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In December 1996 and October 1998, we submitted, respectively, report NSPLMI-
96001, PINGP Individual Plant Examination for External Events (IPEEE) and Revision 1
to that report, in response to Generic Letter 88-20. This letter responds to a Request
for Additional Information (RAI) contained in a letter from the NRC dated May 20, 1999.

The RAI has three areas of concern: 1) Seismic, 2) High Winds, Floods, and Other
Events, and 3) Fire. The responses to the questions related to areas of concern #2 and
#3 were submitted by letter dated September 17, 1999. As discussed in that letter,
additional seismic evaluation was necessary. That evaluation has been completed and
our response to the seismic area of concern is attached to this letter.

In this letter we have made no new Nuclear Regulatory Commission commitments.
Please contact Jack Leveille (651-388-1121, Ext. 4142) if you have any questions
related to this letter.
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NORTHERN STATES POWER COMPANY
PRAIRIE ISLAND NUCLEAR GENERATING PLANT DOCKET NO. 50-282
50-306

GENERIC LETTER 88-20, INDIVIDUAL PLANT EXAMINATION OF EXTERNAL
EVENTS FOR SEVERE ACCIDENT VULNERABILITIES - 10 CFR 50.54(f)

Northern States Power Company, a Minnesota corporation, with this letter is submitting information
requested by NRC Generic Letter 88-20.

This letter contains no restricted or other defense information.

NORTHERN STATES POWER COMPANY

BY

oel P. Sorense
Site General Manager
Prairie Island Nuclear Generating Plant

On this 2371 day of jc Wa/w Z© ©0 _ before me a notary public in and for said

County, personally appeared Joel P. Sofénsen, Site General Manager, Prairie Island Nuclear Generating
Plant; and being first duly sworn acknowledged that he is authorized to execute this document on behalf of
Northern States Power Company, that he knows the contents thereof, and that to the best of his
knowledge, information, and belief the statements made in it are true and that it is not interposed for delay.
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PRAIRIE ISLAND SEISMIC IPEEE RAI RESPONSES
Introduction

Supplement 4 to Generic Letter 88-20 requested all licensees to perform an IPEEE to find plant
specific vulnerabilities to severe accidents caused by external events. Section 4.1 of
Supplement 4 addresses the seismic portion of the IPEEE. Four bins were identified into which
US sites were classified based on seismic hazards analyses; SSE reduced scope, 0.3g focused
scope, 0.3g full scope and 0.5g full scope. The Prairie Island plant was classified as a focused
scope plant requiring the review for seismic vulnerabilities to be performed at a review level
earthquake of 0.3g.

In its original response to Supplement 4 to Generic Letter 88-20, Prairie Island intended to
perform a seismic PRA. However, a subsequent review of the seismic hazards analyses used
to bin the US sites resulted in the NRC concluding that seismic hazards estimates were less
than that perceived when issuing the original Generic Letter. Supplement 5 to Generic Letter
88-20 was issued modifying the requirements for focused scope plants. In this supplement, the
need for evaluating the capacities of reactor internals and soil-related failures was eliminated.
The staff further stated "Modifying the scope of the seismic IPEEE for focused-scope plants in
this manner will make these evaluations equivalent to those for reduced scope plants with the
additional evaluation of a few known weaker, but critical, components or items." Attachment 1
to Supplement 5 listed these additional known weaker components as relays, masonry and
block walls, flat-bottom tanks and other items related to anchorage, physical interactions,
building impact or pounding.

With this reduction in scope, Prairie Island modified its commitment to complete the Seismic
IPEEE. Given the similarity with the requirements for reduced scope plants, a seismic margins
assessment (SMA) was selected. Like the reduced scope plants, the SMA was completed at
the SSE (0.12g for Prairie Island) and submitted with the evaluation of the remainder of the
external events.

It is apparent from the RAIls (TAC NOS. M88663 and M88664) that the staff did not intend to
imply in Supplement 5 of Generic Letter 88-20, that making the evaluations for focused scope
plants equivalent to that for reduced scope plants meant the review level earthquake could be
equivalent to that for reduced scope plants (the SSE). For this reason, the attached responses
to the RAls expand the scope of the seismic IPEEE for Prairie Island from our submittal
(NSPLMI-96001, Appendix A, Revision 0) in that the RLE has been modified to 0.3g.

The evaluation at the 0.3g RLE concluded that all important safety functions could be
accomplished following a seismic event. All components included in the SMA that support
these functions are found to have HCLPFs greater than or equal to 0.3g with the exception of
the component cooling water heat exchangers. The component cooling heat exchangers
HCLPFs of 0.28g are very close to the 0.3g threshold and thus are considered to be adequate.

Responses to RAI

NRC Request

1. Although it is stated in the IPEEE submittal that the Prairie Island seismic margins
assessment follows the guidance of EPRI NP-6041-SL, the procedures used in the
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success path selection of structures, systems, and components are not consistent with
those described in EPRI NP-6041-SL. Success path logic diagrams (SPLDs) were not
provided in the IPEEE submittal; although equipment for important safety functions were
identified and discussed, specific success paths that could bring the plant to a safe
shutdown condition were not identified. It is not clear whether the selected equipment
can provide two success paths with sufficient redundancy and diversity.

In addition, the six safety functions used in the Prairie Istand IPEEE for system selection
(discussed on page A-11, Reference 11) are not consistent with the four safety
functions identified in EPRI NP-6041-SL: (1) reactivity control; (2) reactor coolant
system pressure control; (3) reactor coolant system inventory control; and (4) decay
heat removal.

Please provide information on success path development and system selection
consistent with that described in EPRI NP-6041-SL. Please include in the discussion
the development and identification of the success paths, the systems and equipment
included in the Safe Shutdown Equipment List (SSEL) and their safety functions, and
the isolation of systems that are excluded from the SSEL (for example, successful
isolation of the condensate storage tanks when the water source of the auxiliary
feedwater (AFW) pumps is switched).

NSP Response

Although success path logic diagrams (SPLDs) were not explicitly presented in the
Seismic Margins analysis, the required safety functions and the systems and component
needed to accomplish the critical safety functions (CSF) are discussed in detail. The
four CSFs identified in the EPPI NP-6041-SL are properly addressed by the six CSF
assessed in the Seismic Margins analysis. The correspondence between the CSFs and
the systems credited are shown below.

Prairie Island CSF EPRI NP-6041-SL CSF | Preferred Systems

Reactivity control. Reactivity control Reactor Protection System
(RPS)

Reactor coolant pump Component Cooling (CCW)

(RCP) seal cooling (Reactor
coolant system integrity)

Secondary heat removal Decay heat removal Auxiliary feedwater (AFW)
and RCS pressure
control
Short term inventory Reactor coolant Safety Injection (S1)
(injection) inventory control
Long term inventory Reactor coolant Safety Injection (Sl) in the
(recirculation) inventory control and Recirculation mode with RHR
decay heat removal providing suction pressure to
Sl pumps.
Containment pressure Decay heat removal Steam Generators, RHR
control Heat Exchangers, Fan Cooler

Units (FCU)




Page 3 of 18

The six safety functions defined in the IPEEE Seismic analysis were derived from the
Prairie Island Internal Events PRA. The development of the success paths for these
functions began with identifying the systems available following a seismic event. The
systems were to ensure that at least two trains are available to perform their functions.
Because a loss of offsite power is postulated during a seismic event, all active
components in the systems that could be available following a loss of offsite power
event were placed in the SSEL. The logic models developed in the internal events PRA
were used to identify these active components. The equipment list was also
supplemented with some passive components (e.g., tanks, heat exchangers, panels,
cabinets, and support structures) that are needed to bring the plant to a stable condition
and maintain this condition for 72 hours.

The success path block diagrams for loss of offsite power and for a small LOCA are
shown in Figure 1. Table 1 lists the CSFs credited and identifies the preferred and
alternate systems supporting these CSFs. It also provides the figure numbers (Figures
2 though 13) for the attached simplified line diagram of each system. The trains of
major equipment credited in the seismic margins assessment are highlighted in the line
diagrams. The simplified flow diagrams developed for the Internal Events PRA serve as
a substitute for success path block diagrams. The preferred systems have at least two
independent trains, as shown in the system line diagrams.

Table 1 also lists required operator actions as well as important equipment required in
the success paths. Isolation of systems to enable operation of systems in the success
paths are discussed in Response to #3. Table 2a and 2b are dependency matrices
listing the frontline trains and their support systems for units 1 and 2, respectively.

NRC Request

2.

Prairie Island has been identified in NUREG-1407 as a plant belonging to the 0.3g
focused-scope seismic margin assessment group; hence, the evaluation that was
performed for the Prairie Island seismic IPEEE (using a reduced-scope at 0.12g pga)
does not conform to the guidance in NUREG-1407 and Supplement 4 to Generic Letter
(GL) 88-20.

Please provide the following:

a) a list of structures, systems, and components (including SSEL items and
containment systems equipment) that did not screen at the 0.3g Review Level
Earthquake (RLE).

NSP Response

The 11, 12, 21, and 22 Component Cooling Water Heat Exchangers were found
to have High Confidence of a Low Probability of Failure (HCLPF) capacities of
0.28g. The seismic evaluation of these heat exchangers is summarized in the
response to Item 2b. All other structures, systems, and components on the
SSEL and containment systems equipment were concluded to have HCLPF
capacities greater than or equal to the 0.3g Review Level Earthquake (RLE).
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NRC Request

2.b)

the basis for the disposition of each item that did not screen at the 0.3g RLE,
including the results of new calculations for seismic capacities.

NSP Response

The seismic evaluation of the 11, 12, 21, and 22 Component Cooling Water Heat
Exchangers was performed following the guidelines of EPRI NP-6041-SL. The
heat exchanger HCLPF capacity of 0.28g was found to be controlled by the
anchorage. The seismic evaluation of the 11, 12, 21, and 22 Component
Cooling heat exchangers is summarized as follows.

Data on the heat exchanger configuration, construction, and anchorage were
obtained from structure and component drawings as well as field walkdown.

Seismic responses in the longitudinal, transverse, and vertical directions were
determined. The heat exchanger was modeled as an equivalent single-degree-
of-freedom system to determine its seismic response in each of the three
orthogonal directions. Conservative lower bound fundamental frequencies were
determined considering mass and stiffness properties of the heat exchanger and
its supports. 4% damping was considered to be median-centered following EPRI
NP-6041-SL guidance. Fundamental mode spectral accelerations were obtained
from the applicable Auxiliary Building RLE floor spectra. Overall seismic loads
were determined as the product of the total heat exchanger mass and the
fundamental mode spectral acceleration.

