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" POINT BEACH

August 23, 2010 NRC 2010-0116
10 CFR 50.90

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555

Point Beach Nuclear Plant, Units 1 and 2
Dockets 50-266 and 50-301
Renewed License Nos. DPR-24 and DPR-27

License Amendment Request 261
Extended Power Uprate
Response to Request for Additional Information

References: (1) FPL Energy Point Beach, LLC letter to NRC, dated April 7, 2009,
License Amendment Request 261, Extended Power Uprate
(ML091250564)
(2) NRC electronic mail to NextEra Energy Point Beach, LLC, dated
August 11, 2010, Point Beach Nuclear Plant, Units 1 and 2 - Draft RAls
re: Extended Power Uprate (TAC Nos. ME1044 & ME1045)
(ML102240636)

NextEra Energy Point Beach, LLC (NextEra) submitted License Amendment Request (LAR) 261
(Reference 1) to the NRC pursuant to 10 CFR 50.90. The proposed amendment would
increase each unit's licensed thermal power level from 1540 megawatts thermal (MW1) to

1800 MWHt, and revise the Technical Specifications to support operation at the increased
thermal power level.

Via Reference (2), the NRC staff determined that additional information is required to enable the
staff's continued review of LAR 261. Enclosure 1 provides the NextEra response to the

NRC staff's request for additional information. Enclosure 2 provides a copy of Point Beach
Nuclear Plant (PBNP) Calculation 2010-01717, Eductor Analysis - Ingestion of Air into
Containment Spray Pump Suction, in support of the NextEra response to IHPB-3.

This letter contains no new Regulatory Commitments and no revisions to existing
Regulatory Commitments.

The information contained in this letter does not alter the no significant hazards consideration
contained in Reference (1) and continues to satisfy the criteria of 10 CFR 51.22 for categorical
exclusion from the requirements of an environmental assessment.

NextEra Energy Point Beach, LLC, 6610 Nuciear Road, Two Rivers, Wl 54241
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In accordance with 10 CFR 50.91, a copy of this letter is being provided to the designated
Wisconsin Official.

| declare under penalty of perjury that the foregoing is frue and correct.
Executed on August 23, 2010.

Very truly yours,

NextEra Energy Point Beach, LLC

e

Larry-Meyer
Site Vice President

Enclosures

cc: Administrator, Region 1li, USNRC
Project Manager, Point Beach Nuclear Plant, USNRC
Resident Inspector, Point Beach Nuclear Plant, USNRC
PSCW



ENCLOSURE 1

NEXTERA ENERGY POINT BEACH, LLC
POINT BEACH NUCLEAR PLANT, UNITS 1 AND 2

LICENSE AMENDMENT REQUEST 261
EXTENDED POWER UPRATE
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

The NRC staff determined that additional information was required (Reference 1) to enable the
Health Physics Branch to complete its review of License Amendment Request (LAR) 261,
Extended Power Uprate (EPU) (Reference 2). The following information is provided by NextEra
Energy Point Beach, LLC (NextEra) in response to the NRC staff’s request.

IHPB-1

Please verify that motor control centers (MCCs) 1B32, 2B32, 1B42 and 2B42 are being
replaced, or have been replaced, with models that auto load following start of the emergency
diesel generator such that resetting these MCCs is no longer considered a vital action as
defined in NUREG 0737, item 11.B.2.

NextEra Response

In accordance with a Regulatory Commitment made in support of LAR 241 (Reference 3),
auto-start capability is being added to the control room emergency filtration system (CREFS)
fans on loss of offsite power in conjunction with a containment isolation or high control room
radiation signal. Adding the auto-start capability for the CREFS fans eliminates the need for the
operator to enter the motor control center (MCC) area to manipulate reset switches currently
located on MCCs 1B-32, 1B-42, 2B-32, and 2B-42.

IHPB-2

Please verify that resetting MCCs 1B42 and 2B42 was the only vital action needed at panel C59
so that replacing these MCCs, as described in the response to IHPB-1 above, eliminates the
need to access panel C59 during the course of the accident (i.e., C59 would no longer be
considered a vital area as defined in NUREG 0737, item I1.B.2).

NextEra Response

The C-59 panel, MCCs 1B-42 and 2B-42, and the sodium hydroxide (NaOH) discharge valves
are all centrally located within the 26’ elevation of the primary auxiliary building (PAB). Access
to the area is no longer required during the recirculation phase of a loss of coolant accident
(LOCA). Access to the C-59 panel and the NaOH discharge valves is no longer required (see
NextEra Response to IHPB-3, below) and auto-loading of the CREFS fans eliminates the need
for the operator to enter the MCC area to manipulate reset switches, as discussed in the
NextEra Response to IHPB-1, above. Therefore, the C-59 panel area is no longer considered a
vital area.
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IHPB-3

Please provide the technical basis for originally concluding that accessing panel C59 to
manually isolate the spray additive (NaOH) tank discharge valves was needed during the
course of a Design Basis Accident, including any calculations and/or technical rationale for
subsequently concluding that this action is not needed to mitigate the consequences of the
accident.

NextEra Response

The C-59 panel and NaOH discharge valves are located adjacent to each other and are both
accessed to manually isolate the spray additive tank (SAT) from the containment spray pump
suction piping. NextEra has evaluated the effect of not manually isolating the NaOH discharge
valves, and determined that leaving the containment spray pump suction piping unisolated from
the SAT due to a failure of the NaOH discharge valves to close does not damage the
containment spray pumps. The NaOH discharge valves are designed to fail open on a loss of
instrument air, allowing continuous injection of NaOH into the containment spray pump suction
piping during the injection phase of a LOCA. Upon initiation of the recirculation phase of a
LOCA, if the SAT is void of NaOH and one of the two parallel air-operated shutoff valves fails
open, the calculation assumes the eductor draws air through its suction port and into the
containment spray pump suction piping. The evaluation has determined that the introduction of
air into the containment spray piping through the eductor does not present a high enough void
fraction to damage the containment spray pump in the event the SAT is empty and one or both
of the air-operator shutoff valves fails open. Point Beach Nuclear Plant (PBNP)

Calculation 2010-01716, Eductor Analysis - Ingestion of Air into Containment Spray Pump
Suction, is provided in Enclosure 2.

When the containment spray pumps are not in operation, check valves prevent a potential
release from containment into the PAB via backflow through the containment spray piping.
These valves are designated as containment isolation valves in the PBNP Final Safety Analysis
Report (FSAR).

IHPB-4

Please provide documentation of the NRC staff's acceptance for allowing TSC evacuation as a
compensatory measure in lieu of meeting the habitability criteria in NUREG 0737, item 11.B.2.

NextEra Response

In accordance with plant procedures, evacuation of the technical support center (TSC) shall
take place if emergency response personnel dose in the TSC exceed or are projected to exceed
an unsafe level, or other emergency conditions exist such as a fire, toxic gas, or a loss of power.
Consistent with NUREG-0696 (Reference 4), which states, “If the TSC becomes uninhabitable,
the TSC plant management function shall be transferred to the control room,” the Operations
Coordinator and Operations Support Center Coordinator report to the control room upon
evacuation of the TSC. The plan to transfer Management personnel from the TSC to the control
room if the TSC becomes uninhabitable was submitted to the NRC via Reference (5), in
response to ltem I1l.A.1.2 of NUREG-0737 (Reference 6) and Generic Letter 81-10

(Reference 7). Evacuation of the TSC is incorporated into the PBNP Emergency Plan
Implementing Procedures.
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IHPB-5

In response to the discussion related to the Waste Gas Decay Tank (WGDT) release/rupture
event, please demonstrate how the licensee is maintaining dose acceptance criteria consistent
with Branch Technical Position (BTP) 11-5 in NUREG 0800 by either,

1. Demonstrating that the consequences of this postulated release are within the dose
limits of the current 10 CFR Part 20, or

2. Demonstrating that the consequences of this postulated release are within a small
fraction (i.e., 10 percent) of the 10 CFR Part 100 limits for whole body dose if the
gaseous radwaste system is designed to withstand the effects of a hydrogen explosion
and earthquakes for gaseous wastes produced during normal operation and anticipated
operational occurrences.

