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Subject: CESSAR Amendment 10

Dear Mr, Eisenhut:

As a result of startup testing conducted at Palo Verde on the first System 80"
plant, C-E has identified changes to CESSAR. These proposed changes are
described in the attachment and are provided for NRC Staff review,

These changes are currently in the FSAR change process and will be added to

CESSAR in Amen<went 10, If you have any questions or comments concerning these
changes, please feel free to call me or Mr, T, J. Collier of my staff at (203)

285-5215.
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Director
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SUMMARY OF CHANGES

Chapter 5: Reactor Coolant System and Connected Systems

Section 5.2.2.10 and Figure 5,2-2 are changed to reflect a lower maximumaT
across a steam generator, This change is made to allow additional operational
flexibility and limits the maximum &T at which a Reactor Coolant Pump can be
started to 100°F, Additionally, clarification is added to more accurately
reflect the Shutdown Cooling System relief valves used in construction,

Figure 5.2-1 is modified to credit the typical difference in height between the
pressurizer and the shutdown cooling system, Tris change was also made to

provide operational flexibility.

Section 5.4.2.4.1 is changed to correct the Section numbers referenced., This
change is considered editorial in nature.

Section 5.4,10.3 is revised to indicate that pressurization rate testing is not

performed during Hot Functional Testing, Pressure control setpoints are
determined analytically and checked during Power Ascension Testing,

Chapter 6: Engineered Safety Features

Tables 6.3.3.3-1 and 6.3,3.3-2, and Figure 6.3.3.2-5L, are modified to ease Low
Pressure Safety Injection flow requirements, These flow changes were found to
be sufticient to preserve the present ECCS performance results. Compar®;on of
the revised figure with the figure currently irn CESSAR demonstrates th
insignificance of this change on the worst case postulated break,

Appendix 6B: Iudine Removal System

Section 7.16.4 is revised to remove unwarranted restrictions on the transfer of
hydrazine and to clarify the qualifications of the arrangement used to transfer
hydrazine to e Spray Chemical Additional Tank,

Chapter 7: Instrumentation and Controls

Section 7.1.2.10 is revised to clarify conformance to IEEE 384-1974 as
augmented by Regulatory Guide 1.75 (Rev, 0, 2/74). It shows that the
ccmitment to perform specific analyses have been completed,
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Chapter 9: Auxiliary Systems

Tables 9.2-1 and 9.3-1, and Section 9.,3,4,1,3.2, are updated to reflect C-E's
latest guidance on chemistry controls,

Chapter 10: Steam and Power Conversion System

Tables 10.3.4-1 and 10.3.4-2, and Section 10,3.4, are updated to reflect C-E's
latest cuidance on chemistiy controls,

Chapter 14: Initial Test Program

Section 14,2.12.2.5 (page !4,2-59) is revised to correct an editorial error,
The letdown system valves cested are the control valvas not the isolation
valves,

Chapter 16: Technical Specifications

Specifications 3.4.1.3 and 3.4,1.4.1 and their bases are modified to reflect
the reduced steam generator 8T described under Chapter 5 above,

Appendix A

The Regulatory Guide 1,68,2, Revision 1 position statement s revised to
reflect compliance with the intent of that guide., This change was effected in
Amendment 6 to CESSAR dated November 20, 1981, but was not reflected in
Appendix A,



5.2.2.10.1.1 Credit for Operator Action

No credit is taken for operator action for 10 minutes after the operator is
made aware that a transient is in progress.

§.2.2.10.1.2 Single Failure

In the LTOP mode, each SCS relief valve is designed to protect the reactor

vessel given a single failure in addiiion to a failure that initiated the
pressure transient. The event initiating the pressure transient is considered

to result from either an operator error or equipment malfunction. The SCS relief
valve system is independent of a loss of offsite power. Each SCS relief valve

is a self actuating spring-loaded liquid relief valve which does not require
control circuitry. The valve opens when the RCS pressure exceeds its setpoint.

The redundant SCS suction line trains between the RCS and SCS relief valves
meet the single failure -riteria as described in paragraph 5.4.7.1 2 and table

5.4.7-3. No single failure of an isolation valve or its associated interlock
will prevent one relief valve from performing its intended function.

5.2.2.10.1.3 Testability

Periodic testing of the SCS isolation valves is defined in the Technical Speci- -+
fications, paragraph 16.3/4.5.2.

5.2.2.10.1.4 Seismic Desion and [EEE 270 Criteria

The SCS suction line relief valves, isolation valves, assc:iated interlocks, and
instrumentation are designed to Seismic Category I requiremants as discussed in
subsections 3.2.1, paragraph 5.4.7.2.5 and table 3.2-1. The interlocks and
instrumentation associated with the SCS suction isolation valves satisfy the
appropriate portions of IEEE 279 criteria as discussed in paragraphs 5.4.7.2.5,
7.6.2.1.1 and 7.6.2.2.1.

5.2.2.10.2 Design and Analysis

In demonstrating that the SCS relief valves meet the criteria listed in paragraph
5.2.2.10.1, the following additional information is provided.

5.2.2.10.2.1 Limiting Transients

Transients during the low temperature operating mode are more severe when the

RCS is operated in the water-solid condition. Addition of mass or energy to an
isolated water-solid system produces increased ™ system pressure, The severity
of the pressure transients depends upon the rate and total quantity of mass or
energy addition. The choice of the limiting LTOP transients was based on evalu-
ations of potential transients for System 80 plants. The most l1imiting transients
initiated by a single operator error or equipment failure are:

a) An inadvertent safety injection actuation (mass input).
b) A reactor coolant pump start when a positive steam generator to reactor
vessel 4 T exists (energy input).
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The transients were determined as most 1imiting by conservative analyses which
maximize mass and energy additions to the RCS. In addition, the RCS is assumed
to be in a water-solid condition at the time of the transient; such a condition
has been noticed tc exist infrequently during plant operation since the operator
is instructed to avoid water-solid conditions whenever possible.