The overall seismic loads due to responses in the three orthogonal directions
were distributed to the heat exchanger anchor bolts, including consideration of
bolt holes slotted in the longitudinal direction at one of the two support saddles.
Anchor bolt shear and tension demands due to the seismic responses in the
three orthogonal directions were combined by 100-40-40 as permitted by EPRI
NP-6041-SL. Anchor bolt seismic demands were combined with demands due
to gravity load. Net anchor bolit tension does not occur because of the relatively
high weight and relatively low center of gravity of the heat exchanger.

Anchor bolt shear capacities were determined following ACI 349-97 Appendix B
provisions. The Component Cooling Water Heat Exchanger HCLPF capacity of
0.28g was obtained by comparison of anchor bolt shear capacity versus shear
demand.

Since the HCLPF capacity of 0.28g is very nearly the RLE of 0.3 g and more
than double the SSE of 0.12g, modifications to increase the HCLPF capacity are
not considered necessary nor cost effective.

NRC Reguest

2.0)

an evaluation (at 0.3g RLE) of masonry/block walls that may influence the
performance of success path components.
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NSP Response

The seismic evaluation of concrete block walls was performed following the
guidelines of EPRI NP-6041-SL, “A Methodology for Assessment of Nuclear
Power Plant Safety Margin.” All concrete block walls were found to have HCLPF
capacities greater than the 0.3g RLE. The seismic evaluation of concrete block
walls is summarized as follows.

Essentially all safety-related concrete block walls were encompassed in the
SMA. This approach is conservative since it probably includes concrete block
walls whose failure does not affect components on the IPEEE SSEL. A limited
number of safety-related block walls were screened out based on wall-specific
review confirming that their failure does not affect components on the SSEL.

Data on concrete block wall configurations and constructions were obtained from
structural and architectural drawings, Inspection and Enforcement (I & E) Bulletin
80-11 submittals, and field walkdown. The Prairie Island concrete block walls
typically have vertical reinforcing bars and horizontal joint reinforcement. Some
of the concrete block walls were strengthened as a result of | & E Bulletin 80-11.
Past experience has indicated that such walls typically have significant seismic
capacities.

The concrete block walls were segregated into groups having different boundary
conditions. Bounding case concrete block walls for each group were selected for
detailed, wall-specific evaluation based on review of parameters significantly
affecting seismic capacity, including wall weight, span, span-to-thickness ratio,
reinforcement, openings, and building elevation. Concrete block walls not
subjected to detailed evaluation are considered to have seismic capacities higher
than the bounding cases.

Seismic evaluations of the bounding case concrete block walls for out-of-plane
seismic loads due to the 0.3g RLE were performed following EPRI NP-6041-SL
guidelines, supplemented by Appendix A to the USNRC Standard Review Plan
(SRP) Section 3.8.4 and ACI 530-95/ASCE 5-95/TMS 402-95.

Out-of-plane wall fundamental frequencies were obtained by closed-form
solutions for the given wall configurations, constructions, and boundary
conditions. Median-centered damping was considered to be 6% based on EPRI
NP-6041-SL. Fundamental mode spectral accelerations were obtained from the
applicable RLE floor spectra.

Out-of-plane wall moment capacities, which are typically controlling, were
determined following the criteria noted above. Capacities for out-of-plane
moment about the horizontal axis which consider deformed vertical reinforcing
bars were increased by a conservative inelastic energy absorption factor, Fu, of
1.25 rather than determined by the more rigorous approach in EPRI NP-6041-SL
Appendix R. An inelastic energy absorption factor of 1.0 was conservatively
assigned to other concrete block wall failure modes.
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HCLPF capacities for the bounding case concrete block walls were obtained
from compatrisons of their seismic demands due to the 0.3g RLE with their
seismic capacities. All bounding case concrete block walls were found to have
HCLPF capacities greater than the 0.3g RLE.

NRC Request

2.d)

an evaluation (at 0.3g RLE) of flat-bottomed tanks, as requested in NUREG-
1407 and GL 88-20 for focused-scope plants. Address both tank failures
themselves as well as potential flooding concerns resulting from tank failures.

NSP Response

The only flat-bottomed tanks in the IPEEE SSEL are the Refueling Water
Storage Tanks (RWSTs). The RWSTs were judged to have HCLPF capacities
greater than the 0.3g RLE. The basis for this screening is provided in
Response 2f below.

Flat-bottomed tanks not included in the IPEEE SSEL were reviewed. No tanks
whose seismic-induced failure could lead to flooding of essential components on
the IPEEE SSEL were identified.

NRC Request

2/e)

the comparisons of the design basis ground spectrum and in-structure response
spectra (IRS) to the IPEEE 0.3g pga RLE ground spectrum and in-structure
response spectra. If scaling is used, describe the scaling method. If new IRS
are generated, describe the analyses performed to generate all significant RLE
IRS.

NSP Response

Ground Response Spectra

In accordance with NUREG-1407, RLE ground motion was defined to be a
median NUREG/CR-0098 ground response spectrum anchored to a peak
horizontal ground acceleration of 0.3g. The Prairie Island Safe Shutdown
Earthquake (SSE) has a peak horizontal ground acceleration of 0.12g. The 5%
damped horizontal RLE ground response spectrum is compared to the 0%,
0.5%, 2%, and 5% damped SSE ground response spectra in Figure 13. Vertical
ground response spectra for the 0.3g RLE and SSE are both two-thirds of the
horizontal ground response spectra.

Reactor-Auxiliary-Turbine Building In-Structure Response Spectra

New in-structure response spectra (IRS) for the Reactor-Auxiliary-Turbine
Building were generated for the 0.3g RLE. The methodology used for generation
of these new IRS is summarized as follows.
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Two horizontal and one vertical artificial ground acceleration time-histories
whose response spectra match the 5% damped RLE ground response spectra
were generated. EPRI NP-6041-SL recommendations on spectra matching
were satisfied. Statistical independence of the three time-histories was verified.
The power spectral density functions were verified to match an applicable target.

The model of the Reactor-Auxiliary-Turbine Building structure was developed
from the structure mode! used in the original seismic design analysis. This
model consists of multiple lumped mass sticks representing the different portions
of the building, including the Containment Vessel, Shield Building, Reactor
Support Structure, Auxiliary Building, Auxiliary Building Fuel Tank Area, and
Turbine Building. Horizontal springs between the Auxiliary Building, Auxiliary
Building Fuel Tank Area, and Turbine Building represent their physical
connectivity. 5% material damping was assigned the structure model. This
introduces slight conservatism in the analysis, since EPRI NP-6041-SL
recommends damping values of 7% or greater for steel and concrete structures
beyond or just below yield.

The best estimate low strain soil shear moduli and material damping was based
on available site-specific geotechnical data. Best estimate soil shear moduli and
material damping values compatible with strains due to the 0.3g RLE were
calculated using EQE'’s version of Computer Program SHAKE91 in conjunction
with generic strain degradation curves. This soil case is designated as the “best
estimate high strain” soil case in following discussion. Following EPRI NP-6041-
SL recommendations, lower and upper bound high strain soil shear moduli were
obtained by scaling the best estimate high strain soil shear moduli by factors of
2/3 and 1.5, respectively. An additional upper bound soil case was defined to be
90% of the best estimate low strain shear moduli. This latter soil profile is also
recommended by EPRI NP-6041-SL to ensure that uncertainties in soil
properties are enveloped at higher ground motion levels.

Foundation impedance functions were calculated by Computer Program CLASSI
for the best estimate high strain and 90% of best estimate low strain cases. The
foundation under the Reactor-Auxiliary-Turbine Building was modeled as a rigid
mat consistent with the original design seismic analysis. Foundation embedment
was considered to be minimal and was neglected. Foundation impedance
functions for the lower and upper bound high strain soil cases were obtained by
scaling the impedances for the best estimate high strain soil case by ratios of
shear moduli.

Soil-structure interaction (SSI) analyses utilizing the elements described above
were generated using Computer Program CLASSI. The three statistically
independent artificial ground motion time-histories were input concurrently.
Analyses were performed for each of the following four soil cases: Best estimate
high strain, lower bound high strain, upper bound high strain, and 90% of best
estimate low strain. IRS at selected building locations were calculated for each
of the soil cases. The envelopes of IRS for the four cases were obtained and
utilized in seismic assessments of components on the SSEL.

5% damped Reactor-Auxiliary-Turbine Building RLE IRS are compared to 5%
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damped SSE IRS used for resolution of USI A-46 at selected building locations
containing essential equipment in Figures 14 to 25. Only horizontal IRS are
compared since vertical motions typically do not have significant impact on the
IPEEE seismic evaluations.

Peak spectral accelerations for the SSE IRS typically occur due to a mode
having a frequency of about 2.7 Hz. Review of the original seismic design
analysis indicates that this is a rigid body mode consisting of the relatively rigid
structure translating on flexible soil. Radiation damping due to SSI effects, which
should be considerable for this structure, were conservatively neglected by the
original seismic design analysis. Spectral accelerations for the RLE IRS at
frequencies in the range of 3 Hz are much less than those for the SSE IRS. This
difference results from the more rigorous treatment of SSI effects using current
analytical methods.

Screenhouse In-Structure Response Specitra

The Screenhouse is surrounded on three sides by soil. Most of the Screenhouse
is embedded to a depth of about 40 feet below grade, with only a single 20 foot
high story above grade. SSEL components in the Screenhouse with the
potential to control the plant HCLPF capacity are located at or below grade.

Past experience in the analysis of similar structures demonstrates that the
median-centered IRS should not exceed the ground response spectra at grade.
Screenhouse IRS at or below Elevation 695’ were consequently judged to be
equal to the free-field 0.3g RLE ground response spectra at grade.

Screenhouse IRS above Elevation 695’ were conservatively estimated to be 1.5
times the free-field 0.3g RLE ground response spectra at grade.

Examination of the Reactor-Auxiliary-Turbine Building RLE IRS confirms that
application of the free-field 0.3g RLE ground response spectra at and below
grade of the Screenhouse is reasonable. As shown in Figures 18, 19, 22, 23,
28, and 29, the Reactor-Auxiliary-Turbine Building RLE IRS at Elevations 697.5’
and 695’, which correspond to the top of base mat, are less than the free-field
0.3g RLE ground response spectra at frequencies greater than about 3 Hz which
typically corresponds to fundamental frequencies of components vulnerable to
seismic effects. Exceedances of the free-field ground response spectra at
frequencies between about 1.5 Hz and 3 Hz are minimal.

