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V NIAGARA
A/ MOHAWK

NIAGARA MOHAWK POWER CORPORATION/301 PLAINFIELD ROAD, SYRACUSE, N.Y, 13212/ TELEPHONE (315) 474-1511

March 28, 1989
NMPIL 0377

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
HWashington, D.C. 20555

Re: Nine Mile Point Unit 1
Docket No. 50-220
DPR-63

Gentlemen:

Enclosed is Niagara Mohawk's response to the Unresolved Items noted in the
Nuclear Regulatory Commission (NRC) Safety System Functional Inspection report
50-220/88-201. Also enclosed, in response to discussions with the NRC are
revised calculations related to Core Spray system flow performance and an
evaluation of the susceptibility of the core spray system to water hammer as a
result of initiation. W

With regard to the SSFI issues these calculations and the water hammer
evaluation complete the Niagara Mohawk actions necessary to resolve the SSFI
responses for "Quick-Look" Letter Items 1.b(1), 1.b(2), 1.b(3), 1.b(5), 1.c(2)
and 1.f affecting core spray system operability. In accordance with our
discussion, the evaluation of the revised calculations on the 10CFR Part 50
Appendix K Loss-of-Coolant Accident analysis will be completed prior to plant
startup.

Very truly yours,

NIAGARA MOHA?:ZPONER CORPORATION

C. D. Terry
Vice President
Nuclear Engineering and Licensing
LWW/pns
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ASME
APLHGR
CST

DBM

ECCS
FSAR

GE
HPCI/FHW
INPO,
INPO SER

“IST

LCO

LER
LHGR
LOCA
MAPLHGR
MCC
MCPR
MoV
MOVATS

NPSH

NRC
OEA
op
RBCLC
RPV
SER
SSFI
SIL
SOER

List o? Acronyms

American Society of Mechanical Engineers
Average Planar Linear Heat Generation Rate
Condensate Storage Tank

Disc Bypass Margin

Emergency Core Cooling System

Final Safety Analysis Repo}t

General Electric

" High Pressure Coolant Injection/Feedwater

Institute of Nuclear Power Operations
INPO Significant Experience Report

~Inservice Testing

Limiting Condition for Operation

Licensee Event Report

Linear Heat Generation Rate

Loss of Coolant Accident

Maximum Average Planar Linear Heat Generation Rate
Motor Control Center

Minimum Critical Power Ratio

Motor Operated Valve

MOTOR OPERATED VALVE ANALYSIS AND TESTING SERVICE
Net Positive Suction Head

Nuclear Regulatory Commission

Operational Experience Assessment

Operating Procedure

Reactor Building Closed Loop Cooling

Reactor Pressure Vessel

Safety Evaluation Report

Safetj‘System Functional Inspection

Service Information' Letter

Significant Operating Experience Report
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NCR Finding
Unresolved item 88-201-01

Concern A

The inspection team reviewed the 1icenéee'§ analysis to demonstrate compiiance
with 10 CFR 50.46, "Acceptance Criteria for Emergency Core Cooling Systems for
Light Water Nuclear Power Reactors," for the next operating cycle. General
Electric (GE) Report NEDC-31446P, "Nine Mile Point Unit One SAFER/CORECOOL/
GESTR-LOCA Loss of Coolant Accident Analysis," was issued in June 1987 and
fully complied with the requirements of 10 CFR 50, Appendix K, "ECCS
Evaluation Models." This report showed that the calculated peak clad
temperature, peak local oxidation, and core-wide metal-water reaction were

- «:below..the 10. CFR.50.46 limits for the proposed fuels under the analyzed

spectrum of accidents. The licensee had reviewed the GE Report and revised
the Technical Specifications for the fuel limits based on the results of the
report. In August 1987, during the licensee's review, personnel in both the
Design Engineering and Operations organizations identified that the GE report
assumed that both core spray loops were always available, although this
assumption was inconsistent with a Technical Specification Limiting Condition
for Operation (LCO) for the system. Technical Specification 3.1.4.d allowed
continued plant operations for up to seven days with one core spray loop
inoperable. The core spray system was designed so that no single failure
would take a.loop out of service so the single loop situation was not
considered by the LOCA Analysis. The team concluded that the 7-day LCO was
less conservative than any postulated single failure to the core spray system
and was an unanalyzed condition.

Concern B

Before the inspection started, the licensee developed a draft Technical
Specification interpretation (dated August 23, 1988) to require shutdown

.within 10 hours if a core spray loop was inoperable, and was in the process of

developing a change to the Technical Specifications to be implemented after
restart. The team disagreed with the licensee's schedule for corrective
actions and concluded that problems with the Technical Specification should be
resolved before .the .system was.declared operable.
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At the inspection followup meeting the licensee committed to revise the core
spray system Technical Specification before declaring the system operable.
The licensee will evaliate the possibility of a Technical Specification to
allow continued plant operation with one core spray loop operable after plant
restart. The appafent failure by the licensee to transiate LOCA Analysis
assumptions into Technical Specification requirements will remain unresolved
pending followup by the NRC.

Concern C
Additionally, previous LOCA analyses had also assumed that two core spray

loops were always available. The inspection team identified one instance, on
November 11, 1987, where the licensee entered the 7-day LCO with the reactor

. »at..power for .a 17-hour period to repair a leaking check valve. As discussed

in Section 3.8.1 of this report, it appeared that the licensee had not taken
adequate corrective actions to investigate and report the full scope of this
identified problem.
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*Response to:Unresolved ‘ltem. 88-201-01

" Niagara Mohawk response to the three items identified as concern A, B and C
will be addressed with.the response to Unresolved Item 88-201-09. This
response will be submitted by April 14, 1989.
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NCR Finding
Unresolved 1tem 88-201-02

Concern A

The inspection team reviewed the analyses supporting the assertions made in
the FSAR, Technical Specification and safety analyses about core spray system
performance and identified the following concerns:

The system resistance curves did not account for the resistances
associated with the piping from the torus to the discharge'of the topping
pumps, system flow orifice, pump suction grating, system strainer and one
check valve. Collectively, these additional resistances could

. . (significantly increase the resistance coefficient for the system curves.

The system flow analysis did not consider the flow that may be diverted
from the reactor through the m}nimum flow relief valve during system
operations. Design input provided to the team indicated that the valve
reseat pressure could be as low as 280 psig which could divert flow from
the reactor to the torus during core spray system operation.

The text in éection,VIlgof the FSAR stated that each set of pumps was
capable of providing 3400 gpm to the spray nozzles at 299 psig, but this
. point appeared to be above FSAR Figure VII-2, "Core Spray Pump
Characteristics." The curve shown in Figure VII-2 was qsed for
determining acceptable pump performance during surveillance testing.

At the inspection followup meeting, the licensee stated that calculations were
found after the onsite inspection which supported the system performance
curves and assumptions about flow diversion. The curves would be validated at
several flow points by system testing before declaring the system operable.
These calculations were submitted to the NRC and are currently being reviewed.

Concern B

The inspection team reviewed the licensee's analysis that showed the core
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spray pumps had sufficient net positive suction head (NPSH) for the full range
of anticipated system operating conditions. The analysis asserted that
adequate NPSH would be provided for the pumps; however, the team identified
the following deficiencies with the assumptions used in the calculations:

(1) The pressure drop through the pump suction grating in a loaded condition
was not considered in the calculations.

(2) The caiculation for maximum torus water temperature achieved during the
LOCA assumed a torus water temperature of 90°F at the beginning of the
event. However, Technical Specification 3.3.2.e allowed the initial
torus water temperature to be as high as 110°F before the reactor was

'required to be scrammed.

(3) The calculations assumed that the containment atmosphere would always be
saturated at the temperature of the suppression chamber water.
Therefore, the pressure would always be the saturation pressure
corresponding to this temperature plus the partial pressure increase of
the air caused by the temperature rise. However, should the containment
spray system be actuated, such an equilibrium condition may not exist.
The atmospheric temperature and the conditions of saturation in the
containment could be significantly lower than the torus water temperature
at the pump suctions, thereby providing less total pressure to contribute
to available NPSH. v

The team was concerned that the design of the core spray system prevented
throttling flow to prevent cavitation. The core spray motor operated
isolation valves received an open signal upon system initiation that was
"sealed in," thus preventing later throttling. At the inspection followup
meeting, the licensee stated that calculations had been performed which showed
that adequate NPSH was available.

Concern C

The inspection team was concerned that the present configuration of the core
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»spray 'system- appeared -susceptible to.water hammer during large-break LOCA

situations.. In the present design, the keep-fill lines join the core spray
piping at points downstream of Injection Check Valves 40-03 and 40-13. .This
filled the piping from these valves'to Inboard Isolation Valves, 40-01, 40-09,
40-10 and 40-11. However, the piping upstream of the injection check valves
was not supplied by the keep-fill system. Much of the piping was above the
torus level and free to drain back to the torus through the pump$ by way of
the topping pump discharge check valve bypass Tines. This design would create
voids when the system was not running and create conditions conducive to water
hammer upon system initiation in response to a large-break LOCA.

With a large-break LOCA situation, the pumps would start soon after the break,
and because the vessel would depressurize very quickly, the injection valves

.would .start to opeh almost immediately before sufficient time would have

passed for the air to have been removed through the relief valves. In this
case, the water front in the pipe would travel very quickly toward the reactor
vessel until it would reach the injection valves or other abrupt flow
discontinuities, at which point the water hammer would occur. This situation
could simultaneously occur in both lines and prevent the core spray system
from fulfilling its safety function.

The licensee stated that no problems with water hammer had been observed
during system surveillance testing. The team was concerned that existing
tests did not simulate large-break LOCA conditions. At the inspection
followup meeting, the licensee stated that a special test would be performed
before startup to demonstrate that water hammer would not occur during
worst-case system initiation conditions.

Concern D
The inspection team was concerned that core spray system alarm setpoints were
at values that would be expected during LOCA situations and that alarm

response procedures directed actions that were not in the best interest of
safety. The following observations lead the team to this concern:
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The core spray loop low-pressure alarm was set at 225 psig, decreasing,
as sensed by a pressure switch downstream of the flow element. The
purpose of the alarm was to detect a failure of system piping, but during
a LOCA condition the alarm would be received as the RPV depressurized.
Procedure OP-2, “Core Spray System," Revision 17, instructed the operator
to check %or various failure conditions, and if the opposite loop was

operating normally, to shut down the affected loop. With the current
knowledge that both loops of the system were required, this response
could place the plént in an unanalyzed condition. In addition, when the
alarm was received in one loop, it should soon be received in the
opposite 1oop. e

.The core spray pump low suction pressure alarm was set at 2.5 psig,

6764G

decreasing. The function of the alarm was to warn the operator of
impending cavitation, but according to the team's calculations, this
setpoint was well above the required NPSH for the entire range of
anticipated pump flow conditions. Procedure OP-2 directed operators to
secure the train of pumps in which the alarm was received after ensuring
that the other train in that loop was running. In an accident condition
this would unnecessarily reduce the system capability.

Additionally, if the alarm were received in one train, it could be
imminent in the other train. After securing of the first train, the flow
in the second train would increase, thereby lowering its suction
pressure. This suction pressure drop could actuate the alarm in that
train. A better response, were it available, would be to throttle flow
to reduce the suction pressure required and to increase the pressure
available. However, as previously described, the system design has no
provisions for throttling the system isolation valves.

The strainer high differential pressure alarm for the large strainers
between the core spray and topping pumps was set at 5 psid, increasing.
The purpose of the alarm was to alert operators to strainer loading
during surveillance tests and LOCA conditions, however the setpoint






appeared to be too low for this purpose. In the past, several work
requests had been written to clean the strainers due to alarms received

" during testing at 3000 gpm flow, but no fouling was observed when the
strainers were inspected. '

Procedure OP-2 directed that the affected train be secured upon receiving
the alarm. As with the low suction pressure alarm, to secure the
affected train of pumps with both trains operating would probably cause
the alarm to actuate in the opposite train because of the resulting
increased flow.

It appeared that the alarm setpoints and response procedures were intended to
provide guidance for abnormal conditions during surveillance testing and not
during actual accident response situations. At the inspection followup
. «meeting the licensee stated that calculations to support new alarm setpoints
had been performed for accident conditions and these new values would be
implemented before the core 'spray system was declared operable. The
calculations supporting the new setpoints were provided to the NRC and are
currently being reviewed. THe NRC staff expressed concern at the meeting that
‘D procedures contained action statements that operators were prepared to ignore
under certain circumstances because the responses were inappropriate for the
situation. The licensee committed to review other safety-related systems to
identify where-response to system alarms differs for testing and accident
situations and make the necessary changes to procedures.

Concern E

The control room flow instrumentation did not appear adequate to cover the
full range of expected system flows. The range of the installed instrument
was 0 to 5000 gpm and according to the licensee's analysis, the expected flow
with two pump sets running in the loop was approximately 6400 gpm. Regulatory
Guide 1.97, "Instrumentation for Light Water Cooled Nuclear Power Plants to
Assess Plant Conditions During and Following an Accident," specified that the
range of the control room flow measuring instrumentation for emergency core
cooling systems to be 0 to 110 percent of the maximum anticipated flow. At
the inspection followup meeting, the licensee committed to increase the range

@ of the core spray system flow instrumentation before declaring the core spray

-wSystem.operable.
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Response to Unresolved item 88-201-02
Concern A

Niagara Mohawk letters NMPIL 0331, dated December 8, 1988, NMPIL 0342 dated
January 10, 1989, NMPIL 0346 dated January 13, 1989, and NMPIL 0353 dated
January 31, 1989, transmitted calculations that responded to the core spray
system flow concerns, net positive suction head (NPSH) concerns and to the
core spray alarm concerns. As a note of clarification, the system resistance
calculations submitted were new calculations following current procedures, not
the original design calculations found after the inspection. However, the
original design calculations found were consistent with the new calculations.

Subsequent to the submittals listed above, the calculations for Core Spray
system resistance and by-pass flow have been revised. The revisions included
a new ‘calculated sparger resistance, bypass flow assuming a relief valve
reseat pressure of 280 psig, bypass flows from other sources, (i.e. core spray
pump seal and motor cooler, check valve bypass line) and strainer pressure
drop values based on recent testing. These revised calculations are included
with this transmittal. Calculation”SI4-81-F003 Rev. 1, "Core Spray System
Hydraulic Resistance from Torus to Topping Pump tee" and S14-81-F001 "Core
Spray Pump.Suction Hydraulic Resistance" assume a partial blockage (50%) of
the free area of the suction pipe grating. Other-piping-components, i.e.,
orifice, check valve, gate valve and core spray sparger are included in
calculations S14-81-F003 Rev. 1, S14-40-F003 Rev. 1, S14-81-F005 and
S14-40-F004 Rev. 1. Niagara Mohawk is evaluating the Cycle 10/Reload 11 LOCA
analyses using core spray sparger flows consistent with the revised
calculations. A Technical Specification amendment will be submitted to
account for the impact of the revised calculations and to allow margin for IST
trending of test data.

The text in Section VII of the FSAR that states, "Each set of pumps (one core
spray pump and one topping pump) is sized to deliver 3400 GPM to the spray
nozzles at a combined pump developed head of 697 féet of water (299 psig)" is
in error. The statement is based only on addition of the combined
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flow-head curves.provided by the manufacturer.of the core spray system pumps
and does not consider the system's physical design. FSAR Figure VII-2 is the
curve developed for surveillance testing of the core spray system pumps and
accounts for differences such as elevation at the point at which the
surveillance data is taken and the pump elevations. The erroneous statement
and the curve in the FSAR will be revised based on data obtained from our core
spray pump validation testing commitment in response to the NRC "Quick Look"
letter Item 1.b(4).

Concern B

The revised NPSH calculations included with this submittal (Attachment 1 and
calculations S14-81-F001, S14-81-F003 and S14-81-F004) indicate that under the
design assumption of Regulatory Guide 1.1, with one pump set in operation and
a torus pressure of O psig, the NPSH available is less than the NPSH

required. To-account for this condition, the core spray flow is assumed to be
limited to the flow for which sufficient NPSH exists. Under these conditions
some cavitation may occur. However, no effect on pump operability is expected
since these conditions exist for a short period of time (6 hours) until
containment spray heat exchangers reduce the water temperature to 118°F. This
condition only occurs with one pump set operation, since two pump set
operation results in higher combined flow but lower flow rates from the
individual pump sets. Niagara Mohawk does not currently plan to change the
core spray valve design to allow throttling control. Consistent with our
previous submittal the revised NPSH calculations included with this submittal
utilize a maximum torus water temperature during the LOCA of 140°F based on a
torus water temperature of 90°F at the beginning of the event. Although
Technical Specification 3.3.2.e allows torus water temperature to be as high
as 110°F for a period of 24 hours before shutdown is required, Niagara Mohawk
does not believe that the NPSH calculations should be based on this initial
water temperature. HWhen the torus water temperature is greater than 90° F,
the ptant is operated in a 1imiting condition for operation that is allowed
for a short period of time, which does not constitute a design value for
initial water temperature. Niagara Mohawk believes this to be consistent with
other Mark I containment designs.
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. -Concern.C

As presented at the February 21, 1989 meeting with the NRC, Niagara Mohawk

believes that the current "keep fill" system and vacuum breaker (check valves)
will préVent voids that could cause water hammer and that this is adequately
demonstrated by current surveillance testing. Enclosed as Attachment 2 is
Niagara Mohawk's evaluation of the water hammer concern.

Concern D .

As indicated in our previous submittal, (Letter NMPIL 0333, Response to
1.c(1), 1.¢¢2) and 1.c(3)) Niagara Mohawk is revising core spray alarm
setpoints to prevent nuisance alarms from occurring during system operation
during LOCA conditions. Alarm response procedures are also being revised to
provide appropriate responses to alarms which occur during operation under
LOCA conditions and alarms occurring during surveillance testing if they
should be different. Niagara Mohawk is reviewing the alarm setpoint for the
strainer high differential pressure alarm based on recent system testing. The
schedule for alarm setpoint responses groups those systems required to support
core reload for completion prior to reload and the rémaining systems for
completion prior to plant restart.

Concern E

The Control Room flow instrumentation is being modified to cover the full
range of expected core spray flow.

Concern 1.g

Niagara Mohawk's response to item 1.c(3) of the NRC "Quick Look" letter
.addressed an NRC concern with the core spray pump high discharge pressure
alarm. This is identified as Item 1.g in the Inspection Report Executive
Summary Section but is not listed as a concern in the body of the report.
Niagara Mohawk's initial response (Letter NMPIL 0333 dated December16, 1988)
erroneously stated that the purpose of this alarm was to indicate a failed
closed relief valve and that the setpoint would be lowered such that the alarm
would occur if the relief valve failed to open, but not during system
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operation during a LOCA. Niagara Mohawk's further evaluation has determined
that the purpose of this alarm is to indicate system overpressure due to
“leakage through the closed core spray injection valves. The current alarm
setting of 445 psig is appropriate for this purpose. The alarm response
procedure will be revised to specify the appropriate operator actions on
receiving the alarm.
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NRC Finding

Open

Conce

The i
state

ltem 88-201-03
rn A

nspection team reviewed the licensee's analyses that supported the
ments in the Technical Specification Bases abopt HPCI/FH system

performanpe and identified the following discrepancies: .

The Technical Specification Bases asserted that each train of the HPCI/FHW
system could deliver 3800 gpm to the reactor vessel at reactor pressure.
The team determined that the calculation supporting this assertion failed
to account for the higher elevation of the feedwater nozzies-from the
condenser hotwell. During the inspection, the licensee stated that with
the correction of this error, the analysis still showed acceptable
results.

The Technical Specification Bases asserted that at reactor pressures up
to 450 psig, the condensate and feedwater booster pumps were capable of
suppiying 3800 gpm to the reactor vessel. Cailculations performed by the
inspection team and the licensee during the inspection revealed that
these two pumps alone were incapable of delivering any flow to the
reactor vessel at 450 psig. At the inspection followup meeting, the
licensee stated that calculations were performed which indicated that
3800 gpm flow could be provided at 337 psig. The licensee stated that

. the Technical Specification Bases would be revised to reflect the correct

6764G

pressure.

The Technical Specification Bases specified that condenser hotwell level
not be less than 75,000 gallons and inventory in the condensate storage
tanks (CSTs) not be less than 105,000 gailons. However, during the
onsite inspection, the licensee did not have an analysis to show that
these values were adequate to support the spectrum of small-break LOCAs
that the HPCI/FW system was intended to mitigate. The inspection team
was concerned that under worst-case conditions with the condenser vacuum
lost, the gravity feed-flow rate from the CSTs to the hotwell would not
provide sufficient water for the pumps. Once the hotwell was empty, the
condensate pumps could be damaged and the HPCI/FW system would be
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inoperable. At the inspection followup meetinthhe licensee stated the

calculations were performed that showed adequate transfer of water from

the CST to the: hotwell would be achieved to support the HPCI/FH system .
~upon a loss of condenser vacuum.

