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T™™MI-2 Modification o Design
Sutedd Criteria of Reactor Coolant
Pressure Control Svsten "
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Attached is Rev. 3 of "Reactor Coolant Pressure Control System Design Criteria -
Malieup Portion"” cated 4/20/79. This document supersedes the one previously
transmitted to you with =y memorandum dated 4/19/79.

The criteria have been revised to reflect NRC and B&W comments ané coc=ents
previcusly provided by GPUSC representatives. The revisions are sumsarized
as follous:

1. Description of design lcads
2. Requirezents for welded construction and =aterials
3. Minisus acceptable codes for components
4&. Alarz requirement
5. Ability to isclate flasks from charging pu=ps =
€. Pressure class for HPI makeup line
7. Addition of a low capacity puzmp
8. Basis {or selecting operating pressure
9. Easis for sizing surge line
10. Stazic systez pressure condition required to Tur one RCP
It is our understanding that the sy¥stex design which has been developed
rezains in fundamental agreezent with this revised criteria, -
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REACTOR CCOLANT PRESSURE CONTROL SYSTEM DESIGN CRITERIA

Scope:
e

To establish the design criteria for a reactor coolant (RC) pressure
control system to be used while the reactor is continuously cooled for
2 years. The system shall maintain a minizum RC pressure with the
pressurizer filled solid with water and without pressurizer heaters.

Ic shall be capable of moking up reactor coolant as temperature changes
cause water contraction and/or certain volume losses causing decrease
in primary system pressure.

The reactor coolant pressure control system consists of passive
pressure control components as well as active pressure control cco-
ponents. The passive pressure control portion of the system relies
on Danual operations only for initial fi1ll. The active pressure
control portion would allow for remote operaticn of motor-driven

£111 (chemical or makeup) puzmps. The passive pressure control system
will be designed so that it can be an integral part of the active
pressure centrol systen.

The passive pressure control system is defined as a series of surge
tanks supplied with a nitrogen overpressure Irom an automatically
regulated bank of ni:zrogen cylinders.

The active pregsure control svstez is cdefined as the passive pressure
ccntrol system coupled with charging pu=ps and associated degassed
borated water supply.

Phase 1 of the reactor coolant pressure control system will involve

the installation of a manual system controlled by a locally s:taticned
operator. Phase IT will involve additional instrumentation and control
equipoent required to automate the makeup porzion of the system and allow
control and conitoring of the system from the TMI Unit 2 control roon.
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Introduction:

The Reactor Building is presently radiocactively contazinated to the
degree wvhere it 1s anticipated to render much of the electrical equip-~
ment and instrumentation inoperative, such 2s pressurizer heaters.

There is also water leakage from the RC Systexz into the Reactor Building
vhich is and may continue to cause flooding of and failure of instrumen-
tation at the lower levels. The lower level instrumentation include
pressurizer level, steam generator level, and others. The loss in
instrusentation will not allow the pressurizer to be reliably used for RC
Systea pressure control, and will require that the pressurizer be kept

in a sclid water status for continued reactor core cooling operation.

The long tera cooling mcde for the RC System will rely upon operating

the steam generators A & B as wvater to water heat exchangers and
establishing prizary coolant flow via natural circulation. The prizary
objective of the pressure control system shall be to: (1) maintain the
RC System in a solid water condition for natural circulation core cooling
operations; (2) provide adequate NPSH to the RC pumps should it prove
necessary to use one; (3) absorb volumetric reducticns in the ccolant
systex to maintain system pressure within control limits, and (4) control
the chenoistry of the fil]l fluid.

In developing the svstem requirezents for the third objective, the
following transients were considered for the long ter= steady-state
operation (for design data see Attachment A):
' -
a. Loss of natural circulation in cne loop while the other loop
is still zunning.

b. Introduction of 5000 gpm of 50°F (feedwater) to an idie OTSG.
¢., Stopping one RC pump.

d. Starting either the skid zounted RHR or the originally instalied
Decay Heat Removal Systexm.

