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QUALIFICATION SUMMARY

Hydraulic Control Unit

) COMPONENT NAME:

‘ C12-p001
2. MPL OR EDL ITEM NO::

3. QUALWICATION DOCUMENTATION (ENCLOSED WITH THIS REPORT)

A. QUALIFICATION SUMMARY OF EQUIPMENT (SQRT FORM), INCLUDING REQUIRED RESPONSE SPECTRAWITHTRS
PLOTTED ON RRS GRAPH. AS APPROPRIATE.

Enclosed

B. SORT EVALUATION 'FLOW CHARTS (MARKED TO SHOW DECISION PATH).

Enclosed
C. REFERENCE DOCUMENTS
REFERENCE DOCUMENT REVISION OR
NUMBER IDENTIFICATION DATE TITLE/SUBJECT
(1) GE-761E500 Rev. 10 Hydraulic Control Unit Assembly Drawing
2) GE-384HA183 Rev. 0 (7/21/75) Hydraulic Control Unit, Test Report
(3) DRF €11-00089 Feb. 1985 Design Record File, HCU Model Analysis
(4) NEDC-30927 Feb. 1985 Environmental Quaiification‘Report for
the Hydraulic Control Unit with 3-way
. ASCO SSPV
» (5) NEDE-24788 May 1980 Seismic Qualification Review Team (SQRT)
: Technical Approach for Re-evaluation of
BWR4/5 Equipment >
(6) GE-383HA853 Rev. 0O Hydraulic Control Unit, Seismic Analysis
D. ADDITIONAL SUPPORTING DOCUMENTS
DOCUMENT REVISION OR
IDENTIFICATION DATE TITLE/SUBJECT
GE-22A1342 Rev. 0 CRD System Design Specification
i Ve &3 '
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QUALIFICATION SUMMARY (CONTINUED)

- C12-p001
MPL ITEM NO.: -

4, REQUIREMENTS e e

The Hydraulic Control Unit (HCU) is required to withstand the dynamic loads imposed at
the HCU/structural interface locations. The HCU must maintain operability to the
extent that a scram function can successfully be completed. The HCU must perform its
required safety-related function (scram) during an emergency plant shutdown.

5. DEMONSTRATED CAPABILITY

The dynamic qualification of the installed HCU (761E500G004) is demonstrated by a :
test performed on a similar HCU (767E800G001) during the Phase III E.Q. Program |
(Ref. 4). Figure l and Figure 2 show the assembly of the installed HCU and the
tested HCU. The TRSs obtained from the test are compared with the RRSs at the HCU |
mounting locations. These comparisons are shown in Figure 3 thru Figure 12, 1In all ]
the cases, the TRS envelops the RRS by a significant margin. Also, the operability |
of the HCU scram function was demonstrated before, ‘during and after test. ‘ 1
]

* H]
6. RATIONALE FOR QUALIFICATION CERTIFICATION
(INCLUDE DECISION ANALYSIS WITH COMPARISON TO ACCEPTANCE CRITERIA, APPROACH FOR DEMONSTRATING

OPERABILITY. AND CONSIDERATION OF HIGH-FREQUENCY RESPONSE.)

condition of the tested HCU envelops the installed HCU for the operability and
structural integrity for the following reasons:

1) All the active components such as Scram Valves, Accumulator, etc. are completely
identical. The main.differences are in the N, bottle size and holddown hardware -
Additionally, the low beam attachment hardware is also slightly different (bolts
vs. clamps). Since all the differences are in the passive components, the
operability of the HCU is consideréd to be fully demonstrated during the test
due 'to the significant margins between the TRSs and RRSs.

|
|
|
The installed HCU and test HCU are similar, but not identical. However, the loading i
i







2)

3)

4)

QUALIFICATION SUMMARY (CONTINUED)

* ~5"RATIONALE FORQUALIFICATION"CERTIFICATION {CONTINUED)

Four test anomalies were recorded during the test (See Ref. 4, Pages 40 thru 43).
However, the only safety-related item is the NOD No. 2, hich is the fracture
of the Ny bottle hanger during the SRV aging test.

