UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON, D.C. 20545

NORTEERN ES P COMP
DOCKET NO, 50-130
PROVISIONAL OPERATING LICENSE

License No. DPR~-1ll
3-/a-69

1. This provisional operating license appiies to the controlled recirculation
boiling water reactor owned by the Northern States Power Company (hereinafter
referred to as "MNorthern States"). The reactor which is part of the Path~
finder Atomic Power Plant is located approximately five and one-half miles
northeast of Sioux Falls, South Dakota. The reactor is described in the
licensee's application for operating license dated March 30, 1959, and
amendments thereto dated July 6, 1959, August 7, 1959, November 5, 1939,
November 20, 1959, December 138, 1959, August 24, 1960, November 7, 1960,
January 17, 1961, May 22, 1962, June 12, 1962, February 22, 1963, April 24,
1963, May 15, 1963, May 29, 1963, June 11, 1963, June 18, 1963, August 14,
1963, August 28, 1963, October 21, 1963, October 24, 1963, October 29, 1963,
October 30, 1963, December 18, 1963, and February 6, 1964, (hereinafter

collectively referred to as ''the application"). 4

2. Subject to the conditions and requirements incorporated herein, including the
Technical Specifications hereto, the Commission hereby licenses Northern
States:

A. Pursuant to Section 104(b) of the Act and 10 CFR 50, to possess, use
and operate the reactor as a utilization facility.

B. Pursuant to the Act and 10 CFR 70, to receive, possess and use in
operation of the reactor at any one time:

(1) 800 kilograms of contained uranium-235;

(2) 128 grams of plutonium encapsulated as two l-curie and ome
6-curie plutonium-beryllium neutron souxces.

C. Pursuant to the Act and 10 CFR 30, to receive, possess and use in
operation of the reactor at any time:

(1) 10,000 curies of antimony~l124 as an antimony-beryllium neutron
source;

(2) Three sealed sources of cobalt-60 not to exceed 100 milli-
curies each for calibration of film badges and instruments
and for the testing of radiation monitors and measuremeant
of liquid levels in tanks and pipes;
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300 microcuries of cesium~137 to be used as a laboratoery
standard;

50 microcuries of iron=59 to be used as a laboratory standard;

100 microcuries of stroantium-90 to be used as a laboratory
standard;

300 alcrocuries of cobalt-60 to be used as a laboratory
standard;

0.002 microcuries of americium~24l for calibration of
iastruments;

50 millicuries of krypton-85 for calibration of gaseous i
activity monitors;

300 microcuries of chromium=-51 in a solution of CxClJ to be
used as a laboratory standard.

D. Pursuant to the Act and 10 CFR 30, to possess, but mot to separate
such byproduct material as may be produced by operation of the reactor.

This license sball be deemed to contain and be subject to the comditions
specified in Sectiom 30.32 of Part 30, Sectious 50.54 and 50.59 of Faz:
50, and Sectiom 70.32 of Part 70, Title 10, Chapter 1, CFR, and to be
subject to all applicable provisions of the Act, and to the rules,
regulations and orders of the Commission, sow or hereafter ia effect,
and to the additional conditions specified below:

A. Northern States shall not operate the reactor at power levels ia
excess of one (1) megawatt thermal.

B. Northern States shall not i{nstall the proposed nuclear superheater
fuel in the reactor without prior writtexz suthorization by the
Commissioc.

C. Zechnical Specifications

The Technical Specifications contained in Appendix "A" bereto are
bereby incorporated into this license. Except as othervise permitted
hymnzamm.npuum.umumm.
NSorthern States shall operate the reactor in accordance with the
Technical Specifications. No changes shall be made in the Techaical
smtuuummu-nwnmm.awu
10 CFR 50.59.




JD. Records

In addition to those otherwise required under this license and
applicable regulations, Northern States shall keep the following
records:

(L

Reactor operating records, including power levels and
periods of operation at each power level;

(2) Records showing radioactivity discharges into the air or
water beyond the effective control of Northern States as
measured at or prior to the point of such release or
discharge;

(3) Records of radiocactivity levels at both on-site and off-site
monitoring stations;

(4) Records of emergency shutdowns and inadvertent scrams
including the reasons therefor;

(5) Records of safety system component tests and measurements
performed pursuant to the Technical Specifications;

(6) Records of maintenance operatioms involving substitution
or replacement of reactor equipment or components;

(7) Records of all facility tests and measurements performed.

Reports

In addition to reports otherwise required under this license and
applicable regulations:

8

(2)

Northern States shall make an immediate report in writing
to the Commission of any indication or occurrence of a
possible unsafe condition relating to the operation of the
reactor, including, without implied limitatiom:

(a) Any substantial variance disclosed by operation of the
reactor from the performance specifications set forth
in the Hazards Summary Report;

(b) Any accidental release of radioactivity, whether or not
resulting in property damage or personal injury or
exposure above permissible limits,

Within 60 days after (a) completion of initial core loading
and associated critical testing and (b) completion of Phase
1I of the Power Operation Test Program Northern States shall
submit a written report to the Commission of the results
pertinent to safety of the tests and operations conducted,
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including a description of changes made in the facility
design, performance characteristics and operating procedures.

(3) Within 30 days after the completion of six months of operation
of the reactor (calculated from the date of completion of Phase
11 of the Power Operation Test Program), and at the and of
each six-month period thereafter Northern States shall submit
a written report to the Commission which summarizes the following:

(a) Total number of hours of operation and total energy
generated by the reactor;

(b) Number of shutdowns of the reactor with a brief
explanation of the cause of each shutdown;

(c) Operating experience including levels of radiocactivity
in principal systems; routine releases, discharges, and
shipments of radicactive materials; a description of
tests performed in the reactor; and the results of any
test analyses completed during the period in the reactor
including results of tests required by the Technical
Specifications; a summary of experiments conducted;
number of malfunctions in the control and safety
systems with brief explanations of each; and a discussion
of data obtained relating to superheater operationm;

(d) Principal maintenance performed and replacements made
in the reactor and associated systems including a report
on various tests performed on components of the reactor
and associated systems;

(e) A description of the leak tests performed pursuant to
the Technical Specifications and the results of such
tests including a description of any necessary corrective
measures taken to meet the requirements of the Technical
Specifications for assuring the specified containment leak
tightness;

(f) Significant changes made in operating procedures and in
plant organization;

(g) Radiation levels recorded at both on-site and off-site
monitoring stations.

4. Pursuant to Section 50.60 of 10 CFR 50, the Commission has allocated to
Northern States for use in the operation of the reactor 758.4 kilograms
of uranium=235 contained in uranium at the isotopic ratios specified in
the application., Estimated schedules of special nuclear material trans-
fers to Northern States and returns to the Commission are contained in
Appendix "B" attached hereto, which amends the allocatiom contained in
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Constyuction Permit No, CPPR-8. Transfers by the Commission to Northern
States in accordance with column (2) in Appendix "B" will be conditioned
upon Northern States' return to the Commission of material substantially
io sccordance with column (3) of Appendix *I".

S, This liceuse shall be effective as of the date of issuance and shall
expire eighteen (18) months from said date, unless extended for.good
csuse shown, or upon the eewlier issuance of a superseding operating

1icenss.
FOR THE ATOMIC ENERGY COMMISSION
Original signed
by R. Lowensteln,
Director
Division of Licensing aad Regulation
Attachments:
| "’m nan
2. Appendix "B"

Dete of Issuance: MAR 12 1964
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Date of Transfers frem Returns by
Transfer AEC to WSY RSP to ARC
(Fiscal Year) Kilograms U-235 nl:guu 0-235

Turu 10/18/63 4%0.0 - -
1964 80.¢ 195.2 -
1965 243.8 13.1 41.9
1966 Ay 8 N2 -
1967 154.0 15.4 219.3
1968 . i87.0 4.2 1838
1969 196 .4 - 61.1
1970 . 87.2 7.8 1880

1,682.8 8.9 6%.1

*3rd and Acth quartars FY 1364 ealy

(8)

Net Yearly
Pistribution
Eilograms U-235

(3)

Cumulative
Distribution
Kilograms U-235

(114.6)
188.8
190.6
(80.7)
(s51.0)
135.3

(118.6)

490.0
5.4
564.2
7548
674.1
623.1
758.4
639.8



APPENDIX "A"
NORTHERN STATES PONER COMPANY.
PATHFINDER ATOMIC POWER PLANT

TEGHNICAL SPECIFICATIONS

APPENDED TO PROVISIONAL OPERATING

LICENSE DPR-11, DATED MAR 12 1984
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1.0 INTRODUCIION

1.1 Scope

1.2

1.1.1

These Technical Specifications set forth operating limits and
requirements and principal design festures vhich affect safety
of the Pathfinder Atomic Power Plant.

Definiticns

The following terms are defined to clarify the inteat of the various
provisions given within these Technical Specificatioms.

l1.2.1

l1.2.2

1.2.3

1.2.4

1.2.5

1.2.6

1.2.7

Powver Operation - it any operation with the reactor vessel closure
bolted in place when reactor criticality is possible. Reactor

criticality is to be considered possible if the core is loaded
vith a quantity of fuel equal to or greater than a critical mass
of fuel, power is available to the control rod drive motors and
more than one rod i3 latched to its drive.

Refueling Operation - is any operatiom with any of the reactor
vessel closures open during which either core alterations are
being made, or other operstions vhich might directly or
indirectly increase the reactivity of the core are in progress.

Shutdovn - is any condition not covered by Power Operatiom or
Romﬁng Operation except that Cold Shutdown shall be specifi-
cally defined as indicated in Section 1.2.k bdelow.

Cold Shutdown - is a reactor condition involving either no fuel
in the reactor or a condition meeting the following requirements:

(a) The control rods are fully inserted in the core, and their
pover circuit is locked by means of the key switch in the
off position to prevent vithdrawal. The key to the switch
must be in the possession of the Shift Supervisor or higher
plant management.

(b) The reactor coolant system is at atmospheric pressure.

Scram - is any automatic or manual action vhich de-energizes
the magnetic clutches on the boiler control rod drives and
causes run-in of the drives for the boiler and superheater
control rods until the associated rod has reached its bottom
limit.

Main Steam Isolation Scram - is a reactor shutdown as in 1.2.5
above with closure of the main steam isolation valve and the
main steam isolation bypass valve,

Funback - is any automatic or manual action which drives in all
boiler control rods until correction of the condition which
initiated the action,
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2.0 SIm
2.1

2.3

1.2.86 le - is dofined as the percent of the contained
#ﬁ#ﬂi’t basis) which escapes per day (24 hours) under
the dofined pressure comditicns through sny leaks in the comtain-
ment building end its components including any extensiom of the
containment boundary and all isolatiocn valves and their associated

piping.

Locstion

The Pathfinder reactor plant shall be locsted near the Big Bfoux River,
spproximately 5-1/2 miles northeast of the center of the city of

SBioux Falls, and 2-1/2 miles vest of the town of Brandon in Minnehaha
County, South Dekota.

e Rest

The distance from the centerline of the reactor dbuilding to the

boundary of the exclusion ares shall be at least 2250 feet, The distance
from the centerline of the reactor building to the boundary of the
restricted area shall be at least 135 feet. The restricted area vhich
includes the cooling tower, svitch yard, and other equipment shall be
enclosed Dy a fence.

Principal Activities

The principal activity carried on within the exclusion area shall be

the operation of the resctor and associated pover generating equipment.
Other activities vhich may be carried cn at the site shall be contralled
by Northern States Power Company and may include maintenance of
buildings, roads, grounds, and equipment; transmission and distridbution
of power; and operation of an Atomic Information Center.
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Reactor containment shall consist of an externally insulated cylindrical steel
vesgel, hereinafter referred to as the containment vessel or enclosure. The
insulation shall be approximately one inch thick with a waterproof exterior
costing. The integrity of the insulation shall be sufficient to maintain the
reactor building metal tempersture above 55°F during power operation conditions.

3.1 The reactor containment shall enclose the reactor, the recirculatiom
loops, shielding, snd other components arranged as shown in Figures 3.3
snd 3.4 of ACNP 5905 dated January 15, 1962, Electrical circuits and
hydrsulic and pneumatic lines used for the purpose of controlling the
reactor or cantrolling or actuating safety and emergency systems shall
be separated from all high pressure piping by substantial structural
features so that rupture of a high pressure pipe would not impair the
function of the control systems.

3.2 (Containment Vessel-Design Parameters shall be as follows:

Internal pressure, psig 78
External pressure, psig 7.3
Texperature, (Coincident with design internal

pressure), °F 342
Minimum building temperature, °F 10
Wind load, psf 0
Snow load, psf 35
Earthquake factor, C (UBC code) 0.05

Permissible air leakage rate at 78 psig
at ambient temperature, percent per day

of contained atmosphere (including penetrations) 0.2
Diameter, feet 50
Height , feet 120.5
Approximate free volume, cubic feet 145 ,000

3.3 Construction

The principal material of construction shall be SA-212 Grade B,
firebox quality steel produced to SA-300 specifications. Design,
construction, and testing shall be in accordance with ASME Unfired
Pressure Vessel Code, Section VIII, as modified by the spplicable
nuclear code as of 1960 for the conditions specified in Section 3.2.
The parent metal and weld metal shall have an NDT temperature of less
than 25°F.

3.4 Penetrations

Penetrations through the reactor building shall conform to the following
specifications:

3.4.1 Electrical Cables
Penetrations shall be provided for a maximum of eighty~five

electrical cables. About seventy-two of these penetrations
shall be used initially and the remainder shall be spares for
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future use. The electrical penetrations shall be fuacsienajdy as
shown in Allis-Chalmers Drewing No. A=8T219-D dated January &, 1963.

3.4.2 System Piping

Penetrations shall be provided for a maximum of 19 system piping
lines. The piping and instrument line penetrations shall be
wolded sleeves varying in diameter from l-1/k to 36 inches, with
the lines rigidly welded to the sleeves except vhere temperature
or pipe movements preclude rigid connections, in which case
bellowvs seals shall be provided. All piping penetyations shall
be designed with adequate reinforcement and support to prevent
. expansion er reaction from a ruptured pipe from causing damage
to the penetratiom or the containment vessel. The stresses
resulting from sach reactions shall not exceed the allowable
stresses for the materials used in the penetration and contain-
ment building. Each valve in the inlet and outlet of the
ventilation system shall be provided with individual actustors.
Valves vhich serve as isolation valves shall be located with
respect to the containment vessel as showvn schematically in
FPigure 2.1 of ACNP 5905 dated Jsnuary 15, 1962. All such

valves vhich may be open during operations requiring contain-
ment integrity shall be designed to permit remote manual

closing of the valves from the cantrol room. The following
isclation valves shall be designed to be actusted automatically
and manually from the control room, The mode of operatiom of
these isolation valves shall be as follows:

Penet on e of ion
a. Reactor Water Purification air to open, spring
P to close
b. Recirculation Pumps Seal - .air to open, spring
Lesk-off to close
¢, BShield Pool Cooling Outlet air to open, spring
to close
d, Main Steam
Main Steam Isolation Valve electric to open and close
««s Main Steam Isclation Bypas air to open, spring
Valve ~ to close
e. Heating Steam Alr to open, spring
to close
f. Safety Valve Discharge air to open, spring
to close
g: Sump Pump Discharge air to open, spring
to close
h. Safety Valve Drain ’ air to open, spring
to close
i. Ventilation Inlet and Outlet (see Bec. 3.k.6)
J. Instrument and Service Alr «ir to open, spring
to close



3.8.3

.54

3.8.5

3.‘.6

Personnel cess

There sball be & normal airlock (size 7 £t high x 3 r't wvide)
and an emergency airlock (size 30" dismeter) for perscamel
sccess and egress. Each airlock shall vithstand a 78 peig
building pressure. Each airlock door shall open inwvard toward
the reactor buildisg. Airlock doors shall be mechanically
interlocked so that cnly one door canm be opened at & time. The
emergency airlock shall be provided vith a means for closing
the inside door from the ocutside of the reactor buildimg,
Shafts or other movable mechanical devices penetrating the
airlocks shall pass through packed fittings which provide s
seal bdetwveen the inside and the cutside of the reactor building,

Transfer

The equipment traansfer door shall be eleven feet in diameter
snd secured by a bolted O-ring gasketed joint arranged so that
pressure inside the containment building tends to compress the
gasket,

Fuel Transfer

The fuel transfer tudbe shall connect the shield pocl to the
fuel storage pool. A gate valve shall be used to close the
traasfer tubde,

Ioohtis Valve Operstors

All syste= piping isclstion valves except the main stean

isclation bypass valve shall be designed to close faster than
the main stean {solation valve vhich shall close in less than
19 seconds. The main steaz isclsticn bypass valve shall have
& controlled closure time of sdout 2 minutes; backup comtral

devices shall initiate instantaneous closure within 2-1/2 minutes.

