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DISCLAIMEROFRESp0NSIBILITY

This document was prepared by or for the General,

Electric Company. Neither the General Electric Company

nor any of the contributors to this document makes any
warranty or representation (express or implied) with
respect to the accuracy, completeness, or usefulness of
the information contained in this document or that the
use of any information disclosed in this document may

'

infringe privately owned rights; nor do t' hey assume ,snot

any responsibility for liability or damage of any kind
which may result from the use of any of the information
contained in this document.
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1. INTRODUCTION

)

The Mark I Containment Program Action Plan provides a detailed description of
project management information in an integrated format. The Program Action
Plan defines the nhjective of the Mark I Containment Program, gives program
task descriptions and shows how the integration of activities will Icad 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 " key decision making" milestones, 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 they support final
'

load determination. The many 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 I
owners may enter into upon completion of load definitions for the Mark I

) Containment Program.

Since the Mark I 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 ef fort. 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. BACKGR011ND

)
'

2.1 FARK i CONTAINMENT - CENERAL SYSTEM DESCRIPTION a

The Mark 1 cantainment is a vapor suppression syst em which houses the BWR

vessel, the reactc r coolant recirculating loops and other branch connections

of the Nuclear Steam Supply System (NSSS). It consists of a drywell, a vapor

suppression chamber which contains a large volume of water, a connecting vent

system between the drywell and the water pool, isolation valves containment

cooling systems, and other service equipment. For most Mark I plants, the

vapor suppression chamber is a steel pressure vessel in the shape of a torus,

and is located below and encircling the drywell. 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 ft. 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 t he suppression chamber.

In the highly unlikely event of an NSSS piping f ailure within the drywell,

reactor water and steam are released into the drywell atmosphere. As a result

of increased drywell pressure a mixture of drvwell atmosphere, steam, and water
is f orced 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 OF PLWK I CONTAINMENT PROGRAM
l

In February and April 1975, the NRC transmitted letters to each utility with a
Mark I containment requesting addtional information on the capability of its
s t ru c tu re. 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 containment structure for newly identified

i dynamic loads associated with the loss-of-coolant accident (LOCA). On
April 23, 1975, the domestic Mark I 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 I effort, called the Short-
Term Program (STP), would provide a rapid confirmation of the adequacy of the

'containment to maintain its integrity under the most probable course of the
LOCA event considering the latest available information on the key suppression
pool dynamic loads. The first phase would thus demonstrate the acceptability
of continued operation during the perf ormance of Phase II, 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 I task of evaluating ti.e 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, documented 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 respont.e to NRC questions on
this report. Responses wert transmitted by CE for the Mark I Owners Group in
a letter dated September 9, 1976. -

h'

,

, Nev. O
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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 external support system for
i the toroidal pressure suppression chamber and the externally attached piping has

also been perf ormed 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-
i tance criteria that each plant's support system and external piping was to be

| assessed against. Additionally, each utility has indicated that they will

i maintain the water volume in the torus to as near the minimum as practical and

has committed to control the normal pressure in the drywell to at least 1.0

i 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 margin
~ )

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

i now essentially 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.

.

,

|
|
1

| -

|
~ I
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3, MARK I CONTAINMENT PROGRAM SUMMARY
,

3.1 GENERAL STRUCTURE

The basic objective of the Mark I Containment Program is to ensure that all
Mark I containments are structurally adequate for their full life based on

criteria acceptable to.the NRC. This Program consists of testing and analysis
for a' combination of hydrodynamic phenomenological and structural tasks. It

includes the establishment of agreed upon Structural Acceptance Criteria against

which the results of structural evaluations can be assessed. Also included in
th'e 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 Lead Definition Report (LRD), which will contain design basis

hydrodynamic pressure suppression 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 progre.ss of the program, the Mark I Owner's Group will
have discussions with hRC to appraise them of progress and of key progran

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

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 modifications, ~ information available at

time of decision 1 does not indicate this clearly.

4
'

(3) Select two or more load mitigation devices for further development,

if load mitigation is determined to be required (based on decisions
,

1 and 2).

(4) Select structural modifications for plant-unique hnplementation if
I

"

structural modifications are required (decisions 1 and 2).

i
't

(5) Specify technical configuration for load mitigatica devices for
.

i !
| 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 PJ. M,
!

,

Hydrodynamic loads to which the su.e.eus .... system can be subjected are due

| primarily to the following phenomena: (1) safety / relief valve (SRV) dis-
4 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.

t<
; :

) >.
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i 3-2 10/29/76
'

i t

. .- . .- .-. --.... - , - . - , . , . , , . . . - . , - - ,-. . . - . - , . ---,- . -,.



i
a e

,

4. FOLLOWUP ACTIVITIES

Some additional program activities will follow after the issuance of the final
LDR. These followup activities will bring the Mark I 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
combinat ions .

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

lf the Structural Acceptance Criteria is violated, each utility will decide the

type of structural modificatioi.s 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 effluent. 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

n! 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
i

throughou t the suppression pool. The dynamics of an expanding compressed
i ' 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 d'sturbance ini~

f 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 walli

below the water surface. This load produces oscillatory stress in the torus<

4

shell.

l
*

The above description is for a single SRV action. There are several SRV's in I

the plant, each having different discharge line characteristics.
1

1 *

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

!
>

(1) Single Actuation
'

..'
i
-

, (2) Consecutive Actuation
;

j (3) Multiple actuation (two valves or more actuating simultaneously)
1

i 3.2.2 Loss-of-Coolant Accident ~

1

| . .
,

] The various phenomena that can occur during the course of a pos*alated loss-
! of-coolant accident
1 in Mark I pressure suppression containment system can
i

impose significant dynamic loads upon the torus and associated structures,

i
|

Rev. 04 3-3 10/29/76
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With an instantaneous rupture of a steam or recirculation line, the escaping
steam / water mixture causes a very rapid increase in drywell pressure and )
temperature. With the drywell pressure increase, the water initially standing
in the downcomers accelerates into the pool and the downcomers clear of water.

During this water clearing process, a water jet fo rms in the suppression pool
which may cause water jet impingement load on the structures within the sup-
pression pool and on the torus.

| '

Immediately following downcomer clearing, a bubble of air starts to form at the
exit of the downcomers. Since initially the bubble pressure is essentially
equal to the drywell pressure at the time of clearing, the bubble pressure is
transmitted through the suppression pool water and results in a downward load

j

on the torus.

When the air-steam flow from the drywell becomes established in the vent
1system, the initial bubble expands and decompresses. Some of the steam portion I

of the flow is condensed but continued injection of drywell air and expansion
of the air bubble results in a non-uniform rise of the suppression pool sur- |
face. Structures close to the pool s nf ace may experience loads as the rising

)
pool surface impacts the lower surface of the structure. As the suppression
pool surface rises, the air in the upper half of the torus is compressed and
causes a net upward load on the torus.

After the pool surface rises, there is a breakup of the slug of water and the
subsequent pool swell evolves into a two phase " froth" of air and water. The

pool swell transient associated with drywell air venting to the pool typically
lasts for 3 to 5 seconds. Following air carryover, there will be a fairly long
period of high steam flow rate through the vent system. Data indicate thati

this steam will be entirely condensed in a region right at the downcomer exit.

During steam condensation, the downcomers experience a lateral loading caused by
random movements.of the steam-water interface. The magnitude of these loads

varies with steam mass flux and suppression pool tenperature and are greatly
reduced if there is any air entrained in the steam flow. The maximum lateral

)
Rev. 03-4
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loads in a design basis LOCA will occur toward the end of blowdown when condi-

tions of low mass flux, high pool temperature, and steam flow may exist. With

a decrease in the blowdown flow rate to a 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 f rom 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
i increase.

The following is a listing of the various loads and effects which may be
experienced by the containment system due to SRV discharge and LOCA phenomena:

SRV

Water jet loadse

Air cicaring loadse

e High steam flow condensation loads

Submerged structure drag loadse

)
Rev. 0
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e Thrust loads on SRV discharge lincs (DL)
,
.

SRV DL Internal pressuree

LOC \

e Vent system thrust and pressurization loading

Water j et loadse

Downward air bubble pressure loade

Pool swell liquid impact and drag loadse

Upward air compression loaJe

Submerged drag loadse

Froth impingement loads ae

Pool fallback loadse

Post-swell wave loadse

High steam flow condensation loadse

Chugging (Iow steam flow condensation) loads on downcomers (la t e ra l)e

Chugging on torus walle

e Conta inment design pressure loads

,

Drywell depressurizatione

)
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e Asymmetrical effects'

) e Pool stratification effects

'

3.3 LOADS CLASSIFICATION AND QUANTIFICATION

3.3.1 Load classification I

All the pressure suppression loads given in the above section were .eviewed by
General Electric during the Short-Term Program to establish their relative

'
significance. The loads were classified with respect 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 '

j. this Mark I Containment Program include:

- A. Pool swell loads

<

Upward air compression loads
,

i
Pool swell impact and drag loads.

" Downward" bubble pressure '

(

B. Chugging Loads
i
.

Lateral vent loadsi *

Wall loads

i.
4
; C. Saf ety relief valve loads on internals and walls
|

.

] D. Seismic slosh
.

. -
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E. Asymmetric torus loads

1

F. Pool thermal stratification during relief valve discharge

3.3.2 Load Quantificat ion

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: (1) Torus shell and piping, external

supports and welds. ~ .

(2) Vent header, vacuum breaker, catwalks.

bellows. RV lines, vent header columns.

Current Base: (1) Bodega tests and 1/12 Scale 2D GE tests.

)
(2) 1/10 Scale 2D (EPRI),1/12 Scale 2D GE

,

tests, PSTF tests.

Program Tasks: (1) 2.5*

Review current data and establish

bounding values for pool swell loads.

!
,

(2) 5.5. 5.8

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

, ,

| (3) 5.6
.

Pool swell tests to account for 3-D

|
effects.

|

* Refers to Mark I Containment Trogram Task Number (See Appendix A).

)
'

'
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. (4) 5.9

Develop 3-D pool swell models to simulate

pool swell phenomena.

.

(5) 5.3 .

Flexible cylinder tests to account for

fluid-structure interaction.

(6) 5.9

Fluid-structure interaction modeling.

B. Chugging Loads

Components Affected: (1) Downcomers

(2) Torus shell

(3) External supports

.

(4) Internal structures

Current Bases: (1) Foreign data
e

(2) 4T Mark II test data -

Program Tasks: (1) 2.6

Evaluate chugging loads based on exist-

ing data.

.

(2) 5.2

Use 4T Mark II test data to develop an
understanding of the basic chugging
phenomena and determine the effect of

temperature on chugging.

)
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(3) 5.10
,

Monitor pressure suppression efforts ) |

going on in other organizations'
,

facilities,
r

i
1

(4) 5.11
_ _ . _ . _ _ _ _ Full Scale 2-D tests to quantify single

cell chugging loads. (Preliminary
design)

i
! (5) 5.12

,

Multivent scaled test to obtain data

basis for superposition of chugging *

,

j loads. (Preliminary design)
j

i

: (6) 5.13
!

j Analytical Chugging Evaluation

| C. Safety / Relief Valve Loads )
I

f

! Components Affected: (1) Torus shell
I
; -

|

(2) SRV linesj ,
.

i

(3) Submerged structures-
-

|

| (4) External supports
t

i

!

j Current Bases: (1) Quad Cities in-plant test data
1
i

I
!

(2) Models in NEDE-20942-P
,

'
.

Program Tasks (1) 2.1
I

Review the current data and detenmine,

bounding value. ) i

Rev. 0
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(2) 5 ._1,

, I valuate Mont icello Test data for: '

a) Direct measurement of torus shell
stresses

b) Direct measurement of external
support structures

c) Direct measurement of S/RV loads

D. Seismic Slosh Loading

Component Affected: (1) Dcuncomers and submerged structures.

Uncovering of downcomers is the primary
concern. (Seimic loading upon the
torus shell)

(2) Torus shell and external supports

current Bases: (1) Analytical methods.

(2) Mark III seismic slosh tests

Program Tasks: (1) 5.4

Conduct scaled test for Mark I geometry.
Confirm that uncovering of downcomers is
of no concern.

E. Asymmetric Loading

Component Affected: (1) Potentially all to various degrees.

purrent Bases: (1) Scoping calculations presented in
NEDC-20989

..

6

10/29/76

_ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ - _ _ _ _ _ - _ _ _ . _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - - _ - _ _ _ _ _ _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ - _ . _ _ _ _ _ _ _ _ _ _ _ -

.

. .

.

(2) .ludgment

P rog ram rasks: (1) 2.6 r

Using engineering judgment, establish

bounding values and determine resulting

structural margin for loads.

(2) 5.6

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

(3) 5.9

Use pool swell models to perform sensi-

tivity studies and predict plant-unique

loads.

.

F. Pool Stratification During SRV Dische.rge

Component Affected: None. Concern is pool temperature moni-

toring. i

Current Bases: (1) Quad Cities in-plant test data.

I.TP Tasks: (1) 2.1
~

Review existing data and establish

bounding results.

(2) 5.1 *

Evaluate pool temperature measurements

from Monticello data.

(3) 7.5

Redefine analytical modelo.

Rev. 0 )
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3.4 MARK I CONTAINMENT PROGRAM TASKS

.

3.4.1 General

The objective of the Mark I containment Program is to verify that all Mark I

containments are structurally adequate for their plant life based on criteria

acceptable to the NRC. This will be accomplished through the multiple approach
,

of definition of hydrodynamic phenomena and comprehensive structural evaluation,

together with development of a load mitigation program, as required.