Figure 5.2-1 shows the result of the inadvertent safety injection actuation
transient analysis when the RCS is in the LTOP mode. The mass addition due to

the simultaneous operation of two HPSI and three charging pumps was considered.
along with the simultaneous addition of energy from decay heat and the pressurizer

heaters. the mmatinawan allowed Bﬁ ®

- tchmical seeciFication 100°F
Figures]5.2-2 shows the result of the transient analysis of a reaftor coolant
pump stirt when a steam generator to reactor vessel a T of exists. This
AT s during

the LTOP mode. In addition to considering the energy addition to the RCS from

the steam generator secondary side, energy addition from decay heat, the reactor
coolant pump anc all pressurizer heaters were also included. In this analysis

the steam Jene: ators were assumed to be filled to the zero power, normal water
level. For conservatism, the secondary water, both around and above the U-tubes,
was assumed to be thermally mixed in order to maximize the energy input to the
primary side. This assumption is conservative since as a result of the temperature
distribution within the steam generator during the transient, the water inventory
above the tubes is practically isolated thermally from the heat transfer region.
Therefore the heat transfer rate, and thus the primary side pressure, is not sensi-
tive to the secondary side water level as long as the tubes are covered.

100°F 100°F . |
On the basis of experfence, the 2T value of +&8&k used in the analysis is much
larger than any AT thjt might be expected during plant operation. This maximum

allowable AT of will prevent pressurizer pressure from exceeding the minimum
P=T 1imit {apononimabirmpas-patas 31 1owed for the lowest system temperature during
the LTOP mode of operation. (See Technical Specification Figure 3.4-2). During
RCS cooldown using the shutdown cooling system, coolant circulating with the
reactor coolant pumps serves to cool the steam generator to keep the temperature
differ@:e between the reactor vessel and the steam generator minimal. Procedures |
will direct the operator to maintain the AT below approximately 20°F.

LTOP transients have not been analyzed for the simultaneous startup of more than
one reactor coolant pump (RCP). Such operation is procedurally precluded since
the operator starts only one RCP at a time and a second RCP is not started until
system pressure is stabilized. Additionally, there is an LTOP transient alarm
that should indicate that a pressure transient is occurring. Accordingly, the
second RCP would not be started.
1.3/4.4.\3

Technical Specification section 4owdsdeded requires that the operator not start
an RCP ig¥ the AT exceeds However, as mentioned above, administrative
procedures will ensure tlat the AT is maintained below approximately 20°F.

L]
The results of the analyses provided in Figures 5.2-1 and 5.2-2 show that the
use of either SCS relief valve will provide sufficient pressure relief capacity
to mitigate the most limiting LTOP events identified above.

5.2-6b




5.2.2.10.2.2 Provision for Overpressure Protection

During heatup, RCS pressure is maintained below the maximurm pressure for SCS
operation until RCS cold leg temperature exccegs the applicable P-T operating
curve temperature corresponding to 2500 1b/in.“a (see Figure 3.4-2 in the
Technical Specifications). If SI-651 and 653 or SI-652 and 634 SCS suction
isolation valves are open and RCS pressure exceeds the maximum pressure for
SCS operation, an alarm will notify the operator that a pressurization transient
is occurring during low temperature conditions. Either SCS relief valve will
terminate inadvertent pressure transients occurring during RCS temperature
below fhe applicable P-T operating curve temperature corresponding to 2500
1b/in.%a. Above the maximum LTOP temperature, overpressure protection is
grovided b{sthe pressurizer safety valves when the SCS reiief valve is isolated
rom the RCS.

Ouring cooldown whenever RCS cold leg temperature is below the applicable
temperature for LTOP, the SCS relief valves provide the necessary protection.
If the SCS is not aligned to the RCS before cold leg temperature is decreased
to the maximum temperature requiring LTOP, an alarm will notify the operator
to open the SCS suction isolation valves (51-651, 652, 353, 654). The maximum
temperature requiring LTOP is based upon the evaluatiun »f the applicable P-T
curves. However, the SCS can not be aligned to the RCS .ntil the pressure is
below tg; maximum pressure allowing 3CS operation (see, paragraph 5.4.7.2.3,
item a.2).

These LTOP conditions are within the SCS operating range. Technical Specifica-
tion section 16.3/4.4 @ 3 requires the SCS suction line isclation valves to be
open when operating in the LTOP mode. Aiso, this Technical Spacificatio
ensures that appropriate action is taken if one or more S.. relief valves are
out of service during the LTOP mode of operation.

Either SCS relief valve will provide sufficient relief capacity to prevent any
pressure transient from exceeding the isolation interlock setpoint (See figures
5.2-1 and 5.2-2).

$.2.2.10.2.3 Equipment Parameters

The SCS relief valves are spring-loaded <™ ™oweh |iquid relief valves with
sufficient capacity to mitigate the most limiting overpressurization event.
Pertinent valve parameters are as follows:

Parameter

Nomina | Setpoint 450 1b/in.2 absolube
Accumulation 10%
Capacity 4000 (@ 10% acc) gal/min

Since each SCS relief valve is a self actuating spring-loaded liquid relief

valve, control circuitry is not required. The valve will open when RCS pressure
exceeds its setpoint.
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The SCS relief valves are sized, based on an inadvertent safety injection
actuation signal (SIAS) with full pressurizer heaters operating from a water-solid
condition. The SIAS assumes simultaneous operation of two HPSI pumps and three
charging pumps with letdown isolated. The resulting flow capacity requirement
for water is 4000 gpm. The analysis in Section 5.2.2.10.2.1 assumed that either
SCS relief valve relieved water at this rate. The desi?n relief capacity of each

of two SCS relief valves (shown in P&ID Figure 6.3.2-18B) as supplied by the valxs
manufacturer %mwwigﬁe m?n‘mum b

required velief capacity of 4000 gpm ufficient margin in relieving capacity
for even the worst transient. The SCS relief valves are Safety Class 2, designed
to Section III of the ASME Code. swibish soadaias

5.2.2.10.2.4 Administrative Controls

Administrative controls necessary to implement the LTOP provisions are limited

to those controls that open the SCS isolation valves. Before entaring the low
temperature region for which overpressure protection is necessary, RCS pressure

is decreased to below the maximum pressure required for SCS operation. Once the
SCS is aligned, no further specific administrative procedural controls are needed
to ensure proper overpressure protection. The SCS will remain aligned whenever
the RCS is at low temperatures and the reactor vesse! head is secured. As
designated in Table 7.5-2, indication of SCS isolation valve position is provided.