The scarting of a reactor coolant pump following "natural circulatien
aport" oust be covered by the combination of this svstea and the "makeup'
pucsp (MU-Pla,MU-PlE, or MU-P1C,or other active injection puz=ps.

Inadvertent and sustained feed of cold wvater to the RC System following
high (> 250°F) temperature RC System operation reguires that this syste=
be supplezented by injection frozm the "zakeup" puzps (MU-PLA,B,C) or
otner active injection puxps.

In lieu of this provision, administrative controls consisting of "locked

out" breakers or locked closed valves shall be achered to to preclude
rapid cooling of the RC Syste=z.
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Functional and Design Rasuirements

3.1

3:1.1

(-

(5]

Passive Pressure Conirol Systeam

¢

Functional requirements for the system shall be as follows:

3.1.1.a

W

i P B

W

d1.1.e

3.1.1.%

The normal system operating pressure is less than or equal to
750 psig. During steady state* operation (no seal injection,
no RC pumps running), the system shall be capable of main-
taining the RC Systenm at a controlled pressure with an
accuracy of +10% over the range of 50 psig to 900 psig,
accounting for gage errer. (The selected operating pressure
for a RC System temperature shall be determined by utilizing
a pressure in the region enveloped by Tables A and 3 (attached).
Table A provides the allowable pressure operating cu:zve for
pressure as a function of measuredtemperature and dissolved
gas concentration and Table 3 provides the allowable pressure
operating curve for pressure as a function of RC Systeo
temperature recognizing NDT limits.

The systexz shall be designed to have the provisions fcr
supplying degassed borated water to the RC Systeo.

The surge capacity of the sysrea shall be sufficient to =eet
the cakeup requirement of 4 gpm to the RC System for 8 hours
or the design transients in Paragraph 2.

7he systen snall be designed to operate continuously for
a minimum of -2 vears.

Systerm shall have a design pressure of 1000 psig or higher
as required by interconnecticns with existing systeas.

Assuzming an initial reactor coolunt system pressure of

750 psig, the regulator must be capable of zaintaining =z
oinimuz nitrogen gas space pressure of 645 psig to cause a
500 gp= injection rate. (to be confirmed by systez analysis
utilizing known line loss values),

Design requirezents for the system shall be as follows:

J1.2.a

3.1.2.b

5 b

[+ ]
n

3.1.2.d

The system shall not rely on any instrumentation or active
valving within the Reactor Building except for RCS tempera-
ture and pressure instrumentation which may be urilized while
available. The system shall minimize the use of active
compeonents outside the Reactor Building.

The systez shall be designed to lizit in accordance with
Paragraph 3.9 the eatry of non-condensibles,such as N, and

0z, into the RC Systea. | 62 2\ \

At least one surge tank shall be provided with pressurized
Ny blanket to ziintain the desired system set pressure.

Control and monitoring of the system shall be dene locally
during Phase 1 and frec the TMI Unitc 2 control roos during

Phase II. §

* Steady state means solid, natural circulation, pressure less than or equal to 750 psig.
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3.1.2;¢

3.1.2:¢

3.1.2.8

3.1.2.1

3:1.3:3

3.1.2.k

3v1:2:1

The surge line shall be sized to acconmrodate the 500 gpm surge
flow rate from 3.1.1.f.

Liquid lines and ccmponents should be designed to handle {luids
with particles 0.1 inches in diameter.

Provision shall be made to refill the surge tanks with degassed
borated water while maintaining RC System pressure.

System components should preferably be designed to ASME B &
PV Code, Section III requirements. If they are not availabie,
components designed to the following codes are acceptable:

Piping - ANSI B 31.1

Tanks = ASME 3 & PV Code, Section VIII or APl
Valves - AMNS5I B 16.5 and B 16.34

Supports and Hangers - ANSI B 31.1

System shall be provided with vents for filling and drains for
draining. These shall have provisions to be piped to the rac-
waste system. :

Provisions shall be made to accommocdate the addition of LiGH,
NaOH, boric acid, H,, denmineralized water and hydrazine.

