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Guidelines for Permanent BWR Implementation or Justification
Hydrogen Water Chemistry Installation for Nonconformance

1.0 INTRODUCTION 1.0 Comply with intent:

Design guidance provided in this section
does not include any requirements,
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2.0 GENERAL SYSTEM DESCRIPTION

Figure 2-1 shows the hydrogen addition
system in simplified form, For this
report, the system is divided into hydrogen
supply, oxyi:n supply, hydrogen injection,
and oxygen injection systems.

Options for hydrogen supply are discussed
briefly below, and detailed descriptions of
the main options are provided in Section 3,
Ox)rl!cn supply is also described in Section
3, The zas injection systems are described
in this chapter, Also described in this
chapter are instruments and controls
applicable to the entire system,

2.1 GENERAL DESIGN CRITERIA

The hydrogen water chemistry system is
not safety-related. Equipment and om-
ponents need not be redundant (except
where required to meet good engineering
practice), seismic category I, electrical
class |E, or environmentally qualified,
Nevertheless, proximity to safety-reisited
equipment or other plant systems requires
special consideration in the design, fabri-
cation, installation, operation and
maintenance of hydrogen addition system
components. Section 9 of this document
delineates the quality assurance and
quelity control requirements to assure a
safe and reliable hydrogen addition
system. In some cases these requirements
are over and above those which are
normally required for nonsafetv-related
installations,

The hydrogen addition system should sup-
press the dissolved oxygen concentration
in the recirculation water 1o a point where
IGSCC immunity is maintained ar all
reactor power levels at which the hydro-
gen addition system is operating.
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Impiementation or Justification
for Nonconformance

2.0 Comply with intent:

Design guidance provided in this section
does not include any requirements.

2.1 Comply with intent:
See Section 2.0.
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2.2 HYDROGEN SUPPLY OPTIONS

Hydrogen can be supplied from three
sources: (1) a commercial hydrogen
supplier; (2) onsite production from raw
materials; or (3) recovery and recycle of
hydrogen fror: the off-gas system. Any
combination of these three methods may,
in principle, be appropriate at 1 given
facility.

2.2.1 Commercial Suppliers

Hydrogen can be obtained commercially
from two types of sources: (1) merchant
producers (i.e., companies that make
hydroscn for the purpose of selling it to
others) and (2) byproduct producers (i.e,,
companies that nroduce nydrogen onlv as a
byptoduct of their main business),

Hydrogen obtained in this nianner is sup-
plied as a high pressure gas or as a
ceyogenic liquid, The selection of gaseous
or liquid supply options depends on syitem
requirements such as flow rates ¢nd in-
jection pressures and onsite considerations
such as available separation distances and
building strengths, In gersral, gaseous
storage is preferred for low flow rates and
small separation distances. Detailed con-
siderations for gaseous anc liquid hydrogen
supply facilities ar2 descr'ied in Sections
3.1 and 3.2 of this report, respectively,
Safety considerations are discussed in

2.2.2 Onsite Production

Industrial processes for hydrogen pro-
duction can be divided into two groups:
elcctrolysis of water and thermochemical
decomposition of a feedstock that con-
tains hydrogen,

Detailed considerations for onsite pro-
duction of hydrogen by electrolysis are
described in Section 3,3 of this report,

2-2

Implementation or Justification
for Nonconformance

2.2 Comply with intent:
See Section 2.0.

2.2.1 Comply:

Hydrogen will be initially supplied by a
merchant producer,

2.2.2 Not Applicable:

Orsite production will not be used for the
initial design.
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All other processes for producing high
purity hydrogen involve thermochemical
decomposition of hydrogen-containing
feedstocks follcwed by a series of chem-
ical and/or physical operations that con-
centrate and purify the hydrogen, While
these processes are feasible, in principle,
they are not currently envisioned for im-
plementat.on, Therefore, these processes
are not addressed in this report,

2.2.) Recovery

Many processes are commercially avail-
able for separating, concentrating, and
purifying hydrogen from refinery or by-
product streams or for upgrading the
urity of  manufactured  hydrogen.

ocesses are also be.ng developed for the
recovery and storage of hydrogen by the
formation of rechargeable metal hydrides,

Although recovery of hydrogen is a viable
option, near-term implementation of this
option is not envisioned. Therefore, this
option is not addressed in this report,

2.3 GAS INJECTION SYSTEMS

2.3.1 Hydrogen Injection System

The hydrogen injection system includes all
flow control and flow measuring equip-
ment and all necessary instrumentation
and controls to ensure safe, reliable

operation,

2.3.1.1 Injection Point Considerations

Hydrogen shall be injected at a location
that provides adequate dissolv.g and
mixing and avoids gas pockets at high
points, Experience has shown that
injection into the suction of feedwater or
condensate booster pumps is feasible,
Injection into feedwater pumps will
require hydrogen at high pressures (e.g.,
150-600 psig). This may require either a
compressed gas supply, compressors or a
cryogenic hydrogen pump, depending on

2-)

Implementation or Justification
f ormance

2.2.3 Not Applicable:

A recovery method will not be used for
the initial design,

2.3.1 Comply:

2.3.1.1 Comply:

Hydrogen is injected at the condensate
pump discharge through gas saver 'ance
assemblies
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the supply option chosen. In the case of a
liquid hydrogen storage system, this can
also affect the sizing of the liquid
hydrogen tank,

There may be pressure fluctuations in
feedwater systems, depending on reactor
nower level and performance. The
nydrogen addition system shall b2 designed
to accommodate the full range of such
fluctuations.

2.3.1.2 Codes and Standards
This system shall be designed and instalied

in accordance with QS standards n
29 CFR 1910.103,

Piping and related equipment shall be
designed and fabricated to the iate
edition of ANSI B3l.l or B33 for
pressure-retaining components, Storage
containers, if used, shall be designed,
constructed, and tested in accordance
with appropriate requirements of ASME
B&PY Section VIII or APl Standard 620,
All components shall meet all the
mandatory requirements and material
specifications with regard to manufacture,
examination, repair, testing, identification
and certification,

All welding shall be performed usmg
ocedures meeting requirements in AW
I.1, ANSI B3l or B33, or ASME

M". Section lx, as wwt."o

Inspection and testing shall be in
accordance with requirements in ANSI
B3l.1, ANSI B33, or API 420, as

appropriate,

System design shull also conform with
pertinent portions of NUREG-0800, (0
CFR 50,48, Branch Technical position BTP
CMEB 9.5-1, and appropriate standards
and regulations referenced in this
documant, Appendix A provides a list of
codes, standards, refulations, and
published good engiuweering practices
applicable 1o permanent hydrogen water

2-4

implementation or Justi:ication
for Nonconformance

2.3.1.2 \Paragrapbs | through 5) Comply
with intent:

Codcs and standards used for the hydrogen
injection system are equivalent to or more
strigent than those identified in this
secticn,
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chemistry installations. Each utility is
responsible for identifying additional
plant-specific codes and standards that
may apply, such as State-i roguiro-

v ACI or

ments, Uniform Building
AISC standards,

Piping and equipment shall be marked or
identified in accordance with ANS| 235.1,

2.3.1.3  System Design Cousiderations.
Hydrogen piping from tk supply system to
the plant may above or below ground.
Piping below ground shall be designed for
cathodic protection (or be coated and
wrapped), the appropriate soil conditions
such as frost de;th or liquefaction, and
expected vehicle loads. Guard piping
around hydrogen lines is not required;
however, consideration shall be given to
its use for such pupores as protection
from heavy traffic loads, leak detection
and monitoring, or isolation of the
potential hazard from nearby equipment,
etc, All hydrogen piping should be
grounded and have electrical continuity,

Excess flow valves should be installed in
the hydrogen line at appropriate locations
to restrict flow out of a broken line,
Excess flow protection shali be designed
to ensure that a line break will not result
in an unacceptable hazard to personne' or
equipment (BTP CMEB 9.5-1), The design
features for mitigating the consequences
of a leak or line break must perform their
intendey design function with or without
normal ventilation,

Individual pump .njection lines shall
contain a check valve to prevent feed-
water from entering the hydrogen line and
to protect upstream hydrogen gas compo-
nents. Automatic isolation valves should
be provided in each injection line to
prevent hydrogen injection into an

nactive pump,

2-3

Implementation or Justification
for Nonconformanc e

2.3.1.2 (Paragraph v) Do not comply:

See Section 10,1 of the Mydrogen Water
Chemistry  license package for justifi-
cation for noncompliance.

2.3.1.3 Comply:
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Purge connections shall be provided to
allow the hydrogen piping to be com-
pletely purged of air before hydrogen is
introduced into the line. Nitrogen or
another inert gas shall be used as the
purge gas. Cases shall be purged to safe
locatior.s, either directly or through
intervening flow paths, such that per-
sonnel or explosive hazards are not
encountered and undesirable quantities of
Qas are not injected into the reactor,

Area hydrogen concentration monitors are
an acceptable way to ensure that hydrogen
concentration is maintained below the
flammable limit, [f uted, such monitors
should be located at high points where
hydrogen might collect and/or above use
points that constitute potential leaks.
Good engineering practice for locating
hydrogen detector heads is to take into
consideration the positive buoyancy of
gaseous hydrogen, Detector heads shall be
located so thal the monitors shall be
capable of detecting hydrogen leaks with
or withoyt normal ventilation., Each
utility shall evaluate its particular system
design and identify specific points where
hydrogen concentration monitors should be
installed, Examples of such points includ.
flanged in-line devices (such a- calibration
spool pieces associated with mass flow-
meters), outlets of purge/vent patts, or
the items discissed in the following
paragraph. Sleeves or guard pipes can be
used as an alternative method to mitigate
the consequences of a line break,

A hydrogen addition system will increase
the hydrogen concentration in the feed-
water, reactor, steamlines ard main
condenser. Each of these systens shall he
reviewed for possible detriment.| effects.
A discussion of possible coacerns s
presented below.

. Main Condenser., The main con-
denser presently handles comhustible
z:s. The hydrogen addition system

not significantly change the

2-6

Implementation or Justification
for Nonconformance

2.3.1.3 (Continued) Comply:



Guidelines for Permanent BWR Implementation or Justification

Hydrogen Water Chemistry Installation for Nonconformance
concentration or volume of noncon- 2.3.1.3 (Continued) Comply:

densables.  Therefore, it is not
anticipated that hydrogen addition
will affect oyeration of the main
condenser,

. Off-Gas System. Oxygen shall be
added into the off-gas system to
recombine with the hydrogen flow
thus limiti the extent of the
system handling hydrogen rich mix-
tures and reducing volumetric flow
rates. The net effect will probably
be a revised heat input into the re-
combined off-gas. The capability of
the off-gas system to handle this
revised heat load must be evaivated
to ensure that temperature limits
are not exceeded. Considerations in
the design of the off-gas oxygen
injection system should include loss
of oxygen and runaway oxygen
injection,

. Steam Piping and Torus, Hydrogen
water chemistry may slightly
increase the rate of hydrogen leak-
age into the torus via the safety
relief valves, However, the rate of
oxygen leakage will be decreased,
Thus, the possibility «. forming a
combustible mixture is not signifi-
cantly increased when compared to
non-HWC operation,

. Sumps. There are three water
systems that may be affected by
HWC: main condenser condensate,
feedwater and reactor water, For
sumps, which receive water from
any of these three sources, the
average hydrogen concentration in
the water may increase slightly.
The maximum expected concentra-
tion of hydr in the sump
atmosphere should be determined to
ensure that the hydrogen concentra-
tion remains below the lower com-
bustible limit of hydrogen in air,

2-7



2.3.2 Oxygen Injection Sy 2.3.2 Comply:
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System design shall also conform with
appropriate NFPA, CGA, and other stan-
dards and regulations referenced else-
where in this document., Each utility is
rmmlble for identifying plant-specific
C and stardards that may apply, such
as State-impcsed requirements, Uniform
Building Code, ACI or AISC standards.

2.3.2.3 Cleaning

All portions of the system that may
contact oxygen shall be cleaned as
described in Section 3.4 of this report, and
in accordance with CGA G-4.1, Cleaning
Equipment for Oxygen Service,

2.4 INSTRUMENTATION AND CONTROL

This subsection discusses the instrumen-
tation, controls, and monitoring associated
with the hydrogen addition system,

The instrumentation and controls include
all sensing elements, equipment and valve
operating hand switches, equipment and
valve status lights, process information
instruments, and all automatic control
equipment necessary to ensure safe and
reliable operation. Table 2-1 lists the
recommended trips of the hydrogen addi-
tion system. The instrumentation shall
provide indication and/or recording of
parameters necessary to monitor and con-
trol the system and its equipment. The
instrumentation shall also indicate and/or
alarm abnormal or undesirable conditions.
Table 2-2 lists the recommended instru-
mentation and functions. This table also
includes instrumentation for hydrogen and
oxygen supply options. Additional infor-
mation on instrumentation and controls 1s
provided in Section 3,

System instrumentation and controls shall
be centralized where feasible to facilitate
ease of control and observation of the
system, As a minim.m, there shall be a
system trouble alarm and/or annunciator
provided in the main control room,

"o
'

Implementation or Justification
for Nonconformance

2.3.2.3 Comply with intent:

The oxygen piping was cleaned uﬂn’
procedures that met the requirements o
CGA G“q‘ lﬂd G'“'“'

2.4 Do not comply:

See Section 10.2 of the HWC licensing

package for justification of the following

system trips which were not provided in

the design of the HWC system,

a. High Residual Oxygen in Off-Gas
Trip,

b. Low Oxygen Injection System Supply
Pressure or Flow Trip, and

¢. Off-Gas Train or Recombiner Train
Trip
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2.4.1 Hydrogen Injection Flow Control

Parallel flow control valves should be
provided in the hydrogen injection line for
system reliability and maintainability, If
flow control is automatic, hydrogen flow
rate should be controlled as a function of
plant process parameters such as steam or
feedwater flow.

The capability should be provided to adjust
flow rate to each pump manually, if this is
found to be necessary to achieve adequate
hydrogen distribution,

Manual isolation valves shall be provided
in each pump injection line to accommo-
date pump out-of-service conditions.
Individual pump injection lines should
contain automatic isolation valves inter-
locked (0 the corresponding pump, so that
hydrogen is not injected into a pump that
1$ NOt running.

Provisions for shutoff of hydrogen
injection shall be provided in the control
room,

2.4.2 Oxyger njection Flow Control

Parallel flow control valves should be
provided in the oxygen injection line for
system reliability and maintainability.

