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June 15, 1984

Mr. Mel Silberberg

Accident Source Term Program

US Nuclear Regulatory Commission
Washington, DC 20555

Dear Mel:

Some time ago Irv Spiewak, partly at my urging, requested information along
the following lines. I repeat the request and would appreciate having the
information sent to me directly just as soon as possible.

We are interested, in general, in determining how well the various
calculaticns can keep track of the water in the system. In order to do so, we
must know where the initial inventories are and how large they are.
Accordingly, the following would be most helpful.

A simple block diagram (per reactor type) is needed that will show:

l. Volume of Water

2. Mass of Water

3. Pressure of Water

4., Normal Temperature of Water

in each of the reservoirs, including the reactor vessel, that are connected to
the reactor vessel. The paths of connection should be indicated on the diagram
(i.e. via pumps or gravity or whatever).

Thus, we are interested in knowing how much water may be available through
one or more of the ECCS systems. We wish to know at what pressures they
operate. We want to know how much water can be made available by spravs,
supression pools, ice baths or whatever other engineered safety system may be in
place.

In addition, it would be nice to know how water is distributed between the
reactor vessel, the pressurizer (for PWRs) the coolant loops and thke steam
generators (for PWRs) under normal operating conditions. It might even be
helpful to know how large the steam (vapor) bubble is in the pressurizer under
normal operating conditions.

In other words, we would much appreciate having a concise, but complete,
aqueous description of the plants (2 PWR and 2 BWR) that we have been looking
at. Then, should anyone ever ask, “where's the water?”, we will be able to
answer without a moment's hesitation.

Sigcerely,
8507130244 850415 ::‘ - ot
P

FOIA
ALVAREZ85-110 PDR P. L. Auer

Professor

cc: R. Wilson = Harvard
I. Spiewak - Oak Ridge

/g€
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$%Battelle

Columbus Laboratories
305 xing Avenue
Columbus, Chio 43201
Telepnone 614 2+ha23
Telex 243434

July 2, 1984

Dr. Peter Auer

Upson Hall

Cornell University
Ithaca, New York 14853

Dear Dr. Auer:

Enclosed are the four additional figures that we discussed. If we
can be of further help, let me know.

Sincerely,

Richard S. Denning

Senior Research Leader

Nuclear Technology & Physical
Sciences Department

RSD:erc
Enc.

eseke, BC

P. Cybulskis, BCL
A. Wolford, BCL
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Accumulator

3ea @ 1450 113
(< 650 psig) P

Refueling Water

Storage Tank
1@ 46,788 3
Safery Injection i e——
Reactor Coolant System 2ea @ 400 cim
Operating Pressure: 2280 psig (< 300 psig)
Water Volume: 3718
—
— e
-
High Head Injection
3ea @20 cfm
(< 2750 psig)
Recirculation
s
Containment
Sump

PWR EMERGENCY CORE COOL!NG SYSTEM PARAMETERS (SURRY)



High Pressure
Coolant® injection

-~

Pt A

Condensate
Storage Tank

1@54,617 2

1@ 668 ctm
(< 1080 psig)
Reactor Core
Isolation® Cooling

1@ 826 ¢fm
(< 1135 psig)

Reactor Coolant System

Operating Pressure: 1020 '3
Liquid Volume: 11,852

h

Core Spray
2¢a €418 cfm
- % (< 210 psig)
el
g Low Pressure
' = Coolant Injection
4 ea € 1337 ¢ftm
(< 34.7 psig)
A A A A e
Pressure ‘L-B
Suppression
Pool (Torus)
1@ 136,000 3

*Pumps are turbine-driven by steam generated by decay heat.

BWR EMERGENCY CORE COOLING SYSTEM PARAMETERS (PEACH BOTTOM)



Approved before final typing by

P ybalskis ang 3. A, blesere. $%Battelle

Columbus Laboratories

505 King Avenue
Columbus, Ohio 43201
Telephone (514) 424-6424
Telex 24-3454 ’

June 15, 1984

Or. Peter Ayer
Cornell University
Ithica, New York 14853

Dear Or. Auer:

[ was asked to prepare a response to your letter to Mel Silberberg of
May 26, 1984, in which you requested illustrations and geometric detail
for PWR and BWR systems. Since design drawings and safety analysis re-
port information are usually provided in English units, we have chosen
to use them in our response. The data that we have provided to you
come from safety analysis reports and supplementary information sub-
mitted to the NRC during plant licensing (provided by Walter Pasedag
of the NRC). None of the data that I have included is proprietary,
although we have used proprietary data to perform the analysis in
"Radionuclide Release Under Specific LWR Accident Conditions", BMI-
2104. You may use the data presentec nere as you wish. Data for the
Surry plant are presented as representative of the PWR design and for
the Peach Bottom plant as representative of the BWR design. With re-
gards to the reactor cooling system geometries, the differences within
the PWR plant class and within the BWR plant class are relatively minor.
The containment layout can, of course, differ substantially.