The maic steaz isclation valve shall have an electric povered
valve operator. The electrical power shall be svailable from
the emergency power systexn.

Both of the main steaz line valves shall close without operstor
sttention upon Main Steam Isclation Scram signals as descrided
in Sectiom 6.1.4,

There shall be tvo valves in each ventilation duct. One valve

in each duct sball be nitrogen operated in doth directicams.

The nitrogen shall be supplied by two 1000 cubic inch
sccusulators st & minimums pressure of 500 psig., The second

valve iz each duct shall de air-to-opea and sprimg-to-close.

The ventilation valves shall close iz less than 15 seconds.

The inlet and outlet ventilation valwves shall close agtomatically

zpc Reactor Bullding Isolstion sigoals as described in Section
.1.5.
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3.5 Easctor Building Spray Systes

The reactor buildiag spray system shall be designed to spray vater in
the reactor building at a minimum rate of 47 gpm with 78 psigz pressure
in the reactor building. The system shall be designed with the
following features:

a, Number of Spray Noziles 1

b, Nozzle Pressure, psia 18

¢. System Actuation Automatic, Manual Backup

4. Signal Used to Actuate High Containment
Vessel Pressure

e, Signal Trip Setting Not more than 6 psi
above atmospheric

f. Water Supply Circulating Water System

The automatic actuation system shall include a time delay device
alloving & time delay betveen actuation signal and opening of the

valve of not more than five minwtes. Manual eonitrols shall be provided
vhich allov opening and closing of the supply valve at any time.

3.6 Containment Integrity Bequirements
3.6.1 Containment iategrity provisions shall include the following:

(a) Maintenance of the reactor building so that the leakage
rate shall not exceed 0.2 percent per day of the contained
stmosphere at an intermal pressure of 78 psig at ambient
temperature,

(b) Sealing of all building access and equipment transfer
ports including the equipment door snd fuel transfer valve,

(¢) Maintaining all systems for automatically closing contain-
ment building penetratioms in operating conditiom.

(d) Maintaining temperature of the steel shell of the
containment above 55°P,

(e) Preventing all access to and egress from the containment
building except through airlocks in vhich the door
interlocks are operable.

(f) Maintaining all emergency pover supplies, momnitors, and
sutomatic emergency equipment associated with the contain-
ment building and building spray system in operating
condition.

3.6.2 Whenever primary sys' a pressure exceeds 250 psig and fuel is
in the reactor, vhenever fuel i{s in the reactor and any cemtrol
rod is vithdravn, or vhenever any component is being handled in
proximity to irrediated fuel within the reactor dbuilding, the
containment integrity provisions specified in this section
shall be in effect; except that whenever (1) irradiated fuel
is being handled vith the primary system at atmospheric
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pressure and vith control rods disconnected from coatrol rod
drive mechanisms the gate valve in the fuel transfer tube may be
opened and (2) vhenmever the fuel involved !n sny type of opers-
tion defined by this section shall have been irradisted to less
then 100 megavatt days per metric ton of uranium the provisions
of subparagraph 3.6.1(4) shall not be required.

3.7 Comtaloment Testing

3.7.1

3.T7.2

rational Containment tial Testin

(a) The reactor duilding shall be initially tested by a
poeumatic pressure test at 125f of the design pressure
(nominal 97-1/2 psig test pressure).

(d) A leak-detection test shall be conducted at a pressure
not less than 5 psig for all reactor building welds, all
shell penetrations, gasketed joints, and {solation valves
using tne soap-bubble method, or the Halide leak detector.
All discermible leaks revealed Dy these test methods
shall require repair and retest.

(¢) The initial integrated leakage rate test shall be conducted
at 100% of the design pressure,

(d) The maximum allowable leakage rate of the Reactor Buildimg
at design pressure shall not exceed 0.2% of the contained
alr in tventy-four hours. The actual measured leskage
rate derived from the test conducted wvith air shall be
corrected for the containment conditiocns postulated dy
the maximum design accident.

(e) The accuracy of the leskage rate measuring system, in any
test, shall be verified by superimposing a controlled
leakage rate (measured through a gas flov meter) upon the
existing vessel leakage rate, or by other means of
equivalent accuracy, and continuing the test a sufficient
period of time to measure the composite leakage rate.

(f) The tests required by Sections 3.7.1(b) and (c¢) shall be
conducted after all construction vork affecting contain-
ment leak tightness is complete and vithin one year
precediag iaitial operstions requiring containment
integrity as defined in Sectiom 3.6.

Pe ¢ Testi ration Below 1 th

(a) All penetrations and gasketed closures shall be subjected
t0 & leak detection test either separately or as a building
test, at & pressure not less than 5 psig every year, using
the soap-bubble technique or other methods at equivalent
sensitivity.
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(b)

(¢)

(d)

(e)

(f)

Equipment transfer door shall be subjected to similar leak
detection test following each closure prior to plant startup,

All airlocks shall be subject to leak detection tests every
six months,

All isolation vaives with direct communication to outside
atmosphere, including the valves for the ventilation openings
and building vacuum relief, shall be subjected to a leak
detection test at a pressure of no less than 5 psig every
four months using soap bubble technique or other methods

of equivalent sensitivity, The normal mode of valve
operation shall be employed to close the isolation valves
prior to the performance of the leak detection tests,

All automatic controls and instrumentation associated with
these isolation valves shall be tested every three months,

All containment isolation valves and check valves considered
as necessary for containment but not included under 3,7,2(d)
and the automatic valves of the spray system shall be

tested every year or at each major refueling, whichever
occurs sooner, to verify the operability of the valves,

The automatic controls and its instrumentation associated
with these valves shall be tested at approximately quarterly
intervals,

Defective operation shall require repair and retests,

All discernible leaks revealed (from tests of (a), (b), (c),
and (d)) subsequent to the preoperational tests shall require
repair and retests,

Integrated leakage rate tests of the Reactor Building
shall be performed at least once every 18 months,

In order that the integrated leakage rate test be
representative of the "as is" condition of containment
building, no preliminary preparation of the leak tight
condition of the containment building shall be performed
which would influence the resulls of the scheduled
integrated leakage rate test, Closure of the isolation
valves of the Reactor Building penetrations for the purpose
of the tests, shall be effected by the normal means provided
for operation of valves,

Leaks detected in the contaiment boundary, or in the
isolation valves directly prior to or during the test which
require repairs to enable the integrated leakage rate
testing to proceed, may be repaired provided such repairs
are reported as part of the record of the leakage rate
results,

3-6



of

(g)

The integrated leskage rate test may be conducted at 100%
of design pressure, The corrected leskage rate shall not
omu(l the maximum allowable leakage ratc specified under
3.7.1(4).

In the event the maximum allowable leskage rate is exceeded
as determined at any time by the test results of 3.7.2(e),
& retest shall be made following repairs of leaks in the
containment building boundary.

A proposed schedule and specification for periodic leakage
rate retesting for operation above 1 Mw(th) shall be
submitted to Division of Licensing and Regulation for
approval prior to operation above 1 Mw(th).

The time periods specified in this Section 3.7.2 shall be
the maximum interval of time elapsed between successive
tests. These tests shall be performed initially after
all construction work affecting the function to be tested
is complete and within three months preceding initial
operations requiring containment integrity as defined in
Section 3.6; provided that tests also specified under
Section 3.7.1 may be performed initially at times
required by that section.
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4,0 Reactor and Power Systems Equipment

The reactor and power system equipment shall consist of the reactor vessel,
the primary coolant recirculating system, the shutdown cooling system,
emergency cooling system, pressure relief system, the primary steam and
associated power producing equipment and the interconnecting piping and
valves. This system shall be arranged as shown in Drawing 43-500-997 in
ACNP-5905 dated January 15, 1962. This section will specify the im-
portant mechanical design features and operating limits of variables
affecting these systems.

4.1 Reactor Vessel
The reactor vessel shall be designed, fabricated, installed, and
tested in accordance with Section VIII and IX of the ASME Pressure

Vessel Code as of 1955 as modified by Special Code Cases 1270N,
1271N, and 1273N.

4.1.1 Design Features shall be as follows:

Nominal Length, overall, inches 433

Nominal Inside diameter, inches 132

Nominal Wall thickness, excluding 3 (except head =
cladding, inches 2 3/8)

Cladding thickness, minimum inches 1/4 (except head =

1/8)

Design pressure, pugP 700

Design temperature, 500

Approximate Initial nil ductility 10

transition temperature, °F

4.1.2 Principal Materials of Construction shall be as follows:

Component Material Specification
Vessel shell and Steel ASTM A212 Grade B
head

Flanges and Nozzles Steel ASTM A-105 Gr 11,
ASTM Al55 Gr KC-70

Cladding Stainless Types 304L and 309

steel
Head Studs and Nuts Steel ASTM A437

4.1.3 Reactor Vessel Penetrationms

The penetrations of the reactor vessel and reactor head
shall include only those listed below:
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10
2.
3.
‘.
5.
6.
7.
8.

9.

Penetrations Quantity L.D.(inches) Location
Nozzles to Recirculation Pumps 3 20-1/2 Below Core
Nozzles from Recirculation Pumps 3 20-1/2 Below Core
Steam Outlet Nozzle 1 16-1/2 Below Suphtr
Feedwacer Nozzle 1 9-3/4 Below Core
Boiler Core Instrument Nozzle 1 6-3/8 Above Core
Lower Liquid Level Nozzle 1 2-3/8 Below Core
Control Rod Drive Nozzles 20 3-1/2 Vessel Head
Superheater Core Instrument 1 1-1/2 Vessel Head

Nozzle
Upper Liquid Level Nozzle 1 1/2 Vessel Head

4.1.4 Vessel Closure

The top head closure shall be a bolted flange with a

7 foot-7 inch clearance diameter. The seal shall be made
by two corrugated, type 316 stainless steel jacketed, soft
iron core gaskets. The space between gasket rings shall be
connected to a leak monitoring system.

4.1.5. Vessel Support

4.1.6

4.1.7

The reactor vessel shall be supported by five columns
fabricated of high strength T-1 steel. The vessel shall

be held in a centered position by four keys welded to the
vessel wall and engaged in channels fastened to the concrete
shield.

Vessel Internals

The vessel internals shall consist of 412 superheater fuel assem-
slies and 96 boiler fuel elements, boiler fuel boxes, super-
heater structural assembly, control rods, shroud structure,

and structures which support and retain fuel elements.

These vessel components shall be as shown in Figure 1.1 of
ACNP-5905, dated January 15, 1962. The core region shall

be surrounded by a light water reflector region approximately
32 inches thick.

Control Rod Guidance

The boxes which contain the boiler fuel elements shall form
the guide channels for the cruciform control rods. These
channels shall be fabricated to provide 0.113 inches clearance
between the control rod and the guide channel when the con-
rod is centered in the guide chanmel.

The superheater control rods shall move in guide tubes. There

shall be 0.065 inches between the guide tube and the control
rod when centered.
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4.1.8 Reactor Vessel and Steam Lioe Samples

There shall inicially be ot least fifteen capsules located
iz the vessel comtaining specimens of the reactor vessel
material. The capsules shall be located in sample dolders
wiich are part of the steam separator assemblies. The
sanples shall be located at two radial distances from the
core. The imner position shall provide an accelerated
test of radiation effects.

Three capsules will be removed during the first year of
eguivaleat full power operatiocmn for examisation. The ressits
of these examinations shall determine the schedule for re-
moval of the other samples.

A test program shall Se conducted to evaluate adverse effects
of seutron irradistiocs of maiz steam lize msterial.

4.1.5 Operatiag Recuiremests

The rate of change of temperature iz the reactor wvessel
wall, flanges, and sozzles shall oot exceed 200°7 per bour
as determined by at least I thermocouwples iz the reactor
vessel wall. Reactor vessel pressurizatiom im excess of
208 of mormal cperating pressure siall sot be allowed o
occur at temperatures below the maximum established mil
ductility tramsiticn temperature plus 60°7. A determiszatiom
of the shift in the il ductility transition temperature
shall be made at least omce each year.

4.2 Primary Coolsst Systes
4.2.1 Recirculatics Loops

The reactor recirculaticm system shall comsist of three loops,
each comtaining a vertical mixed flow ceatrifugal pump. The
pump shaft sealing arrangemens stall be designed o prevent
loss of recirculation water during all operating ccuditicms.
Seal water shall be supplied by either or both of two
displacement gland seal booster pumps.

4.2.1.1 PRipisg
The recirculatioe piping sball be designed, fabricated
and isspected iz sccordance with ASA B 31.1 1955 Code

for Pressure Piping and spplicadle mmclear case rulings.
The design pressure and temperature shall de 700 psig
and S00PF respectively. The ialet and cutlet pipisg
from the reactor to the tiree recirculatios pumps shall
be 22 inches 0.D. x 5/8 iach thick ASTM-ALSS Cr. EC-70
carbon steel imtermally clad with 1/8 isch thick type
J0LL staiznless steel.
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4$.2.1.2 Valves

Butterfly valves shall be located at the suction and
discharge of each of the recirculation pumps. The
valve operators shall be of the electrical motor.
gear drive type which fails in position om loss of
power. The pump discharge valve operators and con-
trols shall be designed to limit total rate of flow
increase to less than 455 gpm per second. (This
shall correspond to a maximum reactivity additiom
rate of less than 5 cents/sec.)

The discharge valves shall be interlocked to prevent
closure to below 45 percent open when the associated

pump is running.

Control interlocks shall be designed to prevent comn-
trolled increase of recirculation flow coincident
with control rod withdrewal.

Operation of pump discharge valves may be used to
control recirculation flow. Reactivity additiom by
recirculation flow control shall not be continued for
more than 10 seconds in any one 20 second inmterval.

4.2.1.3 Pumps

The recirculation pumps shall be designed to deliver
21,600 gpm against a 71 foot head. Each pump shall
be driven by a 400 HP induction motor. The pump
casing shall be made of ASTM A-351-57T grade CF-8
stainless steel,.

4.2.2 Biological Shielding

Each recirculation pump and motor shall be in a separate shielded

compartment in the reactor building.
4.2.3 Reactor
The volume of water in the reactor at normal operating level

shall be about 13,000 gal. The volume of water in the reactor
when the reactor is flooded shall be about 20,000 gal.

4.3 Safety Relief Valves:

Number -

Type Spring-Loaded,
Bellows Sealed

Maximum Setting of First Valve, Psig 600

Maximum Pressure Serting of Remaining Valves, Psig 620
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Safety Relief Valves: (Cont'd.)

Design Capacity per Valve, Pounds per Hour
Nozzle Area, Square Inches
Rupture Disc Design Pressure, Psi

4.4 Reactor Power Operation Cooling:

Coolant Material

Type of Cooling System
System Pressurization
Minimum Loops Operating Concurrently

(or Bquivalent)

Number of Passes Through Core

Flow Direction Through Boiler Core

6,5 Reactor Shutdown Cooling:

Design Pressure, (Standby Cooler)
Psig (Shield Pool Cooler)

Design Temperature, (Standby Cooler)
OF (Shield Pool Cooler)

Number Pumps

Number Heat Exchangers Available
Heat Removal Capacity (Standby Cooler)

Btu/Hr

Heat Removal Capacity (Shield Pool Cooler)

Btu/Hr

4.6 Reactor Emergency Cooling:

Emergency Condenser:

Type

Minimum Capacity, Btu/Hr
Minimuw Cooling Time Available
from Water Storage, Hours

Coolant

Design Pressure of Shell, Psig

Design Temp of Shell, °F

Design Pressure of Tubes, Psig

Design Temp of Tubes, °F

Actuating Signal

Maximum Time to put System in
Full Operation Following
Signal, Seconds

177,500
6.38
25

Demineralized Water
Forced Recirculation

Boiling Water

1
1

Upward

150
50
350
212
2
2
19.5 x 106

1.5 x 106

Shell and Tube
17 x 183
24

Shield Pool Water
55

300

660

900

Isolation Scram
30 sec



4.7 QOperating Requircments g

During all reactor Power Operation in excess of 1 MW(th) the
minimum recirculation flow shall be at least (1) 297 gpm per
MV(th), or (<) flow equivalent to design flow of one recircula-
tion loop.