NextEra Response

Waste gas decay tank (WGDT) activity is directly proportional to the reactor coolant system
(RCS) activity, and the RCS activity is directly proportional to the fuel defect level. Therefore,
the WGDT rupture doses resulting from the release of the WGDT activity are directly
proportional to the fuel defect level.

The WGDT source term used in the EPU analysis submitted in LAR 261 (Reference 2) is based
on an assumed 1% fuel defect level. However, the PBNP Technical Specifications (TS) limit the
fuel defect level to much less than 1% by specifying an RCS iodine concentration limit. A TS
RCS activity limit of 0.5 uCi/gm dose equivalent (DE) I-131 will be in place following approval of
the full-scope implementation of the AST methodology submitted via Reference (3). This limit
has been used in the design basis accident dose analyses supporting LAR 261. The fuel defect
level corresponding to 0.5 uCi/gm DE 1-131 is 0.1337%.

The WGDT source term used in the EPU analysis submitted by LAR 261 is overly conservative.
If the analysis was revised to model a WGDT source term based on a fuel defect level of
0.1337%, consistent with the TS RCS activity limit of 0.5 uCi/gm DE |-131, the LAR 261
reported dose of 0.2 rem whole body would be reduced to <0.03 rem whole body. Therefore,
the consequences of postulated WGDT releases are within the limit of 100 mrem (0.1 rem)
whole body at the exclusion area boundary specified by the current 10 CFR 20 limits.
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ENCLOSURE 2

NEXTERA ENERGY POINT BEACH, LLC
POINT BEACH NUCLEAR PLANT, UNITS 1 AND 2

LICENSE AMENDMENT REQUEST 261
EXTENDED POWER UPRATE
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

PBNP CALCULATION 2010-01716
EDUCTOR ANALYSIS - INGESTION OF AIR INTO
CONTAINMENT SPRAY PUMP SUCTION

26 pages follow



Calculation 2010-01716, Rev. 0 Page 2
Eductor Analysis — Ingestion of Air Into Containment Spray Pump Suction
Project No. 11165-105

Purpose

The purpose of this calculation is to address Alternative Source Term (AST) Project changes to the
Emergency Core Cooling Systems (ECCS) made in Engineering Change (EC) EC11682 (Unit 1) and
EC11683 (Unit 2). These ECs provide a mechanism to control Containment Spray and Residual Heat
Removal (RHR) pump flow to allow containment spray to be used during the recirculation phase of a
Loss of Coolant Accident (LOCA). This new alignment is referred to as the “recirculation spray
alignment” herein. This calculation addresses the potential ingestion of air into the containment spray
pumps, via an empty Spray Additive Tank, during the recirculation spray alignment.

The Emergency Core Cooling System (ECCS) for containment spray at Point Beach Power Station
utilizes eductors (1Z-275A/B & 2Z-275A/B) that are tied into the Containment Spray Pumps’ (1P-
14A/B & 2P-14A/B) piping to draw sodium hydroxide (NaOH) from the Spray Additive Tank (SAT)
(1T-38 & 2T-38) and discharge containment spray water to each unit’s containment. The suction line
of each eductor has two (2) parallel air operated open/close valves (1(2)HCV-836A/B) to provide the
NaOH drawn by the eductor from the SAT tank. Upon loss of instrument air, the valves are designed .
to fail open, allowing continuous injection of NaOH into the Containment Spray Pump (CSP) suction
line during the injection phase. However, once the SAT tank is evacuated and the recirculation phase
starts, it is very likely that the eductor will draw air through its suction port and discharge into the CSP
pump’s suction line if one of the two air-operated valves (1(2)HCV-836A/B) fails open.

Calculation N-92-086-004A (Reference 6) and Calculation 2006-0021-000B (Reference 9) predict the
containment spray system performance for various scenarios operating during the recirculation spray
alignment. In order to conservatively predict the maximum air ingestion into the containment spray
pumps via the liquid-liquid eductor, bounding system parameters such as pump flow rate, pump total
developed head (TDH), pump NPSH ratio, pump NPSHy and system temperature will be selected in
order to

- Maximize CSP Discharge Pressure (Motive fluid port on eductor)
- Minimize CSP Suction Pressure (Eductor discharge port)

Maximizing the CSP discharge pressure and minimizing its suction pressure maximizes the air
capacity of the eductor. It shall be noted that the selected parameters utilized in this calculation are not
representative of actual operating scenarios of the eductor during the recirculation spray alignment,
and are only utilized to conservatively maximize the air capacity of the eductor.

Background

A potential for air-locking the Containment Spray Pumps (CSPs) exists in the event that the SAT Tank
is exhausted and SAT outlet valve (1(2)SI-836A/B) failure occurs. Upon exhaustion of the SAT tank,
the Emergency Core Cooling System (ECCS) will be operating in recirculation spray mode with the
RHR pump active, drawing water from the containment sump and discharging into the CSPs suction
lines.

The only available performance data for the installed eductor is the “Eductor Performance Curve” in
Attachment C of Calculation 99-0013, Revision 3 (Reference 1), which does not concretely define
eductor performance in the event air is introduced into its suction port. However, textbook
documentation is available for sizing liquid motive eductors that are optimized to draw air through its
suction port, while offering a general correlation of liquid-motive eductors to liquid-gas eductors (also
known as exhausters) (Reference 5). Therefore, utilizing the theory presented in Chapter 4 of
Reference 5 (Pump Handbook, Karassik) along with eductor vendor theory for air optimized liquid
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motive eductors (Attachment 1), the amount of air ingested by the eductor will be estimated for a
liquid-liquid eductor.

In addition, the “Eductor Performance Curve” in Attachment C of Calculation 99-0013, Revision 3
(Reference 1), is based on an eductor motive pressure of 195 psig. Calculation 2006-0021, Revision
0B (Reference 9) predicts (via operating parameters and determined TDH) that the eductor motive
pressure will be greater than 195 psig during the recirculation alignment. As such, this calculation will
conservatively determine the greater CSP discharge pressure in order to conservatively maximize the
air ingestion into the CSP suction via the installed eductor.

Definitions

Eductor — A 3-port piping device which uses a liquid motive force to draw liquid suction to discharge
a liquid-liquid mixture to a designated point. :

Water Jet Exhauster (Exhauster) — Like an eductor, an exhauster is a 3-port piping device that uses a
liquid motive to draw gas suction to discharge a liquid-gas mixture to a designated point.

CSP — Containment Spray Pump (1P-14A/B & 2P-14A/B)

SAT — Spray Additive Tank containing NaOH solution.

Validated Assumptions

1. Eductors have approximately '/s the air handling capabilities than that of a water-jet exhauster
when supplied with similar motive quantities and pressures.

Basis: Due to the lack of information for the installed eductor at Point Beach Nuclear Power Plant
and no discrete technical bulletins available from the NRC or INPO in regards to eductor
performance with air as the eductor-suction fluid, the eductor sizing theory presented in
Attachment 1 and Reference 5 (chapter 4) was utilized to approximate the amount of air drawn by
an eductor.

2. The assumed eductor motive fluid temperature is assumed to be 100°F, for the sake of
conservatism, when evaluating the air drawn by the eductor using the methodology outlined in
Attachment 1 and Reference 5.

Basis: Although Reference 10 provides fluid temperature entering the CSPs ranging from 171°F
to 190°F, the portion of the analysis related to the exhauster suction port air capacity will use a
CSP fluid temperature of 100°F in order to conservatively maximize the suction air capacity.
Chart 1 of Attachment 1 illustrates that as motive fluid temperature increases, the suction capacity
decreases; therefore, a lower temperature generates a higher volume of air.