The fractured hanger was submitted to a metallographic examination, which showed’
that SRV fatigue was responsible for the fracture (See Ref. 4, Page A5-1).
However, the SRV- loads are negligible (<:0.2 .g) for the installed HCU due to its
location. Note that the SRV TRSs are the limiting loads obtained from several
BWR plants which are significantly higher than the SRV RRSs for the NMP2 HCUs.

An identical HCU in free-standing configuration has been tested in Wyle
Laboratory in 1975 (Ref. 2). This HCU successfully passed all the tests without
any failure. As a result of a finite elements model study (Ref. 2), the seismic
capability of this HCU is further improved by attaching the HCU to the beam
structures of the HCU upper and lower beam attachment locations. Therefore,

the structural integrity of the beam mounted HCUs are demonstrated by the more
severe free-standing test.

A similar analysis has been performed to further assure the acceptance of the
HCU structural integrity considering the NMP2-unique mounting configuration.

“The RRS and TRS (1983 test) at the HCU internal key locations were generated

from this task. A comparison of those response spectra was made which
demonstrated that the TRS obtained from Reference 4 indeed bounded the NMP2
HCU for the faulted condition. The results are shown in the Reference 4, .
Figure 9 thru Figure 23.

In summary, the adequacy of the NMP2 HCUs are demonstrated by the tests performed
on the comparable HCUs. - .

03250-4
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e MPL: C12-D001

~ Seismic and Dynamic Qualification Summary of Equipment

I. Plant Name:  Nine Mile Point 2 Type:
1. Utility: Niagara Mohawk Power Corp. PWR
2. NSSS: General Electric . BWR 5» Mark II
3. A/E: Stone & Webster Other

11. Component Name Hydraulic Control Unit

1. Scope: [X] NSSS [ ] BoP [ ] Other
2. Model Number: __ 761E500G004 Quantity: 185
3. Size or Range: N/A
- 4.  Vendor: N/A
5. If the component is a cabinet or pané'l, name and model number

of the devices included: N/A

a 6. Physical Description:

* a. Appearance: Module assembly
b. Dimensions: 102.38"x21.;75"x17.00"
C. Weight: 785 1b
7. Location: Building: Inside the Reactor Building, outside the contain-

ment.

Elevation: _261 feet
' . 8. Field Mounting Conditions [ X ] Bolt (No. 4_, Size 1/2 )gégg;' Mounting

[ X ] weld (length  y1/4 fillet weld,2" long,
*[x ] ggmsgecial U=Clamps,made "5 places.(U.Be:

/16 SWBeam
9. Mounting Orientation [e.g., on flooré;tté%% A9%ve ’ s’f.ls'i)end d,

etc.] Mounted on flor with the back side
attached to beam structures -

~ 10. a. System in which located: . CRD System

- . as d tored fator ener
b. Functional Description: T;OQ Egropvginrejnthgems orgegncxacgl‘:ggdown &y

c. Is the equipment required for [ ] Hot Standby [ ] Cold
Shutdown [X] Both [ ] Neither [ ] Oother
G %« Each U-clamp is welded to the HCU supporting structures By 1/8" fillet

weld at both longitudinal sides.

RH: rm/A09104%-1
9/23/82






MPL C12-D0O1

11. Pertinent Reference Design Specification for Qualification
Requirements: 22A1342 .

a. [ ] Seismic Input d. [X] Service Conditions
b. [ ] Hydrodynamic Load Input e. [ J Qualified Life
c. [ ] Fatigue Considerations

JI1. 1s Equipment Available for Inspection in the Plant:
[X] Yes [ JNo [ J partial or limited availability

IV. Equipment Qualification Method:

[X] Test [ ] Analysis [ ] Combination of Test and Analysis

Qualification Report*: Wyle Report 58870

(No., Title and Date): Seismic Qualification of One Hydraulic Control

Company that Prepared Report: Wyle Laboratory Unit '
a Company that Reviewed Report: GE ’ "

Where Report is filed or available: NEDC 30927, Vol. 2 (Ref. 4)-
Applicable Codes and/or Standards: IEEE 344, 1975

.

