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2.3-118Y

2.3-52BY

2.4-20BY

2.6-238Y

Delete paragraph describing
the maximum water makeup
required by the UHS

Insert "{Revision 2, January
1878)"

Change "98°F" to "100°F"

Revise paragraphs discussing
UHS design temperature and
meteorological data

Revise three paragraphs
discussing the cooling tower
makeup water suppiy

.4 reference 37

Revision of paragr.ph
discussing cooling tower
makeup

Revise paragraph discussing
compliance with Regulatory
Guide 1.27

Replace with new
description on page
2.3-11BY

Editorial

Document syctem
design basis

Ciarify design basis
of UHS cooling towers

Document calculation
results

Citatien of ASHRAE
exceedance value in
subsection 2.3.1.2.4

Document calculation
results

Document calculation
results

Clarify oroper wel-bulb
temperature. UHS fina: report,
page 12

UFSAR Sectien A].27

Byron Ultimate Heat Sink
Cooling Tower Basin Temperature
Calculation: Part VII,"
Calculation NED-M-MSD-19,
Revision O, dated March 2, 1992

UHS final report, page 12

“Byron Ult:imate Heat Sink
Cooling Tower Basin Makeup
Calculation,” Calculation
NED-M-MSD-14, Revision 0, dated
January 9, 1992 and Calculation
Ntu-n-ASD-19, Revision 0, dated
March 2, 1992

Reference 16 of UHS final
report

Calcuiation NED-M-MSD-14,
Revision 0, dated January 9,
1992

Calculation NED-M-MSD-14,
Revision 0, dated January 9,
1992
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Section Page Bescription of Change Reason/Basis References/Remarks
9.2.5.1 9.2-2% Insert "Since the . Document sysiem UHS Final Report, Section ii.A,
active failure” design basis page 9
9.2.5.1 5.2-29 elete "redundant” and Editorial Editorial
delete "Uniy essential .
towers. "
9.2.5.% 9.2-29 Insert "Components . . . Reference the tditorial
Table 9.2-1" and delete "The  appropriate table for
nortal . . . Btu/hr." unit heat lopads
9.2.5.1 9.2-29 Delete references to Table tditorial Table and Figures are being
5.2-6 and Figures 9.2-5 and deleted or revised.
9.26. Expand the
discussion of Figure 9.2-7.
9.2.5.2.1 9.2-29 Gelete "above normal water tditorial Sys*em configuration
fevel” and "trough”
9.2.5.2.1 9.2-2%9a Change “"sinks” to "sink" Editorial Editoriail
9.2.5.2.1 2-25a Delete “redundant” tditoria: Proper terminoliogy
§.2.5.2.1 9.2-29z Insert description of the Reflect system letter Byron S92 0114, Proposed
essential service water configuration Technical Specification
cooling towers Amendment, page 2
9.2.5.2.1 9.2-2% Pelete "tach of . . . hot Document system UHS Firal Report, Sectien 11.A,
shutdown.” and insert "The design basis page 9
yltimate . . . an
occurrence”
9.2.5.2.1 9.2-2%a Insert "The ultimate heat Docum_nt system UHS Final Report, Section II.A,
. active failure.” design basis. page 9
g.2.5.2.1 9.2-36 Replace "supply header” with Editerial Proper terminology
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"pump discharge”
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Section Page Description of Change Reasor/Basis References/Remarks
9.2.5.2.1 §.2-30 Delete stated setpoint Editorial Information is not part of the ‘
values. Refer to "a system desiagn ba.is
predetermined value”
9.2.8:2.1 9.2-30 Insert "service water tditorial Proper terminology
cooling”
9.2.5.2.2 .2-30 Delete “"emergency” fditorial Proper terminoiogy
9.2:5.2.2 9.2-30 Replace "a volume . . . to" Jocument calculation Calculation NeD-M-MSD- 14,
with "sufficient . . . and results Revision 0, dated January 9,
for" 1992
9.2.5.2.2 §.2-31 Change "post” to “design Document system UHS Final Report, Section IV.B,
basis” and insert "low river design basis paae 25
. event . "
9.2.5.2.2 2-31 Delete "trough” Editorial Proper terminclogy
9.2.5.2.2 2-30 Change "5" to "6" Document systea Figure 9.2-28
design basis
$.2.5.2.2 9.2-31 Delete “automatically” Reflect system Normal operating procedure
operation
9.2.5.2.2 §.2-31 Change “"pest™ to “design Document calculation Calculation NED-M-MSD-14,
basis” results Revision 0, dated January S,
1992
9.2.5.3.1 9.2-32 Insert “active”, replace Jocument system Memo from T. K. Schuster to
"either . . . its" with design basis G. Contrady dated Augqust 2,
"while . . . safety”, delete 1991, UHS Final Report section
"Additionally . . .failur " I1.A, page 10
9.2.5.3.1.1 9.2-32a Insert new subsection Document system UHS Final Report, Sections 11l
design basis and IV
9.2:5:.3.1.2 9.2-33 Insert new subsection titie Editorial Divide large subsection
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Section Page Description of Change Reason/Basis References/Remarks
9.2.5.%.1.2 9.2-33 Replace "above" with "in fditorial fditorial
Subsection 9.2.5.3.1.1°
9.2.5.3.1.3 9.2-34 Insert new subsection title Editorial Divide large subsection
9.2.5.3.1.4 9.2-35 Insert new subsection title Editorial Divide large subsection
9.2.5.3.1.4 9.2-35 Replace "a slight super- Editorial Proper terminology
coeling of" with "freezing
at”
9.2.5.3.2 9.2-36 Replace stated setpoint tditorial Information is not part of the
values with "a predetermined system de.ign basis
value" (two locations),
delete setpoint values {one
location)
9.2.5.3.2 9.2-37 Replace "is lecked” with Reflect system Normal operating procedure
"remains” operation
9.2.5.3.2 89.2-37 Delete discussion cf post- Document calculation Calculation NED-M-MSD-14,
accident evaporation. blow- results Revision C, dated Janvary 9,
down, and makeup rates 1992
9.2.5.3.2 9.2-38 Delete "therefore” Editorial Editorial
9.2.5.3.2 9.2-38 Replace "in one . . . down" Document system UdS Final Report, Section II.A,
with "coincident . . . design basis page 9
active failure"
9.2.5.1 9.2-43 Delete references to Table tditorial Table and Figures were deleted
9.2-6 and Figures 9.2-5 and v
9.2-6
9.2.5.1 9.2-43 Insert "The LOCA . . . Dacument system UHS Final Report
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calculations™
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_Section Page Bescription of Change Reason/Basis References/Remarks
9.2.9 9.2-€i Insert references 7 through Editorial References used in preparing
14 new subsection 9.2.5.3.1.1
g.7 9.2-62 Kevise Table 6.2-1 Reflect system Normal operating procedure
gperation
9.2 9.2-711 Deiete Table 2.2-6 Editoriai informatior contained in Figure
8.2-7
9.2 9.2-97 Revise Tahle 9.2-11 Reflect system design  Heat Exchanger Data Sheets,
tetter from S. €. Mehta to
“. leatine dated January 17,
1990
9.2 9.2-98 Delete Table §.2-12 fditorial Information containcd in
revised Table 9.2-11
9.2 9.2-99 Delete Table 9.2-13 fditorial Information contained in
revised Table 9.2-11
9.2 9.2-102 ARdd lable 9.2-16 Uocument calcuiation "Uitimate Heat Sink Design
results Basis LOCA Single Failure
Scenarios,” S&L Calculation
UHS-01, Revision i, August 5.
1991
9.2 F9.2-2, Replace with new figure Reflect system Normai operating procedure
Sheet | operation
g.2 F9.2-5 Delete Figure 9.2-5 Obsclete "Heat Load to the Uitimate Heat
Sink during a toss of Coolant
Accident,” S&L Cal ulation
ATU-0063, Revision 1, April 1,
1agz
9.2 F9.2-8 Delete Fiqure 9.2-6 Obsolete Calculation ATD-0063

CONWPBINCANRTF SAR Tt

Revision 1, dated April 1, 199,
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Description of Change

Reason/Basis

References/Remarks

Revise Figure 9.2-7
Change Figures 9.2-8 through

9.2-14 to 'Braidwood Only’

Replace Figures 9.2-9
through 9.2 14

Add Tigure 9.2-30

Add Figure 9.2-31

Nocument calculation
results

Editorial

Document calculation
results

Document calculation
results

Document calculaticn
resuits

Calculation ATD-0063.
Revision 1, dated April 1, 1992

Byron does nat have a cooling
pond

"Thermal Performance of the
Uitimate Heat Sink During a
Loss of Conlant Accident,” S3L
Calculation ATN-0109,

Revision 1, April 27. 1942

Calculation RSA-E-9] 03,
Figure 14
Calculation RSA-8-91-03,
Figure 15
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water, or about 146 inches of tresh snow), which was .ak:n ai the
48-hour PMP during the winter wonths (December (hrough Marc'y)
(Reference 17). The design-basis snow and ice locad is *h~.n 104
psf (see Subsection 2.4.2).