Concern B

The Technical Specification Bases stated that the motor-driven feedwater pumps

would trip if a reactor high-water level was sustained for 10 seconds and the .
associated flow and low-flow control valves were closed. This modification

was accomplished in 1984 to prevent over fi]lind the reactor vessel to the

point of spilling into the emergency condenser and main steam lines. The

licensee recognized that frequent cycling of the feedwater pump motors was not
desirable, therefore, a one-out-of-two-taken-twice control logic was included

in the design to prevent cycling caused by a spurious signal. However, the

licensee had no analysis to determine whether excessive cycling would not

occur during a normal systém response to various smali-break LOCA conditions.

The feedwater bump motors were rated at 2500 horsepower and normally, large
motors of this size can be restarted one time at the normal running
temperature, but then must be cooled down for at least one hour before
subsequent restarts. To restart more frequently could cause overheating of
the .motor and possible failure. The team was concerned that cycling the pumps
would damage the motors and decrease the reliability of the HPCI/FW system.

At the inspection followup meeting the licensee stated that pump. cycling would
occur only if the flow control valves would fail. Provisions for manual
control of the flow control valves would be included in the system operating
guidance. The inspection team considered these actions adequate.
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Response to Open Item 88-201-03
Concern A

The calcu1étions for HPCI pump performances were submitted to the NRC with
Niagara Mohawk letter NMPI1L 0331 dated December 8, 1988. Included with these
calculations were those for High Pressure Coolant Injection/Feedwater
(HPCI/FW) pumps capacity using the condensate and feedwater booster pumps and
for transfer of condensate from condensate storage to the hotwell. The
proposed Technical Specification Bases change for HPCI/FW was submitted to the
NRC in Niagara Mohawk letter No. NMPIL 0357 dated February 13, 1989.

Concern B

Response to item'1.i in Niagara Mohawk letter NMP1L 0333 dated December 16,
1988 addresses feedwater. pump motor cycling.

6764G 16 -






'NRC Finding
Unresolved [tem 88-201-04

The inspection team identified the following instances where design
information was not properly translated into-operating, test and safety study
guidance:

Concern A

In 1978, the licensee modified the motor-driven feedwater pumps to
replace the pump impeller. The licensee determined and stated in the
safety evaluation that new impeller was equivalent to the old impeller,
However, the team determined that the new impeller design provided 200
feet less.head at rated flow (3800 gpm) and 500 feet at maximum flow.

The licensee had not updated their design pump head curves to account for
‘this impeller change.

Concern B

GE Study NEDE 30241, "Performance Evaluation of the Nine Mile Point Unit
1 Core Spray Sparger,” used design flow inputs of 5020 gpm at 30 psia RPV
pressure and 4860 gpm at 55 psia RPV pressure for core spray flow from
one pump set. These values appeared inconsistent with the inputs for GE

+ study NEDC-31446P which identified run out flow at 4800 gpm for each core
spray pump set.

Concern C

In 1984, changes were made to the Technical Specifications which raised
the setpoint for reactor vessel low-low-low level from elevation 294 feet-
10 inches to 296 feet-6 inches. This is the setpoint at which the
automatic depressurization system is actuated. The following
corresponding design documents were not changed:
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6764G

(a) Drawing Number C-35843-C, Revision 1, dated July 24, 1985, "Reactor
Vessel Instrumentation, Level Ranges, Actuation Points, and Water
Volumes." ‘

(b) Drawing Number C-18015-C, Revision 87-039-C1, dated November 3, 1987,
"Vessel Instrumentation, Piping and Instrumentation Diagram."

The team found applicable operating and test procedures were properly
updated and the low-low-low level alarm was properly set in the plant and
at the simulator. ‘

Concern D

The ofigina] design of the feedwater system had the reactor feedwater
auxiliary oil pump motors being powered from a non-vital power board that
could only be fed from offsite power. In 1972, the power supplies for
the auxiliary oil pump motors were moved from Motor Control Center (MCC)
151 to MCC 1671, which was capable of being powered from the onsite
diesel generators. Neither Figure IX-1 of the FSAR nor the Electrical
System Description dochment was revised to show this change in power
supply for the reactor. feedwater auxiliary oil pumps.

The original design of the core spray system had all safety-related 4160
Vac motors being stripped from Power Boards 102 and 103. In 1971, this
design was modified to leave one core spray pump on each bus following an
undervoltage condition so that they would be ready to start when the
diesel generator was connected to the bus. Neither FSAR Figure IX-1 and
text, nor Surveillance Test Procedure NI-ST-R2, "Loss of Coolant and |
Emergency Diesel Generator Simulated Automatic Initiation Test" were
modified to show that one core spray pump motor on each bus did not trip
on undervoltage conditions.
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Response to Unresolved ltem 88-201-04

Concern A

Calculations have been performed that demonstrate that the new impeller design
provides sufficient flow and head to meet the HPCI design basis requirements.

Niagara Mohawk in Letter No. NMPIL 0333 dated December 16, 1988, (Response to
Item 1.e¢4)) committed to revising the HPCI/FW pump curves and, to avoid
recurrence of this concern, and to control the curves through the Nine Mile
Point Unit 1 Configuration Management System. This action is to be completed
prior to declaring the HPCI System Operational.

Concern B

General Electric Topical Report NEDE- 30241, "Performance evaluation of the Nine
Mile Point Unit 1 Core Spray Sparger" was a flow distribution evaluation in a
steam environment that bounded maximum potential core spray sparger flow
capacities (Table A of NEDE 30241, Actual Core Spray System Flow). Earlier
core spray tests were conducted in an air environment and used the
surveillance test curve core spray sparger flows which are less than the
maximum flow. NEDE 30241 confirmed that adequate core spray distribution was
achieved at both maximum flow and surveillance test curve core spray sparger
flow rates. For the maximum flow evaluation GE used the Nine Mile Point Unit
1 combined pump curve (core spray plus core spray topping pump) provided by
Niagara Mohawk but chose to use GE's own system resistance curve rather than
Niagara Mohawk's conservative core spray resistance curve that is used to
determine core spray flow for the LOCA analysis. The core spray sparger flow
rates used in the LOCA analyses (NEDC-31446 P) supporting the Cycle 10/Reload
11 licensing submittal were based on the conservative Niagara Mohawk core
spray sparger flow rates rather than the higher‘flow rates developed by
General Electric in NEDE 30241. Consequently the two values of runout flow
are different since different system resistances are used. The lower GE
System resistance resulted in a higher calculated core spray pump run out flow
at 0 reactor pressure.
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Concerns C and D

Inconsistencies within the plant licensiﬁg documentation are being corrected.
The next scheduled FSAR revision (June 1989) will update the HPCI and Core
Spray and supporting sections of the FSAR.
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NRC-Finding
Unresolved Item 88-201-05

The inspection team reviewed the licensee's EOPs to determine whether adequate
guidance was provided for operating the core spray and HPCI/FH systems under
emergency conditions. The following deficiencies were identified during this

- review:

Procedure EOP-4, "Primary Containment Control," Revision 0, Step 7.1,
cgntained instructions to maintain torus water level between 10 and 11.5
feet, the normal operating band. If the water level dropped below 10
feet, the operator was referred to Procedure OP-2, "Core Spray System,"
Step I.21.d., to add water to the torus. This step directed the operator
.to restore water level to within the operating band utilizing the core
spray keep-fill system which required securing one loop of the core spray
system. The team determined that this was acceptable for normal
operating circumstances, but was unacceptable in the post-LOCA condition
when both core spray loops could be required. ‘Additionally, the outside
isolation valves and the test return line valves could not be
repositioned without overriding system initiation signals to accomplish
the fill operation. Thus, the specified procedure was deficient in
specifying a means to add water to the torus during a LOCA event. The
licensee concurred and prepared a revision to the procedure to supply
water. from an alternative source.

The EOP General Instructions, EOP-1, Item 6, described the various
limitations of the RPV level instrumentation under post-accident
conditions. The team determined that the instruction was deficient in
that no warning was provided concerning the limitations of low-low-low
Level Instruments LI 36-19 and LI 36-20 when the core spray system was
injecting into the vessel. The lower legs of these instruments were
connected to the core spray lines so that the dynamic and back pressure
effects of injection flow would make the instruments inaccurate. The
team was concerned that the erroneous indication could produce operator
confusion during an accident, even though these instruments were not used
by the operators for casualty management during training evolutions.

-
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Graphsfzvlwandwz.Z‘Jn‘EOPQZ, "Reactor Pressure Vessel Control," provided
NPSH limitations for individual core spray pump operation. However,
available flow indication in the control room was for combined pump flow,
and there was no guidance in the procedure alerting operator's to this
fact. "

-22 -






“ Niagara Mohawk responded to these concerns in Letter NMPIL 0333 dated December
16, 1988, in response to finding 1.d. In that response Niagara Mohawk stated
that the EOP's would be revised.prior to February 28, 1989. These revisions
are in the approval process which will be completed by March 31, 1989.

Response to Unresolved Item 88-201-05
|
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nspéttionwteam identified the following deficiencies with the operating
dures that provided guidance for the core spray and HPCI/FW systems:

There did not appear to be a requirement to cross-reference setpoints,
key instructions, and other vital information between plant drawings,
procedures, training manuals, design documents or other contrblled
documents to ensure’ consistency following chaﬁges in any one document.
It appeared, and was confirmed in discussions with licensee personnel,
that a formal process to review the imbact on other documents was not
used when temporary changes or permanent changes were made to controlled
documents.

Procedures OP-2, "Core Spray System," and OP-16, "Feedwater System
Booster Pump to Reactor," had numerous typographical errors, differences
between control room indication labels and procedure descriptions, and
differences between system drawings and procedure valve lineup sheets.
Examples of the differences included:

() Valves CRS 743, 745, 734, 736, 747, 709, and 711 on Procedure OP-2
_ valve Tineup sheets, Table 1, were inconsistent with the core spray
system drawing regarding normal position requirements (i.e., closed
or capped and closed vs. locked-closed);

(b) Procedure OP-2, Section I.7, did not direct shutdown of Core Spray
Topping Pump 111 if Core Spray Pump 111 tripped, which could result
in pump damage;

(c) In Procedure OP-2, Table 1, Valves CRS 305, 307, and 767 were
-incorrectly identified as System 112 valves instead of System 111
valves. This could lead to operator confusion during the conduct of
a valve lineup or verification;
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».(d) Procedure.OP-16, Table 1, had discrepancies between actual valve
requirements and précedural valve requirements (i.e., locked
open/closed versus open/closed). Additionally, Table 1 specified
position for valve 50-64 was open while the drawing requirement was
to have the valve locked-open.

Condenser hotwell level alarm setpoints provided in Procedure OP-15A,
"Condensate System,"l appeared to be inconsistent with Technical
Specification requirements and actual plant setpoints. Procedure OP-15A
specified the condenser hotwell level high alarm at 66 inches and the low
alarm at 42 inches while the Technical Specifications required the level
to be maintained above 57 inches. During the inspection, the licensee
determined that the instrument calibration procedure set the low-level
alarm at 60 inches and the high-level alarm at 70 inches, which appeared

"consistent with the Technical Specifications. A change was initiated to
© the procedure  to.correct the error. This error had also been programmed

into the simulator, where the low level alarm was actually set at 42
inches. Corrective action was initiated by the licensee to correct the
simulator alarm setpoints to agree with the actual plant configuration.

Procedure OP-46, "High Pressure Coolant Injection," included a
description of the system operation following limited restoration of the
115 kV grid after a loss-of-offsite-power event. Notes were present

..describing some of the automatic and manual support systems which must

operate to allow operation of the HPCI/FW system. The procedure did not
provide guidance for the reactor building closed loop cooling (RBCLC)
system, which cooled the condensate booster pump bearings, the feedwater
pump lube oil and the instrument air system, which were required for
proper operation of the HPCI/FHW systems, or the emergency service water
system, which cooled the RBCLC system. Both the RBCLC and emergency
service water systems had to be manually loaded onto the emergency diesel
generator’by the operator.
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Procedure OP-2, Section 1.24, directed actions to be taken by the
operator in case Annunciator K2-4-7, "Core Spray Pumps Discharge Pressure
High," was activated by high pressure (445 psig) because of a stuck
closed relief valve on the common discharge header of the core spray
topping pumps. The procedure directed the operator to remove the system
from service by placing the pump switches in the "pull-to-lock" position,
but no direction was provided to re-initiate the system once reactor
pressure decreased below 365 psig and the inboard isolation valves opened
to allow vessel injection. The team was also concerned that
consideration would be givén to shutting down the pumps before it was
firmly established that the core spray system was not required.

Concern B

Procedure S—SUP-QG, "Control of Operator Aids," was used by the licensee
to provide for the.control, authorization, documentation and review: of
operatorlaids to ensure they were current and complete and to prevent
personnel from using unauthorized operating and maintenance information
in the performance of their duties. The team reviewed the implementation
of this program and found that the program was appropriately implemented
and the required reviews were conducted. The team was concerned that the
number of active operator aids was excessive; 130 at the time of the
inspection. Many of the operator aids éppeared to be panel labels and
instructions that could be made permanent. Additionally, the log of
operator aids did not contain a copy of the aid. If an aid was damaged
or destroyed, it would be difficult to replace exactly without such
information on file. Operator aids were employed on the main control
room paneis to correlate the readings between the various water level
instruments used by the operator during startup, normal operations and
emergency conditions. The aids had been active since 1984, and consisted
of paper copies taped to the panels between the instruments. The aid
which correlated the RPV level fuel zone instrument reading to the top
and bottom of the active fuel was very hard to read. Another RPV water
level aid had informational portions cut away to enable it to fit between
the instruments. Problem Report 258 @as'generated by the licensee in
March 1988 to address the removal of operator aids from the control room
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and replace them with permanent labels, but no action had been taken by the
time of the inspection. .The licensee committed to review and revise the

operator aids program to address the concerns identified by the inspection
before restart.

Concern C

Based on the number of deficiencies identified above and previous alarm
response procedure issues discussed in Section 3.1.6 of this report, the team
was concerned about the adequacy of station operating prdcedures and operator
compliance with the procedures. :
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‘Response to Unresolved ltem 88-201-06
Concern A

The NMPC configuration Management System requires a review of controlled
documentation, including operating procedures, for changes made to the design
configuration. To correct oversights made before implementation of the
formalized configuration management program, a design basis reconstruction
brogram has been established and will work through configuration management to
correct inconsi#tencies. '

A review of annunicator response procedures has been completed by licensed
operators to ensure .consistency between setpoints for annunciators and

. .computer alarms, between specified setpoints and calibrétion data, and between
actions desired for normal and emergency situations. Engineérs‘are

~ independently reviewing ECCS Annunciator Response Procedures to ensure the
setpoint and the actions are consistent with the design basis of the system.
The operators and engineers then work together to resolve any discrepancies in
their findings.

A rewrite of all operating procedures is also currently underway to bring the
procedures up to the industry standards as defined in the writer's buide.
This will resolve concerns with human factors and typographical errors, as
well as technical content.

Concern B

The control of operation aids will be maintained through Procedure SUP-6 as
identified by the inspection team. This procedure will require limited use of
temporary operator aids and correct the other deficiencies noted. The
procedure will apply as a site wide procedure so that the use of temporary
operator aids at Unit 2 is similarly controlled. ‘
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Concern C

Niagara Mohawk has addressed the inspection .team concern related to procedural
adequacy through the procedure review process identified above. This rewrite
effort is intended to identify and eliminate those procedural actions wherein
a specified operator response is inappropriate. Major site management
emphasis is placed on procedural adequacy and operator compliance since this
is recognized as a major site action where improvement is required to support
restart of Nine Mile Point Unit 1. '
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NRC FINDING
UNRESOLVED ITEM 88-201-07

Concern A

The pump curve used for the LOCA analysis did not appear to be effectively
translated into surveillance test acceptance values to determine core spray
system pumps operability. The Technical Specification acceptance values were
determined from the design basis pump curve specified in Section VII of the
FSAR, which was taken from GE Report NEDE—30241, "Performance Evaluation of
the Nine Mile Point Unit 1 Core Spray Sparger." An uncontrolled copy of this
curve was maintained in the Control Room for use by station operators in
determining the operability of the core spray system pumps. The test

. .acceptance values were determined by adding and subtracting an instrument
error to tﬁe curve to define an acceptance band and operators were trained to
verify that the pumps test data plotted within this band. The team was
concerned that the instrument error band should only have been added to the
curve to obtain the minimum pump acceptance values. It appeared that previous
pump test values falling within the identified band could indicate that the
pump might not deliver the flow assumed by the LOCA analysis.

Concern B

Pump testing practices did not appear to agree with statements made in an NRC
Safety Evalﬁation Report (SER) for core spray effectiveness in a steam
environment. The SER, dated July 24, 1985, states that, "The surveillance
test procedure for core spray operability as presently written verifies that
core spray pump performance characteristics over the full range of pressure
and flow rates have not degraded. This range includes both pressure vs. flow
points (i.e., 125 psia vs. 3400 gpm and 30 psia vs. 5020 gpm)." Procedure
N1-ST-Q1, "Core Spray Pumps and Motor Operated Valves Operability Test,"
Revision 2, tested the core spray system pumps at only one point determined by
a throttle valve position on the test line to the torus. This throttle
position was such that test flows were approximately 3000 gpm at 300 psig pump
discharge pressure, which was less than the flow range specified in the SER.
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The licensee stated that single point testing had always been the practice for
core spray system surveillance testing. Previously, test flow rates of 4000
gpm were achieved; however, excessive vibration in test line piping
necessitated reducing the test flow.

Concern C

The Technical Specification acceptance values for some core spray system MOVs
appeared to be inconsistent with their safety function. Core Spray System
Outside Isolation Valves 40-02 and 40-12 and Test Line Isolation Valves 40-05
and 40-06 were designed to reposition upon receipt of an initiation signal )
during system testing. Core Spray System Inside Isolation Valves 40-01,
40-09, 40-10, and 40-11 were designed to repositioh upon receipt of an
initiation signal during a normal standby system lineup. The team was
concerned because the stroke time acceptance values for ‘these valves with
similar functions were different; Valves 40-01, 40-09, 40-10, and 40-11 had
stroke time acceptance values of 20 seconds while Valves 40-02, 40-12, 40-50,
and 40-60 had stroke time acceptance values of 25 seconds. During the
inspection, the licensee could not resolve the difference in stroke time
acceptance values for these valves with similar functions. The team reviewed
previous test data for all the valves and determined that the actual stroke
times were less than 20 seconds for all the vaives.

. Concern D

Hydrostatic tests were conducted at insufficient pressure on the regions of
the core spray system between the Core Spray Suction Isolation Valves 81-01,
81-02, 81-21, and 81-22, and the Core Spray Topping Pump Stop Valves 81-09,
81-10, 81-29, and 81-30. Procedure N1-ISI-HYD-424, "Reactor Core Spray System
Hydrostatic Pressure Test," Revision 1, which was conducted every inspection
interval and after system maintenance or alteration, required only an 80 psig
test. The ASME Code, Section XI required this area of the core spray system
to be hydrostatically tested to 1.25 times system design pressure if the
design temperature was greater than 200°F, and there were no system relief
valves. There were two design pressure regions within the hydrostatic test
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boundary described .above. From the core spray pump suction isolation valves
to the suction of the core spray topping pump, the design pressure was 340
psig, and, from the core spray topping pump suction to the topping pump stop
valves, the design pressure was 465 psig. The team noted that by conducting
the hydrostatic test at 1.25 times design pressure, the licensee would not
only comply with ASME Code Section XI, but would also ensure a conservative
test of system integrity that was consistent with the high pressures
experienced downstream of the core spray phmps upon system initiation.

