat load is transferred through the shutdown cooler to the component cooling
system which in turn is cooled by river water. This arrangement of providing
the intermediate cooling medium of the component cooling system was celected
in order to assure that any possible leakage of radioactive main coolant.vould
not enter the river water.

Complete backup of the system is provided by the low pressure surge
tank pump and heat exchanger which are identical units connected in parallel.
By employing double valving in the inlet and outlet lines to the main coolant

piping, any required maintenance can be accomplished on the shutdown cooling
system components while the reactor plant is pressurized and in full power
operation.

i The shutdown cooling system is designed to remove the maximum ex-
pected decay heat from a core which has operated for an equivalent of 10,000
full power hours. Three hours after shutdown the expected decay heat is
approximately 16,000,000 Btu per hour. The cooling system vill also reduce

| the main coolant temperature at such a rate as to cool to 140 F in approxi-
mately 55 hours. Refer to curve on page 210:2 for decay heat as a function
of time after shutdown.

The fluid to be handled by this system is radioactive and borated
with a minimum equivalent of 950 ppm boron at ambient conditions. All
leakage from the system is controlled.

Equipment

Actual sizing of units, based on capacity requirements is influenced
by the condition that the low pressure surge tank cooler and pump are mutually
interchangeable with the shutdown cooler and pump. The capacity requirements

. .-
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O of the 1ew pre re ur8e te=* <ee1er ere ergreximete1F the eme> thererere,.

it is operationally and econcmically advantsgeous to use identical units. The
design data to specify the shutdown cooler is partially based on the require--
ments of the low pressure surge tank cooler, as well as its own requirements.

Materials in contact with the cooled fluia are type 304 stainless
steel or equi'". lent for corrosion resistance. Maximum system design condi-
tions are se' at 425 psi gage and 370 F.

Since it is required to start the shutdown cooling system with an
inlet temperature of 330 F and a component coolant temperature of 80 F,the
possibility of thermal shock has been considered. The heat exchanger in
particular is designed in such a manner as to meet these requirements. The
operating instruction for this system requirss a ware. up period prior to full
operation.

The heat exchanger is of the shell and tube type, with 625 sq ft of
surface and tube side channel flanges that have provision for external seal
velding. The exchanger is designed, fabricated, arei tested in accordance
with the latest edition of the Standards of the Tubular Exchanger Manufac-
turer's Association and the latest edition of the ASME Code for Unfired
Pressure Vessels.

The shutdown cooling pump is located approximately 60 ft below the
elevation of the main coolant pipe from which the pump takes suction. This

p arrangement assures a positive suction head on the pump at all times since
the system is required to operate when units of the main coolant system are
open to the atmosphere during maintenance and refueling periods. A centrif-
ugal type pump is provided with a espacity of 1,000 gpm at a total dynamic
head of 180 ft. Since radioactive fluid is pumped, leakage from the pump is
controlled by mechanical seals pressurized by demineralized water to a pres-
sure in excess of the suction pressure, which prevents leakage of radioactive
fluids to the atmosphere. The pump shaft stuffing box can also be solidly
packed with injection and bleed-off connections, if later desired.

The entrance and exit piping connected to the main coolant system
inside the vapor container up to and including the four motor operated isola-
tion valves meet the requirements of the main coolant piping design of

'

2,300 psi gage and 550 F. The remainder of the piping outside the vapor con-r

tainer is schedule 40. Pipe size is selected at 6 in, allowing a velocity of
j approxinately 11 fps. All piping in the system is designed and constructed
i in compliance with the ASA B31.1 - 1955 edition of Code for Pressure Piping,

Sections 1 and 6

The four motor operated isolation valves inside the vapor container
are provided with stem seal lantern gland leak-off piping to control leskage
and are key locked closed while the system is not in use. The manual valves

| outside the vapor continer are of the cellows sealed stem type for leak
! tightness,except pump suction valves which are provided with stem seal lantern

leak-off connections in crder to improve the pump suction head conditions.
Relief valves are provided for system overpressure. All valves meet the re-

O a=1reme t er the 1957 eatti = er is^ 816 5, St =aemi r r stee1 rire 71e#8e-
' and Flanged Fittings,

i

|

._ ~
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O 1 tr==e=tetie co et te er 1ece1 te veret re 1 aicette et the 11et
and outlet of the system and local pressure indication at the pump discharge.
Local flow indication is obtained by an orifice type flow indicator in the
line just downstream from the heat exchanger.

|
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211 VENT AND DRAIN SYSTm. PRIMARY PLANT
J

General

The vent and drain system is designed to provide suitable facilities
for discharging radioactive fluids to the vaste disposal system during filling,
draining, and flushing of the main coolant system, isolated loops or primary
plant auxiliary systems and to provide a suitable means for venting air from
the primary plant and its auxiliary systems.

The primary plant vent and drain system is shown on drawing
No. 646-J-428. Essentially, the system consists of a high pressure drain header,
a vent header, a valve stem leak-off headar, and a vapor container drain tank.

Piping in this system is designed in accordance with ASA B31.1 -
1955 edition of Code for Pressure Piping.

Rich Pressure Drain Header
.

Drain lines from the following locations in the main coolant system
and in the primary plant auxiliary systems are connected to the 2 in, high pres-
sure header:

.

Four main coolant gate valves located at the steam generator inlet
nozzle

) Isolated loop drain between the steam generator outlet and the main
coolant pump suction

Pressurizer drain and sample line

Charging and volume control system feed and bleed heat exchanger

Liquids from the high pressure drain header discharge into the primary
drain collecting tank.

The drain lines from the main coolant gate valves in the four 20 in.
hot legs and from the 24 in. piping between the steam generator and the main-
coolant pumps are provided to drain an isolated main coolant loop. A capped
stem globe valve is installed in the drain line from the main coolant gate
valve, and a motor operated valve is installed in the drain line connected to;

; the 24 in, piping between the steam generator and the suction of the main cool-
ant pump. The motor operated valve provides a means for remotely removing,

' borated water from an isolated loop by dilution process and also provides a
means to sample the coolant from an isolated loop. A sample line with a motor
operated valve is connected to the drain header.

|

The high pressure drain header connected to the primary drain collect-
ing tank contains a =otor operated valve inside the vapor container and a trip

i and manual stop valve outside the vapor container. The motor operated valve in
!

_ the drain header is normally closed, thus providing two stop valves in series in
f] this line from the main coolant system. The trip valve in the drain line outside
V the vapor container is provided as a safety precaution in the event of a main

|
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I") coolant system rupture with a simultaneous drain line break. An increase in
*

V vapor container pressure will close this valve, thus preventing radioactive
gases frcm discharging outside the vapor container. The vent header and the
valve stem leak-off header also contain a trip valve in order to fulfill this
safety requirement.

The drain line frcm the pressurizer is connected to the high preseure
drain header. A motcr operated valve is installed in this line. The pressurizer
drain line facilitates drainage of the pressurizer and the reactor section of the
main coolant system for the refueling operation.

A branch line with a hand operated control valvc is connected to the
drain header outside the vapor container. Liquid from this line discharges in-
to the low pressure surge tank. This line and control valve are provided to
discharge high pressure, high temperature water from the main coolant system in
the event that the regenerative heat exchanger is isolated.

The piping for the high pressure 2 in, drain header is schedule 160S,
Type 304 etainless steel. Ma * m design conditions are 670 F and 2,500 psi
gage.

Valve Stem Leak-off Header

The 1 in valve stem leak-off header is provided te receive leakage
from the lantern leak-off glands installed in high pressure valves containing

p radioactive fluid. Fluid from this header disenarges into the primary drain
d collecting tank.

Piping for the 1 in. valve stem leak-off header is schedule 40S,
Type 304 stainless steel inside the vapor container and schedule 80, carbon
steel outside the vapor container.

Vent Header

The 1 in. vent header is provided to safely discharge gases from the
various systems to the primary drain collecting tank or to the primary vent
stack.

Vent lines from the inlet water chamber of the steam generator and
from the feed and bleed heat exchanger discharge into the vent header. The
vent lines from these components contain a capped sten globe valve. By opera-
tion of a three way valve, gases from the vent header may be discharged to the
primary drain ecilectirg tank or to the primary vent stack.

Venting at the following principal locations is done locally:

Main coolant pumps
Five inch main coolant by-pass line
Centrol rod mechanisms
Pressurizer

f) Manual capped stem globe valves are used for these vents except for the' control rod mechanisms which have autoclave plug type vents.
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The piping for the high pressure,1 in. vent header, is schedule 80S,
Type 304 stainless steel. Maximum design conditions are 670 F and 2,500 psi
gage.

Vapor Container Drain Tank

Open drains from each of the five vapor container compartments, in-
cluding the shipping hatch, are connected to a 3 in, header which discharges
into the vapor container drain tank. The vapor container drain tank serves as
a holdup tank, so that leakage from the open drains in the vapor container can
be measured and monitored, thereby giving indication of the amount of leakage
and possibly the source of leakage in the vapor container.

}fiscellaneous

Two drains are also provided to detect and drain leakage from the void
area betvaen the reactor vessel and the neutron shield tank and the void area
between the neutron shield tank and the concrete shielding wall. These drains
penetrate the vapor container at a location directly beneath the reactor vessel.

In order to determine if water has leaked into the void areas, tell-
tales are provided in the drains outside the vapor container.
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212 SAFETY INJECTION SYSTEM

General

The functions of the safety injection system are to supply borated
I water automatically to the reactor vessel for cooling of the core in the

unlikely event of a major loss of water accident and to supply borated water
for flooding the shield tank cavity during refueling operations.

The system consists of a safety-injection-shield tank cavity water
storage tank, a high pressure and two low pressure dual purpose safety
injectior) pumps, a 100 gpm circulation pump, an external shell and tute
storage tank heater, an isolated purification loop and miscellaneous piping,
valves and fittings as shown on drawing No. 6h6-J-6hh. Remotely operated
pumps and valves permit control of this system from the control room.

Safety injection is proviaed to each of the four main coolaat
loops outboard of the cold leg stop valve in order to cool the core following
a main coolant system rupture of any size which can not be compensated for
by the charging system pumps. This cooling is provided to prevent core
meltdown due to decay heat.

Safety injection system operation is started automatically by a
main coolant pressure signal set at 1000 psi gage. The high pressu e safety
injection pump and associated motor operated system valves operate simul-
taneously when the main coolant pressure drops to this set point. Since
the high pressure pump has a shutoff pressure of approximately 770 psi

j gage, and since the allowable running time at shutoff condition is limited,
pump protection is provided by means of a minimum flow bynass located in
the safety injection recirculation line at the safety injection tank.
The minimum flow bypass thus assures complete pump protection in the event
system prescure decay from 1000 psi to 770 psi gage consumes a greater time
than that specified for safe pump operation at shutoff. Further system
pressure reduction results in the automatic starting of the two lower pressure
safety injection pumps at approximately 300 psi gage.

Adequate missile protection is provided for the safety injection
header, and the individual injection lines are divided compartmentally by
reinforced concrete partitions. After the reactor vessel is filled to
capacity following the rupture, the injection flow from one pump till be
. adjusted by control vlave, to replace the water in the reactor vess31 that1

is boiled off into the vapor container by the release of decay hen u :ording
to E.I. No. 50$B10, PRIMARY PIANT-TOTAL IOSS OF MAIN C00IANT C001AN".

The system is sized for handling 117,000 gal. of deninoralized
water containing 1.0 wt % boric acid. This volume of water is sufficient
for flooding the shield tank cavity to a level that will provide an adequate
shield over the radioactive components in the shield tank cavity during
refueling operations. One of the injection-fill pumps provides for mixing
the stored boric acid solution- and filling the shield cavity in approximately
1 hour. Provisions are made for pumping shield tank cavity water to the
storage tank through a non-deborating ion exchange bed and/or filter for

A cleanup after refueling operations are completed. This purification loop
V is physically isolated from all other purification systems to prevent

inadvertent interconnections. After completion of refueling operations,
the water in the shield tank cavity can also flow by gravity directly to
the waste disposal system or, by means of a bypass line around the safety
injection pumps, back to the storage tank. The condition of the water

, ,

will determine the path to be followed.

__-. _ ._. _ - _ _ _ __. . _ _ . __ _ _ _ - - - . - _ _ _ _ _ _ . . _ - _ _ - _ _ _ - _
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Pump Power Supply and Control

The safety injection pumps are supplied with power from two independ-
ent 2,h00 v buses, each bus supplied from its own station service power trans-
former from an independent 115 kv transmission line. Each safety injection pump
is considered vital equipment although not norml17 operating and is one of
the items not disconnected from the bus on loss of voltage on that bus as
shown on drawing No. ESK 12659A. Transfer of the safety injection pump bus to
a live bus is normally done manually, except for the emergency condition ex-
plained in E.I. No. 505D1, ELECTRICAL SYSTEM-LOSS OF 120 VOLT A-C VITAL BUS.

Special emergency safety injection control switches are provided
on the nuclear section of the main control broard. These switches can be

T e automatic operation is init-operated manually or placed in automatic. h
iated by conditions of low main coolant pressure (not less than 800 psi gage
for the high pressure safety injection pump and valves and not less than
270 psi gage for the two low pressure safety injection pumps). The low main
coolant pressure signals are obtained by bi-stable magamps located in the
main coolant pressure instrument channel. An " auto by-pass" selector switch
is located adjacent to the control switch; its function is that of permitting
reset of the master relay following automatic safety injection so that the
injection pumps and main injection system valves may be individually operated
to control the rate of flow after initial injection. Blue indicating lights
are also located adjacent to the main control switen3 their function is to
monitor the control power and the master relay coil curcuits when the " auto-
manual" selector switch is in the auto position.

mode of control, by positioning theSelection of the#automatica
automatic-rianual safety injection control switch, causes the safety injection
system to perform the following operations without further control

Opens CS-MOV-535 normally closei
Opens loop valves CS-MOV-536,537,538,539 normally closed
Opens CS-MOV-533 norma 13y open (if closed)
Closes CS-MOV-532 normally closed (if open)
Starts safety injection pump P-18-3

At 300 psi gage main coolant pressure (on a pressure drop):

! Starts safety injection pumps P-18-1 and P-18-2

Light indication shows that the valves have operated as scheduled
and the safety injection program is underway filling the main coolant system4

with boric acid solution. Locally controlled valves are furnished for shield
tank cavity fill.

Safety injection system valve operators are supplied from the h80 v,
3-phase distribution cabinet with automatic throwover to alternate source upon
failure of normal source.

Safety injection pumps are irupplied at 2,h00 y from vital line feeds
as previously noted.

,

d Light irdlication and control supply for safety injection pumps and|
! automatic injection relay is from a 125 y d-c station battery.
; A valve control panel is furnished where pump and valve operation
' can be individually operated or tested during maintenance operations.

,
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Safety Injection and Shield Tank Cavity Water Tank

,

The 125,000 gal. safety injection - shield tank cavity storage
,

tank provides sufficient water to replace decay heat losses for approximately
| 200 hours after reactor shutdown. The tank is refilled, if it should be
' necessary, to continue borated water injection at rates less than 5 gpm

for more than 200 hours. The vapor container is designed to hold
h,500,000 lbs., approximately 580,000 gals. of safety injection water.
The tank is provided with an external shell and tube heat exchanger and
100 gpm circulation pump to maintain solution tesperature above the
freezing point. The tank solution will be pumped.from a point on the
recirculation line, th ough the tube side of the exchanger and return
the heated solution to the safety injection pump suction line. The
solution may also be pumped through the purification loop simultaneous
to heating if cleanup is also desired. Steam is used on the shell side
of the heat exchanger to supply the heat. Local and remote temperature
and level indicatiop and alarms are provided on this tank.

'

Safety Injection and Shield Tank Cavity Fill Pumps
:

In order to provide the required flow rate to the main coolant
' system, one high pressure safety inject, ion pump with a capacity ranging

from 900 gpm at 1600 ft. TDH to 1780 gpm at h75 ft. TDH operates initially.
Subsequent to this, two low pressure safety injection pumps, each with a

h, capacity of 1800 gpm at h75 f t. TDH, are started in order to increase the
rate to $380 GPM. Remote pressure indication is provided on the safety
injection header and at the pump discharge. 'A bypass from the pump
discharge header back to the tank is provided for recirculation, mixing
to maintain uniform concentration in the tank, and to check pump operation.
In addition, a minimum flow bypass is provided at the normily closed
recirculation line valve in order to protect the high pressure safety

J injection pump during startup.

I
_

All materials of the system in contact with the fluid aro '

Type 30h stainless steel or equivalent for corrosion resistance.

All piping and valves of this system inside the vapor coitainer
meet the requirements for main coolant piping design of 2300 psi gage at
$50 F. Piping and valves outside the vapor container f all into the 600,
300 and 150 lb. class.

At periodic intervals in conjunction with routine ma".ntenance,,

the system's pumps and motor operated valves are individually operated
and checked. Complete system actuation tests can be carried out during
shutdown periods with the reactor head removed.

1
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213 REACTOR CCNIROL SYSTEM

General

The reactor centrol system is provided to furnish dependable m anual
or semi-automatic control of the reactor, supply energy to and provide control
switching for the 2h latch type control rod drive mechanisms, and provide two
independent means for indicating control rod position 3.

Reactor Servo Control

All of the equipment in the reactor servo control portion of the
system is nounted on the nuclear control board. The principal equipment is
as indicated in the figure on page 213:2, and consists of: a toggle switch
for each of the four incoming main coolant loop hot leg temperature signals,
an auctioneering assembly for selectirg the highest main coolant loop hot leg
temperature signal, a toggle switch for each of the four incoming main coolant
loop cold leg temperature signals, an auctioneering assembly for selecting the
highest main coolant loop cold leg temperature signal, an average temperature
computer, an average temperature indicator, a temperature summing unit with a
calibrated adjustable reference source, a rods-in bi-stable magnetic amplifier,
and two fail-safe bi-stable magnetic amplifiers.

The reactor serve control part of the reactor control system is
designed to provide dependable manual or semi-automatic control of the reactor.
An essentially constant average temperature is maintained on a steady state

O basis. The system is capable of restering system average temperature from
\> a high main coolant temperature ceniiton resulting from a load reduction or

transient. It is capable of initiatirg rods-in motion automatically at all
power levels and provides a means for manually initiating rod motion at any
power level.

As indicated in the figure on page 213:2, a temperature signal is
received frcm the primary inlet side of each of the four main coolant loop
steam generators. These are hot leg temperatures and desi;cnated as T . Theseh
input signals cover the rarge of $10 F to $60 F. Four toggle switches which
are all normally closed are used to permit selection of ary combination of
these signals to enter the hot legs temperature (T ) auctioneering unit.h
This unit which is made of static components for reliability, selects the

highest Th signal ani transmits it to the Th auctioneer amplifier where in
turn it is amplified and transmitted to tha average temperature (Tavg) com-
puter.

Similarly, the outlet or cold leg temperatures of each of the four
main coolant loop steam generators are transmitted to the cold legs temperature
(T ) auctioneering unit in the " Reactor Servo Control System". These signalsccover the range of h850F to 5350F, Here again, the highest value is selected,
amplified and transmitted to the T computer.avg

q
j
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The T mputer averages the auctioneered values of T and Tag e h
Tt. T signaland provides a signal to a control board mour.ted indicator.

is transmitted to a temperature summing unit where it is com.bined N h the
reference temperature signal. This combined signal is transmitted to a 10-
point control board mounted recorder which provides an indication of the
difference between Tref and Tavg*

0 0The Tref signal is adjustable over a range of h97 F to $h7 F, but
Lo::a1 indication is provided for this refer-is normally set at nominal Tavg.

ence temperature. Provision is also made to reduce the T signal by an
When the abso$bte difference

r
adjustable step in the rarge -30F to -100F.

0
between Tref and T ex eeds a manually adjustable value of from 30 to 30 F,avg
a bi-stable magnetic amplifier causes a normally energized relay to de-energize
thus causirg a " fail-safe" alarm to sound, notifying the operator of failure

due to some malfunction.of Tavg or of Tref

magnetic amplifier initiates rohm-Tref) exceeds +2 F (Trip-On) a bi-stable
0If the difference (T

ot,1cn "IN" and discontinues rod motion

when the difference reduces to +1.50F (Trip-Off). The Trip-On point is
manually adjustable between +1 and +60F, and the loop width (Trip-On minus
Trip-Off) is adjustable from .50F to $0F,

Control Rod Drive Mechanisms - Design

The control rod drive mechanism is of the magnetic jack type using
p a positive latch engagement to hold and move the drive rod. The entire
O mechanical assembly is enclosed within the pressure housing which has been

designed to conform with the ASME Boiler and Pressure Vessel Code, Section
VIII Unfired Pressure Vessels. Operatirs and position indicating coils are
outside and separate from the pressu*e hcusirg.

Overall arrangement of the mechanism is shown on page 101:11.
The arrangement of the latches is shown on page 213:h.

The nechanisms have bean designed to meet the following require-
ments:

1. Design pressure, psia 2,500
2. Design temperature,0F $00
3 Rod travel, in. 90
h. Lifting capacity, lb min 750
5. Rod speed, in./ min. 10 in 3/8 in, steps

The following is a description of the operating sequence for a
typical lift cycle:

At the start of the cycle as shown on page 213:h, the stationary
gripper latches are engaged and are supportirg the rod weight.
The stationary gripper magnet coil and the load transfer magnet
coil are energizcd.

!~h
U
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2. The movable gripper magnet coil is then energized causing the
/''T movable gripper latches to engage the drive rod. A1/32in.
\/ clearance remains between the rod and the latches at this time.

3 The load transfer magnet coil is deenergized allowing the sta-
tionary gripper assembly and drive rod to drop until the load
is transferred to the movable gripper latches. The stationary
gripper assembly continues to drop until the latches are

1/32 in. clear of the drive rod.

4. The stationary gripper magnet coil is deenergized allowing the
stationary gripper latches to disengage the drive rod.

5 The lift magnet coil is energized. This raises the movable
gripper assembly and drive rod one step (3/8 in.).

6. The stationary gripper magnet coil is energized, causing the
stationary gripper latches to engage the drive rod. Again,

thereisa1/32in.clearancebetweenrodandlatch.

7 The lead transfer magnet coil is energized, raising the sta-
tionary gripper latches into contact with the drive rod. They
continue to move upward, picking up the drive rod and unloading
the movable gripper latches.

8. The movable gripper magnet coil is deenergized, allowing the
fx movable gripper latches to disengage the drive rod.
( !
%,

9 The lift magnet coil is deenergized. The pull down magnet coil
is energized to return the movable grippei assembly to its
original position in preparation for the next stroke.

Lowering of the rod is accomplished by the reverse of the above
procedure except that the lowering of the rod is accomplished by deenergizing
the movable gripper magnet coil and allowing the assembly to drop by weight.
The pull down magnet coil is not used during the lowering sequence.

Upon loss of power or in the event of a scram, all magnet coils
are deenergized. The drive rod weight forces the latches outward allowing

i the rod to arop. The tooth angles of the latches and drive rod have been
selected so that the latching system is not self-locking even with friction
coefficients as high as 1 55 Springs have been provided in the gripper
assemblies to speed up the unlatching stroke, but the ability of the mechanism
to scram is not dependent upon these springs.

Control Rod Drive Mechanisms - Power Supply and Control

Equipment provided for the power supply and control for the rod drive
mechanisms is shown on drawing No. 517 M76. Of this equipment, the following
are mounted within lov voltage metal enclosed switchgear located in the plant
switchgear room: two direct current breakers, one alternating current breaker,
six motor driven cam switches with associated induction motor drives and speed

,n
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''# reducers, three control switches, one alternating current undervoltage relay,
31* direct current contactors, six induction motor starters, one control trans-
former, one alternating current contactor, three alternating current control
relays, seven direct current control relays and a complete set of internal
wiring and bus work. The gear ratio used in the motor driven can switch will
be such as to limit the rate of travel of all control rods to a maximum of 6"
per minute. In addition, three control switches, twenty-four disconnecting

! switches, two " Scram" push buttons and nine indicating lights are mounted
on the nuclear section of the main control board located in the plant control

An additional " Scram" push button is mounted on the turbine sectionroom.
of the main control board. Fusing for each individual mechanism coil is
provided as shown on drawing No. 517-F-076 and is mounted in junction boxes
located within the vapor container. Necessary wiring is provided between
the various equipment locations and to the alternating current and direct
current feeders.

The design of the power supply and control for the twenty-four rod
drive mechanisms is based on the ability of the circuit to accomplish the
following:

Supply energy to one or more rod drive mechanisms as well as toa.
the associated control components.

b. Provide a means for selecting a particular mechanism group to be
moved.

Pravide both manual and semi-automatic control for performingc.
" Rods In" and " Scramming" operations and manual control for
performing " Rods Out" operation.

d. Provide a means for operating any Froup of rods with a fraction
of its normal number of rods while the other rods of that group
remain stationary.

Proviue manual control for performing an "All Rods In" operatior..e.

The latch type, magnetic jack rod drive mechanism operates when it s3

five functional coils, i.e. pull down, movable gripper, lift, load transfer,
and stationary gripper, are energized in correct sequence for either raising
or lowering the control rod. Energizing the same functional coils of more
than one mechanism simultaneously allows these mechanisms to be controlled;

The twenty-four control rod mechanisms were initially grouped in theas a group.
following manner: three groups (3,b,5 on page 103:13) of four mechanisms per
group, two groups (1,2) of two mechanisms per group, and one group (6) of
eight mechanisms.

For Core III, the eight-mechanism group (6) was operated as two groups
of four , mechanisms each. For Core IV, and subsequent cores, group (6) will
again be operated as a single group of eight mechanisms. Groups 1 & 2 will

<

n
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O
be operated together as a single group of four mechanisms. For groups 3 & h,
two operating options will be maintained--3 & h can be operated individtally
as two groups of four mechanisms each, or.3 & h can be operated together as
a single group of eight mechanisms. If these groups are operated individually,

i it wi'll,be done by alternate stepping of each group so as to maintain the
' programmed sequence. Individual operation will allow reactivity to be inserted

at a slower rate than if all eight rods were moved simultaneously.

.
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For any operation where only one group is to be moved or made avail-
able to be moved, the group is pre-selected manually with the group selector
switch, S25. This switch, part of the rod group selection circuit, closes in
any one of the induction motor starters.

Manual control of a pre-selected rod group is accomplished with the
" Rods In - Rods Out" control switch, S27. This switch, part of the rod motion
control circuit, permits the operator to energize either the " Rods Out" (IRl),
(IR2) or " Rods In" (IR3), (IRh) inversion relays. The main control contactor
(A) is then energized.

A pre-selected rod group can be placed on semi-automatic operation
by moving the " Rods Operation Selector" switch, S26, to the automatic position.
Should the K6 contacts, controlled by relays in the associated reactor servo
control be operated, rod motion would be effected.

Auxiliary inversion relays (IRlX) and (IR3X) are provided to arrange
the rod group position indicating circuits for either " Rods In" or " Rods Out"
indication depending upon the respective signal.

At power levels of l$0 Kde and above, a manual rods out reset circuit
becomes effective requiring the " Rod Control Switch", S 27, to be returned to
the de-energized or reset position before making each additional " Rods Out" step.

(' "All Rods In" motion is available at all tiras and takes precedence
over any motion already in progress. This motion is accomplished by merely's

switching S26 to the "All Rods In" position.

Should it become necessary to operate any group with less than the
normal number of rods, the pull down and lift coils of any mechanism which is
to remain stationary can be disconnected. Switches S1 through S2h are provided
for this purpose.

Removing all power to the mechanisms permits the control rods to drop.
In order to scram, therefore, the trip coils on power supply breakers are ener-
gized. Manually, this is done by pressing either of the three " Scram" push
buttons and automatically by closing the relay contacts which are operated from
associated control and monitoring systems.

The sixth and seventh cams of each cam switch have their associated
contacts in the rod motion control circuit and rod group selection circuit,

respectively. This arrangement guarantees the return of the cam switch to
such a position that energy is being supplied to the stationary gripper coils
only.

Control Rod Coupling

Initial and alternate control rod drive shaft coupling arrangements
may be seen by referring to the drawing on page 213:7B. Initial design of the
control rod coupling provides for latching action upon a downward motion of the
internal plunger.
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This causes the latch fingers to move out engaging the control rod abscrberp
Control rod absorber and drive shaft connection is main-d adapter section.

tained by the presence of the plunger in the space behind the latch fingers.
Engaging surfaces of the plunger and fingers are parallel and therefore
necessarily require small clearances for operation resulting in amall finger-
riapter axial backlash.

The alternate coupling design incorportates a wedge action latch
finger-adapter fit and a provision for constant loading of the fit. The
back edge of the latch fingers is tapered providing a surface for a spring
loaded ball arrangement to replace the cylinderical plunger. The combination
of the wedge fit and spring loading feature thus provides a cor.stant
coupling engaging force. The resulting zero clearance latch-adapter fit
is thus maintained thereby minimizing corrosion and mechanical wear effects.
Attached to the latch operating sha't and below the engaging ball is a small
spring loaded plunger which initia% s latch motion during the unlatching
operation and also serves as a ba.anup device in the event of ball loading
spring failure.

Control Rod Drive Mechanisms - Development Program

The AEC sponsored Research and Development Contract included a
development and testing program to determine the feasibility of using
magnetic jack latch type control rod drive mechanisms for the Yankee plant.
As part of this program, a prototype unit having a reduced length of travel
was constructed.*

OG

*YAEC-155 - Design and Test of the Yankee Prototype Magnetic
Jack Latch Type Mechanism - July 1959

i

O
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In December 1958 the mechanism was first placed under test and was

(V] checked for mechanical ibnction, scram delay time, and lift capacity. Coil
current sequencing was optimized to produce maximum drive shaft velocity.

The :echanism with control rod weight loading was autoclave tested
using primary plant water conditions. Maximum drive shaft velocity, mech-
anism ihnetion, and scram delay time were checked under these conditions.
Air cooling requirements for the mechanism were determined, and an endurance
test was also performed.

An 800 lb weight was lifted by the mechanism. The equipment speci-
fication for the control rod drive mechanism requires capability of lifting
a 750 lb dry weight. The Yankee control rod and drive shaft assembly will
weigh 400 lb.

Scram delay time in the test stand was found to average 150 milli-
seconds. The equipment specification call for 200 milliseconds.

Adjustment of sequencing of the various coil currents to produce
smooth operation was carefully carried out.

The optimum sequencing of coil currents was reached by using
"Visicord" recorder traces of the coil currents and adjusting the timing for
energizing and deenergizing of these coils to produce smooth cycling of the
latches. The maximum cycling speed at this point was approximately 16 cycles
or steps per minute, each step being 3/3 in.

A modification was made which improved the cycling speed. It was
found that by clotting all the magnet poles axially to reduce eddy currents,
the cycling speed was increased to 30 steps (11.25 in.) per minute. Ibrther
adjustments have permitted as high as 35 steps per minute to be achieved.

For hot testing, the mechanism was put in an autoclave containing
borated water at 500 F and 1,200 psi. Weights were added to the drive shaft
to provide 400 lb (dry weight) for the mechanism to lift. With this attached
weight, the mechanism operated smoothly at 30 steps per minute.

At approximately 260,000 cycles, two of the latch fingers fractured
and ja=med the mechanism. The unit was disassembled and the failure was
determined to be the result of impact inading. Impact loading on the fingers
increased after the magnet poles were slotted. The damping effect provided
earlier by the water was largely lost due to the by-pass provided by this
axial slotting. To improve this cendition, magnet poles with slots that do
not run the full length of the pole vill be used. New latch fingers have
been designed and tested which vill feature more generous radii to reduce
stress concentrations and improved facing design.

During the hot. autoclave tests the mechanism was subjected to water
having a crud accummulation exceeding 16 ppm. No stickiness of operation or
other malfunction due to crud build up has been evidenced. Primsry system
water is expected to have 1 ppm of crud.

O
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During the autoclave test, cooling air at 100 F was supplied by two
fans capable of furnishing a total of 1,100 cfm. For detemination of maximum
plant air cooling requirements for 24 mechanisms, tests were conducted as
follows:

,

2 fans running Mechanism operatings

1 fan running Mechanism operating
1 fan running Mechanism holding
0 fan running Mechanism holding

i

Under these conditions, the various. coil temperatures and the air flow were
,

measured. This data was applied to maximum plant cooling requirements
] (eight mechanisms operating and 16 holding) using 400 F as the maximum allow-

able ' coil temperature for satisfactory coil life. A total of 9,600 cfm of
cooling _ air at 100 F vith a 20 F rise vill be required.

r

- Primary' Red Position Indication

The primary rod position indicating scheme consists of 720 trans-
fomers which are mounted around the pressure housings of the control rod.

extensions. Six fuses per control rod are mounted in the vapor container.
There are 720, 2-volt tungsten filament, incandescent bulbs. These bulbs

~

!- - are mounted in vertical columns on the front of the control board.

; The primary rod position indication scheme is shown on page 213:10
This portion of the '" Reactor Control System" . consists of thirty 3 in. trans-,

q formers per control rod. These are mechanically connected to facilitate.

-V
' ~~

handling. They are mounted around the pressure housing designed to contain
the control rod drive shaft. The primary windings of_five transformers,
-suitably staggered to avoid-loss of any' tvo consecutive transformers, are in
series'and are designed ~to maintain an essentially . constant primary current.
Each secondary vinding has across.it a 2-volt incandescent bulb. These
bulbs are mounted in a vertical' column behind a ground glass face plate on,

-the control board. .The individual bulb positions correspond to their respec-
. tive transfomer secondary position around the control rod ~ drive shaft. As

;, the control: rod is withdrawn from the reactor, the increased pemeability of
''

each successive transfomer increases the coupling between the primary and
; secondary vinding enough to cause the bulbs to successively light and, in
;

.effect, give a positive column type indication of each individual. control
y rod ~ position. ; Twenty-four of .these systems are included. The accuracy is
*

. sufficient' for power plant operation, and is within *3 in.