V. Vibration Inhput:
1. Loads considered: a. [ ] Seismic only

b. [ ] Hydrodynamic only
c. [+ ] vibration from normal operation
d. [X ] Combination of (a), (b), and (c)

2. Method of Combining RRS:
[x] Absolute Sum [ J SRSS [ 1]

(other, specify)
- 3. Required Response Spectra** (attach the graphs): |

See attached Figure 3 thru Figure 12

G * If more than one report complete Items 1V thru VII for each report.
** If other than RRS is used, describe methods.

NOTE: !
RH: rm/A09104*-2






- MpL; C12-D001

4. Damping Corresponding to RRS: OBE _ 27 SSE 3%
5. Required Acceleration in Each Directiod:

[ ]2ZPA [ ] oOther ispecify)

OBE S/S = - F/B = V=

SSE S/S = F/8 = ) V=

6. Were fatigue effects considéred:
[X ] Yes [ JNo

If yes, describe how they were treated in overall
qua]if'ication program: Prior to the OBE and SSE tests, the HCU was

subjected to 90 minutes vibration aging at 0.75g sinusoidal input for each axis.

The frequency was varied from 5 to 100 Hz at a rate of two octaves per minute, plus

two 15-minute SRV cycling fatigue aging tests (biaxial, mulqi-frequency, random test).
VI. If Qualification by Test, then Complete:
1. [ ] Single Frequency [ ] Multi-Frequency [x Jrandom
[ ] sine beat
. L
2. [ ] Single Axis [X ] Multi-Axis (Bi-axial)
[X ] Independent Axis [ ] In-phase motions
3. Number of Qualifications Tests: .
OBE 5 Sse 1 Other

(specifx)
4. Frequency Range: 1 to 100 Hz
5. Natural Frequencies in Each Direction (Side/Side, Front/Back,

Vertical):
S/S = F/B = V=
6. Method of Determining Natural Frequencies:
[ ] Lab Test [ J In-Situ Test £ ] Analysis

T 7. TRS enveloping RRS using Multi-Frequency Test: ) N
[ J Yes (Attach TRS & RRS graphs)

[ JNo

RH: rm/A09104*-3
9/23/82 ‘ :
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8. Maximum Input g Level Test: See attached Figure 3 thru Figure 12.
OBE S/S F/B = V=
SSE S/S F/B = Vo=

9. Laboratory Mounting:
A. *[X] Bolt (No. 4 , Size 1/2 ) Floor

[ Jweld (Length __ ) [ ]

B. Orientation and Fixturing:

10. Functional operability verified: '
[x ] Yes [ J1No [ 1 Not Applicable
1l. Test Results including modifications made:

Wiring Trough Assemblv supporting bracket (NOD No.l) .4
N, Bottle and Accumlator hold down hardwares (NOD No.2).

12. Ot*ier tests performed (such as aging or fragility test,
including results):
Vibration aging -~ no failure.

SRV aging test - NOD No.l & 2 occurred during this test.

13. Failure Modes (If appropriate) N/A
14. Margins Available: [ ] Input Spectrum [ ] Fragility

VII. If Qualification by Analysis, then complete: N/A
1. Method of Analysis:

[ .] Static Analysis [ ] Equivalent Static Analysis
[ ] Dynamic Analysis " [ J Time-History [ ] Response
Spectrum
2. Natural Frequencies in Each Direction (Side/Side, Front/Back,
Vertical):
- S/S = F/8 = V=
3. Model Type: [ 3130 "~ [ ]2 [ J1D
[ ] Finite Element [ J Beam
[ J Closed Form Solution [ ] Other
*Total number of seven 3/8" bolts were used for the beam attachmemt locatioms.
Q' Four bolts are located at the uppermbeam and three bolts are located at lower beam.