2.3.1,2.4 Ultimate Heat Sink Design

The ultimate heat sink at Byron consists of two wet mechanical
draft cooling towers and their associated mr-keup system, 1In
order to evaluate the ultimate heat sink, 30 years of
meteornlogical data is required. Long-term data most
representative ' the conditions at Byrun Station were recorded
at Rockford. However, the Rockford NWS station has only a
28-year period of record (1950-1977). Other than Rockford, data
most representative of tho meteorological conditions of the Byron
site and not alfected by large water bodies yet still providing a
conservative evaluation of the ultimate heat sink were recorded
at Peoria for a l0-year period (1948-1977). Peoria data
extracted from National Oceanic and Atmospheric Administration
(NCAA) 3-hou:ly observations on magnetic tape per Reference 18
were used in evaluating the heat dissipation characteristics of
the proposed wet mechanical draft cooling towers under adverse
atmospheric conditions. Peoria weather data was not available
for January 1952 through December 1956. The decision was made to
fill this data gap with meteorological data which best reflected
the ~onditions at Peoria. Therefore, data from Springfield, the
closest NWS station to Peoria, were used to complete the 30-year
meteorological data record.

Average monthly temperature and humidity are summarized in Tables
2.3-43 and 2.3-44 for the representative meteorclogical data from
springfield and Peoria. Included for comparison are
meteorological data from the Byron site and from Rockford.

The —Maxtmm water makeup rate requtred by the ultimate heat sink
1ot Wi . ; ‘ ; e  od

G665 F —white-the wer Pulp- 18 S0 —This onsite wet bulp
temperature 19 tower than-the 52, 05F wet -pulb temperature used—in
the deatagn—of -the-—ultimate-heat-aink

The UHS tower is designed to fulfill its purpose under the
extreme environmental conditions set forth in Regulatory Guide

£x3=310 REVISION 4 - DECEMBER 1992
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1.27 (Revision 2, January 1976). The meteorclogical data from
Feoria were employed to identify the period of meteorological
record resulting in the minimum heat transfer to the atmosphere
and maxiuum plant intake temperature. The Peoria weather tape
was also used for a water consumption analysis to verify the
availability of a 30-day cooling water supply.

The design UHS tower outlet temperature is 984F100°F. A J~houriy
transient computer analysis of the Peoria weathel tape using the
maximum heat rejection to the UHS was used to dotermine maximum
plant intake temperature-during the period of minimum tower
performance. This analysis was made with the highest three-hour
wet-bulb temperature, 82°F, which was recorded on July 30 1961,
at 3:00 pm. Per Regulatory Guide 1.27 (Revision 2, January
1976), *he uitimate heat s=ink must be capable of performing its
cooling function during the design basis event for “his worst
case thiee-hour wet-bulb temperature, However, the design
operating wet-bulb temperature of the ultimate heat sink is 78°%1
(ASHRAE 1% exceedance value). The maximum heat rejection to the
UHS is from the safe shutdown of two 3411-Mwet (guaranceed core
thermal power) PWR reactors, as a reesult of one —unit-undergeing - a
loss-of-coolant accident (Luua) and -one it -undergo:
concurrent with a loss of offsite power (LOOP) on one unit and
the concurrent orderly shutdown and cooldewn from maximum power
to cold shutdown of the other unit using normai shutdown operat-
ing procedures. The accident scenario also includes a single
active failure. externat power (LOEB), The maximum predicted UHS
ower outlet temperature from the tower performan.e curves for
this 3~houriy analysis is less than 100°004+65F - Phis—39-IF—4oF
tessthan-desiyn,

?&wsupperﬁ—ehenava%%abf&%%y~e@~a—%eﬂday«eee&%ﬁq~w&termeupp%yv—ﬁ
3—houriy—transient-computer-analysis -was-atso-made— pue—to-the
fact-that-the-UHS-water supply 19 -a—continueus—scuree from—t+o
dxese&—enqiﬁe—df}veﬂ7~eateqefyw{—makeﬁp—systensvnfeaeh~hﬂv%ﬂg~a
destgn-capabi-tity -of - 1500-apmr;—the -maNi mim -5 ~hour—wa tor
consunption—rate was used-to-check-the -makeup—pump-sise.—The
MANTBEM- F-houriy -makeup rate required teo ¥ +
duer4x&«ywapefat+6n7~df&f%"aﬁd~b+ewdowﬂ~&5—&esa—ehaﬂ~€hﬁ~ekﬂthqn
eapabiiity-of—the -pumps.

Byron-has-more-than-a-30-day-supply-of-water—because—it—has a
eonvéﬂﬂous~ma*eap—9&pp+y~ffem~the—ﬂoek~a+ver~ﬁsfnq~%h¢—63&amie
Gateqeey«%«mﬂkeap~systemvw«4he«veerfemweﬁ%hef«%ape~wa$~&3ed~+n~a
%faﬁgfeﬂt~aﬁa+ysfa—%o—de%efméﬂe-ehe~wefs%"%~h0ur%y~ewaporﬁt%on
rate-using the maximum-heat rejection to-the UHS for-tne-safe
shirtdown -of —two—34i I-Mie—EWi-reactors —one unit- undergoing—4+—1HCH
and—-the-ether untt undergoing—a LOEP - Fhe-makeup rate '
to-repienteh the water loss due to-evaporation —driftond
b&owdown~+ﬂ-+ees—ehan~+he~des&qa—eapab&++ty—ef—%699—qpm—éor-the
Ewo-makeur -pumps

Aieo;—the-pestuintion-ef-a-stngle failure-to-one -of -the—twe
makeﬁp_pﬁmpe—wﬁs«fﬂeiﬂdedw}ﬁ—ehrmﬂﬂa+yaie_ﬁ$~e~3ﬁ-day—ﬁa%ef
9upp+yv~—H+%h~€he~s&ﬁq}emFQf%ﬁbe~e%mene~e+~the~&wa—makeup~p&mps;
EheNMleupmfaQE“§0f'£hﬁﬁwefﬁﬁf3~h6ﬂf*Heﬁ%hef~uﬂﬁé§é+eﬂmf}7439
Sph)—exeecded-the-design-capabiiity of-one--makedp-pump.- —But —the
makeup-rate—for-the worst i-hour -weather eceadition -wos-determined
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to-exceed the capacity i -one-makeup-pump-onty during the first
Fao-asecondes of t.e transient: - FThis-coenditis resutts in o
regquirement for 1,645 garions-of water beyond-the-eapabtliity of
the -one-makeup pump— Bach -mechanieal—draft-eooling-tower basin
Contiaifns-a-minimum- voalume (Faventoryr -of 256,000-galieons of
water: FHi9-290,000 gallons provides more than ample margin
during the J6o-gecond period—in-whiehthe makeup rate exeeeds the
des rgn-eapabii ity - -of one—makeup pump

The maximum water makeup rate required by the ultimate heat sink
was determined using the maximum one-day evapcration period
{average dry bulb temperature = 90.5°F and average wet bulb
temperature = 73.0°F) which was recorded on July 18, 1954. The
maximum evaporative period was defined as the period having the
maximum difference between dry bulb temperature and dew-peint
temperature.

Byron has more than a 30-day supply of water because it has a
continuous makeup supply from the Rock River using the Seismic
Category I makeup system. In the event that makeup from the Rock
River is not available, an alternative makeup source is from the
onsite deep wells. There are two deep wells which have been
demonstrated to bhe able to supply water at a rate of 800 gpm per
well for mcre than 30 days.

To support the availability of a 30-day cooling water supply, two
analyces were performed to determine the makeup requirements
under the worst l-day weather condition, with heat rejection rate
based on a LOCA ani LOOP on one unit in conjunction with =sate
shutdown of the other unit, and a single active failure. The
analysis fcr the makeup rate also assumed a safe shutdown seismic
event.

Both the makeup system and the deep well system were demonstrated
to be able to provide sufficient water to replenish water loss
due to evaporation, blowdown, drift and auxiliary feedwater
supply, and to provide continuous cooling for at least 30 days.

