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1. INTRODUCTION

The Mark 1 Containment Program Action Plan provides a detailed description of
project management information in an integrated format. The Program Action
Plan defines the objective of the Mark I Containment Program, gives program
task descriptions and shows how the integration of activities will lead to a
definition of loads for final re-evaluation of the containment structure by the
individual licensees. Included in this report, for reference purposes, is a
brief summary of the historical background related to the reevaluation program

for Mark 1 Containments.

The technical approach followed in the Mark I Containment Program, as well as
the "kev decision making" wilestones, are summarized. The pressure suppression
loads are described and the technical tasks which establish load magnitudes are
explained in the context of their interrelationship and how the- support final
load determination. The na;y test activities contained in this program and

how they integrate with analytical activities are also summarized. Included

is a discussion of the expected followup activities which individual Mark 1
owners may enter into upon coapletion of load definitions for the Mark 1

Contaioment Program.

Since the Mark | Containment Program is expected to be continually modified on
the basis of newly acquired test data and analyses and the key decisions that
will follow from this additional information, the Program Action Plan has been
constructed in a flexible format which will permit an update of the information
as required.

It should be noted that a fundamental objective of this program is to quantify
more precisely and to confirm the various loads for the present containment
geometry.

Load mitigation tasks are included in the program as a parallel effort. Small-
scale screening tests, already in progress, are included to provide a basis for
a more complete program, including larger scale tests, should that be found

necessary.
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2. BACKGROIUND

2.1 MARK T CONTAINMENT - GENERAL SYSTEM DESCRIPTION

The Mark 1 containment is a vapor suppression system which houses the BWR
vessel, the reactcr coolant recirculating loops and other branch connections

of the Nuclear Steam Supply System (NSSS). It comsists of a drywell, a vapor
suppression chamber which contains a large volume of water, a connecting vent
system between the dryw21l and the water pool, isolation valves containment
cooling svstems, and other service equipment. Ftor most Mark | plants, the
vapor suppression chamber is a steel pressure vessel in the shape of a torus,
and is located below and encircling the drywel!. The suppression chamber is
held on supports which transmit vertical and seismic loading to the reinforced
concrete foundation slab of the reactor building. The drywell to wetwell vents
are connected to a vent header which is contained within the airspace of the
suppression chamber. Projecting downward from the vent header are the down-
comer pipes, which are nominally 24 in. in diameter and terminate approximately
4 fr. below the water surface of the pool. The pressure suppression chamber

in relation to the steel drywell is shown in Figure 2-1. Figure 2-2 shows a

cross-section through the suppression chamber.

In the highly unlikely event of an NSSS piping failure within the drywell,
reactor water and steam are released into the drywell atmosphere. As a result
of increvased drywell pressure a mixture of drvwell atmosphere, steam, and water
is forced through the vent system into the pool of water which is stored in

the suppression chamber. The steam vapor condenses in the suppression pool.
The drywell atmosphere is initially transferred to the suppression chamber and
pressurizes the chamber. At the end of the blowdown the chamber is vented to
the drywell to equalize the pressures between the two vessels. Cooling systems
are provided to remove heat from the reactor core, the drywell, and from the
water in the suppression chamber, thus providing continuous cooling of the

primary containment under accident conditions.
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2.2 HISTORICAL DEVELOPMENT UF MARK | CONTAINMENT PROGRAM

In February and April 1975, the NRC transmitted letters to each utility with a
Mark | containment requesting addtional information on the capability of irts
structure. The February 1975 letters reflected concerns about the dynamic
nature of safety relief valve (SRV) discharge while the April 1975 letters
indicated the need to evaluate the contaimment structure for newly identified
dynamic loads associated with the loss-of-coolant accident (LOCA). On

April 23, 1975, the domestic Mark | containment owners met and formed an ad-hoc
Owners Group to respond to these NRC requests for additional information.
Recognizing that the additional evaluation work would be very similar for all
plants, this organization was formed to pool the available talents, ideas, and
experience so that a uniform and technically sound program could be established

to respond to the NRC requests in the shortest time possible.

A two-phase program was established and identified to the NRC in letters sub-
mitted during the week of May 5, 1975. The Phase 1 effort, called the Short-
Term Program (STP), would provide a rapid confirmation of the adequacy of the
containment to maintain its integriry under the most probable course of the
LOCA event considering the latest available informacion on the key suppression
pool dynamic lvads. The first phase would thus demonstrate the acceptability
of continued operation during the performance of Phase 11, called the Long-Term
Program (LTP), where detailed testing and analytical work would be performed to
define the specific design loads to which the containment will be assessed to

establish conformance to agreed-to acceptance criteria.

The initial portion of the Phase | task of evaluating tte integrity of the
containment vent system and vent system supports is documented in a five-volume
report which was submitted to the NRC in September 1975 (Short-Term Program
Report NEDC-20989). Addendum 1 to this report, which was submitted to the NRC
in December 1975, Aocumented an evaluation of LOCA-related hydrodynamic loads
on SRV discharge piping and testing performed on a representative vent bellows
assembly. Additional information was provided in fQ;POﬂbe to NRC questions on
this report. Responses were transmitted by GE for the Mark | Owners Group in

a letter dateu September 9, 1976.

Rev, 0O
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In addition to the generic reference plant evaluation presented in the Short-

Term Program Report, a plant unique analysis of the externmal support system for
the toroidal pressure suppression chamber and the externally attached piping has
also been performed by each utility with an operating Mark I plant and submitted
on their licensing docket. The loading information used for these evaluations
is presented in Addenda 2 and 3 to the Short-Term Program Report (submitted to
the NRC in June 1976 and August 1976, respectively).

This additional plant-unique analysis was performed in accordance with the
approach described in NUTECH Report No. MKI-02-012, Rev. 2, which was trans-
mitted to the NRC in July 1976. This NUTECH report also identified the accep-
tance criteria that each plant's support system and external piping was to be
assecsed ags nst. Additionally, each utility has indicated that they will
maintain the water volume in the torus to as near the minimum as practical and
has committed to contro! the normal pressure in the drywell to at least 1.0

psi greater than the air space pressure in the torus for interim operating con-
ditions. Scaled sensitivity tests showed that this action would result in the
reduced net loading on the torus support system. Several utilities have also
increased the capability of key structural members to provide additional margir
of safety.

Throughout the performance of the Short-Term Program work, periodic meetings
were held with the NRC staff and status reports were submitted to appraise them
of the program results. The documentation of all Short-Term Program results is
now essentiaily complete. The results show that there is no undue risk to the
health and safety of the public and the Long-Term Program can proceed. The
remainder of this report describes the details of that Mark I Containment
Program.

Rev. 0O |
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3 MARK I CONTAINMENT PROGRAM SUMMARY

3.1 GENERAL STRUCTURE

The basic objuctive of the Mark 1 Containment Program is to ensure that all
Mark 1 containments are structurally adequate for their full life based on
criteria acceptable to the MRC. This Program consists of testing and analysis
for a combination of hydrodynamic phenomenological and structural tasks. It
includes the establishment of agr.ed upon Structural Acceptance Criteria against
which the results of structural evaluitions can be assessed. Also included in
the program is the evaluation of the need for structural modifications and/or
load mitigation devices, to assure adequate Mark I containment structural
safety margin. Key parts of the program are:
(1) A Leau Definition Report (LRD), which will contain design basis
hydrodynamic pressure suvpression loads and their possible com-
binations, and proper procedures as how to apply them for structural

evaluation;

(2) Structural Acceptance Criteria - acceptance criteria for assess-
ing the results will be established considering current require-

sents and increased knowledge gained since original design.

(3) Plant Unique Analyses - Each utility will perform a unique structural
evaluation of their plant by using the loads defined in the LDR in
conjunction with the agreed to Acceptance Criteria ("Plant-Unique
Analyses Reports" will be submitted by each utility to NRC for their
review and approval.); and

(4) Final NRC Approval - A final approval of plant-unique analyses
reports and any required structural modifications by NRC followed by
Safety Evaluation Reports will bring the program to its completion.

Periodically during the progress of the program, the Mark I Owner's Group will
have discussions with NRC to appraise them of progress and of key program

Rev. 0
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decisions. In order to promote an orderly program, five key decision points

have been identified:

(1) Decisions on the need for modifications and/or load mitigation devices
that may be made early in the program on the basis of information

available at that time.

(2) Confirm the need for the modification.. ~ information available at

time of decision 1 does not indicate this clearly.

(3) Select two or more load mitigation devices for further development,
if load mitigation is determined to be required (based on decisions
1l and 2).

(4) Select structural modifications for plant-unique implementation if

structural modifications are required (decisions 1 and 2).

(5) Specify technical configuration for load mitigati_a devices for

plant-unique implementation.

A detailed description of these decision points and their relative timing is

given in Section 3.5.

3.2 PRESSURE SUPPRESSION HYDRODYNAMIC 7 !

Hydrodvnamic loads to which the su, = & , system can be subjected are due
primarily to the following phenomena: (1) safety/relief valve (SRV) dis-

charge, and (2) loss-of-coolant accident (LOCA).

3.2.1 Safety/Relief Valve Discharge

Actuation of safety/relief valves (SRV's) produces dynamic loadings on com-

ponents and structures in the suppression pool region.

Rev. 0
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4, FOLLOWUP ACTIVLITIES

Some additional program activities will follow after the issuance of the iinal
LDR. These followup activities will bring the Mark 1 containment Program to a
final conclusion. Utilities will have the prime responsibility of executing
these activities, and GE will provide support for the LDR loads and load

combinations.
Specific activities will include:
4.1 PLANT UNIQUE ANALYSIS

Based upon the hydrodynamic loads defined in the final LDR, each utility will
perform the structural evaluation of this plant to show that Structural Acceptance

Criteria is met.
4,2 DECIDE ON STRUCTURAL MODIFICATIONS

1f the Structural Acceptance Criteria is violated, each utility will decide the
type of structural modifications to be implemented. If a decision is made by
utilities to incorporate load mitigation devices, the final LDR will be revised
to incorporate the effect of mitigation devices on the loads for use by the

utilities for reevaluation.

Figure 4-1, which follows, summarizes these events graphically.

4-1 Rev. O
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When a relief valve lifts, the etfluent reactor steam causes a rapid pressure
buildup in the discharge pipe due to compression of the column of air initially
occupying the pipe and a subsequent accleration of the water slug in the sub-
merged portion of the pipe. During this process, the pressure in the pipe
builds to a peak as the last of the water is expelled. At this point, the
compressed air between the water slug and the effluent vapor begins to leave
‘the pipe. As the compressed air exits the discharge line, it immediately
begins to expand, displacing the water and propagating a pressure disturbance
throughout the suppression pool. The dynamics of an expanding compressed
bubble of air are manifested in pressure oscillations (similar to that of a
Spring-mass system) arising from the bubble expansion coupled with inertial
effects of the moving water mass. The magnitude of the pressure disturbance in
the suppression pool decreases with increasing distance from the point of dis-
charge, resulting in a damped oscillatory load at every point on the torus wall

below the water surface. This load produces osciilatory stress in the torus
shell.

The above description is for a single SRV action. There are several SRV's in
the plant, each having different discharge line characteristics.

