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NIAGARAMOHAWKPOWER CORPORATION/301 PLAINFIELDROAD, SYRACUSE, N.Y. 13212/TELEPHONE (315) 474-1511

March 28, 1989
NMP1L 0377

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, 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.

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 l.b(1), l.b(2), l.b(3), l.b(5), l.c(2)
and l.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 POHER CORPORATION

LNW/pns
6764G
Enclosures

C. D. Terry
Vice President

Nuclear Engineering and Licensing

xc: Hr. R. A. Capra, Director (without calculations)
Hs. M. M. Slosson, Project Manager
Regional Administrator, Region I (with calculations)
Hr. N. A. Cook, Resident Inspector
Hr. 3. Dyer
Records Management
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Response

to

Unresolved Items

Nuclear Regulatory Commission Inspection 50-220/88-201

Safety System Functional Inspection

Nine Mile Point Unit 1

March 1989
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List of Acronyms

ASME

APLHGR

CST

DBM

ECCS

FSAR

GE

HPCI/FH

INPO

INPO SER

'ST
LCO

LER

LHGR

LOCA

MAPLHGR

MCC

MCPR

MOV

MOVATS

NPSH

NRC

OEA

OP

RBCLC

RPV

SER

SSFI

SIL

SOER

American Society of Mechanical Engineers

Average Planar Linear Heat Generation Rate

Condensate Storage Tank

Disc Bypass Margin

Emergency Core Cooling System

Final Safety Analysis Report

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 Generat

Motor Control Center

Minimum Critical Power Ratio

Motor Operated Valve

MOTOR OPERATED VALVE ANALYSIS AND TESTING

Net Positive Suction Head

Nuclear Regulatory Commission

Operational Experience Assessment

Operating Procedure

Reactor Building Closed Loop Cooling

Reactor Pressure Vessel

Safety Evaluation Report

Safety System Functional Inspection
Service Information'etter
Significant Operating Experience Report

ion Rate

SERVICE
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NCR Finding
Unresolved Item 88-201-01

Concern A

The inspection team reviewed the licensee's analysis to demonstrate compliance

with 10 CFR 50.46, "Acceptance Criteria for Emergency Core Cooling Systems for
Light Hater 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

be,low. 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 evaluate the possibility of a Technical Specification to

allow continued plant operation with one core spray loop operable after plant

restart. The apparent failure by the licensee to translate 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 Item.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
UnresoIved Item 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 minimum 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 Section .VII .of 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 used 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 calculation 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.

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 pumps by way of
the topping pump discharge check valve bypass lines. 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 open 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 i ts 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 for various failure conditions, and if the opposite loop was

operating normally, to shut down the affected loop. Hith the current

knowledge that both loops of the system were required, this response

could place the plant in an unanalyzed condition. In addition, when the

alarm was received in one loop, it should soon be received in the

opposite loop.

The core spray pump low suction pressure alarm was set at 2.5 psig,
deer'easing. 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
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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
the alarm. As with the

affected train of pumps

the alarm to actuate in
increased flow.

that the affected train be secured upon receiving
low suction pressure alarm, to secure the

with both trains operating would probably cause

the opposite train because of the resulting

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
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 Hater 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

:system. operable.
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Response to Unresolved item 88-201-02

Concern A

Niagara Mohawk letters NMPlL 0331, dated December 8, 1988, NMPlL 0342 dated

January 10, 1989, NMPlL 0346 dated January 13, 1989, and NMP1L 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 S14-81-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 feet 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 l.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 0 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. Nhen the torus water temperature is greater than 90 F,

the plant is operated in a limiting 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 prevent 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 NMP1L 0333, Response to

l.c(l), l.c(2) and l.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'o support

core reload for completion prior to reload and the remaining 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 l.g

Niagara Mohawk's response to item l.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 l.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 Decemberl6, 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 Item 88-201-03

Concern A

The inspection team reviewed the licensee's analyses that supported the

statements in the Technical Specification Bases about HPCI/FW system

performance and identified the following discrepancies:

The Technical Specification Bases asserted that each train of the HPCI/FW

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 nozzles=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

supplying 3800 gpm to the reactor vessel. Calculations 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

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 gallons, 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 meeting the 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/FW 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 filling 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 system response to various small-break LOCA conditions.

The feedwater pump 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/FN 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 calculations for HPCI pump performances were submitted to the NRC with

Niagara Mohawk letter NMPlL 0331 dated December 8, 1988. Included with these

calculations were those for High Pressure Coolant Injection/Feedwater

(HPCI/FN) 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/FH was submitted to the

NRC in Niagara Mohawk letter No. NMP1L 0357 dated February 13, 1989.

Concern B

Response to item l.i in Niagara Mohawk letter NMP1L 0333 dated December 16,

1988 addresses feedwater pump motor cycling.
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'NRC Finding
Unresolved Item 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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(a) Drawing Number C-35843-C, Revision 1, dated July 24, 1985, "Reactor

Vessel Instrumentation, Level Ranges, Actuation Points, and Hater

Volumes."

(b) Drawing Number C-18015-C, Revision 87-039-Cl, 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 original 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 document 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 Item 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. NMPlL 0333 dated December 16, 1988, (Response to

Item l.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 licensing documentation are being corrected.

The next scheduled FSAR revision (dune 1989) wi 11 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/FW systems under

emergency conditions. The following deficiencies were identified during this
review:

Procedure EOP-4, "Primary Containment Control," Revision 0, Step 7. 1,

contained 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-l, 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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Graphs.2..l,.and,2.2 .in .EOP-2, .".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.
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Response to Unresolved Item 88-201-05

Niagara Mohawk responded to these concerns in Letter NMP1L 0333 dated December

16, 1988, in response to finding l.d. In that response Niagara Mohawk stated

that the EOP' would be

revised�
.prior to February 28, 1 989. These revisions

are in the approval process which will be completed by March 31, 1989.
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NCR~Finding

Unresolved Item 88-201-06

Concern A

The inspection- team identified the following deficiencies with the operating

procedures that provided guidance for the core spray and HPCI/FH 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 controlled

documents to ensure'onsistency following changes in any one document.

It appeared, and was confirmed in discussions with licensee personnel,

that a formal process to'eview the impact 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:

(a) Valves CRS 743, 745=, 734, 736, 747, 709, and 711 on Procedure OP-2

valve lineup 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 ill if Core Spray Pump ill 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 procedural 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," 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' 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/FW 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 given to shutting down the pumps before it was

firmly established that the core spray system was not required.

Concern B

Procedure S-SUP-Q6, "Control of Operator Aids," was used by the licensee

to provide for the. control, authorization, documentation and review=of

operator aids 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 appeared 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 panels 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 was 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 procedures and operator

compliance with the procedures.
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Response to Unresolved Item 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

program has been established and will work through configuration management to

correct inconsistencies.

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 calibration data, and between

actions desired for normal and emergency situations. Engineers 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 guide.

This wi 1 1 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 l.
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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 dete'rmined by adding and subtracting an instrument

error to the 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 8

Pump -testing practices did not appear to agree with statements made in an NRC

Safety Evaluation 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

Nl-ST-Ql, "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 reposition 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'hese 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 valves.
W

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 Nl-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 pumps upon system initiation.

Concern E

The licensee 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 pumps 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
occurred 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 inadvertent 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 measured 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 Item.-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 6

Niagara Mohawk's response to items l.b(4)'nd l.b(5) in Letter No. NMPlL 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'est 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, pressure) 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 Nl-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 regions 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 restart review incorporating the HPCI/FN

system check valves into the IST program to control surveillance testing.
HPCI/FH system capability is demonstrated as the feedwater system is in

continuous service 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

(NMPlL 0333 December 16, 1988) to "Quick-Look" item l.e(4) stated that the

HPCI/FH 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 analysis is 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.
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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.
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NRC FINDING

UNRESOLVED ITEN 88-201-08

The inspection team reviewed the testing program for determining the

operabil,ity 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 acceptable 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/FW system must be capable of meeting the

pump head versus flow curve. The licensee limited testing to the motor-driven

feedwater pumps and'he 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 licensee's position was that if the performance 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, including booster and condensate pump performance, and

validate the curves at several setpoints.
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.-Res onse to Unresolved Item 88-201-08

Niagara Mohawk responded to this concern in item l.e(4) of Letter No. NMPlL

0333, dated December 16, 1988.
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NRC FINDING

UNRESOLVED ITEM 88-201-09

The inspection team reviewed the licensee's corrective actions taken with
regard to the concern about the adequacy of the 7-day LCO for the core spray
system discussed in Section 3.1.1 of this report. The inspection team

determined that the following sequence of events were pertinent:

In 1974, Technical Specification 3.1.4 was issued for the core spray
system 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 limiting 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 limiting condition for meeting 10 CFR 50.46
limits; 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 limits 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 gr'up

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, licensee 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 November 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 wi thout 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 Interpretat'ion
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 previously determined. This new

value would be above the 10 CFR 50.46 limits. 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'0 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 information 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 Interpretation. 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 i.nitial 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 unre'solved item on the licensee's corrective action program

Concern 8

During a review of the MOV stroke time test results for core spray and HPCI/FN

system valves, the inspection team identified three valves which appeared to
have stroke times in excess of the Technical Specification limits; 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 adjusted 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'easured 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 limit 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 8

During the course of the investigation of core spray vent valve 40-30

exceeding its technical specification stroke time limit (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 light.
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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 Circulars, 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'eam's review:

Internal Memorandum NMP 31552 of March 10, 1988, closed out ll 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

lesson 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-l-NL0-002-T20-01, revealed that this
information was not included in the plan; rather, the licensee relied on

on-the-job training activities to teach new operators this information.
The information in the OEA memorandum appeared to be in error. The team

6764G -45-



I

IS



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 Notices, 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
1

failures due to misapplication of the valve in the system and inadequate

preventive maintenance. The SOER made recommendati,ons 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 NMP1

from the period of August 1982 to June 1986, and concluded that this
was an acceptable 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/FW

system check valves were not included as part of the IST program.
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(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 NMPl had not experienced similar failures.

IE Circular 78-15 advised of problems with Anchor Darling tilting disc

valves failing to close when installed vertically and requested licensees

to v'erify the installation of similar valves to ensure adequate

operation. The licensee closed this document with an internal memorandum

dated November 17, 1978, which stated in part that, "All 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 piping 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 appeared to be

in'adequate.

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 NMPl since it was not one of the specified reactor designs.

At the top of the file memo was'ote 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
inspection, identified in Section 3.1,5 of this report the potential for

6764G -47-



0



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
remain unresolved pending NRC followup review of the licensee's program for
evaluating industry information.
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Response to Unresolved Item 88-201-10

.Niagara Mohawk responded to these concerns as responses to items 2b and Ze in

Letter No. NMP1L 0333, dated December 16, 1988.
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ATTACHMEFZ 1
TO

NIAGABA NDHANK PCS'ORPORATION'S RESPONSE TO
SAFETY SYSTEM ZUNCPIONAL INSPECTION REPORV 88-201

MPR ASSOCIATES, INC.