~

Seconderf Rod Position Indication-
,

'

: .
The secondary roiposition indicating scheme consists of six self-'

synchronous . transmitters mounted on the control- rod cam shaft extensions in
7 .

cthe power: supply for the control rod mechanisms and six self-synchronous.re-
-ceivers mounted on.the. control board.1 There are also six digital read-out
'-indicators mounted on the control: board.with provision for manual reset.

,

The synchronous transmitters cause'the similar~ control board unit:

. to. rotate in synchronism which'cause motion of the digital read-out. device..
; |The unit counts the number of revolutions made. by. the cam shafts and gives'

,

WP "an indication.of each rod ; group position |to an accuracy of 11/8 in..

E~
s
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21h NUCLEAR INSTRUMENTATION MD REACTOR PROTECTION SYSTEM

Oeneral

i the function of the nuclear 'instmmentation and reactor protection
system is to monitor the nuclear reactor flux from source to 150% of reactor i

desigmd full power output and to pmvide the necessary indications and cor.-
trols for safe and efficient operation of the reactor. This equipment incor-

' porates provisiens for initiating a reactor and turbine shutdown in the event
that conditions exist which may be hasaMeus for plant operation. Circuitry
is also provided to by-pass several shutdows signals for startup operation.
This system is shown schematically on drawings 517-F-069 and 9699-FE-20.

The nuclear instamentation and reactor protection equipment contains
eight nuclear infomation channels, two scram amp'Lifiers, one alam and scram
panel, one auxiliary meter panel, two bistable panels, two meter and test panels,'

one intemodiate range mH14ary panel, and one startup and power range auxiliary
panel mounted in three cabinets located in the main control room. uso included,

as part of this equipment is the main control boad mounted equipment consisting
of one recorder, one signal jack board, two source level meters, two intemedi-
ate level meters, two startup rate meters, two startup rate selector switches,
one source range scram cutout switch, one low power scram set switch, one alam

'O reset switch, six power level' meters, two source range high voltage lights, one
pemissive relay signal light, one rods stop signal light, one low level scram

;' set light, two marmal scram butikons, six power range calibrating potentiometers,
and one scram auxiliary relay.

5 The reactor scram signals which are initiated by the turbine generator
protection equipment are connected through the pomissive relay directly to the
Rod Scram Air Circuit Breakers. The turbine generator protection equipment is
discussai in detail in Section 233.

The eight nuclear infomation channels consist of two identical source
ranges, tuo identical intemodiate ranges, three identical power ranges and one
special intemediate range. The source range and intemodiste range are desig-
nated'as the startup range.

The source range (channels No.1 and No. 2) consists of two boron
trifluoride (BF ) proportional counters located in thimbles in the neutron3shield tank. Tne nuclear instmmentation cabinet mounted equipment consists of'

. imo pulse integrators, two low voltage power supplies, two log microammeters,
- end too. proportional counter power supplies.

The intemediate range (channels No. 3, No. h,'and No. 5) consists of
three' compensated ion chambers located in thimbles in the neutron shield tank.-

The nuclear instmmentation cabinet mounted equipment consists of two low voltage
power supplies, two' log microanneters, and three power range panels.

10
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The power range (cnannels No. o, No. 7, and No. d) consists of
three unconpensated ion chanbers located in + + oles in the neu*,ron shield
tank. The nuclea- instrunentation cabinet nounted equipment consists of
three power ra ge panels.

The detecter container assenblies for the inte =ediate range and
power range detectors consist of tnree scacial large units to acccmodate in
each assembly cne cenpensated ion chantec and one uncenpensated ion cha-Joer.

The detector container assenblies for the source ra.ge detectors are

of nolded polyethylene type to accomodate the EF3 proportional counters.

Tne thir?;1e flarges a e nade of carbon steel and will accomodate
the detecter cables th-cugh the flarge by neans of special cable seals.

The neasurenent of the reactor neutron flux is perfor ed in the
neutron shield tank surroundirg the reacter vessel. The detectcrs in their
container assenblies are lowered to the appropriate level in vertical thin-
bles that are welded to the neutron shield tank.

Three of Sese tninbles, spaced appro W ntely 120 deg fror one
another, contain one inter.ediate and one power ra ge ionication cha .cer.
These chanbers are located at different elevations, one abcVe and the other
below the center of the reactor. By observirg the charges in relative flux

'. renMrgs, shown by these six chanbers, it is anticipated that any tendency
'

for the development of either axial or radial flux tilts may be detected.
The EF3 source range chanbers are nounted in two separate thinbles in the
neutron shield tank.

Source Rarge Nuclear Instrunentation

The source range detectors (channels No.1 and No. 2) consist of'

EF3 proportional counters. These counters have a sensitivity of approxi-
nately h.5 counts / neutron / en2/ see ind and cover a flux rarge of 2.3 x 10-1
to 2.3 x 10k ny, correspondirg to d tector output pulses of 1 count per sec-
ond to 100,000 counts per second.

The signal cutput of the EF, enunter consists of pulses which are
proportional in nu-ber to the neutron'and ganna flux present at the detecter
location. These pulses are fed over a triaxial cable to the pane' cnit in
the control rcon, without the use of a preanplifier. The first p: nel unit
(pulse integrator) anplifies the pulses, provides an adjustable dis ri.i-
nator which rejects the ga- .a pulses and pulses resultirg frcn noist, and
converts the neutron pulses to a direct cu rent which is proportional to 2e
reacter neutron flux.

The direct current signal frcn the pulse integrator is fed into a
second panel unit (log microa neter)g This circuit cc:rrerti the linear in-
put signal to an output which is proportional to the logaritt.n of the neutron
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flux level. An output is also provided which is proportional to the rate of
change of the logarithm of the neutron flux level. The source level meter is
calibrated from 1 count per second to 100,000 counts per second and the startup
rate meter is calibrated from -1 decade per minute to +10 decades per minute.

The log level signal (counts per second) and the rate of change signal
(decades per minute) are metered at the nuclear section of the main control
boani as well as at the nuclear instmmentation equipment. These signals are
also available at the signal jack boani for recording purposes and at the selec-

'

tor switches,both located at the nuclear section of the main control board.

Intermediate Range Nuclear Instrumentation

The intennediate range detectors (channels No. 3, No. h,. and No.5)
consist of compersated ionizatiop chambers. These chambers have a ' neutron sensi-
tivity of approximately h x 10-14 amperes / neutron /cm2/second and a gamma sensitiv-
ity of 3 x 10-13 amperes / roentgen / hour. The compensated ionization chambers
cover a flux range of 2.5 x 102 to 2.5 x 1010 nv.

The signal output of the compensated ionization chambers consists of a
direct current which is proportional to the neutron flux present at the detector
location. This signal is fed through a coaxial cable to the panel unit in the
control room without the use of a preamplifier. This panel unit (log microam-
meter) converts the linear input signal to a'i output which is proportional to

b" the logarithm o The intermediate level meter is cali-
brated from 10"{the neutron flug level.ampen s to 10- amperes. An output is also provided which is
proportional to the rate of change of the logarithm of the neutron flux level.

The log level signal (amperes) and the rate of change signe.ls (decades
per minute) are metered at the melear section of the main control board as well
as at the nuclear instrumentation equipment. These signals are also available
at the signal jack boani for recording purposes and at the selector switches, both

j located at the nuclear section of the main control board.

{ Power Range Nuclear Instrumentation

.

_ A linear meter and panel unit (power range panel) are connected in
series on the high voltage supply to each of the compensated ionization chambers

| (channels No. 3, No. h, and No. 5). The panel unit provides a linear level out-
put signal (% power) which is metered at the melear section of the main controlI

board as well as at the nuclear instrumentation equipment. A variable high volt-
:

age output from the panel unit is provided to allow for operation of the compen .'

sated ionisation chamber in the high flux regions.
j

The power rainge detectors (channels No. 6, No. 7, and No. 8) consist
These chambers have a neutron sensitiv-of uncompensatedjonization chambers.2

ity of h.h x 10-4 amperes / neutron /cm /second and a garmaa sensitivity of 5 x 10-11
,

'

.
amperes /roepgen/ hour. uncompensated ionization chambers cover a flux range

| of 2.5 x nr to 2.5 x 1 nv.

| b)
V.

i-
!
,
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The signal output of the unconpensated ionization chamber is a direct
current which is proportional to the neutron flux present at the detector loca-
tion. This signal is fed through a coaxial cable to the panel unit in the con-
trol room witnout the use of a preamplifier. This panel unit (power range panel)
provides a linear level output signal.

The linear level signal (% power) is metered at the nuclear section
of the main control board as well as at the nuclear instrumentation equipaent.
These power level meters are equipped with low adjust alara contacts and are
calibrated from 0% to 150%. These sigud are also available at the signal
jack board for recording purposes and at the aelector switches, both located
at the nuclear section of the esin control board.

The adjustable low alar:a meter contacts provide protection against
loss of power supply to the power range channels. In addition, the low alarm
contacts serve as the initiating scram device in the protection of the reactor
core during the accidental drop of a control rod. A dropped control rod results
in instantaneous flux depression and indication on power range meter (s). The
closing of the contacts causes the scram amplifiers to trip, resulting in a
reactor scram. Ioss of voltage or signal to power range channels causes the
meter (s) to drop to zero, also resulting in reactor scram. The meter contacts
are set so that scram is initiated on a flux drop equivalent to 15% of the full
power rating (5h0 Nt).

f;, Intermediate Range Anviliary Panel,
y

The intermediate range auxiliary panel contains a coincidence-single
scram switch for the three intermediate range power level scram signals, and a
calibrating signal which is used to check out the three inter.ediate range
panel units for nor .a1 operation.

Startuo and Power Range Auxiliary Panel

The startup and po,er range auxiliary panel receives signals from
the nuclear instrumentation and the process instrumentation equiprent to
provide the necessarf signals for the appropriate annunciator circuits, the
rods stop signal circuit and the per .issive relay signal circuit. This panel
also contains the pemissive relay by-pass switch, and the power range coin- !

cidence single scram switch.

The high startup rate annunciator circuit is normally set to trip
when the reactor startup rate reaches 1.1 decades per minute (adjustable i

between o.5 and 5 decades per minute) and the rods stop circuit is set to
'

trip at 1.5 decades per minute (adjustable between 0.5 and 5 decades per rdn-
ute). These circuits are of the nanual reset type and can be reset by opera-
ting the r.anual reset switch, which is located on the nuclear section of the |
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ain control board. The source range and intermediate range signals actuate
.O the 1.1 decade per minute circuit, but only the intermaliate range signals

operate the 1.5 decades per minute circuit.

The startup rate scram is normally set to trip at 5.2 decades per
minute and is adjustable from 3 to 10 decades per minute. The source range
and intermediate range signals can actuate individual channel bistable mag-
netic amplifiers to initiate the scram.

In addition to these signals, there exists from each one of the
log micmanneter units in the intermediate range channels an automatic sig-
nal, which disconnects the high voltage from the BF propo ional gounters
when the reactor neutron flux is increasing between)5 x 1 cnd los nv and
reconnects the high voltage on decreasing flux at approximataly the same
level. The information that this signal is initiated is obtained by the
source range high voltage light mounted on' the nuclear section of the main
control board. The light is off when the high voltage is off. A manual

,

switch disconnecting the BF3 source range high coltage is also available at
the nuclear instrumentation cabinets.

The coincidence feature makes it necessary for two out of six power
range channels to initiate high neutron flux level signals in order to cause
the scram amplifiers to trip. The high neutmn flux level ' rip set point is
adjustable for verious reactor operation conditions. For reactor 100% full
power operation, (i.e., $h0 Wt), with four loops in service, the level trip
set point is' set at 108%. For reactor operation between 0 and 15% of full

,

O~ re r. ** 1 1 1 tria et rei t 1 m == 11F aa tea te 355 er r=11 9e er-
A power range coincidence single switch is provided to allow for coincidence
scram or any single channel scram. The low power scram set switch is located
on the nuclear section of the main control boani.

. Signals not fed through the coincidence circuit but operating on
the scram amplifiers through the alarm and scram panel are those initiated
fm m low main coolant flow, low main coolant pressure, low pressurizer pres-
sure, high pressurizer level, and high startup rate. Provision is made in
the alam and scram panel to accommodate two additional signals.

Two permissive relay circuits, similar to that shown on page 21h:6,
are provided which. operate by pressure switches activated from the first stage
turbine steam pressure. Operation of one circuit occurs at a turbine steam
pressure equivalent to 15 We output. This circuitry provides for by-passing
the low flow scram and low pressure scrams when the power is below 15 We.

.

At.15 We and above, the low flow and low pressure scrams are reconnected, the
startup rate scram is by-passed, and the system is available for automatic
- rods-in motion of the control rods. A permissive relay by-pass switch is
available to connect the scram signals directly to the alarm and scram panel.
The reactor scram signals which are initiated from the turbine generator pro-
tection equipment are by-passed below 15 We by this pe ' missive relay circuit.

A second permissive relay circuit is activatel at the 150 We power

O.
level, corresponding to h85 Wt, which provides for automatic cut-in of a
manual rods out reset circuit and realignment of the low flow scram signals.

O At power levels of 150 We and above, the reset circuit requires the control
switch to be returned to the neutral or reset position before making each

.

, , _ w , .. y - , , , _ , ..e - , %. ,--- ._w,. . , - . , ,,,w w., . , - . . - . ,-,,,,
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O additional rods out step. Below 150 We output, the reset circuit becomes
ineffective and thus a controlled but continuous rods out motion my be
affected. The automatic realignment of the low flow scram signal at the 150 We
power level consists of changing from initiating scram on low flow in two main
ecolant loops to initiating scram on low flow in one main coolant loop.

Alarm and Scram Panel

The seven scram signals, low pressurizer pressure, low main coolant
pressure, low main coolant flow, high pressurirer level, high startup rate,
and high neutron flux levels are connected to the magnetic amplifier alarm and
scram panel that acts as the control center for indicating the individual sig-
nals that may have caused the scram and for operating the scram amplifiers
directly.

Scram Amplifiers

The two magnetic scram amplifiers operate individual scram relays
whose contacts are connected to the trip coil circuitry of the rod scram cir-
cuit breakers. The scram relays are energized at all timei, except when a scram
signal is sent to the scram amplifiers. When the scram amplifier outputs are
sero, the scram relays are de-energized and the contacts in the trip coil cir-
cuits close causing both breakers to open. The circuit is such that any one
scram relay actuates both circuit breakers.

A Meter and Test PanelV
Two meter and test panels provide local indication at the nuclear

instmmentation cabinets and the necessary calibrating signals to completely
and accurately check out all the channels for' nomal operation and energizing
conditions.

Auxiliary Meter Panel
,

The auxiliary meter panel contains three meters, calibrated from 0%
to 150( of reactor power, used to detect the current througn the compensated
ionisation chambers when the reactor is within power range, Each mater has a
separate voltage adjustment to provide the required'high Toltage necessary for
operating the compensated ionization chambers in the power range. The high
voltage is obtained from the intemediate range (channels Jo.3, No.h and No.5)
power range panels. Connected across each meter are potentiometers which pro-!

| vide for the adjustment of meter indications.
t

Recorder

Tre recortler used with the nuclear instmmentation is a large, 2-pen,'

natiti-speed instrument with , o decade switching circuits. The cpeeds of the
paper are h and 2h0 inches per hour. The decade switching allows for full
scale deflection for one decade change in reactor flux. This recorder is
mounted on the front of the nuclear section of the main control board.

m
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Signal Jack Board and Selector Switches

The signal jack board and the selector switches, located at the
nuclear section of the main control board, are the junction points for allIndividualsignals available for recording frcn tne nuclear instrunentation.
adjustmen'.s are provided at each jack point and two plugs are available which
allow two eignals to be recorded simultaneously.

Power Sus; ply

The instnunent bus power supply shall be 120 volts + 3% and 60 cycles,

f,1%.
Before starting, the nuclear instrumentation and reacter protection

equipment shall be completely checked to insure that all channels are operating
correctly, all set points are at their proper value, and all safety circuits
are functioning properly.

!
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6 215 RADIATION MONITORING SYSTEM
.d

Overatioral Radiation Monitoring.

Genera). - The function of the operational radiation monitoring
system is to detect, compute, r.nd indicate the radiation level at selected

;. locations inside and outside the vapor container. If these levels exceed
'- predetermined values, alarms vill be actuated. Radiation monitoring serves

a dual purpose. The first is to varr. of any radiation health hazard which
might occur. The second is to give early varning of plant malfunction

: which might result in a health hazard or plant da= age.

The operational radiation monitoring system is shown on drawing
No. 548-D-638 and' includes the following items.

_ .
Vator Container Air Particle Detecter - The vapor container air

particle detector continuously samples and checks the air for the presence
of particulate matter in the vapor- container. The air is drawn through a.
section .of moving filter paper upon which the particulate matter is col-
lected. Directly behind the filter paper, at the point where collection
occurs, is a scintillation counter. .The complete air particle detector
consists of two units: the air particle detector itself and a vacuum pump.

. These two ~ units, mounted in a veatherproof enclosure for installation at
the.outside . surface of the vapor container, can cperate between -25 and
tl45 F and withstand an internal pressure of 45 psi. The output signal
pulses from.the scintillation counter are amplified by'a preamplifier and

j fed to the computer indicator through a coaxial cable.
,

The co=puter-indicator. mounted on the radiation monitoring equip-
' ment panel includes a discriminator, a pulse shaper a=plifier, and a loga-
rithmic count-rate-integrator and meter a:rlifier. Provision ic also made
to operate a recorder.

The . indicators include a background flasher, alar = lamp, and indi-
;cating meter.

_
| The computer-indicator. has a range of 10_ to 10,000 counts per'

second on.a 3 decade los scale.

_

The air- particle detector has a sensitivity of 10-9 to 10-6 micro-
curie. per. cubic centimeter ~of beta radioactive. particulate detectable in

J 1ess than '15 min vith -fixed filter, or 30 min vi+h filter moving at 1 in.
~

' per hr. The detector head is enclosed in a lead eusing and~is completely
surrounded by a: shielding of approxi=ately- 2 in. of u:ad. A fast advance
filter' paper speed of 6 in.L per nin is provided, which makes it possible

'

to- clear the contaminated tape from the detecting area vithin a very short .
time. ' The filter' paper supply is for 30 days at the normal speed of.1 in.
per- hr. , Remote provision is made to allov_ the operator. to select the de-a

sired speed of the tape drive mechanism.,_

IC L A remote. controlled calibration source is built into the detector.
The source ismoved'in frontuof the detector head and a reading of 500 counts -[A,] . per second is obtained.'. The calibration source is a small ' piece of _ Radium
DEF foil 10 miln thicks'with a'22 year half. life.x

7
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C) Alarms, both visible and audible, are also provided which operate- '

U when:

The air flow rate becomes either too high or too J.ov.

The filter breaks or fails to advance in the normal manner.
The valve closure circuit is energized.

The alarms remain tripped until the alarm reset button on the
panel front is actuated; the visual unit remains lit until normal condi-
tions are restored.

Primary Vent Stack Discharge Detector - The primary vent stack
discharge detector, mounted in the main plant stack, consists of four thin-
valled, Geiger-Muller tubes, operated in parallel, used together with an
impedance matching circuit and a suitable framework for placing the
detector in the stack.

This framework consists of a steel panel to which is velded a
pipe frame used to-support four Geiger-Miller tubes inside the stack.
The top telescopes into the two vertical members of the lover section and

is spring loaded to keep the unit tight against the two supporting angles
velded into the stack. The impedance matching circuit is housed in a
small metal box located in the steel panel. A rubber gasket keeps the
impedance matching circuit protected from the weather.

p The stack detector is a high sensitivity beta-gamma detector,
C) with a sensitivity range of 0.003 to 3 mr per hr, with a gamma energy re-

sponse of 0.25 mev to 2 5 mev, and a beta energy response from 0.154 mev.

The computer-indicator, mounted on the radiation monitoring
equipment panel, includes a pulse amplifier and a logarithmic couat-rate
integrator and mete: amplifier.

The indicators include a background flasher, alarm lamp, and
indicating meter.

The computer-indicator has a range of 1 to 1,000 counts per
second on a 3 decade log scale. Provision is also made to operate a
recorder and an alarm circuit with visible and audible indications. Tne
alarm remains tIlpped until the alarm reset button on the panel front is
actuated; the visual unit remains lit until normal conditions are restored.

Component Cooling Water Detector - The component coolinc water
detector is a single Geiger-Muller tube, together with an impedance match-
ing circuit, housed in a weatherproof probe. The detector ascembled in
its housing is inserted in a thimble velded into the main return pipe up-
stream from the component cooling pump section block valves.

The component cooling water detector continuously measures the
aalvity of the component cooling water. A high activity indication
closes a solenoid operated trip valve in the vent line of the component

; j- cooling water surge tank.
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The ec=ponent cooling water detector is a medium sensitivity.

- gamma detector, with a sensitivity of 0.01 to 10 mr per br, and a gm,.

energy response of 0.25 mev to 2.0 mey. The detector operates in a te=-
perature range of 40 F to 300 F.

The computer-indicator, mounted on the radiation monitoring
equipnent panel, includes a pulse amplifier and a logarithmic count-rate

-integrator and meter a=plifier.

The indicators include a background flasher, alarm lamp, and
indicating meter.

The computer-indicator has a range of 1 to 1,000 counte per
second on a. 3 decade log scale. Provision is also made to operate a
recorder and an alarm circuit with visible and audible indications. The

: alarm remains tripped until the alarm reset button on the panel front is
actuated; the visual unit remains lit unt!.1 normal conditions are re-
stored.

+.
'

hSteam Generator Leak Detectors - The fou steam genc rator
leak detectors, each a single Geiger-Muller tube together with impedance

,

matching circuits, are housed in a veatherproof probe. Each detector
and'its housing is mounted in one of the four detector hold-op tanks ahead
of the flash tank in the blowdown lines. The water of the actinuous

; blowdown lines from the steam generators is fed into the hold-up tanks

!
'

and the radioactivity of the samples is measured. The inlet is at the.
.

* bottom and the outlet is near the top of the tank. A by-pass valve is
provided which may be used to control the flow rate through the tank.

The steam generator lea'k detectors are medium sensitivit/ Ba"ma
~

detectors, with-a sensitivity of 0.01 to 10 mr per hr and a sa-' a energy
response 'of 0.25 mev to 2.0 mev. The detectors operate in a maximum tem-

'

- perature of -300 F.

The, detector hold-up tanks are cooled "to bring the water te=-
!perature down to a maximum of 250 F. A' thimble with an inside diameter
if-15 in. and closed at .the bottom is velded into the tank to provide a
means for mounting the detector well within the volume of water to be
monitored.

The computer-indicator, mounted on the radiation monitoring
equipment panel, includes a pulse amplifier and a logarithmic count-rate
integrator and meter amplifier.

The . computer-indicator has- a range of 1 to'1,000 counto per
second on a' 3; decade log scale. Provision is also made to operate a
recorder and an alarm circuit with visible and audible indications. - The
alarm rerains tripped until the alarm reset. button on the panel front is
actuated; the. visual unit remains lit' until-normal conditions-are re--

stored.
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Air Ejector Efflucut Detector - The air ejector effluent leak
detector is a single Geiger-MJller tube, together with i=pedance =atching
circuit and is housed in a weatherproof probe. The detector and its
housing is =ounted in the air ejecter effluent line to the pri=ary
auxiliary building exhaust fan nuction.

The leak detector is a redium sensitivity beta-gm detector,
with a sensitivity ringe of .01 to 10 nr per hr, with a ga=ma energy
response of 0.23 mev to 2 3 =ev, and a beta energy response ab 7
0.154 mev.

The co=pu+.er-indicator, =ounted on the radiation monitorin6
equipment panel, irJ1udes a pulse a=plifier and a logarith=ic count-rate
integrator and meter a=plifier.

'

The indicator includes a background flasher, alam la=p, and
indicating meter.

The co=puter-indicator has a range of 1 to 1,000 counts per
second on a 3 decade log scale. Provision is also =ade to operate a
recorder and an alarm circuit with visible and audible indications. The
alarm re=ains tripped until the alam reset button on the panel front is
actuated; the 1sual unit re=ains lit until normal conditions are restored.

'

Radiation Monitoring Equipment Console - A radiation monitoring
equipment console is located in the control roo=. A console consists
of two cabinets providing counting space for eight channels (co=puter-

-(] indicaters), a relay unit and a calibration unit, a power distribution
panel, a plate voltage and filament power supplies. Line regulators are'

also =ounted in the cabinet.

The radiation monitoring equipment exclusive of the detectors is
mounted in equipment racks. All equip =ent housed in the two cabinets,
except for the power supplies, is =ounted in pull-out drawers for easy
access. A large removable door allows entry to the rear of each rack.

Site and Portable Radiation Detection Equipment

General - The site and portable radiation detection equipment
includes the instrumentation required for providing the radiation level in-

- for=ation necessary for the protection of plant personnel and for deter =in-
ing any increase in nor=al background activity of the plant site.

The details of the use of all the equip =ent listed are described
. in Section 507, RADIOLOGICAL HEALTH AND SAFETY.

Dosi=eters and Fil: Badges - Personnel dosi=etry and fi.1m badges
are provided to =easure integrated exposure on all personnel working in
contaminated areas. The dosi=eters are the direct reading type.

Hand and Foot Monitor - A: hand and foot monitor is located ad-
- jacent to the entrance of the lunchroc=. This unit. =onitors -both hands
'and feet simultaneously. A preset time total count vill be indicated for

. . . . cach hand and fout.~
O-:M Portable Radiation' Detectors - A total of ten portable radiation

' detectors are provided for radiation survey work.-

1
;7
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Six of these detectors are battery operated, portable gun type ;

survey meters for =casurement of beta and gn==a radiation. Each meter has
a selection of three ranges 0-25, 0-250, and 0-2,500 =r per hr. In addi-
tion, two probes are provided for increasing the range of these instruments
to 0-2 5, 0-25 and 0-250 r per hr. These probes can be plugged into any '

1

; of these units and are used where high field intensities might be encountered.
i

Two detectors are portable battery operated Geiger-Muller survey i
1

meters for measuring alpha, beta, and gn-a radiation of lov and medium in-
tensities. Each meter scale is direct reading in terms of =r per hr and
counts per minute and 1s provided with a selection of three ranges 0.2, 2,
and 20 nr per hr which correspond to 600, 6,000 and 60,000 counts per minute.

Two detectors are battery operated survey meters provided with
two transistorized probes, one for alpha measurements and the other for
neutron measurements. The neutron probe vill detect both fast and ther=al
neutrons. -The type detected depends on whether or not a paraffin-cadmium
shield provided with the instrument is tised.

. Portable Air Sa=plers - Three portable air sa=plers are provided
for collecting airborne dust on filter paper. The sc=plers are operated
with fixed filters which are counted in the radiochemistry laboratory
counting room. The units can be plugged into any 110 v, 60 cycle a-c
receptacle and are designed to run unattended.

,

Electrically Operated Count-Rate Meters - Eight beta and gn==a
sensitive count-rate meters are provided for monitoring radiation in zones tw

~

that are frequently or norCly occupied.

These units are shelf-mounted with an indicating meter calibrated
in counts per minute.- Each unit is equipped such that when a preset level
of radiation is exceeded, an audible and visual alazu vill be autcznatically
actuated. 'A shock mounted Geiger-Muller tube probe with a 6 ft extension
cord is attached to each count-rate =onitor. Each unit mcy be operated
from any 120 v, 60 cycle, single phase receptacle.

The' operating locations for these" units are as follows:
'

'Sa pling Cubicle
.

Radiochemistry Iaboratory2

Decontamination Room
Contaminated Locker Room
Access to potentially Contsninated Area
Control ~ Roo:
Two Spares

Site Monitors - Two conitors for continuous measurement of air
;particulates are provided. One of these units is11ocated approximately'
one-half mile below the plant, the other approximately four miles above the
plant.~ on the site of the Harrf-an hydroelectric station. . These monitors'

_

employ.the continuously moving filter paper principle with a continuous air
flow through the filter 'of 10 cfm. . The detector for these units is a

; 4 2 3 mg per sq cm end vindow counter. -

f
-

This-equipment will be' employed in the post-operational radio -
: activity survey-detailed in Section 305, ENVIROMEiTAL RADIOACTIVITY SIRVEY.-

, ._
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?16 VAPOR C0hTAINER ATMOSPFERE CONTROL SYSTD'S

General

The vapor container is a spherical steel envelope designed to con-
tain all vapors, gases, liquids, and solid materials which may be the result
of leakage from the primary syste=. The atmosphere control systems limit the
vapor container temperature to a mini =um of 50 F in the winter and 120 F dur-
1.'g summer operation and will remove the airborne radioactivity during opera-
tion and after shutdown to facilitate refueling and maintenance operations.
The systems are shown on drawing No. 517-F-417.

Ventilation to Outside Atmosphere

Some airborne activity may still be present in the container air
after depressurizing the main coolant system. The purge system will exhaust
and dilute the radioactive container air to the at=osphere within a reasonable
time to allow personnel access to the vapor container. The purge system ca-
pacity is based on the radioactivity in the air of the vapor container at the
time the main coolant system is depressurized. This system will dilute the
container air until the concentration of airborne activity is reduced to tol-
erance levels as prescribed by the AEC Regulations (10 CFR Part 20).

The external purging system consists of a filter bank and heating
coils in the duct work supplying outside air to the container and an exhaust~

fan rated at 15,000 cfm with duct work discharging to the atmosphere. Nor-
mally closed valves are provided at the container, to be opened only after
the primary plant has been depressurized. Previsions are made for varying

'- the proportions of exhaust air and dilution air by operating valves in order
to control the activity of the purge air discharged to the atmosphere.

The outside air filters, heating coils, and exhaust fan as well as
the' dilution air valve are located in the mechanical equipment room of the
Primary Auxiliary Building. The supply and exhaust air valves are located
at the container.

Two valves, . one_8 in, and one 30 in., are provided in the exhaust
duct for control of the exhaust air rate. The air leaving the vapor container
.is discharged to the atmosphere through the primary vent stack located between
the Primary Auxiliary Building and the vapor container.

The components of the ventilation system are shown on drawing
No. 517-F-417.

' Recirculation. Heatine and Cooling

Heat released during plant operation from hot insulated and.unin-
sulated surfaces, together with solar radiation, contribute to the heat gain
of the vapor container air. The vapor container is completely sealed from
the natural atmosphere end no air, other than that which leaks from the- con-

,

tainer and is . replaced by the . leakage monitoring systen, enters or leaves
the container during operation. The ventilation system cooling units limit

fN the air temperature inside the ccntainer to values which will prevent damage
V

-
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to ir.struments and electric wiring. During winter operation, heat is lost
p'v from the interior of the container through the shell to the atmosphere. To

prevent freezing of water in the pipe lines, the heating units of the venti-
lation system provide warm air inside the container.

Tne internal cooling and heating system consists of four direct

'

motor driven fans, four cooling coil assemblies, and four heating coil assem-,

blies. Each fan supplies either cooled or uncooled air to a ring supply
header through a da=pered duct. For each fan, a branch duct upstream from
the damper supplies cooled, uncooled or heated air +.o the space between the
vapor container shell and the internal concrete shielding. Duct branches
from the ring header serve the various compartments within the concrete
shielding and the control rod d.ive mechanisms which require cooling during
operation.

Fans are single width single inlet, NAFM Arrangement 4, nonover-
loading wheels, overhung on extended shafts of censtant speed motors. Each
fan has a rating of 30,650 cfm.

.

Cooling coils are of the extended surface type with serpentine
tubes. Each cooling coil assembly has three cooling coils. The air rate is
10,220 cfm STP air per coil.

Heating requirements are met by heating coils in the duct branches
which supply air to the space between the container and the internal concrete.
Heat is supplied to the coils by steam at 10 psi gage. There are tuo heating
coils per assembly which have an air rate of 7,750 cfm per coil.

(n)v
In onler 'to permit isolation of faulty volls from outside the con-

tainer, each coil assembly is provided with a separate supply and return line
which penetrates the vapor container. Manually operated control and shutoff
valves for steam and water are located outside the vapor container. Steam,
condensate-and water piping within the vapor container is carbon steel using
welded construction throughout.

Heating requirements in the vapor container are based on a design
outdoor dry bulb temperature of -10 F M a minimum dry bulb temperature of
-25 F. Maximum heating requirements are experienced during winter shutdown,
at which time the heat loss through the container shell is 5,170,000 Btu per
hr. Heat loss to the atmosphere takes place only through the vapor container
shell.

During normal cold weather operation, the heat released from equip-
. ment containing main coolant is sufficient to maintain temperatures within
the shielded compartments above the minimum design value. Supplementary heat
is required for the space between the container shell and the internal con-
crete, shielding. The heating coils in the duct branches serving the space
between the container shell and the internal shielding is of sufficient ca-
pacity to offset the hest leases and maintain a. minimum bulk air temperature
of 50 F in the vapor container during operation.-

.
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During normal htc weather operation, the bulk air temperature is
O limited to a maximum of 120 F in the compartments within the internal con-
k crete shielding and 116 F in the space between the shell and the internal

shielding. These temperaturmare based on a total summer heat gain in the
vapor container of 2,565,600 Btu per hr and cooling water available at 85 F.

Approximately 1.3 kw of heat is generated by the control rod mech-
anisms and conducted to the mechanism housing from the reactor vessel. Two
ducts provide cool air to keep the mechanism coil tecperature below 450 F.

Leakage Testing

Leakrge of air from the vapor container is undesirable and is,
therefore, held to a minimum. The function of the leakage monitoring system
is to measure leakage over extended periods of time.

The system consists of two duplicata sets of tubing running through-
out the vapor container. Eleven monitoring t .ps are located throughout the
vapor container, four taps 90 deg apart between the sphere shell and the
shield wan, one in each steam generator, pressurizer, and reactor compart-
ment, and .3 above the charging floor. The taps on one tubing run are
left open to the vapor container atmosphere, and the taps on the other tub-

. ing run' terminate in small copper bulbs. This latter tubing system consists
of a completely closed arrangenent within the vapor container and is the
reference system. A commercial U-tube manometer provided with a hairline
and magnifying glass is used to measure any pressure differential between

f-)s -
the open and closed tubing system. A standard household gas meter measures
the amount of air required to equalize the vapor container pressure witht

that of the reference system.