Oxy flow rate shall be controlled to
provide residual oxygen downstream of the
recombiners, System controls shall be
designed to ensure that oxygen injection
continues after hydrogen flow stops, so
that all free  hydrogen is safely
recombined,

2,4.3 Monitoring

Provision shall be made to monitor con-
tinuously the concentration of dissolved
oxygen in the recirculation water, In
obtaining samples of recirculation water
for this purpose, appropriate containment
isolation shall be provided in accordance

Implementation or Justification
for Nonconformance

2.4.1 Comply:

2.4.2 (Paragraph 1) Comply with intent:

Only a single pure oxygen train is provided
for each unit. The second train is from an
air intake in the building. Each train has a
single flow control valve,

2.4.2 (Paragraph 2) Comply:

2.4.3 Comply:
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with 10 CFR 50, Appendix A, General
Design Criteria 3, 54, 55, 56, or 57,

Provision should be made to monitor
continuously the concentration o! oxygen
and hydrogen in the off-gas flow down-
stream of the recombiners., Hydrogen and
oxygen monitoring in the off-gas recom-
biner system should meet the acceptance
criteria of Standard Review Plan 11.3 with
the exception that autoinatic control
functions are not required,

Implementation or Justification
for Nonconformance
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3.0 SUPPLY FACILITIES
3.1 GASEOUS HYDROGEN
3.1.1 System Overview

Hydrogen gas can be supplied from either
permanent high-pressure vessels or from
transportable tube ‘railers, For the
permanent storage system, gaseous hydro-
gen is stored in seamless ASME code
vessels at pressures up to 2,400 psig and
ambient temperatures. Transportable
vessels are designed to DOT standards and
store hydrogen at pressures up to 2,650
psig at ambient temperatures. With either
storage design, the gas is routed through a
pressure control station which maintains a
constant hydrogen supply pressure, In any
event, the gaseous hydrogen system shall
be provi¢ < by a supplier who has exten-
sive experience in the design, operation
and maintenance of associated storage and
supply systems. Gaseous hydrogen shall be

3.1.2 Specific Equipment Description

3.1.2.1 Hydrogen Storage Vessels

The hydrogen storage bank shall be com-
d of ASME Code gas storage vessels,
h tube shall be constructed as a seam-
less vessel with swagged ends. Specific
tube design shall be based on ASME Un-
fired Pressure Vessel Code, Section VIII,
Division 1, incluuing Appendix XIV-70,

The tube bank shall be supported to
prevent movement in the event of line
failure and each tube shall be equipped
with a close-coupled shutoff valve. As an
alternative, one safety valve per bank of
tubes can be used, provided the safety
valve 1s sized to handle the maximum
relief from all tubes tied into the valve,
Each bank shall be eguipped with a ther-
mometer and a prossure gauge, as s
necessary for proper filling.

3-1

Implementation or Justification
for Nonconformance

3.1.1 Comply with intent:

A hydrogen supplier has not been chosen
at thisot‘amc. When chosen, the hydrogen
supplier will meet the intent of the cri-
teria in this section,

3,1.2,\ Not Appicable:

The interim hydrogen supply system will
utilize transportable tube trailers and the
long-term hydrogen ly system will uti-
lize a cryogenic liquid hydrogen s orage
tank.
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3.1.,2.2  Transportable Hydrogen Storage
Vessel

Transportable hydrogen vessels shall be
constructea, tested, and retested (every 5
years), in accordance with DOT spec-
ifications 3A, 3AA, 3AX, or JAAX. All
valving and instrumentation shall be
igentical to Section 3.1.2.1.

3.1.2.3 Pressure Reducing Station

The pressure control station shall be of a
manifold design. The manifold shall have
two (2) full-flow parallel pressure redu-ing
regulators, The discharge pressure range
of these regulators shall be adjustable to
satisfy plant hydrogen injection require-
ments. Pressure gauges shall be provided
upstream and downstream of the regu-
lators. Sufficient hand valves shall be
provided to ensure complete operarional
flexibility.

An excess flow check valve shall be
installed in the manifold immediately
downstream of the regulators to limit the
flow rate in the event of a line break. The
stop-flow setpoint shall be determined by
each plant and should be set between the
maximum plant flow requirements and the
full C, of the flow control valves.
Additional guidance on excess flow
protection is provided in Section 2.3.1.3,

3.1.2.4 Tube Trailer Discharge Stanchion

A tube trailer discharge stanchion shall be
mviied for gaseous product unloading.

s.anchion shall consist of a flexible
pigtail, shutoff valve, check valve, bleed
valve, and necessary piping. Filling
apparatus shall be separated from other
equipment for safety and convenience, and
pr.tected with walls or barriers to prevent
vehicular collision,

A tube trailer ground assembly shall be
provided for each discharge stanchion to
ground the tube trailer befcre the
dischaige of hydrogen begirs.

3-2

Implementation or Justification
for Nonconformance

3.1.2,.2 Comply with intent:
See Section 3.1.1

3.1.2.3 Comply with intent:
See Section 3.1.1

3.1.2.4 Comply with intent:
See Section 3.1.1
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3.1.2.5 Interconnecting Pipeline

All equipment and interconnecting piping
supplied with this system shall be installed
in  compliance with the following
standards:

. American National Standards Insti-
tute (ANSI) B3i.l, Power Piping,
B31.3, Chemical Plant and Petro-
leum Refinery Piping.

. National Fire Protection Association
(NFPA) 70, Nationa! FElectrical
Code.

. NFPA-50A, Bulk Hydrogen Systems,

. All applicable local and national
codes,

There are severa! suitable field instal-
lation techniques whicl, are based on
industrial experience. The following are
guidelines which may be used for field
connections:

. Copper-to-Copper, Brass-to-Brass,
;nd Copper-to-Brass Socket Braze
Jints.,

== Silver Alloy
45% Ag, 15% Cu, 15% In, 24%

Cd., ASTM B260-69T and AWS
A5.8-69T, BAg-1 Melting Range-

Solidus-607,2°C Liquidus-
618.3°C

== Flux

Worki Range 593.3°C 1o
871.1° o

. Copper, Brass, Carbon Steel, and
Stainless Steel N.P.T. Threaded
Joints,

3-3

Implementation or Justification
for Nonconformance

3.1.2,5 Comply with intent:
See Section 3.1.1
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- Antiseize Compound

For flange face, nut, and bolt
lubrication.  Halocarbon 25-5S
grease or equal. -195.5°C to
+176.6°C, 0 to 3,000 psig. DO
NOT USE ON ALUMINUM, MAG-
NESIUM, OR THEIR ALLOYS
UNDER CONDITIONS OF HIGH
TORQUE OR SHEAR.

. Carbon Steel, Stainless Steel, and
Aluminum Alloys Socket and Butt
Welds.

- Welding Procedure

Gas Metal Arc Welding (GMAW),
Gas Tungsten Arc Welding
(GTAW), shielded Metal Arc
Welding (SMAW), or Plasma Arc
Welding (PAW); with appropriate
filler material and shielding
gas. Proper surface and )joint
preparation (in refard to cleaning
and clearances) should be
exercised,

3.1.2.6 Component Cleaning

All components that contact hydrogen
must be free of moisture, loose rust,
scale, slag, and weld spatter; they must be
essentially free of organic matter, such as
oil, grease, crayon, paint, etc. To meet
these objectives, system components shall
be cleaned in aciordance with standard
industrial practices, as recommended by
the gas supplier, prior to and following
system fabrication,

3.2 LIQUID HYDROGEN
3.2.1 System Overvicw

Liquid hydrogen is stored in a vacuum-
jacketed vessel at pressures up to 150 psig
and temperatures up to -403°F (satu-
rated). Based on data relating hydrogen
injection pressures to BWR plant power
levels, hydrogen supply from a uquid

Implementation or Justification
for Nonconformance

3.1,2.3 (Continued) Comply with intent:
See Section 3.1.1

3.1.2.¢ Comply with intent:
See Section 3.1.1

3.2.1 Comply with intent:

A liquid hydrogen supplier has not been
chosen at this t'me, When chosen, the
hydrogen supplier will meet the intent of
the criteria in this section.
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source can be provided directly from a
tank or pumped into supplementz. gaseous
st . Gaseous storage requirements
are identified in Section 3.1 The required
supply pressure shall be based on pressure
requirements 4t the point of hydrogen
injection and line losses from the hydrogen
supply system to the injection point.

Feedwater pressure requirements and line
losses must not exceed 120 psig if hydro-
gen is to be supplied directly from a liquid
tank.

In any event, the liquid hydrogen system
shall be provided by a sipplier who has
extensive experience in the design,
operation and maintenance of associated
storage ~nd supply systems, such as
cryogenic pumping. Ligquid hydrogen shall
be provided in accordance with CGA G-5
and G-3.3.

3.2.2 Specific Equipment Description

3.2.2.1 Cryogenic Tank.

Tanks for liquid hydrogen service are
available with capacities between 1,500
gallons and 20,000 gallons. An "inner
vessel® or "liquid container™ is supported
w.thin an “outer vessel®™ or "“vacuum
jacket,® with the space between filled
with insulation and evacuated. Necessary
piping connects from inside of the inner
vessel to outside of the vacuum jacket.
Gauges and valves 10 indicate the control
of hydrogen in the vesscl are mounted
outside of the vacuum jacket, Legs or
saddles to support the whole assembly are
welded to the outside of the vacuum
jacket,

Inner vessels are designed, fabricated,
tested, and stamped in accordance with
Section VI, Division |, of the ASME Code
for Unfired Pressure Vessels, Materials
suitable for liquid hydrugen service must
have good ductility properties at tem-
perature: of -422°F per CGA G-5. The

3-6

Implementation or Justification
for Nonconformance

3.2.2.1 Comply with intent:
See Section 2.2.1
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cryogenic operating temperatures of these
vessels precluce material degrading
mechanisms such as corrosion or hydrogen
embrittlement. The constant operating
vesse! pressures assure that flaw growth
due to cyclic stress loading will not
occur, The inner vessel is subject to a
required pressure test which ensures that
no flaws exist that could cause a failure at
or below the set pressure of the vessel's
redundant relief devices, In addition to
ASME Code inspection requirements,
100% radiography of the inner vessel
longitudinal welds shall be completed.
The tank outer vessel shall be constructed
of carbon steel and shall not require ASME
certification,

Insulation between inner and outer vessels
shall be either perlite, aluminized mylar,
or suitable equal. Fibrous or blanket
insulation, such as bonded glass fibers or
rock wool, shall not be used ause of the
potential .. liquid-saturated missiles
which wuuld occur only as a result of
vessel failure, The annular space should
be evacuated to a high vacuum of 50
microns or less,

Tank control piping and valving should be
installed in accordance with ANSI B31.1 or
B31.3. All piping shall be either wrought
copper or stainless steel. The following
tank piping subsystems shal! be provided:

. Fill circuit, constructed with top and
bottom lines so that the vessel can
be filled without affecting continu-

ous hydrogen supply.

. Pressure-huild circuit, ‘o keep tank
pressures at operational levels,

. Vacuum-jacketed liquid fill and
pump circuits, where applicable.

3.2.2.2 Overpressure Protection System

Safety considerations for the tank shall be
satisfied by dual full-flow safety valves
and emergency backup rupture discs, The

3-7

Implementation or Justification
for Nonconformance

3.2.2.2 Comply with intent:
See Section 3.2.1
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primary relief system shall consist of two
sets of a minimum of one (1) rupture disk
and safety valve piped into separate
"legs." Relief devices shall be connected
in parallel with other relief devices. The
system shall be coupled by a 3-way divert-
er valve or tie bar interlock so that one

is opened when the other is closed,
With this arrangement, a minimum of one
safety valve and one rupture disk will be
available at all times, The dual primary
relief systems with 100% standby redun-
dancy allows maintenance and testing to
be performed withcut sacrificing the level
of protection from overpressure.

The primary relief system shall comply
with the provisions of the American
Society of Mechanical Engineers (ASME)
Pressure Vessel Codes and the Compressed
Gas Association (CGA) Standards,

The tank shall also be supplied with a
secondary relief system not required by
the ASME Codes. This system shall be
totally separate from the primary relief
system, It shall consict of a locked open
valve, a rupture disk, /... a secondary vent
stack. This rupture disk shall be designed
to burst at 1.33 times maximum allowable
working pressure (MAWP),

Supply system piping that may contain li-
quid and can be isolatable from the tank
relief valves shall be protected with ther-
mal relief valves, All outlet connections
from the safety relief valves, rupture de-
vices, bleed valves, and the fill line purge
connections shall be piped to an overhead
vent stack, per CGA G-3, Section 7,3.7,

Two relief devices shall be installed in the
tank's outer vessel 10 relieve any exces-
sive pressure buildup in the annular space,

Hydrogen tanks and delivery vehicles shall
be grounded per CGA P-12. Sections 5,45
and 5.7.1.2, The storage system shall be
protected from the effects of lLighining
per NFPA 78, Chapter 6,

3-8

Implementation or Justification
for Nonconformance

3.2.2 (Continued) Comply with intent:
See Section 3.2.1
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Excess flow protection shall be added to
the tank's liquid piping wherever a line
break would release a sufficient amount of
hydrogen to threaten safety-related
structures, An acceptable methodology is
identified in Section 4.2.2, "Pipe Breaks."

3.2.2.3 Instrumentation

The tank shall be supplied with a pressure
gauge, a liquid level gauge, and a vacuum
readout connection, These gauges are
sufficient for normal monitoring of the
tank condition, Instrumentation for
remote monitoring, such as high/low-
pressure switches, pressure and level
transmitters, may be added. A listing of
supply system instrumentation and control
is ide: tified in Section 2.4,

3.224  Liquid Hydrogen Pump and
Controls

The liquid hydrogen pump shall be of
proven design to provide continuous
hydrogen ly in unattended, automatic
operation, The following items comprise
the more important system controls.

3.2.2.4.1 Positive Isolation Valve

A positive isolation valve shall be used to
control the liquid feed into the pumping
system per NFPA 50B. The valve shall be
a failed-closed, pneumatically operated
valve. The valve shall only be open during
pump operation, shall close in any fault
mode, and shall be able to be remotely
overridden in case of emergency,

3.2.2.4.2 System Overpressure Shutdown

Although the system s protectec by
safety relief valves and rupture Jiscs,
system overpressure shall be avoided by
shutting down the pumps at high pressure,

3.9

Implementation or Justification
for Nonconformance

3.2,2.3 Comply with intent:
See Section 3.2.1

3.2.2,¢ Comply with intent:
See Section 3,2.1

3.2.2,4.1 Comply with intent:
See Section 3.2.1

3.2.2.4.2 Comply with intent:
500 SOC!IOI'\ ’CZ'I
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3.2.2.4.3 Temperature Indicating Switch

A temperature switch shall continuously
monitor the downstream gas line for low
temperature and shall trip the liquid pump
to protect downstream equipment from
low temperatures,

3.2.2.4.4 Pump operation

Pump operation shall be continuously
and automatically monitored, Operation
which results in pump cavitation, high
temperature at the pump discharge, or low
te ature downstream of the vaporizer
shall cause the pump to be shut down by
the remote control panel. "he fault shall
be indicated on the remote . wtrol panel
by an audible alarm and light indication,

3.2.2.4.5 Purging of Controls

All electrical components in hydrogen
service should be designed in accordance
with NFPA 70, Only nitrogen or another
inert gas shall be used for purging pump
motors, control panels and valves,

3.2.2.% Interface with Gaseous System

Liquid hydrogen pump systems typically
require a gaseous storage system as a
surge or backup to plant hydrogen supply.
These storage systems shall be designed in
accordance with Section 3.1, Gaseous
Hydrogen, Whenever a gaseous backup is
used in conjunction with a liquid hydrogen
system, switchover controls shall be
provided,

3.2.2.6 Vaporization

Vaporization of the liquid hydrogen shall
be achieved by the use of ambient air
vapuirizers. Vaporizer design, installation
and operation shall take guidance from
NFPA 5)A and 508,

3-10

Implementation or Justification
for Nonconformance

3.2.2.4.3 Comply with intent:
See Section 3.2.1

3.2.2.4.4 Comply with intent:

See Section 3.2.1

3.2.2.4.5 Comply with intent:

See Section 3,2.1

3.2.2,5 Comply with intent:

See Section 3.2.1

3.2.2.6 Comply with intent:
See Section 3.2,!
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The vaporizer should feature a star fin
Jesign and aluminum alloy construction.
For a combined liquid and gaseous storage
system, the vaporizers used should have a

pressure consistent with plant in-
jec pressure requirements, units
may be piped in parallel such that each
unit can operate independently, Parallel
vaporizer assemblies shall be sized for the
peak hydrogen flow required for each
plant and shall provide for periodic
intervals for defrosting, as appropriate,
Other atmospheric vaporization systems
may be utilized If their capacity is
demonstrated to be adeguate for the plant
flow and ambient conditions,

For a pumped liquid only storage system,
the vaporizer must \’ithstand maximum
pressures generate. .rom the cryogenic

pump. These vaporizers shall be equipped
with stainless steel lining gned to 3500
psig.