February 24, 1989

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

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

Dear Mr. Klosowski:

Enclosed is a final copy of ihe current revision of all calculations
performed by HPR in connection with SSFI - IR 88-201-01 (guick Look
Finding 1.b). Several of the calculations have been revised as discussed
below.

.~
1. Core S ra 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 HPR 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 hPs 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
line 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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MPR ASSOCIATES, INC.

Revised
February 24, 1989

RESPONSE TO SSFI -IR 88-201-01
OUICK 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 licensing 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.

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

NMPC RESPONSE

Core S ra Flow

A schematic diagram of the core spray system is shown in Figure l-l. 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

'ressure. [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
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

2. 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 calculation.'ere 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 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
the time period that the core spray pumps would be running in
this mode.

O'he calculations were performed for an assumed torus pressure
of 0 psig (which corresponds to an air temperature of 90'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 ai}
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
pslg ~

o 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.

3. Combined Head Flow Curv . 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.





t MPR AssocIATEs, ING.

Hr. Lee A. Klosowski -3- February 24, 1989

4. Vortex Formatio . 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,

Enclosure
John W. Johnson
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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.

Strainer'ondition

ONE PUMP SET OPERATION

Flow into ctor Ve sel m

0 psig 160 psig 365 psig

Clean

50K Blocked

467M 358(P

467M 353&

16O>3

16O>3

Notes: 1. Safety valve is closed. Bypass flow is approximately 70 gpm
for motor and seal cooling ahd 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 limited 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

Strainer
. Condition

F ow into eac or Vessel m

0 psig 160 psig 365 psig

Cl ean

50% Blocked

656(P 463M

652& 459(%

73O~3

728/

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
through the safety valve and 140 gpm for motor and seal
cooling.

3. Safety valve is open. Bypass flow is approximately 385 gpm
through 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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. o 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 betwe n the core spray and core
spray to~ping pumps. The strainer bp is calculated to be 1.7 psi
at 3400 gpm based on recent surveillance test results. The
strainer hp 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 dp is calculated to be 47 psi at 3400 gpm. This includes
the hp associated with the internal piping, header, and flow
nozzles. The sparger hp 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 safety 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 line 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 line discharge and the core spray suction are
considered negligible.

The co're spray flow rate calculations also take'into account the bypass
flow through the bypass line around the check valve at the discharge of
the idle topping pump during one pump set operation, and the bypass flow
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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:

Condition
Torus Pressure

(psig)
Torus Temperature

('F)

Surveillance Test

LOCA Condition 1

LOCA Condition 2

NRC Regulatory Guide 1. 1

0

22

3.5

90

140

140

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 l. 1 and assumes no increase in
containment pressure above that which existed prior to the LOCA. Results
of the calculations are provided below.
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Condition
Max Pump Flow

(gpm)
NPSH

(feet)'equiredAvailable

Surveillance Tests
(Flow Through Return
Line)

LOCA Condition 1

1 Pump Set
2 Pump Sets

LOCA Condition 2
1 Pump Set
2 Pump Sets

NRC Regulatory Guide 1.1
1 Pump Set
2 Pump Sets

3400

5000
3350

5000
3350

5000
3350

26

39
26

39
26

39
26

46

88
93

44
50

36
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.

o 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
the time 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 a torus air temperature of
90'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.

o The calculations we'e 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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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 (Reference 4).

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 maximum torus water temperature following a LOCA is assumed to be

140'F based on an initial water temperature of 90'F (Reference 5). NNP-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.

o The torus temperature may exceed the Technical Specification
limit 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
scrammed from any operating condition.

o 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.

v il
Surveillance requirements for the core spray pumps are as follows.

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

o 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'n Figure 1-5.
The combined, pump head/flow curve is equal to the sum of the individual
core spray and core spray topping pump head/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 line 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 pressure at the
inlet to the safety valve in the pump recirculation line 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 lie above the clean strainer head/flow curve, and therefore
indicate acceptable pump performance.

rt F cts

The potential to form vortices and its effect on the core spray pump

performance has been evaluated. 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
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type, air entrainment, swirl angle, and inlet loss coefficient) were

determined as a function of the Froude Number (Fr).

Fr
Jgs-

where u - velocity of the flow
s submergence
g acceleration of gravity

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

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

o 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-uniform approach flows (imposed swirl patterns in the test
tank).

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

o Inlet loss coefficients were low and agreed with hydraulic
handbook values (Reference 10). [Note: In 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 NHP-1 suction pipe configuration and core spr ay flows
are calculated in Attachment 4 and summarized below.

Pump Sets in Hax Flo& Velocity Submergence
Operation (gpm) (ft/sec) (ft) Froude No.

5000 14.1 5.4 1.07

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 expected 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 aegligible 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 NHP-1

suction pipe configuration. That is, there is no identified feature in
the NHP-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 NHP-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

NHP-1 suction pipes) and 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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Figure 1-2. Head vs. Total Flow.
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Figure 1-3. Head vs. Total Flow.
Two Pump Set Operation.
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ATZACHMENZ 2
1Q

NIAGARA M)HAWK POWER CORPORATIONs S RESPONSE TO

SAH.TY SYSTEMÃ FUNCTIONAL INSPECTION REPORT 88-201

March 22, 1989
MATERHAMMER EVALUATION

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 spray system is shown in
Figure 1. The core spray system consists of two independent 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.

t-Osec
t 7 sec
t - 13 sec
t 20 sec

Core Spray Pumps 111 and 112
Topping Pumps 111 and 112
Core Spray Pumps 121 and 122
Topping Pumps 121 and 122

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 spr ay flow rate as a function of reactor pressure is shown in
Figure 2.

A keep fill'ystem keeps the core spray piping from the header check

valve to the inside isolation valves full of water. The keep fill system

is a gravi'ty 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 isolati.on valves inside the
drywell during power oper ation. 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/N2 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/N2 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/N2 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/N2 to the shutoff head of the pumps minus the elevation head

(approx. 974 ft/420 psig). The air/N2 will be compressed to about 6 ft
(approx. 8 ft). The portions of the piping filled with water and air/N2
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/N2, then water will flow through the core spray sparger. The time
for the air/N2 trapped in the line to pass through the core spray sparger
is about 0.5 to I 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 loop will be the same (i.e., water-air/N2- water) as described
above. During the time air/N2 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/N2 to flow through the
sparger is short (0.50 to I sec) and the total mass of water in the core

spray piping is large (approx. 24,000 ibm).
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Thus, the air/N2 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
'loads due to changes in direction as water flows through elbows and tees
to fill the piping.

SUMMARY

its of Anal ses

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 spray 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 ft ) if air/Ng 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/Np. 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:
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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 valve,
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 flow is small until the air/N2 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

abc limited 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 percent 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 summary'wf the maximum expected flows and dynamic loads for the various

portions if- 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 stresse5 due to
these dynamic loads are low and when combined with the pressure stresses
are well within typical ASHf Code allowables. The dynamic loads on the
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p1pe supports due to startup of the core spray system are comparable to
the seismic loads for the core spray system. Stresses in the pipe
suppori:s 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,,
(i.e., internal pressure minus external pressure) will be approximately
equal to the frict1onal losses from the reactor to the inlet pipe
(thermal sleeve), When the slug of water behind the air/N2 bubble
trapped 1n the pipe reaches the sparger, the sparger net pressure load
will be es, entially zero since the pressure losses due to air/N2 flowing
through the sparger will be small. Thus, the only significant loads on

the sparger components during th1s time will be the dynamic flow-induced
loads. The resulting stresses are tabulated 1n Table 4. As shown in
Table 4, the highest stresses in the core spray sparger occur in the
5 1nch pipe (bending). The maximum calculated bending stress in the
5 inch pipe is 24,8 ksi which 1s slightly less than ASHE Code allowable
for primary bending of 25.4 ksi (1.5 Sm) 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 sleeve. 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'alculated 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.

Operator Surveillance Test N1-ST-(1, Core Spray Pumps and Motor Operated
Valves Operab11ity Test, is performed quarterly. ln th1s test the ins1de
and outs1de 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-



.F

t

f~

)'' E



torus water elevation is filled with afr/Np. 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 line will be

small. However, when the water slug reaches the flow control valve 1n

the test return line, the flow will be suddenly reduced to about 3000 gpm

due to the resistance of the flow cantrol valve rather than the
gradual'eduction

expected when the air/N2 volume 1s compressed. The sudden

change in flow would be expected to cause dynamic loads on the core spray
piping upstream of the header check valve that are much larger that those
expected during startup of the care spray pumps with the 'inside isolation
valves closed and afr/N2 trapped 1n the line. No problems (i.e.,
excessive pipe displacements, pipe support failures, etc.) have been

reported ta date during these tests.
E

In addition, in response to NRC IE Bulletin 88-04, pump minimum flow
tests are planned to determine the adequacy of the recirculation lines
when the pumps are running with the 1nside 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/N2
in the 'ifne like 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, Operatar Surveillance Test Nl-ST-R9,

Core Spr'ay System Operabil1ty 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 suctfon from the
condensate storage tanks, and pump demineralized water into the reactor
vessel at 0 ps1g. Since the condensate storage tanks are at a higher
elevation (261'-0") fn the plant than the normal torus water level, when

the valve from the candensate storage tanks to the pump suction is
opened, the water level 1n the core spray piping will rise partially
compressing the initial valume of afr/N2 fn the lines. The duration of
the test 1s about 20 seconds due to reactor water level limitations.
During the test, the flow is expected to approach the calculated flow for
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one pump set operation at 0 psig reactor pressure (4670 gpm) from

Figure 2. The flow through the sparger will be like that during a system

initiation during a LOCA (i.e., water-air/Np-water) since the test
procedure is such that the air/N2 bubble is trapped in the line prior to
startup of the pumps. Note that the flow during this test with one pump

set running (4670 gpm) ls less that the maximum flaw for two pump set .

operation (6560 gpm), Nowever, the actual flows during a LOCA with two

pump set operation would be expected to be lower than those during this
test for the following reasons.

o During a LOCA, flow to the reactor vessel starts when the
reactor press<ire is at 365 psig decreasing, whereas in this
test, reactor pressure is 0 psig.

o 1'he 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/Ng bubble would have passed through the
sparger. During the test, the inside isolation valves are
fully open prior ta startup of the pumps.