The components of the leskage monitoring system are shown on
drawing No. 549-D-295.

Vapor container leakage must be limited to values which can be
tolerated in the event of a' nuclear accident. Therefore, if the entire
vapor container is pressurized to 15 pl gage, the_ leakage " allowed" is
70 standant cubic feet per dar. Leakage is measured by equalizing the pres-
sure in the' reference (closed) tubing system and the vapor container. After
equalising pressures,- the reference tubing system is valved off from the
vapor container and the pressures in the two tubing systers will follow one
another regardless of temperature change. Any leakage in the vapor container
shell will be evidenced by a difference in pressure between the two systems
and' will be indicated on the U-tube manometer. A gas meter is used to meter
the air required to' equalize the two pressures. During plant operation, the
vapor. container will be slightly pressurized so that any leakage will be de-
tected by this system.

Internal;41r Filtration

_

.

Minor leakage of primary coolant may introduce radioactive solids,
_ liquids,< or gases to the vapor container air. A'high efficiency internal

' air filtration facility,_which is part of but not integral with the rest of

.p
'

\_.
'
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the ventilation system, removes activity from the container air during opera-
~

.
. tion. It reduces the concentration of airborne activity after reactor shut-
down to permit personnel access to the interior of the container.

T

The internal air filtering assemblies consist of three fan and
filter combinationsin concrete cubicles shielding one assembly from another,i

and all assemblies from personnel in the container. These assemblies have
a 4,000 cfm capacity.each when the filters are clean.

Each of the assemblies consist of one fan and one filter bank. The
fans are single width, single inlet, NAFM Arrangement 4, nonoverloading wheels,
overhung on extended shafts of constant speed motors.3

The airborne activity filters are high humidity filters, having a
particle count efficiency of not less than 99 95% on 0.3 micron particles,
a resistance when clean of 1 in. of water at a face velocity of 250 rpm, and
are constructed with fire resistant frames. Prefilters are provided at the
internal air filtering assemblies to prevent premature overloading of the
activity filters.

The air filtration system is designed to remove airborne activity
; resulting from minor leakage of rain coolant into the vapor container. The

- activity in 'the main coolant is based on 1% of the fuel rods having minor.

defects and releasing fission products to the coolant in addition to.acti-
! vaged corrosion products which are based on a corrosion rette of 10 rg per
{- dm per mo.
1

I '

During plant operation, the internal air filtering assemblies limit
~

the' concentration of radioactivity, principly iodine, to a level which can be
reduced to tolerance within a reasonable time after reactor shutdown and de-f

pressurization. This is accomplished by recirculating a minimum air rate of
i 6,300 cfm within the container using two fan and filter assemblies.

*
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fhe functi: cf the dec=t- .atics syste is te resc. e radica:tive
fissic a:d ecr csic: pr:du:ts fr= de internal s=fe.:es of ecepenents,
pipi g, a-d fittings of any isolated lecy cf de a1: ecciant syste: a:d cf
the prescuri:er.

lhe de:: *a-"atics cf de interns" se faces cf the nais ::clart
syste= can te ac:c=plished by utilizing existire plant systers. . ~~..ese sys* ens
are sh:vn sche:aticany c draving 50. 646-J-616.

lecentaniratics, if it e er te:=es necessa y, vill be perf c::M
c 17 when the reaeter is shu*deve a:d de rain eccir.st cyrten is depres-
seized a:d c cled d:vn.

A new ccchir.atics of dec star.irati:n chemicals has t+en investigated
by *.~estighouse n: der the Tankee has earch aM icveleprent Pr:per a-d fc=d

~ e seluticas are uscdto le exceptict. ally effe:tiv e in laterate:7 tes*s. v
with intertsilate a:d firal rinsing. '~he first sclutics is 3 vt i pctassit=
persarganate aM 10 vt 5 sedu:= hyd ende used at a twperatre of 230 F fer
a res-tic time cf 93 nin. *he sece:d s:1utic: is 1C v, % a-rei= citrate

used at a te=perature cf 210 F fer a rea: tics tire cf 90113.

The cate-ials cf the sait : c1sst loc;s ad associated auxilia:7
syste=s have been tested with these solutiens arc to har ful effects have
been disecvered at de times a ci te=peratres involved. In Order to prevent
an7 carrosic cf the G aphitar 11. =ain ecclast ;.:=p bearings, de:inerali:ed
water vill te intrcduced thrcWh de p=p vents at a higter ; essee than
the deccsta-hatics sclutic s so as te previde an inflev cf pre water a:d
prevent the solutic s frc: : sta: ting the tea-irgs.

If de : "-wtic er a locp is recessary, de 10cp is isolated
by closing a:d lo:Mg the two rain step valves and is drained cf pd" y
grade be- ated w.ter.

The loop is then refil?.ed with the first de crta:inatics solutics.
The sclutics is nixed in the beric acid nixing -#< a:d introduced into the
'leep via de locp fill a:d chemical inf ecti= lir.e. ~he lecp is pressrized
D7 the Ch5:ging pO p to per:11 Circ 31stiCn Cf de solu *i n by nea:S Cf th?
-* coolant pu=p, via de ty-pass line.

~4 ate- fr= the desireralized water stcrsge tank is terpcra-ily
p= ped to the vent cf de main coo" ist p=p and e=tintcasly drain:d to the
rinar.r drain ecllecting task of the vaste dispcsal systen. lo :.ain+21:r .

the desired terperatre of the soluties, the heat gentrated in the lecp by
the :.ain co:lant pu:.:p is rencved thrcegh de stear generatcr.

After the required rea tics tire.the main ecolant ptry is s cy;ed
a:d de first decentM" tics selutic is drained frec de leg a:d dis-
charged into the priza: r drain ec11ecting tank. The 10cp is then refilled
with de ineraMzed water which is cireclated in crder te rinse the syste .

; After havir.g drained the rinse vater, the leep is refilled with de secc-d ,

: p doccatanisatics solutics which is then circulated as in the first case. i
; .
f

.- .
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)
After the required reaction tir.e, the seccui solution is drained i

to the prinary drain :ollecting tank and the loop is again rinsed with de- !G nineralized water until clean. |
i

In the event that it is desired to decontaninate the pressurizer, f
the pressurizer is drained and a feed and bleed decentamination procedure j
is utilized. The decentanination solutiens an2 rinse water are injected into ;

the pressurizer via the spray nozzle, and drainal to the prime y drain col-
lecting tank.

All solutions used in the decentanination processes are ultirately
processed through the waste disposal system.
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218 FUEL HANDLING SYSTEM '1

General
,

In order that the reactor may be fueled and refueled, as required, I

without hazard to personnel, means are provided for underwater removal of
fuel assemblies from the reactor, for transferring the assemblies from uithin
the vapor container to a water filled spent fuel storage pit located outside '

of the vapor container, for storing spent fuel assemblies underwater for a
sufficient period of time to allow them to decay to a tolerable level, and; ~
for removing the loaded shipping containers from the spent fuel storage pit!

and placing them on a vehicle to be transported from the plant site.

New fuel assemblies are unloaded, removed from the shipping con-
tainers in the new fuel storage vault, and stored in racks. When the reactor e

is refdy to be refueled the new fuel assemblies are moved from the fuel storage
vault to the spent fuel storage pit, transferred to the interior of the vapor
container, and installed in the reactor by reversing the core removal procedure.

'

Spent control rods may be removed and new control rods installed ay
the same route as the fuel assemblies. The fuel handling system also removes
and replaces all other reactor parts necessary to accomplish the refueling
operation.

The fuel handling system consists of a new fuel storage vault, yard
work area crane, fuel transfer pit, fuel transfer pit manipulator crane, lay-

p down mechanism and grappling tool, fuel transfer chute and carriage, vapor con-
V

'leydown mechanism and universal handling tool, reactor vessel head handling
tainer polar crane, shield tank cavity, shield tank cavity manipulator crane,

device, reactor vessel internals handling device, and a variety of other special
handling tools and fixtures. The overall arrangement of the fuel handling
system is'shown on drawing No. 9699-FM-19B.

New Fuel Storage Vault

The reinforced concrete block new fuel storage vault located outside
of the vapor. container and adjacent to the fuel transfer pit is designed to
receive and store 84 new fuel assemblies, 24 control rods, and 8 shim rods. A
one ton monorail crane is employed to manipulate the above components insidei

the vault. A 14 ft high by 5 ft vide steel plate door located in the north
wall is used for general access. The shipping containers are lowered into the
vault through a hatchway in the roof'into the northwest corner, where an inter-,

mediate wall rack is located. The racks, in which the. assemblies are stored,
are arranged in 4 parallel rows. The center to center distance between assem-
blies is 14 in., which gives a surface to surface spacing of 6.3 in, between
assemblies. The spacing of the racks was so arranged, in order to avoid any
chance of criticality. Calculations show that the kefpofthisarrangementwould be approximately 0.8, with the vault flooded, wh ch is'an extremely re-.

mote possibility. - The fuel vault arrangement is shown on drawing No.- %99-FM-21B.-

(
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Manually Operated Fuel Assembly Liftine Fixture

I The fuel assembly lifting fixture is provided for grappling and
' lif ting new fuel assemblies, guide tubes and plugs, control rods and followers,.

and shim rods in the new fuel storage vault. The steel fingers of this fix-
ture are located by a spring loaded plunger which also acts as a load bearing

| member, and the action is such that the tool can not be disengaged when the
' : veight of the item being handled is supported by the fixture. The tool is
| approximately 1 f t lang.

Extended Fuel Assembly Lif tinn Fixture

'

This fixture is a similar tool to the manually operated lifting
fixture, and is used for handling the same items in the fuel transfer pit.
It has a rigid extended shank provided vitu *vc 'perating handles so that ,

4

the tool can be manually engaged and disengaged from the top and the bottom
of the fixture. The tool length is approximately 11 ft-0 in.

t
'

Yard Work Area Crane

The yard work area crane spans the fuel storage vault, the fucl
transfer pit, and the adjoining railroad spur track. The 60 ton main hook

, and the 12 ton auxiliary hook sach have additional 25% overload capacity.
!. The crane location enables transfer oft r.ev fuel containers from the rail-
".i road to the fuel storage vault, new fuel assemblies from the fuel storage

vault to the fuel transfer pit, and spent fuel shipping coffins from the fuel
transfer pit to a railroad car. The lift of the crane is 68 ft-5 1/4 in.,O sica e= 81ee it te r iee iteme det ee- 81 1,011 -o" =a 1,o79'-5 1/4 -

Ie

[' Fuel Transfer Pit

, The fuel transfer pit, outside of the vapor container, is designed
to store fuel assemblies, control rods, control rod followers, and shim rods
under water after removal from the reactor. In addition, the fuel transfer
p p contains the equipment necessary to complete the functions of the fuel
handling system outside the vapor container. The fuel transfer pit whose
general arrangement is shovn' on drawing No. 9699-FM-211, contains a manipu-

- lator crane, a grappling tool, laydown mechanism, and the lower portion of
the tracks from the vapor container. The tracks are in an inclined position
and are located at the lowest point of travel of'the transfer carriage. After'

the transfer carriage has reached its lowest travel limit, the laydown mech-
anism raises it to a vertical position. New fuel assemblies can be placed
into the_ vertically positioned carriage or spent fuel asse=bJies removed from
it. by means of the manipulator crane and the gra Ting tool. The laydown
mechanism is' actuated by a water hydraulic cylinder which raises a section of
the rails containing the transfer carriage from their normal position to a
vertical position. All of the operations within the reinforced concrete fuel
transfer pit are performed in approximately 36 ft cf demineralized water.
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i The fuel transfer pit contains three fuel storage racks with
O reegective cagacitiee ef 110, 80 a a 26 ree1 eee s11ee- the 80 a d 26

assembly racks are fabricated of 6061-T6 aluminum and employ distance
| between assemblies to prevent criticality. The center to center distance

between fuel assemblies is 191/2 inches in the 80 element rack and 13 3/h
inches in the 26 element rack. With unitradiated, h.1% enriched uranium
fuel stored in the 26 element rack, K rr has been calculated to be 0 725e

The 110 element rack is also fabricated of 6061-T6 aluminum and
i provides for storage of fuel in an oblong array with a center to center '

spacing of 8.78" x 9 5". The active portion of each assembly is enclosed
, in a horal sheath for reactivity control. The boral is made up of 35
i weight per cent Bhc in an aluminum matrix, clad with aluminum on all sides.

K rr has been ca~ alated to be 0.835 with unirradiated, h.1% enriched '
'

e
3 uranium fuel stored in this rack.

For all three racks, Keff has been calculated to be less than
0.88 for n 7 fuel likely to be used in the Yankee reactor.

[ The design of the racks allows insertion of fuel assemblies only
in the prescribed storage channels in the racks.

The fuel transfer pit is provided with a cooling and purification.

system. This removes the decay heat given off by the spent fuel assemblies
in storage and prevents the buildup of radioactivity and boric acid in the
fuel pit water. The 500 gpm fuel transfer pit cooling pump circulates the

3 water betwesn the pit and a heat exchanger maintaining the water temperature
under 130eF. The water is also circulated by the came pump througn a
20 ca. ft. ion exchanger. The fuel transfer pit cooling pump may also be
used to u. vater the fuel, transfer pit.

Fuel Transfer Pit Manipulator Crane

The crane is composed of a trolley mounted on a bridge which in
turn rides along rails set in concrete at the top of the fuel transfer pit.

- A rotating turret is mounted on the trolley. The turret supports a rigid
tool boom which cannot rotate relative to the turret. The stainless steel
tool boom is provided with a grappling tool which will engage the top end
of a fuel assembly, control rod or control rod follower. The boom is
raised and lowcred by means of a rack attached to the boom, meshing with the
pinion gear output of a motor driven gear mechanism.

In order that the crene operator can accurately position the tool
boom over the laydown mechanism in its vertical position, positive stops are
placed on each of the main crane rails. The crane is visually indexed
by scales and pointers to enable the operator to position the boom accurately
over the storage racks.

A height indicator is used to indicate the height of the tool boom.
The indicator consists of a mechanically driven revolution counter, arranged
so that indicating dials are visual to the operator. Tht crane bridge and

n trolley motors are alternating current wouna rotor type, operated with drum
.U controllers (hh0v, 3 phase, 60 cycles). The tool boom hoist motor is a

,

| direct current motor supplied by a motor generator set driven by a hh0v
| a-c motor and is operated by drum controllers. The capacity of manipulator

crane is 6000 lb. The mamwn vertical boom travel is 16 ft - 10 in.j

|

I

!
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Grapplirg Tool

The grappling te.ol is designed to pick up a fuel assembly, control
rod or a control rod follower, and operates by extendir4 latchirg fingers
withLn the nozzle head of the item being raised. The tool is pneumatically
operated and manually controlled wit 1. positive locking in both the open and
closed positions. An interlock is provided that will prevent upward motion
if ttle tool head is not completely latched or unlatched.

O
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Fuel Transfer Chute and Carriage

;|t An inclined chute is provided for transportation of the fuel assem-
-

-

N blies and control rods betvcan the fuel transfer pit and the shield tank cavity.
a The chute consists of several sections of 12 in. ID stainless steel pipe flanged

together, a motor operated lower lock valve, and a swinging plate upper lock
.,

,; valve at the top of the chute near the bottom of the shield tank cavity. The
' chute and its joints are watertight under the static water pressures invclved.

A solid plate flange serves as a water and gas tight closure in order to main-
tain the integrity of the vapor container during reactor operation. The plate.

flange is located at the fuel chute joint just outside the vapor container. It
consists of 2 plates of identical thickness, one plate totally solid, the other3

g containing a circular cut,out of slightly large diameter than the 12 in. ID of
the fuel chute. During reactor operation, the solid plate is located between.;

' the gasketed fuel chute flanges. When the refueling operation is to start, the
solid plate is replaced by the cutout plate. The solid plate is replaced be-
fore power operation begins.

Rails placed in the fuel chute support the transfer carriage and ex-
tend the length of the chute except where discontinuous at the lower lock valve
and the upper lock valve. The transfer carriage consists of a mulci-uneeled
trolley and an attached receptacle which is designed to contain a fuel assembly
or a control rod or follower. The wheel arrangement provides accurate align-
ment of the carriage during its operation. The carriage is provided with a
clevis type joint which allows the receptacle end to be elevated to a vertical

|| position by means of the laydown mechanism in each pit. The transfer carriage
j
j . mov's by gravity in the down direction and its travel is controlled by a pair

- oE stainless steel wire cables. These cables are also used in drawing the
j carriage in its upward direction at a maximum speed of 100 fpm. Both cables

are wound up on a suitable vinch, which is located on the charging floor above,

! the reactor.
!
'

The winch assembly is provided with a direct current motor powered
from the 125 y d-c line. It has sufficient power to provide a hoisting speed
of 100 fpm in the upward direction. The vinch is provided'with an automatic
brake which fails safe in the event of a power failure. The vinch is con-

!. trolled by the shield tank cavity crane operator during the entire travel of
q the transfer carriage.

ji When the transfer carriage is moving in the upward direction it

[- . opens the upper lock valve upon contact. The valve is closed by a spring
i. after the passage of the carriage in the downward direction. The movable

:i plate is provided with a replacable neoprene "0" ring for sealing purposes
f so that the allowable leakage does not exceed 2 gal per hr under a head of
: 25 ft of water.
3-
i- The lower lock valve is a standard stainless steel gate valve which
j remains in the closed position until the carriage reaches a point in the
j chute above the valve. The operator of-the shield tank cavity crane manually

_

] controls the operation of this valve. Indicating lights on the operator's
L console designate the open, closed, or intermediate position of the valve.
!
L n
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To minimize the loss of borated water frc= the shield tank cavity
N

(d to the fuel stcrage pit during refueling cperaticns, a syste: of external
piping is provided to partially devater the chute bercre the transfer car-
ringe passes through the icver Icek valve. The tcric acid sclutien is re-
oved frem the fuel chute devn to a level apprcximately equal to the level-

of the vater in the fuel transfer pit. The water rencved is then returned
to the shield tank cavity. The spent fuel assenbly is sutterged throughout
this precedure.

Shield Tank Cavity

The shield tank cavity above the reacter vessel is a reinforced,

concrete, stainless steel lined ccatainer which can be filled with apprezi-3

nately 25 f t of terated water. It is previded fer the purpcse cf per=itting
fuel asse blies and centrol rcds to te handled undervater as they are with-
drawn frc: the core by means of the fuel handling systen nanipulater crane
and the universal handling tool. It is also a stcrage area for the reacter
vessel head and its handling fixture, and varicus other reacter internals
and their handling fixtu:es. The general arrangenent is shew on drawing
No. 9699-FM-511.

The shield tank cavity provides fer a mini =un 13 ft uter shield
over the top of the withdra'.m fuel assenbly and E ** ~' 4 un water shield
over the top cf the withdrawn control reds. This water coverage .s necessary
to li=it the radiation at the surface of the refueling vater to a livel cf
2 =r per hr.

m
(J) Shield Tank Cavity Maninulater Crane

The ersne is used with the pnennatically operated universal handling
tool to handle fuel assemblies, centrol red abscrbera and followers, control
red drive shafts, and centrol rod guide tubes and plugs. *he crane incorpo-
rates a rotating turret counted cn the trolley. The turret supports a rigid
tcol bcon which cay be rotated relative to this turret. A device is provided
which vill saintain the tool toon in any fixed position with respect +w asi-
=utha'. rotation and si=ultaneessly allev the turret to rotate freely around it.
Pin locks are also incorporated VMeh vill previde positiws locking in the
north-scuth and east-vest axis and at the !.5 deq positiens hetveen.

The crane is visually indexed by =eans of scales and pointers to
enable the operator to bring the handling tocl close to the center line cf
any fuel assenbly er centrol rod in the reacter core. The scales also enable
the operator to positien a fuel asse:bly in the locating fixture prior to in-
sertion in the about-to-be elevated carriage. A lend cell is provided which
measures the tension lead in the boom du-ing withdraval of the fuel assenbly
from the core. The cell is equipped with an adjustable cutout te limit the
lead being lifted to 5,000 lb. The caxi=un capacity of the crane is 6,000 lb.
The control console is located on the trolley. Directly operated nanual air
control valves are provided on the censole to allow the operator to perform
the various latching and unlatening operations required by the universal

-bandling tool. The bridge, trolley and boc= are driven by 125 v d-c =ctors
which provide smocth variable speed up to a mdmm running speed of 20 fp=.

|p/ The mNm vertical bec= travel is 30 ft.
w
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A seccnd rigid boom mounted in the rotating turret is located pre-

(] cisely three fuel assembly pitches laterally from the tool boom measured on;
' the square. This boom is equipped with a television camera and is capable of'

being raised, lowered and rote.ted 60 deg relative to the turret. The nor=al
position of the camera is face dwn but it can be raised to a position a few
degrees above horizontal. In the vertically downward position, the camera
case runs up against a fixed stop and in this vay its position is always re-

,

producible at the bottom end of its movement.!
;

The crane operating console contains all of the controls, television
,

picture tube, and all indicating devices required to control all the fuel
' handling operations in the shield tank cavity, the fuel chute, and up to the

point when the transfer carriage reaches the lovest limit of travel in the
fuel transfer pit. Operation in the fuel transfer pit past this point is con-

. trolled by the operator in fuel transfer pit through the control console
! located on the pit manipulator crane trolley.

In addition, the crane is capable of removing a control rod assembly
from the reactor core, inserting it into a retainer provided in the vall of
the cavity, applying a torque to uncouple the top absorber section from the
bottom follover :ection, and inserting the top section in the fuel element
locating fixture. It is also capable of coupling together the two control
rod sections by applying a reverse torque. The turret assembly incorporates
an adjustable 2 direction tcrque limiting device which limits the torque

i which can be applied to the control rod during the coupling and uncoupling
; operations.
-

tj Universal Handling Tool
.

The universal handling tool is designed to manipulate the fuel
assemblies, the control absorbers and followers, the control rod drive shafts,
the guide tubes, and guide tube hole plugs. It is actuated by pneumatic
1rlinders of the spring return type. The fingers which grip the co=ponent
being handled are locked when the cylinder pistons are in the spring returned

,
position and the air is used only for the re. ease of the fingers. The air

|. supply lines inside the vapor container furnish air at 80 psi for the tool
operation. The control system originates at the cavity crane console and con-
trols the air to the cylinders by direct manually operated valves. A 3 vay

| solenoid operated valve is provided to assure that sufficient air pressure is
available at each set of cylinders.

i

The handling tool has a splined section at the top which prevents
the operator from lowering the tool beyond the positioning level, and thus
applying a vertical axial load to the tool and boom casembly. The action
of the spline allows the tool to ride up 2 5/8 in. into the boom. The spline..

travel operates an interlock which interrupts the boom drive in its down<

direction. A pilot light is provided to indicate this condition. A tool
pressure interlock interrupts the air supply to the operating cylinders when-i

-ever the tool is supporting the weight of the component. Pilot lights are
provided to show the loaded and unloaded condition of the teol.

-i

! _[ }v
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A universal joint is provided in the upper tool section to allow
' some freedom of movement in align =ent during coupling, lifting, lowering or

discharging operations. The tool is 6 f t long and is designed for a maximum j

static load of 5,000 lb.

Vapor Container Polar Crane

The polar crane is designed primarily to lift the various pieces
! of equipment which comprise the main coolant system within the vapor container.

During the refueling operations, the polar crane removes and replaces the con-:

| trol rod shield and supports, control rod drive ventilation duct work, the re-
; actor vessel head, guide tube hold-down and support plates, the upper core
j support barrel and upper core support plate. The crane consists of a bridge
i riding on a 75 ft diam crane rail and a common trolley containing 2 hooks.
j Each hook has a 75 ton capacity with 25% overload and can operate at maximum

speeds of 5 fpm at 75 ton capacity or 15 fpm maximum speed when the load is
|- 20 tons or less. The mav4 mum trolley speed is 40 fpm and the bridge 60 fpm.
j .Each hoist is driven by a compound wound direct current motor to allow for

better control and the dual speed.

Reactor Vessel Head Lifting Device

This device is designed to remove the reactor pressure vessel head
remotely. It consists of welded and bolted structural steel members with,

suitably mounted and located lugs which enable the polar crane operator to'

lift the attached head and device and place it on the cavity floor, for storing
during the refueling operation. The head is guided by 4 guide studs screwedf 4

into stud bolt holes, so that the vessel head is guided in a level manner
while being raised above the control rod drive shafts. The device is designed
to lift the vessel head load of approximately 50 tons.

Plate and Barrel Handling Device

This device is designed to remove the reactor vessel core plates
and barrels remotely. The base plate of this d evice is a weldment having the
shape of a circular ring. Air operated latching pins are mounted on this+

_

ring to engage and lift the internals. Each plate and barrel has 3 lifting
lugs spaced to match the location of the latch pins on the fixture. Four

; lugs cantilevered radially outward from the ring carry guide bushings which
-engage the.4 reactor vessel guide studs. The device is carried by a three
legged sling suspended from the main polar crane. Each leg of the sling has
a turnbuckle arrangement to permit levelling the device in the field. The
air line.to the locking mechanism is carried up one leg of the sling to the
manipulator crane.

. .

,_. _ ._. .-
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/ 219 " AIM AED AUXILIARY STFAM SYSTEMd'.
Main Steam

The main steam system, shown diagrammatically on drav.rg No. 9699-FM-3A,
conducts steam in a lh in., Schedule 80, carbon steel pipe from tach of the
four stcan generators within the vapor container of the primary plant tnrough
a conventional angle type nonreturn valve into a common 2h in., Senedale 60,
carbon steel pipe; thence by two 18 in., Schedule 60, carbon steel pipes to
the throttle valves of the turbine. The design pressure of this system is
1,035 psi gage at $$00F. A stean flow nozzle is in the lh in, line from each
steam generator downstream from the nonreturn valve to measure output of each
unit.

The main steam piping has been designed to have the mininum econom-
ical pressure drop between the outlet of the steam generators and the turbine
throttle, in order to have available at least h50 psi gage stean pressure at
the throttle valves of the turbine for full load (&$,000 kw) operation. It
will operate satisfactorily under maximum turbine capability conditions when
steam generator output will be about 2,h00,000 lb per hr of steam.

Two 2h by 6 safety valves are on each of the four & in. main
steam lines, just ahead (vapor container side) of the main steam nonreturn
valves. The discharge connections of these safety valves are enlarged to
12 in branch lines entering a 2h in. vent line to the secondary stack, fab-
ricated steel 36 in, diam and 110 ft high, for discharge to atmosphere. One

q safety valve in each line is set to open at 935 psi gage and the other at
O 985 psi gage. The total relieving capacity of these eight valves is'

860,000 lb per hr.
With the addition of boron to the main coolant at power, the moder-

ator temperature coefficient is reduced. This raises the inherent steaning
capacity of the system, and more safety valve capacity is required by the ASME
code. Four additional valves will be added during the second refueling, one
to each lh" main steam line. This will raise the total relieving capacity
at the design pressure to 3,2h0,000 lbs/ hour, which is well above the require-
ments of Core III, and is expected to be sufficient for any operating condition
likely to be encountered during the life of the plant.

The safety valves are capable of preventing overpressure in the
steam generator shells by relieving the steam generated by the nuclear core
at steam blowing pressure and temperature in the following cases:

Turbine throttle trip without reactor scram or control rod
insertion

Failure or loss of steam condenser vacuum or turbine steam by-pass
line during hot standby or shutdown of the main coolant system
Trapped drains from above the seat of each nonreturn valve and from

a 12 in, drip pot on the ~18 in. lines just before the turbine throttle valves
' flow to the condenser. One of these drip pots also receives drains from the

2h in, section of the main steam line.
~

' Auxiliary Steam
_,y

( 'L Auxiliary steam piping, shown on the flow diagram drawing
No. %99-FM-3A, comprises two branch lines from the main steam piping: one'

to the air ejector unit priming jets and building heating system and one to
the condenser which provides means for by-passing the turbine through the
steam by-pass line when necessary.

;
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C) normal pressure in the vapor container is exceeded, a trip valve in the branch

line to the building heating system and condenser auxiliaries and the turbine
steam by-pass control valve in the other branch line vill close automatically.

Trapped drains from the steam lines to the priming jet and from the
steam dump line are piped to the condenser.

Extraction Steam

Steam from extraction openings in the turbine casing is piped to the
closed feed-water heaters through lines appearing on drawing No. 9699-FM-7A,
Flow Diagram - Extraction Steam, Feed-water Heater Vent & Drain Lines, in-
cluded under Section 220. The first point (high pressure) heater is supplied
with steam from the high pressure section of the turbine. The second point
(intermediate pressure) heater is supplied with steam from the exhaust of the
high pressure section of the turbine ahead of the moisture separators. The
third point (low prensurc) heater is supplied with steam from the low pres-
sure section of the turbine by piping connections leading from the turbine
casing out through the condenser neck, also by steca flashed from steam gen-
erator blovdcyn.

The first point (high pressure) heater shell is vented through an
crifice to the shell of the second point heater, or, by opening a normally
closed valve in a branch line,the vent connection is opened to the condenser.
Similarly the second point (intermediate precoure) heater is nor= ally vented
to the shell of the third point heater but can also be vented to the con- .

denser. The third point (low pressure) heater is vented to the condenser.

Shell safety valves of all three heaters and the drain cooler dis-
charge to the secondary plant vent stack.

Boiler Blowdown

Each steam generator is provided with a blovdown connection for
shell solids concentration control. The blowdown may be continuous or in-
termittent as operating conditions require. The bottom of the steam gener-
ator shell is also provided with a drain connection which discharges into
the blevdown line.

Each blowdown line includes, in addition to the necessary shutoff
valves, a manually operated needle type flow control valve, HCV-401, for
blevdown flow adjustment. A blevdown slip stream is taken under steam gen-
erator shell pressure from a point ahead of each flow control valve to a
continuous radiation monitoring and sampling ctation.

Normally, blevdown from all four steam generators passes to blow-
down flash tank T;;-6. The flashed vapor is discharged to the turbine third
point extraction line, while the unflashed liquid drain ay gravity or is
pumped under level control to the service cooling water line leaving the
component cooling v-+.er heat exchangers. A seal is maintained in the flash
tank by level contcol valve icv-404 in the drain line at an elevation soo

V that the flash tank vill normally drain properly when subatmospheric pres-
sure prevails in the turbine.
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N The steam generator blovoff piping is arranged so that any or all
steam generators can discharge to either blevdown flash tari TK-6 or to sep-
arate blowdown tank TK-4. Shut down stean generators are normally drained
into TK-4. If steam generators are bleva dct.rn during the starting-up period,
TK-4 is used. If blevdown water entering TK-6 beccces radioac+1vely contan-
incted from a leaking steam generator to an excessive activity level, the
faulty steam generator blevdown is diverted from TK-6 to TK 4, which is con-
nected to the priscry building drain tank.

The steam generator blevdown header preced hg the blowdown tank is
prcvided with an autocatic 3-vay diversion valve, CV 402. On high level in
the bbvdown flash tank or on turbine generator trip out, this valve uto-
=atically diverts the blevdown from the flash tank to the blowdown tank. The
3-vay valve is provided with a canual relatching solenoid valve and an auto-

~ matic reset switch. The solenoid is energized to operate the valve, and when
tripped, the reset switch opens to deenergize the solenoid. The latch is
manually reset in order to return the valve frca the position to discharge
into TK-4 to that to discharge into TK-6. Thus, having diverted the blovdown
flow to the blevdown tank on turbine generator shutdown, the valve remains
in this deenergized position during any lcng period. of shutdown and until
after the turbine generator has been restarted, at which time the valve is
relatched, closing the reset switch and returning the flow to the blovdovn
flash tank.

4
Norm 11y, both the blevdown and blevdown flash tankn discharge

ultimately to the main condenser circulating vater outlet and Sher =an Pond.s

If either becomes excessively radioacts.vely contaminated under unusual
operating conditions, the . liquid is diverted from either tank to the primary
drain collecting sump, from which it can be pumped to the vaste disposal
cystem for processing. However, the capacity of the vaste disposal plant
to process all liquid vastes is limited to approxi=ately 5 gpm.

The normal full load blevdown rate from four stean generators with
150 concentrations is approxi=ately 12,500 lb per hr. The design basis is
25,000 lb per hr for four steam generators, to allov for occasional higher
blowdown rates when it '.s desired to reduce ccceentration.

The blevdown flash tank is provided with a moisture separator in
order to reduce to a mini um the discharge of solids . entrained with moisture
into the turbine. The moisture separator vill produce a mini =um of $6%
purity with a 4,000 lb per hr vapor flow.

f).V
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220 CONDENSATE AND FEED WATER SYSTEM

General

The condensate and feed water system ; tore the condensate produced !
in the surface condenser, turbine moisture separators, shell sides of feed- :

water heaters, and trapped piping drains and conduct this condensate by means |
of condensate pumps, heater drain pumps, and boiler feed punps through the |
channel sides of closed feed-water heaters to the steam generators in the
primary plant.

The condensate and boiler feed piping systems are designed to
handle the flow of condensate from all sources under conditions of maximum
expected throttle flow of 2,000,000 lb per hr (157 mv load). The condensate
pumps are designed to meet the same requirements, and their capacity of4

1,600 gpm and TDH of 460 ft include design margins of approximately 10% in '

capacity and 20% in head' over' that required for the 145 mv rated load of the
plant.

I

This system may be considered in sections as follows:

Condensate system *

Condenser make-up and draw-off
; Condensate pumps and discharge piping *

Heater drains
< ' Heater drain pumps

Feed water system ;

t

Boiler feed pumps and discharge piping I

Boiler feed pump recirculation control
Feed water control system

Condensate System

This system ir shown diagrammatically on drawings Nos. %99-FS4A
and 9699-F57A.

.