RH: rm/A09104*~4
9/23/82
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10.

[ ] Computer Codes:

Frequency Range and No. of modes
[ ] Hand Calculations )
Method of Combining Dynamic Responses from Seismic and Other

Dynamic Loads: ' v
[ ] Absolute Sum [ 1 SRSS [ ] Other:
: (specify)
Damping:
OBE SSE Basis for damping used:

Support Considerations in the model:

Critical Structural Elements:

Governing lLoad

or Response Seismic Total Stress
Identification Location Combination Stress Stress Allowable
Maximum Critical Maximum Allowable Deflection
Deflection Location to Assure Functional Operability

Failure Modes:
Margins Available: [ ] Input Spectrum
[ ] Stress or Deflection

RH: rm/A09104*-5






EQUIPMENT: Hydraulic Control Unit

MPL NO: C11-D001

DECISION POINT

DECISION and/or BASIS FOR DECISION

1)

2)

3)

Is equipment same or dynamically
similar to equipment already, or
soon to be, qualified to SQRT
requirement?

Operability demonstrated?

Qualified to SQRT?

Yes

Yes

Yes







EQUIPMENT: Hydraulic Control Unit

J : MPL NO: C12-D001

-

k]

@ DECISION POINT

DECISION and/or BASIS FOR DECISION

1) 1Is equipment same or dynamically
similar to equipment already, or
soon to be, qualified to SQRT
requirement?

2) Operability demonstrated?

3) Qualified to SQRT?

Yes

Yes

Yes







LIST SEISMIC CATEGORY |
EQUIPMENT AND SUPPORTS
REQUIRED TO MEET SQRT
REQUIREMENTS

OBTAIN COMBINED RRS
(SEISMIC AND

‘ HYDRODYNAMIC RESPONSES) QUALIFIED

TO SQRT

YES

13
EQUIPMENT
SAME OR DYNAMICALLY
SIMILAR TO EQUIPMENT
ALREADY, OR SOON TO BE,
QUALIFIED TO SQRT
REQUIREMENTS
?

OPERABILITY
DEMONSTRATED
?

NO

RE-QUALIFICATION
REQUIRED

13

ORIGINAL

ANALYSIS QUALIFICATION BY TEST
ANALYSIS OR
TEST g
?
, .
“
m* FigurelA, SQRT Re-Evaluation Flow Chart







Q QUALIFICATION SUMMARY

1. Component Name: Intermediate Range Detector

2. A. MPL or EDL Item No.: C51-N002 A-H
B. GE Drawing No.: 112C3144

3. Qualification Documentation

A. Qualification Summary of Equipment (SQRT Form Attached)

B. Referen;e Documents

Reference Document

Number Identification Date Title
1 * Sensor Products 5-14-1979 "Seismic Qualification

Engineering Memo Test Report, Intermediate
. 994-79-007 Range Detector"
2 *% DRF NO. 943-C515120N*3 7-11-78 "IRM Detector Seismic |
Analysis"
4. Requirements
This device is classified as active and thus must maintain structural and
; functional operability when subjected to a seismic event.

5. Demonstrated Capability

A combination of test and analysis has been used to demonstrate qualification
of this device to BWR seismic requirements.

Reference 1 documents testing performed on.an intermediate range detector
assembly in which BWR-6 fuel seismic motion was simulated. The electrical and
nuclear performance of the detectors were checked before and after the seismic |
testing, the detectors were electrically monitored during the test.

The test data before, during and after the seismic testing show no appreciable
change in the functional performance of the detector as a result of the
seismic test.

Reference 2 contains an analysis of the IRM detector which determines the

maximum allowable g loading for the detectors based on structural parameters

only. This maximum allowable g - loading is then compared to a calculated

load based on BWR-6 SSE fuel behavior and physical parameters. Results of

this analysis show that the IRM detector can withstand 2 times the SSE seismic

loading for the horizontal direction, and 21.0 g's in the vertical direction.
* See Attachment 4 for copy.