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

Based on the analytic evaluations and core spray system tests described
above, the dynamic 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.
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Table 1

DYNAMIC LOADS DURING PUMP STARTUP
CORE SPRAY PIPING

Pi

CS Pump to Tee
(12.750" OD x 0.375")

Flow
~)~m

5,500

Velocity Load
~ft sec ~lbf

15.6 370

Pressure

99

Tee to Check Valve
(12.750" OD x 0.375")

Check Valve to 6"
(12.750" OD x .622")

11,000

61560

31.2

20.2

1,480

570

99

275

6" to Reactor
(6.625" OD x 0.432")

6,560 80.7 ',280 275

1. At time of maximum flow.

Table 2

PIPE STRESSEA

Pi e

Stresses Due to
Pressure (psi)

(Tt

Stresses Due tN
Dynamic Load (psi)

C~f (7~

CS Pump to Tee

Tee to Check Valve

Check Valve to 6 Inch

6 Inch to Reactor

5~ktL':

770 1580

770 1580

1,210 2,540

850 1,830

50

200

50

540

1,010

4,040

1,000

8,930

2.

Longitudinal membrane stress.
ut Tangential membrane stress.
y' Longitudinal bending stress.

Assumes a 'dynamic load factor (DLF) of 2.0 for a suddenly applied
load.

3. Pipe support stresses are not significant.
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Table 3

DYNAMIC LOADS DURING PUMP STARTUP
CORE SPRAY SPARGER

Co onen
Flow . Velocity Load

~>~m ~ft sec (lb~
Pressur eU

si

Thermal Sleeve 6,560 105.1 2;960 -0

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

6,560 72.7 2,050 -0

5 Inch Inlet Pipe
(5.563" OD x 0.258")

3.5 Inch Header
(4.000" OD x 0.226")

3,280

1,640

52.6

53.2

740

380

-0

-0

1. At time of maximum flow.
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Table 4

SPARGER STRESSES

'tress'hermal

Sleeve:
Tension
Meld Shear

6 Inch inlet Pipe:
Tension
Bending

5 Inch Inlet Pipe:
Tension
Bending (From 6")
Bending
Torsion
Meld Shear

Junction Box:
Tension
Bending (End Cap)
Meld Shear

Sparger Header:
Tension
Bending (End Cap)

1,380
3~950

730
2,890

350
24,810
10)880
6,270

Z40

350
5,660

960

280
2,870

l. Assumes a dynamic load factor of 2.0 for a suddenly applied load.
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Spray Characteristics —Good distribution throughout
full cone spray pattern, due to Spraying Systems
Co. internal vane design.
Construction —Internal, removable vanes. Types G
and GG have removable caps. All noziles made of
bar stock. See page 14 for larger capacity cast type
nozzies.
Materials—Supplied in choice of brass, steel and
type 303 or 316 stainless steel... other materials
on special order. See page.21 for PVC FullJet
Nozzles.

FDU. CONE

SPRAY PAlTERH

I Female
I Conn.

Male
Conn.

Norris Ne.

Pipe Online
Conn. Diam.
Npr Nem.

Free
Pass.
aee
hlaai ~

miam
Sile
Par.
aisle»

cnpnclrv
GpM zealless per mieail~ ) al p.s.i. toe»mes per seeare inch)

3 5 7
p.LL p.s i p s.L
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Type C
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Ail FuiUet Hollies made
with internal vanes as
shown in cutaway below
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'Foaign matter with maximum diameter as listed can pass through nozzle without ciogging.

"See page 3 for spray angle data.

I

WHEN ORDERIHC-specify complete Nozzle Ho. and material.
Examplel trbGS FOIUet Nozzle, steel.

8.6 10.4
48'0'3.7

16.6 61'
70'4

29 89'
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17.6 48'0'4

29 67'8
35 42 75'8'1

50 89' 92

46'
63'»
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Q» I

~ » '0 Irs'I
See pages 54 thiough 61 for spray nonie
accessoriea. patent Nos. 3,146,674, 3,104,629 sno Foreign patents.
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~ . Nomenclature

Si<«-81-~oi rE«< O

Unless other ise stated, oil symbols used
in this book ote defined os follows:

B
C

C,
Cv

D

C

f

h,
hs

L D

L

~lR
n

P
p<

P
Q
0

<.

cross sectional area of pipe or orifice. ln
square feet

cross sectional area of pipe or orifice, or Ro«v
area in valve, in square inches
rate oi r1o«v in barrels !~a gallons) per hour
.";on; coemcient for orifices and no="!es

~ discnarge coefficient corrected for vel-
ocity oi approach C, / ~,

'iscnarge coerncienc for ortfices and no:=les
~ iiou coenictent ior valves: expresses Rou,

rate lr. gallons, er minute of oo F «vater
uith i. psi pressure drop across valve

~ ince.nal iiameter oi pipe. in lect
internal 'iameter oi pipe. in inches
ease oi natural In<:arichm
.-!ation!'actor in formula hc ~j L i= 0:g

:riction iacror in -one of complece curbulence

acccicra::on oi gravity ~;t,. lect per
sec«in" er second

~:ocul i:ea . in ieec oi rlulJ
«~ static pressure heaJ existing at a point. in

lect oi Ruld
~ total heat oi steam.;n Btu per txunJ

!oss ot':atic pressure head Jue co Hutd.
tlo«v. m:eet oi liutJ

~ static pressure head. in'inches oi ««atcr
~, resistance coerr;cient.or.,vcloci ) nead loss

in ti:e .'ormuia. hs Res sg
~ ratio oi specific heat at constanc pressure

to spe".tnc heat at conscart voiume
rv c ~

~ 'en ".h oi, e. in feet
~ c"ui«aien: lcrgth ol' resistance to tlo«v.

in,"ice iiamete:s
length oi, ipe. in rniies

w molecular ««eirht
mversal gas constant ~ i 5<5

~ exponent in equation f«r imlycropic change
to'5; = constant)

~, ressure. in pounds per square inch gauge
~ pressure. pouncs per square inch absolute

face page t-r /or diagram shou ing rcfation-
ship ocnoccn gauge and adsofutc prcssure)

~ pressure. in pounds per square foot absolute
~ . ate of Ro«v. in gallons per minute
~ rate ol Ro«v. in cubic feer. per second at

rlo«ving conditions
~ rate ol Ro«v, in cubic feet per second at

standard conditions (ia.,- psia and ooF)
~ race ol Ro«v. in trillions of standard cubic

feet per day, «llfscfd
~ rate of Ro«v. ir. cubic feet pe. hour at stand-

ard con'ltions (is.; psia and ooF). scih
~ .ate oi R<ou.. in cubic feer. pcr minute ac

Ro«ving conditions
~ rate of flos'. in cubic feet per minuce at

std. conditions (i .; psia and ooF), scfm
~:n Jt vid al gas constanc ~ .t fR .8

15 lf
~ Reynolds number

R„~ hydraulic radius, in feet
rc ~ critical pressure ratio for compressiole llo«v
S specinc gravity of liquids ac specined temocr-

ature relative to ««acer ac scandar" tempera.
cure (oo F)

S, specthc gravity oi a gas relactiz to air
ci.e .atio ol .".e molecular «vetght of che
gas to thac o.'ir

7 ~ absoiute temperature in degrees Ranktne
i 'oc . l)

~ cern.eracure. lr. "egress Fahrenne:c
'L'cecific volume oi Ruid. in cubic feet per

pound
~ mean vciociry oi Ao~'. in ieec per minute
~ volume, in cubic feet

r mean velocity oi Rou:. in feet per secor.a
c, ~ sonic ior criticall velocicy of Rou; of a gas.

in feet per second
~ rate oi tlo«v. in pounds per hour

u ~ . ate oi rlo«v. in pounds pe. second
u, ~'ueigrt. in pounds
s ~ percent. quality of stcam too minus per

cent oi moisture
~ nct expansion factor for compressible Rolv

through orifices. no"=les. or pipe
~ ~xtenctal head or eievacion above reference

level. in feet
Greek Letters
,seta

P ~ ratio of small to large diameter in orifices
and no"=ics. and contractions or enlarge-
ments in pipes

Oslt ~

ss

Kssit ~ «

dift'erenttal bet«veen t«vo ooints

ss <

Hv

absolute ld) rlaimlc) 'viscosltv, ln ccrlclpolsc
absolute viscosicy, in pound mass per foot

second or poundal seconds per sq foot
absoluce viscosicy. in slugs per toot second

or pound force seco'nds per square fcot

~ kinematic viscosity.;n cencistokes
v'inematic viscosicy. sauare feet per second

She

p ~ «vetlchc density oi Ruid. pounds per cubic ft
p' density of fluid. parr~. er cubic cencimeter

Thste

8 ~ angic of convey"ence or 'ivcrgcncc in cn! arge-
rncnts or or.:raccions in pipes

Subscripts lor Diameter
(i)...defines smaller diameter
(:)...defines larger diameter

Subscripts for Fluid Property

(i)...defines inlet (upstream) condicion
( )...defines ouclet (do«vnscream) condition

c ~ absolute roughness or effective height of
pipe «vail ir. e"ularicies. in feet

M«
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General Energy Eciuatioh
Bernoulli's Theorem

5l~4-8 -g5I f C5f O

P '3 ck9

rThe Bernoulli theorem is a means of expressing the
applicatiot. of the la55, of conservation of energy to
the Ro5v oi Ruids ln a conduit, The total energy at
any particular poin:. aoove some arbitrary hori=ontal

datum plane, is equal to the sum of the elevation
nead. the pressure head, and the velocity head.
as follows:

P+ ——' H
p ag

1
l

'n ~ '+—

f' lss

ra»c fn

ra ~ ( f~ uf. C

Pl 0+

«".t'ra." nortzonlal Data.. Plane

Fittuto I 4
Cnetay botonce ler Two Points In o Fiuid

B5'»rm:sstor mam Flut«t Mt»ftant»at ..by
R .X. Douce an" ~l J. Tltompson. Copyrt«jt
lo$ ., Xt»( rav,-Pltll laook Company, Inc.

u»

f'1 x its
n

I
1

I

Zc

1

if friction losses are neglected and no energy is added
to, or taken irom. a piping system (i.e. ~ pumps or
turbines), the total head, H, in the above equation
will be a constant for any point. in the Ruid. How-
ever, in actual practice, losses or energy increases
or decreases are encounterrd ar.d must be included
in the Bernoulli equation. Thus', an energy balance
may be written for two points in a Ruid, as shown in
the example in Figure 1<.

Nore the pipe friction loss from point 1 to point 2
is ha foot pounds per pound of Rowing fiuid; this is

, sometimes referred to as the head loss in feet of Ruid.
The equation may be written as follows:

lttuotion M
144Pt, rt «, 144P!

«1 I + co «1 ~ T + ha
ag Ps zg

Atll practical formulas for the Row of Ruids, are.de-
rived irom Bernoulli's theorem. with modifications
to account for losses due to iriction.

Measurement of Pressure

8

0

Cl

««

I
o

S

ol

g1

g

a«v >5!55of! <Cov! Alrt»5»-tfl»

At At. !5»nett» nf!SSvrc Lcvct-Variable

An Prcssure Below Atm»son»fr»

~ Ct ",t« tef« ' Ortts oft P«ff«t Va OQQ

Flaute 1 5

Retottenchitt between
Goua ~ ontr Abcotut ~ Pteccutee

~I

I
0
~I

f«

~I

«o
C
4I I

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

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

"Startdard" atmospheric pressure is 1 4.696 pounds
per square inch, or 760 millimeters of mercury.