Z.3=l1ia REVISION 4 -~ DECEMBER 1992
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Théo—per&od-ofwise
HSineg A-coastant -meﬁinmmhheat-fe)eee§on~rate~te—§he~uﬂsr

For details of the ultimate heat sink design and makeup water
availability, see Subsections 9.2.5 and 2.4.11.6.

2.3.1.2.5 Inversions and High Air Pollution Potential

Thirteen years of data (1952-1964) on vertical temperature
gradient from Argonne (Reference 4) provide a measure of
thermodynamic stability (mixing potential). Weather records from
many U.S8. stations have aiso been analyzed with the cbjective of
characterizing atmospheric dispersion potential (References 19
anhy 20).

The seasonal frequencies of inversions based below 500 feet for
the Byron Station are shown by Hosler (Reference 19) as:

¥ of 24~Hour Periods
With at Least 1 Hour

Season % _of Total Hours 0L Inversion. .
Spring 30 71
summer 31 81
Fall 37 68
winter 31 53

Since nerthern Illinois has a primarily continental climate,
inversion freguencies are closely related to the diurnal cycle.
The less frequent occurrence of storms in summer produces a
larger frequency of night- with short-duration inversion
conditions.

Holzworth's data (Reference 20) give estimates of the average
depth of vigorous vertical mixing, which give an indication of
the vertical depth of atmosphere available for mixing and
dispersion of e«ffluents. For the Byron Station region, the
seasonal values of the mean daily mixing depths (in meters) are:

. Mean Daily Mixing Depths
Season Morning Afternocn
Spring 480 1400
Summer 300 1600
Fall 390 1200
Winter 470 580

When daytime (maximum) mixing depths are shallow, poliution
potential 1is highest.

Argonne data sre presented below in terms of the freguency of
inversion conditions in the 5.5~ to 144-foot layer above the
ground as percent of total observations and in terns of the
average duration of inversion conditions.

S~ A=12 REVISION 4 - DECEMBER 1992
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2.4.11 Low Water Considerations
2.4.21.1 Low Flow ir the Rock River

Low flow fregquency analyses for the Rock River at Rockton and at
Como were made using the Log-Pearson Type 1I1 d stribution
(Reference 14). Flows at the intake were interpolated using
Egquation 2.4-1 in Subsection 2.4.2.

Table 2.4~15 gives flows in the Kock River at the intake for
various combinations of duration and recurrence interval.
Considerations of downstream dam failures are included in
Subsection 2.4.11.5.

2.4.11.2 Low Water Resulting trom Surges, Seiches, or Tsunami

Low water conditions resulting from surges, seiches, or tsunami
are not design considerations because there are no large bocdies of
water n~ar the site, nor is the site near a coastal area.

2.4.11.3 Historical Low Water

A minimum daily fiow of 440 c¢fs was recorded at Como on August 20,
1934, The historical l-day low flow at the intake is esvimated to
be 400 cfs and has a recurrence interval of more than 100 years.
The corresponding river elevation at the intake is 670.4 feet.

2.4.11.4 Future Controls

Future upstream uses of Rock River water are not expectes to lower
minimum flows. Since most communities derive their water supply
from groundwater, the trend will be toward higher future minimum
flows due to increased sewage effluent discharges,

2.4,11.5 Plant Reguirements

The circulating water makeup is withdrawn from the Rock River.

The max.mum water requirement for plant use is 107 cfs. Actual
use might be less depending on plant cperating loads and seascnal
variability of evaporation and blowdown losses. Since only 61 cfs
are used up due to evaporation and drift, 46 cfs are returned to
the Rock River. Thus, the net withdrawal rate is 61 .. . These
reguirements include makeup water for *the essential service
cooling towers, of which 2 ¢fs are for evaporation and drift
losses and 2 cfs are for blowdown.

2.4-20 REVISION 4 - DECEMBER 1992
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Makeup to the esscntial service water cooling towers is required
to compensate for losses cue to evaporaticn, blowdown and drift.
Under the design basis accident, which consists of a loss of
conlant accident coincident with a loss cof cffsite power on one
unit and the concurrent orderly shutdown and cooldown from maximum
power to c¢old shutdown (do not show deletion) of the other unit
using normal shutdown operating procedures and a single active
failure, the maximum makeup demand under the worst l-day weather
conditions is 2000 gpm. The makeup rate decreases to approxi-
mately 1500 gpm twelve minutes after the accident and continues to
decrease. Since the tolial design capability of the essential
gervice wa_er makeup pumps is 3000 gpm, sufficient water is
availab'e for safe shutdown from the Rock River. In the unlikely
event that emergency cooling water requirements cannot bc satis~
fied by makeup from the Rock River, deep wells wi.l provide makeup
to the essential service water cooling tower,
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holes and the well casings were grouted with cuncrete grout from
the bottom upward in order to seat the casings intc the bedrock
and to provide seals preventing the movement of soi. or surface
contaminants into the wells. The production por:ion of the wells
consis*s of uncased, open boreholes which were over<pumped after
completion to remove any loose rock or drill cuttings. The type
of well construction, with the length of casxng welded together
and svated into the bedrock, provides the maximum strength for any
groundwater well. Munlc‘pal or large-volume industrial w=lis in
northern Illinois are generaliy of similar or lower qual *v
construction.

During pump testing of these wells, some caving of sandstone was
observed which might interfere with the pump nerformance and
reduce the productivity of the well. The actual zone of caving
was determined by caliper-logging of the borehole and the wells
were deepened to allow for any debris to collect at the bottom and
still assure adequate yield. A smaller diameter casing was
extended deeper into the well placing the pump setting within the
cased portion of the well. This prevents any caved material from
damaging the pump. With these modifications, the wells assure
adegquate supply to the UHS when needed.

The design elevation of the pump invert which supplies makeup to
the essential service cooling tower basins from the Rock River has
been based »n the postulated low water elevation resulting from
the breaching of the Oregon Dam ducsing the historic low flow
period. This occurrence would result with a river flow of 400
cfs, a water elevation of 664 feet 4 inches. The historic low
flow of the Rock River recorded in 1939 at Como, Illinois was 440
.8, In addition, under these conditions, an alternate source of
makeup water is available from the seismically qualified deep
wells.

AR anatysis-has-demonstrated -that-—makesp-water—te-avartabte-—fer—30
daye-an. -bej0nd~ﬁ£—a—fate—wh%eh~sat&sf&es—the—mee%~severe—d¢s&qﬂ
pagia-—as -get forth -tn-NRC- fegquiatory-Guide 2% yvisron—o
dangary--19+6+-posttions Cris y-and—Crivb—3he >  E-sink-desitgn
beees—reeu&%s—{femhﬂ—post&ra@ed~+esa~oﬁ~eee+aw%—eeetden%—fefmene

Rt 2 d--legs-eof-externatl-power—for-the-other:

The Byron Ultimate Heat Sink design basis accident consists of a
loss of coolant accident coincident with a loss of offsite power
on one unit and the concurreat orderly shutdown and cooldown from
maximum power to cold shu.Jown of the other .nit using rormal
shutdown operating procedures and a single active failure.
Analyses were performed to demonstrate that makeup water is
avallable for 30 days and beyond at a rate which satisfies the
most severe design basis as set forth in NRC Regulatory (iide 1.27
(Revision 2, January 1976) positions C.l.a and C.1l.b. The
analyses were based on the above described scenario in conjunction
with the worst one day weather conditions.

Each Seismic Category I cooling tower basin at mermal minimun

water level contains 290,000 gallons, of which 279,000 gallons are
available for auxiliary feedwater.
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The connections between the essential service water cooling towers
and the auxiliary feedwater train are provided with normally
clused motor-cperated valves. Protection against single active or
passive failures is provided by the redundancy of the essential
service water system.