‘ﬁ ** See Attachment 3 for copy. . .

A







(1)

(2)
(3)

(4)

(5)

Rationale for Qualification

This equipment is qualified for both seismic and hydrodynamic conditions based
on its ability to withstand a simulated seismic environment without compromise
of structural or functional integrity. This qualification is based omn the
following:

Analysis of BWR fuel seismic response shows that the detector assemblies will
be driven at the natural frequency of the fuel assemblies (4.5 Hz). During
seismic testing the detector assembly was impacted between two stops on a
skotch yoke mechanism thereby subjecting the detector assemblies to a broad
range of frequencies as in shock testing.

The detector part of the IRM assembly is a rigid component.

The most severe accelerations experienced by the device are those associated
with impact as is the case when the IRM detector tube impacts the inside wall
of the dry tube.

The most severe acceleration will be met or exceeded provided the displacement
experienced during testing exceeds that which the device will actually see
inside the reactor vessel. The values of OBE = 2.0" and SSE = 3.0" exceed
those displacements which will actually occur under OBE, SSE or either load

in combination with the appropriate hydrodynamic loadings.

The test was run at 7.0 Hz to account for operating temperature strength as
described in attachment 4, Appendix B paragraph 3.0. Peak to peak displacement
of the tests were 2.0" for OBE and 3.0" for SSE. Calculation of tested g-levels
gives 5.0g OBE and 7.5g SSE. Comparison of test levels with the requirements

of attachment 2 show that this device is qualified for application at NMP-2.







MPL: C51-N002 A-H

Seismic and Dynamic Qualification Summary of Equipment

I.- Plant Name: Nine Mile Point 2 Type:
1. Utility: Niagara Mohawk Power Corp. PWR
2. NSSS: General Electric Co. BWR- 5, MK II
3. A/E: SWEC Other
I1. Component Name Intermediate Range Detector
1. Scope: [x] NssS [ ] BOP [ ] Other
2. Model Number: 112C3144 Quantity: 8
3. Size or Range:
4. Vendor: General Electric
5. If the component is a cabinet or panel, name and model number
of the devices included: N/A
6. Physical Description:
a. Appearance: see attachment 1
b. Dimensions: see attachment 1 i
c. Weight: N/A
7. Location: Building: . Primary Containment
Elevation: Inside Reactor Pressure Vessel
8. Field Mounting Conditions [ ] Bolt (No. __, Size — . )
[ ] Weld (Length __ )
[ x ] threaded connector
9. Mounting Orientation [e.g., on floor, cantilevered, suspended,
ete.]
dry tube
10. a. System in which located: Neutron Monitoring

b. Functional Description: active, Class 1E

Is the equipment required for [ ] Hot Standby [ ] Cold
Shutdown [ ] Both [x] Neither [ ] Other






MPL. C51-N002 A-H

11. Pertinent Reference Design Specification for Qualification

Requirements: As specified on GE drawing

a. [x] Seismic Input d. [ ] Service Conditions
b. [x] Hydrodynamic Load Input e. [ ] Qualfied Life
c. [ ] Fatigue Considerations

ITI. Is Equipment Available for Inspection in the Plant:
[ ] Yes [ ] No [X ] Partial or limited availability

IV. Equipment Qualification Method:
[ x] Test [ ] Analysis [ ] Combination of Test and Analysis
Qualification Report*: Sensor Products Engineering Memo
(No., Title and Date): No. 994 79-007 "Seismic Qualification Test Report

Intermediate Range Detector"

Company that Prepared Report: General Electric

Company that Reviewed Report: General Electric

Where Report is filed or available: GE

Applicable Codes and/or Standards:

V. Vibration Input:

1. Loads considered: (Note: a and b combined)
a. [ .] Seismic only
b. { ] Hydrodynamic only
c. [ ] Vibration from normal operation
d. [ x ] Combination of (a), (b), and (c)
2. Method of Combining RRS:
[ ] Absolute Sum [ ] SRSS [ X] N/A
(other, specify)

. 3. Required Response Spectra®* (attach the graphs): Attachment 2
NOTE:
* If more than one report complete Items IV thru VII for each report.