In particular, we have attempted to explicitly address the follewing in-
formation needs which were requested in your ‘etter:

System layout

Normal operation coolant flow paths

Major component descriptions

Pressure vessel internals

Fuel assembly data and core loading arrangement
Emergency core cooling system diagrams.

we have tried to order the figures in logical sequence. Table 1 identifies
the figure number with its informaticn content. We have also presented the
volumetric data and the water inventory under norral operating conditions
as requested.



Dr. Peter Auer 2 June 15. 1984

[f after you have reviewed this information You need some addition: data or
if some discussions would be helpful, please feel free to call me at (614)
424-7510.

Sincerely, =t

7

~Richard S. Dennihg
Senior Research Leader
Nuclear Technology & Physical
Sciences Department

RSD:erc

Enc.
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SUMMARY DESCRIPTION

The direct cycle boiling water reactor nuciear system
(Figure 1-1) is a steam generating system consisting of a
nuclear core and an internal structure assembled within a
pressure vessel, auxiliary systems 1o accommodate the
operational and safeguard requirements of the nuclear
reactor, and necessary controls and instrumentation.
Water is circulated through the reactor core, producing
saturated steam which is separated from recirculation
water, dried in the top of the vessel, and directed 10 the
steam turbine-generator. The turbine employs a conven-
tional regenerative cycle with condenser deaeration and
condensate demineralization.

The steam from a boiling water reactor is, of course,
radioactive. The radicactivity is primarily N-16, a very
short-lived isotope (7 seconds half-life) so that the radio-
activity of the steam system exists only during power
generation. Extensive generating experience has fully
demonstrated that shutdown maintenance on a BWR
turbine, condensate, and feedwater components can be

STEAM

,- 82.

{
{

H
performed essentiall ; at a fossil-fuel piain Aty Oyer
of longlived radicactive particles from the Lrmge,
system to the turbine/fecawater system is virey,)y,
noncxistent. More than 300 billion kWh of successty)
operating experience and numerous refueling and main
tenance outages in plants using this direct-cyele
approach support the soundness of General Electric’s
choice of the BWR.

The reactor core, the source of nuclear heat, consists
of fucl assemblies and control rods contained within the
reactor vessel and cooled by the recirculating water
system. A 1220-MWe BWR/6 core consists of 748 fuel
assemblies and 177 control rods, forming a core array
about 16 feet in diameter and 14 feet high. (See Sec-
tion 3 for detailed description of the BWR core.) The
power level is maintained or adjusted by position:ng
control rods up and down within the core. The BWR
core power levei is further adjustabie by changing the
recirculation flow rate without changing control rod
position. This unigue BWR feature helps achieve the
superior icad-following capabiiity of the 8WR.
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CONTROL ROD DRIVE HOUSING SUPPORT

The control rod drive housing support is an engi-
neered safeguard designed to prevent a nuclear transient
in the highly unlikely event that there is a control rod
drive housing faiure. This device consists of a beam
structure, from which housing supports are suspended,
located below the reactor vessel. The SuUpports restrict
vertical outward movement of the control rod drive or
housing in the event of failure and are easily removable
for drive maintenance.

The control rod drive housings are aiso restrained
with respect to lateral seismic loadings by sets of adjust-
able spacer blocks (which are bolted to every other con-
wrol drive housing flange) and by a beam attached to the

reactor support pedestal.

Steam Oryer
L —————d

[] s

REACTOR WATER QEFIRCULATION .

The function of the reactor water recirculation yys
tem is to circulate the required coolant through the reue
tor core. The system consists of two loops externgyl 1o
the reactor vessel each CoNtainIng a pump with 4 directly
Coupled water-cooled (air-water) motor, a flow contrg!
valve, and two shutoff valves.

High performance jet pumps located within the reae
tor vessel are used in the BWR recirculation system. The
jet pumps, which have no moving parts, provide a con-
tinuous internal circulation path for a major portion of
the core coolant flow. The system was first incorporated
in the Dresden 2 plant design and since has been 3 stand.
ard part of the General Electric boiling wate: reactor,

Flow Path

The jet pump recirculation system (Figure 2:4) pro-
vides forced circulation flow through BWR cores.

The recirculation pumps take suction from the down-
ward flow in the annulus between the core shroud and
the vessel wall. Approximately one-third of the core
flow is taken from the vessel through the two recircy-
lation noizles. There, it is pumped at » higher pressure,
distributed through a manifoid to which & number of
riser pipes are connected, and returned to the vesse inlet
nozzies. This flow is discharged from the jet pump
nozzie into the initial stage of the jet pump throat
where, due to a momentum exchange orocess, it induces
surrounding water in the downcomer region to be grawn
into the jet pump throat where these two flows mix and
then diffuse in the diffuser, to be finally discharged into
the lower core plenum.