The 5% damped horizontal Screenhouse RLE IRS at grade is compared to the
SSE IRS used for resolution of USI A-46 in Figure 36. The SSE IRS exhibits
peak amplification between frequencies of about 5 Hz to 8 Hz. This peak
probably corresponds to the fundamental mode determined by the original
seismic design analysis model. Similar to the Reactor-Auxiliary-Turbine Building,
the SSE IRS exceeds the RLE IRS in this frequency range because radiation
damping due to SSI effects was conservatively neglected by the original seismic
design analysis model.

NRC Request

2.f)  the seismic evaluation for the refueling water storage tank (RWST).
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NSP Response

The Refueling Water Storage Tanks (RWSTs) are located in the Auxiliary
Building. They are constructed of A240 Type 304 stainless steel. The RWSTs
are 26 feet in diameter by 75 feet high with wall thicknesses ranging from 3/16 to
0.28 inches. The tank bottoms are supported on a two foot thick concrete pad
poured on the Auxiliary Building base mat. The tank walls are backed by and in
contact with cylindrical concrete walls ranging in thickness from 1-6" to 2-0”.
These concrete walls are substantially reinforced, with reinforcement ratios on
the order of 1% or greater. They are constructed integral with the Auxiliary
Building concrete floor and roof slabs at Elevations 715-0", 735-0", 755-0”, and
775-0". Reinforcing dowels that extend info the concrete slabs are hooked into
the cylindrical walls backing the RWSTs.

Review of the RWST and Auxiliary Building drawings did not reveal any
significant seismic vulnerabilities. The seismic capacities of the RWSTs are
considered to be controlled by the seismic capacity of the enclosing concrete
structure. The Auxiliary Building structure was judged to be seismically rugged
with a HCLPF capacity greater than 0.3g PGA following the guidance of EPRI
NP-6041-SL. It was concluded that the RWSTs consequently have HCLPF
capacities greater than 0.3g PGA.

Supplement No. 5 to GL 88-20 correctly notes that earthquake experience data
and analytical evaluations have demonstrated that flat-bottom tanks with poor
anchorage are vulnerable to failure due to earthquake ground motion. Such data
and evaluations are applicable to free-standing flat-bottomed steel tanks and not
the concrete-backed Prairie Island RWSTs. Quantitative evaluation of the
RWSTs is not considered necessary. The qualitative evaluation described
above is considered to be consistent with the intent of NUREG-1407 and
conforms to the use of expert judgement expressed by Supplement Nos. 4 and 5
to GL 88-20.

NRC Request

3.

Non-seismic failures and human actions are not specifically discussed in the IPEEE
submittal. For non-seismic failures and human actions, NUREG-1407 states that
“Success paths are chosen on a screening criterion applied to non-seismic failures and
needed human actions. It is important that the failure modes and human actions are
clearly identified and have low enough probabilities to not affect the seismic margins
evaluation.” Since specific success paths were not identified in the IPEEE (see
Question 1) discussions of non-seismic failures and human actions, and their impact on
the selection and reliability of the success paths, were not provided.

Please discuss these issues in accordance with Section 3.2.5.8 of NUREG-1407 and
Section 3 of EPRI-NP-6041-SL.

NSP Response

The success paths were chosen based on screening criterion applied to non-seismic
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failures and human actions. Table 1 provides the critical safety functions and the
systems that supplied these functions. Also included are the operator actions required
for each function, the time in which the action must be completed, and the location in the
plant in which the action must take place. Table 1 also lists the non-seismic equipment
important to the success paths. The human errors and non-seismic failures were
determined to have sufficiently low failure probabilities that the success paths that they
support would be considered to be reliable.

Important Human Actions

Switch suction of AFW from CST to cooling water

This action would be taken following the assumed failure of the non-seismically qualified
condensate storage tank (CST), the normal suction source for the auxiliary feedwater
pumps. The auxiliary feedwater pumps are assumed to trip on low suction pressure
following loss of suction from the CSTs. Upon CST low level and subsequent pump trip,
both indicated by alarms in the control room, the operator would realize that the normal
suction source from the CSTs is not available. He would step through the “Earthquake”
procedure AB-3 to align an alternate suction source and realize that only cooling water
is available since other systems require offsite power, and may otherwise be unable to
provide makeup through the failed CST. After cooling water is aligned to the pump
suction, the operator proceeds to reset the low suction pressure trips and restart the
AFW pumps. The operator may have to reset and open the trip throttle valves for the
turbine driven (TD) AFW pumps before starting them. The IPEEE walkdown identified
the potential for earthquake-induced vibration to trip these valves. If this is the case, the
operators have to reset and reopen the valves in the AFW pump room prior to starting
the associated pumps. This task is fairly simple and is procedurized [1]. Furthermore,
indicators are available in the control room to signal the pump has tripped due to either
low pressure or pump lockout. After aligning the pump cooling water suction supply and
restarting the pumps, the operators will eventually have to be concerned about long
term cooling water operation given limited supply in the screenhouse safeguards bay.
They will have to reduce cooling water demand to below the capacity of the emergency
intake line (see cooling water load management section below).

The operator has up to 43 minutes to diagnose and perform the switchover properly
before the steam generators become dry [2]. This assumes that the AFW pumps trip
immediately after the seismic event although it may take a little time to drain the CST.
Forty-three minutes is sufficient time for the operator to properly diagnose the event and
perform the alignment given that alarms are readily available in the control room and
that critical actions are performed in the control room. The exception is resetting and
opening trip throttle valves, which is done in the AFW pump room [1,8,9,10].

Resetting the TD AFW pump trip and throttle valve (CV-31059, CV-31060)

As discussed above, the vibration from the earthquake may cause the trip mechanism to
trip and close the TD AFW trip throttle valve thus resulting in tripping of the pump. The
trip would result in an alarm in the control room indicating pump lockout. Upon receipt
of the alarm, the operators are directed by procedure to reset the trip and restart the
pump. Resetting the trip must be performed in the AFW pump room where the valves
are located (valves are part of the TD AFW pumps). The three step procedure is called
out in Reference 1. The operator has roughly 43 minutes to reset the trip and restart the
pump before the SGs become dry (see timing in the above operator action). As noted
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above, this action may be done in concert with the action to align cooling water supply to
the AFW pump suction thus shortening the time allowed to reset the valve. However,
the procedure is fairly simple and considered to be completed within the allowable time
frame. The path from the control room to the valve location was walked down. No
potential obstructions were identified as a result of an earthquake that could prevent the
operators from reaching the valves and completing the restoration activity. Therefore, it
is highly likely that this action can be completed successfully.

Cooling water load management

This action is taken to reduce cooling water flow to within the capacity of the emergency
intake line (EIL). The emergency intake line is assumed to be the only long term source
of water from the Mississippi River to the safeguards bay following a design basis
earthquake. It has limited flow capacity (approximately 12,171 GPM based on minimum
submergence) and would not be able to keep up with the postulated system’s flow
demand (29,750 GPM) following a seismic event. The post trip cooling water flow is
based on two diesel-driven safeguards cooling water pumps operating. Upon receipt of
the seismic annunciator in the control room , the operators enter Abnormal Procedure
AB-3 and immediately monitor the water level in the safequards bay (LI-41011, LI-41017
and LI-41503). If the level is decreasing rapidly, an indication of loss of normal supply
from the river, they will proceed to reduce cooling water flow to avoid pumping out the
safeguards bay. The reduction in flow is accomplished by isolating cooling flow to the
Turbine Building loads for both units, the fan coil units (8 FCUs, 4 in each unit) and a
component cooling water heat exchanger train in each unit. When the system total flow
demand is less than 13,000 GPM, the number of cooling water pumps taking suction
from the safeguards bay is reduced to one. The system flow is closely monitored and
adjustments are made according to heat removal demands. All the preceding actions
discussed can be performed in the control room and are anticipated to be completed
within 15 minutes after receiving the alarm in the control room and subsequent lowering
of safeguards bay level. The latest time to complete the actions is dependent on the
initial inventory in the safeguards bay and the water remaining in the intake canal. An
evaluation of the intake canal capacity shows that the canal is able to support the
safeguards function of the cooling water system (USAR Page 10.4-7). The volume in
the intake canal provides approximately 4.8 hours for a flow demand of 31,750 GPM
(assuming additional 2,000 GPM cooling water flow from the diesel fire pump) after plant
shutdown. After depletion of the intake canal, the EIL would be the sole supply of water
to the cooling water pumps. The operators will have more than enough time to correctly
diagnose and perform the task. In addition, indicators are available in the control room
to allow the operators to properly diagnosis the event. The operators are also trained on
the procedure. Consequently, this action is considered to be highly reliable.

Open 4.16 KV safequards switchgear room doors

This action is taken in response to loss of cooling to the Unit 1 4.16KV safeguards
switchgear rooms (Bus 15 and 16). Loss of room cooling could occur as a result of
failure of the unit coolers or loss of chilled water supply to the unit coolers (Chilled Water
is not a part of the safe shutdown list and is conservatively assumed not available). The
limiting component in the 4.16KV switchgear room is the Load Sequencer, which has a
maximum qualified temperature of 104 deg F. A room heat-up calculation [3]
demonstrated that at least two hours is required for the temperature in the switchgear
room to reach 104 deg F on loss of cooling to the rooms. The load sequencer performs
its function at the initiation of the event, i.e., the seismic event that causes a loss of




Page 12 of 18

offsite power. The remaining components in the room will operate satisfactorily in the
elevated temperature of 120 deg F [3]. The operator would enter procedure C37.11
AORP 1, “Loss of Safeguards Chilled Water,” following receipt of control room water
chiller trip annunciator in the in control room. The procedure instructs the operator to
open the switchgear room door to the Turbine Building to provide for heat removal
through natural circulation (or install fans if necessary). It is demonstrated in the room
heat-up calculation that the temperature would stabilize below 120 deg F with the door
opened. There is a high likelihood that the operator would open the switchgear room
door well within 2 hours following the loss of chilled water event given the availability of
signals in the control room and the procedural guidance.

Initiate containment sump recirculation (high head recirc)

This action is required in the event that the seismic event also causes a small LOCA.
Following a small LOCA, the Sl initiates to makeup to the RCS from the RWST. As the
inventory in the RWST decreases to 33%, an annunciator in the control room alerts the
operator to place the system in recirculation mode. This is to ensure continuous makeup
to the RCS prior to RWST depletion. After the signal to switch to recirculation, the
operator will have approximately one hour after the annunciation of low RWST level to
perform the switchover before the RWST becomes empty (based on [4], a small LOCA
event, it would take a total of 4.1 hours after Sl initiation to deplete the RWST). The
operator performs a series of actions that include opening the sump to RHR pump
suction valve, starting the idle RHR pump, closing the SI to RWST suction valve,
opening supply RHR to Sl valve, and starting the idle SI pump. A majority of the actions
are performed in the control room with some performed locally. These actions are
explicitly specified in several EOPs. The operators are also trained to perform these
actions on the simulator. The operator has more than enough time to perform this
alignment either in the control room or locally, and moreover, the equipment (i.e., pumps
and valves) is determined to be available following RLE of 0.3g.