An analysis of the impact of supplying water to the auxiliary
feedwater train from the ultimate heat sink indicates that the
hgai sink dependability is in no way impaired since the normal
winimum

2.4-23a& REVISION 4 - DECEMBER 1992
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The smaller pump suction breaks, the ho. leg break and the cold
leg break mass and energy releases assumed that the sump water
(which is pumped back through the core when the RWST empties) is
at a constant temperature of saturation at the design pressure of
the containment. As required by the NRC, the full

T
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9.2.1.7 Esgential Service Water System
9.2.1.2.1 Design Bases

The essential service water system is i{llustrated in Figure
Ped=i, 9.2-21, and 3.2-22, The-basice-design philosephy 19 -te
provide two redundant systems tn each unit o servi e the
eoooae+«+~hoee—%oodo—4n—oaeh~un§ev~—9h0~o¢oontic+w}oodo—-up-

P iy - HOCK; —and-LOOF -or normai
shutdown operationThe essential service water system is designed
to ensure that sufficient cooling capacity is available to
provide adequate cooling during normal and accident conditions.
The components served essential service water for normal,
LOCA, and shutdown conditions are shown in Table 9.2-1,

The emsential service water system is divided inte two redundant
loops for each unit., The lgn em may be operated with the . .ops
cross~tivd or as two separate loops. Table 9.2-11 lists nominal
design flow: forte esch-eubicie cooier-served by the essential
service water system. Actual component flows vary depending on
eystem alignments, mode of operation, and anbient conditions.
These nominal design flow rates are the-samesufficient for all
operating conditions, inciudine rormal cperation, gost-LOCA
operacion, and during a LO®™ ¢ <ormal shutdown. ically, the
flow rate specified is a nominal value based on maintaining a
desired oil temnperzture or equipment temperature for long~tern
operation and design margin exists between the specified flow
rate and the flow rate required to remove the design heat load.
Tabie G.2-12- Jiata deaign flovw rates for each-essential serviee
water tratn - during normal eperation and normal-cold eahvutdewn.,
Tahie -G, 2=13 Liste destyn flow rates for each essential service
water-train during pest-LOocA-eperations: In addition, either
train can supply 990 gpm to the suction of the auxiliary feed-
wacer pump ot the same train, Refer to Sulsectior 10.4.9 for a
discussion of the auxiliary feedwater system and t. is cross-tie.

All safety-related heat transfer eguipment is designed for a
100°F essential service water inlet temperature., Heat rejection
capacity of the essential service water conling towers is
discussed more fully in Subsectio: 9.2.%.

2.2.1,2.2 Bysten Description

Each full-capacity essential service water lo~p in each unit is
supplied by a single pump rated at 24,000 apm at 180 feet *10%
total developed head. Actual systum flow varies with system
lineup and conditions. S8ee Table 9.2-1 and Table 9.2-1) for the
components served and the nowinal rated component flows. The
pumps are lccated on the lowest level of the auxiliary building
to ensure the availability of sufficient NPSH. Emergency power
is available to each pump from its respective ESF bus as shown in
Table 8.3~1 and described in Subsaction 8.3.1. At Byron, the
suction supply is by one supply line running from each of the two
redundant essential service mechanical draft *ouling towers to

3,24 REVIBION 4 - DECEMBER 1993







B/B~UFSAR

|

arate ESF buses and are normally open. The suction line valves ‘

are each assigned to the same ESF bus as the pump with which it

is associated. A cross-tie between the Unit 1 and Unit 2 l

essential service water systems can be established through the

1SX005 and 28X005 valves. 1
|

At Byron, heat rejection from the essential service water system

is to the essential service water ccoling towers, both on a '
normal und on an emergency basis, The discharges from each |
loop in each unit are separate and fed to two separate and re- |
dundant return lines for return to the towers. The two dis~

chavaes from each unit and the two return lines to the towers |
are arranjed similar to the intakes, i.e., the two discharges |
from each unit sun into separate return lines, and each return

linc is fed from one discharge from each unit. The single fail- !
ure criterion is met as shown in Tables 9.2-7 and 9.2-16. |

At Braidwood, heat rejection from the essential servi .s water |
system is to the essential cooling pond, both on a normal and |
on an emergency basis. The disciarges from each loop in each |
unit are separate znd fed t. two separate and re¢ jundant return

lines for return to the pond. The two discharges from each

unit ard rhe two return lines to the pond are arranged similar

to the intakes, i.e., the two discharges from each unit run

into sepavate ret:rn lises, and each return line ie fed from

one of the two discharges fror each unit. The uingle=failure

oriterion is met as shown in Table 9.2-2.

The esrential cooling pond is more fully discussed in Subsec~
tion 9\205'

#aehAt Byron the essential service water cocling toweriss are
designed to accommodate the heat load from both units
simultaneously under both normal and accident conditicns. Beth
tovers-are-noermatiy-

both- i cte-are-in-operation: The essential service water cooling
towers and their auxilialy systems are more fully discussed in
Subsection 9.2.5.

9.2.1.2,3 gafety Evaluation

The entire essential service water system is designated Safety

Category 1, Quality Group €, including supply lines, pumps, and
return lines,

The essential service water supply and discharge lines join the
auxiliary building and the essential service water coeling
towers or cooling pond. These lines are either below or incor-
porated in the turbine building base mat. They are not inside
the turbine building and, .he lines are adequately protected
from any cccurrence within the turbine building. The routing

of this piping is shown in Figures 9.2-21 and 9.2~22. These fi~-
gures show plan and elevation views between the ultimate heat
s$'‘nk and the pumps.

Oy2%) REVISION 4 -~ DECEMBER 1992




B/B~UFSAR

This has been accomplished by utilizing applicable ACI and AISC
codes and imposing the SSE and the design basis tornadeo loads
on the turbine building and the base mat degign. Because these
additional loade were used in the design of the turbine build-
ing base ma*, the toQJxrements of General Design Criteria 2 and
44 of Appendix A te 10 CFR 50 are satisfied. Therefore, the
turbine building has the same margin of safety as the Category
I structures. This complies with the Regulatory Staff position
regarding .nteraction of non-Categery I structures with Catego-
ry I stiuctures, as given in SRP Bection 3,7.2.11.8. Although
the specific requirements of Appendix B to 10 CFR 50 cannot be
demonstrated, comparable practice was used in the construction
of the turbine building base mat. The material suppliers and
contractors for the construction of the turbine building were
the same as for the consiruction of the Category I structures.
The Applicant's construction personnel monitored the construce
tion work and have ensured quality control., The guality of the
construction le reflected in the average actual concrete
strengths, The design requirement for the concrete compressive
strength is 3500 psi. The Byron site was constructed with an
average concrete strength of 5265 psi (5369 psi for

Braidwood). The "in=place" strength of concrete and reinforc-
ing steel used in the construction of the turbine building base
mat exceeds the design strengths by a minimum of 28%. These
strergths were achieved in both the Category 1 and Category I1
gtructures.

The Applicant's and contractor's guality control documentation
for the construction of the turbine building base mat including
the responsible guality control records are available at the
plant sites,

Based on the egquivalent warqgins of safety provided in the de-
sign of the turhine bu.ilding and the Category 1 structures, and
the guality control provided in the construction, the integrity
and functionality of the essential service water piping has
beer assured.

Normal ecssential service water heat loads are as indicated in
Table 9.2-1. These loads are supplied from one of the full-ca-
pacity loops in each unit, so that one of the supply pumps is
in continuous operation. Upon receipt of a safeguards actua-
‘ an signal, both .ssential service water pumps will aute-
atically start and the diesel engine generator units will
~utomatically atart. If power is lost te the ESF buses, all
safety-related equipment will be automatically sequenced to
start upon restoration of bus voitage, Components are all indi~-
vidually sealed in (latched) so that loss of the actuation sig-
nal will not cause these couponents to return to the position
held prior to the advent of the actuation signal. ¥Frem-a-re-
v*ew—af—@ub&oamave~+&T~9Te-&%«andwove—iav—+t-§9~apparene—ehaﬁ
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9.2.% Ultimate Heat Sink
9.2,5%.1 Desidgn Basis

Since the ultinate heat sink is shared by two units, the
condition of both units must be determined for the design basis
event, The design Lases accident scenario considered for the
Byron ultimate heat sink is a loss of eoolaut accident (LOCA)
coincident with a loss of offsite r } on one unit and
the concurrent orderly shutdown and cooldown from nlaiuun power
to cold shutdown of other unit ueing normal shutdown

rating procedures. The accident scenario also includes a

le active failure.