*% If other than RRS is used, describe methods.







MPL. C51-N002 A-H

Damping Corresponding to RRS: OBE 2.0% SSE  3.0%

Required Acceleration in Each Direction:

[ ] zPA [x ] Other ZPA at top of reactor pedestal
OBE S/S = 0.30 F/B = 0.30 V= 0.20
SSE S/S = 0.80 F/B= 0.80 V= 0.40

Were fatigue effects considered:
[ ] Yes [ x] No
If yes, describe how they were treated in overall

qualification program:

VI. If Qualification by Test, then Complete:

1.

[\

[x ] Single Frequency [ ] Multi-Frequency [ Jrandom
[ ] sine beat
[ ]

[x ] Single Axis [ ] Multi-Axis

[ ] Independent Axis [ ] In-phase motions

Number of Qualifications Tests:

OBE S SSE 1 Other

(specify)
Frequency Range: N/A

Natural Frequencies in Each Direction (Side/Side, Front/Back,

Vertical) Detector assemblies are driven by fuel seismic motion

which has been determined to have a horizontal natural frequency of 4.5Hz

S/S = _N/A F/B= N/A V=_N/A
Method of Determining Natural Frequencies:
[ ] Lab Test [ ] In-Situ Test [x ] Analysis (analysis of

BWR 6 fuel assemblies)

TRS envelping RRS using Multi-Frequency Test:
[ ] Yes (Attach TRS & RRS graphs)
[x ] No (IRS not applicable)







VII.

MPL. C51-N002 A-H

8. Maximum Input g Level Test:*

OBE §/S = 5.0 g F/B = 5.0 g V = Not tested
SSE §/s = 7.5 g F/B = 71.58 V = Not tested

9. Laboratory Mounting:
A. [ ] Bolt (No. ___, Size )
[ ] Weld (Length _ ) [ ]

B. Orientation and Fixturing: tube laid horizontally

10. Functional operability verified:
[ x] Yes [ ] No [ ] Not Applicable
11. Test Results including modifications made: The test data before,

during and after the test show no appreciable change in detector

functional preformance.

12. Other tests performed (such as aging or fragility test,
including results):
N/A

13. Failure Modes (If appropriate)

14. Margins Available: [ ] Input Spectrum [ ] Fragility
If Qualification by Analysis, then complete: See Attachment 3
1. Method of Analysis:
" [x ] Static Analysis [ ] Equivalent Static Analysis
[ ] Dynamic Analysis [ ] Time-History [ ] Response
Spectrum

2. Natural Frequencies in Each Direction (Side/Side, Front/Back,

Vertical):

S/S = N/A F/B = N/A V= N/A
3. Model Type:

[ 13D [x]2D [ 11

[ ) Finite Element [x ] Beam

[ ] Closed Form Solution I 1

* Anélysis of IRM detector shows that the device vertical capability is
21 g's (See attachment 3 page A-15); OBE and SSE g levels calculated from
frequency and displacement of tests.







10.

MPL. C51-N002 A-H

[ ] Computer Codes: N/A
Frequency Range and No. of modes N/A

[x ] Hand Calculations

Method of Combining Dynamic Responses from Seismic and Other

Dynamic Loads:

[ ] Absolute Sum [ 1 SRSS [ ] Other:
(specify)

Damping:
OBE SSE Basis for damping used:
Support Considerations in the model:
Critical Structural Elements:

Governing Load

or Response Seismic Total Stress
Identification Location Combination Stress Stress Allowable
Maximum Critical Maximum Allowable Deflection

Deflection Location to Assure Functional Operability

Failure Modes:

Margins Available: [ ] Input Spectrum
[ ] Stress or Deflection
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