The following SRV actions may impose loads upon the suppression chamber ragion:

(1) Single Actuation

(2) Consecutive Actuation

(3) Multiple actuation (two valves or more actuating simultaneously)

3.2.2 Loss-of-Coolant Accident

The various phenomena that can ocecur during the course of a pos*.iated loss-
of-coolant accident in Mark I pressure suppression contalmment system can

impose significant dynamic loads upon the torus and associated structures.
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loads in a design basis LOCA will oceur toward the end of bhlowdown when condi-
tions of low mass flux, high pool temperature, and steam flow may exist. With
a decrease in the blowdown flow rate to « very low value, the water may inter-
mittently re-enter the downcomers in an oscillatory manner. This behavior is
referred to as "chugging." The chugging phenomenon may also result in pressure

loadings on the containment walls.

Shortly after an LOCA, the Emergency Core Cooling Systems (ECCS) pump would
automatically startup to pump condensate water and/or suppression pool water
into the reactor pressure vessel. This water floods the reactor core and sub-
sequently cascades into the drywell from the break. Because the drywell will
be full of steam when the vessel floods, the introduction of water causes

steam condensation and drywell depressurization.

Following vessel flooding, suppression pool water is continuously recirculated
through the core by the ECCS pumps. The energy associated with the core decay
heat will result in a slow heatup of the suppression pool. To control sup-
pression pool temperature, operators activate the RHR heat exchangers. After
several hours, the heat exchangers terminate the suppression pool temperature

increase.

The following is a listing of the various loads and effects which may be

experienced by the contaimment system due to SRV discharge and LOCA phenomena:
SRV
e Water jet loads
® Air clearing loads
e High steam flow condensation loads

® Submerged structure drag loads

Rev. 0O
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LOCA

Thrust loads on SRV discharge lines (DL)

SRV DL internal pressure

Vent system thrust and pressurization loading
Water jet loads

Downward air bubble pressure load

Pool swell liquid impact and drag loads

Upward air compression load

Submerged drag loads

Froth impingement loads

Pool fallback loads

Post-swell wave loads

High steam flow condensation loads

Chugg/ng (low steam flow condensation) loads on downcomers (lateral)
Chugging on torus wall

Containment design pressure loads

Drywell depressurization

Rev. 0O
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e Asymmetrical effects
e Pool stratification efifects
3.3 LOADS CLASSIFICATION AND QUANTIFICATION

3.3.1 Load Classification {

All the pressure suppression loads given in the above section were .evieved by
General Electric during the Short-Term Program to establish their relative
significance. The loads were classified with rﬁrpect to severity of impact on
the structure and the level of confidence in the quality of the loads (aided
by STP test results). The emphasis of the Mark 1 Containment Program is to
perform the tests and analyses which are considered necessary to provide a
strong technical basis for the loads that could most significantly effect
structural capability. The loads which are to receive primary attention in
this Mark I Containment Program include:

A. Pool swell loads
Upward air compression loads
Pool swell impact and drag loads
"Downward" bublble pressure
B. Chugging Loads
Lateral vent loads
Wall loads
C. Satety relief valve loads on internals and walls

D, Seismic slosh

Rev. 0
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E. Asymmetric torus loads

F. Pool thermal stratification during relief valve discharge

3.3.2 Load Quantification

For each major load listed in Subsection 3.3.1, the current bases and tasks

planned in the Program to supplement the current bases are indicated as follows:

A. Pool Swell Loads

Components Affected:

Current Base:

Program Tasks:

(1)

(2)

(1)

(2)

(1)

(2)

(3)

*Refers to Mark [ Containment Frogram

Torus shell and piping, external
supports and welds.

Vent header, vacuum breaker, catwalks,
bellows, RV lines, vent header columns.
Bodega tests and 1/12 Scale 2D GE tests.
1/10 Scale 2D (EPRI), 1/12 Scale 2D CE
tests, PSTF tests.

2.5%

Review current data and establish
bounding values for pool swell loads.
5.5, 5.8

Use 1/4 Scale pool swell 2-D test
results to verify scaling methods.

5.6

Pool swell tests to account for 3-D
effects.

Task Number (See Appendix A).

Rev. O
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Chugging Loads

Components Affected:

Current Bases:

Program Tasks:

(4)

5.9
Develop 3-D pool swell models to simulate

pool swell phenomena.

5.3
Flexible cylinder tests to account for

fluid-structure interaction.

5.9
Fluid-structure interaction modeling.

Downcomers

Torus shell

External supports

Internal structures

Foreign data

4T Mark 11 test data

2.6
Evaluate chugging loads based on exist-
ing data.

5.2

Use 4T Mark Il test data to develop an
understanding of the basic chugging
phenomena and determine the effect of
temperature on chugging.

Rev. 0
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(3)

(4)

(5)

(6)

C. Safety/Relief Valve Loads

Components Affected: (1)

o (2)
(3)

(4)

Current Bases: (1)

(2)

Program Tasks: (1)

3-10

5.10

Monitor pressure suppression efforts

going on in other organizations'
facilities.

3:12
Full Scale 2-D tests to quantify single
(Preliminary

cell chugging loads.
design)

5.12
Multivent scaled test to obtain data

basis for superposition of chugging

loads. (Preliminary design)

S.13
Analytical Chugging Evaluation

Torus shell

SRV lines

Submerged structures

External supports

Quad Cities in-plant test data

Models in NEDE-20942-P

2.1

Review the current data and determine
bounding value.

‘". o
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(2)

Seismic Slosh Loading

Component Affected: (1)
(2)
Current Bases: (1)
(2)
Program Tasks: (1)

Component Affected: (1)

Current Bases: (1)

5.1
fvaluate Monticello Test data for:

a) Direct measurement of torus shell

stresses

b) Direct measurement of external

support structures

¢) Direct measurement of S/RV loads

Dewncomers and submerged structures.
Uncovering of downcomers is the primary
concern. (Seimic loading upon the
torus shell)

Torus shell and external supports

Analytical methods.

Mark III seismic slosh tests

5.4
Conduct scaled test for Mark I geometry,

Confirm that uncovering of downcomers is
of no concern.

Potentially all to various degrees.

Scoping calculations presented in
NEDC~20989
Rev. 0
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Program Tasks:

g

(1

(2)

(3)

Judgment

2.6

Using engineering judgment, establish
bounding values and determine resulting
structural margin for loads.

5.6
Evaluate test results of 1/12 scale
3<D tests.

5.9

Use pool swell models to perform sensi-
tivity studies and predict plant-unique
loads.

F. Pool Stratification During SRV Discherge

Component Affected:

Current Bases:

LTP Tasks:

None. Concern is pool temperature moni-

toring.

(1) Quad Cities in-plant test data.

(1 24
Review existing data and establish
bounding results.

(2) 5.1
Evaluate pool temperature measurements
from Monticello data.

(3) 1.5

Redefine analytical models.

Rev. 0
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3.4 MARK 1 CONTAINMENT PROGRAM TASKS

3.4.1 General

The objective of the Mark I Containment Program is to verify that all Mark 1
containments are structurally adequate for their plant life based on criteria
acceptable to the NRC. This will be accomplished through th{ multiple approach
of definition of hydrodynamic phenomena and comprehensive structural evaluation,
together with develcopment of a load mitigation program, as required.

From the analytical and experimental invescigation of Mark I containment
phenomena, a complete set of design basis loads will be established. The twin
objectives of the phenomena investigation are to: (1) provide a definition of
Mark I LOCA and S/RV related phenomena and aided by testing and analytical
activities, establish with a high level of confidence that all pressure sup-
pression loads have been properly accounted for; and (2) provide realistic but
yet conservative, design basis loads for the individual Mark I plants.

Supporting structural evaluations will consider: (1) fluid-structure inter-
action effects, (2) composite plant evaluation; and (3) structural acceptance

criteria.

Table 3=1 lists the total Mark I Containment Program tasks as currently
structured. Detailed task descriptions are provided in Appendix A; a summary

of the major work packages follows.

3J.4.2 Task Description

lask 1.0 - Program Action Plan (See introduction to this report)

Task 2.0 - Initial Load Evaluation Activity

This activity will contain a preliminary assessment of all key hydro-
dynamic loads associated with LOCA and SRV phenomena for initial structural

Rev, 0O
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evaluation activities. Loads defined in this document will be based

upon best available test data/correlations and analytical methods at

the time. Best engineering judgment, wherever necessary, will be used

to define reasonably conservative load magnitude. The results of this
activity will assist the utilities in performing preliminary structural
evaluation of their torus and make an assessment for potential structural

modification.

Task 3.0 - Structural Acceptance Criteria

The Code rules used at the time of the design of these Mark I plants

did not account for many of the newly-identified types of loads.
Acceptance criteria for application to this Mark I Containment Program
plant-unique analyses will be needed. Short-Term Program results (loads
and structural evaluation rennrts), feedback from composite plant
evaluation, and load evaluation activities will play a part in the
development of criteria. Interpretations of current Code rules,

specific development tasks, and the incorporation of additional Code
rules may be required to complete a comprehensive structural criteria

for the loads to be applied in the Mark I Containment Program evaluation.

Task 4.0 - Composite Plant Evaluation

fhe primary objective of this task is to establish the structural
response to the defined loads for the most critical components from the
Mark 1 plants. Weaker structural elements, identified from the review
of STP plant unique analyses reports, plus structural evaluation for
chugging and SRV loads, will be incorporated in this evaluation. If
the loads result in stress levels in excess of defined allowables, then
one or both of the following corrections will be made: (1) justifying
reduction of loads via additional testing or by mitigation process; or
(2) modifying the component structurally so that it is acceptable, would
be investigated. Combinations of both of the above alternatives may be
the optimum solution in some cases.

Rev. 0O
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Table 3-2
LOAD EVALUATION TEST PROGRAMS SUMMARY TABLE

Performing Phenomena Testing Qate for Completion
Agency/Facility Scale Being Tested Yiotd of Testing Comments
TASE wMBER
5.1 Momticello GE/NSP Faull S/ DMscharge loads  Alr/Steam June 1976 -
5.2 4T Higr Temperature Tests GE/GE Full Chugging ¥all and Steam July 197s Mark 11 Configuration
Vent Loads
$.3  Flextibdle Cylinder Tests EPRI/DSI 1/6 and 1/3 Fluid/Structure Water March 1977 -
Interact ton-Vent
Header
o Large (>L/}) -~ Water April 1977 --
5.6 Seismfc Slosh cxr) 1/20 to 1/30  Seismic Losds/ Atr July 1977 Completion dete wnder
Vent Uncovering review
5.5 1/4~Scale 2-D Test GE/NSC 1/4 Pool Swell Loads Alr November 1976
5.6 1/12-Scale D Test EPRI/SRI /12 Pool Swell Loads * Atr January 1977 -
5.8  1/12-Scale 2-D Test GE/CE v Pool Swell Alr September 1976 Check on Dec. 1975/
Janvary 1976 tests
$5.11 Full-Scale 2-D Test T et Full Chuggling Steam ) Preliminary design

5.12 Scaled Multi-Veat eV 1/6 8 1/12  Owuggies Steam (i) Prelininary design
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Decision Point 1

For pool swell, SRV and chugging loads, it may become obvious early in
the program that decisions on program direction can be made. Decision
point 1 recognizes the need to evaluate this possibility. The decision
point, based upon .he current STP loads magnitude, STP plant-unique
analyses, and preliminary structural acceptance criteria, may provide the
following results:

(1) it will be feasible to design structural modifications; or

(2) load mitigating devices will be required; or

(3) present design is adequate but load definition must be justified.
Decision Date: January 1977

Tasks required to arrive at Decision Point 1 are:

(1) Plant-unique analyses for upward and downward load (STP reports)

(2) Composite plant structural evaluation for preliminary chugging
loads (Task 4.0)

(3) Preliminary structural acceptance criteria established (Task 3.0)

(4) Preliminary load mitigation feasibility (Task 6.0 - Preliminary
results as available)

Decision Point 2

If Decision 1 leads to the conclusion that structural modification
feasibility is not clear, more effort leading to Decision 2 will establish
if 1t will be feasible to design structural modifications, or if load

Rev. O
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perform structural modifications, then structural modifications will need
to be evaluated against final design basis loads. Decision 4 will con-
firm whether these modifications are satisfactory against final loads or
whether some load mitigation is needed.

