Commonwealth Edison

One First National Plaza, Chicago, lllinors

Address Reply to' Post Office Box 767 -
Chicago. Illinois 60690 .

December 31, 1981

Mr. Harold R. Dentorn, Director

Office of Nuclear Reactor Regulation

U.S. Nuclear Regulatory Commission

Washington, DC 20555

Subject: Byrcn Station Units 1 and 2
Braidwood Station Units 1 and 2
Advance FSAR Information
NRC Docket Nos. 50-454/455/456./457

Dear Mr. Denton:

This is to provide advance copies of information which will
be included in the Byron/Eraiuwoog FSAR in the next amendment.
Attachment A to this lett f

) er lists the information enclosed.

One (1) signed original and fifty-nine (59) copies of this
letter are provided. Fifteen (15) copies of the en

> ~losures are
included for your review and approval.

Please address further questions to this office.

/ E/ / 2 7T At~

T. R, Tramm
Nuclear Licensing Administrator
Pressurized Water Reactors
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Attachment A

List of Information Enclosed

I. FSAR Question Responses

10.44
40.162 thru 40.183
331.35
130.43

II. FSAR Text Changes

l. Text changes in Sections 3.6, 3.7 ang 3.9 to document
resolution of MEB items listed below:

N1 N12
N2 N1é6
N3 N18
N5 N21
N6 N22
N7 N23
N9 N24

2. Text change in Section 7.3 to resolve ICSB agenda item 97.

3. Te.. changes in Section 9.2 (and the response to 10.44) to
document the resolution of ASB open item no. 3

4. + descripton of the Condensate Cleanup System for Section
10.4.6 of the FSAR (Chemical Engineering Branch).

5. Ne. -SAR Figures for Section 3.8 corresponding to the
respon,~e to Question 130.43.

III. Miscellaneous (Not for FSAR)

1. Unresolved Safety Issue A-12

2. Additional information to close cpen items for the
Structural Design Audit:

4A
19
23
27
29
30




B/B-FSAR

QUESTION 010.44

"Your response to Q010.9 is not complete. You have
indicated that tests of the reactor coolant pumps par-
tormed by Westinghouse indicate that the pumps can func-
tion satisfactorily for 10 minutes without component
cooling water supply. Low componaent cooling water flow
alarms and high component cooling water tempecature
alarms from the reactor coolant pump oil coolers are
provided in the control room to indicate a loss of com-
ponent cooling water supply. Opecator action can be
taken within the 10 minutes available to secure the
reactor coolant pumps. It is our position that the
alarm indication of loss of component cooling water
flow to :he reactor coclant pumps is safety grade and
meet the requirements for Class l2 instrumentation.
Verify your response accordingly."”

RESPONSE
Redundant safety=related indication cf component cooling
water flow tH the reactor coolant pump thermal barcier is
provided ard alarmed on the main control board. 1In addition,
the followinj five temperatures are input to the plant computer:
1. RCP motor stator winding temperature,
2. RCP motor upper radial bearing .emperature,
3. RCP motor upper thrust bearing temperature,
4. RCP motor lower radial bearing temperature, and,
5. RCP motor lower thrust bearing temperature.
These temperatures would be alarmad and printed by  the plant
computer shcuald any of them go out o< range. These would

provide sufficient indication that the pump was %20 warm
and the operator would be able to trip the pump.

Q10.44-1



B/B-FSAR

QUESTION 040.162

1.

"Your response to Q040.12 on the motor operated valves
requiring power lockout is not complete. Subsection
8.1.10 of the FLiR does not describe how the power

to the MOVs is disconnected. Provide this information.
The acceptable method to ensure that electrically operated
valves will not by themselves, spuriously move for any
operating or postulated plant condition is to have the
motive power locked out (circuit breaker racked out).
However the electrical schematics provided show that
the power to the MOVs is disconnected on receipt of

a safety injection signal. This is not in accordance
with BTP EICSB 18 PSB and, therefore, not acceptable.
Clarify this discrepancy.”

RESPONSE

The design utilizes a power lockout "circuit breaker-starter”
in series with the "circuit breaker-starter" for each of the
MOV valves. This power lockout starter can be controlled
from the main control room. R

Example: Motor-operated valve 1SI8B808A

The power lockout feature is the starter at MCC 131Xx2,
compartment B2 (which is the upstream starter for MOV
1518808A) , see key diagram 6/20RE-1-4008E.

This starter contact can be opened or closed by the
selector switch at the main control coom panel 1PM06J
(see schematic drawing 6/20E-1-4030 SI33). This feature
meets the branch technical position EICSB 18, paragraph
B.3.

The starter for MOV 1SIS8808A is at MCC 131X2A, compartment
A3 which is downstream of the powsr lockout starter
as mentioned in Item 1 (see drawing 6/20E-1-4008E).

When the power lockout starter contact opens (as mentioned
in Item 20 there is no electrical power supply furnished
to valve motor 1SI8808A (see drawing 6/20E-1-4008E)

or there is no power supply furnished to the control
transformer which supplies the power supply to the control
circuit.

During power lockout, if the safety injection signal

(or any signal)l is present, it will not change the valve
position since there is no powe:r to the motor or control
circuit. Example for vaive 1513802A, see drawing
6/20E-1-4030 SI1ll. When the safety injection signal is

Q40.162-1



B/B-FSAR

present, contact 7-8 of K603 will close but the starter
"open" coil (JOV will not energize since there is no
power to the control transformer (480-120V).

Also if the 3-phase starter contact (JO) gets stuck in
the close position, the valve will not change position
since there is no electric power to the valve motor.

B.:cause of the design which is explained in Items 1 through
5, there is no need to rack the circuit breaker out or separate
the control circuit.

However, for each passive valve, the individual breaker
(located at its respective MCC compartment) will be manually
tripped (zpened) and tagged "Out of Service." Verification
will be made that the control switch (located at the main
control board) of each passive valve is in the desired position
and tagged "Out of Service." This additional precaution

will assure that the passive valve. always remain in the
correct position.

Q40.162-2
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QUESTION 040.163

"The response to Q040.8 is incomplete. Describe the

procedures to be followed, when temporary jumpers are
installed, that will ensure removal of jumpers after

the testing procedure is completed."

RESPONSE

Temporary Jumpers and lifted leads are covered by Byron

Operating Procedure; BAP 300-5. Jumper installation and

removals are logged on the jumper log; BAP 300-Tl. Lifted

leads are logged on the lifted lead log; BAP 300-T2. Jumpers

and lifted leads are documented in the appropriate pre-operational
test during the testing program.

Q40.163-1




B/B-FSAR

QUESTION 040.164

"You state in Section 8.3.1.1 that automatic transfer
of each non-Class 1lE 6900 V or 4160 V switchgear from
the UAT to SAT is provided upon a loss of power from

the UAT or vice versa. Provide a detail description

of the transfer schemes including test interval."

RESPONSE

The above referenced statement in Subsection 8.3.1.1 was
eliminated in Amendment 21 of the FSAR dated July 1979,
to avoid confusion.

Each non-Class 1E 6900-V and 4160-V switchgear can be supplied
from either the UAT or the SAT. 1If a switchgear is suoplied
from the UAT and the control switch for the SAT feeder breaker
is in the trip position and the UAT feeder breaker trips

for some reason other than a fault on the bus, then the

SAT feeder breaker will automaticallv close. The converse

is true if the switchgear is supplied from the SAT. Schematic
diagrams which illustrate the transfer scheme in more detail
were provided.

The cperating time for the breakers is less than 10 cycles.
Operating times are as follows:

Main contacts open:

"a" contacts 2.7 + 0.4 cycles 4.16 kv
2.5 + 0.4 cycles 6.9 kv
"b" contacts 3.0 + 0.4 cycles
Main contacts close: 5.1 + 0.3 cycles 4.16 kv
6.9 + 0.6 cycles 6.9 kV

The second source of offsite power to the ESF buses is proviced
by the corrasponding SAT of the other unit. The tie breakers
are manually operated.

Q40.164-1
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QUESTION 040.185

"Your response to 040.13 is not complete. You do not
describe how you will test the penetration primary and
backup protective devices. Also, provide the test interval."

RESPONSE

The last paragraph of our response to Question 040.13 stated
the following regarding testing of the penetration primary
and backup protective devices.

"There are no provisions for periodic testing of pen-
etrations or fuses under simulated fault conditions

because such testing would be detrimental to the pen-
etrations and fuses. The overcurrent relays and circuit
breakers that provide the primary and backup protecticn

will be periodically tested under simulated fault conditions
to demonstrate that the overall coordination scheme

remains within the specified limits."

The test interval will be at least ohce every 18 months
during refueling outages.

The following will supplement our response to Question 040.13
which identified each type of typical circuit that oenetrates
the reactor containment and described the type of protective
devices used to provide primary and backup orotection:

ad Circuits Energized from 125 Vdc Distribution Panels

The 125 Vdc emergency lighting czbinet is the only such
load. The primary protection consists of a 125-Vdc

molded case air circuit breaker that feeds the openetration
directly. The backup protection consists of another
molded case air circuit breaker similar (and connected

in seriesé to that provided for primary protection.

b4 Circuits (Solencid Overated Valvesd Energized From
125 Vdc Distribution Panels

The primary protecticn consists of a nonrenewable cartridge-
type fuse that feeds the penetration directly. The

backup protection consists of another fuse similar (and
connected in seriesd to that provided for primary protection.

cd The primary and backup protection for the rod control

system lift and gripoer coil ciccuits consists of fuses
connected in series.

Q40.165-1
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d) The primary and backup protection for the rod position
% indication data cabinets consists of two 120 Vac molded
case air circuit breakers connected in series.

Q40.165-2
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QUESTION 040.166

"We have not received the qualification test reports
for the containment electrical penetrations assemblies
requested in Q040.14. Provide this information."

RESPONSE

The qualification test reports for the containment electrical
penetrations do not contain the information necessary to
evaluate the penetration failure described in Question 040.14.
We have addressed this failure in our revised response to
Question 040.14.

Q40.166~-1
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QUESTION 040.167

"The responce to question 040.62 omitted the essential
parts of the question.

l. Provide a tabulation of each Class lE system required
to bring the plant to a safe cold shutdown.

2. Provide the cable routing locations for the power,
control, and instrumentation cables for each system.
(This is best accomplished with a drawing or a sketch)."

PSSPONSE

The complete response to Questions 040.62 and 040.167 is
covered by the Applicant's "Fire Protection Safe Shutdown
Analysis."

Q40.167-1
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QUESTION 040.168

"Provide a complete description of the load sequencer

that is used to connect the ESF loads to the emergency
buses when power is being supplied from the diesel generator
after a loss of offsite power. ?1lso provide a description
of how the load sequencer adds loads to the emergency

bus after a 10CA and offsite power is availablr. The
description should include details of how loads are

shed and buses are isolated. Discuss the conditions
required to connect the diesel generator to the emergency
bus and how the ESF loads are connected to the emergency
bus by the load sequencer."

RESPONSE

The automatic loading of the emergency bus is accomplicshed
by the sequencing panels. There is one panel per diesel
generator. "The sequencing panels are electrically and phys-
ically separated per Electrical Divisien.

The sequence circuit (Ref. Schematic 6/20E-1-4030EF02 typicald
uses relays and timers to accomplish the function of se-
quencing. Upon loss of oifsite power, the emergency bus
undecrvoltage relay (via auxiliary relaysd: ad trips all

loads on the bus exceot the 4160-480V transformers, bV trips
the feed breakers to the emergency bus, and ¢4 interrups
power to the sequencing control circuit to ensure that the
circuit resets, if in testing mode. Sequencing will begin
provided: 14 the dizsel generator breaker has closed and
power is restored to the sequencing circuit, and bV inter-
unit (cross-tied feed breaker and SAT breaker are open.
Sequencing is accomplished via timers whose contacts energize
relays which in turn interlock the start circuits of the
required loads. The time intervals for sequencing loads

are as indicated in Table 8.3-1 of the FSAR.

Because the sequencing circuit will not have power for 19
seconds while the diesel is coming up to speed, there is
a 10 second aifference between the time settings in the
circuit, and those in Table 8.3-1.

During a safaty injection signal with sustained offsite
power, the required loads are started immediately. With
sustained offsite power, the timers are bypassed and the
relays are energized directly by the safety injection signal
(K6084 via auxiliary relay SARB. The bypass circuit is
blocked on loss of offsite power by &3 the Unit 1 SAT breaker
(52/2 contactd and Y4 the inter-unit (cross-tied breakers
52/a contacts Y caries with the Unit 2 SAT feed breaker
(52/a contactd .

Q40.168-1
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The conditions required to connect ths diesel generator
to the emergency bus are as follows (Ref. Typical Schematic
6/20E-1-4030DG024 :

Automatic

ad SAT b-eaker open and not locked out (486-1422)

" Inter-unit feed breaker open (52/b 1424\

o4 Tie breaker open (52/b 14214

44 Diesel generator breaker not locked out (486-1423

@) Diesel generator reaches rated voltage and speed (DGLBX).

Manual

a¢ Control switch at Main Control Board closed (CS/CH

bd Synchronizing switch closed (SS/CN}

eV Synchro-check relay contact (HACR-14 closed.

d4 Diesel g2nerator reaches rated speed and voltage (DGLBX)
ed Feed fron SAT breaker not locked out (486-14224

fa Diesel g2nerator breaker not locked out (486-1423s.

Q40.168-2
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QUESTION 040.169

"Concerning the emergency load sequencers which

are associated with the offsite and onsite power
sources we require that you either provide a separate
sequencer for offiste and onsite power (per Electrical
Divisiond or a detailed analysis to demonstrate

that there are no credible sneak circuits or common
failure modes in the seguencer design that could

render both onsite and offsits power sources unavailable.
In acdition provide information concerning the reliability
of your sequencer and reference design detailed

drawings."”

RESPONSE

The Byron/Braidwood design utilizes a load segquencer
only when the onsite (diesel-generatord power source
is being uscd. The necessary loads are connected
simultaneously (block loadd when the offsite power
source is in use.

Q40.169-1
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QUESTION 040.170

"The response to 040.70 attempts to justify sharing
of the dc systems of Unit 1 and 2, which is not
permitted by Regulatory Guide 1.81, with the statement,
'The provision of the interconnection of the power
supp.iies increases the overall reliability of the

dc system since power could be obtained from the
non-redundant dc bus of the o' er unit if necessary.'
As noted in the FSAR, administrative controls are

the only restrictions provided Lo prevent the inter-
connaection of dc bus 111 (112) of Unit 1 to dc bus
211 (212) of Unit 2.

"The staff believes that any design having inter-
connections between Class lE batteries in a multi-

unit plant will affect the reliability and availability
of dc power to both units. Therefore, the apolicant

is required to meet the staff position, i.e., 'dc
systems in multi-unit raclear power plants should

not be shared' as per P.G. 1.31, position C.1.

RESPONSE

The Applicant also believes tha: the provisions of
administratively controlled, manually actuated, inter-
connections between the non-redundant Class 1lE dc

buses will affect (i.e., increase) the overall reliabi’'ity
and availability of the dc systams for each unit in

that it will provide a means for manually providing

power to a dc bus at a time when it would otherwise

have to be out-of-service (e.g., to perform a battery
discharge test during a refueling outage, to replace

a damaged cell, etc.). We beliave that the intent

of Regulatory Guide 1.81 (Position C.l) was to disallow
"normal®™ sharing of dc systems, not to disallow the
temporary connection of one dc bus to a source in

the other unit during periods of testing and/or main-
tenance. That this was the intent is evident from

the "Discussion," in Regulatory Guide 1.81, Part B,
second paragraph, first sentence, which reads as follows:

"Sharing of onsite power systems at multi-unit power
plant sites generally results in a reduction in

the number and capacity of the onsite power sources
to levels below those required for the sane number
of units located at separate sites."

Q40.170-1
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The "interconnection" provided in the Byron/Braidwood
design does not result in a reduction in either the
number or the capacity of the dc power sources . . .,
i.e., the number and capacity of the dc power sources
for each of the two units are exactly the same as
they would be if the units were located at separate
sites.

The Applicant therefore believes (a! that the Byron/Braidwood
design fully complies with the intent of Position

C.1l of Regulatory Guide 1.81, and (b¥ that the added
reliability, availability, and flexibility of operation
afforded by the interconnection justifies its retention.

The Technical Specification will preclude closing

the crosstie during any mode of operatinsn except Mode

5 (Cold Shutdownt and Mode 6 {(Refuelingd. Closing

the crosstie (when not allowedd will be administratively
controlled by locking the breaker in the open position.

