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PREFACE

This report describes Phase A Extension 2 work performed between August 1 and 

December 31, 1978 on the design of a large pool-type LMFBR power pi ant. The 

work is the result of a team effort by Bechtel Corporation and General Electric 

Company which was sponsored and guided by Bechtel Corporation and General 

Electric Company which was sponsored and guided by the Electric Power Research 

Institute (EPRI). The objective of the work was to complete the conceptual 

plant design established during Phase A and Phase A Extension 1 during the 

period from April, 1977 through July, 1978.

The Phase A effort produced an initial description of the overal1 pi ant, structures 

and systems. During Phase A, General Electric developed a conceptual design of 

the overall nuclear steam supply system (NSSS). It defined specific design 

approaches for selected NSSS components and subsystems after analyzing various 

design alternatives. Bechtel assumed responsibility for the intermediate sodium 

piping arrangement, the access area above the reactor deck and the Balance of 

Plant (BOP). The resulting integrated pi ant design provided the necessary 

seismic data for both the NSSS and the BOP.

The special expertise of several subcontractors was used during Phase A; Byron- 

Jackson provided a prelimi nary design of the primary sodium pump, Foster-Wheeler 

provided a preliminary design of the intermediate heat exchanger (IHX), and CBI 

Nuclear reviewed the reactor deck design and developed a construction sequence 

for the overal1 reactor assembly.

The Phase A effort by General Electric, Bechtel and the subcontractors was 

funded at a level of nearly 1.7 mi 11ion dollars. Additionally. General Electric 

contributed a company-funded effort and both General Electric and Bechtel 

utilized their backgrounds of prior work on pool-type LMFBRs and extensive 

interaction with foreign LMFBR organizations. The results of the Phase A work 

was published by EPRI in April 1978 in report number NP-646, "Pool-Type LMFBR 

Plant, 1000 MWe Phase A Design."

During Phase A Extension 1, funded at a level of approximately 1.4 mi 11ion 

dollars, specific areas established during Phase A received further development 

and evaluation. These specific areas included the reactor deck, the reactor



assembly, the heat transfer system components, the reactor auxiliary systems, 

and the instrumentation and control systems. Several subcontractors were also 

used during Phase A Extension 1; Foster-Wheeler designed an alternate IHX, CBI 

Nuclear evaluated an alternate deck support scheme and further developed the 

reactor assembly construction sequence, and United Nuclear Industries provided 

conceptual designs for removable radiation shielding in the deck. The results 

of the Phase A Extension 1 work was published by EPRI in September 1978 in 

report number NP-882, "Pool-Type LMFBR Plant, 1000 MWe Phase A-Extension-1 

Design."

During Phase A Extension 2, funded at a level of approximately 1.4 mi 11ion 

dollars, the reactor assembly, the reactor deck, heat transport systems, auxiliary 

systems, seismic analysis, maintenance studies, construction studies, a safety 

approach, and the balance-of-plant design were al1 brought to 1evels consistent 

with a completed concept. Assistance in several specialized areas was supplied 

by subcontractors; Chicago Bridge and Iron provided a fabrication scheme for the 

thermal barrier design, Foster-Wheeler developed the IHX design, Bryon-Jackson 

continued work on the primary sodiurn pump design. Engineering Decisi on Analysis 

Corporation verified and further developed the seismic studies, and CBI Nuclear 

studied construction of alternate vessel supports and fabrication of the upper 

internals structure.

"Phase A Extension 1" and "Phase A Extension 2" are frequently shortened to 

"Extension 1" and "Extension 2" when referred to in this report.

This report of the Phase A Extension 2 work is 1ogically divided into thirteen 

parts, which have the general title "Pool-Type LMFBR, 1000 MWe Phase A - 

Extension-2 Design:"

Part I Executive Summary

Part II PI ant Summary Description

Part III Reactor Assembly

Part IV Reactor Deck

Part V Heat Transport Systems

Part VI Auxiliary Systems

Part VII PI ant Control and Instrumentation

Part VIII Seismic Analysis

Part IX Constructibility and Fabricability



Part X Maintainability and Inspectibility

Part XI Safety

Part XII Balance of Plant - Plant Description

Part XIII Balance of Plant - Evaluation of Pool-Related Areas

The report is physically divided into twelve volumes as follows:

Volume I Part I

Volume 2 Part II

Volume 3 Part III, Sections 1 through 2.5

Volume 4 Part III, Sections 2.6 through Appendix IIIB

Volume 5 Part IV

Volume 6 Part V

Volume 7 Parts VI, VII and VIit

Volume 8 Parts IX, X and XI

Volume 9 Part XII

Volume 10 Part XII Appendices

Volume 11 Part XIII

Volume 12 Part XIII Appendices

A Table of Contents for al1 volumes is included at the end of every volume
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1.1 INTRODUCTION

The heat transport systems carry heat from the reactor to the IHXs and from the 

IHXs to the steam generators. The major components in the primary heat trans­

port system are the primary sodium pumps and IHXs, and the major components in 

the intermediate heat transport system are the intermediate sodium pumps and 

steam generators. This section summarizes the history and evolution of the pool 

reactor heat transport systems and components during previous study phases. In 

addition, highlights of the current study are summarized.

The sodium piping is not discussed in this section because primary sodium piping 

is designed as part of the reactor assembly structures (Ref. 1) and the inter­

mediate sodium piping as part of the BOP (Ref. 2). Also, the reactor auxiliary 

cooling system is reported under the auxiliary systems design task. However, 

the sodium water reaction pressure relief system (SWRPRS) is treated as part of 

the intermediate heat transport system. Results of TRANSWRAP analysis which 

were documented in the Phase A Report (Ref. 3) are summarized in this review.

The principal design criteria for the heat transport systans were established 

during Phase A (Ref. 4). Consistent with guidelines established by EPRI 

(Ref. 5), the primary heat transport system incorporates six IHXs and four 

sodium pumps. General Electric elected to provide each component with shutoff 

valve capability to facilitate operation with individual components out of 

service. The use of six IHXs led to the selection of six IHTS loops with a 

single steam generator module in each IHTS loop. During the initial pool study 

phase, the following diagrams (Ref. 6) were developed and maintained as refe­

rence conditions during subsequent design phases:

o Plant Heat Balance based on 2903 MWt reactor core, 1000 MWe gross 

output, and 923 MWe net output (Figure 1-1).

o PHTS Flow Diagram with tabulated thermal hydraulic conditions for 

full power (Figure 1-2).

o IHTS Flow Diagram (Figure 1-3).

o Hydraulic Profile (Figure 1-4).
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1.2 SODIUM - WATER REACTION PRESSURE RELIEF SYSTEM

The analysis of the PLBR sodium water reaction pressure relief system (SWRPRS), 

based upon double ended guillotine failure of one duplex steam generator tube, 

was performed at the end of a prior DOE/EPRI loop reactor study and was docu­

mented in the Phase A report. This work is considered generally applicable to 

the reference pool IHTS and steam generator systems. Results indicate a single 

relief point on the steam generator (SG) module does not provide adequate 

protection to prevent over pressurization of the IHX. However, replacing the 

single relief point on the SG shell with two relief points, one on the SG inlet 

sodium line and one on the outlet line, results in acceptable peak pressures in 

the IHX.

1.3 PRIMARY PUMP AND IHX

Reference design concepts for the primary pump and IHX were initially estab­

lished during Phase A (Ref, 7, 8). This EPRI sponsored pool concept plant 

design study does not include specific studies of the steam generator. Previous 

PLBR loop work had established a reference steam generator design for a four 

loop plant for both one and two modules per loop (Ref. 9).

To facilitate systems and building arrangement studies by Bechtel for the pool 

reactor during Phase A, General Electric established a reference design for a 

new steam generator size corresponding to one steam generator module per loop 

and six IHTS loops. Figure 1-5 depicts this steam generator'arrangement. Table 

1-1 lists the pertinent steam generator data for the Phase A six module plant 

and the previous Phase II four module plant (Ref. 9).

The following major design studies were conducted for the primary pump and 

the IHX in the heat transport systems duing Phase A and Extensions:

o In Phase A, the primary pump was designed for a total system 

pressure drop of 90 psi, which is consistent with the reference 

core design. In Extension 2, in order to allow for a new core 

with higher pressure drop consistent with new EPRI guidance, the 

primary pump was redesigned to accommodate an increased total 

system pressure drop of 120 psi.
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o In order to accommodate the differential expansion between the IHX 

tubes and shell, a straight tube design with a bellows on the 

shell was developed in Phase A; the design was based to a large 

extent upon CRBR IHX features, including straight tubes. A bent 

tube design (two tube bends) without bellows on the shell was 

developed and selected as the reference design in Extension 1.

The added tube-to-tube and tube bundle-to-shel1 flexibility 

of the bent tube concept was a major factor in selecting it as the 

new reference design. Studies were made of features to further 

optimize the bent tube design for Extension 2, including:

- the potential for using one instead of two tube bends;

- the possibility of eliminating the primary sodium outer tube 

row deflector and the lower heat protector; and

- the development of a conceptual design and an analysis of the 

diving bel1 seal for hot pool/cold seal and comparison with the 

double bellows approach.

Results of the most recent design studies in Extension 2 for the major heat 

transport components are summarized as follows:

A new primary pump design with slightly larger impeller diameter and 

slightly greater length than that of the Phase A was established to 

accommodate the higher total system pressure drop. However, the 

revised design did not change the deck penetration diameter nor the 

diameter of the pump support flange. Reference 10 provides addi- 

tional details of the Byron Jackson pump study.

In an evaluation of one versus two-bend tube geometry, the worst case 

thermal conditions and displacement resulted when a tube was plugged. 

The single-bend geometry was found acceptable, with low stress and no 

tube touching, by locating the bend in the lower bundle region and 

cutting the plugged tube above the bend.

A simplified ine1astic analysis of the lower tubesheet of the IHX 

verified that the flow deflector and the lower head protector could 

be eliminated. The diving bel1 seal was selected over the bellows
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concept as the reference design because of its lower primary pressure 

drop, less space requirement and predicted higher reliability.

Reference li provides additional details of the Foster-Wheeler IHX 

study.

The impact of using constant speed (one or two-speed) pumps in the heat trans­

port system was investigated during Extension 2. For a saturated steam cycle, a 

constant speed pump system offers the potential for significant cost reduction, 

resulting from reduced building space and improved reliability, yet impose no 

major component design changes nor additional risk to plant, operation. However, 

the variable speed pump is retained as the reference for the first prototype 

plant because of the anticipated need of operational flexibility in a first-of- 

a-kind plant.

1.4 OPERATION WITH COMPONENTS OUT OF SERVICE

During Extension 1 plant characteristics and limitations were examined with only 

four or five of the six IHXs in service or with three of the four primary pumps 

in operation (Ref, 12). This study was based upon the reference design using 

variable speed pumps. Results indicated that operation with one component, 

either an intermediate heat exchanger or primary pump, out-of-service appears 

acceptable. Operation with two IHXs out-of-service requires further study due 

to temperature limitations. The pool-type primary system offers the flexibility 

to operate all of the intermediate heat exchangers and intermediate heat trans­

port loops when a primary system pump is out-of-service.

1.5 PLANT TRANSIENTS

Plant thermal transients occur during normal operation, including startup and 

shutdown, and during upset, emergency and faulted events. The number of tran­

sients and their severity in terms of temperature change rates are important to 

the structural integrity of the plant. During Phase A the severity of the most 

important transients such as reactor scram, was determined for a variety of 

thermal hydraulic and sodium pump control assumptions. In Extension 1 a plant 

duty cycle was estimated and contained the numbers of all types of events 

expected during a 40 year plant lifetime. Additionally, the thermal hydraulic 

model, which described the mixing of post-scram sodium in the hot pool, was 

improved and used to analyze the effects of different post-scram sodurn pump
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speeds. In a pool-type LMFBR it is expected that the post-scram pump speed can 

vary between full flow and pony motor flow without an excessively severe hot 

pool thermal transient. During Extension 1 the post-scram pump speed was 

tentatively chosen as 50% of full flow, a compromise which minimizes the sever­

ity of the hot pool transient without entering the uncertain area of sodium 

mixing at low flows. During Extension 2 transients involving steam generator 

blowdown were investigated and found to be benign on the water side of the 

saturated steam generator. The sodium temperature for the blowdown transient 

are similar to those where an intermediate pump loses power. The loss of an 

intermediate pump causes the primary sodium temperature leaving the affected IHX 

to rise rapidly. Methods of alleviating this effect were further investigated 

in Extension 2. These studies give confidence that a pool type plant can 

withstand the most often encountered severe thermal transients and the flexi­

bility exists in the ultimate choice of the post-scram sodium pump speed.

Further understanding of post-scram thermal hydraulic behavior in a pool reactor 

is needed before a final selection of post scram pump speed.
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TABLE 1-1

STEAM GENERATOR DATA FOR PHASE A AND PHASE II 

DOUBLE WALL, STRAIGHT TUBE, 2-1/4 Cr-1 Mo, 1 UNIT/LOOP

PHASE II PHASE A

Number of Loops 4 6

Heat Load, MWt per unit 729 486

Water/Steam Flow Rate, Iba/hr 4.77x10.6 2.10x10.6

Sodium Flow-Rate, Iba/hr 30.5x10.6 20.3x10.6

Outer Tube OD/ID, inches 1.50/1.35 1.50/1.35

Inner Tube OD/ID, inches 1.35/1.22 1.35/1.22

Number of Tubes 2010 1739

Active Tube Length, feet 79 62.5

Total Tube Length, feet 89 66.7
Active OD Heat Transfer Area, ft.2 62,300 42,700

Tube Pitch, inches 2.5 2.5

Bundle Diameter, inches 118 113.6

Vessel Diameter, OD, inches 157.5 148

Overal1 Length, feet 137.7 109.5

Number of Steam Separators 55 37
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12.. 60x106#. 1000 psia
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1040 psia
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PUMP HEAD, psi 120 60 45 GROSS POWER OUTPUT = 1001.7 MWe
FLOW/PUMP, gpm 68423* 45960 33175 NET PLANT POWER = 921.5 MWe
NO. OF PUMPS 4 6 6 PLANT NET EFFICIENCY = 31.7%
INPUT POWER, MWe 19.3* 10.1 A 9
HEAT ADDED, MWt 18.3* 9.5 4.6
MOTOR EFF. 0.95 0.94 0.93
PUMP EFF. 0.78 0.76 0.85

*includes 4% core bypass flow

FIGURE 1--1 PHASE A PLANT HEAT BALANCE DIAGRAM
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1. INTRODUCTION AND SUMMARY

Further studies were made on specific areas of the bent tube IHX design during 

Phase A Extension 2 of the 1000 MWe Pool-Type LMFBR design study.

A feasibility study, including a thermal stress and a tube wear analysis, showed 

that the single-bend design was acceptable if every plugged tube is cut in the 

span above the bend region. (The value of the double-bend design is questionable 

due to its uncertainty in equally distributing differential tube expansion between 

the two tubes.) A simplified inelastic analysis of the lower tubesheet verified 

that both the flow deflector and the lower head protector could be eliminated. 

Analysis of a proposed new tube support perforation scheme showed that very small 

improvement was achieved in the shell side sodium flow and thermal distribution.

A preliminary design for the IRACS (for decay heat removal) support was developed.

A conceptual design of the diving bell seal, for hot pool/cold pool seal at the 

bottom of the IHX, and a computer code for sizing the seal were developed. Pre- 

1iminary designs for a 60-in. I.D. and an 80-in. I.D. double bellows hot pool/ 

cold pool seal were also developed. The diving bell seal was selected as the 

reference design due to its lower primary pressure drop (2.17 psi for one tube 

bend design), simpler fabrication, less space requirement and the expected higher 

reliability than the double bellows. The low primary pressure drop as a result 

of using the diving bell seal provides margins for meeting the design goal of

2.5 psi. Cover gas and sodium level requirements for the IHX were further defined.

Foster Wheeler conducted the bulk of the studies as reported in Appendix VA at the 

end of Part V. GE conducted the studies on the diving bell seal and determined 

the cover gas requirements, the sodium level requirements, and the interface 

characteristics for the IHX.
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2. IHX DESIGN

The following are the results and discussions of the further studies on specific 

areas of the bent tube IHX design, performed during Phase A Extension 2,

2.1 Interface Characteristics

The general arrangement drawings for the IHX are shown in Appendix VA, the Foster- 

Wheeler report on the IHX.

2.1.1 Deck Penetration Interface

The IHX deck penetration design and the shield plug design, including thermal 

analysis, structure analysis, shielding analysis and seismic analysis are described 

in Part IV, Reactor Deck, Subsection 2.1 through 2.8. The deck penetration seals 

are described in Part VI, Subsection 2.1, Component-to-Deck Seals. The IRACS 

support has been described in Subsection 2.4 of this report. The new deck 

penetration and shield plug design have not been incorporated in the drawings in 

Appendix VA.

2.1.2 IRACS Interface

The IRACS coils are located above the upper tubesheet in the IHX. The IRACS 

support has been described in Subsection 2.4 of this report. The IRACS will be 

used for decay heat removal and is described in Part VI, Subsection 2.2, Reactor 

Auxiliary Cooling Systems. The IRACS consists of an 8-in. pipe helical coil with 

inlet and outlet piping penetrating the shield plug, as shown in the drawings 

in Appendix VA.

2.1.3 IHTS Interface

The intermediate sodium from the Intermediate Heat Transport System (IHTS) flows 

through a 10-in. piping which penetrates the IHX protective cover (at the top of 

the IHX) and down through the central downcomer, up through the shell side of the 

tube bundle and the outlet annulus below the upper tubesheet and exit through the 

piping which penetrates the IHX protective cover.

2.1.4■ Reactor Head Compartment Interface

The IHX protective cover which contains the intermediate piping interfaces with 

the Reactor Head Compartment. The protective cover containing the cooling gas 

is provided to minimize a sodium fire hazard in case of an intermediate sodium

pipe leak.
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2.1.5 Cover Gas System

The cover gas requirements for the IHX have been described in 2.6 of this sub­

section of the report. The sodium levels in the IHX shown in Table 2-8 have 

not been incorporated in the drawings in Appendix VA. The cover gas pi ping pene­

tration through the deck is described in Part IV, Reactor Deck, Subsection 2.4. 

The cover gas system is described in Part XII, Balance of Plant.

2.1.6 Recirculating Gas Cooling System

Nitrogen cooling of the IHX deck penetration and the reactor deck are described 

in Part IV, Reactor Deck, Subsection 2.1, 2.4 and 2.6.

2.1.7 Core Support System

The diving bell seal located at the bottom of the IHX interfaces with the core 

support system. They have been described in 2.5.2 of this subsection of the 

report. The diving bell seal designs shown in Figure 2-1 through Figure 2-4 

have not been incorporated in the drawings in Appendix VA.

2.2 One Tube Bend Versus Two Tube Bends

It was identified in Phase A Extension 1 (Ref. 1) that the bent tube IHX design 

with the two sine wave tube bends and the hot/cold pool double bellows seal had 

a total primary pressure drop bf 3.2 psi, which did not meet the design goal of 

2.5 psi. A feasibility study of using one instead of two bends in the IHX tubes, 

therefore, was conducted in an attempt to reduce the primary pressure drop.

An evaluation of the thermally induced stresses and displacements using a 2-D 

ANSYS analysis showed that, for the worst case when a plugged-tube results in 

temperature 100°F colder than its adjacent active tube, tube touching would 

occur for both the one bend and the two bend designs. It was determined that 

thermal stresses for the one bend geometry was acceptable because the bend was 

located in the lower cold end of the bundle and the full 3Sm secondary stress 

range for the allowable bending stress could be used. In addition, tube touching 

can be eliminated if the plugged tube is cut in the span above the bend region.

It was concluded, therefore, that the one bend design is feasible for the bent 

tube IHX design. See Foster Wheeler's report in Appendix VA for details and 

Figures.

V-2.1-3



2.3 Flow Deflector and Lower Head Protector

The results of an ANSYS thermal and thermal stress analysis on the lower tube­

sheet without the flow deflector (0 deflector) and the lower head protector 

(thermal shield inner head) showed that the maximum linearized thermal bending 

stress and the peak thermal stress in the perforated region exceeded the ASHE 

Code. Section III, 3$ limit on the elastically calculated secondary stress 

range. However, a 2-D simplified inelastic analysis of the lower tubesheet, 

verified that both the flow deflector and the lower head protector could be 

eliminated. The results of the analysis show no fatigue damage and the maximum 

positive principal strains satisfy the Code Case 1592 allowable strain of 1% for 

average strains and 2% for surface strains. Furthermore, the new transient data 

(described in Part V, Subsection 2.3 Thermal Transients, for Heat Transport 

Systems) are less severe than the transient data (from Phase A) which were used 

in the analysis. See Foster Wheeler's report in Appendix VA for details and 

Figures.

2.4 Shell Side Sodium Flow and Temperature Distribution

A sodium flow distribution analysis on the shell side of the bent tube IHX 

design indicates that the bundle entrance velocity is not uniform: the velocity 

is much higher near the tubesheet area and more sodium,flows toward the outer 

edge of thd bundle, as. shown in Figure 12 in Appendix VA. An axisymmetric, two- 

dimensional thermal analysis shows that, due to the lack of cross flow effects, 

the temperature tends to be higher at the outer edge of the bundle. In order to 

get radially uniform temperature distribution by diverting more sodium to the 

outer edge of the bundle, the use of perforated tube supports with non-uniform 

spacing were investigated.

A flow distribution and thermal distribution analysis were performed for a tube 

support perforation with 50% perforation for the inner 60% of the bundle and 

70% perforation for the outer 40% of the bundle. However, the results show that 

the improvement made in the thermal distribution is very small compared to the 

current uniform perforation of 70%. The use of a non-uniform perforation support 

will also introduce a new uncertainty in flow-induced vibration due to cross 

flow. Therefore, a uniform perforation of 70% was retained as reference design.
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2.5 IRACS Coil Support

A preliminary design for the IRACS coil (for decay heat removal) supports was 

devel'oped. In order for the IRACS coil support system to result in acceptable 

coil stresses during seismic events, the coil is supported at four circumferential 

locations around the helix by split support plates. These support plates are 

held in place by a shroud which extends down from the shield plug. See Foster 

Wheeler's report in Appendix VA for details and drawings.

2.6 Diving Bell Seal

A hot pool/cold pool seal at the bottom of the IHX is needed to prevent the 

primary sodium in the hot pool from leaking around the IHX vessel and into the 

cold pool. A conceptual design and an analysis for a diving bell seal were 

developed. Advantages and disadvantages of the diving bell seal design and the 

double bellows design (in Phase A Extension 1) were identified and evaluated.

Based on this study, a reference design for the hot pool/cold pool seal was 

selected.

2.6.1 Design Requirements

The diving bell seal design must satisfy the fol1owing requirements:

• The cover gas barrier in the seal must be maintained under all 
plant conditions, including normal operating conditions, part 
load conditions and transient conditions. Table 2-1 and Table 
2-2 show the limiting transients for the IHX.

i Ensure that the cover gas in the seal will not be carried over 
to the core. Provisions must be made to prevent the cover gas 
in the seal from entering the suction line of the primary pumps.

t Provide the capability for adding cover gas to the seal prior 
to the IHX operation and in case of loss of the cover gas.

• Since part of the diving bell seal is connected to the cote 
support structure and part of the seal is connected to the IHX, 
allowances must be provided for axial movement and radial move­
ment of the IHX relative to the core support structure due to 
thermal expansion and during seismic loadings, as shown in Table 
2-3. The axial movement of 2.67 in. and the radial movement of
1.42 in. due to thermal expansion can be accommodated by 
intentionally off-centering the diving bell seal during its 
installation. However, the axial movement of 1.5 in. and the 
radial movement of 0.25 in. due to seismic loadings must be 
included in the design of the diving bell seal.
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Figure 2-1 through Figure 2-4 show the conceptual design of the diving hell seal.

A double diving bell seal, instead of a single diving bell seal, was selected as 
referees design to reduce the overall length of the IHX. Although the use of a 

triple diving bell seal would further reduce the overall length of the IHX, it was 

not adopted because it would also reduce the space available for the primary 

sodium discharge piping and result in a higher primary pressure drop.

The double diving bell seal consists of two troughs located at the bottom of the 

IHX. The troughs are divided into 2.5 in. width, to accommodate the radial 
movement of the IHX relative to the core support structure, by the two troughs 

connected to the core support structure. A piping is connected to the bottom of 

the trough for adding cover gas to the seal. An excess gas outlet piping is 

provided to prevent the cover gas from entering the suction line of the primary 
pump and to ensure no cover gas carryover to the reactor core. The excess cover 

gas will be fed into the reactor cover gas above the sodium pool in the primary 

tank. The idea of using a sodium level indicator and/or a thermocouple for 

detecting the loss of the cover gas were rejected because it is doubtful that they 

will last for 40 years. In addition, maintenance of the instrumentation will be 

very difficult because of the location of the diving bell seal.

The diving bell seal is designed to maintain the cover gas barrier in the seal 

during normal plant operating conditions, part load conditions and transient 

conditions. Before adding cover gas to the seal and with no pump flow, the seal 

is filled with sodium, as shown in Figure 2-1. The sodium temperature in the 

seal, under these conditions, will be close to the cold pool temperature (595°F) 

because of the stagnant sodium in the annulus between the IHX and the core support 

structure. Figure 2-2 shows the sodium levels in the seal after the cover gas 

has been added but zero pump flow. Figure 2-3 shows the sodium levels in the 

seal under normal plant operating conditions when the sum of the differential 
sodium levels in the two troughs is equivalent to the differential level between 

the hot pool and the cold pool in the primary tank. The sodium levels in the 

seal under transient and part load conditions are shown in Figure 2-4.



2.6.3 Computer Modeling

A computer code for sizing the diving bell seal was developed. The flow chart, 

the code and the nomenclatures for the code are shown in Appendix A, B and C 

respectively. Table 2-4 shows the results of sizing the double diving bell seal. 

As we can see from the table, the normal plant operating conditions, when the 

maximum differential level between the hot pool and the cold pool exists, are 

the control 1ing factors in sizing the seal. The cover gas volume and the height 

of the double diving bell seal required under the transient conditions and the

part load conditions are less than that of the normal plant operating conditions.
3It is determined that a minimum cover gas volume of 39 ft and a minimum height 

of 3.4 ft wi11 be required for the double diving bell seal.

2.6.4 Diving Bel 1 Seal Versus Double Bellows

In attempts to reduce the primary pressure drop through the IHX, preliminary 

designs for a 60-in. I.D. and a 80-in. I.D. double bellows (compared to 42-in. 

I.D. for Phase A Extension 1) for hot pool/cold pool seal were developed, as 

shown in Table 2-5. The primary pressure drop through the IHX for the double 

bellows and the diving bell seal, with and without the discharge elbow, are 

shown in Table 2-6. A 60° discharge elbow is connected to the bottom bf the 

hot pool/cold pool seal to direct the Sodium discharging from the IHX into the 

center of the reactor inlet plenum and away from the primary tank bottom to 

prevent thermal shocking at the primary tank, especially under transient con­

ditions. For the one tube bend IHX design with the discharge el bow, the 

primary pressure drop through the IHX with the 60 in. I.D. double bellows with 

the 80 in. I.D. double bellows and with the diving bell seal will be 2.39 psi, 

2.23 psi and 2.17 psi, respectively. The use of a 42-in. I.D. double bellows 

with one tube bend resulted in a primary pressure drop of 3.11 psi, which ex­

ceeded the design goal of 2.5 psi. The lower primary pressure drop for the 

diving bel1 seal is due mainly to the more space available for a larger diameter 

discharge piping.

Table 2-7 shows a comparison of the diving bel1 seal approach and the double 

bellows appraoch. The main advantage of the diving bel1 seal is, due to its 

lower primary pressure drop, to provide more margins for meeting the design goal 

of 2.5 psi. In addition, the use of a 60-in I.D. double bellows will require 

an 18 in. deeper primary tank and a 80 in. I.D. double bellows wi11 require
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a 3 ft. deeper primary tank for accommodating the discharge elbow. Whereas, the 

diving bell seal, since it is shorter than the double bellows, does not require 

any additional space. Furthermore, it is more difficult to fabricate the double 

bellows and it requires removal of the IHX for maintenance and repair. Therefore, 

the diving bell seal was selected as the reference design. The double bellows, 

because it is feasible, was retained as a back-up design.

2'7 Cover Gas/Sodium Level Requirements

Table 2-8 shows the sodium levels in the hot pool, in the cold pool and in the 

IHX under normal plant operating conditions, transient conditions and during 

plant startup. Appendix D shows how the hot pool and cold pool levels are 

determined. Due to the pressure drop through the entrance region of the IHX, 

the sodium level in the IHX is lower than the hot pool level. The entrance region 

pressure drop consists of contraction loss to the flow shroud, friction loss 

in the annulus, 90° turn from the annulus, perforation of the annulus and 

through the IRACS coils. The sodium levels in the hot pool and the cold pool are 

also shown in Figure 2-2 in Part III, Subsection 2,1 (General Arrangement for 

Reactor AssembIy).

When an intermediate loop is to be taken out of service for maintenance or for 

repair, the primary sodium to the IHX can be stopped by a gas valve. It consists 

in isolating (from the pool cover gas in the primary tank) and pressurizing the 
cover gas above the sodium in the IHX and depressing the sodium level to below the 

perforation (for sodium entering) of the annulus. It is calculated that 5 psig
3 ,.

and 900 ft of cover gas will be required for this purpose. When the IHX is

ready for riormal operation, the gas line to the IHX cover gas is opened to make 

it common to the pool cover gas in the primary tank.

The central downcomer pipe has a double wall with argon gas fi11ed in the space 

between the walls as a thermal barrier for protection against the temperature 

gradients across the walls. For the same purpose, the IHX shell also has a 

double wall with argon gas filled in the space between the walls.

3. REFERENCES

(1) "Pool-Type LMFBR Plant, 1000 MWe Phase A Design", EPRI NP-646, Volum. 

2, Part II, Heat Transport Systems, April, 1978.
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TABLE 2-1

Umbrella Transients for IHX

Phase A Extension 2

Number of Events
Event in 40 Years

B-lb Normal Reactor Scram with Minimum Decay Heat 540

B-14 A Reactor Scram with Minimum Decay Heat and
Pony Motor Post-Scram Flow 16

B-4b A Reactor Scram caused Loss of Pumping Power 
in One Intermediate Loop 7

B-10 A Reactor Scram Accompanied by the Blowdown 
of One Steam Generator 6
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.... TABLE 2-2

Transient Conditions for IHX

Event
Pri. Inlet

Na Flow
Pri. Outlet

Na Flow
Int. Inlet

Na Flow
Int. Outlet 

Na Flow

B-lb 100%
50%(60 sec)

100%
50%(20 sec)

B-14 100%
7%(50 sec)

100%
7%(50 sec)

B-4b 100%
41%(80 sec) 
46%(400 sec)

100%
I2%(100 sec) 
10%(400 sec)

B-10 100%
50%(60 sec)

Pri. Inlet Pri. Outlet Int. Inlet Int. Outlet
Na Temp. Na Temp. Na Temp. Na Temp.

875°F 548 °F 544° F 815°F
570°F(500 sec) (240 sec) (120 sec) 835°F(20 sec)

570°F(500 sec)

87 5° F 542°F 542°F 815°F
825°F(40 sec) (600 sec) (600 sec) 840°F(25 sec)
695°F(600 sec) 7Q0cF(i00 sec)

650°F(600 sec)

640°F(500 sec) 600°F 550°F
745°F(80 sec) 535°F(300 sec)
610°F(600 sec) 540°F(600 sec)

620°F 625°F 550°F 625°F
(480 sec) (480 sec) 835°F(800 sec)(480 sec)

625°F(180C) sec)



TABLE 2-3

Allowances for Thermal Expansions

and Seismic Loadings 

Diving Bell Seal Design

Axial Movement of IHX Relative to the Core 
Support Structure due to Seismic Loading.

Radial Movement of IHX Relative to the Reactor 
Deck due to Seismic Loading.

Axial Movement of IHX Relative to the Core 
Support Structure due to the Thermal Expansion.

Radial Movement of IHX Relative to the Core 
Support Structure due to Thermal Expansion.
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TABLE 2-4

Conditions
IHX
Pressure

psi

Results of Sizing of

Hot Pool Level Cold Pool 
Change Chang

ft ft

Double Diving Bel 1 Seal

Level
e Velocity

ft/sec

Minimum 
Cover Gas 

Volume
ft3

rouble
Diving Bell Seal, 
Minimum Required Heigh

ft

Normal Plant 
Operation

Transient
Conditions

2.500 1.667 5.051 5.630 38.002 3.359

B-lb 0.625 0.394 1.241 2.815 9.245 0.818

B-14 0.012 0.008 0.024 0.394 0.183 0.016

B-4b 0.529 0.337 1.061 2.590 7.903 0.699

B-10 0.625 0.396 1.258 2.815 0.351 0.827

Start Up 1.089 0.668 2.115 3.716 15.736 1.392



TABLE 2-5

Double Bellows for IHX

80"ID 60"ID

Total Length 60" 55"

No. Convolutions/Bellows 8 6

Total No. Convolutions 16 12

Spool Length 39" 39.5"

Convolution Width 3.0" 3.0"

Pitch Diameter 83" 63"

Thickness 0.036" 0.036'

Pitch 1.3" 1.3"

Raddi 0.3" 0.3"

Bellow Length (Each End) 10.4" 7.8"
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TABLE 2-6

Primary Pressure Drop Through IHX

Double Bellows Diving Bell Seal

Phase A Ext. 1 60"ID 80"ID

42" ID

Without Discharge Elbow
.......... ■ ,1,

1 Tube Bend 2.96 psi 2.24 :psi 2.08 psi 2.02 psi

2 Tube Bends 3.22 psi 2.44 psi 2.26 psi 2.22 psi

With Discharge Elbow

1 Tube Bend 3.11 psi 2.39 psi 2.23 psi 2.17 psi

2 Tube Bends 3.37 psi 2.59 psi 2.41 psi 2.37 psi
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TABLE 2-7

Diving Bell Seal Versus Double Bellows

Diving Bell Seal Double Bellows

• Primary aP of 2.17 PSI for One
Tube Bend Design. Allows more
Margins for Meeting Design
Goal of 2.5 PSI.

• Primary AP of 2.39 PSI for 60" 
I.D. Bellows and 2.23 PSI for 
80" I.D. Bellows - Both for
One Tube Bend Design.

• No Additional Space Required. t Requires 18 in. Deeper Primary 
Tank for 60" I.D. Bel 1ows and
3 ft. Deeper Primary Tank for 
80" I.D. Bellows - to - Accom­
modate Discharge Elbow.

• Little or No Maintenance Required t Require Removal of IHX for
Maintenance and Repair.

• Require Piping for Adding Cover Gas 
and for Excess Gas Exit.

0 No Cover Gas Piping Required.

1 Simple Fabrication. 0 More Complex Fabrication.

• A1though with Cover Gas Provisions,
Probably more Reliable due to no Moving 
Parts.

0 Expected Lower Reliability due 
to Moving Parts.

• Simple and Less Costly Development Tests. 0 May need some Development Tests

0 Probably Cost more due to more 
Complex Fabrication.

t French Phenix has Operating Experience 
and Proposed for Super Phenix - although 
of Different Configuration.

0 Proposed for British CDFR.
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TABLE 2-8

Sodium Levels in I MX

Conditions

Pressure Drop 
Through IHX

P-Si Cold Pool Level Hot Pool Level
Sodium Level 
in IHX

Normal Plant Operation: 
at 100% Pump Flow 2.500 (-)25i4" (-)18i8li {-)I9'8"

at pony motor flow{7% speed) 0.012 (~)20!4li (-)20,4"

Transient Conditions:
B-lb 0.625 (-)2157" {- )19!11" (-)20!2"

B-14 0.012 (-)2Q!4" (- )20i 4,!

B-4b 0.529 (-)2r5" (-)20i0,i (-)20!3n

B-l 0 0.625 ( - )21 ' 8,: (-)19illl‘ (-)20’2"

Plant Startup: 
at 66% flow 1.089 (-)23!ir (-)21,2" {-)2r7i!

at pony motor flow(7% speed) 0.012 (~)21’10" (-)2rio" (-)2riQ"

Refueling (-)20,7" (- )2117'1 {~)ZQ'T'



Hot Pool

Core Support Structure 
(0.75" Wall Thickness)

Excess Gas Outlet Piping

Cover Gas Inlet Piping

0.75" Wall Thickness

Cold Pool 104.5

d̂ 117.5" I.D

Figure 2-1 Conceptual Design of Double Diving Bell Seal for IHX

Before Adding Cover Gas , with No Pump Flow
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Hot Pool

Core Support Structure 
(0.75" Wall Thickness)

Excess Gas Outlet Piping

Cover Gas Inlet Piping

0.75" Wall Thickness

Cold Pool 104.5

117.5

Figure 2-2 Conceptual Design of Double Diving Bel 1 Seal for IHX

Cover Gas Added but No Pump Flow
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Hot Pool

Core Support Structure 
(0.75" Wall Thickness)

Excess Gas Outlet Piping

Cover Gas Inlet Piping

0.75" Wall Thickness

Cold Pool 104.5

117.5

Figure 2-3 Conceptual Design of Double Diving Bell Seal for IHX 

Normal Plant Operating Conditions
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Hot Pool

Core Support Structure
(0.75" Wall Thickness)

Excess Gas Outlet Piping

Cover Gas Inlet Piping

0.75" Wall Thickness

Cold Pool .104.5

117.5

Figure 2-4 Conceptual Design' of Double Diving Bell Seal for IHX 

Transient and Part Load Conditions







APPENDIX A

Flow Chart for Diving Bell Seal Modelling

Start

Startup TransientCondition?

Normal

Compute V4 Compute V4

Compute PI

Compute H

Compute V

Compute PI

Compute R0,R1,R2

Compute H3

Compute V3

Compute H2, HI

Compute LI,L2,X3,X4
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FILE FS0053/SEAL;
11/17/73 AT 15.32638

0010 A1=3063.0 
0020 A2=368.0 
0030 XI=0.125 
0040 X2=Q,021 
0050 T1=875.0 
0060 T2=595.0 
0070 M=1S.25E6 
0050 P=2.5 
0090 R=53.59
0100 V=3.094E-7*5.63/5.956*M 
01 1 0 PI=P
0120 V4=V
0!30 PRINT "NORMAL PLANT SPERATI ON" 
0140 PRINT
01 50 PRINT" IHX HOT POOL COLD POOL VELOCITY COVER GAS DOUBLE DIVING"
01 60 PRINT” PRESSURE LEVEL LEVEL VOLUME BELL SEAL"
0170 PRINT" CHANGE CHANGE DIMENSION"
01 60 PRINT" LB/IN2 FT FT FT/SEC FT3 FT"
0190 PRINT
0200 GOSUB 620
021 0 GOSUB 660
0220 PRINT USING 230,PI,HI,H2 ,V4,V3,H3
0230 !»*■- . ## . ##. -ft#. ftftft ft#. ftftft :ftft. ftftft
0240 PRINT
0250 PRINT
0260 PRINT "TRANSIENT CONDITIONS"
0270 PRINT
0280 PR!NT" I HX HOT POOL COLD POOL VELOCITY COVER GAS DOUBLE DIVING"
0290 PRINT' PRESSURE LEVEL LEVEL VOLUME BELL SEAL"
0300 PRINT CHANGE CHANGE DIMENSION"
031 0 PRINT" LB/ 1 N2 FT FT FT/SEC FT3 FT"
0320 PRINT
0330 FOR N= 1 TO 5
0340 READ T1,T2,P2 
0350 GOSUE 590 
0360 GQSUB 620 
0370 GOSUB 660- 
0380 IF N=1 00 TO 430 
0390 IF N=2 GO TO 460 
0400 IF N=3 GO TO 490 
0410 IF N=4 GO TO 520 
0420 IF N=5 GO TO 550
0430 PRINT USING 440,PI,HI,H2,V4, V3, H3
0440 : B-1B ##,### ##,### .*## ##.### ##,### ##.###
0450 GO TO 570
0460 PRINT USING 470,PI,HI,H2,V4,V3,H3
0470 : B-14 ##,### ##,### .**# ##.### ##.###
0480 GO TO 570
0490 PRINT USING 500,PI,HI,H2,V4,V3,H3
0500 : B-4B ##,### ##.### ##.#*.##,### #«.###
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FS0053/SEAL;

C51O GO TO 570
0520 PRINT USING 530,PI,HI,H2,V4,V3,H3
0530 : B-10 ##,### ##.##© ##,### ##,.»*#
0540 GO TP 570
0550 PRINT USING 560,PI,HI,H2,V4,V3,H3 
0560 : START UP ##, . ###
0570 NEXT N 
0580 GO TO 810 
0590 V4=P2*V 
0600 PI =P/V/'/*V4*V4 
0610 RETURN
0620 L1=6,854E'3*m-70.0)
0630 L2=5.317E-3*CT1-70.0)
0640 X3=(L1-L2)/12.0 
0650 RETURN
0660 DEF FNDCX)=59.566-7,9504E-3*X-0.2872E-6*X*X+0.06035E-9*X*X*X 
0670 R1=FND C T1 )
0680 R2=FND'T2)
0690 R0=(R1+R2)/2.0 
0700 H=P1*144.O/RO 
0710 H3=H/2.0
0720 H2=A1*R1*H/CA1*R1+A2*R2)
0730 H1=H-H2
0740 V3=5.92*H1+5.57*H2
0750 RETURN
0760 DATA 570.0.548.0,0.50 
0770 DATA 695.0,542.0,0.07 
0730 DATa 640.0,610.0,0,46 
07SC DATA 620.0,650.0,0.50 
0800 DATA 400,0,400.0,0.66 
0810 END

Oo3
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APPENDIX C

Nomenclature

2Surface area of hot pool, ft .
2Surface area of cold pool, ft ,

Differential level between hot pool and cold pool, ft.