Concern E

The 1icensee had not implemented the IST program on the HPCI/FH system because
it was not considered a safety-related system. The team was particularly
concerned because .it appeared that check valves at the discharge of the
feedwater and booster pump§ were not adequately tested or inspected. A gross
functional check of the motor-driven feedwater pump discharge check valve was
' conducted quarterly when testing the pumps, but this test did not accurately
measure the integrity of the valve internal components. Failure of the
feedwater pump discharge check valves could cause a loss of the motor-driven
pump because of reverse rotational damage. Such a loss had previously |
ﬂoccurred on November 5, 1983, and was reported by LER 83-35. Undetected
failure of both the feedwater and booster pump discharge check valves could
result in inadveftent overpressurization of condensate system low-pressure

piping.
Concern F

The licensee could not adequately implement ASME Code Section XI testing and
trending on core spray system MOVs and pumps because of insufficient margin
between the design characteristics and the Technical Specification operability
requirements. Before flow from the core spray system pumps were to degrade to
the alert range of 93 percent of the baseline flow, the pumps would be
declared inoperable because they would not meet the Technical Specification
requirements. Similarly, before MOV stroke times degraded by 25 percent to
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the -action range, the-valve would be declared inoperable by Technical
Specification requirements. This design feature made performance trending by
_ the licensee ineffective. ‘

Concern G

The licensee did not specify the required inlet pressure for their core spray
pumps as required by ASME Code, Section XI. The inlet pressure for the core
spray pumps did not vary appreciably during testing because the pumps take
suction on the torus, and the torus level was maintained in a narrow bank by
the Technical Specifications. Because of this consistency, the team did not
consider this deficiency to be significant.

Concern H

The data obtained during pump flow testing was inconsistent with the pump
curves. The licensee only measu}ed pump flow and not pump head during
testing. It was assumed that the system resistance was fixed by the throttled
position of the test valves. However, the team reviewed the test results and
concluded that the measured flow variations could mean that the pump head was
fluctuating by as much as 15 psig. A possible explanation was that the pump
mini-flow relief valve was unexpectedly opening or leaking, thereby diverting
flow from the reactor and changing system resistance. The licensee stated
that this should not occur because the relief setpoint (320 psig) was above
the pump test pressure (300 psig).
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" Response to Unresolved 1tem-88-201-07

. Concern A

Core spray system surveillance test results are addressed in calculation
S14-81.1-F001 included with this response. Figure 2 of this response shows
that all core spray surveillance test results plotted above the surveillance
curve so that the flow assumed in the LOCA Analysis was demonstrated by the
surveillance test. The minimum acceptance level will be deleted from the
revised pump surveillance curve to avoid possible acceptance of a low core
spray flow test.

Concern B

Niagaré Mohawk's response to items 1.b(4) and 1.b(5) in Letter No. NMPIL 0333,
dated December 16, 1988, address the NRC concerns related to the core spray
pump curves, testing practices and the potential effect of bypass flow. As
was stated in those responses, the pump curves will be validated at several
flow rates using the test return line to the torus. Test flow will be limited
to a maximum flow of about 3000 gpm because of test line capacity. Subsequent
quarterly surveillance testing would continue present practice, i.e. verifying
a single point (flow, pressure5 on the pump curve.

Concern C

The surveillance test acceptance values for Core Spray injection valves 40-02
and 40-12 have been revised to 20 seconds.

Concern D

Procedure N1-ISI-HYD-424 was revised to require the piping hydrostatic test to
be performed at 405 psig (390 psig + 15 psig for variance in head) which is
1.25 times the design pressure of 310 psig. Although there are two design
pressure region§ within the hydrostatic test boundary, testing at pump suction
side design value (405 psig) meets the ASME Code Section XI requirements.

This hydrostatic test will be made during the current outage.
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Concern E -

Niagara Mohawk will prior to plant réﬁtart review incorporating the HPCI/FH
system check valves into the IST program to control surveillance testing.
HPCI/FW system capability is demonstrated as the feedwater system is in
continuous gervfce during plant operation. The standby pump and its
associated discharge check valve are put into service on at least a quarterly
basis. Niagara Mohawk will prior to plant restart, prepare a surveillance -
test for the feedwater pump check valves that will be performed as part of the
quarterly surveillance of the standby pump train. Niagara Mohawk's response
(NMP1L 0333 December 16, 1988) to "Quick-Look" item 1.e(4) stated that the
HPCI/FW pump test curves would be controlled prior to declaring the system
operational through the Unit 1 Configuration Management System and that post
maintenance test procedures would be revised to included validation of pump

performance following major maintenance that might affect pump flow capability.

Concern F

The LOCA accident ana]ysisuis being revised to reflect lower core spray
sparger flow rates than were used in the analyses documented in NEDC-31446P.
This reduction in core spray flow accounts for potential bypass flows and will
provide margin for pump degradation. This latter allowance will consider flow
“margin for possible IST trending purposes. Niagara Mohawk will evaluate valve
design changes or analytical changes to allow additional margin on motor
operated valve stroke times to provide margin for trending purposes.

X
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" Concern G

Niagara Mohawk agrees with the inspection team conclusion that it is not
necessary to specify core spray suction pressure for surveillance tests since
it is governed by torus water level, which is essentially constant because of
Technical Specification requirements on torus‘water level.

Concern H

Niagara Mohawk believes the flow variations that occurred in core spray system
pump testing resulted from variations in position of the test line throttling
valve. Administrative controls will be put in place to ensure the test line
throttling valve position is not changed between tests. Testing currently in
process on the core spray system will verify that the mini-flow relief valve
does not open during surveillance tests.

6764G - 36 -






*NRC FINDING
UNRESOLVED ITEM 88-201-08

The inspection team reviewed the testing program for determining the
operability of pumps, valves, storage-tank level, system initiation and
automatic trips for the HPCI/FW system. The test program for determining
HPCI/FW system operability appeared acceptablie with one exception.

The acceptance values for determining HPCI/FW pump operability did not appear
to accurately measure system performance. The Technical Specification
requirements specified that the HPCI/FN‘system must be capable of meeting the
pump head versus flow curve. The licensee limited testing to the motor-driven
feedwater pumps and the curves used in the control room to determine
..operability were not adequately controlled. The curves used in the control
room were not part of a controlled document and could not be verified to be
consistent with the existing equipment installed in the plant. The team was,
also concerned that the actual performance of the HPCI/FW System was the
combined performance of the condensate pumps, the booster pumps, and the
feedwater pumps. The performance of the condensate and booster pumps were
never checked with a surveillance procedure. Therefore, the actual total
performance of the HPCI/FW system was never verified.

The Ticensee's position was that if the perfofmance of the condensate or
booster pumps were deteriorating, it would be.detected during normal operation
by the inability of the system to supply adequate flow to the reactor vessel.
The team disagreed with this position because deterioration in pump
performance could be very gradual, which would not necessarily be noticed, and
the system had excess capacity to provide water to the reactor during normal
operation. Any deterioration would be covered by wider opening of the
feedwater control valves which, again, would not necessarily be noticed. Even
if it were noticed, there was currently no procedure to quantify the
deterioration and compare it with acceptable limits.

At the inspection followup meeting, the licensee committed to issue controlled

system pump curves, inciuding booster and condensate pump performance, and
validate the curves at several setpoints. | ‘
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--Response to :Unresolved |tem 88-201-08

0 Niagara Mohawk responded to this concern in item 1.e(4) of Letter No. NMPIL
0333, dated December 16, 1988.
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OLVED ITEM 88-201-09

nspection team reviewed the licensee's corrective actions taken with

d to the concern about the adequacy of the 7-day LCO for the core spray
m discussed in Section 3.1.1 of ‘this report. The inspection team

mined that the following sequence of events were pertinent:

In 1974, Technical Specification 3.1.4 was issued for the core spray
syétem as part of the initial license. The system contained two loops
with two pump sets per loop and was thought to be 400 percent redundant.
The LCOs were established at 15 days for one disabled pump set and 7 days
for one loop out of service. ;

In October 1975, the initial 10 CFR 50, Appendix K LOCA Analysis was
performed assuming two core spray loops were always available. The
analysis used the SAFE/CHASTE Computer Model which identified the small
break LOCA as the 1imiting condition for reaching the 10 CFR 50.46 limits
for peak clad temperature (2200°F). This analysis became the bases for a
proposed amendment to the Technical Specification fuel limits submitted
on October-31, 1975. The core spray system LCOs were not identified for
revision to be consistent with the LOCA analysis design inputs as part of
this proposed amendment.

In 1983; GE Report NEDE 30241, "Performance Evaluation of the Nine Mile
Point Unit 1 Core Spray Sparger," was performed using a new
SAFER/CORECOOL Computer Model to evaluate core spray sparger operation in
a steam environment. Although not formally used as a bases for Technical
Specification limits, this more accurate analysis showed that the small
break LOCA was no longer the 1imiting condition for meeting 10 CFR 50.46
Timits; analyzed peak clad temperature for the small-break LOCA was now
approximately 300°F below the limit.
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-~In June 1987, 10 CFR 50, Appendix K LOCA Analysis (NEDC 31446P) was
performed using the SAFER/CORECOOL/GESTR Model to determine Technical
Specification 1imits for the next operating cycle. The analysis assumed
. that two core spray loops were always available to support LOCAs.

On August 17, 1987, personnel from Operations, Engineering and Licensing
met to discuss a potential problem with an existing Technical
Specification LCO for the core spray system and NEDC 31446P assumptions.
The concern was that the 15-day LCO should be reduced to a 7-day LCO to
be consistent with NEDC 31446P. Internal memoranda dated August 19 and
25, 1987, documented the meeting results and indicated that the group
decided the existing 15-day LCO was acceptable under the new analysis.
The adequacy of the existing 7-day LCO for NEDC 31446P was not discussed
at the meeting. The. 1icensee had contacted GE prior to the meeting and
was told that the LCOs were both adequate as written. |

On September 1, 1987, Engineering issued an internal memorandum which
identified that the 7-day LCO for core spray system may be an unanalyzed
condition by NEDC 31446P and require revision before the next operating
cycle. This memo was distributed to Operations personnel but not the
Licensing organization.

On September 22, 1987, Licensing issued a memorandum in response to
concerns raised at the August meeting which stated that the 15-day LCO
should be changed to a 7-day LCO to be consistent with NEDC 31446P and
other LCOs. The memo also identified that previous 10 CFR 50, Appendix K
LOCA analyses had assumed two loops of the core spray system to always be
available. The existing 7-day LCO was not discussed as being an
unanalyzed condition.

On Nbvember 10, 1987, operators took one loop of the core spray system
out-of-service for, 17 hours to repair a leak from a check valve. The
operators entered the 7-day LCO without realizing it was an unanalyzed
condition.
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On December 19, 1987, the plant entered an extended outage after a
feedwater transient event.

On August 23, 1988, after realizing that the 7-day LCO was an unanalyzed
condition, the licensee drafted a Technical Specification Interpretation
that prevented entering the 7-day LCO for the core spray system. This
interpretation was still in the review process at the time of this
inspection, but was to be issued before startup.

_On September 15, 1988, the NRC inspection team determined that the 7-day
LCO was an unanalyzed condition by the licensee's 10 CFR 50, Appendix K
LOCA analyses and that the plant had entered the 7-day LCO when operating
on November 10, 1987. The licensee completed the proper investigation
and NRC reports upon notification by the team.

In a-September 22, 1988 letter to the licensee, GE confirmed that using
only one core spray loop and the previous 10 CFR 50, Appendix K LOCA
analyses assumptions, the SAFE/CHASTE Model Analyses would yield a higher
analyzed peak clad temperature then préviously determined. This new
value would be above the 10 CFR 50.46 1imits. However, the GE letter
also stated that previously used conservative'design input assumptions
concerning pump delivery pressure could be changed to reduce the analyzed
peak clad temperature below the 10 CFR 50.46 limits. The team agreed
with this assessment and concluded that the previous SAFE/CHASTE Model
Analysis could be revised to indicate acceptable results with one core
spray loop.

Concern A

The inspection team was concerned about the licensee's corrective actions in
this situation and drew the following conclusions about the sequence of events:

|
|
?
(1) The licensee's corrective action program was ineffective for resolving a ‘
potentially significant deficiency identified with the Technical ‘
Specifications for the core spray system that would allow plant operation
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» - in.an unanalyzed condition. :Collectively, sufficient informétion was
available with the licensing, operations and engineering organizations to
- determine that the existing 7-day LCO was an unanalyzed condition before
the plant unknowingly entered the 7-day LCO on November 10, 1987. The
team found no evidence to suggest that the licensee realized this fact

until after the plant entered the current outage.

(2) The licensee failed to take adequate corrective action to investigate and
report the problems with the 7-day LCO when it was first realized in
approximately August 1988. The corrective actions were limited to
drafting a Technical Specification Interprefation. No investigation of
previous operations was conducted to determine whether the plant had
previously been operated in an unanalyzed condition; the NRC was not
notified in accordance with 10 CFR 50.72 and 10 CFR 50.73; and a
Technical*Specification change was not promptly initiated.

(3) The initial cause of the problem appeared to be the improper translation
of the 1975 10 CFR 50 Appendix K LOCA Analysis assumptions into Technical
Specification requirements as required by 10 CFR 50.46.

The licensee's failure to properly implement the requirements of 10 CFR 50.46
to revise its Technical Specifications to conform with the LOCA analyses
specified in 10 CFR 50, Appendix K and the failure to take adequate corrective
action and make necessary reports to the NRC will remain unresolved as part of
an overall unresolved item on the licensee's corrective action program

Concern B

During a review of the MOV stroke time test results for core spray and HPCI/FHW
system valves, the inspection team identified three valves which appeared to
have stroke times in excess of the Technical Specification 1imits; Core Spray
System Vent Valves 40-30 and 40-31 and Feedwater Isolation Valve 31-07. In
LER 88-14 (May 10, 1988), the licensee identified that Valve 40-30 stroke
times had been out of specification since 1986. The root cause of the problem ’
was that indicating lights used to measure valve stroke times and the limit
switch contacts used for the torque switch bypass function were driven from
. .the same limit.switch rotor. The limit switches were a?justed to provide
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adequate torque switch bypass functions but no adjustments were made for the
valve stroke time determinations.

The inspection team review applied the same criteria described in LER 88-14
for determining actual valve stroke time from the*measured stroke time during
testing. For Feedwater Isolation Valve 31-07, the most recent MOVATs testing
in 1986 indicated a disc bypass margin (DBM) of .886 (52.2 sec/58.9 sec). The
DBM was the fraction of valve travel measured by the indicating lights.
Therefore, applying this DBM to a Technical Specification limit of 60 seconds
for valve 31-07 would yield a measured acceptance valve limit of 53.2
seconds. A review of test results for Valve 31-07 revealed measured stroke
time of 55.8 seconds on January 25, 1986, 56.0 seconds on June 14, 1986, and
55.0 seconds on October 21, 1987. The team concluded that each of these
stroke times were above the Technical Specification limits. For Valve 40-31,
no MOVATs data was available for the most recent limit switch setpoints, but
data from the licensee's September 18, 1986 response to NRC Bulletin 85-03,
"Motor Operated Valve Common Mode Failures During Plant Transients Due to
Improper Settings," indicated that the closed torque switch was bypassed by 23
percent yielding a DBM of .77. Applying this calculated DBM to a Technical
Specification 1imit of 30 seconds yielded a measured acceptance valve of 23.1
seconds. This measured acceptance value had been exceeded 17 times during
monthly stroke time tests since August 1986. This issue of adequate
investigation of reportable events will remain unresolved as part of an
overall unresolved item on the adequacy of the licensee's corrective action
program.
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- Response .to-Unresolved Item 88-201-09

. Concern A

The response to this Unresolved Item will be submitted in a separate letter
which is scheduled for April 14, 1989.

Concern B

During the course of the investigation of core spray vent valve 40-30
exceeding its technical specification stroke time 1imit (LER 88-14), Niagara
Mohawk reviewed all containment isolation valves, including valves 31-07 and

. 40-31, for a similar problem. No other valves (other than 40-30) were outside
Technical Specification Limits.

Niagara Mohawk has initiated a design modification to eliminate the problem of
valve position light adjustments from affecting the valve stroke time
measurement. This modification separates the valve position light switch and
torque bypass switch so that they may be adjusted independently of each

other. Previous adjustment made to set the torque bypass switch also affected
the switch setting for the valve position 1ight.
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-NRC FINDING
UNRESOLVED ITEM 88-201-10

The team reviewed the adequacy of the licensee's Operational Experience
Assessment (OEA) Program which included the review of documents such as NRC
Information Notices and Circu]afs, INPO SOERs and SERs, and General Electric
Company Services Information Letters (SILs), as well as interviews with
licensee personnel involved in the OEA program. Overall, the licensee's OEA
program was weak. Discussions with licensee personnel revealed that the
program was formalized around 1982 and responsibilities were assigned to the
Technical Support Group as part of their job responsibilities without
establishing a separate OEA group. This mode of operation continued until
August 1988, when a group with specific responsibilities for OEA was |
established. The following specific concerns were identified during the
inspection’ team's review:

Internal Memorandum NMP 31552 of March 10, 1988, closed out 11 related
NRC Information Notices, INPO SOERs and INPO SERs concerning valve

. mispositioning because of human error during operations- and maintenance

-activities. The response addressed the specific issue of valve
mispositioning, but did not address the broader concerns of equipment,
instrument and component labeling identified by NRC Information Notice
87-25 and INPO SOER 85-2. Plant walkdowns conducted by the team revealed
a labeling program that was below industry standards, and there did not
appear to be a significant effort being made by the licensee to improve
plant labeling. Additionally, the licensee stated in NMP 31552 that
training of non-licensed operators in the manipulation of all of the
major types of valves installed in the plant was conducted in theory
lessbn NLT-20, "Nuclear Power Plant Fundamentals - Valves, Traps and
Pipes," and included training on how to position the-valve and how to
verify its position when performing a valve lineup. Review of the lesson
plan, which was renumbered as OPS-1-NLO-002-T20-01, revealed that this
information was not included in the plan; rather, the licensee relied on
on-the-job training aqtivities to teach new operators this information.
The information in the OEA memorandum appeared to be in error. The team
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was .concerned about this error because an NRC Augmented Inspection Team
had identified a similar concern at Nine Mile Point Unit 2 as a
contributing.cause to an event as discussed in Inspection Report
50-410/88-01.

Internal Memorandum NMP 30292 of March 14, 1988, closed out 22 related
NRC Information Noticés, INPO SERs and an INPO SOER concerning undetected
check valve failures. The response concentrated on INPO SOER 86-3,
"Check Valve Failures or Degradation." The team did not determine
whether the INPO document encompassed all the issues identified by the
other documents. INPO SOER 86-3 discussed undetected check valve
failures due to misapplication of %he valve in the system and inadequate
preventive maintenance. The SOER made recommendations for improved
testing and inspection of check valves and a design review to determine
whether the proper valves were installed in the correct locations for the
intended functions. The recommendations were to be applied to the main
steam, nuclear service water, diesel starting air, suppression pool
support, main feedwater and residual heat removal systems. The team
identified the following concerns with the licensee's internal response:

(a) The memorandum referenced five related check valve failures at NMPI
from the period of August 1982 to June 1986, and concluded that this
was an acceptab]e performance for ten years of operation. The team

. was concerned because it appeared that the number of check valve

" failures was increasing as the plant aged.

(b) The response to the recommendation for improved testing and
inspection of check valves was to state that the present preventive
maintenance practices for check valves were in compliance with the
regulatory requirements of 10 CFR 50, Appendix B and ASME Code,
Section XI and that all the recommended systems were included in the
program. Therefore, no additional testing was required. This
response appeared inconsistent with licensee practices since HPCI/FH
system check valves were not included as part of the IST program.

- 46 -




M oy K
| ‘I it
N _
.
.
*
LY , .
& L
.
v
y
»y
.
>
J .
" ‘
‘x L]
: i
.

by




6764G

(c) The licensee performed a.review of plant isometric diagrams,
purchase orders and some visual inspections of check valves to
satisfy the design review recommendation. Although this review
identified several instances of improper location and orientation of

check valves, the design deficiencies were dismissed because no
problems with these valves had previously been identified in the
maintenance history.

The team concluded that the licensee was not taking advantage of the
information available on check valve maintenance, testing and design
because NMP1 had not experiencedl§1m11ar failures.

IE Circular 78-15 advised of problems with Anchor Darling tilting disc
valves failing to close when installed vertically and requested licensees
to verify the installation of similar valves to ensure adequate
operation. The licensee cloéed this document with an internal memorandum
dated November 17, 1978, which stated in part that, "A1l check valves
installed at Nine Mile Point Unit 1 are horizontally installed Chapman
Tilting Disc Check Valves." Contrary to this statement, the team noted
during plant walkdowns that the Core Spray Topping Pump Discharge Check
Valves (81-07, 81-08, 81-27, and 81-28) were installed in the vertical
position, along with check valves on the discharge pipiqg of the RBCLC
pumps and the condensate booster pumps. Thus, the team concluded that
the licensee's review of the concerns of IE Circular 78-15 éppeared to be
inadequate.