From the analytical and experimental investigation 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 a.nd 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 1 Containment Program tasks as currently
structured. Detailed task descriptions are provided in Appendix A; a summary
of the major work packages f ollows.

3.4.2 Task Description

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

Task 2.0 - Initial Load _ Evaluation Activity

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

- Rev. 0
3-11 10/29/76
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Table 3- 1
MARK I CONTAINMENT PROGRAM TASK LIST

1.0 Program Action Plan
}2.0 Initial Load Evaluation Activities

2.1 S/RV Loads - Methodology
2.2 S/RV Loads - Plant Data & Crouping
2.3 S/RV Loads - Calculations
2.4 LOCA Loads - Plant Grouping
2.5 LOCA Loads - Calculations

.

2. 6 Misc. Loads - Calculations
2.7 Load Combination Criteria
2.8 Report Preparation
3.0 Structural Acceptance Criteria
4.0 Composite Plant Evaluation

5.0 Testing and Data Correlation

5.1 Monticello Test
5.2 4T High Temperature Test
5.3 Flexible cylinder Tests (CE & EPRI)
5.4 Seismic Stosh Test .

5.5 1/4 Scale 2-D Test
)5.6 1/12 Scale 3-D Test (EPRI)

5.8 1/12 Scale 2-D Tests
5.9 Pool Swell Model

5.10 Misc. Monitoring & Scoping Activities4

5.,11 Full Scale 2D Chugging Tests - Preliminary Design
5.12 Scaled Multivent chugging tests - Preliminary Design
5.13 Chugging Analytical evaluations
6.0 Load Mitigation Testing
6.1 Chugging -

6.2 S/RV Discharge
6.3 Pool Swell
7.0 Load Definition Report
7.1 S/RV Loads - Model
7.2 S/RV Loads - Calculations
7.3 LOCA Loads - Calculations
7.4 Load Combination Criteria
7.5 Steam Mixing Model

7.6 Report Preparation

-
,

3,94 Rev. 0
10/29/76
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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 renorts), 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 Ma'rk I Containment Program evaluation.

Task 4.0 - Composite Plant Evaluation
-

r

The primary objective of this task is to establish the structural
response to the defined loads for the most critical components from the
Mark I plants. Weaker structeiral elements, identified f rom 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 mader (1) justifying i

reduction of loads via additional testing or by mitigation processi or
(2) modifying the component structurally so that it is acceptable, would

|

i

be investigated. Combinations of both of the above alternatives may be
the optimum solution in some cases.

I
i

,) Rev. 0
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Trek 5.0 - Tenting end D3.tn Corraintion

Several separate tests are in progress or scheduled to further
)

empirically clarify the loads created from hydrodynamic effects of LOCA

pool swell and chugging, and SRV discharge. Table 3-2 summarizes the

current test program.

Task 6.0 - Load Mitigation (Small Scale)

..~..-

The primary objective of this activity is to provide quantitative evalua-

tion of different mitigating devices for pool swell, SRV and chugging

loads by performing screening tests in small-scale test facilities.

Task 7.0 - I,oad Definition Report (LDR)_

The LDR will contain the design basis loads. All Mark I activities will

contribute directly or indirectly toward the establishment of design

basis magnitude for all pressure suppression pool loads.

Figure 3-1, a time-scaled program activities network, shows inter-
,

relationship among various activities. Key program decision points are

shown on the figure and discussed in detail in Section 3.5. It in to be

noted that some completion dates indicated in this network are considered

tentative until detailed planning, which is in progress, is completed.

3.5 KEY DECISION POINTS

Based upon STP results, it is possible that structural modifications may be

needed on several plants in order to meet the anticipated acceptance criteria

to be set for the long term. Early decisions on plant modifications are

clearly advantageous. After a careful review of the Program's objectives,
five key decision points were identified and are described below. A flow net-

work showing the interplay between these key decision points is shown in

Figure 3-2.

Rev. 0 ( )
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| Table 3-2

LOAD EVALUATION TEST PROGRAMS SU! DIARY TABLE
l

| Ferforming Phenomena Testing Date for Completion

|
Agenev/Fac111ty Ra le_ Being Tested Fluid _ of Testifg Cnaments

|

TASK htMER

5.1 Monticello GE/NSF Full S/RV Discharge Loads Air / Steam June 1976 --

5.2 4T High Temperature Tests CE/CE Full Chugging Wall and Steam July 1976 Mark !! Configuration
Vent Loads

| 5.3 Flestble Cy11nder Tests EPRI/DS! 1/6 and 1/3 FlutJ/ Structure Water Ptarch 1977 --

La In t erac t ion-Vent
1 Header

CE/(I Large (>1/3) ~ Water April 1977 --
"

| 5.4 Seismic Slosh CE/( 1/70 to 1/30 Seismic Loads / Air July 1977 Crepletion date under
i Vent Uncovering review

5.5 1/4-Scale 2-D Test CE/NSC 1/4 Pool Swell Loads Air November 1976

5. 6 1/12-Scale 3-D Test EFR1/SR1 1/12 Fool SwelJ loads * Air January 1977 --

| 5. 8 1/12-Scale 2-D Test CE/CE 1/12 Pool Swell Air September 1976 Check on Dec. 1975/
January 1976 tests

5.11 Full-Scale 2-D Test CE/( Full Chugging Steam (1) Preliminary design
III5.12 Scaled realti-Vent CE/ 1/6 & 1/12 Chuggina Steam (1) Preliminary design

.

|
l

.
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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 i recognizes the need to evaluate this possibility. The decision

point, based upon che 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)

I

(3) Preliminary structural acceptance criteria establis'hed (Task 3.0)' '

(4) Preliminary load mitigation feasibility (Task 6.0 - Preliminary

results as available)

Decision Point 2

If Decisien 1 leads to the conclusion that structural modification

feasibility is not cicar, more effort leading to Decision 2 will establish;,

' '

if it will be feasible to design structural modifications, or if load

(

Rev. 0
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|
p2rferm structurcl modificcti:ns, then otructural codification 3 will nied ;

to be evaluated against final design basis loads. Decision 4 will con- I

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) . Tasks of Decision 3 -

(2) Final Load Definition Report (Task 7.0)

(3) 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, incorporating the erfeet of selected (Decision (
3) load mitigati,ng devices, will be required before reaching Decision 5.

Decision Date: Early 1979 '

\

*

Tasks required to arrive at Decision Point are:
,

(1) Tasks of Decision 3
,

(2) Final Load Definition , Report with load mitigating devices (Task 7.0)

(3) Composi:e Plant Structural Evaluation for S/RV loads (with mitigation)

Task 4.0)

(4) Composite Plant Structural Evaluation for chugging loads (with

mitiga t ze n) (Task 4.0)

(5) Structural modification design (Utility task)
,

10/29/76F22
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citigating d;vic 3 will be required. Th2 came d:elaton point resulto
as those for Decision 1 would be available.

( Decision Date: Fecond Quarter of 1977 ,

Tasks required to arrive at Decision point 2 are:

(1) Tasks of Decision 1

(2) Initial 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)

(3) 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)

Decinion Point 4

If Decision 1 or 2 leads to the result t ha.t it will be feasible to

Rev. 0
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APPENDIX A.*

DETAIIID DESCRIPTION OF ACTIVITIES

This appendix contains a detailed description of Mark 1 Containment Program
The description includes objectives, work description, and

Activities.
is to be noted, that completion dates shown intargeted completion dated. It

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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i NUMBER: 1.0

,

TITLE: PROGRAM ACTION PLAN

!!

DESCRIPTION: 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 documenced in the
final LDR.

,

|

TARGET DATE: October 1976

.

b

t
!

!

i

f

{
i

f

|
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I
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.0'NU !IlER:

TITLE: INITIAL LOAD EVALUATION ACTIVITIES
i

OBJECTIVES: The primary objective of Initial Load 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-
t ion) 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 preliminary' structural evaluations at the earliest possible
date. The milestone dates in the following pages are, therefore,

tentative.

)

,

.

!

I

1

i '
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NUMBER: 2.1 -

TITLE: SRV LOADS - METHODOLOGY
,

t

OBJECTIVE: Establish the degree of adequacy of current analytical models to

predict SRV discharge characteristics and to calculate associated
*loads.

,
.

DESCRIPTION: Use and expand current analytical models for calculating loads

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

discharge. The followirg phases of the SRV air-clearing transient

will be represented to the maximum practicable extents pipe

clearing, bubble oscillation, asymmetric 01 caring of the ram head

device by either bounding value load calculations or examination

of Monticello test results, and superpositioning of loads due to
'

multiple valve actions.

I

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

|
4

i
a

|

,
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NUNitrR: .! . 2 '

iTITLE: SRV LOADS - PLANT DATA AND GROUPING
,

OBJECTI\'ES : Review plant geometric data received from ownera and group Mark i

plants to simplify the effect of calculating SRV loads. Identify

where plant-unique analyses will be needed.

DESCRIPTION: Review the SRV discharge line geometry and valve characteristics
and establish, if possible, groups of plants having sufficiently,

similar designs that SRV load calculations need only be performed
for one plan *. in each group. The review will include an examina-
tion of the following parameters which influence the SRV pipe pres-
sure and the torus wall loads produced by the SRV air clearing -

transient: reactor pressure, SRV flow capacity, SRV discharge
line (DL) dianeter and length SRVDL submerged length, type of end

fitting, and location of discharge, point. ,

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

)

.

.
.

*
'
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NUMBER: 2.3

TITLE: 8RV LOADS - (L\lft'l.ATit)NS

OBJECTIVE: Calculate preliminary hydrodynamic loads associated with SRV

discharge phenomena.

DES CRIPTION : 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 first 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).

.

.
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' NUMBER: 2.4

TITLE: LOCA LOADS - PLANT GROUPING )

9

OBJECTIVE: Review plant geometric data received from owners and group Mark I
plants, if possible, to minimize the effort of calculating LOCA
loads. Identify where plant-unique analyses will be needed.

DESCRIPTION: 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 15%. The review will involve
an e'xamination of the following parameters: drywell, wetwell 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)

)

i

.

'
.
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NUMBER: 2.5

-

TITLE: LOCA LOADS - CALCULATIONS

.

OBJECTIVE: Establish preliminary LOCA loads.

DESCRIPTION: 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
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NUMBER: 2.6-

-TITLE: MISCELLANEOUS LOADS - CALCULATIONS 1

OBJECTIVES: Identify potential asymmetrical loads in a bounding manner and
'

seismic ef fects on pool.

DESCRIPTION: 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).

)

.

O

O

.

6
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NtmlWR: .' . /

TITLE: LOAD COMBINATION CRITERIA
.

OBJECTIVE: Develop preliminary bar charts for loads showing time sequence.

h -

! DESCRIPTION: 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-
4

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)
,

f

.

t

1

I

i

6
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N UMBER : 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 fnrm the containment system.

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

)

.

F
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NUMBER: 3.0
.

TITLE: STRUCTURAL ACCEPTANCE CRITERIA

t

To develop structural acceptance criteria for Mark I plants toOBJECTIVES:

which the structural evaluation and/or modifications will be
made.

Develop the structural acceptance criteria for Mark I Contain-DESCRIPTION:
ments against which the results of plant unique structural
evaluations will be compared. The scope of these criteria will
be suf ficiently 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.
i

.

)
.

|

i
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NUMBER: L1

TITLE: EXISTING RULE SUMMARY

DESCRIPTION: 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 columns, if necessary.

NUMBER: 3.2

TITLE: IDENTIFICATION OF NEEDED RESEARCH
.

DESCRIPTION: Review STP plant-unique analyses regarding research needs.
Identify a research program, if deemed necessary.

'
.

NUMBER: 3.3

TITLE: COMPONENIS CLASSIFICATION

)

DESCRIPTION: Classify containment system components as vessels, piping and

supports.

NUNBER: 3.4

TITLE: CATEGORIZATION

DESCRIPTION: Prepare a draf t of guidelines for load combination cat,egorization.

NUMBER: 3.5

TITLE: ALTERNATIVE CRITERIA

DESCRIPTION: Develop alternative acceptance criteria as applicable to Short
term column buckling.

Rev. 0 )
A-12 10/29/76
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NUMBER: 3.6'

f

r dy. g

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'

i

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 .

.

i
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NUMBER: 4.0 -
.

TITLE: COMNSITE PLANT EVAlliATION

j

OBJECTIVES: The primary objective of this activity is to establish how critical

the loads are for the most critical components from the Mark I plant

communit y . 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.

DESCRIPTION: 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:

.

*

TARGET DATE: May 1977

)

NUMBER: 4.1

f.ITLE : LOCA (Pool Swell) Loads Evaluation
.

DESCRIPTION: Review STP plant-unique analysis reports and determine the
structural capability of the following components:

(1) Tbrus Support System

(2) Ring Cirder -

(3) Torus Shell
(4) Vent Header
(5) Vent Header Support Columns

(6) Downcome rs

(7) Main Vents

Rev. O
t A-14 10/29/76
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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 a load
mitigation of a specific amount; or

,

(3) structural modifications could be made so that plants
i

meet criteria.

NUMBER: 4.2

TITLE: SRV LOADS EVALUATION

DESCRIPTION: The data obtained from the Monticello Test (Activity 5.1) will be

used to evaluate acceptability of the torus shell for a 40-year .
plant life for the cycling loading imposed by anticipated SRV'

discharges. Using preliminary structural acceptance criteria,'

determine whether or not there is a need of structural modifica-
tion or load mitigation.

NUMBER: 4.3.

,

t

TITLE: CHUGGING LOADS EVALUATION

DESCRIPTION: All structural components are to be evaluated for the potential
ef fects of end-of-LOCA chugging. The af f ected structural com-

ponents are to include the torus shell, ring girder, downcomers,
vent ha:Jer support columns, ECSS suction strainers, SRV piping,
etc. Using the preliminary structural acceptance criteria,s

determine whether or. not the chugging loads will necessitate

structural modification or load mitigation.