Q40.170-2
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QUESTION 040.171

"The response to question 040.65 refers to Mr. H. X.
Stolt's letter of December 7, 1976 which argues against
identification of cables by marking every five feet

which was a proposed modification for IEEE Standard 384-
1974. Stolt argues that (14 there is no technical or
safety-related basis for requiring the cable to be marked
.n the fashion described, (2) marking the cable does

wot justify the costs, and (34 coloring and cable jacket
could degrade the quality of the cable.

"Stolt mentions the negative aspects of cable identification
without offering any alternative method of cable marking

to facilitate visual verification that the cable instal-
lation is in conformance with separation criteria.

"The FSAR proposes to identify cables with a unique number
of color-coded tags at each terminating point inside
electrical equipment and in all intervening manholes,

cable roons, pull boxes, etc. This system of identification
will leave many thousand feet of unmarked black-jacketed
safety-related cable installed in cable trays throughout

the plants, and it will be extremely difficult to verify
that adequate separation is maintained between redundant
discussed cables.

"The proposed method of cable identification is not

an acceptable alternative to the requirements of Regulatory
Guide 1.75. The applicant should review his proposed

means of cable identification and submit a method of

cable marking that will aid ready visual verification

that the cable installation is in conformance with separation
criteria.”

RESPONSE

As stated in Subsection 8.3.1.3.4 "All power, control, and
instrumentation cables are identified by a unique number

of permanent color-coded tags at each terminating point

in switchboards, switchgear, motor-control centers, motor
conduit boxes, control cabinets, equipment cubicles, etc.,

and in all intervening manholes, cable rooms, pull boxes,

etc. The tags shall be color-coded as in Table 8.3-4, allowing
positive identification of safety-related cables."

The concern expressed in Question 040.171 is that this system

of identification does not facilitate "visual verification

that the cable installation is in conformance with the separation
criteria." Additional verification can be obtained as described
below.

Q40.171~-1
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The cables installed at Byron/Braidwood can be divided into
two categories: (a4 those purchased under separate cable

specifications (representing approximately 95% of the cablesi,
and (b4 those supplied by equipment vendors with the equipment
(representing approximately 5% of the cablesd.

a. The cables purchased by the separate cable specifications
are supplied with the following information marked on
the jacket:

Manufacturer, number of conductors, conductor size,
voltage rating, specification numb2r, purchase order
number, cable type code, station reel number and

sequential footage.

These markings are imprinted on the jacket every 30
inches for power and control cable and every 24 inches
tor instrumentation cable,

After the Electrical Installation Contractor installs
a cable, the Contractor records (in addition to other
informationd the cable reel number, the beginning footage
marker and the end footage marker on the cable pull

card. A Cross Reference Index will be available at

each site which will list (in sequence) the cable type

code, cable reel number, cable footage markings, cable
number, and the cable segregation code., This index

will allow an inspector to verify the installation (including
separation' of any cable by using the following procedure:

14 For the selected cable, ncte the cable type
code, reel number, and sequential footage markings
on the jacket.

24 Erter the Cross Reference Index at the cable
tyoe code and cable reel number. Locate the
cogresponding sequential footage, opposite which
will be both the cable number and segregation
code.

34 Covwypare the segregation code in the index with
the segregatinn code marked on the cable tray
in which the cable was found.

4y If the segregation code of the cable (in the
cross~-indexd ag. 's with the mark on the tray,
the cable separation is correct. 1If the segregation
code of the cable (in the cross=-indexd does
not agree with the mark on the tray, the cable
segrecsation is not correct.

b. The cables aupplied by equipment vendors are identified
as describ2d in Subsection 8.3.1.3.4 (first paragraph
of respunce abovel.

Q40.171-2
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QUESTION 040.172

"In the response to Q040.93, paragraph 2 states that
surveillance testing meets requirements of applicable

NRC guides. However, the testing procedures specified
for the diesel generator in the Technical Specification
subparagraph 4.8.1.1.2.c are not in agreement with the
requirements of Regulatory Guide 1.108 positions C.2.2.1,
CoBeledy Co2.0.3, Ci2.8.8, C.2.50.5%, and C.2.2.6. Corcact
the tech specs to conform to the above."

RESPONSE

Surveillance t2sting will conform to the requirements of
Regulatory Guide 1.108 except for the requirements in Regulatory
Positions C.2.a.5, C.2.b, C8, C9¢c, and C94.

Appendix A (Rejulatory Guide 1.1084 will be revised to identify
the specific exceptions and to provide a detailed description
of Applicant's position and justification for same. The
appropriate sections of the Technical Spezifications will

be revised accordingly.
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QUESTION 040.173

"The response to Q040.69 is incomplete. Provide the
ampere-hour rating of each 125V dc battery and the KVA
output reting of the battery charger."

RESPONSE

Batteries

1. Each of the (two/unitd 125-V Class lE batteries
consists of 58 Gould Type NCX-1200 lead-calcium
cells. The (nominally 1,200 AHV discharge characteristics,
and other specifications for these cells are shown
on the attached Gould Catalog Sheets (2.

2. Battery capacity is also addressed in Question 040.182.

Chargers

Each of the (two/uniti 125-V Class 1E battery chargers
is a Power Conversion Products, Model No. 3S-130-400.
The output rating of each charger is 400 amperes at
130 volts (nominald dc. This is equivalent to a rating
of 52 kW (nominald.
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CAPACITIES—600 AH. TO 2550 A.H.
@ 8 HOUR RATE TO 1.75 V.P.C. AVERAGE

SPECIFICATIONS
Container—Styrene-Acrylonitrile Plastic.
Cover—Acryl.-Buta -Styr. Terpolym. Plastic.
Separators—Microporous Material
Retainers—Fberglass Mats.

Posts—See Below.

Post Seals—Floating O-Ring—Seal Nut.
Vents—Gould “Pre-Vent”".**

Level Lines—High and Low—AlIl Jar Faces.
Electrolyte—Height Above Plates—2-3/4".
Electrolyte Withdrawal Tubes—Each Cell.
Sediment Space-—-1-1/16".

e et

b

TYPE: NCX

Plate Dimensions

Thick- !

Height W|dlh ness |

Positive Plate
Negative Plate

s 12927 320 |
15 112‘,11 215

- : . . - N ol
O Specific Gravity—1.215 @ 77 F. (25 C.). ?gzi Gvfg::;:? “‘:15?'“; *,;7&:';} l:;';:_
Inter-Cell Connectors_-Lcad Plated Copper. 2550 A M. Four~1% - square :
iv Ampere ’mi C.;;acihe.s‘”_—f 1 Minute Rate “Overall Dimensions Approximate 1
! — to |_.75 _V».P_._:_._Ayrerage' . n Amperes S s _u_n__u!_c‘hg_s‘* B (W _Wat. in Lbs Elect. |
' Plates | { To 1.75 To 1.50 T I Gals. |
| Per w VPC. VPC Net Packed Per |
Li Type Cell  8Hr. S Hr _3Hr.  1H. Avg  Avg va__.__ w H  wat b Aw_g_t___‘_ CﬂL
NCX-600 ) | 600 _ 540 468 300 | 712 1355 | 7-38 | 14-1/2 2218 17 189 50
NCx-_flz | 9 672 | sBB | 492 300 | 636 _ 1210 7-38 | 14%1/2 | 22-1/B . 178 190 | 6.0
NCX-7 11 750 | 675 588 3715 ' 73/8 1412  221/8 195 207 56 |
NCx-840 ' B4 735 | 615 T 1 3B 1412 218 196 208 56
NCX-900 | 13 300 810702 450 38 | 14-1/2 2218 213 225 | 51 |
NCx-1008 T 13 03 882 738 a0 : 7-3/8  14-1/2  22.1'8 218 226 | 51 |
[ NCX-1050 15 . 1050 945 819 525 | aQ 738 14-1.2 2218 231 243 49 |
"‘} NCX-1200 . 17 _ 1200 ;j:so' T 9% e00 | 255 | 71-3/8 | 1a1/2 | 221 5 249 261 50
[NCX-1344 | 17 1344 1176 984 600 | 1240 2360 | 91'4 1412 2012 268 _ 280 68
[NCX-1350 1 19 1350 1215 1053 675 | 1494 _ 2880 | 914  141/2 _221/2 282 294 63
M:x 1500 . 21 1500 1350 1170 750 | 1620 3080 | 914 a2 2212 301 313 60 |
NCx 1650 | 23 _ 1650 1485 1287 825 | 1782 _3°°.  11-38 1412 22.1/2 348 36680
nc: uﬁo 21 680 1470 1230 750 | 1530 | 20 | 1138 . 14: 2 2212 .32 | 350 83 |
NCX- woo 85 _ 1800 1620 404 | 900 | 1932 | 367,  11-38 14 2 _ 22.1.2 34 382 76
NCX- ve:s 23 1848 _-_|_~»p 1353 825 | 166! 3 60 14916 141 2 2212 397 415 126 |
)__an_m o‘ 27 | 1950 1756 | 1521 375 | 2080 3955 | 11-38 _ 14-1/2 2212 380 98 73
O [ NCX-2016 25 2016 1764 | 1476 900 '_‘-9 D300 14916 14172  20-12 415 433 121
S [NCX-2100 29 ~ 2100 _ 1890 1638 | 1050 | 2240 _ 4260 14916 _ 1412 _ 2212 446 464 115 _
ch 2184 27 2184 1911 ' 1509 975 i 19*4 660 14916 | 1412 22-1/2 433 | 451 115
ch “104 3 2% | 2025 [ 1785 | 1125 | 2400 ‘LGS 14916 14172 2212 462 ._581_*1_0_9_‘
F’.‘C" 2400 | 33 2400 | 2160 [ 1872 1raw | 2560 | 4865 | 14-9/16  14-1/2 221/2 | 479 497 103 |
[ NCx-2550 | 35 | 2550 | 2295 | 1989 [ 1275 | 2720 | 510 [ 14916 | 14172 | 2212 496 , 5S4 | 97
*InClydes yortange rop actoss ntercell Conned by use on standard fayouls . "’hnuld Inc

. GB-33250 6/78 2 5M

Prnted in US A
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QUESTION 040.174

"The FSAR does not provide the time interval for the
diesel generator to attain rated voltage and frequency,
and ready to accept load. Provide this information.

Also describe the conditions which will initiate automatic
starting of the onsite dissel generators.”

RESPONSE

The diesel generator is designed to attain rated voltage
and frequency and be ready to acce=t load 10 seconds after
the receipt of an autcmatic start signal. Automatic starting
is initiated by a safety-injection signal and/or a loss

of offsite power signal. The safety-injection signal comes
from the reactor protection system logic and the loss of
offsite power signal originates from uader-voltage relays
on the 4160-V ESF bus which the diesel-generator feeds.

The conditions which will initiate automatic starting of
the diesel-generator are described in 3ubsection 8.3.1l.1l.1,
pages 8.3-5 ard 8.3-6 of the FSAR.

Q40.174-1



B/B-FSAR

QUESTION 040.175

"Your response to Q040.6 reflects a misunderstanding

of the question. The purpose of the Q040.6 was to require
that one alarm be provided to explicitly indicate conditicns
such that a diesel generator is incapable of responding

to an automatic emergency start signal. As outlined,

you should separate the alarms so tha* there is a dedicated
alarm for the conditions that render a diesel incapable

of responding to an automatic start signal. Some of

the examgples are as follows:

al Diesel generator breaker feeding to the ESF bus
is racked out.

b4 Diesel generator is started locally for test or
maintenance and the operator forgets to return the
control to the control room after the activity is
completed.

¢V Failure of DC control power supply to the diesel
generator breaker.

dé Failure of the control power supply to the start
air train circuits.

el After testing the diesel generator, the operator
forgets to reset the exciter pushbutton.

"You may have more than the conditions as mentioned
above which would render a diesel generator incapable
of responding to an automatic emergency start signal.

"We require that you provide a list of all these conditions
and that your design comply with Regulatory Guide 1.47
'‘Bypassed and Inoperable Status Indication for Nuclear
Power Plant Safety Systems.'"

RESPONSE

In order to meet the requirements of Regulatory Guide 1.47
and inform the operator at the system level of conditions
that would render a diesel generator unable to respond to
an automatic emergency start signal, the following inputs
are provdied to the Byron/Braidwood Station's Equipment
Status Display (ESDV systems (the listing is for Unit 1;
the Unit 2 listing is identical):

Q40.175-1
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d.
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Diesel Generator
Diesel Generator
Diesel Generator
Power Off.
Diesel Generator
Power Off.

[ ies2]1 Generator
Lockout.

Diesel Generator
Lockout.

Dies2]l Generator
Diesel Generator

wr w o ® Py

Dies2l Oil Storage
Diesel 0il Storage
Diesel 0Oil Storage
Dies21 Oil Storage
Dies21 0il Day Tank A Level lLow.
Dies2l Oil Day Tank B Level Low.

Output Breaker Not Available.
Output Br2aker Wot Available.
Engine/Generator DC Control

Engine/Generator DC Control
Control Switch Maintenance
Control Switch Maintenance

Cooling Water Flow Low.
Cooling Water Flow Low.
Tank A Level Low.
Tank B Leel Low.
Tank C Level Low.
Tank D Level Low.

The ESD system level indication for the diesel generators
is dedicated to these inputs only.

Q40.175-2
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QUESTION 040.176

"Your response to Q040.5 is not sufficient to allow

a fully independent review of this aspect of your design.

We require that the adequacy of station electric distribution
system voltages should meet the following criteria.

A.

Background

Events at the Millstone station have shown that
adverse effects on the Class lE loads can bhe caused
by sustained low grid voltage conditions when the
Class lE buses are connected to offsite power.

These low voltage conditions will not be detected

by the loss of voltage relays (loss of offsite powerd
whose low voltage pickup setting is generally in

the range of .7 per unit voltage or less.

The above events also demonstrated that improper
voltage protection logic can itself cause adverse
effects on the Class 1lE systems and equipment such

as spurious load shnedding of Class lE loads from

the standby diesel generators and spurious separation
of Class lE systems from offsite power due to normal
motor starting transients.

A more recent event at Arkansas Nuclear One (ANOV

station and the subsequent analysis performed disclosed
the possibility of dearaded voltage conditions existing
on the Class lE buses even with normal grid voltages,

due to deficiencies in equipment between the grid

and the Class 1lE buses or by the starting transients
experienced during certain accident events not originally
considered in the sizing of these circuits.

Branch Technical Position

1. 1In addition to the undervoltage scheme oprovided
to detect loss of offsite power at the Class
1lE buses, a second level of undervoltage protection
with time delay should also be provided to protect
the Class 1lE equipment; this second level of
undervoltage protection shall satisfy the following
criteria:

a' The selection of und~rvoltage and time delay
setpoints shall be determined from an analysis
of the voltage requirements of the Class
lE loads at all onsite system distribution
levels;
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.

bdé Two separate time delays shall be selected
for the second ievel of undervoltage prctecticn
based on the following conditions:

1¥ The first time delay should be of a
duration that establishes the existence
of a sustained degraded voltage condition
(i.e., something longer than a motor
starting transientd. Following this
delay, an alarm in the control room
should alert the operator to the degraded
condition. The subsequent occurrence
of a safety injection actuation signal
(SIASY should immediately separate the
Class 1E distribution system from the
offsite power system.

2) The second time delay should be of a
limited duration such that the permanently
connected Class lE loads will not be
damaged. Following this delay, if the
operator has failed to restore adequate
voltages, the Class 1lE distribution
system should be automatically separated
from the offsite power system. Bases
and justification must be orovided in
support of the actual delay chosen.

cd The voltage sensors shall be designed to
satisfy the following apnlicable requirements
derived from IEEE Std. 279-1971, "Criteria
for Protection Systems for Nuclear Power
Generating Stations":

1y Class 1E equipment shall be utilized
and shall be physically located at and
electrically connected to the Class
1lE switchgear.

2¢ An independent scheme shall be provided
for each division of the Class lE power
system.

3) The undervoltage orotection shall include
coincidence logic on a o2r bus basis
to preclude spurious trips of the offsite
power source;

4y The voltage sensors shall automatically
initiate the diszonnection of offsite
power sources whenever the voltage set
point and time delay limits (cited in
item 1.b.2 above+s have been exceeded;

Q49.176-2
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54 Capal ility for test and calibration
duriir 3 power oparation shall be provided.

6 Annunciation must be provided in the
control room for any bypasses incorporated
in the design.

d4¢ The Technical Specifications shail include
limiting conditions for operations, surveillance
requirements, trip setpoints with minimum
and maximum limits, and allowable values
for the second-level voltage orotection
sensors and associated time delay devices.

The Class 1E bus load shedding scheme should
automatically prevent shedding during sequencing
of the emergency loads to the bus. The load
shedding feature should, however, be reinstated
upon completion of the load sequencing action.

The technical specifications must include a

test requirement to demonstrate the operability
of the automatic bypass and reinstatement features
at least once per 18 months during shutdown.