ver Pump Recirculation Sysrem




§4.3

“The jet PUMD ditfysers are weided into openings in Jet Pump Avplications in BWR;s
the core shroud Support shelf which forms 3 Barrier
between the iower plenum ang the suction 5ige of the jer The jer PUmMpDs are locatea in the annular regior
Pump. The flow of Water turng Ubward, where it flows between the core shrougd and the vessel nner wal
between the control rog grive guide tubes ang enters (Figure 2.5 Each pair of IfT PumDs is suppiied Qriving

INto the fyel SUPpOrt where the flow s Individually
directed 1o ®3ch fuel bungle INrough the nose Diece. |
Orifices in each fye Sunport piece provide the desired '
flow distribution among the fye) ssemolies. The coolant
water passes along the ndividual fuel rods inside the fyel
I where it is heated ang becomes , two-phase,
steam-water Mixture. The steam-water Mixture enters a
plenum locateq directly above the core ang bounded by
the separator dome which Opens to the $eparator array
of fixed steam Separators. The Steam is separateq from
the water and passes through » dryer where any remain.
water is removed. The Sdturated steam leaves the /

0L DOCwN
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/—§“|?

———— T
NOIILE AssEme, v

)‘ e —— MESTRAINg g
E - AnO

flows downward in the NNulus between the core shroyug

drain lines, jcins the water leaving the $eparators, ang /
i
| ,

nd the vessel wall. Feeawater s 4dded 1o the system | o— T
through $pargers iocateq above the annyiy« and joins the [
downwarg flow of water. A portion of this downwarg - aen
flow enters the jet pumps and the femainder exits from ,
the vessel a5 recirculation fiow. &‘ |
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INITIAL FUEL DESCRIPTION

Fuel Assembly
Number of Fuel Assemblies per Batch ..

Fuel RO APTBY .....cocvrrermnisesssassmssssnsanns
Fuel Rod PIER, iMoo

Peripheral-Rod-to-Channel Spacing. in.
1/2 Width of Wide Water Gap, in...........
1/2 Wigth of Narrow Water Gap, in ........
C1adding LONGIN, iN .....ovevvvvvuvrssssssasnsenass

Bundle Average Enrichment
(wt % U-235 in Total U).oocrninnnnnninnnes

Control Augmentation

Control Length, in ...
Control MAtENAL.........covimmremmmmsisnsessaisses

LOCRUONS...c.ccinvremrirmmmsiinmsmssrsssssrannisersasenss

Weight of U per Fuel Assembly

Channel

Outside Dimensians, iMoo
TRICKNGSS, N ....ovsenreirissrusrssssassssassnrsssssassss
Inside Cornur RAGIUS, IN...comvimmmnne oo
MBIBPIBL...corveciresinsssnsmssrssssssssnsssssassssssssnesses

Water-U0, Volume Ratio (cold) ............

Type 1

168

7x7
0.738

0.1435
0.375

0.188
160

1.10

NONE

Type 2

263

7x7
0.738

0.1435
0.375
0.188

160

2.50

Fuel Rocs
Containing Gd,0,
4
144(3). 80(1)
30 wt .. Gd,o,

In Fue! LaTice

4124
187.°

54381 5438
0.0
0.38
paS

BS53

Type 3

7x7
0.738

0.1435
0.375
0.188

160

2.50

Fuel Rods
Containing Gd,0,
5
144(3), 108(1), 361
3.0 wt % Ga,0,(3
40 wt% Gd,o;(z,

In Fuel Lattice

412
186.9

£438 x 5478
0.080
0.38
Z2r-4

2.83



FUEL ASSEMBLY DATA

Initial Load

Assemply Type 2 3
No. of Assemblies, Initial Core 263 333
No. of Assemblies, Cycle 2 261 315

7x7 7x7
Assembly Pitch, in ' 6.0 6.0
Fuel Rod Pitch 3 0.738 0.738
Fuel Rods per Assembly 49 49
Instrument Rods per Assembly 0 0
Water Rods per Assembdly 0 0
Burnable Poison Positions 4 5
No. of Spacer Grids 7 7
incone! per Grid, ID......ccunmieineinanns | 0.102 0.102
2r-4 per Gnd, Ib ; 0.537 0.5837
Spacer Width, in 1.625 1.625
Assembly Average Fuel Compasition

Ga,0,, gm 441 547
U0 B crsomemmseisesmimmpissmavissvss soviosas } 212.21 212.06
Total Fuel. kg : 21265 212.61

80 Assemolies channeied with 0 100 incn thick channets. 8 with 0.120 inen thick channeis
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Figure 40.  Reactor Primary System Weights and Volumes (Continued)
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Notes About Auer's Request
for Technical Data

[ suspe=® that Dr. Auer would Tike tc estimate the reactor thermal hydraulic
conditions to see how they compare to the BMI-2104 results and with his intu-
ition. He seems to want data presented so that he can concentrate on his
thoughts rather than on the estimates themselves.

Some, but not all, of the data is in the BMI-2104 reports. However, other data
are needed for simple hand-done estimates. Given what is in the BMI-2104
reports and Dr. Auer's ietter requesting thermal hydraulic data, ! rephrased
some of his statements.

