September 7, 1984

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

THE CLEVELAND ELECTRIC Docket Nos. 50-440
ILLUMINATING COMPANY 50-441

(Perry Nuclear Power Plant,
Units 1 and 2)

AFFIDAVIT OF FRANK R. STEAD
ON THE DESIGN OF THE INITIATION
FUNCTION OF TEE STANDBY LIQUID CONTROL SYSTEM

STATE OF OHIO
: SS
COUNTY OF LAKE )
Frank R. Stead, being duly sworn, deposes and
follows:

1, I, PFrank R. Stead, am Manager of Nuclear Engineering
of The Cleveland Electric Illuminating Company. My business
address is 10 Center Road, Perry, Ohio 4408l1. In my position,
I have responsibility for the system design of all nuclear sys-
tems of the Perry Nuclear Power Plant, including the Standby
Liquid Control System. A summary of my professional qualifica-
tions and experience is attached hereto as Exhibit "A."™ I have
perscnal knowledge of the matters set forth herein and believe

them to be true and correct.
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2. The Standby Liquid Control System ("SLCS") has been
included in the Perry design since the construction permit
stage. The Perry Preliminary Safety Analysis Report ("PSAR")
discussed the SLCS and stated that it was manually initiated.
PSAR, § 4.2.3.4 (Exhibit "B" hereto).

3. The Final Safety Analysis Report ("FSAR") from its
first submission to NRC included the SLCS in the Perry design.
As tendered to the Staff in June 1980 and docketed in January
1981 the FSAR described the SLCS as having manual initiation.
See, for example, FSAR §§ 7.4.1.21/ and 9.3.5.2,2/ Figure 7.4-2
(Exhibit "C" hereto). Additional information on SLCS
initiation was included in subsequent revisions of the FSAR; in
all cases the information continued to show a manually initi-

ated SLCS system. For example, in Amendment 11, dated February

b |

15, 1983,3/ a detailed discussion of modifications to prevent

and mitigate the consequences of anticipated transients without
scram ("ATWS") was provided, including further information on

SLCS initiation. See, for example, FSAR § 15C.5.11.%4/

"The SLCS is initiated by the control room operator by
turning a keylocked switch for system A, or a different
keylccked switch for system B to the 'RUN' position.”
FSAR, p. 7.4-6.

"The standby liquid control system (see Figure 9.3-19) is
manually initiated in the main contrel room ...." FSAR,
P. 9.3-19.

The draft version of this amendment was transmitted to the
NRC on January 26, 1983.

"The standby liquid control system (SLCS) action is to be

initiated manually in a failure to scram condition in ac-
cordance with Emergency Instructions." FSAR, p. 15C-5.
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(Exhibit "D" hereto.) Already existing references (such as
those cited above in FSAR §§ 7.4.2 and 9.3.5) remained, and
continued to describe the SLCS design as having manual
initiation.

4. The FSAR in its current status still shows the Perry
SLCS design as including only manual initiatiou See, e.g9..,
FSAR §§ 7.4.1.2,5/ 7.4.2.2,%/ 7.4.2.3,1/ 9.3.5.2,8/ 15¢c.5.11,2/
and Tables 15C-3 to -7.10/ This is consistent with the entire
history of the FSAR which always reflected manual SLCS
initiation.

Se The Electrical Elementary Diagrams prepared by Gener-
al Electric ("GE"), the vendor for Perry's nuclear steam supply
system, and Gilbert Associates, Inc. ("GAI"), the plant's
architect-engineer, for the SLCS originally reflected a manu-
ally initiated SLCS. GE Drawing No. 828E234CA Rev. 0O and GAI

Drawing No. B-208-030, Rev. --. (GAI produces Perry-specific

drawings for systems within GE's scope of design (i.e., the

"The SLCS is a backup independent method of manually
shutting down the reactor ...." FSAR, p. 7.4-5.

"SLCS is initiated by the control rocom operator." FSAR,
p. 7.4-19.

"The SLCS is initiated manually ...." FSAR, p. 7.4-26.
The SLCS "is manually initiated." FSAR, p. 9.3-19.

"The standby liquid control system (SLCS) action is to be
initiated manually ...." FSAR, p. 15C-5.