GE SIL 375 addressed concerns with potential water hammer effects caused
by inadequacies in the keep-fill subsystems for emergency core cooling
(ECCS) systems on BWR-4, 5, and 6 designs. The licensee closed this
document with an internal memorandum that noted that the concern was not
pertinent to NMP1 since it was not one of the specified reactor designs.
At the top of the file memo was note indicating that the plant did have a
keep-fill subsystem for the core spray system, but no further evaluation
was evidently made. The design review conducted as part of this 4
inspection. identified in Section 3.1.5 of this report the:potential for
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water hammer during a LOCA because of the location of the injection point
for the keep-fill system. The team concluded that an adequate review of
the subject document was not made, resulting in the conclusion that the
document was not applicable.

The team identified several instances where closure documentation was
either not in the file or the closure documentation had notes that
indicated‘the response was not acceptable for closure. Examples of these
were GE SIL 300, 323, and 375 and IN 84-37 and 85-76. The licensee had
not resolved these discrepancies by the close of the inspection.

At the time of the inspection, the licensee had approximately 336 OEA
items remaining open. The licensee had increased its staff with
contractors to review each OEA item before startup. This review,
however, would not include past responses to industry items.

At the inspection followup meeting, the licensee stated that the inspection

team'

s findings were examples of past practices of industry information review

and not indicative of the current program. The team agreed that the current
program was not adequately reviewed by the inspection sample, but was
concerned that previous.responses were not being reviewed. This issue will

remai

n unresolved pending NRC followup review of the licensee's program for

evaluating industry information.

6764G
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Response to Unresolved Item 88-201-10

”A .Niagara Mohawk responded to these concerns as responses to items 2b and 2e in
Letter No. NMP1L 0333, dated December 16, 1988.

6764G - 49 -




LT R R Mmoo 1y 2 2 e CAT gmpt



ATTACHMENT 1
TO
NIAGARA MOHAWK POWER CORPORATION'S RESPONSE TO
SAFETY SYSTEM FUNCTIONAL INSPECTION REPORT 88-201

MPR ASSOCIATES. INC.

February 24, 1989

Mr. Lee A. Klosowski
Niagara Mohawk Power Corporation
301 Plainfield Road
Syracuse, NY 13212

Subject: NMP-1 Safety System Functional Inspection
Core Spray System Calculations

Dear Mr. Klosowski:

Enclosed is a final copy of the current revision of all calculations

performed by MPR in connection with SSFI - IR 88-201-01 (Quick Look
gi?ding 1.b). Several of the calculations have been revised as discussed
elow.

1. Core Spray Flow. The core spray flow rate calculations have been
revised to account for bypass flow around the check valve at the
discharge of the idle topping pump during one pump set operation,
and bypass flow for topping pump seal and motor cooling and core
spray pump motor cooling. The net core spray flow into the reactor
vessel was conservatively assumed to be reduced by the magnitude of
the bypass flows. In addition, a new value for the sparger
resistance was used based on independent calculations performed by
MPR. Previously, the value for sparger resistance was taken from a
proprietary 1981 GE report in connection with the Oyster Creek
overhead sparger. The new value for sparger resistance calculated
by MPR is about 20 percent lower than the value reported by GE in
the above mentioned report. Also, a new value for the strainer
resistance was used based on measured APs across the strainer
obtained during core spray system tests performed during the week of
February 5, 1989. Previously, the value for strainer resistance was
taken from the equipment specification. The new value for strainer
resistance based on the test results is about 3.4 times higher than
the previous value. However, the effect of the higher strainer
resistance on the calculated core spray flow rates is slight because
the strainer resistance is only a small fraction of total system
resistance. Finally, the safety valve on the pump recirculation
Tine was assumed to close at an inlet pressure of 280 psig rather
than 290 psig. The net effect of the above changes is that the
maximum flow through the core spray pumps was calculated to
increase by about 170 gpm for one pump set operation and by about
400 gpm for two pump set operation. The revised core spray flow
rate calculations are contained in Attachment 1 of the enclosure.
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Revised
_February 24, 1989

MPR ASSOCIATES, INC.

'D RESPONSE TO SSFI -IR 88-201-01
QUICK LOOK FINDING 1.b

SSFI ISSUE 1.b

Analyses were inadequate and testing of the core spray system did not
demonstrate system performance as described in the 1icensing documents
for the following reasons:

(1) Net positive suction head (NPSH) for the pumps may not be

adequate to support the flows expected during large break
LOCAs with containment sprays in operation.

(2) Vortexing analyses did not account for the interactive
effects of the two pump suctions which are in close
‘. proximity to.each other.

(3) System resistance curves did not account for all the components
in the system.

(4) System pump curves did not appear to be controlled or
validated by testing over the full range of expected flows.

'D (5) Potential flow diversion from the reactor through the combined
S pump discharge relief valve was not considered in any analyses.

NMPC RESPONSE
Core Spray Flow

A schematic diagram of the core spray system is shown in Figure 1-1. The
core spray system consists of two independent loops; each with redundant
pumps and valves.

The core spray flow (per loop) is a function of the number of pump sets
in operation, the individual core spray and core spray topping pump
head/flow curves, the system resistance, and the reactor vessel
" pressure. [Note: A pump set consists of one core spray pump and its
, associated topping pump.] The core spray pump head/flow curves for one
pump set in operation and the system resistance curves for reactor vessel
_ pressures of 0, 160, and 365 psig are shown in Figure 1-2. Results for
w two pump sets in operation are shown in Figure 1-3. In these figures,
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MPR ASSOCIATES. INC.
Mr. Lee A. Klosowski -2 - February 24, 1989

3‘

NPSH. The higher calculated flow rate through the core spray pumps
also affects the required and available NPSH at the pump suction.
At the previous maximum pump flow rate of 4830 gpm, the required
NPSH was 37 ft and the .available NPSH was 37 ft At the higher
maximum pump flow rate of 5000 gpm, the required NPSH is 39 ft. and
the available NPSH is 36 ft. However, the adverse effects on core
spray system performance of the available NPSH being slightly less
than the required NPSH would be minimal for the following reasons.

o The calculations were performed for the maximum calculated flow
rate through the pump of 5000 gpm. At a fiow rate of 4800 gpm,
the available NPSH would be equal to the required NPSH. Thus,
the actual flow rate would be somewhere between 4800 and
5000 gpm. The flow would not drop below 4800 gpm since the
available NPSH would .be equal to the required NPSH at that
flow. The slight increase in cavitation due to the low suction
pressure would have a minimal impact on pump degradation over
tae timg period that the core spray pumps would be running in
this mode.

o* The calculations were performed for an assumed torus pressure
of 0 psig (which corresponds to an air temperature of 80°F) in
accordance with NRC Regulatory Guide 1.1. This is considered
conservative. At a torus pressure of 1.3 psig, the available
NPSH would be equal to the required NPSH. A torus air
temperature of 114°F at the time the torus water temperature is
140°F would be sufficient to produce a torus pressure of 1.3

psig.

0 The calculations were performed for the maximum torus water
temperature following a LOCA of 140°F. This temperature would
not exist for the long-term following a LOCA due to torus
cooling via the containment spray heat exchangers. At a torus
temperature of 118°F, the available NPSH would be equal to the
required NPSH. The torus water temperature would be reduced to
118°F about 6 hours after the accident.

Thus, the effect of the low suction pressure on the core spray flow
rate would be slight (less than 4 percent) and would exist only in
the short-term. Pump degradation during this period would be
minimal. The revised NPSH calculations are contained in

Attachment 2 of the enclosure.

Combined Head/Flow Curve. The effect of bypass flow around the
check valve at the discharge of the topping pump and bypass flow for
pump seal and motor cooling also affects the calculated combined
head/flow curve at the pressure indicator at the discharge of the
topping pumps. This curve is used to evaluate the surveillance test
results. A revised combined pump head/flow curve is given in the
calculations contained in Attachment 3 of the enclosure.







MPR ASSOCIATES. INC.
Mr. Lee A. Klosowski -3 - February 24, 1989

4. Vortex Formation. The higher calculated flow rate through the core
spray pumps also affects the vortex calculations. For one pump set
operation, the Froude No. is increased from 1.03 to 1.07. For two
pump set operation, the Froude No. is increased from 0.67 to 0.72.
However, the previous conclusions with regard to vortex formation
and the potential for air entrainment are not affected by the
slightly higher calculated Froude Nos.

The enclosed revised calculations include all those transmitted to you by
our letter dated December 1, 1988, and subsequently submitted to the NRC
by Niagara Mohawk letter dated December 8, 1988. They supercede the
calculations transmitted to you by our letter dated February 2, 1989.

Please contact me if you have any questions on the enclosed calculations.
Sincerely,

TfoPrrren~

John W. Johnson
Enclosure
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system resistance curves are provided for both a clean strainer and a
partially blocked (50 percent) strainer. From Figures 1-2 and 1-3, the
calculated core spray flows into the reactor vessel are as follows.

'-

ONE PUMP SET OPERATION

Flow into Reactor Vessel (gpm)

Strainer’

Condition 0 psig 160 psig 365 psig
Clean 4670/ 35802/ 1603/
50% Blocked 4670/ 35302/ 1603/

Notes: 1. Safety valve is closed. Bypass flow is approximately 70 gpm
for motor and seal cooling and 60 gpm around the idle topping
pump check valve. :

2. Safety valve is closed. Bypass flow is approximately 70 gpm
for motor and seal cooling and 70 gpm around the idle topping
pump check valve.

3. Safety valve is open. Bypass flow is approximately 385 gpm
through the safety valve, 70 gpm for motor and seal cooling,
and 90 gpm around the idle topping pump check valve.

During one pump set operation at a reactor pressure of 0 psig, the total
flow through the core spray pump was calculated to be 5000 gpm with a
clean strainer and 4920 gpm with a 50 percent blocked strainer. This
would result in net flows to the reactor vessel of 4870 and 4790 gpm,
respectively, for a clean and 50 percent block strainer. However, in the

above table, the total flow through the core spray pump at 0 psig reactor

pressure was assumed to be 1imited to 4800 gpm due to the available
suction pressure at the pump for this condition. The effect of the
suction pressure on the core spray flow rate is discussed in more detail
in the following section (Net Positive Suction Head, p. 5) of this
report.
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TWO PUMP SET OPERATION
Flow into Reactor Vessel (gpm)

Strainer :

. Condition ‘ 0 psig 160 psig 365 psig
Clean 65601/ 46302/ 7303/
50% Blocked 65201/ 45902/ 7203/

Notes: 1. Safety valve is closed. Bypass flow is approximately
140 gpm for motor and seal cooling.

2. Safety valve is open. Bypass flow is approximately 350 gpm
thr?ugh the safety valve and 140 gpm for motor and seal
cooling.

3. Safety valve is open. Bypass flow is approximately 385 gpm
thrgugh the safety valve and 140 gpm for motor and seal
cooling.

As indicated in the above tables, flow blockage of the strainer up to
50 percent only reduces the core spray flow into the reactor vessel by
1 to 2 percent. Thus, the core spray flow is relatively insensitive to
flow blockages up to 50 percent in the strainer.

The core spray flow rate (per loop) used by General Electric (GE) as
input to the SAFER/CORECOOL/GESTR - LOCA Loss-of-Coolant Accident
analyses performed in accordance with 10 CFR 50, Appendix K, is shown in
Figure 1-4 (Reference 1). Also shown on Figure 1-4 are the calculated
core spray flow rates from the above tables. As shown in Figure 1-4, the
calculated core spray flow rates are essentially equal to the flow rates
used by GE in the licensing basis LOCA analyses (i.e., within 3 percent
at 0 psig reactor pressure). [Note: The above flow rates are for one
core spray system. The LOCA analyses assume two systems are in
operation.]

The system resistance curves shown in Figures 1-2 and 1-3 included the
following core spray system components.
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.0 All core spray piping, fittings, and valves from the torus to the
reactor vessel. The grate across the end of the suction pipe in.
the torus was assumed to be 50 percent blocked.

o The simplex strainer located betwesn the core spray and core
spray topping pumps. The strainer Ap is calculated to be 1.7 psi
at 3400 gpm based on recent surveillance test results. The
strainer Ap is assumed to be proportional to the flow squared and
inversely proportional to the flow area squared.

o The core spray sparger located inside the reactor vessel. The
sparger Ap is calculated to be 47 psi at 3400 gpm. This includes
the Ap associated with the internal piping, header, and flow
nozzles. The sparger Ap is assumed to be proportional to the
flow squared.

Bypass flow through the pump recirculation line has been accounted for
in the calculations. The safety valve in the recirculation line is
assumed to open at 320 psig (the setpoint) and close at 280 psig

(88 percent of the opening pressure). Flow through the safety valve is
380 gpm at an inlet pressure of 400 psig (Reference 2). Flow through the
safety valve is assumed to be proportional to the square root of the
inlet pressure. Automatic core spray initiation is such that the pumps
will startup before the isolation valves inside the drywell open which
will result in the'opening of the safety valve upon system initiation.
Bypass flow is assumed to exist at core spray flows which result in a
system pressure at the inlet to the séfety valve greater than 280 psig.
With one pump set in operation, this occurs at reactor pressures greater
than 200 psig. With two pump sets in operation, this occurs at reactor
pressures greater than 0 psig. The discharge into the torus from the
recirculation T1ine is located at elevation 214/-0" (3/-6" above the
minimum torus water level) and 4’-6" horizontally from the centerline of
the core spray suction. The discharge is parallel with the suction pipe
(i.e., in a horizontal direction). Therefore, interactive effects
between the recirculation 1ine discharge and the core spray suction are
considered negligible.

The core spray flow rate calculations also take into account the bypass
flow through the bypass 1ine around the check valve at the discharge of
the idle topping pump during one pump set operation, and the bypass flow






for pump motor and seal cooling. These bypass flows are conservatively
subtracted from the total flow through the pumps to get the net flow to
the reactor vessel.

Core spray flow rate calculations are given in Attachment 1.

Net Positive Suction Head (NPSH)

The required and available NPSH for the core spray pumps are calculated
in Attachment 2. This calculation determines NPSH values for four
conditions as shown below: C

) Torus Pressure Torus Temperature
Condition (psig) (°F)
Surveillance Test o 90
LOCA Condition 1 22 140
LOCA Condition 2 3.5 140
NRC Regulatory Guide 1.1 0 . 140

LOCA Condition 1 is at the time of maximum torus pressure due to the
design basis LOCA (Reference 3). LOCA Condition 2 is late post-LOCA

when the torus air space is assumed to be pressurized due to the increase
in the torus air temperature from 90°F to 140°F. The fourth condition is
prescribed by NRC Regulatory Guide 1.1 and assumes no increase in
containment pressure above that which existed prior to the LOCA. Results
of the calculations are provided below.






Max Pump Flow NPSH (feet)

Condition (gpm) Required Available
Surveillance Tests 3400 26 46
(Flow Through Return
Line) .

LOCA Condition 1
1 Pump Set 5000 39 88
2 Pump Sets ’ 3350 26 93
LOCA Condition 2
1 Pump Set 5000 39 44
2 Pump Sets 3350 26 50
NRC Regulatory Guide 1.1
1 Pump Set 5000 39 36
2 Pump Sets 3350 26 41

As shown in the above table, the available NPSH at the core spray pump
suction meets or exceeds the required NPSH for all conditions except NRC
Regulatory Guide 1.1 conditions during one pump set operation. For this
condition, the available NPSH is 36 ft versus a required NPSH of 39 ft.

However, the adverse effects of the available NPSH being slightly less
than the required NPSH would be minimal for the following reasons.

0

The calculations were performed for the maximum calculated flow
rate through the pump of 5000 gpm. At a flow rate of 4800 gpm,
the available NPSH would be equal to the required NPSH. Thus,
the actual flow rate would be somewhere between 4800 and 5000
gpm. The slight increase in cavitation due to the low suction
pressure would have a minimal impact on pump degradation over
tge timg period that the core spray pumps would be running in
this mode.

The calculations were performed for an assumed torus pressure
of 0 psig (which corresponds to a torus air temperature of
80°F) in accordance with NRC Regulatory Guide 1.1. At a torus
pressure of 1.3 psig, the available NPSH would be equal to the
required NPSH. A torus air temperature of 114°F at the time
the torus water temperature is 140°F would be sufficient to
produce a torus pressure of 1.3 psig.

The calculations were performed for the maximum torus water
temperature following a LOCA of 140°F. This temperature would
not exist for the long-term following a LOCA due to torus
cooling via the containment spray heat exchangers. At a torus
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required NPSH. The torus water temperature would be reduced to
118°F about 6 hours after the accident (Reference 4).

‘D . temperature of 118°F, the available NPSH would be equal to the
Thus, the effeg; of the low suction pressure on the core spray flow rate
would be slight (less than 4 percent) and would exist only in the
short-term. Pump degradation during this period would be minimal.

The maximum torus water temperature following a LOCA is assumed to be
140°F based on an initial water temperature of 90°F (Reference 5). NMP-1
operating procedures control the torus water temperature during normal
operation to 80°F. The maximum torus water temperature permitted by the
plant Technical Specifications for extended operation is 90°F. The plant
Technical Specifications permit the torus water temperature to exceed
“90°F 'under the following conditions.

0 The torus temperature may exceed the Technical Specification
1imit of 90°F for a maximum of 24 hours. If the time the torus
water temperature is above 90°F exceeds 24 hours, then the
reactor must be shutdown using normal shutdown procedures. If

the torus water temperature reaches 110°F, the reactor must be
‘D scrammed from any operating condition.

0 During testing of safety relief valves, the torus water
temperature may exceed the Technical Specification limit of
90°F by 10°F, provided the temperature is reduced within 24
hours to a value .below the Technical Specification limit.

Since-the -torus water temperature will be below 90°F for normal plant
operation, and is only permitted to exceed 90°F for short periods of
time (maximum of 24 hours), an initial torus water temperature of 90°F
is considered appropriate for LOCA analyses. '

veil t
Surveillance requirements for the core spray pumps are as follows.

0 At each major refueling outage, automatic startup of one set of
- pumps in each core spray system is demonstrated.

0 At least once per quarter, pump operability is checked.
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The_combined core spray pump head/flow curve (one pump set in operation)
at the pressure indicator at the discharge of the core spray topping
pumps has been calculated in Attachment 3 and is shown in Figure 1-5.

The combined .pump head/flow curve is equal to the sum of the individual
core spray and core spray topping pump hedd/flow curves minus the
elevation, velocity, and system losses from the surface of the torus
water level (minimum elevation 210’-6") to the pressure indicator
(elevation 245’-9"). Results are presented for both a clean strainer and
a 50 percent blocked strainer. The effects of bypass flow around the
check valve at the discharge of the idle topping pump, and bypass flow
for pump motor and seal cooling have been accounted for in the combined
curve. The effect of bypass flow through the pump recirculation line has
also been accounted for in the combined curve. The safety valve in the
recirculation 1ine is assumed to open at.an inlet pressure of 320 psig
(the safety valve setpoint). Also shown in Figure 1-5 is the current
surveillance test curve (Reference 6). [Note: During surveillance
testing, the'pumps are started up with the test return line open. At the
typical surveillance test flows of 2900 to 3400 gpm, the 5ressure at the
inlet to the safety valve in the pump recirculation 1ine is less than the
setpoint (320 psig). Therefore, the safety valve remains closed during
the surveillance test.]

The core spray pump operability test consists of measurement of the
pressure and flow at the discharge of the core spray topping pumps.
Results of pump operability tests from 1976 to present have been
evaluated in Attachment 3 and are plotted on the combined pump head/flow
curve in Figure 1-6. As shown in Figure 1-6, all surveillance test
points 1ie above the clean strainer head/flow curve, and therefore
indicate acceptable pump performance.

rt E cts

The potential to form vortices and its effect on the core spray pump
performance has been evaluatgd: Results of full size tests of BWR
emergency core cooling pump suctions are reported in Reference 7. In
this report, hydraulic performance parameters of interest (i.e., vortex






type, air entrainment, swirl angle, and inlet loss coefficient) were
determined as a function of the Froude Number (Fr).

F =Y
where u = velocity of the flow
s = submergence
g = acceleration of gravity

Results applicable to NMP-1 can be summarized as follows:

(o]

At Froude Nos. less than or equal to 0.8, air entrainmen: was
essentially zero for all tests.

At a Froude No. equal to 1.06, air entrainment was less than
0.5 percent for uniform approach flows, and 3-4 percent for
non;gniform approach flows (imposed swirl patterns in the test
tank).

Swirling flow in the suction pipe could affect pump performance
if the pump is located relatively close to the inlet. However,
for the NMP-1 configuration, the core spray pumps are located
approximately 30 feet from the inlet. Therefore, swirl effects
are considered negligible.