NRC Reqguest

4.

The Cooling Water system is very important for Prairie Island. In addition to providing
the cooling water source for both equipment cooling and heat removal (directly or
indirectly through component cooling water (CCW) and Safeguards Chilled Water), it
also provides an alternate water supply to the AFW system (but represents the only
AFW source for the IPEEE). It consists of five pumps shared by the two units. Only
three of the five pumps (two diesel-driven and one motor-driven) will be available
following a loss of offsite power, and all of them were found in the IPEEE and the A-46
program to have anchorage and shaft stability problems. As a result of the A-46
program finding, the two diesel-driven pumps were classified by the Seismic
Qualifications Utilities Group (SQUG) as outliers and the problem will be resolved with
the closure of the A-46 program. On the other hand, no action is planned for the motor-
driven pump. The motor-driven pump was subsequently removed from the equipment
list for the IPEEE, because, according to the Updated Safety Analysis Report (USAR),
the cooling needs for both units can be met by the operation of one diesel-driven pump.
Consequently, all the cooling needs for both Prairie Units will be provided by the two
diesel-driven Cooling Water pumps.

According to the IPEEE submittal, the normal water supply for the Cooling Water
system is from the circulating water pump bays in the Screenhouse, and an emergency
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intake pipe is used if the normal path from the Mississippi River through the outer
Screenhouse is blocked or if Lock/Dam # 3 fails. Because of the limited capacity of the
emergency intake pipe, operator actions to reduce the cooling water loads is required.

Please provide discussions of the following:

a)

the seismic capacity of the diesel-driven Cooling Water pumps including the
potential impact of losing both pumps in a seismic event.

NSP Response

The 12 and 22 diesel-driven Cooling Water Pumps were classified as A46
outliers because anchor bolt edge distances do not meet the least acceptable
values specified by the Generic Implementation Procedure (GIP) and the vertical
shaft length exceeds the maximum length in the GIP bounding spectrum caveat.
The pump anchorage, shaft, and column were evaluated for the 0.3g RLE
following the guidelines of EPRI NP-6041-SL. Pump anchorage, shaft and
column HCLPF capacities were determined to be greater than the 0.3g RLE.

The seismic evaluation of the 12 and 22 diesel-driven Cooling Water Pumps is
summarized as follows.

Data on the pumps and their anchorage were obtained from the component and
structural drawings, the original seismic design analysis, and field walkdown.
The pump motor/gear assembly is located above the pump base plate. The
pump column assembly consists of a 20” diameter pipe column, 5” diameter
shaft tube, and 3.44” diameter shaft. The shaft is laterally supported within the
shaft tube by bearings spaced at intervals discussed in more detail below. The
impeller is located at the end of the shaft. The shaft tube is supported against
the column. The column is attached to the pump base plate. The bow!
assembly is located at the end of the column.

Seismic responses in the North-South, East-West, and vertical directions were
determined. Seismic input to the pumps was considered to be the free-field
ground motion for the 0.3g RLE as noted in Response 2e above. 3% damping
was considered to be median-centered following EPRI NP-6041-SL.

In the two horizontal directions, modal responses associated with the pump
column assembly and the motor/gear assembly below and above the pump base
plate, respectively, were included. These responses were considered to be
decoupled because of the significant difference between the modal frequencies.
Pump column assembly horizontal seismic loads were obtained by scaling the
original design seismic analysis results to the 3% damped spectral acceleration
for the 0.3g RLE at the column assembly fundamental frequency calculated by
the original design seismic analysis. The motor/gear assembly was found to be
rigid and its responses were based on the floor zero period acceleration.
Responses in the column assembly and motor/gear assembly modes were
combined by square-root-of-the-sum-of-the-squares (SRSS).

For vertical response, the pump was modeled as a single-degree-of-freedom
system including flexibility of the base plate. Pump vertical seismic loads were
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obtained as the product of the total pump mass and the 3% damped spectral
acceleration for the 0.3g RLE at the fundamental vertical frequency.

Anchor bolt seismic shear and tensile forces due to reactions from the base plate
onto the floor slab for the three orthogonal responses were determined. The
anchor bolts are located in close proximity to the edge of the rectangular opening
in the floor slab for the pump. Consequently, horizontal base plate reactions
were distributed to only the four bolts loaded in shear away from the opening
edge. Shear resistance provided by the other eight bolts was conservatively
neglected. This approach is considered to be appropriate since unrestrained
horizontal translation of the pump cannot occur unless the four bolts loaded
away from the free edge fail.

Anchor bolt shear and tensile demands due to the three orthogonal responses
were combined by SRSS following EPRI NP-6041-SL. Net anchor bolt demands
including reduction in tensile demands due to pump dead load were determined.
Anchor bolt shear, tension, and shear-tension interaction capacities were
determined following ACI 349-97 Appendix B provisions. Anchor bolt HCLPF
capacities well in excess of the 0.3g RLE were obtained.

The pump column was evaluated for combined moment and axial load, which
was considered to be controlling. The pump column moment capacity was
based on the AISC allowable stress factored by 1.7 following EPRI NP-6041-SL
guidelines. This capacity was increased by a conservative inelastic energy
absorption factor of 1.25 since bending failure of the column is ductile. The
pump column was found to have a HCLPF capacity well in excess of the 0.3g
RLE.

The pump drawings indicate that bearings between the shaft and the shaft tube
have a maximum spacing of about 10 feet with the lowest bearing located about
7 feet from the end of the shaft. The spacings of these bearings are considered
to be sufficient to constrain the shaft displacements to tolerable levels. The shaft
HCLPF capacity is judged to be greater than the 0.3g RLE.

NRC Request

4.b)

the overall cooling loads of the Cooling Water system for the selected success
paths and the ability of the Cooling Water system to meet these requirements
(based on one pump for both units) including the effect of the loss of the normal
water supply path.

NSP Response

The initial system flow following plant trip is about two and a half times the
capacity of the EIL. This is based on both diesel-driven pumps starting and
running after a loss of offsite power. In order to avoid pumping out the
screenhouse pump bay, the system flow has to be reduced below EIL’s capacity.
The operators are instructed by plant abnormal procedures to reduce system
flow by isolating flow to non-critical cooling loads (see “Cooling Water Load
Management” in Response #3 above). Once flow is reduced, one of two diesel-
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driven pumps would be secured. Operator action to reduce system flow and
timing for the action are discussed in Response #3 above.

The cooling water requirements for safe shutdown of both units can be
adequately supplied by one of the three vertical cooling water pumps with
suction from the emergency intake line (EIL). Although the EIL has a flow
capacity of approximately 12,171 GPM, it is able to satisfy the cooling water
demands needed to maintain safe shutdown condition. The flow capacity is
based on actual flow test conducted at normal river levels and adjusted to the
condition of minimum EIL submergence of 4.5 feet (i.e., failure of Lock and Dam
#3 downstream of the screenhouse intake structure). The equipment required for
safe shutdown and their flow rates are listed below. The total system flow rate
would be higher than the required flowrate given that not all the essential loads
would be isolated per AB-3 “Earthquake” procedure. Moreover, loads that can
not be isolated from the control room also contribute to the total system flowrate.
A thermal-hydraulic model was generated to calculate the flow demands of the
system under these conditions [5]. The model also assumes a crack in each
non-safety related cooling water pipe off the main header, which is considered to
be conservative. This would increase the total system flow demands. Under this
scenario, the model calculates a total system flow demand of 10,643 GPM. This
model did not account for the potential flow to a second EDG. However, it is
reasonable to assume that the flow to the EDGs are comparable. Accounting for
the additional EDG would yield a total flow of approximately 11,889 GPM, which
is still less than the capacity of the EIL of 12,171 GPM

Cooling Water Cooling water | EIL Comment
Loads for Safe Load (gpm) Capacity
Shutdown demands [5]
see Note
Unit 1 emergency 2,492 Unit 2 diesel generators do
diesel generators (2 | (assuming not require cooling water, as
EDGs) flow through they are self cooled (air-
2YEDG is cooled). Although only one
same as the EDG is required for safe
1% EDG) shutdown, both EDGs will

start up upon loss of offsite
power. Therefore, an
additional 1,246 GPM is
included for the second EDG
Auxiliary feedwater 440 Alignment of cooling water to
pumps (1 per unit) suction of the AFW pumps is
required following failure of
the non-seismically qualified
condensate storage tanks. A
discussion on the required
actions and time available to
perform the actions are
discussed in Response #3.
Component cooling | 4,869 Procedure AB-3

Hx (1 per unit) “Earthquakes” instructs
operators to secure one
component cooling water train
for each unit as part of
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reducing cooling water flow
demand. Component Cooling
Hxs’ seismic capacities are
discussed in Response #2b.

Containment Fan 900 Operators are instructed to
Coil Units (1 per unit, maintain throttied flow to one
450 GPM ea.) FCU per unit.

Control Rm Chiller (1 | 623
for both units)

Loads that are not 2,565

isolated plus
postulated cracks in
non-safety related
piping
Total 11,889 12,171 EIL flow is greater then
(accounting (based required flow after isolation
for 2™ EDG) |onEIL cooling flow management is
flow test | completed.
[6)

Note: The flowrates are based on Reference 5 and success criterion of the
system modeled in the PRA.

The EIL was judged to have a HCLPF capacity greater than the 0.3g RLE. Such
buried piping typically does not fail at ground motion levels of 0.3g or less unless
significant soil movements occur. USAR Section 10 describes construction of
the emergency cooling water intake pipe, which included excavation of the
natural soil, placement of the pipe in non-liquefiable backfill material, and use of
flexible expansion joints at the screenhouse and intake crib. Such features are
expected to prevent soil movements sufficient to cause pipe failure at ground
motions less than the 0.3g RLE.

NRC Request

4.c)

system alignment and isolation in case of loss of the normal water supply path;
operator actions required for system alignment and isolation, and coordination
between the operators of the two units, if any; and whether seismic failure of
components not included in the SSEL would have an adverse effect on the
operators’ ability to isolate non-essential cooling water loads.