The maximum operating pressure and temperature shall be 700 psig
and 500°F, The controlled rate of change of temperature in the
reactor vessel shall be limited to 200°F/hr. All other com-
ponents in the system shall be capable of following this
temperature change rate, The safety relief valves shall be set
appropriately for all planned reactor operating pressures so |
that the allowable pressure (plus. 10%) in the reactor system i
is not exceeded. The emergency condenser shall be operable and |
ready for service at all times during power operation at levels :
above I Mw(t). The shutdown cooling system shall be operable |
and ready for service during refueling operations if required |
for decay heat removal,

The primary coolant shall be sampled and analyzed at least daily
during periods of power operation, The primary coolant shall
be analyzed whenever the conducitivity increases unexpectedly,

The following are absolute limits which if exceeded shall
necessitate reactor shutdown, Corrective action shall necessarily
be taken at more stringent limits to minimize the possibility of
these absolute limits ever being reached,

Conduétivity (Micromoho/cm) maximum 5
maximum transient* 10
pH (Lower and Upper Limits) 4,0 and 10,0
Chloride Ion (ppm) maximum 0.1
maximum transient* 1.0
lodine (microcurie/ml) 20
Boron, ppm, maximum except during 100

experiments below 1 Mw(th)

4,8 Biological Shield

The reactor vessel shall be located in a cavity formed by the bio-
logical shield of standard stone aggregate concrete approximately
10 feet thick.

There shall be about a one-féot air space between the concrete
shield and the reactor vessel, Air shall be circulated in this
space, Cooling coils in the concrete shield shall be designed
to prevent the shield temperature from exceeding 180°F,

*Conducitivity and chloride concentration is expected to increase temporarily "
after startups from cold shutdown, The time delay before the transients reach

their peak will depend on the flow rate, The maximum transient values for
conducitivity and chlorides here stated are the maximum permissible and

apply only to a period not to exceed 24 hours after reaching 20% rated power

subsequent to a cold shutdown,

'
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The top of the reactor shall be shielded by water in the
shield pool. There shall be enough water in the shield pool
to protect personnel working ovar the pool.

4.9 Power System Equipment and Associated Facilities
4.9.1 Electrical System

(a) Auxiliary Power

The auxiliary power system shall be the mormal source
of power to the plant under Power Operatiom, Refueling,
and Shutdown conditions.

For continuity of statiom auxiliary power, the system
design shall consist of four independent sources of
power; (1) The 13.8 kv generator with voltage stepped
down for station service, (2) the 115 kv system avail-
able through a reserve station auxiliary transformer,
(3) an automatic starting standby 125 kw diesel-generator
and (4) an emergency 500 kva manually switched inter-
connection outdoor with a local 12.5 kv distribution
line. The station a-c service system shall be divided
into three voltage classes: 2400 volt, 480 volt and
120/208 volt.

The 2400 volt system load shall be divided between two
independent busses which may be manually transferred
from the 13.8 kv stepdown transformer to the 115 kv
stepdown transformer or vice versa.

The 480 volt system load shall also be divided between
two busses normally independent and fed from separate
2400/480 volt 1200 KVA, stepdown transformers. One of
these transformers shall be fed from one of the 2400
volt busses, the other transformer shall be fed from
the other 2400 volt bus. In case of loss of either
of these two sources to the 480 volt system, a 480
volt bus tie breaker shall automatically close to
feed both 480 volt busses from the remaining source.

The station 208/120 volt system load (comsisting
primarily of lighting and fractional horsepower motors)
shall connect to a single bus normally fed from one of
the 2400 volt busses via a 2400 - 120/208 volt 300 KVA,
stepdown transformer with provision for automatic transfer
to a second stepdown transformer fed from the other 2400
volt bus.
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(b) Emergency Power

The diesel generator shall provide emergency 480 volt
power for essential auxiliary equipment in the event
of a complete 480 volt station auxiliary powar failure.
The diesel generator shall start automatically after
loss of power to both of the 480 volt buses.

The diesel genmerator loads shall be as follaows:

Borou Injection System

Standby Lighting

Turbine Auxiliary Equipment

Reactor Building Spray Control

Motor-Generator and associated reactor
safety circuits

The station battery shall supply power through the
motor-generator to the circuits which are normally
supplied by the 480 volt bus. The emergency A.C. and
D.C. loads shall include:

Switchgear

Radiation Monitoring
Contaimment Building Isolation Control
Nuclear Instrumentation
Annunciators

Main Steam Isolation Valve
Control Rod Controls
Pertinent Recorders

Waste Controls

Reactor Building Transmitters
Emergency Lights

Turbine Controls

Reactor Pressure Control

The station battery shall have sufficient capacity to
carry the emergency D.C. load for at least 2 hours.

The diesel generator shall be tested monthly for load
carrying capacity and automatic operatiom.

The motor-generator set shall be tested weekly for
automatic operation.

A 500 kva emergency backup source connection shall be
available to the 480 volt bus during power operation.

4.9.2 Maip Condenser

The main condenser shall have sufficient capacity to condense
full reactor steam flow while the turbine is being bypassed.
The condenser design features shall be as follows:
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4.9.3

4,.9.4

4.9.5

‘.9.6

Type Cross Flow Surface
Condenser with
Deaerating Hot Well

Condensing Surface Area,

Square Feet 67,500
Design Condensing Pressure,
Inches Hg Absolute 1.5
Btu per Hour at 1.5 Inches
Hg Absolute 451,250,000
Air Ejector Capacity 187.5 1bs/hr
air and vapor

Turbine Bz-g:ss Control stttl snung Valvez

(a) Design Features shall be as follows:

Flow Capacity at 500 psig, Pounds 700,000
per Hour

Maximum Time, Full Valve Stroke, Approximately
Seconds 0.5

Condensate and Feedwater System

Two, 1450 gpm, full-capacity condensate pumps of conventional
design shall be provided to pump condensate from the con-
denser through the feedwater heaters and filters to the
suction of the reactor feed pumps.

Two full-capacity filters, designed to each pass 1400 gpm,
shall be provided for removal of solids (Turbine-condenser
system corrosion products).

There shall be two, 1500 gpm, horizontal, centrifugal, motor
driven reactor feed pumps, .Feedwater shall then pass through
a feedwater control valve, high-pressure feedwater heater,
and check valve,

Main Steam Pizin‘

The main steam line shall be a 16-inch schedule - 60 pipe
fabricated from A-335 Grade P-11 steel. The design pressure
and temperature of the main steam line shall be 600 psi and
825°F, All connections to the main steam line shall be con-
sistent with this pressure and temperature rating,

Coollnl Water stto-

The cooling water system shall utilize circulating water to
remove heat from the following pieces of equipment:
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Diesel Generator

011 Coolers

Rotary Vacuum Pump

Gland Steam Condenser
Reactor Purification Cooler
Pool Coolers

Two cooling water pumps, each rated at 1500 gpm, shall be
provided to circulate water through the above equipment.

4.9.7 Fire Protection System

There shall be hose stations, extinguisher stations, and
overhead sprinklers in the plant and hose stations outside
the plant. All areas of the plant shall be covered by

at least one station. The hose stations and sprinklers
shall be connected to a fire protection header.

Water shall be supplied to the header by two cooling water
pumps, a diesel fire pump, and & well pump as backup.

There shall be chemical and CO2 extinguishers in the plant
to supplement the water aystem.

4.9.8 Ventilation System

The induced draft fans shall exhaust air to the stack from
the reactor building turbine building, and the fuel
hapdling building.

The following air exhaust ducts shall contain absolute
filters while in operation:

Condenser off-gas to 1.D. plenum.

wWN -

Decontamination room exhaust fan dis-
charge to I.D. plenum.

4. Hot chemistry lab exhaust fan discharge
to atmosphere.

The administration building air exhausts to the accessible
area of the turbine building.

(a) Turbine Building

Turbine building ventilation air shall be delivered
to the operating floor, equipment rooms, and shops.
Turbine building ventilation air shall be exhausted
from the accessible clean area to the shielded area.
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The turbine building ventilation air shall be either
1007 outside air or a mixture of outside air and re-
circulated air from the accessible area of the
turbine building.

(b) Puel Handling Building

The fuel handling building ventilation system shall
be divided into three sections: (1) The main venti-
lation section shall deliver air to all sections of
the building except the flash tank vault. (2) A
separate exhaust fan shall draw the air from the de-
contamination area as required. (3) The air for the
flash tank vault shall be supplied through a duct
from the shielded area of the turbine building.

The ventilation air for the fuel handling building
shall be 100% outside air with no recirculatiom.

4.9.9 Instrument and Service Air System

Instrument and service air shall be supplied by two air
compressors, each rated at 317 scfm. Instrument air shall
also pass through a dryer.

4.9.10 Fuel Handling

The fuel handled or stored as described in this sectiom
shall be limited to fuel as described in these specifica-
tions.

(a)

(®)

Fuel Transfer

Irradiated fuel elements and control rods shall normally
be transferred between the reactor shield pool and the
fuel storage pool through a transfer tube located near
the bottom of the pools. New fuel shall be transferred
either through the transfer tube or through the per-
sonnel airlock.

New Fuel Storage

New fuel shall normally be stored in steel racks in the
storage vault. The boiler fuel racks shall be arranged
in three double rows with a Zi-inch aisle between double
rows. A maximum of 32 new boiler elements may be in
temporary storage in the reactor building during Refueling
Operation.

The saxisum calculated flooded K, ¢¢ for the boiler fuel
storage shall be less thanm 0.80.
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(¢)

The maximum calculated flooded Ko¢¢ for the superheater

storage shall be less tham 0.70.

Movement of new fuel elements from the storage area
for refueling or inspection shall be under qualified
supervision.

The new fuel storage vault shall contain a maximum
of 156 boiler elements and 550 superheater elements.
There shall be approximately 173 lbs. of UO; in each
boiler element and approximately 0.33 1bs. of U0z in
each superheater element.

The boiler fuel element racks shall have 26 spaces
for fuel elements separated by 3/8-inch thick steel
partitioms.

There shall be 5 superheater fuel racks. Each fuel
rack shall have 10 tiers. Each tier shall have 11
spaces for superheater fuel. The minimum spacing of
superheater fuel shall be 1-5/8 inches center-to-
center. The tiers shall be approximately 8 inches
apart.

A maximum of 64 superheater elements may be in tem-
porary storage in the reactor building during
Refueling Operation.

The door of the new fuel storage vault shall be
locked, except when fuel handling activities or
inspections require that it be unlocked, and the
key shall be under strict supervisory comtrol.

irradiated Fuel Storage

The fuel storage pool shall be 21 feet deep in the
fuel storage area and 29 feet deep in the cask
loading area. There shall be 9 double rows or 262
storage spaces provided by steel storage racks
securely anchored to the concrete pool. Each space
shall be able to contain one boiler element, a
basket of up to 16 superheater elements, sources, or
other materials. The racks shall be arranged in
double rows separated by approximately 7-3/4 inches.
The channel between rows shall be too narrow to pass
more than one boiler element at a time.

Neighboring fuel elements in the rows shall be sep-

arated by 3/8-inch thick stainless steel. The
calculated maximum reactivity for a new 3.2% enriched

4-12




spike element passing between the racks at the most
reactive location shall be 0.82 or less. The calcu-
lated reactivity of a basket of 16 superheater elements
shall be less than either 2.2% or 3.2% enriched boiler
elements.

Temporary storage for 8 boiler elements or superheater
baskets shall be available in two fuel transfer boxes
in both the fuel storage pool and the shield pool.

The calculated maximum K, of these boxes with new
3.2% elements shall be O.’g or less.

The fuel storage area shall be monitored for radiation
whenever fuel is handled. The monitor ovar the storage
pool shall be set to actuate local and ¢ nirol room

alarms.

4.9.11 Turbo-Generator

The turbine shall be a tandem-compound, double-flow umit.
The turbine steam seals shall be designe ! to prevent radio-
active leakage to the turbirs room. Non-radicactive steam
shall be supplied to the seals by the gland steam evaporator
or a fossil fueled gland steam generator.

The grnerator shall be a direct coupled, hydrogen cooled
generator rated as follows:

88,235 kva 85% pf 3600 rpm 3 phase 60 cycle 13,800 volts
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5.0

Reacto 0

The reactor core shall be as described in this section. The location
and srrangement of such components shall be as shown in Figure 1.1 of
ACNP 5905, dated January 15, 1962 and Figure 1 of these specifications.
The method of positioning each particular component withim the core and
the design features of each component shall be as specified in sub-
sections 5.1. 502’ 503. S.lt. and 5.5.

The nuclear characteristics including the reactivity characteristics,
control rod drives, and boron injection system are also specified in
this section.

5.1 Boiler Control Rods

There shall be 16 boiler control rods of cruciform shape located
in the core as shown in Figure 1. Each boiler control rod shall
be cruciform in shape as shown in Figure 1.17 of ACNP 5905, dated
January 15, 1962. The rod shall bc]of all welded comstruction and
shall be as described below:

Poison Material in Rods 2,0% Natural Borom in 304 SS
Nominal Active Length, Inches 72

Nominal Width, Inches 10-7/16

Nominal Blade Thickness, Inches 1/4

5.2 Superheater Control Rods

There shall be four superheater control rod support yokes, as shown on
Figure 1.19 of ACNP 5905 of January 15, 1962, located in the core as
shown in Figure 1. The superheater control rods shall be as arranged
in Figure 1.18 of ACNP 5905, dated January 15, 1962, «mml shall be as
described below:

Number of Rods per Assembly 12
Poison Material in Rods 2.0% Natural Borom in 304 SS
Nominal Active Length, Inches 72 ‘
Nominal Rod Diameter, Inches 3/4
Cladding 304L SS
Nominal Cladding Thickness,
Inches 0.060
5.3 Polgon Shims

Poison shir® may be used for reactivity adjustment and initial physics
requirements. Up to 70 shims may be placed between boller boxes. These
shims shall be prevented from moving sideways or upward by slots in the
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top and sides of the boiler boxes and the hold down structure. The
poison shims shall be:

Material 0427 Natural Borom in 304 SS
Nominal Length, Inches 7%

Nominal Width, Inches 2-25/32

Nominal Thickness, Inches 0.10

5.4 Core Composition

The data presented in this section consists of design features of
the fuel which shall make up the physical composition of the core
as arranged in Figure 1.

Total Number of Boiler Assembly Locations 9€
Number of 2.2 w/o U-235 Boller Fuel Assemblies, Max. 96
Number of 3.2 w/o U-235 Boiler Fuel Assemblies, Max. 32
Nominal Total Weight of U-235 in 96 ~ 2.2 w/o Fuel

Assemblies, Kg. 145
Nominal Total Weight of U-235 in 64 - 2.2 w/o Fuel

Assemblies and 32 - 3.2 we Assemblies, Kg. 167
Max. Number of Superheater Fuel Elements in Core 412
Enrichment of Superheater Elements, w/o U-235 93
Nominal Total Weight of U-235 in 412 Superheater Fuel

Elements, Kg. 50

5.4.1 Boller Fuel Assembly

The boiler fuel assembly shall be as in Figure 1.3 in &
ACNP 5905 4ated January 15, 1962, vith the fuel rods as speci-

fied below:

(a) General
Nominal Square Bundle OQutside Dimension, 4,735

Inches

Geometry, Fuel Rod Array 9x9
Number of Rod Sections per Rod 4
Fuel Rods per Bundle 81
Number of Tube Sheets per Assembly 3
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(:) = Contral Rod Numbers
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Three startup channels - Two shall be diametrically opposite
Tvo linear channels shall be diametrically opposite

Twvo Power channels shall be diametrically opposite
Diametrically opposite shall be: N.S, NE-SW, E-SW, NE-S, N-SW
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5.4.2

5.6.3

(h\ Fuel Rod Cladding (Dimensions at Room Temperature)

Material Zircaloy-IIl

Clad Thickness of Upper Sections, Inches  0.026
C1M*Thickness of Lower Sections, Inches (44743

(¢e) F R D R 2
Rod Dismeter of Upper Section, Inches 0.367
Rod Diameter, Lower Sections, Inches 0.408
Fuel Pellet Diameter, Upper Sections,
Inches 0.310
Fuel Pellet Diameter, Lower Sections, 0.348
Inches
Fuel Pellet Density, gm/cc 10.41
Superhester Fuel Elements

The superheater fuel elements shall be as arranged im
Figure .5 of ACNP 5905, dated January 15, 1962. The fuel
tubes shall be as specified below:

Fuel Tubes
Outer O D, Inches .839
Outer I D, Inches 769
Inner O D, Inches .630
Inner I D, Inches + 560
UO2 in Cermet, w/o 17.5
Poison Tube O D, Inches 467
Poison Material, w/o Natural Boron 0.35

Carbide in Alumina

Cladding Material 316L SS

Cladding Thickness
Fuel Tubes, Inches .0075
Poison Tubes, Inches .028

Up to 72 superheater fuel assemblies without boron in the
poison pin may be used for flux shaping.