Item 1: I believe that the term "control volume" is being used to encompass
several notions; one, as a qualitative way of dividing the hardware areas

for calculating; two, as a quantitative way of describing the hardware areas.
Table 1 illustrates some of the data that is necessary.

Item 2: Both pictorial diagram and simplified schematic diagram wouid be
useful. Describe the complete flow (including return 1ines) through the
hardware during normal operation and emergency operations.

- Reactor coolant system
- Emergency core coolant
- Pressurizer

- PORV

- Surge Tank

- Suppression pool

- Auxiliary storage tanks
Reactor cavity



Include the PORV setting(s)
the initiation signal for the accumulators

Item 3: Describe the dimensions of the vessel internal including the
following information:

- Internal volume

- Downcomer volume

- Lower plenum volume

- Channel volume

- Core volume

- Upper plenum volume

- Pressure

- Temperature of the fuel at the pellet core
- Temperature of the fuel at the pellet periphery
- Temperature of the coolant

- Void fraction

Other data needed to precisely but simply describe the vessel internals.

In his letter, Dr. Auer asks for precise data in a consistant manner. By
“precise,” I assume he means data at an appropriate level of detail for hand-
done calculating; too much data or too few data is unacceptable. This will
require anticipating his calculations without judging the usefulness of them.
By "consistent," I assume that he has two notions; a given datum should appear
where ever appropriate in describing the systems; a single set of units

should be used (time, °C, cubic meters). Consistent units should be used not
only for a given datum such as temperature but also to make datum compatible
with one another.

Attached are the following:

(1) Auer's letter.
(2) Simplified schematics of the type that may be useful to Auer.



-

Table 1: A suggested format for consistantly presenting numerical data.

Pictorial diagrams may also be useful.

Water Volumetric Linear
Volume Inventory Velocity Velocity
Primary System
Steam Generator
Secondary System
Accumulator N/A N/A
discharge line
RWST N/A N/A

discharge line
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TABLE 5.1-1

SYSTEM DESIGN AND OPERATING PARAMETERS

Nominal operating pressure, psig

and surge line, cu. ft.

Pressurizer Spray rate, max. gpm

Pressurizer heater capacity, kw

NSSS Power MWT
Reactor Power MWT

Thermal Design Flows, gpm
Active Loop
Idle Loop
Reactor

Total Reactor Flow, 1081b/hr
Temperatures, °F
Reactor Vessel Qutlet

Reactor Vessel Inlet
Steam Generator Qutlet

Steam Generator Steam
Feedwater
Steam Pressure, psia

Total Steam Flow, 1051b/hr

nESAR-41

Total system volume including pressurizer

System liquid volume, ‘ncluding pressurizer
water at maximum guaranteed power, cu. ft.

Pressurizer relief tank volume, cu. ft.

4 Pumps
Running

3817
3800

97,600

390,400
144.74
623.8
559.8
559.5

$56.3
440.0

1100
16 96

5.1-13

2235

13,828

12,963
1050
2100
2100

System Thermal and Hydraulic Data
(Based on Thermal Design Flow)

3 Pumps
Running

2672
2660
103,900
36,000
275,700
102.80
613.1
$55.7
855.4

5544
401.0

1083
17.24

DECEMBER, 1973



TABLE 5.1-1 (Continued)

SYSTEM DESIGN AND OPERATING PARAMETERS

Flows, GPM
4 pumps running, each loop

3 pumps running
Active loop
Idle Loop
Reactor

System Flow Summary

Thermal Best Mechanical
Design Estimate Design
97,600 99,700 105,200
103,900 107,800 113,400
36,000 33,500 35,200
275,700 290,200 305,000

System Pressure Drops

(Based on 4-Loop best estimate flow)

Reactor vessel aP, psi
Steam generator &P, psi
Hot leg piping aP, psi

Pump suction piping 4P, psi
Cold leg piping 4P, psi
Pump head, feet

RESAR-41

54.5

43.4
1.9
3.5
1.9

328

5.1-14

OECEMBER, 1973



Coolant Flow

Total Thermal Flow Rate, 1b/hr

Effective Flow Rate for Heat
Transfer, 1b/hr

Effective Flow Area for Heat
Transfer, ft2

Average Velocity Along Fuel
Rods, ft/sec

_Average Mass Velocity, ‘lb/hr-ft2

Coolant Temperature

Nominal Inlet, °F
Average Rise in Vessel, °F

Average Rise in Core, °F
RESAR-41

144.7x10°

138.2x10°

51.1

17.2
2.71x10°

559.8
64.2
66.8

182.2x10°

135.8x10°

51.1

16.8

2.66x10°

5§57.3
59.7

62.3
DECEMBER, 1973



Thermal and Hydraulic Design Parameters

Average in Core, °F
Average in Vessel, °F

Heat Transfer p

Active Heat Transfer, Surface
Area, ftz

Average Heat Flux, Btu/hr-ft

Maximum Heat Flux, for normal
operation, Btu/hr-ft2

Average Thermal Qutput, kw/ft

Maximum Thermal Output, for normal
operation, kw/ft

Maximum Thermal Output at Maximum Over-
power Trip Point (118% power), kw/ft

2

Fuel Central Temperature (BOL)