Rev. O
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NUMBER: 4.4
*

_

'

' TITLE: RELIEF VALVE DISCHARGE LINES EVALUATION

,

DESCRIPTION: 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 ef fect of drag, if applicable.

J

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.

t

NUMBER: 4.5

|

TITLE: SUBMERGED STRUCTURES EVALUATION

)

DESCRIPTION: All structural components will be evaluated to determine the
,

ef fects from drag loads from any of the possible. sources. Among-

dhese components will be: Vent header column supports, downcomer,.

SRV line and support structure, screens, baffles, ECCS discharge

lines, etc.
;

|

NUMBER: 4.6

TITLE: STRUCTURAL EVALUATION

DES CRIPTION: Using final structural acceptance criteria, components which 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.'

*
.

1
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N1TMBER: 5.0

TITL.E: TESTING AND DATA CORRELATION

,

OBJECTIVE: The primary objective of this task is to provide an adequate
technical data base to establish design basis loads from hydro-

dynamic ef fects of LOCA pool swell and chugging, and SRV dincharge.

DESCRIPTION : Activities-Testing (in-plant tests, full /subscale) and Analyses -
required to accomplish the above objective are described in4

suf ficient details in the following pages.
.

d

6
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NUMBER: 5.1

TITLE: MONTICELLO TEST
>

OBJECTIVES: 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 to evaluate the structural capability
of the respective structural elements in conjunction with other
loads acting simultaneously with the SRV loads.

DESCRIPTION: 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 af fected components.
Various activities included in this task are described as follows:

NUMBER: 5.1.1
.

TITLE: IN-PLANT TESTING
,

.

DESCRIPTION: Data measurements during the test include:

1. Containment Load Phenomena

Torus shell strains and displacements and accelerations-

.

Pressure inside torus pool-

O

Rev. 0 }A-18 10/29/76
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.
.

- Torus' pool temperatures

I - Dis.harge air bubble l'ormation

$ '

.
'

2. Relief Valve Line Pressure' Phenomena Measurements
'

'i of time-histories for:

- Pressures inside the pipe
,

t- Temperatures inside the line ,

- Water level rise in line F

- Vacuum breaker flow rates or position indicator
, .

with valve flow characteristics
I- - SRV pipe strains and deflections
! '

Rams head support strains, accelerations and deflections,i
-

-

to ' measure the reactions of the discharge loads
1

1
I

i 3. Soil / Structure Interactions
Measurements of Acceleration time-histories at:

'

I - Torus basemat and torus supports

4 - Pedestal

i
.

,

j 4. Reactor Steam Supply Condition
iMeasurements of reactor steam supply condition through-

the plant process sensors are observed and recorded;

to avoid SCRAM.
I t

'

i.
1 TARGET DATE: June 1976 (Actual)
4

.

! NUMBER: 5.1.2
]

'

TITLE: DATA REDUCTION
.1

\ '

) DESCRIPTION: Reducing the test data of about 10,000 traces for the 37 test runs ,.

i

recorded on PCM tapes and Wyle. Analog tapes into time-history

i graphs and tabulations of phenomena and structural data including
4

1 calculated principal stresses, etc.

! !

1

TARGET DATE: November 1976 -

I'
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NUMBER: 5.1.3

TITLE: PRELIMINARY TEST REPORT
i

,

DESCRIPTION: The preliminary SRV test report will include the general test

plan, identification of instrumentation and test results. Data

on the phenomena, GRV piping and torus structural responses, and
the ef fects of major parameters will be included.

TARGET DATE: December 1976

NUMBER: 5.1.4

TITLE: FINAL TEST REPORT

DESCRIPTION: This report will cover the test objectives, test matrix and limits,

sensor and instrumentation system, test results, comparison of

phenomena predictions with test data, discussion of effects of

major parameters, summary and conclusions.

*

TARGET DATE: April 1977

,

.

W

t

Rev. O
i A-20 10/29/76 )

t



-- -

.

. .

NUMBER: 5.2

TITLE. 4T HICH 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 Complet.ed (Mark II) July 1976

Data Reduction (Mark II) September 1976

Loads for Mark I Application December 1976

i
'

.

i

i

- - - . .
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NUMBER: 5. 3
)

~ TITLE: FLEXIBLE CYLINDER TESTS

OBJECTIVES: 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.

DESCRIPTION: Several alternative methods appear to be available for quantify-
ing the fluid structure interaction effects. Different s ub-

activities involved in this activity are described as follows: ,

NUMBER: 5. 3.1

TITLE: FLUID / STRUCTURE (F/S) INTERACTION ANALYSIS

DESCRIPTION: 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 related to analysis of

hydrodynamic impact loading of structures.

Target Date: December 1976

NUMBER: 5.3.2

TITLE: SMALL-SCALE TESTS

DESCRIPTION: 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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~
!These tests, both for rigid and flexible cylinders, will be

conducted for impact velocity rani,ing from about 6 to 30 fps.

Target Date: February 1977
,

.

< . NUMBER: 5.3.3

.
,

,

1.

TITLE: LARGE-SCALE TESTS

l'

1
-

Based upon the review of small-scale test results,.lar'ge-scale'

DESCRIPTION:

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*

.

.

p

|

|
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NUMBER: 5.4

TITLE: SEISMIC SLOSH TEST

OBJECTIVE: 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 subj ected 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.

DESCRIPTION : A 1/30 scale 3-D plastic model of the Mark I suppression tank
with downcomers included will be designed and f abricated. 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 resulta. The math-

.

ematical model can then be used to calculate the slosh heights
- and loads for individual plants.

The test data vill be recorded on analog tap'e. 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: 5.5

TITLE: 1/4 SCALE 2-D TEST

OBJECTIVES: 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.

2. To define the base case reference plant 2-D pool swell loads
for use in developing plant-unique. loads. This will include
both, pressurized (drywell AP) and unpressurized (no AP)

.

coaditions for the reference plant.
.

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

DESCRIPTION: The program involves construction of a 2-D,1/4 scale model of the
Mark 1 torus. The facility is scaled to the reference ple.it

geometry but has been designed in such a way that the internals
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 dif ferences

between the earlier 1/12 scale results and the 1/4 scale data will
be evaluated.

Rev. 0
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Planning is in progress for a second phase of testing which will
determine sensitivity of pool .well loads to various geometric

and initial condition plant' parameters.
?

Target Dates:

Tests Completed November 1976

Preliminary Test Report December 1976

Final Test Report March 1977

)

.

b 4
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5. 6NtDtBER: ,

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

OBJ ECTIVES : To establish 3-D effects on pool swell impact and drag loads on
Tothe vent system and net up and down loads on the torus.

quantify the load attenuation due to irregular spacing of down-
comers, and to investigate the effects of asymmetric downcomer
clearing and asymmetric vent flow.

Three-dimensional pool swell ef fects on vent header impact loads,DESCRIPTION :

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

%

.

O
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NtHBER: 5.8

TI~ILE: 1/12 SCALE 2-D TESTS

I

OBJECTIVES: To provide additional data base. to verify scaling methods for
direct comparison with 1/4 scale 2-D test and (5.5) results. To
provide data enabling the investigation of ihe cause of the

*

downward load anomaly observed between the December 1975 and

January 1976 1/12 scale test series.

DESCRIPTION: 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 dif ferential. 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 )

ef fect 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). -

|
.

| ,

|

]
TARGET DATES:-

Test Completed September 1976

|
Preliminary Report Novemb.e.r 1976

;
. w

-

L Final Report December 1976 ,
;

i, i
i

!
'

.

;

s
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NUMBER: 5.9
.

TITLE: POOL SWELL MODEL DEVELOPMENT

OBJECTIVE: Develop computer codes (2-D and 3-D) to simulate the pool
swelling phenomena. Validate these codes against available test
data and qualif y them for plant-unique loads prediction.

.

DESCRIPTION: Both two- and three-dimensional computer codes will be developed
simulate the hydrodynamic response in the wetwell resultingto

f rom 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 initial water level; (2) to define the load attenuation due ,

to unequal spacing between downcomers; (3) to investigate the
ef fects of asymmetric clearing; and (4) up and down loads on
torus. These models will be verified against 1/12 scale 2-D,

1/4 scale 2-D and 1/12 scale 3-D test results.
) '' .

.

TARGET DATES: April 1977

.

.
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NUttBER : 5.10

TITLE: M ISCI'.l.t.ANEOUS MON LTOR I Nt: ANil SCOP!NG ACTIV ITIES

OBJECTIVES: To monitor for any pertinent information of test and analyt ical
activities going on outside of the present Mark I program.

DESCRIPTION: Pressure suppression ef forts going on in other organizations and
~

facilities (e.g., 3-D tests at Livermore, LOFT program at Idaho,
CE Licensee Full Scale 3-D tests, Marviken tests, and others if
any) may yield information of use to the Mark 1 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.

.

TARGET DATE: Continuous support (dependent on progress on monitored

activities).

,
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NUSDIER: 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 pertin'ent 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.

ser -
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NUMB ER: 5.12

.

TITLE: SCALED MULTIVENT TEST

OBJECTIVE: To determine ef fective multiplier ef fect of multivent configuration.

DESCRIPTION: It is planned that a multivent facility will be configured as a
tank with multiple cells and removabic partitions in ordertest

to maintain vent area / pool area constant as the number of vents
is increased. The test will include data acquisition of multiple
vent ef fects and attenuation. Some parameters to be investigated
are submergence, vent area / pool area and pool temperature. It

is p,lanned that two scales of vent diameter will be investigated
in order to obtain scaling effects. Alternate approaches will be
considered to shorten the schedule that may have some increase in

i
technical risk. Changes that will be considered are one scale

only, rigid walls only and number of vents.

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

progress.
i

.
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- NLDIBER : :) . 13

TITLI:: CHUGGING ANALYTICAL EVALUATION
i

j

OBJECTIVE: To provide a basic analytical understanding of fluid phenomena

related to. chugging loads and the combination of various loads,

and to understand chugging fluid / structure interaction effects.,

Results of this task will be incorporated into evaluation of

Tasks 5.11 and 5.12.

DESCRIPTION: An effort will be initiated to develop an analytical understanding

of chugging phenomena based on "first principles". Consultants

available from both industry a' d university environments will Inn

unified 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.

'

,1

Among the other areas to be developed in this task are included:

development of analytical models te predict chugging loads on
multivent f acilities; detailed review and correlation of all

available test data, including determination of fluid / structures

interaction ef fects f rom GE 4T tests; and analytical determination,
of combined loads using " Monte Carlo" methods,

t

i

| TARGET DATE: Program in definition and proposal phase.

t

I
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Rev. O

| , ,) A-33 10/29/76

:

|
-- - - _ _ _ - - _ - _ - - _ - -------

,



R

. .-

,

NUMBER: 6.0 e

TITLE: LOAD MITICATION TESTING
,

'

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

vfurther confirmation, and subsequent plant unique implementation.

^

This activity is divided into three subactivities which are
described in the following pages.
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NUMBER: 6.I

CHUGGING LAND MITICATION TESTING - (SMALL-SCALE)TITLE:
',

.

Basic studies will be performed to screen various concepts identi-DESCRIPTION:
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
Suf ficient geometric variations will be made for thetests.

purpose of extrapolating to full scale. Studies will also be

performed to establish a multiple vent chugging data base under
controlled testing conditions.

December 1976TARGET DATES: Open pool screening tests complete
Detailed planning for accelerated load mitigation
task in progress; targut dates available 12/1/76.

|
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NU.MBERS : 6.2

TI TI.E: SAFETY /REl.1 EF val.VE I.0AD M ITIGATION TEST ING

DESCRIPTION: Basic studies will be performed to screen various concepts identi-

fled as possible methods to mitigate the hydrodynamic loads.

resulting f rom SRV discharge into the suppression pool. These

tests would rank the various relief valve load mitigation

candidates. __ ._

TARGET DATES: Detailed planning for accelerated load mitigation task in

progress; target dates available 12/1/76.

.
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..~ NOlBER: 6.3

.

t
TITth P00: Stil'l I. ?!I'l Ital I ON TI-:STI Nt

i

4

DESCKtPTION: Ikisic studies will be performed to screen various concepts
identified as possible methods to mitigate the hydrodynamic loads ,

resulting from the pool swell during a postulated LOCA. Flow

visualization tests of promising ideas will be conducted to
I 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 .

-

r

tests show enough reduction to warrant its potential application
!

i
' to the containment, tests will be necessary for demonstration
! .

i purposes.
,

'

4 ,

TARGET DATES: Open pool screening tests complete September 1976

December 1976Final screening test report

' Detailed planning for accelerated load mitigation task in
Target dates to be available available 12/1/76.progress.
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NUMBER: 7.0

TITLE: LOAD DEFINITION REPORT - FINAL.

OBJ ECTIVES : Document pressure suppression hydrodynamic loads for the use of
the utilities to perform plant-unique analysis.

DESCRIPTION: Test data and analytical models generated hv he Long Term Program

Activities will be used to refine loads to a practicable confidence

level for the use by the utliities for the evaluation 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:
e

<

.

!
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i

FITI E: IW1 SWl'1 l. Sti i li: \ r ION TES rl Ni;

DESCRIPTION: It.tsie studies will be pert'ormed to screen various concepts

j identified as possible methods to mitigate the hydrodynamic loads
resulting from the pool swell during a postulated LOCA. Flow

\ visualization tests of promising ideas will be conducted to
h
I

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-
2

I forated pipes or spargers will be tested. Should.one of these

i tests show enough reduction to warrant its potential application
to the containment, tests will be necessary for demonstration

purposes.