3. Installed eductor suction port pressure is 14.7 psia [Reference 1].

Basis: Once the SAT tank is evacuated, the eductor will draw out the air until vacuum conditions
are reached. At this moment, the vacuum breakers SI-840A/B (setpoint -2.0 psig) attached to the
tank will engage, relieving the induced vacuum created by the eductor and stabilizing the tank to
atmospheric pressure.
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21000 N oL A

Inputs

1. Suction flow into CSP Pump 1P-14A and 2P-14A under recirculation spray mode conditions
a. 1P-14A w/ CSP operating on design curve and RHR Pump operating on design curve:
1085 GPM [Reference 6]
b. 2P-14A w/ CSP operating on design curve and RHR Pump operating on design curve:
1084 GPM [Reference 6]
c. 1P-14A w/ CSP operating on design curve and RHR Pump operating on degraded curve:
1064 GPM [Reference 6]
d. 2P-14A w/ CSP operating on design curve and RHR Pump operating on degraded curve:
1063 GPM [Reference 6]

1

2. Installed eductor size 2x2x2-inches [Reference 1]
3. Allowable air ingestion volume (void fraction) per CSP 2% [Reference 3]
4. Standard Conditions (STP) Pstandra = 14.7 psia  [Reference 7]

TStandard =68°F
5. The density of water at 68°F 62.32 "™/pn [Reference 7]

Parameters for Establishing Upper Bound of Eductor Air Capacity: CSP Suction Pressure
(Exhauster Discharge Pressure)
6. The NPSH Ratio for determining NPSH, at the CSP Pump Suction®

a. 1P-14A w/ CSP operating on design curve and RHR Pump operating on design curve:

6.65 [Reference 6]
b. 2P-14A w/ CSP operating on design curve and RHR Pump operation on design curve:
6.36 [Reference 6]

! These flow rates are representative of the recirculation phase scenarios as described by Reference 6. Input 7 is based on the
data presented in Input 1.

2 Input 6: Minimizing the CSP suction pressure (actual exhauster outlet pressure) increases the air capacity of the exhauster
when converting from SCFM to ACFM via Equation 4. From Equation 1A and 1B, utilizing the minimum NPSH Ratio value
produces a lower CSP suction pressure.
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c. 1P-14A w/ CSP operating on design curve and RHR Pump operating on degraded curve:

5.34 [Reference 6]
d. 2P-14A w/ CSP operating on design curve and RHR Pump operation on degraded curve:
5.34 [Reference 6]
7. Bounding NPSHy @ 1063 GPM for CSP Suction Pressure’ 16.86 ft [Reference 2]
8. CSP suction fluid temperature® 170°F [Reference 10]
9. The vapor pressure of water at 170°F 14.19 ft [Reference 7]
10. The density of water at 170°F 60.79 ™ /4y [Reference 7]

Parameters for Establishing Upper Bound of Eductor Air Capacity: CSP Discharge Pressure
(Exhauster Motive Fluid Pressure)

11. NPSH, for determining CSP Discharge Pressure’ 122.86 fi [Reference 9]
12. CSP Discharge Flow w/NPSH, = 122.86 ft 1086 gpm [Ref 9, Att 8]
13. CSP P-14B TDH @ 1086 gpm® 503 ft [Reference 2]
14. CSP discharge fluid temperature’ 190°F [Reference 10]
15. The vapor pressure of water at 190°F 22.285 ft-abs  [Reference 7]
16. The density of water at 190°F 60.34 "™/pny  [Reference 7]

17. NPSH @ 1086 GPM for maximizing adjusted NPSHy for NRC

17.12 [Attachment 3]

3 Input 7: Minimizing the CSP suction pressure (actual exhauster outlet pressure) increases the air capacity of the exhauster
when converting from SCFM to ACFM via Equation 4. Utilizing the minimum NPSHg value, which correlates with the
lowest flow, produces a lower CSP suction pressure. Input 1 establishes the minimum pump CSP pump flow as 1063 gpm.
Utilizing the NPSHg curve for the 1P-14A/B Pump found in Reference 2 and plotted in Attachment 3 of this calculation, the
NPSHy for 1063 gpm is 16.86 feet.

* Input 8: Minimizing the CSP suction pressure (actual exhauster outlet pressure) increases the air capacity of the exhauster
when converting from SCFM to ACFM via Equation 4. Minimizing the vapor pressure in Equation 1B will yield a
conservative minimum CSP suction head. Calculation N-94-059 provides a range of RHR Outlet Temperatures (Reference
10, Page 11, Inputs 5 and 6). The lowest RHR outlet temperature, 171°F, is given by Reference 10. However, being
conservative, 170°F is utilized when determining the minimum bounding CSP suction pressure.

% Input 11: Chart 1 of Attachment 1 (enlarged plot in Attachment 2) illustrates that increasing motive fluid pressure increases
the air capacity for a given motive temperature and exhauster suction pressure. From Equation 3, maximizing the NPSH, will
vyield a conservative maximum CSP discharge head. Calculation 2006-0021-000-B (Reference 9, Attachment 8) provides the
maximum NPSH, value.

& Input 13: The TDH is determined to be 503 feet from the CSP 1P-14A/B Pump Curve data provided in Reference 2 and
plotted in Attachment 4 of this calculation.

7 Input 14: Chart 1 of Attachment 1 (enlarged plot in Attachment 2) illustrates that increasing motive fluid pressure increases
the air capacity for a given motive temperature and exhauster suction pressure. From Equation 3, maximizing the vapor
pressure will yield a conservative maximum CSP discharge head. Calculation N-94-059 provides a range of RHR Outlet
Temperatures (Reference 10, Page 11, Inputs 5 and 6), which would feed into the CSPs. Therefore the highest RHR outlet
temperature (190°F) is utilized to conservatively maximize the CSP discharge pressure.
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Attachments

1. Schutte & Koerting Bulletin 4P: Water Jet Exhausters and Compressors (10 pages)

2. Schutte & Koerting Chart 1 Extrapolation (2 Pages)

3. NPSHg Plot for CSP Pumps (1P-14A/B) [Reference 2, Attachment 5] (2 pages).

4. CSP Pump 1P-14A/B Pump Curve (TDH vs Flow) [Reference 2, Attachment 5] (2 Pages)

Acceptance Criteria

The allowed void fraction into the CSPs’ suction shall be within the recommended permissible NRC
criteria of 2%. Additionally, as stated by the NRC (Reference 3), if the air ingested by the CSP pump
is less than 2%, the NPSHR shall be adjusted per the equation stated in Reference 3. The NPSHj shall
be greater than the adjusted NPSHp.

Methodology

Overview

The effects of air drawn into an eductor are not well known or documented. However, Chapter 4 of
Pump Handbook (Reference 5) discusses how to size a liquid-motive eductor optimized to draw gas
through its suction port and refers to such eductors as exhausters. From this point forward, the term
eductor will be used to describe the piping appurtenance which employs a liquid motive to draw liquid
suction into its chamber. The term exhauster will be used herein to describe the piping appurtenance
that employs liquid motive to draw gas suction into its chamber. The functions of the aforementioned
appurtenances are identical while only differentiating in the phase of fluid drawn through its suction
port.

Karassik (Reference 5, page 4.19) draws an important conclusion between an eductor and exhauster
stating that “Eductors have approximately one-fifth the air-handling capacities of water-jet exhausters
when supplied with similar motive quantities and pressures” (Assumption 1). Although it is not
representative of actual operating conditions of the eductor during the recirculation phase, the modeled
exhauster will have different parameters for each of its ports (motive, suction & discharge) in order to
conservatively maximize its air capacity.

Therefore, this assessment will utilize the sizing information present in Reference 5 and Attachment 1,
along with conservative inputs and assumptions in order to determine the upper bound quantity of air
drawn by an exhauster for the following recirculation spray mode scenarios detailed in Calculation N-
92-086 Revision 004-A (Reference 6):

1. Unit 1 Case R2A — Ul CSP pump operating on Design Curve with one train of RHR
injection using RHR pump Design Curve

2. Unit 2 Case R2A — U2 CSP pump operating on Design Curve with one train of RHR
injection using RHR pump Design Curve

3. Unit 1 Case R2A-CS — Ul CSP pump operating on Design Curve with one train of
RHR injection using RHR pump Degraded Curve

4. Unit 2 Case R2A-CS — U2 CSP pump operating on Design Curve with one train of
RHR injection using RHR pump Degraded Curve

Subsequently, the aforementioned “1/5” generalization will be applied to approximate the quantity of
air traveling through an eductor such as those installed at Point Beach.
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Determining The CSP Suction Pressure (Exhauster Outlet Pressure)

From the sizing calculation detailed in Attachment 1, the exhauster outlet pressure is identified to be
atmospheric, representative of the STP conditions used to obtain the volumetric air flow rate capacity
values in SCFM. However, the actual exhauster outlet pressure is equal to the CSP pump suction
pressure.