Peak at 100% Power, F

Peak at Maximum Thermal Qutput for
Maximum Overpower Trip Point, F

Pressure Drop[c]
Across Core, psi
Across Vessel, including
nozzles, psi

[a] Using new densification model of Ref. 8U

[b] Without densification effects

RESAR-3
12* (Armend 5)(P]

$90.0
587.1

59,900 (59,700)(2]
189,400 (189,800)(2]

454,600 (474,500)(2]
5.43 (5.45)(2]

13.0 (13.6)[2.¢]

(15.2)02-¢]

3250 (3500)[2+4]
sa00 (3800)[2+€]

28.0+5.6

47.6+7.1

[c] Based on best estimate reactor flow rate as discyssed in Section 5.1.
[d] This limit is associated with the value of FQ = 2.50.

(e] "See Section 4.3.2.2.6
RESAR-41

4.4-7

e - -t - ————— . -

DECEMBER, 1973



TABLE 4.4-2

THERMAL -HYDRAULIC DESIGN PARAMETERS FOR

(, ONE_OF FOUR COOLANT LOOPS OUT OF SERVICE
Total Core Heat Output, MWt 2660
Total Core Heat Output, 105 Btu/hr 9079
Heat Generated in Fuel, % 97.4
(T Nominal System Pressure, psia 2250

Coolant Flow
Effective Thermal Flow Rate for

Heat Transfer, 106 1bs/hr 102.8
Effective Flow Area for Heat
Transfer, ft2 51.1
Average Velocity along Fuel
Rods, ft/sec 12.2
(j Average Mass Velocity, 108
1b/hr-ft2 1.92

Coolant Temperature, °F

Des ‘gn Nominal Inlet 988.7
Averaze Rise in Core 66.8
Average in Core 590.9

Heat Transfer

(: Active Heat '.ansfer Surface
Area, ft? 68,000
Average Heat Flux, Btu/hr-ftz 129,500
(: Minimum ONB Ratio at Nominal Conditions >1.70
Minimum DNB Ratio for Design and
Anticipated Transients >1.30

-

RESAR-41 . 4.4-72 DECEMBER, 1973
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REACTOR CORE DESCRIPTION

Fuel Assemblies

Number 193
Rod Array 17 x 17
Rods per Assembly 264
Rod Pitch, in. 0.496
Overall Transverse Dimensions, in. 8.426 x 8.426
Fuel Weight (as UOZ)’ 1os. 253,675
Zircaloy Weight, 1bs. 53,520
Number of Grids per Assembly 8 - R Type
Weight of Grids (Effective in Core) 1bs 2299
Number of Guide Thimbles per Assembly 24
Composition of Guide Thimbles Zircaloy 4
Diameter of Guide Thimbles (upper 0.450 I.D. x 0.482 0.D.
part), in,
Diameter of Guide Thimbles (Tower
part), in. 0.397 1.D. x 0.4290 0.D.
Diameter of Instrument Guide
Thimbles, in. 0.450 I.D. x 0.4820 0.D
Fuel rods
—Nu - 50,952
Outside Diameter, in. 0.374
Diameter Gap, in. 0.0065
Clad Thickness, In. 0.022%
Zircaloy-4

Clad Material



4.4.3.1 Core Hydraulics

4,.4,3.1.1 Flow Paths Considered in Core Pressure Drop and
Thermal Design

-

The following flow paths or core bypass flow are considered:

1. Flow through the spray nozzles into the upper head for head
cooling purposes.

2. Flow entering into the RCC guide thimbles to cool the control
rods.

3. Leakage flecw from the vessel inlet nozzle directly to the vessel
outlet nozzle through the gap between the vessel and the barrel.

4. Flow entering into the core from the paffle-barrel region through
the gaps between the baffle plates.



The above contributions are evaluated to confirm that the design
basis value of < 4,5% core bypass flow is met. This design bypass
value is also used in the evaluation of the core pressure drops
gquoted in Table 4.4-1, and the determination of reactor flow rates
in Section 3.1.

Flow model test results for the flow path through the reactor are
discussed in Section 4.4,2.8.2.

4.4.3.1.2 Inlet Flow Distributions

Data has been considered from several 1/7 scale hydraulic reactor
mode]l tests[47’ 48,55] in arriving at the core inlet flow maldis-
tribution criteria to be used in the THINC analyses (See Section
4.4.3.4.1). THINC I analyses made using this data have indicated
that a conservative design basis is to consider a 5 percent reduction
in the flow to the hot assembly.[56] The same design basis of 5%
reduction to the hot assembly inlet is used in THINC IV analyses.