NSP Response

Following a seismic event and loss of normal cooling water supply from the
Mississippi River, the operator would reduce system flow to below the capacity
of the emergency intake line by isolating non-essential cooling water loads. The
actions are discussed in Response #3. Failure of equipment not included in the
SSEL does not have any adverse impact on the operator's ability to isolate non-
essential cooling water loads. The following valves and support components are
required to function to isolate cooling flow to the non-essential loads.

Component | Support Comment

CL to cool nonessential BUS 111 - 4.16KV BUS | Normally open. Valves
Turbine Building equipment | 15— EDG 1 MV-32031(33) auto
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MV-32031 (unit 1)

MV-32033 (unit 2)

BUS 221 - 4.16KV BUS
26-EDG 6

close on U1 or 2 Train
A(B) Sl and Low Loop
A(B)CL header
pressure..

FCUs Isolation Valves

MV-32132, 32138

BUS 112 - 4.16KV BUS

Normally open.

16- EDG 2

15— EDG 1 Manually closed from
Control Room
MV-32135, 32141 BUS 122 - 4.16 BUS 16 | Normally open.
-EDG 2 Manually closed from
Control Room
MV-32147, 32153 BUS 212 -4.16 KV Normally open.
BUS 25-EDG § Manually closed from
Control Room
MV-32150, 32156 BUS 222 -4.16 KV Normally open.
BUS 26 -EDG 6 Manually closed from
Control Room
110or 12 CC Hx CL inlet MV- | BUS 111 — 4.16KV BUS | Normally closed. Open
32145 or 32146, 15-EDG 1, corresponding pump
respectively BUS 121 - 4.16KV BUS | start. Manually close

from the control room.

21 or 22 CC Hx CL inlet
MV-32160 or 32161,
respectively

BUS 211 - 4.16KV BUS
25-EDG 5

BUS 221-4.16 KV
BUS 26 -EDG 6

Normally closed. Open
corresponding pump
start. Manually close
from control room

Isolation of cooling water loads in both units is coordinated by the Shift
Supervisor as he goes through the procedure with the unit 1 and 2 control room
operators. The control room operators isolate the loads to their respective units
while monitoring the flow demands of the critical cooling water loads. As
discussed in Response #3, Cooling Water Load Management, the operators
have more than adequate time to coordinate their actions such that long term
cooling to the critical safe shutdown equipment is preserved.

NRC Request

5.

Both diesel-driven Cooling Water pumps would be lost in Burn Sequence 69 as stated in
the evaluation of seismic-induced fires (page B-77 of the submittal). It is argued in the
submittal that this is not a problem because the remaining motor-driven pump can
provide sufficient cooling water supply for both units. However, this is not consistent
with the seismic assessment portion of the IPEEE in that the motor-driven pump is not
included in the equipment list (or not available in a seismic margin earthquake) because
of anchorage and shaft stability problem. Burn Sequence 69 will therefore result in the
loss of all Cooling Water pumps, and consequently, the loss of nearly all the safety

systems required to bring the plant to a safe shutdown condition.

Please resolve this apparent inconsistency.




Page 18 of 18

NSP Response

The IPEEE Fire analysis assumes the control cable for the diesel-driven cooling water
pumps are routed through Fire Area 29 (FA 29). Fire Area 29 opens to FA 69 where the
fire is postulated after a seismic event. Fire Area 69 is among the fire areas contained in
Burn Sequence 69.

Subsequent to the fire IPEEE, cable tracing revealed that, unlike what was assumed
previously, only control cables for the 12 diesel driven pump and the control and power
cables for the 11 safeguards screenhouse ventilation fan run through FA 29. The
corresponding cables for the 22 diesel driven pump and 21 safeguards screenhouse
ventilation fan runs through FA 30, which is separated from FA 29 by a 3-hour fire
barrier [7]. It is also not open to FA 69. Both diesel driven cooling water pumps were
found to have HCLPF capacities well in excess of 0.3g as discussed in Response 4a.
Per this investigation, a seismically induced fire in FA 69 would only result in failure of
the 12 diesel driven cooling water pump to automatically start and 11 safeguards
screenhouse ventilation fan to run. The remaining 22 diesel driven cooling water pump
and the 21 safeguards screenhouse ventilation fan would start and continue fo run
supplying cooling water to the essential plant loads necessary for safe shutdown.

In addition, evaluation of the 121 motor-driven cooling water pump shows that it has a
HCLPF capacity well in excess of the 0.3g RLE. The 121 motor-driven Cooling Water
Pump is constructed and anchored similar to the 12 and 22 diesel-driven Cooling Water
Pumps. Seismic evaluation of the 121 motor-driven Cooling Water Pump was
performed similar to the seismic evaluation of the diesel-driven Cooling Water Pumps,
which is described in Response 4a above. As the 121 CL pump has no power or control
dependencies in FA 69, it too would be available to provide flow were a seismically
induced fire to occur in this area.
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Table 1: Prairie Island Seismic Analysis (Page 1)

Functions Figure | Success Operator Actions Random Failures Capacity Comments
System Paths
g a
= = € o
32 |3 |8 c § z g ~
22 |8 |E]s 2 2 g 3 g &
€8 |2 |2]|3 E 3 2 8 g 3
@» 0 & <| < = g u o [s) I
Reactivity Control 2 X Automatic (fail safe) | - - RPS/Control Rods | 1.5E-5 - Diverse Scram (AMSAC was replaced by Diverse Scram system) is not credited. The
RPS potential for a failure to trip coincident with an earthquake is considered to be of low
potential.
Diverse Scram X
Secondary Cooling Align Cooling water | 43 minutes Control TD AFW pump 4.18E-2 - Yes The TDAFW pump trip and throttle valve is susceptible tripping closed during a
AFW 3 X supply to suction of | (SG dryout room FTR seismic event. The operator would have to reset the trip locally in the AFW pump
AFW pumps (MAAP case room.
MPP014/92)
2]
Reset TD AFW
pump trip throttle - AFW pump
valve room
RCP Seal Cooling
cCcw 4 X See CCW below - - See
ccw
CvCs X Charging pump 2.34E-3 below | CVCS is not credited to provide cooling flow to the seals because of availability of
CCW. CCW automatically provides cooling flow to the RCP thermal barrier upon loss
of Charging flow to the seals. CCW is also required to provide cooling in the RHR Hx.
Short term Injection
Safety Injection (HP 5 X MOVs FTO 43E-3 - Yes
inject)
Long term makeup (recirc)
Sl recirc. from sump 56 X Transfer to 4.1 hours [4] | Control MOVs FTO 4.3E-3 - Yes
recirculation room/Auxilia
ry Building
RHR recirc. from sump X LP RHR recirc. is not credited given primary system pressure is would be above the
discharge head of the RHR pumps during small LOCAs and LOOP events. No credit is
taken for RCS cooldown, which involves auxiliary spray and secondary
depressurization. Secondary depressurization with SG PORVSs will be unavailable
due to loss of the non-seismic qualified Instrument Air system. Long term makeup is
performed by Sl recirculation which piggybacks on RHR taking suction from the
containment sump.
Containment Pressure Containment Spray is not credited due to the adequacy of SGs and RHR hx and a FCU in
Control MOVs FTO 4.3€-3 - Yes removing decay heat.
8l recirc with RHR Hx 586 X
and SGs
RHR recirc from sump X
Fan Coil Units (FCU) 7 X Yes

Containment spray X




Table 1: Prairie Island Seismic Analysis (Page 2)

Functions Figure | Success Operator Actions Random Failures Capacity Comments
System Paths
Support systems
Offsite AC Offsite power assumed to fail on seismic event.
Onsite AC 8 X EDG auto start after EDGs failure to 1.10E-2 - Yes
125VDC (Div [&I1) 9,10 [X Loor un 1.2E-6 - Yes
Battery chargers
120V Instrument AC 11 X FTRE 5.5E-6 - Yes
Fuses 2.7E-2 - Yes
Cooling Water 12 X CL load 4.8 hours Control Diesel driven CL
Management (USAR page | room pump FTR
10.4-7)
Component Cooling Water | 4 X 4.3E-3 CC Hx 0.28g
Open Bus room 2 hours [3] 4,16KV bus | MOV FTO Although loss of the Safeguards Chilled Water leads to loss of cooling to the 4KV bus
SafeguardsChilled Water X doors rooms rooms, the operator can manually open the bus room door to the turbine build to allow
(Turbine for natural air circulation. See discussion on Response #3. The impact to other rooms
Building) served by Chilled Water is determined to be minimal given the type of equipment in
those rooms or the long time heat up time to the critical equipment temperature.
Therefore, it is not credited in the analysis.




Table 2a. Support to Frontline System Dependency Matrix (Unit 1)

Support System Reactivity Emergency Seal Cooling Secondary Short-term Long Term &
Train — Unit 1 Control Diesel Cooling Makeup DHR
RPS EDG Comp Cooling AFW Safety Injection | Sl Recirculation &
RHR
A B A B A B A B A B A B
(TDAF | (MDA
W) FW)

4.16KV Bus 13 (1)
4.16KV Bus 14 (1)
4.16KV Bus 15 X(2) X(2) X(2)
4.16KV Bus 16 X(2) P(8) X(2) X(2)
480V MCC 1K1 X(3) X(3) X(3)
480V MCC 1KA2 X4) X(4) X(4)
480V MCC 1K2 X(5)
480V MCC 1A1 P(6)
480V MCC 1A2 P(7)
125VDC DP 11 ()] X(2) X(2) X(2) X(2)
125VDC DP 12 )] X(2) X(2) P(8) X(2) X(2)
125VDC DP 15 (10
125VDC DP 16 1)
Cooling Water A X(9) D(9) X(10) D(9)
Cooling Water B X(9) D(9) X(10) D(9)
CC Water A D(9) D(9)
CC Water B D(9) D(9)
Main Steam Loop A P(11)
Main Steam Loop B P(11)

Notes

X = Complete Dependence

P = Partial Dependence
D = Delay Dependence




Notes for Table 2a

1.

10.

1.

The success criteria for RPS is successful unit trip (Subcriticality). Loss of any support system either
causes system success (trip) or provides a half-trip due to loss of one train of analog protection
circuitry. Therefore, loss of the asscociated 125VDC trains or loss of power to the MG sets results in
system success. A seismically induced loss of offsite power would result in loss of power to normal
buses 13 and 14, which in turn results in loss of power to the MG sets and thus reactor trip.
One train of SI, RHR, CS and CC will be lost upon failure of 4.16KV essential bus 15 or 16. However,
if these failures are associated with components that supply power to the buses (i.e., EDGs) and not
the buses themselves, the buses 15 and 16 can be cross-tied to Unit 2 4.16KV buses 25 and 26,
respectively. One train of Sl, RHR and CS is also lost if either of the 125VDC trains fail to supply
control power to close the pump breakers. Local operation of the breaker is possible but is not
considered. One train of EDG's is lost if its 125VDC supply train fails to provide starting control power.
480VAC essential MCC 1K1 provides motive power to much of Safeguards Train A. Power is
provided to the bus from 4.16KV switchgear 15 through 480VAC bus 111. The following are essential
loads powered from MCC 1K1.