Calculation N-92-086 Revision 004-A (Reference 6) identifies the NPSH ratio (NPSHA/NPSHg) and
CSP suction flow rate when placed in the recirculation spray mode where the RHR pumps feed the
CSP suction line. These values are listed as Inputs 1 and 6 in this calculation.

Therefore, in order to determine the CSP suction pressure in psia, the NPSH, is determined using
Inputs 6 and 7 in Equation 1A below. Its result is subsequently used in Equation 1B, along with Input
9, to obtain the CSP suction head, in feet.

NPSH , = NPSH , x| Y2504 | _ NpsH , x NPSHRatio Bquation 1A
NPSH,
Head,, = NPSH ,+ (Vdpor Pressure)@170 F Equation 1B

where:
Headg,ction = Pressure Head at CSP Suction (ft)
NPSH, = Net Positive Suction Head Available (ft) (Equation 1A)
NPSHp, = Net Positive Suction Head Required (ft) [Input 7]
Vapor Pressureg;zor = Vapor Pressure @ 170°F [Input 9]
NPSHRatio = (NPSHA/NPSHg) [Input 6]

The suction head value is then converted into psia utilizing the following equation.

(Head inF eez‘) X (Specz’ﬁc Gravity)) Equation 2

Pressurein psia =
231

where:
Head in Feet = Suction Head (from Equation 1B)
S pec Zﬁ c Gr avzty .. [Density of Specified Temperature] /62.32 [Tnput 5]

Determining Upper Bound for CSP Discharge Pressure (Exhauster Motive Inlet Pressure)

From Attachment 1, Chart 1, increasing exhauster motive fluid pressure directly correlates to an
increase in air capacity for specified exhauster suction pressures and temperatures. Therefore, an
upper bound for the CSP discharge pressure must be established; however, of the calculations utilized
as references, not one discretely states the CSP discharge pressure, which is equivalent to the
exhauster motive fluid pressure.

In order to determine the conservative upper bound for the CSP Discharge Pressure, the data and
parameters presented for the Recirculation spray alignment in Calculation 2006-0021-000B
(Reference 9, Attachment 8) is utilized. Specifically, Inputs 11, 13, and 15 are representative of the
greatest CSP discharge pressure. This specific set of data was selected for maximizing the exhauster
motive inlet pressure because it provided the upper bound for the TDH, NPSH,, and vapor pressure
values. The following equation is used to determine the CSP discharge head:
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Head,, , =TDH,_,,, + NPSH , + (Vapor Pressure)@m F Equation 3

where:
Headp;,, = Pressure Head at CSP Discharge (ft)
TDHp. 145 = Total Developed Head of CSP P-14B (ft) [Input 13]
NPSH, = Net Positive Suction Head Available (ft) [Input 11]
Vapor Pressuregor = Vapor Pressure @ 190°F [Input 15]

Using Equation 2 and Input 16, the calculated pressure is converted to psia.

Determining Actnal Air Induction
Figure 18 in Chapter 4 of Pump Handbook (Reference 5), shows a relationship curve between motive

temperature, exhauster suction pressure, exhauster motive fluid pressure, and suction air capacity in
SCFM. Chart 1 of Attachment 1 depicts the identical chart.

Recognizing that the gas-constant (R) changes insignificantly between the varying temperature and
pressure and that mass is conserved, the standard air flow rate (SCFM) is converted to actual air flow
(ACFM) by employing the ideal gas law as seen below.

By =f& ORV, = FsVs x& Equation 4
T, Ty Ty P,

where: :
P, = Pressure at actual conditions (psia) (Equation 2)
Py = Pressure at standard conditions (psia) [Input 4]
V4= Volumetric flow rate at actual conditions (cfm)
V5= Volumetric flow rate at standard conditions (scfim) (Equation 6)
T, = Temperature at actual conditions (°R) [Input 8 - °R]
Ts = Temperature at standard conditions [Input 4 - 527.67°R]

Multiplying the resulting value of air inducted into the CSP suction line by 7.48 converts the cubic feet
per minute (cfim) value into gallons per minute (gpm).

NRC Compliance: Air Ingestion for Pumps

In order to determine the air ingestion (void fraction) by the CSP pumps, the volume of air determined
by Equation 4 (gpm) is divided by the amount of suction flow rate listed in Input 1 for each of the
operating scenarios. If this percentage is below 2%, as deemed by the NRC, then the NPSHy should
be adjusted as outlined below (Equations extracted from Reference 3).

NPSH ,(ap < 2%) = NPSH ,(Liquid) x Equation 5A

B =1+0.50c, Equation 5B
where

NPSH ,(ap < 2%) = Adjusted NPSHg for the calculated void fraction
o, = The air ingestion rate, in percent by volume, at the pump inlet
NPSH(Liquid) = NPSHy determined by the pump manufacturer [Input 17]
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Calculation and Results

CSP Suction Pressure (Exhauster Outlet Pressure)

Utilizing Equation 1A, along with Inputs 6 and 7, the NPSH, is calculated to be the following for each
of the scenarios. The CSP Pumps’ suction head is calculated using Equation 1B and Input 9, which is
then converted from pressure units of feet to psia utilizing Equation 2. The resulting values are
tabulated in Table 1 below.

Scenario

Unit 1 R2A
Unit 2 R2A
Unit 1 R2A-CS
4 | Unit2R2A-CS
Table 1: NPSH, and CSP Pump Suction Pressure (Exhauster Outlet Pressure) Values

(SN 3 %3 IO

CSP Discharge Pressure (Exhauster Motive Fluid Pressure)

The motive fluid pressure is determined using Inputs 11, 13, and 15 along with Equation 3. The CSP
discharge pressure, or motive fluid pressure, is determined to be 648.14 ft-abs. Using Equation 2 and
Input 16, the motive fluid pressure is equivalent to 271.67 psia.. Subtracting atmospheric pressure
[Input 4], the gage pressure equivalent for the motive fluid is 256.97 psig. Realizing that with
increasing motive pressure, more air is inducted into the CSP suction line by the exhauster, it is
conservative to utilize 260 psig as the motive fluid pressure.

Exhauster Suction Port Pressure

Per Assumption 3, the suction line pressure of the exhauster is 14.7 psia (atmospheric). Converting
this value into in-Hg absolute yields a value of 29.93 in-Hg absolute (14.7 psia x 2.036 m'Hg/psi), or 30
in-Hg absolute.

Motive Water Temperature
Per Assumption 2, the motive fluid temperature will be set at 100°F. This value is a conservative
bound because more air will induct into the CSP suction line by the exhauster.

Exhauster Air Flow Rate

Chart 1 of Attachment 1 presents air capacity values in terms of a 1-inch exhauster (exhauster size is
indicative of connection size). The installed eductor at Point Beach is 2-inches [Input 2]. Attachment
1, along with Pump Handbook (Reference 5), identifies the capacity ratio as the following:

Pesired S, chariea scrm = Capacity Ratio Equation 6

Table 1 of Attachment 1 identifies the capacity ratio for a 2-inch exhauster to be 4.0. Therefore,
utilizing Chart 1 of Attachment 1, the motive fluid pressure line for 260 psig is extrapolated as seen in
Attachment 2. Utilizing a suction pressure of 30 in-Hg absolute and motive fluid temperature of
100°F, the air capacity of a 1” exhauster is extrapolated to be 6.25 SCFM (Attachment 2). Utilizing
the capacity ratio (Equation 6), the “Desired SCFM” or the SCFM exhausted by a 2-inch exhauster is

Exhauster Air Flow Rate = Capacity Ratio x Charted SCFM = 4.0 x 6.25 = 25 SCFM



Calculation 2010-01716, Rev. 0 Page 10
Eductor Analysis — Ingestion of Air Into Containment Spray Pump Suction
Project No. 11165-105

Although the 260 psig motive fluid curve seen in Attachment 2 is conservatively drawn, an additional
5 SCFM margin will be added to the above calculated exhauster air capacity. Therefore, a value of 30
SCFM will be utilized from this point forward for the exhauster. This ingestion rate, however, is for a
CSP suction pressure (exhauster outlet pressure) that is atmospheric. Therefore, using Equation 4, the
actual air ingestion flow rates for an exhauster with the CSP suction pressures listed in Table 1 are
tabulated in Table 2 below.