$.8.3 REACTOR COOLANT PRESSURE BOUNDARY MATERIALS
S 031 Material Specification

list of specifications for the principal ferritic materials, austenitic
stainless steels, bolting and weld materials, which are part of the reactor
coolant pressure boundary is given in Table 5.2-2.

Studies have shown that the irradiation induced mechanical property changes
of SA-5338 materials can depend significantly upon the amount of residual
:lements present in the compositions, namely; copper, phosphorous, and
vanadium. [t has also been found that residual sulfur affects the initial
toughress of SA-533B materials. Specific controls are placed on the residual
chemistry of reactor vessel plates and the as-depositied welds used to join
these plates to limit the maximum predicted increase in the reference
temperature (RT, .., which is discussed in Section 5.3.1.6) and to limit the
extent of the rggztor vessel beltline. The beltline is defined by Appendix
G of 10CFR50.

5.2-6d
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designed for either tensile or buckling Toads. An effort has been made to

avoid the use of thin plates which may collapse when subjected to differentia)l
pressure.

54.2.4 Steam Generator Materials

The pressure boundary materials used in the construction of the steam
generator are listed in Table 5.2-2. These materials are in accordance

with the ASME Bofler and Pressure Vessel Code, Section III. Code cases

usad in the fabrication of the steam generator are discussed in Section 5.2.1.

The Class 1 components of the steam generator will meet the fracture toughness
requirements of the ASME code. An additfonal discussion of fracture toughness
testing is included 1n Section 5.2.3.

Discussion of the techniques used to maintain cleanliness during final
assembly and shipment are discussed in Section 5.2.3. Onsitc cleaning and

g::nnlincss control for the steam generator {s discussed in the Applicant's

5.4.2.4.) Steam Generator Tubes

The method of fastening tubes to the tube sheet conforms with the requirements
of Section III and IX of the ASME Code. Tube expansfon into the tube sheet
1s total with no voids or crevices eccurring along the length of ths tube

in the tube sheet.

Localized corrosion of tubing material has led to steam generator t be

Teakage in some operating reactor plants. Examination of tube defects that
have resulted in lezkage has shown that two mechanisms are primarily responsi-
ble. These localized corrosion mechanisms are referred to as (1) stress
assisted caustic cracking, and (2) wastage or beavering. Both of these

types of corrosion have been related to steam generators that have operated
On phosphate chemistry. The caustic stress corrosion type of failure 1s
precluded by controllipyg bulk water chemistry to the specification limits
shown in Section 10.3.85. Remewsd of so)ids from the secondary side of the
steam generator 1s discussed in Section 10.4.8.

Localized wastage or beavering has been eliminated by removing phosphates
from the chemistry control program.

Volatile chemistry (discussed in Section 10.3.’) has been successfully used
in all C-E steam generators that have gone into operation since 1972.

5.4.2.5 Tests and Inspections

Prior to, during and after fabrication of the steam generator, nondestruc-
tive tests based upon Section III of the ASME Code are performed.

5.4-11



level, resulting in a transient pressure below normal operating piessure.
To minimize the extent of this transient, the backup heaters are energized,
contributing more heat to the water. Backup heaters are deenergized in the
event of concurrent high-level error and high-pressurizer pressure signals.
A low-low pressurizer water level signal deenergizes all heaters before
they are uncovered to prevent heater damage. The pressure control program
is shown in Figure 5.4.10-5.

5.4.10.3 . Evaluation

It is demonstrated by analysis in accordance with requirements for ASME
Code, Section III, Class | vessels that the pressurizer is adequate for all
normal operating and transient conditions expected during the life of the
facility. Following completion of fabrication, the pressurizer is subjected
to the required ASME Code, Section III hydrostatic test and post-hydrostatic
test non-destructive testing.

During hot functional test.ing, the transient performance of the pressurizer
is checked by determining its normal heat losses and maximum pressvriiation
and depressurization ratef. This information is used in setting the pressure
controllers.

Further assurance of the structural integrity of the pressurizer during
plant life will be obtained from the inservice inspections performed in
accordance with ASME Code, Section XI, and described in Section 5.2.

Overpressure protection of the Reactor Coolant System is provided by four
ASME Code spring-loaded safety valves. Refer to Section 5.4.12 and 5.4.13.

5.4.10.4 Tests and Inspections

Prior to and during fabrication of the pressurizer, non-destructive testing
is performed in accordance with the requirements of Section II1 of the ASME
Boiler and Pressure Vessel Code. Table 5.4.10-2 summarizes the pressurizer
inspecticn program, which also includes tests not required by the Code.
Refer to Section 5.2.1 for inservice inspections of the pressurizer.

5.4-49



RCS Pressure

(psig)

1775.0
1650.0
1440.0
1270.0
1095.0
865.0
605.0
310.0
200.0
I%oe 569
100.0
50.0

0

TABLE 6.3.3.3-)

SAFETY INJECTION PUMPS MINIMUM QELIVERED FLOW TQ RCS

(Assuming One Emergency Generator Faileq)

Flow Rate Per [njection Pgint™, (gom)

0 0 0 0

50.0 50.0 50.0 50.0

100.0 100.0 100.0  100.0

125 0 125.0 125.0 125.0

150.0 150.0 150.0  150.0

175.0 175.0 175.0  175.0

200.0 200.0  200.0  200.0

225.0 225.0  225.0  225.0

234.0 234.0 2340  238.0

5810 H-0 TWAIIEO M0 3380 Meo 2380
1282.0 4439128243430  243.0  243.0
10040 BI66-0IMAY 266~ 2460  246.0
23900 2600-01967.03506-8  250.0  250.0

* Injection Point Al is assumed to be attached to the broken pump discharge

leg.