3.3, ELECTROLYTIC

3.3.1 System Overview

The disassociation of water by electrolysis
is an acceptable method of obtaining the
gases needed for hydrogen water chem-
istry. This can be done on site and the
gases can conveniently be generated at
the rate used. The electrolytic gas
generator should be proven equipment, the
same as used in other industrial appli-
cations, Depending on the generator
operating pressure, either hydrogen com-
pressors or pressure breakdown (control) is
utilized to match plant hydrogen injection
pressure requirements. The electrolytic
system shall be provided by a supplier who
has extensive experience in the design,
operation and maintenance of these
systems,

Implementation or Justification
for Nonconformance

The electrolytic method of producing
hydrogen is not being considered at this
time.

3.3.1 Not Applicable:
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3.4 LIQUID OXYGEN
3.4.1 System Overview

Liquid oxygen is stored in a vacuum-
jackeied vessel at pressures up to 250 psig
and temperatures up to -251°F (satu-
rated), Oxygen taken from the vessel
shall be vaporized throughn ambient air
vaporizers and routed through a pressure
control station which maintains "u
pressures within the desired range. The
liquid oxygen system shall be provided by
a supplier who has extensive experience in
the design, operation and maintenance of
associated storage and supply systems.
Liquid oxygen shall be provided per CGA
G'“ ‘M G"o’o

3.4.2 Specific Equipment Description

3.4.2.1 Cryogenic Tank. Tanks for liguid
oxygen service, with capacities between
3,000 gallons and 11,000 galions are simi-
lar in principle. An "inner vessel® or
®liquid container” is supported within an
"outer vessel® or “vacuum jacket," with
insulation provided in the space between
the tanks, Necessary piping connects
from inside of the inner vessel to outside
of the vacuum jacket, Gauges and valies
to indicate the control of product in the
vesse| are mounted outside of the vacuum
jacker, L or saddles to support he
whole a ly are welded 1o the outside
of the vacuum jacket.

Inner vessels shall be designed, fabricated,
tested and stamped in accordance with
Section VIII, Division |, of the ASME Code
for Unfired Pressure Vessels Materials
suitable for liquid oxygen service must
have good ductility properties at
cryogenic temperatures of -300°F per
CCA G-, The outer vessel should be
constructed of carbon steel and does not
require ASME certification,

Implementation or Justification
for Nonconformance

3.4.1 Comply:

The HWC system contains an 11,000 gallon
liquid oxygen (ank.

3.4.2.1 Comply:
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Insulation between inner and outer vessels
shall be either perlite, aluminized mylar
or suitable equal, The annular space
should be evacuated to a high vacuum of
50 microns or less.

Tank control piping and valving should be
installed in accordanc. with ANSI B31.1 of
B31.3. All piping shall be either wrought
c or siainless steel, The following
piping subsystems shall be provided:

. Fill circuit constructed with top and
bottom lines so that the vessel can
be filled without affecting system

operation.

. Pressure-build circuit, to keep tank
pressures at operational levels,

. Economizer ci.~uit, to preferentially
feed oxygen gas from vessel vapor
space to process.,

3.4.2.2 Overpressure Protection System,
Safety consnagauom for the m
satisfied by dual full-flow safety valves
and emergency backup rupture discs, The
primary relief system shall consist of two
sets of one (1) safety valve and one ()
rupture disc piped into separate legs,
coupled by a8 three-way valve., This dual
primary relief system with 100% standby
redundancy allows maintenance and test-
ing to be performed without sacrificing
the level of protection from overpressure,

The primary reiief system shall comply
with the provisions of the ASME Pressure
Vessel Codes and the Compressed Gas
Association (CGA) Stand.rds,

Annular space safety heads shall be
provided to relieve any excess positive
pressure buildup which might result from ¢
leak in an inner ves :l. Supply system
piping that may contain liquid can be
isolatable from the tank relief valves shall
be riotected with thermal relief valves,

Implementation or Justification
for Nonconformance

3.4.2.2 Comply:
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The tank shall be supplied with a pressure
gauge, a liquid level ]’augc. and a vacuum
r t connection. These gauges are suf-
ficient for normal monitoring of the tank
condition, Instrumentation for remote
monitoring, such as high/low-pressure
switches, pressure and level transmitters
may be added. A listing of supply svstem
instrumentation and control is identified
in Section 2.4,

323V ization, The vaporization of
the liquid oxygen shall be achieved by the
use of ambient air vaporizers,

The vaporizer should feature a star fin
design and extruded aluminum alloy con-
struction, The vaporizers shall have a
minimum design pressure of at least 300
psig. The units shall be piped in parallel
such that each unit can operate indepen-
dently. Parallel vaporizer assemblies shall
be sized to handle peak plant flow require-
ments and shall provide for periodic inter-
vals for defrosting, as appropriate, Other
atmospheric vaporization systems may be
utilized if their capacity is demonstrated
to be adequate for the plant flow and
ambient conditions,

34,24 Pressure Control Station, The
pressure control station shall be of a
manifold design. The manifold shall have
two (2) full-flow parallel pressure reducing
regulators, The discharge pressure range
of these regulators shall be adjustable to
satisfy plant oxygen injection require-
ments. Pressure gauges shall be provided
upstream and downstream of the regula-
tors and sufficient hand valves shall be
provided to ensure complete operational
flexibility.

Protection of downstream equipment from
Ow-oxygen temperatures shall be included
In the system design,

3-1%

Implementation or Justification
for Nonconformance

3.4.2.3 (Paragraph 1) Comply:

3.4.2.3 (Paragraph 2) Comply with intent:

The vaporizers to be used feature a hex
fin design.

3.6.2.4 Comply:
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3.4 of Construction for -

The design and installation of oxygen
piping and related ipment shall be in
accordance with ANSI B31.1 or B31.3 and
the following guidelines for material
selection for oxygen systems,

Cbservations of past oxygen fires indicate
that ignition can occur in carbon steel and
stainless steel piping systems operating at,
or near, sonic velocity, Friction from high
velocity particles is considered to be the
source of ignition. Copper, brass, and
nickel alioys have the characteristic of
melting at temperatures below their
r tive ignition temperatures. This

es these materials extremely resistant
10 ignition sources, and once ignited, they
exhibit a much slower rate of burning than
carbon or stainless steels.

As a result of these observations, the
‘ollowing materials, in order of prefer-
ence, are acceptable for oxygen service,
in the case of carbon steel or stainless
steel, the maximum velocity of gaseous
oxygen shall be within guidelines estab-
lished by the Compressed Gas Association
CGA Pamphlet CGA-4.4, "Industrial Prac-
tices for Gaseous Oxygen, Transmission
and Distribution Piping Systems.*

+  Copper
. Brass
. Monel

. Stainless Steel
. Carbon Steel

if steel pipe is to be used for the system
and some local flow conditions could cause
the velocity to exceed that established in
CGA G-4.4, then that portion of the sys-
tem must be converted to a copper-based
alloy and extend a minimum of 10 diame-
ters downstream of the point of return to

3-15

Implementation or Justifica*ion
for Nonconformance

3.6.3 Comply:
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the allowable velocity, These local flow
conditions may occur at control valves,
orifices, branch line takeoff paints, and in
the discharge piping of safety celief
devices.,

Valves that open rapidly are not suitable
for oxygen service, since rapid filling of
an oxygen line will result in a temperature
increase due to adiabatic compression, As
a result of this phenomenon, ball valves
and automatic valves may only be used
with the following restrictions:

. Valve bodies shall be made of &
copper alloy, Balls shall be mone! or
brass. Valve seats and seals should
be teflon, nonplasticized Kel-F,
Kalrez, or Viton,

Ball valves may not be used as
process control valves in throttling
or ra; lating service, Ball valves
may be used as isolation valves,
emergency shutoff valves, or vent or
bleed valves where they are either
fully open or fully closed,

. Pneumatic or electric ball valves
used for on-off services shall have
an a<tuation time from fully closed
to fully open of & seconds or greater
for pressures Jp to 250 psig. No
restriction is placed on actuation
time from fully open to fully closed.
Piping immediately downstream
must be a straight run of copper-
bearine material for a minimum of
10 diameters,

. Pneumatic or electric ball valves
used for emergency service may be
fully open or fully closed to the
2mergency position, with no restric-
tions on actuation time,

Suitable valve packing, seats, and gasket
materials are listed below in order of
preference from the oxygen compatibi'ity
basis only,

3-1e

Implementation or Justification
for Nonconformance

3.0.3 (Continued) Comply:
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. Teflon

. Glass-filled Teflon

. Nonplasticized Kel-F
+  Garlock 900

. Viton or Viton A

344 Oxygen Cleaning

All piping, fittings, valves, and other
material may contact oxygen shall be
cleaned to remove internal organic,
inorganic, and particulate matter in
accordance with CGA 4,1, Observation
has shown that ignition can occur in
properly designed piping systems when
foreign matter is introduced, Ti refore,
removal of contaminants such as grease,
scale, weld spatter, paints, or other
foreign material is essential. Cleaning
should be accomplished by precleaning all
parts of the system, main:aining cleanli-
ness during construction, and by com-
pletely cleaning the system after
construction,

317

Implementation or Justification
for Nonconformance

3.4.4 Comply with intent:

The oxygen supply system was cleaned
using procedures that met the require-
ments of CCA G-4,1 and G-4.4,
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4.0 SAFETY CONSIDERATIONS
4.1 GASEOUS HYDROGEN

410 of and

(AN Ov«viiw. Review of the
following site characteristics shall be
conducted by each BWR facility in
locating the gaseous and/or liquid

hydrogen supply systems:

. Location of supply system in
proximity to exposures as addressed
in NFPA 30A and 508.

. Route of hydrogen delivery on site,

. Location of supply system in

proximity to safety-related
equipment,
4.1.1.2 Specific Considerations,

4.1.1.2.1  Fure Protection, The area
selected for hydrogen system siting shall
meet or exceed all requirements for
protection of personne! and ipment as
addressed in NFPA 50A and + gaseous
and liquified hydrogen systems, respec-
tively, Each standard identifies the
maximum quantity of hydrogen storage
permitted and the minimum distance from
hydrogen systems t0 a number of

exposures,

The need for additional fire protection for
other than the hydrogen facility shall be
determined by analysis of local conditions
of hazards onsite, exposure to other prop-
erties, water supplies, and the probable
efiectiveness of plant fire Ddrigades in
accordance with NFPA 50A and .

61,122 ity. All hydrogen storage
sy.tem installations shall be comnli .ely
fenced, even when located within the
owner-controlled area. Lighting shall be
installed to facilitate night surveillance,

Implementation or Justification
for Nonconformance

6.1.1.1 Comply:

0.1.1.2.1  (Paragraph 1) Comply with
intent:

Paragraph 3-1.2 of NFPA 50A-1984
requires that gaseous hydrogen systems
shall be located above ground. The
gaseous supply vessel is ted above

ound but the pi from the supply
ﬂctlity to the turbine building is below
ground. This is considered acceptable as
the piping is routed above ground prior to
entering the turbine building.

4.1.1,2.1 (Paragraph 2) Comply:

4.1.1.2.2 Comply:
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e B g g
Site. plant d determine t
route to be by hydrogen delivery
trucks through onsite and offsite areas, In
order to protect the h storage area
from any vehicular acc'dents, truck
barriers shall be installed around the
perimeter of the system installation,

Within the plant security area, all
deliveries shall be controlled per the
requirements of 10 CFR 73,55,

el.1.28 tion
ac nt
termine that location of the

hydrogen storage system is acceptable
‘elative to safety-related structures and
equipment  considering the hazards
described in Sections &.1.2, &.1.), &.2.1,
and 4.2.2.

4.1.2 Gaseous Storage Vessel Failure

Gaseous storage vessels in the scope of
this report are the commercially avail-
able, seamless, swagged-ended vessels
that are commonly referred to as "hydril
tubes.,* This sect/un addresses the non-
mechanistic rupre failure of single
vessels and ‘he separation distances
required to avoid damage to safety-
related equipment, Simultaneous failure
of multiple vessels is not addressed
because the inherent strength of the
vessel makes them unsusceptible to failure
from outside forces, These vessels shall
be capable of withstanding tornado
missiles (NUREG-0800) and site specific
seismic loading due to horizontal and
vertical accelerations acting
simultaneously,

These features eliminate common ¢/ Jse
vessel failures so that the maximum
postulated instantaneous release is the
fully pressurized contents of the largest
single vessel. The potential consequences
of such a release, a firedall or an
explosion, are addressed in order,

implementation or Justification
for Nonconformance

4.1.1.2.3 Comply:

4.1.1.28 Comply:

The hydrogen storage area is 1500 feet
south of the nearest safety-related
structure, which is the Unit | and 2
control room,

4.1.2 Comply:
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41,21 F‘ ll. The thermal flux versus
distance the fireball center are
shown on ﬂ.urc 4-1 for the two most
common vessel sizes, These fluxes and
durations will not adversely affect safety-
related structures, However, each utility
shall review any unique site characteris-
tics to assure all safety-related equipment
will function in the event of a fireball,

0.!.2.2 ’ When a gaseous stor-
ruptures, the expansion of the
x: results in rapid turbule it
ing with surrounding air, In the
cm of gaseous hydrogen, the release will
0 through the detonation limits of |8.3 -
9% before the wind can translate the
mixture,  Consequently, any explosion
blastwaves will originate at the vessel
rupture site, For this report, it is
conservatively assumed that 100% of the
vessel contents will contribute to the
blastwave and that th: TNT-hydrogen
equivalence is 20% on an energy basis
(520% on a mass basis)., This transiates to
27.1 Ibs of TNT per 1000 standard cubic
feet (SCF) of gaseous hydrogen. Using
this conversion factor and U.S, Army
Technical Manual TM3-1300, blast over-
pressures and impulses can be calculated
as functions of distance from the vessel
location, These blast parameters could
then be compared to the dynamic strength
of safety-related structures,

An  evaluation entitied ration
Distances Recommended fo drogen
Storage to Prevent Damage to lear
Power Plant Structures From Hydrogen
Explosion® was formed for EPRI by
R. P, Kennedy, is evaluation, which is
included as Appendix B of these guide-
lines, recommends separation distances
based on quantities of stored hydrogen and
building design factors, The recommenda-
tions are provided in the form of step-by-
step procedures, with subsequent steps
requiring additional work but resuiting in

43

lmwbm‘onmim or Justification
of _

4.1.2.4 Com‘yl

4.1.2,2 Comply:
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reduced distances from the previous
step. The procedure to determine accept-
able separation distances s outlined
below.

. Step |, For any reinforced concrete
or masonry walls at least § inches
thick, the upper curve on Figure 4-2
provides conservative ation
distances as a function of vessel
size. If this is acceptable, then no
further work is needed. Otherwise,
proceed to step 2.