In the event an adequate basis can be provided
for retaining the load shed feature during the
above transient conditions, the setpoint value

in the Technical Specifications for the first
level of undervoltage protection (loss of offsite
powerd must specify a value having maximum and
minimum limits. The basis for the setpoints

and limits selected must be documented.

The voltage levels at the safetv-related buses
should be optimized for the maximum and minimum
load conditions that are expected throughout

the anticipated range of voltage variations of
the offsite power sourc2s by appropriate adjustment
of the voltage tap set:ings of the intervening
transformers. The tap settings selected should
be based on an analysis of the voltage at the
terminals of the Class 1lE loads. The analyses
pecformed to determine minimum operating voltages
should typically consider maximum unit steady
state and transient loads for events such as

a unit trip, loss of coolart accident, startup

or shutdown; with the offsite power supoly (grid)
at minimum anticipated voltage and only the
offsite source being considered available.
Maximum voltages should be analyzed with the
offsite power supply (gridd at maximum expected
vcltage concurrent with minimum unit loads (e.gq.,
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cold shutdown, refueling). A separate set of
the above analyses should be performed for eacn
available connection to the offsite power suapply.

4. The analytical techniques and assumptions used
in the voltage analyses cited in item 3 above
must be verified by actual measurement. The
verification and test should be performed prior
to initial full power reactor operaticn on all
sources of offsite power Dy:

a) loading the station distribution buses,
including all Class 1lE buses down to the
120/208 v level, to at least 30%;

bd¢ recording the existing qrid and Class 1lE
bus voltages and bus loading down to the
120/208 volt level at steady state conditions
and during the starting of both a large Class
1E and ncn-Class lE motor (not concurrentlyl;

Note: To minimize the number of instrumented
locations, (recordersd during the
motor starting transient tests, the
bus voltages and loading need only
be recorded on that string of buses
which previously showed the lowest
analyzed voltages from item 3 above.

c) using the analytical techniques and assump-
tions of the previous voltage analyses citesd
in item 3 above, and the measured existing
grid voltage and bus loading conditions
recorded during conduzt of the test, calculate
a new set of voltages for all the Class
1E buses down to the 120/208.

dy compare the analytically derived voltage
values against the test results.

"With good correlation between the analytical results

and the test results, the test verification requirement
will be met. That is, the validity of the mathematical
model used in parformance of the analyses of item 3

will have been estahlished; therefore, the validity

of the results of the analyses is also established.

In general the test results should not be more than

3% lower than the analytical results; however, the
difference between the two when subtracted from the
voltage levels determined in the original analyses should
never be less than the Class 1lE equipment rated voltages.”
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RESPONSE

There are two redundant and independ nt 4-kV emergency buses
and each has two levels of undervoltage protection: 14

loss of power, and 2) degraded grid voltage. The relays
will be connected to the existing potential transformers

on the bus. The first level of undervoltage protection

is nrovided by induction disk type undervoltage relays.

The second level of undervoltage prctection is provided

by instantan20us undervoltage relays with delayed drop-out.

The voltage and time set points will be determined from

an analysis of the voltage requirements of the safety-related
loads and actual field measurements of bus voltages under
various motor-starting conditions. 'The approximate pick=-

up voltage for the first level of orotectior is 70% of rated
voltage. The preliminary setting for the second level of
undervoltage protection is 92% of razed voltage. There

is a 10 second time delay to avoid alarms on transients,

and if the degraded voltage is not corrected within 5 minutes,
the bus will automatically disconnect from the offsite power
source and connect to its onsite diesel generator.

During a sustained degraded grid voltage condition, the
subsequent occurrence of a SI (accidentd signal will (imme-
diately) trip the offsite power supply to the 4 kV ESF buses.

Testing will be conducted during refueling outages so spurious
trips during testing will not affect plant operation.

The circuit will be designed to prevent automatic load shed-
ding of the emergency power buses once the onsite sources

are supplying power to all sequenced loads on the buses.

The load shed interlock feature will use the "b" contact

of the respective diesel generator breaker. This interlock
will defeat the load shedding featurs while the loads are
being fed from the onsite power source. The load shed feature
will be reinstated when the diesel generator breaker is

open and the loads are fed from the offsite source.
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QUESTION 040.177

"You have not responded to parts (b4 and (cd of question
Q040.85. Provide this information. 1In part (bd of
Q040.85, you were asked to show the differential relay
in the D/G breaker trip circuit and show how this trip
is retained on receipt of a safety injection signal.
Provide a revised logic diagram 8.3.2."

RESPONSE

As stated in our response to Q040.85, Figure 8.3-2 has been
revised to correct the breaker control logic. However,

the differential relay is not shown in the breaker trip
circuit since it is not directly in the circuit. The differ-
ential relay actuates the lock-out relav (shown as device
486-14134 which trips the breaker. The logic diagram correctly
shows the lockout relay directly tripping the breker while
the remaining breaker trips (overcurrenz, reverse power,

the diesel generator shutdown relayd are "ANDED" with a
Safety Injection "NOT" signal. 1In this way, the differential
trip is retained during normal and accident (safety injectiond
conditions and the remaining trips are bypassed by the safety
injection signal.
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QUESTION 040.178

"Your response to Q040.73 is not adequate. You state

in Appendix A, Page Al.75-1, that you comply with Regulatory
Guide 1.75. Regulatory Position C.l1 of Reg. Guide 1.75
states that breakers that trip on receipt of a signal

other than one derived from the fault current or its
effects (e.g., an accident signald are acceptable isolation
levices. Your approach of coordinating the circuit

breaker (wnich feeds the Non-Class lE load from Class

1E busd with the upstream circuit breaker is not in
accordance with the above position and, therefsre, not
acceptable. Acceptable alternate approaches to the

above positions would be two breakers or breaker and

a fuse in series.

"Describe in detail the isolation devices being used
on Byron/Braidwood Stations at all voltage levels (4.16
kV, 480V, 120V ac, 125V dci."

RESPONSE

The current issue of Appendix A (Page Al.75-1) does not

say that Applicant complies with Regulatory Guide 1.75.

We agree that Appendix A (Regulatory Guide 1.75 position
descriptiond requires clarification. The Applicant's position
relative to Regulatory Guide 1.75 (Rev. 2, September 1978\

is described in revised Apoendix A.

There are no non-safety-related loads supplied frcm the
safety-related 4,16-kV buses other than non-safety-related
buses 143 and 144 which may he manually connected to safety-
related buses 141 and 142 (respectivelyl as describad in

the last paragraph of Subsection 8.3.1.1 (page 8.3-2).

Non-safety-related loads supplied from safety-related buses
at 480-v, 120 vac, and 125 Vdc utilize circuit breakers
(actuated by fault current) for isolation, all as described
in revised Appendix A.
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QUESTION 040,179

"The response to Q040.49 included single line diagrams
for the Byron and Braidwood Stations. Figures Q040.49-3
and Q040.49-4 do not match with the figures 8.2-1,
8.2-2, 8.2-6 and 8.2-7 provided with the FSAR. Correct
this discrepancy and provide corrected drawings.

RESPONST

Figures Q040.49-3 and Q040.49-4 have baen corrected and
transmitted.

040.179-1
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QUESTION 040.180

"We are still waiting for your response to 040.83.
Provide your response."

RESPONSE

Applicant will formally answer Question 040.83.

Q40.180-1
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QUESTION 040.181

"IEEE-387-77 Section 5.6.2.2(1% and Regulatory Guide

1.108 position C.1.b.3 recommend that the pericdic testing
of diesel generator units should not impair the capability
of the unit to supply emergency puwer within the required
time. The following discussion provides the necesary
nuidelines (requirementsd to meet the objective of the
.bove referred Industry Standard and Regulatory Guide.

"The diesel generator unit design should include an
emergency override of the test mode to permit response
to becna fide emergency signals and return control of

the diesel-generator unit to the zutomatic control system.
A design which does not have such a feature would neces-
sitate operator action of varying levels of complexity
depending on the specific design and plant conditions,
in order to enable a diesel generator in the test mode
to respond to a bona fide emergency signal. The concern
heze is the possible consequent disabling of a D/G due
to operator's inaction or wrong action thereby reducing
the available safety margin with regard to onsite a-c
power at a time when it is most needed.

"Each diesel generator must be periodically tested at

a frequency as specified in R.G. 1.108. This test frequency
is normally once per month but could be as high as once
every three days. The duration of each test is one

hour. During a normal successful test the diesel generator
is loaded on its bus with the govecrnor operating in

a droop mode, and the load carried by the diesel engine

is a function of governor speed and speed droop setting.

In order to enable a diesel generator in the test mode

to respond to a bona fide emergency signal, the design
must incorporate the following features for the stated
plant conditions:

1. Accident Conditions

During the periodic testing of a diesel generator,

if a safety injecticn signal is generated, the diesel
generator breaker should be tripped automatically.
This will permit the unit to be cleared from parallel
cperacion with the system and enable the diesel
generator to attain the emergency standby mode.

In this mode of operation, the diesel governor control
should change automatically tc the isochronous mode
which will maintain the engine running at a synchronous
speed corresponding to 60 Hz at the generator terminals.,
All noncritical protective trips excspt engine overspecd
and generator differential should be bypassed for

Q40.181-1
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this accident condition. Additionally, the voltage
regulator should change to the automatic mode thereby
maintaining the generator at a preset constant voltage.
With the above actions complete, the diesel generatcr
unit will be ready to accept the required load in

the event of a loss of offsite power.

2. Loss of Offsite Power (LOOP) Conditions

Normally, during periodic testing of diesel generator,
the diesel generator is paralleled with the offsite
power system. Durinj such a test, should a LOOP
occur, a LOOP signal would probably not be generated
becaus2 the D/G would attemot to provide power to
the bus and to the offsite system through the closed
offsite power feedbreaker. In this case, the D/G
breaker will trip on overcurrent or underfrequency
and in some designs the D/G breaker also locks out
for thi: condition. To assure the continued avail-
ability of the D/G unit it is essential that the
diesel generator breaker should not be locked out
for such overload conditions. - At the same time,

the governor is shifted automatically from droop

to isochronous mode and the voltage regulator to
automatic mode. With the above actions complete,
the diesel generator unit will be ready to accept
its required load for LOOP conditions.

3. Accident Conditions/LOQP

For simultaneous accident/LOOP condition or sequential
accident and LOOP condition, the requircements stated
in items 1 and/or 2 would be adequate to assure

the restoration of the diesel generator from the

test mode to the emergency mode.

Provide a discussion how you meet the above stated
guidelines."

RESPONSE

We agree with the guidelines set forth in this question

to meet the requirements of IEEE-387 Section 5.6.2.2(14

and Regualtory Guide 1.108 Position C.1.b.3. The Byron/
Braidwood diesel-generator system design includes emergency
override of the test mode for both accident conditions (Safety
Injectiom and loss of offsite power (ILOOPV to permit response
to bona fide emergency signals and return control of the
diesel-generator to the automatic control system. Upon
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receipt of either a safety injection signal or a

loss of offsite power signal, the governor is auto-
matically shifted from droop to the isochronous mode
and the voltage regulator is shifted to the automatic
mode. Therefore, the diesel-generator breaker controls
will be revised to trip the breaker upon receipt

of a safety injection signal concurrent with the
diesel genzrator operating in the test mode. Also,
the Byron/Braidwood diesel-generator breaker control
scheme does not lock out the diesel-generator breaker
on overcurrent or underfrequency which assares the
availability of the diesel genarator to accept its
required load for LOOP conditions.
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QUESTION 040.182

"The description of the dc Power System in the FSAR

is incomplete and should be expanded. Except for a
general statement to the effect that the batteries are
sized to carry their connected loads for the time periods
shown in Table 8.3-5, there is no information provided
about the capacity of the batteries. Another area with
irsufficient information is the subsection on Non-Safety-
Related 125V dc loads. Information about how the non-
safety loads are separated from the Class 1lE bus is

not included in the FSAR text or drawings.

*"Expand the section on the dc Power System to provide
an adequate description of the battary capacity and

how the non-safety loads are connecced to and separated
from the Class 1lE dc systems."

RESPONSE

It is unusual for the NRC to request that specific/detailed
electrical equipment rating/capacity data be included

in the text of the FSAR (i.e., such detailed system
descriptions/rating information is not required by Reg-
ulatory Guide 1.70, Standard for SARV. The following

will supplement the detailed descrintion of the dc systems
contained cn pages 8.3-23 through 8.3-26 of the FSAR;
however, Applicant does not propose to add same to the
FSAR:

DC Power Systems

The station dc systems supply power to the plant instru-
mentation and control under all modes of plant operation.
In addition, upon loss of ac power, the dc systems provide
power for emergency lighting and certain turbine-generator
auxiliary motors.

The dc systems for each unit consist of one 250-V and

one 125-V non-Class lE battery system and two independent
and redundant Class lE 125-V battery systems. One (common
for two unitsd 48-V non-Class lE battery system is provided
for the control of the non-Class lE switchgear at the

river screen house.

The Class lE 125-V battecry systems supply power to Class
1E loads without interruption during normal operations

or DBA conditions. FEach Class lE 125-Vdc system consists
of one battery, one main distribution bus with molded-case
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circuit breakers, one static battery charger, and local
distribution panels. Redundancy and independence of
components precludes the loss of both systems as a result
of a single failure. For Unit 1, Battery 111 supplies
ESF Division 11 load requirements; Battery 112 supplies
ESF Division 12 load requirements. There are no bus
ties, or sharing of power supplies, between cedundant
tcains.

Bach Class 1E 125-V battery, battery charger, and distri-
bution panel associated with one ESF division is located
in a seismic Category I room, physically separated from
the redundant equipment. Electrical separation is also
maintained to ensure that a single failure in one train
does not cause failure in the redundant train. There

is no sharing between redundant Class lE trains of equip-
ment such as batteries, battery chargers, or distribution
panels.

Each Class 1lE 125-Vdc system has the capacity to con-
tinuously supply all the connected normal running load
while maintaining its respective battery in a fully
charged condition. Each battery has a nominal rating

of 1200 amdere-hours and is capable of carrying the
various loads continuously, for the time periods indicated
in Table 8.3-5 of the FSAR, in the avent of a total

loss of onsite and offsite ac power.

One 400 ampere capacity static battery charger supplied
by a Class 1lE MCC, is provided for each Class 1lE 125-V
battery system. Protection is incorvorated in the
battery chargers to preclude the ac supply source from
becoming a load on the battery as a result of power
feedback uvon loss of ac input power. Backup protection
is incorporated by an overvoltage relay mounted on the
charger, which trips the charger supply and annunciates
the tripped condition in the control room.

Each battery charger is capable of floating the battery
on the bus or recharging a completely discharged battery
within a 24-hour period while supplying the largest
combined demands of the various steady-state loads under
all plant operating conditions.

All battery areas are ventilated to prevent the accumulation
of gases produced during charging operations. Each

Class 1E 125-V battery area is provided with an independent
safety-related ventilation system. A separate safety-
related exhaust fan and duct is provided for each Class

1E battery area.
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In addition, the battery cells are provided with explosion-
resistant vent caps that prevent the ignition of gases
within the cell from an ignition source outside the

cell.

The Class lE dc systems are testable, independent, and
conform to the requirements of Regulatory Guide 1.6

and 1.32. These systems meet the requirements of General
Design Criteria 5, 17, and 18.

The capacity of the Class 1lE batteries and chargers
is covered in the response to Question 040.173.

Non-Safety—~Related Loads Connected to Class 1lE Bus

(14 The single line diagram of this distribution system
is shown on Drawing 6E-0-4001 (referenced in FSAR,
S''bsection 8.3.2.14 and on the Station One Line
Diagrams, 6E-1-4001A and 6E-2-1001A. This connection
is described in Subsection 8.3.2.1.2.

(2¢ The isolation of the non-safety-related loads from
the safety-related (Class 1lEd bus, as the result
of a fault on non-safety-related circuits, is performed
by circuit breakers (2 in seriesd, qualified to
Class 1lE requirements, operated by overcurrent.
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QUESTION 040.183

"mhe FSAR states in the seventh paragraph on page 8.3-6
that ESF buses 141 and 241 cannot be fed from the same
SAT except when one of the two SAT's is unavailable

and the removable links are manually relocated from

the transformer secondary to the bus duct crosstie.

"If the above statement is true then there is a discrepancy

with the bus ties shown on drawing Q040.49-3. The bus

ties betwa2en bus 141 and 241 are made by circuit breakers

1414 and 2414. Thare is a similar bus tie between buses
142 and 242 by means of circuit breakers 1424 and 2424.

"These bus ties are in conflict with statements in the
FSAR. Review the FSAR and provide a description of
the bus connection that agrees with the drawings.”