TABLE 6.3.3.3-2

guantitz

Reactor Power Level (102% of Mominal)
Average Linear Heat Rate (102% of Nominal)
Peak Linear Heat «ate -

Gap Conductance at Peak Linear Heat Rate

Fuel Centerline Temperature at Peak Linear
Heat Rate

Fuel Average Temperature at Peak Linear Heat
Rate

Hot Rod Gas Pressure

Moderator Temperature Coefficient at Initial
Density

System Flow Rate (Total)

Core Flow Rate

[nitial System Pressure

Core Inlet Temperature

Core Outlet Temperature

Low Pressurizer Pressure Scram Setpoint
Safety Injection Actuation Signal Setpoint
Safety Injection Tank Pressure

High Pressure Safety Injggtion Pump Shutoff
Head '

Low Pressure Safety I[njection Pump Shutoff
Head

b
SMALL SREAK ECTS PERFCAMANCE ANAL¥S!S

S{S-E“ a‘IQAME-En ‘:“O !‘l:.:: el el el T

wod W .t

-

valye

3876
5.6

15.0
1497

3681

2319
1187

0.0
164.0x10°
159. 1x10%
2250

365

623

1600

1600

608

anits

Mt

kw/ft

kw/ft
btu/hrefre.F

°F

°F
psia

21*F
1bs/hr
1bs/hr
psia
°F

'F
psia
psia
osia

osig

psig



SAFETY 1.4JECTION FLOW, LBS/SEC x 10°
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7.16.4.2 Provisions shall be made to preclude the intraduction of air into

the SCST er-shipping-containene during fill operations.

7.16.5 FIRE PROTECTION

A fire protection system shall be provided to protect the lodine Removal
System and shall include, as a minimum, the following features:

a.

b.

Facilities for fire detection and alarming.

Facilities or methods to minimize the probability of
fire and its associated effects.

Facilities for fire extinguishment.

Methods of fire prevention such as use of fire resistant
and non-combustible materials whenever practical, and
minimizing exposure of combustible materials to fire
hazards.

Assurance that fire protection systems do not adversely
affect the functional and structural integrity of
safety related structures, systems, and components.

Care should be exercised to ensure fire protection
systems are designed to assure that their rupture or
inadvertent operation does not significantly impair the
capability of safety related structures, systems, and
comporents.

7.17 ENVIRONMENTAL

See Section 7.7 and CESSAR Section 3.11 for environmental interfaces.

7.18 MECHANICAL INTERACTION

7.18.1 IRS comporents shall be properly supported such that pipe stresses
and support reactions are within allowable 1imits, as defined in
CESSAR Section 3.9.2. CE provides the Applicant the loads at the
supports/structures interface locations for components that CE
supplies, under normal, upset, emergency, faulted, and test
conditions, as described in CESSAR Section 3.8.5.

7.18.2 IRS piping and fittings shall be Seismic Category I.
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7.16.4.3

All transfer lines and pump components in contact with the hydrazine
solution should be clean and hydrazine compatable as recommended by
the chemical manufacturers,



1.75, "Physical Independence of Electric Systems". A discussion of the

physical independence is provided below which describes the compliance with
Section 4.6 of IEEE 279-1971 and General Design Criteria 3 and 21. General
Design Criterion 17 is discussed in the Apnlicant's Safety Analysis Report.

The PPS cabinet is divided into four bays which are separated by mechanical
and thermal barriers. Each bay contains one of the four redundant channels

of the RPS and ESFAS. This provides the separation and independence necessary
to meet the requirements of Section 4.6 of IEEE 279-1971.

INIELT X
e e e e e e S

The ESFAS Auxiliary Relay Cabinets provide separation and independence for
the selective two-out-of-four actuation logics and actuation relays of the
two redundant ESF Systems' Trains. Each train's logic and relays are
contained in a separate cabinet with all of the train A actuation circuits
in one cabinet and all of the train B actuation circuits in the other
cabinet. There are mechanical and thermal barriers within the cabinets to
protect different portions of the selective two-out-of-four logic from
spurious actuation. The two cabinets are physically separated from each
other.

The RTSS consists of four RTSG. Each RTSG and its associated switches,
contacts, relays, etc. is contained in a separate cabinet. Each cabinet is
physically separated from the other cabinets. This method of construction
ensures that a single credihle failure in one RTSG cannot cause malfunction
or failure in another cabinet.

The separation and independence of the power supplies for each of the above
systems is discussed in Chapter 8.0. The interface requirements appear in
Section 7.1.3 while the.implementation will appear in the Applicant's
Safety Analysis Report. Protection system analog signals, sent to the
Plant Monitoring System (PMS), are isolated from the protection system.
Digital signals are also isolated for the associated signals coming from
the protection system.

A1l of these isolation techniques ensure that no credible failures on the
output side of the isolation device will effect the PPS side and that the
independence of the PPS is not jeopardized. The test results reports on
the isolation devices (within CESSAR Licensing scope) will be submitted for
review pricr to installation of the devices in the first Applicant's
facility.

7.1.2.11 Conformance to [EEE 387-1972

Conformance to IEEE 387-1972 , "IEEE Trial-Use Standard: Criteria for
Diesel-Generator Units Applied as Standby Power Supplies for Nuclear Power
Generating Stations", as criteria in the design of these systems is
discussed ‘n the Applicant's Safety Analysis Report.




CESSAR 7.1.2.10

Replace paragraph 3 with the following paragraph.