RHR train A suction from containment sump B (MV-32075, MV-32077)
- CC to RHR heat exchanger valves (MV-32093)
- Sl test line A valve to RWST (MV-32202)
- Sl train A suction valve from RHR pump 11 (MV-32206)
- S| RWST suction valve (MV-32079)
- Cooling Water to Component cooling heat exchanger valves (MV-32120, MV-32145)

480VAC essential MCC 1KA2 provides motive power to much of Safeguards Train B. Power is
provide to the bus from 4.16KV switchgear 16 through 480VAC bus 121. The following are essential
loads powered from MCC 1KA2.

- RHR train B suction from containment sump B (MV-32076, MV-32078)

- Sl test line B valve to the RWST (MV-32203)

- 8] train B suction valve from RHR pump 12 (MV-32207)

- 81 RWST suction valve (MV-32080)

- Cooling Water to Component cooling heat exchanger valve (MV-32121)

480VAC essential MCC 1K2 provides motive power to Cooling Water to Component cooling heat
exchanger valve MV-32146 and Component Cooling to RHR Heat Exchanger B valve MV-32094.
Power is provide to the bus from 4.16KV switchgear 16 through 480VAC bus 121.

MCC 1A1 provides motive power to 11 TD AFW pump CL suction valve MV-32025. Loss of power
will prevent the remote opening of the valve. Operator can manually open the valve locally, however.
MCC 1A2 provides motive power to 12 MD AFW pump CL suction valve MV-32027. Loss of power
will prevent the remote opening of the valve. Operator can manually open the valve locally, however.
4.16KV emergency bus 16 supplies power to AFW motor driven pump 12 (train B). Makeup to unit 1
SGs can be supplied form the MD pump in the Unit 2 AFW system through a system cross-tie. Unit 2
AFW MD pump 21 motive power is supplied from unit 2 emergency bus 25. The 12 and 21 MD driven
pump breakers control are supplied from unit 1 and 2 DC sources, respectively.

Cooling water (CL) provides the heat sink for the CC heat exchangers. With failure of Train A(B) CL,
Train A(B) CC is assumed to fail eventually causing loss corresponding Sl and RHR trains for decay
hat removal function. Loss of CC alone will have the same result. Loss of CL A(B) also result in
failure of the corresponding Unit 1 EDGs due to overheating.

Cooling water normally is a backup suction source to the CSTs for long term secondary cooling using
AFW. During a seismic event, however, it becomes a primary suction source for AFW as the CSTs
are assumed to fail because they are not seismically qualified.

Steam to the AFW turbine for pump 11 is provided from MS loops A and B. Failure of either Main
Steam loop does not necessarily leads to loss of AFW train A.



Table 2b. Support to Frontline System Dependency Matrix (Unit 2)

Support System
Train - Unit 2

Reactivity
Control

Emergency
Diesel

Seal Cooling

Secondary

Cooling

Short-term
Makeup

Long Term &
DHR

RPS

EDG

Comp Cooling

AFW

Safety Injection

S| Recirculation &
RHR

A B

A B

A (MD
AFW)

(TDAF

A B

A B

4.16KV Bus 23

(1)

4.16KV Bus 24

(1)

4 16KV Bus 25

X(2)

P(8)

X(2)

X(2)

4.16KV Bus 26

X(2)

X(2)

X(2)

480V MCC 2K1

X(3)

X(3)

X(3)

480V MCC 2KA2

X(4)

X(4)

X(4)

480V MCC 2K2

X(5)

480V MCC 2A1

P(6)

480V MCC 2A2

P{)

125VDC DP 21

(1)

X(2)

X(2)

P(8)

X(2)

X(2)

125VDC DP 22

(1)

X(2)

X(2)

X(2)

X(2)

125VDC DP 25

()

125VDC DP 26

(1)

125VDC DP 27

X(2)

125VDC DP 28

X(2)

Cooling Water A

D(9)

X(10)

D(9)

Cooling Water B

D(9)

X(10)

D(9)

CC Water A

D(9)

D(9)

CC Water B

D(9)

D(9)

Main Steam Loop A

P(11)

Main Steam Loop B

P(11)

Notes

X = Complete Dependence

P = Partial Dependence
D = Delay Dependence




Notes for Table 2b

1.

10.

1.

The success criteria for RPS is successful unit trip (Subcriticality). Loss of any support system either causes
system success (trip) or provides a half-trip due to loss of one train of analog protection circuitry. Therefore,
loss of the asscociated 125VDC trains or loss of power to the MG sets results in system success. A
seismically induced loss of offsite power would result in loss of power to normal buses 23 and 24, which in
turn results in loss of power to the MG sets and thus reactor trip.

One train of SI, RHR, CS and CC will be lost upon failure of 4.16KV essential bus 25 or 26. However, if
these failures are associated with components that supply power to the buses (i.e., EDGs) and not the buses
themselves, the buses 25 and 26 can be cross-tied to Unit 1 4.16KV buses 15 and 16, respectively. One
train of SI, RHR and CS is also lost if either of the 125VDC trains fail to supply control power to close the
pump breakers. Local operation of the breaker is possible but is not considered. One train of EDGs is lost if
its 125VDC supply train fails to provide starting control power.

480VAC essential MCC 2K1 provides motive power to much of Safeguards Train A. Power is provided to
the bus from 4.16KV switchgear 25 through 480VAC bus 211. The following are essential loads powered
from MCC 2K1.

- RHR train A suction from containment sump B (MV-32178, MV-32180)

- CC to RHR heat exchanger valves (MV-32128)

- Sl test line A valve to RWST (MV-32204)

- Sl train A suction valve from RHR pump 21 (MV-32208)

- SI RWST suction valve (MV-32182)

- Cooling Water to Component cooling heat exchanger valves (MV-32122, MV-32160)

480VAC essential MCC 2KA2 provides motive power to much of Safeguards Train B. Power is provided to
the bus from 4.16KV switchgear 26 through 480VAC bus 221. The following are essential loads powered
from MCC 2KA2.

- RHR train B suction from containment sump B (MV-32179, MV-32181)

Sl test line B valve to the RWST (MV-32205)

Sl train B suction valve from RHR pump 22 (MV-32209)

SI RWST suction valve (MV-32183)

Cooling Water to Component cooling heat exchanger valve (MV-32123)

480VAC essential MCC 2K2 provides motive power to Cooling Water to Component Cooling heat exchanger
valve MV-32161 and CC to RHR Heat Exchanger B valve MV-32129. Power is provided to the bus from
4.16KV switchgear 26 through 480VAC bus 221.

MCC 2A1 provides motive power to 21 MD AFW pump CL suction valve MV-32026. Loss of power will
prevent the remote opening of the valve. Operator can manually open the valve locally, however.

MCC 2A2 provides motive power to 22 TD AFW pump CL suction valve MV-32030. Loss of power will
prevent the remote opening of the valve. Operator can manually open the valve locally, however.

4.16KV emergency bus 25 supplies power to AFW motor driven pump 21(train A). Makeup to unit 2 SGs
can be supplied from the MD pump in the Unit 1 AFW system through a system cross-tie. Unit 1 AFW MD
pump 12 motive power is supplied from unit 1 emergency bus 16. The 12 and 21 MD driven pump breakers
control are supplied from unit 1 and 2 DC sources, respectively.

Cooling water (CL) provides the heat sink for the CC heat exchangers. With failure of Train A(B) CL, Train
A(B) CC is assumed to fail eventually causing loss of corresponding S| & RHR trains for decay heat removal
function.

Cooling water normally is a backup suction source to the CST for long term secondary cooling using AFW.
During a seismic event, however, it becomes a primary suction source for AFW since the CST is assumed to
fail as a result of earthquake as it is not seismically designed.

Steam to the AFW turbine for pump 22 is provided from MS loops A and B. Failure of either Main Steam
loop does not necessarily lead to loss of AFW train B.



Figure 1. Success Block Diagram

Seismic Event] L Emergency RCP Seal Secondary Inventory Long Term Cont Heat
Reactivity Diesel Cooling Cooling Makeup Makeup Removal
Control Generator
CVCS
Loss of Emergency Aucxiliary Success
Offsite Diesel Feedwater
CCw
AC, DC, LOOP
ccw,cL | | RPS —>
(support and
systems Cntrl
s || Rods
frontline
SG,
Small . RHR hx
Seismic LOCA a?;i%lon grll RR?—ICIgC. and FCU
Induced from = from Sump
Small RWST
LOCA
Cont
Spray
through
RHR Hx




7 TNo1d

WEISXS NOILDILOY4 HOLOVIM QIIIITAHIS

Reo W HiTE RLUE
ANALOG ANALOG ANALOG
PROTECTION PROTECTION PROTECTION pn%NTAFLOG
AACKS RACKS RACKS RA@?(TS'ON
5
C%’& R,&)L LOGIC LOGIC CONTROL
INPUTS TRAIN A TRAIN B IESL?T%
BYPASS T TRIP SIGNAL BYPASS
BREAKER B FOR BREAKERS BREAKER A
TAIP TRIP
BREAKER A BREAKER B
ROD
DAIVE RCCA
MG'S S
BYPASS BYPASS
BREAKER A BREAKER B




12 STEAM GEM.
22 SIEAM CEm

11 STEAM GEN.
MO e 7| STEAM CEM

Mv-32384

21 COMDENSATE
MAKE~-UP SYORAGE
TAHK

2AF - 13-4 AF-13-)

bl g Ll

Lunc ow

>
<
o
Ce
ik
g A LUBE o1
[T
E; 11 COHOENSAIE T } i
— MAKE-VIP STORAGE ~
E #g 1AHK cv _J|):;;.” .. \_./[}
= 21 MW pUMP 22 AW ',UWW‘J‘“’
W § LUBE OIL COOLER LUBE OIL COOLER
;’a LURAE OiL Lie ONn
» L
m e
2 ==~}
(7)) CV-31153 -
-3 11 AW PUMP 12 AW PUMP
;’ LUBE OIL COOLFR LUBE OIL COOLER
11 TURBINE DRVN 21 MOIOR DRVH 12 MOTOR DRVN
AUX. fW PMP Al 22 TURBIHE DRVH
AUX. FW PMP UX. FW PMp AUX. T Pt
)
MV-32335
uv-32025 L[] {x]
utst 1 <} unir 2
§?3‘s?fé'ﬁ'§oxW C-41-2 COMDIE HSAIF

STORAGE  TANK

UNIT 1
COOUNG WATER




Si-1-90 dannd
20 21

NOILONG Jnid
202 um..‘.};{..},.