RESPONSE

The abuve referenced naragraph of the' FSAR will be revised
as follows:

The 4160-volt ESF buses 141 (241% and 142 (2424 will not

be fed from the same SAT (parallel operation! except when
one of the unit's SAT's is unavailable, and the removable
links are manually relocated from the transformer secondary
to the bus duct crosstie.

Q40.183-1
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QUESTION 331.33

"Provide additional information regarding the sensitivity

of airborne radioactivityrmonitors in accordance with
Section 1.3 of RegulatorycGuide 1.70. Verify that the
airborne radioactivityrmonitors described in Section

12.3.4 of the FSAR are capable of detecting 10 MPC-hours

of particulate and iodine radioactivity in compartments
which may be occupied and mayr contain airborne radiocactivity
(the acceptance criteria in Standard Review Plan Section
13.0."

RESPONSE

Standard Review Plan Section 12.3 implies an assessment

of pctential contamination is required in "...any compartment
which has a possibility of containing airborne radioactivity
and which may be occupied by personnel."

A system of fixed Continuous Airborne Monitors (CAMs) is
provided to nonitor for airborne radioactivityr in compartments
which may be occupied and may« contain airborne radiocactivity.
Since there are too many rooms or cubicles to monitor independently,
a limited number of CAMs are provided to continuously: monitoc
the air from selected branch exhaust ducts of the HVAC systen.
Thus, the exhaust from a single room may be diluted by the
exhaust from other rooms before the air yets to the monitoring
point. Therefore, the monitor must be sensitive enough

to respond to the diluted activity. The maximum possible
dilution factor for any cubicle is:

DF = F cubicle (cmfd
F duct (cfm)

and using the Detectability Factor for MPC_ (DMPC_} given
in Table Q331.33-1. We can write an expre3Ssion £3r the
time, T, it takes to detect the presence of MPCa levels
in the exhaust ducts:

T = 1/(DMPCa * DFV, (hrst (1)
where,
T B %g?? to detect particulate and iodine MPCa,
DMPCa = detectability factor for MPCa (see Table
Q331.33-1»
DF = dilution factor for 10 MPC-HR detectability

Q331.33-1
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F = flow in exhaust from cubicle, (cfm)

cubicle

= flow in branch duct where monitor is located,

F
duct (cfmb.

Table 0331.33-1 shows the sensitivity of the particulate,
iodine, and noble gas channels for the isotopes of jreatest
intcrest. These sensitivities were compared to maximum
peri.issible concentrations in air (MPC_V of the most restric-
tive particulate and iodine radionucliles in the areas and
cubicles of lowest ventilation flow rate. The criterion

used was that airborne radioactivity from the areas described
above and having an activity concentration of MPC_, would

be detected within 10 hours. Exhaust flow rates from cubicles
and in branch ducts were examined to determine dilution

factors for this assessment. The exhaust flow rates for

the monitored branch ducts and the individual room exhaust

flow rates are given on the HVAC drawings in Section 9.4.

The location of the radiation monitors are also shown on

these drawings. An investigation using the above data indicates
that the system is capable of detecting 10 MPC_-~hrs of airborne
particulate and iodine radioactivity in the rogms. cubicles

and areas discussed above which may be occupied and may

contain airborne radioactivity.

Q331.33-2
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TABLE Q331.33-1

SENSITIVITY OF CONTINUCUS AIRBORNE MONITORING SYSTEM

AVERAGE GROSS SENSITIVITY ]
ENERGY SENSITIVITY (cpm/hr MPC F%EC?::}BJ:I::C
I1SOTOPE (MEV) (cpm/1:Ci) per uCi/cc) (uci/@c) a

I. Particulate Channel (Beta Scinptillator)
9

Co-60 0.096 4.69 x 10 2.01 x 10 9 x 10 200
SR-90 5.209 1.20 x 10° 5.10 x 1032 1 x 1072 60
TC-9% 0.085 4.47 x 10° 1.92 x 1012 6 x 108 1350
cs-137 0.171 1.15 x 10° 4.91 x 1012 1 x 1078 575
II. Iodine Channel (Nal Spectrometrv windowed on I-131 peak)
7-131 0.364(y) 1.0l x 10° 4.29 x 10! 9 x 1072 850
IIXI. MNoble Gases Channel (Beta Scintillator)
{R-85 0.100 @ ———=- 1.84 x 10 *# 1.0 x 1072 40
KR-E3T - 0,250~ @ seese 3.6 x 10 ** 1.0 x 10°° 80

“*Tte minimum dei~ctable (activity) concentration is bascd on & signal count rate at a
5% confidence level as given by the formula in ANSI 13.10-1974 and modified for the
GA system as follows:

MDC = 2 (BCKC/ZO);i ¢+ Censitivity, (for BCKG < 100 cpm)
2 (BCKGz/Z,OOO)% : Sensitivity, (for 100 cpm < BCKG < 1 x 105 cpm)

Where BCKG is the total background counting rate (cpm). For the particulates

1905 cpm was used and for iodine and noble gases 100 cpm was used;

this criterion will yield an answer that has a 95% cstatistical confidence level.
**cpm per uCi/cc

¥vsd-€/4d
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3.6.2.3.3.4 Pipe Restraints and Locations

Pipe restraints and locations are discussed in Subsection
Jebole3al1.1 and S5.8.18,

3.6.2.3.3.5 Design Loading Combinations

As described in Section 3.9, the fo-ces associated with rupture
of reactor piping systems are considered in combination with
normal operating loads and earthquake loads for the design of
supports and restraints in order to ascsure continued integrity of
vital components and engineered safety features.

The stress limits for reactor coolant piping and supports are
discussed in Section 3.9.

3.€.2.4 Guaré Pipe Assembly Design Criteria

Guard pipes assemblies were not utilized in the design of either
the Byron or Braidwood power stations.

3.6.2.5 Dynamic Analysis Applicable tc Postulated High Energy
Pipe Break

3.6.2.5.1 Reactor Coolant lLoops

a. Table 3.6-6 and Figure 3.6-24 identify the design-
basis break locations and orientations for the main
Reactor Coolant Loop.

The primary-plus-secondary stress intensity ranges
and the fatigue cumulative usage factors at the
dusign Lreak locations specified in WCAP 8082 (8172)
(Feference 1) are given in Table 3.6-7 for a
reference fatigue analysis. The reference analysis
has been prepared to be applicable for many plants.
It uses seismic umbrella moments which are higher
than those used in WCAP 8082 (8172) such that the
primary stress is equal to the limits of Equation 9
in NB-3650 (Section III of the ASME Boiler and
Pressure Vessel Code) at rany locations in the syst 'm
where in WCAP 8082 (8172) cne location was at the
limit., Therefore, the results of the reference
analysis may differ slightly from WCAP 8082 (8172)
but the philosophy and conclusions of the WCAP are
valid. There are no other locations in the model
used in the reference fatigue analysis, consistent
with WCAP 8082 (8172), where the stress intensity
ranges and/or usage factors exceed the criteria of
2.4 S5 and 0.2, respectively.

Additiorally, the thermal transients used in the ref-
erance analysis, although different from those in WCAP-
8082, are the same as the thermal transients which are
specified for Byron/Braidwood in Subsection 3.9.1.1.
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Ac#ual plant moments for the Byron/Braidwood Units
are also given in Table 3.6-7 at the design basis
break locations so that the reference fatigue
analysis can be shown to be applicable for this
plant. by showing actual plant moments to be no
greater than those used in the reference analysis, it
follows that the stress intensity ranges and usage
factors for the Byron/Braidwood Units will be less
than those for comparable locations in the reference
model. By this means it is shown that there are no
locations other than those identified in WCAP 8082
(8172) where the stress intensity ranges and/or usage
factors for the Byron/Braidwood Units might exceed
the criteria of 2.4 S, and 0.2, respectively. Thus,
the applicability of WCAP 8082 (8172) to the
By:-n/Braidwood Units has been verified.

b. Pipe whip restraints associated with the main Reactor
Conlant Looup are describeld in Subsections 3.6.2.3.1.1
and 5.4.14,

c. Jet feflectors associated with the main Reactor
Coolant Loop are described in Subsection 3.6.2.3.1.2.

d. Dnesign loading combinations and applicable criteria
for ASME Class 1 components and supports are provided
in subsection 3.6.2.3.3.5. Pipe rupture loads
incluée not only the jet thrust forces acting on the
piping but also jet impingement loads on the primary
equipment and supports.

e. The interface between Sargent & Lundy and Westinghouse
concerning the design of the primary equipment sup-
ports and the interaction with the primary coolant
loop is described in Subsection 3.9.3.4.4.1.

'3.6.2.5.2 Postulated Breaks in Piping Other than Reactor
Coolant Loop

Tre following material pertains to dynamic analyses completed for
Piping systems other than the reactor main coolant piping which
connects the reactor vessel, the main coolant pumps, and the
steam generators.

3.6.2.5.2.1 Implementation of Criteria for Defining Pipe
Break Locations and Configurations

The locations and number of design basis breaks, including
postulated rupture orientations, for the high energy piping
systems are snown in Figures 3.6-25 tc 3.6-44,

The above information was derived from the implementation of the
criteria delineated in Subsection 3.6.2.1.
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Stress levels and usage factors (usage factors for Class 1 piping

only) for the postulated break locations are shown in Tables
3.6"11 and 3- 6"2.

3.6.2.5.2.2 Implementation of Criteria Dealing with Special
Features

Special protective devices in the form of pipe whip restraints
and impingement shields are designed in accordance with
Subsection 3.6.2.3.

Pipe whip restraint locations, configuration, and orientations in
relation to break locations for each applicable piping systems
are shown in Figures 3.6-25 to 3.6-44,

Inservice inspection is discussed in Subsection 3.6.1.2.2.

3.6.2.5.2.3 2cceptability of Analyses Results

The postulation of break and crack loc:ctions for high and
moderate energy piping systems and the analyses of the resulting
jet thrust, impingement and pipe whip effects has conservatively
identified areas where restraints, impingement shields, or other
protective measures are needed and hag yielded the conservative
design of the required protective devices.

Results of jet thrust and pipe whip dynamic effects are given in
Tables 3.6-13 and 3.6-14,

3.6.2.5.2.4 Desiqn Adequacy of Systems, Components, and
Componéent Supports

For each of the postulated breaks the equipment and systems
necessary to mitigate the conseqguences of the break and to safely
shut down the plant (i.e., all essential systems and components)
have been identified (Subsection 3.6.1). The equipment and
systems are protected against the consequences of each of the
postulated breaks to ensure that their design-intended functions
will not be impaired to unacceptable levels as a result of a pipe
rupture or crack.

When it became necessary to restrict the motion of a pipe whick
would result firom a postulated break, pipe whip restraints were
added to the applicable piping systems, or structural barriers or
walls were designed to prevent the whipping of tne pipe.

Design adequacy of the pipe whip restraints is demonstrated in
Tables 3.6-13 and 3.6-14., Data in the tables was obtained
through use of the criteria delineated in Subsections 3.6.2.1
through 3.6.2.3 inclusive.

The design adequacy of structural barriers, walls, and components
is discussed in Section 3.8.

J«6~27



B/B~-FSAR

3.7.3.1.1 Seismic Analysis Methods (Westinghouse)

This subsection describes the seismic analysis methods per-
formed for safety-related components and systems supplied
by Westinghouse,

Those components and systems that must remair functional in
the event o the SSE (Seismic Category I) are identified by
applying the criteria of Subsection 3.2.1. This ecuipment is
classified into three types according to its dynamic char-
acteristics. The analysis methods used for this equipment
also depended on these classifications.

The first type is flexible equipment. This equipment is
characterized by several modes in the freguency range that
could produce amplification of the base imput motion. The
components which are classified as flexible equipment, i.e.,
with more than one mode below 33 Hz, are the steam generators.
reactor coolant pumps, pressurizers, control drive mechanisms,
reactor internals, and fuel. Dynamic analyses were performed
for these components using modal analvsis technigues with
either the :‘esponse spectrum method., integration of the
uncoupled mcdal equations of motion, or by direct integration
of the coupled differential equation' of motion. Details of
the methods used for these analyses are described in Subsections
$.3.7.3.1,1.1 through 3,.,7.3.1.1.,5.

The second classification is rigid equipment. This equipment
has a fundamental natural frequency that is sufficiently high
(greater than 33 Hz) so that base input motions are not ampli-
fied., Such equipment is particularly suitable for static
analysis as described in Subsection 3.7.3.1.1.6.

Finally, the third type of equipment is classified as limited
flexible, with only one predominate mode in the frequency
range subject to possible amplification of the input motion.
The fundamental mode of this type of equipment is basically

a translational bending mode at a frequency less than 33 Hz.
The second mode is usually a rocking mode with a frequency
greater than 33 Hz. Because of the simple response character-
istics of the equipment, dynamic analysis techniques that
account for multiple mode effects and closely spaced modes are
not required. Therefore, this equipment was evaluat.ed using
static analysis methods as described in Subsection 3 7.3.1.1.6.

3.7-9




B/B-FSAR

3.7.3.1.1.1 Dynamic Analysis - Mathematical Model

The first step in any dynamic analysis is to model the structure
or component, i.e., cocnvert the real structure or component into
a system of masses, springs, and dashpots suitable for
mathematical analysis. The essence of this step is to select a
moclel so that the displacements cktained will be a good
representation of the motion of the structure or component.
Stated differently, the true inertia forces should not be altered
g0 as to appreciably affect the internal stresses in the

struc-~ure or component. Some typical modeling techniques are
presented in Reference 3.

Equations of Motion

Consider the multi-degree-of-freedom system shown in Figure
3.7-54. Makring a force balance on each mass point r, the
equations of motion can be written in the form:

- i " :
my +$°C u + jbk u, =0 (3.7-3)
a4 ri i ri i
where:
my = the value of the mass or mass moment of rotational
inertia at mass point r
§r = absolute translational or angular acceleration of
mass point r
cri = damping ccefficient - external force or moment

required at mass peint r to produce a unit transla-
tional or angular velccity at mass point i,
maintaining zero translational or angular velocity
at all other mass points. Force or moment is
positive in the direction of positive transla-
tional or angular velccity
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2 Xn42 = *r+l = *n+l "*n (4 1 C{x - x
TaE + 6¢;) ”; it 8, | TAE + B ’ i

+1 _ (3.7-21,
3 (K] ;xn+2 * X1t % z B an+2$

By factoring x,4» o and x , and rearranging terﬁs, Equation
(3.7-28) is obta ; follows:

{CS[M] v (C) ¢ (173 [x]} {xn+2}= {sz} .

C.,[H] - (1/3) [K]}Ix -
n+l

‘ {-cz [(M] ¢ C,[C] - (173) x}{xn} (3.7-28)
where:
c, = 2
A€ (4€ = It )
s
1
c, = 2
At (At ¢ Atl)

C7 c2 + C5
The above set of simultaneous linear equations is solved to
obtain the pres:nt values of nodal displacemerts (i} in terms of
the previous {«nown) values of the nodal displacements. Since
(M)}, [C), ané [K] are included in the equation, they can also be
time or displacement dependent.

3.7.3.1.1.6 Static Analysis - Rigid and Limited Flexible
Equipment

Rigid equipment and limited flexible equipment as defined in
Subsection 3.7.3.1.1 are generally analyzed using the static
analysis method. This technique invelves the multiplication
of the total weight of the equipment or component member by
a specified seismic acceleration coefficient. The magnitude
of the seismic acceleration coefficient was established on
the basis of the excitation level that the component was
expected to experience in the plant.

For rigid ecuipment, the seismic acceleration coefficients
were compared with the high frequency (greater than 33 Hz)
acceleratior levels for the applicable response spectra
developed fcr the plant to confirm the design analysis. The
seismic acceleration coefficients for limited flexible equip-
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ment are compared with the acceleration levels from the
applicable response spectra at the calculated fundamental
natural frequency of the component. If the design seismic
acceleration coefficients for either rigid or limited flexible
equipment are exceeded by the actual plant acceleration levels,
the design analysis is performed again at the actual level to
confirm the equipment adequacy.

3.7.3.1.2 Differential Seismic Movements of Interconnected
Supports

Systems that are supported at points which undergo certain
displacements due to a seismic event are designed to remain
capable of performing their Seismic Category I functions. The
displacements, obtained from a time-history analysis of the
supporting structure, cause moments and forces to be induced into
the piping system. Since the resulting stresses are self-
limiting, it is justified to place them in the secondary stress
category. Therefore these stresses exhibit properties much like
a thermal expansion stress and a static analysis is used to
obtain them.
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flexible building, the number of cycles exceeding 90% of the
maximun stress was not greater than three cycles.