Separation of redundant Class 1E circuits within the PPS cabinet is accom-
plished through 6 inch separation or barriers or conduit. However, in the for-
mation of the logic matrices (AB, AC, BC, AD, BD, CD), initiation circuits, and
actuation circuits, 6 inch separation is not maintained, nor can barriers or
conduft be utilized. An analysis has been performed to show that the separa-
tion achieved is acceptable. Tests and analyses have also been completed to
demonstrate that no single credible event in one PPS bay can prevent the circuf-
try in any other bay from performing its safety function.




TABLE 9.2-1

M DEMINERALIIER EFRFLUM

e e
svsTe ~\‘|
MAKEUP WATERALIMITS

pH*

6.0 to 8.0
o2
Conductivity Less than =& umhos
005
Chloride Less thangv-l&ppn (M
Fluoride Less thanmm F
R e e e

e b o o et e s e 1

s
S{ Cy)
Silica Less than 0.01 ppm

Sedium Less Huan 0.003 gpm

* If water contains COG, the pH specification may be lowered to 5.8 to
)

compensate for CO2 absorption.
g R
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time when exposed to normal reactor coolant chemistry conditions, approaching
low steady state values within approximately 200 days. The high pH condition
produced by high ammonia concentration (to 50 ppm) minimizes corrosion

product release and assists in the rapid development of the passive oxide

film. Most of the film is established within 7 days at hot, high pH conditions.

To aid in maintaining the pH during this passivation period, lithium in the
form of lithium hydroxide, is added to the coolant and maintained within a
1-2 ppm lithium=7 range.

At power, oxygen concentration is limited by maintaining excess dissclved
hydrogen gas in the coolant. The excess hydrogen forces the water
decomposition/synthesis reaction in the reactor core to water rather than
hydrogen and oxygen. Oxygen in the makeup water is removed in the same

way.

In order to minimize the effect of crud deposition ¢ the reactor core heat
transfer surfaces, lithium-7 hydroxide additicns to the reactor coolant are
made. The lithium-7 hydroxide produces pH conditions within the reactor
coolant at operating temperature which reduces the corrosion product solu-
bility and, hence, the dissolved crud inventory in the circulating reactor
coolant. The elevated pH promotes conditions within the coolant for selective
deposition of corrosion products on cooler surfaces (SG) rather than hotter
surfaces (core). An additional advantage is the formation of a mcre stable
and tenacious passive oxide layer on out-of-core sys surfaces. The _,0-2.0
lithium concentration is maintained within a €wa=d=8-ppm [1thium=/ range
during operation. -

9.3.4.1.3.3 Reactivity Control. Boron concentratics is normally
controlled by feed and bleed. To change concentration, the makeup system
supplies either reactor makeup water or boric acid to the Volume Control

Tank, and the letdown stream is diverted to the holdup tanks via the preholdup
jon exchanger and the gas stripper. Toward the end of a fuel cycle, with

low boric acid concentration in the coolant, feed and bleed becomes ineffi-
cient, and the deborating ion exchanger is used to reduce the RCS boron
concentration. The ion exchanger contains an anion resin initially in the
hydroxy! form, which is converted to a borate form as boron is removed from
the reactor coolant.

9.3.4.2 System Description

9.3.4.2.1 System

The normal reactor coolant flow path through the CVCS is irdicated by the
heavy lines on the Piping and Instrumentation Diagrams, Figures 9.3
through 9.3-4.

9.3
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TABLE NO. 9.3-1

(Sheet 1 of 2)

OPERATING LIMITS

REALTOR COOLANT
1.0 MAKEUP WATER

Analysis Normal e ety
Chioride (C1) <0.15 ppm R e el
$iH6a 50y e e B —
ettt b e e i s e eees e
pH 6.0 - 8.0 (1) -
Fluoride (F) <de~ <Q.1 ppr e e
Suspended
Solids <0.5 ppm -

2.0 PRIMARY WATER

IA.*;&\
Pra Core Core Load and
Analvsis Hot Functionals (-i)(?) Smbbbad Criticality ~Sewes Operation
pH (77°) 9.0 - 10.4 4.5 - 10.7% 4.5 - 10.2%
Conductivity 5> (3) > (3) > (3)
Hydrazine 30 - 50 pme4) 30 - 50 ppm (4) 1.2 - Oxvgen ppm (5>
(max. 20 ppm)
Ammonia <50 ppm <50 ppm <0.5 rpm
Dissolved Gas .o i (6)
1.0~ 2.0 &1 1.0 -2.0
Lithium 1-2 ppm B - -& ppm <
Hydrogen .- .- (7) ﬁ- 50 cc (STP)/kg
(H,0) (&)
Oxygen £0.1 ppe £0.1 ppm‘“')(m) £0.1 ppm (10)
Suspendea Solids <0.5 ppm, 2 ppm max.(q) <0.5 ppm, 2 ppm max.G) <0.5 ppm, 2 ppm maxﬂj
Chloride £0.15 ppm <£0.15 ppm £0.15 ppm
Fluoride £0.1 ppm £0.1 ppm 0.1 ppm
Boren wee <Refueh’ng_ B
Concentration < 2.‘“‘\;‘5

eoacc a* fo.\" A




TABLE 9.3-1 (Cont'd) (Sheet 2 of 2)

Notes for Table No. 9.3-!

(1) May be as low as 5.8 if proven due to CO2 absorption.

(2) 439 Special hot conditioning limits:
Temperature >350°F for 7-10 days

B e
(3) Consistent with additive concentration.
Tusear

(6) Prior to a depressurization shutdown, reduce total gas to <lOcc(STP)&g
(HZO) to limit the possibility for explosive mixtures.