. Condenser Make-un and Draw-off - The maximum allowable storage
i capacity of.the condenser hot well is 15,000 gal (approximately 5 min supply). '

With normal operating water levels the storage capacity is about 10,000 gal
(3 min supplyJ. On high water level in the condenser, controller 10-405
actuates draw-off valve LCV-405 to discharge :ondensate from the- condensate
pump discharge to the 30,000 gal . demineralized water tank. On low hot well
level, controller I4-406 actuates make-up valve I27-406 permitting water to
flow into the condenser from the domineralized water tank.

E-

. ,- Condensate Punos and Discharge Picina - Three 1600 gpa, vertical
centrifugal, pit type pumps- take suction by individual 16,in. lines from the
bottom of the condenser hot well.and discharge through.the air ejector, gland

. steam condenser, third point heater drain cooler, third point heater, and
~

second point heater to the suction header of the boiler feed pumps.- Manually .

- operated 3-way by-pass valves are provided in the 12 in. condensate line to
-permit by-passing the gland steam condenser, the third point heater and' drain
' cooler, or the second point heater.

.

4
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p In order to maintain suitable vacuum in the gland leak-off con-
denser and air ejector at light loads, condensate is reci tulated under nor-v

mal contml back to the condenser hot well in amounts up to 800 gpm.

The 250 hp condensate pump motors are controlled by 2,400 y air
circuit breakers having 125 y d-c contml and located in the 2,400 y station
service switchgear. Operation of the circuit breakers is controlled from
the turbine panel of the main control board, turbine section. The switches
may be set in "Close", " Auto", or " Trip" positions with red, green, and
amber lights to indicate running, stopped, and overload trip, respectively.
No local controls are provided at the pumps. When the contml switch is in
the " Auto" position, the pump is on standby and will be started automaticelly
on low pressum in the condensate pump discharge header. This action. As ini-
tiated by pressure evitch PS-404 set to close at approximately 175 psi gage
which will cause a standby pump to start and annunciate that a low discharge
pressure has occurred. Once started, the scandby pump continues to run un-
til the contrul switch is tumed to the " Trip" position or relay action trips
the circuit breaker.

When the control switch is in the "Close" position, the pump starts
irrespective of discharge header pressure and, as in the case of " Auto" opera-
tion, will continue to mn until the control switch is tumed to the " Trip"
position or relay action trips the circuit breaker. Nomally, one or two
pumps run continuously with the third pump on standby (control switch in
. Auto" position) to operate as described in the previous paragraph."

(A,) Heater Drains - The first point closed feed-water heater drains
nomally flow to the shell of the second point heater but on high level in
the heator shell flow to the condenser. The nomal condensate level in the
first point heater is maintained by level control LC-401 actuating valve
LOV-401- at the drain inlet to the second point heater to ensure that the
integral drain cooler is full of water at all operating conditions. On high
level in the first point heater, level controller IC-401A actuates valve
LCV-401A at the condenser pemitting first point heater drains to flow di-
rectly to the condenser. A gage glass and high and low water level alarms

| are provided.

| The second point heater drains flow by gravity to the turbine
I separator drain receiver. On the second point heater shell am a gage glass

and high levol alam.

There are also discharged to the drain receiver approximately
170,000 lb per hr of 'draino from the moisture separators in the main steam *

crossover pipes between the high pressure and low pressure cylinders of the
turbine. Since the drain aceiver shell is vented to the separators, gravity
flow of drains from the second point heater will be influenced by the slight
excess pressum of the separators above the pressure of the second point
heater. . Drain pipes from tk separators and the second point heater are de--
signed oversize to operate partially full of water.

_

Drains from the drain receiver are 'nomally pumped by heater drain,
.

puaps to the boiler feed pump suction' header. Nomal water level is main--( 'f''

tained by controller LC-402 actuating: valve LCV-402.in the drain pump dis-
charge-line. - On high vater level, controller LC-402A actuates control

. _ _ .
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p valve IEV-402A permitting the drains to by-pass the pu=ps and flow directly
V to the condenser. Float switches for pump starting and high and low level

alarms and gage glass are on the drain receiver.

On the sump of each moisture separator is a level switch HLS-414
and ELS-415, respectively, to trip the turbine and sound alarm en high water
level in the separator.

Drains from the third point beater normally flow through a sepa-
rate horizontal drain cooler to the condenser through control valve IEV-403
which is actuated by controller I4-403. On high water level in the third
point heater, controller IE-403A actuates valve ICV-403A per=itting drains
from the third point heater to by-pass the drain cooler and flow directly
to the condenser.

The heatcr drain piping is also designed to handle the flow of
condensate at the 2,000,000 lb per hr throttle flow condition. Normal level

- control valves in the system are also designed for this rating. This in-
cludes valves IEV-401, 402, and 403. The high level control valves which
control emergency flow to the condenser and the emergency lines also are
sized for normel flow plus the flow from one ruptured tube in the heater in
question. Included in this category are IIV-401A, 402A, and 403A.

Heater tube sides are provided with a relief valve to protect
against a closed-off water side with shell side heat leakage. Heater shell
sides are provided with relief valves having capacity to relieve the flow
from one ruptured tube (one open end, .9 orifice factor) with the differen-
tial pressure taken as the tube side shell side design pressure.

Heater Drain Pumns - Two full-size, %1 gpm, vertical turbine,
pit type pumps take suction from the turbine separator moisture receiver
mentioned in the previous section and discharge through a common header to
the boiler feed suction header.

The total dynamic head of each heater drain pump is designed to be
sufficient to discharge the drains when all three condensate pumps operate

- simultaneously.

The heater drain pump motors are controlled by 440 y air circuit
breakers having 125 v d-c control and located in the 440 v station senice
switchgear. The breakers are controlled by 3-position switches marked
"Close-Auto-Trip", locally mounted at the pumps. Red indicating lights are
illuminated when the pumps are running. In the event of overload causing
motor tripout, an annunciator alarm is initiated and an amber light is 11-
luminated. Green lights indicate pumps not running.

Placing its switch in the "Close" position atarts a pump.-

~

Placing its switch in the " Auto" position ' starts a heater drain
pump when' heater drain pump discharge header pressure is below approximately
150 psi gage (PS-408) or when there is high level (HIS-402) in the turbine

p- separator drain receiver. At normal high loads in the plant, one heater
J drain pump is required in service and the control switch for this pump will

normally be in the "Close" position. . The switch for the standby heater -
~ drain pump will.normally be in the " Auto" position.

. , . _ .
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With the preceding switch settings, in the event of a drop in
heater drain pump discharge header pressure to a pressure approximatelyv
35 psi below normal discharge pressure, the standby heater drain pump will
start automatically. With the preceding switch settings, in the event of a
high level in the turbine separator drain receiver, approximately 71/2 in.
above normal average level in the drain receiver, the standby heater drain
pump will start automatically. In such cassa, the standby heater drain
pump will continue to run until shut down manually.

With falling level in the turbine separator drain receiver, low
level switch LLS-402 will trip any running heater drain pumps out of service
(at a level approximately 6 in. below normal average level) and the pump
operating with its switch set at the "Close" position will be locked out of
service and can only be restarted by momentary operation of the control
switch to either the " Trip" or " Auto" positions. The heater drain pump
operating with its switch in the " Auto" position will not be locked out of
service and will be restarted automatically when the level in the turbine
separator drain receiver is restored above the lov level lockout by the low
pressure switch in the pump discharge header.

Turning the control switch of the pump locked out of service from
the:"Close" position to the " Auto" position will release the lockout, but
the pump will not start unless the level in the turbine separator drain re-
ceiver is at or above the high level or pressure in the discharge header is
below normal. - Tripout.of a heater drain pump due to overload will lock the

n pump out of service until the control switch is momentarily turned to the

1() - " Trip" position.

Each pump has a recirculation line from the pump discharge to the
condenser to maintain a minimum flow of 80 gpm when normal flow is insuffi-
cient to prevent the pu=p from overheating. A manual control vals e and
breakdown orifice.are in each recirculation line. It is expected that the
recirculation line will always be open. If adjusted to recirculate 80 gpm-
. near pump shutoff, the recirculation line will handle about 53 gpr at the.
pump design point.

Feed Water System

This system is shown diagrammatically on drawing No. 9699-FW4A,
. Flow Diagram - Condensate and Feed. Water Lines, mentioned earlier in this
section.

Boiler Feed Pumos and Discharge Piping - Three ' ,160 gpm horizontal
, centrifugal pumps take suction through individual 10 in. : iaes from a 14 in.

header and discharge similarly to. a 14 in. main through t! e first point heater
to the st_eam generators. A manually operated 3-way by-pats valve is provided
to-pennit by-passing the first point heater. After passing through the first
point heater, the 14 in. main branches into four 8 in. lines, one to'each
. steam generator. -In each branch is a motor operated gate valve,- flowmeter,
and -feed. water regulating valve. The gate valves are operated. from the con-

. trol room and 'are provided with 1 in. manually operated by-passes to be used
.

'n, during startup of the' steam' generators to maintain water level.~

M '

-
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The 700 hp boiler feed pump motors with a service factor of 125% are
controlled by 2,h00 y air circuit breakers having 125 v d-c control and located
in the 2,h00 v station sei *ce switchgear. Operation of the circuit breakers is.

controlled from the boiler feed panel of the main control board, turbine section,
by 3-position switches with "Close", " Auto", or " Trip" positions and with red,
green, and amber lights to indicate running, stopped, and overload trip, respect-
ively. No local controls are provided at the pumps for the main pump drives.

Normally, one or two pumps will run continuously (control switch
in "Close" position) with the third pump as a standby (switch in " Auto"
position) at power levels of 150 We and below. At power levels above 150 we
conditions may require operation of the third pump in order to meet required
steam flows while maintaining proper water levels. When a control switch is
in the " Auto" position, the pump will be started automatically on low pressure
in the pump discharge header due to increase in demand or failure of a running
pump (action initiated by pre'ssure switch PS405 set at approximately 500 psi
gage), provided there is sufficient pressure in the suction header to ensure
that the feed water will not flash in the pump suction, as determined by pres-
sure switch PS415, set at approximately 95 pai gage. In the event of low
suction header pre:mure, all boiler feed pumps are shut down (action initiated
by PS-h15) and prevented from restarting until pressure is restored. In the
event of reactor scram above 35 We, all boilar feed pumps are shutdown.

Any pump started either manually whe.n the switch is in "Close" position
,q or automatically when the switch is in " Auto" position will continue to run until
V the control switch is turned to the " Trip" position or shut down automatically

due to low suction pressure or overload relay action. If shutdown should occur
due to loss of suction header pressure, pumps with switches in the " Auto"
position wou) . resume operation automatically when pressure is restored. If
the pump control switch were in the "Close" position when shut down due to low
suction header pressure, the switch m2st be turned to either " Auto" or " Trip"
positions momentarily to reset the controlling relay. For overload or under-
voltage shutdown, the control switch must be turned momentarily to the " Trip"
position to reset the lockout relay.

Each pump has a shaft-driven lubricating oil pump and a motor-driven
auxiliary lubricating oil pump.- The auxiliary pump provides lubrication for
startup and starts automatically on falling pressure at 5 psi gage and stops at
13 psi gage rising pressure. Starting of the main pump is not interlocked with
the lubrication system. Although it is not necessary that the auxiliary lubri-
cating system be operated prior to starting the main pump, except after long
shutdown periods, the locally mounted push button for the auxiliary oil pump
should be lef t in the "On" position, except when the pump is taken out of service.
1Aen the pump is returned to service, the push button should be returned to
"On" and the auxiliary oil. system should be checked.

The boiler feed pumps are designed to handle the total feed water
required at 2,000,000 lb per hr throttle flow. Their capacity of 2,160 gpmi

and 1,280 TDH include design margins of approximately 9% in capacity and 20% in
- head over the lh5 av rated load requirements.

( Due .to the steam generator characteristic of rising pressure with
S.- decreasing load, the boiler feed pumps have been designed with a higher shut-

off head thu would be required in conventional steam plants. The normal
' expected no-load pressure in the steam generator is 785 psi gage

;

- _ _ - -- . ,



.- -

, ,

220:6
12/7/6h

(future core Tcyg-518F), with the possibility of an additional 250 psi gage if
the main steam pressure attains the steam generator shell design pressure of
1,035 psi gage following a loss of load condition. The boiler feed pumps have
been designed to meet this latter condition with a shutoff head of 2,110 ft.
which includes $0 psi drop across feed water control valves.

Boiler Feed Pump Recirculation Control - The boiler feed pump recir-
culation control system is shown on drawing No.B-5030h93 and maintains a minimum
flow of 33,750 lb per hr through each pump by measuring the pump suction flow
and positioning an air-operated regulating valve in the recirculation line from
each pump discharge.

The proportional band adjustment of the pneumatic relay adjusts the
differential gap required by the system to prevent cycling, and the system
provides open-closed control of each valve.

Feed Water Control System - The 3-element feed water control system

provided for each of the four steam generators is shown on drawing No.E-5030h3h
and maintains water level by positioning the air-operated regulating valve in
the feed line to each generator.

The water flow to each generator is controlled primarily from steam
flow-water flow ratio with readjustment from water level in the generator.

A remote manual-automatic selector valve with remote set point

adjustment of the generator water level is provided on the turbine section of the-

main control board for each feed water regulating valve. The set point adjust-
ment is accomplished indirectly by adjustment of the steam flow-water flow ratio'

relay. Since pressure in the steam generators and steam lines varies from 75$ psi
gage at zero load to h50 psi at rated load, water level and steam flow measure-
ments are pressure compensated.

Each steam generator has both a wide and narrow range level transmitter.
The wide range units transmit both to level indicators adjacent to the regulating
valves to aid the operators when manual valve operation is desired and to in -
dicators on the front of the turbine section of the main control board. The
narrow range level transmitters function as part of the control system and trans-
mit both to indicators adjacent to the regulating valve and to strip chart
recorders on the front of the turbine section of the main control board. The
narrow range level signal also initiates a turbine throttle valve trip in the
event of a coincident low water level in each of the four steam generators. On the
rear of the main control board is an instrument for each steam generator to
record and integrate steam flow and water flow and also one h-pen instrument to
record total steam flow, total feed water flow, steam header pressure,. and _

feed water pressure.

Pressure switches in the air loading lines from the wide range level
transmitters annunciate high and low steam generator water level.

In the event of reactor scram above 15 M4 electric, a circuit is pro-

vided to trip each of the three boiler feed pumps and establish recirculation
flow of condensate from the air ejector to the main condenser. This is accomp-
lished by the turbine first stage pressu:e switch closing at pressures equivalent
to 15 M4 electric or higher and a tripout of either of the scram breakers. Such
action causes appropriate relaying to function thereby tripping the pumps and
opening the recirculation valve.



FEED PUMP # 1 FEt
FL O W TR A NS M 17'TE R FLOW

CC.13 6 3 A MOD. A ( F IC 4 01') CC13 5 2

6~'l g -
mn.

S-- 5 FIC
($p . +oi,-

j'

ly(

1 C.O MP U TI N G REL AY

@@ sf
f*i

(
f/ 'c Cl A j'

R-SR-S-
sk D d'r [

'
,

~ .4

0 '

-

o

'
r .-

@- Q
(Ww w

A
~~

. ,,,,

1/4 FEED PUMP KECnRtuLATIMG Ifz FEED
C O N T R OL V ALVE Col

YW FS- lB

F EFD PUMP MINIMUM Flow REcm
FOR

t. EG E N D- I M ST RO M E h!T t.O C AT IO N

-YA NKEE / ATOMIC. E.Lec7Ric. C.o d
h LOCALLY MOUMTED - - - - ~ = = -~ ~ = = ' = ' = -

6 TONE h WEBSTER- ENGR 1
O0 LO C AT E D ON Boi LER. FEE O = = = =-

C.; PUMP QAGE R ACK Jos # 1/63 B
@ LOCALLY MouMTED ON VA LV E

7 . _ . . .

i
o



.D P U M P " 2. FEED P U M P "* 3
'T R A N S M i 7 T E T*,, FLOW T R AN s miTTEw.

, a M oD. A ( F IC 402) cct3S3A mod. A ( F IC-403)

& I $ h'
[FIC 9--- 5 FIC2

, SFr 'f\4o1m 4o3,

b-

z< <

n
C O MPUTis c, RE L A'r c. O MP uT L N C, REL rw

_ , ,
y

_ _

I @ E1
-

r

es n ~ h r ~ ces s' ,

RS
:s o. ~3 - - !S o

M M
n O <

.
.

NOTE:,,

y,

| TOR S Y NBo L IDENT.
! SE E. T)WE. No. C6030 454'; ;

h- b ,~ !

Y S1 4os
,

2e-

f u N'' KEC19.cu t./NTi v. Ih" 5 E ED PUMP REclRCULA~ TING '
bT h0L vnLVE CONTROL VALNE.
@ W rS-IB Y W FS- IB

,

b

tutNTion C_oKTROL
- - - - :--=:--:r.-.---;=----..... - . -.

hPANY --
~

~~

BAILEY METER C O,-

CLEVELAND, OHIO* -
g ., g, gg g,g g

?.9 C p,f Fio h u dt.'@ ,@ oATE 4 - 2 4 - S6 ~DWNTS.M/

u a wwas4/=' g r""
*"WD k"" *!B3030493-D r

stEV OATE CHANGE AWD A

.



-

.
4

)

.
d

~~

$HAN4 GNRATOR SQ 4 b@ Y GO.EIATOR M ,$
,

-
-

wc a&*. %_ * =*s eagws. m a _eS.* we e -a ve N* *** 5 '* g 're* * * k.M '' sin
4*E 2* ' - - -t' '' '

Ma"C** -e, as T*>'%q "**-s'--Meg g.g M Ar,mg.
_ _a rL** * **4it- ' '' r e

* '
=v4 et.,y ng ,3,,- gu ;e-en rf;te see,

' *t s" Mi LTL M- we .'909.kh MDF.2 2'.'.=.n .Ut : 3.L". t * * ~,T **a L* W ^ * "a* ""v*'<'='k.* .-~1.~.~.^.^^*
*

_1r as gmea s 2ws+ - M ea ; aw yrs gga e

- .. f
.-4 ,;r 3,,

- I.W' ni' ~1 mr ? *b

%J<. f,
P

r s , s
2 ,, ._

s[ I-
,

L .-_ , -.a
_ . C . _ _ . m. . . . ,I

,

{ 9 ; y,
- - - - - ' ~ ' '

.

g .

_....,.,t p ';t,

; M r h ,D 'W'M**M f ^> G f.
Tk ^* ,4 Eo 30 ED ? : ib --

i - 3J
.

,
~-t C,2. *.*,* M-~I "*'''M_ of_fC glr-_ar;p -% -' 2-21.-J'C3 i 1 Y-twe'M iil4 4'' 'a[' f.,- - =r...g h Q e =g. .

' M 'g k M'*'MSR ,, *tmh &w MP As 'n

2w m . _, -

r'NNGi-2 . .-Iy

,

*e q . '
-+ a

tQ g t

~y ++a SI's) i
._.,), Esfa ar. -Y ~ ,*

i 4

'"M'*"1 } |'-4 I'I ik. mum q try~ e
'.a # 3

I , ,-

g tenw a st 2 H L Me LtJL2_i.ss as U~
(- O 9, . * ?.- L g r =

f- "
,.d5 .

.i s.m.%.-_ms,
e.

-~ 's n* *di 4) I t a L*- ? me aT e e *
-'

i l 1 ' - Ga_ o'
^-_'s ca . 9u 9 a A ge'rs .9

as a vs
gq

f.' e6As L b e * * * *
~

~4
- 'T5' hm f*7 3 ,'iT *

4

|aa
*V m '. _ , w .

g t a (,
k' pte ._ , .

'

-h..fY_ fkm' - N he, J.

r. .71' ._

- ., . o,
{ <**3.'| ? **~l ii TO O t

~~

: ; Wau_-m- 1 |LJN 6 =;__ _ . g;
-- c'

t, ! - w =.(* s= = %
ief *- & %d.*.M | -*"2 g;

g

I NN Ys's.c
^ %g1< h

* ezJ7 ,
1

* ~ * M*a a s
{ ~s >u b@ b*$ )),

k
''

t
__

i i
, r

I

J :

}I le/

| - |

.b l; a 3' o
.&. n19* * * * * *

'e, s t, :> m aan vess--ex p - a .< , r , . a .y
..t to sam '} s:.

. I
,- -

5.'.?n=ul."

I

b r* I

,
'

.

,,

f ',tala a * _'1 . , G)%g***-1

-

g. ,
-

.f,' er. .e, e
g.

. . . . .

M OC
t

I
o e 1c
L -- w, i-l ' n ,s-

i eM a.- w 93 w
,; r# :1 s

M b -4- ,

0
. 2.*u.M. % ,- _

W
. .

...

y .aa ' .ryg 3rtm"a* ir itte====~=~===*=
= . = . m

e n nj
S u8* 4 '.Ei.aE $688 [' Dr 3E,= $.. 7 Q*

a

-
9 * .u89* se W W
6 954 m WS

W 85 4. 43

WC. - s "., ~.:n E:!-rnr rf.
.

une a we de en e s

[ (,*' M M[ k (
_-m WW

gh M % 4 *WF M
om ~ ~$
' " ' ' * ' * * * *

.* A N k[E / nPC El f~ ~ ~ * * * * *

- .
ene e am.

,
.M '

I I

..

h

1

1

. ___



I

T

I
.

I
&

OTE AM faChERA*OM MO 2
- _ .

-
- - ,

- _ _ . . _ . _ _gg .g g gg g ,_ . . _ . . . _ _ . _ _ . . . _ _ . _ _
-

e- c= b f.m"'-- .w. mu -
f * f a, - *--

-

*
.f -, go ,4s sn w ar*** ~~~>-: **c-ww- se W"'_* m c ,r * '** 2 m, 'a***s.*8 .'M j ,jp=n . *c = ?wo''w-|h ' ' . f ''.'',-4 4[ s^ ^ *"*''E* 1 *"'1 f * ad .. 'f f * a a

n ;_q a g'ng_*1{ I'': p* * 'l* ''4W49 e#6 8.Jr. dS d ..
e t" ^ ' * * * . * *1f "Sh 9 M, _ *'*'redias snes * 1.** y % e. '.*" D'' 'l* % 9 '*yQ[

_ {. > $ ._ . s
.

_ "y*_.4
4., e. a 2 ,._.e_-,-

.y
_ 7/ j.

, --- e ,_ p }
..@

,-
~ >a { A.,

, _ ,,w .. 4 ..' , '

O'' j.h ! tm
_ s if*.

th % f ).,J|

'kc~ ne w t i
- !, - f _:- . -|

,). .i m
,

. t t i .

..d = '" = =*i''*% -

'
*

f, ,
. . . i v. ,/ , i

1 - n. ~, :
% }

O,,,e +m
.O~. w u.c w3- :~ .r, ,e-~+4.. 3

.

% a o e- .~. ~. , -ya rn *.r--w:a.w -

ars. 2 y -Qw eu ;.

k**
-

. *w.

qbv
m. n; hkh Y M M*._i 1 |pg d

11 nu'. e6 } a(_R - +=
e* 4* ' **

g,'s.3 j
'

,
_, , _ . 1 i P r L*8q.A _q_ .-

i i

,
,

; ; 4. . . . . , , . .

j.. i -e-__ ;. , ,
fas...

i t
'

| 'A . .
j f7

| | cW_y_. i :
t i m .; aw ,

.na.a. |'' ?",W 9. I
*~ **

.-r iso w .

C/'W * %8*
'

2'* ruu dnie { ag e s a a e . + . .h "**1

|n-
r , v* J ]q

_ t

# "s*~'*,'*l !'""$**
,

, s n. :g n- s | t ~

.*
s . ,~,s.,,,, -

~ar b:- 1 y'
-_s.

.-s.u =*n.swe ' '<y a, .a- - ;. > y. g ,o .
s

* u p u -ru+-- _..

I
*

(< k*.
s ~ac=or ,

-
y

r,_ ._, * d''~ 3 - * * M --4 - th,, g * ~' g*~ 'l -IU
_. m_ -- - t.., i -

m .- __
, .. _

<

2:L p"
.

h , y

4 , I y.,
*_ -

N(t- o -
- m.;_.- i (;

?. -

i
2a .c m m 4 em;e..

i

._'e%-
'

F ,s , j. a r- , *t t.,ji( =,~ r . :,
. 3

| 5'$ *
h

*O ~'

; _ . _ , ',.']
-

*s,
,__ ._

: , e, gra- + . - - 6_->., , ; __ - g----
A 1.~p

-- ~- ,
' i

- ' ' ; y ;* T1 'i:
^ ==-
\ (- : -+

-, e,*) r- |
^ m-n e <- .' w=t-Q wwe .!

--
Fu_ a .; , ,. ym;;,1, i f. + ,m -52 : .a. ,, 7-, , - u . . ,

h h .y * ~e et3 er. an,2 .v. = .tu.

s
,. m "k

t t t'
r 9

,

| 9

*
,

OE I j *
~~

,

7*.
>r' , t. era e e! e.:

: ,1 % a~w-~ -~ wm y q,w:sa. * * - = - =

{pssg .p-*
4

G.G.

i@ t, ::
i

1.W ^
,

h.
= a :. n.

:i * j' .

c[.l;w e
. :. e

I
' ,$i c ww?
- .- m

5,t .s. _ o .e a o. q-

- .. - p , ~. .
llc ~. g -- ;1,

--tz.*. w s 4 _ . san ,

~ ./
_

W % T' MWNL--W w .

-,-,.

AWd'.TJ.b 2*R =* eg .gg
m da s'' . Agg.gg

i eit et f.s %w rice.aekw

*} y 4 y2 [%fQQ_ Y E -- EYM W-

if f_rae_ *_-<. - + rs%_ f-artt

1

LS rq .W 4 75 q -pow **,, wem 8 ore

T,: - cres~eres h. w m oeca
f7,W # Q WD,3 /V V

- % -ien v e, rg
" ' ' ' * * * - ,$ -&as-rar=ce.,, ,

19 es_sa
'

--1-
- - - - 8 %L i. f M * T(R GQ 9* - ,

.%. g ',
Z-. j o e.a.r.=e w - .=**~***We

~

,_Q .Tf_..:, f
J

. w'w*'mG-
* gf gyn
.h< L . ~. w -.W., EE.504,* * i]

_ 4



i

221:1
9/15/59

'

221 CIRCULATING V ATER SYSTD1

General

The' circulating water system providea cooling water for the main
condenser of the secondary plant. This system is illustrated on drawings
Nos. 9699-FM-10A and %99-FM-38F, attached. The intake provides a common
inlet for Sherman Pond water to the circulating water, service water, and
fire pumps. Varm service water from the various cooling systems is re-
turned to the circulating water discharge piping in the turbine room base-
ment for return to the pond.

In addition to numerous grades of structures included in this
description, the following elevations are included for general reference
in connection with this system:

?.k

General ground at plant 1,022
Circulating water pump inlet 982

. M4 nt == operating level. in pond 988
Iov normal in pond 992

' Average in pond 998
High normal in pond 1,002
High nomal in pond (future) 1,008
Extreme high in pond 1,009

.Sherman Dam 1,014

h- Extreme high in pond (future) 1-018,

- Sherman Dam (future) 1,025
Top of condenser water box 1,035.5

These elevations are based on New England Power Company datum which
is 105.66 ft above mean sea level (U.S.G.S. datum).

cIntake and Pumo House

The circulating water intake is located approximately 180 ft out
from the shore of Sherman Pond with invert El. 925'.~ Entering through a
vortex-eliminating. intake, water is drawn through 120 in, corrugated steel

' pipe to the entrance of the concrete screen well (invert El. 976r-8*). The
screen well has a divided inlet channel, in each side cf which is one travel -

~ing water screen and one circulating-vater pump.

-Pumn' House Structure ;

The screen: vell and' pump house substructures are constructed'of
,

reinforced. concrete. The pump house is a steel-framed building with con-
cretc~ block walls. | Hatches are provided in the roof to facilitate instal-

,

lation and removal of equipment,-including the circulating, water pumps.,

The circulating water pumps, service water-pumps, fire pump and. its pres- -
sure maintenance system are.all installed on:a ficor.at El. 1,0008
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p A platform at El. 1,007'-0" permits access to the circulating water
C pump coupling and gland packing. The motor control center for all, except

circulating water and fire pumps, is located on a balcony at El.1,019'-0".
This balcony also provides access to the traveling screen operatirg nechanism
which is installed out-of-doors at the same elevation.

Ground grade of the land side of the pump house is at El. 1,0148-0".

Traveline Water Screens

The two traveling water screens are arranged for continuous opera-
tion and continuous flushing under local manual control. The screen wash
nozzles are supplied with water from the service water pump discharge header,
through a basket strciner, to a shutoff valve on each screen wash header.
Operation of the driving motors is controlled by a pressure switch in each
screen wash header, downstream from the shutoff valve. To operate the screens,
the shutoff valves are manually opened, permitting water to pass to the screen
wash nozzles. When the pressure in each header reaches the preset value
(approximately 50 pai gage), the screen driving motorr of both screens will
start automatically.

Push button stations at the screen driving motors permit manual
operation for maintenance as well as instantaneous stopping. Normal procedure
for stopping each screen is to close its shutoff valve, thereby reducing pres-
sure in the wash line below the setting of the pressure switch and causing
automatic stopping of the rotor.

V Screen driving motors are prwided with thermal overload protection
and the screens are protected from overload by break-pin sprocket driving hubs.

,

Each screen has a capacity of 89,000 gpm of water eith the pond sur-
'i face at El. 9928 and a submergence of 14 ft-7 in. Stop log slots are provided

before each traveling screen, and a set of logs provided for each.

Circulating Wa_ter Pumps;

Directly beyond the traveling screens in each circulating water
inlet is a vertical, motor driven, mixed flow, circulating water pump. These
puups are expected to operate continuously, except during maintenance periods.
When two pumps are operating in parallel, their capacity is 69,100 gpm each
at 28.5 ft TDH. During periods of low load operation, one pump will deliver
85,000 gpm with a 19 ft TDH.

The 250 hp circulating vater pump motors are fed b; 3,400 v air
circuit breakers having 125 v d-c control arxi located in the 2,400 y station
service switchgear. Operation of the circuit breakers is manually controlled
from the turbine panel of the main control board, turbine section. The con-
trol switches have "Close" and " Trip" positiona with red, green, and amber
indicating lights to denote pump running, stopped, or overload trip, respec-
tively.

-

5

n Each pump is supplied with bearing lubricating water from the
( ,I service water system through an all metal edge-filtration type filter.
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/] A concrete wall separates the circulating water pump inlets from
C the service and fire pump suction well at the rear of the pump house. A

3 ft by 5 ft sluice gate, manually operated from the pump house floor
(El.1,000'-0") and normally open, permits water to flow from each circu-
lating water pump inlet chamber to the service water pump suction well. To
unwater a screen and circulating pump for maintenance, stop logs are inserted
ahead of the screen in question and the sluice gate in that half of the
screen well closed.

Pining System

The circulatir4, water pumps discharge through rubber expansion
joints and motor operated butterfly valves to a common 84 in. concrete pipe
which conducts the circulating water to the turbine room basement. These
motor operated valves on the pump discharge lines are arranged to close
automatically when pump power supply is shut off. Since this is a base
load plant, the pumps are driven by constant speed motors.

The common pump discharge pipe divides in the turbine room base-
ment and the flow continues through 60 in. steel pipes encased in concrete
below floor level to flanged connections (above floor El. 1,0228-8*) beneath
the inlet water boxes of the condenser. Final connection to the condenser
is made through rubber expansion joints and manually operated butterfly
valves.

Divided water box construction permits one pump .:d one side of('j the condenser only to operate for brief periods.during cor.enser cleaning
operations. It is planned to clean the tubes by rubber pL:gging and brushing.
A chlorination system is not installed for treatment of the water for bacte-
rial slime. A condenser backwash arrangement is not provided.

Discharge Seal Pit

Circulating water from the outlet water boxes passes through butter-
. fly valves and rubber expansion joints into 60 in. steel piping beneath the
condenser flocr level, then through a common 84 in. concrete underground pipe
to a concrete seal pit into which it is discharged over a weir whose 6 rest is
at 1,002 ft-0 in, but is designed for. adjustment to higher levels by addition
of stop logs. These can be installed and removed with the aid of a mobile
crane which can be brought to the inshore side of the pit. From the seal pit,
circulating water is returned to the pond.

The circulating water system has been designed to take the coldest
water available in Sherman Pond, circulate through the condenser and return
the water-to the pond near the Sherman hydroelectric plant intake, to ensure'

that warmed discharge water passes at once downstream.

Future Cooling Tower

Early in the' evelopment of the project, it became apparent thatd
during a prolonged dry period and under certain possible conditions of. hydro-

(] electric power operation of.the Deerfield River system, circulation of
Sherman Pond water through the condenser could produce higher temperatures

,
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downstream than could be tolcrated. then and if this condition develops,O installation of a cooling tower will augmert the cooling effect of Sherman
Pond and the Deerfield River and provide the means of maincaining the pond
outlet temperature at a satisfactory level. A final selection of cooling
tower size and flow has not been made.

For future cooling tower operation three 48 in. steel connections
have been provided in the circulating water discharge piping, just before
the seal pit, for suction connections on futuri cooling tower pumps.

There is also a 90 in. steel vertical connection in the top of the
circulating water inlet channel to receive the future cooling tower returns.
All these connections are closed by blank steel plates until such time as a
cooling tower may be found necessary.

In addition, a 36 in, diam underground steel pipe connectc the seal
pit with the screen well inlet to permit recirculation of a portion of the
circulating water during future cooling tower operation. Flow through this
pipe is controlled by a sluice gate in the seal pit.

Circulatina Water Vacuum Primina System

The vacuum priming or air collecting system removes air from the
top of the condenser inlet and discharge water boxes. The circulating water
pumps have a sufficiently high discharge head near pump shutoff to fill the
piping with water, so that the priming system is not required to prime the

O complete system initially.
G.