Decision Date: Mid-1978

Tasks required to arrive at Decision 4 are:

(1)

(2)

(3)

Tasks of Decision 3

Final Load Definition Report (Task 7.0)

Structural modification design (Utility task)

Decision Point 5

This decision point is a followup for Decision 3. Final specification of

load mitigating devices for plant unique implementation will be made at

Decision Point 5. Loads, thcorporn:ing the el fect of selected (Decision

}) lead mitigating devices, will be required before reaching Decision $

Decision Date: Early 1979
\

Tasks required to arrive at Decision Point are:

(1)

(2)

(3)

(4)

(5)

Tasks of Decision 3
Final Load Definition Report with load mitigating devices (Task 7.0)

Compos’ .e Plant Structural Evaluation for S/RV loads (with mitigation)
Task 4.0)

Composite P'ant Structural Evaluation for chugging loads (with
mitigat.ca) (Task 4.0)

Structural modification design (Utility task)
Rev, 0
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mitigating devices will be required. The same declision point results
«$ those for Decision 1 would be available.

Decision Date: €econd Quarter of 1977

Tasks required to arrive at Decision point 2 are:

(1) Tasks of Decision 1

(2) 1Initial load evaluation activities (Task 2.0)

(3) Additional Composite Plant Evaluation (Task 4.0)

Decision Point 3

If Decision 1 or 2 leads to the result that load mitigating devices will

be required. Decision 3 will be to select mitigating devices (for pool

swell/chugging and SRV loads) for large-scale confirmatory tests.

Date of Decision: (Date reserved, pending detailed planning of Task 6.0)

Tasks required to arrive at Decision 3 are:

(1) Tasks of Decision 2

(2) Small=Scale chugging load mitigation tests (Task 6.1)

(1) Small=Scale S/RV load mitigation tests (Task 6.2)

(4) Small=Scale pool swell load mitigation tests (Task 6.3)

(5) Final structural acceptance criteria (Task 3.0)

Decision Point &

1f Decision 1 or 2 leads to the result that it will be feasible to
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APPENDIX A
DETAILED DESCRIPTION OF ACTIVITIES

This appendix contains a detailed description of Mark 1 Containment Program
Activities. The description includes objectives, work description, and
targeted completion dated. It is to be noted, that completion dates shown in
this Appendix are tentative because some program activities are still in the
planning stages and their final work scope, schedules and manpower requirements

are not yet defined in complete detail.
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TITLE:

DESCRIPTION:

TARGET DATE:

1.0
PROGRAM ACTION PLAN

This document will provide an integrated source of information
regarding the Mark I Program plan for communication to NRC, utility
management, and all parties involved. It will define the Contain-
ment Program in terms of specific tasks, objectives and program
descriptions. Also, it will show the integration of all the
activities in terms of the loads that are to be documenied in the
final LDR.

October 1976

Rev. 0
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NUMBER: 2.0

TITLE: INITIAL LOAD EVALUATION ACTIVITIES

OBJECTIVES: The primary objective of Initial lLoad Evaluation Activities early
in the program is to prepare a definition of loads (due to SRV and
LOCA). Loads defined in this task will be made available for use
by the utilities for preliminary structural evaluation activities.
These loads will be based upon available (at the time of prepara-
r{on) test data and analytical models. Activities required to
produce this report are described in the following pages. An

: evaluation is currently in progress regarding the feasibility of

reducing the time required for this task, in order to provide data

for prclintnuty'utruccural evaluations at the earliest possible
date. The milestone dates in the following pages are, therefore,

tentative,

Rev, 0O
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NUMBER:

TITLE:

OBJECTIVE:

DESCRIPTION:

.« i e B

e A ———— L e e LR

SRV LOADS - METHODOLOGY

Establish the degree of adequacy of current analytical models to
predict SRV discharge characteristics and to calculate associated

loads.

Use and expand current analyiical models for calculating loads

on SRV lines, torus, and on submerged structures due to SRV

The followirg phases of the SRV air-clearing transient
pipe
clearing, bubble oscillation, asymmetric :learing of the ram head
device by either bounding value load calculations or examination

discharge.
will be represented to the maximum practicable extent:

of Monticello test results, and superpositioning of loads due to

multiple valve actions.

Target Date: January 1977 (Sec. 2.0 above).



NUMBI K

TITLE:

OBJECTIVES:

DESCRIPTION:

SRV LOADS - PLANT DATA AND GROUPING

Review plant geometric data rsceived from owners and group Mark |
plants to simplify the effect of calculating SRV loads. ldentify

where plant-unique analyses will be needed.

Review the SRV discharge line geometry and valve characteristics
and establish, if possible, groups of plants having sufficiently
similar designs that SRV load calcuiations need only be performed
for one plan® i» cach group. The review will include an examina-

tion of the following pacameters which influence the SRV pipe pres-

sure and the torus wall loads produced by the SRV air clearing
transient: reactor pressures, SRV flow capacity, SRV discharge
line (DL) diameter and length, SRVDL submerged length, type of end
fitting, and location of dt.churgﬂ point.

Target Date: November 1976 (Sec. 2.0, above).

| . 0
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NUMBER:

TITLE:

OBJECTIVE:

DESCRIPTION:

o
.
)

SRV LOADS = CALCULATIONS

Calculate preliminary hydrodynamic loads associated with SRV

discharge phenomena.

For the plant groupings identified by Activity 2.2, calculate the
dynamic loads associated with SRV actuation. This will include:
SRVDL pipe pressure, SRVDL pipe reaction loads during the expul-
sion of the SRVDL water leg, asymmetric loads on the SRVDL end
fitting during water leg explusion and air bubble formation by
either bounding value load calcuations or evaluation of Monticello
test results, water jet loads on submerged structures, and loads
on the torus and submerged structures due to air bubble oscilla-
tions. These loads will be calculated for the appropriate combi-
nation of flrst and subsequent valve activation, for single and
multiple valve action cases. Error analysis and uncertainty
evaluation will be done when calculating loads.

-

Target Date: February 1977 (Sec. 2.0, above).

Rev. O
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NUMBER:

TITLE:

OBJECTIVE:

DESCRIPTION:

2.4
LOCA LOADS - PLANT GROUPING

Review plant geometric data received from owners and group Mark [
plants, if possible, to minimize the effort of calculating LOCA

loads. Identify where plant-unique analyses will be needed.

Review the containment geometry and establish if the LOCA loads
calculated for a single reference plant can be considered applic-
able to all plants within 10 to 15X. The review will involve

an examination of the following parameters: drywell, wetweil and
suppression pool volumes; initial pressure, temperature and re-
lative humidity in the drywell, wetwell and suppression pool;
vent system flow area and flow loss characteristics; primary
system break area; and details of the suppression pool and

torus geometry.

Darget Date: December, 1976 (Sec. 2.0, above)

Rev. 0O
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NUMBER:

TITLE:

OBJECTIVE:

DESCRIFTION:

LOCA LOADS - CALCULATIONS

Establish preliminary LOCA loads.

Using current test data and analytical methods, the containment
system hydrodynamic loads will be calculated for the following
conditions: Design Basis Accident (DBA); an intermediate size
liquid break (IBA) which actuates Automatic Depressurization

System (ADS); and a small steam line break (SBA). Inventory

(mass and energy downstream of the flow restrictions) effects on
LOCA loads will be included in analytical models. Error analysis
and uncertainty evaluations will be done when defining loads. One
representative analysis will be included to demonstrate a compari-

son between the DBA and main stream line (MSL) break.

Target Date: April 1977 (Sec. 2.0, above).

Rev. 0
10/29/76




NUMBER:

TITLE:

OBJECTIVES:

DESCRIPTION:

MISCELLANEOUS LOADS - CALCULATIONS

Identify potential asymmetrical loads in a bounding manner and

seismic effects on pool.

Using currently available analytical methods and data, the

following containment system dynamic loads will be addressed:
1. Potential LOCA asymmetrical effects (in a bounding manner).

2. Evaluate seismic effects in the suppression pool - magni-
tude and frequency of loads induced by seismic slosh on
the torus and internals. Error analysis and uncertainty

evaluation will be made.

Target Date: February 1977 (Sec. 2.0, above).

Rev. 0
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NUMBE K

TIME:

OBJECTIVE:

DESCRIPTION:

LOAD COMBINATION CRITERIA
Develop preliminary bar charts for loads showing time sequence.

For the matrix of break types, discussed in Activity 2.5, bar
charts for various containment structures will be developed.

These bar charts will define the time period over which a parti-
cular loading condition exists and will thus define which of the
loads need to be combined for the purposes of structural evalua-
tion. Load combinations will be based on a mechanistic evaluation

of the NSSS and containment response to a LOCA.

Target Date: January 1977 (Sec. 2.0, above)

Rev. 0
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NUMBER: 2.8

TITLE: REPORT PREPARATION

OBJECTIVE: To document the preliminary loads for use by the Utilities for
initial structural evaluation.

DESCRIPTION: Document the loads to be used for initial evaluation activities.

Sufficient information and guidance will be given to assist the
containment designer to apply these loads in evaluating various

structures which form the containment system.

Target Date: April 1977 (Sec 2.0, above).

Rev. 0
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NUMBER:

TITLE:

OBJECTIVES:

DESCRIPTION:

3.0
STRUCTURAL ACCEPTANCE CRITERIA

To develop structural acceptance criteria for Mark I plants to

which the structural evaluation and/or modifications will be

made.

Develop the structural acceptance criteria for Mark I Contain-
ments against which the results of plant unique structural
evaluations will be compared. The scope of these criteria will
be sufficiently broad to provide a basis for verifying the
adequacy of the structure or the design of any modifications
contemplated. Activities required to complete this task are

described in the following pages.

Rev., 0
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NUMBER:

TITLE:

DESCRIPTION:

NUMBER:

TITLE:

DESCRIPTION:

NUMBER:

TITLE:

DESCRIFTION:

NUMBER:

TITLE:

DESCRIPTION:

NUMBER:

TITLE:

DESCRIPTION:

¥o

EXISTING RULE SUMMARY
Draft a summary of past and present rules for metal containments,
linear supports and Class 2 piping. Identify specifications for

and justification of a research program concerning short-term

loads on columms, if necessary.
3.2
IDENTIFICATION OF NEEDED RESEARCH

Review STP plant-unique analyses regarding research needs.

Identify a research program, if deemed necessary.
3:.3
COMPONENTS CLASSIFICATION

Classify containment system components as vessels, piping and

supports.

3.4
CATEGORIZATION

Prepare a draft of guidelines for load combination categorization.

3.3
ALTERNATIVE CRITERIA

Develop alternative acceptance criteria as applicable to Short

term column buckling.

Rev. 0
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NUMBER: 3.6
TITLE: PRELIMINARY APPLICATION GUIDE

DESCRIPTION: Draft Application Guidelines incorporating Task 2.0, Initial Load
Evaluation Activities, and Task 4.0, Composite Plant Evaluation,

results.
NUMBER: 3.7
TITLE: FINAL APPLICATION GUIDE
/
DESCRIPTION: Establish Final Application Guidelines to provide that the

Structural Acceptance Criteria are applied uniformly by those
evaluating each of the specific containments for the utilities.