Sequences of events showing that "Operator initiates
SLCS." FSAR, pp. 15C-13-19.




nuclear steam supply systems) based on the GE-furnished generic
or plant specific documentation.)

6. CE1 and GE were both aware that NRC was considering
an ATWS rule and that the rule, when issued, might require au-
tomatic SLCS initiation. Automatic initiation was one of the
ATWS design modifications considered by the NRC Staff in its
ATWS report issued in 1978, NUREG-0460, "Anticipated Trans.ents
Without Scram For Light Water Reactors," Vol. 1-3 (1978). CEI
believed then (and still believes) that the cperators have the
appropriate indications and training to promptly initiate SLCS
if needed. Further, automatic SLCS initiation carries with it
a high probability that au inadvertent initiation would occur
at some point during plant operation, causing a costly and un-
necessary outage. See, for example, CEl's letter to GE, dated
February 22, 1980 (Exhibit "E" hereto).

7. As mentioned earlier, the SLCS first appeared in the

Perry design when the PSAR was issued. However, GE was carry-

ing out generic and plant specific ATWS analyses and design
work both before and after the FSAR was submitted. The great
bulk of this work was unrelated to SLCS initiation.il/ on
December 20, 1979, GE presented an unsolicited proposal to CEI

to prepare "reports analyzing the BWR during an ATWS event 1n

accordance with the requirements of NUREG-0460, Volumes I-II1l

The great majority of the work covered such features as
Recirculation Pump Trip, Alternate Rod Insertion,
feedwater runback and increased SLCS flow capacity.
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and for work to support CEI concerning the NRC 'Early Verifica-
tion' Program Reports (May and December 1979)". The proposal,
referred to as Quotation 149, was accepted by CEI on

January 24, 1980. The analyses initiated by GE in carrying out
Quotation 149 were based upon the package of ATWS modifications
subsequently referred to as Alternate 3A, which inciuded (con-
sistent with NUREG-0460) automatic SLCS initiation.l2/

8. Following the publication of the NRC Staff's ATWS
recommendations in March 1980 (Vol. 4 of NUREG-0460), GE on
December 22, 1980 submitted to CEI a proposal, referred to as
Quotation 149-A, for "design changes related to the [ATWS] mat-
ter currently being considered by the NRC." The proposal was
based on the NRC Staff's Alternate 3A, set forth in NUREG-0460,

Vol. 4, based on GE's beliief that "Alternate 3A ... appears to

be the modifications which the NRC will eventually apply to the

BWR." One of the ATWS-related modifications described in Al-
ternate 3A was automatic SLCS initiation. Thus, the scope of
work for Quotation 149-A included an SLCS which "will be initi-
ated automatically." Although the quotation referred to both
"design services and associated equipment,” the equipment was
undefined (and unpriced) since the design work had not been un-

dertaken.1l3/

NEDE-25518, "Design Analysis and SAR Inputs for ATWS Per-
formance and Standby Liquid Control System"” (December
1981).

The scope of work did include a list of ATWS hardware.
However, the list was a "preliminary estimate"™ which was

(Continued next




9. CEI was concerned that an ATWS rule requiring the Al-
ternate 3A modifications might be adopted by the NRC such that
the changes required by the rule might impact Perry's fuel load
schedule (then estimated at May 1983). With respect to the
SLCS initiation portion of Alternate 3A, CEI wanted to retain
manual initiation if the status of the ATWS rule and the fuel
loading schedule permitted. To anticipate a possible ATWS
rule, CEI proceeded with the entire Alternate 3A package,
including automatic SLCS initiation. That way, automatic
initiation could be installed if necessary. Because CEI had
concerns with the schedules, scope and other aspects of Quota-
tion 149-A, particularly its compatability with a May 1983 fuel
load date, CEI rejected it by letter dated January 13, 1981l.
CEI then stated in a letter dated February 9, 1981 that it
would accept the Quotation if these matters were resolved. GE
resubmitted its proposal on April 13, 1981 (Quotation 149-B).
(This proposal superceded Quotation 149-A.) The revised Quota-
tion again included the entire Alternate 3A ATWS package. Quo-
tation 149-B called for GE to generate a "standard ATWS design
package”, to apply that generic design to the specific project,
and to provide equipment. As in Quotation 149-A, only a gener-

al estimate of overall equipment needs was supplied. (Exhibit

(Continued)

very general (i.e. "20 switches", "8 meters", etc.) and
consolidated the equipment needs for all ATWS changes in
Alternate 3A including SLCS initiation.
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"F" hereto [commercial information deleted].) CEI accepted