Svstexm design lecads should include systex pressure, puzp vitra-
tions, component and fluid veight, and pressure surges. There
is no seisaic requirement.

Welded construction should be used as zuch as possitle.

The systex shall be designed such that in the event of inad-
vertent depressurization of the reactor coolant systez, the
surge tanks shall be automatically isolated from the new
charging pumps and the reactor coolant svstez. The isolation
shall be based on low level in the surge tank closest te the
reactor coolant system. Thils isclation shalil prevent inser-
tion of Ny into the reactor coclant svstew while caintaining
the wvater injection Iunction of the new charging puzps. Wwhea
this isolation valve is not fully open, an alarm shall be
provided to alert the operators of an abnormal valve position.
The alarm shall have both local and control room annunciation.

The pressure control systexm piping froz the HPI makeup line
back through the seccnd isolation check valve shall have a
design pressure of 1500 psig provided the make-up puzp dis-
charge pressure is limited to 1000 psig.

Active Pressure Control Svstes

{See Phase 1l definition or Page 1)
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Functicnal and desizn requirements for the active pressure controi
svstez are the sade as those for the sassive oressure control systes
with the following additions:




3.3

Lo
L

a2
o

3-2.1

3.2.4

Y Y

The system shall be provided with recdunidant standby pumps
which will (1) fill the surge tank in response to “ank

level reduction, and {2) perait gradual addition of water

to the RC Systen.

Motor-operated valves where provided shall have an auxiliary
handwheel shielded and accessible, 1f required.

Alara shall be provided to indicate a differential pressure
greater than 50 psi between the reactor coolant system (if
available) ard surge tanks.

A variable capacity (0-10 gpm) pump shall be provided in
parallel with the redundant pumps provided. Provisions
shall be mada for addition of a chemical addition
flask on the discharge of the variable capacity pump.

Ffunctional Limitations

3.3.1

332

Interfaces

L

r
.41

3.4:2

3:4.3

The system will not be designed to maintain pressure during
either HPI or LPI system operation.

The systen will not provide seal injection water to RC puzps.
It is assumed that the seal water, if required, is supplied
by cne of the three makeup pumps. The system shall be

able to accommodate the 900 psig static system pressure

~condition required to run one reactor coclant pump. This

is an abnormal condition in that 900 psig is currently
required to provide letdown flow equal to che RCP seal
injection flow to the reactor coclant systes.

This system shall not defeat or degrade the functional
capabilities cf other existing systems.

This system shall be independent of other TMI-2 plant svstezs
except for electrical service, sources of clean, reactor
grade, dexzineralized water, and the use of existing piping
from outside the reactor buiiding to the RC Svstes.

The system shall be designed to preclude the possibilicy
of actions jpother systems frum inadvertently causing a
loss of system surge capability.

Reliabilicy

The systez shall be designed to provide redundant capability for all
active conmponents and instrumentation.

Maintainabhility

)
Ihe systea ccmponents shall be located to limit radiation levelsléiL ‘zl 3

100 =r/hour in areas where zaintenance or operation is required.
Further, the syStex design shall preclude backflow of reactor coolant
(radicactive fluid) into the system.




3.7

3.8

Electrical Regquirements

All electrical equipment and instrumentation required to cperate the
systes shall have an emergency alternate power supply that does not
rely on off-site powver.

s S A

3.7.2

3.7.3

3.7.4

3:7.5

Instrumentation

The charging pumps shall be capable of being started and
operated from an on-site diesel generator set in the event

of a loss of off-site power. The charging pucmps shall be
sequenced on to the diesel generator set manually. Criteria
shall be established for the maximum allowable time to restcre
voltage after a loss of off-site powver.

Electrical classification of the system is ncn-class IE.

Motor feeders shall be protected consistent with original
plant design and normal trips for overlocad, etc., shall be
used.