This study was conservative since it was performed with single
degree-of-freedom models which tend to produce a more uniform and
unattenuated response than a complex interacted sy: em. The
conclusions indicate that 10 maximum stress cycles tor flexible
equipment (natural freguencies less than 33 Hz) and 5 maximum
stres< cycles for rigid equipment (natural freguencies greater
than 33 Hz) for each of 20 OBE occurrences should be used for
fatigue evaluation of Westinghouse systems and components.

3.7.3.3 Procedure Used for Modeling

Procedures used for modeling - :fety-related components and
systems within Westinghouse's scope are discussed in Subsection
3.7.3.1.1.1.

Rigid valves (i.e., with natural frequencies greater than
33 Hz) are included in the piping system model as lumped

masses on rigid extended structures, If it is shown, by

test or analysis, that a valve is not rigid (one or more !
natural frequencies below 33 Hz), than a multimass, dynamic
model of the valve, including the appropriate stiffnesses,

is developed for use in the piping system model. The valve
model used in the piping analysis is constructed such that

its calculated frequencies correspond to those obtained by

test.

For Class 1 piping systems, the actual calculated stiffness
cf pipe supports are included in tae model of the piping
system, In the modeliny of Class 2 and 3 piping systems,
pipe supports are represented as minimum rigid elements

for which the stiffness is predetermined based upon the
particular support type.

The mathematical model used for the dynamic analyses of the
reactor ccolant system is shown in Figure 3.9-1.

3.7.3.3.1 Modeling of the Piping System

The continuous piping system is modeled as an assemblage of
beams. The mass of each beam is lumped at nodes which are
connected by weightless elastic members, representinyg the
physical properties of each segment. The pipe lengths between
mass points are not greater than the lsngth which would have a
natural frequency of 33 Hz when calculated as a simply supported
beam. All corcentrated weights on the piping system such as méin
valves, relief valves, pumps, and motors are modeled as lumped
masses. The torsional effects of the valve operators and other
equipment with offset center of gravity with respect to
centerline of the pipe is included in the analytical model.
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3.7.3.3.2 Field lLocation of Supports and Restraints

The field location of seismic supports and restraints for Seismic
Category I piping and piping systems components is selected to
satisfy the following two conditions:

a. The location selected must furnish the required
response to control strain within allowable limits.

b. Adequate building strength for attachment of the
components must be available.

The final location of seismic supports and restraints for Seismic
Category I piping, piping system components, and equipment,
including the placement of snubbers, is checked against the
drawings and instructions issued by the engineer. An additional
examination of these supports and restraints devices is made to
ensure that th2 location and characteristics of these supports
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rod drive mechanisms (CRDM's) and the fuel assemblies of the
nuclear steam supply system, when used in seismic system
analysis, are in conformance with the wvalues for welded and/or
bolted steel structures (as appropriate). For reactor internals
analysis, Westinghouse uses 2% damping for OBE and 4% damping
for SSE as given by Regulatory Guide 1.61.

Tests on fuel assembly bundles justifiesd conservative component
damping values of 7% for CBE and 10% for SSE to be used in the
fuel assembly component qualification. Documentation of the fuel
assem"ly tests is found in Reference 2.

The damping values used in component analysis of CRDM's and their
seismic supports were developed by testing programs performed bv
Westinghouse. These tests were performed during the design of
the CRDM support; the support was designed so that the damping in
Table 3.7-2 could be conservatively used in the seismic analysis.
The CRDM support system is designed with plates at the top of the
mechanism and japs between mechanisms. These are encircled by a
box section frame which is attached by tie rods to the refueling
cavity wall. The test conducted was or. a full size CRDM complete
with rod position indicator coils, attachment to a simulated
vessel head, and variable gap between -he top of the pressure
housing support plate and a rigid bumper representing the
support. The internal pressure of the CRDM was 2250 psi and the
temperature on the outside of the pressure housing was 400° F.

The program consisted of transient vibration tests in which the
CRDM was deflected as specified initia. amount and suddenly
released. A logarithmic decrement analysis of the decaying
transient provides the effective damping of the assembly. The
effect on damping of variations in the drive shaft axial
position, upper seismic support clearance, and initial deflection
amplitude was investigated.

The upper support clearance had the largest effect on the CRDM
damping with the damping increasing with increasing clearance.
With an upper clearance of 0.06 inches, the measured damping was
approximately 3% The clearances in a typical upper seismic CROM
support is a minimum of 0.10 inch. The increasing damping with
increasing clearances trend from the test results indicated that
the damping would be greater than 8% for both the OBE and the SSE
based on a comparison between typical deflections during these
seismic events to the initial deflections of the mechanisms in
the test. Component damping values of 5% are, therefore,
conservative for both the OBE and the SSE.

These damping values are used and applied to CRDM component
analysis by response spectra techniques.

3.7.3.15 Analysis Procedure for Damping

In instances of the equipment supplied by Westinghouse, either
the lowest damping value associated with the elements of the
system is used for all modes, or an equivalent modal damping
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transient problem (the dynamic response of the system for the
static equilibrium position). The time-history displacement
solution of all dynamic degrees of freedom is obtained using
subprogram FIXFM and employing 4% critical damping.

The loss-of-coolant accident displacements of the reactor vessel
are applied in time-history form as input to the dynamic analysis
of the reactor coolant loop. The loss-of-coolant accident
analysis of the reactor vessel includes all the forces acting on
the vessel including internals reactions, cavity pressure loads,
and loop mechanical loads. The reactor vessel analysis is
described in Subsection 3.9.1.4.6.

The resultant asymmetric external pressure loads on the RCP
and steam generator resulting from postulated pipe ruptures
and pressure buildup in the loop compartments are applied to
the same integrated RCL/supports system model used to compute
loadings on the components, component supports, and RCL piping
as previously discussed. The response of the entire system

is obtained for the various external pressure loading cases
considered. For each pipe break case considered, the equip-
ment support loads and piping stresses resulting from the
external pressure loading are added to the support loads and

piping stresses calculated using the loop LOCA hydraulic forces
and RPV motion, .

The break locations considered for subcompartment pressuriza-
tion are those postulated for the RCL LOCA analysis, as
discussed in Sectior 3.6 and SCAP-5172 (Reference 1 of

Section 3.6). The asymmetric subcompartment pressure loads
are provided to Westinghouse by Sargent & Lundy. The analysis
to determine these loads is discussed in Section 6.2.

The time-history displacement respunse of the loop is used in
computing support loads and in performing stress evaluation of
the reactor coolant loop piping.

The support loads {F) are computed by multiplying the support
stiffness matrix [K] and the displacement vector [§ ] at the
support point. The support loads are used in the evaluation of
the supports.

The time-history displacements of the FIXFM subprogram are used
as input to a WESTDYN2 to determine the internal forces,
deflections, and stresses at each of the piping elements. For
this calculation the displacements are treated as imposed
deflections on the reactor coolant loop masses. The results of
this solution are used in the piping stress evaluation.
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Transients

Operating transients in a nuclear power plant cause thermal
and/or pressure fluctuations in the reactor coolant fluid. The
thermal transients cause time-varying temperature distributions
across the pipe wall. These temperature distributions resulting
in pipe wall stresses may be further subdivided in accordance
with the Code into three parts, a uniform, a linear, and
nonlinear portion. The un’torm portion results in general
expansion loads. The linear portion causes a bending moment
across the wall and the nonlinear portion causes a skin stress.

The transients as defined in Subsection 3.9.1.1 are used to
define the fluctuations in plant parameters. A one-dimensional
finite difference heat conduct. n program is used to solve the
thermal transient problem. The pipe is represented by at least
50 elements through the thickness of the pipe. The convective
heat transfer coefficient employed in this program represents the
time-varying heat transfer due to free and forced convection.
The outer surface is assumed to be adiabatic, while the inner
surface. houndary experiences the temperature of t e coolant
fluid. Fluctuations in the temperature of the coolant fluid
produce a temperature distribution through the pipe wall
thickness which varies with time. An arbitrary temperature
distribution across the wall is shown in Figure 3.9-2.
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3.9.1.4.4 Primary Component Supports Models and Methods |

Primary component supports are discussed in Subsection 3.9.3.4.

3.9.1.4.5 Analysis of Prainrary Components

\
Equipment which rerves as part of the pressure boundary in the
reactor coolant 'oop include the steam generators, the reactor
coolant pumps, thie pressurizer, and the reactor vessel. This
equipment is Se.smic Category I and the pressure boundary meets
the requirement : of the ASME Boiler and Pressure Vessel Code,
Section II1I, Supsection NB. This equipment is evaluatgd for the
loading combinations outlined in Table 3.9-2. The equipment is
analyzed for (1) the normal loads of deadweight, pressure, and
thermal; (2) mechanical transients of OBE, SSE, and pipe
ruptures; includina the effects of asymmetric subcompartment
pressurization and (3) pressure and temperaturc transients
outlined in Subsection 3.9.1.1.

The results of the reactor coolant loop analysis are used to
determine the loads acting on the equioment nozzles and the
Support/component interface locations. These loads are supplied
for all loading conditions on an "umbrella" load basis. This is,
on the basis of previous plant analyses, a set of loads is
determined which should be larger than those seen in any single
plant analysis. The umbrella loads represent a conservative
means of allowing detailed component analysis prior to the
completion of the system analysis. Upon completion of the system
analysis, conformation is demonstrated between the actual plant
loads and the loads used in the analyses of the components. Any
deviations where the actual load is larger than the umbrella load
will be handled by individualized analysis.

Seismic analyses are performed individnally for the reactor
coolant pump, the pressurizer, and the steam generator. Detailed
and complex dynamic models are used for the dynamic analyses.

The response spectrum correspording to the building elevation at
the highest component/building attachment elevation is used for
the component analysis. Seismic analyses for the steam generator
and pressurizer are performed using 2% damping for the OBE and 4%
dampint for the SSE. The analysis of the reactor coolant pump
for determination of loads on the motor, main flange, and pump
internals is performed using the damping for bolted steel
Structures, that is 4% for the OBE and 7% for the SSE (2% for OBE
and 4% for SSE is used in the system analysis). This damping is
applicable to the reactor coolant pump, since the main flange,
motor stand, and motor are all bolted assemblies (see Section
5.4). The reactor pressure vessel is gualified by static stress
analysis based on loads that have been derived from dynamic
analysis.

Reactor coolant pressure boundary components are further
qualified to ensure against unstable crack growth under faulted
conditions by performing detailed fracture analyses of the
critical areas of this boundary. Actuation of the emergency core
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total stresses in excess of the yield strength does not affect
the conservatism of the results, provided that these thermal
stresses are included in the evaluation of the stress intensity
factors. Therefore, for faulted condition analyses, LEFM is
considered applicable for the evaluation of the vessel inlet
nozzle and beltline region.

In addition, it has been well established that the crack
propagation of existing flaws in a structure subjected to cyclic
loading can be defined in terms of fracture mechanics parameters.
Thus, the principles of LEFM are also applicable to fatigue
growth of a postulated flaw at the vessel inlet nozzle and
beltline region.

For the safety injection and charging lire nozzles, which are
‘fabricated from 304 stainless steel, LEFM is not applicable
because of extreme ductility of the material. For these nozzles,
the thermal effects are evaluated using the principles of Miner's
hypothesis of linear cumulative damage in conjunction with
fatigue data from constant stress or strain fatigue tests. The
cunulative usage fatigue defined as the sum of the ratios of the
number of cycles of each transient (n) to the allowable number of
cycles for the stress range associated with the transient (N)
must not exceed 1.0.

An example of a faulted condition evaluation carried out
according to the procedure discussed previously is given in
Reterence 3. This report discusses the evaluation procedure in
detail as applied to a severe faulted condition (a postulated
loss-of-coolant accident).

The pressure boundary portions of Class 1 valves in the RCS are
designed and analyzed according to the requirem .ts of NB-3500 of
ASME III. These valves are identified in Subsection 3.9.3.2.

Valves in sample lines connected to the RCS are not considered to
be Seismic Category I nor ASME Class 1. This is because the
nozzles where the line connects to the primary systenm »ining are
orificed to a 3/8-inch hole. This hole restricts the flow such
that locs through a severance of one of these lines can be made
up by normal charging flow.

3.9.1.4.6 Dynamic Analysis of Reactor Pressure Vessel for
Postulated T.oss of Cocolant iccident

The structural analysis of the reactor vessel and internals
considers simultaneous application of the time-history loads
resulting from the reactor coolant loop mechanical loads,
internal hydraulic pressure transients, and reactor cavity
pressurization. The vessel is restrained by four reactor
vessel supports under every other reactor vessel nozzle and
the reactor coolant loops with the primary supports of the
steam generators and the reactor coolant pumps.
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Pipe displacement restroints installed in the primary shield
wall limit the break opening area of the vessel nozzle pipe
breaks. An upper pump break area is determined from break
areas calculated using reactor vessel and pipe relative motions
for similar plant analyses., Detailed studies have shown that
pipe breaks at the hot or cold leg reactor vessel nozzles,
even with a limited break area, would give the highest reactor
vessel su)port loads and the highest vessel displacements,
primarily .‘ue to the influerce of reactor cavity pressuriza-
tion., By coinsidering these breaks, the most severe reactor
vessel suppcrt loads are determined.

3.9.1.4.6.1 Loading Conditions

Following a postula:~d pipe rupture at the reactor vessel nozzel,
the reactor vessel is excited by time-history forces. As pre-
viously mentioned, these forces are the combined effect of

three phenomena: (1) reactor coolant loop mechanical loads,

(2) reactor cavity pressurization forces, and (3) reactor inter-
nal hydraulic forces.

The reactor coolant loop mechanical forces are derived from the
elastic analysis of the loop piping for the postulated break.
The reactions on the nozzles of all the unbroken piping legs
are applied to the vessel in the reactor pressure vessel blow-
down analysis.

Reactor cavity pressurization forces arise for the pipe breaks
at the vessel nozzles from the steam and water which is released
into the reactor cavity through the annulus around the broken
pipe. The reactor cavity is pressurized asymmetrically with
higher pressure on the side of the broken pipe resulting in
horizontal forces applied to the reactor vessel., Small vertical
forces arising from prcessure on the bottom of the vessel and

the vessel flanges are also applied to the reactor vessel. The
cavity pressure analysis is described in Section 6.2.

The internals reaction forces develop from asy mmetric pressure
distributions inside the reactor vessel. For i vessel inlet
nozzle break, the depressurization wave path is through the
broken loop inlet nozzle and into the region between the core
barrel and reactor vessel. This region is called the downcomer
annulus, The initial waves propagate up, down, and around the
downcomer annulus and up through the fuel. In the case of a
reactor pressure vessel outlet nozzle break the wave pasres
through the reactor pressure vessel outlet nozzle and directly
into the upper internals region, depressurizes the core, and
enters the downcomer annulus from the buttom of the vessel.
Thus, for an outlet nozzle break, the downcomer annulus is
depressurized with much smaller diffe-<ences in pressure hori-
zontally across the core barrel than for the inlet break. For
both the inlet and outlet nozzle breaks, the depressurization
waves continue their propagation by reflection and translation
through the reactor vessel fluid but the initial depressuriza-
tion wave has the greatest effect on the loads.
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The reactor internals hydraulic pressure transients were calcu-
lated including the assumption that the structural motion is
coupled with the pressure transients. This phenomena has been
referred to as hydroelastic coupling or fluid-structure inter-
action. The hydraulic analysis considers the fluid-structure
interaction of the core barrel by accounting for the deflections
of constraining boundaries which are represented by masses and
springs. The dynamic response of the core barrel in its beam-
bending mode responding to blowdown forces compensates for inter-
nal pressure variation by increasing the volume of the more

highly pressurized regions. The analytical methods used to devel-
op the reactor internals hydraulics are described in WCAP-8708. (6)

3.9.1.4.6.2 Reactor Vessel and Internals Modeling

The reactor vessel model consists of two nonlinear elastic models
connected at a common node. One model represents the dynamic
vertical characteristics of the vessel and its internals, and the
other model represents the translational and rotational character-
istics of the structure. These two models are combined in the
DARI-WOSTAS code (Reference 1) to represent motion of the reactor
vessel and its internals in the plane of the vessel centerline

and the broken pipe centerline.

The model for horizont-~l motion is shown in Figure 3.9-23. Each
node has one translational and one rotational degree of freedom
in the vertical plane containing the centerline of the nozzle
attached to the broken pipe and the centerline of the vessel. A
combination of beam elements and concentrated masses are used to
represent the components including the vessel, core barrel,
neutron panels, fuel assemblies, and upper support columns.
Connections between the various components are either pin-pin
rigid links, translational impact springs with damping, or rota-
tional springs.

The model for vertical motion is shown in Figure 3.9-24. Each
mass node has one translational degree of freedom. The structure
is represented by concentrated masses, springs, dampers, gaps,
and frictional elements. The model! includes the core barrel,
lower support columns, bottom nozzles, fuel rods, top nozzles,
upper support structure, and reactor vessel.