Boiler F B

The boiler fuel Boxes shall be as™follows: " s

Material Zircaloy-11
Number of Single Boxes ’ 32
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Number of Quad Boxes 16
Wail Thickness (Nominal), Inches .156

5.5 Sources

5.6

5.5.1

5.5.2

Princi

The core shall have the following calculated design parameters. The
operating limitations upon the core are given in Section 5.7.

5.6.1

Initisl Start-up Source

During initial fuel loading and low-pressure testing, one
6-curie plutonium-beryllium neutron source shall be used.

This source shall be positioned in a superheater process tube.
At all times during the use of this source, the maximum thermal
flux shall be limited to 5 x 1010 nv at the position of the
source.

Operating Source

Type Antimony Beryllium
Quantity 1

Location Superheater
Minimum Initial Strength 5 x 107 n/sec.

(a) Physical Description

The beryllium annulus shall be part of a special inner
insulating tube of the superheater. The antimony rod shall
located in the center of the beryllium cylinder. The
dimensions of the assembly shall be as follows:

Total Length of Insulating Tube, Inches' "194 11/32
Insulating Tube 0.D., Inches 1

Total Length of Antimony, Inches 76 7/16
Length of Beryllium Annulus,,Length 73 3/8

Calculated Th Hydr

Hyd
of the Core Loading at Full Power
(a) Core Power at Rated Steam Flow, MWT 190

(b) Boiler Peaking Factors (To be applied to
Heat Flux)
Radial 2
Axjal 1
Fuel Loading 1
Fuel Eccentricity 1

Combined 3.47



(¢) Heat Flux and Fuel Center Temperature
at 190 MW(th) Maximum Steady-State Power
2

Max. Boiler Heat Flux, BTU/hr ft 447,000
Max. Superheater Heat Flux, BTU/hr ft 219,000
Boiler Cladding Surface Temperature, F 514
Max. Superheater Cladding Temperature, F 1270
Max. Linear Heat Ceneration Rate of
Boiler Fuel, kw/ft 14.0
Max. Superheater Fuel Temperature, °F 1280
(d) Burnout Ratio,* Minimum 1.9
(e) Max. Fuel Cladding Stress, Psi (55% of
Yield Strength) 12,790
(f) Average Core Power Density, Kw/ft3 1280
(g) Total Recirculating Flow Rate Max., gpm 65,000
(h) Boiler Flow Rate, Percent of Total £9.7

Weireulstine Flov Rete

(1) Superheater Flow late, Yercent of Total
Recirculation Flow Rate 6.0

(j) Core Inlet Conditions
Inlet Velocity:

Maximum, Ft/Sec. 14.2
Minimum, Ft/Sec. 12.5
Inlet Subcooling, Btu/Lb 3.8

(k) Reactor Boiler Core Pressure Drop at

60,000 gpm Flow, Psi 13.6
(1) Boiler Exit Bulk Temperature

at 190 M(th), °F 489
(m) Superheater Exit Bulk Temperature** i 725

* Calculated at 600 psig by using:

? . w13
-58 - 0.0536
; =

This correlation, with the exoonential derived from laboratory data has
been biased by a factor of..75 to cover all data points.

*%* The superheater exit bulk temperature shall increase to a maximum
at a core life of approximately two months and then decrease. The
maximum shall not be greater than 750°F.

56



5.6.2

(n) Steam Volume Fraction

Average Core Exit Void Fraction 43
Maximum Exit Void Fraction +56
Average Void Fraction Over Core Length .31
(o) Minimum Core Inlet Pressure, psig 586.4
ne C ted Nuclear Char f the Co

The calculated physics param~ters shall conform to the
values tabulated below: '

(a)

(b)

(e)

(d)

Minimum Negative Temperature Coefficients (delta k.ff/or)

Iemperature Coefficient
68°F 3.0 x 1070
68°F at end of 1ife 1.2 x 107
450°F 8.1 x 10™°
450°F at end of life 4.0 x 10°°
Minimun Negative Void Coefficient (delta keff/l% cxit voids)
Regctor Pover Delta k/I% v
3
Hot, zero : -.3 x 10
50% power 1.0 x 10°2
100% power 1.6 x 1072
Minimum Negative UO> (Doppler) Coefficient (delta kegf/F)
Reactor Power Delta k/OF
Cold, zero voids -1.22 x 1073
Hot, zeru voids -1.15 x 1073
50% Power -0.97 x 1075
100% Power -0.92 x 1072
Minimu: Pressure Coefficient (delta kegg/psi)
Pressuce At P At _100% Power
400 psi +3.3 x 10°5 +7.5 x 10°>
500 pst +1.5 x 1073 +4.6 x 1073
800 psi +.98 x 10°5 +3.3 x 10°3
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Calculat C R v

Cold, clean, SH flooded K= 11,1232
Full power, equilibrium Xe and Sm,

L3 exit voids K= 1.0184
Temperature defect, delta k/k

(including doppler) - .0245
Superheater draining, delta k/k + ,0051
Voids (43% exit voids), delta k/k - .0329
Xenon, delta k/k - 1.0265
Samarium, delta k/k - 0102

(f) The maximum reactivity addition rate shall be
5 cents/sec.

(g) Worth of Liguid Poison -The resetivity worth of the
l1iquid poison system shall be:

Reactor-wessel open to shield pool, - 0.07

delta kg¢¢

Normal water level in reactor, - 0.3
delta k‘ff

Time to inject 1000 gal. min. 18

Max., time to inject enough solution to
obtain 4% negative reactivity, minutes 5

(h) Fuel Burnup

Average Mwd/tonne of contained U for the first
core 7800

Maximum Mwd/tonne of contained U 22,000

(a) Refueling

Partial core tests may be run, but the reactor power
shall be limited to 1.0 Mwt, exclusive of core decay
heat. When using the plutonium-beryllium source, the
power shall be limited as described in 5.5.1

(b) React raticn
The reactor shall be operated within the following
limits:
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Minimum Core Burnout Ratio,* steady state 1.9
Transient Minimum Burnout Ratio** for

maximum heat flux conditions 1.5
Maximum Steady State Heat Flux

BTU/hr ft2 447,000
Maximum Steady State Fuel Clad Stress, 55

Percent of Stress Yield
Superheater Power Maximum Steady State

Power Fraction*** 0.17
Boiler Power Maximum Steady State Power

Fraction of 190 Mwt 0.86
Maximum Steady State Power Level, Mw(th) 190

Maximum Steady State Vaiue of Core Power
Density, Total .Corg Power Divided by Total
Core Volume, kw/ft 1280

Minimum Reactor Pressure at Rated Power, Psig 500

Maximum Steam Temeutuu,"l" 750
Maximum Reactivity (delta k/k) in Steam Voids .035
Maximum Reactor Pressure During Power Operationm,

Psig 660
Minimum Recirculation Flow Rate, *¥¥*

gpm/MW(th) above 1 MW(th) ' 297
Maximum MWD/tonne of Contained Uranium

for an Individual Fuel Rod 22,000

Burnout ratio is refined as the ratio of burnout heat
flux to actual heat flux at a point in the core and shall
relate to the burnout correlation stated in Sec. 5.6.1.

Evaluated at 115% of rated power and compensated for total
measurement errur.

The superheater power fraction shall increase to a maximum
at a core life of approximately two months and then decrease.
The maximum shall not be greater tham .17.

#*kk And as specified in Section 4.7,



5.8

The control rod withdrawal rate during power operation shall
be such that the average rate of reactor power increase is
less than 50 MW(th)/minute when power is less than 120
Mi(th) and less than 20 MW(th)/minute when power is between
120 and 190 MW(th).

Control Rod Drives

Twenty control rod drives shall be mounted on the vessel head. The
drives shsll be of the rack and pinion type, driven by an induction
gear-motor. The reactor shall be allowed to continue to operate if
not more than one control rod drive is inoperative because of failure,
the cause of failure ascertained, and the cause of failure is not apt
to progress to other drives, and the shutdown margin stated in 5.9.2
can be met with the remaining drives.

There shall be sixteen cruciforw comtrol rods in the boiler region.
There shall be four rod-type control assemblies in the superheater
region.

Esch control rod shall be driven by the gear-motor through a magnetic
clutch and a cam clutch. The boiler control rod drive magnetic
clutches shall release and allow the boiler rods to fall into the core
on & reactor scram signal. A scram signal shall also initiate "run
back” on all control rod drive motors.

The control rod position shall normally be transmitted to the control
room by a Selsyn-type electrical servo transmiter. The position
indication system shall have a change of position accuracy of #-1/2 inch.

The boiler rods shall be accelerated during a scram by a compressed
spring when the drive rack is in the "full out" position. The drive
rack and attached control rod shall be decelerated during the last six
inches of the dowaward stroke by a hydraulic dashpot. The magnetic
clutches for the euperheater control rod drives shall be powered by
& sepgrate 80 volt OC supply and shall not de-energize upon a scram

eignal.
Cotitrol tod drive features shall be as follows:

m Rack P on
Norwmal Stroke Length, Inches 73.0
Maximus Vithdraewal Velocity In/Sec.

Outer Boiler and Superheater 1.2
Inner Boiley .4

Minimsum Ingertion Velocity In/Sec.
Quter Boiler and Superheater 1
Inner Boller 0.
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*Maximum Scram Insertion Time,

Sec., 90% of Stroke 2.0
5.9 Control Rod System
5.9.1 Control Rod Performance

The following tests shall be performed at each major refuelimg
shutdewn .

(a) Continuous withdrawal and insertion of each drive over
its stroke to verify velocities stated. in section 5.8.

(b) Withdrawal of each rod to check the functioning of the
position indication system.

(¢) Scram of each drive from the fully withdrawm position.
Maximum scram time from rod release tc 90 percent of
insertion shall not exceed 2.0 seconds.

Each drive shall be moved to determine by motor current that
drive fmdctien is normal at each major refueling but not less
frequently than quarterly during the period of the provisional
operating license.

Cor n Verif

The reactivity of the core loading shall be such that it is always
possible to maintain koe¢ at less than 0.997 with the most valuable
reactivity-worth control rod completely withdrawn from the core in
any operating condition.

The core shutdown margin shall be verified by a demonstration that
the reactor is subcritical with the most valuable reactivity-worth
rod fully withdrawn, the superheater drained, and a rod or a rod
group withdrawn to a position known to contribute 0.003 kegg OF
more to the effective multiplication.

This verification shall be performed prior to startup after any
shutdown .n which the system has cooled sufficiently to be opened
to atmospheric pressure and any of the following events have
occurred sdnce the previous verification:

(a) Fuel has been added or repositioned in a way which is not
definitely known to reduce reactivity; or

(b) A control rod has been changed and presence of poison has
not been verified; or

* The time interval after scram signal causes the boiler control rod
clutches to release until the rod has traveled the specified distance
of its full stroke length.
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5.9.3

3.9.4

50905

5.9.6

(c) Poison shims have been relocated or removed from the
core} or

{(d) 31,000 MD(th) have been generated by the plant since
the previous margin demonstration.

During power operation, i{f core reactivity increases for no
explainable reason, the resctor shall be brought to the cold
shutdown condition.

Control Rod Drive Temperature

The rod drive rack housings shall be filled with water and
submerged in the reactor shield pool. The housing and
condensate temperature shall be approximately the temperature
of the shield pool water, however the shield pool need not be
flooded during reactor operation if the reactor coclant is
below 200°F.

Controi Rod Latching Checks
The control rod latch shall be designed to prevent the removal

of the latching tool uniess the rod is completely latched or
umbatched to the drive.

The operation of the latch shall be verified by observing the
drive motor current diflerence while moving the drive before
and after the rod is attached,

The operation of the latch shall also be verified by observa-
tion of the nuclesr instrumentation response to rod withdrawal.

C R Su n P on

Each control rod, which is either partially or completely with-
dravn, shall be exercised at least once per two week period.

Abnormal Behavior of the Control Rod Svstem

An immediate and thorough investigation shall be made of the
occurrence of any abnormal behavior of the control system to
determine the cause and safety significance of the occurrence.
The reactor shall be shut down unless:

(a) It is determined by the investigation that any malfunction
vhich has occurred neither impairs the ability to control
the reactor nor indicates the imminent impairment of the
performance of additional components of the control rod
system.
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5.10

(b) The core shutdown margin requirement (described in 5.9.2
above) can be met with the remaining operable control rods.
Evaluation of this requirement shall be based on previous
experimental measurements.

5.9.7 Minjmum Accuracy of Rod Position Indicating System

The position indicating system is of a selsyn type and indicates
the drive position over full range of the drive with a change

of position accuracy of *+ 1/2 inch., If the position indicator
for a particular control rod malfunctions, the rod shall not be
moved except for scram or complete insertion by runback until the
indication has been restored.

5.9.8 erat R rement

The maximum-burnup boiler and superheater control rod shall be
removed from the core at one-half design burnup, 0.5 and 0.25 a/o
burnup respectively and examined for any detrimental effects.

The first inspection shall be made not more than one year-after reach-
ing full power. Subsequent inspections shall be made of at least
one rod at each major refueling.

The surface of the control rods shall be examined. Particular

care shall be taken in the area of maximum burnup and in weld

areas. Any discontinuity shall be examined at higher magnification.
The superheater rod shall be checked for excessive swelling.

Any rod showing indications of surface cracks or other defects
vhich are judged to adversely affect reactor operation shall be
replaced in the core by a new rod. Further, all rods of the
type showing the defect shall be removed and examined in the
prescribed manner.

Boron Injection System Designm

Material Na2.38013.16 HZO
Availaeble Quantity of Solution, Gal. 1000

Total VWeight of Boron, Pounds 230

Maximum Total Injection Time, Minutes 20

System Actua io. Remote Manual

A 1000 gallon tank containing a boron solution shall be located in the

reactor building and shall be operable during reactor operation. The "™ ™S nm.

solution.shall provide a minimum of 7 percent negative reactivity when
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5.11

5.12

5.13

the reactor is open to the shield pool. The seal pumps shall be used
to inject the solution into the reactor. The boron injection shall
be manually controlled from the main control room. The system shall
serve as back-up for the normal control system. When the reactor is
in operation, room temperature shall maintain the boron solution
above 58°F,

Boron Infection System

The boron injection system shall be available for operation at all
times during Refueling Operation and Power Operation. The reactor
shall be shut down in any situation where the poison solution tank
level drops below an equivalent 1000 gallons of .23 lbs. boron/gal.
solution. The minimum temperature of the solution shall be 58°F.

The minimum worth of the liquid system (based on normal reactor water
level) shall be 30% delta keef. The liquid poison system shall be
used at any time when subcriticality cannot be assured by the normal
chutdown mechanism. Injection shall be continued until a minimum
shutdown margin of 0.01 delta kegg/kefs is assured in the most reactive
core. The maximum time to inject enough boron to obtain 47 negative
reactivity shall be five minutes. The system components shall be
checked for operability at least once every two months of Power
Operation. The reactor shall not be operated after poison has been
injected until the boron concentration in the reactor water has been
reduced to 100 ppm or less.

Reactivity Coefficients

The reactivity coefficients shall meet the following requirements:

5.12.1 The effect upon reactivity of increasing voids at
constant pressure shall always be negative.

5.12.2 The moderator temperature coefficient (inferred from
critical control rod position) shall always be negative.

5.12.3 The overall effect of increasing reactor power at
constant pressure shall be a loss of reactivity whenever
the reactor is operating so as to produce a net steam flow.

Reactivity Additions During Core Alterations

The limits and requirements which apply to reactivity additions
are as follows:

5.13.1 Any refueling operation which may increase reactivity
shall utilize the procedure outlined in 5.9.2 before and
after the alteration to verify the core shutdown margin
of 0.37% delta koee/kefs with the superheater voided and the
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5.14

5.13.2

most valueble rod completely withdrawn. All rods shall

be fully inserted during fuel sdditions. Checks shall be
made at frequent intervals during core alterations to assure
that the core shutdown margin requirement is being met:

Core alterations which increase reactivity shall be limited
between subcriticality checks to fuel loading !ncrements
which do not exceed one-hall the reactivity asddition for
criticality or the placement of one boiler fuel bundle.

At no time will the shutdown margin be knowingly allowed to
be less than 0.3 delta k_; /keff with the control rod of
highest reactivity worth fufly vithdrawn from the core and
the superheater voided.

Resctivity Additions During Power Operation

Routine control rod withdrawa! sequences shall be 2stablished for
use during normal Power Operation. These shall be in a sequence of
steps involving withdrawal of only one control rod at a time.