TARGET DATES: Open pool screening tests complete September 1976,

i
Final screening test report December 1976

#

' Detailed planning for accelerated load mitigation task in'

Target dates to be available available 12/1/76.I ) progress.
,
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NUMBER: 7.0
.

TITLE: 1.OAD DEFINITION REPORT - FINAL,

OB.lECTIVES: Document pressure suppression hydrodynamic loads for the use of

the utilities to perform plant-unique analysis.

DESCRIPTION: Test data and analytical models generated hv be Long Term Program
Activities will be used to refine loads to a practicable confidence

level for the use by the ut flities for the evaluation of their

plants. In defining loads, test data including an error and

uncertainty analysis and analyt ical 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:

)
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NIS!BER: '.1*'

..

r i l's l' . SRV l.O.\l)S - Pk) del. DEVEl,OPMENT/ VERI FICATION

!
"

DESCRIPTION: Verif y 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, reactor
pressure, and pool temperature will be included.

TARGET DATE: June 1978

,

f m ,

,
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NUMBER: 7. 2

e

TITLE: S/RV LOADS - CALCULATIONS

DESCRIPTION: 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.

TARGET DATE: June 1978

.
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NL?tBFK: 7. I

T i ri l' * 1.OCA 1,OAllS - CAlft!I.ATIONS

DESCRIPTION: Using plant-unique geometry and data available from various tests, , ,

loads will he established for the drywell. v.'nts. hellows, vent
header, downcomers, submerged structures and the torus for

,

different sized line breaks. Differences between Test Data base

and individual plant conditions, if any, will be discussed. This

activity is similar to the work described in Sohact ivity 2.5.
The 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.

TARGET DATE: July 1978
.

e

4

$

.

.

.

o

l(ev. O
..)'

.

A-41 10/29/76

>

_ _ _ _ . _ _ __ _ _ . _ _ _ _ _ . . _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- - _



1,

- . ..

NUMBER: 7.4
.

TITLE: 1.0AD COMBINATION CRITEl;l A

DESCRIPTio:I: The analytical and experimental work performed during the execu-
tion of the Long-Term Program will provide a.idi t innal insight into

the time-phasing relationships between t he vai tous 1.0CA 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 def t-

nition of load combinations. This final definition will be based

on a mechanistic evaluation of the NSSS and Cantainment response

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

significant structures.
,

.

TARGET DATE: December 1977

i
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NU:4BER: 7. 5

.

FITI.l.. Kl't.Ile.F VAINF STFAH DI St'llAHt:l: H l X I Nt HODl?l.
.

DESCRIPTION: 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

i isolation, and vessel automatir depressurization. In addition,

the model will be used to confirm the adequacy of the pool-

temperature monitoring system.

.

TARGET DATE: December 1977

i
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NUMBER: 7.6

TITLE: REPORT PREPARATION

i

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 a b. mis.
It will define reasonably conservative loads for the use of the
Mark I utilities to evaluate their plants.

TARGET DATE: August 1978 *
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1 I. OBJECTIVES

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

are to provide test data that: (1) will be utilized to confirm

that the containment can safely accommodate all hydrodynamic

loads and thermal effects associated with SRV actuation; and

(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

1
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.;

,

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

used to address licensing issues relative to SRV actuation.

The current issues are:
,

A. Submerged structural loads resulting from SRV actuation.

B. Containment boundary loads resulting from SRV actuation.

C. Thermal mixing of the suppression pool water during an
extended SRV blowdown.

D. SRV response spectra for mechanical components in

reactor building.

|
.

,
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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. In order to accomplish the

latter objective, the in plant test data will be utilized toa

predict the most severe design basis SRV response postulated
during plant operation. This experimental / analytical approach

'

.

provides a method to compare the most severe actual SRV
1

responses with the design basis responses and will demonstrate,

that plant safety margin.

s
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II. SCHEDULE

Figure II-l is the schedule developed to address those
Theseactivities associated with testing activities.

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

the In-Plant SRV Test.

The scheduled items on Figure II-l will encompass the

following:

Pre-Test Activities - This will include the procurementA.

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. .

Equipment Installation - This will involve the actualB.

installation of sensors and data acquisitio'n station.

Test Procedure - This activity will include theC.

preparation, review, and approval of a step-by-step
method for performance in the In-Plant SRV Test.

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

procedure at LaSalle County Station.

4
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- III. 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

'l 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
!
i 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.

2. 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
doenergized closed. On loss of control power the,

valves fail closed.

SARGENTiaLUNDY
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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 het pipe or second pop SRV
.

lifts. (See Figure 19. ),

.

B. Quencher Selection Criteria

1. Quenchers located at azimuths 210*, 230*, 252*,

264*, and 170* will be selected for testing. The,

g selection is based on the following criteria

(see Figure 16) :

Maximum Structural Response - It is anticipateda.

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.

,
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imua usen. _ : - - - - --

III-2

J,w..ure,,wm .m a a i w .?. , , . m ,, n > ,-m 7m_ _, , r- . - ym . . ,7 ,, ,, , , _ , , _ , ,

- _ - _ _ _



. ,. Revicicn 4,

b. Representative Structures - The sector selected

for testing must represent a typical structural

element with a minimum amot nt of discontinuities,

such as large penetrations, concentrated,

masses, etc. This would provide a favorable,

'

condition for comparing test data and analyti-
'

cally-derived " expected valuis."
.

c. Proper Mixes of SRV Line Volt mes - The ideal

combination of line selection is to include
those lines with the largest ind 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 1;tclude 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 Per etrations -

To minimize noise levels in the signal
j conductors, the shortest distance from the
,

sensors to the available electrica l penetration,

is preferred.,

's
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1 Subnerged Structural Loads and Thermal Mixing -e.
_

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

] 3 3
80.05 ft (smallest) to 122.2 ft (larges t) .

The arithmetic average of all line volumes is
3

100.2 ft ,

The five SRV discharge lines selected for
3 3

) this test have the volumes 91.2 ft 103.5 ft, ,

3 3
107.0 ft 114.5 ft , 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 12.6CT,.

C. Tpst Matrix
}

The test matrix is based on actuations of SRV valves
with quenchers located adjacent to each other (Az. 210',

.

230', 252', and 264'). In addition to these four valves,
]

the SRV quencher at Az. 170* shall be tested in a single-

valve-actuation mode. (Refer to Figure 16 and Appen-
a

dix A.) Combinations of valve actuations shall be used+

to cover a variety of loading conditions and consequent*

,,
,
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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:

1. One SRV Actuation Test (SRV-1)

[
f

This test will be conducted by actuating a single

1 SRV for a nominal 15 second duration of discharge

f
- 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

inve'stigate first and subsequent S,RV actuation

conditions. The cold pipe actuation data is used

to form the statistical basis for all other SRV

Test actuations.

- 2. Consecutive SRV Actuation Test (SRV-C)
I
-

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 the Test Matrix. The time interval

between two consecutive actuations will be varied

to determine the ef fects of the reflood transient
I on the maximum SRV loads resulting from subsequent

- actuation.
-

-
|

!
i
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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.

3. . Two SRV Actuation Test (S RV-2 )

This test will be conducted by actuating two
y

'

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 autonatically 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 j
,

i

line length and volume, which in turn affect the'

bubble entry times into the pool.
|

3

Since the time of valve actuation and the geometric

characteristics of the line will be available from

.l SARGENT&LUNDY
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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.

T 4. Four SRV Actuation Test (SRV-4)
J

This test will be conducted by actuating four,

.

SRV's simultaneously for a given duration of

} discharge time. This test is designated as SRV-4

in the Test Matrix.,

a

,-
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.-

,, .

m|
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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 y

pressure-time histories in the pool. An evaluation
,

would then be made with the measured pressures

j traces to demonstrate that the analytical model
i

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 design1

1 -

conditions which are bounded by the LaSalle Design

j Basis.

5. Sequential SRV Actuation Test (SRV-S) I

.

This test will be conducted by actuating four SRV's
i

l in sequence (rather than simultaneously as in the
1 r

previous case) for a nominal 15 second duration of

SARGENT&LUNDY
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1 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 j

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

LaSalle Design Basis. With this type of analyses,

in conjunction with the measured data, an evaluation

SARGENT&LUNDY
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5 of the effects of phasing can be obtained for both

test and design conditions.

6. 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.

7. Leaky Valve Test (SRV-L)

,

This test will be conducted to simulate a leaky
a

relief valve seat preceding an SRV actuation.
,

The discharge pipe will be hot but unlike SRV-1J

. Hot Pipe, will not necessarily be purged of air.9

1 Leaky valve test will be simulated by introducing
7 steam into the SRV discharge line before actuation
a

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 Tect'

J
Matrix.

,
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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.
theIt is anticipated that after a series of tests,

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.

Therefore, 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 relative responses shall be

performed a maximum of three times. The Test Matrix

(Appendix A) details the types of various tests to be

performed.

D. Sensor Requirements

-
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1
1. General

Four basic types of instruments were selected to

i 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.

1
j 2. 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-
i

ment. Technical data on these accelerometers is '

provided in Appendix B.
!
,

Accelerometer locations are listed in Table 1 and
rshown on Figures 1, lA, and 1B. |
i

f
I

| 3. Pressure Sensors

.

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

. SARGENT&LUNDY
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The pressure sensors are divided into fourtests.

groups based on pressure range to be monitored.s

-

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
e

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 pressare 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 'O, 11, 12, 12A, 13, and 13A.

4. Temperature Sensors.

1

Forty-eight (4 8 ) 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.)

SARGENTTaLUNDY
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1
5. 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-12,5/20-OlHG-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

orbyEndevco4479.lM3(2652M11.
I

SARGENT&LUNDY
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t 2. Vishay System'

The Vishay 2100 will be used to condition strain

gages and pressure sensors. (See Appendix C for
"

system specifications.) This system features inde-

pendently variam_a 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
1

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 11000 microstrain. Each channel has a

bridge balance network that will offset a 13000
microstrain imbalance, and an always active LED

'

null indicator and balance resistors to compensate
a

for line resistance.
,

;

The 2100 system has a signal output from 0 to 10V
v

DC up to 100 ma with a frequency response of 5 KHz.
-

All signal and power outputs are current-limited

for short circuit protection.t

v

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 collection or

, monitoring equipment.
,
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3. 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
} instrument designed for use with piezo-electric
1' 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 system sensitivity
(transducer plus amplifier).

4.
Endevco 4479.lM3/2652Mll Charge Converter Signal_

Conditioner
I

The Model 2652Mll is a charge-to-voltage converter (
i

designed for use with piezo-electric transducers. !

*'

The Model 4479.lM3 Plug-In Mode Card is a signal

conditioner for use with the Model 4470 Signal
o ,,

SARGENT&LUNDY |
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Condition:r modulo cnd provid: pow:r to, cnd
.

conditions the signal from the Model 2652M11.

(See Appendix D and Figure 17. )

The charge converter, located near the transducer,

converts the electrical charge generated by the
i .

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. ,

9

A 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 309,

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

Conditioner

The Medtherm EIA-4003 RTD Signal Conditioner provides

a filtered, regulated, rectified power supply to g

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.

v%
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F. Data Acquisition and Monitoring System

1. Data Acquisition System

$ The digital data acquisition and recording system
C

is the Q.S.I. Model 721. A block diagram of the
=

j Q.S.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,,

J analysis, and reformatting to any desired standard.

See Appendix E for System Performance Characteristics.--

.

Internally, the System consists of four main sub-
,

systems: (1) an analog multiplexer; (2) precisiona

,, 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, 12-bit
a

(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

I
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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-
4

1
'

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 ,

i

slow down.

2. Data Monitoring System
|

a. General '

The analog monitoring system will consist of

a number of conventional analog instruments

(oscillographs, X-Y recorders, spectrum
l

analyzers, FM magnetic tape, etc.). The

monitoring system has four functions:

r
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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 /

1
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

,, follows:

J

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

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

.
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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.u

c. Oscillograph Recorder
-

m

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 will allow test personnel to validate

j incoming data before proceeding onto the next
!

test phase.

1
,

d. 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. -
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; ; Revision 4

1' G. Processing and Reduction of Recorded Data

1. 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 ,

appropriate header information on 1600 BPI magnetic

} tapes

*

Microfiche records will be prepared of the digi-

tized engineering unit data.
,

d *

All digital tapes used will be certified to be
'

free from parity errors.
2

'

*

The data will be reduced and plotted and will be'

;

recorded on digital tape in IBM EDCDIC format.
,.

2. 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

on disc. ADARS has an operator interface which,

I
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j

cllows the user to select a wide variety of

processing and display options to meet his analysis
I

requirements.,

<

ADAR3 will perform all the necessary steps to process
a

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 j

engineering units and producing the analysis plots. )

3. Basic Analysis Parameters
<

d

The data, which is to be acquired at 1000 samples -

,

per second, per channel, will be filtered at 200 Hz
.

and then decimated to 500 samples per second. The
s

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 16-bit integer
A/D counts.,

I
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All data from each test run will be recorded

on one magnetic tape.

4. Computer System Description

The ADARS computer program is operational on Wyle

] Interdata 8/32 system. The Interdata 8/32 is a

32-bit computer with 256 Kilobytes of 300 nanosecond'-

i
'

main memory. The system includes a high performance

single and double precision floating point processor
,

to speed calculations.
,

s

The primary peripherals of the Interdata 8/32

system include:

,

*

16-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 tape drives

* 400 cpm card reader

! L

*

600 1pm 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.

5.
] 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

(1) Build a data base on disc containing the perti-
nent channel inf'ormation, including gage

sensitivity, gage type, engineering units and
plot labels.