<quch g 4ap HOBI0 dra

8A8 29
T LINN 4159 00 ¢ 1INN
XH Ad
- 1304 {N3J48

Y \/

& dnnd

0 h

22

"
1022C-AN

00ZZC-AN

(3

L2

()

INET DWQIY
dNINVYA
dlmM "NIin3a

—m--

HINVIHG MNADVA //

NNVL 30HNS 3D

- NIYHa

990ZE-AN

T LINN XH Him XH HLIM
90 2 90 11
X 1z 1112e-AN ,n,ﬂ -
qk .- . N N ‘H IN3A
- 1 M ot
s1eze-An] L3I MO
(b Uy @ @ @_ (19
; c80ZC-AN
\/
X0 '. ) (R) : 2
XH HHy XM 14 HY
XH ¢ Ixnw
T and dnid dnd XH X P! " o
“u 18 §9 oy % uHH Y
ANA o & 3 i ’ B
v ! H I
)% / "'§AE 0D !
i3 . T LINN
e G CHY A GHY {rores-an —@
ozLZE-AM -
NMOOMO1e 9922c-AN) . . dHOD EVD
big - veize-an E]J ' 1sMm £24
A 1}—
p— ] toize-An dno9 Ev0
8rZie-An 1e0ze-AnY {(n) uoa-c'\.?m Q l"zc—l\w 15m 221
Qs) HHvp
rny3 ubve
‘ I (9 nHINL | dnod EY0
X  iim i ISM 12
£)
A —
o] b owaavia
”5‘1“ 1M
Te0ZC-AN D) - ] m-"_ ‘ONd "dYAI
X 5 - aI12v 21909
(n}-X0802¢c-Ap N}
i< “(:) — ‘§AS DD
! 40y 24 ,” " SU3INIGNOD N -4
5 ('1) Y ) ¢ 1IN

~-Rep SEAL,
FIGURE 4 Coolina § CeoLINGTO BUZ Hxs D

(TYPiCAL

UNIT 1 COMPONENT COOQLING WATER SYSTEM



|
| FROM BA STORAGE TANKS 1"
|

f 31 RECIRC PUMP
ACCUM accum |
FILL LINE FiLy UNE'
| 10 -
juNIT 2 >4 Mv-3z081
|

MV-3?002|MV-32003

LOOP A )
coto LEa = “uv-3z070 '
Mv-32068
LooP 8 o : L o 3
COLD LEQ i —— s ]
I -
]
) cc 11
8! PUMP 0
" ]
> | )
> I MV-320719
O]
3 | ] ‘
o v
m | MV-32080
g Z mvk32074 cc
N ‘ M
5 bt i - “
Q MV-32000 | [
mn o Mv-32087, ! T Wv-32 103
o ! | m 10 AHR
2 ol el o " V cC 12 PUMPY
" | St PUMP sucy
] |
[ |
: ' !
| 10 CHQ PMP 3
’ 24 CS PMP SUGT
Y4
| Y 8T UN ‘{ : ¥
TE Con-
RETURN -
I MV-32203 MV-32202 o
| 5] [
% I MV-322080 Mv-32207
FROM
_’__r—;v— - oHR wx |
10 AEACTOR ol mv-iz0e8 " ] 10 C3 pup
s
wz‘e-’:%%o" My-32004 | . FROM
! o Ve 1 P qpn Hx
- i
I FROM AHR HX
PAT, SiRecire.,
|
INSIDE | OUTSIDE

CONTAINMENT | CONTAINMENT



XH ¥Hy

[ 4]

ANINNIVINOD | ANIPNIYINOD
2018400 | Q18N

I aanns

9102C-AN $10ZC-AN Eum.z_ﬁzoo

—~ $002C-AN
{ L1}

iceee-An
MIZE-AN
d

octic-An

reiIZC-ANY
.d-

—e

o

|
|
I 1ve

|

I

I

I

|

g ::.._

r8028-ANY _
110C-AN  9102C-ANY | 8 enns
ININMYINDD

1d NMOGN

©

A

Sdnnd 19 o4

resic-An

Py

e
r902C-AN

980LC-AN

890LC-AN
; re

- —
ey | o e o dn wm wtn | . e wn - - o W - w— — —a——

i

LDERN UL
§ 4001

031 1OH
v 4001

NOILD I
1386 3IA
WOAIVYIN

NOILJITN
1386 3IA
[ IS L k1]

0310102
8 400

RESIDUAL HEAT REMOVAL SYSTEM ( S\ RECZCULATION )

FIGURE &



SNY3 ONNOOD dvo
TESSIA YOLIVIY
N

"o 000’0t W

SOY 1vA R oo
8 4001
wa SHOLO3130 NOMIN3IN
T 1T 1 SNY4 ONMO0OD
| - e N I | 140ddnNS TSSAA

Tl

13

rl ||||||| AAA]

| s.NON0 Y INRNIND fgmﬁgaaﬁ —— =
| : |
_ , 1

-

Pl e e — e e e — —— — — — —— . — —— — ——

) e e e o e e ——

T ——— W

TBSSIA ININNIVINGD

]
:

CONTAINMENT VESSEL AIR HANDLING SYSTEM

"A"""A'A'A'A'A".

FIGURE 7



Rb R urﬂwmhﬁm :nquxK
BYRON RED ROCK
8514 8 8P27 & BH28 & 8pr25 ACB &
S1S_GCBS GCBS 8M34_GCBS a2+

5
1

»
_‘3 -
My
2588 X e
[
S
3
3
3
S

125232 R
()
a
Q%A% A
A3

¢
4

= - S T (R
: Cam
) 3
o782 ii A2 _laHio B2 B2
2 ! 3 L £
oo _ )
Rlc | "y, wlo wle
ot !JMMS@%WWMW& “ : kg0 : b -+
. LY RN l\lﬂ: . ‘ R\-W—i .
-

o
.’—g—mé: ugé
|
g
¥

3’““3"-, s
S B
TET

AQNAL,

AECVAC 20521

| r %
— t
,rzm.wﬂ [ sR.H,.M,B
Mce ZAcz

Mcez Az | Zn.n \€2
M2 A > _
Batt Clwwsers Mcc 2KZ _ L NG 1ACH

¢ TACT
Mce 2AC TM e -.W.uﬂ,i. chavger Bt e
Bott Chavicr

4£80vVAC
l w Bys 1t

X

R

N

>

NF
— ]

— -# XIY STERLOOID 10 THAT G
€ QICOMECT CAM B LOMD
aTa e

WOTEL 988 & B47 " GX KCFE TRE FOR
103 Q0% CHYTIAL
100k MG
O, | GDL NTATIE Pt SCNCE
1000 FLTAYRADCY TR
)0 1 0D 108 O MO
T 1 GDL MR DXTTATIN
0L 100N, TR, ECEN RO
LGB, TR, OPYDRNTIA
10, 10U T, GOS0
01 TN TR
1. ) UK TLET SUMPO FALUE
SN TA MR TR MO0 MEIRE
0. 1N A A TR OEFIANTIA
LK UTA AL TS, VIR CUEDT
ML LN A AL TR, RGO
ML 10DL S8 DT CORB FARLUAC
0, 1 REACTOR The
0. 1 9000 WEDE LT

:

]
aasaagsas;
fiteith
¥
i§ i

BN R e N B e

|

L ad

xxxx
1%

22
Lddd

e
:

i

L]
T DEBEBBEEBESEBAREEE

j
!

!
H
!
]
i

i

B
:
U]
§
;

AC Power Distribution

Figure y




b TNOiA

HAMOd 00 ¥ NIWHL

[ 1]
CONTAOL POWEA

-

1inat

11 DATIERY

sus 18

CONTAOL POWER

e PanEL 1

48VAC
MCC~ ey

— — o] [ ‘
PAnEL 13 — PAHEL 23

S0 g
WIR PUMP

gc CONTAOL PANEY,
PANEL 17

Y
Wai
21 DATTERY
] clARGER necEriACLES
YRAIN A SAFEQUARD | WOSUE
CHARGER =
RACK3 twT 3 RECEFTACLE
— PanN Py
N
B g
N —~
T Tt 0ATTEAY
SRR S TN FusE 00X
|___oc rant 13
TAAIN A SAFEQUARD
AACKS uIT 2
~~ —~
—t—
- L | osmamoe
—~ —~ 118 voC
— —— PaniL 3y
~—~ ~~
ll) )I.
~~ )ll
] -
L 0CPAMEL 24




480N AC
MCC-1AC 2

480N AC
McC- 2AC 2

02
COMTROL POWER

FUNOI A

Ql

dEMO0d OQ 8 NIWYL

\ / i

AC 12
RECEPTICLES BATT.
anee.
nc

RAIN o
SAFEGUARDS
RACKS
UNIT ¢

\_“__@

MOHILE
CIINGR
RECEPTICLE
Y e
Al e
R S

]
T
{

|

12 22
BATIERY FUSE BOX DC PANEL 16 FUSE gDYX BATTERY
BUs 16 TAAIN B SAFECUARDS
CONTROL POWER RACKS 1MIT 2
l ~ D$/DS BLOG
125 VDC
PANEL 26
”~~
1!
— pC
_ PANEL 26
r 1 — [
ne ” oc
DC PAHEL 12 PANEL PANEL 0C PANEL 22
" 24
4+ —2208 ac |
WIR PMP
CONIROL
0C PANEL

PAHEL 18




~ X1430S INFHAMISNI OV A 02T 00 ASZI

T LINN

4BQAYAC 18 HNVAL
e ave e s e 1ALZ

ANoY -G U2 Sg\ —?0/

Ut 1

’—I\ WNTEARRIASCE US|
480V AL Ay TRANS

7iv oc 286 - 208/120% spovic ° o -»
BAT LAY CHARGER 11 225V 0.C
BATI(RY CancER 12
._-_:_*M.: : 12 8 1L Ay
1aprh .
} PAMEL 15 MARVAL ™ e PAREL 16 MANUAL
wrusE sox TRANSFER SwWiTCH TRAMSFER SWITCH
HORMAL  STAKDEY ' 12 FUST POX v
fh————— @ TO DC PANEL 2% TO BC
PANEL 27
(Frovne 8.5-2) : ::...wun [
125V DC 123v0C ML
Panly 13
TURB-GEH AUT'S. (ML EAR AR} oe m 1
123v 0¢ - / N - .nm)- -K“nnuﬂxan_
sartL <+

123v0C

o 4N f

o 12 O3 -\ s
CH <3

mxLtan)

0
3+ (o S SN e | o O YA RN
O -1 o 2 ..ﬁ/hu (g -\ " 4
-

©

1
: —H3 S
; ¥ e Ny

et | .
H ! ;
H i v H
. 24 CimCwt . :
34 CHEUT 24 CACUNT 24 Cmowr 24 tmewt 24 Cmeurt
L1
N

TO D1 TRANSFER SWITC N,
LIGHTING
N—N 125V OC TRANSTLR SwiTCH )
PANEL 191 _
_
S— ) g S | A
- THVERTE

D\I.T(D CWMERGENCY LIGHTING.
13 INVERTER r[

N 24nbyg

1 INVERTER

ORNAL STAMDRY

11 g SN |

_“_ —..\ -y /la _ . sTanc
BaE - ! e
u.;._w_mﬂmﬂ = Yo 33 Inverter
b5 .