Cauge pressure is measured above atmospheric pres-
sure:, while aosolute pressure always refers to perfect
vacuum as a base.

I'acuum, usually expressed in inches of mercury, is

the depression of pressure c elow the atmospheric
level. R.eference to vacuum conditions is oiten
made by expressing the aosolute pressure in inches
of tnercury; also millirneters of mercury and microns
of mercury.

'All tuneriOr ficurea utetf OC referee»e fnerat refer tO tbe aiVieateuayr lee teteetf rteae Of tteetfs
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Flow Coefficient C for Noxzles'

. ' Isl s ~ .
ill

J II'
I II!

nlo s sI

I I .'.Ijj'

Ezamlylel The rloLY coeFh-
clent C ior a -'iametcr ratio
3 oi o.vo at a Reynolds
number ol ." o ( x IOI)
ccuals I.C3.

i I I lail!
,'il I l III i:
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I iisl

s

I I I:N' ~ I I Ns I ~ I I
N'L- Reynolds IIuaoeloasedon da

Flow CoeHicient C for Square-Edge Orifices'"

I
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I

j
~ d,
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VALUES Of (sell fOR WATER AT dp' IVELOCIIY IN FT/SEC. X OIAQETER IN INCIIEX)

~ 1 0 ~ 0 s o ~ I 2 ~ e ~ Ie 20 se so ee No lee see see eee 's'

I cRnlcAc

.U5

.04

.03

.Olb

Flicliou
Factor =

LAN HAR
IS K

ZO IE

ITIQN

I

LE N

hrride
l)iroelet,
IIIclor
0.20

0.25

0.IO

0.25

IO

d
Io
l2 ——————
l6 0

36

td

Iloaiarl
Pipe
Sile,

lecher

I.'d

L'4

3'd

Ils
Ilt

Pt
3-I'2
4

5

0 0 I00002
0 0 0 0

Sckslele IIoobet

n

Q.
0

D
Q.
0

0

Cl
O
n

n4
D

0

X
Cs

es

I

Ie
n

re
0

Vl
0
e
C
C1
Ul

2
Ct

0

n
Z

n
le
Ql

n
or

0

C
se

IO' 2 3 4 5 6 8 IOT 2 3 43 4 5 6 8 IOI 56 SI06 2 3 456 SIO' 3 156 SIOI

Z
0
se

l)ritII'r - Itcyoolds Itumbcl
f2e

for olher torsos of the Xr eqvotioo, see pape 2 2.

Problcrn: l)etcrlnine III'e friction fuctor for I 2-illcll 5:IIecl-
clle Qo I)IIMIlt u IlllwIluvitlttII It,cylloicld ncnllber clf Joo,ooo.

Solution:
'I'llc friction factor (/) ecluuls o.ol tl,

v
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"K" FACTOR TABLE—SHEET I of 4

Representative Resistance Coefficients (K) for Vafves and Fittings
("Ic" is hosed on use oi schedule pipe as listed on poco 2 t01

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

Hominal Siae 'IC" %" I I" I I 'li" I 'lj" 2" I 2'/2 3 I 4" I 5" 6" '-10" I 12-16-
18-2sc"'027

'.025, .023 .0221.021 .019
I

.018 ..017 '.016 I.OIS I .01 .013 '012Faetorffr) ''' I' I
' I' I

'
I

~ Fosmulo I

. eb
G.S Ing(t -(cp)

W3'4
~ Fesmulo 2

FORMULAS FOR CALCULATlNG"K"
FACTORS'OR

VALVES AND FITTINGS WITH REDUCED PORT
ikoi: Pages .'.l l and 34)

~ Fosmulo 4

KL
F c - — Formula - rormula

/. elil- o.g (! sin - I I - Z-') -. (i - 3'!t
c

I g
=.q I I - 3-I

1
'sin-

lhl

~ Formula 2

S.O Sin (l - J')c

~ fosmulo 7

4 - —- 3 (Formula 2 - Formulas) LL'nen 8- ISo 0
3I

Ki —s [= s (i - s" —: ( i - s'l']
~ r

~ Fosmula 4

t~ fl 3 ~ ~IPP > "e
PI 3i

e Fosmulo S

KIlic - —,—Formula l - Formula 3

KI + sin—'o.8 (1 - p') + 2.6 (l - +s]

'Use "K"furnished by valve or fitting auppller when available.

dll3-—
ds

Subscripc I dcnncs dimensions
and cocrTIcicnts with reference to
chc smaller dlamcccr.
Subscripc 3 rcic.s to thc larger
diameter.

SUDDEN ANO GRADUAL CONTRACTION SUDDEN AND GRADUAL ENLARGEMENT

as e O, s is as ~ Oi is
Ir

fit~)
~$ < 8a l8o't Formula I

Rs - Formula x

If: il a f'.........RT Formula 3

4(' ll i t So'... Rc - Formula 4



'I

1a'

~ f.



4-8I-Fmi ~cv'0

P, 7 op
C RA N E ArrfHotx s -tH'fstcAL tsorsNI55 or ttut05 nH0 Flow CHAnncTssisztcs or 'rnLvss. ttntHos, nHo sins A-27

"K" FACTOR TABLE-SHEET 2 of 4

Representative Resistance Coefficients (K) for Valves ancl Fittings
Iior torsnutos ond friction dote. soo potto A.2d)

("K"ts hosed on uso oi schoduto pipe os listed on pott ~ 2 t0)

GATE VALVES
Wedge Disc, Double Disc, or Plug Type

SWING CHECK VALVES

~ ~ ~ 4 ds i ds
I ~

d, ds
~ I 'e

lf g l. 8 C,..........,..Iil Sfr
8 < i anJ 8 z pf'......... 7". - Formula I
p < t anJ 45' l3 I: tSO'...K: - Formula o

I .- tcofr li- fo fr
Xlinimum pipe ueioctcy ~ Xlinimum pipe I'clociry

! 'fps) for full Jisc life (fpsi ior full disc life

3f Vv'v
60 V V except

U/L Iisrccl ~ l00 V V

GLOBE AND ANGLE VALVES
UFT CHECK VALVES

dI
'd;

lt: HALI- I . kt-3ocfr

~ R4

d.

lf: sI t...Iit - e c./r
) «...K: Formula;

.'Llinimum pipe uclociLy (f! si for iull Jisc!ii:

~ m
:ds s

lf: 4 I...KI - ff Ir

ll': 8- t...iii - fffr
d «...Ii: - For™u!a;

X linimum pipe uelocicy (fpst 'or iuii 'isc!iir

TILTING DISC CHECK VALVES

~

's

Os ,a, ds Os.

d,

lt: 3 ~ I .

,'Lil '!ohc and 4n"Ic L'alvcs.
nnc.'Isdf fcducc 'car of «'.fotr!OJ.

li. d d t .. iis - Fnrmu!a;

Iwl I> ft li: 3 I . Ixs ctfr +t=cs 5 ro S', . Ii-
<i-cs i Lo I a li
~tcslu o 'S . Ii
Xlinirnum! Inc Lcu

I lpS s 'ol tu:. i:lsd !I!5 ~

~c s c n r I I

~ s

~ ~
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"K" FACTOR TABLE—SHEET 3 of st

Representative Resistance Coefficients (K) for Valves and Fittings
ttor lonnulas and /sictian data, see page A 2dt

I"X"is based on use ol scheduled pipe as listed on page 2. 101

'TOP%HECK VALVES
(Glol)e and Angl~ Types)

Poppet Disc Hinged Disc

FOOT VALVES WITH STRAINER

ds
d, gkes

If:
8- t...Ki ga jr

:I3 <,r .. 1K:"- Formula;

ihlinimum pipe velocity
for full disc lift
- ssP~~

ds

I

If:
8» I... KI » too fr
4 < r... K: - Formula; .

!LIinimum pipe velocity
for full disc lift
-;sg ~V

I
~ I

II, u

K ecojr K-rsfr

ihlinimum pipe velocity Minimum pipe velocity
(fps) for full disc lift (fps) for full disc lift

is v V -3) ~V f

i

i;

d,
~a ~.

dss,
r'ALLVALVES

lf:
Pr» I Ki»3 fr
8 < i... KT - Formula;

If:
I ~ ~ Ki 3 So Ir

IS < t...KT Formula;

%!inimum pipe velocity (fps1 for full disc lift
-6ots'V

If: is - i. e - o........,.... KI . 3
I'r

d < I and e I's'........ K: - Formvia s

8 < i and ~S' t1 < iSo... KT Fomiuia o

ds
BUTTERFLy VALVES

ds

li: If:
3 t ~ »ki 55/r d I ~ ~ ~ ~I 55.'r
3 < t .. V.;. - Forn:ula; 3 < I...K: - Formula;

M LIL
d

1&I
4!inimum pipe velocity 'f si for iuil

dis-!i'acd

>
l'iscs~I CS

CICCS

s ~

I

toto�

...K»1) 'r
IQ tO 5» ...k 5.'r
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"K" FACTOR TABLE-SHEET d of 4

Representative Resistance Coefficients (K) for Valves and Fittings
ffor forotvlas ond friction doto, see parte 4 26I

("K"is rsosed on vse of sohedvle pipe os listed on pose 2 lOI

PLUG VALVES AND COCKS STANDARD ELBOWS

Straight-Way

I ~
d

View X X

3-Way

g
90'50

W—X's I
K - 3" fr K ~

Iofr'i:

3- r. li: d- l. li: 3 - r.
I ) fr lhs i 30/r lies ~ oc lr

li: 3 < I... lic - Fornlula c

STANDARD TEES

MITRE BENDS

r r4,
P

0'/
15' ft" ''30' ft
dS' 15 ft60'S ft75'o ft'90'0 f

Froiv thru run...... K - „- fr
Froll t!lru I ranLn.... 4 - oo fr

~8.