T useaT - ’ : . n -

B L T ee
IN‘.‘TQA') H:‘ru\lo\t (R Y MA’.&\'&’;A.‘ a\' 30-50 P Q.\j bae
e RCS is less +Hhaa \SO0°F,

(85) Prior 4o ¢-.c.uJ3n3 ISO°F luf'ms heatup or
below 400 °F Aufina cooldown,

f[-JsetT'CED |
C’) D uf'-a.s '“RG *'rcm\‘.h (1) cf.m Qoﬂ' -core 4" o(.fa"m >
kg‘f.ﬁ.v\ showld  be meaintained 12 M IS H 25 ce (5'\")/!3(1-\‘

fanaet 4o Ainimie ‘eauli—\ rc%w'rcucn"s in Coast Hsc

reactor plant mwit be shutdown and depressurived,

(e) H‘S‘"ﬁ“‘ should \oc <5 c‘(‘W)/KQ (“‘O) bebore “c“f'.ab
‘an reud‘" C«oe\&v\‘\’ fumfs,

(9) The abo\ovn\ gou‘.'\';u\ oc 0.5 4o 2.0 g~ is Pg(.‘lﬂu'
for “p o 14 Wours +» allow For eorud k.v!‘\' cov\xc““'\'b.

UO) Nok 0??““‘"\" &“‘"""3 tore ‘o;ﬁ.



Secondary water chemistry is based on the zero solids treatment method.
This method employs the use of volatile additives to maintain system pH and
to scavenge dissolved oxygen present in the feedwater.

A neutralizing amine is added to establish and maintain alkaline conditions
in the feedtrain. Neutralizing amines which can be used for pH control are
ammoniz, morpholine, and cyclohexylamine. Ammonia should be used in plants
employing condensate polishing to avoid resin fouling. Although the amines
are volatile and will net concentrate in the steam generator, they will
reach an equilibrium level which will establich an alkaline cordition in
the steam generator.

Hydrazine is added to scavenge dissolved oxygen present in the feedwater.
Hydrazine also tends to promote the formation of a protective oxide layer
on metal surfaces by keeping these layers in 2 reduced chemical state.

Both the pH agent and hydrazine can be injected continuously at the discharge
heaters of the condensate pumps or condensate demineralizer, if installed.
These chemicals are added as necessary for chemistry control, and can also

be added to the upper steam generator feed line when necessary.

Operating chemistry limits for feedwaben—and. secondary st.eargL gsneeat% Avodl
i i - - ~ e " g

-wades are give in Tables 10.3.4-1 and 10.3.4-2. o Py

The limits steted are divided into two groups; normal and abnormal. The

limits provide high qualit, chemistry control and yet permit operating

flexibility. The normal chemistry conditions can be maintained by any

plan‘ operating with little or no condenser leakage. The abnormal steam

generator limits are suggested to permit cperations with minor system fault

conditions until the affected component can be isolated and/or repaired.

The following procedures are recomrended to the applicant:

10.3-2



Tausear @

When the normal range is exceeded, immediate
investigation of the problem should be initiated, sampling frequency
increased to the abnormal level (at least twice per 8 hoir shift) and
blowdown increased to one (1) percent of the main steaming rate, The
problem should he corrected and the parameter(s) returned to the
normal range within one week, If this cannot be done, and the
parameter has a listed abnormal range, power should be reduced to 25%
as if the abnormal range had been exceeded,

When the abnormal range is exceeded, power should be reduced to the
Towest vaiue (maximum of 25%) consistent with automatic operation of
the feed system, Continued plant operation is then possible while
corrective action is taken, Power reduction should be initiated
within four hours of exceeding the abnormal range. The p-oblem should
be corrected and the parameter(s) returned to “he normal range within
one hundred (100) hours. If this cannot be done, the unit should

be shutdown,




within-foun-howesy Draining or flushing of the steam generators will be
necessary to reduce the impurity concentration.

10.3.4.2 Corrosion Control Effectiveness

Alkaline conditions in the feedtrain and the steam generator reduce gereral
corrosion at elevated temperatures and tend to decrease the release of
soluble corrosion products from metal surfaces. These conditions promote
the formation of a protective metal oxide film and thus reduce the corrosion
products released into the steam generator.

Hydrazine a so promotes the formation of a metal oxide film by the reduction
of ferric oxide to magnetite. Ferric oxide may be loosened from the metal
surfaces and be transported by the feedwater. Magnetite, however, provides
an adherent protective layer on carbon steel surfaces. Hydrazine also
promotes the formation of protective metal oxide layers on copper surfaces.

The removal of oxygen from the secondary waters is also essential in reducing
corrosion. Oxygen dissolved in water causes general corrosion that can
result in pitting of ferrcus metals, particularly carbon steel. Oxygen is
removed from the steam cycle condensate in the main condenser deaerating
section. Additional oxygen prctection is obtained by chemical injection of
hydrazine into the condensate stream. Maintaining a residual level of
hydrazine in the feedwater ensures that any dissolved oxygen not removed by
the main condenser is scavenged before it can enter the steam generator.

The presence of free hydroxide (OH) can cause rapid corrosion (caustic
stress corrosion) if it is allowed to concentrate in a local area. Free
hydroxide is avoided by maintaining proper pH control, and by minimizing
impurity ingress in the steam generator.

10.3-2(a)




TABLE 10.3.4-1

OPERATING CHEMISTRY LIMITS FOR
SECONDARY STEAM GENERATOR WATER

Normal (M Abnormal -
Variable Specifications Limits

5

pH (mined ,,1“‘“)“) 'gw-é-- 9.2 e e
(copper Cred) 20-9.6 N — -
Coakion 0.8-2.0
-Gp:o:ﬁo- Conductivity @ <Q§-°umhos/cmﬁ+ ey MNOS / CM
e o s e e e e -
Silica . T Y- P
Chloride ) lﬂ%"-#..- 20~-100 "L
4

Secdium ( <20 f?h 20 -100 peb
Sulfelte <\5 "5 I5-100 ppb
NOTES:

(1) Normal specifications are those which should be maintained by continuous
steam generator blowdown during proper operation of secondary systems.

(E)W‘W o 46 o 1 i e ‘m—“

(3)—bpeeids Sahbiiad : .