. 2. For reinforced concrete
walls at least |8 inches thick, with
known static strength and percent
tensile rebar, Eq. 7 in Appendix B
can be used to determine required
separation distances. The two lower
curves on Figure &-2 are representa-
tive examples of design parameters
for walls of nuclear power plants,
Walls with ditferent parameters
should be anaiyzed using the
methods in Appendix B, pages |0
through 13, If this is acceptable,
then no further work Is needed,
Otherwise, proceed to step ).,

. Step 3. For separation distances
closer thar. allowed by the above |
and 2, perform a dynamic blast
capacity analysis in accordance with
NUREG/CR-2462 (1),

For all storage locations, the vessel(s) and
the foundation(s) shall be desigrned to
remain in place for both design-basis
tornado characteristics and site-specific
flood conditions,

4.1.3 Gaseous Pipe Breaks

This section addresses the requirements
for hydrogen piping systems attached to

storage vessels up to the point
where excess flow protection is provided.
The criteria for acceptable s.ting for the
event of a pipe break are:

lmphﬂrlmmn or Justification
. tor Nonconformance

4.1.3 Comply:
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. Dilution of resultant release below
the lower flammability limit of 4%
before reaching air pathways into
safety-related structures.

. Minimum separate distances for the
blast ‘ criteria outlined in
k‘m .0‘0 .

[t is conservatively assumed that all
releases occur while the storage vessel is
at 2,450 « This is the maximum
allowable working pressure of the majority
of commercially available vessels,

Gaseous releases at elevated pressures
result in supersonic je1 velocities and a
dispersion process that s momentum-
dominated. Under these conditions, the
Gaussian dispersion mode! unrealistically
overestimates the amount of hydrogen in
the explosive region and the distance to
the lower flammable region. Therefore,
these properties of gaseous releases were
calculated using a jet dispersion model
described in Reference (2),

The results of this modeling are shown in
Figure &3 as minimum separation dis-
tances versus inside diameter of the
pipe. The upper curve is the maximum
distance to the lower flammability limit
of &% hydrogen, Each wutility shall
determine that the location of air
pathways into safety-related structures
exceeds this minimum separation distance
or show that other criteria should be
applied 10 a specific case, An example of
such an exception would be if the air
intakes have automatic shutters con-
trolled by hydrogen analyzers thus
preventing the ingestion of a flammable
mixture,

The lower curve on Figure &-3 (s the mini-
mum required distance 1o safety-related
stryctures with greater than or equal to an
§-inch-thick reinforced masonry or con-
crete wall, This distance includes the
drift distance of an unignited, fully deve-
loped gaseous jet plus the blast distance

&3

Implementation or Jusiification
for Nonconformance

4.1.3 (Continued) Comply:
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foundation ign at each installa-

tion shall meet these requirements,
Design basis tornado-generated mis-

siles are capable of all
known commercially am

hydrogen stor vessels. There-
fore, tornado muﬂ are a potential

cause of "storage vessel failure.”

Alrcraft

A large aircraft crashing directly
into storage area is capable of

[ all «nown commercially
available liquid iydrogen storage
vessels, Therefore, aircraft crash is
a potential cause of "storage vessel
failyre.”

Fire

The overpressure protection system
shall be sized to accommodate the
worst-case vaporization rate caused
by a hydrocarbon fire engulfing the
outer shell with loss of vacuum and
hydrogen in the annulus of the
double-wall storage tank (as per
C essed Gas Association 3.3 and
ASME Section VIl requirements),

Flood

The following flood conditions could
result in vessel failure:

-~ High water reaches the top of
the vent stack for the overpres-
sure protection system,

- High flood velocities dislodge the
tank,

Under either condition, water could
enter the vent system and defeat the
overpressure  protection  system,
Therefore, the tank shall be located
such that maximum flood heights
cannot exceed the vent stack

Implementation or Justification
—for Nonconformance

4.2,1 (Continued) Comply:
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elevation and such that potential
flood velocities cannot damage the
vent stack or dislodge the tank,

*  Yehicle Impact

The “torage vessel shall be protected
from the impact of the largest
vehicle 'sed onsite by a barricade
capable of stopping such a vehicle,

*  Vessel Structural Failure

The storage vessel shall be designed,
constructed, inspected and operated
1o assure an extremely low
likelihood of tank structural failure
during its tenure on site, A vessel
designed in accordance with this
document complies with this low-
probability requirement,

6.2.1.1 Fireball

For the two potential causes of "“storage
vessel failure,” tornadoe missiles and
aircraft impact, a fireball at the tank
location is the expected result, The major
reasons for this is the high ignitability of
hydrogen and the density of ignition
sources in the aftermath of these casual
events. An aircraft impact or a design
basis tornado and the associated mssiles
will also provide numerous sources of
ignition  from  Jowned power  lines,

transformers, and switchgears,
etc, Details of these considerations are
&i:ﬂh“mt for the Dresden plant

The thermal flux versus distance from the
fireball center (tank location) is shown on
Fi_are &4 for the r of commercially
available tank sizes, durations of the
various fireball sizes are also given,
These fluxes and durations will not
adversely affect equipment or personnel
enclosed in Concrete/steel safety-related
structures. Mowever, each utility shall

“-8

Implementation or Justification
e dor Nonconformance

4.2.1 (Continued) Comply:

4.2.1.1 Comply:
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for the maximum amount of hvdrogen i
the detonable region. It conservatively
assumes that the pipe break is oriented
‘lnctly toward the safety-related struc-

uch‘h ‘::!‘Ell“',liw shall determine
compuam wi mum separation
distance or demonstrate that other
criteria should be applied,

4.2 LIQUID HYDROGEN
4.2.1 Storage Vessel Failure

For this report, storage vessel failure is
defined as a nuo breach resulting in the
rapid emptying of the entire contents of
hiquid h It is assumed that the
tank is full at the time of failure and that
the onuro il vaporizes instantane-
ously, The fol enumerates potential
causes of vessel failure and the required
design features that mitigate or alleviate
these potentials,

. Seismic

The tank and its foundation shall he
designed to meet the seismic
criterion for critical structures and
equipment at the plant site (i.e.,
design basis earthquake). It s
preferable to seismically support all
liquid hydrogen piping. If this is not
possible, the liquid hydrogen piping
shall be seismically supported up to
and including excess flow protection
devices, The specific luqutd

tank and
uch“::mhuon ! meet tho

requirements,
. T T Missiles

The tank and its foundation shall be
designed to withstand the “design
basis tornado characteristics® as
outlined in Regulatory Guide 1.76,
As & minimum, the tank shall remain
in place so that any lLiquid spillage
will  originate from the tank
location, The specific tank and

“-b

Implementation or Justification
—tor Nonconformance

4.2 Comply:
4.2,1 Comply:
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Hy:

review any unique site characteristics to
assure all safety-related equipment will
function in the event of a fireball.

4. 2.1.2 Explosion at Tank Site

Although an explosion is not expected,
safety-related structures and equipnent
shall be verified to be capable of with-
standing a detonation occurring at the site
of the tank installation. For the
instantaneous release of the entire tank
contents, the following wire used to
determine blast parameter: for an explo-
sion at the tank site:

I, Gaussian F wather stability

2 Detonation limits of hydrogen,
18.3-59%

3. TNT - hydrogen equivalent of
20% on an energy basis (520% on
a mass basis)

NUREG/CR-2726 reports that detonations
have been observed for hydrogen concen-
trations as low as |3.8% when ignited in a
tonai large-diameter tube, The explosive
yield or TMNT equivalence of such threshold
concentration reactions is extremely low
because most of the combustion energy Is
expended in the transition to detonation,
This is essentially the reason why it
represents the lower detonation limit; any
less concentration will give a zero
detonation yield, This also points out that
both hydrogen concentration and explosive
ield affect the total equivalent mass of
NT for a given release,

Regulatory Guide 1.9 models the blast
effects from transportation accidents by
assuming |00% of the cargo detonates at a
TNT mass equivalence of 260% (one pound
of cargo equals 2.6 pounds of TN1), The
analysis described in this report modeled
large spills of hydrogen by calculating the
amount of release that is between 8.3
and 9% (~46% of the vessel contents) and
assuming that it detonates at a TNT mass

ion or Jus
m;omnwt

4.2.1.2 Comply:

ification
L, - M-
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equivalence of 520%, The resulting TNT
equivalence for this method is one pound
of vessel contents equals 2.4 pounds of
TNT, an identical result to that obtained
with the NRC method,

The above results in an equivalence of
1,37 Ibs of TNT per gallon of tank size.
Using this conversion factor nd U.S.
Army Technical Manual TM5-1300 and the
damage criteria outlined in Appendix B,
required separation distances have been
determined as a function of tank size.
The results are shown on Figure 4-5 for
the design parameters of the three
building types described in Section
6.1.2.2. For buildings with other design
paramneters, the methods in Appendix B or
in NUREG/CR-2462 (1) may be used to
determine separation distances, Each
utility shall use these methods for
determining the minimum required separa-
tion distances from the storage tank to
safety-related structures or equipment for
the event of an explosion at the tank site,

‘.202 P S

This section addresses the requirements
for gaseous and liquid hydrogen piping
systems attached to the storage vessel up
to the poin, where excess flow protection
is provided, The criteria for acceptable
siting for the event of a pipe break are the
same as outlined in Section &.1.3, [t is
conservatively assumed that all releases
occur while the storage vessel is at |30
psig (the maximum allowable working
pressure of the majority of commercially

available
4.2.2.1 Gaseous Piping
The same sion mecdel for momen-

tum-dominated jets discussed in Section
“.1.) applies to gaseous releases from
liguid storage tank piping with the
appropriate release conditions  for
saturated vapors. The results of this
modeling are shown in Figure 4-6 as

&-10

Implementation or Justification
e iOF Nonconformance

4.2.2 Comply:

6.2.2.1 Comply:
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minimum separation distances versus hoie
size or inside diameter of piping not
protected with excess flow devices. The
upper curve is the maximum drift distance
to the lower flammability limit and is the
minimum required separation distance to
air pathways into safety-related struc-
tures. The three lower curves are
required separation distances for the
representative types of safety-related
structures, These distances are the sum
of both the drift and blast distances.
Structures with other parameters can be
analyzed using the methods in Appendix B
or in NUREG/CR-2462 (1), Each utility
shall determine that the storage vessel
piping and location meet these minimum
requirements or show that less stringent
criteria should be applied to a specific
case. An example of such a suitable
exception would be if the air intakes are
provided with  automatic  shutters
controlled by hydrogen analyzers to
prevent the ingestion of a flammable
mixture,

4.2,2.2 Liquid Piping

The vapor cloud formed by the flashing
and rapid vaporization of a liquid release
is nearly neutrally buoyant and has little
momentum associated with its forma-
tion. For these conditions, a Gaussian
dispersion model is employed using the
following conservative assumptions:

—

. Instantaneous vaporization of re-
lease

2. F weather stability
3. | m/s wind speed

4, Wind direction towards safety-
related area

No credit is to be taken for site-specific
wind direction or speed characteristics
since It is assumed that pipe breaks can
occur during the worst-case weather and
wind conditions.

Implementation or Justification
for Nonconformance

4.2,2,2 Comply:
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The minimum required separation dis-
tances for liquid hydrogen pipe breaks,
using the above assumptions, are given on
Figure 4-7 as a function of discharge rate
and hole size. The upper curve is the drift
distance to the lower flammability limit
for a fully developed could with F stability
and | m/s windspeed. This defines the
minimum required separ .tion distance to
air pathways into safety-related struc-
tures. The three lower curves define the
minimum required separation distances to
the representative safety-related struc-
tures. These curves include the drift
distance to the center of the detonable
cloud and the blast distance for the
amount of hydrogen in the detonable re-
gion. For other structure types, Appendix
B or NUREG/CR-2462 (1) may be used to
determine blast distances. These dis-
tances shall be applied to all liquid piping,
including those from any pump discharges,
that are not seismically supported or
protected by excess flow devices.

4.3 ELECTROLYTIC

4.4 LIQUID OXYGEN

4.4.1 Site_ Characteristics of Liquid
Oxygen
4.4,1.1 Qverview, Review of the

follov/ing site characteristics shall be
completed by each BWR facility as part of
their efforts to locate the liquid oxygen
storage system,

. Location of supply in proximity to
exposure as addressed in NFPA 50,

. Route of liquid oxygen delivery on
site,

b-12

Implementation or Justification
for Nonconformance

4.3 Not applicable:

Electrolytic hydrozen production is not
being used at this time,

4.4.1.1 Comply:
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. Location of supply system in proxi-
mity to safety-related equipment.

. Location of hydrogen storage.

4.4,:.2 Specific Considerations.

4.4.1.2.1 Fire Protection. The area
selected for liquid oxygen system siting
shall meet or exceed all requirements for
protection of personnel and equipment as
addressed in NFPA 50, Bulk Oxygen Sys-
tems, The standard identifies the types of
exposures under consideration. The num-
ber of exposures warrants a plant-specific
review for proper code compliance. As
much separation distance as practical
should be provided between the hydrogen
and oxygen systems.

4.6.1.2.2 Security. All liquid oxygen

supply system installations shall be com-
pletely fenced, ¢ven when located within
the security area. Lighting shall be
installed to facilitate night surveillance.

4.8.1.2.3 Route of Liquid Oxygen Delivery
on Site. Each plant should determine the
route to be taken by liquid oxygen delivery
trucks through on- and offsite areas. In
order (o protect the oxygen storage area
from any vehicular accidents, truck bar-
riers shal, be installed arcund the perime-
ter of the system installation,

all
plant
sonnel, per the requirements
73.55.

Within the plant security area
deliver 2s shall be controlled by
security
of 10 CF

8.4.1.2.6 Locnion of Storage System to
Sl'ﬂty-Rohted Equipment, Fach plant
fall determine that the location of the
1iquid oxygen supply system is acceptable
considering the hazard described in
Sections 4.4.2 and 4.4.3,

4-13

Implementation or Justification
for Nonconformance

4.4.1.2.1 Comply:

4.4.1.2.2 Comply:

4.4.1.2.3 Comply:

4.4.1.2.4 Comply:

The oxygen storage area iv located 1000
feet south of the nearest safe*y-related
structure, which is the Unit | and 2
control room,
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4.4.2 Liquid Oxygen Storage Vessel
Failure

Liquid oxygen storage vessels are vulner-
able to the same potential causes of fail-
ure as the liquid hydrogen vessels but the
potential consequences of failure are
much less severe. The potential threat
from a liquid oxygen spill is the contact of
oxygen-enriched air with combustible
materials or the ingestion of oxygen-
enriched air into safety-related air
intakes. Additional information on the
effects of oxygen-enriched atmospheres is
given in NFPA 53M and in ASTM Gé63-83a
and G88-84, For the purpose of this
report; it is conservatively assumed that
total oxygen concentrations above 30 vol%
(21% O, in air + 9% enriched O,) will
increase the effective combustibility of
ignitible materials in the area.