The vacuum priming or air collecting tank is connected to the top
of the condenser water boxes and to the condenser circulating water discharge
piping and is-located with its horizontal center line about 51/2 in, above
the top of-the water boxes. The inlet water box can be vented to atmosphere
and is normally isolated from the priming tank; therefore, water level in
the cank is normally indicative of the water level in the discharge water box.
Two motor driven, water sealed, rotary type vacuum pumps with air jets take
suction from the tank and discharge through silencers to atmosphere. Each
pump with air jet has a capacity of 100 cfm at 2 in. Hg abs and, with the air
jet by-passed, has a capacity of 150 cfm at 4 in. Hg abs. The solenoid valve
actuated, diaphragm operated check valve in the suction to each pump and the
solenoid valve in the sealing water supply to each pump are electrically inter-
locked with the motor starting circuit to open when the pump is running and to
close when the pump is stopped.

The 15.hp pump motors are controlled by magnetic starte s in 440 y
motor control' center No. 2. Operation of the starters is controlled by
locally mounted, 3-position switches with "Close", " Auto", and " Trip" posi-
tions. Normally, one switch will be in the " Auto" position and this pump
will be' automatically started and stopped.by level switch LC-407 on the

' priming tank to maintain water level above the height of the condenser tubes.
The other pump control switch will normally also be in'the " Auto" position

H7 and this pump will be automatically started and stopped by a second set of-

W p/ contacts' on IE-407, if the normally operating pump does not maintain a mini-
(._ mum water level in the-tank. Gage glasses on each side of the condenser dis-

charge water box assist in adjusting the set points of level switch IC-407
and are used intermittently to check water box water level.

- _ . - - _ _ - - - - -
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The absolute pressure at the top of the condenser discharge water
box will vary from about 2 in. to 6 in. Hg abs, depending upon water tempera-

v ture, height of the discharge weir, barometric pressure, number of circulating
water pumps in operation, and the water level of Sherman Pond. With the use
of the wet type vacuum tank, the pumps automatically maitain whatever pressure
is required to hold the syphon in the circulating water system. It is possible
that the pumps will be able to operate with the jets by-passed much of the time
when the minimum pressure required is abcve 4 in. Hg abs.

fha

,

f

L)
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' q' 222 WATER SUPPLY SYSTFRS
: U .

Service Water

|The service water system provides Sherman Pond water for cooling
systems throughout the plant, supply for the water treating plant, and for

'

washing the tra'reling water screens.

The service water system is illustrated by drawing No. 9699-m-27A.
. _ Three 2,500 gpm vertical deep well type pumps obtain suction from a common

intake vell in the Circulating Water Pump Housc. The pumps discharge to a
common 12 in header which is continued as a service water supply loop, two
' 12 in. lines running parallel, to the southern corner of the turbine room
basement, and supplying branch lines to the following systems in the amounts
shown for service water temperatures of 85 F (design)* and 60 F (normal):

Flov. Gum
85 F 60 F

Secondary Plant

Traveling water screen washing 500 500
Water treating plant 100 100
Turbine oil cooling 410 410+
Generator hydrogen cooling 270 270+

. ~ Main transformer cooling 400** 400**
Miscellaneous secondary services, including,

4 air compressor cooling, boiler feed pump
cooling, heater drain pump cooling, circu-
lating water vacuum priming pump sealing,
sample coolers in turbine area and hose-
connections lQ0_ 1QQ,

| Total, Secondary Plant 1,780- 1,780

i

' *The design condition of 85 F. may be required in the future
if and when a cooling tower becomes necessary (Section 221,
CIRCUIATING WATER SYSTEM). Due to manufacturers' standard-
procedure of _ specifying cooling water requirements, some
of the tabulated flows'are based on other temperatures.

** Maximum-temperature 77 F.
' Minimum flow to obtain turbulence.+
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Two 12 in. extensions running in parallel and each controlled
d -by a shutoff valve at the branch from the 12 in. loop carry service vat.er

to the Primary Auxiliary Building to su oly.

Flov. Gw.
85 F 60 F

Primary Plant

Component cooling - normal operation 2,500++ 1,200++
Vapor container coolers 300 300
Sample coolers in primary plant 180 160
Miscellaneous primary plant services, including
charging pump cooling, low pressure surge tank
pump cooling, shutdown cooling pump cooling,
vaste _ disposal building and hose connections 60 60

. Total, Primary Plant 3,0% 1,7%

Grand Total, Secondary and Primary Plants 4,820 3, 5 20

++The component cooling flow requirements listed in this tabula-
tion are exceeded during certain times of primary plant
operation.

p) During primary plant startup when tha maximum bleed flow rate.( from the main coolant system is 100 gpm, a service water flow
of 2,500' gpm with 60 F cooling water is required through the
operating component cooling heat exchanger. A flow rate of
2,500 gpm of 60 F cooling water is also required following a
plant shutdown when the shutdown cooler is put in operation.
-This same flov is required at any time when the main coolant
system vater chemistry requires. operating the purification
system at its maximum capacity of 100 gpm. There is adequate
capacity in the service water pumps to meet these special
operating conditions.

During future cooling tower operation with 85 F. cooling water,
it may.be necessary to operate in parallel combinations of
standby heat exchsngers and pumping equipment _ during startup,
' shutdown, and maxime purification operation of the primary
plant.

.

The; service water system has been designed to provide sufficient.
cooling water _ for all equipment listed under all foreseeable operating

~ conditions.

Bas 5d on two pump' operations at 5,000 epa combined rating, the
~

-tabulated cooling water requirements result' in 42% over capacity initially
and 4% 'over capacity with cooling tower operation..

f.)t *g

._. . - _ . . _
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n Normally, two pumps will be in operation with one pump on stand-

() by. If the pressure in the discharge header falls belov a preset value,
the standby pump will start and simultaneously an alarm vill be giver at
the control board. The pressure switch, PS 409, initiating this star.dby
operation, is located in the turbine room ana is set at apprc:imately
50 psi gage.

Controls for the service water pumps are located on the nuclear
auxiliary panel of the main control board, turbine section, The switches
may be set in "Close", " Auto", or " Trip" positions with provision for
" Pull-out" in the trip position.

Potable Water

Potable water is supplied from a 4 ell locate south of the power
plant by a sub:lersible type pump having a naminal cap.scity of 810 gal per
hr at a head of 88 ft at the discharge nozzle. Underground distribution
of potable water is through copper and cast icon pipe. A 10,000 gal tank,
locate 1 on the hillside vest of the power plant, provides storage for use
durin6 peak periods and serves to maintain a relatively constant pressure
on the potable water system. The tank is inshlated and is provided with
an electric heater to prevent freezing in cold weather.

The potable water system serves water closets, lavatories, wash
fountains, shovers, sinks, and drinking water ecclers throughout the plant
and is dccigned for a daily station population of approximately 75 persons,,,

{) with some reselv. capacity.

Treated Water

The water treatment plant provides demineralized water for pri-
mary and secondary plant make-up and equipment for conditioning primary
plant main coolant and secondary plant boiler feed.

The + .eated water system is shown on drawings Nos. 9699-FM-3hA
and 9699-FM-37A. The system consists of equipment for clarifying, filter-
ing, and demineralizing Sherman Pond water and for mixing and pumping water
conditioning chemicals to the primary and secondary plants. Ion exchange
rer'n regeneration ar.d filter bacWash equipment and demineralized water
storage tankage is also provided.

The ' demineralized water system, including ion exchange resin
regeneration, is designed to operate automatically with manual initiation.
Filter backwashing and chemical addition to the primary and secondary
plants are under manual control.

The water treatment plant is sized to provide 40 gpm of demin-
eralized water on a continuous basis and 80 gpm maximum, based on the
average chemical analyses of Sherman Pond water obtained over a one year
period. The 30,000 gal demint alized water storage tank is s* zed to
handle all anticipated transient demands of the secondary plant.
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(] Chemical addition equipment is provided to flocculate Sherman
U Pond feed water in order to reduce color and suspended matter, thereby

enhancing ion exchange resin life. The design basis for chemical addj-
tion is as follows:

Chemten1 Donace, ppm

Clay, as required 40
Filter alum 20 k0
Caustic soda 6-12
Sodium hypochlorite, as required 1
Dov Separan 2610 0.6

The clarifier is sized to provide 2.15 hr detention time at the
maximum flow rue of 80 gpm, with an overflow rate not to exceed 0 75 gpm
per sq ft at tne plane of separation between solids and clarified water.
Automatic clarifier desludging is provided.

Because of the fine nature of the floc formed, two gravity
filters with anthracite beds are provided, each designed for a capacity of
40 gpm with a filtration rate of 2.0 gpm per sq ft. Filter backwashing is
controlled manually from a locally counted control panel.

Two mixed bed ion exchange units are provided, constructed in
accordance with the ASME Code for Unfired Pressure Vessels and for 100 psi
design. Each unit is designed for an average capacity of 40 gpm at 7 5 gpm,,

( ) per sq ft. Cutoff et the end of a service run is taken as 2.0 micromhos
per centimeter cube, with chlorides in the demineralized water not to ex-
ceed 0.2 ppm. Each ion exchange unit is loaded with 13 cu ft of cationic
exchange resin, Amberlite IR-122, with a total exchange capacity of 121 kg
as CACO , and 18 cu ft of anionic exchange resin, Amberlite IRA-40C,. vith3
a total exchange capacity of 147 kg as CACO . The ion exchange resin re-3
generating equipment is initiated manually but automatically controlled
from a local control panel.

Chemical addition equipment is provided to add hydrazine and/or
lithium hydroxide to the charging pump suction of the primary plant main
coolant system to reduce main coolant oxygen content during plant startup
to less than 0.1 ppm and/or adjust main coolant pH to 9 5-10 5 if it
becomes desirable. The same equipment can be used to add hydrazine and/or
morpholine to the condensate pump discharge in the secondary plant to
remove residual oxygen-in the condensate as discharged from the deaerating
condenser hot vell and/or adjust pH to (9-10). Additional equipment is
available to add miscellaneous chemien1s to either the boiler feed or con-
densate pump discharge to further adjust secondary plant water chemistry.
All chemical addition ir under manual control and may be either on a batch
or continuous feed basis.

,

\ _,/
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The secondary plant vents and drains are shown on the following
drawings:

9699-%3A, Flow Diagram - Pain & Auxiliary Steam Lines and Steam
Generator BloWown, included with Section 219

9699-%7A, Flow Diagram - Extraction Steam, Feed 'Ater Heater
Vent & Drain Lines, included with Section 220

9699-%10A, Flow Diagram - Circulating Water, Screen %:sh & Air
Offtake Lines, included with Section 221

9699-%36A, Flow Diagram - Inbricating 011 System, included with <

Section 225
,

9699-%47A, Flow Diagram - Gland Steam Leak-off Lines Vents to
Stacks, included with Section 223.

Vents

General - The vents laon the main steam, condensate and feed water
systems are independent of vents for other systems or services.

All miscellaneous atmospheric vents are extended above the height
of the turbine roof parapet.

Safety Valve Discharges - The steam generator safety valves located
on the main steam lines outside the vapor container discharge to the seconaary
stack, a 36 in. diam,110 ft high, self-supporting, fabricated steel stack
located adjacent to the swth wall of the Tu-bine Ihilding ard braced from the
equator of tho vapor container.

The feed-water heater and drain cooler shell side safety valves dis-
charge to the secondary stack.

The safety valves _ on the turbine glard steam supply header discharge
to the 10 in. condenser priming ejector discharge which runs up along the south
side of the "G" line wall to about El.110' above the roof parapet and here-
after referred to as the secondary plant vent.

The heating boiler safety valves also discharge to atmosphere
through this secondary plant vent.

Feed-Water Heater Shell Vents - The shells of the first and second
point closed feed-water neators are normally vented to the next lower pressure
heater to dispose of noncondensable gases, and the third point heater is vented
to the condenser. The first and second point heaters may also be vented directly
to the condencer under manual control, if required. Orifices in the vent lines
from each heater limit the flow through the lines. The heater shell vents ares

.

) also mentioned under Section 219.

-.
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Condenser Air Removal and Miscellaneous Steam Vapor Vents - The

2-stage, twin element condenser air ejector unit discharges to the suction of ;

the vapor container purge fan or pri:ary auxiliary building exhaust fan and f
''thence to the primary vent stack., The condenser priming jet and auxiliary<

jet ejectors diccharge to atmosphere through the 10 in. secondary plant vent.'

t

The two gland steam condenser exhausters also discharge to the i'

cecondary plant vent. |
|

| Miscellaneous Oil, Hydrogen and Carbon Dioxide Vents - The turbine
lubricating oil tank and vapor extractor are vented to atmosphere through a*

i 3 in. line, which runs up along the south side of the "G" line vall,

i
i The turbine generator loop seal tank and vapor extractor are vented ;

.

to atmosphere through a 4 in. line, which runs up along the inside of the
west vall of the turbine room and through the roof.

On the west vall of the turbine room are two additional vent pipes.

A11/2in.lineventsthegeneratorsealoilunittoatmosphereandhydrogen
; or carbon dioxide is purged from the 160,000 kva generator to atmosphere
i through a 2 in. vent.
J
'

Drains
,

! General - Secondary plant piping an'. feed-vater heaters are, in
most cases, drained to the condenser. However, drains from vent pipes!

! v/ handling oil vapors from the oil centrifuge and oil transfer pump go to the
waste oil sump, and drains from steam and air vapor vents, together with1

miscellaneous equipment drains, go to floor drainage system.

Closed Feed-Water Heaters - The closed feed-vater heater shell
I drains are described under Section 220.

i' Piping Drains - In the main steam lines, the above seat drains of
the four 14 in. nonreturn valves, the drains from the 12 in. drip pots on
each 18 in.'line at the turbine throttle, the above seat throttle valve
drains, the above seat drains of the two upper turbine control valves, and
the turbine inlet piping drains are trapped to the condenser.

1

! Drains from the auxiliary steam lines to the condenser air ejector
unit.and from the turbine steam by-pass line are trapped to the condenser, as
well as-the drains from the extraction steam lines.

:

'Circulating Water Pu=p Gland Discharge - The discharge or leakage
from the circulating pump glands drains by gravity to a sump in the pump

. house floor which is emptied by an 8 gpm sump pump discharging into the
suction well vent pipe. With the pump gland packing correctly adjusted, the
leakage from the gland should be negligible.1.

Steam Generator Blowdown - The steam generator blowdown system is
' described under Section 219

O:

.
-

6

'
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23 CNe nS N D ATP SY & c

O The station service and control air systc=s a e shown on drawing
No. 9699-Fu-26A.

Control M r Svnen

Two 120 scf=, 600 rps control air co pressors with Y-belt drive
and 25 hp notors provide air at 100 pai gece to the instru=ent ard centrol
air systcca. Because of the isolated nature of this single turbine generator

- unit . station, each ec=presacr has sufficient capacity to = cot the station re-
quire =ents. The vertical, single stage, double acting, reciprocatira, vater-
ccoled ec= pressors are of the ncnlubricated carton ring type ard are installed
with aftercoolers, air receivers, and in' ake filters. Each cc:presscr =otor

- is controlled by a magnetic starter supplied from a different source of power
to increase reliability. The starter for one compressor is 1ccated in motor
centrol center No. 2 sad the starter for the other in =otor control center
Fo. 1. A local control svitch with "Off-Hand-Auto" positions actuates the
starter for ench cc= presser. In " Hand" position, the cc= pressor runs contin-
uously with the co= presser valves Iceding and unlording autenatically to
r.aintain receiver pressure. In " Auto" position, the ec= pressor motor is
started and stepped auto =atically to naintain receiver pressure. If, with
this type of control, the en-off cycle is repeated core than six to seven
times per hour, the control switch should be switched to "Eand". Diaphrsg=
centrol valves regulate cooling water flow to the afterecolers and com-
pressors. The valve for each ec= presser is opened and closed frcs an air
signal in' ccepressor loading line as the co= pressor is leaded ard unloaded.

-

The discharge from each control air receiver supplies one header
of a double header piping systes which runs thrcughout the station. The
two headers 'are cross-cennected at the receivers in the turbine area and in
the Prinary Auxiliary Building. Air fres each header is supplied through re-'

ducing valves, as required, to each instru=ent or control air supply manifold .
in the turbine area and Pri=a:y Auxiliary Building.

Before passing into the distribution syste=, air fres each receiver
i goes through a filter unit and dual tower dehydratirg unit. The 100 scf=
' filter units have moisture traps and disposable filter cartridges. Vith inlet
. air temperature of 70-90 F, each 100 scfm dual tover dehydrator reduces the
. dev point of the air to minus 50 F. -The silica gel desiccant is dried elec-
trically under full automatic control. Regeneration is on er adjustable time
basis and =ay be required about every 6 hr.

The centrol air header low pressure alar = is set at 65 psi gage.

~ Service Air Systen

- one 514 sefn service air ec= pressor with V-belt drive and 100-hp
motor provides se2vice air to the station at 100 psi gage. The vertical,g
single. stage, double acting, reciprocating, water-cooled cc= presser is of thegf -lubricated type and is -installed with intake filter, aftercooler, ard air re-r

E -

- . ceiver.- The 100 hp, 440 v motor is controlled by an air circuit breaker with
I :125 y d-c' control in the 440.v switchgear. Operation of the circuit breaker

4
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is controlled from a locally mounted 3-position evitch. The type of auto-

" ' ' * " * " ' " ' ' ' ' ' * * " " " " * " " " ' " " * * " ' ' " ' ' ' ' " " ' * * * " ' ' ' ' ' * " ' " '
C,')' air compresscrs. A diaphrag= control valve regulates cooling water flow to

the aftercooler and compressor. The valve is opened and closed from an air
signal in the ccepresser leading line as the conpressor is loaded and unloaded.

The discharge fron the service air receiver supplies a single header
piping system which runs throughout the station. This system is interconnected
with and serves as standby for the control air syste= vhen control air pressure
decreases to 60 psi gege.

(
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225 LUBRICATING OIL SYSTEM

The lubricating oil system is shown on drawing 9699-FM-36A and
provides the means for conditioning the turbine oil and for filling and
dra'.ning the 4,500 gal turbine lubricating oil +ank.

The 450 gal per hr lubricating oil centrifuge OC-1, located on
the basement floor adjacent to the turbine oil tank, continuously claci-
fies a portion of the turbine lubricating oil and is sized to condition
the contents of the turbine oil tank in about 10 hwrs. The centrifuge has
inlet and discharge pumps which, together with the centrifuge itself,
are driven by a common 2 hp, 44C v motor controlled by a magnetic starter
with push button mounted on the unit. An 18 kw thermostatically controlled
heater with an adjustable set point automatically maintains a miniram
temperature of oil to the centrifuge at about 120-130 F.

The lubricating oil room at El.1022'-8" is of fireproof con-
struction with automatic water spray fire protection and houses the
6,700 gal oil storage tank transfer pump and vaste oil sump pump. The
positive displacement type transfer pump has a capacity of 50 spm with a
total dynamic head of 25 psi gage.

The 5 hp, 410 y pump motor is controlled by a magnetic starter
in motor control center No. 2 and has a locally mounted push button
station. The pump is arranged to transfer oil in either direction be-

g- tween the oil loading point north of the oil room and the storage tank or

Q the turbine oil tank. The pump can also transfer oil in either direction
between the storage tank and turbine oil tank.

The 300 gal vaste oil sump in the oil room receives drains from
the oil storage tank, centrifuge and miscellaneous oil vent line drains.
The 10 gpm sq pump discharges into barrels outside the north vall of the
oil room. The 1/2 hp, 440-v sump pump motor is controlled by a magnetic
starter located in motor contrcl center No. 2 and actuated by a float
switch or local selector switch.

(_,/ -
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226 ELECTRICAL SYSTEM '

Generala

The electrical system includes the equipment necessary to generate
electric power and deliver it to the 115 kv transmission system and also the
facilities for providing the power necessary to drive auxiliary equipment
v1 thin the plant itself. It has been designed to ensure that sufficient cool-
ant flow is maintained to keep the thermal rise in the core within safe limits
when electrical disturbances cause a partial loss of the electrical system.
In order to provide complete safety to the reactor during a total loss of the
electrical system for a prolonged period, an engine driven power source is
provided to maintain service to vital equipment.

One line diagrams indicating the main electrical connection for the
plant are shown on drawings Nos. 9699-FE-1B,10,1D,10, and 9699-RE-lF.

Generation and Transmission

The generator, a conventionally cooled unit, is rated 160 mva,
.95 pf, 30 psi H , 3 phase, 60 cycles,18 kv and operates at 1,800 rpm. The2
main exci+er, rated 400 kv, 375 v is direct connected to tha unit and the
excitation is controlled automatically through the use of static type voltage
regulating equipment or manually.

The generator line terminals are connected to the outdoor 18 kv
aluminum channel bus by 5,500 amp, 23 kv, isolated phase type, copper con-

f_] ductor in cylindrical aluminum enclosures. The neutral bus is connected to
''- a ground fault neutralizer which limits the ground current through the unit

to a low value and minimizes damage t the unit during a ground fault.

No.1 transformer is forced oi. mter cooled unit and is rated
155 mva,115/18 kv, 3 phase, 60 cycles. 1 connected by overhead aluminum
line to the 115 kv switchyard. The latter ins two 800 amp, 3-pole oil
circuit breakers of 1,500 wa interrupting cap. ' which provide the connec-
tion to the two transmission lines. A complemen,s 115 kv, 1,200 amp, gang
operated, disconnecting switches are furnished for n ' ally isolating various
pieces of equipment and the lines during maintenance op 'tions.

These two 115 kv 31nes, owned by New England Pouw smpanv connect
the plant output into the New England interconnection in the tol. towing manner.
Line Z-126 rv,as in a northerly direction and connects to the 115 kv bus at the
Harriman Station of New England Power Company. Line Y-177 runs in an easterly
direction and connects to the 115 kv bus at Cabot Station of Western
Massachusetts Electric Company. Normal operation is with bos1 of these lines
in service'and, in this way, they furnish a firm station power supply with
maximum Isliability. The major portion of the transmission network for New
England is shown on page 226:2.
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Station Service

Station service power is supplied through three forced air-cooled
transformer units. Two are of equal rating, 5.0/6.25 mvr, ll5/2.h kv, 3 phase,
60 cycles and are connected one each to the 115 kv line,; while the third
5.0/625 mva,18/2.h kv, 3 phase, 60 cycles is connected to the outdoor section
of the generator bus. Each of these units normally supplies one section of
the 2,h00 and h80 v bus, the latter through a 750 kva, 2,h00/h80 v, 3 phase,
60 cycles self-cooled transformer.

The 2,h00 v indoor metalclad switchgear is equipped with 150 mva
interrupting capacity air circuit breakers s.nd consists of three sections of
bus, normally operated independently, with the two bus tie breakers open.
Care has been taken in assignment of . loads, so that the main station auxili-
aries are divided between the three sections with the main coolant pumps
located one each on bus sections No. 2 and No. 3 and .two on bus section No.l.
The latter bus is fed from the generator. This arrangement for the main coolant
pumps was made so that, in the event of turbine trip, at least 50% of normal
main coolant flow will be maintained for 30 to 60 see from the inertia of the
generator directly without switching or from bus sections No.2 or No.3 by manual
transfer.

The safety injection system pump motors are connected to bus sections
Nos. 2 and 3. Therefore, loss of the turbine generator due.to mechanical or

D. (V -
electrical faults or reactor scram does not affect the electrical supply to
these units.

The h80 v indoor metalclad switchgear consists of three sections
'of bus, normally operated independently, with the two bus tie breakers open.
Again the loading-arrangement for each bus provides maximum reliability of
operation of the plant by assur_ing to alternate pieces of equipment separate
sources of raoply from different bus sections. However, for single items of
equipment which are vital to the normal and safe operation of the plant, a
firm h80 v, 3 phase source is supplied by providing automatic throwner facili-
ties between two h80 y feeders connected to different bus sections. The equip-
ment which is supplied by this source is the valve operators for the safety
injection systems, the control rod selection and programming controls, No. 1
main teensformer. oil pump motors and essential 120 y a-c instrumentation, ex-
clusive of those supplied from the 120 v a-c vital bus. .This supply also
serves as an emergency source for the 120 v a-c vital bus, but must be switched
into service manually.

For nuclear, pressurizer, main coolant and various primary process
instrumentation which is vital for control and supervision during all phases

'of plant operation, a separate 120 v, single bus, employs a synchronous inverter
set which consists of a 10 hp,125 v, shunt wound direct current motor directly
connected to a 5 kw, -120 v, single phase, . 60 cycles generator. The inverter is

~

designed to operate continuously from the 125 y station battery and is supplied
with voltage regulating equipment which controls the excitation of the generator

f3- and motor, so as to limit the alternating current voltage and frequency varia-
':( tions to plus or.minus 3 and 1%, respectively.

u_ _

-
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Two 125 v, 60 cell, lead acid batteries are furnished for the
p direct current require:erts in the station. Battery No. I has an 8 hr
v rated capacity of 547 aspere hours, and supplies the breaker control cir-,

cuits, the protective relay trip coils, the vital bus inverter, equip =ent
_ control lights, and the station mergency lighting. Eattery No. 2 has an'

8 hr rated capacity of 704 a= pere hours and supplies the turbine energency
auxiliary pu=ps and the reactor control rod drive mechanis::s. Each batten
is supplied with a motor-generator set which =aintains it autc=atically at
the proper charge level. Each set consists of a 30 hp, 4/.0 v, 3 phase,
60 cycles, induction motor directly connected to a 20 kv, 90/140 v, shunt
wound diverter pole direct current generator. Nor= ally, the two direct
current busses are isolated frc= each other, but a =anually cperated bus
tie switch is provided in order to allow for =aintanance of the battery or
charging equipment and to facilitate operation of the direct current syste
during loss of any portion of the source equipment.

An engine driven alternating current generator rated 75 kv, 480 v,
3 phase, 60 cycles is provided as an emergency power source in the event a
co=plete loss of station power occurs. This unit is sized to provide power
to operate the pressurizer heaters, a charging pt=p for the priman ard see-
ordary syste=s, and essential 120 y a-c instru=entation and controls excit>- t

sive of those supplied frc= the 120 v a-c vital bus a i to =aintain a station
'

i battery for essential nuclear instru entation.

Control and Protection
,

.

.
Centralized control for the reactor and priwy plant auxiliaries,

''
' the . turbine and secordary plant auxiliaries, the generator, the station

; power supply, and the transmissica line switching is provided on the main
centrol board. Au necessary supervison instrt=entation is included at the

,

sa:e' control board. This allows operating personnel to have cc plete control
of the plant and infor=ation concerning its perfor=ance at all ti=es.

^

The' electrical- system is provided with conventional relay protective
equipment. It is designed so that when any pertion of the electrical syste=
experiences trouble of more than a transient nature, the ite= causing this
vills be innediately detected by this equipment and vill.be quickly isolated

; by auto =atic relay and circuit breaker action from the rest of the systes.
~

Annunciation is provided in conjunction with all relay cperations to infer
. operating personnel of the nature or the trouble and allow thec to undertake
. corrective measures.-

. ._
The generater is provided with differential, grcund, overcurrent

ard Icss of field relaying which vill remove the unit frc= ' service, thereby
preventing or: limiting the da= age incurred by the unit. The 115 kv bus,
transfor:er No.1, .and generator are included in a unit differential relay

. syste= vhich protects primarily the bus' ard transformer. The station service
transforcer No.1.'is provided with differential and overcurrent relaying
which vill rencve this unit and the generatorf frc= se::vice. Operation of any

'

of these protective devices for the generator, transformers or bus vill scram
the reacter, when turbine losd is 15 =v or above, 'discennect .the generater frem
the two 115 kv lines ~and deenergize the 2,/.00 v bus No.~1 and the 480 v tus

% No. 4-1. The two main coolant pu=ps on bus No.1 vill therely beccee inopera-
. b' tive unless manually reenergized by transfer to either bus No. 2 or No. 3.

: However, main coolant flow is maintained by tvopumps on busses No. 2 and No. 3.
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The 115 kv lines are provided with relaying which supervises the
total length of each line. In the event of a line fault, the relaying
clears the line from the plant, thereby deenergizing the associated 2,h00
and h80 v bus sections. Similarly, station service transformers No. 2
and No. 3 are provided with differential and overcurrent relaying which,4

when initiated, causes the same condition to occur. Reactor output is
still maintained, but at a reduced level, since one min coolant purp will
be inoperative unless manually reenergized by transfer to bus No.1
according to Section 213, REACTOR CONTROL SYSTEL

The supply to each 2,h00 v bus section is provided wit,n overcurrent
relaying which, when initiated, will deenergize only the bus section affected.
A fault of long duration on bus No. 2 or No. 3 will cause the reactor power
level to be reduced; but in the case of bus No.1, since two main coolant
pumps will be deenergized causing a low flow condition, the reactor will be
scrammed. This, in turn, will shut down the turbine generator; but main
coolant flow will be maintained by the two pumps on bus No. 2 and No. 3
Further, each of the 2,h00 y feeders supplying the main coolant pump motors
is provided with overcurrent and thermal overload protection. The former
automatically deenergizes the unit in trouble causing a reduction in
reactor power level, while the latter alerts the operator that manual
corrective action must be undertaken. Also, each bus section is provided

n -with undervoltage relaying which sheds all nonvital load on the bus when
-U it is deenergized. This is essentially a precautionary measure to limit

the amount of load to be energized on a bus transfer. Vital components
of load are the main coolant pump motors, the component cooling water -

pump motors, and the safety injection pump motors. Service water pumps,
although of a vital nature, are deenergized by undervoltage relay action.s

However, since three units are employed, one on each bus, with automatic4

'
starting facilities, it is assured that at least one unit will be in

~

operation at al1 times when required.>

In addition, the 2,h00 volt feeders supplying the main coolant pumps
are provided with separate undervoltage protection having an appreciably
longer time delay ( 10 sec vs 3 see at zero voltage) than the undervoltage
protection for other feeders on the three 2,h00 v bus sections. The
longer time delay is necessary to insure that the pumps will not be ' tripped '
during an automatic bus section transfer operation described below. Under-
voltage tripping is provided on the main coolant pump circuits to automatically

: prevent restarting a pump _ by reenergizing a bus section after an interruption
in_ power supply of some duration. Once open, a pump breaker cannot be closed

, ~ and the pump started without first completing an interlock circuit by closing
: the cold leg 'stop valve and opening the $" by-pass valve in the affected -

loop. - This arrangement effectively prevents returning to service a loopd-

L which may have cooled- down during an interruption in' power supply to the
main _ coolant pump.-

The supply to each h80 v bus section is provided with overcurrent
-h' relaying which, when. initiated, _will deenergize the bus section affected.-

V A slight reduction in~ plant output may result depending on the auxiliaries
affected.~

C

-
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Thus, for any single particular fault on the electrical system, the
protective system is designed to ensure naximum safety in the operation of [

the reactor. In addition, although simultaneous occurrence of two electrical
faults is very infrequent, the electrical protective system was extended
to include the control action necessary to restrict the thermal transient
in the core due to the loss of greater than 50% main coolant flow. The
combinations of simultaneous conditions which have been compensated for by
stuck-breaker relaying are a 115 kv line fault combined with an inoperative
associated line breaker or a 115 kv or 18 kv bus or equipment fault
combined with an inoperative 115 kv line breaker. In either case, three

' main coolant pump motors are deenergized which would result in less than ,

the 50% main coolant flow according to Section h03, MECHANICAL ACCIDFl4TS -
IDSS OF. C00IANT FIN. Therefore, within 30 cycles from initiation of the
stuck-breaker relaying, the faulted equipment and line or bus is isolated,
the turbine generator is shut down, the reactor is scrammed, and the two
main coolant pump motors on bus No.1 are automatically transferrad to
the ~ one -2,h00 v' bus which is energized,thereby limiting the thermal
transient in' the core. Other improbable conditions such as an improper
operating procedure resulting in clearing the generator from the 115 kv lines,
.a simultaneous fault on each 115 kv line, or the station being separated
from the transmission system would not cause an immediate cessation of
main coolant flow, since in all these cases at least two pumps would be
operating from the generator inertia for 30 to 60 sec. It is also

' conceivable, ~ but highly improbable, that a severe weather condition could
- strike 'the 115 kv switchyard and cause a complete loss of the station ,

power supply for a long period.' If any of the last three cases occur and
"

[ power cannot be restored from the 115 kv lines within 3 hrs, the emergency
engine driven generator will be utilized to provide . power for sufficient
charging water to the primary phnt; for boiler feed water to the secondary

,

plart, and_ for essential 120 v a-c instrumentation and controls, exclusive
of those supplie'd from the 120 v a-c vital bus and to maintain a station

*

battery in'a fully charged condition.

. One other area,- in the electrical ~ system,' of possible concern to
safety of the reactor is the effect that faults on the transmission system

L might have on the voltage' level of the bus to which the main coolant pump
- . motors are connected and the subsequent effect on the main coolant flow.-

~

,

| A fault study, dated April,1959, has been prepared by New England Power
Service Company, indicating .the. voltage values which would exist for- various
. conditions. It is evident from these data' that in all casec 50% of normal
main ' coolant flow will be maintained while the transient condition exists.

.
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'dith the use of bcron at power specified for Core III, the power

i supplies to three key valves associated with ths che:tical shutdevn system
I will be relocated to the autothrewover facilities between bus sections
I No. 2 and No. 3. Also the pereer supply to No. 2 charging pu=p will be
{ transferred to bus section No.1. These changes will improve the reliability

of the boron injection system.'
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227 FIATING SYSTDM

O - e1

Space heating is provided by several systems using steam and hot
water as the heating medium. Steam is used also for heating of domestic
hot water, outdoor storage tanks, boric acid mixing tank and for decontam-
ination hose streams. These systems are shown diagram =atically on drawings
Nos. 9699-FB.-7A and %99-FB-7B.