TARGET DATE: June 1977

Rev. 0
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NUMBER:

TITLE:

OBJECTIVES:

DESCRIPTION:

TARGET DATE:

NUMBER:

[ITLE:

DESCRIPTION:

A.O
COMPOSLITE PLANT EVALUATION

The primary objective of this activity is to establish how critical
the loads are for the most critical components from the Mark 1 plant
commurity. Then where applying loads results in not meeting antici-
pated acceptance criteria requirements, identify what is necessary
to correct the situation by either (1) reduction of loads by some
mitigation process, or (2) modifying the component structurally

so that it is acceptable. Combinations of both'of the above may

be the optimum solution in some cases.

Perform structural evaluation of a composite plant, using hydro-
dynamic loads - LOCA and SRV - and determine whether or not, plants
would require structural modifications or load mitigation or
combination of both. Activities required to perform the composite

plant evaluation are described as follows:

May 1977

4.1
LOCA (Pool Swell) Loads Evaluation

Review STP plant-unique analysis reports and determine the

structural capability of the following components:

(1) Torus Support System

(2) Ring Girder

(3) Torus Shell

(4) Vent Header

(5) Vent Header Support Columms
(6) Downcomers

(7) Main Vents

Rev. 0
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(8) Vacuum Breakers
(9) SRV piping
(10) Miscellaneous components (e.g.,bellows, cat-

walks, spray header, air lines).

Demonstrate by using the preliminary structural acceptance criteria
that:
(1) the composite plant can meet criteria as designed; or
(2) the plant can be made to meet criteria by a2 load
mitigation of a specific amount; or
(3) structural modifications could be made so that plants

meet criteria.

o
"

NUMBER:

TITLE: SRV LOADS EVALUATION

DESCRIPTION: The data obtained from the Monticello Test (Activity 5.1) will be
used to evaluate acceptability of the torus snell for a 40-year
plant 1ife for the cycling loading imposed by anticipated SRV
discharges. Using preliminary structural acceptance criteria,
determine whether or rot there is a need of structural modifica-

tion or load mitigation.

NUMBER : 4.3

TITLE: CHUGGING LOADS EVALUATION

DESCRIPTION: All structural components are to be evaluated for the potential
effects of end-of-LOCA chugging. The affected structural com-
ponents are to include the torus shell, ring girder, downcomers,
venr h~.jer support columns, ECSS suction strainers, SRV p.ping,
etc. Using the preliminary structural acceptance criteria,
determine whether or not the chugging loads will necessitate
structural modification or load mitigation.

Rev. O
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NUMBER:

TITLE:

DESCRIPTION:

NUMBER:

TITLE:

DESCRIPTION:

NUMBER:

TITLE:

DESCRIPTION:

4.4

RELIEF VALVE DISCHARGE LINES EVALUATION

The relief valve line configurations are to be reviewed to deter-
mine which are the critically routed and supported lines in the
Mark I plants.

Representative lines are to be chosen for evaluation for the
appropriate combination of pool swell and SRV blowdown loads

including the effect of drag, if applicable.

Loads from the preliminary LDR will be used in the SRV line
evaluation. The analyses results will be compared to the prelimi-
nary application guidelines defined in the structural acceptance

criteria task of the program.

4.5

SUBMERGED STRUCTURES EVALUATION

All structural components will be evaluated to determine the
effects from drag loads from any of the possible sources. Among
these components will be: Ven* header column supports, downcomer,
SRV line and support structure, screens, baffles, ECCS discharge

lines, etc.

4.6

STRUCTURAL EVALUATION

Using “inal structural acceptance criteria, components wnich are
identified for the need of structural modifications and/or
mitigating devices will be subjected to a reevaluation using the
configuration modified for mitigated loads.

Rev. 0O
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NUMBER:
TITLE:

OBJECTIVE:

DESCRIPTION:

TESTING AND DATA CORRFLATION

The primary objective of this task is to provide an adequate
technical Jata base to establish design hasis loads from hydro-
dynamic eifects of LOCA pool swell and chugging, and SRV discharge.
Activities-Testing (in-plant tests, full/subscale) and Analyses -
required to accompiish the above objective are described in

sufficient details in the following pages.

: Rev. 0O
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NUMBER:

TITLE:

OBJECTIVES:

DESCRIPTION:

NUMBER :

TITLE:

DESCRIPTION:

5.1

MONTICELLO TEST

1. To measure pressures and temperatures in the torus and SRV
piping associated with single, consecutive and multiple valve
actuations. These measurements will be used to verify the
analytical model to be used to predict the loads produced by
SRV discharges through rams head.

2. To measure the structural response of the torus, SRV piping,
supports and acceleration of the base mat and pedestal. These
measurements will be used 1o evaluate the structural capability
of the respective structural elements in conjunction with other

loads acting simultaneously with the SRV loads.

In-plant testing has been performed to provide sufficient SRV
actuation (single, consecutive and multiple valve) data to refine
an existing rams head analytical model for predicting loads on the
torus, torus internals, and the safety relief valve lines. In
addition, measurements of the structural response of the torus
shell, supports, SRV lines and supports have been made for use in
evaluating the structural capability of the affected components.

Various accrivities included in this task are described as follows:
L T U

I5-PLANT TESTING

Data measurements during the test include:

1. Containment Load Phenomena

-~ Torus shell strains and displacements and accelerations

- Pressure inside torus pool

Rev. O
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TARGET DATE:

NUMBER*

TITLE:

DESCRIPTION:

TARGET DATE:

= Torus povl temperatares

-~ Discharge atr bubble tormation

2. Relief Valve Line Pressure Phenomena Measurements
of time-histories for:
- Pressures inside the pipe
- Temperatures inside the line
- Water level rise in line
- Vacuum breaker flow rates or position indicator
with valve flow characteristics
- SRV pipe strains and deflections
- Rams head support strains, accelerations and deflections,

to measure the reactions of the discharge loads

3. Soil/Structure Interactions
Measurements of Acceleration time-histories at:
~ Torus basemat and torus supports

- Pedestal

4. Reactor Steam Supply Condition
Measurements of reactor steam supply condition through
the plant process sensors are observed and recorded
to avoid SCRAM.

June 1976 (Actual)

5.1.2

DATA REDUCTION

Reducing the test data of about 10,000 traces for the 37 test runs
recorded on PCM tapes and Wyle Analog tapes into time-history
graphs and tabulations of phenomena and structural data including

calculated principal stresses, etc.

November 1976

Rev. O
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NUMBER:

TITLE:

DESCRIPTION:

TARGET DATE:

NUMBER:

TITLE:

DESCRIPTION:

TARGET DATE:

5:1.3

PRELIMINARY TEST REPOURT

The preliminary SRV test report will include the general test
plan, identification of instiumentation and test results. Data
on the phenomena, 3RV piping and torus structural responses, and
the effects of major parameters will be included.

December 1976

S.1.4

FINAL TEST REPORT

This report will cover the test objectives, test matrix and limits,
sensol and instrumentation system, test results, comparison of
phenomena predictions with test data, discussion of effects of

major parameters, summary and conclusions.

April 1977

Rev. O
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NUMBER: 5.2

TITLE. 4T HIGH TEMPERATURE

-

OBJECTIVES: Use data to establish bounding values for Mark I downcomer loads
and torus wall loads during low steam flow (chugging). Account
for downcomer flexibility effects on chugging loads.

DESCRIPTION: These tests (Mark II) were performed to provide adequate data
base to obtain bounding effects of elevated pool temperature on
downcomer lateral loads and pool boundary loads resulting from
chugging. These tests include: (1) three tests at two pool
temperatures, and (2) measurements for the effect of vent system

flexibility upon chugging loads.

TARGET DATES: DATE
Test Completed (Mark II) July 1976
Data Reduction (Mark II) September 1976
Loads for Mark 1 Application December 1976

Rev. 0
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NUMBER :

TITLE:

OBJECTIVES:

DESCRIPTION:

NUMBER :

TITLE:

DESCRIPTION:

NUMBER :

TITLE:

DESCRIPTION:

3.3
FLEXIBLE CYLINDER TESTS

To quantify the influence of fluid-structure interaction for the
pool swell impact loads upon the flexible vent header inside the
Mark I torus. Also, use Test/Analytical results in quantifying

this influence for other components, specifically the torus shell.

Several alternative methods appear to be available for quantify-
ing the fluid structure interaction effects. Different sub-

activities involved in this activity are described as follows:
331
FLUID/STRUCTURE (F/S) INTERACTION ANALYSIS

Access the importance of F/S interaction at the vent header by
making calculations for rigid and flexible cylinders. This will
utilize various F/S analysis techniques to determine the response
of simple mathematical models of the vent header subjected to
water impact; advance the state-of-the-art relaced to analysis of

hydrodynamic impact loading of structures.

Target Date: December 1976

9:.3.2

SMALL-SCALE TESTS

Small-scale tests involving a series of drop tests will be

designed and conducted to verify analytical calculations and to
provide a confidence in quantifying fluid/structure interaction.

Rev. O
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NUMBER :
TITLE:

DESCRIPTION:

These tests, both for rigid and flexible cylinders, will be
conducted for impact velocity ranging from about 6 to 30 fps.

Target Date: February 1977

3: 3.3

LARGE-SCALE TESTS

Based upon the review of small-scale test results, large-scale

test will be designed and conducted to quantify such effects. This
activity will involve the test planning, test execution, data

interpretation and program documentation activities.

Target Date: October 1977

Rev. O
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NUMBER:

TITLE:

OBJECTIVE:

DESCRIPTION:

5.4
SEISMIC SLOSH TEST

1. To determine the slosh heights and its effect on the vent
submergence in the Mark I suppression pool when a 1/30 scale

torus model is subjected to simulated earthquake excitation.

2. To determine the impulsive and convective liquid pressure
loads on the containment and drag loads on the critical

internals due to sloshing.

A 1/30 scale 3-D plastic model of the Mark I suppression tank

with downcomers included will be designed and fabricated. Tubular
sections will be cut from plastic tubing and bonded together to
form the Mark I torus. Geometrically scaled smaller plastic
tubing will be used to form the downcomers. The tank will be
rigidly mounted on a flat plate seismic shaker. Instrumentation
will be installed for determining liquid wave height and load
measurements at critical locations. A typical earthquake
acceleration/displacement time history (both horizontal and
vertical) will be generated for driving the seismic simulator.

An analytical model will be developed to predict the wave profile
and loads on the critical structures. The mathematical model
will be verified with the small-scale test results. The math-
ematical model can then be used to calculate the slosh heights
and loads for individual plants.

The test data will be recorded on analog tape. Excitation and
response time histories will be plotted for ready comparison of
results.

The results and findings will be documented in a report.

Target Date: November 1977

Rev. O
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NUMBER:

TITLE:

OBJECTIVES:

DESCRIPTION:

> 3

1/4 SCALE 2-D TEST

1. To demonstrate the validity of the hydrodynamic scaling rela-
tionships for pool swell by direct comparison of 1/4 scale

and 1/12 scale data.

To define the base case reference plant 2-D pool swell loads

e

for use in developing plant-unique loads. This will include
both, pressurized (drywell AP) and unpressurized (mo AP)

coaditions for the reference plant.