(2) Mixed system s

‘\\05 comfbnc.n‘&.

any su.onlo.fs s3s¥-‘m con\'o{.a&ns toppe”

(3) TF e wammediake tku‘\‘Jo\An \iml{' ot ?.O,‘Mkos/cm

s exceeded  the waid

;O\Af k‘uf} -

shouwld be shutdown Litkin

(4) IC &t immcais’\'t S\Nu‘\‘owr\ ‘QM'A' o(' Sw "\ i3
uni\’ s\\Ou\‘ \t s\\w*f,odn w'."’k'w\

exceeded +he
Cour Wours.,




TABLE 10.3.4-2

FoR
OPERATING CHEMISTRY LIMITSAFEEDWATER AND CONDENSATE _

Normal(” Mﬁ

Variable Specifications G e e

pH
Mfmc‘

a. e dwater systen contatning
<opper-alloy—components— 8.8 - 9.2

b. Copper-free Feedwater— 3 -
system
Conductivity (Intensified o.i
cation) (Feedwetar) < &=& ymhos/cm S ROS e
Hydrazine (Fnduahf) 10 - 50 ppd
Dissclved
» Oxy?en .2_
FQEd) < ppb (a> -6'—‘0"”—‘
(Condensate) < 1J ppb e
Sodium (3) <3—ppb e
Copper (‘t“ﬂ&*‘-") e ‘a"b“) i
Iron (F'cdud'cf) <32ppb B
e e
e e Pt
~SrHea— ——pes—
'H Cm"ra\ AA&'-"&VQ (5)
NOTES:

(1) MNormal specifications are those which should be maintained during proper
operation of secondary systems.

VNDINNPIIV IR IET ST RTC R R TR L S e
(i d _ : : rend

() The condensete olonormal VimiF i3 10-30pe% buk the
veauvirement For inamae diske shutdown does wot “"\j even
A Tt LI problesm i3 st corrected withia 100 \rs,

(3) For +he ualc»u.‘\'c) soa'-wv\ s Moa'."ofca o.‘\' eac\n
condenser Lt well,

(4) AM\o’t\s no+ r..b..ard CQP copper Cree lgi‘\.ms,
‘5) \-\Mo* s ‘.P‘f\“ﬁ" u'.f\ PH'




2.0
2.1

2.2

2.3
3.0
3.1

3.2

3.3

3.4

3.5

3.6

4.0
4.1

4.2
4.3
4.4

4.6

PREREQUISITES

Pressurizer pressure and level control system instrumentation has
been calibrated.

Support systems required for the operation of the pressurizer
Pressure and level controj systems are operational.

Test equipment is available and calibrated.
TEST METHOD

Simulate a decreasing Pressurizer pressure and observe heater
response and alarm and interlock setpoints.

Simulate an increasing pressurizer pressure and observe heater
and spray valve response and alarm and interlock setpoints.

Simulate a low level error in the pressurizer ind observe proper
charging pump response and alarm and interlock setpoints.

Simulate a high level error in the pressurizer and observe proper
charging pump response and alarm and interlock setpoints.

Simulate a Jow pPressurizer level and observe operation of the

letdown valve
ConTR . ts

Simulate a low-low pressurizer level and obs2rve heater response
and alarm ard interlock setpoints.

DATA REQUIRED

Response of Pressurizer heaters to simulated pressure and leve)
signals.

Response of spray valves to simulated pPressurizer pressure.
Response of charging pumps to simulated pressurizer Tevel,

‘-CONT” [
Response of letdown valve¥ts simulated pressurizer level.

CoOnNTROL s
Response of letdown isalation valvd‘io simulated low pressurizer
level.

Values of parameters at which alarms and interlocks occur.

14.2-59



HOT SHUTDOWN

LIMITING CONDITION FOR OPERATTON

3.4.1.3 At least two of the Toop(3)/train(s) Yisted below shall be OPERABLE
and a:11¢|=t one Reactor Coolant and/or shutdown cooling loop shall be in
operation,

a. Reactor Coolant Loop #A and its associated steam generator and at
least one associated Reactor Coolant pump,**

b. Reactor Coclant Loop #8 and its associated steam generator and at
Teast one associated Reactor Coolant pump,*™

¢. Shutdown Cooling Train #1,
d., Shutdown Cooling Train #2.
APPLICABILITY: MODE 4 (TCold < 350°F)
ACTTON:
a. With less than the above required Reactor Coolant and/or shutdown
cooling loops OPERABLE, immediately initiate corrective action to
return the required loops to OPERABLE status as soon as possible; if

the remaining OPERABLE loop is a shutdown coo:ing loop, be in COLD
SHUTDOWN within 24 hours.

b. With no Reactor Coolant or shutdown cooling loop in operation,
suspend all operations involving a reduction in boron concentration
of the Reactor Coolant System and immediately initiate corrective
action to return the required coolant loop to operation.

SURVEILLANCE REQUIREMENTS

4.4 1.3.1 The required Reactor Coolant pumm(s), if not in operation, shall be
determined to be OPERABLE once per 7 days by verifying correct breaker align-
ments and indicated power availability.

¥ KTT Reactor Loolant pumps and shutdown cooling pumps may be de-energized
for up to 1 hour provided (1) no operations are permitted that would
cause dilution of the Reactor Coolant System boron concentration, and (2)
cor2 outlet temperature is maintained at least 10°F below saturation
temperature.

#* A Reactor Coolant pump shall not be <tarted with one or more of the
Reactor Coolant System cold leg temperatures lass than or equal to (a)
(***)°F during cooldown or (b) (***)°F during heatup unless the secondary
water temperature of each steam generator is less than F above each
of the Reactor Coolant System cold leg temperatures.

*++ See Applicant's SAR.

/4 4-3
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COLD SHUTDOWN - LOOPS FILLED
LIMITING CONDITION FOR OPERATION

3.4,1.4,1 At least one shutdown cooling Toop shall be OPERABLE and in ocpera-
tion*, and either:

a. One additional shutdown cooling loop shall be OPERABLE#, or

b. The secondary side water level of at least two steam generators
shall be greater than 25% on the wide range level indicator.