Steam Heating System

The steam heating system originates with a valved connection to
the steam piping of the secondary plant and includes a pressure reducing
valve which, during normal reactor plant operation, delivers steam at
100 psi gage to a heating steam distribution header. During periods when
no steam is available from the main steam generators, two light oil-fired
auxiliary steam generators supply the 100 psi gage heating steam header.

Steam at 100 psi gage is reduced to 15 psi gage through two re-
ducing stations in the heating boiler rocm, one serving the domestic hot
water heater and one serving the plant heating systems. A 100 psi gage
main also serves two reducing stations in the Primary Auxiliary Building,
one of which reduces the pressure to 30 psi gage for tank farm and space
heating service in the Waste Disposal Plant and for process heating require-
ments in the Primary Auxiliary Building. The second reducing station in the
Primary Auxiliary Building provides steam at 15 psi gage for ventilation air
and space heating for this structure and the Spent Fuel Pit Enclosure as well

k as for the vapor container heating and purge systems. A small reducing sta-
tion prcnrides steam at 30 psi gage for steam hoses used for cleaning and
provisions are made to furnish 100 psi gage steam for a future laundry drying
tumbler.

Steam at 15 psi gage serves the unit heaters and unit ventilators
in the turbine generator portion of the plant including those in the Service
and Office buildings as well as two hot water heating system heat exchangers,
one for the Service Building and one for the Office Building.

Condensate from heating steam in the tank farm, Waste Disposal
Plant, Primary Auxiliary Building, Spent Fuel Pit Enclosure, and from the
vapor container heating and purge systems is collected in the receiver of a
twin pu=p condensate return unit located in the Primary Auxiliary Building.
Condensate from the hot water heating system heat exchanger and unit venti-
lator serving the Office Building is collected in a single pump condensate
return unit located at the condenser floor level adjoining the Office
Building. The discharg9 these pur:ps as well as all condensate which.a

drains by gravity fror .nent in the Turbine Generator Building and
Service Building' areas llected in one of two receivers located in the
heating boiler room. During nuclear steam generator operation, condensate
is pumped from one of these receivers to the demineralized water storage
tank. When .the auxiliary steam generators are operative, condensate is
pmped from the second receiver to these generators by auxiliary boiler feed

p nunps. Pycvisions are made to permit the use of the auxiliary boiler feed
V e ' cps to return condensate to the demineralized water storage tank in the

~

event of pump failure.
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Hot *4atar Heatirc Systemg

Two net water heating systems are provided to serve finnal pipe
radiation along exterior walls in normally occupied areas. One system
serves various spaces in the Service Building and the other system serves
the Office Building. Each system consista of a steam to water heat exchanger,
expansion tank, circulator, finned pipe radiators and enclosures, reversed
return piping system, valves and accessories. The design of the system is
based on 180 F supply water temperature and 160 F return water tenperature.
The supply water te=perature is controlled automatically by an outdoor tem-
perature compensated contro ler which actuates the steam valve serving the
steam to water heat exchanger.
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228 VENTILATION ~?STD'.3
,m,(,) General

The ventilatien syster f r the Turbine Generator, Service aM Cffice
Buildings are sho. : cc dravigs Nos. C609-F3-3A, 33 nM 3I. In these areas
the ventilatien systens previde heat rencval, space heating, cdcr er ftre cen-
trol and hood exhaust as required in the particular locatien.

In the Prinary Auxiliary and Waste Dispesal Euildings, the ventila-
tion syste=s previde space heating in ecid venther, heat rencval in the se
ser, aM dilutics 2f possible hydregen lea'me in certain equip ent ec=part-
=ents during operation and raintenance periods. 7entilation systens for heat
removal are provided also for the nechanical equipnent rects and the Fuel
Transf1.r ?it Ecuse.

Turbire sM Cenderser Rocc s

The air rate required to naintsin the design te=perature in these
spaces is provided by natu al neans, usig vi:dev ani deer cpenings at the
-lover level for supply and centinuens ventilaters en the turbine ree ocf
fc exnaust. Air fiev is occasicned by the stack effect resulting frc the
difference in elevatien between supply aM exhaust cpenings aM the heat
added to the air. The average stack height is apprrr'mtely 50 ft ad +1e
design difference betveen eupply aM n% st air te=perature is 20 F.

The design ventilation air rate for the turbine and ccndenser

h roons is 1.5 cf: per kv of turbine generater rating, a value which is tessi
# cn equipment heat release aM the design air te=perature rise.

Air reliered to the turbine and ecMenser roc =s frc the p=p ,
switchgear aM control roc =s is also mhusted threngh the ventilatcrs en
the turbine roc = roof.

Appr+mtely 60% cf the air enteriq the turbine aM cc: denser
races by natural means enters belev the cperatig flocr level and the tal-
a.nce thrcugh wirdows abcve the c-ers, ting flecr level.r

Openings in the operatig ficer for stairs, equip ent rencval,
ad around heaters nM piping relieve air frc: the ccadenser rec to the
turbine room.

Lub-icatira Oil Steere Rece

The exhaust syste: for the lubricating cil stcrage rec: ec sists
of a centrifugal fan unit locatrai ateve the cil stcrrge rocc ceiling with
suction duct verk exhausting frc high aM lov leve',s in the oil rec and
a discharge duct exhausting to cutdecrs. Air to cra-: into +1e oil rc<r

' frc: the cc denser roc: thrcugh a screened cpening. Fire dampers are pro-
vided for ventilatien openigs.
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Purn and Svitebrear Roots
7
V Air for the pu=p and switchgear rooms is supplied by a co en system

consisting of two centrifugal fans, with supply duct work and recirculation
provisions. Fans are located in a fan room, which functions as a plenu=,
drawing air from outdoors through louvers. Provisions are made to recirculate
all or a porticn of the ventilation air in order to per=it adjustment of sup-
ply air temperatures without resorting to steam heating.

Provisions are made to operate one or both fans, and dampers are
previded in the duct work at each fan to prevent recirculation through the
idle fan.

Control Room Area-

Air for the office and control, chart and toilet rooms is supplied
through a unit ventilator which is fitted with outside air louverc, filters
and mixing box. Connecting duct work distributes the air to the various
spaces where final distribution is made through ceiling diffusers. Prevision
is made for recirculation of air from the control room and office to ninimize
steam censumption during the vinter.

Air is exhausted from the toilet, chart and record rooms, usirg
take-up air from the vestibule which is supplied by the unit ventilater
through duct work.

The space above the suspended control room ceiling is ventilated
( ,) in order to decrease the heat gain to the space below the ceiling. This
,

'' permits the use of a lesser air quantity in the occupied space and minimizes'

drafts.

Service Buildira

Two supply systems are provided for the Service Building. One
system consisting of a unit ventilator supplies ventilation air and heat
for the plant laboratory, corridors, conference and special stores rooms.

The other system consistinE of an air conditioning unit supplies
conditioned air to the radiochemical laboratory and counting room to main-
tain a temperature and hu=idity controlled atmosphere in these areas where
delicate instruments are in constant use.

Several exhaust systems are provided. One serves the clean toilet,
shower and locker rooms, conference roc = and janitor's closets, another
serves the potentially contaminated toilet room, shcNer room and locker room.

Each of the laboratory fune hoods is provided dth an exhaust fan.
The fume _ hood in the radiochemical laboratory incluies a pre and after fil-
ter assembly to re=ove 99 plus per cent of particles which might be radio-
active.

The deconta=ination cubicle is exhausted by a separate system which
,ew includes pre and after filters to remove possible radioactive particles prior
( / to discharge to attosphere.
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Roof exhaust fans are prtnided for summer heat removal for the
(] machine shop and water treating plant. Outdoor air for ventilation of the
V machine shop is drawn through open windows and doors and for the water treat-

ment plant through louvered openings in the exterior wall.

Summer ventilation for plant stores, service office and contaminated
instrument room is by natural means through open vindows.

The unit ventilator and air conditioning equipment for the supply
air are located in mechanical equipment room No.1 above the Service Building
roof. This room also houses the decontamination cubicle exhaust fan as well
as water heating equipment, hot water heating system heat exchanger, expansion
tank and circulators. The mechanical equipment room is exhausted in the sum-
mer by a thermostatically controlled roof exhaust fan, interlocked with a
motor operated damper associated with a louvered air intake in the exterior
wall.

Office Building

With the exception of the toilet and locker rooms and the janitor's
closet, ventilation of spaces in the Office Building is by natural means
through windows.

A unit ventilator serves the toilet and locker rooms. Air is ex-
hausted from these spaces by e system connected to a fan located above the
rcof.

Primary Auxiliary Buildin2

In the radioactivity clean portion of the Primary Auxiliary Building
a roof type exhaust fan provides summer ventilation with supply air entering
through open vindows and doors.

Ventilation, heat removal, heating and dilution of possible hydrogen*

leakage in certain equipment compartments during operation and maintenance
periods for the potentially contaminated portion of the Primary Auxiliary
Building we provided by a supply system and an exhaust system. Filtered out-
door air, heated when required, is furnished by a supply unit ventilator lo-
cated in mechanical equipment room No. 3 and is distributed by ducts to the
potentially contaminated area. Lir is exhausted from each of the shielded
compartments through ducts connected to an exhaust fan located in the mech-
anical equipment room which discharges to the primary vent stsek. Provisions
are made to permit the use of the vapor container purge fan for Primary Auxil-
iary Building exhaust in the event the Primary Auxiliary Building exhaast fan
becomes inoperative.

The mechanical equipment room is ventilated by the systems serving
the potentially contaminated areas of the building.

Waste Dianosal Buildine

Roof type exhaust fans for summer heat removal and dilution of pos-
r sible hydrogen leakage during operation and maintenance periods are provided!]f
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fcr the vaste gas ccepresser rocs, vaste disposal gas stripper conpar* ent,
A a:xi the area occupied t7 the incinerater. l'ake-up air is heated in the vin-U ter by unit heaters.

Fuel Transfer Pit Ecuse

Ventilation for the Fuel Transfer Pit Ecuse is provided by a reef
type e.Ataust fan, with cutdoor air entering the structure through a da ;ered
ind louvered wall opening.
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229 FIRE PROTIETION SYSTEM

General

Fire protection is provided for exterior areas by yard hydrants.
Interior protection in selected areasis provided by hose stations and, where
a potential oil fire hazard may exist, by fixed piping systems with spray,

nozzles and sprinkler heads. Portable extinguishers of various types supple-
ment piped facilities.

Fire Pumr:s and So 'rce of Water

Two electric motor driven vertical turbine type fire pumps, located
in the intake structure, take water from Sherman Pond. Each pump has a nomi-
nal capacity of 1,000 gpm at 125 psi gage. Both pumps discharge to the under-
ground piping system which serves the yard hydrants and the interior fire pro-
tection systems.

A 75 gpm vertical turbine pressure maintenance pump, small air com-
pressor and hydropneumatic tank with pressure and level controls located in
the intake structure are arranged to maintain pressure on the yard fire lines
-automatically.

Electric power for the fire pumps is supplied through two buses,
one of which is always energized. One pump is connected to one bus and the
other pump is connected to the second bus.

) Yard Fire Protection

Fire protection in the yard is provided by hydrants connected to
an underground yard piping loop by valved branches. Hose houses contain
standard hose house _ equipment. The hose house near the outdoor transformers
contains, in addition, a water spray nozzle to combat an oil fire. Valved
branches from the underground yard main serve the interior systems.

Sectionalizing valves in the yard piping loop are provided to per-
mit partial pipe line isolation without interruption of service to the entire
system during maintenance, repair or future extension of the facilities.

r

Interior Hose Station Protection

Fire hose stations are provided for interior areas of the plant,
except within the vapor container, Waste Disposal' Building, Primary Auxiliary
Building and radioactivity laboratory, which are areas either inaccessible
normally, or where the use of a fire hoce stream might result in spread of
radioactive contamination.

Hose reels with 50 ft of noncollapsible rubber base and fixed
spray nozzles with shutoff valve suitable for extinguishment of oil and
. electrical fires are provided at the operating and condenser floor levels
of the turbine generator area.- In the office and service buildings, hose
stations consist of hose racks with rubber lined cotton hose and combination

(} -solid stream and spray. nozzles.
t"

. ~ _ _ _ _ _
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Turbine Oil Tank. Seal Oil Unit. Turbine Oil Pipine

A system of water spray fire protection is provided for protection
'

of the turbine oil tank, seal oil unit, and turbine oil piping. This system
is zoned and operable manually from dual valve stations located at a distance
from the protected equipment and in areas shielded from potential fires.

Lubricatina Oil Rocan <

A system of automatic spray sprinkler heads is provided for pro-
tection of the central lubricating oil room.

Portable Extincuishers

Portable fire extirguishers of various types are distributed within
the plant for extinguishment of small fires.

1
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. 23 0 REACTOR VFSSEL

- General

The reactor vessel assembly is prc71ded in a pressurized water re-
actor plant to contain the nuclear core, to direct pressurized coolant vater
through the core, and to facilitate the control and replacement cf the core.

The reactor vessel assembly as shown on paEe 230:2 consists of a
reactor vessel, a renovable reactor vessel head, and various internal plates

.and barrels. The reactor vessel with the head is apprcxi=ately 31 f t-6 in.-

overall height by 9 ft-1 in. internal diameter.

Durirg operation, the main coolant water enters the reactor vessel
assembly through four inlet nozzles, flows down through the annuli between
the vessel vall, thermal shield, and core barrel, experiences a temperature
rise as it passes up through the core, and leaves the reactor vessel assembly
through four outlet nozzles. All of the internals hang frc the support
ledge near the top of the reactor vessel flarge and are held in place by the
reactor vessel head which presses down on the core hold down ring. The core
.ia held bctueen the two core support plates and the guide tubes are held be-
tween the two guide tube plates. Control rods art moved inte, and out of the
core by: control rod drive nectanists counted on the resetr vessel head.

The reactor vessel is a velded assembly of the follevirg parts:

'
- LThe_ hemispherical bottc= head of the reactor vessel is formed of

'

_

'

: SA-302, Grade B, carbon steel plate of 3 7/8 in. mini =t= thick-
ness 'and is clad on the inside with a sheet of Type 30!. stainless
steel of .109 in, thickness.

The cylindrical shell'section of the reactor vessel is made up of
two rolled courses of Sb302, Grade B, carbon steel plate of
7_7/8 in. ri + us thickness and is clad on the.inside with sheets
of Type 304 stainless steel of .109 in. thickness. - Each rolled
course _ has a longitudinal wel' seam and the two courses are
joined together- by a circu=fe ential veld seam.

Twenty equally spaced brackets for suppsrting the thermal insula-
tion are velded to the outside of the lower shell section.

Eight equally spaced clad feet fcr supporting the thermal shield
are velded to the inside of the lcwer shell section.

,

' Tventy-eight egndiv' spaced lugs for _ supporting the reactor vessel
are. welded ito the cutside of the upper shell' aection. -

'

- Th'e cylindrical upper shell section of the reactor vessel is =ade
Lupi of three famed segments of Sb302,. Grade B, carben steel
plate of 9 5/8 in. minimum thickness and is elsd on -the inside
with Type 308L stainless' steel veld deposited to a thickness of-

'1/4' in.. The three for:ed segments are joined together .by three
; ;' longitudinal weld seats.

.
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Four main coolant inlet nozzles and fcur =ain coolant outlet
nozzles are velded to the upper shell section. The inlet
and outlet nozzles alternate around the vessel at 45 deg in-- s
tervals and are all at the same level. The nozzles are hollow
forgings of Sbl82 carbon steel, modified to the requirements
of S&302, Grede B, carbon steel and are clad on the inside
with Type 308L stainless steel veld deposited to a thickness
of1/4in. Stainless steel is veld deposited to the end of
each nozzle to facilitate velding to the main coolant piping.

The bolting flange of the reacter vessel is an SA-105, Grade 2,
carbon steel forging clad on the inside and top with Type 308L
stainless steel veld deposited to a thickness of 1/4 in.

A support ledge for the internals is machined on the inside of
the bolting flange near the top.

,

A machined ring is velded to the outside of the bolting flange
to facilitate a seal between the reactor vessel and the neutron
shield tank.

Two gasket grooves are machined into the top of the bolting
flange.

The reactor vessel head is a welded assembly of the following parts:

The _ center disc of the reactor vessel head is approximately hemi-
- (] spherical in shape and is formed of SA-302, Grade B, carbon
V steel plate of 7 in. ninimum thickness and is clad on the inside

with a sheet of Type 304 stainless steel of .109 in, thickness.

Thirty-two adapters for ~ supporting control rod drive mechanisms
are velded to the center disc. Each adapter is made up of a
Type 304 stainless steel top and a co-extruded tube which, in
turn,_is made up of.an SA-106, Grade C, carbon steel tube clad
on the inside with Type 304 stainless steel.

Three equally spaced lifting lugs are velded to the center dise.

A combination thermal insulation retainer and support for the
control rod drive mechanisms cooling ducts is velded to the
center disc.

The bolting flange of' the reactor vessel head is an SA-105,
Grade 2, carbon steel forging clad _on the inside and bottom
with Type 308L stainless steel veld deposited to a thickness
of 1/4 in.

Two gasket monitoring taps penetrate the bolting flange and'
exit at the top.

-
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The reactor vessel head is held to the reactor vessel by 52 closure
studs with nuts and spherical washers. The 5-1/h in. diameter closure studs
are made of SA-193, Grade B16, carbon steel and the closure nuts are made of
SA-19h, Grade 2HB, carbon steel. Each set of spherical washers consists of
two halves: a lower half with a concave upper surface and an upper half with
a convex lower surface. The washers are made of special nitrided alloy.

The closure joint between the reactor vessel head and the reactor
vessel is sealed by two self-energizing stainless steel 0-ring gaskets. The
two gasket monitoring taps monitor the leakage past both the inner and outer
0-ring gaskets. A backup provision for sealing is provided in the form of a
seal weld membrane. Operating experience will show whether seal welding of
the seal weld membrane is required.

The internals, made of Type 30b stainless steel, consist of the fol-
loving parts:

A 3 in, thick cylindrical thermal shield

A lower core support assembly consisting of the lower core support
barrel, head alignment pins, internals alignment pins, core barrel,
core baffle, lower core support plate, core radial support, core
plate guide blocks, control rod shrouds, and shroud tie plate

Four secondary core support assemblies, each consisting of a support
pad and strap, rigidly clamped to the thermal shield

3 An upper core support assembly consisting of the upper core support
barrel, lifting lugs, upper core support plate, core plate guides

blocks, and shock absorber stops

A guide tube support assembly consisting of the guide tube support
| plate, lifting lugs, and guide buttons
!

A guide tube hold down assembly consisting of the guide tube hold
down plate, lifting lugs, and core hold dows ring

Twenty-four control rod guide tubes and eight guide tube plate plugs

Design

The reactor vessel and head is designed in accordance with the ASME
Boiler and Pressure Vessel Code, Section VIII, Unfired Pressure Vessels, 1956

| Edition and latest Addenda, and Code Case No. 123h.

The nominal design pressure is 2,500 psi gage and the design temper-
ature is 650 F. The reactor vessel and head will be given a hydrostatic test

at 3,750 poi gage. The minimum hydrostatic test temperature is 90 F and the
maximum is 200 F.

The maximum heating and cooling rates are 50 F per hr. In heating

up, the vessel must be held in the 150 F to 250 F range until an iso-thermal
( condition is obtained.

Od
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v T.r. thermi shield is designed to limit therml stress in the
reactor vescel shell during full power operation by absorbing radiation
emanating from the core. It is made of four 900 sections bolted together
at their lapped Jointe. Joint clamp assemblies have been added to reinforce
the bolted joints and assure that the thermal shield remains intact even
though all bolts in any joint should fail. The figure on page 230:10
shows details of a joint clamp assembly.

The closure studs have center holes to permit them to be elon-
gated by the use of stud heaters and they also have extra threaded length
to permit them to be elongated by the use of stud tensioners. The center
holes are also designed to receive the rods required so that stud alon-
gation neasurements can be obtained by special dial-indicating gages.

Radiation Samples

Provision is made for the installation of radiation test samples
of reactor vessel material within the reactor vessel. The installation
of up to 12 special tube assemblies containing encapsulated specimens is
for the purpose of determining long and short term effects of neutron
bombardment on the physical properties of the reactor vessel material.

Eight holes are provided in the upper flange of the core
baffle, which permit specimen assemblies to hang beside the core, just

w inside the core barrel. Type A special tube assemblies are inserted

d in these holes. Each tube assembly seats in its respective hole, and is
held captive by the upper core support plate pressing against the
handle of the specimen assembly. The approximate position of the Type A
assemblies may be se3n by referring to page 230:8.

In addition to the above eight positions, four guide channels,
attached to the outer surface of the thernal shield, are provided so
that specimens may be located between the thermal shield and the reactor
vessel. Type B special tube assemblies fit into these guides and are
supported at the upper end by fitting into holes provided in the flange
of the lower core support barrel, while the lower end rests in the guide
channels attached tc the thermal shield. The specimen assemblies are
held captive by the upper core support barrel during operation. The
location of these assemblies is also shown on page 230:8. Rer.::: val and
insertion of the specimens is accomplished by a special lif ting tool
which screws into.a threaded hole in each specimen assembly.

The vessel material specimens consist of ASTM-A-302B steel,
machined from actual Yankee vessel shell plate and United States Steel
ASTM-A-302B reference material.

-
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Type A assemblies each contain twelve specimens. Ten are Charpy
V-notch impact specimens and two are tensile specimens. Seven of the ten
impact specimens are Yankee material samples, the remaining three being U.S.
Steel reference material. The two tensile specimens are both machined frmi
Yankee vessel material. Details of the Type A Specimen Tube Assemblies nay
be found on page 230 6

The Type B assemblies (page 230:7) each contain twenty-four spec-
imens. Twenty-two of these are Charpy V-ilotch impact specimens and two are
tensile specimens. Eighteen of the twenty-two impact specimens are machined
from Yankee vessel material with the remaining four being the U. S. Steel
reference material. As in Type A assemblies, both tensile specimens are
machined from Yankee vessel material.

Positioned within the support tube of selected Type A and Type B
specimen assemblies are capsule type neutron detectors wnich yield data
valuable in the evaluat W .,f specimen neutron exposures. Detector materials
of varying threshold energy values, such as nickel, iron, cadmium or cobalt,
are encapsulated in a stainless steel tube to form a detector unit.
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231 VAPOR CONTAIIEEIR

{}
U General

The vapor container is a steel envelope which surrounds the main
coolant equipment loops and encloses all pressurized parts of the main cool-
ant system. It prevents the release of radioactivity to the atmosphere in
the unlikely event of an accident resulting from a rupture and release of
fluid from the main coclant system within the containment vessel.

When the reactor is critical er when the main coolant system is
pressurized with nuclear fuel in place, the vapcr container is closed and
pressure-tight. Under these conditions access openings are closed with gas-
keted doors, pipe lines not required for operation are closed with tight
shutoff valves, and the fuel chute is blanked off with a bolted and gasketed
closure.

The vaper centainer, when closed, is maintained at a pressure level
slightly higher than atmospheric for continuous leakage indication.

The layout of the vapor container and the interior structure is
shown on drawing No. %99-FM-lC.

The vapor container is a steel spherical shell, 125 ft in diameter
and with a minimum wall thicknece of 7/8 in. The spherical shape is selected
since it uses a minimum of material for a given volume and internal pressure.
The spherical shape permits the most accurate determination of secondary

(_) stress and facilitates the design of the necessary penetrations.
*J

The spherical vessel is supported on braced steel columns.

'j Piping Penotrations and Access Openings

Pipe lines penetrating the vapor container, which are used only
when the plant is not in operation, are provided with valves located outside
the v ,por container. These valves are closed whenever the reactor is criti-
cal or when the main coolant system is pressurized with nuclear fuel in
place. Incoming pipe lines, used for operation of the plant, are provided
with two check valves, ene inside and one outside the vapor container. The
external check valve is, in some cases, located at an item of equipment or
a cloced auxiliary vessel. Outgoing lines, used for operation of the plant,
are each provided with a closure trip valve arranged to close automatically
on pressure rise in the container of 5 pai.

Piping penetrations are shown on drawings Nos. 9699-FV-11 and II.

The personnel access opening is at the charging floor level just
above the vessel equator. The opening consists of tubular shell penetration
with 6 ft-8 in. head room and with a steel plate door at eae) end, one inside
and one outside the vessel. This arrangement permits entrance to and egress
from the vessel with the primary plant at, pressure without ever completely
opening the vessel to atmosphere. Door closures are hydraulically operated,

'~, with provision for manual jacking. A small auxiliary bolted and gasketed
f
C



m

3i.n3 6696) < - = = = =4

ts e o a me co~'~~** v-' / "
7 ~

, -

_ . . ~ . s
/ . ~ = ;m

,c wN t '
.~

w -- - -_ a ,,

/ %d 'So ggye ce-c r;| ' .a

^" ~

/ A,..x"'**;"** ;u...._..r. _. _ __ .- v e; x
.> .

i

a

x,e.. m-
- .r.%x..g - . , . . -

.

;
,

- .

_ ~,
.. .._, ,

3 5.499& *4. 3 ;

s . . c .a e,"W*W

11 ? '

.s s.n, .e s.mt- .- "e W.c*,**I*. w
.. . , . . c.:

-1/
.\, 4[ -

, ~,

.;

_ .f n . ..,
.<-u-. ..

u . . ).. -{" D.
i d~#"'''**4 a-v , | Z$?*?,*p__ ,

;\ .

,
_ .

f~' as
!.,e --i (b te(d; i-.Y-=.----e--**------g' |

.
,,--m...L ij%g__ ~.

.---i------ " *t; .,
i, . , je ~,_ _

,

. . .. .

F . j,7.K . _ _ ._

i s s:j .%.~n!jg
;

/ jt J- b -*;-_,:. <~
m c6sa. %.

- A => <r 1 ._ ,

|< m" ,,,m.,_ _ N:q /
-

. ; . .;,
1 .

*j r,. . ~r -
'~ ~ \ q ;>

i y r,

;
i u s ,, 'l ' i j ' _' i

, i u c , --

g ,l sneact anco % , , | j

|k{ '
'N6 M*8

f / _: J nLJSh ! - .m.. . ,
' ' L

.4 ; c . .. ,r. u : . ;o nm -- -.
..- ~~!q g marre r m'e-o g c. - - _ g. _ ;-- __- p ,, 4,

,- e a e-ov
i i , ,

4 '

M._.x ,

h*f' i ._ .. r - m. :.*. . ._
- } / )

!. |
- ,.

,

_

1.s i f
|1,

'.

4 .

{ u. L'4_N
-

/'
;. s ( -

' .I; i;,
h y.1 < t,q x]i ,.- . g.

,
. /g-

-
1 -n ..y

s ,

ie l.' i , . ', I
t/ '/ I

m. ~ .!; g,% [ .e ! .y'Nl *' .

1.s o o
-r ~ t

-

/--
4

.,

* * * '
I ,! | I I iN f 1 |

N ! -'
-- ir ; 7ru e +<-d-
M.~ M |a, r.o .m. ,

<
i4 ,-

} jj ( c:ess mve ,

'

____ _' _ ; _ I--El '
! -~ ' m

- '
I f !,i / ,

i

hv. on ca
t

a errarians {
;'

m. ng.ssvivn-:n %' T o'on s rn c case '

sno c:acasu w . nl ,
6! j

,/ - 3

i | !
,

' -m ! es io : s ' o , - s_
_

r

i
, asm

aam.SECTION F F , ; rar e-

f

h

'

.

i

~ _
N
"M I

-!
,# d [

.e i:4. . .r.=
m

-
g

% w

SI.CTUe W

$
ie

.



a

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

/-
- i

Nij
s
sc ,l KD 1| i

r- o z x ,o
r_ C. . y m . n_, s

4pr-,.
-

,

'
/ !

'
4 '

Wi >

, .

I !

==- i

4= , . y,j
.

- :e
_ ._1w....,. 7

;

,i , , - . . , ..
. ..._ _ , ._ s_ ;c ., . ,

. . . . _ ,

$,b!
_

| / '
t ,re / q aJ] [ L J ' ,J A w r itt e

' *e ,

,

! x
T_.4 _ 2_,. + _p_ _c - ;

yL,6
. a., , ,,

r__A 1 uu y
, -

.s.

-N;;pp.. f-
_1

hq : j GJ t' rim,,
i> -. W.x.w.. - - , ; ,.s

r t;

L \ a s s ' L '.1 , ;u
u . ~.. _ a|

; o!..._... /c , "-- =w w. , . ,,. - . . /,-
[

,- ! 12 - {3 ;mswryL" NO
- - @%;21 +, m w .

#E W

\
-- 7 --- -Q

gus
f. /\ 7+ - mof / 1.. /

* g . / , I
''w'f tEJ"** 'e %'

'
'

8L. - |C445 *

i.
t _m . ,

' I. .[ .e. owv
- % ,

. --$- 4 -= o.us

,;. /
\

.;

p. | $ p4 A
y /w.

.

-

N . o
. g

i ' ~

! Qo,37,n-
~~ E L*.V

{, , , , , , , , , , .

l
1 5 Tant

'

' - | ~ E0 F A h'****L2
_ . - a|-1

g_. _g . . _.

I
'

. ,

[ l

! __
m ct.swi'o* -s

.

p T'T 'L*"*"*''#

, ",
- j.'"^N %6 i

ats sMtama-?
SECTioN 'E -E* i- . .. .seto ro. -

posa Am ,wa .g Twsgastil 5EE CDhJCJk EYf.n
;j

--tf 3 m.senm1EEm etysost fah34AI DwfA 9*99-FC-54A G R&-seS- #

PTTEM NCIS -

*/ e4aCse Lx.AneN a nass see e vAPoa ConsTheeta DW. 9699-N-8#

M4M 14.C, ATE 3M -PLAMS S . .E..%.A. POET.CensT.Ateet4 9Dr4,o,9 9.P''. s8tre 96

roc 3$wn c Nr. .c= m . -r -m.. , , - - ' -

) M kh.T. Vapc4 C@NTAIN(R (RA E 4tn% FLDon ' .ces ust-mtL
* . "

m= =vui.s e savoa*= ansa - san .

I Dn***'' . FM *f^iin.1 -' y N' - [.'.*~'"" -'"
e

MACHINE LOCATION-SECTICNS$ J-Qn ''u'*"X P "*
a - '

/s,

--

VAPOR CONTAWER~ '# ''

* EsIEnF - F3 e powc= svarion/ I

TP.SE@.2$E]g%g, YANKEE ATOM-/ "'"'" N LE RIC COMPANY-

. . . . . . - . .n , s1oss a mam m a matanmaarnacuaros. tiesP y
Q""*

DJ AT PRESSUQt2ER e NEUTRON
uo 3uac.E mm _- i._,.__._. m.m. . ., < = 969sem, sj.e

/.. , j.. .
,

O



W
s

8

xl-|M W ;i . n m- n - - ~ . . . s,,.~,
. n_ Uf Y-F4as" N

--
;-w m.. , m. . _y > u_ _; ._. .

. ,_
-- -P''"'. . . _

y' ' * ** ' A ' 's w' y. .'t 74 tos:et w wg egj yy ,_,, ,,,-. e4 .g.,,,,

, - e ..< . . , ,Jwt*.,
_"%'.*3g.G N 3 cae N p st a7 *** au ' . - , cm=w

t , i. p W) ? **< * *a *ine W c,C * e-"'' d N,Dr, ,,s cg

y *Q,.
w. v . w . ,s'';'

_ ~;~m .e. m et -,
* '*' d . . ' .*; ,w U > ,.,3,4t

^ '' * ' ' , , ~ .*=*warc % sa su , .

+e.N *W**" W ^'=y" u , ' _"= ,4 N, g.g h's egGe g ~ '
*E # " '. 2 G # #$*** .Q,d*

.

M 1 ".ApMC Am.t;To 3
. d y ..a= a.A w . a m a _

-
~

=* r.A** 5. w ='rttt** =6 .a , e.,*44*= T *- 5 C# A* NG 1
-

j _g, _ f y gt, p , *r' -'

- ., .l.42. g, p*t, v er4.y.e 3_ .
3-~

* a
, e

++-++1 4 J. , t
,s,- . .4

''

4,
.. a:.

, z,X g g
.

=e u s :.* a . a

.g ,* P . rr:; .,..ats ..c s ,, . .g,,,* 4.c ,, w ,,,=..;ye:. n ,4 a , ,en . - e em e-
en -- .-~ ,-,* 4J g K e,;g,gk,y ws .v + anm - ,- , t , * -

f g;Q*

,f A .} Q g. ,,,,-- --._. a '* 5 **N C ', U**
4

, ,m e , ' ''
i + ,+ 8 ''+

_,_

'g | . . y . , t e, +..

. s' x.%,'f*pt w , -~*- . l . N z' '"
- ,r- p '

4. . , - 3 - {
-.s- . . -.2 s ec et t ses

p _' i,y;.g' h-(u'***g'e.a=f 5 'a,\gy.py y,=,p
- * - +<*= -r -4em o cs a;'w d =pag. i . m ._ . ..t,_ _

cmy9aussac ~es
_._{,; - .c , .a

*

. ', ; * psg . 'm'' %I ** A. ! **~ % *4 ; *e ,g ( ,g
- , g, . n. f ,r,c r .g, ,,,, , y ,,,,- -]

f

*J Cfet*
. s.-- -

-.j,.-. . % g j.* ~se h g |j
. ,

J
,

.g...c.,,,,_,
4 * .

*I 4 .OM * aire [g 2[.qAN N * ' '#C'''Aogy ag
. ! 'll . . . _* -_

4 e
J''tvg_' [gy,* e . e.'