90'IPE BENDS AND
FLANGED OR BLITT-WELDING 90'LBOWS

trd I K tid K

I I 20.ft
IA jrlfr

12 ft
12 fr
14 ft
17 ft

2
3

6

8
10
12
Id
Ie
20

24 fr
30 ft
34 ft
38 fr
42 ft
50 ft

CLOSE PATTERN RETURN BENDS

Tile rccistancc COCRicient, Ko, for pipe bends other
han 0" nlQL Le icterrnincd Qs folloLvs:

r ~ ~ r
lan Ltr - I I ( .:5 s'ry+0.5 4) - tx

n a n:::-..wr ofoos bends
b: ~ r; t-lance cocmcicnt for onc oo'end ipcr ublcs

Inward
Projecting

K ~o.rS

Projecting

r d

0.00'.02

O.od
o.oe
0.10

0 15 8 vo

Od
0.28
0.24
0.15
0.09
O.od

'Sharp edged

PIPE EXIT

Sharp-Edged

PIPE ENTRANCE

Flush

For K,
see table

s

s
I

K-)ofr K I.o 1% H I.o K» I.o
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INOKX NO. ~ N2.I -g~ pc~
TOTAL SHTS. (y

LAST SHT. HCL: 5

BU ILDING: Ken c~
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Nomenclature

5l4.-8) ~oz ~ceo

P. WaH
Unless attierwise stated, all sytnbats used

in this book a(e defined as follows:

B
C

C,
Cv

0
d
C

/
rr

hr
hs

~ i

L
L D

pi

P

-

cross sectional area of pipe or onfice. in
sauare feet

~ cross sectional area of pipe or orince, or Row
area in valve, in square inches
rate of Row in barrels t~a gallons) per hour

~ Rov coemcient for onfices and no==!es
discharge coetYicienc corrected ior vcl-

oci(y oi approach ~ C,/~, gt

'iscnargc coefncient for onficcs and no==les
~ i ow coefiiicien( ior valves. Cvpresses Row

rate:1 gallons per minute of oo F water
uith i.o csi pressure drop across valve

~ inter1ai iameter oi pipe In ieet
~ internal 'iume(er oi pipe. in inches
~ '.ase oinacural loganthm e:..-Id

irict:on iactor in iorrnula h< j L ia Lt tg
friction faccor in =one of complete turbulence

~ accelcra::on of gravity ~ ig.s teec,"e.
seci>n"'".er second

~ to(ul hca '. in ieec oi tiuiJ
s(atic pressure head evis(ing at a point., in

tcc'( ot iluld
~ total heat oi steam in Btu ",cr tmunJ
~ loss ot':atic pressure head due to fiuid

low. In ice( oi tluid
~ static „"ressure head. In inches oi waccr
~ resistance coerr.cient or velocity head loss

In che.formula. hs, F'rs sg
~ .atio of spccific heat at constant prcssure

to spe" nc hear, at constant volume ~

~ len„'th ot ".ipe. in t'eet

c "uls Qic1( Ic,"igth ot u I'csls(ance (0 rlow.
in, i," Jiatnece: s

~ ic1gth oi pip». in miles
~ molecular <eight

niversal gas constant ~

iform

exponent in equation ior lv)lytropic change
I p'~ ", = conscant)

~ pi essure. in pounds per square inch gauge
pressure. pounds per square inch absolute

fsrr pagr I-g/or diagram shauing rrlasias-
ship oruccn gaugr and afisafutr prrssurr>

~ pressure. in pounds per square iooc absolute
~ ate of Row. in gallons per minuce

~ rate of Row. in cubic feet per second ac
Rov:ing conditions

rate of Row. in cubic feet per second ac
standar" conditions li4.,- psia and boF)

race ot Row. in millions oi standard cubic
feet per day, Mllscfd

rate of Row,. in c bic feec per hour ac stand-
ard con-'i(ions ~is., psia and ooF). scih

~ .ace ot Row. in cubic ieet per minute at
Rouing conditions

~ rate of Row. in cubic feet per minure ac
std. con'icions f i z.,- psia and ooF). scfm

IVIdual gaS CanS(a1( a .KfR '.Ii iv
I ) w),ii

~ oeynnlds1 mber

Rrf ~ hydraulic radius, in feet
r, ~ en(ical pressure racio ior compressibie flosv
S specinc gravity of liquids at specified temper-

ature relative co svater ac scandar" tempera.
cure (oo F)

S, specinc gravicy oi a gas relative co air
che ratio oi '.:".e ...olecuiar Iveignt oi cne
gas to tha( oi air

T ~ absoiute temperature in degrees R.ankine
I'oo ~ t)

temperature. Ir. "egrces Fahrenneit
specific volume oi Ruid. in cubic ieet „er

po 1d
~ mean velocity oi Row. in feet per minute
o volume. in cu'cic feet

n:can velocicy oi Row. in feet per secora
~ sonic ior cn(icali velocicy of Rois of a gas,

in ieer. per second
rate ot rlov:. in oounds per hour

u ~ race oi Row. in cv)unds per se"ond
u. ~ c'etgh:. in pounds

~ percent quality of steam ~ ioo minus per
cent oi moisture)'ct ev ansinn iactor ior compressible Row
chroug1 onfices. no=-les. or pipe

pote1tial head or eievacion above reference
level. ir, feec

Greek Letters
Seto

~ ratio of small to large diameter in onfices
and no=-les, and contractions or enlar e-
ments In pipes

Delta
~ aifierential ."C(iiee1 two ooints

je iii@8

c absolute roughness or efiecttve height of
pipe wall irregulancies. in ieet

Mv

aLsolute (dynamic) viscosity, in centipoise
absoiuce viscosity. in pound mass per fooc

second or pourdal seconds per sq foot
absolute viscosicy. in slugs per foo( second

or mund force seconds per square ioot
Hv

~ kinemacic viscosity. in cencistokes
~ kinematic viscosity. sqvare iee(. per second

She

p ~ weight densicy oi Ruid. pounds per cubic fr.

p'ensity of RuIC. g. arns oer cubic centimeter

theta

8 ~ angie oi converacnce or divcrge1cc in enlarge-
ments or con:raccions in pipes

Subscripts for Disa)ster
(t)...defines smaller diameter
(:)... defines larger diameter

Subscripts lor Fluid Property

(I)...defines inlet (upscream) condirion
(x)... defines outlet (downstream) condicion
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CRANE ctsntsee t Tttfoey 0/ tiow Iss ~ Ite

General Energy Equation
Bernoulli's Theorem

datum plane, is equal to the sum of the elevation
head. the pressure head, and the velocity head
as follows:

ts4P, 'i"
P ?g

f
The Bernoulli theorem is a Tneans of e"pressing the
application of the law of conservation of energy to
the Row oi Ruicis in a conduit. The total energy at
any par:ic iar mint. above some arbitrary hori=ontal

l', x los

,~

netsy IJtatte its
-au«c Crace i ine

to»

'ri:ran.-.ctiaontat Oatu.".. Ptane

Fibure IW
bnerby bolonse lor Two Feints ln ~ Fluid

Bs s.rmtsston. irom Fluid .'Lltchantcs" by
ia. X Ooaccan" Xl J Thompson. Copyrtchc
l9JJ, XtccJrau..Hill Bool; Company. Inc.

isl

t'. x lsi
Js

/s

if fricrion losses are neglected and no energy is added
to, or taken irom. a piping system (i.e., pumps or
turbines), the total head, H. in the above equation
will be a constant for any point in the Ruid. How-
ever, in actual practice, losses or energy increases
or decreases are encountered and must be included
in the Bernoulli equation. Thus, an energy balance
may be written for two points in a Ruid, as shown in
the example in Figurc, l~.
emote the pipe friction loss from point l to point 2
is hc foot. pounds per pound of Rowing fiuid; rhis is
sometimes referred to as the head loss in feer, of Ruid.
The equation may be wrirten as follows:

Ettuotfon 1<
t4APt . ti ~ . togPT-"s —; —+ —+ hb'- g Ps "- g

AH practical formulas for the Row of Ruids are de-
nved from Bernoulli's theorem. with modifications
to account for losses due to iriction,

Measurement of Pressure

ary 0'tssut! Abby! Atmcsoneftc

c
0
~i~t

c3
At Atn.annettc oI~ SSute L!yet-Vttttbie

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

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

4.
I
~i

S

4 Ftessttte it!tow Atmcsonenc

8
'C

0
si I

-Standard" atmospheric prcssure is 14.696 pounds
per square inch, or 760 miilimeters of mercury.

Gauge prcssure is measured above atmospheric pres-
sure, while absolute pressure always refers to perfect
vacuutn as a base.

C
abs- is t!to el P!ssIste-Peti~Vs sum

Fico!0 i iS
Refottonshits between

Goube end Atssetut ~ Pressures

l'acuum, usually expressed in inches of mercury. is
the ciepression of pressure below the atmospheric
level. Reference to vacuum conditions is often
made by expressing the absolute pressure in inches
of mercury: also millirneters oi mercury and microns
of mercury.

'Allsunetior lieures used os te4reete moth refer to tho bitrfieerootiyt see second truce ol tsooa.
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Flow Coefficient C for

Nozzjes'l4-8<l-I-R)~
vo V p

p 0 A-)
Ilas. Aolb elec Clt+NE

ulo« ~
C

Cd

V'

I I I II<
I I

i

I iljj
I I ':, !

LII

'I~

! I III I
~ I < ~

i ~

ID ': ;'ll<l

j I,; 'Ilj

I i

j,'jl''I

j
I I j

I
I

~ ~

«<OI ~ t
OII

~a. I
i<

I

L.

«<

OC
I

ON
I

N
<I I

1

0<0

az

Examples Tne Hola'oem-
clent C ior a diameter ratio
3 oi ".oo at a Reynolds
numoer oi tc.~ (i x Io')
C>ttals I.o3 ~

' '20
'

I I Ilj!
~ jl I I i< i I I i I:!Ill

i ! ',:.'I ' I ! ' l ". ' '
j i !I!

alt
~ I In' ~ I I M< I ~ I In'

IC - Reynulde Nuanet Oeeed On de

Flow Coefficient C for Square-Edge Orifices'"

~ 00

~ ~ 721~ <

I I j
'jj

. t Ii
I I

I

0. ~

S

<(I ~ ~

~ D'
~ i,D

I ~

i I. I

d< d,
~ I I I

0.2
~ ~ I I I <0 00 00 <0 ~ i 0 I 10<

ll, - Reynolds Nunoet nosed units

I i=<

2 ~ 0 0

'0'd

W

0

aII

! j I '
.'I. "i I 0, ~ ',!Ill

I 0 , I I illl
i : I I ! i,!

I I:
I

i I j : ' j I lI!

I.II
I ''"'j

ln

~ <I< ~ .i

atl
K

alb
o

a70

I —3-
l~.«< CO ——

CT8'
<

4<

i I

002

4 II O'll
I I<

I
00< 6

j I
I 020

all
~ I I .I~ I ~ I I n ~ I I I I IO ~

lc - Reynolds Nuboet nosed on ds

V<<,, > ~ <l A ', «, ', <,', „n. ~ +, '<<'o <p,, r<I„<< < 0, ~,, <<din ~a<» g>vq '
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.03
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E ~
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LE E

Iosille
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IIKIKS

0.20

0,25
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IO

I.5

2

3

0
IO
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<0
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Pipe
Site,

IIKIKS

3'0

I/2
3 14

PI
I'1

2

22

II)3.