The preferiw»d power sources are as follows:

a) harging wvater storage tank heater - 100 ks - bus 2-45

b) Charging puzp A- 100 hp -~ Mce bus 2-32A :

c¢) Charging pump B ~ 100 hp - Mcc bus 2-42A

d) Packing pumps - 1/5 hp - as cocnvenient

e) Variable capacity pump - - as convenient

f) Borated water transfer pump - - as convenient

g) Borated water batching tank heater - - 2s convenient

"Criteria for General Modification rto the BOP Electrical Systex'
are applicable. Also refer to "Criteria for Loss of 0ff-Site
BOP Electrical Power." =

Instrurent power shall be obtained from the regulated voltage power |
supply panels 2-12R and 2-22R. |

The systec shall be cesigned to be able to monitor the follcwing para-

Jeters:

3.8.1
3.8.2
3.8.3

3.8.4

3.8.5

B

Surge tank level (all tanks)
Charging water storage tank level and temperature
Surge tank discharge pressure

Reactor coolant system pressurc and texperature (frcm existing
instrumentation if available).

Charging puzp suction and discharge pressure and puzp flow.

Nitrogen supply pressure \ 62 2 \ 4



3.9 Chenistrv . : .

3.9.1 The systexm shall be capable of adjusting the RC fill systea
water chenistry to the following:

pl 27.5; ~ Dissolved gas 5-15 Std. cc/kg Hp*

Boron 2200-4000 ﬁpm; F- , C17 =1 ppa (one ppm) R
3.9.2 The RC design gross activity shall be assumed to be 0.5 Curies/=zl.
3+9:3 For Phase 1 the makeup water shall be degassed to a level of not

greater than 15 Std. cc/kg. For Phase II, the makeup water de-

gassification cbjective shall be 5 Std. cc/kg.

3.10 Materials

Ey

All maerials having contact with makewn water shall be compatible with
vater at 200°F and 4000 ppm boron as boric acid. The saterials shall be
stainless steel or carbon steel with stainless steel cladding. Carbon
steel and copper allovs may be used in nitorgen supply system.

3211 Environoental Conditions

Design ambient tezperature: 40 - 120°F
Design ambient relative humidity: 100%

3:12 Testing 4

The system shall be tested, hvdrostatically and preczerationally, belore
being placed into operation. -

*Residual hydrazine may be provided in lieu of H,. Hydrazine in this application zust
be saintained ar 3001 of the stoichiozetric 0, in the water.



ATTACHMENT A - DESIGH DATA FOR TRANSIENT

Required Maximum
Inttial System Inflow (I)/Outflow(u)

Required Time Total Volume

Operating Mode . Basis of Annlysin To/From RC System Envelope to Steady State Change (RCS)
No natural or forced One closed loop coolling 500 ppin(1) 2 hrs. 1900 gal(l)
clrculation cooling due system restored after
to loss of all secondary average hot-lep tewperature .
side cooling water rises SO0PF above initial
temperature at time of loss '
Ref: Pages 1 & 2 of of RCS cooling. Secondary
Ca'lculation Flle side coollng water assumed
at 50°F
One closed loop cooling Stop RC pump 9 gpm(0) 30 mins. 150 pal(0)
system in operation with
one RC pump running
Ref: Papes 23-27 of
Calculntion Flle
|
Reactor coolant system Loss of one secondary cooling 6 gpm(0) 2 hrs. 120 pal(0)
la natural eclrculatlon loop
with two secondary |
cooling loopa operating
Ref: Pages 16-22 of |
Calculation Flle i
RC System solid, 200°F RCS and DHR/RIR System Insignificant - .
average temperature igftnntnueously reach thermal
Skid mounted RUR or Esglllhrlum
original DIl Removal System O .
started
AN
Ref: See Calcudations ——-
for Task AC (@28
RC System Solld, 200°F; Assume no heat transfer out 2112 gpm(0) 5 min. 560 pal (0)

Feed 3000 ppm @ S07F
dircctly fnto RC System

See Calenlntions for Task 60C

of RCS
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