Quotation 149-B on June 3, 198l1. On November 9, 1981, GE sub-
mitted to CEI Quotation 149-D (Quotation 149-C did not relate
to SLCS). Quotation 149-D quoted a price for all GE-scope ATWS
equipment to implement Alternate 3A, including the few items
related to automatic SLCS initiation.l4/ CEI accepted Quota-
tion 149-D on January 26, 1982.

10. During early 1982, GE continued its design and ana-
lytical work on the entire Alternate 3A package, including au-
tomatic SLCS initiation. CEI continued to monitor the ATWS
regulatory situation. Based upon the overall status of plant
construction, CEI decided to present the Alternate 3A package
with manual initiation to the NRC Staff.

11. In June 1982, GE completed its design work under Quo-
tation 149-B for automatic SLCS initiation and furnished the
electrical elementary drawings to GAI. GE Drawing No.
828E234CA Rev. 3 (dated June 18, 1982). However, consistent
with CEI's determination to retain manual initiation, at the
June 29, 1982 meeting of the Advisory Committee on Reactor
Safeguards subcommittee, CEI discussed manual initiation of
SLCS. Tr. 281-2. And, at a July 20, 1982 meeting with the NRC
Staff, CEI described the "systems upgrade for ATWS" as

including "a manually operated standby liquid control system."

14/ The equipment listed which applied to automatic SLCS
initiation were the 2 "Three Position
Elctroswitch[s][sic]" and the 6 "Relay[s] (Agastat or
equivalent)".
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See NRC memorandum from Stefano to Schwencer, dated July 22,
1992 (Exhibit "G" hereto). Similarly, in an August 6, 1982 let-
ter from CEI to GE (Exhibit "H" hereto) commenting on.
NEDE-25518, CEI directed that GE correct the report so that it
would reflect manual SLCS initiation. Finally, in CEI's

August 13, 1982 letter to the NRC (Exhibit "I" hereto), CEI's
Vice President, System Engineering and Construction stated that
while "the design includes both manual and automatic initiation
capability, only manual initiation will be functional." Mr.
Davidson's Affidavit addresses this letter in more detail.

12. Notwithstanding the manually initiated design de-
scribed in the FSAR and CEl's expressed intent to retain manual
initiation (while being prepared to convert to automatic if re-
quired by the final NRC ATWS rule), GAI's Electrical Elementary
Drawings for the SLCS system were modified to show automatic
SLCS initiation based on GE's June 1982 SLCS Electrical Elemen-
tary Diagrams. GAI Drawing No. B-208-030 Rev. F, dated
August 2, 1982. GAI made similar changes in drawings for re-
lated systems.

13. Having heard the NRC Staff's reaction to CEI's ATWS
proposals (including manual initiation) at the July 20, 1982
meeting, CEI on August 9, 1982, wrote to GE to request that
GE's design return SLCS to manual initiation (Exhibit "J*"
hereto). GE forwarded preliminary modification diagrams ("mod-
ification kits") to CEI on November 8, 1982 (Exhibit "K"

hereto). GE also transmitted at the same time a preliminary
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draft of its revision to NEDE-25518 (renumbered NEDE-22276¢),
which (among other things) reflected manual initiation of the
SLCS. CEI made frequen: requests to GE to expedite the issu-
ance of final versions of the modification kits (see Exhibit
"L" hereto). The appropriate GE drawings were =ffectively
changed by Engineering Change Notice NJ 50426, dated Decenber
28, 1983 (Exhibit "M" hereto), and the formal d."wWings wera
issued on January 13, 1984 (Drawing No. 828E234CA, Rev. 8).
GAI made the corresponding changes in its drawings on February
16, 1984 (Drawing No. B-208-030, Rev. K). Similar changes to
drawings of related systems have also been made.