The experimental error estimated in the inlet velocity distribution

has been considered as outlined in Reference [43] where the sensitivity
of changes in inlet velocity distributions to hot channel thermal
performance is shown to be small. Studies[‘3] made with the improved
THINC model (THINC-IV) show that it is adequate to use the 5% reduction
in inlet flow to the hot assembly for a loop out of service based

on the experimental data in Reference [47] and [48].

The effect of the total flow rate on the inlet velocity distribution
was studied in the experiments of Reference [47]. As was expected,
on the basis of the theoretical analysis, no significant variation
could be found in inlet velocity distributior with reduced flow
rate.

The éonservaiism of the 5% reduction in hot assembly inlet flow for
this plant will be verified by experimental data obtained in a 1/7
scale flow model test described in Section 1.5. Increased flow

RESAR-41 4.4-37 CECEMBER, 1973
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TABLE 5.5-3

STEAM GENERATOR DESIGN DATA

ODesign pressure, reactor coolant side, psig
Design pressure, steam side, psig

Design temperature, reactor coolant side, °F
Design temperature, steam side, °F

Total heat transfer surface/area. ftz
Maximum moisture carryover, wt percent
Overall height, ft-in.

Number of U-tubes

U-tube outer diameter, in.

Tube wall thickness, nominal, in.

Number of manways

ID of manways, in.

Design Fouling Factor, hr., sq. ft. °F/Btu

a. Boiler
b. Preheater

RESAR-41 5.5-62

2485
1285
650
600
67,000
0.25
71-6
4864
0.750

0.043

16

0.00005
0.00010

DECEMBER, 1973



TABLE 5.5-4

STEAM GENERATOR #ATER STEAM-SIDE) CHEMISTRY SPECIFICATION

Total Suspended Solids, max
( pH (normal operation) 25°¢
Free Caustic

Dissolved Oxygen

Chlorides, max.

‘\ Silica, max.

* Up to 600 ppm tor 4 weeks.

RESAR-41

Tctal Dissolved Solids, max.

5.5-63

125 ppm*

S ppm

9.0 to 10.5
Zero

Essential Zero
(Tess than
0.005 ppm)

75 ppm

S ppm

DECEMBER, 1973
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PRESSU

Control Valves

pressure, psig
Design temperature, °F
Jesign flow for valves full ooen,

Pressurizer Safety Valves

Number

"

AC
t S
Mo

-
4 c
L C

Maximun relieving capaci
Set pressure, psig

or

Oesign Temperature,

Fluid

Transient Condition, °F

8ackpressure:
Normal, psig
Expected during discharge, psig

Pressurizer Power

Relief Valves

Number
Design pressure, psig
Jesign temperature, °F
Relieving capacity a
Fluid

Transient Condition, °F

0 psig,

* Three power relief valves for D

RESAR-41

RIZER \

TABL

AV yr e
ALYED

each, apm

3
420,000
2485
650
Saturated steam
(Superheated steam) 680

rated flow, 1b/hr

3to5s
350

2'
2485
650
210,000

Saturated steam

1b/hr (per valve)

(Superheated steam) 680

-
|

lant wit

arge load decrease option.



Design Pressure, psig

Rupture Disc Release Pressure, psig

Design Temperature, “F

Total Rupture Disc Relief Capacity, 1b/hr

at 100 psig

DECEMBER, 1973




TABLE 5.5-8
UESIGH BASES FOR RESIDUAL HEAT REMOVAL SYSTEM OPERATION

Residual Heat Removal System start up

Reactor Coolant System initial pressure, psiq
Reactor Coolant System initial temperature, °F
Component cooling water design temperature, °F

Cooldown time, hours after initiation of Residual Heat
Removal System operation

Reactor Coolant System temperature at end of cooldown, °F

Decay heat generation at 12 hours after reactor
shutdown, BTU/hr

4 hours after

Reactor Shutdown

400

+350

103.9 x 10°




(’ ‘ TABLE 5.5-9

RESIDUAL HEAT REMOVAL SYSTEM COMPONENT DATA

(f Residual Heat Removal Pump
Number 3
Desian Pressure, psig 600
Design Tewperature, °F 400
(r Jesign Flow, pgm 3400
Design Head, ft. 360

Residual Heat Exchanger
Number 3
Design Heat Removal Capacity 39.4 x 10° 8TU/Rr

Tube-Side Shell-Sige

Design Prescure, psig 6C0 150
(: Design Temperature, °F 400 200
Design Flow, 1b/hr 1.5 x 10°  2.45 x 10°
Inlet Temperature, °F 150 105
Outlet Temperature, °F 123.7 121.1
Material Austenitic Carbon Steel
Stainless
Steel
(: Fluid Reactor Component
Coolant Cooling
Water
RESAR-41 ) 5.5-69 DECEMBER, 1973



RESIDUAL HEAT RFMOVAL SYSTEM COMPONENT DATA

TABLE 5.5-3

1 ( _ Residual Heat Removal Pump
Number

Desion Pressure, psig

Design Temperature, °F

( Jesign Flow, pgm
Design Head, ft.