(2) Demultiplex the data to tape and copy it to
disc for processing.

(3) Remove any unwanted transducer bias or drift
,

,

from the data.
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(4) Convert the data to its proper engineering
unit form.

(5) Low pass digitally filter the data to remove

any unwanted noise. The cutoff poirat and rate
,

are user selectable.
,

'

(6) Decimate the data down from 1000 samples per
.

second.
1

,

d

(7) 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 80-character card images) in
the tape format and file structure.

l
4

',
(8) Prepare microfiche records of the data described,

l

in (7) above. 42 power 4" x 6" microfiche
'

cards with 208 pages per sheet will be prepared
using computer output to microfiche (COM)

t

techniques.

(9) Plot the following time history data in
engineering units:

i

Accelerometer data-

Pressure sensor data-

Temperature data-

SARGEhR&LUNDY
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1 Uniaxial stress data (computed from-

strain gage data)

1
(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-

,

,

I(12) Copy the reduced data Items (9), (10), and
| (11) above to magnetic tape in IBM EBCDICI

,

format. i
'

.

All digital magnetic tapes used on this project
will be new and certified by the manufacturers to
be free from parity errors.

H. 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

critical plant conditions applicable to this test.
'
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The precautions and induced conditions are within

allowable operating tolerinces 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 section, to ensure response levels are within design

limi ta tion s . This evaluation will be completed prior

to procceding with the next test section.

I. Implementation

Implementation of the In-Plant SRV Test program requires
.

a multi-organization, multi-discipline effort.

Commonwealth 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 locati'ons,

and conduct any associated analysis.

Wyle Laboratories, as the contractor, will install test

SARGENT&LUNDY
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1 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.

1

1

]

1 0
,

J

<

.

f

1
.

9
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General Notes to Tables 1-4

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

Environment El Wetwell

Fluid ' Water
Pressure 100 psia
Temperature 50*F-150*F

1 Relative Humidity NA
Radiation '50R/hr.Y

.

Environment E2 Drywell

-] Fluid Air
J Pressure 15.4 psig

'

Temperature 135*F
Relative Humidity 90%

*

1 Radiation 50R/Hr. y ; 1.4 x 105 2
n/cm sec.

Environment E3 SRV Discharge Line

Fluid Air / Water / Steam*

Pressure 650 psia
Temperature 500*F.

Relative Humidity NA
Radiation *50R/Hr.Y-

-

Environment E4

Fluid Sensor will be in the SRV dis-
Pressure charge line (E3) and the "out-

' Temperature side" of the sensor and its
; Relative Humidity cabling will be exposed to

Radiation conditions in wetwell (El).
,

* Note<

Discharge Line in the drywell experiences'
50 R/Hr. Y ; 1.4 x 105 n/cm2 sec.

,

d
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Is Environment E5

1'.
Fluid Sensor will be in the SRV
Pressure discharge line (E3) and the
Temperature "outside" of the sensor and the
Relative Humidity cabling will be exposed to condi- |

] Radiation tions in the drywell (E2).

Environment E6

Fluid Air
Pressure

]
15.4 psig.

Temperature 120*F
Relative Humidity 60%
Radiation Negligible,

.

.

: @
,

4

I

|

I

-
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LA SALLE COUNTY - 1
C0pDONhl[ALTH EDISON COMPANY

TABLE 1 '"E - * 0' *-, ,

* *
PROJECT N0. 5835-00

ACCELEROMETER DATA ,g, ,

1 5tmSOft LOCATION
z

SEN50r- o(IP[CTED (IPECit0 ACCURACY (NytRON. ;- NOTisNUMBf5 RESPONSE tREQUENCY MENT u

1
RMM EAZIMUTH ELEV. RADIUS (G) (NZ) (1 % g(CEG) (FT-IN) (py-IN) F.S.)

A1 46 804'-0 22'-7 0.005-1.0 1-50 1 E2 R 1

A2 46 804'-0 22'-7 0.005-1.0 1-50 1 E2 T 1
,

A3 106 804'-0 22*-7 0.005-1.0 1-50 1 E2 R 1a

A4 106 804'-0 22'-7 0.005-1.0 1-50 1 E2 7 1

;, A5 226 804'-0 22*-7 0.005-1.0 1-50 1 E2 R 1

A6 226 804'-0 22'-7 0.005-1.0 1-50 1 E2 T 1

,

'
A7 46 755'-3 14*-11% 0.005-1.0 'l-50 1 E2 R *

AB 46 755'-3 ,14'-11% 0.005-1.0 1-50 1 E2 V
. . .

A9 106 755'-3 14'-11\ 0.005-1.0 1-50 1 E2 R

A10 106 755'-3 14'-11b 0.005-1.0 1-50 1 E2 V

''All 226 755'23 ' '14 ' - l'1 % 0.005-1.0 1-51 1 E2 k

A12 226 755'-3 14'-11% 0.005-1.0 1-50 1 E2 V

; A13 46 736'-7 14'-11 0.005-1.0 1-50 1 E2 R 2!
t

A14 46 736'-7 14'-11 0.005-1.0 1-50 1 E2 V 2
t

. . ... .

A15 106 736'-7 14*-11% 0.005-1.0 1-50 1 E2 H 2

A16 106 736'-7 14*-11h 0.005-1.0 "1-50 1 E2 V 2

A17 226 736*-7 14'-11% 0.005-1.0 1-50 1 E2 R 2

A18 226 736'-7 14*-11 0.005-1.3 1-50 1 E2 V 2

A19 226 764*-6 41'-0 0.005-1.0 1-50 1 E6 R 6

A20 226 764*-6 41'-0 0.005-1.0 1-50 1 E6 V 6

A21 2 36 740*-0 48'-0 0.005-1.0 1-50 1 E6 R 3.6

A22 236 740'-0 48'-0 0.005-1.0 1-50 1 E6. V 1.6
A23 226 699'-10 47'-4 0.005-1.0- 1-50 1 E6 H 6

- - -. _ _ .
A24 226 699'-10 47'-4 0.005-1.0 1-50 1 E6 V 6

__

A25 226 673'-4 47'-4 0.005-1.0 1-50 1 E6 p 4.6
A26 226 673'-4 47'-4 0.005-1.0 1-50 'l E6 V 4.6

. . . , . . . . . , . . . ... , ., _
_ . . . , . . . . _ .. . _
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LA SALLE COUNTY - 1
j Com0mdEALTH E0150ft COMPANY, ,

TM 1 ''''E? 0' *1 * *

PROJECT NO. 5835 00

ACCELER0 METER DATA
l ,g, 4

I' SIN 50ft LOCATION

SENS0r z
D PECTE0 EXPECTED ACCURACY (NVIRON. p N0f(5

o
ICN6(5

t'.5PONSE FREQUENCY MLNT u
RAmr4 yy A2!%TH ELEV. R/DIUS (G) (H2) (i I gi (CEG) (FT.IN) (FT-IN) F.S.)

See
A27 Notes .740'-0 104'-0 0.005-1.0 1-50 1 E6 V 3,5,6

v See
A28 Notes 673'-4 104'-0 0.005-1.0 1-50 1 E6 V 3.5,6

! A29 226 673'-4 14*-11h 0.005-1.0 1-50 1 El R 4-

_
A30 226 673'-4 14'-11 0.005-1.0 1-50 1 El V 4

_ A31 230 699'-10 29'-9 0.1-30 1-100 1 El R
_

,- A32 230 699'-10 29'-9 0.1-30
k 1-100 1 El T

-~

A33 230 736'-74 29'-9' O.0C5-1.0 1-100 1 E2 V
-

y A34 230 688*-4 29'-9 0.1-30 1-100 1 El R
t.
-

A35 230 688'-4 29'-9 0.1-30 1-100 1 El T

A36 226 804'-0 27'-5 0.005-1.0 1-100 1 E2 V
-

'**~ " ' AJ7 1/4 6d5'-10 32'-9 0.10 '20
.__-

1-100 1 El H

A38 174 688'-10 32*-9 0 0-50 1-100 1 El T
_

-

6

5

e

b

1
-

man

1
-

.

=

b
-

ps

-

-

-

L
t ,

>

_-
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TABLE 1
ACCELERCMETER DATA

NOTES

7
" (1) Sensors are to be located on the Gusset Plate connecting

the legs of the Stabilizer Truss.

]':- (2) Sensors are to be located on the Drywell Floor near the
Reactor Support.

(3) Sensors are to be located on the Slab.

(4) Sensors are to be located on the Basemat.

(5) Sensors are to be located near the Intersection of LColumn Rows 8.9 and A.

(6) Se'sor has no Conductors passing through the Containment.n

t

GENERAL NOTES,

T Location Sensor No. Function
a

Stabilizer Truss Al through A6 To record the horizontal
] responses at the interfacej point with G.E. i

Reactor Support A7 through A12 These sensors are coordinated,

with sensors Al through A6'

to record both the horizontal
and vertical responses at'

the top of the reactor
s

support.

Drywell Floor / A13 through A18 These sensors are coordinated
*

Pedestal Inter- with sensors Al through A6 to.

face record both the horizontal
and vertical responses at the,

j top of the reactor support.

Containment Wall A19 through A26 To record the containment,

responses at important loca-
a

tions. They are also required
to determine the vertical

'

attenuation through the
containment.,

1
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TABLE 1
ACCELEROMETER DATA

GENERAL' NOTES

1
'

.
.

Location Sensor No. Function L

Corner of Reactor A27 and A28 To determine the attenuation
Building of the horizontal responses

across the reactor building
slabs when compared to
sensors A21 and A25,
respectively.

Bottom of Reactor A29 and A30 To record the reactor support
Support horizontal and vertical

j responses at the basemat.
3 When A23 and A30 are com-

pared with sensors All, A12,
A17 and A18, the amplifica-
tion of the responses can be
determined.

} Column (Az. 230*, A31 through A35 To record the horizontal and
Radius 29'-9") vertical acceleration res-

ponses of the suppression
1 pool column. These sensors
J are needed to correlate the

acceleration response with
the' pressure measured by] sensors P18 through P21 and
P27 through P30.

'
Top of Support A36 To record the vertical res-
Column ponses at the top of the-

sacrificial shield. This

,' sensor is provided to show
the vertical amplification
of the acceleration response
in the sacrificial shield,

when compared to sensor AB. I

Downcomer A37 and A38 To record the horizontal

'. (Az. 174', acceleration responses of the
Radius 32'-9") instrumented downcomer. These

sensors are needed to corre-e

late the acceleration response
with the pressure measured by,,

sensors P37 through P44.
,,

SARGENT&LUNDY
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LA SALLE COUNTY - 1
'| COPOIONWEALTH EDISON COPFANY

TAB E 2 par.t.1.Or.i.
,

PROJECT NO. 5835-00

1 i

PRESSURE SENSOR DATA
,,, , i

1 5tN50n t0CAft0N
SENSOP (IP[CTED EXPECTED ACCURACY (NVIRON. NOTE 5NUMBE5 RESPONSE FREQUENCY MENT

1
RANGE

AZIPtJTN [1[V. RADIUS (pg[A) (H2) (i %
(DEG) (FT-IN) (FT-IN) F.S.)

'

P1 260.90 673'-5 36'-11%- 3-46 0-100 0.5 El
.

P2 246.40 673'-8 36'-10% 3-46 0-100 0.5 El

P3 233.14 673'-5 36'-6 3-46 0-100 0.5 El

P4 220 673'-S 37*-15 3-46 0-100 0.5 E1
-.

_ _ . . . .

PS 200 673'-8 35'-7 3-46 0-100 0.5 El
~

P6 172.14 673'-5 36'-55 3-46 0-100 0.5 Ell

P7 166.86 673'-5 36*-5h 3-46 0-100 0.5 El

P8 258.90 673'-8 20'-8 /2 3-46 0-100 0.5 El
1

P9 246.41 673'-5 21*-0 3-46 0-100 0.5 El

P10 214.57 673'-5 20'-7% 3-46 0-100 G.5 El

Pil 201.21 673'-5 20*-10' 3-46 0-100 0.5 El
,

P12 264 681'-2 43'-4 3-46 0-100 0.5 El

P13 246.46 676'-10 43'-4 3-46 0-100 0.5 El

P14 229 681'-2 43'-4 3-46 0-100 0.5 El
__ . . . . . _ - . - . ..

P15 161.67 676'-10 43'-4 3-46 0-100 0.5 El

P16 250 676'-10 14'-114 3-46 0-100 0.5 El

Pl? 210 676-10 14'-11h 3-46 0-100 0.5 El

P18 230 676*-10 29'-9 3-46 0-100 0.5 El

P19 226.42 676'-10 28'-0 3-46 0-100 0.5 El

P20 230 676'-10 26*-3 3-46 0-100 0.5 El

P21 233.58 676'-10 28*-0 3-46 0-100 0.5 El

P22 268.67 684'-3 43'-4 3-46 0-100 0.5 El

IP23 258.90 685'-S / 43'-4 3-46 0-100 0.5 El4

P24 234.67 684'-3 43'-4 3-46 0-100 0.5 El

P25 250 691'-0 14'-11% 3-46 0-100 0.5 El

P26 210 688'-lh 14'-115 3-46 0-100 0.5 E1- - -

--
. , - , - . , -
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LA SALLE COUNTY - 1

COPNONWEALTH EO!50N COMPANY. *

TM 2 par.E .2. OF.1-
PROJECT NC. 5835-00

PRESSURE SENSOR DATA
REv 4

l

SEF50ft 10CAf!ON

SE%505 EXPECTED EXPECTED ACCURACY [hWIRON. NOTESNW8ES RESPONSE FRE0VENCY MENT

1-
/ RANGE

AZIMUTH ELEV. RA3!US (psgA) (H2) (1 %
(DEG) (FT-lN) (FT-IN) F.$.)