Scenario

Unit 1 R2ZA
Unit 2 R2A
Unit 1 R2A-CS
Unit 2 R2A-CS .
Table 2: Exhauster Air I

U e

Rate

S

ngestion

Ingested Air Volume — Eductor Approximation

As stated in the Methodology section of this calculation, Karassik (Reference 5) draws an important
conclusion between an eductor and exhauster stating that “Eductors have approximately one-fifth the
air-handling capacities of water-jet exhausters when supplied with similar motive quantities and
pressures”. Therefore, the air ingestion flow rates presented in Table 2 are multiplied by 0.2 and
converted into GPM (7.48 gallons per ft). Table 3 below tabulates the representative eductor air
ingestion rates in both ACFM and gpm units.

Scenario

1 | Unit1 R2A
2 | Unit2R2A
3 | Unit 1 RZA-CS
4 | Unit2 R2A-CS

Table 3: Representative Eductor Air Ingestion Flow Rates

NRC Compliance: Air Ingestion for Pumps
Utilizing the equations presented in Reference 3, and repeated as Equations 5A and 5B in this

calculation, the amount of air ingested by the CSP Pumps’ Suction (¢, ) as a percent of suction flow

and adjusted NPSHy are presented in Table 4 below. The calculated air ingestion rate must be less
than 2% [Input 3] per the NRC guideline. The final column of Table 4 compares the available NPSH
(NPSH,) against the adjusted-required NPSH (NPSHp).

Adjusted NPSH, > Adjusted
ap B NPSHR | NPSHR | NPSHA NPSHg?
[Input 17]
; : (%] [Eq. 5B] [ft-abs] [ft-abs] [ft-abs] [Y/N]
1 | Unit 1 R2A 1.36 1.68 28.76 112.12 Yes
2 | Unit2R2A 1.41 1.71 1712 29.28 107.23 Yes
3 | Unit 1 R2A-CS 1.68 1.84 31.50 90.03 Yes
4 | Unit2 R2A-CS 1.78 1.89 32.36 84.13 Yes

Table 4: Adjusted NPSHy, values for CSP Pumps per NRC Guidelines
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Conclusions

The Acceptance criteria for this calculation required that the void fraction remain below the 2% NRC
mandated value, adjusting the NPSHy value for the affected pumps, while verifying that the available
NPSH (NPSH,) is greater than the adjusted NPSHg.

From Table 4 above, the acceptance criteria has been met with conservative assumptions. Therefore,
the eductors utilized by the CSP pumps’ to draw NaOH from the SAT tanks will not air-lock the CSP
Pumps in the event that the SAT tank is empty and one or both of the air operated shutoff valves
(1(2)HCV-836A/B) fails open.

Document Updates

No Document is affected directly by the analysis presented in this calculation.
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Bulletin 4P Supp.

Schufte & Koerfing

Performance Data on Water Jet Exhausters and Compressors

INTRODUCTION " Fig. 464 Single-Nozzle
Water Jet Exhauster

This supplemental data should be used in conjunction
with S&K Bullletin 4P which describes the construction,
operation, and application of Schutte & Koerting Water
Jet Exhausters and Compressors.

Bulletin 4P contains general information on all types and
sizes, together with dimensional data. This Supplement
contains complete information on sizing this equipment.

For sizing information on this S&K equipment, refer to the
following index:

‘Fig. 488 Fig. 489
Multi-Nozzle Multi-Nozzle
Water Jet Water Jet
Exhauster Exhauster

Fig. 485 Single-Nozzle
Water Jet Exhauster

Fig. 484
Single-Nozzle
Water Jet
Exhauster
Index
Description Page
Fig. 484 Single Nozzle High Capacity Water Jet Exhauster 2-3
Fig. 488 & Fig. 489 Multi-Nozzle, High Capacity Water Jet Exhauster 4-5
Fig. 464 Single-Nozzle General Purpose Water Jet Exhauster 6
Fig 265 & Fig. 485 Single Nozzle Water Jet Exhauster 7-9

Schutte & Koerting * 2510 Metropolitan Drive » Trevose, PA 19053 « USA « tel: (215) 639-0900 = fax: (215) 639-1597 » www.s-k.com « sales@s-k.com 1
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FIG. 484 SINGLE NOZZILE WATER JET EXHAUSTER Chart 1. Suction Pressure And Capacities of 1" Single

(HANDLING FREE AIR) Nozzle Water Jet Exhauster (Atmospheric Discharge), Fig.
484.

SIZING AND WATER CONSUMPTION DATA

Example: To determine the size of S&K Fig. 484 Water 45 / 45

Jet Exhauster required, and the water consumption rate, / /

to meet the following conditions: 40 / / a0

Water Pressure = 60 psig / / /
Suction Pressure = 80°F 35 & / / 35
Suction Pressure = 20 in. Hg. abs. & / /
Air Handling Capacity = 15 scfm f / /

3.0 5 3.0
Solution: Refer to Curve 1. Select horizontal line at base @5’ \(,,/ / / /

v o
s, :"/ /L 25

of curve representing water temperature of 80°F (1).
Read horizontally across until water temperature line
intersects 20 in. Hg. abs. suction pressure line (2).
Project line vertically up to the proper water pressure
curve representing 60 psig (3). Read horizontally from /

3
1
intersection and note that the capacity of a 1" Fig. 484 /ﬁ 5
Q/ )
// /Y Y
A A
/
|
)
i
1

Capacity - scfm air

nN
(=]

\\

70

%
b,

Up& g

%\
N
[~

scfm) by capacity of a 1" size (1.9 scfm) to find capacity
ratio, as 1.0

15scim 7.9 capacity ratio ///

1.9 scfm 0.5

iy

N
AR
\\\\

Exhauster is 1.9 scfm (4). Divide required capacity (15
0.5

Refer to Capacity Ratio Table and note that the 2 1/2" size
has a capacity ratio of 6.25 and the 3" size has a capacity
ratio of 9.00. The larger size exhauster (5) should be
selected to meet service conditions.

0

s

~N oo

0

i
0 T TR VT
g ATV AR 9‘\ ALY

0 5 10 15 20 25 30
Suction Pressure - Inches Hg. Abs.

=3
<

Motive Water
Temperature in °F

To find the water consumption rate for this size exhauster,
refer to Table 2 and note that a 3" size operating with a
water pressure of 60 psig will consume 86 gpm (6).

Table 1. Relative Capacities of Single Nozzle Water Jet Table 2. Capacities of Single Nozzle Water Jet Exhauster,
Exhauster, Fig. 484. Fig. 484.
Exhauster Size| Capacity Size Water Pressure - psig
(Inches) Ratio in
2 0.36 Inches| 30 40 60 80 100 | 150 | 200
34 0.64 12 * 29 3.4 3.8 42 5 6
! N N O T
112 2.89 - -
5 f 200 112 20 23 27 30 32 38 45
: 2 28 31 36 41 45 54 63
2112 6.25 212 | 46 | 51 | 60 | 67 | 73 | 88 | 102
3 (3)9-00 3 66 | 73 | 86 | 96 [106 |127 | 148
- ©

Approximate Water Consumption in GPM
Note: Ali Flows at 15" Hg. abs.
*Require 40 psig minimum.

2 Schutte & Koerting » 2510 Metropolitan Drive » Trevose, PA 19053 » USA « tel: (215) 639-0900 » fax: (215) 639-1597 = www.s-k.com ¢ sales@s-k.com
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FIG. 484 SINGLE NOZZLE WATER JET EXHAUSTER

SIZE DETERMINATION (EVACUATING TIME, PUMP
PRIMING, CLOSED TANK EVACUATION)

How to Size Exhauster for Priming

Example: Determine proper size Exhauster and amount of
water required for priming a pump and suction line in an
allowable time of two minutes if the total volume is 50 cu. ft. The
lift is 10" and the water pressure available is 40 psig.