5
c
8
III

Il
00 00 I I

0 0 0 0

n
S

A
~ ~

n
an
0

Cl
O
aa
n
0
3
3

n
~ R

a

~W
Zo
x

Ii
n

~R

0

C
O
Vl

Z
O

0

n
X

nw
~R
e

nVl
0
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Problcni: l)ctcrntinc thc friclion fal.lor for I x-illch SchcII- Solution:
ulc 4o itiI)c;Ita flow having a l<cyltolJS nuntI2cr of )oo,ooo. 'l'hc friction factor (/) equals o.oltt.
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"K" FACTOR TABLE—SHHT 1 of 4

Representative Resistance Coefficients (K) for Valves and Fittings
I"h"is hosed on use oi schedule pipe os listed on pose 2 )0)

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

Nominal Size ~/T" l %" 1" 1'/i" I I 'la 2" '2rlz, 3"
4

4" ' l 6" '-10" 4 12-16" 18-24"

F
ictio

(f ) I
027 I 025 1.023

I
.022 .021 .019

I
.018 '017

I
'016

I
'015~ 014 .013 ,'" .012

~ Formulo l

. eb
OIS inq(I -I3s)

r I

P $ 4

~ Fonnulo 2

FORMULAS FOR CALCULATlNG"K"
FACTORS'OR

VALVES AND FlTTlNQS WITH REDUCED PORT
(Ref: Pages .'l and )8)

~ Formul~ 4

RIks - ——Formula: —rormula q3

/. e
KL - o g $

! sin - (I - 8-) —i I - 8-Lc

C.f sl-3S)
rrb" ~

34

e
gr sin - I-

~ Formulo 7

~ Formu4 2

:.6 sing(I - 3')'!(

Rs-
44

RT - —'- d (Formula -Formula )LLhcn8- ISO'4

! , —8 [a ! (i - 4'! —: ( i —4')']
~ r

~ Formulo a

(I - 8""
$4 34

~ Formulo S

IXI
ric -

74
- For...ula l —rormula )

KI- Sin—O.S (t - tI') + 2.6 (I —IrF)s]
~ r

e

'Use "K" lurnlshed by valve or lilting supplier when available.

dr
() -—

ds

Subscrrpc 1 dcffncs dirncnsions
and cocfficicncs A ich rcicrcncc co
ci.c srnallcr drarncccr.
Subscripc 3 re(ca co chc larger
drarncccf.

4

I
I

SUDDEN AND GRADUAL CONTRACTION SUDDEN AND GRADUAL ENLARGEMENT

e e a,
4

a,
Ir

Ii: i) a ~ q',,....... F s - Formula I

o5' e 4: l So'... Ks - Formula 2

If: 8 4 4f'.....,... KT - Formula )

y5' 8 a: iso'...KT - Formula 4
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"K" FACTOR TABLE—SHEEf 2 of sr

Representative Resistance CoeHicients (K) for Valves and Fittings
(lor faronIlos ond lriclion data, seo page A.2dJ

(">t"is r>aced on ase ol schedule pipe os lisled on pote 2. >OJ

GATE VALVES
Wedge Disc, Double Disc, or Plug Type

SWING CHECK VALVES

~ I
4, ds

I ~

r I
4, ds

e. ~ > ',

lf:3- i ~ 8 -c...
eeAS's'<e

9< l and

p< i and

.........fbi - B fr

.....,...f'»» ~ Fofmula S

italo...4» a Formula o

fX n SofrK- i~fr
.'L linimum pip«L elociti

(fpsJ for full Jisc lift
-Js +V

4 linimum pipe L'c!Oci:;.
(fps> ior full disc lilt

t>0 V V'xcept
U/L !i~tert se 100 4g

GI.OBE AND ANGLE VALVES
LIFT CHECK VALVES

I

„~

I

4 I Isreeesst
"ds

d - i .. KI - )go fr

-a I
I

4 I

lf: >s r...fbi ocof r
4 < r...Fie -'Formula;

!Llirimum pipe uciocitL i fI si ior iull Jisc lift
go JSs

>''ds

>s r YI" ssfr

lf: 8 - r... Vi - SS!r
d < l.. fis - Form la;

Xlinimum pipe velocity (fps~ 'or .'ull 'isc!Iit
- IAO P > 5

I I'

TILTING DISC CHECK VALVES

4, a, I»'

ki- iS fr lf: 3- i f~> Stfr

.>III !Oi.c a...i an"lc Laivcs.
'An>.'L>.I.'f fc 'L:«c: .<at uf 5 "fottlcv.~, I

lr. s < r „ ii: - Formuia;

. I=as I= to r~, . fi »

+I cs lu to 'S . fw

XIIninrum: I,
«L'4!I><itL'r."s~

iur lu:I u>s::.t-

K 0 ~ (c

~ s I
-'
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"K" FACTOR TABLE—SHEET 3 of 4

Representative Resistance Coefficients (K) for Valves and Fittings
~ tier /onavtac and Iriction dalo, eee page A 2d)

I")l"ic baaed on vce o/cchedvted pipe oc licted on page 2 10)

STOP%HECK VALVES
(Globe and Angle Types)

~L
I

Poppet Disc Hinged Disc

~I

FOOT VALVES WITH STRAINER

li:
8- i...KI -4co fr
,8 < i.; ."K: - Formula;

.'Ylinimum pipe velocity
ior full disc lift
- ss J'~~

If:
8 ~ I... IXI ~ Sco fi
0 < i...KT - Formula;: .

X linimum pipe velocity
for fuii disc lift

;) g HV'

I
~ ~ ~

I
I"II

K 45ofr K-sffr

Xlinimum pipe velocity Minimum pipe velocity
(fps) for full disc lift '(Eps) for full disc liEr.

- IS <V'>s <~

.~a ~~~ SALL VALVES

If: lf:
g. I...KI-)cofr p I...KI'-)gofr
0 «...Ks - Formula; 0 < I...KT Formula;

.'Llinimum pipe velocity (fps) ior full disc litt
- bo ti'V.

lf: 3- r. e-o....... ~ KI - fr
3 < i. and e i 4f'...,.... K: Formula I
d < t and 45' e< t8o', K: Fomtuia o

'dc
Cc

BUTTERFLY VALVES

M LIL.
li:

~ - I ~ ~ ki f$ fr
Formuia .-

li:
8 - t...t': - sf fr
3 < t...its - Formula;

Xlinimum pipe vclociry I i"s) tor;.II dis- '.i"
dc p
(c'icesCI

~IOUS

5 to
ic to IJ . 6 i )c.'r
Ioto 5'..IX i

ncc c&C.. ~
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"K" FACTOR TABLE—SHEET 4 of 4

Representative Resistance Coefficients (K) for Valves and Fittings
ffor fortnvlac and frict2on dote, »e page A 2dl

I"K"12 traced on vte af tchedvle pipe at fitted on page 2 lol

PLUG VALVES AND COCKS STANDARD ELBOWS

Straight-Way

a,

Vtew X—X

3rWay

g
90'50

w=x'h ~ 3c.fr K- to fr

li: 3- I. If: 3- I. ~ I.': 3 - I.
KI I3fr KI 3" /T KI ocfr

If: 3 c I...K: «Formula n
STANDARD TEES

MITRE BENDS

e o

r p 0'5'0'59

60'59

90'

fr
4 fr
8 fi

15 fr
25 fr
40 fr
60 fr

FloLL tnru run. „..... K - so fz
. FIOLL'..thru,hJartch„r . K.; oo fr

90'IPE BENDS AND
FLANGED OR BUTT-WEI.DING 90'LBOWS

PIPE ENTRANCE

I
14
2
3

6

20 frIl fr
12 fr
12 fr
14 fr
17 fr

8
10
12
14
16

20

rjd I K rid
24 fr
30 fr
34 fr
38 fr
42 fr
50 fr

Inward
Projecting

r d

0.00'.02

0.04
0.06
0.)0

0.15 8 vp

0.5
0.28
0.24
0.15
0.09
0.04

Flush

inc rcslstancc cocrficient, Kp, for pipe bends other
than oco may Le Jcterlnincd as folIOLLs:

r r
lstt i III- I) o. 5 f fr +0.5 kJ Ix

d
n a rLII-..bcr ofo0'ends
r: w re-:etenCC COCNCICnc fOr OnC OO'Cnd; pCr LublCI

CLOSE PATTERN RETURN BENDS

K no.rB

Projecting

'Sharp edged

PIPE EXIT

Sharp-Edged

For K.
see table

Rounded

Kn I.o

I

I
K e I.o K ~ I.o
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Roke e„c 3

WATKR CAPACITIES
Gallons per Minute at Set Pressure plus 25% Accumulation

(For 10% Accumulation, Multiplyby 0.6;
TABLE 6 For other Accumulationl See Rgure 5, Page 80)
WATER
3~904

I~ t SiXE OR QRIF!CE LETTER AND EFFECTIVE AREA, SQ. IN.
Prossvro

FII bets
4/I"JMS

D
0.110

st ~ I r

E

0.104
F

0.$ 07
'G

O.SOJ 1.$ 47
K L

1.4$ 4 2+45$
M

JAOO
N

4.$40
0

11.045
R T

14 000 1&000

JI
5

HOTIs for 5

4
7
I
0

10
20
10
40
$ 0
40
70
IO

100
110
110
1$ 0
140

1$ 0
140
170
140
100

$ 00
1 IO
220
$ $ 0
140
250
$ 40
270
240
190
$ 00
$ 10
$ $ 0
$ $ 0
$40
$ 50
$ 40
$ 70
$ 40
$ 00
400
410
420
4$ 0
IIO
~ $ 0
440
ITO
440
IOO

S.l
4.0
4J

lbs. end bo

T.l
7.0
CA
OAI

98
IJA
lbA
I l.9
21.2
2$ .2
25.0
24.l
Jl.i
29.9
JIA
$ 1.4
Ji.l
15.4

lb1
JT.I.
19.0
I0.2
I1.2
I24
IJA
Ii,i
I5.I
Ibd
IT.J
I4.1
IO2
SO.I
Sl Al

SI.I
52J
SJA
5IA
55.2

$4A
54.4
S7.4
544
50.1

50.4
40.4
did
42.1
4LI
d1.5
44.2
di.t
45A
d4.2

0.2
IOJ
11.9

tovr seocl

Il.l
Ii.I
15.1

14.0

I4.9
2LI
29.2

$7.7
II.l
II.4
IT.T
50.d

51.1
55.0
SIA
40.l
ILI
45.$
47A
40.5
71.$
TJA
75.I
77.2
79.1
I0.9
ILd
Ci.l
45.9
IT,4
I9.2
90.t