Residual Heat Exchanger
Number
Design Heat Removal Capacity

Design Pressure, psig
(f Design Temperature, °F
Design Flow, 1b/hr
Inlet Temperature, °F
Outlet Temperature, °F

Material

(:‘ Fluid

RESAR-41]

5.5-69

600
400
3400
3€0

3

39.4 x 10% aTU/hr

Tube-Side
600

400

1.5 x 108
150

123.7

Austenitic
Stainless
Steel

Reactor
Coolant

Shell-Side
150

200

2.45 x 10°
105

121.1

Carbon Steel

Component
Cooling
Water

DECEMBER, 1973
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EMERGENCY CORE COOLING SYSTEM COMPONENT PARAMETERS

TABLE 6.3-1 (Continued)

Component

Accumulators

High Head Injection Pumps

Parameters

Number

Design Pressure, psig

Design Temperature, °F

Operating Temperature, °F

Normal Operating Pressure, psig
Minimum Operating Pressure, psig
Total Volume ft3
Minimum Water Vol, ft
Vol, “2 gas, ft3
Boric Acid Concentration, nominal, ppm
Boric Acid Concentration, minimum, ppm
Relief Valve Setpoint, psig

Inleakage Alarm Sounds, ft3

3

Number
Design Pressure, psig

3

700

300
100-150
650

600

2500 each
1500-1750
750-1000
2000

1900

700

14

1800



EMERGENCY CORE COOLING SYSTEM COMPONENT PARAMETERS

Component Parameters
Design Temperature, °F 300
*Design Flow Rate, gpm 800
Design Head, ft, 2850
Max. Flow Rate, gpm 1600
Head At Max, Flow Rate, ft. 1000
Discharge Heat at Shutoff, ft. 3700

Low Head Safety Injection

Pumps Number 3
Design Pressure, psig 600
Jesign Temperature, °F 300
Design Flow Rate, gpm 1400
Design Head, ft. 620
Max. Flow Rate, gpm 2900
Head At Max. Flow Rate, ft. 400
Discharge Head at Shutoff, ft. 700

*Includes miniflow



CONTAINMENT DATA

Passive Heat Sinks

A Material Properties: See table

B Surfaces: See table

( Heat Transfer Coefficients: See figures

Engineered Safety Systems Information

Value Used
for Containment
full Capacity Analysis
B Passive Safety Injection System
1. Number of Accumulators 3 2
2. Pressure Setpoint, psig 700 700

B Active Safety Injectiun Systems
1. High Pressure Safety Injection'
a. Number of Lines 3
b. Number of Pumps 3
¢. Flow Rate, gal/min (each) 800
2. Low Pressure Safety Injection
2. Numter of Lines 3
b. Number of Pumps 3
¢. Flow Rate, gal/min (each) 1400
C Containment Spray System
1. Recirculation Spray
a. Number of Lines
b. Number of Pumps
€. HNumber of Herders

d. Flow Rate, aum (each)

RESAR-41 6.2-42 DECEMBER, 1973




COMTAINMENT DATA

Value Used
for Containment
Full Capacity Analysis

Containment Cooling Fan Systems
1. Mumber of Units
2. Air Side Flow Rate, cfm

3. Heat Removal at _Design
Temperature (106 Btu/hr)

4, OQverall Heét f;ansfer Rate
(Btu/hr-fté F)

Heat Exchangers

1. Recirculation Spray System
a. Type
b. Numpber

c. Heat Transfer (UA),
Btu/hr F

d. Flow Rates

1) Recirculation
Side, gpm (each)

2) Exterior Side,
gpm (each)

e. Source of Cooling
Water

f. Flow Begins, sec.
Others
1. Residual Heat Exchanger
a. Type
b.  Number

c. UA Btu/hr F
RESAR-41 6.2-43 DECEMBER, 1973




CONTAINMENT DATA

Value Used
for Containm
Full Capacity Analysis

d. UA Btu/hr F

e. Flow Rates

1) Recirculation
Side, gpm (each)

2) Exterior Side,

(each)

ns

gpm
f. Source of Cooling
Water
g. Flow Begi

Temperature Distributions and Effects

Assumptions Used in Pressure Transient Analysis

A
B

¢

0

Feedwater Valve Closure Time, Seconds: Not Applicable

Steam Line Valve Closure Time: Not Timiting turbine stop va’

Trip Time, seconds:

Liquid Carryover:

close at 1.02 seconds

4.2 sec. (includes reactor trip time, de
for trip, and time to trip rods. Howeve
the core is shut down within one second
to voiding reactivity effects.