3. To provide increased confidence in the sensitivity of pool
swell loads to drywell pressurization (drywell 4P).

The program involves construction of a 2-D, 1/4 scale model of the
Mark 1 torus. The facility is scaled to the reference pla.t
geometry but has been designed in such a way that the inte.nals
can be readily modified to other geometries and test conditions.
The first phase of the test program will provide pool swell data
for the same conditions as were present in the 1/12 scale facility
during the tests which were conducted in December 1975 and

January 1976. Comparisons of the results (velocities, pressures,
etc.) will be made and will permit an assessment of the accuracy
of the fundamental scaling laws involved. The test results will
also be used to confirm the reference plant pool swell velocity
and torus upward and downward loads. This will be achieved by
reproducing in the test facility the correctly scaled LOCA
conditions for the reference plant. - This will be done for both
zero and positive drywell overpressure conditions. Any differences
between the earlier 1/12 scale results and the 1/4 scale data will
be evaluated.

Rev. O
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Planning is in progress for a second phase of testing which will
determine sensitivity of pool w¢ll leoads to various geometric

and initial condition plant'parameters.

Target Dates:

Tests Completed November 1976
Preliminary Test Report December 1976
Final Test Report March 1977

Rev.
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NUMBER: 5.6

TITLE: 1/12 SCALE 3-D TESTS (EPRI)

OBJECTIVES: To establish 3-D effects on pool swell impact and drag loads on
the vent system and net up and down loads on the torus. To
quantify the load attenuation due to irregular spacing of down-
comers, and to investigate the effects of asymmetric downcomer

clearing and asymmetric vent flow.

NESCRIPTION: Three-dimensional pool swell ef fects on vent header impact loads,
net up and down torus loads, asymmetric downcomer clearing and
asymmetric vent flow will be quantified by performing dynamic
tests on a 1/12 scale Mark I multiple downcomer model. These tests
will quantify load attenuation due to irregular spacing of down-

comers, as well as horizontal and vertical pool velocities for drag

loads on submerged structures.

TARGET DATES:

Facility Completion November 1976
Test Completion January 1977
Final Report March 1977

Rev. O
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NUMBER:

TITLE:

OBJECTIVES:

DESCRIPTION:

TARGET DATES:

5.8
1712 SCALE 2-D TESTS

To provide additional data base to verify scaling methods tor
direct comparison with 1/4 scale 2-D test and (5.5) results. To
provide data enabling the investigation of the cause of the
downward load anomaly observed between the December 1975 and

January 1976 1/12 scale test series.

An improved data base of 1/12 Scale Test results will be provided
to aid in (1) understanding of anomalies between the December 1975
and January 1976 1/12 Scale Test runs; and (2) evaluation of
scaling laws when compared against 1/4 Scale Test data. A series
of about 32 runs will be made at both base conditions and drywell
pressure differential. Control of initial conditions will be
improved by consideration of air temperature and humidity

conditions. .

Also, the effects of structural flexibility on torus pressure
forces will be investigated. A scoping investigation of the
effect of structural flexibility on torus loads will be conducted.

A report which will serve as a basis for load development will
be issued. Detailed loads development studies are to be

included in 1/4 Scale Test (5.5).

Test Completed September 1976
Prel iminary Report November 1976
Final Report December 1976
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NUMBER:

TITLE:

OBJECTIVE:

DESCRIPTION:

5.9
POOL SWELL MODEL DEVELOPMENT

Develop computer codes (2-D and 3-D) to simulate the pool
swelling phenomena. Validate these codes against available test

data and qualify them for plant-unique loads prediction.

Both two- and three-dimensional ccmputer codes will be developed
to simulate the hydrodynamic response in the wetwell resulting
from the postulated LOCA during the period from initial drywell
pressurization and vent clearing to the point of bubble break-
through. The models developed will be used: (1) to quantify
horizontal and vertical pool velocities and accelerations for
drag loads on submerged structures and impact on structures above
the 1n1€ia1 water level; (2) to define the load attenuation due
to unequal spacing between downcomers; (3) to investigate the
effects of asymmetric clearing; and (4) up and down loads on
torus. These models will be verified against 1/12 scale 2-D,

1/4 scalé 2-D and 1/12 scale 3-D test results.
7

TARGET DATES: April 1977
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NUMBER:

TITLE:

OBJECTIVES:

DESCRIPTION:

TARGET DATE:

5.10

MISCELLANEOUS MONLTORING AND SCOPING ACTIVITIES

To monitor for any pertinent information of test and analytical

activities going on outside of the present Mark I program.

Pressure suppression efforts going on in other organizations and
facilities (e.g., 3-D tests at Livermore, LOFT program at Idaho,
GE Licensee Full Scale 3-D tests, Marviken tests, and others if
any) may yield information of use to the Mark | Program.
Knowledgeable personnel will be assigned to monitor the reports,
establish contacts, and made periodic visits as required. Review

reports will be issued as and when required depending upon the

significance of the finding.

Cont inuous support (dependent on progress on monitored

activities).

Rev. 0O
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NUMBER: 5.11

TITLE: FULL-SCALE 2-D LOAD DEFINITION TEST PROGRAM

OBJECTIVES: To obtain "single cell' chugging loads

DESCRIPTION. A facility will be constructed for conducting tests in a 2-D
full-scale Mark I torus configuration. The tests will be
conducted for the purpose of defining basic single cell chugging
loads associated with a postulated LOCA. Parameters that will
be investigated include initial pool temperature, over pressure,
submergence, steam mass flow rate, temperature stratification.
The facility will permit testing of load mitigation devices if

needed.

Some alternatives to the above approach will also be considered
including in-plant tests or other means to determine if a

schedule or cost benefit will result. If the alternative approaches
yield data changes pertinent to the load definition, the full-scale

test facility may not be necessary.

TARGET DATE: Program in definition and proposal phase. Preliminary design in
progress.

Rev. 0
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NUMBER :

TITLE:

OBJECTIVE:

DESCRIPTION:

TARGET DATE:

5.12
SCALED MULTIVENT TEST
To determine effective multiplier effect of multivent configuration.

1t is planned that a multivent facility will be configured as a
test tank with multiple cells and removable partitions in order
to maintain vent area/pool area constant as the number of vents
is increased. The test will include data acquisition of multiple
vent effects and attenuation. Some parameters to be investigated
are submergence, vent area/pool area and pool temperature. It

is planned that two scales of vent diameter will be investigatoed
in order to obtain scaling effects. Alternate approaches will be
considered to shorten the schedule that may have some increase in
technical risk. Changes that will be considered are one scale

only, rigid walls only and number of vents.

Program in definition and proposal phese. Preliminary design in

progress.

Rev. 0
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NUMBER :
TITLES

OBJECTI

DESCRIP

TARGET

VE:

TION:

DATE:

.13
CHUCGG ING ANALYTICAL EVALUATION

To provide a basic analytical understanding of fluid phenomena
related to chugging lond; and the combination of various loads,
and to understand chugging fluid/structure interaction effects.
Results of this task will be incorporated into evaluaticn of
Tasks 5.11 and 5.12.

An effort will be initiated to develop an analytical understanding
of chugging phenomena based on "first principles". Consultants
available from both industry and university environments will be
unitied into a task force for this purpose. This work will support
the test programs by providing a rigorous insight into the .
physical basis of chugging, which in turn will be used to develop
appropriate data reduction, correlation, and perhaps even

scaling law guidelines.

Among the other areas to be developed in this task are included:
development of analytical models te predict chugging loads on
multivent facilities; detailed review and correlation of all
available test data, including determination of fluid/structures
interaction effects from GE 4T tests; and analytical determinatio.

of combined loads using '"Monte Carlo” methods.

Program in definition and proposal phase.

Rev., O
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6.0
TITLE: LOAD MITIGATIOUN TESTING

The primary objective of this activity is to provide quantitative
evaluation of different mitigating devices (for LOCA and
SRV Loads) in small-scale for identifying potential devices for

further confirmation and subsequent plant unique implementation.

This activity is divided into three subactivlties which are

described in the following pages.

Rev. O

A-34 10/29/76



ﬁUNBER:
TITLE:

DESCRIPTION:

TARGET DATES:

6.1

CHUGGING LAND MI1TICATION TESTING (SMALL -SCALE)

Basic studies will be per}orned to screen various concepts identi-
fied as possible methods to mitigate the hydrodynamic loads
resulting from "chugging” at the exit of the downcomers during a
postulated LOCA. Perforated vents, staggered vents, and other
discharge device concepts will be considered. Vent mass flow rate,
submergence, and pool temperature will be varied during these
tests. Sufficient geometric variations will be made for the
purpose of extrapolating to full scale. Studies will also be
performed to establish a multiple vent chugging data base under

controlled testing conditions.

Open pool screening tests complete December 1976
Detailed planning for accelerated load mitigation

task in progress; target dates available 12/1/76.

Rev. O
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NUMBERS :

TITLES

DESCRIPTION:

TARGET DATES:

6.2
SAFETY /RELIEF VALVE LOAD MITICATION TEST ING

Basic studies will be performed to screen various concepts identi-
fied as possible methods to mitigate the hydrodynamic loads
resulting from SRV discharge into the suppression pool. These
tests would rank the various relief valve load mitigation

candidates.

Detailed planning for accelerated load mitigation task in
progress; target dates available 12/1/76.

Rev. 0
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NIMBER:
TITLE:

DESCRLPTION:

TARGET DATES:

N SKETE MITECANTTON TESTING

hasivc studies will be performed to screen various concepts
identified as possible methods to mitigate the hydrodvnamic loads
resulting from the pool swell during a postulated LOCA. Flow
visualization tests of promising ideas will be conducted to
determine qualitatively which configurations have the potential
for pool swell load reduction. The tests will be conducted in
such a way as to permit comparison of the relative reduction over
straight down vents. Various ideas such as special nozzles, per-
forated pipes or spargers will be tested. Should one of these
tests show enough reduction to warrant its potential application

‘o the containment, tests will be necessary for demonstration

purposes.
Open pool screening tests complete September 1976
Final screening test report December 1976

Detailed planning for accelerated load mitigation task in
progress. Target dates to be avajlable available 12/1/76.

LS
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NUMBER :

TITLE:

OBJECTIVES:

DESCRIPTION:

7.0

LOAD DEFINITION REPORT - FINAIL

Document pressure suppression hydrodynamic loads for the use of

the utilities to perform plant-unique analvsis.

Test data and analytical models generated bv ‘v Long Term Program
Activities will be used to refine loads to a practicable confidence
level for the use by the utilities for the evalvation of their
plants. In defining loads, test data including an error and
uncertainty analysis and analytical models properly validated
against test data will be used. For plants having some unique

features, realistic but yet conservative loads will be defined.

This activity is divided into six subactivities which are

described as follows:
-

Rev. O
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NUMBER:

MnE:

DESCRLITION:

PoRY SWEE L MEPIEATEON TESTIENG

Basic studies will be pertormed to screen various concepts
identified as possible methods to mizigate the hydrodynamic loads
resulting from the pool swell during a postulated LOCA. Flow
visualization tests of promising ideas will be conducted to
determine qualitatively which configurations have the potential
for pool swell load reduction. The tests will be conducted in
such a way as to permit comparison of the relative reduction over
straight down vents. Various ideas such as special nozzles, per-
forated pipes or spargers will be tested. thould one of thesc
tests show enough reduction to warrant its potential application
to the rontainment, tests will be necessary for demonstration

purposes.

TARGET DATES: Open pool screening tests complete " September 1976

Final screening test report December 1976
Detailed planning for accelerated load mitigation task in
progress. Target dates to be available available 12/1/76.