The horizontal and vertical models are coupled at the elevation
of the primary nozzle centerlines. Node 1 of the horizontal

model is coupled with node 2 of the vertical model at the reactor
vessel nozzle elevation. This coupled node has external restraints
characterized by linear horizontal springs which describe the
tangential resistance of the supports and by individual nonlinear
vertical stiffness elements which provide downward restraint only,
The supports as represented in the horizontal and vertical models
are not indicative of the complexity of the support system used
in the analysis. The individual supports are located at the
actual support pad locations and accurately represent the inde-
pendent nonlinear behavior of each support.
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3,9.1.4.6.3 Analytical Methods

The time~history effects of the cavity pressurization loads,
internals loads, and loop mechanical loads are combined and
applied simultaneously to the appropriate nodes of the mathe-
matical model of the reactor vessel and internals. The analysis
is performed by numerically integrating the differential equa-
tions of motion to obtain the transient response. The output

of the analysis includes the displacements of the reactor vessel
and the loads in the reactor vessel supports which are cobmined
with other applicable faulted condition loads and subsequently
used to calculate the stresses in the supports., Also, the reactor
vessel displacements are applied as a time-history input to the
dynamic reactor coolant loop blowdown analysis. The resulting
loads and stresses in the piping components and suppcrts include
both loop blowdown loads and reactor vessel displacements, Thus,
the effect of the vessel displacements upon loop response and

the effect of loop blowdown upon vessel displacements are both
evaluated. 1n addition, using the results of the RCL analysis,
the actual break opening area is verified to be less than the
estimated area used in the analysis and assures that the analysis
is conservative,
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3.9.1.4,7 Stress Criteria for Class 1 Components

All Class 1 components are designed and analyzed for the design,
normal, upsct, and emergency conditions to the rules and
requirements of the ASME Code Section III, The design analysis
or test methods and assocliated stress or load allowable limits
that will be used in evaluation of faulted conditions are those
that are defined in Appendix F of the ASME Code with
supplementary options outlined below,

The test load methed given in F-1370(d) is an acceptable method
of qualifying components in lieu of satisfyinn the stress/load
limits established for the component analysis.

The reactor vessel support pads are qualified using the test
option. The reactor pressure vessel support pads are designed
to restrain unidirectional horizontal motion in Jddition to
supporting the vessel., The design of the supports allows radial
growth of the vessel but restrains the vessel from horizontal
displacements since tangential displacement of the vessel is
prevented at each vessel nozzle,

To duplicate the loads that act on the pads during faulted
conaitions, the tests, which utilized a one-eighth linear scale
model, were performed by applying a unidirectional static load
to the nozzle pad. The load on the nozzle pad was reacted by

a support shoe which was mounted to the test fixture.

The above modeling and application of locad thus allows the
maximum load capacity of the support pads to be accurately
established. The test load, Lg, was then determined by multi-
plying the maximum collapse load by 64 (ratio of prototype
area to model area) and including temperature effects in
accordance with the rules of the ASME Code, Section III.

The loads on the reactor vessel support pads, as calculated

in the system analysis for faulted conditions are limited to
the value of 0.80 Ly. The tests performed and the limits
established for the test load method ensure that the experi-
mentally obtained value for Lq is accurate and that the support
pad design is adequate for its intended function.

Loading combinations and allowable stresses for ASME Class 1
components are given in Tables 3.9-2 and 3.9-3, respectively.

The methods of load combination for each operating condition
are as follows:

Design

Loads are combined by algebraic sum.
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Normal, Upset

These loads are used in the fatigue evaluation in accordance
with the methods prescribed in the ASME code. Loadsets are
defined for each transient including the OBE and are combined
such that the maximum stress ranges are obtained without regard
to the order in which the transients occur. (This is discussed
in more detail in Subsection 3.9.1.4.3).

Emergencz

Loads are combined by algebraic sum,
Faulted

LOCA and SSE loads are combined using the square-root-of-the-
sum-of-the-squares (SRSS) metliocd on a load component basis
(i.e., the LOCa Fy is combined with the SSE F, by SRSS, the
LOCA Fy is comblned with the SSE F,, by SRSS, and likewise for
¢ My) My, and Mz). The sustalneg loads, such as weight
e%fects, are combined with the SRSS re;ults by algebraic sum.

3.9.1.4.8 Analytical Methods for RCS Class 1 Branch Lines

The analytical methods used to obtain the solution consist of
the transfer matrix method and stiffness matrix formulation for
the static structural analysis, the response spectrum method
for seismic dynamic analysis, and static or dynamic structural
analysis for the effect of a reactor cooclant loop pipe break.

The integrated Class 1 piping/supports system model is the
basic system model used to compute loadings on components,
component and piping supports, and piping. The system models
include the stiffness and mass characteristics of the Class 1
piping components, the reactor coolant loop, and the stiffness
of supports which affect the system response. The deflection
solution of the entire system is obtained for the various load-
ing cases from which the internal member forces and piping
stresses are calculated.

Static

The Class 1 piping system models are constructed for the WESTDYN
computer program, which numerically describes the physical system.
A network model is made up of a number of sections, each having
an overall transfer relationship formed from its group of ele-
ments, The linear elastic properties of the section are used

to define the characteristic stiffness matrix for the section.
Using the transfer relationship for a section, the loads re-
quired to suppress all deflections at the ends of the section
arising from the thermal and boundary forces for the section are
obtained.
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After all the sections have been defined in this manner, the
overall stiffness matrix and associated load vector to suppress
the deflection of all the network points are determined. By
inverting the stiffness matrix, the flexibility matrix is deter-
mined. The flexibility matrix is multiplied by the negative

of the load vector to determine the network point deflections
due to the thermal and boundary force effects. Using the general .
transfcr relationship, the deflections and internal forces are
then determined at all node points in the system. The support
loads are also computed by multiplying the stiifness matrix by
the displacement vector at the support point,

Seismic

The models used in the static analyses are modified for use in
the dynamic analyses by including the mass characteristics of
the piping and equipment.

The lumping of the distributed mass of the piping systems is
accomplished by locating the total mass at points in the system
which will appropriately represent the response of the distri-
buted system. Effects of the primary equipment motion, that is,
reactor vessel, steam generator, reactor coolant pump, and
pressurizer, on the Class 1 piping system are obtained by model-
ing the mass and the stiffness characteristics of the primary
equipment and loop piping in the overall system model.

The supports are represented by stiffness matrices in the system
model for the dynamic analysis. Shock suppressors which vesist
rapid motions are also included in the analysis. The solution
for the seismic disturbance employs the response spectra method.
This method employs the lumped mass technique, linear elastic
properties, and the principle of model superposition.

The total response obtained from the seismic analysis consists
of two parts: the inertia response of the piping system and
the repsonse form differential anchor motions. The stresses
resulting from the anchor motions are considered to be secon-
dary and, therefore, are included in the fatique evaluation.

Loss of Coolant Accident

The mathematical models used in the seismic analyses of the
Class 1 lines are also used for RCL pipe break effect analysis.
To obtain the dynamic solution for lines six inches and larger
and certain small-bore lines required for ECCS considerations,
the time-history deflections from the analysis of the reactor
coolant loop are applied at owranch nozzle connections. For
other small bore lines which must maintain structural integrity,
the motion of the RCL is applied statically.
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Fatigue

A thermal transient heat transfer analysis is performed for
each different piping component on all the Class 1 branch
lines, -The normal, upset, and test condition transients
identified in Subsection 3.9.1.1 are considered in the
fatigue evaluation,

The thermal quantities ATy, ATy, and (agTy, -apTy) are calcu-
lated on a time-history basis, using a one-dimensional finite
difference heat transfer computer program. Stresses due to
these guantities were calculated for each time increment
using the methods of NB-3650 of ASME III,.

For each thermal transient, two loadsets are defined, repre-
senting the maximum and minimum stress states for that trans-
ient,

As a result of the normal mode spectral technique employed
in the seismic analysis, the load components cannot be given
signed values. Eight load sets are used to represent all
possible sign permutations of the seismic momentsz at each
point, thus insuring the most conservative combinations of
seismic loads-are used in the stress evaluation,

The WESTDYN computer program is used to calculate the primary-
plus-secondary and peak stress intensity ranges, fatigue
reduction factors and cumulative usage factors for all pos-
sible loadset combinations. It is conservatively assumed

that the transients can occur in any sequence, thus resulting
in the most conservative and restrictive combinations of
transients,

The combination of loadsets yielding the highest alternating

stress intensity range is determined and the incremental usage
factor calculated. Likewise, the next most severe combination
is then determined and the incremental usage factor calculated.
This procedure is repeated until all combinations having allow-
able cycles <10% are formed. The total cumulative usage factor
at a point is the summation of the incremental usage factors.

3.9.1.4.9 Evaluation of Control Rod Drive Mechanisms and

Supports

The control rod drive mechanisms (CRDM's) and CRDM support
structure are evaluated for the loading combinations outlined
in Table 3.9-3,

A detailed finite element model of the CRDM's and CRDM supports
is constructed using the WECAN computer program with beam,
pipe, and spring elements, For the LOCA analysis, nonlinear-
ities in the structure are represented. The time-history
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motion of the reactor vessel head, obtained from the RPV
analysis described in 3.9.1.4.6 is input to the dynamic
model. Maximum forces and moments in the CRDM's and support
structure are then determined, For the seismic analysis, the
structural model is linearized and the floor response spectra
corresponding to the CRDM tie rod elevation is applied to
determine the maximum forces and moments in the structure.

The bending moments calculated for the CRDM's for the various

loading conditions are compared with maximum allowable moments
determined from a detailed finite element stress evaluation of
the CRDM's, Adequacy of the CRDM support structure is verified
by comparing the calculated stresses to the criteria given in

ASME 111, Subsection NF,
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NSSS (For ASME Code Class 2 and 3 Components)

Design prossure, temperature, and other loading conditions
that provide the bases for design of fluid systems Code
Class 2 and 3 components are presented in the sections which
describe the systems.

3.9.3.1.1 Design Loading Combinations

Balance of Plant

The combination of design loadings is categorized with respect
to plant conditions identified as normal, upset, emergency,

or faulted as shown in Tables 3.9-5 through 3.9-14 for the
major components and piping.

NSSS

The design loading combinations for ASME Code Class 2 and 3
components and supports are given in Table 3.9-5. The design
loading combinations are categorized with respect to normal,
upset, emergency, and faulted conditions. Stress limits for

each of the loading combinations are presented in Tables

3.9-6, 3.9-7, 3.9-8, and 3.9-9 for tanks, inactive* pumps, I
active pumps, and valves, respectively. Active** pumps and
valves are discussed in Subsection 3.9.3.2. Design of l
primary equipment supports is discussed in Subsection 3.9.3.4.

. Inactive components are those whose operability is not
relied upon to perform a safety function during the
transients or events considered in the respective operating
condition category.

** Active components are those whose operability is relied
upon to perform a safety function (as well as to accomplish
and maintain a safe reactor shutdown) during and following
the transients and events considered in the respective
operating condition categories.

3.9.3.1.2 Design Stress Limits

3.9.3.1.2.1 Stress Level for Class 1 Piping and Components
(Balance of Plant)

Stress analysis was used to determine structural adequacy
of pressure components under the operating -~onditions of
normal, upset, emergency, or faulted, as applirable.

Significant discontinuities were considered such as nozzles,
flanges, etc. In addition to the design calculation required

by the ASME III code, stress analysis was performed by methods
outlined in the code appendices or by other methods by reference
to analogous codes or other published literature.
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3.9.3.1.2.2 Stress Levels for ASME Code Class 2 and 3

Balance of Plant

For safety-related ASME Code Class 2 and 3 components and
piping, the design stress limits are listed in Tables 3.9-5
through 3.9-14, 1Irelastic methods as permitted by ASME
Section IIl for Class 1 components were not used for these
components.

NSSS

The design stress limits established for Class 2 and 3 compo-
nents are sufficiently low to assure that violation of the
pressure-~retaining boundary will not occur. These limits

for each of the loading combinations are component oriented
and are presented in Tables 3.9-6 through 3.9-9.

The criteria for Class 2 and 3 component supports are as
follows:

a. Supports for Vessels Procured After July 1, 1974

Class 2 and 3 vessel supports are designed and analyzed
to the rules and requirements of ASME I1II, Subsection NF.

For linear supports designed by analysis, the increased
design limit for stress identified in NF-3231.1(a)
shall be limited to the smallier of 2.0 S, or Gn, unless
otherwise justified by shakedown analysi¥. Tt 2 methods
for analysis and associated allowable limits that are
used in the evaluation of linear supports for faulted
conditions are those defined in ASME III Appendix F.

Plate and shell supports shall satisfy the following

stress criteria for faulted conditions: o, < 2.0 S,

0y + 0, € 2.48. (0, and 0, are defined in NF-3221.1
O} ASM% II1I.)

b. Supports for Vessels Procured Prior to July 1, 1974
l. Linear
a) Normal - The allowable stresses of A.I1.5.C.-69,
Part 1 are employed for normal condition
allowables.
b) Upset - Stress limits for upset conditions
are 33% higher than those specified for normal

conditions. This is consistent with paragraph
1.5.6 of A,.1.85.C.-69, Part 1 which permits
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one-third increase in allowable stresses
for wind or seismic loads.

¢) Emergency - Not applicable.

d) Faulted - Stress limits for faulted condition
are the same as for the upset condition.

2. Plate and Shell

a) Normal - Normal condition limits are those
specified in ASME Section VIII, Division 1
or A.1.8.C.-69, Part 1.

b) Upset - Strecs limits for upset conditions
are 33% higher than those specified for normal
conditions. This is consistent with paragraph
1.5.6 of A.1.5.C, Part 1 which permits one-
third increas2 in allowable stresses for
wind or seismic loads.

c¢) Emergency -~ Not applicable.

d) Faulted - Stress limits for faulted condition
are the same as for the upset condition.

c. Supports for Pumps
The stress limits used for Class 2 and 3 pump supports

are identical to those used for the supported component,
as indicated in Tables 3.9-7 and 3.9-8.

3.9.3.1.2.3 Field Run Piping (Balance of Plant)

No Seismic Category I field run piping system exists.
Category II piping, 2-inch nomiral pipe size and smaller,
and 200° F and colder, are field run. Criteria are provided
to the contractor to ensure proper routing and design
interface with Seismic Category I systems and equipment, or
inter faces are appropriately controlled by guides.

3.9.3.2 Pump and Valve Operability Assurance

Balance of Plant

Design methods are a combination of analysis, past testing,
and operating experience.

Active mechanical equipment classified as Seismic Category 1
has been shown capable of performing its function during
the life of the plant under postulated plant conditions.
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Equipment with operating condition functional requirements
includes "active" (active equipment must p2rform a mechanical
motion during the course of accomplishing a safety function)
pumps and valves in fluid systems such as the residual heat
removal system, safety fluid injection systems, and the
essential service water system, .

Operability will be ensured by satisfying the rﬁqn?rﬂmﬂntﬁ
of the following programs. Continued operability is ensured
by periodic testing.

NSSS

Mechanical equipment classified as safety-related must be
capable of performing its function under postulated plant
conditions. Equipment with faulted condition functional
requirements includes active pumps and valves in fluid

systems such as the residual heat removal system, safety
injection system, and the containment.
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1f power to the stationary gripper coil is cut off, the combined
weight of the drive rod assembly and the rod cluster control
assembly and the stationary gripper return spring is sutficient
to move latches out of the drive rod assembly groove. The
control rod falls by gravity into the core. The trip occurs as
the magnetic field, holding the stationary gripper plunger half
against the stationary gripper pole, collapses and the stationary
gripper plunger half is forced down by the stationary gripper
return spring and weight acting upon the latches. Atter the rod
cluster control assembly is released by the mechanism, it falls
freely until the control rods enter the dashpot section of the
thimble tubes in the fuel assembly.

3.9.4.2 Applicable CRDS Design Sp ifications

For those comparable in the control rod drive system comprising
portions of the reactor coolant pressure boundary, conformance
with General Design Criteria 15, 30, 31, 32 and 10 C¥R 50:
section 50.55a is discussed in Section 5.2. Conformance with
Regulatory Guides pertaining to materials saitability is
described in Section 4.5 and Subsection 5.2.3.

Design Bases

Bases for temperature, stress on structural members, and material
compatibility are imposed on the design of the reactivity control
components.