. . :n ~ss's. f t O ._s ,

.a- xW af. ps .. av- *
5%"f g e't 7 - w t CE T A '-WW a.t- . m

. _

1ai nt .v w dq .+- 8
j

~G
, "' srv.s .% e es ,a c .. w.. .n s ;W- ,

esn necscap.ns a. . ,s,.asv ' J '"F*'5' ' 4- .- ~'b.***~
J=== ,

r. ma e s L L. 6. se m e t'~A + e *) * ''" *"'''C-

, j se. .q,eamle, [ ""*'''''M**f-~,,, * 1.- ; - "%*'nc. r ator:,
'=v s . wxa .s o s san g - "-** " * ,"' r,. ';'='s%, oca.o sosm - * e' = .1'C A8

,

, ) g ,, , D _-_ Q= g-3 Km e .nA OS $R 2 ._ y g b _g g,,
< ' '

'teini.c o Lme; a aed-
G as s - t rv ac s-4 T .,

,h; ,, _ __. . y _ ,,

a +wca ur .tm sn.a np -
<g- as*w-4 m :s:

, _ _"g
_ "'I v'4 . n a

.
y,n g y) t,'%

-
.

- y--

y-
-

r r 3 r'._.
.

- , t o, ,
1.,,. - t . L

-
. _ . e

,r-- ..g . -

j e.,r % s r r et - a r- as wame if -
4

Scis 40 AW a f u C.# C f a , o c aA a* vie. a F33 3 u
' M, 4

4 gn, ,,
* *N, 5- se r tf t g a lH &m : ?ve% -

4 Am ta r s 6 x= un * * * * "' m

w,' erLitC h,7 src .v t s c m
"G' At AS'es-a llj rA C 4% ageLer- u-4] megapaus- A--4-u"" \- --I-- Sc*'t 1" 7
.

tL,.c., p
.s.myg A T - n *L.v- -.

,.
- 3a# g . . ,,

te.esa c m.
- _14 I. .

s ae t [.ro
auta r~e t.c =ca ._-4

-

.,, , _ -

i*I at_t.*c vne* :h ,c . . . ~. r p.,r- ..e2< tom e=0 2 rce,.e es , ,t is t n
e

-,*3 ,,c,
. ,;# N* ' |(3

- .'.'._:i

sf1 Ot t a. ' m 4 . % egg og g grg ggog,.
' t er -t*{ cxsw3 asw

i

$- d 2 - - '**
.

: "tt"*-
, , * a es . :: -.it 3- 4r e
*

* 4- % --6-
. n s.,,,,,, c,, w

in! .s u a w c- ~r -- -e + * . -
a-4| e m =M - ar vta * er ra.o

*J m* r ou s s t er (
r

i
-- .

y,m tea >- _.n na stan,1m _L A,- % , , , , ,f - -a sn ao ce,+
* ~ '' '''I " *

\. 1 - r- - " r w ''''s n
F*' mC N

u ,- LU,c,, y
" u

q
conso, .a m . n ..ous zumf.ro

. .
'8

. . % .-j._i -*

, ww n n met u ,arrrarvru.ces.n r n aso --t o
W "# ** ' --- - -+ 'e p .rc.,+ f.J ^ + t .'w.m . m w . a~

,g~ ,- - 7 [d
y

w s . ~ , , ,

4 -

E *'t l' W .PQ .u Wg 2 _ **

'Y4-m'* "e
WE

ar..a,,see. m% -- ,! 0 g -- .-i,

e .,,, , , . _ ' '
, c ., cm s_, 2 - M -- 4 _- r* <. ~

'' N Y .Us*T|Y Y ? - ,1? ** - ,1 y- - *''
p

' #'

L s t * ns h n, +. pg
3

7--m,,~3-<
c=v,' 7-y -9 , . , v

ett to :"LP.eG- -J; - w ? .-- - _-g
_ _ f _

rec.s *s santi Ma
h,, a p,, h *'w3-)I

n, r
84

# , h,at tv-a en- ere -- .
.gg """"***

., -.y w. s eger 4 sg. y 3 3.n,,, <,, ,

ec,w V
.

d
.N hv'*. m es mer M - ' cav*asueae i . . sp .

x ,," Y - -I .p
r es

euc cutw TO j hg *i. A S TW -a EA $ W ,,g.

4 W. ss ,

I )* ~j.g g g( L. 2
*ss s xc e og .: p a , ;.:areenou . s,, , , , _

_.=ume@
, +=,O'-'

~ ~~ 7 4

#
m

1"-- -- ,I |s m= *0 cas
* 1,-- se e tr' s- *attu-a sas sac _ -

-J
--- t - aetw are L=_ r_s ..,_.__.l.,.

.=4 q-
- _ -,, __ i-

- ge - ,,-
,

-

+ 5 t * * ****S~ ~~
y 4

".u" *s ni r r a str <e 4 .L. - - *c t ca ra'N"3 s ''

~-i

ca _ ' af ;
.u.h

M '

$fr CC7ag - I -

'a st w e esomas s:s' n V ro. * * <; . w so. .s o c>* -
,

J - ~ ,

4 3 4su W ; sxt k ro,rie=mavoi taa .,
**xp

L]"% f j = r -W v*irewat s rgra a ve c
*LAnt 0* sterersti LC, , g g.,

i "# '
{ 5te etws nor*vuos ' "*0 85'" ,e.sw.- rm a 1., ,%

- ..d U U4- * y,g .3{ n s e,,x,34 3 sj e,p r
r.cg G . im* *t n :sv -- as +a m *:-

s . . _. h 4 , 4# ' + . . ' ^4 ( e*w- 4 9. .-_ . . . Jf' ,_ 4,,,w, g
e .2 der enous * , M i #,'-N,

| 5t L tt T C hor am 6 v= =c CAP .
_ _

.g .-weaa. 9. #,. * * . . *i wt NT * - - ' .

y, g. 9p,qry y

,|I ~-~ ("h E *,] I[E
q AJ p.a fij '.a c. - - - 7'' :s

n
- g . SOT g,g e 3 i'yny t.

~' '~~"-"U.*g,'e- ^ ?*T
, F,4, -.. - m' ) . - _-}- % %= -o

. y m
. ~ yg E

-- % ''Lg- '' 4 J v. etLMD MA ae6 -

k.- - . .j a==--* ~ - -o* A --*ves _._ _ g ane a ea r4- Q ,-+"~ ,'.

W-' ''

.,,_g ,t g, y.j g,, g g%EA are tng
p ,

,tuncc.m s ps--t m _um,.; - - 4 d, -y
trwL 9W

~~

II ' ' a:fe-a 92-f re , - .. .f f 4 M N T 6 E'_4 [ g i s*EE. re u, g*

,,

- t. * w mu k r..,3 m b+- .-
I 4

r=- - 4 ~ , p. +, n va~a tz,tm %na

/n wro s. - ,- .,
- N.,. g, s,, o

a v.s.r e , - . 1.2. _I
._

-m m =rs g,e . ,,

1 .gg Ot s . . E' N--
,

zT j f =tPaeng 36tr4 N'
+ d ~ '.N5 ~, 6f i M..._...._, M .. -d W#+-

9t te's s

]Qgg{9 g gj [* BEL
,

~

'"'''***'*^f- 4 p as es we as3 y C
j i .i8'~~~ ~" '% N

-eapa g * 5. * 'wO CJ P
". -T*4 8% 36f f W1

.E 40 3.=t cO-** 2

#8T 5 E ='f P' **t es..
*,3 * 4 A5hED E,,,., pg -,.af

C,A C - f vficAu ,.r g,3

*e - f dT e scus wastge a sas asvia-a .33 p c .

4 u
-g.y Q

| 3C ALE [*i-CT SCAct 3 e # ' 3' X Ast 3. ; 4'

I
s

.



t

1

< ,
-

- . , . . . . m i o .c 1: < a ' a s .. a . , a 0 ,,1

f. H. ,. ,a, ,,n,,~. ,, - |e ao~ ~ . ". .s . n ., . c s4, ,isn< ,,

,,n..-~.. - f. ' ,' ".*..u J 'n .", 3, .. ,

# p-. . *> u4 * * *
.. .,

~.rg .' - , 4,y__ r

aq ..w r i.. p_7.,- 7 .
7. , , ,,:|, , ,y-

* ':
. . 7 N: ,7,-

v .m _

- - + ... a ,,c:
,.

- ,
' ?,- q,, mm .= m-., . ; .-

:- ,- , ,' -__ n_uf - . ,,. _ _ , ,

-

. ,m

^ e 's* a m ' f' {7 . , in.. . are e

. , . . o-j,C- 4','et- A l%
.y 2 gg u y m. y _= . . , , , , , g v.

q .- a 9 " *w -
e_ ._

. ,

d. w m..re p~'' . p'~, ^;; . .m. ,

[ y , , ,, .
.. ,,.,,u,,.,,.

'' i b a 3m.n c 4:r-- A v. y

, ,\ cr_;, v y , n ,t .. : rr.c

.. r 1. I c- mm, ,,, ,,,, , -a -. z , m ., e s . a . :.e c nr. v-;. u i. , _y
a,,,,m,.,,,,, p %. _m . .*. n*%.

-r
tm +a se * i f a ''. s r : + :~ sv q u= siccro.,.-<. . . . ,on

, s
..

W u v-y;SLw _s
a . ,, m ar .,_.i. . . , , , , , , ,

.,
. .,y,,,,

- -'v"~*
.

w,

*' . 4 e* # / ,, /.,- r,/ ./< <';, ,, /
*

/ g -

f C 5 JP } gn,ggh I E
,

.

E . 45

. t ,---9* :( d N y[ R ih- v , J . a.. / / 'l ;\'-~ '[ e, 'n </
#, . 4

-d,,
v a y r,, / h- wm *-j1 . , p .1a

.s sia . gs s) ., .s x x s
3 mn.. . ws a

- , n .. . f, -u-*
,,1 y- -..,,3.,

1
, g - . ,. . . c m.- u .. a- . ,.uc sc.<, ..o~ .

r

[ y " ,u. < r r,m,,. . , ~,
. . .

v.. 7 [8- l'-
cfy,_

m, - - k. -. ..>

2,.,-. ..a ,

[4 g _g!
' /y

y { -

7 ,, L,7
-

,
. - ,

"'m.x -[, A g _ _.; )
' ,

,,
L. _ 7~" [ < r . s .- */

: i|, . ,-{- . p wme a s wc es *1aet [ "
,m,avc>u, an o<e.. s % ..so a u ,

s.- t vpirA Mag 43 m.v. net
%,

,Y'
, , .

,# / * y

IHE,E RC m h, I' / 9--
.u 3,1c /3y

.,. *4;*3,
/9 s

- cs , / x/'/ p sM i A ',
*-

4 -T,- x .p ... y,
, s

. .\.\. / ,ym.
v e'e

f [
.

-k'
/ ,.

g

, ' g 3vs <e,5t av g .m
/ , :; - . . .w e m a st),

Q . - rm n ,.A
/

/ ,' ,' .,e er m

. . d. o.w me a'

h
.

K n.., y
' '"5/ /.- uwe x

,"
s- .

/ /
7

-/ .
~/, a- a, w~g,, ' ' pf - ,/' v. ' " o c,

4.- 4
;g7,e.....c ,. . 5 <e, , - y, ,-

'</
s

y'
|/

' ''s' $y,?xN' J- *e

"'#m / g MQ ,. ) / / / // ' ,/ # Wi

.. n

W , ,epx v -/
.

** f e Y' Q

, / /
y%

-

, g!, ,,,/
-11

8 y | .
+

? -

=--,

| . / g* f ./ Q',

r o p s_ - y
L ? i <v /- 4p -v

-l
A -'

b. >.; % ,, t~

e N -/<
',-.- .s

/4 -g - , , , -

-

a'

N .s. , f, wen e ww.rn v/ se _. . e/ - 1
.- .LJ . - , e _ J- - -

- - - - . - 1 . . . - - - -- ~

-, a.1,4 - . / MIEl-
Pf!n. mr*MM:.'C1 -EUC<

-- / 31 om g r u s. eu m4.t: ,, r. ,u. r2 +.ta we c*s a 2 s *9 r' >a

/',
rm ra,w s-a,e urm.or.a: m t v ,L3 w wmwra cow, aruma msa e.:tr ca n.-.r

t

At A **f w:."W5 t'MLv.NG A P4 AE !S !?E t s **a'/ ..a nesea,:~r:,, .s,. ,tas:. %
s - n zera:ce
\
* s sm r cs - , . ' ,c. . _ <- o

, . .4 -e ., . . .\ a. .
-

,&c,.,_.,v - . ht . _ . so .o a. %..-. h? %~-
w,e - _ ., 1, ., a., .

. no sem x .os M.,m.. o p,. -

. . , - - . -
, .

.
-

.

4 ., ;

.e - t !*i
- - m

~ ~ ~

DETAILS CF VAPC R CCNTAINER; Q.,,,,
-u 7 f- ,,

i L 2. y b "-

t 1 - PIPING PENEThATIONS-SH. I!.Iu.u m e.
,a gg. ,

4e
_. , p%.____...__---_t.. -

-

-" POWER STATIOPtv. ,% . n ecr a- i,| j --- ,
YANKEE ATOM,IC ELECTRIC COMPANY~ cat y 8y ,, g w ,og m

.,6N ,e st sca .a;vicset-L-
-

u. . l a. 2sec m 1. .ar,w,e [4 ; , | : e.tw. .e o p,e, ggg, , ,

J,, GT.*E 5 ,' .
.}t..- _ f.

5C&LE =,-7-

|'' e jy . .gg((J.g'!.ep g STuME & W RnNTEM RME.f 4FE MI wa (VRPttR & TIONs

A-- . y. r __j se em caovnet o, sh.ec -c. ge .
, .i e

e* - . >_ _ _ . ,iam .====**==*==| +=-* 9699-FV-lX{es e j enounse

0

- .



P

A I- A 3- 6 696J,

,

I
s

.

N..

!
s

-
~

-

s
.f

'J ' :< W Lf)
gs~'h^.]w

^~~ j

3.h' 's 'b\

.
m,- t.

-

::s a y o,.' _

* %
k ~ \,o b /.

h' ;;'..b > .f
"A, fJ;

:t'9
% n .n
s 'r.'4t

y ,
.-

" , . .. w. :m-s
__2q ,_y. __ . c ..

, , .
4H.,,m . , . - - - _ _ _ . -

', .cs cm .e . .
-

[1,g7^( 3 n 'N, _ ,_ [, ~ f
,

; y cv ' ~._ .3._ _ - s Ms ;~ < N
- ,

* I w * . t".
| y pa x-ww ws ; a: G v,

_ . _ _
. 1__ ~f k C*-h /*1 -t we:s t w a t=i

;

_ , _ ,_.i - ,u
U;, D:** '

_

; mes ca=e as:w *
j a m ces wat g_ . - ,.,,7 - . .a

,y,_.

.rj ee seu e s ,, ,.
< ,

ser ans 2 sme-ss - --

>

s
;'

res *
. ,

.

e -
,

n

t_
'

#
/ j e

s
,1 ,' -

w .ac t; i w =re s
.

.* / [
-

'.=c.7%.nus c= .r sie

y **8 - A'p,o'.
s

- j
'

?e.as*=-a un m o nea me .

s4-Y_ rwwtL2ect v v v vN
! > : .- % !:mP 3tf T EE - N !,

\
g. uw ,#e rw =rcawen-. ' ' - - ~,#:-- Sf.

'w d'E ' '
1

> 6, r * -

:
- ,

,3, ,,a a - -- s - -g -

51 '+, i ',' N , ip ,
, f n . _ _ -

s-x ;
;

a ,~ ~ 4 e\ 9
*

,
i j

< o. > s 14 m c :<. .n. -. y

n '/
m 4- ( - 7p, ,,y 's -

.A..,>,.
-N.,'

-.

y ,
g N +( _y , -\ '- <. sm =, cans === w t r.2ma-cass > s.u.:. .. n 7. - m w. s., . . . .c

y
. , . - 't

"O f YATs;$j Q~*e
FLEL CHOTE PLW OJT $ ha g .J % aem '

"

s y .-
3 r

r m .a 's s:ca n' aim e - ~... r ,-~ m,,
.x=-p ---- marp scs Ga 37 4
-!se DC #:p et.3% / 4 enMe CChhowtA $1 a

feI . . r s.u u / *- -
,< -> a- ~ m a c !; ,,%,.,,-. <r g; '- .-r axe <s 5:c r- .c.x: ;

-
,a

t- -

7 , L y,';} m.wf v -
- ' =

p m=s-e cr6* x

J... TY"y is,=~''.~. c'
4V / sy

a:..! u mamw s %'v 'M +#,
.,

Pai t y =

( E-**de< M (y.,ie ht, - r -e - N'"'''t , r = =se +

n.u e. ,x _0 T .ms : e N I4'

ts j us ,. ,9 ..sm ecs w 3
p *y 8 .:. 14 - LL.-+

%31* *vC5CA* T Ks *: 3% Ag' \ g\-/ 2's w* C S :**
~

*:- r* - a IM M < w ,,,, , , - ae : s ( *an aswr3 so e 'Ss-4 sc . . . . ..

e "- j- D;AM &; '6) .cw e Cow & vt-3 ms? tam h1MI^ 31C ST :14AP ' h.11 W 8sE
" an

r ci m. w.e~us
) W'.M& De-TA53EteL.E.5 a** ace <3

s
. _ _

4



.

L *

n, . .. n
pI.q e >sr. O

i
'L e c m t.n

S

C L. n&(Un twD,#C* etLosedi ,

i P

a m ew * * s
_

.. gg,. , 4.,mus, a m ---- ~h,t j8 1

,'g | | il
- i es m.

i - - -i em e. .. u .

i P' . . ., ~'+ a m a cm .. . , . . . h m,,,e v oo,

r . .... . w ,. m | , % -- *} : etw a su u e; , ,.

,T'' II og gW W A g g. 6. C

7,,
-

\[' i

%g:!,',*/v'r~%!y.o ,3 y mo
? .i,+ a m aa . v

.. ru. . -

k{eH |
,-- i-

. ,>e m:ve e. .stw g |s t j ,. e -

m ,s,..... m a , a.' ot ! ,

, 'X '4
s

1 4, em s ,

M

Q. I &( . .M ' f f. ff .f s'
I w , c . . v. - - /'

j ,*cm'4
;

Q;j
; 1' ,

A f6 y * " g' *.g'f''

~
~

,,%s

et ,

'( h . !' \ d',
x' < t ' s ,,. ,,,, e y< r - '',_. . _. -, & *4~

s enswita co rn A: I *b
s C '

, , . . a%

'\ * W % #*D$'Q75. y,h 8' pa n sa e ens-.m m h* ,
''L ,,,, 9#*sy.

A.y a e u-

x, f)s n
s

)m~: ., u.. ,% .-.a q.
It --.i. ,

k ,.', f~etc s 4.\ ' lai" " *
,

\ - __y ww', , . . ,

4,e sJ.,",, .I
e1 ,

t\

_J.,- @..\ ,ggy ).g - s sm ni c s cae %y
.r, mg t

- , . ,r .- y y
\

\ '\ %v\;I xi 't+ G

D,f, Qa
\ y udt t 2

\ \
,

'

h [,i . ~ y. n a e ,e . ~ % ,'. n d .. *

;,%| ?
y :\ ',. , .[,r a . <, ; . .,.u . :-. ,

3 4._, L t _ ,_ 4,
, '

4Mf/ I'- #* . Ny

!r ceb sE
_ _.___.t u rebew ''/ ' - ^

/ N ,4;*>A 4b' '/
- --* 3rc a t e s ca.

--eq
,\

l [ #,n n, a.no..n S ;A'/.,
/si gr mns, ,

t

, / (f,/
e. ~ ~,, , s y

> *' * " * * ' ' 'y ;,
-5, A t .-.. ' *.*. p. '.-*.~n . w" a'", m vu

.-,= %i o /
,f ' f+ ,m.g sa o stru, i <

f
, sh7.sr..w a .e re,s e n soo,.*y

7 %,o .,_, ,

' } ,'+ e.A trca c ungr
i

' a' n

|' /. . .-<.um. sg,,4s y,?,e
. .^ n r.'_ >s -

y'.*' W ~u.a a - er e.p..b''*~"''"'"^*"
, .j

|r*j ,/ &a rC ~, e *

$j
- *^-t'

/ $ h h/ b '' 1 e ~a -aar= *< 1

'k |O' N
1& ./g+J < nx,y6 Jj[. c.N

.b /s N.~ -e s c m o e >~, rm, o ,u-a w.r w j 'w\ - a..s.ao .g,,,, (,c*e ~asm* w sn -/ 4, 8N,

4 g ,q, ,. - v a u s on cQ '

ny \ I .

4
/ \, ten v.e s s s. oEr e .* prAmor m _r

s- ,% g.uA,Q
L,

-yA .*/m .n
; * u,w c , ,,u . , ~. .~ a . , . . n ; >

.

gf r.m W = ..c f m c .
,_

m /. 9 -
a,|*g _ _: . /.m.s I,f//N gv c, r w'm o*-***'"*""***u *i< / e,

# V .

fjacu w<c^.Ma ce'.saca s*> a$'Aam,m
, c

A .pm , s ,..,<,7,.,
s/ 9,, ; ...y,,,,,,,,e

..

-N /,,/J Asacarea
,

.g _A c _.,
e . erwa ns ca e 4

s.,,,, .s, / D' v. ' f 4;M mmum cm,4 ; j'-- i

/ ;7\/ (%,o. ~m n,o p 2 < i J.~U' )' w,3 cs ,,u c, . ru c..n c/ sg y+ /'. , / -..-4 - y p -- a.

tf #^\- ,. .. a. .. . ,w . = ..m u ws o e, l.N- x
j. {* -\,K$.%p74s 3c

45, .a , c 4., \ p/'''''***'''~<,/ y r . ras a mum.rm { , ., -,,n

. "a M.W, p '* *.u.'*"'N"
, . , , . .,

N,/ tas ri.-4 w, na e ra. -,m w_~r - *<
c,>

D C *&+ +o . -
' c-c* nt A.

N / FUEL'TRANiFER CHUTE r 'd '
aL.,Rs.. W ' N - ,v

N /
AIR PUNGE BY-PA$$ Ft

,/ liG1. _ :r 7 .- ,

g __,,q#r
,

,,,c,,,,,,,, scu -jo-o wreras cero
,_

7f*,A,k~&pt,/]),n,
t am.- . ss s e c

ErfL.ma c,caramen.ser o.s e sess-rw-iaRU cE Commi
y | p ,p sea .,

p_.4._ g .;d ..
7g so c4 42.c r a a sw oc.we .'am co va im r etacms-s.i urn o .c s.n e<~

1, I +- ardo *STie4ms
t, %

G' \
g c c ru /%+ a,

yh.- @#' * --
. . n; c,, pr

.

h ; ;&gM ' ,% _ Uu tt a. s,,e x_
,

w, .ef- - L-

p I| ) \] !: j \'A o sesstes c< ,.x un- a.o a i. ~ ~~ : = .I' "

$.I Ii jQ DETAILS OF VAPOR CONTAINER"womw% ~|'Oi!",,O"".'f,,O. .

if
.

c. wame asent i,,,,.>r + ! L'- PIPING PENETR ATIONS-SH.2in.u ,o,., w #
miuto u of et'

. 3 ,,e 'essrmi t Asvie A 1 POWER STATIOft
j T c" * *'* 8

;t.s r.g. Ilh YANKEE ATOMIC ELECTRIC COMPANYL*
. E.* \..; o. nowt.mAas.c,m .

fae .5, ~ tAh AIR Pu%E mLET & OUTLET CCNNECTIONS :

pD/m m7/i;, wrows a wsmurse asemrrras e rvasun4rios ,
' essuno,ca cmstwuctionget,27,0 % . . , , , .

_. -i;y 9699,g..

.

l

.



231:2
9/15/59

manhole cover may be removed to provide access to the interior of the vessel
if the normal door closures should fail to function. This auxiliary manholeO is not opened unless the primary plant has been depresurrized.

The personnel access opening is reached by a 4,000 lb combined pas-
senger and freight elevator and by a flight of stairs.

An additional blted and gasketed manhole is provided in the mer
part of the vapor container below the concrete bowl section. This allows

access to the space between the concrete bowl and the vapor container shell
primarily for construction purposes. No operational use of this manhole is
planned.

A 13 ft-111/2 in. ID equipment access opening is located in the
lower part of the vessel for handling large items of equipment. The equipment
hatch is opened only occasionally after initial leak tests and only when the
primary plant is depressurized. The opening is provided with a flanged,
bolted and gasketed cover which is removed from within by the overhead crane.

All large, heavy equipment, valves and pipe and many of the smaller
components are handled by a polar crane inside the vessel. Rotation, trav-
erse and the two 75 ton hoists are motorized.

Electrical Penetrations

Electrical power and control leads throuth the steel vapor container
p from the primary plant to the control bay of the secondary plant are provided
V with gastight fittings. Electrical penetrations are made through steel pipe

penetrations _ welded into the vapor container with bolted and gasketed flanged
ends. An electrical penetration cartridge with matching flange is drilled
and tapped to receive sealing. fittings for one or several conductors.

Electrical penetrations are shown on drawing No. 969 %FE-290

For 2,400 y conductors, a solid copper rod with 5 ky Buna insula-<

tion is used for the conductor through the penetration. The solid copper
rod serves to stop any leakage through the cable stranding. A Sonolastic '

(pourable synthetic rubber sealing) compound is used in the seal in addition
to the high temperature rubber seal furnished with the gland seal. After'
completion of the cartridge assembly by shop bench methods, the assembly is
cured and tested.

Mineral insulated cable (MI) is used for power and control pene-
trations under 600 y except for coaxial cables..

A cartridge of similar construction to the 2,400 y cartridge is
used, except the gland- seal closely fitting the cable is potted with Sonolastic
sealing compound.

Coaxial cables pass through vapor container penetrations in a car-
tridge similar to those used for power and control cables, except a solid
connector'is inserted in the coaxial strands to prevent air passage.
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The = occuple cables are cagnesiu: cxide insulated with an everall
7 cold drawn steel sheath.(d A E and seal with retallic seal ring and pettingl

cc= pound around the cable is tapped into the end flarges of the electrical
cartridge similar to the 6CC v type of fitting.

Internal Structure

Associated with the cuter steel vapcr container is an inner rein-
forced concrete stmeture which supports the cain coclant loop equip:ent,
atte:raates radiatica fro = the nain coolant locp to a tolerable level outside
the vapor centainer, and acts as a stop for objects possessing kinetic energy.

The pressurined equipent within the vaper container is surrounded
by a reinforced concrete cylinder, the betten of which approxi=ates a segnent
of a sphere. Concrete vall thickness is L.5 to 6 ft. ordinary concrete is
used having a density of 150 lb per cu ft, except for a small arer. arcund the
fuel discharge chute where concrete having a density cf 225 lb per eu ft is
required because of the 11=i".ed space available.

The concrete structure is supported en eight steel encased cencrete
colunns which penetrate the spherical centainer. These penetrations are sealed
with stainless steel expansion joints. The joints are velded and co pletely
sealed to the steel shells of the concrete colu=n. The colu=n shells are seal
velded to the colu=n base plates. They were built and tested as parts of the
steel shell of the vapcr container before being filled vith cenerete. This
construction per=its the spherical vessel and the internal cencrete structure
to rake s-all =ove:ents independent of each other when temperature changesmo oc = .

The concrete cylinder is separated into ec p.artments by concrete
valls, one for each loop and cne for the pressurizer, to facilitate access to
individual units at times of hi h activity level as well as to =inimize th6
extent of a disturbance. The access opening is segregated by battered ec:.,: rete
Valls. '

The operating ec=partments are covered by a 3 ft thick charging ficer,
with re=ovable slab covers to provide crane etcess to equipcent in the =ain
coM ndt loops belev. Spiral stairs prod de the principal access free the charg-
ing to the operating level and =iner stairs and ladders giva access to other
levels.

Desis:1 Features

The vapor container is designed, built and tested in accordance with
the AS12 Boiler and Pressure Vessel Code, Section VIII (Unfired Pressure Ves-
sels), and Code Case No.1226, and the code sta=p is applied. The vapcr con-
tainer is not provided with a relief valve, in accordance vith s;ecial ruling,
Cr.se No.1235, which states:

"It is the opinica of the Ccc=ittee that, since it is litended that
these vessels be designed and built to safely contain all the lethal
radioactive substances that =ay be released in case of a -nvi--
credible accident affecting the reactor vessel or pri:ary coolant

(] circuit or both, and because of the hazardous characte e of the mate-
U rials, which might be released, pressure relief device s are not

required."

_-_. _ - _
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The stress per=isted by the Code in the specified plate is

/7 15,000 pai. The Code further specifies that the design stress shall be
V redu::e4 by a factor of 0 9 vhen employing velded seans with 300% radio-

graphie inspection. The resulting design stress is 13,500 psi.

The design pressure of the vapor container is 315 psi gage, corres-
ponding to a membrane stress of 13,500 psi in a 125 ft dium sphere with a min-
i=um plate thickneas of 7/8 in.

The calculated internal pressure in the event of a major loss of
water accident is 33 8 psi gage, which is valled 34 5 psi gage for design
purposes. This latter pressure includes the 10% overpressure permitted by
the Code under paragraph t"'-125(c), which states "All unfired pressure ves-,

sels other than unfired steam boilers shall be protected by pressure reliev-
ing devices that will prevent the pressure from rising more than 10% above
the maximam allovable working pressure, execpt when the excess pressure is
caused by exposure to fire or other unexpected source of heat." A 10% in-
crease in the design pressure of 315 psi gage results in an allevable pres-
sure of 34.5 psi gage viich corresponds to the internal pressure developed
in a major loss of wate- accident.

The plate me cerial is ASTM Specification A-300, Class A-201,
Grade B, firebox qua'.ity, a carbon-silicon steel of suitable quality for
forming and velding in pressure vessel service. The tensile strength is
60,000-72,000 psi with a mini =am yie1d point of 32,000 psi. The at=ospheric

~

temperature outside the uninsulated sphere occasionally approaches -25 F, so
that the shell metal temperatures =ay be close to the freezing point duringp) operation. Specification A-300 material is e= ployed for its superior impact(
value at lov temperature, equivalent to 15 ft-lb at -30 F.

All penetrations of the sphere are reinforced to the full strength
value of the metal removed. All shell sesas are completely radiographed, as
well as all velds in the penetrations wherever possible. All velds not amen-
able to radiographic examination are subjected to a magnetic particle inspec-
tion at every pass. -

All high te=perature piping entering or leaving the spherical shell
is isolated from the shell by meam of a steel thermal sleeve which connects
the pipe and shell. The space between the pipe and sleeve is filled with heat
insulation. These expansion joints eliminate the necessity of heavily rein--
forcing the spherical shel' to contain the forces and coments resultira from
pipe expansions.

*

The internal concrete structure consists of two concentric cylinders
of 3,000 psi co=pressive strength reinforced concrete. These cylinders are

tied together with six reinforced concrete _ radial valls so located as to pro-
~

vide an isolation co=part=ent for each main coolant loop, for the pressurizer,
and for an access way from the equipment hatch into the structure. The com-

~

partment radial concrete valls have several ports to limit the differential
pressure across the concrete valls to a value of 6 psi at the time of a major
loss of . coolant accident. The battered concrete valls at the equipment access

2 opening are designed for 8 psi.

(v)
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The inner concrete wall serves as the support for the reactor ves-
sel, the water-filled neutron shield tank surrounding the reactor vessel,
and us a shield tank cavity above the vessel. The shie3d tank cavity, whichs

is water-filled when handling fuel, is lined with a stainless steel membrane
to assure complete watertightness.

When not otherwise matal covered, the surface of the concrete isi

protected with a smooth, hard finish paint to prevent absorption of contam-
1 insted vapor anci to assist in decontamination.

Vacor Container Tests

After the vapor container has been erected and all velding, radio.-
graphing, and magna-fluxing have been completed, including manhole closures
and shell penetrations, the vapor container is completely closed and sub-
jected to field acceptance tests, including air pressure tests and a leakage ,

,

rate test.

Air Pressure Testo - The vessel is air pressured to 5 pai gage and
i all welded seams given a bubble test to determine gross leakage. After all

indicated leaks have been repaired by depressuring and chipping out and re-
welding, the vessel is then air pressured by first slowly raising the pres-
sure to 20 psi gage and. then increasing the pressure by 4 psi increments

,

; until 40 psi gage is reached and held at this pressure for a minimum of 1 hr
in the manner prescribed by the ASME Code for Unfired Pressure Vessels. The
vessel is bubble tested again after reducing the pressure to 31.5 psi gage.
At this time, the gasketed joints at both the equipment and the personnel
access hatches are also bubble tested. In the event that any leaks are dis-
covered, the vessel is depressured, the leaks repaired, and the bubble test
repeated, except that a soapsuds test is made of the repaired area only.

,

Air _ Leakane Rate Test - See 0.I. No. 504Q, VAPOR CONTAINER ATMOS-
PHERE CONTROL SYSTEMS.

Final evaluation of the vapor containce is based on a leakage rate
test. The vapor container is pressurized with air to 15 psi gage, and the
leakage is recorded over a period of sevcal days. The test pressure corre-
sponds to the average pressure ar.ticipstod within the vapor container during
a 24 hr period following a major loss of coolant accident.

The leakage measuring system consists of two duplicate sets of tub-
ing running throughout the vapor container with taps at each of 11 represen-
tative locations. The taps on one tubing run are left open to the vapor con-
tainer atmosphere, and the tapa on the-other tubing run each terminate in a
large bulb of brass pipe capped. This latter tubing system consists of a
comy letely closed arrangement within the vapor contr.iner which is leak tested
and made absolutely tight. The entire vapor container is pressured to 15 psi
gage, and the pressure is eque.lized between the closed tubing system and the
. vapor container. The closed tubing system is then valved off from the vapor
container and from the open system,and the pressures in the two tubing systems
will follow one another, regardless of tenperature change. Any leak in the
vapor container.shell vill-be evidenced oy a difference in pressure between

. I,l - the two systems. A standard gas meter is used to meter the air required to
.v

-

b F T f 4
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equalize the two pressures. The volume of air thus measured by this gas
( ) meter and required to bring the differential pressure between the two pres-

sure measuring afstems to zero is the amount of leakage. The closed tubing's

system acts te compensate for temperature change directly and allows the
test to be run at any pressure, and the sensitivity in standard cubic feet
or air loss is constant.