Hot pool level change, ft.

Cold pool level change, ft.

Minimum required height of the double diving bell seal, ft.

Thermal expansion of IHX due to hot pool temperature, in.

Thermal expansion of the reactor structure due to hot pool 
temperature, in.

Mass flow rate of sodium, Ib/hr.

Increase in sodium mass in hot pool at pump flow, lb.

Decrease in sodium mass in cold pool at pump flow, lb.

Pressure drop across IHX under normal plant operation, psi.

Pressure drop across IHX under transient and part load 
conditions, psi-
Fraction of sodium flow rate (velocity) under transient and 
startup conditions compared to normal plant operating 
conditions.

Average density of hot^pool and cold pool sodium under normal 
plant operation, lb/ft'.

3
Average density of sodium, Ib/ft .

3
Density of sodium at hot pool temperature, Ib/ft .

3
Density of sodium at cold pool temperature, Ib/ft'.

Hot pool temperature, °F.

Cold pool temperature °F.

Velocity of primary sodium through IHX under normal plant 
oDeration, ft/sec.

3
Increase in sodium volume in hot pool at pump flow, ft . 

Decrease in sodium volume in cold pool at pump flow, ft .
3

Minimum required volume of cover gas, ft .

Velocity of sodium under transient and part load conditions, 
ft/sec.

Axial movement of IHX relative to the core support structure 
due to seismic loading, t.
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APPENDIX C (Continued)

X2

X3

X4

Radial movement of IHX relative to the reactor deck due to 
seismic loading, ft.

Axial movement of IHX relative to the core support structure 
due to thermal expansion, ft.

Radial movement of IHX relative to the core support structure 
due to thermal expansion, ft.
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APPENDIX D

Determination of Hot Pool and Cold Pool Levels

Since

and

M1

M1

m2

vn

V1RI

'^2R2

A^H,

AoH

Therefore 

Substituting

where

2 2

a1H].rt a2h2r2

2

H.'1

H2

A!

H ~ Hginto the above equation yields:

A,R,H

A-jR-j+ A2R2

Increase in Sodium Mass in Hot Pool at Pump Flow, lb. 

Decrease in Sodium Mass in Cold Pool at Pump Flow, lb. 

Increase in Sodium Volume in Hot Pool at Pump Flow, ft . 

Decrease in Sodium Volume in Cold Pool at Pump Flow,ft . 

Density of Sodium in Hot Pool, lb/ft^.

3
Density of Sodium in Cold Pool, Ib/ft .

Rise in Hot Pool Level at Pump Flow, ft.

Drop in Cold Pool Level at Pump Flow, ft.

2Surface Area of Hot Pool, ft .

Surface Area of Cold Pool, ft^.

Total Differential Level Between Hot Pool and Cold Pool,
ft.
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1. INTRODUCTION AND SUMMARY

To allow for a new reactor core with higher pressure drop, the Phase A primary 

pump design (Ref. 1) was redesigned by Byron Jackson to accommodate a total 

system pressure drop of up to 120 psi during Phase A Extension 2. The design 

requirements and the potential inputs of the new pump design on the reactor 

assembly were evaluated by GE.

The selected pump concept is the same as that of the Phase At two double­

suction impellers in parallel on a single shaft. However, the impeller diameter 

has been increased from 36 in. to 42 in. to provide for the increase in head to 

120 psi. The pump speed remained at 870 rpm, the same as Phase A, to provide a 

safe margin for NPSH and to avoid cavitation. The selected pump speed is 

suitable for either a variable speed motor or a constant speed motor. The new 

pump also is slightly longer than that of Phase A. The new pump did not change 

the deck penetration diameter and the pump support flange of 96 in. O.D. A 

structural analysis, shaft dynamic analysis and seismic analysis showed that no 

insurmountable problems are anticipated with the new pump design. Details of 

the pump design are described in Appendix VB, the Byron Jackson Report on 

Primary Pump.

The potential impact of the new pump on the reactor assembly was studied. Areas 

of further work needed for the reactor assembly were identified.
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2. PRIMARY PUMP DESIGN

2.1 Design Requirements

There are four primary pumps in the 1000 MWe Pool-Type LMFBR plant. The pumps 

are located in the cold pool of the primary tank and suspended from the reactor 

deck. Figures 2-1 and 2-3 in Part III, Subsection 2.1 (General Arrangement 

of Reactor Assembly) show the arrangement of the primary pumps, in relation to 

the IHXs and the cold traps, on the reactor deck and in the primary tank.

The primary pump design must meet the following requirements:

o It must satisfy the operating conditions shown in Table 2-1. 

Specifically, in order to allow for a new core with 50% increase 

in pressure drop, the total developed head has been increased from 

90 psi (237 ft. of sodium) in Phase A to 120 psi (316 ft. of 

sodium). In addition, the sodium flow rate to each pump has been 

increased from 65,820 gpm in Phase A to 68,450 gpm to include the 

expected sodium flow through the dynamic thermal barriers in the 

primary tank.

o In sizing the pump, a runout condition of 116% of design flow 

must be considered so that the plant can be operated with only 

three of the four pumps running.

o The pump must operate satisfactorily at either constant speed 

or variable speed.

o The pump design must also satisfy the minimum cold pool level 

and the pump sodium level shown in Table 2-2. These sodium levels 

affect not only the available NPSH for the pump but also the 

location of the intermediate bearing of the long-shaft primary 

pump. The analysis and the determination of the minimum cold 

pool level and the pump sodium level are shown in Appendix A.



Table 2-1

Operating Conditions of the Primary Pumps 

GE 1000 MWe Pool-Type LMFBR 

Phase A Extension 2

Number of Primary Pumps 

Total Primary Sodium Flow 

Operating Flow (Each Pump) 

Location of Pumps 

Temperature of Cold Pool 

Total Developed Head 

Code Classification 

Seismic Category 

Operating Reactor Cover Gas 

Design Life

4
120.1 xlO6 Ibs/hr 

68,450 gpm 

Cold Pool 

595 *F

120 psi (316 ft. of sodium) 

ASME ^Section III, Class 1

1

Argon, nearly atmospheric 

40 years

2.2 Reference Primary Pump Design

The reference pump concept consists of two double-suction impellers in parallel, 

the same as that of Phase A. The limiting available NPSH remains the predomi- 

nant factor in the pump selection. However, in order to accommodate the total 

system pressure drop of 120 psi* the impeller diameter has been increased 

to 42 in. (from 36 in. in Phase A) but the pump speed retained at 870 rpm (the 

same as Phase A). The pump speed was retained, for conservatism and reliability, 

to provide a safe margin for NPSH and to avoid cavitation. The selected pump 

speed is suitable for either a variable speed motor or a constant speed motor.

The shaft length is 36 ft. 8 in., an increase of 2 inches. The total length of 

the pump, excluding the motor, is 44 ft. 10 in., an increase of 1 ft. 4 inches. 

The pump length is designed to give an available NPSH of 40 ft. which offers a 

satisfactory suction specific speed at design flow as well as at run-out flow.

The siightly 1arger impeller diameter and the siightly longer pump did not 

change the deck penetration diameter of 7 ft. 6 in. nor the pump support f1ange 

of 96 in. O.D. for accommodating the pump motor. The maximum diameter at the 

hydraulic section of the pump, which is the maximum diameter of the withdrawable 

pump assembly, is 75 in. The required operating pump power is 6,150 horsepower 

and the estimated total weight of the pump (excluding the motor, the sodium.
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the insulation and the steel shot) is 104,400 lbs. Table 2-2 shows the major 

parameters of the primary pump. The performance curves for the pump are shown 

in Figure 2-2. Since the pump is designed to have an adequate NPSH available 

for the upper double-suction impellers, the lower doulble-suction impellers have 

more than adequate NPSH available. In order to prevent gas entrainment due to 

vortexing into the pump, a diving bell (flow shroud) will be provided to channel 

the sodium flow to the pump.

The key features of the pump design, with emphasis on those which are new or 

different from that of the Phase A, are described below. See Appendix VB,

Byron Jackson's report, for details of the pump design and the design drawings.

o Impeller

The pump has two double-suction impellers in parallel. The 

double-suction impeller has two single-suction impellers designed 

back-to-back. The two double-suction impeller design further 

divides the total flow into four suction inlets. The impeller 

diameter has been increased to 42 in., from 36 in. in Phase A, to 

obtain the total developed head of 316 ft. of sodium.

o Hydrostatic Bearing

The hydrostatic bearing is of the sme type as in Phase A.

However, the size and location of the bearing have been changed, 

due to an increase in the radial load as a result of the addi­

tional pump head, to satisfy the dynamic analysis of the new pump.

The bearing has been increased from 16 in. (in Phase A) to 30 in. 

diameter. In addition, the bearing was moved from its position at 

the bottom of the pump (in Phase A) to a location between the two 

impellers. Because the pump is so long another hydrostatic 

bearing is located below the minimum sodium level to provide a 

satisfactory bearing span and to allow the use of a smaller 

shaft.
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o Pump Shaft

Since the pump is larger and the horsepower requirement has been 

increased from Phase A, the size of the shaft has been changed. A 

coupling is provided at approximately the normal sodium level 

because the shaft is too long to be made in one piece. The 

upper shaft (16 in. diameter) and the lower shaft (8.5 in. dia­

meter) are joined by a rigid flanged coupling. The shaft is 

hollow except in the cold region at the top. A hollow shaft gives 

maximum rigidity with minimum weight. Furthermore, it gives 

better stability under thermal transients that a solid shaft. ■

The journal that was at the bottom of the shaft in Phase A has 

been moved to a location between the two impellers.

o Shaft Seal Cartridge

Because the span between the hydrostatic bearings in the pump and 

the lower radial bearing in the motor is quite long, an oil 

lubricated radial bearing is located in the seal area to keep the 

critical speed a safe margin above the operating speed. Seal 

leakage tanks are provided to collect oil leakage and to prevent 

it from going into the sodium.

The shaft seal cartridge includes the two mechanical seals, the 

pumping ring, the oi1 lubricated radial bearing and the air-to-oi1 

heat exchanger. A fixture is provided for convenient removal and 

replacement of the spacer coupling and the seal cartridge assembly 

without removing the motor.

o Motor Support

Adequate space is provided to allow assembly and removal of the 

spacer coupling and the shaft seal cartridge. The pump speed is 

suitable for either a variable speed motor or a constant speed 

motor. The designs of the motors are discussed in Part VII, 

Section 2.1, Plant Control. The effects of the constant speed 

pump on the system are described in Part V, Section 2.4, Fixed- 

Speed Pump Effects.
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o Shut-Off Valve

A shut-off valve, located at the bottom of the pump, is used to 

prevent sodium backflow through a disabled pump. Two rods 180 

degrees apart provide the vertical motion to open and close the 

valve. The rods extend vertically to the seal cartridge.

A stuctural analysis, shaft dynamic analysis and seismic analysis 

were performed for the new pump design. The analyses shown in 

Byron Jackson's report in Appendix VB indicate that there are no 

insurmountable problems with the new pump design.

Maintenance and inspection requirements for the primary pump, 

including the maintenance procedures for removal and replacement 

of the pump and the shaft seal cartridge are described in Part X, 

Subsection 2.3, Maintainability and Inspect ability of the Major 

Components.

2.3 Pump Concept Selection

The low available NPSH led to the selection of the double-suction impellers.

The double-suction design keeps the primary pump diameter as small as practi­

cable. The two, parallel, double-suction impeller design further improves the 

available NPSH and minimizes the pump diameter. The selected design, two 

double-suction impellers in parallel, is particularly suitable for the pool-type 

pump in that all the four suction inlets are immersed in the sodium. In Appen­

dix VB, Byron Jackson has presented design data and drawings to substantiate 

their claims that large units of four-stage, three-stage and two-stage pumps of 

double-suction impellers in parallel, have been successfully built, tested and 

are still in service.

The impeller diameter required for a pump is proportional to the square root of 

the total developed head of the pump and inversely proportional to the RPM of 

the pump. The increased total system pressure drop of 120 psi, therefore, can
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be met by increasing either the impeller diameter or the pump speed, or both. 

The following pump designs were considered but were not adopted:

o A single-stage double-suction design with 725 rpm variable speed 

motor was not selected because it required a 50 in. impeller 

diameter, resulting in an undesirably large pump. Furthermore, it 

is not suitable for a constant speed motor, 

motor was not selected because it required a 50 in. impeller 

diameter, resulting in an undesirably large pump. Furthermore, it 

is not suitable for a constant speed motor.

o The use of two stages of double-suction impellers in parallel with 

a 1000 rpm variable speed motor would require a 36 in. impeller 

diameter, the same as Phase A. This design is unsuitable for a 

constant speed motor. The higher pump speed also reduces conser­

vatism and reliability.

o Two stages of double-suction impellers in parallel at 1180 rpm 

is suitable for either a variable speed motor or a constant speed 

motor. However, this design has a long shaft {50 ft. 10 in.) 

which is undesirable not only from the standpoint of shaft dynamics 

but also from the standpoint of the additional space required in 

the primary tank. The high pump speed also further reduces the 

reliabi1ity of the pump.

2.4 Potential Impacts on Reactor Assembly

A preliminary study was made of the potential impacts of the new pump design on 

the reactor assembly. The results are summarized as follows:

o Because the new primary pump is 1 ft. 4 in. longer than that of 

Phase A, the pump-to-plenum piping seal (a bellows-type expansion 

joint for the connection between the lower end of the primary pump 

and the reactor inlet plenum) and the core support structure must 

be redesigned to match this new elevation of the pump. However, 

the pump-to-plenum piping seal, which is designed to 150 psig
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internal pressure, is capable of withstanding the new pump dis­

charge pressure of 120 psi, A less desirable alternative would be 

to raise the reactor deck to accommodate the new pump length,

o The shut-off valve, connected to the outlet nozzle of the primary 

pump, was designed to 120 psig of thermal-hydraulic pressure and 

up to 200 psig of design pressure. Therefore, redesigning of the 

valve is not required.

o Resizing and redesigning of the fixed flow-splitter and the 

variable flow-splitter may be required to obtain the desired 

pressure drop through the splitters.

o Studies are needed to determine if the forged nozzle and the wall 

thickness of the high pressure plenum are adequate.

3. REFERENCES

(1) "Fool-Type LMFBR Plant, 1000 MWe Phase A Design," EPRI NP-646, Volume 1

and 2, Part II, Heat Transport Systems, April 1978.
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TABLE 2-2

Primary Pump Parameters 

1000 MWe Pool-Type LMFBR 

Phase A Extension 2

Type

Operating Sodium Flow 

Total Developed Head 

Sodium Temperature 

Operating Speed 

NPSH Available

Specific Speed

Suction Specific Speed, Design 

Suetion Specific Speed, Runout 

NPSH Required 

Impeller Diameter

Pump Efficiency 

Pump Power, Design 

Pump Power, Operating 

Shaft Length

Max. Hydraulic Section Diameter

Pump Length (Excluding Motor)

Pump Weight (Excluding motor, sodium, 

insulation and steel shot)

Mechanical, two stages of double 

suction impellers in parallel

68,450 gpm

316 ft. of sodium (120 psi) 

595*F 
870 rpm 

40 ft.

2,150 

10,000 

10,900 

26 ft.

42 in.

78%

7 ,000

6 ,150 hp

36 ft. 8 in.

75 in.

44 ft. 10 in

104 ,400 lbs
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APPENDIX A: DETERMINATION OF COLD POOL LEVEL AND PUMP SODIUM LEVEL 1000 MWe 

POOL-TYPE LMFBR PHASE A EXTENSION 2

A-l Cold Pool Level

At zero sodium flow, the hot pool level is the same as the cold pool level.

If the sodium temperatures in both the hot pool and the cold pool are at 595’F,

the levels wi11 be at (-) 20'-4", based on the top of the shield deck at O'-O".

During power operation and normal flow, the total differential level between the

hot pool and the cold pool is determined by the pressure drop of the primary

sodium through the IHX (2.5 psi). The total differential level between the hot

pool and the cold pool is equal to the sum of the rise in sodium level in

the hot pool and the drop in sodium level in the cold pool. Figure 2-5 in Part

II, Subsection 2.1 (Nuclear Steam Supply System) illustrates the relative hot

pool and cold pool areas. Since the hot pool surface area (3063 ft ) is much
o

larger than the cold pool surface area (968 ft ), the drop in sodium level in 

the cold pool is much greater than the rise in sodium level in the hot pool.

The decrease in sodium mass in thfe cold pool is equivalent to the increase in 

sodium mass in the hot pool. However, it should be noted that, due to the 

simultaneous change in sodium temperatures in the hot pool and the cold pool and 

the resultant expansion and the contraction of the sodium volume, the decrease 

in sodium volume in the cold pool is not equal to the increase in sodium vo1ume 

in the hot pool. Table A-l shows how the cold pool level during power operation 

and pump flow conditions are determined. The results of the calculations are 

shown in Table 2-2. During normal plant operation (cold pool temperature of 

5950F and hot pool temperature of 875*F) and 100% pump flow, the minimum cold 

pool level wi11 be at (-) 25'-4". At pony motor flow (7% speed), the pressure 

drop across the IHX is approximately proportional to the square of the sodium 

velocity. It is determined that the differential level between the hot pool and 

the cold pool is only 0.4", and the minimum cold pool level is nearly equal to 

(-) 20 ft. 4 inches.

During the pi ant startup, when both the hot pool and cold pool temperature are 

at 400*F, the sodium level wi11 be at (-) 21'-10". At 66% pump flow, the 

minimum cold pool level wi11 be at (-) 23'-11". At pony motor flow, the minimum 

cold pool level is nearly equal to (-) 21'-10".

V-2.2-12



Figure 2-2 in Part III, Subsection 2.1 (General Arrangement for Reactor Assembly) 

shows the sodium levels in the cold pool and the hot pool.

A-2 Pump Sodium Level

The pump sodium level is slightly lower than the cold pool level due mainly to 

the pressure drop of the primary sodium through the pump inlet flow structure.

In order to minimize its effect on the location of the intermediate bearings 

of the long shaft of the primary pump, a 3" maximum for the differential level 

between the cold pool level and the pump sodium level at 100% pump flow was 

selected as a design guide for the pump inlet flow structure. At pony motor 

flow, the differential level between the cold pool sodium and the pump sodium 

is negligibly smal1.
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Table A-l

since

and

we have

substitute

where

Determination of Cold Pool Level

M 2

Mn
M1 “ ¥1D1 

¥2D2 
¥l 

A2H2

Aj Hl Dx * A2 H2 D2

Hi * H - H2 into the above equation, and solve for

wfe get:
. A1 °1 H1

Aj Dj + A2 D2

» Increase in sodium mass in hot pool at pump flow, lb.

M- = Decrease in sodium mass in cold pool at pump flow, lb.
^ 3

V, » Increase in sodium volume in hot pool at pump flow, ft .
3

V, * Decrease in sodium volume in cold pool at pump flow, ft
3

D, = Density of sodium in hot pool, Ib/ft .
3

D2 * Density of sodium in cold pool, Ib/ft .

* Rise in hot pool level at pump flow, ft.

H2 * Drop in cold pool level at pump flow, ft.

H = Total differential level between hot pool and 

cold pool, ft.
2

A, = surface area of hot pool, ft .
i 2

A2 = Surface area of cold pool, ft .
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Cold Pool Level and Pump Sodium Level

Normal Plant Operation:

at 100% flow 

at pony motor flow 

(7% Speed)

PI ant Startup:

at 66% flow 

at pony motor flow 

(7% speed)

Cold Pool Level*

(-) 25'-4"(595*F) 
(-) 20'-4"(595’F)

(-) 23,-ll"(400*F) 

(-) 21,-10"(400*F)

Differential Level 

Between Cold Pool & 

Pump Sodium Level

3 in. max. 

negligible

♦Based on top of shield deck at O'-O".
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1. INTRODUCTION AND SUMMARY

This report contains the transient predictions of selected pi ant duty cycle events 

for the 1000 MWe Pool-Type LMFBR Plant described in EPRI NP-646 (1_). The plant 

transient predictions were made using a system model cal led DEMO-POOL (2). This 

model is based on the DEMO simulation model (3_) prepared for the CRBRP with changes 

necessary to represent a pool system. A 1ist of overal1 pi ant design parameters 

used in the DEMO-POOL simulation is contained in Table 1-1. This effort was 

directed toward'generating transient predictions suitable for use in analysis of 

system components and for comparison with duty cycle events in loop type LMFBRs.

Data are presented on duty cycle transients for the 1000 MWe Pool-Type LMFBR 

Plant. These data are suitable for evaluating the impact of pool system tran­

sients on component requirements. They are also suitable for comparison with 

1oop-type LMFBR transients to establish whether or not pool and loop systems have 

signifieantly different component requirements.

Two possible modes of post-scram sodium pump operation were evaluated. The base 

case involves a post-sc ram sodiurn pump trip to 50 percent speed. This was the 

basis for evaluation of the majority of the duty cycle events. The possible 

alternative mode of post scram sodiurn pump operation, keeping the pumps operating 

at 100 percent of rated speed, was evaluated for several selected duty cycle 

events to provide a basis for comparison with the base case transients. In 

addition, the effect of increased intermediate sodiurn pump inertia on the tempera­

ture transient for two events was evaluated.

Increasing the post-scram pump speed from 50 to 100 percent of rated speed inc­

reases the temperature rates for most events analyzed by a factor of two or more. 

Temperature changes are essentially the same. Increasing the intermediate pump 

inertia decreases the severity of the loss of power to an intermediate pump but 

increases the severity of the loss of off-site power events.

Stress analysis is required to determine the impact of pi ant transients on system 

components and to determine whether it is better to operate the sodiurn pumps at 50 

or 100 percent of rated speed following a reactor scram. The increased tempera­

ture rates associated with ful1 speed post-scram pump operation may or may 

not have a major impact on component design.
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TABLE 1-1

Overall Plant Parameters Used in the 

DEMO-POOL Simulation Model

Reactor Power, MWt 2903

Number of Primary Pumps/Intermediate 

Heat Transport Loops 4/6

Primary Hot Leg Temperature, °F 875

Primary Cold Leg Temperature, °F 595

Intermediate Hot Leg Temperature, ^F 815

Intermediate Cold Leg Temperature, °F 550
Primary Pump Flow Rate, 10^ 1b/hr 28.9

Intermedi ate Loop FIow Rate, 10 1b/hr 20.1 

Steam Pressure at Turbine Inlet, psia 1000

Steam Temperature at Turbine Inlet, °F 545 
Loop Steam FIow Rate, 10® Ib/hr 2.09

Evaporator Water Inlet Temperature, °F 529

Evaporator Exit Steam Quality 0.167

Steam Drum Pressure, psia 1045



2. DUTY CYCLE EVENT SELECTION

The 1000 MWe Pool-Type LMFBR Plant duty cycle was prepared and reported in EPRI 

NP-882 (5_). It contains lists having the name, transient number and total number 

of occurrences for duty cycle events in the four ASME Boiler and Pressure Vessel 

Code, Section III, service levels; Level A Events, Level B Events, Level C 

Events and Level D Events. These levels were formerly referred to as Normal, 

Upset, Emergency and Faulted Conditions, respectively. The present analysis is an 
evaluation of selected duty cycle events from the Level B and Level C Event 

lists. The events selected for evaluation are listed in Table 2-1.

The application of duty cycle events to analysis of components requires another 

step not included in either Reference 5 or the present analysis. That step 

involves the determination of the appropriate number of occurrences during the 

plant lifetime of specific events selected for component analysis (the umbrella 

events). Because not all duty cycle events are selected for analysis of specific 

components, the number of occurrences of the events selected is increased from the 

number contained in the plant duty cycle to conservatively cover (umbrella) the 

events deleted from the analysis. Therefore, the number of occurrences of a 

specific event used in component analysis is, in general, larger and sometimes 

much larger than that contained in the plant duty cycle (5).
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TABLE 2-1

Duty Cycle Events Selected for Evaluation

TRANSIENT

NUMBER TRANSIENT DESCRIPTION

B-la Reactor Trip from Ful 1 Power with 

Nominal Decay Heat _

B-lb Reactor Trip from Full Power with 

Minimum Decay Heat

B-2a Uncontrolled Rod Insertion

B-2c Plant Loading at Maximum Rod

Withdrawal Rate

B-4b Loss of Power to One Intermediate

Pump

B-10 Inadvertent Isolation and B1owdown

of One Steam Generator

B-ll Loss of Feedwater FIow to One Steam

Generator Loop

B-14 Loss of Off-Site Power

B-16 Inadvertent Opening of Steam 

Generator Outlet Steam Line Safety/

Power Relief Valve

B-23a Uncontrol 1ed Rod Withdrawal ‘from

100% Power

C-7 Water Side Isolation of a Steam

Generator with Failure of the Dump 

Valves to Open



3. BASIS FOR ANALYSIS

The present analysis is based on the assumption that the primary and intermediate 

sodium pumps are either tripped to half speed or remain at full speed normally 

following a reactor scram. In addition these pumps are equipped with pony motors 

that operate at 7% of design speed following the loss of off-site power. The . 

steam generator recirculation pumps are assumed to be tripped following a reactor 

sc ram.

The recirculation system provides adequate steam generator water flow by natural 

circulation after a reactor scram. Steady state ful1 power operation with 

natural circulation in a recirculation loop would result in a reduced margin 

between the operating condition and the occurrence of departure from nucleate 

boi1ing (DNB) in the evaporator. During the post-scram transient, however, the 

margin to DNB in the evaporator is not reduced because the DNB quality increases 

sharply as the water fl ow is reduced and because of ful1-power steady-state 

operation of the evaporator does not occur following the reactor scram and water 

flow reduction. Short term operation with DNB occurring in the evaporator would 

be acceptable foilowing a scram but it does not occur except for the steam 

generator dryout events.

The effectiveness of the hot pool for mitigating temperature transients is some­

what uncertain even at high sodium flow rates. Therefore, it was conservatively 

assumed that only 50 percent of the sodium in the hot pool participates in the 

mixing and transient mitigation process at 50 percent pump speed. This was 

assumed to be the normal post-scram mode of operation.

Minimum and nominal decay heat generation rates based on CRBRP analyses are used 

to represent power generation rates after a scram. The minimum decay heat data 

were taken from _W-ARD-D-0005(_3). These data are based on a power history that 

ramps from 0 to 10 percent power in 0.5 hours, remains at 10 percent power for 0.5 

hours and then ramps to 100 percent power in 0.5 hours at which time the scram 

occurs. This power history conservatively represents the scrams that might occur 

shortly after the rise to power following refueling or shortly after the weekly 

load increases. The nominal decay heat data were taken from W-ARD-D-0090 based on 

350 hours of ful1 power operation without adjustment for uncertainties. These 

data adequately represent decay heating foilowing scrams that might occur during 

sustained ful1 power operation. This decay power profile was judged appropriate 

for analysis of most duty cycle events.
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4. PLANT TRANSIENTS WITH POST-SCRAM SODIUM PUMP TRIP TO HALF SPEED

A post-scram sodium pump trip to half speed had previously been selected as the 

most likely compromise between ful1 speed and pony motor pump operation. There­

fore, a significant set of duty cycle events have been evaluated on that basis.

The results of the evaluation for each of the selected events are contained in the 

paragraphs that follow.

4.1 B-la Reactor Trip from Full Power with Nominal Decay Heat

This transient is based on a manual reactor trip from 100 percent power. The 

primary and secondary control rods start insertion 0.2 seconds later. The primary 

and intermediate sodium pumps begin coasting down to 50 percent speed 0.5 seconds 

after the reactor trip. The initial decay heat level for this transient is 

nominal decay heat which is associated with a reactor in operation for a signifi­

cant time.

The reactor scram transient with nominal decay heat is shown in Figures 4-1 to 

4-12. The primary and intermediate sodium f1ow coastdowns are shown in Figures 

4-1 and 4-2. The 50 percent post-scram pump speed maintains the primary and 

intermediate sodium flow rates at approximately 50 percent of the rated values.

The curve labeled "nuclear reactor power" in Figure 4-1 is the fractional heating 

rate which includes decay heat. The IHX primary sodium inlet nozzle temperature 

shown in Figure 4-4 drops from 875 to 580°F in approximately 500 seconds with the 

majority of the change occurring in 180 seconds. This is also fairly represen­

tative of the immediate hot 1 eg temperature transient. The cold leg temperatures 

are relatively steady as shown in Figures 4-4 and 4-5.

4.2 B-lb Reactor Trip from Full Power with Minimum Decay Heat

The operational sequence for this transient is the same as that described above 

for Event B-la. Minimum decay heat levels are used. Minimum time to reach full 

power level and appropriate uncertainties are used in calculating the minimum 

decay heat.
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The reactor scram transient with minimum decay heat is shown in Figures 4-13 to 

4-24. The control rod and pump trip sequence is the same as that described for 

Event B-la. The IHX primary inlet nozzle temperature shown in Figure 4-15 is not 

much different than that shown in Figures 4-4 with nominal decay heat. This 

demonstrates that decay heat level is not an important parameter when high post- 

scram flow rates are used.

4.3 B-2a Uncontrolled Rod Insertion

A single control rod is inserted at a rate which causes a 40 percent per minute 

reduction in reactor thermal power due to an assumed malfunction of the controller 

on the rod. (This event is not to be confused with a rod drop which is an unlatch­

ing of the rod resulting in a free fall of the control rod into the core.) The 

sodium flows and the turbine admission valve inlet pressure are held constant. It 

is assumed that this event occurs when the reactor is operating at 100 percent 

power with correspondingly high system temperatures and nominal reactor decay 

heating. The operator manually trips the plant at 300 seconds.

The system transient is shown in Figures 4-25 to 4-36. Figures 4-27 and 4-28 show 

that the primary hot leg temperatures decrease about 270°F prior to the reactor 

scram while primary cold leg temperatures decrease moderately. The response of 

the steam generator system is quite smooth and satisfactory. The reactor is 

essentially shut down prior to the reactor scram which then causes the sodium 

and water recirculation pumps to be tripped.

4.4 B-2c Plant Loading at Maximum Rod Withdrawal Rate

Two reactor transients were evaluated for this event. The first is based on 

having variable-speed primary and intermediate sodium pumps which vary sodium flow 

rates over the 60 to 100 percent power load-following range. The second transient 

is based on constant-speed primary and intermediate sodium pumps. In that case 

the sodium flow rates remain constant as the reactor power is changed from 60 to 

100 percent power. In both cases the same rate of power increases, 40 percent per 

minute, was assumed.
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4.4.1 Variable Speed Pumps

From initial plant operating conditions of 60 percent thermal power and corres­

ponding part-load flow rates of sodium, water and steam, the station supervisory 

controller is assumed to requi re a plant load increase. During the control rod 

withdrawal, a mechanical malfunction is then assumed to result in the maximum 

mechanical rod withdrawal speed. The reactor power is assumed to increase from 60 

to 100 percent in one minute. The sodium flow rates are assumed to increase from 

66 percent primary flow and 72 percent intermediate sodium flow to 100 percent 

over the same time period. The turbine increases output at the appropriate rate 

and feedwater flow also functions properly. The result is a rapid ramp increase 

in reactor power from 60 to 100 percent. No reactor trip occurs.

The plant transient is shown in Figures 4-37 to 4-48. Figures 4-39 and 4-40 show 

that the primary hot leg temperatures increase approximately 60°F while the 

primary cold leg temperatures increase approximately 45°F. The intermediate hot 

leg temperatures increase approximately 55°F while the intermediate sodium cold 

leg temperatures increase approximately 10°F. The steam system (Figures 4-43 to 

4-48) takes approximately 4 to 5 minutes to approach new steady state operating 

conditions.

4.4.2 Constant Speed Pumps

From initial plant operating conditions of 60 percent thermal power the station 

supervisory controller is assumed to require a plant load increase. During the 

control rod withdrawal, a mechanical malfunction is then assumed to result in the 

maximum mechanical rod withdrawal speed. The reactor power is assumed to increase 

from 60 to 100 percent in one minute. The sodium flow rates are assumed constant 

at 100 percent of rated values. The turbine increases output at the appropriate 

rate and feedwater flow also functions properly. The result is a rapid ramp 

increase in reactor power from 60 to 100 percent. No reactor trip occurs.

The plant transient is shown in Figures 4-49 to 4-60. Figures 4-51 and 4-52 show 

that the primary hot leg temperatures increase approximately 135°F while the 

primary cold leg temperatures increase approximately 20°F. The intermediate hot 

leg temperatures increase approximately 110°F while the intermediate sodium cold 

leg temperatures increase approximately 5°F. The steam system (Figures 4-55 to 

4-60) takes approximately 4 to 5 minutes to approach new steady state operating 

conditions.
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4.5 B-4b Loss of Power to One Intennediate Pump

The intermediate pump in one loop is assumed to coast down to pony motor speed.

The other primary and intermediate pump speeds are assumed to remain at initial 

values until the reactor/pump trip. A reactor trip is initiated by pump under 

voltage relays or pump drive shaft tachometers. Following the trip, the remainder 

of the pumps and the steam/water side are treated as for the normal trip.

The pi ant transient for this event is presented and discussed in Subsection 

V-8.4.2 of EPRI NP-882 (6). The primary concern for this event is the primary 

sodium outlet temperature transient of the affected IHX. The maximum temperature 

rate for the affected IHX is 2.7°F/sec and the temperature change at the affected 

IHX primary outlet is 146°F (see Reference 6 for details).

4.6 B-10 Isolation and Blowdown of Steam Generator Components

The events are assumed to be initiated by one of the following: (a) inadvertent 

operator action (b) spurious activation caused by equipment failure, or (c) 

operator response to a water-to-sodium leak indication. This transient results in 

the water-side isolation and dumping of the steam generators in an individual 

loop. The event terminates at refueling conditions. The water-side of the 

drained component is subsequently filled with nitrogen gas at 300 psig to maintain 

water-side pressure higher than the sodium side.

The event is assumed to be initiated by closure of the normally-open isolation 

valves in this affected 1oop feedwater and steam lines. Simultaneously, the inlet 

water dump valves and power relief valves in the affected loop are assumed to 

open. The steam/water side pressure decreases until the power relief and dump 

valves are closed. The modules are then pressurized on the water/steam sides with 

nitrogen at 300 psig. A reactor trip occurs based on low steam drum level. The 

event is characterized by an up-transient in the affected steam generator and its 

intermediate sodium loop. The unaffected 1 oops see transients simi1ar to a 

reactor trip from ful1 power.

Due to the severe cold leg temperature transient in the affected 1oop, two tran­

sients were evaluated. The first assumes that operation of the primary and 

intermediate sodium pumps wi11 be the same as foilowing a normal scram. In that 

case the primary and intermediate sodium pump speeds are reduced to 50 percent
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following the scram. The second transient is based on tripping the affected 

intermediate loop sodium pump to pony motor speed at the time of isolation and 

blowdown. This is intended to reduce the severity of the cold leg temperature 

transient in the affected loop. These transients are presented and discussed in 

the following paragraphs.

4.6.1 With Al1 Sodium Pumps Tripped to Half Speed Following Scram

In this case all the primary and intermediate sodium pumps are tripped to 50 

percent speed following the reactor scram. The resulting system transient is 

shown in Figures 4-61 to 4-72. Figure 4-69 indicates that the affected steam 

generator blows down to atmopheric pressure in approximately 30 seconds. The 

detailed steam side calculation for the affected steam generator was terminated 

at 40 seconds because the blowdown was essentially completed. This results in 

1ower computer usage with essentially the same consequences. The steam dump flow 

rate shown in Figure 4-68 is plotted as the percent of normal loop steam flow.

The water dump flow rate is plotted as the percent of the normal total loop 

recirculation water flow rate.

Dumping the water and steam from the affected steam generator causes an eventual 

dryout of the unit. Prior to the dryout the sodium outlet temperature from the 

affected unit (Figure 4-66} drops from 550 to 510°F, then it increases to approxi­

mately 775°F before beginning to cool. The temperature change at the affected 

evaporator outlet is approximately 265°F with a maximum rate of approximately 

3.5°F/sec. This is a severe transient for the entire cold leg of the affected 

1oop as shown in Figures 4-65 to 4-66.

4.6.2 With Affected IHTS Pump Trip to Pony Motor Speed

The temperature rates in the affected intermediate sodium system cold leg can be 

reduced from the previous case by tripping the affected intermediate sodium pump 

to pony motor speed at the time of initiation of the isolation and blowdown. This 

causes a transient at the affected IHX primary outlet very much like the 8-4b 

Loss-of-Power-to-One-Intermediate-Pump event discussed previously. The system 

transient is shown in Figures 4-73 to 4-84. Figure 4-76 shows the transient at 

the affected IHX primary outlet. The temperature change and maximum rate at that 

location are 146°F and 2.7°F/sec as compared to 220°F and 2.9°F/sec in the previous 

case. Therefore, tripping the affected IHTS pump to pony motor speed reduces the



temperature change at the affected IHX primary outlet but does not signficantly 

change the maximum rate. The temperature transient at the affected evaporator 

sodium outlet is shown in Figure 4-78. At that location the temperature change is 

approximately 229°F and the maximum rate is approximately 0.7°F/sec. This com­

pares to a temperature change of 265°F and a maximum rate of 3.5°F/sec in the 

previous case. Therefore, tripping the affected IHTS pump to pony motor speed at 

the time of the scram reduces the temperature change moderately for the cold leg 

of the intermediate sodium system but reduces the maximum rate by approximately a 

factor of five. This is a definite improvement over the previous case (Section 
4.6.1).

4.7 B-ll Loss of Feedwater to One Steam Generator Loop

This event can be caused by an inadvertent closure of the feedwater control valve 

to one of the steam generator loops. The reactor will scram on low water level in 

the steam drum. The transient results in water-side dryout of the affected loop. 

The event terminates at refueling conditions.

The system transient is shown in Figures 4-85 to 4-96. The large water supply in 

the steam drum delays the water-side dryout until the intermediate hot leg sodium 

has cooled following the reactor scram. This is shown in Figure 4-90. The tran­

sient is much less severe than the B-10 Isolation and Blowdown for two reasons:

1) the delayed dryout discussed above and 2) the steam drum water temperature 

doesn't drop prior to the dryout because steam drum pressure is maintained.

4.8 B-14 Loss of Off-Site Power

If the loss of main sodium pump power occurs, the sodium flow will decrease to 

pony motor flow (driven by emergency power) in all loops. A reactor trip, loss of 

main condenser and turbine trip will follow. Two auxiliary feed pumps (of 5% 

capacity each) are available to initially maintain feedwater flow. Sufficient 

stored water is available to make up for water lost to remove decay and stored 

heat by dumping steam until the Reactor Auxiliary Cooling Systems are brought 

on-1ine.

The system transient is shown in Figures 4-97 to 4-108. The response of the hot 

pool (Figure 4-99) is based on the two-zone mixing model in DEMO-POOL which 

conservatively assumed mixing in 50 percent of the volume below the top of the
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chimneys in the reactor upper internals following pool stratification. The 

sodium flow coastdowns (Figure 4-97) are based on 5.0 and 6,0 second half-times 

for the primary and intermediate pumps, respectively. This transient is not as 

severe for most system components as a reactor scram such as Event B-la. It does 

represent a severe test of the reactor vessel cooling system since the hot pool 

does not cool very rapidly following the scram.

4.9 B-16 Inadvertent Opening of Steam Generator Outlet Steam

Line Safety/Power Relief Valve

A steam relief valve is assumed to open at a steam generator outlet steam line. 

This causes the steam flow from that unit to increase momentarily. The turbine 

steam flow soon drops by the amount of vented flow and a nearly steady plant 

operating condition is achieved. It is assumed that the valve cannot be closed. 

Therefore, after 600 seconds, the plant is assumed to be tripped manually. 

Feedwater flow in the affected loop is stopped at the time of the plant trip to 

limit the loss of water inventory. The event is terminated at refuel i ng condi- 

ti ons. This event is also used to provide coverage for small steam line breaks. 

The major allowable size of break will be determined later.

The system transient is shown in Figures 4-109 to 4-120. Si nee a relatively 

steady state condition is achieved shortly after the event is initiated, the 

transient was calculated based on a manual reactor scram at 300 seconds instead of 

600 seconds to save computer time. The results are essentially the same except 

for the extra del ay time.

The plant has 4 safety/power relief valves having a total design steam flow rate 

equal to the rated steam flow of the loop at 1320 psia (10 percent above the steam 

generator design pressure). Therefore, opening one valve at normal operating 

pressure results in a discharge rate of approximately 20 percent of rated loop 

steam f 1 ow as shown in Figure 4-116. Stopping the feedwater flow to the affected 

loop causes a steam generator dryout. Figure 4-114 shows that the dryout occurs 

after the intermdeiate hot leg has partially cooled. The transient for the 

affected steam generator is based on cl osing the rel i ef valve after dryout.