InTet Toss coefficients were low and agreed with hydraulic
handbook values (Reference 10). [Note: 1In the calculations of
flow and NPSH, a conservative handbook value was used for the
inlet loss coefficient and the grate across the inlet pipe was
assumed to be 50 percent blocked.]

Froude Nos. for the NMP-1 suction pipe configuration and core spray flows
are calculated in Attachment 4 and summarized below.

Pump Sets in Max Flowl/ Velocity Submergence

Operation (gpm) (ft/sec) (ft) Froude No.
1 5000 14.1 5.4 1.07
2 3350 9.4 5.4 0.72
Note: 1. Flow per suction
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With one pump set in operation, the calculated Froude No. is 1.07. Air
entrainment would be ekpected to be less than 0.5 percent (uniform
approach flows) based on the test results reported in Figure 4 of
Reference 7.  This is acceptable since air entrainments up to 2 percent
would have a negligible effect on pump performance (References 8 and 9).
Results for non-uniform approach flows (3-4 percent air entrainment)
reported in Reference 7 are not considered applicable for the NMP-1
suction pipe configuration. That is, there is no identified feature in
the NMP-1 configuration (suction piping or torus) which would cause:the
flow to swirl continuously in the manner imposed during the full scale
tests. Thus, the non-uniform approach flow patterns tested in
Reference 7 are not considered to be representative of the approach flow
patterns that would exist at NMP-1 during a LOCA.

With two pump sets in operation, the calculated Froude No. for each
individual suction pipe is 0.72 which would result in essentially zero
air_ entrainment based on the test results reported in Reference 7. To
evaluate the effects of interaction between the two suction pipes, which
are spaced 3.5 feet apart, results of tests of typical containment
emergency sump configurations reported in Reference 10 were reviewed. In
particular, one series of tests used two 12-inch pipes (same size as
NMP-1 suction pipes) an& the spacing between the pipes was varied from 4
to 16 feet. The test results indicate air entrainment was less than 1
percent for all pipe spacings for Froude Nos. up to 1.21 (Figures 4-39
and 4-40 of Reference 10). For the particular test with a pipe spacing
of 4 feet (approximately equal to the NMP-1 suction pipe spacing), the
air entrainment was essentially zero for Froude Nos. up to 1.21.
Further, there is no apparent correlation between the measured air
entrainment and the spacing between the suction pipes. Therefore, based
on the test results with two suction pipes reported in Reference 10, the
interactive effects between the two suction pipes are considered to have
a negligible impact on air entrainment.
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One Pump Set Operation.
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Two Pump Set Operation.
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ATTACHMENT 2
. TO
NIAGARA MOHAWK POWER CORPORATION'S RESPONSE TO

SAFETY SYSTEM FUNCTIONAL INSPECTION REPORT 88-201

WATERHAMMER EVALUATION March 22, 1989

NMP-1 CORE SPRAY SYSTEM

INTRODUCTION

This report summarizes the results of evaluations performed to assess
the effects of core spray system initiation during a LOCA on the core
spray piping, pipe supports, and core spray sparger inside the reactor
vessel. A schematic diagram of the NMP-1 core sﬁfay system is shown in
Figure 1. The ‘core spray system consists of two independeni loops; each
with redundant pumps and valves.

In the standby condition, the outside isolation valves are locked open
and the inside isolation valves are closed. System initiation during a
LOCA is as follows. On either a high drywell pressure or low-low reactor
water level, the core spray pumps start in the following sequence.

0 sec Core Spray Pumps 111 and 112

7 sec Topping Pumps 111 and 112

13 sec Core Spray Pumps 121 and 122
20 sec Topping Pumps 121 and 122

ot ot ot

A flow path for pump recirculation flow (approx. 380 gpm) during this
_ time is provided through the safety valve (setpoint 320 psig) and the
test return line back to the torus. When the reactor vessel pressure
drops to 365 psig, the inside isolation valves open (20 second stroke
time) allowing water to flow into the reactor vessel. The calculated
core spray flow rate as a function of reactor pressure is shown in
Figure 2.

A keep fill system keeps the core spray piping from the header check
valve to the inside isolation valves full of water. The keep fill system
is a gravity feed system from the condensate system. Any leakage past
the header check valve will drain into the torus. Note that 0.75 inch
bypass lines are provided around the check valves at the discharge of the
core spray topping pumps to allow the water to drain.

-1 -
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The primary purpose of the keep fill system is to allow surveillance -
testing (stroke time) of the motor operated isolation valves inside the
drywell during power operation. Keeping the pipe between the inside
isolation valves and the header check valve filled prevents water slugs
from accelerating ‘and impacting the check valve when the inside
isolation valves are opened during surveillance testing with the reactor
- at pressure. Vacuum breaker check valves allow air/Ny from the torus to
fill the piping upstream of the header check valve down to the normal
water level of the torus (211’-6"). The volume of air/N» contained in
this piping (approx. 240 ft of 12 Inch Std pipe) is about 190 ft3. The
portions of the core spray piping filled with water and the portions
filled with air/Ny during standby are shown in Figure 3.

During system initiation, the pumps will start and fill the piping
upstream of the header check valve with water, thereby compressing the
air/Ny to the shutoff head of the pumps minus the elevation head
(approx. 974 ft/420 psig). The éir/Ng will be compressed to about 6 ft3
(approx. 8 ft). The portions of the piping filled with water and air/Np
at this time are shown in Figure 4. When the reactor pressure drops to
365 psig, the inside isolation valves will open allowing water to flow
into the reactor vessel. As the flow commences, first water, then
air/Np, then water will flow through the core spray sparger. The time

for the air/Ny trapped in the 1ine to pass through the core spray sparger '

is about 0.5 to 1 second. For large break LOCAs in which the reactor
vessel could depressurize to 365 psig in about 15 seconds, the inside
isolation valves will open at about the same time that core spray pumps
121 and 122 start. However, the flow through the core spray sparger in
this Toop will be the same (i.e., water-air/No- water) as described
above. During the time air/Np is flowing through the core spray sparger,
the flow will not increase significantly due to the momentary loss of
the sparger resistance since the time for the air/Np to flow through the
sparger is short (0.50 to 1 sec) and the total mass of water in the core
spray piping is large (approx. 24,000 1bm).
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Thus, the air/Np volume maintained in the core spray piping by the vacuum
breaker check valves acts as a soft spring which prevents a sudden
deceleration of flow when the pumps start with the inside isolation
valves closed:. This prevents waterhammer events. When the inside
isolation valves are open, the system flow rates are a function of system
resistance. Loading during system initiation results only from dynamic
Toads due to changes in direction as water flows through elbows and tees
to fill the piping.

SUMMARY
Results of Analyses

Calculations have been performed to determine ,the dynamic loads and its
effect on the core spray piping, pipe supports, and core spray sparger
inside the reactor vessel during a core sbray initiation due to a LOCA.
The dynamic loads are in addition to any internal pressure loads that may
exist during system initiation.

During transients when the pumps start with the inside isolation valves
closed, the flow will initially approach the runout flow of the pumps
(approx. 5500 gpm per pump set). If the piping between the pumps and the
header check valve were initially voided (i.e., vacuum conditions), then
a classic waterhammer would be expected when the slug of water impacted
the portion of the core spray piping filled with water downstream of the
check valve. The resulting loads would be large. However, because of
the large volume (190 ft3) if air/Np in the piping between the pumps and
the header check valves, the flow will be reduced gradually to the pump
recirculation flow (380 gpm) due to the back pressure produced by the
compression of the air/Ny. For this case, resulting waterhammer-type
loads are not expected.

The only significant unbalanced ‘dynamic loads during core spray system
initiation will be those due to the change in momentum of the flow at
elbows and tees. These loads are calculated from:






F = pva
9c

where F = force
p = density of fluid
v = velocity of fluid
A = area of pipe (inside)
gc = dimensional conversion factor

Pressure loads (i.e., PA) are balanced and result in longitudinal and
circumferential stresses in the pipe which are relatively low at typical
core spray injection pressures.

For the piping between the core spray pumps and the header check vaive,
the maximum flow may approach the runout flow of the pumps when the
inside isolation valves are closed, as previously stated, because the
resistance to fiow is small until the air/Ny volume is-significantly
compressed. At the runout flow condition, the internal pressure in the
piping will be small.

When the inside isolation valves are open, or during transients when the
valves open before or coincident with pump start, the maximum flow will
-be Timited to that shown in Figure 2 since the pumps will be pumping
against the full core spray system resistance. Note that the core spray
sparger represents about 63 peréent of the total system resistance. The
internal pressure in the piping will be approximately equal to the
reactor pressure plus the elevation and friction losses from the reactor
to the header check valve.

A summarngf the maximum expected flows and dynamic loads for the various
portions ef the core spray piping is given in Table 1. The resulting
stresses in the pipe are tabulated in Table 2. The calculated stresses
due to the dynamic loads assume a dynamic load factor of 2.0 for a
suddenly applied load. As shown in Table 2, the pipe stresse$ due to
these dynamic loads are low and when combined with the pressure stresses
are well within typical ASME Code allowables. The dynamic loads on the
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pipe supports due to startup of the core spray system are comparable to
the seismic loads for the core spray system. Stresses in the pipe
supports are low and are also well within typical AISC Code allowables.

A summary of the maximum expected flows and loads on the core spray
sparger components is given in Table 3. The sparger net pressure load. .

. (1.e., internal pressure minus external pressure) will be approximately
equal to the frictional losses from the reactor to the inlet pipe
(thermal sleeve). When the slug of water behind the air/Np bubble
trapped in the pipe reaches the sparger, the sparger net pressure load
will be essentially zero since the pressure losses due to air/Ny flowing
through the sparger will be small. Thus, the only significant loads on
the sparger components during this time will be the dynamic flow-induced
loads. The resulting stresses are tabulated in Table 4. As shown in
Table 4, the highest stresses in the core spray sparger occur in the

5 inch pipe (bending). The maximum calculated bending stress in the

§ inch pipe is 24.8 ksi which is slightly less than ASME Code allowable
for primary bending of 25.4 ksi (1.5 Sp) for Type 304 stainless steel
pipe at 550°F. Furthermore, the calculation is conservative since it
takes no credit for additional support of the 5 inch pipe from the
thermal sleave. Thus, the stresses in.the 5 inch pipe and other core
spray sparger components are considered acceptable. Furthermore, the --
load calculations are considered conservative since they are based on the
maximum calculated core spray flow at a reactor pressure of 0 psig,
whereas when the core spray flow starts, the reactor pressure would be
365 psig and decreasing. Thus, actual core spray flows during a LOCA
would be expected to be less than those assumed in these calculations,

Results of Hurveillance Tests

Operator Surveillance Test N1-ST-Q1, Core Spray Pumps and Motor Operated

Valves Operability Test, is performed quarterly, In this test the inside

and outside isolation valves are closed and the isolation valve in the

test return line is opened. The pumps are started (one pump set at a

time) and water is pumped from the torus through the test return line and

back to the torus. When the pumps are started, all piping above the
-5 -
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torus water elevation is filled with air/Nz. Initially, the flow will
approach the runout flow of the pumps (5500 gpm) since the pressure drop
due to air flowing through core spray pipe and test return Tine will be
small. However, when the water slug reaches the flow control valve in
the test return line, the flow will be suddenly reduced to about 3000 gpm
due to the resistance of the flow control valve rather than the gradual*

. reduction expected when the air/Np volume 1s compressed. The sudden
change in flow would be expected to cause dynamic loads on the core spray
piping upstream of the header chack valve that are much larger that those
expectad during startup of the core spray pumps with the 'inside isolation
valves closed and air/Ny trapped in the Tine. No problems (i.e.,
excessive pipe displacements, pipe support failures, etc.) have been
reported to date during these tests. )

In addition, in response to NRC IE Bulletin 88-04, pump'minimum flow
tests are planned to determine the adequacy of the recirculation Tines
when the pumps are running with the inside isolation valves closed.
During these tests, both sets of core spray and topping pumps will be
started simultaneously with the inside isolation valves closed and air/Np
in the Tine 1ike during LOCA initiation. These tests will provide
additional verification that waterhammer is not a concern for the core
spray piping up to the header check valve.

During each major refueling outage, Operator Surveillance Test N1-ST-R9,
Core Spray System Operability Using Demineralized (CST) Water, is
performed. In this test, the inside and outside isolation valves are
opened, the pumps (one pump set in each loop) take suction from the
condensate storage tanks, and pump demineralized water into the reactor
vessel at 0 psig. Since the condensate storage tanks are at a higher
elevation (261’-0") in the plant than the normal torus water level, when
~ the valve from the condensate storage tanks to the pump suction is

" opened, the water level in the core spray piping will -rise partially
compressing the initial volume of air/Na in the 1ines. The duration of
the test {s about 20 seconds due to reactor water level limitations.
During the test, the flow is expected to approach the calculated flow for

-6 -
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one pump set operation at 0 psig reactor pressure (4670 gpm) from
‘D Figure 2. The flow through the sparger will be 1{ke that during a system
initiation during a LOCA (i.e., water-air/Ns-water) since the test
procedure is such that the air/N; bubble is trapped in the line prior to
startup of the pumps. HNote that the flow during this test with one pump
set running (4670 gpm) is less that the maximum flow for two pump set .
_operation (5560 gpm). However, the actual flows during a LOCA with two
pump set operation would be expected to be Jower than those during this
test for the following reasons.
0 During a LOCA, flow‘to the reactor ves§e1 starts when the

reactor pressure is at 365 pstg decreasing, whereas in this
test, reactor pressure is 0 psig.

o  The inside isolation valves which open to allow flow into the
reactor vessel have an opening time of 20 seconds which will
limit the flow during this time. By the time the valve is
fully open, the air/Ns bubble would have passed through the
sparger. During the %est, the inside isolation valves are
fully open prior to startup of the pumps.

w Thus, the above test is considered conservative with respect to the
dynamic loading on the core spray spargers, and no problems have been
reported to date during these tests.

.CONCLUSIONS z i

Based on the analytic svaluations and core spray system tests described |
above, the dynami¢ loading on the core spray piping, pipe supports, and .
sparger during system initiation during a LOCA are considered acceptable.

No further tests are planned other than the normal surveillance tests and ‘
the pump minimum flow tests described above.






Table 1

DYNAMIC LOADS DURING PUMP STARTUP
CORE SPRAY PIPING -

. Flow Velocity " Load Pressurel/

Pipe (gpm) (ft/sec) (1bf) (psig)
CS Pump to Tee 5,500 15.6 - 370 99
(12.750" 0D x 0.375")
Tee to Check Valve 11,000 31.2 1,480 99
(12.750" OD x 0.375") .
Check Valve to 6" 6,560 20.2 570 275
(12.750" OD x .622")
6" to Reactor 6,560 80.7 ' 2,280 275

(6.625" 0D x 0.432")

1. At time of maximum flow.
Table 2
PIPE STRESSESY/

Stresses Due to Stresses Due to2/
Pressure (psi) Dynamic Load (p§i)
Pipe % o d %
CS Pump to Tee 770 1580 50 1,010
Tee to Check Valve 770 1580 200 4,040
Check Valve to 6 Inch 1,210 2,540 50 1,000
6 Inch to Reactor 850 1,830 540 8,930

Notes:

1. o -“Longitudinal membrane stress.
ot = Tangential membrane stress.
¢’ = Longitudinal bending stress.

2. ?ssgmes a ‘'dynamic load factor (DLF) of 2.0 for a suddenly applied
oad.

3. Pipe support stresses are not significant.
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Component

Table 3

DYNAMIC LOADS DURING PUMP STARTUP
CORE SPRAY SPARGER

Thermal Sleeve

6 Inch Inlet Pipe
(6.625" OD x 0.280")

5 Inch Inlet Pipe
(5.563" 0D x 0.258")

3.5 Inch Header
(4.000" OD x 0.226")

1. At time of maximum flow.

Pressurel/‘
(psiq)

Velocity Load
(ft/sec) (1bf)
105.1 2,960
72.7 2,050
52.6 740

53.2 380







Table 4
SPARGER STRESSES

' “Stressl/
component (psi)

Thermal Sleeve:

Tension 1,380

Weld Shear 3,950
6 Inch Inlet Pipe:

Tenston 730

Bending ﬂ 2,890

-5 Inch Inlet Pipe: .

Tensian ) 350

Bending {(From 6") 24,810

Bending 10, 880.

Tarsion 6,270
- Wald Shear 240
Junction Box: .

Tension 350

Bending (End Cap) 5,660

Weld Shear 960
Sparger Header: 280

Tension 2,870

Bending (End Cap)

Note: '
1. Assumes a dynamic load factor of 2.0 for a suddenly applied load.
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FULL CONE
SPRAY PATTERN

Type 6
female connection
removable cap

Att Fulllet Nozzles made
with internal vanes as
shown ig cut-away below

Typs 668
male connection
removable cap

w0

Avem cyg ™

TypeH
female connection
one-piece body

F

,/I,J, ...

il

W\

NN

N—
Type HH

male connection
cne-piece bogy

NOZZLES

Spray Characteristics—Good distribution throughout
full cone spray pattern, due to Spraying Systems
Co. internal vane design.
Construction—Internal, removable vangs. Types G
and GG have removable caps. All nozzles made of
bar sltock. See page 14 for larger capacity cast type
nozzles,
Materials—Supplied_in choice of brass, steel and
type 303 or 316 stainless steel . . . other materials
g? special order. See page.21 for PVC FullJet
ozzles,

Refecine 5 BB
i

“Free i
Nozzle No. Fre: Saacy [ }
'::'" GPM (galions per minute) at p.s.i. (pounds per square inch) SPRAY E
) mum ANGLE®*
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Female | Male [Conn.] Diam.| Par. | 3 S 7_‘[ 10| 15}20 |30 |40} 608 [100|250] 7 | 20 | 80
Conn, | Conn. | NPT Nom. {ticle® |p.s.k 9.s.l.|u.u. Pl | posi § sl | Pt | penk | patde posil | pse | sl | pasis | s [ pust
UG %AGGL [ | Y |.025° O .12y 141 17] 19] 231 .26 L2010 .36 58° 53§
| %GLS [GGLS | Yo" | Ysa”|.025 31 .A58] .18y .21y .25] .29 .35) .40 44 53] 62" |65 159°;
i'/.GZ YeGG2 | %" [ st | 040" J4t .17) .20 24| 281 34 381 46] 53] 59 .70 | 43° | 50° | 46°
163 PAGG3 Yt | the1.0207] N7 .22] 26] 30] 36| .42] 50 57| 69 79| .88) L1 ] 52|65 |59
14635 |'AGG3S |%” | %he™].050°] 20| .25 30| .35] 42] 48| 58| .67} 81) .92] 1.0] 1.3 4350 46
165 JUGGS )" | Ye" |0507) 28} 36) 424 S0 601 69) B82) 95] L2} 13] 15 18] 52* )65 |59
%GES |'%GG6S | Y™ | e | Yhe| 37| 47| 55| 65] 78] .89 L1| 13| LS| L7| 19] 2345 | 50| 46°
WHHES [ | %] the| 37 .47] 55 .65] .78] .89] LI| L3] LS| L7]| 19| 23| 45° | 50° | 46°
%GI0 |4GGLO [ ¥" | Tha | the) 57| %73] 85f LO] 13| 14] L7] 19| 24| 27} 30] 36 58° | 67° | 61°
i YWHHIO §' | Yeam | Yhet| 57 .73] 850 10 131 14 L7 19] 24] 27] 30] 365867 |61°
1 %635 |%GG9S ¥ | Yea | %2 54| 69| 80] 95) 1.2} 13| 16| 18) 22| 25] 28] 34 45° |0 |46
WHHIS | %° | "ee”| ha7]| 54 69) 800 95| 12] L3] 16| 18] 22] 25| 28| 3.4 45°| 50" | 46°
%615 (%GGIS 1% | Yat| %] 88 LY 13] LS| 18] 21] 25| 29| 25 40 44| 53| 68|67 {61°
WHHIS 1267 | Y%t | %p7| B4 LI} 13] 15 18] 21| 25| 29| 35| 40| 44| s3})e6sc |6 |6r°
%622 |%GG22 | % I'ea® | Tea] 131 16 19} 22| 27] 30| 3.7] 42] 5.1 58] 64| 78|87 |90 |82
HHH22 Yo7 [*Wea" | et} 13) 16 19 22] 27 30| 37].42] 5.1) 58] 64 78] 87|90 |82 }
%616 ['AGGY6 |y | %] ) 89| 12] 18] 16) 19) 22] 27| 31| 3.7] 43| 47) 57| 48 |50 | 6
%625 PAGGR2S | Yym | Mhet] Yoo} 14] 18] 21 25] 30| 35] 42| 48] 58] 67| 7.4 89} 64|67 |61°
WHH2S [y | %he™| '] 14 18] 21| 25| 30{ 35| 42| 48} 58] 67| 7.4} 89164 |67°|6I°
19632 PAGG32 | Yy" M Yeet] 18] 23] 27| 3.2] 39| 44| 53| 61] 74| 85| 94]103] 720 ] 75* | €8
%640 {6640 x| M| %] 23| 29] 32 40 48] 55] 66| 76] 9.2{106[11.8|143] 38§ 91° |83}
YHHAO |y |2 | Yea7] 23] 29) 3.2) 40} 48} 55) 66] 2.60 9.2|106]11.8]143] 88 : 91* |83
PLH2S PLHH2S |47 | %he” || 17 21| 25) 30 364 41| 49| 56| 68| 78| 86104 48 | 50° | 46° .
PWHA PLHHS L Mt e 271 34) 40] 47] S7] 65] 7.8| 891107]124]13.7]|166] 67 | 70° §63° .
PUHT  BYHRT 1Y | Yat Vhat) 47) 601 70] 83]1003108[138]158]19.1) 22| 24} 29] 89 )92 |ser
JIH42 JIHHA2 | 1 |t | Pha| 28] 364 42| 50| 60} 68| 82| 9.4}11.5]13.1|145]17.6] 48" | 50° {46’ +
W 1HH7 1" P~ | %he| 47] 60| 70| 83|100f104[138{158]19.0} 22| 24| 29} 67 |68 |62’
1H10  11HHI0 1° Y| %he'] 68] 86]100]12011451165]199] 23} 27| 31| 35; 42|75 {73*ine.
1H12  {1HHI2 1" %] Y] 80i102]1201142(17.0§194) 24 27] 321 37 4t) s0) 89192t laae -

**Ses page 3 for spray angle data.

! WHEN ORDERING —specify complete Nozzle No. and material,
Example: 1465 Fulllet Noxzle, steel,

See pages 54 through 61 for spray noxle
aceessories.