l14. In summary, the FSAR has always shown a manually ini-
tiated SLCS as the Perry design. GE was asked to perform de~-
$ign and analysis work including automatic initiation as part
of the total Alternate 3A package as a precaution against the
construction impact in the event that a final ATWS rule would
require automatic initiation prior to fuel loading. At about
the same time that GE was completing its drawings for SLCS au-

tomation, CEI was informing the ACRS and the Staff that its

final ATWS package would include manual initiation. Shortly

thereafter, on August 2, 1982 the GE drawings were incorporated
into GAI's Perry specific drawings. On August 9, 1982, based
on CEI's meeting with the NRC Staff, CEI requested GE to return
GE's SLCS drawings to a manual configuration. The GE drawings
were effectively changed in December 1983. In February 1984,

the GAI SLCS drawings were revised to again reflect manual
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{nitiation. Although GE and GAl drawings for & time ahowed an
automatically initiated SLCS, CEI has alweys {intended that the
SLCS be designed for manuel infitiation if allowed by the final
ATWS rule. In addition, CEI intended to be prepared to imple-
ment the final ATWS rule based on Alternate 3A (if that were
adopted) with a minimum of impact on the construction and fuel
loading schedule. The design and esnalytical work undertaken by
GE for automatic initistion was to provide a contingency in case
an ATWS rule might compromise CEIl's ability to make its fuel
loed schedules. In cenclusion, the Perry SLCS design praovides
for manual SLCS initietion and complies with the June 26, 1984

ATWS ruls.

ek oL

frank R. Stead

Subscribed and sworn to before
me this Z day of September, 1984.

s

My Commission Expires:
PATRICIA G. DEDEK, Notary Public
STATE QF OHIC (Lake County)
Py Commission Expires April 16, 1988

Notary Public
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the power of .“e gad>linia-uzania rods is about 0.3 that of peak rod power. At
the end of tia initial cycl~ it is approximately 0.8 that of peak rod power.
Later in life tne nowar of the gadolinia-urania fuel rods decreases.

4$.2.3.3.3 Safety Evaluation

The description showa that the gadolinia-urania fuel rods meet the design basis
requirements.

$8:.3:.3.4 Inspection and Testing

“he same rigid quality control requirements observed for standard UO; fuel are
caployed in manufacturing gsdclinia~uranie “ual. GCadolinia-bearing UO; fuel
pellets of a given enrichmenc <«ad gadslinia concentration are maintained in
separate groups throughout the manufacturing process., The percent enrichment
and gadolinia concentration charallerizing s pellet group are identified by a
stamp on the pellet.

Fuel rods are individually numbered pricr to loading of fuel pellets into the
fuel rods: (1) to identify which pellet group is to be loaded in each fuel

rod; (2) to ideatify which positiom 4.1 the fuel assembly each fuel rod is to

be loaded; and (3) to facilitate total material accountability for & given
project. Correct orie:tation of gadoliiis-bearing rods within the fuel assembly
is further assured by the longer upper end plug shanks for these rods.

The followirg quality control inspections are made:

a. gadolinia concentration in the gadolinia-urania powder blend is verified;

b. sintered pellet U0;~-Gd;0; solid-solution homogeneity across a fuel
pellet is verified by examination of iecallographic specimens;

c. gadolinia=urania pellet identificatlon is verified; and
d. gadolinia~urania fuel rod identif.cation is chrecked.

All assemblies and rode of a given project are inspected to assure overall
accountability of fuel quantity and placement for the project.

6.2.3.4 Standby Liguid Control System

4.2.3.4.1 Design Bases

a. Geueral Design Bases
Safety Design Bases

The standby liquid control system shall meet the following sarety design
bases:

(1M Backup capability for reactivity control shall be provided,
independent of normal reactivity control provisions in the
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nuclear reactor, to be able to shut down the reactor if the
normal control ever becomes inoperative.

(2) The backup system shall have the capacity for controlling the
reactivity difference between the steady-state rated opera=
ting condition of the reactor wirh voids and the cold shutdown
condition, including shutdown margin, to assure complete
shutdown from the most reactive condition at any time in
core life.

(3) The time required for actuation and effectiveness of the backup
control shall be consistent with the nuclear reactivity rate
of change predicted between rated operating and cold shutdown
conditions. A fast scram of the reactor or operatiomal control
of fast reactivity transients is not specified to be accomplislied
by this system.