The maximum reactivity insertion rate when the keff of the core is
greater than .997 shall be 5 cents/sec and this insertion rate shall
continue for no more than 10 sec in any 20 second interval.

515



.

6.0 PLANT & NG SYST

This section specifies the general arrangement, design features, and
operating requirements of the plant safety and monitoring systems. These
systems shall include the nuclear instrumentation, process instrumenta=-
tion which initiates safety system actions, reactor safety system, control
rod withdrawal permissive system, and the plant radiation monitoring
systems. The term "rated power" as used in this section shall mean a
reactor power level not exceeding the highest level of which all the
operating limitations of Section 5.7 are met. ,

No bypass of the automatic safety functions, including interlocks, shall
be provided except as specified in this section. Except as explicitly
provided in this section, no such function shall be bypassed in the course
of any operation for which the service of that function is required by
these Technical Specifications.

6.1 Reactor Safety System

6.1.1 General Features

The reactor safety system shall consist of sensing devices to
monitor reactor-associated parameters of plamt operation and
related circuitry designed to initiate appropriate safety
action when operating parameters exceed applicable setpoint-
boundary conditions. The related circuitry shall be designed
to initiate runback, scram, main steam isolatiom scram,
closure of containment penetration valves, operation of the
emergency condenser, or interlock action to preveat control
rod withdrawal as appropriate safety actioms.

Control switches shall be located in the contrel room to
permit manual initiation of scram, main steam isolation
scram, closure of containment penetration isolation valves,
and operation of the emergency condenser. The design shall
also include control room provisions to manually control
cperation of the reactor building spray system, emergency
condensate supply valves, and the boron injection system.

$.1.3 Scian Coﬁttol System

This section specifies the general arrangement and design
features of the scram control system. Principal components
of this system shall be two input logic circuits and two
silicon-controlled-rectifier type scram-clutch power supplies.
The input logic circuits which control the excitation to each
supply shall receive inmput signals from the flux-level trip
circuits of nuclear channels 5, 6, 7 and 8; from 2/3 logic
circuit which receives short period trip signals from channels
1, 2 and 3; and from process mouitoring instrumentation.

This system shall be designed to cause reactor scram upon
receipt of high flux level trip sigansls from amy two of
channels, 5, 6, 7 and 8; short period trip sigmals from any
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6.1.3

two of ¢ weis 1, 2, and 3; or a trip sice~al from any

one proc..s monitoring instrumeat. The 4 cem shall be so
designed that when reactor power is below a preset low level,
power channel 7 shall insert one of two coincident signals
required to cause scram.

The scram control system shall also have a backup systeam which
enables operation of either inmput logic circuit to cause
reactor scram by interrupting a 120 volt ac power to both
clutch power supplies. The backup system shall include four
backup circuits. Each backup circuit shall consist of a relay
driver which controls a relay capable of interrupting the 120
volt ac power to both clutch power supplies. Each input logic
circuit shall coantrol two of the described backup circuits.
The backup system design shall include provision for testing
without causing reactor scram. Such test circuitry shall
permit momentary bypass of no gpore than two backup relays at
one time and shall include design features of spring actiocn

to prevent sustained bypass by operator error.

6.1.2.1 System Response Times

The maximum response time from generation of signal by
detectors of channels 5, 6, 7 or 8 until rod motion is
detected by operation of the limit switch shall be 300
milliseconds. The maximum response time of the scram
control system shall be 30 milliseconds.

Nuclear Instrumentation

The nuclear instrumentation consists of eight channels. The
instrumentation shall monitor reactor power from source level
to 150% rated power. The channels and associated safety
circuits shall be as specified in Table .1..

6.1.3.1 Channels 1, 2, acd 3

Channels 1, 2, and 3 shall provide logarithmic
neutron flux level and period information for the
reactor safety system ard indication from source
level to a level covered by operating channels 5 and
6. The principal components of each channel shall
be a neutron detector, high voltage supply, pulse
amplifiers, log couat rate meter and period meter.
The detectors shall be BF3 gas-filled proportional
counters with minimum rated semsitivity of 12
cps/nv thermal. Each channel shall have two trip
circuits for short period and one for low count
rate output signals.

6.1.3.2 Channel &4

Channel &4 shall provide logarithmic neutrom flux

level and period information for the reactor safety

system and indication from approximately 10°3% to

150% rated power. The princira. components of the
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Channel Type

Start-up BFj3

Number of Range
Channels

- 3 Source to 105

cps

AEL’I&LC INSTRUMENTATION SHALL . AS FOLLOWS:

Safety Circuits

Rod withdraw i-terlocks -
Permit rod withdraw at 2 2 cps, 2/3

Scram and Alarm -
Minimum period not less than &4 sec,
2/3 coincident logic

No coincident logic req'd for

alarm

Intermediate CIC
log - N

1 .001% to
150% rated
power

Rod withdraw interlock <« |
Permit rod withdraw at 2>.001% of
rated power (key switch bypass
available )*

Bupback and Alarm -
Minimum period not less than 5 sec

(key switch bypass available)*

Intermediate CIC
LINEAR FLUX

2 .001% to
1504 rated
power

Runback and Alarm - |
Maximum indicated level mot
greater than 110% meter
indication on any selected
range Runback on 2/4 logic
with ch 5-¢.7:%

Rod Withdraw Interlock =
1f either channel is "Low Qut

of Range," set point not less
than 5% of selected range, except
on selected ranges at or less
than 10°¥ rated power range.

Scram and Alarm -

Mex indicated level not
greater than 1154 meter
indication on any selected
range. Scram on 2/4 logic

with ch 5-6-7-8

Power IC

2 1% - 1502
rated power

Scraa logic switch - |
Logic change from 1/3 to 2/4 :
coincidence (ck 5-6-7-8) when |
ck 7 > 10% rated power ~

Runback and Alsrm -

Level not more than 110% rated power
Runback logic 2/4 ceincidence ch
5-6-7-8

Scram and Alarm -
Level not more than 1154 rated
power. Scram logic 2/4 coincidence

_cb 5-6-7-8

* See sec. §.2.1

for operating requirements on bypass key svitches



6.1.3.3

6.1.3.4

6.1.3.5

chanr.el shall be a neutron detector, detector voltage
power zupply, log-N meter, period meter and log-N
recorder. The detector shall have a gamma-compensated
ion chamber with sensitivity rated at &4 x 10°1

amperes per nv. This channel shall have two trip
circuits for short period and one for low level out-
put signals.

o el

Chaonels 5 and 6 shall provide linear flux level and
selected range information for the reactor safety
system and indication from approximately 10°3% to

150% rated power. The principal components of each
channel shall be a neutron detector, detector voltage
power supply and picoammeter with console-mounted

range switel. The detectors shall be gamma- ensated
ion chambers with semsitivity rated at 4 x 10-1

amperes per nv. A recorder shall record range switch
position and linear power indicatiom of the selected
channel. Both channels shall sound an alarm when the
indication is low out-of-range. The low out-of-range
alarm may be bypassed during startup by switching the
channel to the lowest useful range. Each channel shall
have one trip circuit for low level and three for high
level output signals.

C els d

Channels 7 and 8 shall provide linear neutrom flux
level information for the reactor safegy system and
indication from approximately 1% to 150% rated power.
The principal components of each channel shall be a
neutroa detector, detector power supply, and linear
power meter. The detectors shall be uncompensated
ion chambers. with sensitivity rated at not less than
2.6 x 10"14 amperes per nv. A comparator shall

sound an alarm when the difference between channel

7 and 8 power level indication exceeds the comparator
set point of not less than 10% of full scale. Each
channel shall have two trip circuits for high level
output signals and channel 7 shall have an additional
trip circuit for low level output signal.

eral Service Record d Sc

A general service recorder with selector switch shall
be provided to record log count rate or period from
channels 1, 2, or 3; period from channel 4; or power
level from channels 7 or 8.

A scaler with selector switch shall be provided to
measum count-rate from discriminator pulse-output
of channels 1,.3, or 3.
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6.1.“

6‘105

Msio Steam Isolation Scram

Main steam isolation scram conditions shall imitiate scram
through operatiom of the scram control systea. By use of
related circuitry these same conditions shall also initiate
the following actions:

(1) Close the main steam line isolation valves

(2) Sound reactor building evacuation alara

(3) Operate emergency condenser

(4) Close reactor safety valve discharge isolation valve
(With a delay of up to one minute).

A main steam isolation scram may be initiated manually from
the control room and shall be initiated automatically if any
of the following conditions exist when the main steam isola-
tion valve is opea.

—Condition —Set Polnt

Loss of circulating water pumps Breaker trip or loss of
‘bus power

Turbine building vemtilation pot more than 10 times

exhaust radiation high pormal backgrouad or
10 mr/hr, whichever is
larger

Alr ejector exhaust not more than 10 times

radiation high normal full power baclk
ground

Main steam line radiation high not more than 10 times -
pormal full power bachke
ground

Low reactor water level not less than -3 feet®

Reactor building pressure 5+ 1 peig

cto 1

Reactor building pressure of 5xl peig or higher shall isolate
the reactor building by closing the following isolation valver:

1. Purification System Isolation Valves

2. Shield Pool Cooling System Isolation Valve

3. Recirculation PumpSeal Water Return Isolation Valve
4. Sump lsolation Valve

5. Heating System Condensate Return Isolatiom Valve

6. Ventilatiom Cooling Coil Water Return Isolation Valve

Reference water level zero is & feet above fuel
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7. Ventilation Inlet and Qutlet Isolation Valves
8. Safety Valve Isclation Valve
9, Main Steam Isolation Values .

These last three valves shall also close on radioactivity
levels as discussed in Table § of Section 6.4 and in Sectiom
6.1.4.

6.1.6 Reactor Scram Mode Selection

The reactor safety system shall include a "flood-operate"
mode switch which permits the selection of two modes of
operating conditions of the system. The following
conditions shall automatically initiate reactor scram and
shall not be bypassed by the "flood-operate" mode switch.

Condition Set Point
Reactor Pressure Low not less than 500 psig

(Manual startup bypass
cleared automatically
when pressure rises to

normal.)

Reactor Pressure High not more than 700 psig
Reactor water level low not less than -~ 2 feet*
Reactor water level low (backup) not less than -~ 3 feet*
Reactor building pressure high not more than 5 + 1 psig
Reactor safety valves open

Reactor building ventilation exhaust not more than 10 times
radiation high normal full power back-

ground or 10 mr/hr,
whichever is larger

Nuclear instrument scrams (see Table 1)
Control power key switch Off
40 1b instrument air header not less than 25 psig

pressure low
* Note: Reference water level zero is & feet above fuel.
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When the mode switch is ia the "flood" positiom, the reactor
skall scram when nuclear channel 5 or 6 is switched to a
range for which the full scale imdicatiom is greater tham &%
rated power. The followiag comnditions shall automatically
scram the reactor whea the mode switoh is in the “operate”
position and may be bypassed by the mode switch in the "flood"
position.

Turbine stop valves tripped

Main steam isolatiom valve closiag
(bypassed for exercisiag)

Turbine imlet valves and dump valve

bovh closed

Improper power to flow ratio normalized ratio mot
greater thaa 1.15

Water in main steam line float switch ia draia
line

Reactor water level high not more than + 5 fr*

Rugback

The following comditions shall autosatically imitiate rumback
with the mode switch in "flood" or “operate” positiom.

Condition Set Poinmt
Loss of voltage on both &80 v
bus sections (loss of power to bus)
Loss of all three recirculationm breaker operationm
pumps
Reactor water level low aot less than - 15 inches*

Fuel tramsfer valve open
Nuclear instrume=ats See Table 1
* Note: Reference water level zero is & feet above fuel.
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Reactor water level less than 11 feet shall cause runback when
the mode switch is in the "flood" position. The following
conditions shall initiate runback when the mode switch is in

the "operate" position and may be bypassed by the mode switch in
the "flood" positicn.

Condition Set Point

Low feedwater temperature not less than 275°F

Low feedwater pressure not less than 600
psig after a 15 sec
delay

Reactor water level high 15 inches or less
above normal set poing

Dump valve hydraulic oil not less thaa 1800

pressure low psig

6.1.8 Control Withdrawal P ssive Syst terlocks

(a) Interlocks shall prevent control rod withdrawal when two
or three startup channels (1, 2, and 3) read less than 2
counts per second. This interlock may be automatically
bypassed when Log-N channel (4) reads greater than 0.001%
rated power or manually bypassed by key-locked switch.*

(b) Interlocks shall pre.ent control rod withdrawal when
either operating channel (5 or 6) indicates less than 5%
on any range, and may be bypassed during startup g:
switching both channels down to approximately 10°“% rated
power or lower ranges.

(¢) Interlocks shall also prevent withdrawal of inner boiler
rods when outer boiler rods are not fully withdrawn.
This interlock may be automatically bypassed when reacter
water temperature is at least 300°F and may be manually
bypassed by key-locked switch* for precritical rod opera-
tion checks, and specially supervised tests.

6.1.9 Control Room

6.1.9.1 Control of the reactor and most of the other plant
systems and equipment $hall be centralized in the
control room located in the administration building.
* See Section §.2.1 for operating requirements on bypass key switches
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6.1.9.2 The control room shall be designed and shielded to
permit continuous occupation up to two hours fellowing
an accident releasing 100% of noble gases, 50% of the
halogens, and 1.0% of the solids in the end-of-core-
life maximum fission proaucts.

6.1.9.3 Sufficient protective clothing, supplied air masks,
and portable radiation monitoring equipment shall be
seePed in the control room and available for use in
emergency.

6.1.9.4 Emergency lightimg and communication equipment shall
be provided for the control room. Two-way communica-
tion between the control room and im-plant communica-
tions posts and between the control room and off-site
locatione shall be possible.

6.1.9.5 In addition to those specifically described im other
sections of this specification, iastruments shall be
located in the control room te imdicate reactor
operating parameters of main steam flow, temperature
and pressurs; Sftsdwater flow, temperature and pressure;
purification flow; reactor water level; reactor vessel
saturated steam pressure; instrument supply air
pressure; turbine mair-condenser vacuum and condensate
soaductiviewe dump valve and turbine inlet valve
positions; and main generator electrical load.

6.1.9.6 An annunciator system shall be located in the control
room to indicate off-normal plant conditions.
Electrical system, fire alarms, pumps, turbine systea,
ventilation system, and nuclear gyesm supply system
annunciators shall be provided. The nuclear systea
annunciator points shall include those listed in
Table 2.

6.2.1 Bypasses

The specifications relating to the design of reactor safety
system bypasses and the copnditions under which systeam
functions may be bypassed are contained in this sectiom.
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IABLE 2
NUCLEAR SYSTEM ANNUNCIATOR POINTS

Superheater outlet temperature - High

Keactor

feedwater temperature - Low

Superheater outlet pressure - High

Reactor
Turbine
Turbine
Reactor
Reactor
Nuclear

pressure - High

102% overspeed -~ Tripped

trip-stop valves - Tripped

Control - Runback

Control - Scram

instruzentation reactor period - Short

Main steam isolation valve by-pass flow - Low
Main steam isclation valve - Tripped-Closed
Main steam isolation valve - Loss of Power
Superheater outlet temperature - Low
Superheater outlet pressure - Low

Main steam safety valves - Open

Reactor
Reactor
Reactor
Reactor
Reactor
Reactor
Reactor
Reactor
Reactor
Peactor
Reactor
Reactor

-Reactor

Reactor
Reactor
Reactor
Reactor
Reactor

recirculating pump motors bearing temperature - High
recirculating pump motors - Overload

recirculating pump motor temperatures - High
recirculating discharge valves - Loss of Power

water level - High

water level - Low

feedwater temperature - High

recirculating water temperature - Low

feedwater temperature control set point - Low
building shield pool seals - Leaking

building air lock doors - Open

building pressure - High

vent temperature - High Radiation - High, Isolatiom - Trip
control rod drive motors - Loss of Power

control zod drive motcre - Overload

control rod drive motors - Reverse Phase

control rod drive seals leakage flow - High

control rod clutch pecwer - Trouble

Main steam iesolation valve interlock switch - Qut-of-Position

Nuclear
Nuclear
Reactor
Buclear
Nuclear
Fuclear
Reacter
Reactor
Reactor
Reactor
Nuclear
Nuclear

instrumentation power range flux channels 7 & 8 - High differential

irstrumentation =« Trouble

pressure control pressure error - High - Low
instrumentation short period - Rumback Trip
instrumentation channele 5 & 6 -~ Runback Trip
ipstrumentation channels 7 and 8 - Rumback Trip
control loss of feedwater - Runback Trip
control ejector exhaust high activity - Isolate - Scram
control leoss of circulating water - Scram Trip
contrcel main steam dump failure - Scram Trip
icstrumentation channels 5 and 6 - Scram Trip
instrumentation channels 7 and 8 - Scram Trip
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Key lock switches shall be used for all bypasses listed in this
Section 6.2.1.