Solution: (See solid lines, Chart 3):

1. Divide time allowable in seconds by the volume in cu. ft.

2x60

50 = 2.4 sec./cu. ft.

2. Enter Table 5 at 10" of water and read below it the equivalent
in. Hg. In this case 8.8" (1).

3. Enter Chart 3 at 8.8" Hg. vacuum (2} and read over to 40 psig
water curve. Read vertically downward to evacuation rate of 3.5
sec./cu. ft. (3).

4. Divide answer in Step 3 by answer in Step 1.

2—'4— = 1.46 - This is the Size Factor
5. Enter Table 4 and find size factor equal to or greater than that
determined in Step 4. Read directly above it the size Exhauster
required. In this case a 2 1/2" (4).

6. See Table 2 on page 2 for water consumption for a
2 1/2" Exhauster at 40 psig water pressure. Note that this is 51

gpm.

How to Size Exhauster for Closed Tank Evacuation

Example: Determine the size Exhauster and amount of
water required to evacuate a 10 cu. ft. tank to 20" Hg. vacuum
in 15 minutes, with 40 psig water pressure available.

Solution: (See dotted lines, Chart 3):

1. Enter Chart 3 at 20 in. Hg. vacuum (1), go horizontally to the
40 psig water curve. Go vertically downward and read
evacuation rate of 20 sec./cu. ft. (2).

2. Multiply the evacuation rate found in Step 1 by the volume of
the tank.

20 x 10 = 200

3. Divide number determined in Step 2 by the allowed fime in
seconds.

200

m = .20 Size Factor

4. Enter Table 4 and find size factor equal to or greater than that
determined in Step 3. Read directly above it the size Exhauster
required. In this case a 3/4" (3).

5. See Table 2 on page 2 for water consumption for a 3/4"
Exhauster at 40 psig water pressure. Note that this is 5.3 gpm.

Table 4. Relative Capacities of Single Nozzle Water Jet
Exhauster, Fig. 484.“

3 ®
Size

34 1 112 2 212 3
(in Inches) / ! /
Capacity Ratio| .20 | .306 | 1.0 | 1.38 | 228 | 3.26

Chart 3. Evacuating and Priming Curves of Single Nozzle Water Jet Exhauster, Fig. 484.

30 Table 5. Conversion Table
From Feet of Water to In. Hg.
. — of Single Nozzle Water Jet
25 Sy == Wi T Exhauster, Fig. 484,
K 4&;,/' L A CE
Za S S ERRPE o am i Water |Vacuum
5 20 /' L~ NP g ] (Feet) |(in. Hg.)
T // Vi » 8 =
g rap. , »
£ y T ! 5 4.4
g 15 7 )4 7 /'/ |
5 /| A 1 , »
g /FaRY4 : 10 | se (D
.
10 L. p o !
] '//’ ]
@ =t ; 15" | 132"
/ ¥
/ ¥
5 1
} 20 17.6"
ol i2:

®@s 10 15 20 25 30 35

Evacuating Time - Sec./Cu. Ft.

40 45 50 55
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FIG. 488 (THREADED) AND FIG. 489 (FLANGED) Solution: Refer to Chart 6 below. At the 80°F water
MULTI-NOZZLE WATER JET EXHAUSTERS temperature line (point 1), read horizontally fo a suction
(HANDLING FREE AIR) pressure of 10" Hg abs. (2), then vertically up to the 30

psig water pressure curve (3). From that point, read
SIZE DETERMINATION AND WATER CONSUMPTION horizontally to the first size of Exhauster that will handle

DATA 15 scim (4). Read vertically down to determine the
Example: To size an Exhauster for handling 15 scfm of | required size as a 6 inch Exhauster (5). From Table 7,
air at 10" Hg. abs., using 30 psig water at 80°F. note that a 6 inch Exhauster operating at 30 psig water

pressure has a water consumption of 488 gpm (6).

Chart 6. Air Handling Capacity of Multi-Nozzle Water Jet Exhausters (Atmospheric Discharge),
Fig. 488 (Threaded) and Fig. 489 (Flanged).

81 16 80 120, (16G-, ;240
! A5 aTaYa
] ¥ TI0H 300
= 7 4 70 P RIME Y.
; oy l/ f LOE 10F
/ /@ / // 2 B P W
,// yaw 4 0 H
Fal )i 20 F=f'2) 400 1‘5{ Lo ot
A y. 5 8 30 50 194 6 0
V144 717 0
(AN |
A & / / 25— 40 fal 40
,; 6/, /, 7 8 . 46 60 3 126 -
77 / PE 50H
YA/ 14, / 23 b oh ho
Y AL, y. / 3 3 30 5 by
1/AW LY yd ak 0H 0
o Y1/ /W AV BND 4 7 P 0
=3 (14 4 A I u 28 an h b
kS 7 T — 2 2 30 Bd
g V77 & 0=
3 20 H [
!E - R = ok
g W ZZaml D 5 {5 1o 0
> 100 NNV NN NNNVVN AN
Z Exhauster Size —» 1 2 3 4 5 6 7 8 10
R O VNIV Q N VVIVIVAVIVIVIVIVIVAY
80
= 7o LN
0 5 10 15 20 25 30

Suction Pressure Inches - Hg. Abs.

Table 7. Approximate Water Consumption in GPM of Multi-Nozzle Water
Jet Exhausters, Fig. 488 (Threaded) and Fig. 489 (Flanged).

Water Exhauster Size, Inches

Pressure
(psig) 1 2 3 4 5 6 7 8 10

15 26 51| 102 | 153 | 255 | 383 | 510 | 765 | 1020

30 33 65| 130 | 195 325@)488 650 | 975 | 1300

45 40 79| 158 | 237 | 395 | 593 | 790 | 1185 | 1680

60 45 89 | 178 | 267 | 445 | 668 | 820 | 1335 | 1780

80 50 | 100 | 200 | 300 | 500 | 750 | 1000 | 1500 {2000

100 56 { 112 | 224 | 336 | 560 | 840 | 1120 | 1680 | 2240

120 611 122 | 244 | 366 | 610 | 915 | 1220 | 1830 | 2440

160 69 | 138 | 276 | 414 | 690 | 1035 | 1380 | 2070 | 2760

Schutte & Koerting » 2510 Metropolitan Drive » Trevose, PA 19053 « USA « tel: (215) 639-0900 e fax: (215) 639-1597 » www.s-k.com » sales@s-k.com
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FIG. 488 (THREADED) AND FIG. 489 (FLANGED)
MULTI-NOZZLE WATER JET EXHAUSTERS

SIZE DETERMINATION (EVACUATING TIME, PUMP
PRIMING, CLOSED TANK EVACUATION)

How to Size Exhauster for Priming

Example: Determine proper size Exhauster and quantity of
water required for priming a pump and suction line in an
allowable time of two minutes if the total volume is 40 cu. ft. The
lift is 15" and the water pressure available is 30 psig.

Solution: (See solid lines in Chart 8):

1. Divide time allowable in seconds by the volume in cu. fi.

2 x 60
40

2. Enter Table 10 at 15’ of water and read below it the
equivalent in. Hg. In this case 13.2" (1).

= 3.0 sec./cu. ft

3. Enter Chart 8 at 13.2" Hg. vacuum (2) and read over to 30
psig water curve. Read vertically downward to evacuation rate
of 4.0 sec./cu. ft. (3).

4. Divide answer in Step 3 by answer in Step 1.
4.0

30 = 1.33 Size Factor

How to Size Exhauster for Closed Tank Evacuation

Example: Determine the size Exhauster and quantity of water
required to evacuate a 50 cu. ft. tank to 20" Hg. vacuum in 15
minutes, with 15 psig water pressure available.