This has no effect on the temperature calculations because the heat transfer 

between the evaporator tubes and steam is set to zero on dryout. The pressure
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in the affected steam generator (the "S" loop) shown in Figures 4-117 would drop 

to atmospheric pressure rather than leveling off above 990 psia if the valve had. 

not been closed after dryout.

4.10 B-23a Uncontrolled Rod Withdrawal from 100 Percent Power

An uncontrolled withdrawal of a control rod was assumed for this analysis to cause 

the reactor power to rapidly increase from 100 to 115 percent (just below the high 

flux scram setpoint). A manual reactor trip is assumed to be initiated by the 

reactor operators 5 minutes after the power increase. Sodium flow rates are 

maintained at their initial full power values until the reactor trip occurs. The 

initial decay heat level is the nominal value for sustained full power operation. 

The system response shows the temperature increases caused by the power increase 

is followed by a cooling similar to that for a reactor scram from full power but 

with higher initial temperature and larger temperature changes.

The system transient is shown in Figures 4-121 to 4-132. Figures 4-123 and 4-124 

show that primary hot leg temperatures increase 49°F before the scram while 

primary cold leg temperatures increse only 7°F. Intermediate heat transfer system 

hot leg temperatures increase approximately 40°F prior to the reactor trip. The 

reactor trip causes an additional temperature increase due to the partial collapse 

of the temperature differences across the IHX at low sodium flow rates.

4.11 C-7 Water Side Isolation of a Steam Generator with Failure

of the Dump Valves to Open

This transient assumes the same conditions as Event B-10 except the water and 

steam dump valves on the affected steam generator fail to open. The event is 

initiated by closure of the normally open isolation valves in the affected loop 

feedwater and steam lines. The steam and feedwater flows stop. The recirculation 

water flow through the affected evaporator continues under forced circulation 

until the reactor trip, then circulation continues under natural convection. The 

steam pressure in the affected steam generator increases until the safety relief 

valves open. The reactor trip is initiated on low drum water level in the 

affected loop. The water side of the affected steam generator dries out at the 

safety relief valve pressure setting rather than low pressure.
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The system transient is shown in Figures 4-133 to 4-144. Figure 4-141 shows the 

pressurization of the affected steam generator to the safety valve opening pres­

sure (1320 psia). Dryout of the affected steam generator occurs at approximately 

120 seconds after the isolation as shown in Figure 4-140. The dryout occurs after 

the intermediate hot leg has partially cooled. Therefore the cold leg temperature 

transient in the affected loop is not nearly as severe as the B-10 Isolation and 

B1owdown.
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5. PLANT TRANSIENT WITHOUT POST-SCRAM SODIUM PUMP TRIP

The possible alternative mode of post-scram sodium pump operation, keeping the 

pumps operating at 100 percent of rated speed, was evaluated for several selected 

duty cycle events to provide a basis for comparison with the transients in Part 4 

of this Subsection. In addition, the effect of increased intermediate sodium pump 

inertia on the temperature transient for two events was evaluated. The events 

chosen for comparison are loss of power to one intermediate pump, isolation and 

blowdown of one steam generator and loss of off-site power. These correspond to 

Events B-4b, B-10 and B-14 from the plant duty cycle. The analysis of each of 

these events is described in the following paragraphs:

5-1 B-4b Loss of Power to One Intermediate Pump

The intermediate pump in one loop is assumed to coast down to pony motor speed 

following the loss of power. The other primary and intermediate pumps are assumed 

to remain at full speed. A reactor trip is initiated by the pump undervoltage 

relays. Following the reactor trip, the remainder of the pumps and the steam/ 

water side are treated the same as for a normal scram. In this case, the primary 

and intermediate sodium pumps remain at full speed and the steam generator water 

recircul ation pumps are tripped.

This event subjects the affected IHX primary outlet to a fairly severe transient. 

Therefore, several assumptions were made to produce a conservative transient at 

that location. These include the use of maximum decay heat, 100 percent hot-pool 

mixing, a 6 second IHTS pump half-time (as a base case) and the cold-pool bypass 

of the hot sodium from the affected IHX to the core inlet plenum. These are the 

same assumptions used to evaluate the transient for an operating procedure involv­

ing a post-scram pump trip to half speed in Reference 6.

Three transients were evaluated to establish the effect of intermediate pump 

inertia. The three cases correspond to IHTS pump half-times of 6, 12 and 24 

seconds. The 6 second half-time represents the base case for comparison with 

Reference 6. The system transients for the three cases are shown in Figures 5-1 

to 5-12, 5-13 to 5-24 and 5-25 to 5-36, respect!vely.

The primary concern for this event is the primary sodium outlet temperature 

transient from the affected IHX shown in Figures 5-4, 5-16 and 5-28. The increases
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in primary outlet sodium temperature from the affected IHX for the three cases are 
182, 153 and 115°F, respectively, with 6, 12 and 24 second IHTS pump half-times. 

The maximum temperature rates for the three cases are approximately 6.5, 4.5 and

2.6 °F/sec, respectively. These values compare to an increase of 146°F with a 

maximum rate of approximately 2.7 °F/sec under similar assumptions but tripping 

the pumps to half speed. This shows that reducing the post-scram pump speed to 50 

percent does more to reduce the transient at the IHX primary outlet than doubling 

the IHTS pump inertia.

5.2 B-10 Isolation and Blowdown of One Steam Generator

These events are assumed to be initiated by one of the following: (a) inadvertent 

operator action (b) spurious activation caused by equipment failure, or (c) 

operator response to a water-to-sodium leak indication. This transient results in 

the water-side isolation and dumping of the steam generators in an individual 

loop. The event terminates at refueling conditions. The water-side of the 

drained component is subsequently filled with nitrogen gas at 300 psig to maintain 

the water-side pressure higher than the sodium side.

The event is assumed to be initiated by closure of the normally open isolation 

valves in affected 1 oop feedwater and steam 1ines. Simultaneously, the inlet 

water dump valves and power relief valves in the affected loop are assumed to 

open. The steam/water side pressure decreases until the power relief and dump 

valves are closed. The modules are then pressurized on the water/steam sides 

with nitrogren at 300 psig. A reactor trip occurs based on low steam drum level. 

The event is characterized by an up-transient in the affected steam generator and 

its intermediate sodium loop. The unaffected 1 oops see transients similar to a 

reactor trip from full power.

The system transient is shown in Figures 5-37 to 5-48 based on ful1 speed post- 

scram sodium pump operation. Figure 5-45 indicates that the affected steam 

generator bl ows down to atmospheric pressure in approximately 30 seconds. The 

detailed steam side calculation for the affected steam generator was terminated at 

40 seconds because the blowdown was essentially completed. This results in 

lower computer usage with essentially the same consequences. The steam dump flow 

rate shown in Figure 5-44 is pi otted as the percent of normal loop steam flow.

The water dump flow rate is plotted as the percent of the normal total loop 

recirculation water f1ow rate.
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Dumping the water and steam from the affected steam generator causes an eventual 

dryout of the unit. Prior to the dryout the sodium outlet temperature from the 

affected unit (Figure 5-42) drops from 550 to 525°F, then it increases to approxi­

mately 765°F before beginning to cool. The temperature change at the affected 

evaporator outlet is approximately 241°F. This is a severe transient for the 

entire cold leg of the affected loop as shown in Figures 5-40 to 5-42.

The cold leg temperature changes associated with this event are somewhat less than 
the corresponding transient in Part 4.6.1 of this Subsection with 50 percent 

post-scram pump speed. The temperature rates are much higher in the present case, 

however. Maximum temperature rates at the affected steam generator sodium outlet 

are approximately 6.2 °F/sec in the present case as compared to 3.5 °F/sec in Part 

4.6.1. Temperature rates at the intermediate IHX inlet can be reduced by tripping 

the affected intermediate sodium pump to pony motor speed at the time of the steam 

generator isolation. This will also reduce the temperature increase at the 

primary IHX outlet.

5.3 B-14 Loss of Off-Site Power

Loss of off-site power causes a loss of main sodium pump power and the sodium flow 

decreases to pony motor flow (driven by emergency power) in all loops. A reactor 

trip, a loss of main condenser and a turbine trip follow shortly after the event. 

Two auxiliary feed pumps (5 percent capacity each) are available to initially 

maintain feedwater flow. Sufficient stored water is available to make up for 

water lost to remove decay heat and stored heat by dumping steam until the Reactor 

Auxiliary Cooling Systems are brought on-line.

The system transient for this event is independent of normal post-scram sodium 

pump main motor speed since power to the main sodium pump motors is lost when the 

event is initiated. Therefore, the reference system behavior is as shown in Part 

4.8 of this Subsection. This is based on primary and intermediate sodium pump 

coastdown half-times of 5 and 6 seconds, respectively. If the sodium pumps are 

normally operated at full speed following a reactor scram, the inertia of the 

intermediate pumps might be increased to provide a milder transient following 

1oss-of-power to an intermediate pump. Therefore, the loss of off-site power 

event was recalculated using a higher IHTS pump inertia to establish its influence 

on the intermediate hot leg temperature transient.
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The system transient with high-inertia intermediate heat transfer system pumps 

(half-time = 24 sec) is shown in Figures 5-49 to 5-60. The temperature transient 

in the primary system is approximately the same as the event in Part 4.8. The 

intermediate hot leg transient shown in Figures 5-53 and 5-54 is more severe than 

before. The intermediate IHX outlet temperature drops 160°F in a short period of 
time (Figure 5-53) due to the mismatch of primary and intermediate pump coast­

downs. The maximum temperature rate is approximately 5.2°F/sec.
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FIGURE 4-1

POOL RERCTOR SCROM FRCUI FULL POWER WITH NOMIHRL DECRY HERT
RUN DRIED 10/04/70
HUMBER PRP&EOO

1.200E + 02
1 HUCLERR RERCT POWER
2 S. P-PMP NR MRSS FLO
3 L . P-PMP NR MRSS FLO
4 S. I-LOP NR MASS FLO
5 L. I-LDP NR MOSS FLO1.000E + 02

0.000E+01

6.OOOE+Ol

4.000E + 01

2 .000E + 01

60.00 120.00 100.00 240.00 300.00 360.00 420.00 400.00 540.00

TIME. SECS
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FIGURE 4-2

POOL RERCTOR SCRRH FROM FULL POWER WITH NOMIHRL DECRY HERT
RUN DRTED 10/04/7B
NUMBER PRP&EOO

1.020E+02
1 S. P-IHX NR MASS FLO
2 L . P-IHX NR MASS FLO
3 RERCT CORE MASS FLOW

9.300E + 01

0.400E + 01

7.500E + 01

6.600E + 01

5.700E+01

4.BOOE+Ol

60.00 120.00 1BO.00 240.00 300.00 360.00 420.00 4BO.OO 540.00

TIME. SECS
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FIGURE 4-3
pnfJL RERCTOR SCRRM FROM FULL. POUER UITH HQiilNOL DECRY HERT

RUN DRTED 10/04/70
NUMBER PRPGEOO

9.200E + 02
1 RUG CORE DUTLT TEtIP
2 HOT POOL TEtiPERRTURE
3 COLD POOL TEHPERTURE
4 CORE INL TEMPERATURE
5 REACTOR OUTLET TEMP8.600E+02

0.000E+02

6.Q00E+02

6.200E+02

5.6OOE+02

60.00 120.00 100.00 240.00 300.00 360.00 420.00 480.00 540.00

TIME. SECS
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FIGURE 4-4

POOL RERCTOR SCRRM FROM FULL POWER WITH NOMIHRL DECRY HERT
RUN DOTED lO^O-WB
HUMBER PRPGEOQ

B .900E + 02
. P-IHX IN NOZ TEMP 
. P-IHX IN NOZ TEMP 
. P-IHX EX NOZ TEMP 
. P-IHX EX NOZ TEMP 
. PRI . PUMP TEMP.
. PRI. PUMP TEMP.

B .300E + 02 _

?.700E + 02 __

?.100E+02

6 .500E+02

5.900E+02

S.300E+Q2

60.00 120.00 1BO.00 240.00 300.00 360.00 420.00 4B0.00 540.00

TIME. SECS
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FIGURE 4-5
POOL REHCTUR SCRUtl FROH PULL PDiiLR WITH NDHINPL DECOY HER! 

RUN DRIED 10/04/7H 
NUDBER PRPGEOO

B . 0OOE + O2
I-IHX IN NfJZ TEMP 
I-IHX IN NDZ TEflP 
I-IHX EX NDZ TEMP 
I-IHX EX NDZ TEMP 
INI. PUtIP TEHP. 
INI. pUt1P TEHP.

0.200E + 02

? . 600E + 02

E . BODE +02

5 = 200E + 02

TIHEs SECS
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FIGURE 4-6

POOL RERCTOR SCRfHI FROtl FULL POWER WITH NDHIHOL DECOY HERT
RUN DRIED 10/04/70
NUMBER PRPGEOO

EURP . NR IN TEMP. 
EURP. NR IN TEMP. 
EURP . NR EX TEMP. 
EURP. NR EX TEMP.

a.200E »02

7.600E+02

7.OOOE+02

6.400E+02

5.0OOE+O2

5.200E+02

60.00 120.00 100.00 240.00 300.00 360.00 420.00 400.00 540.00

TIME, SECS
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FIGURE 4-7
POOL REfiCTDR SCRRd FROM FULL POWER WITH HOMIHRL DECRY HERT

RUN DRIED 10/04/70
nuuber PRPGEOO

1.200E + 02
DRH FU. MOSS FLOW 
DRH FW. tIRSS FLOW 
STERN tIRSS FLOW 
STERfl tIRSS FLOW

0 .OOOE + Ol

6.000E + 01

60.00 120.00 180.00 240.00 300.00 360.00 420.00 400.00 540.00

TIME. SECS
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FIGURE 4-8

POOL REfiCTDR SCRRtl FROM FULL POWER WITH NOtllNOL DECRY HEfiT
RUN DOTED 10/04/'?B
NUMBER PfiP&EOO

1.200E + 02
1 S. EU IN WTR MfiS FLO
2 L. EU IN WTR MAS FLO
3 TURB IN STM MOSS FLO
4 S. WTR DMP MOSS FLOW
5 L. WTR DMP MOSS FLOW
6 S. STM DMP MOSS FLOW
7 L . STM DMP MOSS FLOW

1.00DE + 02

0.OOOE+Ol

6.OOOE+Ol

4.OOOE+Ol

2.OOOE+Ol

60.00 120.00 100.00 240.00 300.00 360.00 420.00 400.00 540.00

TIME. SECS
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FIGURE 4-9
POOL RERCTQR SCRRfl FROM FULL POWER WITH NOMHOL O-ECfiY HEPT

RUN DOTED 10/'04/?B
NUMBER POPGEOO

1.1B0E + 03
S . DRUM STEOM PRESS . 
L. DRUM STEOM PRESS. 
S. EUOP IN WTR PRESS 
L. EUOP IN WTR PRESS 
S. EUOP EX STM PRESS 
L. EUOP EX STM PRESS 
STEOM HEADER PRESS.

1 .150E + 03

1.120E + 03

1.090E+03

1.060E+03

1.03DE+03

1.OOOE+D3

60.00 120.00 100.00 240.00 300.00 360.00 420.00 400.00 540.00

TIME. SECS
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FKiURP 'MO
PtHH REflCftiR iiCRUM PULL POWER U£ fH MnMIHHL DECPY HE0 T

RUH Dlift'U 10/04/70 
NUMBER PHP&EOO

5 .900E>0 2
1 FEEDUHTER TEMP.
2 S. DRUM STEOM fEMP.
3 t. . DRUM STEOM TEMP.
4 S. EUOP. IN WTR TEMP

----------—Et/OP^ ETMSTTT" TEMP
7 L . EUOP. EX STM TEMP

-.jM- i
5.400E >02

4.900E + 02

4.400E >02

3.900E>02

2 .£>: 0' .-02

00 300.on 360.00 420.00 4f30.00 540 .00f( .i.i I 1
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FIGURE 4-11
POOL RERCTQR SCRRtl FROM FULL POWER WITH HQMINRL DECRY HERT

RUN DATED 10/04/70
NUUBER PRPGEOO

3.OOOE-Ql
1 S. EURP. EX STtl QURL
2 L. EURP. EX STtl QURL

2.000E-01

1.500E-01

1.000E-01

60.00 120.00 100.00 240.00 300.00 360.00 420.00 400.00 540.00

TIME* SECS
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FIGURE 4-12
POOL REOCTQR SCRRM FROM FULL POWER WITH NOHINOL DECRY HERT

RUH DRTED ICVO-WB
NUMBER PRPGEOO

B . 909E + 00
1 S. DRUM WRTER LEUEL
2 L. ORUMWflXER-LtUEL

? .409E + 00

5.909E + 00

4.409E + 00

2.909E + 00

1.409E + 00

-9.100E-02
60.00 120.00 180.00 240.00 300.00 360.00 420.00 4B0.00 540.00

TIME, SECS
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FIGURE 4-13
POOL REfiCTDR SCRfifl WITH 50 PERCENT MIXING AND PUMP TRIP TO HALF SPEED

RUN DfiTED 04'03'7B
NUMBER DEP6E00

MINIMUM DECAY HEAT
1.200E + 02

1 NUCLEAR RERCT POWER
2 S. P-PMP Nfi MOSS FLO
3 L. P-PMP Nfi MASS FLO
4 S, I-LdP Nfi MOSS FLO
5 S, I-LDP Nfi MOSS FLO000E + 02 L

e .OOOE + Ol

6 .OOOE + Ol

.a 4 5

4 .OOOE + Ol

2 .OOOE + Ol

60.00 120.00 100.00 240.00 300.00 360.00 420.00 400.00 540.00

TIME. SECS
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FIGURE 4-14

POOL REACTOR SCRAM WITH 50 PERCENT MIXING AND PUMP TRIP TO HALF SPEED
RUN DATED 04/'03/?B
NUMBER DEPGEOO

MINIMUM DECAY HEAT1 .Q20E + 02
S. P-IHX NA MOSS FLO 
L. P-IHX NA MOSS FLO 
REACT CORE MOSS FLOW

9.3Q0E + 01

8.400E + 01

7.500E+01

6,600E + 01

5.700E+01

4 .800E + 01

TIME. SECS
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FIGURE 4-15

POOL REACTOR SCRAil WITH 50 PERCENT HIKING AND PUMP TRIP TO HALF SPEED
RUN DATED 04/03/'7B
NUMBER DEPGEOO

MINIMUM DECAY HEAT9.200E+02
AUG CORE OUTLT TEMP 
HOT POOL TEMPERATURE 
CORE INL TEMPERATURE 
REACTOR OUTLET TEMP

8.000E + 02

6.B00E+02

5.600E + 02

60.00 120.00 1B0.00 240.00 300.00 360.00 420.00 4B0.00 540.00

TIME. SECS
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FIGURE 4-16

POOL REOCTQR SCROd WITH 50 PERCENT NIXING AND PUMP TRIP TO HOLE SPEED
RUN DOTED 04/,03/?a
NUUBER DEPGEOO

MINIMUM DECAY HEAT9.000E+02
1 S. P-IHX IN NDZ TEMP
2 L. P-IHX IN NDZ TEHP
3 S. P-IHX EX NDZ TEHP
4 L. P-IHX EX NDZ TEHP
5 S. PRI. PUHP TEHP.
6 L. PRI. PUHP TEHP.

5.400E+02
60.00 120.00 1B0.00 240.00 300.00 360.00 420.00 400.00 540.00

TIMEi SECS
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FIGURE 4-17

POOL REfiCTDR SCRAM WITH SO PERCENT MIXING RND PUMP TRIP TD HALF SPEED
RUN DfiTED 04/03/70
NUMBER DEPGEOO

MINIMUM DECAY HEATB.900E+02
I-IHX IN NDZ TEMP 
I-IHX IN NDZ TEMP 
I-IHX EX NDZ TEMP 
I-IHX EX NDZ TEMP 
INT . PUMP TEMP. 
INT . PUMP TEMP.

B.30GE+02

7.700E-+02 _

6.500E + 02

S .900E + 02

5.300E + 02

60.00 120.00 100.00 240.00 300.00 360.00 420.00 400.00 540.00

TIMEi SECS



TE
nP

ER
R

TU
R

E » 
D

EG

FIGURE 4-18
POOL REACTOR SCRAM WITH 50 PERCENT MIXING AND PUMP TRIP TO HALF SPEED

RUN DATED O4>'O3''?0
NUMBER DEPGEOO

MINIMUM DECAY HEATfl .900E+02
1 S. EURP. NO IN TEMP
2 L. EURP. NR IN TEMP
3 S. EURP. NA EX TEMP
4 L. EURP. NR EX TEMP

B .300E + 02

6.500E + 02

S.900E+02

5 .300E + 02

60.00 120.00 1B0.00 240.00 300.00 360.00 420.00 480.00 540.00

TIME. SECS
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FIGURE 4-19
PDQL REfiCTDR SCRRfl WITH SO PERCENT fllXINS FIND PUMP TRIP TD HALF SPEED

RUN DfiTED 04'03/?B
NUMBER DEPGEOO

MINIMUM DECAY HEAT
1.200E-+ 02

1 S. DRM FW. MASS FLOW
2 L. DRM FW. MASS FLOW
3 S. STEAM MASS FLOW
4 L. STEAM MASS FLOW

1 .000E + 02

B.OOOE+Ol

6.OOOE+Ol

4.OOOE+Ol

2.OOOE+Ol

60.00 120.00 1B0.00 240.00 300.00 360.00 420.00 4B0.00 S40.00

TIME. SECS
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FIGURE 4-20
POOL REACTOR SCRAil WITH SO PERCENT MIXING AND PUMP TRIP TO HALF SPEED

RUN DOTED 04/03/7B
NUMBER DEPGEOO

MINIMUM DECAY HEAT
1.200E + 02

1 S. EU IN WTR MAS FLO
2 L. EU IN WTR MAS FLO
3 TURB IN STM MASS FLO
4 S. WTR DMP MOSS FLOW
5 L . WTR DMP MASS FLOW
6 S. STM DMP MOSS FLOW
7 L. STM OMP MOSS FLOW

1.000E+02

B.OOOE+Ol

4.OOOE+Ol

2.OOOE+Ol

TIME. SECS
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FIGURE 4-21

POOL REOCTQR SCROd WITH SO PERCENT MIXING AND PUMP TRIP TO HALF SPEED
RUN DOTED 04/Q3'?B
NUMBER DEPGEOO

MINIMUM DECAY HEAT1-1B0E + 03
S. DRUM STEOM PRESS . 
L . DRUM STEOM PRESS . 
S. EURP IN WTR PRESS 
t_. EUOP IN WTR PRESS 
S. EUOP EX STM PRESS 
L. EUOP EX STM PRESS 
STEOM HEADER PRESS.

1 .1S0E + 03

1 .120E+03

1> 09GE + Q3

1 .060E + 03

1.030E+03

1.000E+03

TIME. SECS
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FIGURE 4-22

POOL REOCTDR SCRRM WITH SO PERCENT MIXING RND PUMP TRIP TO HALF SPEED
RUN DfiTED 04/-03/7B
NUMBER DEPGEOO

MINIMUM DECAY HEAT
S .S60E + 02

1 S. DRUM STEAM TEMP.
2 L. DRUM STEAM TEMP.
3 S. EUAP. IN WTR TEMP
4 L. EUAP. IN WTR TEMP
5 S. EUAP. EX STM TEMP
6 L . EUAP. EX STM TEMP

5 .S00E-+02

S .440E + 02 _

5.260E + 02

S.200E+02

60.00 120.00 100.00 240.00 300.00 360.00 420.00 400.00 S40.00

TIME. SECS
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FIGURE 4-23

PUOI REACTOR SCRAM WITH SO PERCENT MIMING AND PUMP TRIP TO HALF SPEED
RUN DOTED O^OS/FB
NUMBER DEPGEOO

MINIMUM DECAY HEAT
2.400E-01.

1 S. EUOP. EX STM QUOL
2 L. EUOP. EX STM QUOL

2 .OOOE-Ol

1 .600E-01

1.200E-01

0.000E-02

4.000E-02

60.00 120.00 100.00 240.00 300.00 360.00 420.00 400.00 S40.00

TIME» SECS
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FIGURE 4-24

PDQL REACTOR SCRAO UITH 50 PERCENT HIKING AND PUflP TRIP TO HALF SPEED
RUN DOTED 04^03/70
NUUBER DEPGEOO

MINIMUM DECAY HEATB.911E+00
1 S. DRUM WATER LEUEL
2 L. ORUHJlflW«-t€UEL

7.411E + 00

S.911E+00

4.411E + 00

2.911E + QG

1.411E + 00

-B.900E-02
60.00 120.00 1B0.00 240.00 300.00 360.00 420.00 4B0.00 540.00

HUE i SECS
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FIGURE 4-25

POOL REACTOR UNCONTROLLED ROD INSERTION WITH DELAYED MANUAL SCRAM
RUN DATED lO^OS^FEl
NUMBER PAP6E0S

i.200E+02
1 NUCLEAR REACT POWER
2 S. P-PMP NA MOSS FLD
3 L. P-PMP NA MOSS FLO
4 S. I-LOP NO MASS FLO
5 L. I-LOP NA MOSS FLO1 .000E + 02 I 2 3 4£.

B.OOOE + Ol

6.OOOE+Ol—

4.OOOE+Ol

2.OOOE+Ol

?0.0 140.0 210.0 2B0.0 350.0 420 .0 490.0 560.0 630.0

TIME. SECS
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POOL REACTOR
FIGURE 4-26

UNCONTROLLED ROD INSERTION WITH DELAYED MANUAL SCRAM 
RUN DATED 10^06^?B 
NUMBER PAPGEOS

1 S. P-IHX NO MASS FLO
2 L. P-IHX NA MASS FLO
3 REACT CORE MASS FLOW

7.SOOE+D1

6.600E+01

S.700E+D1

630-0560.0490.0420.0350.0280.0210.0
4.800E+01L

0. 70.0 140.0

TIME. SECS
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FIGURE 4-27

POOL REOCTOR UNCONTROLLED ROD INSERTION WITH OELOVED MflNUOL SCROD
RUN DOTED 10/06/*?a
NUUBER P0P6E0S

9.200E+02
1 RUG CORE DUTLT TEflP
2 HOT PDDL TEnPERRTURE
3 COLD POOL TEDPERTURE
4 CORE INL TENPEROTURE
5 REfiCTDR OUTLET TEMP0.600E + 02

B.OOOE + D2

6.B00E+02

6.200E + 02

5.600E+02

630.0420.0 S60.0490.03S0.0?0.0 2B0.0140.0

TINE. SECS
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FIGURE 4-28

POOL REACTOR UNCONTROLLED ROD INSERTION WITH DELAYED HANUAL SCRAH
RUN DOTED lO/OS^FB
NUhBER PAP6E05

1 S. P-IHX IN NDZ TEHP
2 L. P-IHX IN NDZ TEHP
3 S. P-IHX EX NDZ TEHP
4 L. P-IHX EX NDZ TEHP
5 S. PRI. PUHP TEHP.
6 L. PRI. PUHP TEHP.

7.B00E+02

7.200E+02

6.000E+02

S.400E+02
S60.0490.0420.0350.02B0.0210.0140.070.0

TINE. SECS
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FIGURE 4-29

POOL REACTOR UNCONTROLLED ROD INSERTION WITH DELAYED MANUAL SCRAM
RUN DOTED 10/06^?a
NUMBER PAPGEOS

0.300E *02
I-IHR IN NDZ TEMP 
I-IHX IN NDZ TEMP 
I-IHX EX NDZ TEMP 
I-IHX EX NOZ TEMP 
INT. PUMP TEMP. 
INT. PUMP TEMP.

? .BOOE *-02

?.300E+02

6.BOOE *02

S.BOOE *02

S.300E+02
630.0490.0 560.0420.0210.0 2B0.0 350.070.0 140.0

TIME. SECS



TE
flP

ER
ST

U
R

E » 
D

EG

POOL REOCTOR UNCONTROLLED ROD INSERTION WITH DELPYED NRNUPL SCRRO 
RUN DOTED 1O/06/7B 
NUfIBER PPP6E0S

FIGURE 4-30 :

B.300E+D2
1 S. EUPP. NR IN TEMP
2 L. EURP. NR IN TENP
3 S. EURP. NR EX TEMP
4 L. EURP. NR EX TEMP

7.B00E+02

7.300E+02

6.300E + 02

S.B00E+02

70.0 140.0 210.0 2B0.0 3S0.0 420.0 490.0 560.0 630.0
5.300E+02

0

TIME. SECS
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FIGURE 4-31

POOL REACTOR UNCONTROLLED ROD INSERTION UITH DELAYED MANUAL SCRAM
RUN DATED 1O/'O6^?0
NUMBER PAP6E06

1.200E + 02
DRM FW. MASS FLOW 
DRM FM. MASS FLOW 
STEAM MASS FLOW 
STEAM MASS FLOW

B.OOOE+Ol

6 .OOOE + Oi

4.OOOE+Oi

2.OOOE + Oi

?0.0 210.0 200.0 3S0.0 420.0 490.0 560.0 630.0140.0

TIMEi SECS
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FIGURE 4-32

POOL REACTOR UNCONTROLLED ROD INSERTION UITH DELAYED NANUAL SCRAM
RUN DATED 10/'06y'?B
NUMBER PAP6EOS

S. EU IN UTR MAS FLO 
L. EU IN UTR MAS FLO 
TURB IN STM MOSS FLO 
S. UTR DMP MASS FLOU 
L. UTR DMP MOSS FLOU 
S. STM DMP MOSS FLOU 
L. STM DMP MASS FLOU

i.000E+02

8.OOOE+OI

6.OOOE+OI

4.OOOE+OI

2.OOOE+OI

0. 70.0 140.0 210.0 200.0 3S0.0 420.0 490.0 560.0 630.0

TIME. SECS
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FIQURE 4-33
POOL REPCTDR UNCONTROLLED ROD INSERTION WITH OELRYED NflNUflL SCRPH 

RUN DOTED i0^06/’7B 
NUMBER P0P6E0S

S. DRUM STEPM PRESS. 
L. DRUM STEAM PRESS. 
S. EUOP IN UTR PRESS 
L. EURP IN WTR PRESS 
S. EURP EX STM PRESS 
L. EURP EX STM PRESS 
STEAM HERDER PRESS.

1.120E+G3

630.0490.0 560.0420.0210.0 280.070.0 140.0

TIMEs SECS
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FIGURE 4-34
POOL REACTOR UNCONTROLLED ROD INSERTION WITH DELAYED NANUAL SCRAN 

RUN DATED ID^OS/FB 
NUtIBER PAPGEOS

S .900E+02

S.400E+02
d£=a=

A

1 FEEDWATER TENP.
2 S. ORUN STEAN TENP.
3 L. DRUN STEAN TENP.
4 S. EUAP. IN WTR TENP 
-rx-r-euRp T-tir-trrir--TE np 
'^-S^~EtrHFT-rK^STTTTE NP

? L. EUAP. EX STN TENP

U 4.900E+02

4.400E + 02 - 
L

3.900E + 02 _

3.400E+02_

1 t i i

70.0 140.0 210.0 200.0 3S0.0 420.0 490.0 S60.0 630.0

2.900E+02L

0.

TINE. SECS
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FIGURE 4-35

POOL REPCTDR UNCONTROLLED ROD INSERTION WITH DELAYED MANUAL SCRAN
RUN DATED 10/06^70
NUNBER PAPGEOS

1 S. EUAP. EX STN DUAL
2 L. EUAP. EX STN DUAL

1 .500E-01

1.200E-01

9.000E 02

6 .DOOE-02

3S0.0 S60.0 630.0420.0 490.0210.0 280.0140.0

TINE» SECS
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FIGURE 4-36

POOL REACTOR UNCONTROLLED ROD INSERTION UITH DELAYED MANUAL SCRAM
RUN DOTED lO'CS^B
NUMBER PAPGEOS

DRUM WATER LEUj
2 L^D

S.B90E+00

4.390E+00

1.390E + 001

-i.lOOE-Ol
630.0560.0490.0420.0350.02B0.0210.0140.070.0

TIME. SECS
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FIGURE 4-37

POOL REACT UR PLANT LOADING AT flAXTnUn RATE (UAR TABLE SPEED PUMPS) 
RUN DATED 10/10/?B 
NUMBER TAP6E00

1 .020E K)2
1 NUCLEAR REACT PflUER

P^PTTF'RFTTmS' FLO
P-PMP NO MOSS FLO 
I-LQP NO MASS FLO 
I-LQP NO MASS FLO

T~S7
3 L .

9.SOOE+Ol

Q.0OOE+O1

0.100E» 01

7.4 OOE*01

6.700E*01

6 . OOOE * 01

0. 60.0 120.0 100.0 240.0 300.0 360.0 420.0 400.0 S40.0

flME. SECS



FL
O

W
 . PERC

EN
T

FIGURE 4-38

POOL REACTOR PLONT LOOOIH6 AT 110X1000 ROTE (OORIOBLE SPEED PUOPSI
RUN DOTED lC^-3-'?a
NU08ER TOPGEOO

P-IHX NO OOSS FLO!
f*—ftW—NO DOS a FLO 

3 REACT CORE HASS FLOW

1 S.

9.600E+01

9.OOOE+OI

6.600E+01
S40 .4B0.0420.0360.0300.0240.0180.0120.060.0

TIOE. SECS



FIGURE 4-39

print. REflCTHR PLONT LOOPING OT 00X10110 ROTE (U0RI08LE SPEED POOPS)
RUN DOTED lO/10/?a
NUOOER TOPGEOO

U)

Cn
CO

9.lOOEv02

0.S00E+02

?.900E+02
uj
a

7.3OOE *02 oc 
3 
!—
a
CK
tit
^ 6.7 0 0 E + 0 2
tit
»•••

G.100E*02

5 .SOOt +02 

0 .

1 DUG CORE DUTLT TEMP
2 HPT PPOL TEflPEROTURE
3 COLD POOL TEOPERTURE

JURE
—RTTOCTQR OUTLET TEOP

60.0 120.0 180.0 240.0 300.0 360.0 420.0 400.0 540.0

TIDE. SECS
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FIGURE 4-40
POOL REACTOR PLONT LOOPING OT flOXtOUfl ROTE I OORIOBLE SPEED POOPS) 

RUN DOTED 10^10/70 
NUriBER TOPGEOO

3.100C ►O'i
1 S. P-IHX IN NOZ TEOP
2 L . P-IHX IN NOZ TENP
3 S. P-IHX £X NOZ TEnP
4 L- P- THX—ELX—NQ^-T TENP 
^"STPRIT POOP TENP.
6 L . PRI . PUftP TEftP .

U.EDGE * 02

?.9OOE.02

?.300E * 02

6./nor.oz

G.lOOE.02

0. 60.0 120.0 100.0 240.0 300.0 360.0 420.0 480.0 S4G.0

TIME, SECS



TE
nP

ER
R

TU
R

E » 
D

E6
FIGURE 4-41

POOL REACT HR PLANT l. HAD TNG AT NAM IMUd RATE (UARIABLE SPEED PUAPS)
RUN DATED 1O/10/?B
NUABER TAPGEOO

B .300E + 02
1 S . I-IHX IN NOZ TEMP
2 L . I-IHX IN NOZ TEftP 
3—S-n—I—itrx EX NGZT TEftP
4 L . I-IHX EX NOZ TEftP
5 S. INI. PUftP TEMP.
6 L . INT . PUftP TEftP .

?.B00E+02

?.3QOE *02

6.BOOE *02

G . 300E >02

S .BODE*02

S40.0420.0300.0 360.0100.0 240.0120.060.0

TlftE. SECS
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FIGURE 4-42

POOL REUCTQR PLANT LOADING AT nAXlnUfl ROTE i UARIABLE SPEED PUflPSl
RUN DATED l0^lQ/?8
NUDBER TAPGEOO

D.30DE *02
1 S. EUAP. NO IN TEflP.
2 L . EUAP. NA INJENP .

__U £ UAPt'-NA^ EX' I E DP .
4 L . EUAP. NO EX TEDP.

? .Q00E*02

? .300£^02

6.0GOE*02

6.300E-»02

S .0OOE + O2

5.300E '•0 2

0. 60.0 120.0 100.0 240.0 300.0 360.0 420.0 400.0 S40.0

TIOE, SECS
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FIGURE 4-43

POOL REACTOR PLANT LOADING AT MAXIMUM RATE (UARIABLE SPEED PUMPS)
RUN DATED
NUMBER TAPGEOO

9.900E + 01
S. DRM FU. MOSS FLOW 
L. DRM FW. MOSSiFLOW 
S. STEBtt-NA^TLOW 
■fe-r-StEAM MASS FLOW

9.200E+01

B.SOOE+Oi

?.lOOE+Ol

6.400E + 01

5.700E + 01
420.0300 .0 360.0 480.0 S40 .0240.0120.060.0

TIME» SECS
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FIGURE 4-44

POOl REACTOR PLONT LOADING AT nOXIOUll RATE (UARIABLE SPEED PUOPSI
RUN DOTED 10^10/70
NUOBER TAPGEOO

1 .200E + Q2
1 S. EU IN UTR OAS FLO
2 L. EU IN UTR OAS FLO
3 TURB IN STO OASS FLO
4 S . UTR OOP OOSS FLOU

1 .OGOE >02
6 S. STO OOP OOSiL.FLQU 

STfrUOPOOSS FLOU

Q.OOOE+OI

6.OOOE+OI

4-OOOE+OI

2-OOOE+OI

S40 .04B0.0360 .0 420.0240.0 300.0100.0120.060.0

TINE. SECS
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pout pencniR pluht loaoing nr maximum rate (uariable speed pumps)

RUN UflTEO 10/10/7U 
NUMBER TAPGEOO

FIGURE 4-45

1 .12 0 E ■» 0 3
ess .

2 L. DRUM STEAM PRESS.
3 S. EUAP IN UTR PRESS
4 L. EUOP IN UTR PRESS
5 S. EUOP EX STM PRESS
6 L . EUOP EX STM PRESS 
? STEAM HEADER PRESS.

1.100E+03

1.060E * 03

1 .0 4 0 E + 0 3

1.020E+03

1 .OOOE‘03

4B0.0 S40.0240.0 300 .0 360.0 420 .0100 .060 .0 120 .0

TIME. SECS



FIGURE 4-46
POOL REACTOR PLANT LOADING AT NAXIflUfl RATE (UARIABLE SPEED PUdPS)

RUN DATED
NUNBER TAPGEOO

S.600E+Q2
1 FEEDWATER TENP

£=2=3:
3 L. DRUN STEAN TEOP.
4 S. EUAP. IN WTR TENP

—EUAP___ IN UTR TENP
6 S. EUAP. EX STN TENP
? L. EUAP. EX STN TENP

S .300E + 02

S.0D0E+02

4 . ?OOE +02

4.400E+02

4.100E+02

3-U00E+02

180.0 240 .0 4B0.0 S40.060.0 120.0 300.0 420.0360.0

TINE.•SECS
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FIGURE 4-47 •
POOL REACTOR PLANT LOADING OT MAXIflUd RATE {UARIABLE SPEED PUAPS) 

RUN DATED 10/1B/7Q 
NUtIBER TAPGEOO

1 .QOOE-OL
1 S. EUAP. EX STA DUAL
2 L . EUAP. EX STA DUAL

1 .SOOE-Ol

1.200E-01

9.000E-02

G.OOOE-02

3.OOOE-02

480 0 540.0420.0360 .0180 .0 240.0 300.0120.060.0

TIAE. SEOS
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FIGURE 4-48

POOL REACTOR PLONT LOADING AT flOXIflUN RATE (UARIABLE SPEED PUtlPSi
RUN DOTED ID'IB^B
NUfIBER TAPGEOO

4 . 2O0E + OO.
1 S. DRUN WATER LEUEL
2 L. ORUN WATER LEUEL

3 . SOOE + OOl

2 .DOOE + OOi

2.lOOE+OO

1.4 OOE + OO

?.OOOE-Ol

0. 60.0 120.0 IDO.O 240.0 300.0 360.0 420.0 400.0 640.0

TINE, SECS
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FIGURE 4-49
POOL REACTOR PLANT LOADING AT MAXIflim RATE (CONSTANT SPEED PUMPS)

RUN DATED lO^13/?0
NUMBER XEP6E00

1 .020E + 02
1 NUCLEAR REACT PDUER

F^TTTPnTfrTTHS'S FLO 
P-PMP NA MASS FLO 
I-LOP NA MASS FLO 
I-LQP NA MASS FLO9.SOOE+Ol

Q.BOOE+ 01

B.10QE+01

?.400E+Q1

6.700E+01

6.OOOE+OI

420.0 S40.01B0.0 240.0 300.0 360.060.0

TIME. SECS
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FIGURE 4-50

POOL REACTOR PLANT L0A0IN6 AT ttAXItlUn RATE (CONSTANT SPEED PUMPS) 
RUN DATED lO'lS'FQ 
NUMBER XEP6E00

1.002E+02

1.002E+02

1.002E+02

1.001E+02

1.Q01E+02

1.QOOE+02

1.000E+021

1 S. P-IHX NO MOSS FLD
2 L. P-IHX NO MOSS FLO
3 REACT CORE MOSS FLOU

_2—.3 J  ___1_____ L J_____ l_____ 1_____ L
0. 60.0 120.0 100.0 240.0 300.0 360.0 420.0 400.0 640.0

TIME. SECS
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FIGURE 4-51

POOL REftCTOR PLANT LOADING AT flAXUlUtl RATE (CONSTANT SPEED PUOPS) 
RUN DATED 10^13/78 
NUMBER XEPGEOO

9.300E+02
1 AUG CORE DUTLT TEMP
2 HOT POOL TEMPERATURE
3 COLO POOL TEMPERTURE
4 CORE INL TEMPERATURE
5 REACTOR QUTLETJtEMP0.700E+Q2

7.S00E+02

6.900E+02

6.300E + 02

5.700E+02

1B0.0 400.0 640.060.0 120.0 240.0 300.0 360.0 420.0

TIME* SECS
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FIGURE 4-52

POOL REftCTOR PLONT LOADING AT 00X1000 ROTE (CONSTANT SPEED PUOPSi
RUN DATED IQ/ia^B
NUOBER XEPGEOO

B•700E+02
F^TFRTIN N02 TEOP 
P-IHX IN NOZ TEOP 
P-IHX EX NOZ TEOP 
P-IHX EX NOZ TEOP 
PRI. PUOP TEOP. 
PRI. PUOP TEOP.