*Foreign matter with maximum diameter as listed can pass through nozzle without clogging.

Patent Nos. 3,145,674, 3,104,829 and Foreign Patents.
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.. Nomenclature

92«?‘1

Unless otherwise stated, cll symbols ysad
in this book cre defined as follows:

A = cross sectional area of pipe or orifice, in
square (eet

cross sectional area of pipe or orifice, or fow

area in valve, in square inches

rate of flow in barrels {42 gallons) per hour

dow coefficient for orifices and nozcles
= discharge coefficient corrected for vel-
ocity of approach = Co/ (7= g0

Jischarge coefficient for orifices and nozzles

flow coefficient for valves: expresses flow
rate in gallons per minute of oo F water
with 1.2 ps1 pressure Jdrop across valve

Ow »
nu

oD
Nl

- * D = internal JGiameter of pice. In feet
d = internal Giumeter of pipe. in inches
e = pase of natural lovarithm = :.718
f = Iriction factor in formula hy = fL3 D ayg
/r = friczion factor in zone of complete turbulence
g2 = accelerazion of gravity = 312 teet per

secunsa per second

k= otal neas. in feet of Hwd

h. v= static pressure head existng at a pont, |
fee: of duid

he = cotal hea: of steam. in Btu per pound

hy = loss of stauc pressure head Jdue to tud
flow, :n feet of fluid

R, = siatic pressure head. in*inches of water

.= resistance coetficient.on velociy head loss
in the formuia. h, = K 3§

k= ratio of specific heat at constant pressure
to spe 1fic heat at constant volumc =
€y S»
L = ‘enuth ol pope, in feet
L D = czunaien: lengeh of a resistance to tow.
1 pipe Siameters
L. = length of pipe. 1n muies
M = molecuiar weight
MR = universal gas constant = 1543
A = exponent in equation for polviropic change
tp'\ § = constant)
P = pressure. 1n pounds per square.inch gauge
P’ = pressure, pounds per square inch absolute

<. (see page 1-5 for diagram showing relation-
shup cetween gauge and absolute pressure)

= pressure, in pounds per square foot absolute

Q = rate of flow, in gallons per minute

g = rate of fow, in cubic feet per second at
ﬁo\ung conditions

q" = rate of flow, in cubic feet per second at
standard conditions (14.; psia and 6oF)

q'¢ = rate of flow, in millions of standard cubic
feet cer day, MMscfd )

¢'v = rateof fow. in cubic feet per hour at stand-
ard conditions {13.7 psia and ocF). seith

Gm = rate of dow, in cubic feet per minute at

dowing sonditions

= rate of r"o-g.'. in cubic leet per minute at
std. concitions (14,7 ps1a and ooF), sefm

MR'M =

e L

= mndividual gas constant =
1545 N
R, = Revnolds number

Rp = hydraulic radius, in feet
re = critical pressure ratio ior cumpreaalblc tflow

S = specific gravity of liquids at specified temper-
ature relative to water at standard tempera-
ture (cc F)

S, = specihic graviey of a gas relative to air =
the ratio of :he molecular weight of the
gas o that of arr

T = absoiuze temperature in degrees Rankine
(30¢ = )

t = temperature. inn degrees rahrennest
V= speaific volume of fuid. in cutuc feet per
pound
\" = mean vcioaity of flow, in feet per minute
V', = volume, in cutic feet
v = mean velocity of How, in feet per secona

v, = sonic (or criticaly velocicy of ﬁov. of a gas,
in feet per second

W = race of fiow, in pounds per hour

u = rate of fow. 1n pounds per second

w, =‘weight, in pounss

x = percent Juahty of steam = i1c0 minus per
cent of moisture

Y = nct exransion factor for compressible flow
through orifices. nozcles, or pipe

Z = potential head or eievation above reference
level. in feet
Greek Latters
Seta

3 = ratio of small to large diamezer in orifices
and nozzies. and contractions or enlarge-
ments in pipes

Delle

4 = Gifierential between two points

>

Epsilon
¢ = absolute roughness or effective height of
pice wail irregularicies, 1n feet

My
g = absolute (dynamic) viscosity, in centipoise
pe = absolute viscosity, in pound mass per oot
second or poundal scconds per sq foot
»'s = absolute viscosiey, in slugs per foot second
or pound force seconds per square fcot
Ne
v = Kinematic viscosity. in centistokes

v’ = Kinematic viscosity. square feet per second
Rhe

p = weight density of Juid. pounds per cubic ft

p’ = Jdensity of Auid, grams per cubic centimeter

Theta
§ = angicof converzence or divergence in enlarge-
ments or contractions in pipes

»

Subscripts for Diameter
(1)...defines smaller diameter

(2)...defines larger diameter
Subscripts foe Fluid Propaerty

(1)...defines inlet (upstream) condition
(2)...defines ouclet (downstream) condition
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CRANE CHAPTER 1 = THEORY OFf FLOW IN PIPE

1-5

General Energy Equation
Bernoulli's Theorem |

B uet Bl = A

The Bernoulli theorem is a means of expressing the datum plane, is equal to the sum of the elevation 3
. 13 v . . L It
application of the law of conservation of energy to head, the pressure head, and the velocity head. it
the fow of {uids in a conduit, The total energy at  as {ollows: )
any parsicular point, above some arbitrary horizontal Y-
) St =t —=aH
11 P zz
o) If friction losses are neglected and no energy is added
* — to, or taken {rom. a piping system (i.c., pumps or

turbines). the total head, H, in the above equation
will be a constanc for any point in the fluid. How-
ever, in actual practice, losses or energy increases
I x i L: X132 or decreases are encountered and must be included
in the Bernoulli equation. Thus, an energy balance
may be written for two points in 2 fluid, as shown in
the example in Figure 1-4.

g

b
Note the pipe friczion loss {rom point | to point 2
is h, foot pounds per pound of fowing fluid; this is
_sometimes referred to as che head loss in feet of fuid.

] The equation may be written as follows:
. arsuren =sn2ontal Datus Plane L Equetien 1.3
~ . 134P 1 ~ . 133Py 41
- -l T 3o e B -l T mscssm— — h
Figure 1.4 1 2y ?zg H Py ng'i' L

Energy Baiance for Twe Peints in a Fluid
All practical formulas for the flow of fluids are.de- .

¢ mpmm. 2 4 1. PP . P . . . . .
- e e E‘\Do.;’;";d\:?“} %:;,;1{,‘;"%‘;;“”;: rived from Bernoulli’s theorem, with modifications
1937, NleGraw-Hill Book Cempany, Inc. to account for losses due to friction. :

=

Measurement of Pressure

day Pregsyre Absve Atmesetent »

Figure 1-5 -graphically ‘illustrates the relationship
between gauge and absolute pressures. Perfect |
vacuum cannot exist on the surface of the earth, but
it nevertheless makes a convenient datum for the eYE
measurement of pressure. AL

[SHE A
L&
WA TR

F
>

Gauge Pressure
i

At Atmssenene Pressuze LevelVariable

Barometric pressure is the level of the atmospheric
pressure above perfect vacuum. .

>

»
.
[}

“Standard” atmospheric pressure is 14.696 pounds

Any Pressure Below Atmesohent . - e
per square inch, or 760 millimeters of mercury.

Gauge pressure is measured atove atmospheric pres-
sure, while absolute pressure always refers to perfect
vacuum as a base.

Bavaxctiic Piessure o1
Absolule Almosphienit Pressuse

Alsolute Fressuie  Gauge | Barometic Pressure

Absolule Pressdie
e

Viacuum, usually expressed in inches of mercury, is
the depression of pressure telow the atmospheric -
level. Reference to vacuum conditions is oiten
Figure 1.8 made by expressing the atsolute pressure in inches

Relatianship Setween of mercury; also millimeters of mercury and microns
Gauge and Absaiule Pressures of mercury

absoite Jors af denegyraaePerfect Vazuym

*All superiar figures viad as reference marks refer 1o the Bibliograohy; 1ee tecond poge of beek.
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Solution:
The f{riction factor (f) equals o.010.

Problem: Deacermine the fiiction fuctor for s2-inch Sched-
ule 4o pipe at a flow having a Reynolds number of 300,000,
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A-26 APPENDIX A= PHYSICAL PROPERTIES OF FLUIDS AND FLOW CHARAGTERISTICS OF VALVES, FITTINGS. AND SIpg CRANE E——=:
et
&3
"K" FACTOR TABLE—SHEET 1 of 4
“ Representative Resistance Coefficients (K) for Valves and Fittings s
("K"' is based on use of schedule pipe as lisled on page 2.10) :
PIPE FRICTION BATA FOR:CLEAN COMMERCIAL STEEL PIPE e
WITH FLOW IN ZONE OF COMPLETE TURBULENCE gl -
o -
| Nomincl Size | ¥~ 1 %" i 1v 11%~11%" T2 7215377 &= 1 57 T ¢ :8.10° 112.16" 1826~ .
Friction ! i ! : i =
Faaor (f) | 027 | 025 | 023 | 022 .021 |.019 | 018 017 016 j.015] 014 | 013 | 012
w ey eana o — —— - . Camt
“
FORMULAS FOR CALCULATING “K" FACTORS® '
FOR VALVES AND FITTINGS WITH REDUCED PORT
tRef: Pages 211 and 34) - .
¢ Fermula 1 o Fermule & - —-T:;
AN
i - o—
K ...Sém-_:)(x - 8) K K: - i-;‘—‘-- Formula : - Formula 3 i3
T =
Ki~o.5 \./sin Z:l 3 e (1 -3
o Formyla 2 '2 - 2 Py
_—— .8 . 3¢ . -
A Pl \,’sm T K A
[P —— 2 B em— ol ,A».‘...?, T o TSRS _‘_. [P,
° I =
. o Formulo 3 K; - ?: - 3 (Formula 2 - Formula 4) when 6 « 18¢° .
- [ 8 e
: .e(sln—a P = 3% X, . ="
K: - = - ¥  Kied [:.;(:-f\+(;-a=)=] -
he e g k-
® Formuly 4 -
. (1 =3% K K
K- F ¥ —
d T
¢ Formula $ 8'&'— -
K & (g!)’ L@ 5
) RNs = ? = Formula 1 - Formuia 3 /) “as -4
- ) Sugscri;x:ﬁ:c 1 defines di{mcmions -
| KursinZio8 (1 - £) + 2.6 (1 - 7] the smaller diameter, o —
~Ne = - Subseript 2 eefers to the larger » — B
B diameter. S—
*Use “K" furnishad by vaive or fitting supplier when availsble. 3
. —
SUDDEN AND GRADUAL CONTRACTION SUDDEN AND GRADUAL ENLARGEMENT —
— 3—; b
—_ 3 g, g 4 ¢ o -
@ =
FHC T K: - Formula 1 If: 6z 45°......... K; « Formula 3 N
5% <52 180%..K: = Formula 2 5% <92 18°...K; - Formula s 3 ..
o

- aw

A A f ¢ 2 A g e o 41T MY B RS AT VIR ¢ e LIS | Ty S S AT A WO TS IR g A s ey

OB AN A A EI AT T PSR AL N T PP YT T TP AP




ae v . B LY P Wt R TP T cAae N w v F s red




-

<

v @5«;«‘.‘-3:;{.;&.&\ b O T e e I T LS S Y PO N e — ——
R o I e i e e U R S iy i S e bed EE s Sl AR A AP A LR e A D
sev

t .
- Rrnes : L. O
.t 1T b RNl A e Sk N g T P g Rt A At re: A’Q”Fa I l/
' z-’.;?‘.‘~,;;\~.-3@‘§‘, 4;’5'&‘5’,‘:%7?39{_57}‘:‘39‘}ﬁﬁ«f{:ﬁ"‘{#«"ll{#‘:&«ﬂ!r‘-g'.';:_j\",,(.\y‘(;‘-;&i‘ AN e g e UV T WL ekl B Ll i o rﬁ

P 7 o%9

CRANE APPENDIX A = PHYSICAL PROPERTIES OF FLUIDS AND FLOW CHARACTERISTICS OF YALYES, MTTINGS, AND #IP€ A.27

K" FACTOR TABLE—SHEET 2 of 4
Representative Resistance Coefficients (K) for Valves and Fittings

{for formulas and friction dota, see page A.25)

T T e . g A g

.
"y

’ ("K' is bosed on use of schedule pipe as listed on page 2-10)
GATE VALVES : SWING CHECK VALVES
Wedge Disc, Double Disc, or Plug Type - ! -
. Koatcofr Kesofr
: Minimum pipe velocity .+ Minimum pipe velocicy
[6:3 0t 0aCherunrenena Kea§fr t 7 (fps) for full disc life - (fpsi for full disc life
g<trand 82 45°. ... ..., K: = Formula 3 . - 35.\/‘/ = 60 \/:C'—exccpt
3<tand 45° <62 18°%, Ky « Formula v - ¢ ' U/L listed = 100 V'
UFT CHECK VALVES
GLOBE AND ANGLE VALVES
" ar f: Bet...Kieveol
..1' 6. 3 <t...Rs « Formula ;
c 1] - - . .- - A\ . L] . |- l.
Minimum pige velocicy (ips) Yor tull Jise e
I =t . Ki=3scfr =0 B#VYV
N ’ @
. — nt \ : d,
‘d.‘\.\' b ANmEp ; eni—
-— Va9 i d -
il ; If: B=t...Kiossh
. J<t... K: » Formula -
If: Be1...Ki=ss5fr Minimum pipe velocity (fpsy for fuil Jise it
-t3 BV V
TILTING DISC CHECK VALVES
2=, .
o e e {3
Il 3e1. Kiotssfr I 3at . Kiesstr -‘:'3‘35 1o 3. K« <2 fr w2y
' Sizes iz’ K. 2 i
Ail wlobe and angle valves, i‘l:Ls '« :o.:-.: o _‘I\ LT T
anetier reduced seat or throteled, Aliimum plpe vaoan o= T
s ror o Grse il e . M

[f. J<i1.. iNe=Formuia ;
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“K" FACTOR TABLE—SHEET 3 of 4
Representative Resistance Coefficients (K) for Valves and Fittings
(for formulas and friction dota, see page A<26)
> (X' is based on use of scheduied pipe a3 listed on page 2-10)

FOOT VALVES WITH STRAINER
Hinged Dise

" STOP-CHECK VALVES
(Globe and Angle Types)

Poppet Disc

bl

If: If:
3-!...’K|-4C‘Ofr 3-!...K1-200fr
Bet..iKywFormula; B3c<t...K: = Formula 5

Kag2ofr Ke7sfr

Minimum pipe velocity
(fps) for full disc lifc

“35VV

Minimum pipe velocity
(fps) for full disc life

Minimum pipe velocity  Minimum pipe velocity
- 13 4%

for full disc lift for full disc life

a5 VYV -5 VV

BALL VALVES

; 9.5’.- ] G;x
If: If: Ve .
Bel...Kia3ecfr Set...Ry=350)r ‘rqg
3<t...Ks=aFormula; B<t...K;=Formula;
[f: Bet.8ac........ .K;-;_fr

Jetand 8245, ......K: » Formuia s

Minimum pipe velocity (fps) for full Jdisc life
J<tand 45° <82 18°% ..~; » Formuia o

Y- A%

BUTTERFLY VALVES

LI

————
[\h': ; : T ¢
3ot ..Ri=35fr Jat...Ki=3§5fr .
3<t.. Ke=Formula; 3<t.. A:=Formuia: lnl

Sizes 10 3., .Keai’r
Sizes 120 137 .. N = 55 07
Sizes 10 €0 257, A - 25 17

\Minimum pipe velociey ¢ fosi for fuil Jise liit
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:p\ L
"K" FACTOR TABLE— SHEET 4 of 4 P' 15 ‘?"}

Representahve Resistance Coefficients (K) for Valves and Fittings
{for formulas and friction deto, see page A« 26)
(**X** is bossd on use of schedule pipe as listed on pcgc 2.10)

i
N PLUG VALVES AND COCKS ‘ STANDARD ELBOWS !‘
i Swaight-Way " . 3.Way 90° 45° H
. ===, ;:
i —_ : !
. o . : :
A 4 ( {
] 7 . , ‘ . ;
- - i-—; = KN =3cfr Ka1dfr !
[ .5_-,:. lt. 3.l fi: 3 -1 , [
3 Kietshr Kiwsehr o " Rimochr STANDARD TEES i
3 If: 3<1...Ks« Formulao ‘ 3
3 < MITRE BENDS T — :
. ]
3 ] < | X SRRy N !
R o i 24 Fiowzthrurun, .....Ke=:2fr }
s« V- ..;g, 1 ;2 L ‘ Fiow thru branch..,.K a0 fr 3
45° | 1514; .
. &0 | 25+#
g 75 | 204 ; : ]
= 90 1 60 fr
3 PIPE ENTRANCE
90° PIPE BENDS AND . 1
g FLANGED OR BUTT-WELDING 90° ELBOWS ]
. - - Inward Flush
3 td | K fled] K Projecting —
1 {204 (| 8 |24 fr A
1.5 |14f {10 |30k] - 0.00* | 05 k' — ,
3 2 N2k (121348 ."I— 0.02 0.28 i
3 hanialaseh ' 004 | 0.24 a :
K| 4 |ighiiefazi ; 006 | 015 !
Y 14 t 0.10 009 |°
I 0.15&w | 0.04 I
E The -*qstancc cocfﬁcnent. K. for pipe bends other . . “Sharpeedged For K
3 than oz’ may be d c:crmmc;;i as follows: K =078 seeozabl'e
I\n-m-n(c.zs r/,--a-+o.5 l\')-:’\' . .
g n = munber of 90 bends '
K = szastanee cocrhicient for one Y* bend (per tables
3 . PIPE EXIT
3 CLOSE PATTERN RETURN BENDS Projecting Sharp-Edged Rounded
e
3 4 4‘ J |
$ i
1 K=1.2 K =10 Kato
3 . * » ’
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- Nomenclature

?l ZOH

Unless otherwise stated, all symbols used
in this book ace defined s follows:

A

3T % '_;-.‘w.n n.D

 nEr orE

L
LD

Lan
M
MR

n

P
P

= cross sectional area of pipe or orifice, 1n
square feet

= cross sectional area of pipe or orifice, or flow

area in valve, in square inches

rate of flow in barrels (12 gallons) per hour

= fow coefficient for orifices and nozcles
= discharge coefficient corrected for vel-
ey of approach = C, / (7= g%