Solution (See dotted lines in Chart 8):

1. Enter Chart 8 at 20" Hg. vacuum (1), go horizontally to the
156 psig water curve. Go vertically downward and read
evacuation rate of 17 sec./cu. ft. (2).

2. Multiply the evacuation rate found in Step 1 by the volume of
the tank.

17 x 50 = 850 seconds

3. Divide number determined in Step 2 by the allowed time in
seconds.
850
15 x 60

= .944 - This is the Size Factor

4. Enter Table 9 and find size factor equal to or greater than that
determined in Step 3. Read directly above it the size Exhauster
required. In this case a #2 (3).

5. See Water Consumption Curves for a #2 Exhauster (inset
Chart 8). Locate intersection of 20" Hg. line with 15 psig water
pressure line (4) and read down. Water consumption for a #2
Exhauster is 52.6 gpm (5).

5. Enter Table 9 and find size factor equal to or greater than that
determined in Step 4. Read directly above it the size Exhauster
required. In this case a #3 (4).

6. See Water Consumption Curves for a #2 Exhauster (inset
Chart 8). Locate intersection of 13.2" Hg. line with 30 psig water
pressure line (5) and read down. Water consumption for a #2
Exhauster is 64 gpm (6). Note that the size factor for a #3
Exhauster (in Table 9) is 2.0. Multiply 64 x 2.0 = 128 gpm for a

Table 9. Relative Capacities of Multi-Nozzle Water Jet
Exhausters, Fig. 488 (Threaded) and Fig. 489 (Flanged).

Peld
3@

#3 Exhauster.

Chart 8. Water Consumption and Evauation Time of Multi-
Nozzle Water Jet Exhausters, Fig. 488 (Threaded) and Fig.
489 (Flanged).

20 25 30 35 40 45
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Vacuum - In Hg. Abs.
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e

/
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Size ’
1123|4567 81|10
(in Inches)
Capacity Ratio] .5 | 1.0 2.0|3.0]5.0{7.5{10.0{15.0{20.0
Table 10. Conversion Table From
Feet of Water to In. Hg. of Multi-
Nozzle Water Jet Exhausters, Fig.
488 (Threaded) and Fig. 489
s ® (Flanged).
- Water |Vacuum
1 (Feet) |(In. Hg.)
Exhauster ::
// // /l i 5 4.4"
/ s 10" 8.8"
/1] i 15 | 13.22(D
a:': 90 100 105 EE 201 17.60
50 55 60

10 15 20 25 30 35 40 45

Evacuating Time Seconds Per Cu. Ft.
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FIG. 464 SINGLE NOZZLE WATER JET EXHAUSTER Table 12. Relative Capacities of Single Nozzle Water Jet
Exhauster, Fig. 464.
SIZE DETERMINATION AND WATER CONSUMPTION

DATA Size 17 |3 | 1 |112] 2 |212] 3
(in Inches)

Example: Determine size and water requirement for Capacity Ratio | 0.36 | 0.64 | 1.00 | 2.89 | 4.00 | 6.25| 9.0

following conditions: @

Water pressure - 60 psig

Vacuum requirement - 10" Hg. (20" Hg. abs.)
Air handling - 8 pounds per hour Table 13. Approximate Water Consumption in GPM, 1"
Size Single Nozzle Water Jet Exhauster, Fig. 464.

Solution: From Chart 11 at vacuum of 10" (point 1) and

water pressure 60 psig (point 2), read suction capacity Water Pressure| ,, | o5 | 49 680 80 | 100

of 2.25 PPH (point 3) for a 1" Fig. 464. Divide required (psig)

capacity (8 PPH) by 2.25 to get capagcity factor: Flow (gpm) 40 | 85 |75 11.0 | 12.0
8

205 3.56

©
(e

o)

The nearest capacity factor is 4.0 (point 4) or a 2" Fig.
464 Water Jet Exhauster. Select 2" Fig. 464 Exhauster.

* Water requirement is: 9 GPM (point 5) x 4 = 36 GPM at
60 psig.

Chart 11. Air Handling Capacity of 1” Single Nozzle Water Jet Exhauster, Fig. 464 .
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Fig. 265 & Fig. 485 Water Jet Exhauster Performance
Operating Pressure P1 ——____(psig)
Operating Flow Q1 e __(gpm) .
Specific Gravity Discharge Head P2 e (1)
Viscosity
*Note: Sizing information is based on
s water. If liquids are other than water

Fig. 265/485 Gas Handling

Suction Pressure Ps (in Hg abs)
Suction Flow Q$ e (SCFM) OF
Volume to be

Evacuated (ft*) and
Required Time (Min)

please refer to "Determination of
Operating Conditions for Fluids other
than Water” on this page below.

Fig. 265 & Fig. 485 Water Jet Exhauster
Selection Procedures

Evacuating
1. Determine the evacuation time in minutes per 100 ft.2

Evacuation time (min)
Volume Evacuated (ft.?)

2. Enter Table 4 at the available operating water pressure P1
(psig) and required suction pressure Ps (in HG abs).
Read across the table on the line closest to the Ps to the
value closest to the evacuation time determined in step 1.
Note unit size & Fig. # listed at the top of the table.

3. Continue across the table to the last two columns to
determine the water consumption for Fig # chosen.
Multiply this value times the capacity factor list in Table 5
for the unit size chosen.

Exhausting

1.

Refer to Table 6 Air Handling Capacity for 265/485. Find
the Suction Pressure Required (Ps) and the Operating
Pressure (P1) on the left side of the chart.

Follow the row across the table to the column
corresponding to the discharge pressure (P2). Note the
Capacities in (SCFM) for each unit. Continue across the
row to the last two columns to determine the water
consumption.

Calculate the CF for each unit by dividing Ws
Required/Ws from table. Select the unit size from Table 7
for the unit having the CF equal to or greater than the
value determined.

Determine water consumption by multiplying the CF
selected by the water consumption determined in step 2.

Determine Fig. # and size unit to use based on
performance and operating water consumption.

Schutte & Koerting * 2510 Metropolitan Drive « Trevose, PA 19053 » USA « tel: (215) 639-0900 « fax: (215) 639-1597 « www.s-k.com « sales@s-k.com
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Performance Data on Water Jet Exhausters
and Compressors
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Bulletin 4P Supp.

Fig. 265 & Fig. 485 Water Jet Exhauster Performance

Table 485-4. 1” Single Nozzle Water Jet Exhauster Evacuation Time, Fig. 265 & Fig. 485