1.

2.

3.

3.

Source Indication Bypass

This key switch may be used to bypas the rod withdraw
permissive interlocks associated with nuclear channels;l,
2, 3, and 4 to permit maintenance of channel 4 when reactor
power is above the startup channel range, provided the
minimum operability requirements for nuclear channels are
otherwise satisfied.

Short Period Runback Bypass

This key switch may be used to bypass channel 4 period
rusback in the boiling range of reactor operation, emd
permit maintenance of channel &4 provided the minimum
operability requirements for nuclear chanmels are other-
vise satisfied.

Inner Boiler Rods Permissive Interlock Bypass

This key switch may be used only to permit precritical
rod operation checks and to permit the comduct of
specially supervised tests.

Main Steam I ) 1 ercise s

This key switch may be used only to bypass the valve-
closing scram interlock to permit exercising the main
steam isolation valve. Use of this bypass shall require
direct supervisicn by the Shift Supervisor if reactor
is operating above 20% rated power.

Bypass Kev Control

The keys to key locked bypass switches shall normally be
kept in a locked key cabinet under the direct super-
vision of the Shift Supervisor or higher plant manage-
ment. The keys shall be captive in the switch lock when
the bypass is in effect.
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6.2.2 mm_m.:.s.m;m

6.2.3

(w)

(®)

()

(a)

(»

(¢)

The screm control system, exclusive of backup relay

.system, shall be tested with the inscalled test provisioms

at least once per shift on eack shift in which reacter
operation occurs and prior teo each reacter startup.

Such test shall utilize isstalled test switches to verify
design operation of each inmput logic circuit and asseciated
clutch powar supply by simulation £ each input signal and
combination of imput signal that should cause scram actiom.

The scram control system backup relay system shall be
functionally tested prior to sach startup except that more
than one such test in any twenty~-four hour period shall
net be required. Such test skhall utilize installed test
circuitry to simulate scram signals at the input to the
relay drivers and verify "hat the relay scram contacts
operate im accordance with design functiom.

Redundant components of the scram control system,
exclusive of backup relay system, shall be inspected
prier to each reactor startup if such inspection has not
been performed within the previous 1000 hours of circuit
operation. This requirement shall apply to redundant
diodes of the two imput logic circuits, redundant
transistors of the logic circuit emitter followers, and
redundant transistors of the rectifier-control excitatioa
circuits., Such inspection shall require tests as im 6.2.2
(a) or equivalent to verify desigu function of each
component with the redundancy of the associated component
temporarily disabled.

r Inst ntaticn Testing a erati uirem” ‘t

At least one startup channel shall monitor neutron flux

during shutdown if the reactor containg fuelmi-ww dv.wima un.

At least two startup channels shall monitor neutronm flux
during reactor startup.

When operating in the startup channel ramge, coincideat
vithdraval of more than one startup chanmel detector
drive shall not be permitted and control rod withdrawal
shall not be permitted while & detector is being
withdrawnm,
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(4)

(e)

(£)

(®

(®»

(1)

&)

A ninimue of both operating channels (5 and 6) or one
operating channel and chgnnel 4 shall be required to
moritor neutrom flux in the intermediate range. During
any pericd in which channel 4 is used to satisfy this
minimum requirement, the short-period trip normally used
for runback action shall be reconnected to have scram
capability.

A minimum of three of channels 5, 6, 7 and 8 shall be
available to monitor neutron flux iu the power range.

When one of these channels is removed from service for
maintenance or repairs a scram signal from that channel
shall be inserted at scram control imput logic circuits

to maintain an effective 1 of 3 noncoincidence scram logic
under this condition, except that coimcidence logic may be
used only to permit testing required by paragraphs i and j.

Consistent with the requirements of 6.2.3(a) thru 6.2.3(e)
nuclear channels may be removed from service for mainten-
ance, testing or repairs.

When channel repairs are made whick could significantly
affect circuit time constants, response time checks shall
be performed.

Detailed calibration procedures shall be performed on
each chacnel contrel room chassis circuit prior tec reactor
startup, if suck procedures hsve not been performed within
the previous 1000 hours of channel operation.

Channel calibration checks shall be perfomed on each
chacnel with installed fumction switch circuitry prior

to reactor startup. During reactor operation such checks
shall be repeated at least once every shift on those
channels gctively monitoring flux, except that if such
checks be required during the comduct cof particular

reacter testing under the provisions of the power operation
test program which extend beyond the pericd of one shift,
the cheorks may be postponed until the completion of the
particular test.

The set point and operation of each nuclear channel trip
circuit shall be verified previous to each reactor startup.
During reactor operation such checks shall be repeated once
evary shift on those channels actively monitoring Flux,
except that if sucl. checks be required during the conduct
of particular reactor testing under the provisions of the
power operation test program, which extend beyond the
period of one shift, the checks may be postponed until the
completion of the particular test.
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6.2.4

(k). Coincidence logic shall not be used in the intermediate
range.

(1) In the event modules are replaced or repaired, calibra-
tion tests shall be conducted to verify channel operation
before the channel is returned to service.

Process Instrumentation

This section specifies the operating requirements for instrument
channels that meter process parameters and operate the safety
system trip signal devices whose set points are specified in
Sections 6.1.4, 6.1.6, 6.1.7 and 6.1.8. The provisions of this
section shall exclude the radiation monitoring instrumentation
for which operating requirements are specified in Sectiom 6.3.4.

6.2.4.1 All process instrumentation components which develop

6.2.4.2

6.2.4.3

input signals to the reactor scram safety system shall

be tested at least each time the system is depressurized
in accordance with the established preventive-mzinten-
ance methods if such tests have not been conducted witkin
the preceding 90 days. Such tests, to the extent
practicable, shall include application of calibration
input signals at the transducer of each integral signal
channel to verify operability, accuracy and set point

of each component unit in the channel from point of

input to final trip device.

All process channels applicable to safety system scram
control surveillance of plant operation at rated
conditions above twenty percent power shall be tested
at least once every three months. Such tests shall
consist of insertion of simulated input signals to

verify operation and set point of the fimal trip
device.

All process instrument channels applicable only to
safety system scram control surveillance of plant
startup operation to rated conditions below twenty
percent power shall be tested as specified in 6.2.4.2
prior to reactor startup, or before placing the safety
system mode switch in the position where such protec-
tion is designed to operate, if such tests have not
been conducted within the previous thirty days.
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6.2.4.4 Bypassing individual process channels from the scra=m
control system during reactor operaticn shall be
permissible when such chanrel is backed up by another
chaonel providing the same safety functica provided
that:

(a) Procedures for testing and bypassing havs been
approved by the Operations Committee.

(&) 4All bypasses for testing and maintenace shall
be approved and recordec in the reactor log by
the Shift Suparvisor.

(c) The Shift Supervisor witnesses the installation
and removal of the bypass.

6.2.4.5 Bypassing individual process channels from the oct’ *
control system during reactor operatiom shall be —
permissidble in the event such coannel is not backed
up by another chamnel performing the same safety
function provided that:

(a) The provisions of 6.2.4.4 (a), (V), and ()
shall apply.

(b) During any period such a channel is bypassed,
licensed reactor operator is assigned primary
responsibility to perform the functiom of the
bypassed function and to take any required
safety action in the event of off-normal operating
conditions.

(¢) No more than one such chaonel may be bypassed at
any time.

(d) 1I1f the maintenance or testing for which the bypass
is installed cannot Ye accompliched in luss than
eigkt hours, the reactor shall be brought to a
conditioz under which such protection is mot
required.

6.2.4.6 Bypasses required for special reactor tests may be
installed to permit such tests provided that such
bypasses and test procedures shall be approved by the
Operations Committee.
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6.2.5 Ip-core Monitoring Sygtem

642.5.1

6.2.5.2

Description end Purpose

An in-core flux monitoring system shall be installed
in the superheater region and shall be used to deter-
mine superheater flux distribution, the effects of
specified rod programs on flux distribution and
dynamic coupling between superheater amd boiler cores.

The monitoring system shall consist of three vertical
strings of three ion chambers each with a flux wire
thimble included in the assembly. The 9 ion chambers
shall monitor neutron flux from about 10% to 120%
rated pgyer, with rated chamber sensitivity of

S 2 W% amps per nv and rated range of 1012 to
1016ny, There shall be three picoammeters arrsnged
to indicate relative flux level at agny three chambers
in any one vertical string, any one vertical plane,
or any one diagonal plane. The picoammeters shall

be readable from the control room and located in ~=
or adjacent to the control room. Switching provisions
for chamber selection shall be located at the plcoam«
meters.

The detectéw assemblies shall be designed to operate
at rated reactor conditions. The detector and wire
thimble assemblies shall be located in dummy super-
heater assemblies, one near the center of the super-
heater and the other two approximately diametrically

opposite near the superheater periphery. The chambers - -

of each string shall be spaced about eighteen inches
apart and shall be located such that the center
chamber is at about core midplane.

Operating Reguirements

At least five of the nine ion chambers shall be
operable when reactor power is above 50% rated power.
At least seven of the chambers shall be operable
during testing to verify design calculations.
Chambers shall be calibrated by use of flux wires as
required for design verification tests and there-
after shall be calibrated in accordance with
established schedules to limit indésateedrift to
less than 10% of indicated flux levels.
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6.3 Plant Monitoring System

The plant monitoring systems include the process gaseous, liquid,
and ventilation monitoring systems, the area monitoring system, and
environmental monitors.

6.3.1 Process Radiastion Monitoring Systems

The process monitoring systems <onsist of the stack wmonitors,
air ejector monitor, off-gas monitor, main steam line
wonitor, 7-liquid momitors, and 4-ventilation monitors.
Monitors may temporarily be taken out of service for main-
tenance calibration and repairs in accordance with the w»
requirements of Tables 6 and 7. Spare parts shall be on
hand to allow necessary repairs to be made promptly.

(a)

(b)

(e)

Stack Monitor

The stack effluent gases shall be monitored by a gaseous
and a particulate monitor. Each monitor shall messure
the concentration of activity in the stack gas by
monitoring a representative side-stream sample of the
gas. The stack gaseous monitor shall be set to isolate
the gaseous waste disposal system from the atmosphere
and to isolate the reactor purification system if the
instantaneous stack release limits are exceeded.

The particulate monitor shall measure stack particulate
activity with a moving filter paper mechanism and there
shall be a carbon filter in the particulate monitor
sample return line to the stack. The filter shall be
analyzed for halogen activity at least weekly to verify
that the release rate of halogens is below the release
rate limit, If the filter indicates an activity of

above 50 percent of the average release rate for halogens,
the particulate filter shall also be analyzed for halogen
activity.

Air Ejector Monitor

The air ejector monitor shall detect activity in the air
ejector exhaust. It shall take approximstely three minutes
for radioactivity from the reactor to appear at the eir
ejector monitor during full power operation.

Off-gas Monitor

The off-gas monitor shall detect activity in the off-gas

discharge to the stack downstream of the holdup tanks and
filter. The off-gas monitor shall initiate isolation of

the gaseous waste disposal system frcm the atmosphere
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at an activity level no higher than that which would

result in the stack instantaneous release rates being
exceeded. The set point shall be no higher than 90%

of full range of the instrument.

(d) Main Stesm Line Monitor

The main steam line monitor shall detect activity in the
main steam line entering the turbine building basement.
This monitosr shall initiate a main steam isolation scram
on abnormally high radiation levels. In uo event shall
the monitor be set to initiate action at greater than
ten times the normal operating background level.

(e) Liguid Monitors

There shall be liquid monitors at the following locations:

1. Turbine Building Cold Sump
2. Liquid Waste Discharge Line

3. Two at the Liquid Waste Holdup Tanks

4, Outlet of the Waste Treatment Demineralizer
5. Purification System
6. Feedwater Filters

Each monitor shall detect activity of liquid either flowing
by or in storage. The liquid waste discharge, radiocactivity
- concentration and flow rate to the enviromment shall be
recorded in the control room. The liquid waste discharge
monitor shall initiate closure of the liquid waste discharge
and laundry waste discharge valves if limits are approached.

(£) Ventilation Monitors

(1) The exhaust monitors shall detect activity in the
reactor and fuel building exhaust ducts.

(2) The turbine building ventilation exhaust monitor shall
have two detectors, one which shall monitor activity
in the turbine building exhaust duct and one which
shall monitor activity in the flash tank vault exhaust
duct o

6.3.2 Area Monitors

The location and nu@ber of area monitors shall be as féllows:

!
/
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6.3.3

5. 0% TRy S - L ON S SRS
Location Number
Reactor Bedlding 3
Fuel Handling Building 4
Control Room 1
Turbine Building 2
Hot Chemical Laboratory 1

Each unit shall contain sn alarm bell, an alarm light, an
indicating meter, and an integral detector. A remote panel
for reactor building monitors shall be located outside the
reactor building near the personnel access airlock.

At least one monitor shall be in service near the fuel storage
area during i handling operations. A remote panel for the
the fuel handling building monitors shall be located on the
fuel handling building operating floor.

The area monitoring system shall normally be in operation;
however, individual monitors may be taken out of service for
maintenance and repairs. Spare parts shall be on hand to allow
necessary repairs.to be wade prombtiy.~ When erequirédoarea

<~monitor is not in operation, portable radiation detection instru-
mentation shall be provided and used by persomnel in the area
ordinarily monitored by the inoperative instrument.

E t H h r

At least two environmental film memitoring stations shall be
provided for determining the integrated gamms dose rate to

the site environs during operation at stack release rates of up
to 0.01 curies per second. Films with a minimum seusitivity of
20 mr shall be provided at each site monitorimg station. These
stations shall be located at the site boundary in the areas '
wvhere the river enters and leaves the exclusion area.

Operation at stack release rates above 0.01 ocwsée per second of
noble gas shall not exceed eight hours without at least ten film
monitoring stations in service which will be used to provide
assurance that downwind doses received by persons living near

the site do not exceed allowable limits. The film at each station
shall be replaced and analyzed at least once per month.

All persons leaving radiation areas likely to become contaminated

shall be mohitored for radiocactivity using a radiation detection
probe. g
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The health physics monitors shall meet the requirements listed in
Tables 3 and 4.

TABLE - AIR SAMPL UIPMENT
Number Radiation Sensitivity Calibration
Type of Instrument Available Detected Range Frequency
Moving Filter 1072 ue/ml will
Air Monitor 1 B, v give .2 cpm build- 35 days
wp at 1 cfm,
Fixed O, B,y in See sensitivity
Filter 3 counting of counting 35 days
instruments. instruments.
TABLE 4 - PORTABLE MONITORING INSTRUMENTS
Minimum
Number Radiation Sensitivity - Calibration
Type of Instrument Available Detected Range Frequency
Low Range Cutie Pie 5 By, ¥ 0-2500 mr/hr 35 days
Low Range Integrating
Cutie Pie 1 By ¥ 0-2500 mr 35 days
High Range Cutie Pie 2 Y 0-250 R/hr 35 days
Survey Meter 2 X 2 tg 2000 per
cm®/min, 35 days
. Neutron Probe for
' Survey Meter 1 n 0-300 mrem/hr 35 days
Portable Gelger
Survey 3 By ¥ 0-20 mr/hr 35 days
GM Frisker Bsy 50-50,000 cpm 35 days
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6.4.1 Alrborpe Rediogctive ¥astes

Cases originating in the resctor snd passing with the stes=

to the main condenser shall be removed from the condenser by

alr ejectors. These gases shall pass thweugh approximately

75 feet of 6§ inch hold-up pipe which shall provide spproxi-
mately J min of holdup. m.,m.nu then pass through
baffled holdup tanks of 270 £t~ volume to allow approximately

12 minutes additional decay time, and subsequently pass through
s high efficiency filter (55.9% efficient, .J microm particles).
The gases shall bde compressed inm holdup tanks [f additiomal
decay time is desired. Two holdup tanks shall be provided esch
of wvhich shell be sized to allow storage of the reactor off-gas
for spproximately IR hours of plant operation. Off-gas may be
passed directly to the stack from the holdup pipe for a short
period of time to allow maintenance of equipment. The air
ejector and the stack monitors shall all de in service when

the holdup tanks are bypassed, and the gases shall pass through a
high efficiency filter (39.51 efficient, .) microm particles) and
be diluted with ventilation air before being discharged.