Design Stresses

The control rod drive svstem is designed to withstand stresses
originating from vario.s operating conditions as summarized in

Table 3.9-1. Loading combinations for the Class 1 components
of the control rod drive system are given in Table 3.9-2.

a. Allowable Stresses

For normal operating conditions Section III of the
ASME Boiler and Pressure Code is used. All pressure
boundary components are analyzed as Class I
components under Article NBE-3000.

b. Dynamic Analysis

The cyclic stresses due to dynamic loads and
deflections are combined with the stresses imposed by

. loads from component weights, hydraulic forces and
thermal gradients for the determination of the total
strecses of the control rod drive system.

control Rod Drive Mechanisms

The control rod drive mechanism (CRDM) pressure housings are
Class 1 components designed to meet the stress requirements for
normal operating conditions of Section 1II of the ASME Boil-i and
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In addition, dynamic testinan pro-rams have been conducted
by Westinghouse and Westinghouse licersees to demonstrate
that control rod scram time is not adversely affected by
postulated seismic events. Acceptable scram perfarmance

is assured by also including the effects ol the allowable
displacements of the drivelline comporents in the evaluacion
of the test rcsults.,
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Incore Instrumentation Support Structures

The incore instrumentation support structures consist of an upper
system to convey and support thermocouples penetrating the vessel
through the head and a lower system to convey and support fliux
thiwblies penetrating the vessel through the bottom (Figure 7.7-9
snows the Basic Flux-Mapping System).

The upper system utilizes the reactor vessel head penetrations.
Inctrumentation port columns are slip-connected to inline columns
that are in turn fastened to the upper support plate. These port
columns procrude through the head penetrations. The
thermocouples are carried through these port columns and the
upper support plate at positions above their readout locations.
The therworouple conduits are supported from the columns of the
¥pper core support system. The thermocouple conduits are sealed
stainless si¢nel tubes.

In addition to the upper incore instrumentation, there are
reactor vessel bottom port columns which carry the retractable,
ccld worked stainless steel flux thimbles that are pushed upward
i.t0 the reactor core. Conduits extend from the bottom of the
véactor vessel down through the concrete shield area and up to a
thimble £cal line. The minimum bend radii are about 144 inches
and the trailing ends of the thimbles (at the seal line) are
extracted arproximately 15 feet during refueling of the reactor
in order to avoid interference within tnh2 core. The thimbles are
closed at the leading ends and serve as the pressure barrier
bectween the reactor pressurized water and the containment
atmosph.re.

Mechanical seals between the retractable thimbles and conduits
ar. provided at the seal line. During normal operation, the
retractable thimbles are stationary and move only during
refueling or for maintenance, at which time a space of
approxinately 15 feet above the seal line is cleared for the
retraction operation.

The incore instrumentation support structure is designed for ade-
quate support of instrumentation during reactor operation and is
rugged enough to resist damage or distortion under the conditions
imposed by handling during the refueling sequence. These are the
only conditions which affect the incore instrumentaticn support
stricture. Reactor vessel surveillance specimen capsules are
covered in Supsection 5.3.1.6.

-

3.9.5.2 Design Loading Conditions

The design loading conditions that provide the basis for the
design of the reactor internals are:
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a. Normal and Upset

The normal and upset loading conditions that provide th.
basis for the design of the reactor internals are:

1. fuel and reactor internals weight.

fuel and core component spring forces including
spring preloading forces.

differential pressure and coolant flow forces.
temperature gradients.
vibratory loads including OBE seismic.

the normal and upset operational thermal transients
listed in Table 5.2-1.

7. control rod trip (equivalent static load).
8. loads due to loop(s) out-of-service.
9. 1o§s of load pump overspeed.

b. Emergency Conditions

The emergency loading conditions that provide the basis
for the design of the reactor internals are:

1. small loss of coolant accident.
2. small steam break
3. complete 1lnss of flow

c. Faulted Conditions

The faulted loading conditions that provide the basis
for the design of the reactor internals are:

1. the large loss of coolant accident

2. the safe shutdown earthquake,

The main objectives of the design analysis are to satisfty
allowable stress limits, to assure an adequate design margin, and
to establisn deformation limits which are concerned primarily
with the functioning of the components. The stress limits are
established not only to assure that peak stresses will not reach
unicceptable values, but also limit the amplitude of the
oscillatory stress component in consideration of fatigue
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characteristics of the materials. Both low and high cycle
fatigue stresses are concidered when the allowable amplitude of
oscillation 1s established. Dynamic analyses on the reactor
internals are provided in Subsection 3.9.2.

As part of the evaluation of design loading conditions, extensive
testing and inspections are performed from the initial selection
of raw materials up to and including component installation and
plant operation. Among these tests and inspections are those
performed during component fabrication, plant construction,
Startup and checkout, and during plant operation.

3.9-78a
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3.9.5.3 Design Loading Cateqories

The combination of design loadings fits into either the normal,
upset, emergerncy or faulted conditions as defined in the ASME

Code, Section III, and as indicated by Figures NG-3221.1,
NG-3224.1 and by Appendix F, Rules for Evaluating Faulted
Conditions.

Loads and deflections imposed on components due to shock and vi-
bration are determined analytically and experimentally in both
scaled models and operating reactors. The cyclic stresses due to
these dynamic loads and detflections are combined with the
stresses imposed by loads from component weights, hydraulic
forces and thermal gradients for the determination of the total
stresses of the internals.

The reactor internals are designed to withstand stresses ori-
ginating from various operating conditions as summarized in Table
3.9"1.

The scope of the stress analysis problem is very large requiring
many different techniques and methods, both static and dynamic.
The analysis performed d_pends on the mode of operation under
consideration.

Allowable Deflections

For normal operating conditions, downward vertical deflection of
the lower core support plate is negligible.

For the loss-of-coolant accident plus the safe shutdown eartin-
guake condition, the deflection criteria of critical internal

structures are the limiting values given in Table 3.9-14. The
corresponding no-loss-of-function limits are included in Table
3.9-4 for comparison purposes with the allowed criteria.

The criteria tor the core drop accident is based upon analyses
which have to determine the total downward displacement of the
internal structures following a lLypothesized core drop resulting
from loss of the normal core barrel supports. The initial
clearance between the secondary core support structures and the
reactor vesscl lower head in the hot condition is approximately
172 inch. An additional displacement of approximately 3/4 inch
would occur due to strain of the energy-absorbing devices of the
secondary core support; thus the total drop distance is about
1-1/4 inches, which is insutticient to permit the tips of the rod
cluster control assembly to come out of the guide thimble in the
fuel assemblies.

Specifically, the secondary core support is a device which will
never be used, except during a hypothetical accident of the core
support (core barrel, barrel flange, ©tc.). There are four
supports in each reactor. This device limits the fall of the
core and absorbs much of the energy of the fall which otherwise
would be imparted to the vessel. The energy of the fall is
calculated assuming a complete and instantaneous failure of the
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must be kept sufficiently small to :l1low core
cooling.

The functional limitations for the core structures during the
design basis accident are shown in Table 3.9-14. To ensure no
column loading of rod cluster control guide tubes, the upper core
plate deflection is limited so as not to exceed the value shown
in Table 3.9-4.

Details of the dynamic analyses, input forcing functions, and
response loadings are presented in Section 3.9.2.

The basis for the design stress and deflection criteria is
identified below:

Allowable Stresses

For normal operating conditions, the intent of Section III of the
ASME Nuclear Power Plant Components Code is used as a basis for
evaluating acceptability of calculated stresses. FBoth static and
alternating stress intensities are considered. It should be
noted that the allowable stresses in Section III of the ASME Code
are based on unirradiated material properties. In view of the
fact that irradiation increases the strength of the Type 304
stainless steel used for the internals, although decreasing its
elongation, it is considered that use of the allowable stresses
in Section III is appropriate and conservative for irradiated
internal structures.

The allowable stress limits during the design-basis accident used
for the core support structures are based on the intent of the
draft ASME Code for Core Support Structures, Subsection NG, and
the Criteria for Faulted Conditions.

The stress criteria for the reactor internals that Westinghouse
applied before the existence of Subsection NG of the ASME code

are composed of two parts, and depend upon the nature of the

stress state membrane or bending. A direct or membrane stress

has a uniform stress distribution over the cross section. The
allowable (maximum) membrane or direct stress is taken to be

equal to the stress corresponding to 20% of the uniform material
strain or the yield strength whichever is higher. For unirradiated
Type- 304 stainless steel at operating temperature, the stress
corresponding to 20% of the uniform strain is 39,500 psi.

For a bending state of stress, the strain is linearly distributed
over a cross section. The average strain value is, therefore,
one~-half of the outer fiber strain where the stress is maximum.
Thus, by requiring the average bending stress to satisfy the
allowable criteria for the direct state of stress, the average
absolute strain may be 20% of the uniform strain. Consequently,
the outer fiber strain may be 40% of the uniform strain. The
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maximum allowable outer fiber bending stress is then taken to

be equal to the stress corresponding to 40% of the uniform strain
or the yield strength, wl.ichever is higher. For unirradiated
Type 304 stainless steel at operating temperature, the stress

is 50,000 psi.

3.9.6 Inscrvice Testing of Pumps and Valves

Inservice testing of pumps and valves will be done in accordance
with a plan approved per 10 CFR 50.55g.

3.9.6.1 Inservice Testing of Pumps

All ASME Code Class 1, 2, and 3 pumps requiring inservice testing
are listed in Table 3.9-11. Section II1 pumps not listed are
those excluded by the scope of IWP-1000. The pump test plan and
schedule is included in the technical specifications, Chapter
16.0.

3.9.6.2 Inservice Testing of Valves

ASME Code Class 1, 2, and 3 valves requiring inservice testing

are listed in Table 3.9-12 and identified as to valve category as
defined by 1IWV-2110 of Section XI. Section III valves not listed
are those excluded by the scope of IWV-1000. The valve test plan
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TABLE 3.9-3

ALLOWABLE STRESSES FOR ASME SECTION III CLASS 1 COMPONENTS (Note 1)

- . —————

OPERATING
CONDITION VESSELS/
CLASSIFICATION TANKS PIPING PUMPS VALVES
Design NB-3221 NB-3652 NB-3221 NB-3520
(Design) (Design) (Design) (Design)
Normal NB-3222 NB-3653 NB-3222 NB-3525
(Level A) (Level A) (Level A) (Level A)
w
g Upset NB-3223 NB-3654 NB-3223 NB-3525
” {Level B) (Level B) (Level B) (Level B)
Emergency NB-3224 NB-3655 NB-3224 NB-3526
(Leveis C) (Level C) (Level C) (Level C)
Faulted NB=3225 NB-3656 NB-3225 Note 2
(Level D) {Level D) (Level D)
NOTES :
1. Limits identified refer to subsections of the ASME Code, Section III.

Avsa-a/4d
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TABLE 3.9-3 (Cont'd)

CLASS 1 VALVE FAULTED CONDITION CRITERIA

'
NOTE 2: |

ACTIVE INACTIVE

a) Calculate Pm from para. a) Calculate Pm from para.
NB3545.1 with Internal NB3545.1 with Internal
Pressure Ps = 1,25PS Pressure Ps = 1.50Ps
Pm <1.5Sm Pm £2.4Sm or 0.7Su

b) Calculate Sn from para. b) Calculate Sn from para.
NB3545.2 with NB3545.2 with
Cp = 1.5 Cp = 1.5
Ps = 1,25Ps Ps = 1.50Ps
Qtz =0 ot2 =0
Ped = 1.3X value of Ped Ped = 1.3X value of Ped
from equations of 3545.2(b) (1) from equations of

NB3545.2(b) (1)
Sn < 3Sm Sn < 3Sm
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TABLE 3.9-5

DESTGN LOADING COMBINATIONS* FOR ASME CODE CLASS 2 AND 3

COMPONENTS AND SUPPORTS

CONDITION CLASSIFICATION LOADING COMBINATION

Design and Normal Design pressure,
Design temperature**,
Dead weight,
Nozzle loads**¥*

Upset Upset condition pressure,
Upset condition metal
temperature**,
Deadweight,

OBE,
Nozzle loads***

Emergency Emergency condition pressure,
Emergency condition metal
temperature**,

Deadweight,
Nozzle loads***

Faulted Faulted condition pressure,
Frulted condition metal
temperature**,

Deadweight,
SSE,
Nozzle loads***

*The responses for each loading combination are combined
using the absolute sum method. On a case-by-case basis,
.algebraic summation may be used when signs are known for
final design evaluations.
**Tepperature is used to determine allowable stress only.
#**Nozzle loads are those loads associated with the partic-
ular plant operating conditions for the component under
consideration.
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TABLE 3.9-6

STRESS CRITERIA FOR SAFETY-RELATED ASME CLASS 2 AND CLASS 3 VESSELS

CONDITION STRESS LIMITS*
Design and Normal The vessel shall conform to the

requirements of ASME Section Il1I,
NC-3300 (or ND-3300)

-

Upset %m il.l S
(cJm or oL) +
O <1.65 S

Emergency Om S 1.5 8

(om or oL) +
Ob < 1.80 8
Faulted om_<_ 2.8 8

(o or o .

m L)
om_<_ 2.4 S

*Stress limits are taken from ASME III, Subsections N2 and
ND, or, for vessels procured prior to the incorporation of
these limits into ASME III, from Code Case 1607.
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TABLE 3.9-7

STRESS CRITERIA FOR ASME CODE CLASS 2 AND CLASS 3

INACTIVE PUMPS AND PUMP SUPPQORTS

CONDITION STRESS LIMITS* Pmax**
Design and Normal The pump shall conform to

the requirements of ASME
Section III, NC-3400
(or ND-3400)

Upset °m.£1'1 S 1.1

(. or oL) + ob‘il.65 S

m

Emergency Om.il's S 1.2
(om or oL) + ob‘51.80 S

Faulted % <2.0 8 1.5
(om or oL) + °b-§2'4 S

*Stress limits are taken from ASME III, Subsections NC and ND,
or, for pumps procured prior to the incorporation of these
limits into ASME III, from Code Case 1636.

**The maximum pressure shall not exceed the tabulated factors
listed under pmax times the design pressure.
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TABLE 3.9-R

DESIGN CRITERIA FOR ACTIVE PUMPS AND PUMP SUPPORTS

CONDITION

Design and Normal
Upset
Emergency

Faulted

DESIGN CRITERIA "

ASME Section II11
Subsection NC-3400
and ND-3400

*The stress limits specified for active pumps are
more restrictive than the ASME III limits to provide
assurance that operability will not be impaired for
any operating condition.
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TABLE 3.9-9

STRESS CRITERIA FOR SAFFTY-RELATED ASME CODE CLASS 2
AND CLASS 3 ACTIVE AND INACTIVE VALVES

CONDITION STRESS LIMITS (NOTES 1-4, 6) P__ (Note 5) |
Design and Normal Valve bodies shall conform to

ASME Section III. .

Upset u.il .1 8 1.1
(om or oL) + ob£1.65 S
Emergency Om <1.5 8 1.2
| (o, oroL) + obSJJBO S
Faulted O £2.0 8 1.5
(om or o,) + 0, <2.4 8

NOTES:

l. Valve nozzle (piping load) stress analysis is not required
when both of the following conditions are satisfied: (1) l
the section modulus and area of every plane, normal to the
flow, through the region defined as the valve body crotch
are at least 110% of those for the piping connected (or
joined) to the valve body inlet and outlet nozzles; and,
(2) code allowable stress, §, for valve body material is
equal to or greater than the code allowable stress, S, of
connected piping material. If the valve body material
allowable stress is less than that of the connected piping,
the valve section modulus and area as calculatnd in (1)
above shall be multiplied by the ratio of § X
unable to comply with this rnquxrement. thepb3§19xa$V°
analysis procedure of NB3545.2 is an acceptable alternate
method.

If

2. Casting quality factor of 1.0 shall be used.

3. These stress limits are applicable to the pressure retaining
boundary, and include the effects of loads transmitted by
the extended structures, when applicable.
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TABLE 3.9-9 (Cont'd)

Design requirements listed in this table are not applicable
to valve discs, stems, seat rings, or other parts of valves
which are contained within the confines of the body and
bonnet, or otherwise not part of the pressure boundary.

The maximum pressure resulting from upset, emergency, oOr
faulted conditions shall not exceed the tabulated factors
listed under pma times the design pressure or the rated
pressure at the épplicable operating condition temperature.
If the pressure rating limits are met at the operating
conditions, the stress limits in this table are considered
to be satisfied.

Stress limits are taken from ASME III, Subsections NC
and ND, or, for valves procured prior to the incorporation
of these limits into ASME III, from Code Case 1635.
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to an indicator on the main control board (nominal
accuracy will be t 5%) and on the Remote Shutdown
Panel, and to a flow switch which energizes a high
flow alarm on the main concrol board.