(4) Means shall be provided by which the functional performance capa-
bility of the backup control system components can be verified
periodically under conditions approaching actual use requirements.
A substitute solution, rather than the actual neutron absorber
solution, can be injected into the reactor to test the operation
of all compoments of the redundant control systesm.

(5) The neutron absorber shall be dispersed within the rescter core
" in sufficient quantity to provide a reasonable margin for leek-
age or imperfect mixing.

(6) The system shall be reliable to a degree consistent with its
role as a special safety system; the possibility of uninten-
tional or accidental shutdown of the reactor by this system
shall be minimized.

4.2.3,4,2 Description

The standby liquid control system (Figure 4.2-23) is manually Jaitiated from the
zmain control room to pump & boron neutron abscrber solution :nco the reactor if

the operator believes the reactor cannot be shut down or kept shut down with the
control rods. Omnce the operator decision for initiation of the SLC system ie made,
the design intent is to simplify the manual process by providing a "key locked"
switch. This prevents inadvertant injectiom ¢f neutron absorber by the SLC system.
However, insertion of control rods is expected to assure prompt shutdown of the
reactor should it be required.

The "key locked" control room switch 1s provided tc assure positive action from
the ma n contrel room should the need arise. Standard power plant procedural
controls are applied to the operation of the 'wey locked" control rcom switch,

The SLC system ia required only to shut down the reactor and keep the reactor
from going critical again as it cocls.

.
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The SLC systexm is needed only in the improbable event that not enough centrol
rods can ve inserted in the reactor core to accomplish shutdown and cooldown
in the normal menner.

The boron solution tenk, the test waraer tank, the two positive-displacexment pumps,
the two explosive valves, and associated local valves and controls are mownted

in the containment vessel. The  ..uad is piped into the reactor vessel and dis-
charged near the bottom of the core shroud so it mixes with the cooling water
risiug through the core (Section 5.4 and Subsection 4.2,2).

Am., 12 (5-15=74)




The boron absorbs thermal neutrons and thereby terminates the nuclear fission
chain reaction in the uranium fuel.

The sprcified neutron absorber solution is sodium pentaborate (NayBj,0;¢.10H0).
It is prepared by dissolving stoichiometric quantities of borax and boric acid
in demineralized water. A sparger 1s provided in the tank for mixing, using
air. To preveat system plugging, the tank outlet is raised sbove the bottom of
the tank.

At all times when it is possible to make the reactor critical, the SLC system
shall be able to deliver at least 3840 gallons of 13,42 sodium pentaborate
solution or equivalent into the reactor (Pigure 4.2-24)., This is accomplished
by placing 4860 1b of sodium pentaborate in the SLC tank and filling with demin-
eralizad water to at least the low level alarm point, and can be diluted with
water up to the overflow level volume to allow for evaporation losses or to
lower the saturation temperature.

The saturation temperature of the recommended solution is 59°F at the low level
alarm volume and approximately 49°F at the tank overflow volume (Pigure &4.2-25).
The equipment containing the solution is installed in a room in which the air
temperature is to be maintained within the range of 60 to 105°p. In addition, a
heater system maintains the solution temperature at 75 to 85°F to preveat precipi-
tation of the sodium pentaborate from the solution during storage. High or low
temperature, or high or low liquid level, causes an alarm in the control room.

Each positive displacement pump is sized to inject the solution into the reactor
in 50 to 125 min, independent of the amount of sclution in the tank. The pump
and system design pressure between the exploeive valves and the pump discharge
is 1400 peig. The two relief valves ere set slightly under 1400 psig. To pre=-
vent bypass flow from one pump in case of relief valve failure in che line from
the other pump, & check valve is installed dovmatreanm of each relief valve line
in the pump discharge pipe.

The two explosive-actuated injection valves provide assurance of opening when
needed and ensure that boron will not leak into the reactor even when the pumps
are being testad.

Each explosive valve is closed by a plug in the inlet chamber. The plug is cir-
cunscribed with a deep groove 80 the end will readily shear off when pushed with
the valve plunger. This opens the inlet hole through the plug. The sheared end
is pushed ocut of the way in the chamber; it 1s shaped so it will not block the
ports sfter release.

The shearing plunger is actuated by an explosive charge with dual ignition
prizers inserted in the side chamber uvf the valve. Ignition circuit continuity
is monitored by a trickle current, and an alarm occurs in the contrcl room 1if
either circuit opens. Indicator lights show which primary circuit cpened.