The ultimate heat sink for the station consists of the two
redundantessential service water mechanical draft cocling towers
and the makeup system to these cooling towers., As discussed in
Subsection 9.2.1.2, heat froa the essential service water system
is rejected to the essential service water cooling towers., The
towers are used durino normal operation thereby providing a means
of availability and surveillance not obtainable with an emergency
system maintained on a strictly standby basis, 1at
heat—jonda are rejected to the towers.  Componente which
contribute to the essential service water heat loads are listed
in Table 9.2~1,

@he»norma*~operae¥nq—heﬁt-+ead—a&—ﬂ~un&e—*o~44i—*~ieq—8eu€hev
The refuelina and maintenance outadge heat toad 1o 13 » 16
Btufhr

Paple 5. p—6 ahows heat joads retected to the essential service
water syastem versus -time-for-the untt-urdergeing post-HoCi coot-
down.——Fiy are O 24-5 shows the energy taput to the containment
versus -t ime; and Figure 9. .2—6 ahows -the heat removat- roate ver-
aua—%&me-Gef—eno~reee%ef~eonte§nnene—fanmeoo%ee~and—ono
residuat-heat-removal-heat-exehanger—-Figure 9,2-7 shows the
HOCA and -cola shutdswn heat -rejection rate to the -essentirat
serviee water-system:conbined heat rejection rate versus time for
the unit undergoing post-LOCA cooldown, plus heat rejection rate
versus time foir the unit undergoing safe shutdown,

9.2.5.2 System Description
9.2.5.2.1 [Essential Service Water Cooling Towers

The earential service water cooling towers are part of the
esgential service water s stem, a diagram of which is provided
in Figure 9,2-2. Plan and section drawings for the essential
service water cooling towers are shown in Figures 9.2-23
through 9.2-27. The celd water basins of the two couling
towers are connected abeve-normal-water tevel-by an overflow

The essential service watir coouling towers are required for

safe shutdown and are Safety Category I, Quality Class C,
Seismic Category 1. The essential service water mechanical draft
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cooling towers are the ultimate heat sinks for the essential
service water system. There are two redundant induced draft
cooling towers of the (ounterflow design, Each of the two
safety~related mechan cal draft ﬂoolinT towers consists of a
water storage basin, four fars, four riser vaives, and two bypaass
valves. Ao accommodace the heat
load from poth unite simuitaneousty under beoth mormal and
emergency conditions .

Gaeh«oi~§ho—four—oo&%o—yor-ﬁowor—&c—fa%eémae—t}roog;zszzzf::
S84F eotd water supply - tempers ture
tun temperature concurrent with 785§ S ABSUm

4nq~ehe~*eoo~oG«ono—ooo&fngwtoucrv~tho—roma&aiag'ooo+§nq-%e~oe
can - jose

The vltimate heat «ink is capable of provld&nz adequate cooling
capability for a LOCA ccincident with a LGOP in one unit, and the
concurrent orderly shutdown and cooldown from maximum power of
the other unit to Mode % using normal shutdown operating
procedures. Thiec scenario also includes a single active failure.
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ore cell due to vertieal tornade missile impacting the fan,

!44%~ond~intofﬂui—p+p+n1v-«h4io-prov&d*n!;::;:::::;:::z::!;oupo-
Eritty tor the unit undergoing post-—LOCA - Thes
ALt underacing hot shutdown.

Emergency power to the essential cooling tower mechanical draft
fans is supplied from ESF buses which may be supplied by the
onsite emergency diesel generators.

The temperatures of the essential service water cooling tower
bas‘n and the supply headrvs must be controlled to prevent freez~
ing in the tower fill. 1.is ig accomplished by sensing

discharge temperature and controlling hot water bypass
valves to the cooling tower basins., A Category I sensing element
and temperature controller is provided for each cooling water
train for each unit. The controller provides visual indi-cation
of temperature in the control room. The controller also main=-
tains cooling water temperature between 524F-ani-3788F-in the
tower basins by opening the bypass valves when the temperature
drops to S24Fa predetermined value, sc that the cooling section
is removed from service, and closing the bypass valves when the
watsr supply temperature increases to 784Fa predetermined value
80 that the cooling section is returned to service.

"he cooling towers must have a source of makeup water to compen~
sate for drift losses, evaporation, and blowdown., The normal
suppiy of mageup water comes from the Category II circulating
water system:. An emergency source of makeup water is provided
by the Category 1 diesel driven makeup pumps. These are
described In Subsection 9.2.5.2.2. An additional source of
makeup water is provided by the Category II onsite deep well
purps, which are described in Subsection 2.2.%5.2.3.

The blowdown system for the essential service water cooling tower
is Safety Category 11 since return of the blowdown water to the
Rock River is not essential 1o the operation of the ultimate heat
gink.

9.2.5.2.2 Category I Essential Service Water Makeup System

The essential service water makeup pumps, which are active com-
ponents required for safe shutdown, are ASME Section IIl1 Safety
Category I Quality Class C components.

Under emergeney low levels in the Byron essent’al service water
cooling towers, each tower is provided with a Category I diesel
engine~driven makeup pump which automatically starts on low
water level signal. These pumps are located in the river
screen house and take suction from behind bar grilles and
traveling screens located therein., Each essential service
water cooling tower is supplied by a separate makeup train con=
sisting of a pump and Safety Category I supply line.

Each makeup train is capable of supplying a-veiume-of-water
eqirivatent-tosufficient water t- - ompensate for auxiliary
feedwater supply an ®or drift, evaporatio» and blswdown losses
result.ng
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from design basis pest-10CA conditions in one unit concurrent

with the safe shutdown of the other units, low river level, a

singls active failure, and the concurrent occurrence of the aatn
zcnwn seismic event,

Each diesel~driven essential service water makeup pump located
in the river screen house is provided with a dedicated Seismic
Category 1 fuel 0il supply. This fuel oil supply is discussed
in Subsection 9.5.4.

Therefore, Category 1 makeup water —an be supplied to the
basing of both towers by either of the two lines from .he river
screen house. Similarly, the system can return water to one
tower while deriving water from the sther tower's basin, by way

of the overflow-treugh.

The river screen house is shown in Figure 1.2-16. A detailed
cross sectien of the river intake structure is shown in Figure
9.2=28. The rating curve for low flows on the Rock River at
the structure is shown in Figure 9.2<23,

The top of the base mat is at elevation 663 faet 56 inches MSL,
and the screens are recessed within the base mat so that essen-
tial service water makeup can be provided. A sump is provided
for each essential ser ice water makoup pump, having a bottom
of sump elevation of 660 feet 6 inches MSL,

Minimum pump submergenc: reguirement is 22-1/2 inches. The
pump intake is about 15-1/2 inches above the bottom of the sump.

The essential service water makeup pumps may be started manu-
ally from the contrel room, locally at the river screen hcouse,
or automatically en level controls of the cooling tower

basins., Once started-autematieatly, they continue to operate
until the fuel supply to each engine drive (aprroximate fuel
consumption is 12 gallons per hour) is exhausted or until the
erjines are manually stopped from the control room o« _ocally.
The engines and pumps are capable of meeting makeup require=~
ments for the actual dcaiTn basls pest~LOCA heat rejection rates
under worst case evaporative loss conaitions, A minimum of 36%
of the Z0u0~-gallon tank will ensure 72 hours of makeup pump
operation before refueling is required,

The Category 1 makeup purmps are designed for the combined event
flood, but not for the probable maximum flood,

9.2.5.,7.3 Category 1I Deep Well Pumps

The Category II, Quality Group D onsite deep wells provide a
source of makeup water to the essential service cooling tower
basins in the event of a flood more severe than the combined
avent flood on the Rock River. Since the onsite wells are
located approximately 200 feet above the river at plant grade
elevation, they will not be affected hy flooding on the Rock
River.
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The uneite wells at Byron are powered by ESF buses E1V and

El12. The well pumps will, therefore, be capable of supplying
makeup water to the essential service water cooling towers in
the event of the loss of the river screenr house coupled with
the loss ¢f offsite power. The wells supply the reguired
amount of water for tower consumptive makeup for a minimum of
30 daye. An aquifer pumping test was performed in the Byron
water wells in July 1980, The test verified that the wells are
capable of satisfying the requirement for essential service
water makeup. Test results indicated that the total drawdown
in each well after 30 days of continuous pumping at 800 gpm
will be approximately 85 feet., This is sulstantially less than
125 feet of available drawdown in each well and demonstrates
the adegquacy of the wells.

The deep wells and portions of the well water system, which are
an alternate source of water to the essential service water
¢coo.ing towers, have been qualified for the safe shutdown
earthquake.

9.2.5.3 Safety Evaluation
9.2.5.3,1 Ultirate Heat Sink Design Basis

The ultimate heat sink is designed to withstand either the safe
shutdown earthqguake or the probable maximum flood of the Rock
River occurring separately, consistent with the phiiosophy for
ultimate heat sinks for nuclear power plants., The system with-
stands a single active failure, either-aetd W
impatring -tts while maintaining the svsten's ability o perlorm
its safety function. Additionaliy, due to the manner in-whieh

emergency pover may be supplied to the cooling towers from che
dteseta, 1 o oaystem funcet tons unimpatred with one active diesel
fatturesTavles 9,:~0 and 9.2~16 present a failure analysia.