= Sischarge coefficient for orifices and nozzles

= [low coefficient for valves. expresses flow
rate :n gallons per minute of oc F water
with 1.9 pst pressure drop across valve

internal s1ameter of pipe n feet

internal Zlameter of pipe. 1n inches

dase of natural logarithm = 2,713

friction f2ctor in formula h, = fL 8 D2g

= iriction factor in zone of complete turbulence

= aceeleration of gravity = 3z teet per
secons per second

= :otal ntead. in feet of fuid

= stauc pressure head existing at a point, n
ieet of dwid

= :otal heat of steam 1in Btu per pound

a loss of siatic pressure head due to Huid
low, :n fees of ilud

= static pressure head. in inches of wacer

= resistance coefficient or velocity head loss
in the formula, A, = Kt® 3¢

= ratio of specific heat at constant pressure
to specific heat at constant volume =
& o

= leneth ol e, 1n feet

= ciunnaient iength of u resistance to How,
in pIge Jiameters

= length of pipe. in miles

= molecular weight

= umversal gas constant = 13533

= exponent in eguation jor polyvtropic change
ip’\ ; = constant)

= pressure, in pounds per square inch gauge

= pressure. pounds per square inch absolute

{s¢e page 1-5 for diagram showing relation-
Ship cetween gauge and absolute pressure)

= pressure, in pounds per square foot absolute

= rate of flow, in gallons per minute

= rate of flow, in cubic feet per second at
tlowing conditions

= rate of flow, in cubic feet per second at
standard conditions (14.; psia and 6oF)

= rate of flow. in millions of standard cubic
feet per day, MMiscid

= rate of flow. in cubic feet per hour at stand-
ard conditions (14.; psia and ocF), scth

= rate of fow, in cubic feet per minute at
flowing conditions

= rate of flow, in cubic {eet per minute ac
std. conditions (14.7 psia and ooF), scfm

MR'M =

= mmdividuael gas constant =
155 M
= Revnolds number

Rpn

re

Se

T = absoiute temperature wn degrees Rankine
{s00 = ()
t = temperature, in Jdegrees Fahrenhert
V= spectfic volume of fuid. 1n cubic fest per
pound
\" = mean velocey of flow, in feet per minute
V', = volume. in cubic feet
v = mean velociey of dow, in feet per secona
v, = some tor critical) velocity of flow of a gas,
In (eet per second
W' = rate of fow. in pounds per hour
w = rate of fiow. in pounds per second
w, = Weight. in pounds
x = percent quality of steam = 100 munus per
cent of moisture
Y = net expansion factor for compressible fow
through orifices. nozzles, or pipe
Z = potential head or eievation above reference
level. in fest
Greek Letters '
Beto
3 = ratio of small to large diameter in ortfices
and nocsles, and contractions or enlarze-
ments 1n pipes
Delta
A = differential between two points
Ensilon
¢ = absolute roughness or efiestive height of
cipe wall irregularities, in feet
My .
s = absolute (dyvnamic) viscosity, in centipoise
ue = absolute viscosity, in pound mass per foot
second or poundal seconds per sq foot
u', = absolute viscosiey. in slugs per foor second
or pound lorce scconds per square oot
Nv
v = kinematic viscosity, 1n centistokes
v = kinemaztic viscosity, square feet per second
Rhe
p = weght density of duid. pounds per cubic ft
s’ = Jensity of Auid. grams per cubic centimeter
Theta
9 = angicof converacnce or divergence in enlarge-

hydraulic radius, in fest

= critical pressure racio for cumpressieie flow

= specific gravity of liquids at specified temper-
ature relative to water at standard tempera.
ture (co F)

= specinc graviey of a gas relative o air =

the ratio of the molecuiar weighe of the

gas o that of arr

ments ot contractions in pipes

Subscripts for Diameter

(1)...defines smaller diameter
(2)...defines larger diameter

Subscripts lor Fluid Property

(1)...defines inlec (upstream) condition
(2)...defines outlet (downstream) condition

Jl

— Area K =R L
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General Energy Equation
Bernoulli’s Theorem

The Bernoulli theorem is a means of expressing the datum plane, is equal to the sum of the elevation
application of the law of conservation of energy to head. the pressure head, and the velocity head
the dow of fuids in a conduit. The total energy at  as follows:

any parzicuiar poine. above some arbitrary horizontal

:.;.'_"_"ﬁ.;..'_..-}-!-
[T P 28

T T - - .
=i 3I S781Y 108 0 N If friczion losses are neglected and no energy is added
R — ¢ to, or taken irom, a piping system (i.e., pumps or
' Velduhe $ » . h .
Grace ¢4ns Y5 turbines), the total head, H. in the above equation
! *2:  will be a constant for any point in the fluid. How-

ever, in actual practice, losses or energy increases
x or decreases are encountered and must be included

| in the Bernoulli equation. Thus, an energy balance
|+ may be written for two points in a fluid, as shown in
the example in Figure 1-4.

r o Iy x 1
2

Note the pipe friction loss from point 1 to point 2
is h, foot-pounds per pound of flowing fluid; chis is
sometimes referred to as the head loss in fest of fluid.
[ The equation may be writzen as follows:

4' Arzitren xenzental Dates Plane

Eqvotien 1.3
~ . 14aPr, -~ . 133P , W
Figure 14 ) -l?'—p—-r:-'-=~z?T—+,—-+hz,
Energy Bolonce tor Twe Pelnts in e Fluid ! g 3 3
By e trom Flud Mechantes!® b All practical formulas for the flow of fluids are de-
R\ Doatcand M J Thomnson. Copyrighe nived from Bernoulli's theorem, with modifications
. 1937, \leGraw-Hill Book Company. Ine. to account for losses due to iriction.

Measurement of Pressure

Any Scassurs Adove Atmesshene

Figure 1-5 graphically illustrates the relationship

o H between gauge and absolute pressures. Perfect
3 g vacuum cannot exist on the surface of the earth, but
£ r it nevertheless makes a convenient datum for the
¥ 3 measurement of pressure.
1 H At Amesonens Zasure Leveicyanabie Barometric pressure is the level of the atmospheric
- |y ‘_?"I g | pressure above perfect vacuum,
[ -
gé 3 51‘. Sy Pressote Stiow Almesonene “Standard” atmospheric pressure is 14.696 pounds
alg 2 T per square inch, or 760 muilimeters of mercury.
B -] 2 -]
HE] £ 2 l Gauge pressure 1s measured atove atmospheric pres-
b ¥ < sure, while absolute pressure always refers to perfect
3z 3 és' | vacuumasa base.
=3
‘2 < Vacuum, usually expressed in inches of mercury, is

Absarste Jern af PratturemParfest Vacuum

che depression of pressure telow the atmospheric
level. Reference to vacuum conditions is often

D e gApr gien ¥

" . ‘ .:‘
Figure 1.8 made by expressing the absolute pressure in inches *
Relationship Between of mercury: aiso millimeters of mercury and microns
Gauge and Absolute Pressures

. of mercury.

* All superior figures vaed o3 raference morks refer to the Sibliogrophy; see second poge of beok,
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Flow Coefficient C for Nozzles'
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Example: The flow coeffi- | ! . - s = }
cieat C for a iameter ratio - RS K PP iR F
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number of :2.2c0 (2 x 109 el T o= ¢
suals 1.e Pl P iy Voo i b
cauals 1.83. apb V0t | L2 ! 1] |
. 1 OO DO D] DO Y
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VALUES OF (i) FOR WATER AT 60° £ (VELOCHTY IN FI.JSEC. X DIAMETER IN INCMES) = ~

"p 1&’5 ‘9}5“!}“95:09?
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B - Reynolds Humber o 5-’1

Problem: Determine the [riction factor for 12-inch Sched-
ule 4o pipe at a flow having a Reynolds number of 300,000,

2 34568105 2 34568108 2 34568100

. A
2 34568108

3

]

For other formi of the R, equolion, sée page 3.2.

Solution:
The Iriction factor (f) equals o.oiv,
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A-26 APPENDIX A = PHYSICAL PROPERTIES OF FLUIDS AND FLOW CHARACTERISTICS OF VALVES, SITTINGS, AND PIRg ?c RANE
&3
"K" FACTOR TABLE-~SHEET 1 of 4
Representative Resistance Coefficients (K) for Valves and Fittings =
(**X" is bored on vse of schedule pipe o3 listed on page 2. 10} E

]
a4

PIPE FRICTION DATA FOR CLEAN COMMERCIAL STEEL PIPE oo
WITH FLOW IN ZONE OF COMPLETE TURBULENCE

| Neminal Size | 12" ¢ %~ | 17 [1%"T1%" ] 2 21,3, 4~ | 5 | & :8.10" 112.16" 18.24"

| Frction ) | 027 |.025 | .023 022|021 [.019 | 018 |.017 ].016 |015] 014 | 013 | 012 |

FORMULAS FOR CALCULATING “K" FACTORS®
FOR VALVES AND FITTINGS WITH REDUCED PORT
(Ref: Pages 2-11 and 34

* Formula t ® Formuie &
. 6 .
.o o8 é'n-:')(' - g K: - B Formuia : - Formula 4
[\: - - - S
3. sl
RKi~os \_/sing(x -3 =1 - 3
¢ Formula 2 3 - =
- / a . ) d‘ ‘
K”-.s =39 sm;.."\;'
) 3 3 o Formula 7
¢ Fermule 3 Kiw %‘ < 3 (Formula : - Formula ) when 8 « 18¢°
=.e(sin%(x P
[\:- 3] --3-‘- . Kl—s Q'S(l.-$)+(‘-3=):]
Ny = ‘3‘
o Formula 4
- (1 = 3 ."\‘
Ks = —5 - ?“
d
s Formula S 8- d—:-
" di\* a
Ne - %’ =~ Formula t = Formula 3 8 - (I,) ®a .
0 Subscmfaé 1 defines dimensions
, KissinTio8 (1 - 5 + 2.6 (1 - 6] She smaller diareeter, s
Na = = Subseript 2 refers to the larger
st dameter,
*Use “K" furnished by vaive or fitting supplier when available.
SUDDEN AND GRADUAL CONTRACTION SUDDEN AND GRADUAL ENLARGEMENT

g

—_— a, ¢, 8 g, <4 —_— 3, 0, a ¢ a4
4 o N ’ v . " N ’
R ——— : "— e’
. TE Y L Ks: = Formula 1 ’ I 6z45°..... «...K; = Formula 3

45° <92 130° . .Ks - Formuia 2 . 35° <02 18°...K; - Formula 4

«
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APPENDIX A = PHYSICAL PROPERTIES OF FLUIDS AND FLOW CHARACTERISTICS OF VALVES, nmuf.‘mn ot

CRANE A-27

"K" FACTOR TABLE—SHEET 2 of 4

Representative Resistance Coefficients (K) for Valves and Fittings
{for formulas and Friction dota, see page A-28)

("X is bosed on vie of schedule pipe as listed on page 2.10)

GATE VALVES
Waedge Disc, Double Disc, or Plug Type

SWING CHECK VALVES

wd — - Be

. s

g '

e -arv‘—

« avean =

Katoofr K «s0ofr

Minimum pipe velocity
{ips) for full dJisc life

Minimum pipe veloaiy
(fpss dor full dise filt

:3et,8ac..ciia..., veRi =S fr VS
3<trand 235> ........ K « Formula 5 -3 VYV . 60 VV except
d<iand 35° <82 13°% . K; « Formula o . U/L listed = 100 V'V

- .
-

GLOBE AND ANGLE VALVES

({+ s<1 ., &Ny Formuia;

LUIFT CHECK VALVES

K| - OCC _rr
..Rs = Tormula ;7
\linimum pipe \c!o«.m ttp51 for {ull Jdisc lifc

{6 g=1..
3<t.

A ———
lf: 3wt...Ki=55/r
3<t.. Ky =Formula ;
\inimum pice \clocm ( fps- for full Jise it
ctse g2 VU

TILTING DISC CHECK VALVES

L/j;-ﬁ_‘ll_
=%

sm— —
g ‘3 :
o« s *
< i’ PR T
Ki i3 fr Sizes zi0 3K . o2 st
Sizss 1z o t2”.. K- LRI wife
y=in \ 37 S i el
Al slobe undd angle vaives, ;‘('.'hs- "' :o_:i - I\ .
whetiner redueed seat or throteled. S HAIMUM SR VEeiiy TR
tfosy for il Jise e . \ t M

PPEWIR e S T =

g g

v gy
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A28 APPENDIX A — PHYSICAL PROPERTIES OF FLUIDS AND FLOW CHARACTERISTICS OF VALVES, MTTINGS, ANO Pirg CRANE

"K* FACTOR TABLE—SHEET 3 of 4

Representative Resistance Coefficients (K) for Valves and Fittings
(for formulas ond friction data, see page A-26)

(K" is based on vse of scheduled pipe a1 listed o0n page 2.10)

" STOP-CHECK VALVES ; FOOT VALVES WITH STRAINER

(Globe and Angle Types) ) Poppet Disc . Hinged Disc

2

el
I If:
3at1...Ki =4c0fr 3et...Ki=200fr . Kagz2ofr

Bet. K aFormula; B<t.,.Ke=Formula ;. ) ) o )
Minimum pipe velocity  Minimum pipe velocity

Minimum pipe velocity  \finimum pipe velocicy (fps) for full disc life  (fps) for full disc lifc
for full disc life for fuil Jdisc lift -5 VV .35 VV

-5 VV -5 FVV :

BALL VALVES ’
; It It o 845 o
get...Ki=icofr Bet...Kins3s0/fr 1 M r_
i 3<t...KsywFormula; g<1...K:«Formula;
¥ .
;‘fs ‘ ‘ ff: 3et.0a0.. .cccvv.. Kunsir
g Minimum pipe velocity (fps) for full disc life d<crand 82 35°....,.. .K: »Formuia
g%; b VV <ctand 45° <82 13:° N;eFomuiace
‘s-:'ya

v

i

BUTTERFLY VALYES

4
= m—
— G " 4,
. [f: li T e

’ Jeat...Ri=s35fr Jat...~Ni=35/r .

; Jet...KswFormuia - 3 <it...8: = Formuia Inl

N i‘&* \ i ms) for fuil dise i Sizes 120 §°.. Keus'r
s :( Minimum pipe velociey f__x_,;st tor il Jdise lit Sizes 1210 147 . K 3407
= PO stz VYV Sizés et0 . Kes fr
K geldy
T iy
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CRANE APPENDIX A = PHYSICAL PROPERTIES OF FLUIDS AND FLOW CMARACTERISTICS OF VALYES, MITTINGS. AND Pirt

»

“K" FACTOR TABLE— SHEET 4 of 4
Representative Resistance Coefficients (K) for Valves and Fittings

(For formuias ond friction data, 1ee page A-26)
(K" is based on vse of schedule pipe ot listed on page 2.10)

oAl Py
L i -

PLUG VALVES AND COCKS STANDARD ELBOWS
Straight-Way . 90° -45°

4
:
N
-
CELIT LI el
A
yn

——
3
—

View X=X

~

“*'_) LI
»
[3h

3

1 tans (IVY) hm. oo

l

Y

K «3cfr K =10fr

If: 31 -1 3 -t
Ki=3s /e Ki=ocfr STANDARD TEES

- b

B

dect...Ksw Formula o

MITRE BENDS

« | X

|g: ':’;r Flow shrurun...... . Ke20fr

r =iawe ob - f.
S0 PO T . Elow thrubranch,,, Kevo/a__. . ... .. ...}
as* | 154
40° 525 fr
75 | 40 fr
90° | &0 iy

W U e bl e ug

PIPE ENTRANCE

A

90°* PIPE BENDS AND
FLANGED OR BUTT.WELDING 90° ELBOWS

i
R ervigy e i
gt R
o

d i X d X .
1 | 20.0 24 fy rd X
1.5 |14 n 30 fr 0.00°* 0.5
2 "2 # df 0.02 0.28
3 |12k 38 fr 0.04 0.24
4 (14 fp 42 fr 0.06 Q.18
& (17 h 50 0.10 0.09

0.15&up | 0.04

The resistance coetficient, K. for pipe bends other N *Sharpredged For K
than as® may be Jetermined as follows: . seeo ;abl'c

A

1

s

Kpe=in=1) (o.:.s r/,-&-'ro.; K) -K

n w cuinber of €0’ bends
A~ = roastance coccient for one ©U* bend iper tabler

PIPE EXIT
Projecting Sharp-Edged

R oy o o W e W W e

CLOSE PATTERN RETURN BENDS

-
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" Hagera Nokerk Power Carporatica
S%ews & Vebstar Nagimswriag Carp., Agemt
¥ie iiile Poixt Busleer 3¢-tica
Tow of Seribe, X. T.(Rast of Oswego, X. Y.)
e Wtor Freight

NIAGARA MOMNAWK JOWER CORPORATION
STONE & WEDSTER INGINIINING CORPORATION. AGERTY
P. O, SOX 64, LYCOMING, NEW YORK 13043

~o. |  aumerry | DESCRIPTION OF NATERIAL

| vwreaee | ascouny

THE SILLETL, ACCOTIING THIE ORDER. ACGRITE TO THE SIVERAL CONDITIONS DUNTY) OM TME AEVERST €103 HIATOF AKD
'ﬂ ACCEPYANGE COFY OF THIS QRDER AND ARLTURN AT OMCE TO THE AZ0VS ADCALED.

Crosdy styls J3-35, sise 2 z K x 3, presexre rvlief wvalves

S dniinxisecu-2 reactor cors wter spray sys’em. Valves
}@ are to be falwieated of esrbom steel Witk staialece stesl

Vdmmtohnchnt sareved sloeed
bounsts end bollow seals. ! wpe owe,

Inlet diall ¥ 2* flsaged Witk two (2) comesstric *0°
risg grooves ia fase of Llasge ead 1/4° hols betvesa
rings (for loskage test) and imelnde two (2) "0" riags.

CuAlet shall Vo ¥ flanged ecownsstion 150¢F ASA stam-
dexd, otharvise the ssms a8 inlst ineludisg *0° riags.