The SLC systex is actuated by a three-position key~locked switch on the control
room console. This assures that switching from the "off" position is a deliber-
ate act. Switching to edther side starts an injection pump, actuates hoth of the
explosive valves, and closes the reactor cleanup eystem outboard isolation valve
to prevant lose or dilutiom of the borom.

4.2-61
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A green light ir the control room indicates that power is available to the pump
motor contactor and “hat the contactor is open (pump not rumning). A red light
indicates that the contactor ie closed (pump running).

If a pump light, or exploefve valve light indiecs*as rhat the liquid ma

not be flowing, the ocperator can immediately i... the ssitch to the other side.
which actuates the alternate.pump. Cross. piping rnd check valves. assure a flow
path through either pump and either explosive valve, The chosen pump will start
even though its local switch at the pump 18 in the "stur” position for test or
maintenance. Pump discharge pressure ia also indicated in the control room.

Equipment drains and tank overflow are not piped to the radwaste system but to
separate containers (such as 55-gal. drums) that can be removed and disposed of
indepexdently to prevent amy trace of boron from inadvertently reaching the
reactor.

Instrumentatior consisting of solution temperature indication snd control,
solution level, and heater system status is provided locally at the storage
tank.

4$,.2.3.4.3 Safety Evalustion

The standby liquid control system is a special safety system and is maintsined
in a standby operational status whenever the reactor is critical. The system
is expected never to be needed for safety reasons because of rhe large number
of independent control rods gvailable to shut down the reactor.

However, to assure the availability of the SLC system, two sets of the components
required to actuate the system - pumps and explosive valves - are provided in
parallel redundancy.

The system is designed to bring the reactor from rated power to a cold shutdown
at any time in core life. The reactivity compensation provided will reduce
reaccor power from rated to zero level and allow cooling the nuclear system to
room temperature, witb the control rods remaining withdrawn in the rated power
pattern. It includ  the reactivity gains that result from complete decay of
the rv ed power xenon inventory. It also includes the positive reactivity
effeci. from eleminating steam voids, changing water density from hot to cold,
reducad Doppler effect in uranium, reducing neutrom leakage from boiling to
cold, and decreasing control rod worth as the moderator cools. The specified
minimum final concentration of boron in the reactor core provides a margin of
=0.05 4k for calculational uncertainties and assures a substantial shutdown
margin,

The specified minimum average concentration of natural boron in the reactor to
provide the specified shutdown margin, after operatiom of the SLC system, is
600 ppm (pa.ts per million) /Figure 4.2-26). Caleulation of the minimum
quantity of rodium pentaborate to be injected into the reactor coolant
including recirculation loops, at 70°F and reactor normal water level.' The
result 1s increased by 25% to allow for imperfect aixing snd leakage. An
additional 250 ppm 1s provided to accommodate dilution by the RER gystem in

4.2-62 Aa, 22 (12-9-74)
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the shutdown cooling mode. This concentrat.lon will be achieved if the solu-
tion is prepared as defined in Subsection 4.2.3.4.2 and maintained above
saturation temperature.

Cooldown of the nuclear system will require & minimum of several hours to
remove the thermal emergy stored in ' .2 reactor, cooling water, and asso-
ciated equipment. The controlled limit for the reactor vessel cooldown is
100°F/h, and normal operating temperature is approximately 550°F. Use of the
main condenser and various shutdown cooling systems requires 10 to 24 hours to
lower the reactor vessel to room temperature (70°F); this is the condition of
maximum reactivity and, therefore, the condition that requires the maximum con-
centration of boron.

The specified boron injection rate is limited to the range of 6 to 25 ppm/min.
The lower rate assures that the boron is injected in.o the reactor in approxi-
mately two hours. This resulting reactivity insertion is considerably quicker
than that covered by the cooldown. The upper limit injection rate assures
that there is sufficient mixing so the boron does not recirculate through the
core in uneven concentrations that could possibly cause reactor power to rise
and fall cyclically.

The SLC system equipment essential for injection of neutron absorber solution
into the reactor s designed as Category I (seismic) for withstanding the speci-
fied earthquake loadings (Section 3). The system piping and equipment are
designed, installed, and tested in accordance with requirements stated in Chapter
3.