95A
9&9
OLJ

99J
101
10$
IOi
105

IOT
104

100
lll
112

I I 1

I II
llb
117
lll

2$J
274
JOA

on noy bo

$&2
JIJ
II.O

ILJ
dl.l
74.9
4&5

OdJ
104lli
121

. )$7,

1il
150
154

ldl
147

17$
ITI
ICJlll
19$
I OI
20$
207
212

214

11$
210
1$ 1

2$7
141

245lil
251

254
250
141
244
270

140
ITI
17$
175

177
170

ill
I ll
145

277
140
244
)IT
290
29J
294
$00
$0$

IIS
1&7
IIJ

I consrtvctf

203
22.1

2$A
2S.I

24A

ASJ
5LI
50.0
II.T
40.0
TI.T
70.2

424
47.4
OIA
95.2
OI,I

102
104
100
112

115

I II
121

IN
117
129

1$ 2

115
1$ 7
I IO
lil
IIS
147
lit
152
154

154
ISI
141

1 41
145

$7AI
ILT
IT.I

roevirod

5LJ
548
IO.I
di. I

479
058

117

115

151

145
170

101

20$

214
124

2II
251

, ldl
270
270

2 IT
294

$01
110
117
124
$$ 1

$14
Jw
$51

$57

$70
Jyb
JI2ill
104

IOO
IOS
IlI
ilb
i12

v

illIil
iil
i5$
ISI
Idl
I44
ITJ

709
717
724
Tli
Til
751
750
747
775

101$
1025
1017
IOIO

1041

107$
1044
1004
1107

40l 4&4
FOAI 100

TLJ 112

Advne tvtt details.

l5J 122

OL4 1$ 2

00.0 Iil
105 150

111 154
157 214
192 174
221 $ 14

2 IT $54
271 $ 47
20$ ill
$ 1$

ITI
$ 50, 500
$47 525

Sil
$00 S70ili 502

I29, 41$Iil bll
I54 452
ITO 471

III 440

it5 707
507 725
$ 19 742
Sll 759
542 775

551 701

$44 404
575 422
Std I$7
594 l52
404 ldd
414 Ill
424 I95
414 000
445 021

455 0$ 4
444 9ie
47$ 041
442 075
401 oil

aJI
155
17$

100

20$
219
2$$

245
JIT
I25
it1

$IO
401
dit
IOI
Tld
774
llI
450
145
914

'50
042

1012
IOi I

1049

1097
1114
1151

1177
1202,

1227
1251

1275
1194
1111

IJII
I lbb
till
1410
IIJ I
1452
II72
litl
1512
1522
r ~

1571

1500
1400
1424

1444
lbbi
Idl2
1 700
1714

170
104
219

2IO
2$ 9

277
29I

$ 10ill
5$4
419

491
754
419
I74
029

979
1027
1072
11'14

115l

1200
1210
1277
I $ 1 4
!lit
1145
Iil0
1452
1il5
1517

15il
1574
1400
IblI
1 bit
1494
Tni
1752
1770
1404

till
1454
1444
1904
1914

r
I OCJ

2004
2011
20SI

2077
21 CO

212$
2145
2144

204
2$4
2 bi

149
$12

$54

514
447
TIT
4$5
014
944

1054

I 't 20

1140
1214
120J
llib
1207

III4
1491
1510
IIII
1427

1 ddt
1711

17$ 1

1701

1420

II44
190$
19IO
1975
2010

2045
207t
2112
2145
2177

2209
2219
2271
JJOI
2$$ 1

2290
2ilt
2ii4
2477

2504
2511
2559
2544
Tdli

$01

$47
JCI

I25
I50
it1

$21

540
774
950

1004

1227
IJII
II52
15SJ

Idib
1715
1420
1900
1974

2124
2105
2241
2120
2101

JISI
1514
257$
2452
24ll
2741
2797
2451
290$
2955

$005.
$054
1104
115$
1100

1247
1292
$110
JJI2
$427

$514
$555
1100
ldi0
ldlO
1722
1742
$ 401llil

520
~01

7$ 4
795
450
001

950llil
Ibl5
IOCO

11N
2227
2514
2447
2450

XOI
5 ISI
$290
$425

J440
1400
$014
I0$2

IIIO
4244
il5$
II$5
4557
IIII
I750
IIIJ
4014
502d
$ 114

520$
51tO
5175
5ilt
5540

5421
5700
57CO

5t55
50$ $

Ieol
4044
4154
4211

4$0$

4511
4541
4451

1044
1151

1211

1104

1174
Itid

2752

$077
JJTI
Jdit
lltlillt
4544
4747
Itbt
5 NO

5505
5474
5tlt

4155
4%4
biS5
4400
dyi
4440
7014
71 5$
7242
7411

7514

1225
, IIII

1542

1711
1471

2000
1122

1114
llbl

SCOO

SITI
5914
4125
470t
7072
741 7
7747

NCITSs Whore constant bock pressvre evicts, vse instead of sot pressvre, the ditference betvreen the set pressvre and Ihe back pressvre.

for tiavids of specific gravity other than 1.0 (Water = IL rnvttiply abave capacities by correction tactor Csg fovnd in Figvre 2 on

Page 40.
For vaive detaltss Styles Ab and ICt Pages li 17t $ tyie AW Pages 14 C 29t Style SMI-Pages 10 4 1'I.
led line indicates pressvre Iirnits of Styi~ JW Cast Iron Yatves.
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STYLES JO aYYd J8

SJZESF PRESSURE TEMPERATURE LNltTS

ttESSDRE RA(INES (ttif(

YALYE

SILE
lslst R

OHhts

5TYLE

R Ostltt WITNOOT IELLOWS WlfM IELLOWS

STD. CONNECTIONS

ASA FLANOES

RAISED FACE

OOTLET IOOF'NLET clif

INLET

IROOF IO

IOOF

OOTLET

IR

gga w

ww~
~AIIIq
V'

I/? H3
1'!

2H3
2H3
2H3
2K3

I '/? H3

) I/RH3

2H3
2H3
2H3
2H3

JO-25
JO-25-3
J0.3$
JO-$ 5
JO-55-9
JO-TS

J0.26
JO-26-3
JO-36
JO-56
J0.56-9
JO-66

JB-25
JB-25-3
JB.3$

- 5
JS-55-9
JS-75

JB-26
JB-26-3
JB-36
JB-56
JB-56-9
JSA6

150
300
300
600
900

1500

150
300
300
600
900

1500

150
150
150
150
150
300

150
150
150
ISO

150
300

275
275
720

1440
2160
2750

165
,2T5
650

1305
l955
2750

16$
275
650

1305
1955
2750

92
275
365
730

1100
I830

230
230
230
230
230
600

230
230
230
230
230
600

230
230
230
230
230
415

230
230
230
230
230
4 IS

50

190
190
190
190
190
560

190

190
190
)90
190
560

190
190)
190
190
190
4)Sf

190
) 90)
190
190
190
4) 5$

I'8 l (

i/i
J

2H3
2H3
2H3
2H3

JO-37
JO-47
JO-57-9
JO-67

JS.37
JS-47
JS-$ 7-9
JB-67

300
600
900

1500

150
1$0
1$ 0
300

410 215
81$ 430

1225 645
2040 1070

230 230
230 230
230 — 23O
600,4) 5

190
190
190
$60

190
190
190
4)S

D!MENStONS & WEiGHTS
STYLES l0 A li 5TYLE IO STYLE if

5IEE STYLE INLET

E

OOTLET

CENTER TO fACE 05E TO

fINO ROLY

LENOTN

X

AtttillllATENEIQIT

NA

AttROR.
NET WT.

(TTRE Al
LRS. NC NO

AtttORINAfE NEIENT
AFFROX.

NET WT.

(IYlE Al
LR5

I 'hH3
) t/?H3

2H3

JOB JB-25, 26
JO 8 JB.25-3, 26 3

JO 8 JS-35, 36, 37, 47

5'/i
5'h
SVi

4%1

4th
4th

) 7/N

1'h
)%

15 Y/i

I S th

18 'h

16 th

16 th

19'/i

18 I/2

18'h
20 th

55
55
65

185 )95
) 8'h 19'h
18?h ) 9?h

21 '/i
21 '/i
21 'h

65
65
65

JOr) JS-5$ , 56 6'/se 6?sf I "/» 22 fh 23?(t 24 th 90 22 t/R 24 2$ '!i 90

2H3 JO L JB S5-9, 56-9, 57 9 6/» 6?h 2 /ts 22 5 23 /e 24 /i 95 22 /0 24 25 h 95

2H3 JO 4 JB.TS, 66, 67 6'/» 6 5 2/e 23?/ 24 5 25 fh )10 24 24 5 25Y/0 ) 10

'Sttles 50 ond SN IS may he used to rnaninturn ftressures listed ot temperatures to minus 20F.
)tressure limit less than ASA llanie Limit os Oratthed on tain 27.
CIRAIN HOLE (I?)= r/t" N. t. Y,

TY'PE A
Screwed Cop

I
I

ZYfsE C
Neyulot Llttlny

Ooet

TYPIC O
~ockod Lfftlny

Ooer
19

OECEsssli teel
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tA.7)

2 4 2.

THREE
iuid. Ifthe fluid is USEFUL TABLES

(A.6)

.n c. no etTect of a

ve is not a velocity

Table A.ln. Ph! sicsl properties of water in English units

,0 . Specific
weight Density

Teinp.,;; p.
F „ ib fi'lugs fts

Viscoslly
it x lp'.
ib s,fts

Kine-
nlatlc
viscosity
v x 10'.
frs s

r =

I

Surface Vapor
, tension pressure
" c x Io'„.
! Ib>ft psia

Vapor
prcssllte

, hend

I pr
ft

i Bulk
modulus

ol'lasttcttv

E,x 10 '.
psl

31

4Q

!p
60
70

6 .42
6'.436'l
6~~7

l 6~
80 6'~
90 > 6'l

ioo ~ 6'oo
Ilp . 6146
12Q 61.71

I

t30 „'61 $ 5

140 ~ 6 la&
1$ 0 61 0
160 61.00
170 i 6030

180,> 60.!S
190; 60.36

200 " 60.12
!9.s!

1.940 3.746

1.940 3.~ 9
1.940 573$
1.938 2.359
1.936 i0$0

i.934 1.799

l 1.931 1.$ 9$
1.927 I 424

1.923 I 284

1.9 18 I. 168

1.913 I.Q69

1.908 0.981
1.90' 90~

I.S96 0.838
1.890 0. Sp

1.883 0.>26
1.8 6 0.6 8

I.&68 0.6:
1.860 0.!93

1.931

1.664

1.410
~ I '17

1.059

0930
0826
0.739
0.667
0.609

0,$ !S

0.514
0.476
0.442
0.413

0.38$
0.362
0.341
0319

0318
0314

. 0'09
0.$04
0 'Oo

i 0.492
0.486
0.4%

'.473
, 0.465

0.460
Q.454

P,447

0.441
0,433

0 4"6
0.419

0.41'.4!4

'S9
3

4.74

!.99

7.$ 1

9 34

11.$ 2
14.70

$ .13

6.67
8..'8

10.95

l383

17.33

st c>j

26 c9

33.90

0.09 0 0
0.12 0.28
0.1& 0.41

0 '6 0.$ 9

OJ6 : 084

0.51 I 1.17

0.70 '61
0.95 I 419
I '7 ~9!
1.69 3.91

293
94

30!
311

320

3nv

323
327
331

333

334

330
328

326
358

318
313

308

300

!39

.yi-'
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WELDED STEEL

HEAVY WELD STEEL

GARY GRATING DEPARTMENT
KERRIGAN IRON WORKS CO..PO.BOX 479. Nashville .Tenn.37202
OIVISION OF IIARSCO CORPORATION
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PANEL WIDTHS

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

e > ~ s

G'4
13/I) "c =

>t

Ba

1 3'4

04,.
~ />

SGW
/ie c-c

3/I, -Bar

SGW
15/i,."c c
!.," Bar'

„"5GC
~ I/Ie c

-',„" S'

Bar Ma<n
Bar

S)z»

GW SERIES o SERI

Symbol

GW-75 A

Wt. I.os.
So. Ft

Wt. Lbs.
Sq. Ft. Svmool

4 1 GW.75 A.Q 4.8

SYNIBOLS and WEIGHTS

415 -;
6'
7 5/I.