P27 230 688'-4 29'-9 3-46 0-100 0.5 El

P28 226.42 688'-4 28'-0 3-46 0-100 0.5 El

P29 230 688*-4 26'-3 3-46 0-100 0.5 El

P30 233.58 688'-4 28'-0 3-46 u-100 0.5 El
,

4 - ~ -

14-650 0-200 0.5 E5 1

p31

, - - -p32 14-650 0-200 0.5 E5 1
< -

p33
~ - ~

14-650 0-200 0.5 E4 2
,

~
P34 ~ ~

14-650 0-200 0.5 E4 2
.

P35 170 700'-10 36*-6 13-660 0-200 0.5 E4

P36 170 700'-10 ,3 6 ' - 6 13-660 0-200 0.5 E4
.

P37 174 694'-10 32'-9 3-46 0-200 0.5 El '

P38 174 694'-10 32*-9 3-46 0-200 0.5 El

P39 174 694'-10 32'-9 3-46 0-200 0.5 El

P40 174 694'-10 32'-9 3-46 0-200 0.5 El

P41 174 689'-10 32*-9 3-46 0-200 0.5 El

P42 174 689'-10 32'-9 3-46 0-200 0.5 El

P43 174 689'-10 32'-9 3-46 0-200 0.5 El

| P44 174 689'-10 32'-9 3-46 0-200 0.5 El

P45 14-650 0-200 0.5 E5 1

P46
~ ~ ~

14-650 0-200 0.5 E5 1
__.

-
P47 - -

14-650 0-200 0.5 E4 2

-
P48 ~ ~

14-650 0-200 0.5 E4 2

P49 228.66 682'-7 43'-4 3-46 0-200 0.5 El
P50 228.33 699'-6% 43'-4 3-46 0-200 0.5 El
PSI 350 673'-5 33'-10 3-20 0-200 0.5 El
PS2 170 36'-6 3-15 0-200 0.5 E5 3

-

. . . . . .,
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TABLE 2
PRESSURE SENSOR DATA

NOTES

(1) Sensors P31, P45, and P32, P46 are located downstream
of Safety / Relief Valve and inside Pipes IMSO4BR-12 andi 1MSO4BM-12, respectively (see Figure 13) .

(2) Sensors P33, P47, and P34, P48 are mounted in the center'

of the Quencher Device for Pipes 1MS04BR-12 and
i 1MSO4BM-12, respectively (see Figure 13) .
1 (3) Sensor PS2 shall have, as a minimum, a sensitivity ofj +1 in. of H O at 90*F and be capable of withstanding2

the conditions of Environment E5.

,

GENERAL NOTES

,

Location Sensor No. Functiona

Basemat P1 through Pll Measurement of pressure-time

[
history on the basemat surface

' for the determination of load
on basemat. P1 and P6 are
also used to obtain circum-
ferential pressure attenuation
along with PSI.

Outer Pool P12, P13, P14, Measurement of pressure-timeBoundary Wall P15, P22, P23, history on the outer wall
P24 surface for the determination

of pool boundary loads. P14
and P24 are also used to
obtain vertical pressure
attenuation along with P49
and P50.

Inner Pool P16, Pl7, P25 fleasurement of pressure-timeBoundary Wall P26 history on the inner wall sur-
face for the determination of
pool boundary loads.

SARGENT&LUNDY
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TABLE 2
PRESSURE SENSOR DATA

GENERAL NOTES

]
Location Sensor No. Function

Column P18, P19, P20, Measurement of pressure-time
(Az. 230', P21, P27, P28, history on the column for the
Radius 29'-9") P29, P30 determination of submerged

] structures load. These sen-
sors will be worked in con-
junction with sensors A31,

] A32 and A33 to correlate
between the pressure measured
and the acceleration response
on the column.,

'

T-Quencher P33 and P47 Measurement of pressure-tim
(1MS 04 BR-12 ) history inside the T-quencher,

sphere for the determination
of quencher load and the'

condition of steam during the
,'

blowdown transient.
;

T-Quencher P34 and P48 Measurement of pressure-time
(lMSO4BM-12) history inside the T-quencher

sphere for the determination,

of quencher load and the
condition of steam during the
blowdown transient.

.

Downcomer P37, P38, P39, Measurement of pressure-time

', (AZ. 174*, P40, P41, P42, history on the downcomer sur-
Radius 32'-9") P43, P44 face for the determination of

submerged structures load.
These sensors will be worked<

in with sensors A34, A35, A37,

and A38 and sensors S31
through S34 to correlate
between the pressure measured
and the acceleration response'

on the downcomer.

SRV Discharge P31 and P45 Measurement of pressure-time
Line (1MS O 4 BR-12 ) history inside the SRV dis-

charge line for the deter-
mination of back-pressure
downstream of the safety
relief valve.

SARGENT&LUNDY
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TABLE 2
PRESSURE SENSOR DATA

GENERAL NOTES

Location Sensor No. Function

SRV Discharge P32 and P46 Measurement of pressure-time
Line (IMSO4BM-12) history inside the SRV dis-

charge line for the determina-
tion of back-pressure down-
stream of the safety relief
valve.

SRV Discharge P35 and P36 Measurement of pressure-time
Line (lMSO4BM-12) history inside the SRV dis- -

charge line above the normal
water level for comparison
with analytic model predic-'

tions and for accurate'

calculation of discharge line-

rigid restraint loads.

Suppression Pool P49 through P51 Measure pressure attenuation
within the suppression pocl.

.

SRV Discharge PS2 Measurement of low pressure
Line (lMSO4BM-12) transient of the discharge

line.
_

k

4

q

>
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LA SALLE COUNTY - 1

, ,

COPMON.lEALTH E0!$0ft COMPANY TABLE 3 Par.t.2. Or.i-
. .

PROJECT NO. 5835-00
.

TEt1PERATURE SENSOR DATA
,g,,

I
SIN 50ft LOCAi!ON

'

SEN500 EIP[CitD EIPICT[D ACCURACY [NVIRON NOTES.

f.NW8Eg RESPONSI rRE00tNCY HENT
RAME

A21MJTH [ LEV. RADIUS (*F) (H2) (* ''')
(OfG) (FT-IN) (ri-!N)

727 210 687'-lh 14'-11h 50-200 0-100 0.5 El

T28 90 684*-0 14'-11h 50-200 0-100 0.5 El

M T29 0 684*-0 14*-11 50-200 0-100 0.5 El

T30 0 685'-6 43'-4 50-200 0-100 0.5 El,

3T31 87.66 685'-5 / 43'-4 50-200 0-100 0.5 El4

1
T32 252 21 50-200 0-100 0.5 El4

T33 230 37 50-200 0-100 0.5 El

T14 - - - 60-500 0-200 0.5 E5 1

T35 ~

]
- 60-500 0-200 0.5 E5 1

T36 - - - 60-500 0-200 0.5 E4 2

1
- 60-500737 - -

-.-._-200_. - .-.. - . . , . . .

0 n.5 04 2

T38 - - 60-500 0-200 0.5 E5 1
1

T39 - - - 60-500 0-200 0.5 E5 1a

T40 - - - 60-500 0-200 0.5 E4 29'

s T41 - - - 60-500 0-200 0.5 E4 2

, T42*
_ _ _ 60-500 0-200 0.5 E2 3

J

T43 60-500 0-200 0.5 E2 3
- - -

1'

T44
d

_ 726'-6
_ 60-500 0-200 0.5 E4 4

T45
_ 726'-3

, =
_ 60-500 0-200 0.5 E4 4

T46 - 726'-6 - 60-500 0-200 0.5 El 5

747 728'-3 - 60-500 0-200 0.5 El 5

-,

T48 228.33 699'-0 43'-4 50-200 0-100 0.5 E1

.

4

A
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M TABLE 3

TEMPERATURE SENSOR DATA t

NOTES .

1 (1) Sensors T34, T38, and T35, T39 are located downstream onJ
Safety / Relief Valve and inside Pipes 1MS04BR-12 and
IMS04BM-12, respectively and measure fluid temperature(see Figure 15) .

.

(2) Sensors T36, T40, and T37, T41 are mounted in the center
} of the Quencher Device for Pipes 1MSO4BR-12 and

1MSO4BM-12, respectively and measure fluid temperature(see Figure 15) .

]
GENERAL NOTES

1

d

Location Sensor No. . Function

Suppression Pool Tl through T33 Measurement of temperature-and T48 time history at various loca-
] tions in the suppression pool

to determine the degree of
thermal mixing during an SRV

; blowdown. T2, T6, T7 and T23
are used in conjunction with,

permanent sensor 1TE-CM057G
to measure therm stratifica-,

tion in the suppression pool.
'

SRV Discharge T35 and T39
Line (lMSO4BM-12) Measurement of fluid tempera-

ture-time history inside the
SRV discharge line downstream
of the safety relief valve.

SRV Discharge T35 and T39
Line (IMSO4BM-12) Measurement of fluid tempera-

ture-time history inside the
SRV discharge line downstream
of the safety relief valve.

T-Quencher T36 and T40
(1MSO4BR-12) Measurement of fluid tempera-

ture-time history inside the
T-Quencher sphere for deter-,

mination of quencher load and
; the condition of steam during
! the blowdown transient.
'

<

SARGENT&LUNDY
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TABLE 3
TEMPERATURE SENSOR DATA

GENERAL NOTES

Location Sensor No. Function

1 T-Quencher T37 and T41
(lMS04BM-12) Measurement of temperature-

time history inside the
T quencher sphere for the,

determination of quencher'
load and the condition of
steam during the blowdown,

transient.
SRV Discharge T42, T46
Line (lMSO4BR-12) Measure pipe external sur-

face temperature.
T44 Measure pipe internal

surface temperature.
SRV Discharge T43, T47
Line (lMSO4BM-12). Measure pipe external sur-

face temperature.
T45 Measure pipe internal surface

temperature .

.

i

I

i .

.

!
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LA SAL 1( COUNTY - I
C0pubMWEALTH[ DIS 0nCOMPANY

* *

TAB d 4 'Af'El 0F 1-.

PN0 JECT NO. 5835 00

I STRAIN GAUGE DATA
REV 4

1 SEN50ft LOCATION

SEN50F EXPECTED EIP[CTED ACCURACY (NVIRON NOTF5.

NUMats RESPONSE FRIOUENCY MENT
RANGE

. A2!NTM ELEY. RA0!US (IN/IN) (HZ) (1 %
(DIG) (FT-IN) (FT-IN) F.S.)*

51 170 692' '/16 36*-6 .0001 .002 0-100 3 El 1,7,8

S2 170 692' 8/16 36'-6 .0001 .002 0 100 3 El 1,7,8

53 170 692' 8/16 36'-6 .0001 .002 0-100 3 El 1,7,3

54 170 692' '/16 36'-6 .0001 .002 0-100 3 El 1,7,8

'

SS 170 716'-10 36*-6 .0001 .002 0-100 3 El 1,7,8

' $6 170 716'-10 36'-6 .0001 .002 0-100 3 El 1,7,8

57 170 716'-10 36'-6 .0001 .002 0-100 3 El 1,7,8
i

88 170 716*-10 36'-6 .0001 .002 0-100 3 El 1,8

159 170 676'-9/4 36' 6 .0001 .002 0-100 3 El 1,9

1510 170 676'-9/4 36'-6 .0001. 002 0-100 3 El 1,94

I0;? 170 67 C ' 9 /4 3G'-3 .0001 .CO2 0-130 3 El 1,9

$12 170 676'-9/4 36*-6 .0001 .002 0-100 3 El 1.9

IS13 170 676'-9/4 36*-6 .0001 002 '0-100 3 El 1,9

1514 170 676'-9/4 36*-6 .0001 .002 0-100 3 El 1,9

I51$ 170 676*-9/4 36'-6 .0001 .002 0 100 3 El 1,9

ISie 170 676'-9/4 36' 6 .0001 .002 0-100 3 El 1,* 9
- _ = - ,

I$17 170 676'-9/4 36*-6 .0001 .002 0-100 3 El 1,9

I$1r 170 676'-9/4 36'-6 .0001 .002 0-100 3 El 1,9

IS19 170 676'-9/4 36'-6 .0001 .002 0-100 3 El 1,9

IS20 170 676'-9/4 36'-6 .0001 .002 0-100 3 El 1,9

I521 170 676*-9/4 36'.6 .0001. 002 0-100 3 El 1,9

IS22 170 6 7 A '-9 /4 36'-6 .0001 .002 0-100 3 El 1.9 j

i 823 170 674'-7 36'.6 .0001 .002 0 100 3 El 9

S24 170 674'-7 36'-6 .0001 .002 0-100 3 El 2,9

! S23 170 674'-7 36'-6 .0001 002 0-100 3 El 2.9
l

826 170 674'-7 36*-6 .0001+.002 0-100 3 El ,

--- -----.- _ ----- _ .-- _ . _ ._ . . ._. _ .. _ ..... .- _ . ........ ....
,



LA SALLE COUNTY - 1

| CaptEONWEALTH EDISON COMPANY
*

TABLE 4 D'#'' i 0'l-a

g PANECT N0. 5835-00

3 STRAIN GAUGE DATA
,g, 4

1 SIN 50r! LOCAfl0N

5LN505 (IPICTED (IPICTIO ACCURACY ENVIRON N0ft5.