Rev.
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NUMBER :

TITLE:

CEJECTIVES:

DESCRIPTION:

7.0

LOAD DEFINITION REPORT ~ FINAI

Document pressure suppression hydrodynamic loads for t(he use of

the utilities to perform plant-unique analysis.

lest data and analytical models generated by "« Long Term Program
Activities will be used to refine loads to a practicable confidence
level for the use by the utilities for the evaluation of their
plants. 1In defining loads, test data including an error and
uncertainty analysis and analytical models properly validated
against test data will be used. For plants having some unique

features, realistic but yet conservative loads will be defined.

This activity is divided into six subactivities which are

described as fol lows:

Rev., O
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NUMBER:

DESCRIPTION:

TARGET DATE:

SRV LOADS - MODEL DEVELOPMENT/VERIFICATION

Verify or refine analytical models for calculating SRV discharge
loads on discharge lines and torus submerged structures using
Monticello Test Data (Task 5.1). These models will be confirmed
with Monticello test data over the range of expected parameter

variation. A Topical Report will be prepared containing a des-

cription of the analytical models and verification of models using

Monticello Test data Also, parametric studies for the parameters
such as air volume, submergence, length of water leg, spacing of
ramshead, distance from ramshead to the point of interest, rcactor

pressure, and pool temperature will be included.

June 1978

Rev.
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NUMBER:

TITLE:

DESCRIPTION:

TARGET DATE:

S/RV LOADS - CALCULATIONS

Plant unique S/RV loads for all the affected structures discharge
lines, torus shell, and submerged structures - will be calculated.
An error analysis will be performed and uncertainties for S/RV
loads will be evaluated. The loads will be calculated for each
plant, or group of similar plants, considering plant parameters

and using the output of subactivity. 7.1.

Differences between Test Data base and individual plant conditions
will be discussed. These loads will be justified by reference to
documents (output of subtask 7.1) that describe the analytical
models, and test data used in the development of the loads.

June 1978

Rev. O
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NUMBFR:

TITLF:

DESCRIPTION:

TARGET DATE:

~3
.
-

LOCA LOADS = CALCHLATIONS

Using plant-unique geometry and data available from various tests,
loads will he established for the drywell, vonre, hellows, vent
header, downcomers, submerged structures and the torus for
different =ised line breaks. Differences hetween Test Data base
and individual plant conditions, if any. will he discussed. This
activity is similar to the work described in Subactivity 2.5,

[he various analytical and experimental items in the Long Term
Program will have provided improved methods and extended data
base for specification of the LOCA loads.

July 1978

Rev. O
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NUMBER:
TITLE:

DESCRTPTION:

TARGET DATE:

7.4
LOAD COMBINATION CRITEKRIA

The analytical and experimental work performed during the execu-
tion of the Long-Term Program will provide addirional insight into
the time-phasing relationships between the va: lous LOCA and S/RV
loading conditions. Using this information. the bar charts (sub~-
activity 2.7) developed for the Preliminary Load Definition Report,
will be reviewed and amended as necessary to form the final defi-
nition of load combinations. This final definition will be based
on a mechanistic evaluation of the NS85 and Containment response

to a LOCA. There will be a series of bar charts covering all

significant structures.

December 1977

Rev. 0O
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NUMBER:

TI%LE:

DESCRIPTION:

TARGET DATE:

9
RETIEF VALVE STFAM DESCHARCE MIXING MODEL

An analytical model for predicting thermal mixing in the sup~
pression pool during relief valve discharge will be developed.
This model will be capable of predicting pool temperature dis-
tribution resulting from a stuck-open relief valve, vessel
isolation, and vessel automatir depressurization. In addition,
the model will be used to confirm the adequacy of the pool-

temperature monitoring system.

December 1977'

Rev. O
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NUMBER : 7.6

TITLE: REPORT PREPARATION

DESCRIPTION: This subactivity will document the final design basis loads for
all Mark I plants. This will include the coordination and inte-
gration of all the hydrodynamic loading information generated by
the Long Term Program Activities into a single coherent document
using preliminary load definition activities (# 2.0) as 2 bisis.
It will define reasonably conservative loads for the use ol t he

Mark I utilities to evaluate their plants.

TARGET DATE: August 1978

Rev, 0
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1. OBJECTIVES

The objectives of the LaSalle County Unit 1 In-Plant SRV Test

are to provide test data that:

that the containment can safely accommodate all hydrodynamic

(2) will be utilized to demonstrate adequate plant design

margins for these SRV loads. In addition to the In-Plant SRV

Test results, it is intended that all appropriate information

available from the generic Mark II Program, from the Karlstein

Test Group (KTG), and from the Kraftwerk Union AG (KWU)

information package also be used to support the LaSalle

County plant licensing activities and schedule.

' loads and thermal effects associated with SRV actuation; and

It is intended that the In-Plant SRV Test results will be

used to address licensing issues relative to SRV actuation.

A.

The current issues are:

Submerged structural loads resulting from SRV actuation.
Containment boundary loads resulting from SRV actuation.

Thermal mixing of the suppression pool water during an

extended SRV blowdown.

SRV response spectra for mechanical components in

reactor building.

P —— Y
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These issues will be addressed for both first and subsequent

SRV actuation conditions.

It is anticipated that the licensing issues identified above

will be resolved by: (1) confirming that the actual measured

SRV induced mechanical/structural response of selected
components in the reactor building can be accommodated;

(2) confirming that the actual measured SRV hydrodynamic
loads and thermal effects in the suppression pool can be
accommodated; and (3) confirming that the SRV design basis
loads provide an adequate safety margin by analytically
extending the actual in-plant test results to the most
severe design basis conditions. 1In order to accomplish the
latter objective, the in-plant test data will be utilized to

predict the most sevece design basis SRV response postulated

during plant operation. This experimental/analytical approach

provides a method to compare the most severe actual SRV

responses with the design basis responses and will demonstrate

that plant safety margin.

[ — — —-
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SCHEDULE

Figure II-1 is the schedule developed to address those

activities associated with testing activities. These

activities are concerned primarily with the SRV test prepara-~
tions and preliminary analysis and the subsequent acquisition

of data from SRV actuations as described in Paragraph III.C,

Test Matrix.

The schedule uses the LaSalle County - Unit 1 fuel load date

as the primary reference date for activities associated with e

the In-Plant SRV Test.

The scheduled items on Figure 11-1 will encompass the

following:

A. Pre-Test Activities - This will include the procurement

of instrumentation, design, and installation of sensor
mounting brackets, design of downcomer penetration and
installation, issuance of revised test plan, final
engineering evaluation and guidelines for testing

parameters.

B. Equipment Installation = This will involve the actual

installation of sensors and data acquisitidn station.

C. Test Procedure - This activity will include the
preparation, review, and approval of a step-by-~-step

method for performance in the In-Plant SRV Test.

vy
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D. Conduct of Test - The implementation of the test

procedure at LaSalle County Station.

]
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SCOPE

A.

Test Conditions

1. During the performance of this test, the reactor

temperature and pressure will be maintained within

allowable operational and *test limits. The prescribed

reactor tolerances will be within 2% of the nominal
operating values, with the reactor at or less than
60% power. These test tolerances have been
established for statistical considerations and

have been applied to all applicable initial plant
conditions. To assure repeatability of data, the
following initial conditions, in addition to those
previously discussed, will be within allowable test
tolerances prior to an SRV/ADS valve actuation:
suppression pool water level, suppression pool

water temperature, and discharge pipe temperature.

P An air bleed system is included in each of the
five SRV discharge lines in the test program. The
bleed system consists of a double solenoid valve
tapped into each line in the drywell. These valves
are individually operated from remote controls.
Position indication lights give an indication of
the solenoid valves being energized open or
deenergized closed. On loss of control power the

valves fail closed.

L ENGINE RS
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The purpose of the air bleed system is to return
the suppressed discharge line water level to a
level approximately that of the suppression pool.
The air bleed system is used prior to each cold
pipe discharge to provide a statistically constant
parameter for data analysis. The air bleed system
is not used prior to hct pipe or second pop SRV

lifts. (See Figure 19.)

Quencher Selection Criteria

Quenchers located at azimuths 210°, 230°, 252°,
264°, and 170° will be selected for testing. The
selection is based on the following criteria

(see Figure 16):

that the structural response of containment

structures due to SRV discharges will be small.

Therefore, the location selected for monitoring

accelerations should be on the containment
wall rather that on the buttresses. There are
three buttresses, located at azimuths 60°,
180°, and 300°. Thus, the suppression pool

is divided into three potential sectors,

separated by these buttresses.

' | umm&wm |
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Maximum Structural Response - It is anticipated
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b. Representative Structures - The sector selected
for testing must represent a typical structural
element with a minimum amoi nt of discontinuities
such as large penetrations, concentrated
masses, etc. This would priwvide a favorable
condition for comparing test data and analyti-

cally~-derived "expected valu3:s."

c. Proper Mixes of SRV Line Volimes - The ideal

combination of line selection is to include

those lines with the largest .nd smallest

volumes, and other lines with intermediate
volumes. This would allow the evaluation of
effects of line volumes on poo. pressure
variations. If the above condition could not
be met, the alternative is to i iclude the
largest line volume in the test sector and to
select the best available line combination,

based on the existing SRV line a ‘rangement .,

d. Close Proximity to Electrical Peretrations =~
To minimize noise levels in the signal
conductors, the shortest distance from the
Sensors to the available electric:l penetration

18 preferred.
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Submerged Structural Loads and Thermal Mixing -

The orientation of the tested quenchers should
facilitate determination of multiple discharge
load combinations, pool thermal mixing, and

submerged structure loading characteristics.

f. The SRV discharge line volume ranges from
80.05 £t} (smallest) to 122.2 ft> (largest).

The arithmetic average of all line volumes is

100.2 £t°.
The five SRV discharge lines selected for e
this test have the volumes 91.2 ftJ, 103.5 ft’,

107.0 ££3, 114.5 f£t2, and 122.2 ft>. Thus,

the largest volume line is one of the test
lines. The smallest volume test line deviates
from the smallest volume line in the plant by

only 12.6C5%.
Cs Test Matrix

The test matrix is “hased on actuations of SRV valves

with quenchers located adjacent to each other (Az. 210°,
230°, 252°, and 264°). 1In addition to these four valves,
the SRV gquencher at Az. 170° shall be tested in a single~
valve-actuation mode. (Refer to Figure 16 and Appen-

dix A.) Combinations of valve actuations shall be used

to cover a variety of loading conditions and consequent

L
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structural responses that will provide test data to
confirm the methods used for summing dynamic SRV loads.

A classification of the type of tests to be conducted

is as follows:

i One SRV Actuation Test (SRV-1)

This test will be conducted by actuating a single
SRV for a nominal 15 second duration of dischaige
time. This test is designated as SRV-1 in the
Test Matrix. The test will include both the cold
and hot initial pipe temperature in order to
inveétigate first and subsequent SRV actuation
conditions. The cold pipe actuation data is used
to form the statistical basis for all other SRV

Test actuations.

- Consecutive SRV Actuation Test (SRV-C)

This test will be conducted by actuating a single
SRV consecutively for a given duration of discharge
time for each actuation. This test is designated
as SRV-C in thte Test Matrix. The time interval
between two consecutive actuations will be varied
to determine the effects of the reflood transient
on the maximum SRV loads resulting from subseqguent

actuation.

SARGENT % LUNDY ]
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This procedure will cover the range of time
intervals during which peak reflood height would
occur in the line. A review of the KTG test data
was also made to determine the range of time
intervals to be considered in this test. The test
will be repeated at least five times at the maximum

loading condition measured in this test.

. Two SRV Actuation Test (SRV-2)

This test will be conducted by actuating two
adjacent SRV's for a given duration discharge
time. This test is designated as SRV-2 in the
Test Matrix. The test will include both the cold

and hot initial pipe conditions.