B.200E+02

6.70QE+02

6.20QE + 02

5.700E+02

420.0 4B0.0 S40.0120.0 240.0 300.0 360.060.0

TIOE* SECS
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FIGURE 4-53 '

POllL RERCTDR PLONT LORDING OT MOXinUrt ROTE (CONSTONT SPEED PUMPS)
RUN DATED
NUMBER XEPGEOO

B .400E + 02
1 S. I-IHX IN ND2 TEMP
2 L. I-IHX IN NOZ TEMP
3 S TEMP
TTTT-IHX EX ND2 TEMP
5 S. INT. PUMP TEMP.
6 L. INT. PUMP TEMP.

7.900E+02

6.90QE + Q2

6.400E + 02

S .900E+02

S.40QE+02

4B0.0420.0 S40.0240.0 300.0 360.060.0 120.0

TIME. SECS



TE
flP

ER
R

TU
R

E > 
D

EE

POOL REftCTOR PLONT LOOPING ftf JlflXIIIUtt ROTE CCONSTftNT SPEED PUMPS) 
RUN DOTED 1Q''13'?B 
NUMBER XEPGEOO

FIGURE 4-54 1 1

B.400E+02
S. EURP. NO IN TEMP 
L. EUOP. NO IN TEMP 
S. EUOP. NO EX-JEMP
rretJopT no ex temp

7.400E+02

L Z

6.400E + 02

S .900E+02

6.400E+02
540.0420.0 4B0.0240.0 300.0 360.060.0 120.0

TIME# SECS
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FIGURE 4-55

POOL REACTOR PLANT LOADING AT flAXinUfl RATE (CONSTANT SPEED PUMPS)
RUN DATED 10^13/?a
NUMBER XEPGEOO

9. BODE*01
1 S. O&tL-CTPf-tttTSa FLOP 
•r-rTORM FU. MASS FLOW
3 S. STEAM MASS FLOW
4 L. STEAM MASS FLOW

9.100E + 01

B.400E+01

? . 700E+01

6.300E + 01

S .600E + 01

420.0 S40.0240.0 300.0 360.0 4B0.0120.0

TIME. SECS
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FIGURE 4-56
POOL REACTOR PLANT LOADING AT flAKIttUfl RATE (CONSTANT SPEED PUMPS)

RUN DATED 10^13^?a
NUMBER XEPGEOO

1.200E+02
1 S. EU IN UTR MAS FLO
2 L. £U IN WTR MAS FLO
3 TUR8 IN STM MASS FLO
4 S. WTR DMP MASS FLOW 
-S—4^—WTR DMP MQSS1 FLOW 
£_^_STW4--&MP-MftOS- FLOW 
? L. STM DMP MASS FLOW

O.OOOE+Ol

6.GOQE+Ol

4 .OOOE + Ol

2.000E+01

S40.0420.0360.0240.0 300.0120.060.0

TIME. SECS
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FIGURE 4-57
POOL REfJCTOR PLANT LDflOIN6 AT MAXIMUM RATE (CONSTANT SPEED PUMPS)

RUN DATED i0^13^?a
NUMBER XEPGEOO

1.120E + 03
G-.—PKUn~STEfirT PRESS. 
L. DRUM STEAM PRESS. 
S. EUAP IN WTR PRESS 
L. EUAP IN WTR PRESS 
S. EUAP EX STM PRESS 
L. EUAP EX STM PRESS 
STEAM HEADER PRESS.

1.100E+G3

1 .0B0E + 03

1.060E + 03

1.04QE^03

1 .020E + 03

1.000E^D3

400.0120.0 100.0 240.0 420.0 640 .060 .0 300.0 360.0

TIME* SECS
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FIGURE 4-58
POOL RERCTDR PLANT LOADING AT OAKirtUtl ROTE (CONSTANT SPEED PUMPS)

RUN DATED 10/l3^?Q
NUMBER XEPGEOO

S.600E+02
1 FEEDUATER TEMP

3 L. DRUM STEAM TEMP.
4 S. EUAP. IN MTR TEMP
.£—i . EUBR->-..TH.-U1R - TEMP
6 S. EUAP. EX STM TEMP 
? L. EUAP. EX STM TEMP

5.300E+G2

S.000E+02

4.?00E+02

4.400E+02

4.100E+02

3.BOOE+D2

240.0 300.0 420.0 640.060.0 360.0 4B0.0120.0 100 .0

TINE, SECS
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POOL REOCTOR PLANT LOADING DT nflXItlliri ROTE tCONSTANT SPEED PUflPSI 
RUN DATED 10^13^?B 
NUMBER XEPGEOO

FIGURE 4-59

1.B00E-01
1 S. EUAP. EX STfl DUAL
2 L. EUAP. EX STM QUAL

1,S00£~01 _

1.200E-01

9.Q00E-02

6.000E-D2

3.000E-02

640 .0480.0420.0360.0240.0 300.0100.0

TIME. SECS
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FIGURE 4-60

POOL REACTOR PLANT LOADING AT MAXIMUM RATE (CONSTANT SPEED PUMPS)
RUN DATED 10/13/78
NUMBER XEPGEOO

4.200E + 00
1 S. DRUM MATER LEUEL
2 L. DRUM MATER LEUEL

2.B00E+00

2.100E + 00

1.4G0E + 00

7.000E-01

0. 60.0 120.0 180.0 240.0 300.0 360.0 420.0 480.0 540.0

TIME. SECS
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FIGURE 4-61
POOL RERCTDR ISOLATION ANO BLOWDOWN OF ONE STERN GENERATOR 

RUN DATED lO'O4/70 
NUNBER SUPGEOl

1,200E + 02

1 .000E + 02L

0 .OOOE + Ol

6-OOOE+Ol

4-OOOE+Ol

2 -OOOE + Ol

r<L£u

1 NUCLEAR REACT POWER
2 S. P ~PNP NR NASS FLO
3 L. P - PNP NA HASS FLO
4 S. I -LOP NR NASS FLO
5 L. I -LOP NA NASS FLO

A—1

0.0 60.0 120 .0 iaO-0 240.0 300.0 360.0 420.0 480.0 540.0

TINE. SECS
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FIGURE 4-62

POOL REfiCTOR ISOLATION AND 8L0ND0UN OF ONE STEAD uENERATOK
RUN DATED ICVO-WO
NUNBER SUPGEOl

1.060E + 02
1 S. p-IHX NA NASS FLO
2 L . P-IHX NA NASS FLO
3 REACT CORE NASS FLON

9 .SOOE + Ol

0.400E + 01

7.300E + 01

6.200E + 01

5 .lOOE + Ol

4 .OOOE + Ol

400 .0 540 .0360.0 420.060.0 120.0 100.0 240.0 300.0

TINE. SECS
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FIGURE 4-63
POOL RERCTDR ISOLATION RND BLOWDOWN OF ONE STEAM GENERATOR

RUN DATED 10^04/'?B
NUMBER SUPGEOl

9.300E + 02
1 S. REACT UES IN TEMP
2 L . REACT UES IN TEMP
3 AUG CORE OUTLT TEMP
4 HOT POOL TEMPERATURE
5 CORE INL TEMPERATURE
6 REACTOR OUTLET TEMP

8.100E+02

? .500E + 02

6 .900E + 02

6.300E+02

5.700E + 02
540.0420 .0300.0 360 .0240 .0100.0120.060.0

TIME. SECS
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FIGURE 4-64

POOL RERCTDR ISOLOTION RNO BLOU0OUN OF ONE STEfltt GENERRTDR
RUN DATED 10^04/?B
NUMBER SUPGEOl

B.900E+02
P-IHX IN NDZ TEMP 
P-IHX IN NDZ TEMP 
P-IHX EX NDZ TEMP 
P-IHX EX NDZ TEMP 
PRI. PUMP TEMP. 
PRI. PUMP TEMP.

B .3Q0E + 02

7.100E+02

6.500E+02

5.90DE+02

5.300E+02

540.0420 .0 4B0.0300.0 360.0240.01B0.060.0 120.0

TIME. SECS
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FIGURE 6-65
POOL REfiCTOR ISOLOTION OND BLOWDOWN OF ONE STEfifl 6ENER0T0R 

RUN DATED ‘ 10/04/70 
NUtlBER SUPGEOl

0.700E + 02
I-IHX IN NDZ TEMP 
I-IHX IN NOZ TEflP 
I-IHX EX NOZ TEflP 
I-IHX EX NDZ TEflP 
INT . PUMP TEMP. 
INT . PUMP TEMP.

B.100E+02

7.500E + 02

6 -900E + 02

6 .300E + 02

5.700E + 02

5.100E + 02

400.0 540.0240.0 360 .0100.0 300.060.0

TIME. SECS
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FIGURE 4-66
POOL RERCTDR ISOLATION RNO BLOWDOWN OF ONE STERN GENERATOR

RUN DRTED 10/'04/?B
NUNBER SUPGEOl

B-.700E + 02
1 S. EURP. NR IN TENP
2 L. EURP. NR IN TENP
3 S. EURP. NR EX TENP
4 L. EURP. NR EX TENP

8.100E + 02

? .500E + 02

6.900E + 02

6.300E + 02

5.700E + 02

5.1Q0E+02

S40.0360.0 420.0 4B0.0240.0 300.0100.0120.060.0

TINE. SECS
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FIGURE 4-67
POOL REACTOR ISOLATION ANO BLOWDOWN OF ONE STERN GENERATOR

RUN DATED 10^04^70
NUNBER SUPGEOl

1 .200E + 02
S. DRN FW. NASS FLOW 
L. DRN FW. NASS FLOW 
S. STERN NASS FLOW 
L. STERN NASS FLOW

0.OOOE+Ol

6.OOOE+Ol

4.OOOE+Ol

2 .OOOE + Ol

540.0360.0 420.0 400 0240 .0 300.0100.0120.060.0

TINE. SECS
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FIGURE 4-68
POOL REACTOR ISOLATION OND BLOUOOUN OF ONE STEAM GENERATOR

RUN DOTED 10/04/70
NUMBER SUPGEOl

1 .950E + 02
S. EU IN WTR MAS FED 
L . EU IN WTR MAS FLO 
TURB IN STM MASS FLO 
S. WTR DMP MOSS FLOW 
L. WTR DMP MASS FLOW 
S. STM DMP MOSS FLOW 
L . STM DMP MOSS FLOW

1.150E+02

?.500E+01

3.S00E+01

-5.OOOE+OO

-4.S00E+01

400.0 540.0360.0240.0 300.0 420.0120.060 .0 100.0

TIME. SECS
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POOL REfiCTOR TSOLfiTIOH fiNO BLOUDOON OF ONE STEfifl GENE ROT DR 
RUN DOTED lO/O'WB 
NUMBER SUPGEOl

FIGURE 4-69

1.214E + 03
1 S . DRUM STEAM PRESS.
2 L . DRUM STEfiM PRESS .
3 S . EURP IN UTR PRESS
4 L . EUfiP IN WTR PRESS

....S S r JEUPP JEX STM PRESS
"TniT^t/f5F^r>r^TTrp R E S S

7 STERM HERDER PRESS.

1.014 E + 0 3

8.140E ■* 02

6.140E + 02

4 .140E + 02

2.140E + 02

1 . 4 OOE + 01

540.0400.0360 ;o 420.0300 .0240.0120 .060 .0

TIME. SECS
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FIGURE 4-70

POOL REOCTOR ISOLOTION PND BLDUDOUN OF ONE STERN 6ENER0T0R
RUN DOTED 10/04/7B
NUNBER SUPGEOl

FEEDURTER TENP.
S. 0RUN STEON TENP.
L . DRUN STERN TENP.
S. EURP. IN WTR TENP 
L . EURP . IN WTR TENP 
S. EURP. EX STN TENP 
L. EURP. EX STN TENP

7.600E + 02

6.500E + 02

5-400E+02

4.300E+02

2.100E+02
S40 .0420.0 480.0360.0240.0 300.0180 .0120.060.0

TINE. SECS
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FIGURE 4-71

POOL RERCTDR ISOLATION RNO BLDUDOUN OF ONE STERN GENERATOR
RUN ORTED 10/'04/7B
NUNBER SUPGEOl

1 .020E + 00,__
1 S . EURP . EX STN-j QUAL 
2"LT'EUAP. EX STN QUAL

0 .SOOE-Ol

6.0 0 0 E - 01

S . 1OOE-01

3.400E-01

S40.0300 .0 420.0 400 .0100.0 240 .0 360 .060.0

TINE * SECS
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FIGURE 4-72
POOL RERCTDR ISOLATION RND BLDUDOUN OF ONE STEAD GENERATOR

RUN DATED 10/04/?B
NUMBER SUPGEOl

S .OOOE+Ol
1 S. DRUM UflTER LEUEL
2 L . DRUM URTER LEUEL

2 .OOOE + Ol_

-1 .OOOE+Ol

-4 .OOOE + Ol

-? .OOOE + Ol

-1 .OOOE+02

-1.300E+02

420.0 4B0 .0 540 .0300.0 360.0120.0 1B0.0 240.060 .0

TIME. SECS
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FIGURE 4-73

PDOL RERCTDR ISOLATION RND BLDUDOUN OF ONE STERN GENERATOR
RUN DRTED 11/20/70
NUNBER SUP6E00

WITH AFFECTED IHTS PUMP TRIP1.200E + 02
NUCLERR RERCT POWER 
S . P-PNP NR NRSS FLD 
L . P-PNP NR NRSS FLD 
S. I-LOP NR NRSS FLD 
L. I-LDP NR NRSS FLD1 . ODOE + 02 I__

0 . OOOE + Ol

6.OOOE+Ol

4.OOOE+Ol

2.OOOE+Ol

900.0700.0 BOO .0600.0400.0 SOO .0200.0 300.0100.0

TINE > SECS
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FIGURE 4-74
POOL RERCTDR I SDL R T I DM mil? II. : 'tDR ’ ? E h L L i; ■ i1 •

RUN DRIED 11 - ?t'- i'D 
NUDDEr SUD'.EiH'

WITH AFFECTED IHTS PUMP TRIP
S . r~]H,v DR D.I- . f I . 
L. P-IHX NR NRSS FIR 
RERFI CORE NRSS FLDU

9.200E*01

B . 200E + 01

? . ? 0 0 E + 01

G . 2001 »tv]

0.0 100.0 ?ui; .0 jii .1' 4im‘ . r SDR .O mo .N (DU.R BON .0 900.0

TINE. SECS
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POOL RERCTDR I SOLD TI DR RND PLOUDDUM DC ONE. STERN bEMERRTDR 
RUN DRTED 11/2(WB 
NUNBEF' SUPbEOD

FIGURE 4-75

WITH AFFECTED IHTS PUMP TRIP
S. RERCT UES IN TENl 
L. RERCT UES IN H Ni 
RUS CORE DUTLT TENP 
HOT POOL TERPEPMTNPt 
CORE INL TENPEFRTNPE 
RERCTDR OUTLET T EI Ip

0.6U0E M'J?

8 .OOQE + D2

7.4 00E •+ 0 2

.RODE+02

2D0.0 COO .0300.0 500.0100.0 400.0

HUE. SEC



TE
M

PE
R

P
TU

R
E

 , D
E6

FIGURE 4-76
PDOL RERCTDR ISOLATION OND BLOWDOWN OF ONE STERN GENERATOR

RUN ORTED 11/20/78
NUNBER SUPGEOO

WITH AFFECTED IHTS PUMP TRIP
P-IHX IN NDZ TENP 
P-IHX IN NOZ TENP 
P-IHX EX NOZ TENP 
P-IHX EX NOZ TENP 
PRI. PUNP TENP . , 
PRI. PUNP TENP.

0.3DOE + D2__'

7.700E + 02_

7.100E + 02

6 .SOOE + D2

S .9D0E + 02

5.300E + 02

700.0 BOO .0 900.0200.0 300.0 400.0 SOO.O 600.0100.0

TINE. SECS
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FIGURE 4-77
POOL RERCTDR ISDLRTIDN PHD BLDUDOUN DF ONE STERN GENERRTDR

RUN DRTED 11/20/7B
NUMBER SUPGEOO

WITH AFFECTED IHTS PUMP TRIPB.600E+02
I-IHX IN NDZ TEMP 
I-IHX IN NDZ TEMP 
I-IHX EX NDZ TEMP 
I-IHX EX NDZ TEMP 
INT. PUMP TEMP, 
INT. PUMP TEMP.

B.000E+02

7„400E+02

6.800E+02

6.200E+02

5.600E+02

S.000E+02L

700.0 BOO .0 900.0600.0SOO.O400.0100.0 200.0

TIME. SECS
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FIGURE 4-78
POOL RERCTDR ISOLATION AND BLOWDOWN OF ONE STEAM GENERATOR

RUN DATED ll^O/Fa
NUMBER SUPGEOO

WITH AFFECTED IHTS PUMP TRIPB.600E+D2
NA IN TEMP. 
NA IN TEMP. 
NA EX TEMP. 
NA EX TEMP.

1 S. EUAP
2 L. EUAP
3 S. EUAP
4 L. EUAP

B.ODOE + 02

7.400E + 02

6 .B00E + 02

6.2DDE+02

- . 1

5.600E + D2

5.00DE + 02

900.0BOO.O700.0600.0400.0 SOO.O300.0200.0100.0

TIME. SECS
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FIGURE 4-79
POOL RERCTDR ISOLATION PND BLOUOOUN DF ONE STERN GENERATOR

RUN DRIED 11/20^?B
NUNBER SUPGEOO

WITH AFFECTED IHTS PUMP TRIP
1.200E + 02

DRN FU. NRSS FLOU 
DRN FU. NRSS FLOU 
STERN NRSS FLOU 
STERN NRSS FLOU

1 .OOOE + 02

B .OOOE + Ol

6 .OOOE+Ol

4 .OOOE + Ol

2 .OOOE + Ol

000.0 900.0400.0 600.0 700.0SOO.O300 .0100.0 200 .0

TINEj SECS
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FIGURE 4-80
POOL RERCTOR ISDLRTIDN AND BLDUDDUH OF ONE STERR GENERRTDR

RUN DRIED
NURBER SUPGEOO

WITH AFFECTED IHTS PUMP TRIP
1.9S0E+02

S. EU IN HIR RRS FLO 
L . EU IN UTR RRS FLO 
TURB IN SIR RRSS FLD 
S. UTR DRP RRSS FLOP 
L. UTR DRP RRSS FLOP 
S. SIR DRP RRSS FLOP 
L. SIR DRP RRSS FLOP

1 .S50E + 02

1.150E + 02

? .SOOE + Ol

3.500E + 01

S .OOOE + OO

-4 .SOOE + Ol

BOO .0 900 .0100.0 200.0 300.0 400.0 500.0 600.0

TIRE. SECS
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FIGURE 4-81
POOL REACTOR ISOLATION ANO BLOWOOUN OF ONE STEAL! 6EHEPATOL

RUN DATED 11/20/70
NUMBER SUPGEOO

WITH AFFECTED IHTS PUMP TRIP
1.214E + 03

1 S . DRUM STEAM PRESS.
2 L . DRUM STEAM PRESS.
3 S. EUAP IN UTR PRESS
4 L . EUAP IN UTR PRESS
5 EUAP “EX^STM PRESS

7 STEAM HEADER PRESS .

8.140E + 02

4.140E »02

2.140E+02

1.4 0 0 E 4 01

900.0000.0600.0 700.0400 .0 500.0200.0100.0 300 0

TIME. SECS
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FIGURE 4-82
POOL RERCTOR ISDLRTIOH RND BLOUDDUH OF ONE STERM 6ENERRTOR 

RUN DRIED 11/20/78 
NUMBER SUPGEOO

WITH AFFECTED IHTS PUMP TRIPB .700E + 02
FEEDWRTER TEMP.
S . DRUM STERM. TEMP.
L . DRUM STERM TEMP .
S . EURP . IN UTR TEMP 
L . EURP . IN UTR TEMP 
S. EURP . EX STM TEMP 
L. EURP. EX STM TEMP

7 .600E + 02

6 .S00E + 02

5.400E + 02

4.300E + 02

3.200E + 02

2.100E + 02

900.0BOO .0400.0 GOO .0 700.0200.0 500.0300.0100.0

TIME. SECS
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FIGURE 4-83
POOL RERCTOR ISDLRTIOH PND BLOUDDUH DF OHE STEPH 6EHERRT0R

RUN DRIED 11/20^78
NUMBER SUPGEOO

WITH AFFECTED IHTS PUMP TRIP
1.020E + 00

1 S . EURP. EX STH OURL. 
2' L EURP T EX STM OURl

8.500E-01

6 .0OOE-O1

S „ 100E-01

3.400E-01

1.700E-01

900.0BOO .0700.0600.0500.0300.0 400.0200.0100.0

TIME > SECS
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pool plil' 'iik i m 11t 11'ii coo bl[!iimitifi of nofc u n-oi! uhotportH 
RUN DOTED ll/20/?8 
NUfIBER SUPGEOO

FIGURE 4-84

S .OOOE + Ol.________________________________________________________ WITH AFFECTED IHTS PUMP TRIP
1 5.
2 L .

DRUM
DRUO

Op7 fc p 
OPTEP

t LUEt 
l 1 "t 1

2 . OOOE + 01 —
2

12<

-1 . tM’Ut Ml !

<
X
M

ro
CO

*-4 . OOOE + 01

■103 Ui
3
™-7 •000E + 01 —

-1 . OOOE + 0 ?

________________ 1
-1 .oPuE+O'* _________ 1_________ 1_________ 1_________ __________1_________ 1_________ 1 ......... 1

0 0 100.0 200.0 300.0 400.0 500.0 600.0 ?00 .0 Bl'O 0 J i ■ ■

TIDE. SECS
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FIGURE 4-85
POOL RERCTOR LOSS OF FEEOUATER TO ONE STERM GENERATOR

RUN DOTED .1<VG6^?B
NUMBER P0PGE03

NUCLEAR REACT POWER 
S. P-PMP NO MOSS FLO
L. P-PMP NO MOSS FLO
S. I-LOP Nfl MOSS FLO
L. I-LOP NA MOSS FLO

4.OOOE+Ol

2.OOOE+Ol

BIO .0630 .0 720.0540,0450.0270.0 360.0iao .o90.0

TIME. SECS
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FIGURE 4-86
POOL REACTOR LOSS OF FEEDWATER TO ONE STEAM GENERATOR

RUN DATED ±0'06/?B
NUMBER PAP6E03

1.040E + 02
1 S. P-IHX NA MASS FLO
2 L. P-IHX NA MASS FLO
3 REACT CORE MASS FLOW

9.400E>01

7 .400E + 01

6.400E+01

90.0 1B0.0 270.0 360.0 4S0.0 S40.0 630.0 720.0 810.0

4.400E + 01

0

TIME. SECS
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FIGURE 4-87
PQOL REOCTQR LOSS DF FEEDURTER TQ ONE STERN GENERATOR

RUN DATED 10/-06/7B
NUN8ER PRPGE03

1 RUG CORE OUTLT TENP
2 HOT POOL TEMPERATURE
3 COLO POOL TENPERTURE
4 CORE INL TEMPERATURE
5 RERCTOR OUTLET TENP

7 .900E + 02

BiO.Q720.0S30.0540.0360.0270 .0ISO .090.0

TINE. SECS.
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FIGURE 4-88
POOL REfiCTDR LOSS DF FEEDUOTER TO ONE STEAD GENERATOR

RUN DATED 10/06/7B
NUfIBER PAP6ED3

9Q0E+02
1 S. P-IHX IN N02 TENP
2 L. P-IHX IN NQZ TENP
3 S. P-IHX EX NQZ TENP
4 L. P-IHX EX NOZ TENP
5 S. PRI. PUNP TEMP.
6 L. PRI. PUNP TENP.

0.300E+02

? .700E + 02

7.100E + 02

6.500E + 02

S .900E + 02

5.300E + 02

360.0100.0 270.0 540.090.0 450.0 630.0 720.0 B10.0

TINE, SECS



TE
M

PE
R

A
TU

R
E » 

D
EG

FIGURE 4-89

PQDL REACTOR LOSS OF FEEDUOTER TO ONE STEfifl GENERATOR
RUN DOTED JL0/06'?B
NUMBER P0PGE03

Q .BOOE + D2
I-IHX IN NOZ TEMP 
I-IHX IN NOZ TEMP 
I-IHX EX NOZ TEMP 
I-IHX EX NOZ TEMP 
INT . PUMP TEMP. 
INT . PUMP TEMP.

0.20GE + 02

?.600E+02

? .000E + 02

6.400E+02

S .B00E + 02

S.200E+02
720.0 BIO .0630.04S0 .0270.0 360.0100.090.0

TIME. SECS
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FIGURE 4-90
POOL REfiCTDR LOSS OF FEEDWATER TO ONE STEfifl GENEROTOR

RUN DATED 10/06/78
NUfIBER P0PGE03

B.B00E+02
EUAP. Nfl IN TENP 
EUAP. Nfl IN TENP 
EUOP. Nfl EX TENP 
EUAP. Nfl EX TENP

8.200E+02

7.600E+02

7.000E+02

6.400E + 02

S .200E+02

720.0 BIO .0S40.0 630.0450.0100.0 270.0 360.090.0

TINE > SECS
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FIGURE 4-91

POOL REfiCTDR LOSS DF FEEDUOTER TO ONE STEfifl GENERfiTDR
RUN DOTED 10/'06^?e
NUfIBER P0PGE03

1.200E+02
S. DRfl FU. MASS FLDU 
L . DRfl FU. DOSS FLDU 
S. STEfifl flfiSS FLDU 
L. STEfifl MOSS FLDU

1 .D00E + 02

B .OOOE + Ol

6 .OOOE + Ol

4 .OOOE + Ol

2 .OOOE + Ol

S40.0 630.0 720.0 BIO .01B0.0 360.0270.090.0

TIME. SECS
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FIGURE 4-92

POOL REfiCTDR LOSS DF FEEDUOTER TD ONE STEfifl GENERfiTDR
RUN DATED 10/06/7B
NUDBER PfiPGE03

1.200E+02
1 S. EU IN UTR NfiS FLD
2 L. EU IN UTR MAS FLD
3 TURB IN STfi NOSS FLO
4 S. UTR DflP flfiSS FLDU
5 L. UTR DNP NfiSS FLDU
6 S. STM DflP NfiSS FLDU
7 L. STN DNP NfiSS FLDU

1.D00E+02

' B.OOOE+Ol

6 .OOOE + Ol

4 .OOOE + Ol

2 .OOOE + Ol

720.0 BIO .0540.0 630 .0450.0360.0270.01B0.090.0

TINE. SECS
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FIGURE 4-93

POOL REOCTDR LOSS DF FEEDUHTER ID ONE STEfifl GENEROTOR
RUN DATED 10/06-?B
NUfIBER PRPGE03

1.170E + 03
S. DRUM STEAM PRESS. 
L. DRUM STEAM PRESS. 
S. EUAP IN UTR PRESS 
L. EUAP IN UTR PRESS 
S. EUAP EX STM PRESS 
L. EUAP EX STM PRESS 
STEAM HEADER PRESS.

1.140E+03

1.110E + 03

1.020E+03

9.900E+02

S40.0450.0 720.0 010.0630.0360 .0270.090 0 100.0

TIME s SECS
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FIGURE 4-94

POOL REOCTDR LOSS OF FEEDUOTER TO ONE STEAM GENEROTOR
RUN DOTED 10/'06/?B
NUMBER P0P6E03

5.900E+02
1 FEEDUOTER TEMP.
2 S. DRUM STEOM TEMP.
3 L. DRUM STEOM TEMP.
4 S . EUOP. IN UTR TEMP

5.400E + 02 ,snrrTtmrr‘TiTnyTTr"TETTp
«-'sr"EWTPrTjr~5Tflrrefif»
7 L. EUOP. EX STM TEMP

4 .900E + 02

4 .400E>02

3 .900E + 02_

3.400E + 02

2.900E+02

90.0 1B0.0 270.0 360.0 450.0 540.0 630.0 720.0 BiO.O

TIME. SECS
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FIGURE 4-95
POOL REACTOR LOSS OF FEEDUOTER TO ONE STEttfl GENERATOR 

RUN DOTED lO^O6/?0 
NUDBER PAPGE03

3.600E-01
1 S. EUOP. EX STM QUAL
2 L . EUOP. EX STN QUOL

3.OOOE-Ol

2.400E-01

1.BOOE-Ol

1.200E-01

6.OOOE"02

720.0 BIO.OS40 .0 630.04S0.0360 .0270.090,0

TINE. SECS
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FIGURE 4-96
POOL REACTOR LOSS OF FEEDWATER TO ONE STEAM GENERATOR

RUN DATED 10/06/70
NUMBER PAPGE03

6 .OOOE + Ol
1 S. DRUM WATER LEUEL
2 L. DRUM WATER LEUEL

3 .OOOE + Ol

-3 .OOOE+Ol

-6 .OOOE + Ol

-9.OOOE + Ol

-1.200E+02

630 .0 010.0S40.0 720.0360.0 4S0.0270.090.0 100.0

TIME. SECS



FIGURE 4-97
RERCTOR LOSS OF OFF-SITE POUER WITH niNinUfl OECRY HERT

RUN DRIED 11/-03/7B
NUMBER PRP6E04

i , 200E+0Z
1 NUCLEAR RERCT POWER
2 S . p-POP NR MASS FLO
3 L . P-PilP NR MRSS FLO
4 S . I-LOP NR MRSS FLO
5 L . I-LOP Nfl MRSS FLD1 .0 0 0 E + 0 2

8 „ 0 O 0 E + 01

6 .OOOE + Ol

4 .OOOE + Ol

2 -OOOE + Ol

600.0 BOO.0 1000.0 1200.0 1400.0 1600.0 1B0D.0200.0

TIMEi SECS
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FIGURE 4-98

REACTOR LOSS OF OFF-SITE POWER WITH MINIflUn DECAY HEAT
RUN DATED 11^03/?B
NUDBER PAPGE04

1-200E^02
1 S. P-IHX NO DOSS FLO
2 L . P-IHX NO DOSS FLO
3 RERCT CORE DOSS FLOW

1 .0Q0E + 02 L_

0.OOOE+Ol

6.OOOE+Ol

4.OOOE+Ol

2-OOOE+Ol

200-0 400.0 600.0 BOO .0 1000.0 1200.0 1400.0 1600.0 1B00.0

TIDE> SECS
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FIGURE 4-99

REPCTOR LOSS OF OFF-SITE POUER WITH illNIilUn DECAY HERT
RUN DOTED 1I^03^?B
NUfIBER PRP6E04

9.300E* 02 1 0U& CORE DUTLT TEHP
2 HOT pDOL TEflPERRTURE
3 COLD PDOL TEfIPERTURE
4 CORE INL TEflPERRTURE
5 RERC FDR OUTLET TEflPD.700E‘02

B.100E+02

? . SOOE ‘ 02

6.900E‘02

G.300E + 02

200-0 4000 600.0 BOO.0 1000-0 1200.0 1400.0 1600.0 1000.0

TIDEi SECS
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FIGURE 4-100

REOCTDR LOSS DF OFF-SITE POWER WITH rtlNIilUfl DECOY HERT
RUN DOTED 11^03/?B
NUliBER PRP6E04

B .B0QE + 02
P-IHX IN NOZ TEMP 
p-IHX IN NOZ TEMP 
P-IHX EX NOZ TEMP 
P-IHX EX NOZ TEMP 
PRI. PUMP TEMP. 
PRI. PUMP TEMP.

1 S.
2 L .
3 S.
4 L .
S S.B . 200E + 02
G L .

7.600E + 02

7 . OOOE + 02

6.400E + 02

S .B00E + 02

S .200E + 02

200.0 400.0 600.0 000.0 1000.0 1200.0 1400.0 1600.0 1B00.0

TIME, SECS
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FIGURE 4-101

RERCTOR LOSS OF OFF-SITE POUER UITH MINinUfl DECRY HERT
RUN DRTED 11/03/70
NUliBER PRPGE04

0-B00E+02
I-IHX IN NOZ TENP 
I-IHX IN NOZ TENP 
I-IHX EX NOZ TENP 
I-IHX EX NOZ TENP 
INT . PUNP TENP . 
INT. PUNP TENP .

.200E+02

.600E + 02 __

S.Q00E+02

S.200E+02

200.0 400.0 600.0 BOO.0 1000.0 1200.0 1400.0 1600.0 1B00.0

TINEi SECS
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FIGURE 4-102

REOCTQR LOSS OF OFF-SITE POWER WITH IIINiniJM OECRY HERT
RUN DRTED ll/'03/'7B
NUnBER PRP&E04

TEflP - 
TEOP. 
TEflP. 
TEflP -

NR INEURP - 
EURP . 
EURP . 
EURP .

NR IN
NR EX
NR EX

8.20DE+02

7.600E+02

6-400E+02

S.200E+02
200.0 400.0 600.0 800.0 1000-0 1200.0 1400.0 1600.0 1800.0

TIRE. SECS
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FIGURE 4-103

REACTOR LOSS OF OFF-SITE POWER WITH fllNIMUn DECRY HERT
RUN DOTED 11^03^73
NUfIBER PRP6E04

1.200E + 02
ORH FU. MASS FLOW 
DRfl FU. MRSS FLOW 
STERM MRSS FLOU 
STERM MRSS FLDU

1 S.
2 L .

4 L.
1 .000E + 02

B . OOOE + Ol

6 .OOOE + Ol

4 .OOOE + Ol

2 .OOOE + Ol

200.0 400.0 600.0 BOO.0 1000.0 1200.0 1400.0 1600.0 1B00.0

TIME* SECS
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FIGURE 4-104 •
REfiCTDR LOSS OF OFF-SITE POUER UITH niNinUII DECOY HEAT 

RUN Oft f ED li^03/'7B 
NUNBER PRPGE04

1.2P0E+02
IS. EU IN UTR NRS FLO
2 L. EU IN UTR NRS FLO
3 TURB IN STN NfiSS FLO
4 S. UTR ONP NfiSS FLOU
5 L. UTR DNP NfiSS FLOU
6 S. STN DNP NfiSS FLOU
7 L . STN DNP NfiSS FLOU

1.000E + 02

0 .OOOE + Ol

6 .OOOE + Ol

4 .OOOE + Ol

2 .OOOE + Ol

200.0 400.0 600.0 BOO.O 1000.0 1200.0 1400.0 1600.0 1B00.0

TINE. SECS
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FIGURE 4-105

REACTOR LOSS OF OFF-SITE POWER WITH niNIfllin DECOY HEATRUN OPTED 11/03/70NUMBER P0P6E04
1.1U0E + 03

S . DRUM STEAM PRESS. 
L. DRUM STEAM PRESS. 
S. EUAP IN UTR PRESS 
L. EUAP IN UTR PRESS 
S. EUAP EX STM PRESS 
L. EUAP EX STM PRESS 
STEAM HEADER PRESS.

1.1S0E + 03

1.120E + 03

1.030E*03

1.060E + 03

1.030E + 03

1.000E+03

200.0 400.0 600.0 BOO.0 1000.0 1200.0 1400.0 1600.0 1B00.0

TIME SECS
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FIGURE 4-106

REACTOR LOSS OF OFF-SITE POWER WITH 0101000 DECAY HEATRUN DATED ll/03/'?BNUOBER PAP6E04
5.300E+G2

1 FEEDWATER TEOP.
2 S. DRUO STEAO TEOP.
3 L. DRUO STEAO TEOP.
4 S. EUAP. IN UTR TEOP

N UTR TEOP
6 S. EUAP. EX STO TEOP
7 L. EUAP. EX STO TEOP

S .400E+02

4 .S00E + 02

w 4.400E + 0Z

3.900E *^02

3.400E + 02

2.900E + 0Z

200.0 400.0 600.0 000.0 1000.0 1200.0 1400.0 1600.0 1000.0

TlflEi SECS
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FIGURE 4-107

REOCTOR LOSS OF OFF-SITE POMER WITH fllNinun DECOY HERTRUN DOTEO 11^03/?BNUOBER P0P6E04
1 -BOOE-Ol

1 S. EURP. EX STO RUOL
2 L . EURP - EX STO UURL

1 .SOOE-D1

1.200E-01

9.000E-02_

6.000E-02

3 .OOOE- 02

200.0 400-0 600.0 000.0 1000.0 1200.0 1400.0 1600.0 1000.0

TIMEi SECS
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FIGURE 4-108
REACTOR LOSS OF OFF-SITE POWER WITH rilNIflUn DECOY HEAT 

RUN DATED 11V03^?B 
NUOBER POP&ED4

H .9QyE + 00
1 S. DRUO WATER LEUEL
2 L. DRUO WATER LEUEL

7.409E + 00

- 4 . 409E ►DO

^ 2.909E + 00

1.409E + 00

-9 . LODE -02

200.0 400.0 600.0 BOO.O 1000.0 1200.0 1400.0 1600-0 1000.0

T IflE > SECS



FIGURE 4-109

POOL RERCTOR 0PEJIIH6 OF S I ERR LINE SRFfc'TY UflLUE WITH OELRYEP SCRRH
RUH DRIED 10/06/?0
NUMBER TEP6E03

1,200E* 02
1 NUCLERR RERCT PDNER
2 S. P-PhP NR MASS FLO
3 L. P-PMP NR MASS FLO
4 S . I-LOP NA MASS FLO
5 L. I-LOP NA MASS FLO1 ,OOOE+ 02 L_2..;i_iL.li

* 0.OOOE*01

6»OOOE * 01

4.OOOE+01

Z. OOOE+ 01

270.090.0 100.0 360.0 630 .0 810.0

TIME* SECS
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FIGURE 4-1TO
POOL REACTOR OPENING OF STEAN LINE SAFETY UALME WITH DELAYED SCRAN 

RUN DATED i0/'06/'?B 
NUNBER TEP6E03

1.040E+02
1 S. P-IHX NA NASS FLO
2 L. P-IHX NA NASS FLO
3 REACT CORE NASS FLOW

9.40DE+01

B.400E+01

7.400E+01

6.400E+01

5.400E+01

540.0 720.0 BIO .0270.0 360.090.0 1B0.Q

TINE. SECS
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FIGURE 4-111

PDDL REflCTDR OPENING OF STERN LINE SAFETY URLUE WITH OELRYED SCRRN
RUN DRIED 10/06^70
NUNBER TEP6E03

9.200E*02
1 RUG CORE OUTLT TENP
2 HOT POOL TENPERRTURE
3 COLO POOL TENPERTURE
4 CORE INL TENPERRTURE
5 RERCTOR OUTLET TENP

8.OOOE + 02

7.400E+02

6-800E+02

6.200E+02

630.0 720.0 010.0S40.0270.0 360.090.0 100.0

TINE. SECS
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FIGURE 4-112

POOL REACTOR OPENING OF STEAM LINE SAFETY UALME WITH DELAYED SCRAM
RUN DATED 10/06/'?B
NUMBER TEPGE03

B.900E+02
S. P-IHX IN NDZ TEMP 
L. P-IHX IN NDZ TEMP 
S. P-IHX EX NDZ TEMP 
L. P-IHX EX NDZ TEMP 
S. PRI. PUMP TEMP.
L. PRI. PUMP TEMP.

?.700E+D2

7.1D0E+02

6.SOOE+D2

5.900E+02

5.300E+02

630.0 720.0 BiO.O270.0 360.0 540.01B0.090.0

TIME. SECS
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FIGURE 4-113

POOL REflCTDR OPENING DF STEflN LINE SAFETY UflLUE WITH DELAYED SCRAN
RUN DATED 10/'06/'?B
NUNBER TEPGE03

I-IHX IN NDZ TENP 
I-IHX IN NDZ TENP 
I-IHX EX NDZ TENP 
I-IHX EX NDZ TENP 
INT. PUNP TENP. 
INT. PUNP TENP.