The review of the ultimate heat sink for single active electrical
failures was based on guidance from IEEE standards, the Byron
fafety Fvaluation Report (1983), and the Standard Review Plan,
Passive failures in fluid systems do not represent a challenge to
the heat removal capabi.ity of the ultimate heat sink because of
the cross~tie and bypass capabilities in the cuoling water
g,/8tem, Passive failures (i.e. loss of a tower) were analyzed
fer Byron but were limited to non-acclident conditions.
hcceptability was based on the ability of the system to perform
its safety function in the presence of such a tailure.

The Safety Category I river screen house is designed for the
combined event floed as discussed in Subsection 2.4.3.7, thus,
should a flood more severe than the combined event floed occur,
the Safety Category I makeup systems would be unavailable. 1In
this event, the onsite wells would provide makeup.

The ultimate heat sink is de¢ iigned to withstand a design-basis

tornado, The design basis ( the cnoling towers is discussed in
Subsection 9,2,5.2.1. An analysis of the effect of a tornado
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disabhied essential service water fans, new containment heat load
calculations were performed to further examine the impact of
containment heat removal equipment availability on the ultimate
heat sink.

The containment heat loads consist of loads from the RCFCs and
the residual heat removal (RHR) system. The RCFC loads were
calculated using the CONTEMPT4/MODS computer code. The analysis
examined various LOCA scenarios with respect to equipment
availability to generate a serles of RCFC heat removal rates
versus time. The sump water temperature results from these runs
were combined with system performance data to develop RHR loads,

The mass/ener relzase data utilized in the new centainment heat
ioad calculations was taken from the DEPS LOCA containment
integrity calculations (maximum and minimum safety injection).
However, tune new containment heat load calculations are different
in that the heat removal rates via the RCFCs and the RHR system
were maximized to determine the limiting heat load on the ulti-
mate heat sink. The performance of the RCFCe was recalculated tc
bound maximum expected essential service wuater flow rates and air
flow rates. The masts and energy release rates were adjusted to
incorporate RHk heat removal rates during recirculation.

The decign basis reconstitution maximized the accident unit
containment heat ioad to the UHS by:

’ Postulating scenarios with four RCFCs and either one
or two CS pump(s) operating

. Assuming higher essential service water flowrates to
the RCFCs

. Assuming higher air flowrates to the RCFCs

¢ Assuminy earlier switchover to Containment Recircula-
tion phase aad correspondingly earlier RHR heat loads
with twe CS Pumps operating, consistent with the
design of ECCS recirculation.

The tour RCFCs/two CS pump cace, in combination with the other
changes, results in greater LOCA unit Containment integrated heat
loads of approximately 25% for the first two hours after accident
initiation and an increase in LOCA unit Containment peak heat
load from 512 to 830.8 MBTU/hr. This case results in
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the maximum integrated heat load during the critical period for
base temperature. These increased heat loads were used for
cunservatively evaluating UHS Tower performance and do not affect
previous UI'SAR Chapter 6 containment analyses. The four RCF(Cs/
one C8 pump case also results in greater LOCA unit containment
integrateda heat loads of approximntnl¥ 25% and an increase in
LOCA unit containment peak heat load from 513 to 841.6 MBTU/hr.
Although the integrated heat loads for this case were slightly
lower than for the 4 RCFC/2 CS pump case, this case resul*s in
the highest peak heat load. See Figures 9.2-30 and 9.2-3. for
the containment response for the 4 RCFC/2 CE pump case.

9.2.5.3.1.1.2 §gteady State Tower Performance Analysis

Essential service water cooling tower performance was calculated
Lased on essential service water flow values, heat loaus, and
ambient wet-bulb temperature. Results of thi- .leulation give
thermal performance as a function of temperature input and flow
and then provide an essenti-]l service water output temperature.
An essential service water cooling tower performance curve is
then generated from the temperature parameters. This curve is an
input to the basin calculation which develops a basin temperature
protile as a function of time.

9.2.5.3.1.1.3 Time Dependent Basin Temperature Calculations

These calculations predicted the basin temperature using a tine
dependent two cooling tower model.

The time dependent feature of the mocdel was developed to account
for the transient nature of the LOCA heat load. For example, the
containment analysis for the 4 RCFC/2 CS pump case #howed a LOCA
unit containment peak heat load of 830.8 MBTU/hr at 45 seconds
and an average heat load of approximately 450 MBTU/hr for the
first hour after :he accident, At two hours into the LOCA the
heat load has ducreased to approximately 260 MBTU/hr and
continued co decrease. The calculations used the time dependent
total heat loads to determine the amount of heat added tc the
essential service water system,

The two cooling tower models were developed to provide the
capability to model differeat flow and energy (heat load) going
to each of the cooling towers. The flow to 2ach of the cooling
towers could be siqniticantly different under different accident
scenarios. Depending on the scenario, the energy transport

2:8%JEC REVISION 4 - DECEMBER 1992



BYRON-UFSAP

also considered the distribution of miscellaneous heat loads.
Cooling was assumed to occur only for cells with fans running at

high speed.

9.2.5.3.1.1.4 Cong’ision

The ultimate heat sink design basis reconstitution cencluded that
the design accident analgnca and operation have been deturmined
to be consistent with all relevart Regulatory Guides and
standarus committed to in the UFSAR. The capability of the
ultimate hieat sink to perform its safety functions has been
verified. The analyses performed have shown that essential
gervice water cold water basin temperature does not exceed 100°F
during normal and potential accident condations.
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9.2.5.3.1.2

The ultimate heat sink can withstand combinations of events

less severe than the design-hasie events discussed abevein
Subsection 9.2.5.3.1.1. The gimultaneous occurrence of a
500-year seismic event with the 100~year 30~-day duration drought
is discussed Lelow.

The 30-day 100-year recurrence drought flow at the intake is
739 cfs (Table 2.4~15). The corresponding water surface eleva-
tion at the inteve with the Oregon Dam in place is 670.6 feet.
The invert of the intake is at elevation 663.5 feet; thus, a
water depth of 7.1 feet is available.

A 500~year seismic event at the site corresponds to a maximum
horizontal ground acceleration of 0.05 g. The assumption of a
failure of the Oregon Dam subject to this level of ~eismic load-
ing is extremely conservative., However, if such a failure is
postilated coincident with a 30-day 100-year recurrence

drought, the water surfac elevation at the intake would be 665
ioet providing a depth of 1.5 feet of water on the floor of the

ntake.

A ‘mplified evaluation of the seismic resistance of thae Oregon
Dam was made uain? data from Reference 1. The lateral resist~
ance of sheet piling, liquefaction potential of the subsurface
sand (, .ference 2), and the stability of the dam were evalu-
ated. On a conservative basis, it was (etermined that the dam
can sustain a maximum horizeontal ground arceleration of at
least 0.1 g without failure.

From data presented in a recent study by Dames and Moore (Refer-
ence 1), it 1s estimated that an earthquake having a maximum
acceleration equal to or greater than 0.1 g is about 0.3 x 107
per year. Hence, the probability of occurrence of an earth-
guake causing failure of the Oregon Dam is muc* less than 1/500.

1t is estimated that the Rock River water temperature would be
iow encugh for ice formation and accumulation, at most, for 2
months of the year. Therefore, the probablility of not having
the Rock River provide makeup water during a 30-day 100~-year
irought coincident with an earthquaxe having a maximum accelera-
tion of 0.1 g would be no greater than:

P = (0.3 x 107%) (1/100) (2/12)
= 5,0 x 1077 occurrences/year

Blockage of the intake structur.. by sedimentation is not ex=-
pected to be a concern as discusaed below.

The Rock River is a stable river and past experience (see Sub-

section 2.4.2) of nearby industr es along the viver indicates
that sedimentation and blockage of intake with sediment is not
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a concern. The intake is located about ) miles upstream of the
Oregon Dam and any significant sediment deposition takes place
near the dam anc not at the intake,

The lowa Institute of Hydraulic Research measured sediment con-
centration at the intake (Reference 4). The bed icad at the
intake mainly consists of fine sands. The particle size distri-
bution is fairly uniform with a d;; = 0.4 mm. The suspended
sediments are entirely in the fine silt to clay particles size
range. Ninety percent of the suspended sediment is finer than
0,062 mm Table 9.2~14 provides suspended sediment concentra-
tien at the intake.