8 1.,>

10,':

15/ie

3r's

511/le

7 16)

87/ie

2 '/Ie

4 14

511/I>

6il,
71,2

87/it

43~8

5 I%I

67/ie

rr I)

1 x ls"
x .)s

114 x s)';

1i ~ x jt;
1 i.,
1r4 x r)s

GW-75
GW-100A
GW-100
GW.125A
GW.1oS

GW.150A
GW.150
GW.1'75

9.1 GW-125 2
7.4 GW-15OA 2

10.8 GW.150.2
12.5 GW-175.2

5.7 GW.7S.o

5.2 GW-10'.Q
7.4 GW.103 2

6 3 GW.1oSA.Q

5.o

8. 1

7.0

9.8

11.5

13.2

1 '-27/Ia

9N
10!4
11 3/io

9Vs

10! 4

11 3/ir 89/ie

X GW.QOO

2j4" x $j" GW.ooS
Qjl:" x js" GW.oSP

14.1 GW/200 2

15.7 GW QQS 2
17.4 GW.QSP.Q

14.8

16.4

18.1

20

1 '-4~.5

1 '-6 /I.
1 '--7!4

1 '-87/It
'I '-9~ra

1 '-015

1 "1

", '5/Ie
1 '-213/Is

1 '-354
'I '-4 I I/Is

1 '-10'3/Io 1 '-59%s

1 '-Ops

1 -1

1 '-'I '/ie
1 '-2»/ie
1 3ra
1 '-41 I/is
1 '-59Ae

915/Ie
I) 105gt,

11 5/ie

1 '-0
1 '-03-4

1 '-1 "/ie

Main
Bar

Size
sr» Yrra x a

SWG SERIES SGW.Q SERIES

Symbol

SGW.75A

Wt. Lbs.
Sa. Ft. Symool

5.0 SGW-75A.2

WI-.Lbs
Sa. Et..

5.7
S r>>

~ h xss . SGW-75 7.2 SGW-75.2
6.4 SGW-100A.Q
9.3 SGW-100-2

7.9

10.0

1 x Ys ~ SGW-100A
SGWw100

r
~ ~V

2 '-0
2 '-1! 4

2 -2'/ie
2 -35rs

1 '-6'
'-77/ie

1 '-85/ie
1 '-9'

'-6!4'I

1 -77/ie
1 '-85/ie
1 '-9Y4

1 '-2Ys

1 '-213/1>s

1 '-3'
'-4/4

1 Ya x YiasSGW-125A 7.9 SGW-1 QSA.Q

1r''>" x ja'GW-150A 9.3 SGW-1 SOA-Q

1r~j x jII SGW-150
SGW-175x Ys

13.7 SGW.150 2
15.8 SGW-175 2

1 Y+ x jf) SGW-125 '1.5 SGW'-125.2
8.6

10.0
14.4

16.5

2 '-6 1 -111/ie
2'-73/ie . '2'W
2 '-8% 2'-OVe

2 '-4»/ie 1 '-'l03/ie 1 '-103/is
1 '-11 I/is

15A

1 '-415Ae

1 '-5Vs

1 '~5As
1 '-7

2 x mls SGW.QOO

QY4 x js') SGW-225
2j4" x j)s SGW-250

18.0 SGW-220 2

20.0 SGW'-225.2

22.2 SGW.QSO.Q

18.7

20.7

30

3 I

32

33

35
o5

2 -9' '-1%

3 '-0 2 '-35/e

2 '-4Q
2'-57Ae

2 '-7'
'"83Ae.

2 '-1013/ie 2 '-211Ae
2'"1»As
2 '-2'

'"3»Ae
2 '-4IIAe

2 '-54
2'~7Ae
2 '-75Ae

2 '-,BV+

1 '-7»Ae
1 '-8Vs

t1 '-91Ae

1 '-913Ae

1 '-10K
1 '-113As

Main
Bar

Size

x jfI

SSGW SERIES SSGW.Q SERIES

Symbol

SSGW-75

Wt. Lbs.
Sq. Ft. Symbol

9.1 5SGW-75-2

Wt. Lbs.
Sa. Ft.

9.8
1 xj| SSGW-100A
1 x y„. SSGW-1oo

1Yi «Ya'SGW-125A
1Y4 x jii'SGW 125

1Yzrx Q SSGW150A
14.8 SSGW-1 25.2 15.5
12.0 SSGW-150A-2 12.7

8.2 SSGW-100A-2 8.9
12.0 SSGW-100.2 12.7
10.0 SSGW. IoSA.Q 10.7

38

40

2 -9'Ae
2 '-915Ae

2
'-10''-11'

2'-93%a
2'-101As
2 '-112'-11'j

x jfi SSGW-150
1s/4 x jii'SGW 175

x mls SSGW-200

2Y4 x js SSGW-225

2 < nfl SSGW-250

17.6 SSGW-150-2

20.4 SSGW-175.2

23.2 SSGW-200.2

25.8 SSGW.QQS.Q

18.4

21.1

23.9

26.6
28.7 SSGW 250.2 29.4

Max. width for ll/z or less main bars

'azimtssn Width for 1 z/4" or Greater Rain Bart For SSGW-100-2 Only
Stock Length 20'-0

Stock Width,a - - ~> nn ~
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LOAD TABLE
Gary Welded Steel Grating Type GW

WITH BEARING BARS 1 3/16" c/c

Bearing
Bar

,Size
and Wt. Symbol 26~» Ql~» 36~ 3 I~» 4 6~»

SPAN

4 '-6» 5 'W" 5 'W» 6 '-0" 6 'W 7 'W" 8 'W

M «8"
4.1 lbs.

M «8
5.7 lbs.

1 x/a
5.2 lbs.

GW 75A

GW 75

GW 10OA

U
D
C
0
U
D
C
D

U
D
C
D

386
096
386
077
581
096
581
077
686
072
686
058

247
150
309
120
372
150
465
120
439
112
549
090

172
216
257
173
258
216
387
173
305
162
458
130

126
294

I .235

I 294

~

332

224
I .220

392
i .176

96
382
193
307
145
382
290
307
17R
289
343
230

17R
388
115
485
RS8
388

C —Concentrated Load-Pounds pcr Ft.
of Width

D —Deflection-inches.

Unit Stress —18.000 lbs. pcr So. In.
136
365
305
292

110
451
R74
360

91
545
RSO
436

76
646
RR9
519

76
485 U —Uniform Load-Pounds pcr Sq. Ft.

X re
7.4 lbs.

1g'x 4
6.3 lbs.

GW 100

GW 1QSA

U
0
C
D

U
D

C
0

~ 1030
.072
1030
.058
1072
.058

107R
.046

6S9
112
824
090
686
090
858
072

458
162
686
130
477
130
715
104

336
I .QQO

588
'176

350
! .176

6I3
'141

257
289''I

S
230
'Rbe
230
536
184

203
365
45$
292

477
.233

165
451
412
360
12
360
429
288

136
545
374
436
14R
435
390
348

114
646
343
519
119
516
358
415

102
607
330
486

ee
704
306
562

o.1 lbs.. GW 125 '
C
0

1610 1031
.058 .090

~ 716
.130

526
176

403
230

1610 1288 1074 '920 805
.046 .072 .104' .141. .184

318 258
292 .360
716 644
233 .288

213 179
435 ~ .516
586 537
348 " .415

496
486

131
704
460
562

1!~ x +a

7.4 lbs.
GW 150A

U
0

.C
D

1544
.048

988
075

15446 1236
.038 .060

686
108

1030
.086

504
147
882
118

386
192

305
og3

77R I 686
154 I .1o4

247
300
618
240

204
363
562
291

17R 146
432 .506
515 . 475
346 .405

126
587
441
470

96
!765
386
614

10.8 lbs.
GW 150

U
0
C
0

23RO
.048

1485
.075

2320 1856
.038 ..060

103'I
.108

1547
.086

758
147

580
192

1326 ' 1160
.118 l .154

458
n43

1031
.194

371
300
9R
240

3C7 258
432

844'73
291 '346

RRO
506
714

.405

189
587
663
470

145

580
614

12.5 lbs.

Qr Sir
14,1 lbs.

QL 6 Sfr
15 7 lbs.

GW 175

GW 200

GW 225

U
D
C
D
U
D

U
0
C
D

3158
.041

2021
.064

SR21
026

4176
.040

31S8 2526
.033 .051

41'Rs R640
.036 .056

41'RS 3300
.029,045

SRR1 3341
.032 .050

1404
.093

210S
.074

1833
.081

2750
.065

2320
076!

3480
058

624
J 08

1031 790~165
1404
.167

1579
.132

1805
101

ses
057

1R63
,206

1347
110

1031
144

815
182

660
225

23S7.
. '88

%OMNI 1833
115 1,146

16SO
,180

1704
ce

1305'"8 1031
.162

835
200

2983
8

I 2610
IO

R320 2088
.130 .160

418
312

1148
.24o
545
272

1500
'.218

690
242

1898
.194

351 299
370 .435

258
505

197
657

1053
.296

972
348

902
403

790
527

458
324

390
280

337 I RSS
441 'ib

1375
.259
580
288

1740 1606
0%0

1492,I 1305
41Q

1R69 1178 I 1031
.304 I .353 I 461
494 I 4'Rb l 326
'38 I .392 I .51'2

Qi." x ss
1'?.4 lbs.

GW 250

U
D
C
D

6445 4125
.029 .045

6445 5156
.023 .036

2864
065

4297
,052

R104
hue

3683
'70

1611
.115

2864
.117

2578
.144

1273 1031
.14o .180

85R
218

2344
.174

716
259

R148
.207

610
Oa

1983
=43

5'Rb i 403
.asa, ao1

1841 1611
080 o9

Spans to left of heavy'line produce a deflection of 'a"
or less under a uniform load of 100 pounds per sq. ft.
This deflection is recommended as the maximum to
provide pedestrian comfort. It can be exceeded at the
discretion of the engineer.

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 lb. per sq. in..

the conversion for load (4 or'C) is directly pro.
portional

2. Deflection (D), for other than 1 3/16 c/c of bear.
ing bars. remains same as tabulated providea
the unit stress remains 18.000 lb. per sq. in.

3. Deflection (0), for other loads. or urlit stress. is
'irectly propostional
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