NUM8(5 R(5P0iSE FREQUENLY MENT
RANr.E

A2!MJfM ELIV. RADIUS (IN/lN) (M2) (1 %
(D(G) (FT IN) (FT-IN) p.3,)

527 170 674'-7 36'-6 .0001 .001 0-100 3 El 2,9

S28 170 674'-7, 36*-6 .0001 .001 0-100 3 El 2,9

S29 170 674'-7 36'-6 .0001 001 0-100 3 El 2,9

-- 530 170 674'-7 36'-6 .0001 .001 0-100 3 El 2,9

~

S31 174 32*-9 .0001 .001 0-100 3 El 6,7.10
-

532 174 32*-9 .0001 .001 0-100 3 El 6,7,10
-

333 174 32'-9 .0001 .001 0-100 3 El 6,7,10
-

1
-

S34 174 - 32'-9 .0001 .001
'

0-100 3 El 6,7,10<

$35 246 23'-3 .0001 .001 0-100 3 El 6,7,10
-

i S36 246 23'-3 .0001 001 0-100 3 El 6,7,10
-

SJ) 246 - 23'-3 .0001 .001 0-100 3 El 6,7.10

S38 246 23'-3 .0001 .001 0-100 3 El 6,7.10
-

539 250 681'-2 43'-4 .0001 .001 0 100 3 El 2,9

S40 250 681'-2 43'-4 .0001 .001 0-100 3 El 2,9,

541 250 681'-2 43'-4 .0001 .001 0-100 3 El 2,7,9

$42 250 681*-2 43'-4 .0001 .001 0-100 3 El 2,7,9

S43 250 681'-2 43'-4 .0001 .001 0-100 3 El 9

S44 250 681'-2 43'-4 .0001 .001 0-100 3 El 9

S45 230 681'-2 43'-4 -*.0001 1-50 3 El 10

S46 230 641'-2 43'-4 * 0001 1-50 3 El 10.

S47 230 681'-2 43'-4 ** 0001 1-50 3 gg 3,10.

S48 230 681*=2 43'-4 "".0001 1-50 3 El 3,10

549 230 681*-2 43'-4 v 0001 1-50 3 El 4,10

S50 230 681'-2 43' 4 ^'. 0 0 01 1-50 3 El 5.10

_ . . .
-

p
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TABLE 4
STRAIN GAUGE DATA

NOTES
+

4

(1) Gauges on SRV Discharge Pipe /Ouencher may experience,

temperature up to 500*F.
a

(2) The following sets of Strain Gauges should be arranged
in a Rectangular Rosette Pattern: (S25, S27, S28),

] (S24, S29, S30) and (S39, S43, S44).

(3) These are redundant sensors to S45 and S46.

(4) Sensor is centered between stiffeners and oriented along
the short direction.,

(5) Sensor is centered on the stif fener opposite sensor S49.

and aligned with the long direction.
,

(6) Sensor elevation is shown in Figure 5.
,

(7) The following sets of Strain Gauges should be wired in
a half-bridge fashion in order that their signals add

'
on a bending moment and subtract on elongation.

(S1, S2) ; (S3, S4); (SS, S6); (S7, S8); (S31, S32);
(S33, S34); (S35, S36); (S37, S38); (541, S42).a

(8) Strain gauge mounted on SA-106 - Grade B steel.

(9) Strain gauge mounted on SA-358 - Grade 316L steel.

(10) Strain gauges mounted on SA-240-TP-304 stainless steel.

GENERAL NOTES

Location Sensor No. Function

SRV Discharge S 1, S 2, S3, S4, Measurement of bending strains'
Line IMSO4BM-12 SS, S6, S7, S8 in radial and tangential
(Discharge line planes. For determining
having largest bending stresses resulting,

i air volume) from self-imposed SRV dis-
'

charge loads. Placement of
strain gauges is based on
expected locations of maximum

- stress.

SARGENT&LUNDY
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TABLE 4
STRAIN GAUGE DATA

GENERAL NOTES

Location Sensor No. Function

Quencher Assembly S9, S10, S11, Measurement of quencher arm
and Support S12, S15, S16, bending strains in two
(Quencher corres- S17, S18 mutually perpendicular planes,] ponding to SRV parallel'to the arms longitu-
discharge line dinal~ axis. For determining
IMSO4BM-12) bending stresses resulting

] from self-imposed SRV dis-
J charge loads.

Quencher Assembly S13, S14, S19, Measurement of hoop strainsy
i and Support S20, S21, S22 in quencher arms and sphere"

(Quencher corres- for determining approxima-
ponding to SRV tions of thermal transient

} discharge line and pressure stresses.
1MSO4BM-12)

" Quencher Assembly S23, S24, S25, Measurement of bending strains
and Support S26 in the quencher support in the,

(Quencher corres- radial and tangential planes.
ponding to SRV For determining bending,,

discharge line stresses resulting from self-'

1MSO4BM-12) imposed SRV discharge loads.
Quencher Assembly S27, S28, S29, To be combined w'ith S24 andand Support S30 S25 to form two rectangular(Quencher corres- rosettes. The strain rosetteponding to SRV will be used to calculatedischarge line support torsional stresses,

1MSO4BM-12) resulting from self-imposed
discharge loads.

Downcomer S31, S32, S33, Measurement of bending strains(Az. 147*, S34 in radial and tangential
Radius 32'-9" planes. For comparison withAz. 246*, S35, S36, S37, stresses calculated fromRadius 23'-3") S38 analytically predicted sub-

merged structure loadings.
Placement of strain gauges is
based on expected locations
of maximum stress.

-

SARGENT&LUNDY
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TABLE 4
STRAIN GAUGE DATA

GENERAL NOTES

Location Sensor No. Function

RHR Suction Line S39, S40, S41, Measurement of bending strains
(Az. 250', S42 in and out of the plane of

i Radius 43'-4") the elbow. For comparison
; with stresses calculated from

analytically predicted sub-
merged structure loadings.

R!!R Suction Line S43 and S44 To be combined with S39 to <

(Az. 250*, form a rectangular rosetteq

Radius 4 3 '-4 ") for calculating torsional'

stresses. For comparison
with stresses calculated'

from analytically predicted
. submerged structure loadings.
9 Containment S45 and S46 To record the strain responsesWall Liner'

in the containment wall most'

likely to experience a net
suction pressure loading, ifg

any. *

Containment S47 and S48 Backup sensors to S45 and
Wall Liner S46.

Basemat Liner S49 and S50 To record the strain
responses in the basemat
liner and liner stiffeners.
They are located in an area
most likely to experience a
net uplift pressure loading,
if any.
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TEST MATRIX

E
~

Nominal **

]
Type of Valve (s) Initial Initial Initial Discharge
Test Actuated Water Leg Pipe Temp. Pool Temp. Duration (sec)

SRV-1 C NHL+ CP, HP NT 15
SRV-1 G NWL+ CP, llP NT 15
SRV-1 H NWL+ CP, HP NT 15
SRV-1 M NWL+ CP, HP NT 15

} SRV-1 R NWL+ CP, HP NT 15

SRV-C C NWL* CP* NT 15] ,

SRV-C G NWL* CP* NT 15.
SRV-C M NWL* CP* NT 15

SRV-2 C,H NHL+ CP, HP NT 15
SRV-2 C,R NWL+ CP , * HP NT 15
SRV-2 C,R NWL+ CP/HP NT 15
SRV-2 C,G N'fL+ CP, HP NT 15

} SRV-4 C,G,H,R NWL CP NT 15

SRV-S C,G,H,R NWL CP NT 15

SRV-E C NWL CP NT 600

} SRV-E H tE4L CP NT 600

HP NT 15SRV-L M]
---

.

NOTES: . The number of times each type of test should be repeated is

] to be determined from statistical considerations.

= After first actuation temperature and water level change.*

= 15-second nominal time can be 5.to 20 seconds actual;**

] extended blowdown may be limited by plant limits.
+ = Cold pipe only

} The SRV Discharge Ouenchers of valves M, G, C, H, and R
are located at 170*, 210*, 230*, 252*, and 264*, respectively.

SRV-1 = One valve actuation CP = Cold Pipe<

SRV-C = Consecutive valve actuations HP = Ilot Pipe
'

SRV-2 = Two valve actuation CP/HP = One Hot & One Cold Pipe
SRV-4 * Four valve actuation tCVL = Normal Water Level
SRV-S = Sequential valve actuation NT = Normal Pool Temperaturey

L SRV-E = Extended valve blowdown
SRV-L = Leaky valve simulation'

,

1 of 1a
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APPENDIX B
.

Specifications for Sensors

'

Accelerometer Specifications: (Endevco 7704-100 Accelerometer)*

, (used outside containment)
.

- Charge Sensitivity

Nominal: pC/g 100

Minimum: pC/g 90

- Frequency Response
(15% charge deviation) : Hz 1 to 5000

1
- Mounted Resonant Frequency

Nominal: Hz 20,000

- Transverse Sensitivity

Maximum: % 3

1
- Temperature Response

, , (15% charge deviation) : 'F -65 to 500
'

:

Amplitude Linearity % Sensitivity
-

'

increases 1%
per 250 q's.

,

' Accelerometer Specifications: (Endevco 7717-200 Accelerometer),

"

(used in Containment Drywell)
,

2 Charge Sensitivity-

' Nominal: pC/g 200

Minimum: pC/g 180
,

Frequency Response-

(+5% charge deviation): Hz 1 to 4000
.

.

Mounted Resonance-

Frequency Hz 17,000
'

1 of 9
_ _ , , _ . . . . . . . .
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3
.

- Pr nsverse Sensitivity @
Approx. 15 Hz: % 3 max.

- Temperature Responses

(+5% charge deviation) : *F -65 to 572

Amplitude Linearity: Sensitivity increase-

approx. 1% per 250 g.
.

:

*

Accelerometer Specifications: (Endevco 7717-M2A Accelerometer)
(used in Containment Wetwell)

3
- Charge Sensitivity

Nominal: pC/g 200

Minimum: pC/g 180

- Frequency Response
(+5% charge deviation): Hz 1 to 3000

,
- Mounted Resonance Frequency: Hz 17,000

- Transverse Sensitivity @
~

'
Approx. 15 Hz: % 3 max.

s

3 - Temperature Responsej (+5% charge deviation): 'F -65 to 572

}
- Amplitude Linearity: Sensitivity increase

approx. 1% per 250 g.
.

*

RTD Specifications: (Medtherm PTF-XXX-10356),

(used in all applications except pipe
outside surface temperature measurement),

.

Type: Platinum thin resistance {
-

] thermometer on ceramic.

Substrate.
4

j 2 of 9
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I
Resistance: 100 ohms at O'C,-

138.50 ohms at 100*C.

Temperature Range: 50* - 600*F
-

Pressure Range: 0 - 1500 psig
1

-

Reference Time: 5 milliseconds
-

- Accuracy: -+ 0.5'F.

* RTD Specifications: (Medtherm PRT-XXX-10387)
y (used for pipe outside surface temperature
,J measurement)

r
.

- Type: Platinum Resistance
-

Thermometer

l]a
- Resistance: 100 ohms at 0*C, 138.5 ohms

at 100*C

]
- Ter.perature Range : 50*F to '600*F

- Pressure Range: 0 - 700 psig

Response Time: 1 second typical
-

*

Strain Gauge Specifications: (Ailtech MG125)

]
.

- Element Type: A
,

J - Resistance: 120 1 5 ohms

- Gauge Factor: 1.7 1 3%
,

- Gauge Factor Change with
"

Temperature: -l%/100*F
,

J - Pressure Rating: 0 - 2500 psig
,

y 3 of 9
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I* '

. .

I
* Pressure Sensor Specifications: (CEC 1000)

.1 (used for ranges 0-100, 0-3'00,
0-50 psig)

PRESSURE RATING:

Proof Pressure: 200% of rated pressure, not-

to exceed 7,500 psi, will
not cause changes in per-
formance beyond the specified
tolerances.

- Burst Pressure: 300% of rated pressure, not
to exceed 10,000 psi, will

, not cause rupture of the
; sensing elem'ent or case.

ELECTRICAL CHARACTERISTICS:

Excitation:', 10 Vdc rated; 15 Vdc-

maximum

,

Full range output: 30 mV minimum-

,

.

'

- Residual unbalance: within 12%, FRO

Bridge Resistance: 300 to 500 ohms-

Combined Linearity, Hysteresis-

and non-repeatability: 10.25% FRO, BSL,

- Insulation Resistance: 500 megohms or greater at
45 Vdc.

Breakdown Voltage: 100 Vdc or pk ac between
-

case and any-terminal without
damage.,

- Connections: 6-pin Bendix PTIH-10-6P, or
equivalent.

4 of 9
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,,

1

1
- Shunt Calibration: Provisions for single-arm,

external shunt calibration.

l '

MECHANICAL CHARACTERISTICS:

.

Mounting Isolation: Double case isolation-
-

provides assurance that the
sensing element will be
unaffected by external

| stresses.

Sensing Element: 4 active arm bridge using-

sputtered elements.

ENVIRONMENTAL PERFORMANCE: ,

Temperature:-

Operating Range: -65' to +300'F

f Compensated Range: -65' to +250*F

Thermal Zero Shift: +0.005 FRO /*F over the
compensated temp. range.

Thermal Sens. Shift: +0.005/*F over the compen-
sated temp. range.

.

Thermal Zero Stability: 0.15% FRO over the compen-
sated temp. range.

Thermal Sensitivity Stability: 0.10% FRO over the compen-
sated temp. range.

Vibration: Qualifict. tion Level of-

35 g. pk; 5-2000 Hz
Max. 1/2" D.A.
Less than 0.003% FRO /g

5 of 9
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I
Shock:-

Qualification level of 100 g.
11 msec, half sine wave
without damage.

.1
.

Humidity: Per MIL-E-5272C Proc. 1.
-

Altitude: Insensitive to external
-

case pressure variations
within the range of 0 to
25 psia.