If the leakage rate should be less than 0.1 vt % of the contained
air during any 24 hr interval, corresponding to 70 cu ft per hr (STP), the
vapor container is considered to be essentially leak-tight.

_ Freon Leak Test (Optional) - The preliminary Hazards Summary Report
included a Freon leak test as a regular vapor container tightness test. Due
to the advances in vag r container leakage testing since, this test is re-
tained on an optional basis only.

If the vessel should fail to meet the requirements of the air leak-
age rate test, a Freon gas test may be used to determine the areas of leakage.
This test is performed as follows:

After injecting Freon-12 to a 1% by volume concentration, the ves-
sel is then air pressured to 15 psi gage. Au the velded seams,
penetration velded joints and gasketed closures of the vessel are
then hand-probed from the outside at a rate of 0 5 ips, with a
halogen type leak detector device. When leakage in exce, of
about .00012 cu ft per hr of air occurs, which is equivalent to

("i about 5 oz per year of Freon-12, an audible alarm sounds, indi-
\/ cating a leak within the sensitivity of the instrument. Any such

leaks detected are repaired and the area tested again.

Final Air Leakage Rate Test (Optional) - If the vessel fails to meet
the requirements of the air leakage rate test, and resort is made to supple-
mentary Freon leak test, subsequent to repair, a final air leakage rate test
is performed.

Leakage Indication During Operation - See O.I. No. 504Q, VAPOR
CONTAINER ATMOSPHERE CONTROL SYSTEMS.

In order to evaluate quantitatively the leakage rate from the vapor
container during operation and to guard against the chance for gross leakage
through improper closure after opening the vapor container, the vessel vill
be monitored by the same system described under air leakage rate test. Aqv
leakage vill be detemined by the metered quantity of air which must be
admitted to permit equalizing the pressure between the closed and open pres-
sure measuring system.

Leakage Tests On Electrical Penetrations - Tests on prototype elec-
trical penetrations have been conducted to ensure their integrity during ther-

mal excursions from -40 F to 250 F.

__
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232 RADI ATION SHIELDING

General

The radiation shielding is divided into five categories according
to functions the neutron shield tank, the primary shield, the secondary
shield, the fuel handling shield, and auxiliary shielding. The arrangement
of shielding is shown on drawings Nos. 9699-FM-1A and 10 which is included
in Soction 231.

The shiolding thicknesses are designed for full rated . * actor heat
output of 485 av. The basis for the various shield thicknessos is determined
by the expected time of exposure and the source strength of the shis ided co::>-
ponent. At vorking stations, during full power operation,0.75 mr per Sr is
the doso critorien. For intermittently manned ground level areas during full
power operation a rmHm2n dose of 2 mr per hr has been established. During
refueling operations the cverage dose rate is 2 =r per hr, with instantaneous
dose rates of 16 mr per hr during spent fuel transit through the fuel chute.
The doso rate criteria in the control room during release of volatile fission
products into the vapor container which would follow tho hypothetical acci-
dont according to Section 403, HAZARDS FRG! PIACTOR ACCIDENTS are less than
1 r in the first hour and less than 10 r in the first 24 hr.

Feutren Shield Ten _k

The neutron shield tank is an annular, water-filled tank surrounding
the reactor vessel in the radial direction. It is designed to prevent nou-

pd . tron activation of the plant components within the vapor container and to pre-
vent overheating or dehydration of the primary concrete shield im=cdiately
surrounding it. The annular dimension of the tank is 36 in.3 The water in the
tank vill attenuato the neutron flur to approximately 5 x 10 thermal neutrons
per em2 see and 1 x 103 fast neutrons per em2 see,

Primary Shield

The primary shield is a reinforced concrete structure i=cediately
adjacent to and surrourding the exterior of the neutron shield tank. -fhis
shield, together with the noutron shield tank, serves to attenuate radiatien
from the core to the level of the radiation enanating from the main coolant
system. The bottom portion of the shield is 5 ft. thick and is an integral
part of the main etructural concrete support for the reactor vessel. The
lover cylindrical section is 5 ft thick and extends to a height just below
the reactor vessel flange surfaca. The upper portion is 4.5 ft thich cnd
extends from the top of the lover cylirdrical section to the charging floor
above.the reactor. The upper portion forms the shield tank cavity which is
flooded during the refueling operation to shield egainst rcdiation during
withdrawal of fuel assemblies and control rods. Extra shield thicknosa is
provided in the main structural concrete suppert near the vapor container
equipment hatch to compensate for the opening which the hatch necessitates.
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Secondare Shield

The secondary shield surrounds the entire reactor plant within the
vapor container and reduces the radiation from the reactor plant to tolerable
levels outside the vapor container. The bottom portion of the shield is an
integral part of the main structural support for the reactor plant. The
lower cylindrical side portion of the shield is 5 ft thick and extends from
the main support structure to the charging floor above the reactor vessel.
The charging floor above the steam generator compartments also serve as a
radiation shield. The upper portion of the cylindrical secondary shield is
2 ft thick and supports the polar crane.

Within the secondary shield, additional shielding is provided be-
tween the steam generators, the equipment hatch, and the pressurizer. These
shield partitions are designed to reduce radiation from adjacent compartments
during shutdown and equipment maintenance. The partitions extend from the
main structural support to the charging floor above the compartments. A bat-
tered wall on each side of the equipment hatch shields the area outside the
vapor container, below the hatch, from radiation emanating from the steam
generator compartments on each side of the hatch. Near the base, the bat-
tered wall is 5 ft thick and, at the top, the shielr Oickness is 2 ft.
Steam generator compartments are separated by 2 ft thick concrete partitions
which extend to the charging floor. These partitions limit the radiation
dose in any one compartment to the radiation emanating from equipment in that
compartment only. The pressurizer compartment is separated from the steam
generator compartments by 1.5 ft of concrete.

Fuel'Handlina Shield

The fuel handling shield facilitates the removal and transfer of
spent fuel assembliec and control rods from the reactor vessel to the spent
fuel transfer pit. It is designed to attenuate radiation from spent fuel,
control rods, and reactor vessel internals to tolerable radiation levels.

- The arrangement is shown on drawing No. %99-FM-19G.

The shield tank cavity which is formed by the upper portion of the
secondarg shield is flooded during refueling operations to provide a tempo-
rary water shield above the components being withdrawn from the reactor vessel.
The water height during refueling is nyt.roximately 25 ft above the reactor
vessel flange. This height assures that 13 ft of water will be above a with-
drawn fuel assembly and 8 ft of water will be above the withdrawn control rod.
:The spent fuel assemblies and control rods are remotely lowered out of the
vapor container through the spent fuel ch'ute and placed in the spent fuel-
transfer pit. Concrete and lead completely shield the spent fuel chute. The
concrete' shield is 4 ft of " heavy" concrete. Where space limitations prohibit
the use of concrete, 14 in, of lead is used. The shielding is designed to
protect personnel from radiation during the time a spent fuel assembly is pass-
.ing. through the main concrete support, the vapor container, and the spent fuel
cbute.'.

Since the spent fuel transfer pit is partially above ground, the.

concrete. walls are designed to shield personnel from radiation emanating'

n radially from the spent. fuel ~ assemblies and control rods during storage. The
tjs
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sections or the wall which are above grade are 6 f t thick, Water 1: the spent-

CJ fuel transfer pit protects perscnnel who are aHm " " Nel assenblies and
.a 33.5 f t above thecontrol rcus durinr nandling operations. The .i .

transfer pit floor which assures that sufficient .h: .ilti always be above
the fuel assenblies anc centrol roas during strrage and handling.

Auxiliary Shielding

Auxiliary shielding is designed te protect personne) in the control
roon, the sa :pling roon, and in the vicinity of the waste disposal system, the
purification systen, and the chemical shutdown system. The low activity eman-
ating from the waste disposal systen is shielded by fenced exclusion areas.
The ion exchangers which operate and are stcred in the icn exchanger pit are
covered with over ') f t of water, measured fron the top of the capsule. In

addition, that portion of the pit which is above ground is shielded by 3 ft of
concrete which comprises the walls of the pit. Other auxiliaries, such as the
chenical shuttown system, which are hcused in the Primary Auxiliary Building,

( } are adequately shielded to protect operating and maintenance personnel from
O' radiation exceeding the maximum tolerance levels. The concrete walls in these

buildings vary in thickness depending upon the radiation from nearby equipment.
In sone cases, the concrete block walls are renovable to allow personnel access
to equipment during maintenance periods. The control room front wall and roof
are concrete, h f t in thickness. Under the conditions of the hypothetical
accident following a major rupture of the main coolant system and subsequent
release of volatile fission products into the vapor container, the shielded
control room area allows the operating personnel to shut down the plant without

( ) overexposure.

Supplemental Shielding

Supplemental shielding has been installed in order to reduce neutron
streaming in an upward direction from the annular space between the reactor
vessel and the neutron shield tank to acceptable levels. The location and
dimensions of this shielding are shown on Page 232:h.

( )
"'

The shielding material consists of blocks made up of 1/h-inch
sheets of tempered masonite. Each block is in the shape of an isosceles
trapezoid covering a 15 degree segment extending outward in a radial direction
from the reactor vessel. There are three layers of these blocks, each layer
shif ted laterally from the one below in order to prevent streaming between
blocks. The first two layers are 6 inches thick and extend outward from the
reactor vessel h8 inches. The third layer is 10 inches thick and extends out-
ward 15 inches. Each block is covered with 20 gauge sheet aluminum so as to
be essentially leak-tight to any possible splash or spray from above. The
blocks are handled by means of removable eye bolts at the center of gravity.
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233 TURBINE GENERATORS
|

Gen ral

The turbine, having a rating of 145,000 kv at 3 1/2 in. Hg abs back |
ipressure with 3% make-up and three stages of extraction heating, operates at

1,800 rpm with steam supplied at 465 psia, 459.6F, and 1/4% moisture. Maximum
expected throttle flow for ther steam conditions is 2,000,000 lb per hr. The
turbine is tandem compound construction with a double flow high pressure ele-
ment with fifteen stages (1 Rateau and 14 reaction) and a double flow low pres-
sure element having nine reaction typc stages and exhausting into a condenser
located immediately beneath the turbine and set at right angles to the turbine
shaft. Steam is admitted to the turbine through two throttle valves. Each
throttle valve discharges to .two control valves, one upper and one lower.
Steam from each of the two high pressure turbine element outlets discharges ,

through a moisture separator to the low pressure element. The longitudinal
section of the turbine is shown on drawing No. 631-J-915.

The generator is rated 160,000 kva, 3 phase, 60 cycles,18 kv vith
.95 pf and 30 psi gage hydrogen pressure and has a short circuit ratio of .64
and is directly connected to the turbine. Excitation is from a 400 kw direct
connected main exciter.

The turbine generator, in the Secondary Plant Building, has its
_

shaft perpendicular to the radius of the vapor container. It is extremely
unlikely that a major accident to the turbine generator, such as an explo-

A sion or disintegration of the turbine or generator rotors, could cause re-
V .-lease _of radioactive material either from the vapor container shell or

radioactive piping within the vapor container. The intervening structures,
in particular the 3 ft thick concrete shield wall and roof of the control
room, are substantial barriers to protect the vapor container. It is un-
reasonable,to assume that such a turbine accident might occur at the same
time as a large loss'of water accident in the vapor container or that debris
from an accident might penetrate the vapor container shell and 5 ft of con-
crete to damage radioactive piping.

The turbine generator has the usual accessories including a throttle
pressure regulator.- Governing devices function through hydraulic relays.

Throttle Valvar

Each throttle valve is a single seated, oil operated, spring clos-
ing valve controlled primarily by the throttle control but also by the tur-

' bine overspeed trip device. . Each throttle control is' provided with a hand-
wheel for manual operation located on the turbine governor end pedestal and
a motor operator for remote testing and must be manually reset after opera-
tion of the overspeed trip _before the throttle valves can be opened. The
turbine overspeed trip pilot can be actaated by one of the following to close
the throttle valves:

-Turbine thrust bearing trip
Low' bearing oil pressure trip

. Iow corrienser vacuum
_

. Solenoid trip
- Overspeed trip -
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O Each throttle valve has limit switches which operate valve position
V lights on the turbine startup panel and the turbine section of the main con-

trol board. These limit switches are also in the electrical interlock system

to operate the turbine trip auxiliary relay.

Removable strainers are in each throttle valve body to protect the
valves and turbine from foreign material in the steam. The pressure drop

- through each strainer with a total throttle flow of 2,000,000 lb per hr does
not exceed 9 psi. Temporary fine mesh strainers should be installed during
initial startup and the maximum allowable pressure drop across these strain-
ers is 45 psi at which time the strainers must be removed and cleaned.

Test switchen located on a local panel on the mezzanine permit the
operator to close eat throttle valve and observe the valve operation when
the unit is in servics to assure the operators that the valves are operable
and free to close in an emergency. It is estimated that with main steam pres-
sure of 509 psia, one throttle valve can pass 1,560,000 lb per hr, and that
with one valve closed for test, the unit can carry about 125,000 kw. Red ard
green indicating lights on the turbine startup panel indicate valve position.
On the main turbine board a red light indicates +. hat either throttle valve is
open, and a green light indicates that both valves are closed.

Control Valyes

Four hydraulically operated valves of the single seated plug type
m open and close in sequence to control steam admission and are actuated by
h the following devices:

Turbine speed governor, responsive to turbine speed which includes:

A speed changer or synchronizing device

A load limit device

Governing . emergency trip valve, actuated when the throttle
valves are tripped to close the mntrol valves

Accelerometer, responsive only to rate of turbine speed in-
crease to close the control valves

Throttle pressure regulator, responsive only to turbine throttle
pressure to close the control valves on decrease on steam pres-
sure below the set pressure which varies with turbine load

A solenoid controlled air operated hydraulic pilot valve is pro-
. vided for each control valve to test the operation of the valve. Test
switches with red and green indicating lights _ for the two upper control
valves are on the turbine startup panel and ' test switches and lights for
the two lover. control valves .are on a local panel on the mezzanine.

O
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Turbir.. Interstage Moisture Separator

Two moisture separators each 8 ft-6 in. OD by about 21 ft long are
in the steam piping between the high pressure turbine exhaust and the low
pressure turbine. At maximum turbine load, the moisture of steam entering
the separators is estimated at about 10 to 11% and leaving the separators
at about 1/4 to 1%. Level switches on the separator drain pots trip the

;

turbine throttle valves and sound an alarm on high water level to prevent
the separators from flooding and water from being carried into the low pres-
sure turbine. Connections in the inlet and discharge piping permit sampling
to determine the steam moisture content and the efficiency of the separator.
In the drain line from each separator is a flanged piece of pipe about 5 ft
long, which can be replaced with a flowmeter test section to assist in testing
the separator performance.

Turbine Governinn Devices

The normal governing devices which operate through hydraulic relays
to operate the control valves are as follows:

The governor handwheel at the unit

l The governor synchronizing motor which is controlled by a switch
on the electrical section of the main control board for raising
or lowering turbine speed or load

O the 1eed 11mit handwhee1 et the enit

The load limit motor which is controlled by a switch on the
turbine section of the main control board

The pre-emergency devices which function similarly to the normal
governing devices to operate the control valves in case of abnormal operat-
ing conditions are the accelerometer which closes the control valves on
rapid increase in turbine speed and the throttle pressure regulator which
closes the control valves on decrease in throttle steam pressure below a
set _ point that varies with turbine load. The control valves will be actuated
by either the speed governor, load limit, or throttle pressure regulator and
the device delivering the lowest oil pressure will be in control. Pressure
gages are on the turbine startup panel and on the main control board to in-
dicate the oil pressure from these devices.

The emergency devices which will trip the throttle valves, the con-
trol valves, and the air relay dump valve are as follows:

Overspeed emergency governor
Solenoid trip
Iow condenser vacuum trip
-Iow bearing oil trip
Thrust bearing trip

,

Hand- trip at unit

- () .~v

--



,

233:4
9/U/59

Air Relay Dump Valve

A 3-way diaphragm valve is in the steam generator blowdown line to
permit the blowdown to go normally to the blowdown flash tank but, on turbine
throttle trip, to divert the blowdown to the blowdown tank. An oil operated
air pilot valve in the turbine oil tank controls the 3-way valve ard is
actuated by the turbine overspeed and hand trip.

Lubricatinc Oil System

The main oil pump which supplies oil to the hydraulic mechanisms
and bearings is a centrifugal pup mounted on the turbine shaft. It is

supplied with oil at about 30 psi gage from the oil ejectors located in the
oil tank. Oil discharging from the main pump at about 325 psi gage is piped
back to the oil tank where a portion of it passes through the oil ejectors to
supply the main oil pump suction and a pressure reducer to supply oil to the
bearing oil system, and the remainier passes through filters to the hydraulic
governing control system.

The turbine main auxiliary oil pump driven by a 100 hp motor sup-
plies oil at about 250 psi gage to the hydraulic header and to the main oil
pump suction and bearing header through an oil ejector. This pump is used
when the turbine is at a standstill or below rated speed. During starting,
the main auxiliary oil. pump supplies all the. oil ani the main pump pumps
against a closed check valve. As the turbine speed reaches about 1,600 rpm,
the main oil pump discharge builds up to a pressure greater than that sup-

h ' plied by the auxiliary oil pump and supplies the oil requirements of the
turbine. When the turbine is running at 1,80C rpm and oil pressures are
normal, .the turbine main auxiliary oil pump may be shut down. The pump
motor is ' controlled by a 440 y air circuit breaker having 125 v d-c control
and located in the 440 v station service switchgear. Operation of this
circuit breaker is controlled to start the pump manually from a switch on
the turbine startup pand . A pressure switch in the turbine bearing oil
header automatically starta the pump on decreasing oil pressure of 9 psi
gage and below.

The alternating current motor driven turning gear oil pump with
15 hp motor. drive: supplies oil to the turbine bearings when the unit is on
turning gear. The pumo discharge pressure is not sufficient to operate the
turbine-hydraulic contro] and governing system. The pump motor is controlled
by a . magnetic ~ starter in motor control center No. 2. This contactor is man-
ually started and stopped by a control switch on the turbine startup panel.
A pressure switch in the turbine bearing oil header automatically starts this~

pump on decreasing oil pressure below 7 lb.

The direct current motor driven emergency bearing oil pump with 15 hp
motor drive provides the final backup for the bearing oil system and is supplied
with_125 v d-c.from the station battery. Operation of the motor is controlled
by a locally mounted magnetic starter. - Operation of this starter is manually
controlled by a start and stop control switch on the turbine startup panel.
A~ pressure switch -in the turbine bearing oil header automatically starts the
pump on decreasing oil pressure of 31/2 psi gage and below.
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fm The following system of controls applies to the three motor driven
d oil pumps P-37, P-38, and P-39:

The pumps start automatically but are not arranged to stop auto-
matically when pressure is restored. They will run until man-
ually stopped.

The motor overload protection stops the pumps and annunciates
this condition on the main control board.

Red, green, and amber lights on the turbine startup panel in-
dicate pump runnire, stopped, and overload trip, respectively.

The vapor extractor with 2 hp, 440 v motor located on the turbine oil
tank, draws a small amount of air down the drain lines continuously and removes
any traces of hydrogen that might tend to pocket in the bearing pedestals or
tank. The extractor also serves to ventilate the air space above the oil in
the tank and' aids in removing any moisture laden air in the oil system. A
by-pass line is provided on the extractor from the discharge to the suction to
be adjusted to maintain a negative pressure in the oil tank of about 1/2 to
1 in. of water. .The vapor extractor motor is controlled by a magnetic starter
provided with overload protection and located in motor control center No. 2.
Operation of the starter is manually started and stopped by a control switch
on the turbine startup panel. Red, green, and amber indicating lights on

:the turbine startup panel indicate running, stopped, and overload trip,
respectively.

( )
''' Two coolers in the oil tank cool the oil before it is fed to the

bearings. It 'is necessary to use only one cooler at a time and a transfer
valve permits switching coolers when the unit is carrying load. Before
switching coolers, it is essential to. fill the spare cooler with oil to pre-
vent sending a slug of air to the bearings.- To fill the spare cooler, the
cooler filling valve should be opened and the cooler vent observed. When
the vent starts discharging oil, the transfer valve can- be turned and the
filling valve shut.

Rydrogen Seal Oil System

The. seal oil system separates the bearing oil system from the
generator hydrogen and removes the hydrogen absorbed by_ the seal oil by a
vacuum treatment.

. The main' seal oil pump has a 7 1/2 hp motor-controlled by a 440 v
magnetic starter located in motor control center No. 2 and equipped with over-
load protection. The starter is controlled by a maintaining contact " Start-
'Stop" push button located near the seal oil unit. Indicating lights and
. automatic: starting of-the' pump are not provided.-

The emergency seal. oil pump has a 71/2 hp,125 y d-c motor con-
trolled by a locally mounted magnetic.. starter without overload protection.
The starter is controlled by a. local manually operated " Start-Stop" push

7 _: button. A differential pressure ' switch on the seal oil unit automatically
1
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starts the pump. Once the pump is automatically started, it runs until manu-
ally stopped. Automatic starting of the pump is not annunciated in the con-
trol room, but a red light on the hydrogen control buard irdicates when the
pump is running.

A backup oil supply to the seal oil system is provided from the
turbine high pressure hydraulic oil system.

The seal oil vacuum pap has a 3 hp motor controlled by a 400 v
magnetic starter located in motor control center No. 2 and equipped with over-
load protection. The starter is controlled by a maintaining contact " Start-
Stop" push button located near the seal oil unit. Ind.icating lights ani auto-
matic starting of the pump are not provided.

To provide additional protection against contamination of the bearing
oil by hydrogen, a loop seal is provided in the generator bearing drain line.
A vapor extractor with 1 hp, 440 v motor removes the hydrogen released in the
loop seal. The extractor motor is controlled by a magnetic starter with over-
load protection in motor control center No. 2. Operation of the starter is
manually started and stopped by a control switch on the turbine startup panel.
Red, green, and amber lights on this panel indicate running, . stopped, and over-
load trip, respectively.

Turbine Turning Gear Drive

The 30 hp, 440 v turbine turning gear motor is controlled by a

O) magnetic starter in motor control center No. 2. This starter is operated man-
k' ually by a " Start-Stop" push button on the turbine casing. A pressure switch

in the turbine bearing oil header prevents operation of the turning gear with
bearing oil pressure below 4 1/2 psi gage. An ammeter located at the turbine
indicates turning gear load.

Turbine Shaft Sealine System

An oil operated steam seal regulator controls the flow of steam to
and from the turbine shaft _ seals, admits main steam;to the seal header, or
dumps steam from the header to maintain constant header pressure of about
4 psi gage.

Icakage of sealing steam along the shaft at each seal is carried
away by the gland exha d er system consisting of two blowers with 2 hp,

~ 440 v motors, one a spare and the shell and tube heat exchanger or the gland
steam condenser. This system maintains a vacuum of about 4 in. of water on
the shaft seal steam leak-off header and, therefore, it insures that steam
does not leak into the room from the packings. The low pressure steam leak-
offs from the turbine throttle and control valves are also connected to this
exhaust system.

.
.'The 2 hp blower motors are controlled by magnetic starters provided

withioverload protection and. located in motor control center No. 2.. The
starters are manually oparated by a " Start-Stop" switch on the turbine startup
panel. Red, green, -and amber. indicating lights on the turbine startup panel-

(3,) indicate running, stopped, and overload trip, respectively.
~
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The hydrogen storage and a four-bottle supply manifold for the tur-
bine generator, together with the hydrogen and inert ps mnifolds serving
the rest of the plant, are in an extension to the vest end of the pri=ary
auxiliary buildings. From the storage area hydrogen is supplied at about
60-100 pai sage to a pressure reducing station located beneath the generator
on the ground floor and designed to maintain generator hydrogen pressure at
a preset value betveen 1/2 and 30 psi gage. A manual by-pass around the PRV

-

permits rapid filling of the generator.

The hydrogen control cabinet and a four-bottle CO2 supply manifold
are also on the ground floor beneath the generator.

Automatic Trivniner of the Unit and
Electrical Interlocks

The manual and automatic tripping of the unit under various emer-
gency conditions is arranged as follows:

,

Operation of the generator overcurrent, differential and loss
of field, No. 1 station service transformer differential and
overcurrent and No. 4 station service transformer overcurrent
relays automatically initiate the following actions:

.

Trip 115 kv oil circuit breakers Nos. Y-177 and Z-126.
^

Trip No. 1 station service transformer air circuit
breaker No. 124.

Trip No. 4 station cervice transformer air circuit
breaker No. 448.

Trip generator field.

Annunciate on main control board.

Actuate turbine throttle valve solenoid trip.

Scram the reactor if turbine load is above 15 mv.

_ Operation of the unit . differential relays initiates the following
actions:

Trips'll5 kv oil c' rcuit breakers Nos. Y-177 and Z-126.i

Trips No. 1 station service transformer air circuit
breaker No. 124.

Trips No.'4 station service transformer air circuit
. breaker No. 448.

.

(_ Trips generator field.
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Annunciates on main control board.

Trips main transformer No.1 oil pumps.

Scrams the reactor if turbine load is above 15 mv.

A turbine throttle valve trip will automatically open the

115 kv oil circuit breakers Nos.1 and 2.

A turbine throttle valve trip will automatically scram the
reactor if turbine load is above 15 mv.

If turbine load is below 15 mv as in startup or is reduced
to less than 15 mv and continues -below 15 mv for a prese,c
adjustable time 0-10 sec, tripping the turbine throttle
valves will not scram the reactor. A relay with a time de-
lay drop-out characteristic variable from 0-10 see is em-
ployed to insure scramming of the reactor when the turbine
generator is tripped at a load above 15 mv due to an elec-
trical fault or mechanical trouble.

High water level in the turbine moisture separators will
actuate the turbine solenoid trip.

hx_I High pressure in the vapor container will actuate the
turbine solenoid trip.

Whenever the nuclear reactor is scrammed,-the turbine
throttle valves are tripped automatically within
2 sec.

.

. - k.)
, -
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23h CONDENSER

'

The main condenser condenses steam from the turbine generator
low pressure element exhausts. It also receives the discharge from the
turbine steam by-pass lir.e to condense steam produced by the steam

. generators which is not used by the turbine generator as during startup,
shutdown, and any transient plant operating conditions.

The condenser is single pass with a total tube surface of
85,000 sq ft consiating of 12,495,7/8 in. OD, no. 18 BWG admiralty metal
tubes, 30 ft overall length expanded into both tube sheets. A stainless
steel expansion joint -in the condenser neck is velded to the turbine
exhaust and the condenser is grouted to the ground floor, El.1,022'-8"
vith 2 in. ~ of grout. .From an economic evaluation in which were considered

.

initial costs, condenser perfor:::ance, and turbine capability, with both
pond water and possible future. cooling tower operation as the circulating

' -water for the-condenser, an 85,000 sq ft single p'ss surface condenser was
selected as the optimum size.

The condenser hot well is of the deaerating type capable of re-
ducing the oxygen content in the condensate to less than 0.01 ce per liter

ibecause a deaerating feed water heater is not provided in the feed water
; cycle. All trays, shells or other inaccessible accumulations of con-

; densate inside the condenser are arranged to be self-draining to prevent-

long time retention of radioactive fluid if the condenser should become
contaminated.-

.

The condenser shell or hot well is equipped with nozzles having
~ internal | impingement baffles, serrated veirs or perforated spray baffles

~

as required for the return of miscellaneous drips and drains. Included in
these drains-are those for feed water heater drains and vents, heater drain
and boiler feed pump recirculation lines, condensate recirculation for the'

: gland steam leak-off condenser and air ejector unit, steam line drains and
: condensate make-up.

A special connection on the condenser shell is designed to take
steam from the turbine: steam by-pass line without objectionable noise or
damage.to the condenser tubes. . The steam by-pass control system has capac-

_

ities of LOO,000,100,000, and -23,ooo lb per hr with main steam line pres-
;sure|of|990,-.475, and 97 psia, respectively.

.

~ The ' condenser. vacuum is produced and maintained by.a twin element
2-stage air ejector unit- with inter and'after condenser, a main priming jet,
and an auxiliary priming jet. _ Each pair of jets of the air ejector unit-is

- designed for steam pressuas of _300 psi gage and above, has a capacity of
~ 12 5 cfm equivalent free dry air with an inlet pressure of 1-in. Hg abs, and,'
; depending on air-leakage, is capable of reducing condenser pressura to 1~in.-

.

. ~ Hg abs.y The drains from the intercondenser and aftercondenser re. turn to.
the' condenser through a~ loop seal and' drainer, respectively. A'flovmeter-
;in ythe by-pass of the air ejector unit-discharge indicates ' air leakage.to -

.
, Ethe_ condenser..

. /} 4
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r]. The main priming jet is designed for steam pressures of 300 psi.

'V gage and above, has a capacity of 4,050 lb per hr of 70 F free air with'

inlet pressure of 15 in. Hg abs, and,- depending on the air leakage, may
reduce condenser pressure to about 2 in. Hg abs. The auxiliary priming jet
is designed for steam pressure of 60 psi gage and above, has a capacity of
340 lb per hr of 70 F free dry air with inlet pressure of 14 in. Hg abs,
and, depending on air leakage, may r.nintain with reasonable steam consurp-
tion a minimum condenser pressure of 3 4 in. Hg abs during plant startup
and also when the reactor is being shut cbvn and the turbine steam by-pass
line is-in operation.'

i
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O 235 ARCHITECTURAL AND STRUCTURAL FEATURESb
FouMations

Foundations are reinforced conerste, resting on soil :onsisting of
fine sands and gravel, with many cobbles aM boulders. The n~un tearing
value on the. soil allowed in the design is 4 tons per sq ft, with seco reduc-
tion for shallow or small footings. All the principal foundations rest on
undisturbed soil. Where frost may occur in the ground, as in f,he case of all
footings for exterior walls and detached structures, all foundations have been
carried doen to a minimum of 5 ft below the finished yard grade. For general
purpose building foundations, concrete with an ultimate strength of 2,503 psi
has been used. For the foundations of the vapor container, reactor enclosure,
turbine support, and other important structures, 3,000 psi concrete has been
used.

Structural Steel

Structural sterd conforms to the Specifications for Structural
Steel for Bridges, ASTM A7. The structural framing has been designed, fabri-
cated, and erected in accordance with the standard specifications an codes
of the American Institute of Steel Construction and the Anerican Welding
Society.- In general, the structural framing is shop riveted and has been
erected-in the field with high strength bolts in lieu of rivets.

Building Walls. Floors and Roof Constractionf,.s() The exterior walls of the upper part of Turbine Building are faced
with h J.ated steel siding of " sandwich" enratruction, consisting of two
layers.of metal with Fiberglas insulation between. The outer layer of steel
siding consists of corrugated metal covered with asphalt-saturated asbestos
sheets bonded to the steel with synthetic resin and protected by a plastic
coating on the weather side. The inner faces are paneled with galvanized
steel. The valls of the Centrol Room Area adjacent to tho turbine room on
the side facing the reactor are solid concrete 4-ft thick, constructed thus
in order to serve both as building walls ard as shielding in case unusual
radioactivity should develop. The exterior walls of the lower part of the .

Turbine. Building, Service Building, Auxiliary Equipment Building, Waste
: Disposal Building, Guardhouse,.and Circulating Water Pump House are of hollow
concrete block construction with a heavy exterior weather-protection coating

; of vinyl plastic. The' srn11 Office Building attached to the Turbine Building
has exterior insulated steel paneled, porcelain enameled curtain valls. Win-
dow sash of al1~ buildings is aluminum. Doors are industrial steel or rolling
steel curtains as the case may be. Interior partitions are all concrete

. blocks, ordinarily of the standard' hollow type, but made solid where shielding.
is required. .' Solid' block exterior walls are used in some parts of the Waste.
Disposal: Building to provide shielding. - All exterior building walls are de-
signed for the wind loads established by the American Staniard Building Code.

.

The storage vault for new fuel is constructed with a reinforced con-
~

., rete frame, roof deck, .and floor slab.- The valls have no vindows and are
p Jpartly. reinforced concrete and partly concrete masonry. The single large doer
J

.
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'p is of the type known as " industrial steel" of heavy construction with tubular
d steel stiles and rails ard sheet steel panels. There is a small access door

in the large door. Both the large door and the access door are secured with
,

cylinder locks.

Building floors in general are reinforced concrete, both when sup.-
ported by structural framing and when laid on well-tamped earth fill. Steel
decking is used throughout for nof construction, except over the control
room where reinforced concrete 4 ft thick is used to provide shielding and

i over the fuel vault where a solid reinforced concrete roof deck is installed.'

All roof decks are covered with 20 yr bonded built-up tar and gravel roofing,
flashed with lead coated copper.

,

Building floors and roofs are designed for the following live loads.

Office' areas - 2,000 lb concentrated, or 100 psf

Stairways 100 psf

Control room - weight of installed equipment, or 50 par

Turbine room - weight of dismintled pieces of
equipment when laid down in designated areas;
in all other areas- 200 psf

Laboratories 100 psf
'

( )-
,

' " Toilet and locker room 100 psf

Work areas and special equipment areas As required.

Roof snow load 40 psf "

.

Earthauske Considerations
4
'

- The general area is seismically stab.n- Reference has been made to
" Earthquake History of_the United States" by N. Heck, Special Publication.

No.149,~ U.S. Department of Commerce, Coast and L 2 etic Survey and to informa -
tion obtained from Rev. Daniel Linehan, S.J., Director, Weston Observatory,
noted authority in regard to earthquakes. Experience has indicated that damage
from earthquakes-is at'a minimum for structures founded on compact solid soils
close to. bedrock, as at this site. Normal framed structures and equipment sup-

'

ports. having the lateral stability inherent-in any proper design will, in
general, without special provision,. safely withstand an earthquake of light
intensity. There is no historical record of any more than light tremors in
this area.of very infregnent occurrence. Accordingly, no special provisions
for seismic ~ design have becn made at this plant.

.
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