6.400E+02

270.0 360.0 540.0 BiO.O460.0ISO. 090.0

TINE» SECS
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FIGURE 4-114

PDDL REflCTDR OPENING OF STEAD LINE SAFETY UflLUE UITH DELAYED SCRRM
RUN DOTED lO/OS/FB
NUNBER TEP6E03

0.BOOE+O2
1 S. EUOP. NA IN TENP
2 L. EUAP. NO IN TENP
3 S, EUAP. NA EX TENP
4 L. EUAP. NA EX TENP

B. 200E + 02

? . 6O0E + Q2

?.000E+02

5.BOOE+D2

540.0 630.0 720.0 BIO.O4S0.0270.0

TINE. SECS
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FIGURE 4-115

PDDL RERCTOR OPENING DF STERN LINE SAFETY UflLUE WITH DELAYED SCRAN
RUN DATED iO/'06/'?B
NUNBER TEP6E03

1.2DOE + 02
1 S. DRN FW. HASS FLDU
2 L. DRN FW. NRSS FLOW
3 S. STERN NASS FLDU
4 L. STERN NASS FLDU

^&

B.OOOE+Ol2^

4.OOOE+Oi

630.0 720.0 BIO.O270.0 S40.090.0 360.01B0.0

TINE» SECS
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FIGURE 4-116
POOL REACTOR OPENING OF STEAM LINE SAFETY UALME WITH DELAYED SCRAM 

RUN DATED i0/'06/?B 
NUMBER TEPGE03

1.200E+02
L. EU IN UTR MAS FLO] 
TURB IN STM MASS FLDI 
S. UTR OMP MASS FLOW 
L. UTR DMP MASS FLOW 
S. STM OMP MASS FLOW 
L. STM OMP MASS FLOW

B.OOOE+Ol

6.000E+01

2.000E+01

BiO.O720.0630.0S40.0360.0270.01B0.090.0

TIME* SECS
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FIGURE 4-117

PDDL RERCTOR OPENING OF STERN LINE SAFETY UflLUE WITH DELAYED SCRAN
RUN DATED i0-'06^?B
NUNBER TEP6E03

1«170E+03
1 S. DRUN STEflN PRESS.
2 L . DRUN STEflN PRESS.
3 S. EUAP IN UTR PRESS
4 L. EUAP IN UTR PRESS
5 S. EUAP EX STN PRESS
6 L. EURP EX STN PRESS 
? STEflN HERDER PRESS.

1.140E + 03

9.900E >02

180.090.0 270.0 360.0 460.0 540.0 630.0 810.0

TINE* SECS
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FIGURE 4-118

POOL REflCTDR OPENING OF STEflN LINE SAFETY UflLUE WITH DELAYED SCRAN
RUN DATED 10^06^70
NUNBER TEP6E03

S.900E+02
1 FEEDWATER TENP.
2 S. DRUN STEflN TENP.
3 L. DRUN STEflN TENP.
4 S. EUAP. IN WTR TENP
Tr,TT',TT?TTT^TW**TT^'R*,*TETIP
fi£_EWfS--eK~-STTr'TEnP 
TT7 EUAP. EX STN TENP

S.400E+02

4.400E+02

3.400E+02

2.900E+02
720.0 810.0S40.0270.0 4S0.0180.090.0

TINE. SECS
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FIGURE 4-119

PDDL REflCTDR OPENING DF STEflN LINE SAFETY UflLUE WITH DELAYED SCRAN
RUN DATED i0^06/?B
NUNBER TEP6E03

1 S. EURP. EX STN QUftL
2 L. EUAP. EX STN DUAL

3.OOOE-Oi

2 „ 400E-01

1.BOOE-Ol

BIO.O360.0 630.0270.090.0 180.0

TINE. SECS
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FIGURE 4-120

PDDL RERCTOR OPENING OF STEAD LINE SAFETY URLUE WITH DELAYED SCRAM
RUN DATED 10/'Q6/'?B
NUMBER TEP6E03

6.OOOE+Oi
1 S. DRUM MATER LEUEL
2 L. DRUM MATER LEUEL

3.000E+01

-3.OOOE+Oi

-6.OOOE+01

-9.OOOE+OI

90.0 1B0.0 270.0 360.0 4S0.0 640.0 630.0 720.0 BIO.O

-i .2006 + 02

0

TIME. SECS
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FIGURE 4-121

PDDL REflCTDR CONTROL ROD UITHDRflUL WITH DELflYEO dflNUflL SCRFid
RUN DATED 10/05/70
NUNBER PAP6E04

1.200E+02
NUCLEAR REACT POWER 
S . P-PNP NA NflSS FLO 
L . P-PflP Nfl MASS FLO 
S . I-LOP Nfl NflSS FLO 
L . I-LDP Nfl NflSS FLO1.000E+02

B.OOOE+Ol

6.OOOE+OI

4.OOOE+OI

2 .OOOE + OI

720,0560,0 640.0400.0 400,0240.0 320.0BO .0 160.0

TINE. SECS



FL
D

U
 , PERC

EN
T

FIGURE 4-122

POOL REACTOR CONTROL ROD UITHDROUL WITH DELAYED MANUAL SCRAM
RUN DATED lO/OS^B
NUMBER PAPGE04

1.020E + 02
1 S. P-IHX NO MOSS FLO
2 L. P-IHX NO MOSS FLO
3 REACT CORE MASS FLDU

9.300E + 01

B.400E+01

? .SOOE + Ol

6.600E + 01

S .700E + 01

4 .BOOE + Ol
720.0640.0560.0400.0 4B0.0320 .0160.0 240.0BO .0

TIME. SECS
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FIGURE -4-123

POOL RERCTOR CONTROL ROD MITHDRflOL UITH DELflYEO MANUAL SCRAM 
RUN DATED 10/'0S''?8 
NUMBER PAPGEQ4

9.B00E+02
AUG CORE OUTLT TEMP 
HOT POOL TEMPERATURE 
COLD POOL TEMPERTURE 
CORE INL TEMPERATURE 
REACTOR OUTLET TEMP9.100E + 02

B .400E + 02

7.7DOE+D2

7.000E + 02

6.300E + 02

S .600E + 02

400.0 4B0.0 640.0 720.0160.0 240.0 320.0

TIME > SECS
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FIGURE 4-124
PDDL REflCTDR CONTROL ROD UITHDRAWL WITH DELAYED MANUAL SCRAN

RUN DATED 1D/-OS/2B
NUNBER PAP6E04

9 .S00E + 02
P-IHX IN NDZ TENP 
P-IHX IN NDZ TENP 
P-IHX EX NDZ TENP 
P-IHX EX NDZ TENP 
PRI. PUNP TENP. 
PRI. PUNP TENP.

B.B00E+02

B . 100E + 02_

? .400E + 02

6.700E + 02

6 .000E + 02

5.300E+D2

720.0S60.0 640.0320.0 4B0.0240.0 400.0160.0BO .0

TINE. SECS
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FIGURE 4-125

POOL REOCTOR CONTROL ROD UITHDROUL UITH DELAYED flflNUOL SCROH
RUN DOTED 10/05/70
NUMBER P0P6E04

1 S. I-IHX IN NOZ TEMP
2 L. I-IHX IN NOZ TEMP
3 S. I-IHX EX NOZ TEMP
4 L . I-IHX EX NOZ TEMP
5 S. INT. PUMP TEMP.
6 L. INT. PUMP TEMP.

B.700E+Q2

0.000E + 02

7.300E + 02

6.600E+02

5.900E+02

5.200E+02

400.0 720.0320.0 400.0 640 .0240.0160.0

TIME. SECS
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FIGURE 4-126

POOL REACTOR CONTROL ROD UITHORAUL UITH DELAYED MANUAL SCRAM
RUN DATED 10/-0S^?B
NUMBER PAP6E04

9.400E+02
EUAP. NA IN TEMP 
EUAP. NO IN TEMP 
EUOP. NA EX TEMP 
EUAP. NO EX TEMP

B .700E + 02

B.ODOE+02

? .3DOE + D2

6.600E+02

5.900E + 02

5.200E+D2

720.0480.0 S60.0 640.0400.0160.0 240.0 320.0BO .0

TIME. SECS
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FIGURE 4-127
PDDL REflCTDR CDNTRDL ROD UITHORAUL UITH DELAYED MANUAL SCRAM 

RUN DATED lO/OS^D 
NUMBER PAPGE04

1.200E + 02
DRM FU. MASS FLDU 
ORM FU. MASS FLDU 
STEAM MASS FLDU 
STEAM MASS FLDU

1 .G00E + 02 1—2.

B.OOOE+Ol

S .OOOE + OI

4 .OOOE + OI

2 .OOOE + Oi

S60.0 S40.0 720.0320.0 4B0.0240.0 4 00.0BO .0

TIME, SECS
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FIGURE 4-128

POOL REOCTOR CONTROL ROD UITHDROUL UITH DELAYED NONUOL SCRAN
RUN DOTED 10s0Ss?B
NUNBER PAPGE04

1.200E+02 1 S. EU IN UTR NOS FLO
2 L. EU IN UTR NAS FLO
3 TURB IN STN NASS FLO
4 S. UTR DNP NASS FLDU
5 L. UTR DNP NASS FLDU
6 S. STN DNP NASS FLOU 
? L. STN DNP NASS FLDU

1.Q00E+02

B.OOOE+Oi

6.OOOE+OI

4.OOOE+OI

2.OOOE+OI

720.0640.0560.0480 .0400.0320.0240.0160.080.0

TINE* SECS
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FIGURE 4-129

PDDL REACTOR CONTROL ROD UITHORAUL UITH DELAYED .MANUAL SCROH
RUN DATED lO/OS^B
NUHBER PAPGE04

S . DRUM STEAM PRESS. 
L . DRUM STEAM PRESS. 
S. EUAP IN UTR PRESS 
L . EUAP IN UTR PRESS 
S. EUAP EX STM PRESS 
L, EUAP EX STM PRESS 
STEAM HEADER PRESS.

1 .iSOE + 03

1.120E + 03

1.090E + D3

1 .060E + 03

1 .03QE + Q3

i .000E + 03

640.0 ?20.0S60.0320.0ao.o 160.0 240,0

TIME* SECS
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FIGURE 4-130

POOL REACTOR CONTROL ROD WITHORAWL WITH DELAYED MANUAL SCRAM
RUN DATED 10'0S^?B
NUMBER PAP6E04

S.900E+02
1 FEEDWATER TEMP.
2 S. DRUM STEAM TEMP.

. 7 3 L. DRUM STEAM TEMP.
—9— _ L.  4 S. EUAP . IN WTR TEMP

S.400E+02  --------- ----- --------- 5"'t . EUAP L IN -WTR TEMP
4 F 6 S. FUAP EX-frFM-'TfTtP

. EX STM TEMP

4.900E+02 —

4.400E+02

3.900E+02

3.400E+02

2.900E+02
________ 1________ 1________ 1________ 1________ 1________ t _ 1 —1

0. 80.0 160.0 240.0 320.0 400.0 4B0.0 S60.0 640.0 720.0

TIMEi SECS
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FIGURE 4-131

POOL REACTOR CONTROL ROD UITHDROUL WITH DELAYED MANUAL SCRAM
RUN DATED iO/OS'?B
NUMBER PAPGE04

3.OOOE-Oi
1 S. EUAP. EX STM DUAL
2 L. EUAP. EX STM DUAL

2 .OOOE-OI

1.500E-01

1 .OOOE-OI

5.000E-02

720.0400.0 560.0 640.0240.0 320.0 400.0BO .0

TIME, SECS
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FIGURE 4-132

POOL REACTOR CONTROL ROD UITHORftUL WITH DELAYED flANUAL SCRAN
RUN DATED 10'05/'?B
NUNBER PAPGE04

1 .lOOE + Ol
1 S. DRUN WATER LEUEL
2 L. DRUN WATER LEUEL

? .OOOE + OO

3 .OOOE+OO

-1 .OOOE + OO

-S .OOOE + OO

-9 .OOOE + OO

-1.300E + 01

S60.0 640.0 720.0400.0320.0 400.0240.0160.000.0

TIHEi SECS
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FIGURE 4-133
POOL REACTOR ISOLATION OF ONE STEAD GENERATOR AND DUMP OALUE FAILURE

RUN DATED 10/D6/7B
NUMBER TEPGEOl

1.200E + 02
1 NUCLEAR REACT POWER
2 S. P-PMP NO MASS FLO
3 L. P-PMP NO MOSS FLO 
A S. I-LDP NO MOSS FLO 
5 L. I-LOP NO MASS FLOi .OOOE + Q2

B .OOOE + Ol

S.OOOE+Ol

4.OOOE+Ol

2.OOOE+Ol

010.0630 .0 720.0540 .0450.0100.0 270.0 360 .090 .0

TIME, SECS
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FIGURE 4-134

POOL REACTOR ISOLATION OF ONE STEAM GENERATOR AND DUMP UALUE FAILURE
RUN DATED 10/06^70
NUMBER TEPGEOl

1.030E+02
1 S. P-IHX NO MOSS FLO
2 L. P-IHX NO MOSS FLO
3 REACT CORE MOSS FLOW

9.300E+01

0.300E + 01

7.300E + 01

6.300E + 01

S .300E + 01

4.300E + 01
010.0630.0 720.0S40.04S0.0360 .0270.090.0

TIME. SECS
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FIGURE 4-135
RQDL REACTOR ISOLATION OF ONE STEAM GENERATOR AND DUMP UALUE FAILURE

RUN DATED 10/’06/’?B
NUMBER TEPGEOl

9.100E + 02
1 AUG CORE OUTLT TEMP
2 HOT POOL TEMPERATURE
3 COLD POOL TEMPERTURE
4 CORE INL TEMPERATURE
5 REACTOR OUTLET TEMP0.S00E+02

? .900E + 02

? .300E + 02

6.100E + 02

5 .S00E + 02
010.0720.0630.0S40 .0360.0270.090.0 100 .0

TIME» SECS
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FIGURE 4-136

POOL REACTOR ISOLATION OF ONE STEAM GENERATOR AND DUMP UALUE FAILURE
RUN DATED 10/06/7B
NUMBER TEPGEOl

0.9OOE+O2
1 S. P-IHX IN NOZ TEMP
2 L. P-IHX IN NOZ TEMP
3 S . P-IHX EX NOZ TEMP
4 L . P-IHX EX NOZ TEMP
5 S. PRI. PUMP TEMP.
6 L. PRI. PUMP TEMP.

B.300E+02

? . 700E + 02

7.100E+02

6.500E + 02

5.900E+02

S.300E+02
B10.0720.04S0'.0 540 .0 630.0360.0270.090.0 1B0.0

TIME. SECS
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FIGURE 4-137 /
POOL REflCTDR ISDLflTIDN OF ONE STERN GEHERRTDR PHD DUNP UALUE FAILURE

RUN DATED 10/06^70 /
NUMBER TEPGEOl

B . BODE + 02 1 S. I-IHX IN NDZ TEMP
I-IHX IN NOZ TEMP 
I-IHX EX NOZ TEMP 
I-IHX EX NOZ TEMP 
INT. PUMP TEMP. 
INT . PUMP TEMP.

3 S.

0.200E + 02

7 .OOOE+02

00E+02

S .200E + 02
Q10.0 •720.0630.0S40.04S0.0360.0270.01B0.090,0

TIME. SECS
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FIGURE 4-138

POOL REACTOR ISOLATION OF ONE STEAM GENERATOR AND DUMP UALUE FAILURE
RUN DATED 10/06/70
NUMBER TEPGEOl

0.0OOE+O2
NA IN TEMP 
NA IN TEMP 
NO EX TEMP 
NA EX TEMP

EUAP
EUAP
EUAP
EUAP

0.2OGE+O2

7 .600E + 02

7 .000E + 02

6.400E+02

S.0OOE+O2

S .200E+02

010.0630.0 720.0540.0360.0 450.0270.090.0

TIME. SECS



FL
O

W
 > PER

FIGURE 4-139

POQL REACTOR ISOLATION OF ONE STEAM GENERATOR AND DUMP UALUE FAILURE
RUN OATEO 10/06/-7B
NUMBER TEPGEOl

1.200E+02
DRM FU. MASS FLOW 
ORM FU. MASS FLOW 
STEAM MASS FLOW 
STEAM MOSS FLOW

1 .OOOE + 02

z B.OOOE + Ol

6 .OOOE + Ol

4 .OOOE + Ol

2 .OOOE + Ol

BIO .04S0.0 S40 ,0 630.0270.0 360.01B0.030.0

TIME, SECS
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FIGURE 4-]40
POOL REACTOR ISOLATION OF ONE STEAN GENERATOR AND OUflP UALUE FAILURE

RUN DATED lO'O6/70
NUNBER TEPGEOl

1
ro

1.200E + 02
1 S. £U IN UTR NAS FLO
2 L. EU IN UTR NAS FLO
3 TURB IN STN NASS FLO
4 S. UTR DNP NASS FLOU
5 L. UTR ONP NASS FLOU
6 S. STN ONP NASS FLOU
7 L. STN ONP NASS FLOU

1 .OOOE+02

0.OOOE+Ol

6 .OOOE + Ol

4 .OOOE + Ol

2 .OOOE + Ol

360.0 450.0 810.0630.0 720.0S40.0270.090.0

TINE. SECS
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FIGURE 4-141
POOL REflCTDR ISDLflTIDN OF ONE STEAK GENERATOR AND DUMP UALUE FAILURE

RUN DATED 10/-06/7B
NUMBER TEPGEOl

1.420E+03
DRUM STEAM PRESS. 
DRUM STEAM PRESS. 
EUAP IN UTR PRESS 
EUAP IN UTR PRESS 
EUAP EX STM PRESS

■g e—- eunp-E-K—s^F-n -pREes

1 S .

1.350E + 03

7 STEAM HEADER PRESS

1.2BOE+D3

1.210E + 03 _

1.140E + 03

1.070E+03

1.000E + 03
BIO .0540.0 630.0 720.0450 .0270.0180,090.0

TIME. SECS



TE
fIP

ER
R

TU
R

E , 
D

ES

FIGURE 4-142
POOL REflCTDR ISOLATION OF ONE STERN GENERATOR AND DUMP UALUE FAILURE

RUN DATED 10^06/'?B
NUNBER TEPGEOl

S .900E+02

2 S. DRUN STERN TENP.
3 L. DRUN STERN TENP.
4 S. EUAP. IN UTR TENP
5 L . E UAP :...t N -WTR—TgftP5.400E+02

■ST_ETTOFTTX^TTrTENf> 
L. EUflP. EX STN TENP

4 .900E+02

4.400E+02

3.900E + 02

3.400E + 02

2.900E+02

720.0 010.04S0.0 S40.0 630.0360.090.0 100.0 270.0

TINE. SECS
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FIGURE 4-143 .

POOL REOCTOR ISDLflTIDN QF ONE STEAD GENERATOR AND DUMP UALUE FAILURE
RUN DATED 10^06/70
NUMBER TEPGEOl

3 .OOOE-OI
1 S. EUflP. EX STM QUAL
2 L. EUflP. EX STM QUAL

2 .SOOE-Ol

2 .OOOE-OI

1.500E-01

1.OOOE-OI

S.000E-02

010.0450,0 630.0 720.0540.0100.0 270.0 360.090 .0

TIME, SECS
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FIGURE 4-144
POOL REflCTDR ISDLflTIDN OF ONE STEflU GENERATOR AND DUMP UALUE FAILURE

RUN DATED 10/06/70
NUMBER TEPGEOl

6.OOOE+Ol
1 S. DRUM WATER LEUEL
2 L. DRUM WATER LEUEL-

3.OOOE+Ol

-3 .OOOE + Ol

-6 .OOOE+Ol

-9 .OOOE+Ol

-1.200E + 02

720.0 010.04S0.0 630 .0360.0 540.0100.090.0

TIME. SECS



FIGURE 5-1
print ihis puhp pur loss with scRnn and no pump trip mox decay hd

RUN DATED 10/31^?a 
NUHBER PAP6E00

IHTS PUMP HALF-TIME = 6 SEC
i . 200E + 02

1 NUCLEAR REACT POWER
2 S. P-PHP NA HASS FLO
3 L. P-PMP NO MASS FLO
4 S. I-LOP NO MASS FLO
5 L . I-LOE- Nfl-MASS FLO1.0Q0E + 02

Q . OOOE -* 01

6 .OOOE + Ol

4.OOOE+Ol

2.OOOE+Ol

420.0 400.0 540.0360.0100.0 240.0 300.0120.060.0

TIME. SECS
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FIGURE 5-2
POOL IHTS PUMP PUR LOSS WITH SCROH AND NO PUflP TRIPdlflX DECflV HT)

RUN DOTED 10/31'?B
NUMBER POP6EOO

IHTS PUMP HALF-TIME = 6 SEC1.010E+02
1 S. P-IHX NO MOSS FLO
2 L . P-IHX NO MOSS FLO
3 REOCT CORE MOSS FLOU

1.OOOE+02

9.900E+01

9.BODE + 01

9.700E+01

9-600E+01

9.S00E+01

360.0 420.0 4B0.0 S40.0120.0 240.0 300 .060.0

TIME., SECS
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FIGURE 5-3

POOL IHTS PUnP PUR LOSS WITH SCRfltl AND HQ PUflP TRIP i MAX DECAY HT)
RUN DATED 10/31^?Q
HUflBER PAP6E00

IHTS PUMP HALF-TIME 6 SEC9.200E + 02
1 AU& CORE OUTLT TEMP
2 HOT POOL TEMPERATURE
3 COLD POOL TEMPERTURE
4 CORE IHL TEMPERATURE
5 REOCTOR OUTLET TEMP

0.OOOE+02

?.400E+02

6.BODE + 02

6.200E+02

S.600E+02

360.060.0 120.0 240.0 300.0 420.0 400.0 S40.0

TIME. SECS
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FIGURE 5-4

POOL IHTS PUflP PUR LOSS WITH SCRflfl OND ND PUHP TRIPTtlAX DECflV HT)
RUN DATED 1D/-31/7B
NUMBER PflPBEOO

IHTS PUHP HALF-TIME = 6 SEC
9.OOOE+02

P-IHX IN NQZ TEMP 
P-IHX IN NDZ TEMP 
P-IHX EX NDZ TEMP 
P-IHX EX NOZ TEMP 
PRI. PUMP TEMP. 
PRI. PUMP TEMP.

1 S.

4 L.
B . 400E + 02

? .OOOE + 02

?.20QE+02

6.600E+02

6 . OOOE + 02

S .400E + 02
420.0 4B0.0 S40.0300.0 360.0240.01B0.0120.060.0

TIME, SECS
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FIGURE 5-5

POOL IHTS PUflP PUR LOSS WITH SCRflfl AND NO PUflP TRIP fflflX DECAY HT i
RUN DATED 10^3l/?B
NUfIBER PAPGEOO

IHTS PUMP HALF-TIME = 6 SECB .900E + 02
I-IHX IN NDZ TEflP 
I-IHX IN NDZ TEMP 
I-IHX EX NDZ TEflP 
I-IHX EX NDZ TENP 
INT . PUflP TEflP. 
INT . PUMP TEflP .

1 S.
2 L.

B . 300E + 02

? .70DE + 02

?.100E+02

6.SOOE+D2

S.900E+02

5.300E+02

300.0 360.0 400.060.0 1B0.0 240.0 540.0120.0 420.0

TIME. SECS
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FIGURE 5-6

POOL IHTS PUflP PUR LOSS WITH SCRflfl AND NO PUflP TRIP (MAX DECAY HT)
RUN DATED 10/31/7B
NUfIBER PAPGEOO

IHTS PUMP HALF-TIME = 6 SEC8.900E+02
S. EUAP. NA IN TENP. 
L. EUAP. NA IN TENP. 
S . EUAP . NA EX TENP . 
L. EUAP. NA EX TENP .

8.3Q0E+02

?.700E+02

? .100E + 02 _

6 . S00E + 02

S .900E+02

5.300E + 02

180.0 300.0 360.0120.0 240.0 480.0 S40.060.0 420.0

TINEi SECS
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FIGURE 5-7

POOL IHTS PUflP PUR LOSS WITH SCRAM AND NO PUMP TRIP IMAX DECAY HT )
RUN DATED 10'31'?B
NUMBER PAPGEOO

6 SEC1.200E + D2
1 S. DRM FU. MASS FLOU
2 L . ORM FU. MASS FLOU
3 S. STEAM MASS FLOU
4 L . STEAM MASS FLOU

1 . OOOE >02

2 a.oooE+oi

6 .OOOE + Ol

4 .OOOE + Ol

2 .OOOE + Ol

3S0.0120.0 100 .0 300.0 420.0 400.0 S40.060.0

TIME, SECS
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FIGURE 5-8
POOL IHTS PUflP PHR LOSS WITH SCRflfl AND NO PUflP TRIPfflAX DECAY HT)

RUN DATED 10/31/'?0
NUfIBER PAPGEOO

IHTS PUMP HALF-TIME = 6 SEC
1.200E + 02

1 S. EU IN AIR MAS FLO
2 L. EU IN WTR HAS FLQ
3 TURB IN STM MASS FLO
4 S. WTR DftP MASS FLOW
5 L . WTR OMP MASS FLOW
6 S. STM DMP MASS FLOW 
? L. STM DMP MASS FLOW

1 .OOOE + 02

B.OOOE + Ol

6.OOOE+Ol

4.OOOE+Ol

2.OOOE+Ol

60.0 120.0 IBO.O 240.0 300.0 360.0 420.0 4B0.0 S40.0

TIME. SECS



PR
ES

SU
R

E 
> PS

IR

FIGURE 5-9
POOL IHTS PUHP PUR LOSS WITH SCRflfl AND HO PUflP TRIP (MAX DECAY HT )

RUN DATED 10/'31/?B
NUfIBER PAP&EOQ

IHTS PUMP HALF-TIME = 6 SEC
1 „ 10OE + O3

S . DRUtt STEAD PRESS . 
L. DRUfl STEAM PRESS. 
S . EUAP IN UTR PRESS 
L. EUflP IN UTR PRESS 
S. EUflP EX STM PRESS 
L. EUflP EX STM PRESS 
STEAM HEADER PRESS,

1 . ISOE + 03

1.120E + 03

1.090E+03

1.060E+03

1 .030E + 03

i . 000E + 03
300.060.0 120.0 240.0 360.0 420.0 400.0 540.0

TIME. SECS
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FIGURE 5-10
POOL IHTS PUHP PUR LOSS WITH SCRftfl OHO HO PUHP TRIP tflflX DECflV HT 1

RUN DOTED 10^31^?B
NUNBER PAPGEOO

IHTS PUMP HALF-TIME = 6 SEC6 . OOOE + D2
1 FEEDUflTER TENP.
2 S. DRUN STEflN TENP.
3 L. DRUN STEflN TENP.
4 S. EUflP. IN UTR TENP
5 L. EUflP. IN UTR TENPS .SODE + 02

2-J. FUflR^ EX STN- TENP

S.OOOE+02

4.500E + 02

4 . OOOE + 02

3 . SD0E + 02

3.OOOE + 02

60.0 120.0 300.0240.0 360.0 420.0 400.0 S40.0

TINE. SECS
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FIGURE 5-11
PQQL IHTS PUMP PUR LOSS WITH SCRAM AND ND PUMP TRIP(MAX DECAY HIi

RUN DATED 10^3l'?B
NUMBER PAP6E00

IHTS PUMP HALF-TIME = 6 SEC4,200E-01
1 S. EUAP. EX STM DUAL
2 L . EUAP. EX STM QUAL

2 -BOOE-Ol

2.100E-01

1.400E-01

?.D00E-02

420.0 4B0.0 S4C .0240.0 300.0 360.0100.060.0 120.0

TIMEi SECS
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FIGURE 5-12

IHTS PUMP HALF-TIME = 6 SEC

POOL IHTS punp PUR LOSS WITH SCRflH AND HO PUflP TRIP tOAX OECAV HT i
RUN DATED 10/31/7B
NUMBER PAPGEOO

B.S09E+00
-r-ST-TJRim UftfERLEUEL 
2 L . DRUM WATER LEUEL

7.409E+00

5.909E+00

4.409E+00

2.909E+00

1.409E+00

-9.100E“02ILLJ2.

0. 60.0 120.0 100.0 240.0 300.0 360.0 420.0 4B0.0 540.0

TIME, SECS
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FIGURE 5-13
POOL IHTS PUMP PUR LOSS WITH SCRAM AND HQ PUMP TRIP (MAX DECAY HTS 

RUN DATED 
NUMBER PRP6E01

IHTS PUMP HALF-TIME "12 SEC
1.2DOE+D2

1 NUCLEAR REACT POWER
2 S. P-PMP NA MASS FLO
3 L. P-PMP NA MASS FLO
4 S. I-LOP NA MASS FLO 
SI. T-l OP. NA MASS FLO1.000E + 02 L

B.OOOE+Ol

6 .OOOE + Ol

4.OOOE + 01

420.0 4B0.0 S40 .0300.0 360.0120.0 1QQ .060.0

TIME. SECS
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FIGURE 5-14 .
POOL IHTS PUflP PUR LOSS UITH SCRfin ftHO HD PUflP TRIP (HftX DECDV Hfi 

RUN DOTED llvOi^ 7B 
NUMBER POPGEOl

IHTS PUMP HALF-TIME = 12 SEC
1 .010E + 02

1 S. P-IHX NO MOSS FLO
2 L. P-IHX NO MOSS FLO
3 REOCT CORE MOSS FLOU- n__

1.000E + 02 l.

9.900E + 01

9 .aoo£ + ot

9.700E + Q1

9.600E + 01

9.S00E+01

ISO .0 240.0 300.0 420 .060.0 120.0 360.0 400.0 S40.0

TIME. SECS
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FIGURE 5-15

FOUL IHTS PUMP PUR LOSS UITH SCRHfl HHf! HO PUflP TRIP CflOX OEChY HT 
RUN DATED 
HUflBER PDP6E01

I
ro

TIME. SECS
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FIGURE 5-16

PQDL IHTS PUHP PUR LOSS WITH SCRflfl OHO NO PUMP TRIP (MfiX OECflV HT)
RUN DATED 11^01^70
NUNBER PfiPGEOl

u.

9.OOOE+Q2

B.400E+02

7.BO0E+O2

7.200E + 02

6.600E+02

6.000E + 02

IHTS PUMP HALF-TIME = 12 SEC
1 S. P-IHX IN N02 TEI1P
2 L. P-IHX IN N02 TEflP
3 S. P-IHX EX ND2 TEMP
4 L. P-IHX EX N02 TEMP
5 S. PRI. PUMP TEflP.
6 L. PRI. PUMP TEflP.

__1_____I____ J___IIZZZIIIIIlt=z==±=i==±z___
60.0 120.0 1B0.0 • 240.0 300.0 360.0 420.0 4B0.0 S40.0

S .400E + 02L 

0 .

TINE* SECS
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FIGURE 5-17

POOL IHTS PUMP PUR LOSS UITH SCRAM AND ND PUMP TRIP (MAX DECAY HT)
RUN DATED 11/01x70
NUMBER PAP6EQ1

IHTS PUMP HALF-TIME = 12 SEC0.0OOE+O2
I-IHX IN NDZ TEflP 
I-IHX IN NDZ TEMP 
I-IHX EX NDZ TEMP 
I-IHX EX NDZ TEMP 
INT. PUMP TEMP. 
INT. PUMP TEMP.

1 S.
2 L.

0,2Q0E+02

?.600E+02

6.400E+02

5 -0OOE + O2

5.200E+02

240.0 400.0420.0100.0 300.0 360.0120.060.0

TIME. SECS
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POOL IHTS PUMP PWR LOSS WITH SCRfifl AND NO PUHP TRIP UlflX DECAY HT) 
RUN DATED ll/01'?a 
HUflBER PAP6E01

FIGURE 5-18

IHTS PUMP HALF-TIME 12 SEC
B.B00E+02

EUAP. NO IN TEMP. 
EUAP. NO IN TEflP. 
EUAP. NO EX TEflP. 
EUAP. NO EX TEflP.

7.60GE + 02

7.000E+02

6.400E+G2

5.BD0E+02

S.200E+02

360.0 420.0 4 BO .0 540.0240.0 300.060.0 120.0 1B0.0

TlftEi SECS
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FIGURE 5-19

POOL IHTS PUflP PUR LOSS UITH SCRfifl AND NO PUflP TRIP (HOX DECAY HT I
RUN DATED llvOlWa
NUNBER PfiPGEOl

IHTS PUMP HALF-TIME 12 SEC1.200E + 02
1 S . DRtl FU. ftfiSS FLDU
2 L . DRfl FU . NASS FLDU
3 S, STEfiN NOSS FLDU
4 L . STEfiN NASS FLDU

1.OOOE +02

0,OOOE +01

6.OQOE+Ol

4.QOOE+Ol

60.0 100 .0 240 .0 300.0 360 .0 420.0120 .0 400.0 540.0

TINE. SECS
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FIGURE 5-20

POOL IHTS PUHP PUR LOSS WITH SCRflH AND NO PUHP TRIP (HAX DECAY HT)RUN DATED 11/01/70NUNBER PAPGE01
IHTS PUMP HALF-TIME = 12 SEC

1.20QE + Q2
S. EU IN UTR HAS FLO 
L. EU IN UTR HAS FLO 
TURB IN STH HASS FLO 
S. UTR OHP HASS FLDU 
L. UTR OHP HASS FLOU 
S. STH DHP HASS FLOU 
L. STH DHP HASS FLOU

1.000E+02

B.000E+01

6.000E+01

2 .000E + 01

£_fi.

60.0 120.0 240.0 420.0300.0 360.0 S40.0

TIHEi SECS
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FIGURE 5-21

POOL IHTS PUMP PUR LOSS UITH SCROU OHD ND PUHP TRIP UlfiX DECOY HT)
RUN DOTED UsOl/?B
HUflBER P0P6E01

IHTS PUMP HALF-TIME = 12 SEC1.1BGE + 03
S, DRUN STEOH PRESS. 
L. DRUfl STEfiil PRESS. 
S. EUOP IN UTR PRESS 
L . EUOP IN UTR PRESS 
S. EUOP EX STM PRESS 
L. EUOP EX STM PRESS 
STEOM HEADER PRESS.

1»1S0E+03

1.120E+03

1.090E + 03

i.0o0E+03

1 .030E + 03

1.OOOE + 03

60.0‘ 120.0 1B0.0 240.0 300.0 360.0 420.0 480.0 S40.0

TIME, SECS
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FIGURE 5-22
POOL IHTS PIU1P PUR LOSS UITH SCRflH AND HO PUHP TRIP (HflX DECAY HT i

RUN DATED 11/01/70
NUrtBER PflPGEOl

IHTS PUMP HALF-TIME - 12 SEC6.OOOE +02
1 FEEDWATER TEMP.
2 S. DRUN STEOH TEHP.
3 L. ORUH STEOH TEHP.
4 S. EUAP. IN UTR TEHP
5 L. EUAP. IN UTR TEHP

TEHP
TEHP

S .S00E + 02

5.000E+02

4.S00E+02

4.OOOE+02

3.S00E+02

3 .OOOE +02

240.0120.0 100.0 300.0 360.0 420.0 400.0 540.060.0

TIHE* SECS
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FIGURE 5-23

POGL IHTS PUHP PUR LOSS UITH SCRflH AND NO PUHP TRIP (HflX DECOY HT)RUN DOTED 11/01/70NUNBER P0P6E01
IHTS PUMP HALF-TIME = 12 SEC

4.200E-01
1 S. EUOP, EX STH DUAL
2 L . EUOP, EX STH QUOL

3.S00E-01

2 .lOOE-Ol

.400E-01

? . 0 0 0 E - 0 2

S40.0420.0 400 ,0360.0240 .0 300.0100.0120.060.0

TIHEi SECS
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FIGURE 5-24
POOL IHTS PUf1P PUR LOSS UITH SCRfin fiHO NO PUMP TRIP CHfiX DECOY HT) 

RUN DATED llvOl-'Fa 
HUnBER PfiPGEOl

IHTS PUMP HALF-TIME =^12 SEC
Zii^^'Pol^rriXoTER leuel! 

2 L. ORUn UflTER LEUEL |
B.909E+00

7.409E + 00

4.409E+00

w 2 .909E + Q0

1.409E *-00

-9.100E-02
S40 .0420.0360.0300.0240.01B0.0120 .060.0

TirtE. SECS
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FIGURE 5-25

PQQL IHTS PUflP PUR LOSS UITH SCRflfl AND ND PUflP TRIP (MAX DECAY HT)
RUN DATED 11/01/70
HUflBER PAP6E02

IHTS PUMP HALF-TIME = 24 SEC1.200£*02
1 NUCLEAR REACT PDUER
2 S. P-PtIP NA HASS FLD
3 L. P-PMP HA MASS FLD
4 S. I-LOP HA flASS FLD
5 I . T-f nP_JHfl..MASS FLD1 .000E + 02

B .000E + 01

6.OOOE+Ol

4 .OOOE + Ol

2 .OOOE + Ol

60.0 120.0 240.0 300.0 360,0100.0 420.0 400.0

TIME. SECS
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POOL IHTS PUHP PWR LOSS WITH SCRRH WHO HO PUHP TRIP (HAX OECflV HT) 
RUN DATED 
NUMBER PAP&E02

FIGURE 5-26

IHTS PUMP HALF-TIME = 24 SEC1.00BE + 02
1 S. P-IHX Nfl MASS FLO
2 L- P-IHX NA MASS FLD
3 REACT CORE MASS FLOW

1 .QOOE+D2 L_JL«a:

9.920E+01

9, B40E + 01

9.760E + 01

9.60OE+Oi

9.bOOE+Ol

120.0 240.0 360.0 420.060.0 300.0 400 .0 540.0

TIME. SECS
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FIGURE 5-27
PDDL IHTS PUMP PUR LOSS UITH SCRflH AND NO PUflP TRIP (HflX DECAY HT)

RUN DATED 11/01'?B
NUMBER PAP6E02

9.200E + 02
1 AUG CORE DUTLT TEMP
2 HOT POOL TEMPERATURE
3 COLO POOL TEMPER TORE
4 CORE INL TEMPERATURE
5 REACTOR OUTLET TEMPES .600E + 02

0 =OOOE + G2

7.4 0 0 E + 0 2

6 .OOOE +02

S .200E + Q2

5.600E + 02

60.0 120.0 100.0 240,0 300.0 360.0 420 ,0 540.0

TIME, SECS
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POOL IHTS RUHR PWR LOSS WITH SCRflfl AND NO RUHR TRIP (HflX DECAY HT) 

RUN DATED ltsQls?a 
NUNBER PAPGE02

FIGURE 5-28

IHTS PUMP HALF-TIME = 24 SEC
9.000E + 02

1 S. P-IHX IN NDZ TEHP
2 L. P-IHX IN NDZ TEHP
3 S. P-IHX EX NDZ TEHP
4 L. P-IHX EX NDZ TEHP
5 S. PRI. PUHP TEMP.
6 L. PRI, PUHP TEMP.

B.400E+02

7.DOOE+02

7.200E + 02

6.600E+02

6.OOOE+02

5.400E + 02
420.0 4B0.0360.0 540.0300.0240.0120.060.0

TIHE. SECS



FIGURE 5-29

POOL IHTS PUMP PUR LOSS UITH SCRflfl AND NO PUMP TRIP (MAX DECAY HT)
RUN DATED 11/01/78
NUMBER PAP6E02

IHTS PUMP HALF-TIME = 24 SEC
B .0OOE+02

I-IHX IN NDZ TEMP 
I-IHX IN NDZ TEMP 
I-IHX EX NDZ TEMP 
I-IHX EX NOZ TEMP 
INT. PUMP TEMP, 
INT. PUMP TEMP.

8.200E + 02

7.600E + 02

7.000E + 02

6.4 DOE + 02

S.BQ0E+02

200E+02

1B0.0 240.0 300.0 480.060.0 120.0 360.0 420.0

TIME. SECS
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FIGURE 5t30
POOL IHTS PUHP PHR LOSS UITH SCRflH AND NO PUNP TRIP (NflX DECAY HT) 

RUN DATED 
NUNBER PAPGE02

IHTS PUMP HALF-TIME = 24 SECB.B00E+02
1 S. EUAP. NA IN TENP
2 L. EUAP. NA IN TENP
3 S. EUAP. NA EX TENP
4 L. EUAP. NA EX TENP

B. 200E + 02

7.600E+D2

7.000E + 02

6.400E + 02

5.B00E+02

5.2G0E + 02

60.0 1B0.0120.0 240.0 300.0 360.0 420.0 4B0.0 540.0

TINE. SECS
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FIGURE 5-31

POOL IHTS PUnP PUR LOSS UITH SCRfin AND ND PUHP TRIP (HOX DECAY HT)
RUN DATED 11^01^78
NUNBER PAP6E02

IHTS PUMP HALF-TIME = 24 SEC1.200E+02
DRtt FU. HASS FLDU 
ORM FU. MASS FLDU 
STEAM MASS FLDU 
STEAM MASS FLDU

1 S.
2 L.

1 .000E + 02

B .OOOE + Ol

6 .OOOE + Ol

4 .OOOE + Ol

2 .OOOE + Ol

360.060.0 120.0 1B0.0 240.0 300.0 420.0 540.0

TIME. SECS
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POOL IHTS PUMP PUR LOSS UITH SCRAM AND NO PUMP TRIP (MAX DECAY HT) 
RUN DATED 
NUMBER PAP6E02

FIGURE 5-32

IHTS PUMP HALF-TIME = 24 SEC
i .200E + 02

S. EU IN UTR MAS FLO 
L. EU IN UTR MAS FLO 
TURB IN STM MOSS FLO 
S. UTR DMP MOSS FLDU 
L. UTR DMP MOSS FLOU 
S. STM DMP MOSS FLDU 
L. STM DMP MOSS FLOU

1.OOOE+D2

B.OOOE + Ol

6 .OOOE + Ol

4 .OOOE + Ol

2.OOOE + Ol

0. 60.0 120.0 1B0.0 240.0 300.0 360.0 420.0 4B0.0 540.0

TIME, SECS
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FIGURE 5-33

POOL IHTS PUHP PUR LOSS UITH SCRPM AND HD PUHP TRIP CHfiX DECAY HT)
RUN DATED 11/01/70
HUHBER PAP6E02

IHTS PUMP HALF-TIME = 24 SEC1 .10OE + O3
S. DRUH STEAH PRESS. 
L, DRUH STEAH PRESS. 
S. EUAP IN UTR PRESS 
L. EUAP IN UTR PRESS 
S. EUAP EX STH PRESS 
L. EUAP EX STH PRESS 
STEAH HEADER PRESS.