The SLC system is required to be operable in the event of g ctation power failure;
therefore, the pumps, heaters, valves, and controls are powered from the standby
&-c power supply or d-c power in the absence of normal power. The pumps and
valves are powered and controlled from separate buses and circuits so that a
single failure will not prevent system operation.

The SLC system and pumps have sufficient pressure margin, up to the system
relief valve setting of approximately 1400 psig, to assure solution injection
into the reactor above the normal pressure in the bottom of the reactor. The
nuclear system relief and safety valves begin to relieve pressure above approxi-
oately 1100 psig. Therefore, the SLC system positive displacement pumps cannot
overpressurize the nuclear system,

Only one of the twc SLC pumps is needed for system operation. If cne pump is
found tc be inoperable, there is no immediate threat to shutdown capability,
and reactor operation cam continue during repairs. The ti.e during which one
redundant component upstream of the explosive valves nay be cut of operation
should be consistent with the following: (1) the probability of failure of
both the control rod shutdown capability and the alternate component in the
SLC system; and (2) the fact that nuclear system cooldown takes several hours
while liquid control solution injection takes approximately two hours. Since
this prcbability is small, considerable time is available for repairing and
restoring the SLC system to an operable condition while reactor operation con-
tinues. Assurance that the system will still fulfill ite function during
repairs is obtained by demonstrating operation of the operable pump.




4.2.3.4.4 Inspection and Testing

Operational testing of the SLC system is performed in at least two parts to
avoid inadverteantly injecting boron into the reactor.

With the valves to and from the storage tank closed and the three valves to
and from the test tank opened, demineralized water in the test tank can be
recircu’ated by locally starting either punmp.

The injecticn portion of the system can be functionally tested by valving the
injection lines to the test tank and actuating the system from the control
room. Both injection valves open on actuation. System operation i{s indicsted
in the control room.

After functional tests, the injection valve shear plugs and explosive charges
must be replaced and all the valves returned to their normal positions.

After closing a local locked-open valve to the Teactor, leakage through the
injection valves can be detected by opening valves at a teet commection in
the line between the containment isolation check valves. Position indicator
lights in the control room indicate that the local valve is closed for tests
or cpen snd ready for operation. Leakage from the resctor through the first
check valve can be detected by opening the same test connection when the
reactor is pressurized.

The test tank contains demineralized water for approximately 3 minutes of pump

operation. Demineralized water from the makeup system or the condensate storage
system is available for refilling or flushing the systenm.

Should the boron solution ever be injected into the resctor, either intention-
ally or inadvertently, then after making certain that the normal reactivity
controls will keep the reactor subcritical, the boron is removed from the reac-
tor coolant system by flushing for gross dilution followed by operating the
reactor cleanup system. There is practically no effect on reactor operations
when the boron concentration has been reduced below approximately 50 ppm.

The concentration of the sodium pentaborate in the solution tank i3 determined
periodically by chemical analysis.




Redundant differential temperature and asbient tewperature switches sense
RCIC and RER equipment screa ventilatios air fnlet and outlet bigh
tempersture or high sabient tesperature.

Redundant di!fcr_ontul temsperature and ssbient tempersture switches senss
RCIC pipe routing ares ventilsticn sir i{alet and outlet high tempersturs or
bigh asbient temperature.

Redundsnt differential pressure transmitters sense RCIC or RER/RCIC steam
line high flow or instrumenat lice break.

Redundant pressure transmitters semse RCIC tarbipe exhaust disphrage high
pressure. Both traasmitters in coe of two channels must semse high pressure
to cause isealtieca.

e. A pressure trsgsmittar semses RCIC low nu- liﬁly pmtmu.

The BECIC sysua may be ud-u‘ sfter igitiatioa by the coatrol room eperater by
sctuation of a svitch which cacses the outboard stesmline isclation valwve to
close. : : -

7.4.1.2 Liguid Ceatrol tam (S1CS
SLCS Puactiosm

The Standby Liquid Coatrol System (see Sectiom 9.3.5) isstrumestatioa is
designed to initjats injection of s limié meutron shbsorber iato the
resctor. Other isstrumentstica is provided to meistain chis liquid chemical
solutics well sbove ssturatiocn temperature ia resdiness for injectioca.