4.4.3 Liquid Oxygen Vapor Cloud Dis-
persion

The vapor cloud instantaneously formed by
a large liquid oxygen spill will have a
density of 3.59 relative to air. Such a
cloud will experience considerable
gravity-driven slumping as it disperses and
translates with the wind. This process has
been described by the DEGADIS mode!l
developed by Prof. J. A. Havens of the
University of Arkansas (3), His model has
been found to agree well with published
data on large releases of dense gases con-
ducted Ly the U.S, Department of Energy,
U.S. Coest Guard and others,

The DEGADIS model has been used to
determine the height of the vapor cloud as
a function of distance for various sizes of
commercially available liquid oxygen stor-
age tanks, It was conservatively assumed
that any vessel failure would result in the
instantaneous vaporization of the entire
tank contents, The curves on Figure 4-8,
which define "acceptable location of
safety-related air intake," were generated
by using the DEGADIS model under the
worst-case weather conditions of F

4-14

Implementation or Justification
for Nonconfot rnance

4.6.2 Comply:

4.4.3 Comply:
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stability and 10 m/s wind speed for total
oxygen concentrations of 30 vol%. For
dense gas dispersion, lower wind speeds
result in more radial spreading with a
lower cloud height and shorter maximum
drift distance. Higher wind speeds wilil
translate even the largest release past
safety-related intakes in less than 10 sec,
giving little time for ingestion of enriched
air,

Therefore, liquid oxygen storage vessels
shall be located such that safety-related
air intakes are within the acceptable
region defined by Figure 4-8 or alternative
analyses shall be performed to justify the
location. Since this figure assumes the
origin of release is from the storage loca-
tion, the tank and its foundation shall be
designed to remain in place for both
design basis tornadoes ard site =necific
flood conditions.,

4.5 RCFERENCES

l. R, P, Kennedy, T. E. Blejwas, and D.
E. Bennett, ™Cenacity of Nuclear
Power Flant Structures to Resist
Blast Loadings." NUREG/CR-2462,
Sandia Nationai Laboratories for
U.S. Nuclear Regulatory Commis-
sion,

2. "Air Products Liquid Hydrogen
Storage System Hazardous Conse-
quence Analysis." Revision |1,
Ocober |, 1985,

3. ). A. Havens, "The Atmospheric
Dispersion of Heavy Gases: An
Update." IChemi Symposium Series
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Implementation or Justification
for Nonconformance
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5.0 VERIFICATION

The various methods of verifying the
effectiveness of HWC (i.e., electrochemi-
cal potential, constant extension rate
tests, etc.) are not within the scope of this
document, Appropriate methods of verifi-
cation should be selected and implemented
on a plant-specific basis.

Implementation or Justification
for Nonconformance

5.0 Comply:

A Hydrogen Water Chemistry Verification
System (HWCVS) has been chosen to verify
the effectiveness of the HWC system.
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6.0 OPERATION, MAINTENANCE, AND
TRAINING

This section give recommendations to the
operating utility for cperation, mainte-
nance, and training in order to meet the
design intent of the hydrogen water
chemistry (HWC) system,

The operation of a HWC system will
require operator and chemistry personnel
attention, Becau.e of the radiation
increases that result from employing this
system, an awareness of ALARA princi-
ples is required by all plant personnel.
This system could also have an effect on
the off-gas system and the plant fire
protection program,

6.1 OPERATING PROCEDURES

Written procedures describing proper
valving alignment and sequence for any
anticipated operation should be provided
for each major component and system
process. Check-off lists should be
developed and used for complex or infre-
quent modes of operation, Operating
procedures should be considered for the
following operations:

. Hydrogen addition system startup,
normal operation, shutdown and
alarm response,

. Material (gas or liquid) handling
(filling of storage tanks) operations
that are consistent with the sup-
plier's recommendations,

. Purging of hydrogen and oxygen
lines,

. Operation of onsite §as generation
system (if appropriate),

. Fire protection or safety measures
for hydrogen- or oxygen-enhanced
fires and hydrogen or oxygen spills.

Implementation or Justification
for Nonconformance

6.0 Comply with intent:

Design guidance provided in this section
does not include any requirements.

6.1 Comply with intent:

All  necessary procedures for safe
operation and maintenance of the HWC
system will be provided, and will be
incorporated into existing plant
procedures if possible,
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. Calibration and maintenance
procedures as recommended by

equipment or gas suppliers.

. Routine inspection of HWC system
equipment,

. Adjustment of the main steamline
radiation monitor setpoints  (if

appropriate),

6.1.1 Integration Into Existing Plant
g«:ﬁﬁaﬁa

Where appropriate, operation of the HWC
sstem shall be incorporated into norma!
plant procedures such as plant startup and
shutdown.

6.i.2 P'ant-Specific Procedures

Appropriate procedures shall be developed
to orovide guidance for plant operators
when operation of the HWC system neces-
sitaies operation of an existing system in
a different mode or raises new concerns.
Areas which should be considered are:

. Operation of the off-gas system
. Possible off-gas fires

6.1.3 Radiation Protection Program

Operation of an HWC system results in an
increase in radiation levels wherever
nuclear steam is present. The radiation
protection program shall be reviewed and
appropriate changes made to compensate
for these increased radiation levels.

The following guidelines are establishec to
ensure that radiological exposures to both
plant personnel anc the general public and
consistent with ALARA requirements,
Compliance with these requirements mini-
mizes radio'ogically significant hazards
associated with HWC implementation,
The operation of a hydrogen addition
system ray cause a slight reduction in the
off-gas delay time due to the increase in

6-2

Implementatior or Justificatiun
for Nonconformance

6.1.1 Comply:

6.1.2 Comply:

6.1.3 Comply:
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the flow rate of noncondensables resulting
from the excess oxygen added. This may
slightly increase plant effluents and should
be reviewed on a plant-specific basis.

6.1.3.1 ALARA Commitment. Permanent
hydrogen water chemistry systems and
programs will be oesigned, installed,
operated, and maintained in accordance
with the provisions of Regulatory Guides
8.8 and 8.10 to assure that occupational
radiation exposi'res and doses to the
general public will be "as low as reason-
ably achievable.”

6.1.3.2 Initial Radiological Survey. A
comprehensive radiological survey should
be performed with hydrogen injection to
quantify the impact of hydrogen water
chemistry on the environs' dose rates, both
within and outside the plant, This survey
should be used to determine if significant
radiation changes occur within the plant
and at the site boundary, Based upon the
magnitude of the change, it should be
determined if new radiation areas or high
radiation areas reed to be created.
Appropriate posting, access, and moni-
toring requirements should be imple-
mented for the affected areas. Plant
operating and surveillance procedures
should be revised, as required, to minimize
the time and number of personnel required
in radiation areas for operations, mainte-
nance, in-service inspection, etc,

6.1.3.3 Plant Shielding. The radiological
survey of Subsection 6.1.3.2 should be used
to determine the adequacy of existing
plant shielding. [n addition, the radiation
levels from sample lines, sample coolers
and monitoring equipment may increase
due to HWC and should be checked for
adequate shielding. If required, measures
for selective upgrading of plant shielding
should be implemented to reduce both
work area and site boundary dose rates.

6-3

Implementation or Justification
for Nonconformance

6.1.3.1 Comply:

6.1.3.2 Comply:

6.1.3.3 Comply:
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6.1.3.4 Maintenance Activities., Hydrogen
water chemistry will have minimum
irpact on occupational exposures result-
ing from maintenance activities. lant
procedures should incorporate appropriate
requirements for access to and monitoring
of areas where increased dose rates exist
with HWC to satisfy ALARA require-
ments. For extended maintenance, plant
procedures should include provisions to
terminate the hydrogen injection. Due to
the short half-life of N-l6, radiation
levels will return to pre-HWC conditions
within minutes of hydrogen shutoff.

6.1.3.5 Radiological _Surveillance Pro-
rams. Dose rate surveys should be
co ted and radiation levels should be
monitored periodically to ensure com-
pliance with the radiological limits
imposed by 40 CFR Part 190, 10 ©FR Part
100, and 10 CFR Part 20. Additional
surveys may be required to comply with
ALARA requirements. Hydrogen water
chemistry, in association with improved
water quantity operational practices,
could affect the crud buildup within the
recirculation piping and the shutdown dose
rates. A radiological surveillance
program should be established to monitor
shutdown dose rates and crud buildup over
a number of fuel cycles to evaluate pos-
sible changes.

6.,1.3,6 Measurement of N-16 Radiation.
The radiological surveillance program
should include provisions for the new
distribution of N-16 in the main steam.
Selection of appropriate health physics
instrumentation and application of correc-
tion factors are required to provide accu-
rate dose measurements, (This correction
Is required due to the effect of the ener-
getic N-16 gamma on instrumentation
calibrated with less energetic gamma
sources.) All plant survey meters should
be reviewed and appropriate calibration
and correction methods accounted for in
plant procedures.

6-4

Implementation or Justification
for Nonconformance

6.1.3.4 Comply:

6.1.3.5 Comply:

6.1.3.6 Comply:
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A review of the plant personnel dosimetry
program shall be conducted to ensure that
the appropriate caiibration or correction
factors are used.

6.1.3.7 Value/Impact Considertions, ‘he
following discussion reviews the total dose
impact on a plant which implements HWC,

A radiological assessment at Dresden
indicates that the total dose increase with
HWC is approximately 0.5% on an annual
basis (from 1935 to 1945 man-rem/year)
(1). While this increase is site dependent
due to plant layout and shielding configu-
rations, significant variances from the
Dresden assessment are not anticipated.
Thus, over the life of a plant (assuming a
25-year remaining life), the projected
total dose increase with HWC is ~ 250-300
man-rems.

With HWC implementation, the potential
exists to relax current augmented in-
service inspection requirements imposed
by NRC Generic Letter 84-11 (2) and
elimination of extended plant outages for
pipe replacement and/or repair. The
value/impact assessment presented in
Appendix E to Reference 3 projects a 1161
man-rem (best estimate) savings over the
life of the plant as a conssauence of
reduced inspections and repairs “ith
HWC. Typical pipe replacement projects
result in a total dose of 1400 to 2000 man-
rems, Thus, HWC implementation could
result in a significant savings in total dose
over the life of the plant,

6.1.4 Water Chemistry Control

Procedures should be developed to main-
tain the high reactor water quality neces-
sary to obtain the maximum benefit from
the HWC system., Intergranular stress
corrosion cracking can be mitigated by
controlling the ionic impurity content of
the primary coolant and by reducing the
dissolved oxygen level in the primary
coolant by use of HWC, The EPRI-BWR

Implementation or Justification
for Nonconformance

6.1.3.7 Not applicable:

No design guidance is stated in this
section,

6.1.4 Comply:




Guidelines for Permanent BWR
Hydrogen Water Chemiscry Installation

Owners Group has developed "BWR Hydro-
gen Water Chemistry Guidelines" (4),
which must be me. ir. order to obtain the
full benefits of HWC. These water chem-
istry guidelines should be used as a basis
for loping a plant-specific water
chemistry control program.

Hydrogen water chemistry can reduce the
dissolved oxygen level in the condensate
and feedwater. [t has been shown that at
very low levels of cissolved oxygen, corro-
sion and metal transport to :he primary
system would be increased. [f, when
operating on HWC, the dissolved oxygen
concentratior drops below 20 ppb, an
evaluation should be made to determine if
there is increased corrosion or metals
transport, or if other factors relating to
such a reduced oxygen concentration need
to be considered. If this evaluation
determines that oxygen injection is neces-
sary, a system should be designed using
the guidance provided in Sections 2.3.2
and 3.4 of this report.

6.1.5 Fuel Surveillance Program

No significant effect of hydrogen injection
on fuel performance has been observed,
nor is expected. However, since in-
reactor experience with hydrogen water
chemistry is limited, utilities should
consider the fuel surveillance programs
recommended by their fuel suppliers.

6.2 MAINTENANCE

A preventative :naintenance program
should be developed and instituted to
ensure proper equipment performance to
reduce unscheduled repairs. All mainte-
nance activities should be carefully
planned to reduce interference with sta-
tion operation, assure industrial safety,
and minimize maintenance personnel
exposure. Written procedures should be
developed and followed in the perfor-
mance of maintenance work. They should
be written with the objective of protect-
ing plant personnel from physical harm

6-6

Implementation or Justification
for Nonconformance

6.1.5 Comnly:

6.2 Comply:
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and radiation exposure, and ¢  reducing
hydrogen addition system downtime.
Radiation exposure should be reduced by
shortening the time required in a high
radiation field and by reducing its
intensity by turning off the HWC system
or other means during the maintenance
period.

All excess flow check valves used for
hydrogen line break protection shall be
periodically tested to assure they will
wJunction properly.

6.3 TRAINING

In order for the HWC system to maintain
its system integrity and to provide the
expected benefits from its use, the system
must be operated correctly. The most
effective means of reducing the potential
of operator error is through proper
training.

Training should be provided to:

. Instruct operators on the function,
theory and operating characteristics
of the system and all its major
system components,

. Advise operators of the conse-
quences of component malfunctions
and misoperation and provide
instruction as to  appropriate
corrective actions to be taken,

. Advise operations and maintenance
personnel of the potential hazards of
gases in the system, and provide
instruction as to appropriate proce-
dures for their handling.

. Instruct emergency response person-
nel on appropriate procedures for
handling fires or personnel injuries
involving spills or releases of H, or
O, liquid and gases.

6-7

implementation or Justification
for Nonconformance

6.3 Comply:
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. Instruct plant personnel on the
expected radiation changes due to
the operation of the HWC system
and the appropriate ALARA prac-
tices to be taken to mirimize dose.

. Instruct appropriate personnel on the
benefits of HWC.

. Advise maintenance a ' construc-
tion personnel of the routing of
hydrogen lines and of the appro-
priate protective actions to be taken
when working near these lines.

Periodic training should be provided to
reinforce information described above and
to communicate information regarding any
modifications, procedural changes, or
incidents,

6.4 IDENTIFICATION

In order to aid plant personnel in
identifying hydrogen and oxygen lines,
these lines should be color coded as
required by ANSI Al3.1.

6.5 REFERENCES

i.  "Environmental Impact of Hydroger
Water Chemistry.,® EPRI Hydrogen
Water Chemistry Workshop, Atlanta,
Georgia, December 1984,

2. "Inspection of BWR Stainless Steel
Piping." NRC Generic Letter 84-11,
April 19, 1984,

the

3.  "Report of United States

Nuclear Regulatory Commission
Pipin, Review Committee,”
NUREG-1061, Volume |, August
l’.“.

4, BWR Hydrogen Water Chemistr
Guidelines: 1987 Revision, NP-
W7 3R-LD. Paloe Alto, Calif.

Electric Power
1o be published,

Research Institute,
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Implementation or Justification
for Nonconformance

6.4 Do not comply:
See Section 10.1 of the HWC licensing

package for justification for noncom-
pliance.

6.5 Not applicable:
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7.0 SURVEILLANCE AND TESTING
7.1 SYSTEM INTEGRITY TESTING

In addition to the testing required by the
applicable design codes, completed
process systems which will contain hydro-
gen shall be leak tested with helivm or a
soap solution as appropriate prior to initial
ope.ation ¢« the system. All components
and joints shall be so tested in the fabri-
cation shop or after installation, as appro-
priate. Appropriate helium leak tests
shall be performed on portions of the sys-
tem following any modifications or main-
tenance activity which could affect the
pressure boundary of the system,

7.2 PREOPERATIONAL AND PERIODIC
TESTING

Completed systems should be tested to the
extent practicable to verify the oper-
ability and functional performance of the
system. Proper functioning of the fol-
lowing items should be verified:

. Trip and alarm functions per Table
2'2.

. Gas purity, if generated on site,
. Safety features.
. Excess flow check valves.

. System controls and monitors per
Table 2-2,

A program should be developed for peri-
odic retesting to verify the operability and
the functional performance of the system,

/

Implementation or Justification
for Nonconformance

7.1 Do not comply:

See Section 10.3 of the HWC licensing
package for justification for noncon-
formance.