1.150E+03

1.120E+03

1.090E + 03

1.060E + 03

1.030E + 03

1.000E + 03

360.0300.0240.0 540.060.0 120 .0

TIHE. SECS
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FIGURE 5-34
POOL IHTS PUMP PUR LOSS WITH SCRflfl AND NO PUMP TRIP (MAX DECAY HT)

RUN DATED li^01/?B
NUMBER PAPGE02

IHTS PUMP HALF-TIME 24 SEC
6.OOOE + 02

1 FEEDWATER TEMP.
2 S. DRUM STEAM TEMP.
3 L. DRUM STEAM TEMP.
4 S. EUAP. IN WTR TEMP
5 L. EUAP. IN WTR TEMP

TEMP
Z-J----£UAR-r-eN--S+M- TEMP

S . SOOE + 02 —~-Ti~t-3(ii

5.000E+02

4.S00E+02

4.00QE+02

3.S00E+02

3.000E+02

300.060.0 120.0 1B0.0 240.0 420.0360.0 4BO.O 540.0

TIME. SECS
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FIGURE 5-35
POOL IHTS PUflP PHR LOSS WITH SCRflfl AND NO PUflP TRIP (MAX DECAY HT ) 

RUN DATED il/01^70 
NUMBER PAPGE02

IHTS PUMP HALF-TIME = 24 SEC4.200E-01
1 S . EUAP. EX STM QUAL
2 L . EUAP. EX STM QUAL

3 . SOOE-01

2 .BOOE-Ol

2,1G0E -01

1.400E-01

? .000E-02

60.0 120.0 1B0.0 300.0 360.0 400.0 540.0

TIME. SECS
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POOL XHTS PUMP PUR LOSS WITH SCRAM AND NO PUMP TRIP (MAX DECAY HT) 

RUN DATED 11/01/7B 
NUMBER PAP6E02

FIGURE 5-36

INTS PUMP HALF-TIME = 24 SEC
-r-STTWIfTTraTER LEUEL 
2 L. DRUM WATER LEUEL

7.409E + 00

S.909E+00

4.409E+00

2.909E+00

1.4D9E+OD

9.100E-02

0. 60.0 120.0 1B0.0 240.0 300.0 360.0 420.0 4B0.0 540.0

TIME. SECS
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FIGURE 5-37

POOL REACTOR ISOLATION AND BLOWDOWN OF ONE STEAM GENERATOR
RUN DATED llv03^?B
NUMBER SUP6E00

1.200E + 02

1.000E+02

B.OOOE+Ol

6.OOOE+Ot

4.000E+01

2.000E+01

0.

1 NUCLEAR REACT POWER
2 S. P-PMP NO MASS FLO
3 L. P-PMP NA MASS FLO
4 S. I-LOP NA MOSS FLO

■S..L......I~.L.0£-tifl-JMASS FLO12 3 a

0.0 60.0 120.0 1BD.0 240.0 300.0 360.0 420.0 4B0.0 S40,0

TIME> SECS
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FIGURE 5-38

POOL REACTOR ISOLATION AND BLOUOOUN OF ONE STEAN GENERATOR
RUN DOTED
NUNBER SUPGEOO

1 .OOBE + 02
1 S. P-IHN NO MOSS FLO
2 L. P-IHX NO NASS FLO
3 REACT CORE NASS FLOW

9.920E+01

9.B40E+01

9.760E + 01

9.6B0E+01

9.600E+01

540.04B0.0420.0360.0240.0 300.0120.0 1B0.060.0

TINE, SECS
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FIGURE 5-39

POOL REACTOR ISOLATION AND BLOUOOUN OF ONE STERN GENERATOR
RUN DATED ±±/Q3s?B
NUNBER SUPGEOO

9.300E + 02
1 S. REACT UES IN TENP
2 L. REACT UES IN TENP
3 AUG CORE OUTLT TENP
4 HOT POOL TENPERATURE
5 CORE INL TENPERATURE
6 REACTOR OUTLET TENP

B.700E+02

Q .100E + 02

6.900E+02

6.300E + 02

S .7D0E + 02

4B0.0 540.0360.0300.0 420.01B0.0 240.0120.060.0

TINE. SECS



FIGURE 5-40

POOL RERCTOR ISOLATION AND BLOWDOUN OF ONE STERN GENERATOR
RUN DATED 11/03/70
NUNBER SUPGEOO

1 S. P-IHX IN NOZ TENP
2 L. P-IHX IN NOZ TENP
3 S. P-IHX EX NOZ TENP
4 L. P-IHX EX NOZ TENP
5 S. PRI. PUNP TENP.
6 L. PRI. PUNP TENP.

B.S00E+02

7.90PE + 02

7.300E + 02

6.700E+02

6.100E + 02

S. S00E + 02

S40.0480.0420.0300.0 360.0240.0100.0120.0

TINEj SECS
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FIGURE 5-41

POOL REACTOR ISOLATION AND BLOUOOUN OF ONE STERN GENERATOR
RUN DATED li/'03/'?Q
NUNBER SUPGEOO

B.200E+02
I-IHX IN NOZ TENP 
I-IHX IN NOZ TENP 
I-IHX EX NOZ TENP 
I-IHX EX NOZ TENP 
INT. PUNP TENP. 
INT. PUNP TENP.

7 700E+02

7.Z00E+02

6.700E+02

6.200E+02

S.700E+02

S.200E+02

420.0 4B0.0 S40.0240.0 300.0 360.060.0 120.0 iao.0

TINE> SECS
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FIGURE 5-42
PDDL REACTOR ISOLATION AND BLOUOOUN OF ONE STERN GENERATOR 

RUN OPTED 11/03/78 
NUNBER SUPGEOO

B,200E+02
EUAP. NA IN TENP 
EUAP. NA IN TENP 
EUAP. NA EX TENP 
EUAP. NA EX TENP

7. FOOE + 02_

7.20DE+02

6.700E + 02

6.200E+02

S. 7Q0E + 02

S.200E+02

S40.04B0.0420.0300.0 360.0240.0120.060.0

TINE. SECS
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FIGURE 5-43

POOL REACTOR ISOLATION AND BLOUOOUN OF ONE STEAN GENERATOR
RUN DATED 11/03^7B
NUNBER SUPGEOO

1.200E+02
DRN FU. NASS FLDU 
DRN FU. NASS FLDU 
STEAN NASS FLDU 
STERN NASS FLDU

1 S.

1.000E+02

B.OPOE+Pi_

6 .POOE + Oi

4 . PPOE + Ol

2.P00E+01

4BP .0 S40.0420.0360.0300 .0240.0120.0 lao.o60.0

TINEj SECS
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FIGURE 5-44

POOL REACTOR ISOLATION AND BLOUOOUN OF ONE STEAN GENERATOR
RUN DATED li/'03/7B
NUNBER SUPGEOO

1 S. EU IN UTR NOS FLO
2 L. EU IN UTR NAS FLO
3 TURB IN STN NASS FLO
4 S. UTR ONP NASS FLDU
5 L. UTR ONP NASS FLDU
6 S. STN ONP NASS FLDU
7 L. STN ONP NASS FLDU

1.S40E+02

1.140E+02

7.400E+01

3.400E+01

-6.000E+00

-4.600E+01

4B0.0 S40 .0240.0 360.0 420.01B0.0 300.060.0 120.0

TINEj SECS



PR
ES

SU
R

E.
 PS

Ifl

FIGURE 5-45

POOL REACTOR ISOLATION AND BLOWDOWN OF ONE STERN GENERATOR
RUN DATED il/O3/'?0
NUNBER SUPGEOO

1.214E+03
1 S. DRUN STEAN PRESS.
2 L. DRUN STEAN PRESS.
3 S. EUAP IN WTR PRESS
4 L. EUAP IN WTR PRESS 
S"S-.-"EUAP EX~STN PRESS1.014E + 03 ■g""rr.EUBF“i5?'~stn press
? STEAN HEADER PRESS.

B.140E+02

6.140E+02

4.140E+02

2.140E+02

1.400E+01

0.0 60.0 120.0 1B0.0 240.0 300.0 360.0 420.0 480.0 S40.0

TINE. SECS
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FIGURE 5-46

POOL REACTOR ISOLATION AND BLOUOOUN OF ONE STEAN GENERATOR
RUN DATED IjU03^?B
NUNBER SUPGEOO

FEEDUATER TENP.
S. DRUN STEAN TENP. 
L. DRUN STEAN TENP. 
S. EUAP. IN UTR TENP
L. EUAP. IN UTR TENP
S. EUAP. EX STN TENP
L. EUAP. EX STN TENP

6.100E+02

S.100E+02

4.100E+02

3.100E+02

2.100E + 02
S40.04BO.O360.0 420.0240.0 300.01B0.060.0 120.0

TINE, SECS
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FIGURE 5-47
POOL RERCTOR ISOLATION AND BLOUOOUN OF ONE STERN GENERATOR

RUN DATED 11^03/78
NUNBER SUPGEOO

1.020E+00
€WP.-tH-STN QURL

2 L. EURP. EX STN QURL

B.S00E-01

6 „800E~01

S.100E~0i

3 »400E-01

1.700E-01

S40.0120.0 180.0 240.0 300.0 3S0.G 4 20.0

TINE, SECS
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FIGURE 5-48

POOL REACTOR ISOLATION AND BLOUOOUN OF ONE STEAO GENERATOR
RUN DATED ii^03/-?B
NUNBER SUPGEOO

rv>

z
H

S.OOOE+Oi

2-OOOE+Ol

1 S, DRUN UATER LEUEL
2 L. DRUN UATER LEUEL

2

-1.OOOE+Ol

L2——'

-4 . OOOE + Oi '

-?.OOOE + Ol

-1.000E + 02

1 1
-1.300E+02 1 1 i 1 1 1 1

0 .0 60.0 120.0 1B0.0 240.0 300.0 360.0 420.0 4B0.0 540

TINE* SECS
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FIGURE 5-49
REPCTOR LOSS DF OFF-SITg POWER UIMINIMUM DECOY HEOT 

RUN DOTED 11/OZ/7B 
NUNBER POP&ED3

IHTS PUMP HALF-TIME = 24 SEC
1 _ 200E*0Z

1 NUCLEOR RERCT POWER
2 S. P-PflP NO (10SS FLO
3 L. P-PflP NO flRSS FLO
4 S. I-LOP NO (loss FLO
5 L. I-LOP NO DOSS FLOi .OOOE + OZ

B .OOOE + Ol

6.OOOE + Ol

4.OOOE+Ol

2.OOOE+Ol

200.0 400.0 600.0 BOO.O 1000.0 1200.0 1400.0 1600.0 1B00.0

TINE, SECS
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FIGURE 5-50

REACTOR LOSS OF OFF-SITE POWER WITH MINIMUM DECAY HEATRUN DATED 11'02'?BNUflBER PAPDEO^
IHTS PUMP HALF-TIME = 24 SEC

1.200E i-O?
S. P-IHy NA AASS FLO 
L . P-IHX NA flASS FLO 
REACT CORE HASS FLOW

1 . OOOE *02

B .DDOE + Oi

6.DADE*01

4 .Af'DE *0i

2 .oouE + ni

200.0 400.0 COO.0 BOO.O 1000.0 1200.0 1400.0 1C00 .0 1B00.0

TIDE. SECS



FIGURE 5-51
fepctdr loss df off-site fouer uith MINIMUM 

RUN OPTED ' It '02 '?B 
NUflBER PPPGE03

IHTS
3.300E+0Z

0 . ?OOE +0?

8.1OOE + 0Z

w ? .S00E+D2

S .300E + 02

€. .300£*02

S-70OE+O2

200.0 400.0 600.0 800.0 1000.0, 1200.

DECOY HEP T

PUMP HALF-TIME = 24 SEC
PU& CORE OUTLT TEMP 
HOT POOL TEnPERPTURE 
COLO POOL TEflPER TURE 
CORE INL TENPERPTURE 
REPCTOR OUTLET TENP

0 1400.0 1600.0 1800.0

TINE > SECS
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FIGURE 5-52
PEOCTOR LOSS DF OFF-SITE POWER WITH MINIMUM DECAY HEATRUN DATED 1!/'D2/'?BNUNBER PAPGED3

IHTS PUMP HALF-TIME = 24 SEC
0.DOPE >OZ

1 S. P-IHX IN NOZ TENP
2 L. P-IHX IN NDZ TENP
3 S. P-IHX EX NOZ TENP
4 L . P-IHX EX NOZ TENP
5 S. PRI. PUNP TENP.
6 L . PRI . PUNP TENP.

B . ZOOE+OZ

7.6O0E + O2

? -0D0E+O2

6.400E+02

S.BOOE+OZ

S .2DOE + OZ

200.0 400.0 600.0 BOO.O 1000.0 1200.0 1400.0 1600.0 1000.0

TINE. SECS
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FIGURE 5-53
PEflCTDf? LOSS OF OFF-SITe FOUER UITH MINIMUM DECOY HEOT 

RUN DOTED ll/OZ^?B 
NUNBER FRP6E03

IHTS PUMP HALF-TIME = 24 SEC

TINE, SECS
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FIGURE 5-54

CJ
I

REOCTDR LOSS OF OFF-SITE FOUER UITH MINIMUM DECOY HEOTRUN DOTED 11^02^70NUTIBER P0P6E03
IHTS PUMP HALF-TIME 24SEC

1 S. EUflP. NO IN TEMP.
2 L. EUOP. NO IN TEMP.
3 S. EUflp. NO EX TEMP.
4 L. EUflP. NO EX TEMP.

B.BD0E>02

B.200E*02

?.CODE *02

7.OOOE *02

6,400E*02

S.80OE+02

S.200E+02

200.0 400.0 600.0 BOO.O 1000.0 1200.0 1400.0 1600.0 1800.0

TIMEi SECS
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FIGURE 5-55
REPCTOR LOSS OF OFF-SHE FOUER UITH MINIMUM OECflY HEAT

RUN DOTED ll/'02/7BNUNBER P0P&E03
IHTS PUMP HALF-TIME = 24 SECi . 200E*02

1 S. DRN FU. NOSS FLDU
2 L . DRN FU. NOSS FLDU
3 S. STEAD NOSS FuOU
4 L . STEAN NASS FLDU

1 .OOOE+D2

B .OOOE + Ol

6 .OOOE + Ol

4 .OOOE + Ol

2 .OOOE + Ol

200.0 400.0 600.0 BOO.O 1000.0 1200.0 1400.0 1600.0 1BOO.O

TINEj SECS
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PEPCTDR LOSS OF OFF-SITE FOUER UITH MINIMUM OECflY heat 
RUN DOTED 11/D2/-7B 
NUMBER P0P6E03

FIGURE 5-56

IHTS PUMP HALF-TIME = 24 SECi .20OE + O2
1 S. EU IN UTR MAS FLD
2 L. EU IN UTR MAS FLD
3 TURB IN STM MASS FLO
4 S. UTR DMP MOSS FLDU
5 L. UTR DMP MOSS FLDU
6 S. STM DMP MASS FLDU 
? L. STM DMP MASS FLDU

1 .OOOE + 02

B .OOOE + Ol

6 .OOOE+Ol

4 .OOOE+Ol

2.OOOE+Ol

200.0 400.0 600.0 BOO.O 1000.0 1200.0 1400.0 1600.0 1BOO.O

TIME > SECS
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FIGURE . 5-57
repctdr loss of off-site pouef uith 

RUN DATED li/'02/?B 
NUNBER PRP6E03

MINIMUM DECAY HEAT

IHTS PUMP HALF-TIME = 24 SEC
1.1B0E+03

S . DRUN STEAN PRESS . 
L . DRUN STEAN PRESS. 
S. EUAP IN UTR PRESS 
L . EURP IN UTR PRESS 
S. EUAP EX STN PRESS 
L - EUAP EX STN PRESS 
STEAN HEADER PRESS .

1.1S0E + 03__

1.120E+03

1.090E+03

1.O60E+O3

1.030E+03

1.000E+03

200.0 400.0 600.0 BOO.O 1000.0 1200.0 1400.0 1600.0 1BOO.O

TINE, SECS
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FIGURE 5-58
REPCTOR LOSS DF OFF-SUE POWER WITH MINIMUM DECAY HEOTRUN OPTED llvP2^?BNUflBER PPPGE03

IHTS PUMP HALF-TIME = 24 SEC
S .900E+02

1 FEEPUPTER TEfip .
2 S. DRUfl STEPP TEPP.
3 L. ORUP STEPP TEPP.
4 S. EUPP. IN UTR TEPP 
sh:-:-.-eobr^i-^n UTR TEPP
6 S. EURP. EX STP TEPP
7 L. EURP. EX STP T£PP

S .4006 + 02

4.300E + 02

3.3001; +0''

3.400E+02

200.0 400.0 600.0 BOO.O 1000.0 1200.0 1400.0 1600.0 1000.0

TIPE, SECS
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FIGURE 5-59
REACTOR LOSS OF OFF-SITE POUEF UITH MINIMUM DECAY HEATRUN DATED ti/'02/?aNUNBER PAP6E03

IHTS PUMP HALF-TIME = 24 SEC
2 „ 400E-01

1 S . EURP. EX STN QURL
2 L. EURP. EX STN QURL

2 . OOOE-01

i .600E-01

1.2OOE-01

0.OOOE-02

4.000E-02

200.0 400.0 600.0 000.0 1000.0 1200.0 1400.0 1600.0 1000.0

TINE. SECS
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FIGURE 5-60

PEOCTPf? LOSS DF OFF-SITE POUER UITH MINIMUM DECOY HEOT 
RUN DOTED il/'02/'?B 
NUflBER POP&ED3

1 S. DRUN UATER LEUEL
2 L . DRUfl UPTER LEUEL

NTS PUMP HALF-TIME = 24 SECB. 90 96 •-DO

7.409E+00

S.909E+00

- 4.40SE +00

Z.909E+00

1.409E DO

9 .iODE-OZ

200.0 400.0 600.0 000.0 1000.0 1Z00.0 1400.0 1600.0 1B00.0

TlflE i SECS
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1. INTRODUCTION AND SUMMARY

The combination of a saturated steam cycle and a pool-type LMFBR offers the 

possibility of a plant control scheme using constant speed pumps. The saturated 

steam cycle allows part-load operation at low reactor outlet temperature, and 

the pool configuration does not require balanced primary pump flow to equalize the 

thermal load of the IHX's. The feasibility and practicality of using constant 
speed pumps for the EPRI pool design are discussed in this subsection.

Constant speed pump systems are less expensive and more reliable than variable 
speed pump systems. In general, constant speed pumps do not impose major 
component design changes or plant operational limitations, although they do not 

provide the range of operating flexibility that may be an important requirement 
for a first-of-a-kind plant. Within the range of component design uncertainties, 
the actual full load plant temperatures are within the established design limits. 
Under part-load operations, constant speed pumps result in reduced load change 
rate to minimize core thermal transients. As compared to variable speed pumps, 
constant speed pumps do not impose additional risk to plant operation or penalize 
the plant operation or penalize the plant energy availability due to components 
out of service. Nevertheless, analysis of operation with one primary pump out of 
service suggests that the NPSH designed into the pumps should be increased. The 

pump runout characteristics also require three primary pumps be started simulta­
neously.

The conclusions of this study are as follows:

1. It is feasible to use constant speed pumps for the pool-type 
LMFBR.

2. The use of constant speed pumps will have little adverse effect on 
other component designs.

3. Since the actual plant temperatures under normal plant operation 
are likely to be lower than the design conditions, the use of 
constant speed pumps will not affect the safe operation of the 
plant.

4. Part load operation should be accomplished with a lower power 
change rate to minimize plant temperature transients. The capa­
bilities of the constant speed and the variable speed pump system 
are similar with respect to most transient conditions.

5. With the Phase A pump design, pump NPSH is the limiting factor for 
constant speed pump operation with one primary pump out of service.

V-2.4-1



6. Power output levels for constant speed pump operation with compo­
nents out of service are essentially the same as those for variable 
speed pump operation.

However, considering the EPRI-pool design as a first-of-a-kind LMFBR, EPRI has 

chosen to retain the variable speed pump concept as the reference design, and 
consider the constant speed pump as an alternate option. Pump design changes 
and pump impeller elevation in the reactor vessel are now being explored to 

improve pump NPSH characteristics. (See Appendix VB)
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2. APPROACH

A systemmatic approach shown in Table 2-1 was used to identify cause-effect 

relationships between component designs and plant conditions in constant speed 
pump operation. Analyses were then planned and performed to determine the plant 
operation effects.

A computer code PARTCON was developed for the parametric study. The analysis 

basically consists of two parts. The first part is a component design 

sensitivity analysis which calculates the plant conditions under various 
component design conditions and design uncertainties. The second part is a 
plant performance analysis under part load operation and with components out of 
service. The results of the study are presented in Appendix A.
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TA81E 2-1

Constant Speed Pump Effect Matrix*

^''^^Vari able 

Design

Flow Plant Temperature Pool Level

PHTS IHTS RFW tPH TPC TIH TIC % Twc Hot Pool Cold Pool

pn
X - - X X - - X X

Core AP
pn

X - - X X - _ - - X X

IHX H.T.*** Coeff
- - - X X _ - - - -

Pump NPSH X - - - - _ - - - - X

Pri. Pump Speed X - - X X - - - - X X

IHX APjnt - X - X X X X - - - •

SG iPint -
X

- X X X X X X -

SS H.T.*** Coeff - _ - X X X X X X -

SS APfw - X — ™ - - X X —

(PI-1 )** Loop X _ X X X X . _ X X

(N-2) Loop X — — X X X X — “ X X

{N-l}** Pump X - - X X X X _ _ X X

Core Power - - - X X X X - _ - -

Startup X - - - - - - “ -

* X possible ca jse-ei feet relati inship

** (N-l):one IHTS loop or ons prim iry pu ip ou of s >rvic
r

a 4

*** Heat transfer coefficient is a junction of the coolant flows in the 

tube side and the shell side dictated by component design. For normal 

constant speed pump operation, circuit flow is affected only by head 

change.

(N-2) loop: two IHTS loops out of service.



3. CONSTANT SPEED PUMP DRIVE ALTERNATES

Both single speed and two speed drives may be considered for a pool-type LMFBR 
plant. They impose similar constraints on plant starting and load changing.

Upset transients following a scram appear to be more severe for a single speed 
drive than for a two speed drive. See Part V, Subsection 2,3 for details of 
plant thermal transients. Nevertheless single speed drives are still attractive 
if sufficient steam by-pass capacity is provided to reduce the number of scrams 
resulting from turbine trips.

Except for starting the pump drives, plant startup procedure is similar to that 
for the variable speed drives. Because the discharge flow of the primary pumps 
passes through a common reactor core hydraulic impedance, the flow for a pump 

increases when one or more pumps are not available for service. The pump runout 
characteristics require that three pumps must be running to assure operation 
without cavitation.

As an alternate to starting three pumps simultaneously, it is possible to design 
a position controlled valve instead of an isolation valve on the current pump 

assembly. This valve could be partially closed when starting each pump one at a 
time to prevent pump runout. Large throttling valves for the BWR recirculation 
loops have been designed but they have presented some challenging vibration 
problems. However, it would be easier to cope with these problems if the valves 

were mainly used for throttling only during the startup. The vibration could be 

a more serious problem than load impulses on the deck structure due to starting 

three pumps concurrently. In practice, auto-transformers would be used to 
prevent full voltage starting and minimize load impulses on the deck structure.

Consequently, common feeders and starters of the primary pump motors must be 
sized for synchronized starting of any three primary pumps simultaneously. The 
requirements for starting two speed motors are similar to those for single speed 

drives. The main difference is that the reduced speed state may be used in lieu 

of auto transformer starting. Pump motors may be started sequentially from pony 
motor speed to the intermediate speed (about 50% full speed). To avoid cavitation 

the speed of three pumps must increase simultaneously from the intermediate speed 
to full speed. This is true even if all four pumps are operating at intermediate 
speed.
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When increasing or decreasing the load of a plant having constant speed pump 

drives, the temperature difference across the reactor and heat exchanger components 
also increase or decrease. Heavy structures such as heat exchanger nozzles and 
tubesheets, and the reactor support structure are subject to considerable internal 

stresses if the temperature of the sodium that wets their surface is changing too 
fast. CRBRP is being designed to accommodate a power change of 3% per minute 
maximum which in the present design requires that the primary sodium temperature 

change at about 4°F/minute.

For the large commercial LMFBR, it is proposed to limit the rate of change in 
temperature to about 3°F/minute. For constant speed pump operation, core outlet 
temperature is proportional to power and the corresponding power change rate will 

be about 1 %/minute.

A more detailed treatment of constant speed pump drive systems is given in Part 

VII, Subsection 2.1.
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4. COST COMPARISON OF SOME PUMP' DRIVE SYSTEMS

Table 4-1 shows the estimated cost of five different pump drive systems. These 
systems are arranged sequentially from the lowest cost system ,t0 The highest 

cost system. The first column identifies the drive systems. The total 

estimated cost shown in column 5 consists of the cost of the drive motor and all 
auxiliaries (column 2), the power supplies, controls and their installation 
(column 3), and the building space for the power supplies and controls (column 
4). Building space cost is based upon $200/ft . Estimated cost data are for 
16 pump drives.

It is apparent that the single speed drives offer a savings over the rectifier- 
inverter variable speed drives of about 17 million dollars. Two speed systems 
also offer a savings of 11 to 13 million dollars over the variable speed drive 
system • The liquid rheostat, variable speed drive system offers a savings 

of about 5 million dollars over the rectifier-inverter system but it has several 
deficiencies if it were used for the primary pump drives. These deficiencies 

and the pump characteristics are discussed in detail in Part VII, Subsection 2.1.
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TABLE 4-1

Cost Comparison of Pump Motor Drive Systems*

Type of Drive
Motor &
Auxiliaries
Cost

Power Supply, 
Controls & 
Installation 
Cost

Building
Cost

Estimated
Total
Cost

Single Speed
Induction Motor

9000K 1500K 320K -
(1600 fr) 10820K

Two Speed Drive
Single Winding

9Q00K 5100K 800K 9 
(4000 ft4) 14900K

Two Speed Drive
Two Winding

14000K 2000K 50QK 9 
(2500 ft4) 1650QK

Liquid Rheostat
Variable Speed Drive

14800K 600QK 1600K .
(4000 ft4) 2240QK

Rectifier-Inverter 
Variable Speed Drive

96Q0K 1620QK 2400K 9
(12000 ft4) 282QQK

*K refers to thousands of dollars.
The estimated cost data in this table are for 16 pump drive systems, 4 primary

pump drives, 6 intermediate pump drives, and 6 steam generator recirculation 

pump drives. Drive systems data and more detail cost breakdown is given in 
Part VII,Subsection.2.1.
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5. COMPONENT DESIGN SENSITIVITY UNDER FULL LOAD OPERATION

Without variable pump speed control capability, plant temperatures become a 

function of the system pressure drops and the heat exchanger performance. At 

full load with four primary pump and six IHTS loops, the actual plant tempera­

tures will be lower than the design limits provided that the pumps are designed 

with margins. For instance, if the design pump head margin is 17%, the hot pool 
temperature which is the most critical and limiting condition for plant operation 
will not exceed the designed 875°F even if pressure drop in the primary loops, 
intermediate loops and feedwater loops are 30% underestimated.

Similarly, for the present IHXs and steam generator designs, a 25% reduction in 
heat transfer performance (H.T. Area or H.T. coefficient) should not adversely 
affect the overall plant conditions. Figure 5-1 shows the combined effects of 

the system pressure drops and heat exchanger performance on core outlet tempera­
ture at a steady state full power condition. The expected core outlet tempera­
ture is about 850°F and it is very unlikely that the temperature would exceed the 

design 875°F even with pessimistic assumptions.

V-2.4-9



0.826

A** = 1.0

AP =1 and Ao =0.87*** 
AP„

'1.174

u- 860

0.7 0780791
Normalized Pressure Drop, fAf.

*For the primary, intermediation and recirculation loops.
**Heat Transfer Performance (H.T. Area and H.T. Coefficient) of IHX's and 

Steam Generators.

FIGURE 5-1 EFFECTS OF COMPONENT AP AND HEAT TRANSFER PERFORMANCE
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6. PLANT CONTROL UNDER PART LOAD OPERATION

With constant speed pump operation and high feedwater recirculation (6 to 1 
ratio) in the steam generators, the primary and the intermediate sodium cold leg 

temperature will be very stable. Consequently, the core outlet temperature and 

the intermediate hot leg temperature are proportional to the core power. Between 
60% and full load change the resulting core temperature swing is about 130°F 
which is considerably greater than the 50°F swing for the variable speed pump 

system. One way to reduce core flow to minimize the core outlet temperature 
swing is to use two speed pumps. The lower speed reduces the possibility of 
pump cavitation and helps to minimize the core temperature swing to about 65°F.

The effects on plant operation from thermal transients are similar for the single 
speed and variable speed pump systems. Figure 6-1 shows the core outlet tempera­
ture at part load operation for the three systems. Between 60% and full load 
operation, the core temperature change is 50°F for the variable speed pump,^ 65°F 
for the two speed pump and 130°F for the single speed pump. The maximum load 
change rate for the variable speed pump is 3%/minute under normal plant opera­
tions. At this rate, the corresponding core temperature transient is 3.75°F/ 
minute. If one assumes that the operating risk due to core thermal transients 

is proportional to the core step temeprature change and the temperature transient 

rate, then for similar degree of risk, the load change rate for the two speed 

and single speed pump system will be 0.9%/minute and 0.45%/minute, respectively. 

The difference in load change time between the single speed and the variable 
speed system is 1.25 hours but the difference is less than 36 minutes between 

the two speed and the variable speed system. For a base-load plant, the load 

change flexibility between the constant speed pump and the variable speed pump 

system is not significantly different.

During load change, core power will increase or decrease at a pre-determined 

rate. The plant temperature transient usually will be very low for all three 
pump systems. Incase of upset, faulted or emergency conditions, the reactor will 

scram and the pumps will remain at 100% speed, trip to 50% speed or trip to pony 

motor speed depending on the post-scram system chosen. However, the maximum 
core temperature drop is still 'v320°F (from 860°F to 540°F) no matter which post- 

scram operating mode is selected (of course single speed pump cannot operate at 

50% speed). The plant must be designed for this severe transient whichever pump 
system is adoped. The only condition that makes some difference is an 

uncontrolled.rod insertion event. For instance, the worst case is when
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core power drops rapidly from full load to 60% load. Core outlet temperature 

will drop 50°F for the variable speed, 65°F for the two speed, and 130°F for the 
single speed pump system. These rapid core temperature changes do represent some 
degree of plant operating risks. However, the likelihood of an uncontrolled rod 
insertion event is very low. The plant duty cycle analysis shows that the 
frequency of an uncontrolled rod insertion event is 10 out of 763 total level B 
type services during 40 years of plant life.

During part load operations, a decrease in power will result in both bowing 
reactivity and Doppler reactivity additions. Alternately, increasing core power 

produces negative bowing reactivity and Dopper reactivity. However, the core 
power (change by control rods) is the dominant factor which dictates the net core 

power output. For a low load change rate such as 1 %/minute (1.5°F/minute core 

outlet temperature change) the bowing reactivity and Doppler effect will not be 
significant.

Considering the plant thermal transients during design and off-design conditions 
and plant control flexibilities, selection of either pump system should not 
affect the safe operation of the plant.
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7. COMPONENTS OUT OF SERVICE

Plant operation with component outage is a means to improve plant availability.
In this report, single and double component failures were considered for the 
constant speed pump operation. These include the failure of:

(1) One IHTS loop
(2) One primary pump
(3) Two IHTS loops

and (4} One primary pump and one IHTS loop.

Generally, constant speed pumps would not impose major restrictions on plant 

operation with component outages. Figure 7-1 shows that the intermediate hot 

leg temperature is a more restrictive limitation for maximum power level oper­
ation than the core outlet temperature. The power output level of the plant 

with one component out of service is a respectable 90% average. (95% for one 

pump out and 85% for one IHX out). For case 3 and case 4 above, the power levels 
are 68% and 85% resepctively. These power output levels for constant speed 
pump operations are essentially the same as those for the variable speed pumps 

with similar plant operating conditions.

With the present design, pump cavitation is a potential problem if the plant 

operates with one primary pump out of service. In this condition, pump flow in­

creases about 16%. The required pump NPSH will increase from 39 ft. to about 
47 ft. of sodium. For double failure with one IHTS loop also out, the avail­

able pump NPSH is about 47 ft. which is only marginal. There is potential for 

pump cavitation to develop. Pump NPSH, therefore, prohibits the operation of 
any two primary pumps alone and requires startup of three primary pumps simultan- 

neously to prevent pump cavitation. Effort is being made to improve pump NPSH 
characteristics and explore the possibility of lowering the pump impeller into 
the cold pool to improve the reliability of the primary pump operation. (See 

Section 2.2 and Appendix' (VB).
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*Maximum CORE POWER allowed to operate without exceeding this limit.

FIGURE 7-1 POWER LIMITATION WITH COMPONENTS OUT OF SERVICE

V-2.4-15



8. CONSTANT SPEEP PUMP VS VARIABLE SPEED PUMP

Apparently, for a base-load plant, constant speed pumps can perform adequately 
and impose no major limitations on plant control and operation. Economics is 
the strongest incentive to use constant speed pumps, particularly for the fifth- 
of-a-kind design. The economics and reliability aspects of constant speed pump- 
operation are discussed in Part VII,Section 2.1.

However, for a first-of-a-kind LMFBR design, one must consider the uncertainties 
involved in the early stage of the plant development and operation. The capa­

bility of fine-tuning the plant flows may be considered desirable to research, 

test, and verify any off-design conditions. Furthermore, variable speed pumps 

can verify the applicability of constant speed pump operation for subsequent 
design. The use of variable or constant speed pumps for the EPRI-pool design, 
however, is an operator/owner choice.
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APPENDIX A: CONSTANT SPEED PUMP CALCULATIONS

The constant speed primary pump being considered for the pool design is a two- 

stage double suction type. At full load, the pump operates at 870 RPM and 

delivers 65,800 GPM of sodium at a design head of 120 psi. Under part load 

operations, constant speed pumps maintain good flow mixing and flow distri­

bution in the primary vessel while minimizing the effects of sodium stratifi­
cation. It also assures adequate sodium flow through an active thermal barrier 
for reactor vessel protection. (See Part III Section 2.4y. Figure A-l shows 
the phase A pump characteristics operating at constant speed. The required 
pump NPSH as a function of pump flow is also shown in the figure. It was 
assumed the intermediate pumps and the recirculation pumps have similar 

characteristics.

The pool plant design conditions are presented in Table A-l. At rated condi­
tions the plant operates with 4 primary pumps and 6 IHTS loops. The primary 
pumps are arranged in parallel so that loss of one primary pump does not 
directly affect the IHTS function. The design hot pool temperature is 875°F. 
For a core AT of 280°F, the cold pool temperature will be 595°F. The corre­

sponding hot leg and cold leg temperature of the intermediate loops are 815°F 
and 550°F respectively. The steam turbine throttle pressure is 1000 psig and 
the turbine throttle temperature is 545°F. The expected plant conditions under 

constant speed pump operations are also shown in Table A-l.
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A-l Component Design Sensitivity

With adequate design margin, the use of constant speed pumps is not expected to 
affect other component designs. For instance, the calculated pressure drop of 
the primary system is about 102 psi. For a margin of 17%, the pressure head 
specified for the pump design will be 120 psi. However, for constant speed pump 

operation, the actual system pressure drop, which is the calculated AP + the 
calculation uncertainties, determines the pump flows and eventually the final 
temperature profiles of the plant. To avoid complication by the different pumps, 
it was assumed that the primary pumps, the intermediate pumps and the feedwater 
pumps have similar design margin and design uncertainties. A +20% design 
uncertainty was used in the study.

A similar parametric analysis was performed for the IHX's and steam generators.
It was assumed that the heat exchangers have a surface area design margin of 15% 

for tube fouling and tube plugging, and the uncertainty for heat exchanger perfor­

mance is +20% of the required heat transfer area. Thus, the upper and the lower 
bounds of the effective heat transfer area of the IHX and the steam generators are 

117.4% and 82.6% of the reference design.

The results of the component design sensitivity study are presented in Figure 
A-2. Apparently the cold leg temperatures are not sensitive to the flow conditions. 
But, the sodium flows will affect the hot leg temperatures which are more critical 
to normal plant operation. The primary sodium temperatures are also more sensitive 
to the IHX performance than the intermediate sodium temperature to the steam 

generators. Due to the high feedwater recirculation, the steam generator inlet 

water temperature will not vary appreciably.

The hot pool temperature is the most critical design parameter for the safe 

operation of the plant. Figure A-3 shows how the pump designs and the heat 
exchanger performance can affect the hot pool temperature. Based on the 

assumptions discussed earlier, the expected hot pool temperature is about 850°F 
which is about 25°F below the design temperature. For extreme conditions, the 
temperature can be 53°F below or 9°F above the design condition. However, since 
the probability of having the hot pool temperature above 875°F is low, the 
use of constant speed pump should not impose additional plant operation risk due 
to elevated pool temperatures.
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Figure A-4 also shows that the cold pool temperature will be lower than the 
design condition. The expected temperature during normal operation is about 585°F. 

The expected sodium flow as a function of system pressure drop is shown in Figure 

A-5.

A.2 Part Load Operation

Partload operation is essentially an important part of normal plant operations. 
Figure A-6 shows the plant conditions of the pool design with constant speed pump 

as a function of plant load. The primary and the intermediate cold sodium 
temperatures and the feedwater temperatures virtually are not affected by the load 
condition. The hot pool and the intermediate hot leg temperature, however, are 

proportional to the core power. A normal load change between 60% and 100% for 
instance, can result in a core temperature swing of more than 125°F.

One possible option to control core temperature is to reduce core flow. Figure 
A-7 shows the resulting core temperature as a function of core power with 4, 3, 2 
or 1 pump operating. Apparently, lower core flow such as 66% of rated flow can 

have the core temperature swing from 125°T to about 65°F. But, the two pump 
operation induces a core temperature jump of 65°F when pump operation switched 
from 3 to 2 pumps or vice versa. As the flow increases about 32% in each pump, 
the required pump NPSH will be so high that pump cavitation will develop. The 
pump flow and the core flow for different pump operating modes are tabulated in 
Figure A-7. For single speed pump, therefore, the viable control option is to 

change load at a moderate rate to minimize core thermal transients.

Use two speed pump is a more practical option to control core flow and reduce 

core temperature change. For example, at full pump speed, core power can reduce 

to about 80% while core outlet temperature drops from 865°F to about 800°F; then 
the pumps will change to the lower speed, but the resulting core outlet tempera­

ture will not rise above 865°F. As core power reduces to about 60%, the corre­
sponding core outlet temperature at the lower pump speed is 806°F. Thus, the 

core temperature change is reduced from 125°F to 65°F. Figure A-8 shows the 
core temperature profiles for the single speed, two speeds and the variable speed 

pump system at various load conditions.
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A.3 Components Out of Service

To maximize plant availability during plant life, the plant must be able to 

operate with major components out of service. Two types of failures were 
considered:

1. Loss of IHTS loop due to the failure of the IHX, intermediate pump 
or steam generator and,

2. Loss of primary sodium pump.

In this report, plant operation with one or two IHTS loops out of service is 
referred to as (N-l) loop or (N-2) loop operation. Similarly, (N-l) pump refers 

to plant operation with one primary pump out of service.

Figure A-9 shows the core outlet temperature under various plant operations with 

different combinations of component failure. Since the limiting core outlet 
temperature is 875°F, it becomes one of the limitations for the operation 
of the plant. Similarly, the intermediate hot leg temperature profiles are 

shown in Figure A-10. Since the IHTS loops in a pool design are not directly 
coupled to any primary pumps, the 3 pump or 4 pump operation has no effect on 

the intermediate hot leg temperature.

Both the design core outlet temperature and the intermediate hot leg temperature 
impose core operating restrictions as shown in Figure A-l1. In general, the 

intermediate hot leg temperature is more restrictive than the core outlet tempera­

ture. It tends to reduce the power level of the plant. The maximum power output 
can be achieved if the steam generators are designed for higher temperature 

(860°F maximum) limits.