The U.S. Geological Survey (USGS) has published suspended sedi-
ment data for the Rock River at Joslin for the water years
1975=-1979, The drainage area of the Rock River at Joslin is
9549 square miles.

About 90% of the sediment carried by the river constitutes sus-
pended sediment and it is kept in suspension due to the turbu-~
lence of the river and thus will not deposit and cause blockage
of the intake. Since the Rock River is considered to be stable
and does not meander in the vicinity of the intake, blockage of
the intake wilh bed load is not probable.

9.2.5.3.1.3 Ice Buildup
Estimate~ of ice buildups on the Rock River are discussed below.

There is no data available regarding ice thickiess on the Rock
River. USGS indicated that the maximum thickness of ice ob-
served at the discharge measuring stations at Rockton, Byron,
and Como was 1.9 feet during the 1978«79 winter which is one of
the severest winters of record,

The thickness of ice on lakes can be predicted by using the fol-
lowing equation (Reference 5):

h, = L (1.06 «5)

i
whevre:
h; = tre ice thickness in inches,

L = the coefficient of snow cover and location
conditions

wr
H

the accumulated degree~days since freezeup,
based on °F below freezing.

L= 0,75 to 0.65 for med um siz lakes with moderate snow
rover. Average annual snowfall at the Byron site is a«bout 28
inches. Hence, L is taken at 0.65. The average annual freez-
ing degree~days at Rockford, Illinois are 1123°F-day. The win-
ter year 1976-~1977 was the coldest year on record in Northern
Illinois, The corresponding freezing degree-days at Rockford
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were 1727°F-day. The above equation gives the thickness of ice
covar for a lake at 23 inches during an average year and 29
inches for the coldest vear (1976-1977). However, these values
are for a lake and not directly applicable to rivers. For
rivers, the flow resistance reduces the thickness of the ice.
Freezeup starts in late November and reaches a maximum in
March. Based on historic flow data, minimum flow occurs during
August~September. During winter, the tlow gradually increases
from November to March, The minimum monthly flows and the aver-
age monthly flows at the intake based on the recorded flow data
at Com. gauging station are given in Table 9.2-16.

From the abeve discussion, it is clear that ice (maximum thick~
ness ie 29 inches) does not block the irtake since the depth of
water availaole is 7.1 feet under 30-day 100-year low flow con=-
ditions.

9.2.5.3.1.4 Frazzle Ice

Frazzle ice is a term referring to small ice particles whic'

may form at the water surface if the air temperature is guita

low and the mixing and conductivity of the water is insuffi-
clent to prevent a-eiight -supereooling-offreezing at the water
surface. Based on operating experience, frazzle ice is not
expected to affect the operation of the river intake at the Byron
Station. If ice forms on the intake bars, the trash rake may be
operated to remove the ice.

Ice and sediment cannot block the intake because of the avail-
ability of the 7.1 foot depth of water., The probability of the
dam failure during the 30-day 100-year recuirrence drought and
in the winter months is very low., Even in the case of no flow
in the Rock River, the Oregon Dam will maintain a water depth
of 6.75 feet vver the invert of intake (the crest of the Oregon
Dam is at 670.2%5 feet and the invert of intake is at 663.50
feet).

9.2,5.3.2 Essential Service Water Cooling Towers

An analysis of the effect of multiple tornado missiles on the
essential service water cooling tuwers has been performed.

The focllowing components of the essential service water cooling
*owers areé unprotected from ternado missiles:

a. fans,

k. fan motors,; and

¢. fan drives.
An analysis of cooling cower capacity without fans has been
ade, Using the most conservative design conditions, it is pre-
wilted 1f the plant is shut down under non-LOCA conditions with

loss ol offsite power, the temperature of the service watasr sup-
plied to the plant will not exceed 110°F, Although this
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exceeds the normal maximum temperature of 100°F, no adverse
impact on safety eguipment will result.

1f all fans are inoperable, additional coeling can be achieved
by blowing down service water using the strainer hackflush

system and introducing makeup water (approximately S5°F) from

the onsite wells which are provided with a safety-related _ower
supply. This would reduce the predicted maximum supplied ser-
vice water temperature to approximately 105°F,

The analysis assumed no wind, /8°F wet bulb temperature, con=
gervative plant coolin? loads (normal shutdown loads for both
units plus diesel cooling loads), and a maximum initial service
water temperature. 1In reality, the wind velocities and reduced
wet bulb temperature which could be expected in conjunction
with weather conditione which produce tornados would insure
that the service water temperature would remain below 10U°F.

Tornadc protection has been provided for the exposed supply pip-
ing to the cooling towers.

Ice formation on the fill during celd weavLher operation 1f ana-
lyzed bLelow:

A Category I temperature controller is provided to actuate each
of ‘wo bypass valves per tower during winter operation. When

the :wmperature of water in the basin drops to &24Fa predeter-
mine . value, the bypass valves open, diverting water from the
cooling sectioun to the cold water basin, When the temperature of
water in the basin increases to 384¥Fa predetermined value, the
bypass valves close.

Computer code TODTBM was utilized to verify that the basin tom-
perature does incruase frc~ 50°F to 80°F, Under -25°F ambient
conditions, the length of .ime required is 12.7 hours msxémum
under minimum refueling heat load conditions of 11.0 x 40
Btu/hr. Under extended hypass operating conditions, the great-
est potential exists for vapor rising from the cold water basin
and condensing on the fill, The maximum ice formation rate
would be 0.1019 lb/sec for one tower, which would over a
13=hour p ried, result in an ie thickness of 0.15 inch on che
lowest row of fill. However, each pound of ice that forms on
the tile fill releases 144 Btu which tends to increase the tem-
perature of the tile, and in addition the tile absorbs heat by
radiation fror the spéf-te-—788Fwater in the basin. It is,
therefore, doubtful that any ice will form on the tile fill.

The wind speed across the basin was assumed to be at an ambient
average of 10,7 mph in arriving at 12,7 hours of continuous
bypass operation. By comparison, a 4.2-mph wind speed results
from operation of the fans at half speed. It is, therefore,
contluded that if the fans are inadvertently left operating
under minimum ambient temperature conditions concurrent with
minimum refueling heat load, 12.7 hours of operation in the
bypass mode is not exceeded.
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when the fans are operated at half speed, alr flow into the
tower (i.e., across the basin) is 391,475 c¢fm per cell which
resulte in a velocity across the basin of 4.2 mph., At full
speed, the airflow is 782,950 cfm resulting in a velocity

across the basin of 8.4 mph. The average ambient wind speed of
10,7 mph is therefore greater than the velocity produced by run-
ning the fans at rated speed, The critical wind speed derived
from Ryan's equations is the wind speed at which the heat dissi-
pated is egqual to the heat added. The critical wind speed for
=26°F ambient air and 0 psia ambient vapor pressure was found

to be 137 mph at 40°F basin water temperature and 109 mph at
50°F bisin water temperature The maximum wind speed recorded
at Rockford airport for the 1950-1970 period is 46 mph.

Inasmuch as the faneg occupy only 36% of the total projected
area above the drift eliminators, it is concluded that adequate
cooling can be obtained frorm the remainder of the tower should
a heavy snowfall occcur. Moreover, a maximum snowfall of
record, 44.8 irches during December 1909 through January 1910,
world produce a loading of 70 ib/ft® which is well within the
load carrying capability of the drift eliminator and its sup~
ports.

The design snow load of 104 1b/ft? from Subsection 2.3.1 is
clearly for roofs of safety-related structures. A roof is a
relatively flat receptacle for falling precipitation whereas
the plastic angular drift eliminators are sheltered by 11 fan
blades per cell, and to a lessar extent by the velocity
recovery stacks. Thus, 70 1b/{t‘ is a conservative design snow
load for the drift oliminators.

tailure of the nonseismic blowdown line would not affect the
ability of the cooling towers to perform their safety function.