7.2 Comply:
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8.0 RADIATION MONITORING
8.1 INTRODUCTION

This section reviews the radiological
consequence of hydrogen water chemistry
(HWC) and presents the basis for increas-
ing the main steamline radiztion monitor
setpoint to accommodate HWC, [t is con-
cluded that implementation of HWC does
not reduce the margin of safety as defined
in the basis of the technical specification
setpoint,

During normal operation of a BWR, nitro-
gen-16 is formed from an oxygen-16 (N-P)
reaction. N-16 decays with a half-life of
7.1 sec. and emits 4 high-energy gamma
photon (6.1 MeV). Normally, most of the
N-16 combines rapidly with oxygen to
form water-scluble, nonvolatile nitrates
and nitrites. However, because of the
lower oxidizing potential present in a
hydrogen water chemistry environment, a
higher percuntage of the N-16 is con-
verted to more volatile species. As a
consequence, the steam activity during
hydrogen addition can increase up to a
factor of approximately five, The dose
rates in the turbine building, plant
environs, and off site also increase;
however, the magnitude of the increase at
any given location depends upon the con-
tribution of the steam activity to the total
dose rate at that location. The specific
concerns include:

. The dose to members of the general
public (40 CFR 190),

The dose to personnel in unrestricted
areas (10 CFR 20), and

The maintenance of personnel expo-
sure "as low as reasonably achiev-
able™ (ALARA),

Implementation or Justifi- .ion
for Nonconforma® .e

8.1 Comply with intent:

Design guidance provided in this section
does not include any requirements.
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8.2 MAIN STEAMLINE RADIATION
MONITC 2ING

As noted in the previous section, main
steamline radiation ievels can increase up
to approximately fivefold with hydrqéen
water chemistry. The majority of BWRs
have a technical specification requirement
for the main steamline radiation monitor
(MSLRM) setpoint that is less than or
e3ual to three (3) times the normal rated
full-power background. For these plants
an adjustment in the MSLRM setpoint may
be required to allow operation with hydro-
&en injection. For earlier BWRs with
SLRM setpoints of seven (7) to ten (19)
times normal full-power background, a
setpoint change may not be required.

8.2.1 Dual MSLRM Setpoint
mendation 1o

Recom-

For plants at which credit is taken for an
MSLRM-initiated isolation in the control
rod drop accident ‘CRDA), a dual setpoint
approach may k. utilized. At most plants,
the MSLRM setpoint is specified in the
plant Technical Specifications (Tech
Specs) as some factor times rated full-
power radiation background., With hydro-
gen addition, the full-power background
could increase up to 5 times that without
hydrogen addition., Below 20% rated
power or the power level required by
FSAR or Tech Specs (see Table 2-1), the
existing setpoint is maintained at the Tech
Spec factor above normal full-power
background, and hydrogen should not be
injected, About 20% rated power, the
MSLRM setpoint should be readjusted to
the same Tech Spec factor above the
rated full-power background with hydro-
gen addition, This adjustment would be
made by the plant personnel during star-
tups and shutdowns, Plant power would
remain constant during this adjustment
process, Thus, the Tech Spec factor which
the MSLRM setpoint is adjusted remains
the same with and without hydrogen addi-
tion, but the background radiation leve!
increases with hydrogen addition. If an

§-2

Implementation or Justification
for Nonconformance

8.2 Do not comply:

See Section 8.2 and 10,4 of the HWC
licensing package for justification for
nonconformance.

8.2.1 Do not comply:
See Section 8.2.
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unanticipated power reduction event
occurs such that the reactor power is
below this power level without the
required setpoint change, control rod
motion should be suspended until the
necessary setpoint adjustment is made,
At newer plants, credit is not taken for an
MSLRM-initiated isolation after a CRDA,
and a dual setpoint is not needed at these
plants,

Plants that need a dual setpoint should
consider changing their Technical Specifi-
cations to increase the factor used to
determine the MSLRM setpoint, if their
CRDA analysis will permit this increase.
A suggested approach would be to use the
Susquehanna Steam Electric Station, Unit
I, Amendment No, 58 Technical Specifica-
tion change as a model. Under this
approach, the MSLRM setpoint was raised
based on a satisfactory evaluation of the
offsite consequences.

8.2.2 MSLRM Safety Design Basis

The only design basis event for which
soine plants may take credit for main
stea | isolation valve (MSIV) closure on
main steamline high radiation is the design
basis control rod drop accident (CRDA),
As documented in Reference (1), the
CRDA is only of concern below 10% of
rated power. Above this power level the
rod worths and resultant CRDA peak fue!
enthalpies are not limiting due to core
voids and faster Doppler feedback. Since
the current MSLRM setpoint will not be
changed below 20% rated power, the
MSLRM sensitivity to fuel failure is not
impacted and the FSAR analysis for the
CRDA remains valid,

The licensing basis for the CRDA states
that the maximum control rod worth is
established by assuming the worst single
inadvertent operator error (2), From
References (2) and (3), the maximum
control rod worth above 20% rated prwer,
assuming a single operator error, is <0.8%
AK/K. Parametric studies utilizing the

8-3

Implementation or Justification
for Nonconformance

8.2.2 Do not comply:
See Section 8.2,
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conservative GE excursion model (1) indi-
cate that the maximum peak fuel enthalpy
for a dropped control rod worth of 0.8%
8K/K is less than 120 calories per gram
(3).  Consequently, the conservatively
calculated peak fuel enthalpy for a CRDA
above 20% rated power will have signifi-
cant margin to the fuel cladding failure
threshold of 170 calories per gram,

An increase in the MSLRM setpoint will
not impact any other FSAR design basis
accident or transient analysis since no
credit is taken for this isclation sigral.
Consequently, a technical specification
change which adopts the recommended
dual setpoint approach will not reduce
overall plant safety margins.

8.2.3 MSLRM Sensitivity

Conceptually, the sensitivity of the
MSLRM to fission products is effectively
reduced by the increase in the setpoint
above 20% power. However, it is still
functional and capable of initiating a
reactor scram, The main function of the
instrument is to help maintain offsite
releases to within the applicable regula-
tory limits, The MSLRM ic supplemented
by the off-gas radiation monitoring system
which monitors the gaseous effiuent prior
to its discharge to the environs, The off
gas radiation monitor setpoint is estab-
lished to help ensure that the equivalent
stack release limit is not exceeded.

8.2.4 Conclusions

From the above discussion, it can be
concluded that an increase in the MSLRM
setpoint above 20% rated power will not
reduce the safety margins as <defined by
Technical Specifications or increase the
offsite radiological effects as a conse-
quence of design base accidents, Further-
more, since this change to the MSLRM can
be justified independent of HWC, this
change does not constitute an unreviewed
safety concern,

Implementation or Justification
for Nonconformance

8.2.3 Do not comply:
See Section 8.2.

8.2.4 Do not comply:
See Section 8.2,
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8.3 EQUIPMENT QUALII (CATION

Outside primary containment the increase
in dose rates with HWC is small relative
to the intc,rmd dose assumed for equip-
ment qualification (EQ) tests. Further-
more, dose rates inside the drywell near
the recirculation piping will decrease
because of the icreased carryover of N-
16 in the stea n. Each utility should
review the resultant cose increases to
ensure that the doses assumed in the EQ
tests required for electrical equipment per
10 CFR Part 50.49 remain bounding,

8.4 ENVIRONMENTAL CONSIDERATIONS

Implementation of an HWC system s
unlikely to significantly increase the
amounts or significantly change the types
of effluents that may be released off
site. Although an increase in individual or
cumulative occupational radiation expo-
sure may occur, the guidelines prov.ded in
Section 6.1.3 of this document will ensure
that radiologica' exposures to both plant
personnel and the general public are con-
sistent with ALARA requirements, Since
the design objectives and limiting condi-
tions for operation as Jefined 10 CFR Part
30, Appendix |, are not impacted, no
Appendix [ revision is required.

Each plant should examine the environ-
mental effects of an HWC system., How-
ever, it is urlikely that environmental
impact statements or environmental
assessments will be required for HWC
systems,

8-3

Implementation or Justification
for Nonconformance

8.3 Comply:

8.4 Comply:



Guidelines for Permanent BWR

Hydrogen Water Chemistry Installation
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R. C. Stirn, et al,, "Rod Drop
Analysis for Large Boiling Water
Reactors.” NEDO-10527, General
Electric Company, March 1972,

R. C. Stirn, et al,, "Rod Drop
Accident Analysis for Large Bomng
Water Reactors Addendum No.
Exposed Cores." NEDO-10527,
Supplement 2.  General Electric
Company, January 1973,

R. C. Stirn, et al,, "Rod Drop
Accident Analysis for Large Boiling
Water Reactors Addendum No. |
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Axial Gadolinium.," NEDO-10527,
Supplement |.  General Electric
Company, July 1972,
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Implernentation or Justification
for Nonconformance

8.5 Not applicable:
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9.0 QUALITY ASSURANCE

Although the HWC system is non-nuclear
safety-related, the design, procurement,
fabrication and construction activities
shall conform to the quality assurance
provisions of the codes and standards
specified herein. In addition, or where not
covered by the referenced codes and stan-
dards, the following quality assurance
features shall be established.

9.1 SYSTEM DESIGNER AND PRO-
CURER

. Design and Procurement Document
Control. Design and procurement
documents shall be independently
verified for conformance to the
requirements of this document by
individual(s)  within the design
organization who are not the origi-
nators of the design and procure-
ment documents. Changes to design
and procurement documents shall be
verified or controlled to maintain
conformance to this document,

¢ Control of Purchased Material,
Equipment and Services, Measuies
shall be established to ensure that
suppliers of meterial, equipment and
construction services are capable of

supplying these items to the quality
sg~~ified in the procurement docu-
ments. This may be done by #n

evaluation or a survey of the sup-
pliers' products and facilities.,

. Handling, Storage, and Shipping.
Instructions shall be provided in pro-
curement documents to control the
handling, storage, shipping and pre-
servation of material and equipment
to prevent damage, deterioration,
and reduction of cleanliness.

Implementation or Justification
for Nonconformance

9.0 Comply with intent:

Design guidance provided in this section
does not include any requirements,

7.1 Comply:
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9.2 CONTROL OF HYDROGEN STOR-
AGE AND/OR GENERATION EQUIP-
MENT SUPPLIERS

In addition to the requirements in Section
9.1, the system designer should audit the
design and manufacturing documents of
the equipment supplier to assure confor-
mance to the procurement documents.
The sy~tem designer shall specify specific
factory tests to be performed which will
assure operability of the supplier's equip-
ment. The system designer or his repre-
sentative should be present for the factory
tests,

9.3 SYSTEM CONSTRUCTOR

. Inspection, In addition to code
requirements, a program for inspec-
tion of activities affecting quality
shall be established and executed by,
or for, the organization perform’ g
the activity to veriiy conformance
with the documented instructions,
proceaures, and drawings for accom-
plishing the uctivity. This shall
clude  the visual inspection of
components prior to installation for
conformance with  procurement
documents and visual inspection of
items and systems following installa-
tion, cleaning, and passivation
(where applied),

. Inspection, Test and Operating
Status, Measures shall be estab-
lished to provide for the identi-
fication of items which have
satisfactorily passed required
inspections and tests,

. Identification and Corrective Action
for Items for Nonconformance,
Measures shall be established to
identify items of nonconformarce
with regard to the requirements of
the procurement documents or appli-
cable codes and standards and to
identify the remedial action taken to
correct such items.

Implementation or Justification
for Nonconformance

Comply with intent:
A hydrogen lier has not been chosen

at this time. When chosen, the criteria in
this section will be met.,

9.3 Comply:
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Enclosure 1

tlie red sen of the togorder, and batvmens winitors C and D for input to the

black pen of the recorder.

Each log rad woaitor has & downscale alam trip Bssidle circu

- >
L A

vllu{dﬁ_’gﬁ tines
Y tha goraeldpackground radiation, (Asother upscale (rip preset at a

a) and an upscale trip that ia preset to

on control roca panel %0Xe-3, This alarm is activated
teh on eithag tvo pen recorder.) The log rad sonitor upscale trip
(preafet at‘meii tizad normal background) {e connected to the recactor
#), vhich has two safety channals Soth of vhich aust
be act ALoMettiate a protecive action, Cirsuits are arranged such
that an .scale trip from monitor A or C activates °FS channel A, and w2
specale t:ip from sonitor B or D activates RPJ chanael ¥, Activating
(J eithar safety channel snnunciates & channel A or 3 2ain stemiine high
radiation alams on control roca panel 90x5, ‘ctivatiag bSoth channels

results {1 & channal A and channel ® a2ain steamline high radiation alars
and initiacas the folloving protective act on:

A All Group I prisary containment {solation valves, includin, the =ain
stoacaline isolation valves, are closed (See sudsection 7,7.2).

b, The off-gas lsolation valves are cloned,
Qs T™e machanical vacuum puap Ls tripped,

d, T™he reactor is scrammed from closire of the XS [V's,

QUAD=CITIES SECTION 7 PAGE 8)

84

84



10.17

10.17.1

10,17.2

10.17.2.1

Enclosure 2

HYDROGEN WATER CHEMISTRY SYSTEN

The purnose of the Hydrogen Water Chemistry (HWC) System is to in-
ject hydrogen gas into the reactor coolant, via the condensate sys-
tem, to suppress the dissolved oxygen concentration. This suppres-
sion of the dissolved oxygen coupled with a high purity reactor
coolant wil)l reduce the susceptibility of reactor piping and ma‘e-
rials to intergranular stress corrosion cracking (1GSCC).

Design Basis

The following BWR hydrogen water chemistry points shall be main-
tained, during HWC system operation, to mitigate the potential for
IGSCC in the reactor coolant system .,

A. Dissolved oxygen concentration in the reactor :colant between 4
and 16 ppd.

B, Reactor coolant conductivity o>f less than 0.2 uS/om,

Description

Hydrogen Iniection System

The hydrogen supply site s located 1500 feet from the nearest
§afpty-ry 'ated structure, which is the Unit 1| and 2 contro) room,
at an elevation of 632 feet, It is jsurrounded by a 1ighted secur-
ity fence, and truci barrier posts are installed at the fence peri-
meter %0 protect it from mobile equipment., The hydrogen is stored
as 4 high pressure gas ‘n transportadle tube trallers and as a
Tquid in & cryogenic storage tank,



The liguid hydrogen is supplied from a 20,000-gallen cryogenic
storage tank, The liyuid hydrogen is pumped from this storage tank
to a hydrogen vaporization station, This station consists of a
parallel array of ambient air vaporizers, with either of the two
vaporizer leas being capable of supplying the maximum required
hydrogen supply of 140 scfm for the station. After the vaporiza-
tion station, the hydrogen line is connected to an isolatian valve
which is connected “o an excess flow check valve and a nitrogen
purge connection. The hydrogen pipe is then routed underground to
2 point within several feet of the outside of the west wall for the
Unit 1 turbine building.

The gasecus hydrogen tube trailers will serve as an interim hydro-
gen supply system until the 1iquid hydrogen supply system is opera-
tional, The tube trailers will then be used as a reserve supply of
hydrogen gas. The hydrogen gas flows from the tube tra‘ler through
a close-coupled shutoff valve and a parallel array of pressure re-
ducing regulators, The trailer is connected, via a flexible pig-
tail, to a discharge stanchion., The discharge stanchion consists
of a shytoff valve, check valve, bleed valve, and a grounding
strap. After the discharge stanchion, the hydrogen line is con-
nected to an isolation valve which is then comnected to the hydro-
gen gas 'ine from the liguid hydrogen supply system, upstream of
the excess flow check valve,

A branch 1ine proceeds to the Unit 1 and 2 genevator hydrogen con-
tro! cabinet while the ma‘n line is connected t0 an additicnal ex-
cess flow Lheck valve, a nitrogen pyrge connection, and a manye!
isolation valve, Thig line then branches 10 the Unit 1 or Unit 2
side of the Turbine Byilding, Ingside the uilding, the hydrogen
line is firgt connected to 4 solenoid operated ‘solation valve,
which closes upon an area hydrogen concentration high signal,

Next, the line {s conmected to & paralle! array of flow control
stations., fach flow contro! station has an ‘solation valve and a
nitrogen purge connection on each end with a flow control va've dand



10.17.2.2

pressure and flow instruments in between., After the flow contro)
station the hydrogen line is connected to a purge line flame arres-
tor and then it branches into four lines leading to the condensate
pumps. Each of these 'ines contain a manual isolation valve, a
solenoid operated isolation valve which closes if the associated
condensate pump is not activated or if the HWC system is tripped, a
check valve, and a second manual isolation valve before it connects
to the condensate pump discharge line,

Oxygen Irjection System

The oxygen supply site is located 1000 feet from the Unit 1 and 2
contro)! room, 500 feet from the hydrogen supply site, and at an
elevation of 615 feet, It is surrounded by a 1ighted security
fence, and truck barriers are installed at thr fence perimeter to
protect it from mobile equirment.