Pump NPSH is another limitation on plant operation with one primary pump out of 

service. As shown in Figure A-12, for the (N-2) loop case, the available pump 
NPSH is higher than the required pump NPSH provided that all 4 primary pumps are 
operating. However, pump NPSH margin diminished rapidly as one primary pump is 

out of service. Consequently, operation of two primary pumps is prohibitive.

Even under (N-2) loop operation, the hot pool level will rise about 1-1/2 ft. 

which should have no effect on plant operation. The cold pool level, however, 
will drop appreciably reducing the pump available NPSH as shown in Figure A-12.
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TABLE A-l

PLBR - Pool Plant Operation

Design Conditions Expected Conditions

Power Output, MWe 1000 1000

i % 100 100

Turbine Conditions, psia 1000 1000

, °F 545 549

FW Recirculation Ratio 6 6

Number of Primary Piping 4 4

Number of IHTS loops 6 6

Primary Sodium Condition =

Hot Leg, °F 875 850

Cold Leg, °F 595 584

Total Flow, Ib/hr. 115.4 x IQ6 122.9 x 106

NPSH Available, ft. 46 47

NPSH Required, ft. 39 40

Total Pressure Drop, psi 120 102

Intermediate Sodium Condition =

Hot Leg, °F 815 797

Cold Leg, °F 550 547

Total Flow, Ib/hr. 121.7 x 106 129.6 x 106

V-2.4-21



TO
TA

L H
EA

D
 IN 

FE
E
T

NPSH REQUIRED

400-

6000 -----30
BHP SP . GR = 1.0

4000 -SP. GR. = 0.88

2000 ~ -10

THOUSANDS GALLONS PER MINUTE
POOL TYPE PUMP - TWO STG. - DDL. SUCTION (EXTENSION 1 DESIGN) 

FIGURE A-l PRIMARY PUMP CHARACTERISTICS

EFFIC
IEN

C
Y,



0.826

HOT POOL
1 .174

-0.826

1.174

HOT LEG

PRIMARY SODIUM TEMP.

----- INTERMEDIATE SODIUM TEM!

FULL POWER OPERATION 
D- DESIGN CONDITION WHERE

= 0.87=1 and

COLD POOL
■0.826

4 .174

-0.826
~ 1 -0

1 .174COLD LEG

NORMALIZED PRESSURE DROP*,^

*For the primary intermediate and recirculation loops. 
**For IHX and steam generator heat transfer performance.

FIGURE A-2 COMPONENT DESIGN SENSITIVITY

V-2.4-23



0.826

1 .174

0.6 0.7 0.8 0.9 1.0 1.1 AP_
aPo

EFFECT OF AP AND HEAT TRANSFER AREA ON PRIMARY HOT SODIUMFIGURE A-3

-(595)

-20 -

1.2 A

FIGURE A-4 EFFECT OF COMPONENT HEAT TRANSFER PERFORMANCE ON PRIMARY
COLD SODIUM

0.15 -

^ -0.05_________ i_________ I_________I_________!________ T AP
0.6 0.7 0.8 0.9 1 .0 1.1 IPo

FIGURE A-5 EFFECT OF PRESSURE DROP ON PRIMARY & INTERMEDIATE SODIUM FLOW

V-2.4-24



TE
M

PE
R

AT
U

R
E

900“

PART-LOAD OPERATION:
- 4 PRIMARY PUMPS
- 6 IHTS LOOPS

800 —

PRIMARY HOT POOL TEMPERATURE

INTERMEDIATE HOT LEG TEMPERATURE

60C —

PRIMARY COLD POOL TEMPERA]]

INTERMEDIATE COLD LEG TEMPERATURE

RECIRC. FEEDWATER TEMPERATURE

0.6 0.7

RATED CORE POWER

FIGURE A-6 PLANT TEMPERATURE AT PARTLOAD OPERATION

V-2.4-25



C
O

R
E O

U
TL

ET
 TE

M
PE

R
AT

U
R

E

NO. OF PUMPS FLOW/PUMP CORE FLOW 
4 110% 100%

0.4

RATED CORE POWER

CORE OUTLET TEMPERATURE VS. PUMP OPERATIONFIGURE A-7



C
O

R
E O

U
TL

ET
 TE

M
PE

R
AT

U
R

E

•VARIABLE SPEED PUMP

-------SINGLE SPEED PUMP

--TWO SPEED PUMPS

0-4 0-5 0-6 0-7 O-i
LOAD

CORE TEMPERATURE CHANGE VS. PUMP SYSTEMSFIGURE A-8

V-2.4-27



TEMPERATURE=875°F

PUMP OPERATION 
PUMP OPERATION

NO. OF IHTS LOOPSCURVE

0.7 0.8
RATED CORE POWER

CORE TEMPERATURE VS. COMPONENT OUTAGEFIGURE A"9

V-2.4-28



4 IHTS LOOPS900 —

5 IHTS LOOPS

MAX. INTERMEDIATE HOT

6 IHTS LOOPS“ 800

3 OF 4 PRIMARY PUMP OPERATION*

*3 or 4 pump operation has no direct effect on individual IHTS 
Loop.

CORE POWER FRACTION

FIGURE A-10 INTERMEDIATE HOT LEG TEMPERATURE VS. COMPONENT OUTAGE

V-2.4-29



MAX. INTERMEDIATE HOT LEG TEMP. = 8!50F 
1.0 - MAX. HOT POOL TEMP. = 875°F

0.9 ~

3 0.8

o 4 PUMP OPERATION 

^ 3 PUMP OPERATION 

----- HOT POOL LIMITATION
£3 0.7

------ INTERMEDIATE HOT LEG
TEMPERATURE LIMITATION

NO. OF IHTS LOOPS

FIGURE A-H LIMITATIONS ON CORE POWER WITH COMPONENT OUTAGE

Q4 PUMPS 

As PUMPS
AVAILABLE NPSH 

REQUIRED NPSH

NO. OF IHTS LOOPS 
PUMP NPSH CHARACTERISTICSFIGURE A-l2



FW
C
 FO

R
M

 1?
2 -

 i|
N

O
TA

TI
O

N
S IN

 TH
IS

 CO
LU

M
N
 IN

D
IC

AT
E

 WH
ER

E C
H

AN
G

ES
 HA

VE
 BE

EN
 MA

D
E

FOSTER WHEELER ENERGY CORPORATION
NUCLEAR DEPARTMENT LIVINGSTON, N. J.

CHARGE NO. 8-51-3145 DOCUMENT NO. ND/78/35 I ISSUE 1 DATE 12/8/78

APPENDIX VA

Preliminary Design of a Bent Tube IHX 
for the 1000 MWe Pool Reactor

Phase A, Extensions 1 and 2

A 1
' A- '

B. E. Dawson 
Project Manager

D. H. Pai, Manager 
Engineering Technology Dept.

Prepared for General Electric Company 
GE Contract No. 190-K1GQ8 

FWEC Contract No. 8-51-3145

Foster Wheeler Energy Corporation
Nuclear and Advanced Technology Operations 

Livingston, New Jersey

BY APPROVED PAGE

VA-i





FW
C
 FO

R
M

 1?
2 -

 4
N

O
TA

TI
O

N
S I

N
 TH

IS
 CO

LU
M

N
 IN

D
IC

AT
E

 WH
ER

E C
H

AN
G

ES
 HA

VE
 BE

EN
 MA

D
E

FOSTER WHEELER ENERGY CORPORATION
NUCLEAR DEPARTMENT LIVINGSTON, N. J.

CHARGE HO. 8-51-3145 DOCUMENT NO. ND/78/35 ISSUE 1 DATE 12/8/78

1. INTRODUCTION

TABLE OF CONTENTS

PAGE

1

2. DETAILED STRESS ANALYSIS OF THE LOWER TUBESHEET

2.1 Thermal and Thermal Stress Analysis
2.2 Comparison of Stresses
2.3 Elastic Code Evaluation
2.4 Simplified Inelastic Analysis
2.5 Simplified Inelastic Analysis Results
2.6 Transient Comparison

3. TUBING - 2 BENDS VERSUS 1 BEND

4. SEISMIC SUPPORT STUDY

5. REVIEW OF GE REPORT "DECK MAJOR COMPONENT PENETRATIONS"

6. IMPACT OF IHTS NOZZLE LOADS

7. HOT/COLD POOL SEAL DOUBLE BELLOWS

8. IRACS COIL SUPPORT

9. INTERMEDIATE SODIUM FLOW AND TEMPERATURE DISTRIBUTION

9.1 Flow Distribution in Tube Bundle
9.2 Tube Bundle Temperature Distribution at Full Load
9.3 Alternate Flow Distribution Method

10. PRIMARY SODIUM PRESSURE LOSS

11. GRID TYPE SUPPORT PLATES WITH NON-UNIFORM OPEN AREA

12. REVISIONS TO GENERAL ARRANGEMENT DRAWING

12.1 Double Head and J Baffle
12.2 Seismic Stops at Bottom Tubesheet
12.3 Hot/Cold Interface
12.4 Change to Single Tube Bend
12.5 IRACS Coil Supports
12.6 Exit Nozzle
12.7 Grid Design

References

1
2
2
3
3
4

4

6

6

7

7

8

8

8
9
9

10

10
10
10
11
11
11
11
11
11

12

BY APPROVED PAGE

VA-ii





FW
C
 FO

R
M

 1?
2 -

N
O

TA
TI

O
N

S
 IN

 TH
IS

 CO
LU

M
N

 IN
D

IC
AT

E W
H
ER

E C
H

AN
G

ES
 HA

VE
 BE

EN
 MA

D
E

FOSTER WHEELER ENERGY CORPORATION
NUCLEAR DEPARTMENT LIVINGSTON, N, J.

CHARGE NO. 8-51-3145 DOCUMENT NO. ND/78/35 ISSUE t DATS 12/8/78

LIST OF FIGURES

PAGE

1. Lower Tubesheet ANSYS Model Showing Dimensions and Regions 13

2. Lower Tubesheet ANSYS Model Showing Thermal Stress Sections
and Critical Elements 14

3. Enlarged Plot of Lower Tubesheet Inner Crotch Area Showing
* Dimensions and Thermal Sections 15

4. Enlarged Plot of Lower Tubesheet Outer Junction Area Showing
Dimensions and Thermal Sections 16

5. Lower Tubesheet Model for Simplified Inelastic Analysis of
Inner Junction 17

6. Loading Histogram for Lower Tubesheet Loop Loss Transient 18

7. Tube Bend Geometries Used to Calculate Thermal Stress Levels
and Induced Displacements 19

8. Temperature Profile of Plugged Tube and Active Tube During
Full Power 20

9. Displacement Shape for Plugged Tube Relative to the Adjacent
Active Tube 21

10. IHTS Nozzle Loads 22

11. Conceptual Design of Tube Support for IRACS Auxiliary Heat
Exchanger 23

12. Velocity Profile with Uniformly Perforated Tube Supports 24

13. Temperature Distribution at Full Load (4860 Tubes) 25

14. Length-Averaged Radial Temperature Distribution at Full Load 26

15. Velocity Profile with Variably Perforated Tube Supports 27

16. Axial Velocity Profile at Mid-Bundle 28

17. Tube Bundle Temperature Distribution at Full Load with
Variably Peforated Tube Supports 29

18. Length-Averaged Radial Temperature Distribution at Full Load
with Variably Perforated Tube Supports 30

19. Effect of Exit Nozzle ID on Primary Pressure Drop 31

BY APPROVED PAGE

VA-iii



FW
C
 FO

R
M

 17
2 -

 U
N

O
TA

TI
O

N
S

 IN
 TH

IS
 CO

LU
M

N
 IN

D
IC

A
TE

 WH
ER

E C
H

AN
G

ES
 HA

VE
 BE

EN
 MA

D
E

FOSTER WHEELER ENERGY CORPORATION
NUCLEAR DEPARTMENT LIVINGSTON, N-

CHARGE NO. 8-51-3145 DOCUMENT NO. ND/78/35 ISSUE 1 (DAT'S 12/8/78

LIST OF TABLES

1. Lower Tubesheet Linearized Surface Thermal Stresses without 
Inner Thermal Shield Head - Intermediate Loop Loss Transient

2. Lower Tubesheet Peak Surface Thermal Stresses without Inner. 
Thermal Shield Head - Intermediate Loop Loss Transient

3. Lower Tubesheet Removal of Inner Thermal Shield Head

4. Lower Tubesheet Results of Simplified Inelastic Analysis 
for Inner Junction

5. Hot/Cold Pool Double Bellows Seal

Drawing No. 51-3145-6-2000, Rev. A

PAGE

32

33

34

35

36

BY APPROVED PAGE

VA-iv



FW
C
 FO

R
M

 17
2 -

 4
N

O
TA

TI
O

N
S I

N
 TH

IS
 CO

LU
M

N
 IN

D
IC

AT
E W

H
ER

E C
H

AN
G

ES
 HA

VE
 BE

EN
 MA

D
E

FOSTER WHEELER ENERGY CORPORATION
NUCLEAR DEPARTMENT LIVINGSTON,

CHARGE NO. 8-51-3145 DOCUKENT NO. ND/78/35 ISSUE I DATE 12/8/78

1. INTRODUCTION

Foster Wheeler completed a 2 1/2-month preliminary design effort on an 
intermediate heat exchanger (IHX) for a 1000 MWe pool reactor plant in 1977. 
The IHX was a straight tube design with primary sodium inside the tubes and 
intermediate sodium in the shell. This work was summarized in Foster 
Wheeler report ND/77/56 dated 10/12/77.

The above-mentioned work was extended for an additional three months to 
make a comparative study on a bent tube IHX which would meet the same 
design requirements as the previous straight tube design. The design 
features in the bent tube unit were similar to those which were used for 
the British PFR and are being proposed for CFR. These features included a 
double sine-wave bend in each tube, an internal bore weld between the tubes 
and tubesheets, and a grid-type support plate. The bent tube design was 
summarized in Foster Wheeler report ND/78/22 dated 6/22/78. The report 
included comparisons between the straight tube and bent tube heat exchangers 
based on technical considerations and cost.

Based on the above report, the bent tube configuration was selected as the 
reference design. Specific areas were identified for further analysis in 
order to improve the design or reduce the cost. The results of these addi­
tional investigations are summarized in this report, and the general 
arrangement drawing is revised to show the current configuration. The 
report is divided into sections for each topic. This work was done during 
the second half of 1978.

2. DETAILED STRESS ANALYSIS OF THE LOWER TUBESHEET

A detailed ANSYS thermal and thermal stress analysis was performed on 
the lower tubesheet with the flow deflector ("J") and the thermal shield 
inner head both eliminated from the design. Reference 1 discusses the 
initial lower tubesheet computer analysis, which included the thermal 
shields. At the time of the initial lower tubesheet analysis, it was con­
cluded that the thermal shield inner head could be removed from the design 
with a high probability of success in satisfying the Code limits utilizing 
simplified inelastic analysis techniques. The initial and the present 
lower tubesheet ANSYS computer analyses were performed for the controlling 
intermediate loop loss (upset) transient in which the primary fluid up- 
shocks for a postulated 20 occurrences.

2•1 Thermal and Thermal Stress Analysis

The thermal boundary conditions and thermal modelling used for the 
present ANSYS thermal analysis are the same as those used in Reference 1 
except that the thermal boundary conditions are now imposed on the inside 
surface of the 1/2" thick lower tubesheet hemi-head after removal of the 
thermal shield inner head. Figure 1 presents the lower tubesheet 
ANSYS thermal and thermal stress model showing dimensions and the critical 
regions. Tables 1 and 2 present the linearized surface thermal stresses 
and the peak surface thermal stresses, respectively, for the controlling 
sections and elements in the lower tubesheet; see Figure 2 for the thermal
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2.1 Thermal and Thermal Stress Analysis (cone'd.)

stress sections and critical elements. Figures 3 and 4 present enlarged 
plots of the controlling inner crotch area and outer junction area of the 
lower tubesheet.

2.2 Comparison of Stresses

Table 3 presents a comparison of the thermal stress results at the con­
trolling inner crotch region (spherical head-to-tubesheet junction) of the 
lower tubesheet, with and without the inner thermal shield head. Note that 
the removal of the thermal shield head has increased the gross and local 
volume averaged temperature (VAT) responses between the perforated and solid 
inner head junction regions, i.e., the thermal discontinuity bending effects 
have increased because the inner head has become colder. This accounts for 
the increased stresses in the perforated region. Also, the AT thermal 
gradient through the wall of the tubehseet inner hemi-head junction has 
increased from about 40°F to 110°F. This, together with the VAT rise, has 
increased the controlling maximum linearized thermal bending stress from 
53,500 psi (Reference 1 with thermal head) to 68,800 psi (new analysis 
without thermal head) at the hemi-head junction cross-section 4. The peak 
surface thermal stresses were maximum in the perforated region of the lower 
tubesheet near the hemi-head junction. The peak stress intensity increased 
from 59,600 psi for the analysis with the thermal head, to 92,600 psi for 
the analysis without thermal head for the controlling perforated region 
element No. 254. These perforated stresses include all stress multipliers 
from Article A-8000 of the ASME Nuclear Vessel Code, Section III, for 
stresses in perforated plates.

2.3 Elastic Code Evaluation

The maximum linearized thermal stress of 68,800 psi in the solid (unper­
forated) region was taken as the controlling linearized surface stress for 
comparison with 3 Sm and inelastic strains. (This stress is similar to the 
perforated region linearized thermal stress of 69,800 psi from Table 1.)
The linearized thermal stress of 68,800 psi exceeds the ASME Code, Section 
III, allowable stress limit of 3 Sm (47,000 psi) for elastically calculated 
secondary stress intensity range. Applying the Code simplified elastic- 
plastic procedures of Code Paragraph NB-3228.3 shows that the thermal range 
of primary (A P = 115 psig) plus secondary membrane plus bending stress 
intensity, excluding thermal bending (AT) stresses (calculated to be 60,000 
psi), exceeds the 3 Sm allowable of 47,000 psi. However, the ratchetting 
criteria (NB-3222.5) is satisfied for the 68,800 psi linearized thermal 
elastic bending stress.

For fatigue evaluation, the controlling stress intensity is the maximum 
peak surface thermal stress of 92,600 psi in the perforated region of the 
lower tubesheet near the inner hemi-head junction; see Table 3. The Nuclear 
Section III fatigue evaluation of NB-3228.3c is satisfied for this peak sur­
face thermal stress of 92,600 psi, since the controlling loop loss upshock 
transient occurs for only 20 cycles. However, as discussed above, the range
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2.3 Elastic Code Evaluation (cont'd.)

of linearized stress intensity, excluding thermal bending stresses, could 
not be shown to satisfy the ASME Nuclear Code, Section III, simplified 
elastic-plastic design procedures of Paragraph NB-3228.3a. Accordingly, 
inelastic analysis is required and is discussed below.

2.4 Simplified Inelastic Analysis

In order to satisfy all Code criteria, a simplified inelastic (elastic- 
plastic) analysis was performed for the controlling tubesheet to inner spher­
ical head junction using the FWEC R1050 Computer Code, which performs 
elastic-plastic-creep analysis of long axisymmetric, circular cylindrical 
shells. This in-house computer program allows axisymmetric boundary condi­
tions (loads or displacements) to be applied to the end of the finite length 
thin shell cylinder models, including pressures and temperature gradients.

Figure 5 presents the model and Figure 6 presents the loading histogram 
used to perform the simplified inelastic analysis of the lower tubesheet 
inner crotch region, without the thermal shield head, for the controlling 
loss of loop upset transient. This upshock transient is specified to occur 
for 20 cycles. The sphere-to-tubesheet junction (Junction @ in Figure 5) 
was modelled as a long cylinder with half the operating pressure CAP = 1/2 
x 115 psig = 57.5 psig) in order to obtain the same hoop stress as in the 
sphere. Also, the axial mechanical traction loading was input to simulate 
the meridional pressure stress. The ANSYS elastic stress distribution of 
Section 4 (Table 1) for the linearized stress intensity of 68,800 psi at 
the tubesheet junction (A) was simulated by radial (w) and rotational (9) 
displacement boundary conditions applied at the end of the cylinder model.
The linear through-the-wall AT temperature gradient was also applied to the 
cylinder. Thus, the pressure and thermal stress distribution at the lower 
tubesheet to hemi-head junction was elastically reproduced. See Figure 5 
for the model and Figure 6 for the loading histogram.

The normal steady state operating condition at time step (Figure 6) 
consists of a uniform 575°F operating temperature and the 115 psig operating 
pressure loading, together with the corresponding radial and rotational dis­
placement boundary conditions due to pressure loading. The upshock transient 
step (]p consists of a linear through-the-wall AT temperature gradient of 
110°F along with the corresponding radial and rotational boundary displace­
ment conditions (w and 9) and no pressure loading (see Figure 6). This load 
step © is the quasi-steady state upshock condition for the intermediate 
loop loss transient. The other (lower) end of the long cylinder is modelled 
as a free end (see Figure 5).

2.5 Simplified Inelastic Analysis Results

Table 4 presents the material property input for the cylinder model 
and the results of the simplified inelastic analysis of the lower tubesheet- 
to-sphere inner junction. The properties are based on an average temperature 
of 630°F for 304 Stainless Steel. Since the maximum temperature at the 
inner crotch region of the tubesheet during the loss of loop upset transient 
(upshock) is less than 800°F, then no_ creep occurs.
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2.5 Simplified Inelastic Analysis Results (cont'd.)

The results of the 20 cycle elastic-plastic analysis show no_ fatigue 
damage (4 x IQ-Sj^j 0) based on an equivalent strain range of 0.2% for 20 
cycles at 800°F. The linearized average (mid-fiber) and surface (inside) 
accumulated strains are calculated to be 0.10% and 0,16%, respectively; see 
Table 4. These maximum positive principal (hoop) strains satisfy the Code 
Case 1592 allowables for strain of 1% for average strains and 2% for surface 
strains. These inelastic results assume no additional fatigue damage or 
strain contribution due to any other transient.

It should be noted that while the results of the simplified inelastic 
stress analysis clearly meets the Code limits, final demonstration of struc­
tural adequacy must be shown by a detailed finite element inelastic model of 
the actual tubesheet junction geometry. Past experience has indicated that 
the results and trends of the simplified inelastic analysis are a good indi­
cation that the results of the detailed inelastic analysis will also meet 
the Code limits. The above simplified inelastic analysis results are based 
on a histogram consisting of 20 cycles of the loop loss transient. If at a 
later date, additional transients are shown to be critical for the lower 
tubesheet, then a new histogram would have to be developed for detailed 
inelastic evaluation.

2.6 Transient Comparison

The transient and part load data which were attached to GE Letter 
XL-893-87790, 10/9/78 have been qualitatively compared with the previously 
supplied transients which were used in the above lower tubesheet analysis.
In general, the new transients are less severe than the previously supplied 
data and do not appear to control the analysis.

3- TUBING - 2 BENDS VERSUS 1 BEND

The feasibility of using only one tube bend instead of two bends in the 
IHX tube bundle was investigated. A 2-D ANSYS study, using pipe elements 
and the model in Figure 7, was made to evaluate the thermally induced 
stresses and displacements for the worst case thermal conditions. First a 
displacement study was made to determine the relative motion between one 
tube and an adjacent tube when large temperature differences exist between 
the tubes. The worst case for this situation arises when a tube is plugged.
A conservative estimate shows that the temperature of a plugged tube may be 
as much as 100°F colder than its neighboring live tube, on a length averaged 
basis. The displacement analysis showed that with the initial tube bend 
geometry, for both the one bend and the two tube bend designs, tube touching 
would occur in the bend region between an active tube and an adjacent plugged 
tube.
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3. TUBING - 2 BENDS VERSUS 1 BEND (cont'd.)

Analyses were then performed to optimize the bend region geometry 
within the constraints of a 60 in. span length and 7 in. tube offset, in 
order to maximize the tube-to-tube clearance. It was found that changing 
the bend angle from 30° to 20° and the bend radius from 7.875 in. to 20.0 in. 
increased the distance between the tubes in the bend region from .072 in. to 
.163 in. (after subtracting out manufacturing tolerances). Figure 7 illus­
trates the bend region geometry changes. The finite element model of the 
tube was rerun with this new geometry. The results showed that the one 
tube bend geometry could accommodate a plugged tube to live tube temperature 
differential of 35°F, whereas the two bend geometry could accommodate 70°F. 
if the thermal expansion is distributed equally between the two bends.
Present estimates show thatal00°F length averaged temperature differential 
may exist. This means that within the constraints of reasonable tube bend 
region span length and offset, a plugged tube will touch an adjacent active 
tube during steady state conditions whether one or two tube bends are used.

Thermal stress levels in live tubes during thermal transient events due 
to a 100°F temperature differential between the outer shell and the tubes 
were investigated for the one bend and two bend designs. It was found that 
for the one tube bend design, a penalty exists in terms of maximum bending 
stresses relative to the two tube bend geometry. However, for the one bend 
design the highest bending stress is 22,000 psi for the assumed upper 
bound 100°F suppressed thermal expansion case. The actual tube stresses 
depend on the maximum temperature difference between the tube and shroud. 
Since this 100<>F case that was analyzed corresponds to the /^T for a plugged 
tube, which represents a worst case, the actual Stresses in the active tubes 
are expected to be below the yield stress. Since the single bend is located 
in the lower "cold" end of the bundle, elastic follow-up effects will be 
minimized. Therefore, it is acceptable to use the full 3 Sm-(S 46,000 psi) 
secondary stress range for the allowable bending stress. Hence, thermal 
stresses for the one bend geometry are judged not to be a significant 
problem.

Having concluded that thermal stresses were not a problem, the analysis 
effort focused its attention to the tube touching problem which occurs for 
the plugged tube condition. Two approaches were considered; namely, per­
forming a wear analysis to see if the tube touching condition could lead to 
excessive tube wear and an investigation to see if cutting the plugged tube 
could relieve the tube touching.

For the wear analysis, tube contact forces were determined. The single 
bend tube is stiffer than the double bend tube, so the contact forces will 
be higher for this "interference" condition. Based on the finite element 
analysis, contact forces of 20 lbs develop on the single bend tube and 
approximately 5 lbs develop on the double bend tube. Since difficulty exists 
in correlating wear tests data with respect to geometry, applied motion, 
frequency, environment, etc., it was judged that rather than perform a tube 
wear analysis for these contact forces, the alternative of cutting the 
plugged tube should be evaluated.
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3. TUBING - 2 BENDS VERSUS 1 BEND (cont'd.)

The single bend tube was analytically cut in the span immediately above 
the bend region. It was found this will relieve the thermal expansion 
stresses and tube touching will not occur for the plugged tube case. The 
reason is evident from Figure 8. The plugged tube temperature is most 
different from the active tube temperature in the upper half of the tube 
length. Therefore, by cutting the tube, the major "driving force" will be 
eliminated. Figure 9 shows that deflected shape of the plugged tube, rela­
tive to the active tube, for the cut and uncut case. It can be seen that 
tube touching will be eliminated in the cut plugged tube case. Therefore, 
tube wear will not be a problem.

It is concluded that a one-bend geometry is feasible. The bend should 
be in the lower region of the tube bundle. Thermal stresses were found to 
be acceptable for the worst case bundle to shroud temperature mismatch. Tube 
touching due to the plugged tube condition can be eliminated if the plugged 
tube is cut in the span above the bend region.

4. SEISMIC SUPPORT STUDY

General Electric studied the possibility of stiffening the IHX shell 
to eliminate the requirement for a seismic support in the vicinity of the 
upper tubesheet (using the flow shroud as a restraint). FWEC was to evalu­
ate the GE analysis with respect to the balance of the IHX, but the GE work 
was not completed in time for the FWEC analysis during this report period.

5. REVIEW OF GE REPORT "DECK MAJOR COMPONENT PENETRATIONS"

The referenced report was reviewed, and the following comments noted.

Section 6 of the GE report presents the design criteria and the results 
of the thermal analysis. The structures analyzed are low temperature compo­
nents and therefore the sum of primary and secondary stresses should not 
exceed the 3 Sm limit. The sum of primary stress levels due to deadweight, 
seismic, and other unevaluated conditions was assumed to approach the 
primary stress limit of 1.5 Sm. The thermal stresses therefore were limited 
to 1.5 Sm value. FWEC agrees with the GE approach at this stage of the con­
tinually changing design. The results presented for the IHX flow shroud and 
IHX casing show that thermal gradients and the associated thermal stresses 
for deck penetration scheme 1 and 2 are below the established 1.5 Sm crite­
ria.

Section 7 of the GE report presents the recommendation for continued 
work. FWEC agrees that more work should be undertaken to eliminate reliance 
on the IHX flow shroud as a seismic restraint. The results of the seismic 
analysis performed by FWEC in the past indicated that the stresses in the 
tube support grids were the governing criteria used to establish the need 
for an additional seismic support at the upper tubesheet (and connected to 
the flow shroud). It was recently noted, however, that the faulted condi­
tion allowables for the tube support grid have been modified to a signifi­
cantly higher value in the latest version of Code Case 1592 (1592-11). These
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5. REVIEW OF GE REPORT "DECK MAJOR COMPONENT PENETRATIONS" (cont'd.)

higher allowables, in addition to the thickening of IHX shells may result 
in acceptable seismic loads at the grids and other regions of the IHX, 
without relying on the flow shroud as a seismic support. FWEC strongly 
agrees that proposed future work in this area is required.

6. IMPACT OF IHTS NOZZLE LOADS

The effect of the IHTS nozzle loads on the IHX top structure inner 
cylinders has been examined. It was found that the load controlled buckling 
limits for these loads (plus pressure and seismic) would be exceeded at the 
lower portion of the cylinder. The design options are to thicken the cylin­
der greatly or use radial gussets to provide a more direct load path to the 
IHX support flange. It has been determined that the use of gussets is the 
best option. These gussets must have a slight radial gap between them and 
the outer shell because of the large difference in temperatures between the 
cylinders. However, deflection controlled buckling limits at inner cylinder 
locations below the radial gussets will now apply, and a slight thickening 
of the inner cylinder will be required in combination with the gussets. 
Figure 10 summarizes the analysis performed and pertinent results.

FWEC sent a copy of Figure 10 to GE via telecopier on 10/3/78. GE will 
use this information to complete the IHX plug design, and they will specify 
the final configuration.

7. HOT/COLD POOL SEAL DOUBLE BELLOWS

A preliminary design and analysis for the hot/cold pool double bellows 
seal was conducted based on both a 60 in. and 80 in. I.D. size (original 
geometry was 42.0 in.). The design axial and lateral displacements acting 
on the bellows were obtained from Reference 2. Included in the displace­
ments are 1/2 in. for manufacturing tolerance and an assumed 1/2 in. axial 
compression requirement for installation. A rotational displacement loading 
was also assumed acting on the bellows consisting of a 1/8 in. manufacturing 
tolerance across the diameter and a 10°F circumferential gradient acting on 
the IHX shell. The resulting displacements imposed on the bellows assembly 
are 1.5 in. axial, 2 in. lateral, *1.5 in. lateral due to seismic, and 0.20° 
to 0.25° rotational motion. The pressure acting on the bellows is the 2.5 
psi primary pressure drop, acting external to the bellows.

Table 5 summarizes the resulting geometry and applied loadings applic­
able to both the 60 in. and 80 in. I.D. bellows. The sizing calculations 
utilize the EJMA formulae for determining the stresses in the bellows due 
to the applied displacements and pressures. In addition, the cyclic load 
condition of *1.5 in. of lateral motion due to a seismic occurrence was 
investigated with 10^ cycles being calculated as the allowable number of 
cycles. The load condition of cycling between hot standby and normal opera­
tion (bellows axial motion range = 0.65 in.) was also investigated with 

10^ cycles being calculated as the allowable number of cycles.
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8. IRACS COIL SUPPORT

A preliminary design and analysis of an IRACS coil support structure 
was performed. The major objective of the analysis was to develop a support 
structure which would result in acceptable stress and deflection levels in 
the IRACS coil during seismic events.

The seismic analysis of the IRACS coil was performed by modelling the 
coil as a series of lumped mass and spring systems and attaching them to the 
overall ANSYS seismic model of the IHX. Initial analyses looked at an 
IRACS coil with 1) no supports, 2) supports only at the base of the vertical 
tube run, 3) supports at the base of the vertical tube run and at the bottom 
of the helical coil. The results of each of these analyses showed the 
IRACS coil either overstressed or with excessive displacements.

Since the above three simplified concepts were not satisfactory, the 
concept shown in Figure 11 was selected as the reference design. The IRACS 
coil is supported at four (4) circumferential locations around the helix by 
split support plates which extend the full length of the IRACS helical coil. 
These support plates are held in place on their inside diameter by a shroud 
which extends down from the shield plug. Based on the results of the simpli­
fied designs, it is judged that this IRACS coil support system will result 
in acceptable coil stresses during seismic events.

9. INTERMEDIATE SODIUM FLOW AND TEMPERATURE DISTRIBUTION

9.1 Flow Distribution in Tube Bundle

A detailed numerical flow distribution analysis on the shell side of 
the bent tube pool IHX has been carried out. In the previous analysis (see 
Reference 1), the effect of the central downcomer on the velocity distribu­
tion of the shell side inlet region was not included. A uniform velocity 
distribution was assumed at the bundle entrance. In the present analysis, a 
new flow model was set up including the central downcomer. The effect of 
the downcomer on the bundle entrance span was examined. A fluid velocity 
vector plot for the IHX unit is shown in Figure 12. As indicated in the 
figure, the bundle entrance velocity is far from uniform, and the velocity 
is much larger near the tubesheet surface. More fluid flows towards the 
outer edge of the bundle. The velocity tends to equalize after the second 
tube support structure. Flow distribution is essentially axial with little 
cross flow outside the inlet and the exit region. Note that the average 
velocity of the fluid in the downcomer is about 23 ft/sec, while the average 
axial velocity in the bundle is less than 3 ft/sec. The radial velocity at 
the bundle entrance can be as high as 15 ft/sec near the tubesheet. This 
velocity is about the same order of magnitude as that used in tube vibration 
analysis ( — 16 ft/sec) earlier.
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9.2 Tube Bundle Temperature Distribution at Full Load

In order to ensure that the tube-to-tube temperature differential of 
the present design is within the acceptable level, the temperature distribu­
tion of the IHX tube bundle was investigated using an axisymmetric, two- 
dimensional (r-z), thermal analysis code. In this investigation, the velo­
city distribution obtained from the above analysis (with the central down­
comer included) was used. Primary side flow was assumed to be equally 
distributed among all tubes. Figure 13 shows the radial temperature dis­
tribution across the tube bundle at three different axial locations; namely, 
the shell side entrance region, middle of the bundle, and the exit bundle 
region. The intermediate fluid temperature difference in the inlet region 
between the outermost tube and the innermost tube location is about 57°F.
This is due to the cross flow effect at the entrance region. The temperature 
near the outer radius is higher. This radial temperature differential will 
decrease as the intermediate sodium flows towards the shell side exit region. 
In the exit region, the hotter shell side sodium near the outer radius will 
flow towards the inner radius, thus mixing with the colder sodium. The 
temperature difference becomes negligible at the exit region.

Note that in the analysis reported previously in Reference 1, uniform 
flow is assumed after the first tube support structure. A radial temperature 
differential of 73°F was found in the inlet span. The effect of the central 
downcomer gives higher fluid velocity near the lower tubesheet region. This 
higher fluid momentum allows deeper penetration of fluid to the outer edge 
of the bundle. Therefore, the radial temperature differential is reduced.

Figure 14 shows the length averaged radial temperature distribution.
The average tube bundle temperature is found to be about 712°F. The coldest 
tube is found near the inner bundle radius.

9.3 Alternate Flow Distribution Method

Figure 14 indicates that the temperature tends to be higher at the outer 
edge of the bundle. This is due to the cross flow effect at the bundle 
entrance region and the lack of cross flow outside the entrance and exit 
region. This suggests that in order to have radially uniform temperature 
distribution, still more intermediate flow must be diverted toward the outer 
edge of the bundle. This can be achieved by using variably perforated tube 
supports. The present tube support has a uniform perforation of about 70%.
In order to get more flow on the outer edge of the bundle, it was assumed 
that the inner 60% of the radius had a perforation of 50%. A flow distribu­
tion analysis was performed with this tube support perforation (50% perfora­
tion for the inner 60% of the bundle width and 70% perforation for the 
outer 40% of the tube bundle). The resultant velocity vector plot is shown 
in Figure 15. The axial velocity profile at the middle of the bundle is 
shown in Figure 16. As expected, with this support structure perforation, 
more flow tends to reach the outer bundle region. The axial velocities are 
about 2.4 ft/sec and 3.2 ft/sec for the 50% perforated region and 70% per­
forated region, respectively. This velocity distribution was used to obtain
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9.3 Alternate Flow Distribution Method (cont'd.)

the bundle temperature distribution. The results are shown in Figure 17 at 
three bundle locations. Note that at the shell side entrance region, the 
intermediate temperature distribution profile differs from the uniformly per­
forated tube support case (see Figure 13) only slightly. The difference 
increases as the flow proceeds upward. In the variably perforated tube 
support case, more fluid flows on the outer edge of the bundle. A lower 
intermediate temperature is found there. This effect is shown in Figure 
18. The length-averaged radial temperature differential is smaller than 
that of the uniformly perforated tube support case.

10• PRIMARY SODIUM PRESSURE LOSS

In Reference 1, the primary side nozzle-to-nozzle pressure loss was 
estimated to be about 3.2 psi, which is above the 2.5 psi limit specified 
for the design. The exit passage nozzle contributes about 1 psi to this 
loss. One way to reduce the loss to an acceptable limit is to increase the 
exit nozzle size. The effect of the exit nozzle diameter on the primary 
sodium pressure loss was examined. Figure 19 shows that the total primary 
sodium pressure loss vs. the exit nozzle I.D. for the one- and two-tube 
bend design. By increasing the nozzle diameter from its present 42" I.D., 
the primary side pressure loss can be kept within the acceptable limit.

H. GRID TYPE SUPPORT PLATES WITH NON-UNIFORM OPEN AREA

The grid details, as shown on drawing 51-3145-5-2001 in Reference 1, 
show a circumferential rib between alternate rows of tubes. The circumfer­
ential rib and formed segments occupy about 30% of the free area between 
tubes on average. This combination produces a 70% perforation at the grid. 
In order to reduce the perforation an additional circumferential bar can 
be added to fill the space between alternate rows of tubes. The addition of 
the bar reduces the open area from 70% to 50% on average. However, the 
concept of using a non-uniform grid support was rejected because it did not 
have a strong effect on the intermediate temperature distribution and it 
would introduce a new uncertainty in flow induced vibration due to the 
crossflow.

!2. REVISIONS TO GENERAL ARRANGEMENT DRAWING

The general arrangement drawing, 51-3145-6-2000, has been revised to 
incorporate design changes resulting from the current work and from GE 
comments. The basis for each change is discussed briefly.

12.1 Double Head and J Baffle

The detailed stress analysis of the lower tubesheet in Section 2 indi­
cated that the current loss of intermediate loop transients can be accom­
modated without the double head at the bottom of the downcomer or the J 
baffles at the outer edge of the tubesheet. An inspection of the proposed
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12.1 Double Head and J Baffle (cont'd.)

CFR transients shows that the head and baffle would probably not be required 
for these conditions either. The CFR transients would have to be used in 
the tubesheet analysis to confirm this opinion.

The outer head must be retained to provide a boundary between the pri­
mary and intermediate sodium. The inner head and the portion of the cylinder 
attached to the inner head are removed back to the lowest grid. This will 
decrease the intermediate pressure drop slightly.

12.2 Seismic Stops at Bottom Tubesheet

Due to the thermal expansion, it is not practical to consider using a 
seismic stop between the lower tubesheet and the cylinder between the hot 
and cold pool. The stop has been eliminated from the design. GE has made 
additional seismic analyses to determine what changes must be made in the 
plug region to eliminate the need for the lower seismic stop.

12.3 Hot/Cold Interface

The core support structure was originally shown to be connected to the 
shell. This has been corrected to show a clearance.

12.4 Change to Single Tube Bend

The single tube bend was found feasible in Section 3. The upper tube 
bend was eliminated and an additional tube support grid was added in place of 
the bend.

12.5 IRACS Coil Supports

The IRACS coil support was analyzed in Section 8. The support has been 
added to the drawing.

12.6 Exit Nozzle

Changing from a double bend to a single bend reduced the primary sodium 
pressure drop, but it still exceeded the 2.5 psi limit. By increasing the 
exit nozzle diameter from 42 in. to 50 in., the 2,5 psi limit can be met.
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LOWER TUBESHEET ANSYS MODEL SHOWING DIMENSIONS AND REGIONS

Intermediate Sodium Inlet
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FIGURE 2

LOWER TUBESHEET ANSYS MODEL SHOWING THERMAL STRESS SECTIONS
AND CRITICAL ELEMENTS

(See Tables 1 and 2 for stresses)
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See Figure 3 —~ 
(inner Crotch)

See Figure 4 
(Outer Junction)
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FIGURE 3
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FIGURE h

ENLARGED PLOT OF LOWER TUBESHEET OUTER 
JUNCTION AREA SHOWING DIMENSIONS AND THERMAL SECTIONS

(See Figuxe 1) 

I Sections:

lElements

1 J

/

R0 = 53.35"
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FIGURE 5

LOWER TUBESHEET MODEL FOR SIMPLIFIED INELASTIC ANALYSIS
OF INNER JUNCTION

(See Figure 3)

Lower
Tubesheet

Junction (a)

Sphere- , ^-Long Cylinder 
1 *”'* Modeled with 
i/VJf Boundary 

Conditions

Internal Operating Pressure, AP =
= i x 115 psig = 57,5 psig (Sphere)

Axial Operating Pressure Traction, F 
= +U62 #/in

(See Figure 6 for histogram and loads.)