The fraction of coolant vaporized, entrai
and leaving the core is not constant duri:
transient, but increases from zero at the
ning to 70 to 80 percent of the entering
several seconds after initiation of reflo
depending on the core flooding rate. Thi:
supported by FLECHT data. The Westinghou:
prietary entrainment correlation, present
the ECCS rulemaking proceedings, has been
to evaluate the amount of mass leaving th
of the core as a function of time. The m
is over conservative in that fall back in
upper plenum is expected. Study of this
is continuing. These »ssumptions are con
vative because they result in a high ener
release rate.

6.2-44 DECEMBER,



TABLE 6.2-5
CONTAINMENT SAFETY FEATURES

Spray Systems
Number of spray trains
Number of spray trains operating in analysis

Spray flow rate per spra2y train

Fan Cooclers

Number of fan coolers
Number of fan coolers operating in analysis

Emergency Core Cooling System

Number of ECCS trains
Number of ECCS trains operating in analysis

Initiation Times

System

Emergency core cooling
Spray

Fan coolers
Recirculation

RESAR-41 6.2-53

800 gom

Time After Accident
(sec)

DECEMBER, 1973



TABLE 6.2-4
INITIAL CONDITIONS VALUES

( Containment Design Parameters

(' Containment design pressure 60 '
Containment volume 2.55 x 10
Initial containment pressure
Initial air partial pressure
Initial steam partial pressure
Initial steam partial pressure
Initial sump water volume

Initial containment temperature 120°F

Maximum calculated thermal rating 4117 MWt

. Refueling water storage tank inventory 400,000
(:, Nuclear service water temperature '

Initial Energies

Water energy

Air energy

Steam energy

Total inital energy

(: RESAR-41 5.2-52 DECEMBER, 1973
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CONTAINMENT DATA

IV and V Mass Addition Table and Blowdown Table

Time fscc!

1x107%

o

dc&cmunu—a—-
- SR B 0 U SN EE D - W W
Couvmcoes—pnue Uswnoe
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— el el
Lxxovmw

- - - - . - . -

cCuouCcuvwoocouwo

L e
SE RS —
-
®aeon

>
L T
4

34.4
50,0
100.0
159,3%*
129.4
200.0
500.0
1000.0
2000.0
10000.0

*End of Blowdown
**End of Entrainment

RESAR-41

PUMP SUCTION DOUBLE-ENDED GUILLOTINE

Mass Rate

Enthalp
§lb(sec2x104 (Btu(lb;xloz
7.49 5.76
7.49 5.76
8.08 5.77
9.09 5.79
8.40 5.82
8.03 5.87
;'Zé 5.92
. 5.96
7.42 6.00
7.2] 6.05
6.84 6.11
6.42 6.16
2.93 6.23
4,52 6.45
3.62 6.62
3.27 6.65
2.99 6.62
2.77 6.67
2.4 6.9
2.05 7.01
1.64 7.39
1.29 7.74
1.02 7.64
0.381 6.95
0.64 5.89
0.5¢ 4.85
0.26 4.42
8-52 10.95
. 0.0
g-gé; 13.08
. 13.08
0.118 12.92
0.106 12.81
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. ]2.48
0.018 12.42
0.013 12.41
0.009 12.38
0.007 12.30
0.005 12.28
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Cornell University

Sibiey School of
Mechanical ang Aerospace Engineering

Upson and Grumman Halls
ithaca New York 14853 June 15, 1984

Mr. Mel Silberberg

Accident Source Term Program

US Nuclear Regulatory Commission
Washington, DC 20555

Dear Mel:

Sowe time ago Irv Spiewak, partly at my urging, requested information along
the following lines. I repeat the request and would appreciate having the
information sent to me directly just as soon as possible.

We are interested, in general, in determining how well the various
calculations can keep track of the water in the system. In order to do so, we
must know where the initial inventories are and how large they are.
Accordingly, the following would be most helpful.

A simple block diagram (per reactor type) is needed that will show:

l. Volume of Water

2. Mass of Water

3. Pressure of Water

4. Normal Temperature of Water

in each of the reserveirs, including the reactor vessel, that are connected to
the reactor vessel. The paths of connection should be indicated on the dizgram
f*+ . via pumps or gravity or whatever).

‘hus, we are interested in knowing how much water may be available through
one or more of the ECCS systems. We wish to know at what pressures they
operate. We want to know how much water can be made available by sprays,
supression pools, ice baths or whatever other engineered safety system may be in
place.

lu addition, it would be nice to know how water is distributed between the
reactor vessel, the pressurizer (for PWRs) the coolant loops and the steam
generators (for PWRs) under normal operating conditions. It might even be
heipful to know how large the steam (vapor) bubble is in the pressurizer under
normal operating conditions.

In other words, we would much appreciate having a concise, but complete,
aqueous description of the plants (2 PWR and 2 BWR) that we have been looking
at. Then, should anyone ever ask, “"where's the water?”, we will be able to
answer without a moment's hesitation.

P. L. Auer
Prcfessor

cc: R. Wilson = Harvard
I. Spiewak - Oak Ridge
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Fig. 1 Schematic description of a PWR core during uncovery.
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