The oxygen is stored in an 11,000., ‘on quid oxygen tank, The
oxygen flows from the tank into an oxyy n vaperization station,
This station consists of two pairs of mbient air vaporizers in-
stalled in paralle), Each pa'lr of vaporizers can be isolated with-
out affecting the maximym required oxygen upply of 70 scfm for the
station, After the vaporizer station, the oxygen line i3 connected
to a para'le) array of pressure ‘educing regulators, Next, it is
connected to an excess flow check valve, The oxygen pipe s then
royted ynderground, a'ongside the hydrogen pipe, %0 a point within
severa! feet of the outside of the west wall for the Unit 1 turbine
building., After leaving the ground, the pipe bdranches to the Unit
1 or Unit 2 side of the turdine duilding., Ingide the building, the
oxygen piping s connected to a flow control station consisting of
3 flow contro) valve, pressure and flow instryuments, and upstream
and downstream manyal isolation valves. The oxygen piping is fi.
nally connected to the off-gas system piping before the first stage
Steam Jet Alr £ jector. An additiona) line carrying building air is
connected to an fdentica) flow contro) station before being attach-
ed 10 the off.gas system mear the oxygen injection point, This
Tine is provided %0 supplement the regular oxygen supply.
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10.17,2.3 Contro) and Instrymentation

The HWC system will supply up to 70 scfm of hydrogen to each unit's
condensate system, The hydrogen addition rate can be adjusted
either automatically, with the addition rate based on steam flow,

, or manyally. The oxygen addition rate, can also be adjusted auto-
matically, with the addition rate based on hydrogen addition rate,
or marually., The oxygen injection rate is controlled to maintain a
residual oxygen concAntration downstream of the off.gas recombin-
ers. Therefore, the oxygen injection system will remain operating
after the hydrogen injection has been terminated, so that all free
hydrogen in the off-gas system will be recomdined.

System trips for the HWC System are given in Table ! and the HWC
System installed instrumentation and controls are given in Table 2,

10,12,3 Performance Analysis

The performance of the HWC System will be evaluated by the Hydrogen
Water Chemistry Verification System (HWCVS), This system consists
of an autoclave subsystem, an orbisphere subsystem, and a monitor-
ing panel,

The autoclave subsystem contains three autoclaves. Each avtoclave
receives 2 t0 4 gallons/min of water from the Reactor Building Pro-
cess Sample Pane) sample lime at up to 1250 psig and 575°F, The
first autoclave containg a crack growth monitoring system, which is
capable of detecting changes in sample crack lenmgth as small as
0.0002 inch, The second autoclave is a modular unit which contains
a constant extension rate tensile (CERT) test system, When in-
stalled, this systen will perform a one week long CERT test on both
cracked and yncracked samples, After the test has been performed
the sample wil) be removed and examined to identify if intergrany-
lar fracture had occurred, The last autoclave contains an electro-
chemica) potentia) monitoring system, which measures the corrosion
potential in the water, fach of these autoclaves will provide



continuous data collection, After flowing through the final auto-
clave, the sample water wil) be cooled to 150°F before being dis-
charged to the Reactor Water Clean Up System,

The orbisphere subsystem contains a single water conductivity ana-
lyzer and two dissolved oxygen analyzers. 'he orbisphere subsystem
receives water from the Reactor Building Process Sample Pane) at
150 psig and 120°F, After passing through the orbisphere subsystem
the sample water is discharged to the Reactor Process Sample Panel
Drain Header for the Reactor Building Equipment Drain Tank,

The sample Yines for the autoclave and orbisphere subsystems are
connected to Lhe existing Reactor Process Sample Panel Sample
Line. This line passes through a pair of safety-related isolation
valves before being connected to reactor recirculation loop B for
Unit 1 or loop A for Unit 2,

The monitoring pane)l contains a computerized Data Acquisition
System (DAS), which continuously monitors and records data every 20
minutes for the MWCVS in addition to plant power level, autollave
temperature and flow, and hydrogen injection rate., This svystem
shall be used to develop correlations between crack growth and
plant water chemistry parameters,

10.17.4 Inspection and Testing

The functiona) operability of the HWC system was tested at the time
of system installation,

A pravontative maintenance schedule has bee.. incorpurated into the
plant maintenance program to provide survefilance irzpections of
the WWC System, Periodic retesting regquirements for the system
shall be based upon manufacturer's recommendations and in consi-
deration of extended HWC System shyutdown periods or other faltors
not consistent with normal sysiem operation, Also, a retest of the
hydrogen system integrity shall be performed following any modifi-
catiuns on the hydrogen piping which may affect the pressure bound-
ary of the system,

!



Enclosure 3

The normal dose rate at the main ste mline radiation (MSLKR) monitors
4 tman missymal il asiia snuratin (e 100 ~R/NW ™o nohle can st 4 ud pu
quring nol Al full power peration 1s iV TRINT 1€ NnNoble fKas activity
& - | . " - ’y‘ 1 » v - . -
contained in each fuel rod is approximately 3.9 X 107 curies, Due tn
the decontamination effects of ti for the non=noble gas

¢ primary coolant
activity, the noble gas activity will be the privary dose contributor to
the steanline radiation monitors in the eveat of fuel failure., The

release of 100% of the noble gas activity in one rod would result in a
detector dose rate of 1.4 R/hr to 13.9 R/hr deperding on the degrce of

mixing in the reactor vessel, 1f 100% mixing is acssumed, the lower dose

and a scraa signal

The release of that activity contained in the volume of one fuel rod,
assuming 100% mixing in the reactor vessel, s trerefore sufficient to
result in isolation of the reactor vessel, 1f fuel rod damage is
restricted to only the release of the plenum activity (1% of totul rod
activity) and conservatively assuming 160% mixing in reactor vessel vapor
volume, it would require cladding failure of 89 fuel rods to isolate the
reactor vessel, Under normal steam flow, fuel failure would be detected
in 8.9 seconds and isolation valve closure would begin 0,5 second later
with i{solation valve closure being accomplished within the next 10
seconds: Therefore, the total time from fuel failure to isolation valve
closure is 19.3 seconds, It should, however, be emphasized that only 10.5

seconds worth of a.tivity will leave the reactor vessel,
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Enclosure 4

APPLICATION FOR AMENDMENT
OF
FACILITY OPERATING LICENSES
OPR=-29 & DPR-30

Introduction:

Commcnwealth Edison Company, Licensee under Facility Operating Licenses DPR-29
and DPR-30 for the Quad-Cities ..ation Unit No, 1 and Unit No, 2, respective-
1y, hereby requests that the Technical Specifications contained in Appendix A
of the Operating Licenses be amended by revising the sections a; indicated by
a vertical bar in the margin of the attached pages 3.1/4,1-3, 3.1/4.1-8,
3.1/4,1-9, 2,1/4,1-10, 5.2/4.2-6 and 3,2/4.2-11 for Units 1 and 2, The re-
quested change involves increasing the isolation and scram set point for the
Main Steam Line Radiation Monitors from 7 times normal full power background
(NFPB) to 15 times NFPB (without Hydrogen Water Chemistry)., This change is
being requested to support a planned Hydrogen Water Chemistry program,

Discussion:

Commonwealth Edison Company is developing a Hydrogen Water Chemistry (HWC)
program to improve reactor water chemistry at Quad Cities Units 1 and 2, The
purpos. of the program is to reduce the effects of [ntergranular Stress Corro-
sion Cracking (IGSCC).

Intergranular Stress Corrosion Cracking of austenitic stainless steel piping
in BWRs has resulted in costly plant outages to accommodate inspections ard
repairs to primary coolant system piping and components, Hydrogen water Chem-
istry, which consists of the combination of good water chemistry and the addi-
tion of hydrogen to the feedwater, has been shown to be effective in arresting
pipe cracking and pipe crack growth, Addition of hydrogen decreases the oxi-
dizing power of the reactor water and reduces i1ts aggressiveness toward cool-
ant system materials,



A by-product of the oxygen suppression by hydrogen addition is an increase in
nitrogen carry-over in the main steam and an increase in radiation from the
main steam lines caused by Nitrogen-16 (N-16). The increase in N-1€ is pro-
moted by the chemical change that occurs in the reactor core with hydrogen ad-
dition. The N-16 isotope is formed by a neutron-proton reaction with the Oxy-
gen-16 (G-16) in the reactor water. Under normal chemistry conditions the ma-
jority of the N-16 forms nitrate, which is ncnvolatile, With the more reduc~
ing core chemistry conditions of hydrogen Water Chemistry, a greater fractici
of the N-16 forms volatile compounds (ammonia, nitrous oxide) which are swept
into the steam phase,

The revised trip setpoint will permit Hydrogen Water Chemistry implementation,
while maintaining the capability to automatically isolate and scram the reac-
tor in the event of significant fuel failures, The change will not affect the
ability to detect fuel failures because the off-gas system pre-treatment radi-
aticn monitor (which is more sensitive to fuel failures than the Main Steam
Line Radiation Monitor and which is not affected by this change) will retain
the capability to detect fuel failures and alert the plant statf,

The proposed set point increase to 15 times NFPB (without HWC) is intended to
provided operational flexibility while avoiding unnecessary scrams and the
concomitant unnecessary challenges to safety systems, The factor of 15 was
determinod to be necessary in order to provide a margin for the increased ra-
distign ievels due t0 Hydrogen Water ‘“emistry and the design of the radiation
mon.cors, An increase in main steam line radiation levels of as much as §
times is possibla due to Hydrogen Water Chemistry, The current setpoint of 7
provides a margin for normal meter indication fluctuation, Twe factor of 'S
times NFPB (without HWC) was obtained by multiplying the factor of 5 by a set
point margin of 3 times NFPB.

The attached Technical Specification page 3,1/4.1-3, 3.1/4,1-8, 3,1/4,1-9,
3.1/4,1-10, 3.2/4.2-6 and 3.2/4,2-11 for Units 1 and 2, indicates the prop/sed
chanrge iwvolving the increase of the isolation and scram set point of the main
steam line radiation monitors from 7 times NFPB to 15 times NFPB (without
HRC) .

i~



§lfotx Assessment .

The safety function of the Main Steam Line Radiation Monitors is to detect the
radiation increase in the event of a Control Rod Drop Accident (CRDA) and to
close the Main Steam Isolation valves (MSIVs) and shutdown the reactor on high
radiation levels., The closure of the MSIVs reduces the release of radioactive
fission products to the environment, For the CRDA, the calculated dose rate
at the monitors is ¢ R/hr, Because the calculated dose rate of 8 R/hr is ap-
proximately five times the proposed setpoint of 1.5 R/hr, the monitors will
maintain the capability to close the MSIVs and scram the reactor on high radi-
ation caused by the design basis Control Rod Orop Accident,

The difference belween the time required for the MSLRM to reach the current
trip set point (0.7 R/hr) and the new trip set point (1.5 R/hr) is approxi-
mately 1/4 second, and the time required to reach the new trip set poirt re-
mains less than 1/2 second, The <ime period permitted for completing closure
of the main steam isolation valves is 5 seconds (Quad Citie Technical Speci-
fication 3,7/4.7 0.1)., The increase in time-to-closure (due to the new trip
set point) is only 5% of the current time-to-closure, This will have a small
effect on the tota)l release and concomitant dose to the public, Since the
calculated dos: from the CRDA is only i2 mrem, the increase wil) be very smal)
and, trerefore, joes not involve a significant increase in the consequences of
an accident previously evaluated,

The capability to monitor for fuel faflures is not affected by this change,
The Main Steam Line Radiation Monitor's operating detection range i1s not
changed, The Steam Jet Air Ejector Discharge Radiation Monitor, which is more
sensitive to fuel failures than the Main Steam Line Radiation Monitor, is not
affected by this change and will be capable of alerting the plant staff to the
existence of minor fuel failures whicn could be present below the proposed
trip setpeint,

Significant Hazards Consideration:

The procosed amendment involving the increase of the trip set point of the
Main Steam Line Radiation Monitors does not represent a significant hazards
consideration because operation of Quad Cities NPS with this change does not:



l.

Involve a significant increase in the probability or consequences of an
accident previously evaluated, The consequences cf the desian basis Con-
trol Rod Drop Accident, which takes creait for the operation of the Main
Steam Line Radiation Monitors, are not significantly affected by this
change as discussed. No other previously analyzed accidents or mal func~
tions, as addressed in the UFSAR, are involved,

Create the possibility of a new or ditferent kind of accident from any
previously evaluated, This modification only adjusts tre trip set point
on the Main Steam Line Radiation Monitors (MSLRM); no o'her station in-
struments or equipment are involved, The only design basis accident which
takes credit for the MSLRM is the CRDA, and as discussed abuve, the in-
creased set point does not affect the ability of the MSLRM to perform its
intended safety function, It has also been shown that the increaced set
point has no affect on the capability of the station to detect noble gas
releases from the reactor core.

Involve a significant reduction in the margin of safety, The Controi Rod
Drop Accident is the only accident wrich takes credit for the operation of
the Main Steam Line Radiation Monitors, The change in the trip setpoint
for the Main Steam Line Radiation Monitors does not reduce the margin be-
tween the calculated dose rate from the accident and the tri,; setpoint,
The change does not significantly affect the consequences of the control
rod drop accident as discussed above, The change offers signilicant bene-
fits that enhance the margin of safety for operation with HW( by reducing
the potential for inadvertent scrams and by supprrting a water chemistry
program which substantially mitigates IGSCC of safety-related piping.
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Vyntond tules a6 provided in he myin sigan fiaes gt & means of measuring steam fow and 2o limiting the low
of inass isveniony trom the vessel duting @ steamling hreab sccident In ddition 10 monitoring sizam flow,
Pistiwingntgiion iy providid which « vses 4 trip of Growp | Belation valves The primary function of the
fstiwsaidtion is 18 detee, a hreak i2 wne main sicamline, thusoaly Grgup | valveyare ored. For the worit-wase
sevident, micia vggmbine Mok ovtude ihe deawyll this tip seiting af 140V af racd stcam fluw, in conjunclion
with 1he Pow fimiters end main avamling valve Jdosure, limits the mase inveniory loss such that fuel is not
neovered, fuel iemperatuict femain less than 1500° F, and releass of radisactivity 10 the eavirons is well belew
(0 CFR 100 puidelines (1e'ierce SAR Scoiions 14239 4nd 142.3.10)

Tewmperature- maniioring intrwmentstion is provided in the mein steamline wnnel 19 derect leaks in iy sree.
Trips wre provided on iy instrumentation and when cuceeded couse clorvte of Group | iselation vahes I
seiting of 300" Fis low enc ugh 1o deect leaks of the order of $ 10 10 gpm; thus it is capabdle of covering 1lic entire
sponitem of breals. For lorge hreaks, it is & hachop 10 high sieam Now instrumeniation discussed ahave, and by

o oal) hoeaks wath the resuliing rmall release of rudioactivity, gives iselating bufore the guideliaes ol 16 CLR 100

are (l\u'u't‘.