RIO^O MODEL

+F
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FIGUHB 6

LOADING HISTOGRAM FOR LOWER TUBESHEET LOOP LOSS TRANSIENT (1)

Temperature 
In , Out T~ 

575°F / 685°F

Load j,
Condition

In , Out 
575°F / 575°F

(Uniform)

Upshock Transient

0. Steady-State Operation

Total=20 cycles,

LOAD
CONDITION DESCRIPTION

AXIAL
TRACTION

F
(#/lN)

RADIAL
TEMP.

AT
(°*>

RADIAL 
DISPLACEMENT 
(W-INCHES)

EDGE
ROTATION

(9-RADIANS)

INTERNAL
PRESSURE

AP
(PSIG)

O Steady-
State

57-5 +1,162. 0. -0.005 -0.001

© Upshock
Transient

0. 0. 110. -O.Ol4.82 +0.009

NOTES; (l) See Figure 5 for inelastic cylinder model of lower 
tubesheet junction.
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FIGURE 7

TUBE BEND GEOMETRIES USED TO CALCULATE 
THERMAL STRESS LEVELS AND INDUCED DISPLACEMENTS

60" Length
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500

Upper
Tubesheet

FIGURE 8

TEMPERATURE PROFILE OF PLUGGED TUBE
AND ACTIVE TUBE DURING FULL POWER

^ 900

800

HI•art>
f

700 g

o

600

500

Lower
Tubesheet
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FIGURE 9

DISPLACEMENT SHAPE FOR PLUGGED TUBE
RELATIVE TO THE ADJACENT ACTIVE TUBE

CASE 1 PLUGGED TUBE
NOT CUT

CASE 2 PLUGGED TUBE CUT
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FIGURE 10

IHTS NOZZLE LOADS

Load Combination

1. Nozzle Loads* - Use dead weight & thermal expansion & QBE "J

2. Pressure blow-off load (not included in buckling 
calculation because produces tensile stress at Section C) ^

3. Seismic load (from overall structural response)

Section C is controlling

Max Stress Intensity for (1+2 +3)

O’ - 24,650 psi

Smt (1 hr) * Snc (300,000 hr) - 14,600 psi (at 900*7)

Max Axial Compressive Stress 

<3"ax --20,970 psi

tf'*zllow —7,920 psi (load controlled - without gussets) 

—14,260 psi (deflection controlled-with gussets)

Gussets

Since Section C is over-stressed, even with gussets, must 

either change thickness to 1.5” or change material to 316 S3

(for 316 SS, fallow - 20,950 psi for deflection 
controlled buckling at 900*7)

. 46" 0D 1" Thick

*
Nozzle Loads Interm. Inlet Not. lacerm. Outlet Noz.

DW Th Exp OBE DW Th Exp OBE

Axial (P.lhs) 13,900 32,100 900 0 12,100 34,000

Shear (V, lbs) 0 17,100 28,400 13,900 17,100 14,500

Torsion (T,ft-lbs) 32,700 49,000 81,700 32,700 49,000 81,700

Bending (M,ft-lbs) OOr*40 69,400 115,500 46,240 69,400 115,500
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FIGURE 11

CONCEPTUAL DESIGN OF TUBE SUPPORT FOR IRACS AUXILIARY HEAT EXCHANGER
r-Rp

4 Spilt Support
Plates 90° Apart

IRACS Tube Coil

Sodium Inlet
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FIGURE 13

TEMPERATURE DISTRIBUTION AT FULL LOAD (4860 TUBES)

ITL OTL
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LENGTH-AVERAGED RADIAL TEMPERATURE DISTRIBUTION AT FULL LOAD
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Inner
Shroud

FIGURE 16

AXIAL VELOCITY PROFILE AT MID-BUNDLE

50% Perforation 70% Perforation

50% Perforation 70% Perforation

50% Perforation

■ 2 ft/sec

70% Perforation Outer 
Shroud

-H
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FIGURE 17

TUBE BUNDLE TEMPERATURE DISTRIBUTION AT FULL LOAD
WITH VARIABLY PERFORATED TUBE SUPPORTS

900

850

800

750

<11Sj3
£700
o.e<D

650

600

550

Intermediate Exit Region
Primary
Tube Wall
Intermediate

Middle of Bundle

Primary
Tube Wall 
Intermediate

Intermediate Inlet Region

Primary

ITL OTL
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LENGTH-AVERAGED RADIAL TEMPERATURE DISTRIBUTION AT FULL LOAD WITH
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TABLE 1

LOWER TUBESHEET LINEARIZED SURFACE THERMAL STRESSES 
WITHOUT INNER THERMAL SHIELD HEAD - INTERMEDIATE LOOP LOSS TRANSIENT

SECTION

(1)

ELEMENT

(1)

SURFACE STRESSES (PSI)
STRESS^

INTENSITY

(PSI)

Si

(MERID.)

s2

(HOOP)

S3

(NORMAL)

1 22 2073. -3309. 106. 5382.

2 74 10416. -4950. 2120. 15365.

3 254 79522.1 (2) 47937. 9724.(2) 69799.(2)’(3)

4 r314 -12267. 56566. 351. 68833.(4) 5

k319 -15629. 52001. -1059. 67630.

309 821. 55613. 8231. 54792.
5 305 600. 62413. 23065. 61813. '

.304 112. 60552. 16457. 60440.

6 511 16250. 16699. 263. 16436.

NOTES:

(1) See Figure 2 for element and section location,

(2) These stresses in perforated region include the stress multiplier of 
2.8 and biaxiality k = 1.1, or 2.8 x 1.1 = 3.08 factor.

(3) Maximum Linearized Surface Stress in perforated region.

(4) Maximum Linearized Surface Stress in solid (unperforated) region.

(5) Allowable stress guideline is 3 x Sra - 3 x 15,600 psi = 47,000 psi 
at average transient temperature of 737°F between 600°F steady state 
and 875°F maximum upshock upset temperature. (The Sm values are 
14,700 psi at 875°F and 16,400 psi at 600°F.)
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CHARGE NO. 8-51-3145 DOCUMENT NO. ND/78/35 ISSUE l BATE 12/8/78

TABLE 2

LOWER TUBESHEET PEAK SURFACE THERMAL STRESSES 
WITHOUT INNER THERMAL SHIELD HEAD - INTERMEDIATE LOOP LOSS TRANSIENT

SECTION

(1)

ELEMENT

(1)

SURFACE STRESSES (PSI)
STRESS^
INTENSITY

(PSD

SiX
(MERID.)

s2

(HOOP)

s3

(NORMAL)

1 22 2335. -3220. 0. 5555.

2 74 14046. -4123. 0. 18169.

3 254 92585.1 (2) 3 50472.(2) 0. 92585. ^ ^

/ 314 -7512. 57623. 0. 65135.
4

1319 -16863. 51875. 0. 68738.(4) 5

f 309 669. 55655. 0. 55655.
5

J 305 -95. 59802. 0. 59897.
[ 304 521. 60169. 0. 60169.

6 511 21256. 21730. 0. 21730.

NOTES:

(1) See Figure 2 for element and section location.

(2) These stresses in perforated region include the stress multiplier of 
2.8 and biaxiality k= 1.1, or 2.8 x 1.1 = 3.08 factor.

(3) Maximum Peak Surface Stress in perforated region.

(4) Maximum Peak Surface Stress in solid (unperforated) region.

(5) Allowable stress guideline is 20 cycles specified for fatigue at 
average transient temperature of 737°F between 600°F steady state and 
875°F maximum upshock upset temperature.
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TABLE 3

LOWER TUBESHEET REMOVAL OF INNER THERMAL SHIELD HEAD

With Inner Thermal Without Inner Thermal 1
Comparison Shield Head Shield Head !-------

CReport ND/78/22) (New Analysis)

Linearized Thermal 
Bending Stress

53,500 psi (El. @) 
(46,300 psi- Perfo­
rated El. Q5h)

68,800 psi (El. 0)(1) 2 3 
(69,800 psi- Perfo­
rated El. ^M) (1)

I Peak Thermal Stress inI Perforated Region,| (.3;

59,600 psi (El. 0|) 92,600 psi (El. 0) ('2)

I Gross VAT (Total Per- I forated Region to 
| Solid Inner Head)

130°F 14 5° F

Local VAT (Crotch Per­
forated Region bo Solid 
Inner Junction)

35°F
t

50°F |
1

ThermaL-Bendins (aT)

Sect. (315! to 6m or
40° F iio° r }

j
Thermal Bending Stress
Ect AT/2 (1-U) IT 180AT

180 x 40°F - 7,200 psi 180 x 110°F = 19,800 psi i
1

NOTES:

(1) See Table 1 and Figure 2; stress values rounded-off.
(2) See Table 2 and Figure 2; stress values rounded-off.
(3) All Perforated Stresses include Stress Multipliers of Tables 1 

and 2.
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TA3LE U

LOWER TUBESHEET RESULTS OF SIMPLIFIED INELASTIC ANALYSIS
FOR INNER JUNCTION 

(See Figure $ for Model)
Material = 3QU SS, Stress-Free Base Temp. = $7$°F 
Average Temperature for Material Properties = 630°F («r600°F)
Properties: E 25.2+ x 10° psi

A =
10.1+9 X 10“6 in/in/°F

S
^ Inst,

® plastic ^ 1.61 x 10 psi 
s yield = 19,2+70 psi (Average, True S -£.) 

Kinematic Hardening for plasticity; No Creep (Max. Temp. «= 800°F)

Results: (Computer Output "JIGKFTJ11)
For specified 20 cycles of Loop Loss operating histogram in 
Figure 6 (see Figure 6 for Loading Histogram) :-

Fatigue Damage, Dp = i+. x 10 13, based on£,^^ e = 0.2 x 10 in/in

Maximum Linearized Positive principal strains: Code

Average (Mid-Fiber) Hoop Strain, 0.10%« 

Surface (inside) Hoop Strain, £Q ^ 0.16%

Allowables
Weld Material 
Parent Material

CP/a Weld Material 
0% Parent Ifeteriai

Above results-assume no additional inelastic contribution 
from the scram transient or any other transients.
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TABLE 5

HOT/COLD POOL DOUBLE BELLOWS SEAL

Total
Length

:Bellow
Length

Spool
Length

Convolatxon

-I.XI.

Thickness

Bellow
Length

Pitch diameter

GEOMETRY
I.D. = 80" I.D. = SO"

Total Length
So. Convolutions/Bellows
Total No. Convolutions
Spool Length
Convolution Width (w)
Pitch Liam, dp
Thickness
Pitch
Radii
Bellows Length (each end)

SO"
8

16
39"3.0"
83"
.03S"(2O gage) 
1.3"
0.3"
10.L"

55"4
12
39.5"
3.0"

63"
.036"(20 gage)
1-3"
0.3”7.8"

APPLIED MOTIONS
Axial
Lateral (Seismic)
Rotational

1 *5”
2.0" v 1.5"
0.20°~

i.S"
2.0" * 2.5"0.25°~

Applied Pressure Differential: 2.5 psi external 2.5 psi external
Allowable Pressures:
(£JT-tA Formulae)

Internal a p = 6 psi 
External 4? « '9 psi

Internal ir - i psi 
External 4? = 25 psi
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1.0 INTRODUCTION

This study is submitted to satisfy the specification requirements as 

outlined in the General Electric Company Purchase Order No. 190-K3G32.
•kThe total system pressure drop in the Phase A Study was 90 psi but is 

increased to 120 psi for this Extension 2 work. The objectives

of this study are to re-size and re-define the primary pump to accommo­

date this higher system pressure drop. Any new key features will be 

described.

A structural analysis, shaft dynamic analysis, and seismic analysis 

will be performed, as needed, to demonstrate that no insurmountable 

problems exist with the new pump design.

The pump selection will be made to suit either a variable speed or 

constant speed motor.

A response will be developed to the EPRI pump consultant comments on 

the Phase A Study.

Brief comments will be made regarding maintenance considerations for the 

pump.

*"Pool-Type LMFBR Plant, 1000 MWe Phase A Design", EPRI NP-646, Volume 1 
and 2, Part II, Heat Transport Systems, April, 1978.
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2.0 SUMMARY

The change in pressure drop will require a larger pump or a higher 

speed. The limited NPSH available remains the predominant factor 

in the pump selection. The 116% flow runout requirement actually 

places an upper limit on the pump speed.

There is no reason for changing the basic design submitted in the 

Phase A concept. The design will consist of two stages of a double 

suction impeller pumping in parallel. This is particularly appli­

cable where the four impeller inlets are flooded, as in a pool type 

reactor.

Since there is a possibility of using either a variable speed or 

constant speed motor, a pump is selected that will be suitable for 

both. The pump can also be lengthened to increase the available NPSH 

for the flow runout condition.

Multi-stage double suction pumps with the impellers pumping in parallel 

have been built, tested, and are in service. Evidence appears in the 

report.

Consideration is given to maintenance and accessibility in the pump 

design. Special tools and fixtures will be supplied where required.

In conclusion, the selected pump design concept is based on experience 

to give reliability and long life. Development Tjork is desirable, 

but would be required only to verify certain design areas.

The summary for the structural and dynamic analysis appears in the 

stress analysis section.
VB- 2



3.0 PUMP SELECTION

3.1 Type of Pump

The various possible pump design concepts were covered in Phase A, 

including a double suction type, an inducer type and an axial floor 

type. It was shown that the limited NPSH available is the prime con­

trolling factor. Based on experience, a double suction type pump is 

selected. This gives the impeller two inlets and thus a lower eye 

velocity for a given flow. A further refinement to favor NPSH is a 

design utilizing more inlets. This leads to two double-suction im­

pellers pumping in parallel. With double suction impellers, the 

total flow is divided into four inlets. This is particularly appli­

cable to the pool type plant, since all of the inlets are immersed 

in the sodium being pumped. The suction side of the pump is no 

different for a multi-stage than it would be for a single stage.

The type of pump concept is the same as the one selected for Phase A. 

Impellers will be double suction type, which is merely two single 

suction impellers integrally joined back-to-back. Two double-suction 

impellers pumping in parallel are selected to suit the low available 

NPSH and to give an economical size. A single double-suction type 

pump was studied in the normal sequence of making a selection. For 

comparison, the characteristics of this single double-suction pump 

are shown in Table 1, Page 25.
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3.2 Size of Pump

The size of the pump for this study must be changed to suit the new 

head and capacity requirements.. In Phase A the capacity or discharge 

flow was 65,820 GPM, This has been increased to 68,450 GPH. The 

head or pressure drop in Phase A was 237 feet. For this study, this 

has been increased to 316 feet. In addition, a runout condition of 

116% of design flow must be considered in the pump size selection.

Various speeds were considered so that a satisfactory selection could 

be made. In each case, such things as hydraulic parameters, size of 

impeller, volute area, and NPSH requirement were developed. A suitable 

model, if available, was selected. A curve was drawn showing perfor­

mance characteristics.

As the study progressed, additional design requirements were added.

One was the runout flow required from each pump for different plant 

conditions. Since the NPSH available does not change for this runout 

of 116% of design flow, the speed is limited to this requirement.

Another requirement was the consideration of a constant speed motor. 

This places a restriction on the speeds available. It was decided to 

select a speed suitable for both variable and constant speed motors. 

This would give flexibility to the motor selection and allow addi­

tional time for a decision without holding up the pump selection.
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3.3 Speed of Pump

3.3.1 The first pump considered was a single double-suction 

type. A variable speed motor at 725 RPM was selected, to 

satisfy the available NPSH limitation. A suitable model was 

found so that required sizes could be determined.

The suction specific speed of the pump is satisfactory. Re­

liability should be good. The size, however, becomes quite 

large. The impeller diameter is about 50 inches. Required 

volute area is high. The pump will require an opening in the 

support deck over 7 feet in diameter. While this is perhaps 

acceptable, it is not desirable. The length of the pump from 

the discharge nozzle to the top of the motor support will be 

about 45 feet.

3.3.2 The next pump considered was a concept similar to the reference 

design selected for Phase A. It consists of two

double suction impellers, pumping in parallel. Each impeller 

supplies half the flow at the full head. The two impellers are 

of course identical. The impeller inlets are immersed at least 

one foot below the surface of sodium when the numo is operating 

at design speed.

For the same available NPSH, the pump speed can be increased 

over that required for a single stage pump. A variable speed 

motor of 1000 RPM maximum was selected. This satisfies the 

suction specific speed limitation.
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Again, a suitable model is selected so that sizes and 

performance can be established. The required impeller 

would be about 36 inches in diameter. The pump length would 

be made to give 38 feet of NPSH. The opening in the support 

deck would be about 78 inches in diameter.

This speed and size would serve for the reference design using 

a variable speed motor. A curve is made showing the perfor­

mance .

3.3.3 There would have been no need for looking at other pump speeds 

except for the possible use of a constant speed motor. The 

speed selected for a constant speed motor is subject to 300 RPM 

increments. A variable speed motor could be used to give the 

same speed. Ideally, the pump is sized for the constant speed 

limitation.

The first selection is for the two stage concept at 1180 RPM. 

The pump would have to be longer, to give 45 feet of NPSH, and 

satisfy the suction specific speed limitation. This speed 

would require a small diameter impeller, 32 inches, which would 

lead to an opening in the deck under 6 feet in diameter. The 

speed coupled with the required length of the pump is not 

desirable dynamically. The size of the shaft and the number 

and location of bearings may overcome the decrease in size.

This speed could be used, but a drop to a lower constant speed 

would give a more conservative design. Eurthermore, the run­

out condition makes this -speed too high.
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3.3.4 The next constant speed considered is 870 RPM. The design

concept is for two stages of a double suction impeller pumping ' 

in parallel.

The pump length is made to give an NPSH of 40 feet. This gives 

a satisfactory suction specific speed at design and runout flows. 

This speed would require an impeller about 42 inch diameter. The 

opening in the support structure for the pump would have to be 

slightly over 6 feet in diameter.

The selected speed combined with the relatively short pump should 

give a satisfactory shaft dynamic analysis. It is a conservative 

choice that should give the desired reliability for this type 

of pump.
i

A model with the same specific speed was selected for this pump. 

Using the model factor, a complete performance curve was made.

This pump speed will give an acceptable NPSH safety margin at 

design flow. Cavitation should be at an absolute minimum so that 

the expected long life can be accomplished.
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4.0 PUMP SELECTION - SUMMARY

In summary, four speeds were considered in this study. For 

convenient comparison, the type of pump and speeds considered are 

tabulated in Table 1, Similarity parameters, speed, and size 

are shown, to assist in making the most attractive selection.

It was decided to select a speed suitable for a constant or 

variable speed motor. This narrowed the selection down to 870 

and 1180 RPM. The slower speed of 870 RPM was selected for con­

servatism and reliability. The increase in size over the higher 

speed pump is a worthwhile trade-off. The desired critical speed 

should be more readily attained. Perhaps the most important 

factor of this speed is at the suction side of the pump. There 

should be very little damaging cavitation, if any, giving a long 

pump life expectancy.

Results of the dynamics and critical speed analysis are given in 

the structural and dynamics section.
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5.0 key features of the pump

5.1 General

All parts that were covered in the Phase A study will not be repeated 

here. Only parts or features that are new or different will be de­

scribed.

5.2 Shut-Off Valve

A shut-off valve at the outlet nozzle is used to prevent sodium 

backflow through a disabled pump. A conceptual valve for this pur­

pose is shown at the bottom of the pump. The valve opens and closes 

with vertical motion. Two rods 180° apart, located vertically, provide 

the motion and actuate the valve. The rods extend vertically to the 

seal Cartridge location. The method of providing vertical valve 

movement through the rods will not be a part of this study. It is 

merely shown that the valve could conveniently be a part of the pump.

5.3 Hydrostatic Bearing

The type of bearing has not changed from the one described in Phase A. 

However, the size and location has been changed. This was done as 

one of the things to satisfy the dynamics analysis.

The size of the bearing has been increased from 16 inch to 30 inch 

diameter. It should be remembered that the radial load has been in­

creased due to the additional pump head. Also, the bearing was moved 

from its position at the bottom of the pump in Phase A, and located 

between the two impellers. At this location, the bearing has to be 

axially split for assembly and dismantling. This does not present any 

particular manufacturing problem.
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Flow from discharge to the bearing pockets and return to suction 

is similar to the design in Phase A.

The bearing lands and end rings are hard-surfaced.

The length of the pump makes it necessary to have another hydro­

static bearing just below the lowest liquid level. This gives a 

satisfactory bearing span and allows the use of a smaller shaft.

The size of the bearing is 16 inch diameter. Except for size, this 

bearing is similar to the one used in Phase A.

5.4 Radial Bearing (In Seal Area)

The span between the radial bearings in the pump and the lower radial 

bearing in the motor is quite long. To keep the critical speed a 

safe margin above the operating speed, two things can be done. First, 

the size of the shaft can be made large. This would penalize the 

size of the seals. The second method would be to place another 

bearing in the pump to cut down the span.

For this design, an oil lubricated radial bearing will be located in 

the seal area. Oil is available at this location for lubricating the 

bearing. In addition, the same heat exchanger required by the seal 

can be sized to include the requirements of the bearing.

The radial bearing is a pivoted segmental type. The bearing members 

of this type are tiltable shoes or pads which rest on hard steel 

buttons mounted on the bearing housing. The shoes are free to form 

automatically a wedge-shaped oil film between the shoe surface and 

the rotating sleeve of the shaft. The pads are babbit-lined.
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5.5 Bearing Journals

The journals for the hydrostatic bearings are integral with the 

shaft. This eliminates a fit and gives better alignment. The journal 

or sleeve is made so that it can be hard-surfaced. A sleeve is also 

used on the hollow shaft for the journal at the liquid level. This 

is also integral with the shaft and can be ground accurately.

There is also an oil lubricated radial bearing in the seal area. The 

journal for this bearing is a part of the seal sleeve. This will 

allow the journal to run true to the shaft, since only one centering 

fit is involved. The journal does not have to be hard-surfaced, 

since the pads are babbeted and oil lubricated.

5.6 Pump Shaft

The type of pump shaft has not changed significantly from the one 

described in the Phase A study. Only the changes will be mentioned 

here.

The journal that was at the bottom of the shaft has been moved to a 

location between the two impellers. The size of the shaft is diff­

erent from the one in the Phase A study since the pump has become 

larger and the horsepower requirement has increased.

The shaft is much too long to be made in one piece. It has a coupling 

at approximately the normal liquid level. The shaft size changes at 

the coupling, the upper portion getting larger. The shafts are joined 

by a rigid flanged coupling, with male and female centering fits.

The flanges are bolted.
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The top of the shaft has a self-centering spline. The torque from 

the coupling to the shaft is transmitted through the spline. The 

axial load tending to separate the engagement of the spline is 

taken by a series of fasteners. The self-centering spline-type 

coupling used at the top end of the pump shaft gives good accuracy 

and maximum load-carrying capacity. The spline teeth are cut in the 

solid face at the end of the shaft.

A flange with a self-centering spline to match the one on the shaft 

is fastened to the top of the shaft. This flange serves a double 

purpose. It acts as a flanged pump half coupling. In addition, it 

is the fan for air cooling the oil circulating in the seal cartridge.

5.7 Spacer-Type Coupling

A coupling is required between the motor shaft and pump shaft. The 

coupling is a spacer type. When the coupling is removed, the seal 

cartridge assembly can be taken out of the pump without disturbing 

the motor. The coupling is flanged and bolted to the motor and 

pump shafts.

Since the thrust bearing is in the motor, the coupling must take the 

axial thrust load, including the weight of the pump rotating assembly. 

In addition, the coupling has some flexibility. This is made possible 

by a diaphragm at the bottom end of the coupling. The flexibility is 

not required for normal operation. It is a feature required only 

for emergency conditions causing severe deflections of the pump that 

affect the alignment. It is only then that the self-aligning feature 

is required. The coupling is designed to Byron Jackson requirements 

by an experienced and well-known coupling manufacturer.
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5.8 Driver Mount

The driver mount or motor support is a separate fabrication that 

is centered and bolted to the outer cylinder. It has openings of 

sufficient size to allow assembly and dismantling of the coupling 

and seal. The spacer type coupling can be removed. The top of 

the driver mount can be designed to accept a motor flange with outside 

or inside bolts. Interface between motor and driver mount will be 

worked out by mutual agreement.

The fixture for removing the coupling and seal cartridge will be 

fastened to the top flange of the driver mount. This fixture will be 

removable.

5.9 Seal Cartridge

The’ seal cartridge includes the two mechanical seals mounted back-to- 

back, the pumping ring, the oil lubricated radial bearing, and the 

air to oil heat'exchanger. Where possible, some of the parts are 

made of aluminum alloy to keep the weight of the cartridge down for 

handling. The seal cartridge is made for convenient servicing. The 

seal is locked in the running position during handling, to eliminate 

possible damage.

A fixture will be furnished for convenient removal of the spacer 

coupling and seal cartridge assembly. The fixture will be temporarily 

fastened to the top flange of the driver mount. The spacer coupling 

and then the seal cartridge can be lifted and moved horizontally on 

rails to the outside of the driver mount. They can then be transferred
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to a service hoist. The fixture can of course be used for the

replacement of the seal cartridge and spacer coupling. All of 

this is done without the removal of the motor.
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6,0 Pump Material Selection

Materials of construction utilizing 2%% Cr-lMo; Type 304 or 316 S/S 

and/or 9Cr-lMo may be used for the Pool-Type LMFBR pumps operating at 

600°F in sodium. The choice of ferritic versus austenitic stainless 

steels would be dependent on a number of different factors, such as:

1. The lower alloy content of 2%Cr-lMo steel will have a lower base 

metal cost than the higher chromium or chrome-nickel stainless 

steels, especially for plate, bar, pipe and forgings, but not for 

castings. The lower base metal cost for wrought products is based 

on the assumption that the required quantity is sufficient for a 

mill heat and/or the required quality is available at the warehouse. 

Castings of l^Cr-lMo will normally not result in any cost savings 

since the foundry problems result in costs almost equal to the 

cost of high alloy materials.

Although it appears that 9Cr-lMo has some desirable characteristics 

it is really too early to determine foundry and mill problems that 

may be incurred, it is also unknown at this time what fabrication 

problems may be revealed.

The ferritic materials, including weld filler metals, will be required 

to meet fracture toughness of the ASME Nuclear Component Code. This 

requirement will narrow the cost gap between the ferritic and austen­

itic stainless steels, since fracture toughness is not mandatory for 

the latter materials.
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3. The ASHE Nuclear Component Code and the Elevated Temperature Code 

cases require that ferritic materials be preheated and post-weld 

heat treated. This requirement adds to manufacturing costs due to 

the added costs for weld qualifications and manufacturing time 

over that of austenitic stainless steels.

4. Cleaning costs will be higher for ferritic materials. The greater 

rusting problem, in atmosphere and/or during testing will require 

that positive anti-rusting precautions must be maintained at all 

times, including protection at the job site.

5. Hydraulic requirements normally dictate a design that has complex 

geometries. The geometries required may be obtained by such very 

expensive methods as (1) chemical milling; (2) contour (template) 

milling; precision machining; (3) precision weld fabrications 

and/or a combination of such methods. Historically the pump manu­

facturer has used static or precision castings which permits the 

procurement of complex geometries of acceptable quality and at a 

very considerable decrease in cost and procurement time.

Material costs for ferritic steel castings, if obtainable, will 

probably be 2 to 3 times the cost of austenitic stainless steels, 

due to (a) lower demand, therefore higher cost; (b) more exacting 

manufacturing controls required; (c) many more foundry problems 

with ferritic materials; (d) maintenance of cleanliness, and (e)

special procurement due to limited sources.
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In summary, it is apparent that the major consideration has 

to be economic rather than technical. The existing state-of- 

the-art available for austenitic stainless steels presents no 

new problem areas whereas the use of ferritic materials could 

pose several areas requiring development programs.

After evaluation of all factors, fabrication, heat treatment, 

material procurement and cleanliness, it is our opinion that 

the pool-type pump be constructed of austenitic stainless steel.
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7.0 COMMENTS ON REVIEW OF LMFBR PUMP DESIGNS

A study for a conceptual pump design for a pool type reactor was 

submitted to General Electric by Byron Jackson for Phase A.

An engineering design review of this pump was made by Eletner Makay, 

a consultant, for EPRI, dated August 31, 1978. The consultant' s 

comments are respected and appreciated. This is an attempt to 

comment on some of the reviewer's concern.

It should be understood that this was a conceptual design study 

limited by time and budget. Some of the suggested design changes 

were made for the present pump study before the consultant's report 

was received, particularly in the dynamics and critical speed areas.

The first concern is about the basic design concept of two stages 

of a double suction impeller pumping _in parallel. The report explains 

why this unique concept was selected. It lends itself particularly 

well to the pool type concept where all the suction inlets are 

flooded.

Attached separately is a Sectional Drawing D-1F-1066 showing a pump 

with four double suction impellers pumping in parallel. Two four- impel­

ler and-'two three-impeller pumps of this type were built, .tested, and 

are in service. Pertinent facts are shown with the Sectional.
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A photograph is also enclosed showing a pump used on a hydrofoil.

This pump has two double suction impellers pumping in parallel. Two 

of the suction nozzles are on the near side and the other two on the 

far side.

It is certainly agreed that careful and diligent design is required

for the pump inlet geometry. A wood and plastic model has been made

and tested with air for the DOE Large Scale LMFBR Pump Development Program.

Results show that the suction inlets divide tb® flow evenly, though

the suction nozzle is at the bottom of the pump. The report on this air

test has been submitted to Argonne National Laboratory and is available.

The concern about axial thrust is one that is inherent in any multi­

stage pump. It does not affect pump performance, only the size of the 

thrust bearing. The wear rings can be sized to give an upthrust that 

will help balance the rotor dead weight. A page from the report on 

axial thrust is enclosed.

The structural and dynamic analysis concludes that there are no insur­

mountable problems with the conceptual design. It should be under­

stood that a design layout is made first and then analyzed. The results 

of the analysis may indicate certain changes that can be made to obtain 

satisfactory performance. For example, a bearing may be re-located or 

its size changed, the shaft size changed, or a bearing span altered.

With these changes, the design concept would be acceptable.
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Some of the suggested changes ate being added to the present re­

design of the pump.

The consultant asks for clarification regarding the NPSH test of 

the Clinch. River model. This was only cited as an example. A half 

scale model of the Clinch River double suction pump was made and 

tested. The NPSH required, as measured by Hydraulic Institute 

standards, was 36 feet. This is the method based on a 3% loss of 

pump head. The model size and speed are selected to give the same 

head and NPSH as required by the prototype. No. mention is made of 

cavitation. It is merely shown that for the prototype, there would 

be a safety margin between the required and the available NPSH. 

Available NPSH for the Clinch River prototype is 53 feet. The 

safety margin is from 36 to 53 feet, or about 147%.

The consultant indicates that the NPSH required for cavitation-free 

operation is 54 feet, or 150% of the 36 feet obtained by test. He 

infers that this safety margin is necessary to avoid cavitation erosion 

of the impeller eye during commercial operation. It can be seen that 

the example shown in the study has this margin.

For the present study a greater NPSH safety margin is used at the 

design or best efficiency point. This is where the pump will operate 

during most of its life expectancy. Lower flows will be less prone to 

cavitation damage.
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For the runout condition, where the flow could be 116% of the design 

point, the safety margin is less. However, operating time at runout 

flow should be a small percentage of the pump life expectancy. 

Cavitation damage, if any, should be minimal, since it is a function 

of time.
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Pumps with multi-stage double suction impellers pumping in parallel.

1, Size: 36 x 40 x 68 Double Suction 

4 Stages in Parallel 

Sectional Drawing D-1F-1066

Two of these pumps were built and tested in B.J, Holland.

User: Shell International, U.K,

Liquid: Crude oil, with intermittent quantities of seawater.

Four stages in parallel were used to meet the low NPSH requirement. 

Each stage is a double suction impeller pumping one-fourth of the 

total flow against the full discharge head.

These are vertical pumps with a suction tank and underground suction. 

The pump is an axially split design. The suction tank is about 68" 

diameter. The suction is flooded, all impeller inlets being exposed 

to the liquid in the suction tank.

These pumps were tested early in 1976. They have been operating in 

the field since then.

Design Conditions: (4 Stage)

Capacity 44,000 GPM (total)

Head 250 ft (Sp. Gr. = 0.85)

Speed 1480 RPM (50 cy.)

NPSH 20 ft. (approx.)

Specific Speed 2460

Suction Specific Speed 16,500

BHP 2800

Impeller Dia. - design 23^" , test 20-3/4".
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2. Same pumps as above, except three stages in parallel. Two of 

these pumps were built and tested, for the same user as above

Design Conditions: (3 Stage)

Capacity 22,000 GPM (total)

Head 269 ft.

Speed 1480 RPM

NPSH 16 feet

Specific Speed 1920

Suction Specific Speed 16,000

BHP 1800

Impeller dia. - design 23%" , test 20".

3. A foilborne propulsion pump was built and tested for use in a 

hydrofoil ship. It is a pump with two stages of double suction 

impellers pumping in parallel. Sectional Drawing 1F-6373 and 

photograph are enclosed. Liquid being pumped is sea water.

Pump is axially split. The user was Boeing Company.

Design Conditions:

Capacity 28,000 GPM (total)

Head 560 ft.

Speed 1560 RPM

Specific Speed 1600

BHP 5000 (approx.)

Discharge Nozzles 10" Dia. (two)

Suction Nozzles 12" Dia. (two)

Impeller dia. design 28"
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The NPSH varies with the speed of the hydrofoil.

This type of application for a pump is unique. The examples 

given, however, show that they can be made to operate satisfac­

torily.

Table No. 1

TABULATION OF 
VARIOUS PUMP SPEEDS

Single Two ImpellersStage j in Parallel
PUMP SPEED RPM

725 870 1000 1180

Variable
Variable
Constant Variable

Variable
Constant

Pump Discharge Flow - GPM 68,450

Total Developed Head - FT 316

NPSH Available - FT 38 40 45 38

Temperature - °F 595

Specific Speed - Ns 2,550 2,150 2,490 2,900

Suction Specific Speed, Design. Ss 12,400 10,000 12,100 12,500 •

Suction Specific Speed, Runout. Ss 13,400 10,900 13,000 13,500

Pump Efficiency % 78 78 78 78

Required Pump Power (Cold) H.P. 7000

Required Pump Power (Hot) H.P. 6150

Impeller_Diameter Inches 49^ 42 36 32 ;

Tank Diameter Inches 85 75 70 66

Pump Length Feet 45 46'-3" 45'-3" 52'-3” |
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AXIAL THRUST REQUIREMENTS

The pump does not have a bearing for carrying an axial thrust load. It 

depends on the thrust bearing used in the motor. The motor supplier must 

design the bearing to carry the additional load required by the pump.

The weight of the pump rotating element is estimated to be 16,000 lbs.

This is of course an axial downthrust, static and at all speeds.

Double-suction impellers are theoretically balanced axially. However, actually 

an axial thrust is possible. This is due to slight differences in pressure 

on the upper and lower sides of the shrouds. This is at least in part due 

to the difference in actual running position between the rotating shroud and 

the adjacent stationary wall for the two sides of the impeller. With two im­

pellers, this could balance out. If assumed to be additive, the axial thrust 

could be 15,000 lbs. in either direction. This is with the pump running at 

full speed. Since this load is a function of pressure, it is also a function 

of speed. The downthrust requirement would be lower for the slow speeds. The 

motor thrust bearing must be sized to take the highest load required by the pump.

The upthrust due to pressure at the impellers will not be high enough to over­

come the dead weight of the pump rotating element. Even though the pump re­

quires no axial upthrust on the motor bearing, it is anticipated that the motor 

thrust bearing will be designed to take some load in that direction. This is 

for protection due to sudden unforeseen thrust surges either by the pump or 

the motor rotor.
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Table No. 2

WEIGHT OF MAJOR SUBASSEMBLIES

NAME WEIGHT,

1. Pump Volute and Discharge Manifold 17,000

2. Top Suction Piece 1,500

3. Middle Suction Piece 2,000

4. Sliding Valve 2,400

5. Hydrostatic Bearing (Split) 1,100

6. Lower Pump Tank 25,000

7. Upper Pump Tank and Driver Mount 38,000

8. Insulation Assembly 2,400

9. Seal Assembly 2,000

10. Rotating Assembly 13,000

Total 104,400

Weights do not include sodium,insulation, or steel shot.
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Table No. 3

PARTS LIST AND MATERIA!.,S OF CONSTRUCTION

PRIMARY SODIUM PUMP FOR POOL TYPE CONCEPT
B.J, ORDER NO. 78!-G--0500
REFERENCE DRAWINGS: IF--8435 , IE-7589

PART NO. QTY NAME MATERIAL SPECT.FICATIOt

1 Volute Assembly
1-1 1 Volute and Discharge Manifold ASME SA-351 GR. CF8
1-2 1 Valve Housing ASME SA-351 GR. CF8

2 Suction
2-1 2 Middle Suction Piece (Split) ASME SA-351 GR. CF8
2-2 1 Upper Suction Piece (Split) ASME SA-351 GR. CF8
2-3 1 Hydrostatic Bearing (Pump) ASME SA-351 GR. CF8 w:

3 Rotating Element Assembly
3-1 1 Lower Impeller ASTM A-351, GR. CF8
3-2 1 Upper Impeller ASTM A-351, GR. CF8
3-3 x Journal ASTM A-213, Tp. 304 w:
3-4 1 Shaft Tube ASTM A-213, Tp. 304
3-5 1 Top End - Shaft ASTM A-182, Cr. F304

4 Middle Structure Assembly
4-1 1 Bottom Flange ASME SA-240, Tp . 304
4-2 1 Cone ASME SA-240, Tp . 304
4-3 2 Bearing Support ASME SA-240, Tp . 304
4-4 1 Hydrostatic Bearing (Middle) ASME SA-182, GR . F304
4-5 1 Top Flange ASME SA-240, Tp . 304
4-6 1 Tube - Bearing Supply ASME SA-213, Tp . 304
4-7 TL Insulation Container ASME SA-240, Tp . 304

'15 Overlay

"SOA with Colmonoy #5 Overlay

SK-0500-1 
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PART NO. QTY NAME MATERIAL SPECIFICATION

5 Upper Structure Assembly
5-1 1 Outer Cylinder ASME SA-240, Tp. 304
5-2 1 Inner Cylinder ASME SA-240, Tp. 304
5-3 1 Top Plate AS ME SA-240, Tp. 304
5-4 1 Bottom Plate ASME SA-240, Tp. 304
5-5 1 Mounting Flange ASME SA-240, Tp. 3045-6 1 Seal Leakage Tank ASME SA-240, Tp. 304

6 Driver Mount Assembly
6-1 1 Lower Flange ASTM A-240, Tp. 304
6-2 1 Cylinder ASTM A-240, Tp. 304
6-3 1 Top Flange ASTM A-240, Tp. 304

7
7-1 1

Valve Assembly
Valve ASME SA-351, GR. CF8

7-2 2 Valve Rods ASTM A-479, Tp. 304
7-3 2 Valve Tubes ASTM A-213, Tp. 304

8 Pump Coupling
8-1 1 Spacer Type Coupling ASTM A-322, Gr. 4140
8-2 1 Coupling Flange and Fan ASTM A-240, Tp. 304

SK-0500-1 
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PART NO. QTY NAMK MATERIAL SPECIFICATION

12 Seal Cartridge. Assembly Reference Drawing 1F-7589
12-1 1 Seal Flange - Upper ASME SA-182, CR. F304
12-2 1 Seal Flange - Lower ASME SA-182, GR. F304
12-3 1 Seal Housing Assembly ASTM A-240, Tp. 304
12-4 1 Seal. Sleeve and Pumping Ring ASTM A-182, GR. F304
12-5 1 Stand Pipe ASTM A-182, GR. F304
1.2-6 2 Retainer ASTM A-182, GR. F304
12-7 2 Rotating Face Carbon
12-8 2 Stationary Face 316 SST with #1 Stellite Overlay
12-9 2 U-Cup Nitrile
12-10 2 U-Cup Follower 304 SST
12-11 72 Spring Inconel X-750
12-12 1 Drive and Thrust Collar ASTM A-182, GR. F304
12-13 1 Split Locating Collar ASTM A-182, GR. F304
12-14 2 Locating Pin (Removable) ASTM A-193, GR. B6
12-15 1 Fan Cover ASTM A-240, Tp. 304
12-1.6 2 Pumping Ring Bushing ASTM A-182, GR. F304
12-17 1 Radial Bearing Commercial
12-18 1 Seal Heat Exchanger Aluminum 6061-76

ik-osoo-i
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