Operating| Suction Time in Minutes Per 100 Cubic Feet of Air 32:;32';?\""2’3:;)’
pater Z’:_S;‘;: 3 1 112" 2" 3 1" Unit GPM
P1) (Ps) 265 485 265 485 265 485 265 485 265 485 265 485
25" 33.7 18.8 20.8 10.9 7.0 3.9 3.9 2.1 1.2 0.7 6.0 59
20 20" | 123.8 71.3 75.2 42.6 28.7 14.9 13.9 8.1 4.4 25 6.3 6.2
PSIG 15" | 2574 | 1525 | 1554 92.1 53.5 31.7 29.7 17.8 9.0 5.3 6.6 6.5
10" | 476.2 288.1 99.0 54.5 16.8 6.9
25" 1.9 8.6 7.2 5.1 2.5 1.8 1.4 1.0 0.4 0.3 8.3 79
20" 47.5 317 28.7 18.8 9.9 6.6 12.2 3.7 1.7 1.1 8.5 8.1
40 15" | 119.8 71.3 72.3 426 24.8 14.9 13.9 8.1 4.2 25 8.7 8.3
PsiG 10" | 2257 | 1287 | 1366 77.2 46.5 26.7 25.7 14.9 79 45 8.9 8.5
5" | 456.4 | 2336 | 2762 | 1416 95.0 48.5 52.5 26.7 15.8 8.2 9.2 8.7
25" 5.2 6.6 3.2 41 1.1 1.4 0.6 0.8 0.2 0.2 10.1 9.4
20" 23.8 20.8 13.9 11.9 5.0 4.3 2.7 24 0.8 0.7 10.3 9.6
60 15" 63.4 42.6 38.6 25,7 12.9 8.8 7.2 4.9 22 1.5 10.5 9.7
Psie 10" | 137.6 71.3 83.2 43.6 28.7 14.9 15.8 8.1 4.9 25 10.6 9.9
s« | 2050 | 1238 | 178.2 75.2 61.4 25.7 33.7 13.9 9.9 4.4 10.8 10.0
25" 34 5.2 2.0 3.2 0.7 1.1 0.4 0.6 0.1 0.2 11.6 10.6
20" 15.7 15.8 9.5 9.4 3.3 3.3 1.8 1.8 0.5 0.5 11.8 10.8
80 15" 37.1 30.7 22.8 18.8 7.7 6.4 4.3 36 1.3 1.1 11.9 10.9
Psie 10" 88.1 52,5 53.5 30.7 17.8 10.9 9.9 5.8 3.1 1.8 12.1 1.0
5 | 2049 86.1 | 1238 53.5 42,6 17.8 23.8 9.9 7.1 3.1 12.2 1.2
25" 3.1 4.8 1.9 2.9 0.6 1.0 0.4 0.5 0.1 0.2 13.0 1.7
20" 10.9 12.9 6.6 7.8 2.3 27 1.3 1.5 0.4 0.5 13.1 11.8
100 15" 27.7 24.8 16.8 14.9 57 5.2 3.2 2.9 1.0 0.9 13.2 1.9
Psie 10" 57.4 41.6 34.7 24.8 11.9 8.7 6.5 4.8 2.0 1.5 13.4 12.1
5" | 1436 71.3 87.1 | 436 20.7 14.9 16.8 8.2 5.0 25 13.5 12.2
25" 2.9 3.8 1.7 2.3 0.6 0.8 0.3 0.4 0.1 0.1 15.3 13.6
20" 6.6 9.9 4.1 6.1 1.4 2.1 0.8 1.2 0.2 0.4 15.4 13.6
140 15" 15.8 18.8 9.5 1.9 34 4.0 1.9 2.2 0.6 0.7 15.5 13.8
Psie 10" 34.7 32.7 20.8 19.8 7.1 6.7 4.0 3.7 1.2 1.1 15.7 13.8
5" 68.3 57.4 40.6 33.7 13.9 1.9 7.8 6.3 24 2.0 15.8 14.0
Table 485-5. Capacity Factor of Single Nozzle Water Jet Exhauster, Conversions:

Fig. 265 & Fig. 485 .

Size in Inches

3/4

112

2

3

Factor

0.605

2.91

5.29

17.21

Unit Description:

Fig. 265 & Fig. 485 Water Jet Exhauster utilizes spiral in the motive liquid

nozzle to achieve better air handling qualities.

SCFM - Qg (ACFM) x 530°R x Pressure,,, (PSIA)
Tempg,, (R) x 14.7 (PSIA)

SCFM = W, (Ib./ar) x 29 x 1
Molecular weight,,, x 4.5

8  Schutte & Koerting * 2510 Metropolitan Drive « Trevose, PA 19053 » USA « fel: (215) 639-0900 » fax: (215) 639-1597 = www.s-k.com » sales@s-k.com
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and Compressors

Fig. 265 & Fig. 485 Water Jet Exhauster Performance
Table 485-6. 1” Air Handling Capacities of Single Nozzle Water Jet Exhauster, Fig. 265 & Fig. 485

Suction |Operating Capacity in SCFM at Discharge Pressure Qs ' Szzzagg?wvz'gﬁ;
Pressure | Water 0 PSIG 5 PSIG 10 PSIG 15 PSIG 20 PSIG GPM
Hg. Abs. | Pressure
(Ps) F(’g:‘; 265 485 265 485 265 485 265 485 265 485 265 485
20 0.6 1.0 6.0 5.9
40 1.2 1.9 06 1.2 8.3 7.9
- 60 2.0 2.8 1.0 2.0 0.8 1.6 10.1 9.4
80 2.9 35 1.3 28 1.0 23 0.9 2.0 0.8 16 | 106
100 34 3.9 2.1 35 14 3.1 1.2 2.7 1.0 25 | 130 | 17
140 44 5.0 2.9 47 2.1 45 1.7 4.1 16 39 | 153 | 136
200 5.8 6.0 4.9 5.9 37 5.8 3.0 56 2.4 54 | 175 | 155
20 0.3 0.6 6.3 6.2
40 0.7 1.2 04 08 8.5 8.1
- 60 1.1 2.0 07 1.5 0.6 1.2 10.3 96
80 1.7 27 1.0 2.2 0.8 1.8 0.7 1.6 0.6 1.8 | 108
100 2.1 3.0 14 2.7 1.1 2.5 0.9 2.2 08 2.1 13.1 1.8
140 3.1 3.9 1.9 37 15 35 1.3 33 12 3.1 154 | 13.6
200 45 48 36 4.7 2.6 46 2.2 45 1.8 44 | 178 | 156
20 0.2 03 6.6 6.5
40 0.4 08 0.3 0.5 8.7 8.3
.5 60 06 1.3 0.5 11 0.4 0.9 10.5 97
80 0.9 1.8 0.7 1.7 0.6 13 05 12 0.4 119 | 109
100 1.3 2.2 0.9 2.0 08 19 07 1.7 0.6 16 | 132 | 119
140 1.8 2.9 1.2 28 1.0 26 0.9 25 0.8 25 | 155 | 13.8
200 3.0 36 2.2 3.6 17 35 15 3.4 1.2 34 | 178 | 157
40 0.2 0.4 0.2 8.9 8.5
60 0.3 0.9 0.3 07 0.2 05 10.6 9.9
o 80 0.4 1.2 0.4 1.0 0.3 0.9 03 0.8 0.2 12.1 11.0
100 0.7 1.3 05 1.3 0.4 13 0.4 1.2 0.4 1.1 134 | 12.1
140 0.9 2.0 07 1.9 0.6 19 06 1.8 0.5 18 | 157 | 138
200 1.8 24 1.3 24 1.0 2.4 0.8 2.3 08 23 | 179 | 158
40 0.1 0.2 0.1 9.2 8.7
60 0.1 0.6 0.1 04 0.1 10.8 | 100
5 80 0.2 07 0.2 06 0.2 0.5 0.1 0.3 0.1 122 | 1.2
100 03 08 02 07 0.2 07 0.2 07 0.2 07 | 135 | 122
140 0.4 1.1 03 1.0 0.3 1.0 03 1.0 0.3 10 | 158 | 140
200 0.7 1.2 05 1.2 0.4 1.2 03 1.2 0.3 12 | 179 | 159

150
9001:2000
121906 Certified
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ATTACHMENT 2

EXTRAPOLATED 260 PSIG MOTIVE FLUID CURVE FROM CHART 1 OF SCHUTTE &
KOERTING SUPP 4P (ATTACHMENT 1)



ATTACHMENT 2
Page2of 2

Caiculation 2010-01716 Rev 0

Project No. 11165 - 105

“sapyf “Byy Soyou - BANSERI] UORINE =
_ g 5& ﬂfﬁ ] ’E'lv i 0k . & . 0 % §
L h b sy bttty ERRR AR AR R ARAARAA LAY *&g o
"ﬁ sl 1". ‘i lll ‘& '1‘. "l 1’1 ".’. 5‘.1"%\& ". ‘4“ ’,‘\ lll .". !'1 \"i "l S| && ‘L "i "’. '.v 1'1 l% ". "' 1 B og % é
A =gy -
BAERARREREAN KRR AR AN 5
o o
5o L]
g S iy )
, /3 .
53 /bé' 5
L _ L - o
a9z g 4 i %
/
&
r ‘!
/ 8
Lig / g
” x’/// / -
o / // oy
os - "¥BF
‘Bid {aBueyssig odsydsowry) Jegsneyxs 18 JelER, S|ZZ0]
a|Bug maede] puy ainssald ucllong "L WeYD
&S - .
oo -
e R Z N <
&o-




Calculation 2010-01716, Rev. 0 Page 1 of 2
Attachment 3
Project No. 11165-105

ATTACHMENT 3

NPSHyp PLOT FOR CSP PUMPs
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ATTACHMENT 4

P-144/B CURVES
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