High tediation maglitrs ia Jia veanding twaned have heen provided 10 dewet gross fuel failure This
inctrggenialiogfes gloivie © Crovp | valves, the only vahves required to close for this mcident. Wk the
estabisked sefng 5(#:‘1\:\ mal Background and muin sieamling isolation valve closvre, fission product
release is linfhed so thal 10 CPR 100 guidelines are et excecded for tNIy acvidemt (referonce SAR Seciion

122.0.7)
Pressure imsirumentetion 18 provided which trips when main steamline pressure Jroaps helow 825 peig. A wrip af
(his instrumentation results in closure of Group | isolation vahe In the Refuel and Stantap/Hlot Stardhy mades
this *7ip Tunciion is hypassed This function is provided primatily 13 provide Profection ygainst o pressuts rgul v
matfunction which would cause the enntiol gnd/or by pase valve 1o open. With the 1tip set at 828 puig. imveniory
boss is linvited 30 that fuel is not uncovered and peal cladding temperatures 3¢ ruch less than 15007 F,ihes there
are no Fsvion products gveilable for release other than those in (he reacior water (reference SAR Section

112.3)
The RCIC and the HPCL high Now «nd tempesature insirumentation are provided 1o deiect a hreak in their

respeciive piping Tripping of ihit invrementstion resulis in sciuation of the RCIC ar of HPCT isalation valves
Tripping Yogi for this functivn it the vune a8 Mot for the anain sicamline isalaion valves, thut Ul seasors at
adition o met the \m;‘s"lJl!ut\‘ it T P sthigs ol B b and

pequired 10 de operable vr in g \Oppd
3% of devipn fow and valve closwie time are suh that Lute wpeorery is pisvenicd and fasion produnt iclease

it within limits.

The instrumnentation which initiates ECCS action is arranged in 3 one-out-of 1w taben twice logic circuit. Unlile
the resctor scram eircuits, how ever, there is one trip sysiem associuied with each funciion rather than the twe trip
Sy-1ems in the 1EaCion Proteciion sysiem. The single-failure criteria are mei by virtue of the Fact that redundantiore
vading functions are provided, € . spia)s o0 suiomatic Bowdown and high pressure conlant injection. e
specilication requires thatif & rip sysiem becomes inoperable. the  vstem w hich it avtivates il lared iaoperable,
For cxample, if the trip sysiem for core spray A hecomes inapyrable. cure sprav A is dectarad inopetaile and the
aut-ofaenvice specifications of Speification 3.5 govern. This specification pitaciies the viTentiveness of the systein
with respeet 10 1he vingle Lot cniteriy even duting periods when maintenance of westing is being performed.

The control rod block funrtions are prov ilad 10 preven encewsive contro!l 1od withdrawal so that MUTR Jos nevt
go below the MCPR Fuel Cladd ipa Integrity Safety Limit.

The wip tagic for this function is onc out of a. ¢ g any trip on b0 of the it APRM ' eight IR
fout SRM's will result in @ rod block, The mininum insirumeal ehannel requirements avure suflient
Instromentation 10 assure that the single-failure eriteria are med The minimum insirument channgl roguirements
for the REM oiay e reduced by on fur a2 short period of time 10 allow for mainienanve, testing, of Calidration
This time period is only ~)'% of the operating time in 3 month and does not significantly increase the 1 of

preventing an inadverient control red withdrawal

Amendment No. 66
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Loss of condensate yacuum ocurs whan the condenser can no longer handle neat input. Loss of condenser
vacuum nt ates 8 closure of the turbine stop valves and turbine bypass valves, which al minates the heat
input to the condenser Closure of the turbine st and Bypass valves cCauses & pressure transient,
reutron flus rise, and an increase (n surfece heat flux. To prevent the cladding safety |imit fram being
exconded |t this accurs, & resctor scram oocurs on turbine stop valve closure. The furbine stop valve
closy e scram tunction alone is adequate to prevent the cladding satety [imit from beaing excesded in the
event of @ turbine trip transient with bypass closure.

The condenser |ow-vacuum scram (s & backup To the stop valve closure screm and causes & scram bafore the
STop valves are closed, Thus the resulting transient is less severs. Scram cocurs at 21 inches Mg vacuum,
$T0p valve closure accurs ot 20 Inches Mg vecuum, and bypass closure at 7 inches Mg veouum.

Nigh rediation ievels the main sieamiine tunne! sbove that due to the normal nitrogen and oxygen
rniusf; are an (Mgication of lesking fuel. A scram is Initiated whenaver such radiation level
exiee t omes | background. The purpose of this scram is to reduce the source of such
radiation to the extPRt necessary to prevent excessive turbine contemination. Discharge of sxces,ive
nts o* r vity To the site environs s prevented by the air ejector off-gas monitors, which

fon of *he main condenser off.gas |ine provided the |imit specified in Specification 3.8 (s

e weded

The main steamiine isola*ion valve closure scram (s set to scram when the isolation valves are 108 closed
from full open. This scram anticipates the pressure and flux transier® which would occur when the valves
close. By scramming ot this setting, the resultant transient is insignificant.

A resctor mode switch |s provided which actuates or bypesses the various scram functions sppropr iate to
the part culer plent operating status (reference SAR Section 7.7.1.2). Whenever the reactor mode switch
s In the Ratue! « Startup/Mot Standby position, the turbine condenser |ow-vacuum scras and main
stemmiine isolation valve closure scram are bypassed. This bypass has been provided for flaxibility
during stertup and to allow repairs to be made to the turbine condenser. While this bypass is in effect,
protection iy provided against pressure or flux increases by the high-pressure scram and AP 1% scram,
respectively, which are aftective in this mode.

[1 *he reactor were brought to & hot stendby condition for repairs to the turbine condenser, the main
stemmiine isolation valves would be closed. Mo hypothes zed single fallure or single operator action in
™his mode of operation can result In an unrevi ewed radiological release.

The manual scram function is active In all wodes, thus providing for & manual meens of rapidly inserting
control rods during ol! modes of reactor operation

The |RN system provides protect ion ageinst excessive power levels end short reactor pariods in the startup
g intermadiate power ranges (reference SAR Section 7.4.4.2 and 7.4.4.%) . A source rengs monitor (SAM)
System (s also provided Yo supply edditional neutron level information uring startup but has no scram
functions (reference SAR Section 7.4.3.2). Thus the IR is required in the Re'uel and Startup/Mot Standby
sodes.  In addition, protection i provided in this renge by The APRM 1% screm as discussad In the bases
for Specification 7 1. In the power range the APRM system provides required protect ion (reference SAR
Section 7.4.5. 20, Thus, the MM system is not required In the Run mode, the APFI's cover only the
(ntermmdiate and power range, the |RM's provide adequate coverege in the startup end intermediate range.

The high-reactor pressure, highdrywe!| pressure, reactor low water leve!, end screm discharge volume high
lovel scrams are required for the Ster‘up/Mot Standdy and Run modes of plant operetion. They ere
therefore requ red Yo be operational for these modes of resctor operstion

The terdine condenser 'Ow vacuu® SCram is reguired only Quring power operation and must be bypassed to
start up ™he unit

Amendment No, &0, B¢ 3074043
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Channe 'y per

Ieip System'")
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TABLE 3. 1+1

PROTECT ION SYSTEM (SCRAM)

71’1' '!”’ln
Mode Switeh in shytdows
Marua! scram

L]
High flux
Inoperat ve

vV
High flux (198 scram)
Inoper st ve

High water love! in scram
discharge volume ‘¥

High-resctor pressure
High-dryws!| wnwn‘”
Reactor low water leve!

Turbine conderser low
vecuan' "

Rain steam! ine high
r“uhu“u

Main steam ine Isolation
valve Cclon '.("

INSTRUMENTAT (ON REQUIREMENTS REFUEL MDOK

< 1207129 of tyli scale

Specitication 2.1.A.2

A

40 gallons per bank

A

1060 psig

A

8 inchet'®

v

"

11 Inches Mg vacuum

€108 valvs closure

3.1/4.1-8

Action'd

»
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TABLE 3.1:2

REACTOR PROTECTION SYSTEM (SCRAM) (NSTRUMENTATION REQUIREMENTS STARTUP/MOT STANDBY MDOE

LERRE VLI S

of Operablie or
Tripped Ingtrument
Channe s per

1rip m“) Trip function Tei | Sett m(z)
| Mode Switeh In shyutdown A
- .

| Ranua! scram A
| R

b High flux € 1207129 of tull scale .

) Inoperat i ve A
”(h

? Migh flus (198 screm) Specification 2.1.A.2 .

2 [noparat ve A

2 High-resctor pressure < 1060 paig A

2 Migh-dryws! | wouuro'” < 2psig A

H Rasctor low water leve! > 8 inchas ' ® A

2 (per bank) High water lavel in scram < 40 gallons par bank A
discharge volume' Y

2 Turbine condense’ |ow » 21 inches Mg vacuum »
U“U"(”

: Mo n stemn! ine high A
radiationt' D

M Main steemline isoletion < |08 valve closure A
vaive clonu”’

Amendment No, p€, Bf S 1409
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REACTOR PROTECT ION SYSTEM (SCRAM)

LEERE VL I

of Oparstie or
Tripped Instrument
Crhanne s per

Vh! !II'!‘ N

2 (per \ W)

Amendment \‘e.)(. 86
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TABLE 5.1-3

YN. Fungtion
Mode Seiteh In shytdown
Ranue! scram
wt!)
High flux (fiow bisased)
.w'.'ln
Downscale!!!
High-resctor pressure
High-drywe!| pressure

Rasctor low water leve!

High-water leve! in scram
discharge vo'lime

Turtine condenser |ow
vacuum

Main steam! ine high
redivtion!' D

B n stemr ne (solation
va ve C|“U'O“)

Turbing contro! valve fast
clﬂufO(’,

Turbine stop valve
t'“v".")

Turbing EMC control fiyid
|ow wouwo(”

S 174,100

INSTRUMENTAT ION REQUIREMENTS RN MDOE

Trip Level Setting

Specification 2.1 A1

v

3129 of tull scale

A

1060 psig

A

1psig

8 inches'®

v

A

40 ga'lons per bank

"W

21 inches Hg vecuum

"w

gm normal full power
backgr aund

< 108 valve closure
> A% turbine/ rator
load m smatch 10

< 108 valve closure

> W0 psig

Action'?

Aor B
Aor B
Aor B

AorC

Aeor C

Aor C
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N tetd beles ar€ prosided in ihe main vgamlings ¢t a means of measuring sieam fow end alvo tis.iting the low
o mess mverion from the vesel duting @ seamling hevad secident. In addition 10 MO I0Hing sitAm flow,
peraeatation i pravided which couses o trip of Croup | ivolation valves. The primaty function of the
sion is 10 detec. o hreak o iae mein sicanding, thes only Gigup | valvesare Jloved. For the worntiase
sccident, mgin segmling hes ok owtude the deywetl e wrip Eiling af 1300 of rared stivam flow, in conjunciion
with the Now limiters and main aeamling valve vosere, limiss the mast inveniory loss such that fuel is not
wovovered, fuel iemperatuies remain less 1han 1500° F, and rclease of e diouctivity 10 the eavirons is well bolew
10 CrKk 100 guidelines (re’cievc SAR Sections 142,09 4nd 14 2.3.10)

main steamiine tunnel 19 detect Jeuks in this Jree.
1ed coust clcsure of Group | isolation vales. I

| )

pash i

Tompetaivte menitaring instrsumentation is provided in the
Trips are pom'- 2 oA this instegmentgtion and whea eveeee
serting of 300° Fislow ercugh ie doiect leaks of thie ordet of $10 10 gpm, thus it is capadle of covering \lie entire
speviium of breals For lorge hreabs, it i a hackeplo hiph-aleam flow insiumentation discussed shove, and byt

srall hreaks with the resulting rinall release of radiactivity, pivas irotatian bufure the guidiliaes of 10 C1 K 100

are enveeded.
.

aeamline toanel have been providad 10 delvel grom fuel failure This
ap 1 valves, the enly velves requires 10 close for this acident. With the
bockground and main sieamline ivolation valve closure, fission product
U0 yuidehines aie Ani eaceeded for this sevident (reference SAR Seciion

bagh-1adianeg snitors in \he me
X instenigfon cavses Ly ivre of O
- estaMiskedicning of Qlimes notm
release is Mgiied so that 10 I
nLLN
Pressute instrumentation is provided which trips when main yieamline pressurs Jrops Wl 825 prig A wrip of |
| (N instrumentation results in lowre of Group | isolation valves. In the Refuel and Stariup/ila Stard®y mades
, ( ; this 1ip function i bypoaned Thic functinn is provided primarily to provide protection apainst a prextuty regul i
|
'

o malfunction which wuuld cause ihe coutrol ond/or By pass valve 10 open. With the Wip set at 828 paig. imenioy )
loss is limited 30 that fuel is not uncovered and peal cladding \emperatures 21¢ much Joss than 15007 F, thus there

are no fssion producs avzilable for relruse other than those in the reacror waler (reference SAR Seciion

1123)

; The ROIC and the HPC! high fow «ad temperature instrumentation are provided 1o deiect 3 heeak in their
respective piping. THpring of this instrementation tesulis in acivation of the RCIC ot of 1HPCL isolation valves
Tripping g n for this fenution it the same ot that for the main stearmbine iabation valves, thut gl senss oty
required 10 oe operable vrin rpped & Pt Tl arig st od 00 B and
100 of design fow and valve clotvre time a1e such that wure unsorery is prevenied and fosion produnt ilease
s withia hmits
The instruinentation which initiates ECCS action it atranged in a on¢-oui-of-1vo raken twice Ingic eircuit Unlike
the 1eactor scram circuite, how ever, there « one wip sysiem associvied with eoch function rather than the e ip
systems in the readior protection sysiem. The single-failure criteria are mel by viriue of the fact that redundant e

vading functivas are [rovided. € g, \piapd ond suiomatic dlowdown and high pressure conlamt injction Ihe

specilication requires thal if 3 trip sysiem becomes inoperahic. the sysiem ¥ Nich it antivates is declared inopatable

i For cxample, if the wip sys' 2m for core spray A hecomes inaperable. cure sprav A s dectarsd inperahle s the
aut-alaenvice specifications of Specification 3.3 govera. This specification pressnes e cilentiveness of the system
with 1oapast 10 the singlflure crictia even duting periods when mainienance of wsting i being peiformed

The conirol 10d block funciions are bion ided 10 prevent eacessive control 1oy withdrawal so 1t MUTR does ned
go below the MCPR Fuel claddipa Integrity Safety Limit,

The trip tagic for 1515 Tunvtion is onc out of n, e g. any \ip on one oF the ik APRM ‘s, ¢ight IRMY
fout SRALYS will resuht in & o o vlork. The minimum instrument channel requirements atsuie sufliem
instrumentation 10 asswie that il single-failure crneria are met The minimum insirument channel roguiremenis

. for the REM may N reduced by one for 3 sher period of ime 10 allow for mainicnance, teting, of talidbratioa
This time period it only~3% of ihe operating time in 3 month and does not significantly incrcase the 1isk o
preventing an inadverient contral rod withdrawal

g on i Mt the singledatur d
s

Amendment No. 60
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