The valves will be actuated manually and their
lift times will be recorded automatically on the
sequential recording annunciator typewriter in the

Reactor Control Room.

The Sargent & Lundy (S&L) analytical model will
be used to evaluate the effects of differences  in
line length and volume, which in turn affect the

bubble entry times into the pool.

Since the time of valve actuation and the geometric

characteristics of the line will be available from

| SARGENTZ LUNDY u
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the test data, the analytical model can be used to
determine the vent clearing time, and hence the
bubble entry times into the pool. This information
can then be utilized to determine the appropriate
pressure-time histories in the pool. An evaluation
would then be made with the measured pressures
traces to demonstrate that the analytical model

prediction bounds the measured test results. The

same S&L analytical model will be used to conser-

vatively predict the loading conditions at the

LaSalle design conditions. This S&L analytical
model predicts loading conditions at design

conditions which are bounded by the LaSalle Design

Basis.

4. Four SRV Actuation Test (SRV-4)

This test will be conducted by actuating four
SRV's simultanenusly for a given duration of

discharge time. This test is designated as SRV-4

in the Test Matrix.

The valves will be actuated manually and their
l1ift times will be recorded automatically on the
sequential recording annunciator typewriter in the

Reactor Control Room.

111=7
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The Sargent & Lundy (S&L) analytical model will be

used to evaluate the effects of differences in

line length and volume, which in turn affect the

bubble entry times into the pool.

Since the time of valve actuation and the geometric

characteristics of the line will be available from

the test data, the analytical model can be used

to determine the vent clearing time, and hence the

bubble entry times into the pool. This information
can then be utilized to determine the appropriate @

pressure-time histories in the pool. An evaluation

would then be made with the measured pressures

traces to demonstrate that the analytical model

prediction bounds the measured test results. The

same S&L analytical model will be used to conser-

vatively predict the loading conditions at the

LaSalle design conditions. This S&L analytical

model predicts loading conditions at design

conditions which are bocunded by the LaSalle Design

Basis.

Sequential SRV Actuation Test (SRV-S)

w

This test will be conducted by actuating four SRV's

in sequence (rather than simultaneously as in the

previous case) for a nominal 15 second duration of

| SARGENT:LUNDY ” /
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discharge time and at a one second opening time
interval. The sequencing for the sequential valve
actuation case will be accomplished manually with
time interval equal to the time period of the first
cycle of the lowest set-point air bubble in the
Resonant Sequential Symmetric Discharge load case.

This test is designated as SRV-S in the Test Matrix.

The purpose of this test is to provide data which

can be used to verify the conservatism of the

loads due to bubble phasing.

Analyses of bubble phasing and its effects will be
examined by using the S&L analytical models already
available. Since the valve opening time and the
associated geometric characteristics for each line
are known, the analytical models can be used to
predict the line clearing transient and determine
the time at which individual bubbles arrive in the
pool. The analytical model then can predict the
wall pressure histories at any location in the
suppression pool for the test condition. The same
analytical model is also used to predict loads at
the design conditions which are bounded by the
LaSalie Design Basis. With this type of analyses,

in conjunction with the measured data, an evaluation

| SARGENT - LUNDY Py
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of the effects of phasing can be obtained for both

test and design conditions.

Extended SRV Blowdown Test (SRV-E)

This test will be conducted to simulate the
initial phases of the suppression pool temperature
transient resulting from a postulated stuck-open

safety relief valve (SORV). This test is designated

as SRV-E in the Test Matrix. The purpose of this
test is to demonstrate: (1) adequate normal
thermal mixing of the suppression pool water;

and (2) adequate performance of the installed
temperature monitoring system during an extended

SRV blowdown due to SORV.

Leaky Valve Test (SRV-L)

This test will be conducted to simulate a leaky
relief valve seat preceding an SRV actuation.

The discharge pipe will be hot but unlike SRV-1

Hot Pipe, will not necessarily be purged of air.
Leaky valve test will be simulated by introducing
steam into the SRV discharge line before actuation
of the valve. Provision has been made to introduce
steam into the line over any desired time period.
This test is designated as SRV-L in the Test

Matrix.

A
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Appendix A shows the Test Matrix for this program.
The reactor will be maintained at normal operating
temperature and pressure. The entire test will be
performed with the reactor at or less than 60% power.
It is anticipated that after a series of tests, the
hot SRV/ADS line will require about three

or four hours to restore pipe temperature to within

allowable test tolerances for a "Cold Pipe" test.

There fore, during the actual testing program, sequencing
of the tests shall be optimized to reduce the total
time required for completion of the entire test

program.

Tests which will be used to evaluate thermal effects,
hydrodynamic loading and response shall be repeated at
least five times to ensure that a statistically signi-
ficant result is obtained, and to demonstrate repeat-

ability of the results.

The tests used to evaluate relat.ve responses shall be
performed a maximum of three times. The Test Matrix
(Appendix A) details the types of various tests to be

performed.

Sensor Regquirements

| SARGENTE LUNDY | : /
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General

Four basic types of instruments were selected to
measure the test data: Accelerometers, Pressure
Sensors, Temperature Sensors, and Strain Gauges.
These instruments are further divided by monitoring

ranges and environmental conditions as described

below.

Accelerometers

Thirty-eight (38) accelerometers will be used in
the tests. The accelerometers are divided into
three categories by environment: Containment Drywell,

Containment Wetwell, and Outside Containment.

The Endevco 7717-200 will be used in the Containment
Drywell; the Endevco 7717-M2A will be used in the
Containment Wetwell; and the Endevco 7704-100 will
be used at all locations outside of the contain-
ment. Technical data on these accelerometers is

provided in Appendix B.

Accelerometer locations are listed in Table 1 and

shown on Figures 1, 1A, and 1B.

Pressure Sensors

Fifty-two (52) pressure sensors will be used in the

[ smm&wm]_ /
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tests. The pressure sensors are divided into four

groups based on pressure range to be munitored.

The high pressure sensors are used to monitor SRV
discharge line pressures at several locations. The
medium and low pressure sensors are used in the
suppression pool to measure the pressure transient
caused by the SRV discharge. One low pressure
sensor capable of withstanding a high overpressure

will be used to monitor reflood transient pressure.

Four ranges of the CEC 1000 were selected to fur-
nish all but one of the required pressure signals.

A Validyne AP-78 will be used to measure low pressure
fluctuations in discharge piping after an SRV list.
Pressure sensor locations are listed in Table 2 and

shown on Figures '0, 11, 12, 12A, 13, and 13A.

Temperature Sensors

Forty-eiqght (48) temperature sensors will be used in
the tests. Two categories of RTD's are used due to

the differences in mounting methods required.

The Medtherm PTF-XXX-10356 will be used in all loca-
tions listed in Table 3 and shown on Figures 14, 14A,
15, and 15a except for T42, T43, T46, and T47. These
sensors are Medtherm PRT-XXX-10387 surface mounted

RTD's. (XXX is the sheath length in feet.)
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I1I-13

s e




Revision 4

$. Strain Gages

Fifty (50) uniaxial strain gages will be used in the
tests. Although all the strain gages are of the
weldable type, three different categories of strain
gages are used due to different temperature compen-
sation requirements of the metal on which they are

mounted (Table 4 notes).

The Ailtec MG-125/20-01HG-150-6S uniaxial strain gage
was selected to be installed in % bridge, % bridge,

and rosette configurations.

Strain gage locations are listed in Table 4 and

shown on Figures 3, 5, 6, 7, 8, and 9.

E. Signal Conditioning System

1. General

A 208-channel signal conditioning system will be
required for the SRV test program. Strain gages
and pressure sensors will be conditioned with the
Vishay 2100 signal conditioning/amplifier system.
The temperature sensors will be conditioned with
the AGM Electronic, Inc. Model EIA-4003 RTD Signal
Conditioner. The Endevco accelerometers will be

conditioned by the charge amplifier, Endevco 2721AM4

or by Endevco 44792.1M3/2652M11.

|SARGENTALUNDY 4
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Vishay Svstem

The Vishay 2100 will be used to condition strain
gages and pressure sensors. (See Appendix C for
system specifications.) This system features inde-
pendently varia. .2 excitation for each channel
(1-12v DC) and will accept quarter-, half-, and
full-bridge inputs as well as DC signals from other
than bridge sources. Internal to each amplifier
channel are 120-ohm and 350-ohm bridge completion

components for quarter- and half-bridge gages, as

well as internal shunt calibration resistors to
simulate +1000 microstrain. Each channel has a
bridge balance network that will offset a +3000
microstrain imbalance, and an always active LED
null indicator and balance resistors to compensate

for line resistance.

The 2100 system has a signal output from 0 to 10V
DC up to 100 ma with a frequency response of 5 KHz.
All signal and power outputs are current-limited

for short circuit proteccion.

After transducer hook-up, normal setup procedure
for the Vishay 2100 system involves only offset
balancing and output gain adjustment. This system
will accommodate any common data collect.on or

monitoring equipment,

SARGENTSLUNDY | it
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h [ Endevco 2721AM4 AC Charge Amplifier

]

' The Endevco 2721AM4 amplifier (See Appendix D) will |
be used to condition Endevco accelerometer sensors.

’ This amplifier is an all solid state, wideband

l instrument designed for use with piezo-electric
transducers. The output voltage of the charge ampli-

fier is proportional to the electric charge generated

-~

by the connected transducer. As a result, changes

in cable length between transducer and amplifier

will not affect system sensitivity, system low

frequency response, or the temperature response of

the transducer.

A ten-turn potentiometer on the front panel allows
insertion of specific transducer sensitivity. The
five-position rotary switch provides five steps of
calibrated gain resulting in syst-m sensitivity

(transducer plus amplifier),

4. Endeveco 4479.1M3/2652M11 Charge Converter Signal

Conditioner

The Model 2652M11 is a charge-to~voltage converter

designed for use with piezo-electric transducers.

The Model 4479.1M3 Plug-In Mode Card is a signal

conditioner for use wit! the Model 4470 Signal

| SARGENT 4 LUNDY
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Conditioner module and provides power to, and
conditions the signal from the Model 2652M11l.

(See Appendix D and Figure 17.)

The charge converter, located near the transducer,
converts the electrical charge generated by the
transducer to a low impedance voltage signal. The
output is essentially unaffected by the length of
the cable on changes in cable capacitance between

transducer and driver.

2 calibrated dial is provided to set in transducer

sensitivity. Full scale output +2.5 volts peak is
obtained for input measurements of 0.1, 0.3, 1.0,

3. and 30g,

AGM Electronic, Inc., Model EIA-4003, RTD Signal

Conditioner

The Medtherm EIA-4003 RTD Signal Conditioner provides
a filtered, regulated, rectified power supply to !

individual RTDs.

The EIA~4003 amplifies, linearizes, and isolates
the output signal from the RTD and provides an
output signal to the Q.S.I. 721 or Oscillograph

Recorders.

For conditioner specifications, See Appendix E.

oo S/
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F. Data Acquisition and Monitoring System

b N Data Acquisition System

The digital data acquisition and recording system
is the Q.S.I. Model 721. A block diagram of the
Q.5.I. 721 along with the other Data Acquisition

System and Playback (DARPS) equipment is shown in

Figure 17.