The portion ¢f the line that is nonseismic delivers blowdown

from the essential service water coolirg towers to the natural
Qraft cooling tower cold water flume., 'The valve ie-deeckedremains
in a position to maintain water chemistry during normal operation
30 that scale does not form on heat transfer surfaces. The ex-
pected setting would be for approximately 250 gpm of blowdown
from each tower, In the event of failure of the downstream pip-
ing, n¢ significant increase in blowdown will occur.—bnder
poat-LOCA - evaperative  sonditions, the blowdewn from each tower
wortia e - increased - somewhat due to the higher heat load on the
towers

Under worat case evaporative (oss conditions of F64F wet buth;
FHAF-dry-buath for-a-S-hour-period—(Fut e, 1954 and F3EF ,
. ‘wet - buth, 56,5 4F average dry bulb for a 2é4-hour peried h
{daly 18,1654 ) the poataccident evaporation, blowdown, and
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1060 ppm total disselved soltds in the cold water basin and
hoat-fo&oe¥+9n~eone§nuouoiymae—%he~pos%—beehuf@t.—@%—sse-u—ie—
Reurhrs

Worst—24————Weoret 3~

evaporation-rate; —gpm ———— 838 yé-— ~1092+4
bilowdown rate, apm Sed.H BRGR Rt
makeup rate, apm RS T RR 19388

Fhe worat case evaporative lrosa for a-jo-day period ie 3633
gpm

B24F wet bulb-fer 3 hours on Jduty 30, 1961 would have resuited

Lﬂ—a~oo+d—unte1weat4cg:::nporeeufo-o%«9¢76*¥;ee—o—hoe%—rt§oe-
tion ri e of 5806 % 16 wihr based upon predicted tower per—

formance eurves

Meteorological data for worst case conditions is presented in
Subsection 2.3.1.

The cooling tower—therefore; is adequate for all worst case
meteorological conditions concurrent with a loss-of-cooling
accident sn-one untt whilte the-other unit s peing safely-ohut
downrcoincident with a loss of offsite power .f one unit and the
concurrent orderly shutdown and cooldown from maximum p..2r to
cold shutdown of the other unit using normal shutdown operating
prggoduro:. The accident scenariuv aiso includes a single active
tailure.

9.2.5.,3.3 Category 1 Essential Service Water Makeup System

The capability of the essential service water makeup pumps to

function under low Rock River level conditions is discussed in
Subsection 9.2. .2, An analysis of the ability of the ulti-
mate heat sink tc functlon during flood conditions coincident

with a loss of offsite power has bcen performed.

The combined event flood coincident with maximum wave runup
will have an elevation of 703.39 and an annual probability of
1.0 x 1075, The engine is mount. ! on its subbase at elevation
703 feet 8 1/2 inches and the en. ne shaft centerline elevation
is 705 feet 4 inches. It is anticipated that the latter ele-
vation would be limiting under flood conditions. There is
approximately 2 feet of nargin between the combined event plus
maximum wave run up elevation and the elevation at which the
engine would stop. Battery and engine starter elevations will
be approximately 705 feet 4 inches,

The engine-driven essential service water makeup pumps will
automatically start and continue to operate regardless of
whether offsite power is available or not.
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9.2.5% Ultimate Heat Sink
9.2,5.1 Design Basis

The condenser water cooling facility at Braidwood Station is
referred to as a cooling pond rather than as a cooling lake.
Thie is consistent with the definition of “"pond" in EPA
Effluent Guidelines and Standards for Steam Electric Power
Generation, 40 CFR 423, Section 432.11, which became effective
in 1974,

The Braidwood Station's ultimate heat sink consists of an

excavated essential cooling pond integral with the main
Praidwood cooling pond. The excavation is made such that the
esgential pond remains intact in the event of failure of the
Category Il retaining dikes impounding the main coeling pond,
Thus, the essential pord does not depend upon man-iiade struce
tural features for retention so that redundancy, per criteria,
for ultimate heat sinks for nuclear power plants is not
regquired,

of —ane reactor—containment fan-cooter and one reatrdaal heat
removal-heat—exehanger -as a -funetion—of -time.—Figure 9.2-7 shows

the combined heat rejection rate versus time for the unit

undergoing post~LOCA cooldnwn, plus heat rejection rate versus

time for the unit undergoing safe shutdown., The LOCA unit

containment heat load was maximized to determine the limiting

heat lcad to the ultimate hcat sink. Refer to Byron Section |
©,2,.5,3,1.1.1 for additional discussions of the containment heat
load calculations. Figure 9.2-8 shows area and volume versus
surface elevation in feet for the essen-tial cooling pond. The
maximum operating ievel of the escential cooling pond 1is assumed
to be 590 feet above mean sea

level, at which point it loses communication with the main
cooling pond.

9.2.5.2 §System Description

Under normal circumstances, the essential cooling pond is
indistinguishable from the remainder of the Braidwood cooling
pond. The essential cooling water intakes and discharges are
arranged, however, to extract water from and return water to
the cooling pond in that portion which would become the essen-
tial cooling pond, should failure of the Category 1I cooling
pond retaining dikes occur.

The substructure of the lake screen house, which houses the
essential service water intakes, is designed as a seismic struc-
ture. Postulated failure of nonseismic porticns of the structure
and esquipment will not affect the intakes due to the location of
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the intakes awsy from any such structures and equipment. In
addition, the intakes are protected by concrete enclosures
protruding above the top of the mat. The three
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5, Flow balancing valves are pruvided to initially
balance the system. Pressure indicators are
provided on the suction and discharge lines of
the heat exchange colls. Temperature wells are
provided at many points of the system to mea-
sure the water temperature, if desired.

9.2.8.3 Safety Evaluation

The station heating system is a non-safety-related system. Gee
Table 9,2-10 for system failure analysis.

9.2.8.4 Testing and Inspection

All equipment is factory inspected and tested in accordance
with the applicable specifications and codes. During various
stages of construction, field inspections are made of the
equipment. Component demonstration tests are performed on the
system,

The equipment manufacturer's recommendations and station
practices are considered in determining required maintenance,
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TABLE 9.2~1

LOSS~OF~OFFSITE
| 1TEM NORMAL  LOCA  POWER OR SHUTDOWN
|
i Diesel-generator coolers ¥ X%

, Containment fan coolers X 425 X fAiPre X {2y

: Component cooling heat X 43 X 4 X {124

: exchangers

| Diesel~ and Motor-driven X or-6 X or-@
auxiliary feedwater pump
lube o0il coolers

| Diesel=-driven auxiliary X or-o X oro
feedwater pump cubicle

; coolers

| Diesel~driven auxiliary X oro X or-6

|_ feedwater pump diesel

; coolers

| Essential service water X X X

| pump lube o0il coolers

I

| Essential service water X X X

‘ pump cubicle coolers

! Centrifugal charging X ok X

' pump cubicle coolers

:

f Centrifugal chacsging pump X X X

[ eil coolers

L

| Posgit: displacement charg- X

§ ing purp cubicle cooler

% safety injection pump X

i cubicle coolers

l safety ir’. tion pump oil X

[ coolers

b Containment spray pump X

cubicle coolers

iFaaeéiorméifse—ae—n&nuecs«ehen—av
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TABLE 9.2-6 HAS BEEN INTENTIONALLY DELETED
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TABIE- 9 2~11

ESSENT EAL SERVICE WATER
CURICLE CODLER DESIGN FLOW RATES

A PUME- LB PUMP
Bafety-inteetion Punp — - 45-gpm- 45 gpm
Benee ~ERArging-Punp—— O-gpm——66-gpm
FB-Chary rng-Pump———————e-gpn

| e
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I TABLE 9.2-11 (Cont'd)
|

| Notes:

ﬁ 1. 8X flow to the CC Heat Exchanger is manually throttled between 5,000 to

| 20,000 gpm,

’ 24 m‘ Spent Fuel Fit Pump Cubicle Cooler is served by the "B" 8X train.

3. The Pos. Disp. Pump Cubicle Cocler is served by the "A" §X train.

| 4. Contrel Room Refrigeratiun Unit flow varies automatically in response

’ to condenser load. The Control Room Refrigeration Units are served by
the Unit 1 8X systenm.

] 5, The Primary Containment Regrigeration Units are in series with the
RCFC SX water coils. Flow varies automatically in response to

| condenser load.

£

|

|

|

I —

e e R
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TABLE 5.2-16

SINGLE FAILURE ANALYSIS JF THE ULTIMATE HEAT SINK

Component Failure — Comments and Consequences

Containment spray pump Failure to opeca'e A minimum of six cells will remain

{accident unit) available to limit tower ) asin
temperature below 100°F.

Essentia’ service water Failure to start A minimum of five cells will

tower fan remain availabie to limit tower
basin temperature below 100°F.

Emergency diesel generator Faillure to start Dies=l generator failure results

in a reduced rate of heat input to
the uitimate heat sink. A minimum
of four cells will remain
available to limit tower basin
temperature be' w 100°F.

Essential service water Failure to operate A minimum of .x cells will remain
pump {accident unit) available to limit tower basin
temperature below 100°F.

Note: Alil single failure analysis cases conservatively assume two cells initially out
of service in addition to the subject single failure.
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