Transter switches (REMOTE, IOCAL) are provided on the
Remote Shutdown Panel. The auxiliary feedwater flow
to the four steam generators is normally controlled
from eight minual control stations mounted on the
main centrol board if the transfer switch is in
remote. Each manual control station electrically
transmits a flow signal to an electric-to-pneumatic
(E/P) converter. The pneumatic output flow signal is
transmitted through a permissive three-way solenoid
valve (which is deenergized for normal control) to
the level control valves.

An equipment status display (ESD) "alarm" will be
actuated 1f the manual control station for any of
the eight level (flow) control valves is set below
160 gpm while the associated auxiliary feedwater
pump drive is not operatiag.

Going to local contrel transfers the pneumatic
control at the level control valves from the manual
station on the main control board to a local
controller mounted on the Remote Shutdown Panel, and
energizes a "Walve on Local Control" alarm at the
Manual Ccntrol Board.

The pneumatic control of the level control valves
from the Remote Shutdown Painel is identical with the
control from the main contrcl room.

A failure in the control system for the control valve
will cause the valve to fail open. The failure
analysis is provided in Takle 10.4-3.

Flow restricting devices are provided upstream of
each flow control valve (Figure 10.4-2) in order to
limit flow in the unlikely event of a pipe break.

Diverse_sources_of Enerqy

Diverse sources of energy are provided for the
auxiliary feedwater pumps, valve op:erators,
instrumentation, and controls as discussed below.

Electrical equipment and cakling for both auxiliary
feedwater pumps is physically separated into separate
ESF trains.
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One auxiliary feedwater pump per unit is motor

driven. Its source of energy is 4-kV ESF bus 141(241).
The other auxiliary feedwater pump tor each unit 1is
direct diesel driven. Fuel oil is supplied from its
own Category I day tank; all necessary electrical
auxiliaries for the diesel-driven auxiliary feedwater
pump are powered from its cwn battery system. The
auxiliary feedwater pump diesel, its auxiliaries and

7.3-8a '
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9.2.2.2.2.3 cComponent Cocling Surge Tanks

There are two surge tanks vrovided. Each tank serves one loop ot
the systcms under normal operating conditions. The tanks are
connected to the pump suction lines. The tanks purpose is to:
(1) accorodate system water expansion and contraction due to
temperature changes; (2) accomodate inleakage to the system;

(3) provide makecup for small system leaks until they can be
isolatcd; ana (4) as a point of chemical addition to the systen.
Design ot the tanks is covered in Table 9.2-3.

9.2.2.2.2.4 cComponent Ccoling Heat Exchangers

Three heat exchangers serve the system. Each heat exchanger is sized
for 100% capacity of normal single unit heat loads. One heat
exchanger serves each loop with the third available as a

maintenance spare or for additional heat reguirements of a

particular loop. Design of the heat exchangers is covered in

Table 9,2-3.

9.2.2.2.2.5 cComponent Cooling Pumps

There are five pumps serving the system. Under normal
conditions, up to two pumps will serve each loop with the fifth
pump availableé as a maintenance spare or for additional load
requirements of a particular loop. Design of the pumps is
covered in Taole 9.2-3.

9.2.2.2.2.6 Component Cocling Instrume ntation

The operation of the loop is monitored with the following
instrumentations:

4. d temperature detector in the component cooling pump
suction line;

b. temperature detectors in the outlet lines for the
component cooling heat exchangers;

C. pressure detectors on the lines between the component
€ooiing pumps and the component cooling heat
exchangers;

d. a temperature and return-flow indicator in the pump
suction header trom the heat exchangers;

€. redundant safety-related flow indicators on the |
reactor coolant pump motor and shaft seal cooling
water discharge line;

f. water-level indicators on the component cooling
surge tank;

9.2-12
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The instcumentation in the CCwWS is provided primarily tor initial
system tlow balancing and for monitoring pur,oses during normal
operation. Thus failure of any of this instrumentation has no
efrect on system performance. gxceptions to this are:

a. letdown heat exchanger CCWs flow controllers,

b. reactor coolant pump thermal barrier outlet tlow
controller, and

c. component cooling surge tank radiation control valve.

ihe letdown heat .exchanger tube side outlet temperature controls
a putterfly valve which regqulates the CCWS ilow to the shell side
of this heat exchanger. Should the contzoller fail in a way to
saut off CCWS flow to the carcuit, a high temperature alarm will
sound in the control room allowing the operator to take
corrective action.

Redundant safety-related indication of component cooling water
flow to the reactor coolant pump thermal barrier is provided
and alarmed in the main control board. The reactor coolant pump
(RCP) thermal barrier outlet header has a flow controller which
causes a motor-operated valve to throttle close in this line in
the event of high flow (an indication of a broken RCP thermal
barrier). Should the controller not operate properly, an in-
creasing level is noted in the CCWS surge tank, resulting in a
high level alarm, if not isolated. A second motor-operated
valve in series with the flow control valve is available for
manual isolation of the line if required. Additionally, two
level instruments are provided on each surge tank, both of
which will give a high level alarm in the control room.

kacih component cooling surge tank vent has an air operated valve
which will close on a high radiation signal from the radiation
monitors in the discharge headers from the CCWS heat exchancers.
This higyn radiation alarm normally indicates a primary to CCWS
leak. Three radiation monitors are provided, any of which will
alarm and close the vent valve on both surge tanks.

9.2.2.4.5 Llectrical Power Supply

The normal rower supply to the system is from the ESF buses. A
full descraption of the power supply is given in Subsection
8.3.1.1.

9.2.2.5 Tests and Inspections

During the lite of the Station, the Component Cooling System is
in continuous operation and performance tests are not reguired.
Standoy pumps are rotated in service on a scheduled basis to
obtain even wear. Preoperational tests are pertormed on the
system.  The eguipment manutacturer's recommendations and station
practices are considered in determining required maintenance.

9.2-19
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10.4.6 Condensate Cleanup System

10.4.6.1 Design Bases

The condensate cleanup systems at Byron and Braidwood will

be utilized primarily during plant startup to flush the
condensate, condensate booster, and feedwater systems.

This system will not be operated continuously. The equipment
is designed to treat one-third of the condensate system
flowrate supplied from the discharge header of the condensate
pumps. The treated water returns to the condensate booster
pumps suction header. '

The condensate cleanup system is designed to produce an
effluent at the design flowrate within the following limits:

a. Sodium < 1 ppb

b. Conductivity < 0.1 uymho/cm

C. SO4 < 1 ppb

d. 1Iron < 10 ppb
All pressurized vessels in the system are designed and con-
structed in accordance with the ASME code for Unfired Pressure

Vessels of ASME Division 1, Section VIII.

No part of the system is safety-related, thus it is designated
Safety Category II.

10.4.6.2 System Description

10.4.6.2.1 General Description and System Operation

The condensate cleanup system for each station consists
of four mixed bed polishers each designed for a capacity
of 3750 gpm. Two vessels are normally assigned to each
unit, however, the valving arrangement permits operation
of the vessels with either unit. Normally the flowrate
from each unit is equally divided among two vessels.

The external resin regeneration system, common to all four
mixed bed polishers, consists of one resin mixing and storage
tank, one resin separation and cation regeneration tank,

and one anion regeneration tank. Resin is sluiced from

a mixed bed polisher to the resin separation and cation
regeneration tank. The anion and cation resin are separated
and the anion resin in transferred to the anion regeneration
tank. The cation resin is regenerated with sulfuric acid,
and the anion resin is regenerated with sodium hydroxide.
After regeneration is complete, the resins are transferred

to the resin mixing and storage tank.

10.4-8
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When placed in service, the operation of this system is con-
trolled and maintained by a solid state controller. The
control system will prevent the initiation of any automatic

or sequence of operations that would conflict with any opera-
tion already in progress, whether such operation is under
automatic or manual control. The operation status of each
polisher and each regeneration vessel, including which auto-
matic sequence is in progress, is indicated by means of lights
on the polisher control panel.

Improper operation of the regeneration system and components
will cause an alarm to sound and the system will be shut down.
Improper regen»ration solution strength will sound an alarm

and the system will shut down if the situation is not corrected
within five minutes.

10.4.6.2.2 Component Description

10.4.6.2.2.1 Mixed Bed Polisher

Each of the four mixed bed polishers are 114 inches in diameter
with a 60-inch side seam and are sized for a flo§rate of 3750
gpm. Each vesse§ contains approximately 5 kg/ft” of anion
resin and 5kg/ft” of cation resin. The vessels are equipped
with viewports on the side shell and an 11lumination port

in the upper head. The mixed bed polishers are designed

to Section VIII of the ASME Boiler and Pressure Vessel Code,
and are rated at 300 psig. A high pressure resin trap in

each polisher effluent line is designed to retain particles
larger than 50 mesh.

10.4.6.2.2.2 Resin Separation and Cation Regeneration Tank

The resin separation and cation regeneration tank is 84 inches
in diameter with a 174-inch side shell and equipped with

four viewports in the side shell and an illumination port

in the top head. The design pressure of the tank is 100

psig. The resin is backwashed to separate the anion and
cation resins. The anion resin is drawn off before the cation
resin is regenerated.

A 3-foot diameter by 5-foot side shell resin hopper is located
above the resin separation and cation storage tank to make
up for any lost resin.

10.4.6.2.2.3 Anion Regeneration Tank

Anion resin is transferred to this tank to be regenerated
with caustic. Trhe anion regeneration tank is 78 inches in
diameter witha 120-inch side shell. The tank is equipped
with two view ports in the side shell and one illumination
port in the top head. The design pressure is 100 psig.

10.4-8a
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10.4.6.2.2.4 Resin Mix and Storage Tank

The resin mix and storage tank is 96 inches in diameter with

a 102-inch side seam and the design pressure is 100 psig.

Three viewports are located in the side shell and one illumina-
tion port is located in the top head. The tank is sized to
contain a complete change of resin for one mixed bed polisher.
The anion and cation resin is sluiced from their respective
regeneration tanks to this storage tank. The resins are mixed
and stored until being transferred to a mixed bed pclisher.

10.4.6.2.2.5 Regeneration Equipment

The acid regeneration skid consists of a 200-gallon acid
storage, tank, two metering pumps, and a dilution station.

The storage tank is sized for two regenerations. The caustic
regeneration skid consists of a 700-gallon caustic tank, two
metering pumps, and a dilution station. A hot water tank
provides dilution water for regeneration of the anion resin.
Both regeneration systems are equipped with the necessary
instrumentation and controls to automatically provide regenera-
tion chemicals in the required amount, temperature, and concen-
" tration to the respective regeneration tanks.

10.4.6.2.2.6 Sluice Water Pumps

Two 409-gpm, 100-psig pumps are used to supply water from the
condensate storage tank for sluicing the resin between the
various tanks. The pumps also supply the required dilution
water to the acid and caustic regeneration systems.

10.4.6.3 Safety Evaluation

The condensate cleanup system is a non-safety-related system
and is not required for safe shutdown of the plant.

10.4.6.4 Testing and Inspection

All pressurized tanks are designed in accordance with the
ASME Code for Unfired Pressure Vessels of ASME Division 1,
Section VIII. All equipment is factory inspected and tested
in accordance with the applicable equipment specifications
and codes. Preoperational tests will ve performed on this
system. The equipment manufacturer's recommendations and
station pactices are considered in determining required
magntenance.

10.4.7 Condensate and Feedwater System

The purpose of the Condensate and Feedwater System is to
provide feedwater from the condenser to the steam generators.
This subsection discusses the Condensate and Feedwater System
from the condenser to the connection with the steam generators.

10.4-8b
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10.4.7.1 Desiqn Bases
10.4.7.1.1 Safety Design Bases

The only part of the Condensate and Feedwater System classified
as safety-related (i.e., required for safe shutdown or in the
event of postulated accidents) is the main feedwater piping from
the preheater section of the steam generators to, and including,
the outersost containment isolaticn and check valves; the
tempering feedwater lines between the steam generator preleater
bypass connections and the outermost check and isolacion valves;
the intcrconnecting piping between the tempering lines and the
auxiliary feedwater system, and the chemical feed piping from the
interface into the tempering piping to, and including, the
shutoff valves. fThese parts of the system are designated as
Safety Category I, Quality Groujp B.

10.4.7.2 System Description

The Condensate and Feedwater System consists of the piping,
valves, pumps, heat exchangers, controls, instrumentation, and
the associated equipment and subsystems that supply the steam
generators with heated feedwater in a closed steam cycle using
regenerative feedwater heating. 1he system is shown in Figure
10.4-1, Sheets 1 and 2.

Thexre are four 1/3-capacity centrifugal condensate pumps per unit
with motor drives and ccmmon sucticn and common discharge
headers, and four 1/3-capacity condensate booster pumps per unit
with common suction and discharge hecaders. Each condensate and
condensate booster pump set is driven by a single motor. Three
sets of pumps are normally in operation. The fourth set of pumps
will automatically start on low pressure at the feedwater pump
suction to assure adequate flow to the feedwater pumps.

The Feedwater System is of the closed type, with deaerating
accompl ished in the condenser. The condensate pumps take suction
from the condenser hotwell and pump condensate through the air
ejector condensers and the gland steam condensers to the suction
of the condensate booster pumps. These pump the condensate
through six stages of low-pressure teedwater heating to the
fecdwater pumps. The water discharge from the feedwater pumps

10.4-8(:



BYRON/BRAIDWOOD UNITS 1l&2

UNRESOLVED GENERIC SAFETY ISSUES

A-12 Fracture Toughness of Steam Generator and R.actor
Coolant Pump Supports

During the course of the licensing action for North Anna
Power Station Unit No. 1 and 2, a number of questions wei>
raised as to the potential for lamellar tearing and low
fracture toughness of the steam generator and reactor
coolant pump support materials for those facilities. Two
different steel specifications (ASTM A36-70a and ASTM AS572-
70a) cover-ed most of the material used for these supports.
Toughness tests, not originally specified and not in the
relevant ASTM specifications, were made on those heats

for which excess material was available. The toughness

of the A36 steel was found to be adequate, but the
toughness of the A572 steel was relatively poor at an
operating temperature of 80°F.

Since similar materials and designs have been used on other
nuclear plants, the concerns regarding the supports for

the North Anna facilities are applicable to other PWR plants.
It was therefore necessary to reassess the fracture toughness
of the steam generator and the reactor coolant pump support
materials for all operating PWR plants a 4 thosein CP and

OL review.

Fracture toughness and lamellar testing has been adequately
addressed for the Byron/Braidwood NSSS supports. The mater-
ials used in the Byron/Braidwood supports were, as a minimum
charpy V-notch tested in accordance with NF-2300. 1In
general, items subject to through thickness stresses were
ultrasonically tested to preclude lamellar tearing. Further-
more, the Byron/Braidwood NSSS supports employ the same
materials and more stringent fracture toughness requirements
than Zion Units 1 and 2. The staff, has stated in its
Safety Evaluation Report "Fracture Toughness of Steam Gener-
ator and Reactor Coolant Pump Supports" transmitted January
1981, that ..."the steam generator and reactor cooclant pump
supports at Zion Units 1 and 2 possess adequate fracture
toughness to merit a Group III rating per NUREG-0577.
Therefore, we consider the fracture toughness of the steam
generator and reactor coolant pump supports acceptable.”

Thus, CECo has concluded that Byron/Braidwood Units 1 and
2 can be operated until there is an ultimate resolution of
this generic issue without undue risk to the health and
safety of the public.



B/B-FSAR

QUESTION 130.43

*The descriptive information of Category I structures
other? than containment is not in accordance with the
provisions of the R, G. 1.70. Provide sufficient infor-
mation, illustrated by sketches in the FSAR Section
3.8.4 to enable the staff to perform a meaningful review.
‘Referencing the FSAR Section 1.2 which illustrates the
ceneral layout of the plant is insufficient in detail
for a structural review."

RESPONSE

A plan view of auxiliary-fuel handling building shear walls,
elevation views, shear wall-slab diaphram connection (above
grade and below grade)}, and a typical wall corner are shown
in new Figures 3.8-52 through 3.8-58.

Byron river screen house "foundation plans, floor and roof

framing plans, and elevation views are shown in new Figures
3.8-59 through 3.8-64.

A Byron ESW cooling tower foundation plan, an air inlet
Plan, a fill support beam plan, a distribution support beam
Plan, a roof framing plan, and tower sections are shown

in new Figures 3.8-65 through 3.8-73.

A Braidwood lake screen house foundatibn plan, floor framing
olans, and elevation views are shown in new Figures 3.8-74
through 3.8-78.

A plan view and section of a typical Byron deep well enclosure
are shown in new Figure 3.8-79.

A safety valve room plan view and elevation views are shown
in new Figures 3.8-80 through 3.8-82.

An elevation view and typical dome section of the refueling
water storage tank are shown in new Figures 3.8-83 and 3.8-84,
respectively.

These figures, along with the information in Subsection
3.8.4, provide sufficient detail for a structural review.

Q130.43-1
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