The SLCS is a backup & “bod of mamually shuottiag down the resctor ta cold
shutdown conditions fra surmal eperstion or form aaticipated trassiemt
conditions vhen costzel rod insertion capsbility is lost.




e. The peutron abscrber will be dispersed vithin the reactor core ia
sufficieat guaatity to provide a reasocable margzin for leazage or
izperfect mixing.

The system is reliable to a degree consisteat with its role as a special
safety system; the possibility of unintentional or accidestal shutdown of

the reactor by this systea is minimized.

$.3.5.2 Systen Description

The standby liquid control sysiea (see Figure 9.3-19) is macually initiated

in the main control room to pump a boroa peutrom absorber solution into the
reactor if the operator determines the reactor cannot be shut down or kept
shut down with the control rods. Once the operator decision for imitiationm of
the SLC systeam is made, the design intent is to sizplify the manual process by
providing a keylocked switch. Tais prevents inadverteat injection of pentron
ab~orber by the SLC system. However, josertion of the control rods is

e~pe.ted to assure prozpt shutdown of the reacter should it be required.

A keylock. switch is provided in the control room to assure positive actionm

frca the ma 1 control room should the peed arise. Procedural coatrols are

appliud to the operaticn of the keylocked control rooe switch.

The SLC systea is required only to shut down the resactor and keep the reactor

from going critical as it cools.

The SLC system is peeded only in the improbable event that not encugh control
rads can be inserted in the reactor core %o accozplish shutdown and cooldown

in the por=al manner.

The boron solutior tan¥, the test water tank, the two positive displacement
puzps, the two expl <ize valves, the two motor operated tanx shutoff valves,
and associated local valves au? controls are located in the cootaizzexni. Tae
liquid is piped inlo the reactor vessel and discharged near tue boltom of tas=
core shroud so it mixes with the cooling water rising through the cor= (see

S-‘\-:;:M 5_3' 393 aﬂd 39-5)
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Figure 7,4-2
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The RPT design shall:

Meet IEEE 323-1974 and 344-1975, or be consistent with existing

plant design requirements;

Meet IEEE 279, 379 and 384 (except for the Low Frequency Motor

Cenerator breakers);

Provide for inservice testability (except for action of final

breakers).

Feedwater Runback

Upon the receipt of a high pressure signal from the RRCS logic
including confirmation of no-scram, feedwater flow is to be limited,
thereby reducing power and steam discharge to the suppression pool,

The feedwater runback design shall:

Use control-grade equipment, and

Provide manual operation override to allow an increase in

feedwater flow, if needed and available.

Standby Liquid Control System

[he standby liquid control system (SLCS) action is to be initiated
manually on a failure to scram condition in accordance with Emergency
Instructions. Simultaneous operation of both pumps at full capacity
(86 gpm total) will control the nuclear fission chain reaction and

thereby maintain suppression pool temperatures within specified limits.

The SLCS design shall:

Provide a manual sodium pentaborate solution injection functio

both loops simultaneously operated only from the Control Room;




Provide for replenishment capability of the SLCS tank with mixed

sodium pentaborate sc...ion from outside the containment;
Provide capability for periodic cunctional tests;

Assure that no single active logic component failure can prevent its

function; and

Meet IEEE 323-1974 and 344-1975 or be consistent with existing plant

design requirements.

15C.6 SCRAM DISCHARGE VOLUME MODIFICATIONS

Additionally, control rod drive system scram discharge volume shall be
modified to minimize the potential for failure of the scram function from
unavailability cf this volume. The design modification will consist of the

addition of redundant instrument volume water level sensors to the control rod

drive hydraulic system and instrument line piping modifications. The design

change shall:

Provide redundant lE sensors;

b. Provide redundant vent and drain valves.

ATWS EVENT AND RESULTS

In order to study the reactor responses with the injection of the boron
solution, the Alternate Rod Insertion (ARI) is deliberately ignored in this
study, because with ARI, there is no need for boron injection. Consequently,
five anticipated events are selected as initiative transients since they can
result in highest responses in comparison with the safety criteria. These

initiating transients are:

MSIV Closure Event ~ This transient when coupled with postulated normal
scram system failure produces high RPV pressure, heat flux and

suppression pool water temperature.
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