Presowre Settiags Design ? 7 wex,
Sorml Kex, Precs.: mﬂég lc-l!:s UOP ¥ax.
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WATER CAPACITIES
Gallons per Minute at Set Pressure plus 259 Accumulation
{For 109, Accumulation, Multiply by 0.6;

TABLE 6 For other Accumulations see Figure 3, Page 80)

TR TR

WATER
3-==490# : t'
Sat SIZE OR ORIFICE LETTER AND EFFECTIVE AREA, SQ. IN. {
Pressure | 3/, JMB h a1, s I 3
#51.Goge] ] 3 F G « H J K L M N P Q R T
- 0.110 | c.19¢ | 0307 | o.s03 | cz38| 1.237] 1.838]2.853 | 3.600 | 4.3¢0 | 4.379 | 11.043] 14.000(24.000 :
s Y} 2.2 14.5 237 70 |, 04 85.6 | 34 170 204 301 520 784 | 1as ¢
4 8.0 107 187 73 417 70.0 100 158 194 236 Hu7 401 [ ¥ . 1414 . 4
3 87 1.9 187 0.4 473 783 112 173 219 284 18 [¥2 ] ”m “1s82 E
NOTE; For S 1bs. and below specth] construction may be tequired. Advite Ivil details. ~ ';
N é 73 13.1 0.5 33.5 522 137 122 190 240 219 428 738 1086 1732 )
? 7.9 14,1 22.1 34.2 583 92.6 132 208 . 289 a2 4359 798 FRE] 171 N
3 3.3 151 3.8 iz 0.4 99.0 141 219 hogd 334 491 50 12 2000 @
? 90 160 231 41.0 64.) 108 150 P23 ) 294 384 s 901 1208 N1 v
. 10 [ X 16.2 284 4.2 &r.5 1 158 U8 Nno n 549 2% 176 236 ’
20 134 38 i3 1.1 95.8 157 224 U7, 438 528 176 1343 J 1944 31 )
3¢ | s | w2 | 457 | va9 | W7 n s | a2s 53 &7 90 | s | B | ’m )
40 14.9 337 5.3 483 138 2 Né 491 114 742 1098 190 752 72
50 21.2 7.7 59.0 2.7 18 247 354 $49 492 833 1227 2124 x77 5000
&0 23.2 41.3 847 108 145 n 387 401 758 N4 1344 ber o n 3478 '
70 | 250 | 448 | 00 | 114 179 293 as | s ne 9ts | ras2 | 254 | 3641 | sms m k
30 8.8 477 747 122 191 a3 447 404 876 1085 1352 2687 Ja2 4328 h
0 8.4 50.8 79.2 130 03 332 474 736 229 1120 16446 150 4129 4709 i
100 . 9.9 533 3.8 .17 24 3% , 00 | 778 e 1180 1733 3004 4392 7072 . L
110 34 35.9 17.8 143 24 367 528 4 1027 1232 1320 ansn 4344 47 *
120 2.3 53.4 N4 150 134 383 348 150 1072 1293 1900 3290 4787 7747 K
130 34,0 &0.3 95.2 154 244 99 70 [ 1] 116 1346 1973 423 4942
140 354 83.1 8. 162 153 414 502 s 1158 1397 2053 3584 S14¢
> 130 387 653 102 187 282 429, (18] ‘950 1200 14458 2126 38%0 3% -
140 s, 67.4 106 173 70 44 633 982 1229 1493 2198 3100 3508 E'
170 9.0 9.5 109 178 79 456 452 012 1277 1839 2283 918 5474 .
130 40.2 718 112 183 i ¥4 470 Y41 1041 1314 1584 2329 4032 1 $839
190 | a2 | 738 | us tas wa | a2 619 Joso | 1340 | 1627 | 29 | 4140 | soee m 3
200 42.3 75.4 18 193 3012 493 707 197 1388 1649 2434 4248 6133 :
210 43.4 77.2 121 198 310 07 728 1124 1419 71 2514 4353 4206 S
220 44,4 791 124 203 Nz 319 742 1151 1452 175 2573 4433 433 i
230 | 484 | w09 | 127 207 324 el 759 fuzr | raas | 1o | 232 | 43 | w0 m 3
240 4.3 2.4 129 N2 33 342 778 1202. 1517 1829 2638 4434 4742 ::
230 473 . 842 132 216 330 53 i 1227 1548 1384 743 4750 43850 !‘
260 48.2 189 133 220 pL2) 344 108 125t 1573 1903 2797 434 J018
270 | 402 s | 137 | 22 35 73 822 |127s | 1609 | 1940 | 28t | <038 | 78 @
280 0.1 19.2 140 29 sz 88 137 1298 1438 1973 2903 5028 7382 4
. 290 No 9.8 142 23 4 5946 332 1321 1668 2010 2938 5N 7411 :
- 300 FiR} 2.3 143 27 I [0 [ 17] 1344 1696 2043 A0S, 3203 7338 3
3o | 527 | e | w 241 374 816 i |18 | 1724 | 2o | 2 | sw ﬂ
320 0.3 9%.4 149 us 382 426 "8 13238 1752 2112 3104 3378 :
330 344 %9 152 U 3 436 09 1410 \rrad 2148 NN S439 n
340 8.2 983 154 232 "] 34 848 922 1431 1808 277 3200 3340
3s0 5.0 w7 1 15 258 400 ass 938 |usn2 1832 2209 | 3247 s &
360 360 10t 158 259 408 4464 949 1472 | 1358 2239 3192 $700 !
370 7.8 103 181 263 411 (Yo 962 1493 1384 an 3329 780 '7
380 8.3 104 183 256 416 482 973 1512 1908 230 3382 5358 W
390 591 108 165 70 422 491 osy | 1832 1934 2201 3 5933 ¥
400 ELA ] 107 147 274 {27 hsos) 1080 (XLvd 1983 23241 2 6003 "
410 60.6 108 169 77 433 709 1013 [Eral 1983 2390 514 17 '
420 613 109 7 80 433 nz 1028 1590 2004 41y pEEL 6154 .
430 42.1 m 173 284 443 728 1037 1609 2031 2448 3599 N :
440 &2.8 12 175 7 448 734 1049 1628 2084 2477 3840 430 ;
450 635 | 13 177 290 45 743 | 108t [rees | 2077 | 2504 | 2880 | 62 .
480 | 42 | 114 179 293 s 781 {1073 |ses | 2100 | 2532 | ara2 | daas :
470 64.9 né 18! 298 48 759 1084 1682 212) 2559 3782 4513 » .
430 &84 | ur 113 300 448 767 1096 | 1700 2148 21588 | 3s02 Pert E
490 8.2 | ns 188 203 47 778 noz | s 2168 1614 3842 4431 . x
NOTE: Whare constant bock pressure exists, use instead of set pressure, the difference between the set pressure and the back pressure.
:or hq;aldi “of specific gravity other than 1.0 (Water = 1), multiply cbove copacities by correction fattor Kyg found in Figure 2 0n @ e
age 80. s
For voive details: Styles JB and JO=Pages 14.27; Style JW~Pages 28 & 29; Style JMB=Pages 30 & 31. X
Red line indicates pressure limits of Style JW Cast lron Vaives. d
7 &
NErSUABE 1040

7y

AbE - irey Ta0 ), ARSI XA i '
PSRN SR AU I A L O NP






'@ BB BLIDDY
y
|
AN

L ammnaate s B8 SR S B GFOY SNV R T G LA SRR T I S S T O e T e, ALY o~ Y =
s o3 et i Alihi b - Py 1 rOLIONCYY = = -
i @ b . ATV Yoy PR S i Y ..
~ o e et

SIG Pl - v mrc,v =)
eyl s A A

STYLES JO and JB
SIZES, PRESSURE — TEMPERATURE LIMITS

)
3
3
s PRESSURE RATINGS (psig)
3 YALYE $TD. CONMECTIONS CUTLET
E STYLE ASA FLAKGES
Ialer 2 2AISED FACE INLET 100F 30
xog:l(l:f WITHOUT BELLOWS | WITH SELLOWS | INLET | OUTLET | 100F* 159F o 1000F 10 i 10 n
3 . ¢ |1%H3 | JO-25 18-25 150 | 150 275| 165 230 | 230 | 190 | 190
TERRY Jo-25-3 | 8253 | 300 | 150} 275 275 230 | 230 | 190 | 1904
D ¢ S2 3 GuaDosoas J8-35 300 { 150 720 é50 230 | 230 | 190 | 190
EgE 8 M3 | Jo.ss 755 600 | 150 | 1440 | 1305 230 | 230 | 190 | 190
22 4] 2H3 | JO.55.9 | 18559 | 900 | 150 | 2160 | 1955 230 | 230 | 190 | 190
= S| | sos 18.75 | 1500 | 300 | 2750 | 2750 600 | 415 | 560 | 415%
, .« |1%H3 | JO-26 1826 150 150 . | 145] 92 230 | 230 | 190 | 190
D Esiiliwms| o263 | ma2es | 300 1s0f .| 275| 27 230 | 230 | 190 | 1904
gez s 2H3 | JO-36 JB-36 300 | 150} . 650 | 365 230 | 230 | 190 | 190
BEZ Y 2H3 (| JO-56 J8-56 400 | 150 1305 | 730 230 | 230 | 190 | 190
= 2253 2H3 | JO-56.9 JB-56-9 | 900 | 150 | 1955 | 1100 230 | 230 | 190 | 190
= 2| o3| s0.88 18-66 | 1500 | 300 2750 | 1830 600 | 415 | 560 | 4154
<y | 203 | J037 1837 300 | 150 410 215 | 230 | 230 | 190 | 190
12211 2H3 | JO47 18-47 600 | 150 _ 815 | 430 | 230 | 230 | 190 [ 190
] HH § 2H3 | JO-57-9 | J8-57.9 | 900 | 150 1225 | 645 | 230 230 | 190 | 190
A 2H3 | 10.67 8-67 | 1500 | 300 2040 {1070 | 600 | 415 | 560 | 415
DIMENSIONS & WEIGHTS
STYLES 10 8 I8 STYLE N0 STIE 1)
CENTER 10 FACE usE 10 AgPROX, APPROX,
FIND SOLT APPROXIMATE KEIGHT NET WT, APPROXIMATE NEIGNT NET WT.
SIE sTvLe INLET | QUTLET LEXGTH (TYPEA) {TPE L)
" € ? b3 LT He LT (L18 LT He Ho L.
1%5H3 | JO & JB-25, 26 5%l a%| 1 [ism | 1e%n | 18n] 55 [ 1sn[19%| 21% | 65
1%H3 | JO&JB.25-3, 263 S%| 4%| 1% [ 15% | 16% | 18%] 55 | 18% | 19% | 21% | 65
2H3| JO & 18-35, 36, 37, 47 5%| 4%| 1% | 18% | 19% | 20%| &5 | 18% | 19%| 21% | ¢5
2H3 | JO & JB-35, 58 S| 6%| 1| 22% | 23% | 24%| 90 | 22% | 24 | 25% | 90
2H3| JO & JB-55-9, 56-9, 57-9 6l 6%| 2% | 22% | 23% | 24%|" 95 | 22% | 24 | 25%| 95
2H3| JO & 1875, 66, 67 SVe| S%| 2% | 23% | 24% | 25%( 110 | 24 | 24% ]| 25% ] 110

*Styles JO and JB4 }5 may be vied 1o mazimum pressures listed at lempaercivres 10 minus 20F.
{Pressure limit less than ASA Fignge Limit as grophed on Page 27.
ORAIN HOLE (Di='4" N.2.T.
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s is then

(A7)

luid. If the fluid is

(A.6)

.n ¢ no effect of 2
ve is not a velocity )

APPENDIX

THREE

Table A.la. Physical properties of water in English units _

USEFUL TABLES

. T ' b T Bukk
' . , Kine- | i Vapor | modulus
; Specific » matic i Surface Vapor i pressure ) of
. weight  Density  Viscosuty: viscosity ! tension pressure , head L elasticity
Temp. , = 2 ux 105 vx10% « ox10¢ p,. | Pe ©E, % 10°5,
F bR stugs fi?  lbs. ftd fi*s ! bt psia v ft v psi
32 6242 1940 3.736 1.931 0.518 0.09 0.20 293
0 62,33 1930 3,229 1.664 0.513 0.12 0.28 294
30 6241 1.940 273§ {310 . 0509 0.18 041 . 308
60 6237 1938 2,359 - 1217 . 0503 | 026 059 " 3
70 16230 1.936 2050 1.059 500 ;036 ; 033, 320
80 622 i.933 1.79% 0930 0492 ., 051 ) LI I b
90 i 611 i 193 1.595 0826 o486 . 070 ¢ 16l 1 323
00 6200 ;1927 1423 0739 0480 . 095 {219 327
1o . 6186 1,923 1.234 0667 0473 ° ) 298 331
120 ; 6L , 1918 1168 0609 . 0365 1.69 gt v 3
130 ! 6185 1913 1.069 0.558 0.460 222 . 513 334
140 °« 6138 1.908 0.981 0514 0.454 239 6.67 330
150 6120 1.902 0.90% 0376 0.447 b ] 8.38 328
160 6100 1.3% 0338 0.342 0441 474 10.95 326
170 1 6030 1.390 0.730 0513 0.433 5.9 1383, 32
180 ; 60.53 1.383 0.726 0.585 0.426 7.51 17.33 318
190 © 60.36 1.876 0.678 0.362 0.419 9.34 21.88 33
o 6012 1368 0.637 0.34¢ 0412 11.82 26.589 308
212 8993 1.360 0.593 0319 0503 14.70 3390 300
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WILLIAM E. SYLVESTER, JR.

GRATING |

HEAVY-WELD STEEL
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KERRIGAN IRON WORKS CO..R0.BOX 479. Nashviile,Tenn. 37202
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Weided Sfieel Grating . .

MAXIMUM PANEL WIDTH as indicated. For wider areas, grating will be made in two or more panels.

. ‘/ﬂ” [ 7 H

] " I
v

PANEL WIDTHS

G\ SG)'X/ SGW SSG'\.X SYMBOLS and WEIGHTS
Nej Bpe s Bacere | 154uc ¢ lage ¢
Sary u'éS N Sp=Bor | 13" Ber' | 4 B& s Matn GW SERIES SW.2 SERIES
’ 1 4
s - - d” 8ar Wt. Lbs. Wi, Los,
s N ity 11" 's Size Symbol Sa. Fe. Symool 3a. ft
: 0%, o 9 15/ 3" x 1y | GW-75A 4.1 |GW-75A-2 4.8
- 338, 01546 Q1 o1, 17 x ,5 GW-.75 5.7 |GwW.75.2 o4
: 115 374 374 3 1" x 13° GW-100A 52 |GW-100A-2 5.9
- e ot V4
= - - 1" x i' GW.100 7.4 |GW.100.2 8.1
- 1 3 B 2 -
= ols f 3 424 Shi 11" x 15" | GW.195A 6.3 |GW-125A.2 7.0
75, S1lie Sj‘m 43y 110" x 33" | GW-125 91 |GW.125.2 9.8
s 8L, &3, 2y 51/ 11" x 13" | GW-150A 7.4 |GW.150A.2 3.1
s i, 71 7L, 33, 10.%x ,1.;" GW-150 10.8 |GW-150.2 11.5
) 107« 8746 8%%e O%e 1?:'4" :'1.;" gw-‘ws 125 |GW-175.2 13.2
.- '1 -_0 l/ig' gs/é 93/8 - 7}; Q ’X b1 - W-QOO 14.1 GW’!OO'Q 14.8
S 10L4 10!, 7%y Qf‘." x 267 | OW995 157 |OW.oe5.2 o4
214" x 35" | GW.250 17.4 |GW.250.2 18.1
52311797, 1134, 11346 896
8| 1°-33, 1°-0ly 1'-0by Q1
Y ERTTR T T 15, Main SWG SERIES SGW-2 SERIES
a2 ~&in. 1154, ° _115 N s, . Bar 1 o) W Lbs, | .. Wt. Lbs
‘: 1’ Sl - 1% 1, 11%¢ 102 Size - Symbol Sa. Ft. Synivol Sa. Et..
71178 12136 | 1-2134e]  11%4s 3" x 35" | SGW-15A 5.0 |SGW-75A-2 5.7
. 1€ | 1°-874¢ 1 ’7’3‘?_4 1'-3%; 11°-0 3" x 35" |.SGW-75 7.2 |SGW-.75.2 7.9
39 1-95 T1'=41146 | 1-41146] 1°-03, 17 x 34" SGW.100A 6.4 |SGW-100A.2 | - 7.1
01110340 | 1'-5%¢ 1'=5%e6 | 11746 17 x 3§° SGW4100 9.3 |SGW-100-2 10.0
s~ 1o0 1'-6%% . 1'-63% 1°-24% . 1;:: x 3/2' ggg-'l:gl\ 7.: :gg//-'IQSI:Q 8.: .
2: Q'-"!.} 1 "‘77/16 1 '-77A6 1 I—le/l% 1 4“x -1 11. ‘125' 12.
B3] 970ve | 1-B%¢ | 1-8%s (131 | [yresefsowie e
g4 | 2358 1'-94 1-94 | 1'-44 13" " | SGW-175 15:8 SGW.175.2 16:5
831241345 | 1'=10346 | 1'-10346| 1'-41546 " x 3" SGW-200 18.0 |SGW.220-2 18.7
24| 9°-6 1-11346 | 1-1146| 1'~5%% 9.34' x 3" | SGW-285 20.0 |SGW-295.2 20.7
97 | 9°-734¢ 0.0 . . 9'-Q 16546 214" x 3¢° | SGW-250 22.2 |SGW-250-2 22.9
. ¢8| 2-8% 2'-0%% 2'=01846] 1'-7
5 | 9-9% | 2°~134 9'-11345| 1'=7114¢ Mo SSGW SERIES SSGW-2 SERIES
301 2'-103/46 | 2°-21146 | 2°-934 | 1°-8% Bar Wt. Lbs. We. Lbs.
31130 9 1_3% 9’31 146 1.1 '-91A6 ”Slze . Symbol Sq. Ft. Symbol Sa. Ft.
3% o414 9"_4545 |11°=913/¢ 3 x 34 :gg:vws 9.1 | SSGW.75.2 9.8
34 2-6% | 26746 It1'1134 T ' AmAE o
. ] O%46 I 6 14" x 15° | SSGW-125A| 10.0 | SSGW.185A.2 | 10.7
35 Q'-744 . Q°'~73%4e |11 '-11%% 14" x %" | SSGW.195 14.8 | SSGW-125.2 15.5
25 9'-83%s. |2-8Y °|- . - 114%x 44" | SSGW-150A| 12.0 | SSGW-150A-2 | 12.7
37 Q' 9lhs . 903 /1 6 < 1457 x 34" | SSGW-150 17.6 | SSGW-150-2 18.4
38 '2 '-Q!EAG 2"-101/16 3/' x 3" | SSGW.175 20.4 | SSGW-175.2 21.1
39 21014 o711 2" x 34" | S5GW-200 23.2 | SSGW-200-2 3.9
40 = '_113/ ) ,‘11 7 2347 x 34" | SSGW-295 25.8 | SSGW-.225.2 26.6
: 2% . j2-11% 214° x 34" | S5GW-250 | 98.7 | SSGW-250.2 | 99.4
—— Max. width for 134" or {ess main bars )
* Maximum Width for 1%"” or Greater Main Bar
t For SSGW-100-2 Only
Stock Length 20r-0
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©  ENGINEERING DATA

x

4 -\~ -
‘sgc_\)_z o032 rev)

LOAD TABLE
Gary Welded Steel Grating Type GW

YT

WITH BEARING BARS 1 3/16” c/c

Spans to left of heavy'line produce a deflection of 14~

or less under a uniform load of 100 pounds per sq. lt.

. This aeflection is recommended as the maximum to

+ provide pedestrian ccmfort. it can be exceeded at the
discretion of the englneer.

1"‘2v‘ SRS

4

CONVERSION FACTORS FOR.GARY WELDED GRATING

1.” For other than 1 3/16 c/c of beanng bars. or

- - for unit stress other than 18.000 Ib. per sq. In..
the conversion for_ leaa-(U or'C) is directly pro-
portional

2. Detiection (D), for other than 1 3/16 c/c of bear- .
ing bars. remains same as tabulated provided -~ B
the unit stress remains 18,000 Ib. per sq. in. %5

3. Deflection (D), for other loads. or urit stress. is !,

* directly proportional H:

M ¥

G fw“ﬁn,-:'*u‘\- a.‘:.’ff.';«,.z:«.;}v‘.g«?hv Tt

Bearin . ) .
Sagrg - __', B ., SPAN -
ze -0 .
and W, Symbol 2°-0"| 2°-6”| 3'~0"| 3'-¢”| 4°-0"| 4’6" 5:=07] 5'~6"] 6'~0"| &'6"] 7°-6"| 3+-0"]
b | 0% | 350 | 216 | 55¢ | 388 | 485 |U— Uniform Load-
3» " 096 | A1 . 294 |. = Uniform Load-Pounds per Sq, Ft.
/2_1",35 GW 75A C | 386 | 309 | 257 [ 221 | 193 | 172
: ) 077 | .120 [.173 1.235 |.307 {.388 |C— Concentrated Loed-Pounds per Ft.
’ b | o8 |35 | 88 1380 [ 38 [ 33 |o— Setlesionetnch
34" x 34" . .15 216 +.894 | . . == Deliection=Inches.
A GW 75 C | S8T | 45 | 38T | 33 [ 390 [ 258
D 077 | .120 |.173 1.235.] .307 | .388 Unit Stress — 18,000 Ibs. per Sa. In.
b | 075 | 172 | 365 .30 | 265 | 38 | 433 [ .ok | e
17 x 14" 072 | . . . . . . . .
. 5.2 lbs. GW100A —C 1686 | 549 | 458 + 398 | 343 | 305 | 234 | 250 | %29
D .058 | .090 |.130 i.176 | .230 | .292 | .360 | .436 | 519
U | -1030 | 659 | 458 336 [ 257 | 203 | 165 | 136 | 114
<3 - | aw1o00 D .072 | .112 | .162 1.290 | .289' | .365 | .451 |.545 | .646 .
S 7.4 1bs. C | 1030 | 824 | 686 ; 588 | 515 | 458 | 412 | 374 | 343
SR I D 058 |).090 [.130 !.176- 1.230 | .292 | :360 | .436 | .519
: U [710727] 686 | 477 ; 350 | 968 | 212 | 172 [ 142 | 119 | 102 | 88
. 194" x 14" GV 195A D .058 | .090 |.130 }.176 | .230 | .292 | .360 | .435 | .516 | .607 | .704
6.3 lbs. C | 1072 7| 858 | 715 = 613 | 536 | 477 | 429 | 390 | 358 | 330 | 306
D 046 | 072 | .104 ' 141 | .184 1233 | .288 | .348 | .415 | .86 | .562
. U | 1610 | 1031 [* 716 526 | 403 | 318 | 258 | 213 | 199 | 152 | 131
. . 1° x ag | owies. =L .058 | .090 | .130 . 376 | .230 | .992 | .360 | .435.] .516 | .607 | .704
“teo v ol 09 by - C | 7610 [ 1288 1074 : 920 | 805 |. 7116 | 644 | 586 | 537 | 496 | 460
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