Ventilation sir from sround the reactor shall pass directly to
the inlet plenum of the induced draft fens for the stack.

Each induced draft fen shall bSe designed to deliver 48,000 cofsm.
The stack shall be diviled into two flow chamnels. The

minimme stack flow during cperation shall de 25,000 cfs. If

the induced draf: fans are lost from service for five minutes, the
piant shall be shut down. The top of the stack shall de

107 feet adove grade level. In addition, the radicsctive gas
disposal system shall have the following charscteristics:

(a) Nonmcondensable gases shall be removed from the turdime
steam seals by the gland seal exhsuster. The gases shall
be discharged from the exhauster to the stack plenum.

.
o
s

All ventilation air from the resctor containment vessel
and the "urbine duilding shall be discharged through the
stack.,

(e) All other potential sources of gasecus radiocactive wastes,
except ventilaticn air from the Hot Chemical Laboratory,
shall be discharged to the stack. The comcemtration of
radicisotopes at the point of discharge from the Hot Chemical
Laboratory to the atsosphere shall not exceed the liaits in
Column 1, Table II, Appendix B of 10 CFR Part 20 when
aversged over a year.
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6.4,2

6.4.3

6.4.4

Solid Waste

Solid active waste shall be collected, packaged in suitable :
containers, and shipped offsite for disposal in accordance
with 10 CFR 20,

Liquid Waste

Liquid waste shall be processed by any or all of the following:
filtration, demineralization, sedimentation, storage for decay,
and dilution., Liquid waste shall be diluted with river and
cooling tower blowdown water. During those periods when water
is discharged from the cooling tower to the waste discharge
ditch the activity of the cooling tower water shall be checked
weekly to verify that it does not contain significant acitivity
of plant origin.

Tanks in the liquid waste system shall have the following
capacities:

Tanks Approximate Gallons

4 - Low Solids Holdup 3000 ea
2 ~ Waste Surge 500 ea
2 - Reclaimed Water 1500 ea
Neutralizing Holdup 300
Neutralizing Tank 1500
High Solids Holdup 2000
Concentrated Waste Storage 2000

2 - Spent Resin Storage 6000 ea
4 - Sumps 7200
Operating Requirements

(a) "2 annual average stack release rate of radioactive
isotopes, other than particulate matter and halogens
with half-lives longer than eight days, shall not exceed
5 x 1011 cn3/sec times the MPC for individual isotopes
and mixtures presented in Column 1, Table II, Appendix B
of 10 CFR Part 20, The maximum annual average stack
release rate for particulate matter and halogens with
half-lives longer than eight days shall be 7x108 cm3/sec
times the MPC for indivicual isotopes and mixtures
presented in Column 1, Table II, Appendix B of 10 CFR
Part 20. The instantaneous release rate limit for all
radioactive isotopes shall be a factor of ten times the
annual average release rate.
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(5) The liguid redicective vastes may De released if the
gross activity of plant origin in the effluent from the
discharge ditch can be regulated so that it does not
exceed, on the annual sverage, the values stated in
Columm 2, Teble 1II, Appendix B of 10 OFR Part 20.

A current inventory of ligquid and solid redicective
vaster stored on site shall bDe kept.

IABLE 5 - AREA MOWITORS

| Ares Monitors Frequency of
. Activity Locetion of Alars Calibration
: Contrel Roce v Suilding None 35 davs 3 decades
entrance
and local
| Ivice bggi-
All other 5 Control Room EFound or-
required and Losel 1S =y 35 days 3 decades
' monitors ;g’:g" is




TABLE 6 - VENTILATION AND MISCELLANEOUS MONITORS

e

. i

i I T bl W M T W .

-

-

e —

Ventilation Monitors

-

4

r:;ﬁency of

i

\
|
i \
) |
o
|
|
|

SRPRp——

Activity | Location of Instrument Automatic Action alibration l
Location Detected | Indicator | Recorder Setpoint 1 Action |  Check _In Service Reguirement
Fuel Fuel r.' If irradiated fuel is stored
Building B,y Building Control in storage pool, this or
Entrance Room None None 35 days torage pool area monitor or
ortable replacement is !
equh.’ed. w
Reactor Byy Fuel Control _10 times Reactor hay bypass for repair or
Building Building Room normal full Scram and 35 days replacement for up to si:
Entrance power level or |[Bldg. Vent rs.
10 mr/hr which{isolation |
ever is larger rou H
10 times normal i
Turbine Fuel Control & .. o ey’ y Main Steam thlle out of service,
uki gosey teve
Building B,y Bldg. Room pis lotﬂrinr'uhxch-l'ol‘tion 35 days perator shall actuate main
Entrance everiis iarger- Scram | steam isolation scram on :
FAREDS AP RRI I v Py 1 S-S — J!n!s.tﬁ_t.m_\_pf.ug__lp_l,sl_\m-___
bbb Miscellaneous Monitors i B
Frequency of
Activity on of I Calibration
el n_| Detected Recorder Location of Alaxm |  Check _ | 1In Service Reguirement |
Laundry B, v Local None Laundry Room 35 days If out of service, determine
background outside fan
: R RN Twa— ewnjtoom dally 1f occupied.
Stack Bs v Local Control Control Room 15 da %Eontlnual samples shall be
Koom and fuel e taken if gaseous release ‘
handling rate indicates that the !
particulate and I-131 releasé!
rate is .1 or more of the
permissible release rate when
! e e R e e et et el - s e nennea) CEWROY T A1y out of service.
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TABLE 7 - PROCESS MONITORS

Process Monitors - Gaseous

Frequency of
L f1l Location of Calibration
__Location | Detected Indicator Recorder Alarm_ Check Range In S c uirement
Air ejector Y Mezz Fuel Control Control Room 35 4 :
ays 3 decades Either air ejector or
discharge Building | Room and at inst. Gida anoie Blae Sdh
be in service. '
ain Steam Y Control Control Control Room 3 months 3 decades Either main steam or .
line Room Room ejector monitor must be in
service.
Off -gas Fuel Baild-| Mezz Floor | Control Room 35 days 5 decades Not required if holding
Discharge Y ing Entnnci Building & gases or stack gas monitor
Control Rmy in _service.
Stack Gas B,y Fuel Build- | Control Control Room 35 days 5 decades Not required if holding
ing Entranc Room gases or off-gas discharge
& Mezz Floor monitor i rvice.
Process Monitors - Liquid
Frequency of
Activity Location of Instruments | Location of Automatic Action Calibration
Location | Detected Indicator _ Recorder AYaom Setpoint _and Actjon Check Range
Plant Dis- Y Waste Paned ¥ Control Waste Panel and| Close discharge valve
charge Room Control Room | at one decade above 35 ‘days 5 decac
analysis value.
All other Y Waste Panel | Waste Panel |Waste Panel None 3 months 5 decades
process by selection '
monitors l

\
«
\
|
\
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7.0 OFERATING PROCRIXRES

T.1

This section describes those plant operating procedures and procedural
safeguards vhich have a potential effect on safety. Operating principles
and procedures are presented for initial start-up of the plant, for
normal and emergency operation of the plant, and for the initial phase
of testing. These procedures shall not modify the express requirements
of Parts 50 and 55 of the Commission Regulations.

GENERAL OPERATING PRINCIPLES

a. Operetion and control of the reactor and most of the process
equipment shall be centralized in the control room.

b. There shall be at least two operations personnel in the control
room for startup and shutdown of the plant. There shall be at
least one AEC licensed operator in the control room at all times,
except vhen the reactor is in the cold shutdown condition. The
minimum shift complement during reactor operations other thar cold
shutdown shall consist of a Shift Supervisor and two operations
personnel. An AEC licensed senior operator shall be at the plant
during power and refueling operations and other operations involv-
ing reactor criticality, operations which may adversely affect core
reactivity, operation involving modifications of core components
vhile fuel assemblies are in the reactor, and operations involving
movement of fuel assemblies. Normally for startup and shutdown
operations a senior operator shall be in the control room.

¢. Operators may perform certain operating functions that may effect
the reactor outside of the control room, but only at the direction
of or vith prior knowledge of the licemnsed operator in the control
room.

d. Radiation monitoring by fixed or portable instrumentation shall be
performed to establish radiation levels before initial enmtry into
radiation zones.

e. All perscnnel leaving radistion zones, and all equipment being
removed from such zones, shall be surveyed to an extent adequate
for control of contamination.

f. Procedures for operation of the plant equipment, inciuding loading,
starting up, maintenance, testing, shutting down, unloading and
other operations involving changes in reactivity or operation with
the reactor critical, shall be in accordance with detailed written
inetructions. Written instructions pertaining to emergencies
shall be available to all personnel in convenient places. Plant
personnel shall be trained in and familiar with standard and -
emergency procedures which he is required to perform.

g In the event of any situation wvhich may compromise the gafety of
continued operation, it shall be required procedure to shut the
plant down and to take other planned emergency action to protect
persons and property.
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h. Incidents and acts having a potential detrimental erfect on nuclear
safety shall be investigated to prevent recurrances. Intial review
shall be Dy the Operations Committee. Further review shall be by
the Safety Committee.

i. The Plant Superintendent shall have the overall on-site responsibility
for the plant. Technical support within the plant organization shall
include personnel with training and experience in the areas of reactor
engineering and operation; instrumentation, chemistry and radiation
protection.

7.2 PROCEDURAL SAFEGUARDS

The following procedural safeguards have been established for the operat-
ing safety of the plant.

) % 2 Securitz

Access to the restricted area shall be controlled to prevent
entrance of unauthorized personnel. Visiting persons request-
ing admittance shall be required to identify themselves before
entering the restricted area and shall be admitted only under
criteria established by plant management,

7.2.2 Detailed Operating and Emergency Instructions

a. Written instructions for normal and emergency - operation
(The Plant Operations Manual) shall be prepared, approved
by the Operations Committee, and issued prior to startup
of the plant. The Safety Committee shall review portions
of these instructions which involve nuclear safety and
portions which are appropriate to the Safcty Connitteels
authorization ol pl:ut operatious

The above instructions shall be reviewed and approved by
responsible persons on the Plant Operating staff and by
appropriate respresentatives of the Company's General Office
in Minneapolis. These instructions shall conform to the
Technical Specifications. Copies of the Site Emergency Plan
shall be kept in the Control Room, Information Center and
the Company’s General Office.

b. The Plant Operations Manual shall include Radiation Control
Procedures to cover aspects of the plant's radiation protection
program,

7.2.3 Administrative Procedural Controls

The following controls shall be employed to promote safety for
the plant,

a. Training of the operating staff so that each employee is
acquainted with his specifed duties and responsibilities
and the action to be taken in the event of off-standard
conditiors,
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7.3

" b. Training of pav personnel to a level consistent with their
specific duties and responsibilities.

¢. Periodic management review for strict adherence to the
normal and emergency procedures, the radiatiocn control
procedures, the operating limits and requirements for the
plant, control of access to the plant, and the procedure
for investigating and reporting unusual or unexpected
incidents. This reviev shall be on an interval not to
exceed 6 months and is the responeibility of the Safety
Committee.

T.2.4 Qperational Review Procedures

Day-to-day maintenance and operating experience and plant
incidents shall be reviewed periodically by the Safety Committee.
Recommendations with respect to both nuclear safety and equip-
ment protection shall be made to Northern States Power Company

management..
PREOPERATIONAL TESTING

A program of preoperational testing shall be conducted prior to the
initial operation of the plant. It shall be the purpose of this program
to demonstrate that the plant has been built in accordance with specifi-
caticns and is ready for initial fuel loading and startup. This program
shall include the following tests relating to the main steam system and
reactor containment.

a. The control rod system shall be tested to demonstrate that it functions
proper’l; Such testing shall include determination of the scram
times, normal withdrawal and insertion times.

b. The boron injection system shall be tested with water to demonstrate 3
that all valving and instrumentation function properly. !

¢. The reactor protection system and all associated controls and instru-
mentation shall be tested to the maximum extent practical at this
time. All such instrumentation shall be calibrated,; wvhen practical
and it szhall be established that the reactor nuclear instrumentation
is respconeive to source neutrons.

d. The primary system shall be pressure tested and heated by means of
an auxiliary boiler to demonstrate proper thermal expansion of
componente,

e The emergency condenser system shall be tested to demonstrate its
proper cperation by circulating heated reactor water through the
emergency condenser.

f. Pressure and leak rate tests of the reactor building shall be made.

g. The containment spray system shall be tested to demonstrate its
proper operation.
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T.4

h.

i.

The reactor clean-up demiperalizer system shall be tested to check
its ability to maintain the specified wvater quality.

The radicactive vaste disposal system shall be tested inscfar as
practical to establish that intended disposal of contamination can
be accomplished.

INITIAL CORE LOADING AND CRITICAL TESTS

Detailed procedures and a description of tests to be conducted during the
-WmmuWMthmwmmtimcmzm

for review.

The procedures shall also be submitted to the Safety Committee

for review. Following committee approvals, the Northern States Power
Company personnel shall be responsible for the safe cperation of the plant
during the startup program and subsequent operation.

T.5.1 Basic Test Conditions

The loading and critical testing program shall begin after the
special initial loading imstrumentation and the necessary reactor
cquipcnthmbnnchcchdandtoundtobema-ﬁm
operable condition.

At the start of loading, the reactor vessel water level shall be
at least cne foot below the fuel.

A 6 curie Pu-Be neutron source shall be provided to yield meaningful
readings on neutron sensitive chambers. The neutron populaticn
shall be monitored during the loading.

The control rod scram circuit shall de operated by at least four
peutror sensitive channels vith single channel coincidence wvhose
chambers shall be capable of seeing neutrons originating in the
fuel.

These shall consist of:

(a) Two compensated icn chambers connected tc picoammeters having
high flux scram trips in the regular safety circuit.

(db) T™ 31‘3 properticnal counters connected to log count rate
meters and period meters. These channels shall be connected
into the regular safety circuit.

This instrumentation shall be utilized throughout the lov-ievel
unmw-mumopmmmummmuma
time the normal out of vessel instrumantation shall be used.

Between fuel loading steps, sensors v.ll be moved as necessary
to accommodate the increares in core si . Such moves shall be
limited to two sensors between loading steps. Ounly cne sensor
shall be moved at a time and the instrumestation chaunnel shall
be checked for proper operation prior to movement of the next

senor.
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Each control rod, before it is encompessed by fuel, will be checked
for proper functioning in all modes. Presence of poison in the
control rod will be verified by the time it is encompassed by fuel.

T7.4.1.1 Core loading and Test Program - General Conditions

T.4.

(a) During each water fill after fuel has been added the conmtrol
room shall be staffed by at least one Northern States Power
Supervisor, a Reactor Operator, one Physicist or Nuclear
Engineer, and one Allis-Chalmers Operations Engineer.

(b) The Supervisor shall be in communication with the man in charge
in the reactor building whenever fuel is being moved.

(¢c) Should an extended interruption of the loading to the initial
eritical configuration occur, the fuel loaded to that time
shall be removed.

When loading is resumed, the complete procedure shall be
repeated.

(d) Should a short interruption of loading to the initial eritical
configuration occur, multiplication of the previous step
taken shall be verified before loading is continued.

(e) During the low powver test program foils may be irradiated
to determine the power distribution for various core and
control rod configurations.

~ Boiler Slab Core Loading and Criticality

The number and configuration of the boiler elements for this minimum
mass criticality test are predicted by calculations and extrapola-
tion of Pathfinder critical facility slab experiments.

With the core drained, the boiler boxes and control rods shall be
loaded into the vessel. Nuclear instrumentation for information
and protection shall be operable in accordance with 7.4.1. A
6-curie Pu-Be peutron source shall be located near the periphery
of the superheater region. The boiler fuel elements shall be
loeded into the dry core to form a slab array. The neutron
population shall be monitored during the loading.

The reactor vessel head shall be installed and a control rod worth
about 4%A4k/k shall be cocked. The neutron multiplication shall
be moritored as vater is added to the vessel. At specified levels,
wvater addition shall be stopped and count rates taken. The maximum
rate of flov shall not exceed that of both seal water injection

pumps (rated at 30 gpm each).

The calculated shutdovn margin of this minimum critical mass
assembly wvith all control rods full in shall be about 13%Ak/k.
The slab core loading and water fill shall be performed as if
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- eriticality is expected at any point even though the fully
mcderated assembly is expected to be at least 9% Ak/k subcritical
vith a rod cocked (4$Ak/k).

Criticality shall not be achieved any time during the fuel loading
or wvater £i11. If criticality is predicted at any time, the core
region shall be drained and fuel removed to reduce reactivity.