1 Performance Stability: +0.1% FRO for a minimum
-

of 4 hours when subjected
to any combination of

1
constant temperature and
pressure within the speci-
fled limits.

;

*

Pressure Sensor Specifications: (CEC 1000-04 Sputtered Thin Film
High Temperature Pressure

1 Transducer)
(used for 0-1000 psig range)

PRESSURE RATING:
.

| Proof Pressure: 0 to 100 psi and above are
-

<

available in psis.
200% of rated pressure or
15,000 psi (whichever is
less) will not cause changes
in performance beyond
specified tolerances.

Burst Pressure:-

300% of rated pressure or
20,000 psi (whichever is

,

less) will not cause rupture
of the sensing element or
case.

ELECTRICAL CHARACTERISTICS:

Excitation:-

ti 10 Vdc rated; 15 Vdc
.

maximum'
!

6 of 9,
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.

Full Range Output: 3D mV nominal.-

i

Residual Unbalance: within +5%, FRO.-

_

Bridge Resistance: 300 to 500 ohms.
1

-

Combined Linearity, Hysteresis-

and non-repeatability: +0.25% FRO, BSL.

1'
Insulation Resistance: 100 megohms or greater at-

45 Vdc.

- Connections: 6-pin Bendix PCIH-10-6P
(101), or equivalent.

1 - Shunt Calibration: Provisions for single-arm,
external shunt calibration.

1
MECHANICAL CHARACTERISTICS:

Mounting Isolation: Double case isolation-

provides assurance that the

} sensing element will be
unaffected by external

' stresses.
,

- Sensing Element: 4 active-arm bridge using
sputtered elements.<

;

ENVIRONMENTAL PERFORMANCE:,,

-
.

- Temperature:

Operating Range: -65 to +450*F.

Compensated Range: +75 to +400 *F.

Thermal Zero Shift: AO.01% FRO /*F over the
compensated temp. range.

7 of 9
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I .

Thermal Sens. Shift: +0.01% FRO /*F over the
compensated temp. range.

Thermal Zero Stability: 0.25% FRO over the compen-
sated temp. range..

1 Thermal Sens. Stability: 0.15% FRO over the compen-
sated temp. range.

- Vibration: At 35g peak from 10 to 2000
Hz (1/2" D.A. max.) the out-

]
4 put shall not exceed 0.04%

FRO /g for 15 psi units
decreasing logarithmically
to .003% FRO /g for 1000 psi*

' units and above.

_) - Natural Frequency: 50 kHz at 5000 psi,
! >

i

decreasing logarithmically
to SkHz at 15 psi. .

|, - Shock: 100g, 11 msec, half sina
wave without damage.

.

'
- Humidity: Per NIL-E-5272C, Procedure 1.

J
,

Pressure sensor Specifications: (Validyne AP-78-44-1590)*
i

(used for low pressure measurement
,

*
after high pressure spike)

,

2 - Pressure Range: 20-32 PSIA

',

!: Linearity: +0.5% FS best straight line-

- Hysteresis: 0.5% pressure excursion

"

Overpressure:-

,~

'' Differential: 200% FS up to 6000 psi
: maximum

j

8 of 9'
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.

Absolute: 20 PSIA or 200% FS whichever
"1 is greater, up to 6000 PSI

maximum

l' Differential-

Line Pressure: 5000 psig operating
,

Line Pressure Effect: Less than 1% FS Zero shift /
1000 psig

1
- Output: 40mV/V full-scale (typical)

. Inductance: 20mH nominal, each coil

. - Zero Balance: Within SmV/V

- Excitation: Rated: SV RMS, 3 kHz
*

1
- Pressure Media: Corrosive liquids and gases

compatible with 410 CRES and
Inconel

Temperature-

'
Operating: -65*F to +250*F

.

Compensated: 0*F to +160*F,

'

Thcrmal Zero Shift: 1 psi and above, 0.02%,
-

(typ) FS/*F,

Below 1 psi, 0.04% (typical)
'

FS/*F

- Thermal Sensitivity Shift: 0.04%/*F (typical),

Pressure Connection: 0.125" O.D. by 1" stainless
-

steel tubing

- Electrical Connection: 8-inch wire leads
,<

9 of 9
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1-
APPENDIX C .

'

Specifications for Vishay System

Bridge Completion: 1/4 bridge completion
-

network per channel
'

'
.'

- Bridge Balance Range: 3000 micro-inches / inch
.

Calibration: Internal calibration of
-

!

_1%+

Amp Gain: 100 to 2000 continuous or
-

.

steps of 100, 500, 1000,
,

and 2000,

4

Input: Differential
-

.

Input Impedance: 25 megohms differential or
-

f

common mode,

,

Output: +10V maximum
-

>

Linearity: +0.05% to DC
-

.

I

|

}
- Stability 0.5% after 15 minutes

i

i

!

.

.1
1

.
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APPENDIX D
.

Specifications for Charge Amplifier

ENDEVCO Model 2721AM4 and

Charge Converter Signal Conditioner Endevco

Model 4479.1M3/2652Mll

3
2721AM4

* INPUT

Single-ended with one side connected
INPUT CONNECTION to circuit common; rastricted for use,

with capacitive devices.

1 kn minimum shunt resistance; 30,000
SOURCE IMPEDANCE pF maximum shunt capacitance.

30,000 pC pk without overloadMAXIMUM INPUT

1,000 pC/us maximumSLEW RATE

IE
4'

OUTPUT

Single-ended with one side connectedOUTPUT CONNECTION to circuit common.

LINEAR OUTPUT VOLTAGE +10 V, maximum

]
LINEAR OUTPUT CURRENT 12 mA, maximum

OUTPUT IMPEDANCE 100 110%

RESIDUAL NOISE Nc <0.03 pC rms +00.008 pC rms per
1,000 pF of source capacitance,

6 referred to input.

00
Nr = pC rms (typical)

a
where Rs <100 kQ

Noise = /Nc2 + Nr2
~. M..

c?
.-

-?
M 1 of 4
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I TRANSFER

SYSTEM SENSITIVITY Amplifier gain is continuously adjust-
able to allow for indicated calibrated
system sensitivity for transducers
with sensitivities of 1 to 100 pC/g.

INDICATED RANGES 1, 3, 10, 30, 100 mV/g for 1 to 11 pC/g;
10, 30, 100, 300, 1,000 mV/g for 10 to
110 pC/9

GAIN ACCURACY +1% of actual gain for source impedance
~

10 kn and/or <10,000 pF

GAIN STABILITY +200 ppm /'F, maximum '

FREQUENCY RESPONSE +5%, lHz, with source, impedance
2721AM4 E300 kn

.

j .

]
ENVIRONMENTAL,

TEMPERATURE 0'C to 75'C (32*F to 167'F)
HUMIDITY 95% relative humidity, maximum

4479.lM3/2652Mll-

'

ELECTRICAL
,

INPUT CHARACTERISTICS
(2652ffil)'

Input Connection Single-Ended
''

Source Impedance Capacitive devices only.
Shunt resistance 25 M.7 minimum.s

Source Capacitance 10,000 pF, maximum
,

OUTPUT CHARACTERISTICS'

(26521111)
Output Connection Single-Ended,

output Impedance 5 ohms nominal, when used with 4479.1.
.

e

1I
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Maximum Capacitance
between 2652Mll and To meet all specifications, C = K/fpF,

1-
4479.lM3 where f !s maximum frequency of

interest and K = 130,000 tor 1 pC full
scale, K = 3,000 for 100 pC full scale,

j K = 85 for 3,000 pC full scale.
g Worst case: 8500 pF maximum at 10,000 Hz

and 3,000 pC pk input signal.

INPUT CHARACTERISTICS
(4 4 79.1M3 )
Input Connection Single-Ended -

Input Resistance 1000 ohms in series with 390 DF

OUTPUT CHARACTERISTICS
(4479.lM3 Card)

1 . Output Connection Single-Ended
Linear Output Volt 2.5 V pk, Full Scale
Linear Output Current 2.5 mA pk, maximum
Output Impedance 50 ohms, maximum, in series

with 200 pF.

1 POWER (R40) +30 V de from 4470 set by program
resistor on mode card.

TRANSFER CHARACTERISTICS
1 (2652Mll and 4479.1M3)

Full Scale Ranges for Sensitivities:

10 to 100 pC/g 0.1, 0.3, 1.3, 10, 30g
Actual Gain 0.8 to 2500 mV/pC
System Accuracy i3% of F.S., any range at +24*C'

(+75'F) and source capacitance
of 1000 pF, maximum.a

Gain Stability Better than 0.5% per 1000 pF
source capacitance.
Better than 2%, -10*C to +65*C
(+15'F to +150*F). Gain decreases
approximately 1% for every 10 ohms

] cable resietance.
Frequency Response !5%,lHz to 10,000 Hz
Linearity !0.5% of reading from best straight'.

line.
J Total Harmonic Distortion 0.2%, maximum

Residual Noise Less ti..en the total of 0.0075 pc rms

1
plus 0.u025 pc riis per 1000 pF source
capacitance referred to input plus
0.5mV rms referred to output.

,

'

PHYSICALa

'

MODE CARD ( 4 4 79. Dl 3 ) Designed for plugging into from panel
of 4470 Module.a

*
,

"
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I
CONNECTdRS (2652!!11)

Input (J1) ; Coaxial, 10-32 thread, MicrodotI S-50 Series or equivalent.

Output Solder terminals.

MOUNTING ( 2652f tll) Converter mounts in 13/16" hole.

CONTROLS (on Mode Card)'

Sensitivity (R30) Ten turn potentiometer, with calibrated
turns dial.

. Full Scale (S1) Six position rotary switch.

ENVIRONMENTAL

1- OPERATING TEMPERATURE
(2652f tll) -54'C to +85*C (-65*F to +185'F)

]

]

]
..

i

] -

.

3

3
. . .

,

.

i d

91

d

g

4 of 4
; ,

-- - - - z--....... ,,,

t-_ - _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ . _ _ _ _ _ ._.________________________________________mm. ___ ______. . _ _ _



,

Revision 4

3
'

APPENDIX E

O.S.I. System Performance Characteristics

Record Electronics

*

Analog Input Channels: Expandable to 256 channels-

in 16 channel blocks.

1
- Digital Input Channels: Expandable to 32 channels

up to 16-bit parallel with
handshake transfer.

.

- Frequency Response Range: 200 Hz

- Throughput Rate: 1000 samples /sec/ channel

- Recording Capacity: Up to 145 Megabytes per reel.

. - Analog Input Impedance: 10 Megohms

- Conversion Method: Successive approximation
wich S/H input amplifier.

Conversion Code: 2'.' complement binary-

i - Conversion Resolution: 12 bits including sign
,

- Dynamic Range: 66 dB

Conversion Accuracy: 0.01% F.S., + 1/2 LSB-

Input Level-Analog: +5 FS, +15V FS maximum-

_

overvoltage protected.

- Digital: Standard TTL Logic Levels

' .]m
- Time Code Data: Days, hours, minutes, and

seconds may be entered into
tape records as required.

*$
-] - Header Data: Manually entered by operator

via front panel keyboard.

] - Power: 1800 W, 110V AC, +10%,
~

50-60 Hz.

z] Playback Electronics '

>

'
Number of Output Channels: One (expandable up to eight

-

+ channels)
,

1 of 2
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5
Throughput Rate: Up to 250,000 samples per-

second.

- Speed-Up Factor: Up to 1000:1 and beyond
limited only by throughput
rate.

Conversion Code: 2's complement binary-
,

.

- Conversions Resolution: 12 bits including sign

Setting Time: 3 microsec to 1/2 LSB-

- Slew Rate Output Voltage: 20V/second standard for
]' +5V FS; other ranges .

d optional

- Output Current: 1 5 ma
- Oatput Filter: 4-pole active Bessel,

Butterworth or Tschebychev
optional

- Conversion Accuracy: +0.05% FS i LSB at 25'C
- Temperature Coefficient: 20 ppm /*C

. Time Code Data: Days, hours, minutes, and-

,

y seconds may be read from-

tape records and displayed.

3e Tape Transport Characteristics

- Format: IBM compatible

- Number of Tracks: 9-track

- Density: 6250 BPI, GCR

Record Length: 4096 bytes-

- Tape speed: 125 ips

,

e'M

,

-
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* APPENDIX F
.

Specification for RTD Signal Conditioner

Analog / digital integrated circuit design.-

.

- ll7V AC 60 Hz or 24V DC 110% regulation.

Nominal ambient temperature range -20*F/120*F.-
,

Calibration accuracy 10.10%.-

Lineari ty/ repeatability 10.10% .-

Temperature sensitivity 10.0025%/*F.-

- Line voltage sensitivity 10.00bl%/1% line change.
.

- Signal isolation from dc power source is standard.

Optional input to output signal isolation is ikVp-p.-

- Extremely high common / normal mode rejection.
.

- Digital circuit resolution, JO bit minimum.

r~ - Zero droop sample-hold and ramp generator circuits.

- Output circuits.

*: Current (automatic AR loop correction)
4

1/5mADC into 0-2400 nstd., 0-5000 copt.,
4/20mADC into 0-600 astd., 0-1500 copt.,
10/50mADC into 0-300 astd.,^0-600 copt.

;

Voltage (nominally zero source impedance).

O to 10 mADC into load.

Control Relay, 10 Amp contacts, resistive.
i

Pulse, any V or I, source or sink.
'

'

2 Input impedances.-

i
,o,

l 1/SmA is 200.2, 4/20mA is 50u , 10/50mA is 200. l

V and mV is greater than 10 megohm.
:

.

.f
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