All signal inputs to the system are processed,

formatted, and written in IBM compatible form on

digital magnetic tape. The tapes so generated may
then be processed on any computer system (supporting °
industry standard magnetic tapes) for data reduction,
analysis, and reformatting to any desired standard.
See Appendix E for System Performance Characteristics.
Internally, the System consists of four main sub-
systems: (l) an analog multiplexer; (2) precision
analog-to-digital converter; (3) high speed digital
magnetic tape recorder; and (4) electronic control
logic. Several factors contribute to the unusually
high accuracy and throughput of this system. The
analog-to-digital converter is a precision, l12-bit

(11 bits plus sign) unit, with crystal referenced
sampling rate. The resulting low sample interval
jitter eliminates the wow and flutter problems of

analog recorders. The digital magnetic tape unit

 SARGENT % LUNDY
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is a high-speed (125 ips), very high density

(6250 BPI Group Code Recording [GCR]) device. This
enables an extremely high data throughput for the
system. The GCR technique provides for a very low
error rate by correcting many recording errors on-the-
fly. Finally, semiconductor memory is used to buffer
data flow through the system. This allows data
acquisition and recording functions to proceed inde-

pendently, for the highest possible system throughput

(up to %¥ million samples/sec.).

The system provides for on-the-spot playback of
recorded data, with reconversion to analog form.

It is also possible to speed up or slow down the
playback over a 1000:1 range, with no loss of accu-
racy. Time data retrieved from the tape are locked

to the signal data and thus track and speed up or

slow down.

Data Monitoring System

a. General

The analog monitoring system will consist of
a number of conventional analog instruments
(oscillographs, X-Y recorders, spectrum
analyzers, FM magnetic tape, etc.). The

monitoring system has four functions:

| SARGENT & LUNDY | A
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(1) real-time monitoring of signals;

(2) display medium for after-the-run quick-look
replay of digitally-recorded signals; (3) redun-
dant recording of any specially selected critical
signals; and (4) system operational check/

calibration.

One FM magnetic tape recorder will be provided

for analog recording of dynamic data from seven

selected accelerometer channels. In addition,

up to 47 selected channels will be recorded

on oscillograph recorders for real-time veri-

fication of data.

This "quick-look" data will be provided as

et e el Gt el bl b e b

follows:

Sensor No. of Time Resp. Freq.
Type Sensors History Spec. Spec.
Accelerometer 7 X X X
Pressure Sensor 14 X X
Temp. Sensor 11 X

Strain Gage 8 X X

b. FM Recorder

The FM magnetic tape recorder will be a Bell

f and Howell Model 4010. During recording of the
test data, a transport speed of 3-3/4 ips will
be used so that a response of 0-1250 Hz will be

SARGENTALUNDY V4
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obtained. This recorder will be calibrated for
full scale equal to +40% deviation of the center
frequency. Data from accelerometer channels will
then be played back into a spectrum analyzer with
an X-Y plotter in order to obtain response spec-

trum plots.

Oscillograph Recorder

Up to 47 selected channels of test data will be
presented in real-time through the use of light
beam oscillograph recorders. Honeywell Model
1508 recorders, with M-1000, M-1600, or M-400-350
galvanometers are used for this application.

This equipment will provide for the recording

of data over the frequency range of DC to 200 Hz
and wi1ll allow test personnel to validate |
incoming data before proceeding onto the next

test phase.

Response Spectrum Analyzer

An MRAD Model 282S or equivalent spectrum
analyzer will be used to present the "quick-look"
accelerometer data required. The data will be
analyzed at one-sixth octave intervals over a

frequency range of 1 Hz to 100 Hz.

sunoesLowoy | =,

I111-21




Reyision 4

G. Processing and Reduction of Recorded Data

I General

The following processing and reduction tasks will be
performed on the recorded, digitized data, and will

be written in IBM EBCDIC format.

" The digitized data will be converted to engineering

units and recorded in IBM EBCDIC format with

tapes.

Microfiche records will be prepared of the digi-

tized engineering unit data.

All digital tapes used will be certified to be

free from parity errors.

The data will be reduced and plotted and will be

recorded on digital tape in IBM EDCDIC format.

s Data Reduction

To perform the required data processing and reduction,
we are presently considering the existing general
purpose Wyle computer program ADARS (Advanced Data
Analysis and Reduction Software). ADARS provides

the framework for coordinating various data files

I appropriate header information on 1600 BPI magnetic

on disc. ADARS has an operator interface which

1
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allows the user to select a wide variety of
processing and display options to meet his analysis

requirements.

ADAR3 will perform all the necessary steps to process
the raw digitized data tape and produce the required
plots of reduced data. The major tasks involved in
this process include: building a data base of

pertinent channel information, demultiplexing the

digitized data, conversion of the data to the proper

engineering units and producing the analysis plots.

Basic Analysis Parameters

The data, which 1s to be acquired at 1000 samples
per second, per channel, will be filtered at 200 Hz
and thendecimated to 500 samples per second. The
list below summarizes the major parameters of the

acquired data:

Acquisition rate of 1000 samples per second

per channel.
Frequency components of data up to 200 Hz.

Typical test time will be a nominal 15 seconds

for most tests.

Data recorded in multiplexed l6-bit integer

A/D counts.

[samoerruimor | 24
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All data from each test run will be recorded

on one magnetic tape.

Computer System Description

The ADARS computer program is operational on Wyle
Interdata 8/32 system. The Intérdata 8/32 is a
32-bit computer with 256 Kiicbytes of 300 nanosecond
main memory. The system includes a high performance
single and double precision floating point processor

to speed calculations.

The primary peripherals of the Interdata 8/32

system include:
l6-channel, 12-bit analog-to-digital converter
8-channel, 12-bit digital-to-analog converter
67 Megabyte disc memory
300 Megabyte disc memory
Two, 800/1600 BPI, 75 ips tépe drives
400 cpm card reader
600 lpm line printer
Two interactive terminals

Tektronix 4014 Graphic Terminal
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Versatec 1200A printer/plutter/hardcopy unit

The interdata is supplied with a full complement of
software, including a real-time multiprogramming
operating system, time sharing, an optimizing FORTRAN
compiler, and full disc file management facilities.

These capabilities provide full support for all the

ADARS activities.

Data Processing and Reduction Approach

The data processing and reduction that will be

performed are described in a step-by-step manner.
Descriptions of steps that are not directly related
to final requirements are included to show the logical

process of the steps performed. The processing

steps are:

(1) Build a data base on disc containing the perti-

nent channel information, including gage

sensitivity, gage type, engineering units and

plot labels.

(2) Demultiplex tre data to tape and copy it to

disc for processing.

(3) Remove any unwanted transducer bias or drift

from the data.

| sancenrsLuwor |
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(8)

(9)
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Convert the data to its proper engineering

unit form.

Low pass digitally filter the data to remove
any unwanted noise. The cutoff poirt and rate

are user selectable.

Decimate the data down from 1000 samples per

second.

Copy the filtered and decimated data as

described in (5) and (6) above to magnetic
tape in IBM EBCDIC format in 4000 character
records (fifty B80-character card images) in

the tape format and file structure.

:

Prepare microfiche records of the data aescribed '

in (7) above. 42 power 4" x 6" microfiche
cards with 208 pages per sheet will be prepared

using computer output to microfiche (COM)

techniques.

Plot the following time history data in

engineering units:
- Accelerometer data
- Pressure sensor data

- Temperature data
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= Uniaxial stress data (computed from

strain gage data)

(10) Plot the Fourier spectrum magnitude and phase

for the following:
- Pressure Sensor Data
= Accelerometer Data
= Uniaxial Strain Gage Data
(11) Plot the response spectra for the following:
- Accelerometer Data

/

(12) Copy the reduced data Items (9), (10), and

(11) above to magnetic tape in IBM EBCDIC

format.

All digital magnetic tapes used on this project
will be new and certified by the manufacturers to

be free from parity errors.

Test Documents

The In-Plant SRV Test procedure provides a methodical
approach which will ensure repeatability of data, plant

safety and optimize the time spent performing this test.

The step-by-step format of the procedure addresses the

€ritical plant conditions applicable to this test.

| SARGENT S LuNDY |
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The precautions and induced conditions are within
allowable operating tolerances as specified in the

LaSalle County Technical Specification.

As an added precaution, "Quick-Look" data will be
evaluated at the completion of each uniquely different
test se tiosn, to ensure response levels are within design
limitations. This evaluation will be completed prior

to proceeding with the next test section.

Implementation

Implementation of the In-Plant SRV Test program requires

a multi-organization, multi-discipline effort.

Commcnwealth Edison Company (CECo), as the licensee,
provides overall program direction. CECo operations and
technical/engineering staffs will provide input to test
document preparation and assist in conduct of the test

(test performance and data collection).

Sargent & Lundy, as the plant designer, will provide
program definition and requirements, testing requirements
and acceptance criteria for the test. Sargent & Lundy
will also prepare all necessary testing documents, provide
test administration, specify sensor types and locations,

and conduct any associated analysis.

Wyle Laboratories, as the contractor, will install test

[ sncer; oy | i

I11-28




—— -

Revision 4

equipment and sensors. The field installation and
test team will operate the data acquisition station.
They are experienced with this type of testing and

have performed similar tests in the past.

| T —— e ——————— -—']

[smm&wunv |

e ENGWNEERS | -

I11-29




)
)
g
)
}
|
§
)
\
)
)
\
)
\
\
i
}
'
\
\
|
)
)
)
)
)
)

4

Revision

TABLES

' SARGENT % LUNDY

ENOINEERS | .




Revision 4

TABLES

General Notes to Tables 1-4

Tables 1 through 4 refer to six environmental conditioins
that are defined as follows:

Environment El Wetwell

Fluid . Water

Pressure 100 psia

Temperature S0°F-150°F

Relative Humidity NA

Radiation SOR/hr.y

Environment E2 Drywell

Fluid Air

Pressure 15.4 psig

Temperature 135°F

Relative Humidity 90%

Radiation SOR/Hr.y ; 1.4 x 105 n/cm® sec.
Environment E3 SRV Discharge Line
Fluid Air/Water/Steam
Pressure 650 psia

Temperature 500°F

Relative Humidity NA

Radiation *SO0R/Hr. Y

Environment E4§

Fluid Sensor will be in the SRV dis-
Pressure charge line (E3) and the "out-
Temperature side" of the sensor ard its
Relative Humidity cabling will be exposed to
Radiation conditions in wetwell (El).
*Note

Discharge Line in thg drywel. experiences

50 R/Hr. vy; 1.4 x 10° n/cm? sec.
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Environment ES5

Fluid

Pressure
Temperature
Relative Humidity
Radiation

Environment E6

Fluid

Pressure
Temperature
Relative Humidity
Radiation

i 0f 2
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Sensor will be in the SRV
discharge line (E3) and the
"outside" of the sensor and the
cabling will be exposed to condi-
tions in the drywell (E2).

Air

15.4 psig
120°F

60%
Negligible

| SARGENT LuNDY |
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. COMMONEALTH EDISON COMPANY TABLE 1 PAGE — 09
. PROJECT MO, 5835-00
ACCELEROMETER DATA REV 4
SENSOR  LOCAT 10N z
SENSOF EXPECTED EXPECTED | ACCURACY | environ, | = NOTES
NUMBF & RESPONSE FREQUENCY MENT o
: RANGE e
AZIMUTR ELEV, RADIUS (6) (W2) (¢ 3 =
(0€6G) (FT-1N) | (PT-1N) F.S5.)
Al 46 804'-0 | 22'-7 0.005-1.0 1-50 1 E2 B 1
A2 46 804' -0 22'-7 0.0058~1.0 1-50 1 E2 T 1
Al 106 804'-0 22'=7 0.00%-1.0 1-50 1 E2 R 1
Ad 106 804'-0 22'-7 0.005~1.0 1-50 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>