Criticality shall be approached by the withdrawal of boiler comtrol
rods. If eriticality is not schieved, the core shall be drained
and a siogle 2.2 ¥/0 boiler element added to the slab. The core
ghall again be water filled and eriticality approached by comtrol
rod vithdraval. meuncptmmnpcmdddm;lm

2.2 v/o boiler element at each step until eriticality is achieved.
After initial criticality is achieved, the core shall be drained,
and the test repeated adding additional Doiler fuel elements to
determine the incremental increase in core reactivity associated
with additional single boiler elements.

7.4.3 Boiler Fuel Core Wucngl

With the core drained, poison shims worth approximately ax/k
shall be inserted. Boiler elements shall be added to complete
the boiler core in a manner similar to that outlined in Section
7.5.2. The neutron population shall be monitored during this

The calculated shutdown margin of this assembly with all rods and
4% Ak/k in poison shims inserted shall be approximately 10%ak/k.
Criticality shall not be achieved at any
or vater £i11. If criticality is predicted at any time during

ter fill, the core region shall be drained end additicnal poison
shims added to reduce reactivity.

;
:
z
:
8

Criticality shall only be achieved by the wvithdrawval of comtrol rods.
After the reactor is critical at a low powver, various reactivity
uumumnmmmmmmw.

7.5 POWER OPERATION TEST PROGRAM

The power cperation test program, consisting of three phases, shall
commence only after the initial loading and eriticel test program has
been completed and the results of this program found to be satisfactory
and shall include at least the following tests:

7.5.1 Phase 1, 200 KW (th) or Less

Phase 1 experiments shall be performed (not necessarily in the

order listed) at low pover to establish the reference core. Critical
control rod configurations, core powver distributions, and reactivity
coefficients shall be measured. These experimental results shall be
compared vith calculations. These measurements and comparisons shall
provide verification of the shutdowvn margin and the validity of the
analytical model used for the design calculations of Pathfinder.
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7.5.1.1 Superheater Fuel Loading and Full Core Criticality

The superBester fuel shall be loaded and the neutron population
monitored during this loading.

The reactor vessel head shall be installed and control rods worth
about 4$Ak/k cocked. The neutron multiplication shall be monitored
es vater is added to the vessel. At specified levels, vater addition
shall be stopped and counts rates taken. The maximum rate of wvater
additionsl shall not exceed 60 gpm. The superheater steam passages
remain voided (most reactive configuration) during water addition.
The calculated shutdown margin of this assembly with all rods and
poison shims inserted shall be approximstely 10%Ak/k. The super-
heater fuel loading and water fill shall be performed as though
criticality were expected at any point, wwen though the moderated
assembly is expected to be at least 6% 4k/k subcritical with the
cocked rod pattern (4%4k/k).

Criticality shall be achieved by the withdrawal of boiler control
rods.

7.5.1.2 Establishment of the Reference Core

The reference core shall be defined as that full core which is sub-
critical by at least .003 with the most reactive control rod with-
dravn and the superheater voided.

Poison shims shall be removed incrementally until this criterion is
met, thereby establishing the reference core. If the most-reactive-
rod-withdrawn criterion is met with substantial shutdown »
positive shim boiler fuel elements (3.2 w/o U-235 enrichment) shall
be available to increase the core excess reactivity for operational

purposes.
7.5.1.3 Reference Core Cold Flooding Coefficient

The superheater steam passage shall be flooded wvith the reactor
shutdown. The reactor shall be brought to criticality and the
reactivity defect associated vith the flooding the steam passages
shall be evaluated by means of a calibrated control rod.

7.5.1.4 Flux Maps

At various poison concentrations, flux wires shall be loaded into

the superheater and boiler. The boron concentrated shall be varied
to provide control rod configurations typical of those to be
encountered during operation from reactor start-up to the comtrol-
_rods-full-out condition. The data shall be analyzed for superhester-
boiler power sharing, various power shapes, and nuclear instrument-
ation calidbration. ST A R " v .

Boron removal shall be checked by returning to the boron-free
condition and comparing the critical rod height with that measured
during the establishment of the reference core. . r
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7.5.1.5 Insertios of Reactor Source and Refueling Test

Preperatory to further testing, the antimony-dergllium reactor
source shall dbe loaded in the superheater and the Pu-Be source
removed. The reactor vessel shall be completely filled, including
the superbeater steam passages, during this operatica. Reference
core criticality shall de repeated to correlate the regular
instrumentation indication tc known conditions.

Tests shall be run to determine the worth of 2.2 and 3.2% bdoiler
elements in various locations and coafigurations. Subsequent
refueling operstions shall be consisteat vith these tests so that
refueling will not be an unreviewed pafety question.

7.5.1.6 Ccld Core Pressurizatica

The system shall be gradually pressurized. Calibrated boiler
coatrol rods shall be used to determine the reactivity change
resulting from the pressurizatiocn.

7-%12.7 Texpersture Coefficient

The temperature coefficient shall de measured from smbient to

about 420F. The reactor may be pressurized with nitrogen gas
tc prevent boiling during this test. The reactor shall be taken
eritical and a slov heating rate established vith the startup
heater.

7.5.1.8 Hot Core Flooding Coefficient

The reactivity change associated with flooding the superheater
steam passages with approximately 440F vater shall be determiped
by means of calibrated control rods.

7.5.2 Phase II, 5 MW(th) or Less

The objective of the Phase II testing shall be to
pover level in & safe manner from essentially zero
at vhich the onset of boiling in the flooded supe
and tc determine the suverheater radiative cooling

I

E
i

:

7.5.2.1. Power Calibratiocn

The pover level shall be increased to 5 MW(th), and the ouclear
instrumentaticn calibrated vith the superheater flooded.

7.5.2.2 Superheater Radiactive Cooling Ability

The purpose of this test shall be to determine the ability of the
superheater fuel elements to dissipate reactor decay heat under the
no-stean-flov condition by thermal radiation and conduction to the
superheater moderator vater.
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With the superheater drained, the steem line isolation valves
closed, and the boiler water temperature near its operating point,
reactor power shall be slowly increased in steps. At each step
the superheater fuel temperature shall be measured by thermocouples
on special instrumented assemblies. The test shall be terminated
at the power level at which superheater surface measurements are
approaching a pre-determined limit of 1270 F.

7.5.2.3 Steam Flow to Superheater

With the reactor shut down, steam flow to the condenser shall be
established by opening the Lypliis isolation valve. Superheater
fuel and bulk steam temperatures and boiler coolant temperature:
and pressure shall be monitored during initial steam flow. Reactor
pover shall be increased to 5 MW(th) with the superheater power
fraction suppressed by means of the rod program.

7.5.2.4 Reactor System Tests

The performance of the emergency condenser, other reactor protec-
tion, and appropriate process systems shall be evaluated at this
pover level.

T7.5.3 Phase III, Full Powver or Less

The objective of this phase shall be to reach full power in a safe
manner. During Phase III, power shall be increased in about five
steps; starting from some power near 5 MW(th) and going to full
pover., There shall be approximately a 20% pover increment between
steps. The following tests shall be performed at each step.

7.5.3.1. Power Calibration

At each pover level heat balance calculations shall be performed
to calibrate the nuclear instrumentation at steady-state conditions

T7.5.3.2 Radiation Testing

At three pover levels radiation data shall be taken to verify
shielding calculations.

7.5.3:3 Superheater Steam Operation

Information on the relation between steam flow and temperature

and superheater fuel temperature shall be generated. The super-
heater performance evaluated in Phase III at each pover step shall
be a continuation of Phase II testing.

7.5.3.4 Fluid Dynamics Effects

The reactor response associated with changes in each of the
following variables shall be determined: feedwvater temperature,
feedvater flow, recirculatien flow, and reactor pressure.
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7.5.3.5 Response to Runback

At each power level the response of the reactor to rod runback
shall be determined.

7.5.3.6 Transfer Function

Transfer function measurements shall be made at various power levels
.10 measure reactor stability margin. The oscillator rod shall be
calibrated at several angular positions. The maximum peak-to-peak
Okers/kepe Shall be less than 10 cents. Measurements shall be made
g. zero power transfer function. The frequency range investigated
shall extend from about 0.0l cycles/sec to about 12 cycles/sec.
After extrapolation of the stability margin to full power, the
oscillator rod shall be removed from the core.

7.5.3.7 Xenon Reactivity

The reactivity associated with transient xenon shall be determined
at several power levels by operation until near-equilibrum poisoning
{s reached--then decreasing the reactor power substantially and
following the resultant reactivity changes with rod movement.

7.5.3.8 wWater Leve® Calibration

Twvo -phase ‘face level shall be determined at each pover level
by means -vessel detectors and correlated to the indicated
water level. A calilbrating curve of two-phase interface versus
power level shall be established.

7.5.3.9 Steam Dryer Efficiency

At each power level samples of steam, before and after passing
through the steam dryer, shall be taken and its moisture content
determined. The efficiency of the steam dryer for various steam
rates shall be determined.

7.6 NORMAL OPERATION

7.6.1. General

7.6.2

Detailed operating procedures for each normal mode of plant
operation shall be prepared prior to operation. The following

is an outline of the principal normal operation procedures having
a potential effect on the safe operation of the plant.

Cold Start-Up After Extended Shutdown

A éold start-up shall occur each time the reactor is returned to
service following an extended shutdown. The procedure for a
normal cold start-up involving turbine operation shall be as
follows:
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7.6.5

e. A start-up check list shall be followed prior to beginning
the actual start-up so that applicable equipment and systems
i ..shall be in condition for start-up. Containment vessel
integrity provisions shall be in effect.

b. Bach control rod shall be exercised and scrammed as a check
of the control rod system and the reactor safety system. A
coupling verification check shall be included prior to or
during start-up, if the control rods have been unlatched

during the outage.

¢. The start-up check list shall be reviewed and approved by the
Shift Supervisor prior to start-up.

d. Tests shall be performed to verify that the start-up channel

co. rate is at least two counts per second due to ueutrons. The
Operations Committee shall reviev the start-up channel count
rate and determine when these are to be performed.

e. The reactor shall be brought critical by comtrol rod withdrawal
folloving a prescribed withdrawal pattern.

f. The powver shall be adjusted once criticality is reached vo
maintain a reactor vessel temperature rise rate not to exceed
200 F per hour.

€. The turbine shaft sealing system shall be placed in service
using steam from auxiliary supplies.

h. The condenser shall be evacuated and the air ejector will be
placed in service. '

i. Turbine heating shall be started during this operation
sequence. After turbine heating is completed, and the reactor
reaches rated pressure, the turbine shall be gradually brought

up to speed.

J. The mode of turbine control shall be transferred to the reactor
pressure cemtrol system.

k. The control rods shall be adjusted to provide the desired pover
level.

Hot Startup

Whenever the plant has been shutdown for a period of time with the
reactor vessel and auxiliaries remaining pressurized, a hot startup
prooedure shall be followed to return the plant to service.. This
procedure will be essentially independent of the cause of shutdown
assuming that the cause is recognized and any non-standard conditions
have been corrected. The reactor instrumentation shall be reset and
dowvnscaled and a hot startup check list shall be completed prior to
the wvithdrawal of control rods. The start-up shall then proceed in
accordance vith Paragraphs (d) through (k) of 7.6.2 of the normul
cold start-up procedure outlined above.
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Nermal Pover QOperaticn

During normal power operation, the pressure control system shall
maintain the reactor pressure at its rated value by cperating the
turbine admission valves. The turbine-generator load shall be
established by the control rod positionms. The principal function
of the operating personnel during this period shall be as follows:

a. The maintenance of a continuous watch in the control room for
prompt attention to any annunciated alarms.

The adjustment of the comtrol rod pattern to accommodate changes
in reactivity and to maintain the desired power distribution.

The evaluation of abnormal conditions and the initiation of
corrzctive action as required.

Extended Shutdown

An extended shutdown will be accomplished as follows:

1. Reactor power shall be reduced by manipulation of the comtrol
rods, and the main generator loal shall be decreased. The
turbine -generator will be separated from the system.

All control rods shall be inserted.

The removal of reactor decay heat and the reduction of reactor
pressure shall be accomplished by controlling reactor steam flow.

+«The rate of cooling of the reactor vessel shall not be allowed
to exceed 200 F per hour.

The reactor shutdown cooling system shall be placed in opera-
ticn after the superheater has been flooded. This system will
complete the cooling of the reactor water.

A minimum of one start-up channel and one power range channel
shall be left in operation. All instrumentation pertaining to
control of activity release shall be left in operation.

Short Duration Shutdown

A shutdown of short duration may be accomplished with maintaining
system pressure. The turbine-generator shall be unloaded and
separated from the system. Reaator decay heat removed shall be

accoumodated by system losses or bypassing steam to the main
condenser,

7.7 REFUELING OPERATION

The refuling operation shall be conducted in accordance with the following
basic principles:




C.

f.

Writien procedures shall be available prior to refueling.

The insertion and removal of fuel assemblies shall be done through
the top of the reactor vessel after opening reactor vessel head
closures as appropriate. Water shtelding shall be provided by flood-
ing the reactor vessel and the 'shi¢ld pool. Fuel bundles shall be
handled by means of a handling tool, transfer carriage, and crane.

Fuel movement shall follow the following sequence for each fuel
assembly replaced:

1. Removal of selected assemblies from core and transfer to spent
fuel storage.

2. Reshuffling of remaining assemblies in core as desired.
3. Insertion of new assemblies in the vacant positions.

L. Partial core criticality tests may be performed to establish
the core reactivity condition.

Shutdown margin checks shall be as described in 5.9.2. Assembly
replacement shall proceed as described above until the desiréd-
opunber of fuel assemblies have been changed.

At least tvo start-up nuclear channels shall be in service and
measuring neutron flux during all refueling operations.

Written procedures shall be used for core alterations which are known
to increase reactivity. Communications between the control room and
the loading area shall exist during all core alteratims.

The liquid poison system shall be available and ready for use.

Containment integrity provisions shall be in effect during actual
refueling operations except for the fuel transfer valve.

Unirradiated fuel shall normally be stored in air in a new fuel
storage aree.

Irradiated fuel shall be stored as described in 4.9.9 (c).
The minimum refueling crew during refueling operations shall be four

men. There shall be a licensed operator in the control room at all
times, and the Qualified Supervisor shall be in charge.

MAINTENANCE

The following basic principles shall guide the maintenance program at the
plant:

7.8.1° Damaged or defective equipment shall be repaired or replaced.
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7.8.3

7.8.4

7.8.5

7.8.6

7.8.7

7.8.8

Maiastenance check lists shall be used vherever practical to assure
thet equipment is included in the systematic preventive maintenance
program and to guard against error damage in carrying out the
maintenance effort.

A system of equipment history records shall be kept in which will

be recorded the extent of 8nd type of repair, the regular preveantive
maintenance scticns, as well as any non-routine maintenance which is
required.

The preventive maintenance program shall include a schedule for
exercising of normally idle components.

Instrumentation end control systems, especially the neutron power
level instrumentation and the reactor safety system, can be tested
periodically with the plant in operation, and certain portions of
the systems can be replaced with spare units vhile the plant is

in operation should it be necessary.

Radiological protection practices shall be observed in maiotenance
activities.

Control rods shall be inspected periodically to determine their
applicability for continued operation. Enough fuel shall be removed
so that the reactor is more suberitical with that rod out than it
was prior to its removal for inspection.

It shall be permissible to remove & countrol rod drive from the core
vhen the reactor is in the cold xemon-free condition. The core
‘shutdovn margin of 0.3% Akepsr/kKeps With the strongest rod out of the
core and the superheater voided, shall be met. The rod power switch
shall be locked in the off position and all associated equipment
properly tagged. A spare control rod drive mechanism shall be used
to replace the removed drive immediately upon removal of the
defective drive.
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8.0 RESEARCH AND DEVELOPMENT PROGRAM

During the initial start-up and during subsequent operation various R and D programs
will be in progress. The Technical Specification limitations will apply with the
following exceptions:

Four special fuel assemblies and the oscillator rod will replace one of the inner
boiler control rods, quad box, four regular fuel assemblies and the normal control
rod drive,

During the experiments with the slab array the maximum possible reactivity addition |
rate shall be as high as 40 cents/sec. During experiments with the boiler only the
maximum possible reactivity addition rate shall be as high as 10 cents/sec.

While building the slab array and during part of "boiler only" experiments, two of
the quad boxes may be removed to accommodate an in-vessel chamber which is part of
the core monitoring system,

Up to 5 superheater fuel assemblies instrumented with thermocouples shall be in the
core to determine relative metal temperatures.