APPLICABILITY: MODE 5 with Reactor Coolant loops filled#s.
ACTION:

a. With less than the above required loops OPERABLE or with less than
the required steam generator level, immediately initiate corrective
action to return the required lToops to OPERABLE status or to restore
the required level as soon as possible.

b. With a0 shutdown cooling lToop in operation, suspend all operations
involving a reduction in boron concentration of the Reactor Coolant
System and immediately initiate corrective action to return the
required shutdown coocling Toop to operation.

SURVEILLANCE REQUIREMENTS

4.4,1.4,1.1 The secondary side water level of at least two steam generators
when required shall be determined to be within limits at least orce per 12
hours.

4.4.1.4,1.2 At least one shutdown cooling loop shall be determined to be in
operation and circulating reactor coolant at a flowrate greater than or equal
to 4000 gpm at least onca2 per 12 hours.

’ Une shutdown cooling loop may be inoperable for up to 2 hours for surveil-
lance testing provided the other shutdown cooling lcop is OPERABLE and in
operation.

## A reactor Coolant pump shall not be started with one or more of the
Reactor Coolant System cold leg temperatures less than or equal to (**)°F
during cooldown or (**)°F during heatup unless the secondary water
temperature (saturation temperature corresponding to the steam generator
pressure) of each steam generator is less than F above each of the
Reactor Coolant System cold Teg temperatures.

o The shutdown cooling pump may be de-energized for up to 1 hour provided
1) no operations are permitted that would cause dilution of the Reactor
Coclant System boron concentration, and 2) core outlet temperature is
maintained at least 10°F below saturation temperature.

** Sees Applicant's SAR.
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3/4.4 REACTOR SYSTEM

SASES
3/8.8.1 REACTOR COOLANT LOOPS AND COOLANT CIRCULATION

The plant is desigred to operate with both reactor coolant loops and associate-
ed reactor coolant pumps in operation, and maintain ONBR above 1.22 during all
normal jperations and anticipated transients. In MODES 1 and 2 with one
reactor coolant lToap not in operation, this specification requires tha* the
plant be in at least HOT STANDBY within 1 hour.

In MODE 3, a single reactor coolant loop provides sufficient heat remcval
capability for removing decay heat; however, single failure considerations
require that two loops be OPERABLE.

In MODE 4, and in MODE 5 with reactor coolant loops filled, a single reactor
coolant loop or shutdown cocling loop provides sufficient heat removal capabil-
ity for removing decay heat; but single failure considerations required that

at least two locps (either shutdown cooling or RCS) be OPERABLE. Thus, if the
reactor coolant locops are not OPERABLE, this specification requires that two
shutdown cooling loops be OPERABLE.

In MODE 5 with reactor coolant loops not filled, a single shutdown cooling
loop provides sufficient heat removal capability for removing decay heat; but
single failure considerations, and the unavailability of the steam generators
as szzzg Eﬁuoving component, require that at least two shutdown cooling loops
be LE.

The operation of one Reactor Coolant Pumm or one shutdown cooling pump pro-
vides adequate flow to ensure mixing, prevent stratification and produce
sz:dual reactivity changes during boron concentration reductions in the

ctor Coolant System. A flowrate of at least 4000 gpm will circulate one
equivalent reactor coclant system volume of 12,097 cubic feet in approximately
23 minutes. The reactivity change rate assotiated with boror reductions will,
therefore, be within the capability of operator recognition and control.

The restrictions on starting a Reactor Coolant Pump during MODES 4 and 5 with
one or more RCS cold leg less than or equal to * °F during cooldown or * °F
during heatup are provided to prevent RCS pressure transients, caused by
energy additions from the secondary system, which could exceed the limits of
. Appendix G to 10 CFR Part 5C. The RCS will be protected against overpressure
transients and will not exceed the limits of Appendix G by restricting start-
ing of the RCPs to when the secondary water temperature of each steam genera-
tor is less than _158"F above each of the RCS cold leg temperatures.

100°F
v 500 Ep”canf's 5“.
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The Timitations imposed on the pressurizer heatup and cooldown rates and spray
water temperature differential are provided to assure that the pressurizer is
operated within the design criteria assumed for the fatigue analysis performed
fn accordance with the Code requirements,

The OPERABILITY of two shutdown cooling suction line relief valves, one
located in each shutdown cooling suction line, while maintaining the 1imita-
tions imposed on the RCS heatup and cooldown rates, ensures that the RCS will
be protected from pressure transients which could exceed the limits of
Appendix G to 10 CFR Part 50 when on2 or more of the RCS cold legs are less
than or equal to * °F d-.mn? couldown or * °F during heatup. Either one of
the two SCS suction line relief valves provide adequate relieving capability
to protect the RCS from overpressurization when the transient is limited to
either (1) the start of an 1dle RCP with the secondary water tenperature of
the steam generator less than or equal to above the RCS cold leg temper-
atures or (2) the inadvertent safety injectibn actuation with two HPSI pumps
injecting into a water solid RCS with full rging capacity and with letdown
isolated. These events are the most limiting energy and mass addition trans-
fents, respectively, when the RCS is at low/temperatures.

3/4.4.9 STRUCTURAL INTEGRITY Ioo';'

The inspection programs for the safety-related ASME Code Class 1, 2 and 3
components ensure that the structural integrity of these components will be
maintained ** -n acceptable level throughout the l1ife of the plant. To the

ble, the inspection program for these components is in compli-
ance witn Section XI of the ASME Boiler and Pressure Vessel Code.

¥ See Applicant's SAR.

B 3/4 4-6



Regulatory Guide 1.68.2, Revision 1
INITIAL STARTUP TEST PROGRAM TO DEMONSTRATE REMOTE
SHUTDOWN CAPABILITY FOR WATER-COOLED NUCLEAR POWER PLANTS

SUMMARY
Regulatory Guide 1.68.2, Rev. 1 describes an initial startup iost program

acceptable to the NRC staff for demonstrating hot standby capability and
the potential for cold shutdown from outside the control room.

POSITION

The CESSAR inftial startup test program fully meets the intent of Regulatory
Guide 1.68.2.