Fioed BYPASS
MANY AL pangL n? p ATCH
BYPARS SWITCH By -

00ROV C
ANTEAMS AL T)

- - B P : w.ﬂ\.._.uu«nh.nl‘.-!.! J
§ PaNEL 1Y 3 |mamce s 3 wY
-—— .A ATRALNT WS B - ..A

! v h
ﬂ ~~ O MO ~
s —~1~= | -

—~d~ 000 roaton —HO 4 NMOH

- - "WONATION

Kty —C MK
H
24 n_.".nc: 19 emcun
Y

1
fanel 217 \m__

| oe/120vac 8.,
PanGL Thwel 227

* INERRVPTOBLE ,
2EMB

anss AN Bos 25 HoHage Kesforothion

[:} 9 Al)zc)f
TRANSFER SwWiTCH
NORFMAL  STANDAY]
—— AHEL @/Av\o.l[._\o Do PNL. 21
v. ’ .v me> (Fé.2.5-2)
(F16.8.82) _

— ] — 51 DIESEL

Tame | 228
— —~__ “w:u\_ ﬂ. pnnzom :nwmoorr el
: g

. IEMB DW/\ W& NPv /\OI.DJﬂ. mm\ﬁ.%rn...)
18 Ci1rCUITS o
AKY Bus1(5 Vohtog e, Res foroton , A Bos 6 <o~+omm Reshrcfion,

18 - Ry iTs




s @ < s
£k = = Bf
s s Z s ] £ = %’;‘
= s
i3 5y = o3 _3 g3, & P §
g2 (D =42 VLT (D 5ed ¥qd (D) 5 53
- [ =] -~ = =
g ~g g =3 :gg =
< (X3 =) L") §
) 3 @ o B0 =] 3 X 3
_——————— g u:‘:osv 3‘25 w‘:ou uv-:s o———— — — — —
A/ A Ve
DUME TO UNT 2-CIRC WTR [ i I UNTT 1\ CIRC WTR  Dume YO
CRACE  OISCHRGE PIPING | QISCHAGE PIPING  GRADE
|
: SCREENHOUSE I
|
— — — == ;| = —_—
oo smoree D | . et 1 (o smomee )
| } & Q fitered Woter ? as f | .
{ 01 Fesa System & 23
T sl gy
Z o
| I T ‘X'%I | [eafl =]
IS8 &8 €5
| I_'" Y"c Couting Water - { E
| reatrment System ] |
| e - = — e ——— ——— —— — |
w o e e e e e B
] 3] ] | § 7
~g wW— 32033 V- 32031 | - g
HE
;
H Bl
i
AUX FW Pupsg l
' 9
i
]
—_
+4
53 iz
5 .. M Stotlen Alr Compreseor M 5 a
~3 - 32372 e wW-37371 -&
CONTAWMENT -
§ 3 Emu.m WATER SYSTEM 23
1 TURBINE BLIG
AUN BLOG
o9 E (o) - CC nx
O D=3
WV-32159  Mv-32144
on?sztn. AN B OF UNT ) & 2 TRAN A OF UNT ¢ & 2
2 cen SATGUARDS WX SAFEGUARDS HX 2
Elg =
3 3

¢ 2

NV-32329 § wW-32322

o (]

|-

3t

COOLING WATER SYSTEM

FIGURE (7.



"¢ 94anbiy

ANGO3S/SITIAD NI AININOIYA

00l 08 09 0% O¥ Of o2 [N : ] 9 ¢ * £ FA 0! g0 90 €0 $¥0 €0 20 10 90° 90 €O ¥00 £00 200 _Qd_‘o
It I | AR
\:_/:::/ V_‘:,_ .\_A_/_\_E_E\_A _\:,_/__ 7 —,v _EE\EF M: t_A_E__\_: _\:_ ] A w FJm __,__r_\_,c E: _E_E_ :Ax/r@ﬁ':»m
N WS4 YUK 2 AN N AN &rv\K \/ ~ \/ v/Ar%x\V\ N
AJEXAN AN NI VDU oxd N S| B B DRRSAS %, N
TN PR AR AN O AR s S
, 2 O NN VN N Y % TN OV S N NS
A, \\ \MO//r/f/ /~A A S 7™ \\\\ \\.« // //r/r\ N xﬂ \/w\\\s\ \.O&% #. Y -
FoA AN A A A RO S P RS 7 )R !p&{bJMQo
1 \\\\ Nlg N\ N N 4l @////\// AN Jd 4 g\\& NIy AN N
S At V&/ ,//VV/ XAk RN SOOI AL A% | D ANV
] PaN -\\V//A/ /A;«/ Vr \/\//\Lk/ﬂr J\J\/f/v/v.vm/\///\/ n\ _\fs\ > \\_»// \V/ ra/ < V\“ €0
N\, ) /7 \%/z,o\ ™y Y\.\ N 7/ ' NN e \\\(.% N / /\A/ N
\ S b ‘o/vm/@ % N b FNS v< .X(.U.Q Q Y AN <,V/ —
& XA N V
7
(Y -
7/
V
/ -
V \
i 3 \JA\\\w\ N //VA/VHN
s ,,\\\ " A7 /.N\M/A///AH
A N =
N, K, x\\\\( / \\A M,WA/VVUn
¢ / MR AN DN
9 N\,
r“x WN\VA\VA\NW d A /\Mﬂ/A.\Al v
» \ >
§ G S IGE
3 7 =
&N Y ST.ANAS b (. \\\\\wﬂw
rr—
SN N s e e e e
Y-./A.\,l/../\‘. Moo A A d—
i i\@w.fwu’/ VN Wv\ .\\\A\/\\\VA\/ 10
. A N M. L 7 S
V@. 3 A % \~\7\ 1\%\/ 1 0l
% VQ@. YY\\VV\ s N
d NN e \AW\qV2»xmA.// N
A he \v 4N 4, Y,.nv»ﬂ\// NN
\ s /.\r \/\\\ _ﬁv&t%%/// /k\/ 4
Axv ¢ \\\\ FON AP x\\\ 77 /N\L.fﬂ/ 1K V,N-\[M.AG@ NNER e %
I NN N (R i 7 I NS S ot 75 o N AN (40 A G RN QNI
LRI\ SA3SECy,  NMOQILNHS HAVS HOA NDISAA ¥Od CHANAWWOOHM Kh 70 i
n ‘Onfk\.\v/ AIO// ¥ X //&/ nm-H.oz .Y we =
cova ﬁW@ R 1*»&4 ) o TS s NEN
P e | NN LA fQ,_( o T A R AN AT 02 (N AR R NS AN P vk N N I VA AR B 3.2 == [P
PAAN 0 ~1— PLAAPVCARAI, AT T vﬂ.& AT Sl _\Jﬂ ( KJ\.J/_, AN, ﬁo =
P o P G ot PP b oo PO 00 Dbty g G o T by il os
100 200 £00 Y0 90 80 IO 20 £0 ¥0 G090 B0 O : £ ¥ 69 9 O 02 ot Or 0S5 09 09 0O

SANO23S NI aoly3d

124 ACCELERATION bamus s moowu
PLATEH4.6 { Rav.!)

-

GNOJ3S/SAHINI M ALIDQTIA

RECOMMENDED RESPONSE SPECTRA

MAXTMUM CREDIBLE EARTHQUAKE




Acceleration
®
f/>

-4 § <~
i N N
¥ ~—
2 /// ,/ \\\\\‘
. ‘/\/ /// ~—
/ ol
0 =t
160 10" 10! 10°
Frequency (Hz)

Legend: Notes:
SMA 0.3g RLE 5% Spectral Damping
SSE ' —— Accelerations in g’s

250800 C005: Praire Island Nuclear Generating Plant Spectra
Auxiliary Building Elev. 735 X (E-W) Direction

Figure 14

bor o

sd-xgexne $Z:ZI1:¢T 66/60/21 QILNOIXF TEC:0€:60 €6/%0/80 QITIINOD dZ°T SYEA 98E€THINI

I1dasa




Acceleration
®

/ It
——
'2 // o~
./ L1
/ ,//
———-/—/ /
-0 -1 0 1
10 10 10 10
Frequency (Hz)
Legend: Notes:
SMA 0.3g RLE —_— 5% Spectral Damping
, SSE - Accelerations in g’'s

250800 C005: Praire Island Nuclear Generating Plant Spectra
Auxiliary Building Elev. 735 Y (N-S) Direction

Figure 15

o1

hipt-4=1-3

sd-Kgexne pZ:gT:ZT 66/60/Z1 QILOOEXE TE:0€:60 £6/%0/80 QITIANOD dZ°T SYEA 9BETHAINI




Acceleration
®
= ]
~N
s
=

.0E =
16" 10’ 107 10°
Frequency (Hz)
Legend: . Notes:
SMA 0.3g RLE 5% Spectral Damping
SSE ' - Accelerations in g’s

250800 C005: Praire Island Nuclear Generating Plant Spectra
Auxiliary Building Elev. 715 X (E-W) Direction

Figure 16

1//'::_/

I1asd

sd+xgexXne HZ:gr:ZT 66/60/2T AILNDEXI TE€30€360 £€6/¥0/80 QITIAWOD dZ°T SHEA 98ETHINI




Bcceleration
©

Fanll

S

4
M/ Ml
™~
o2 // = =
../ /’/ T
v //,/ P
| __,.’/
07 0 T
10 10 10 10
Frequency (Hz)
Legend: Notes:
SMA 0.3g RLE —_— 5% Spectral Damping

SSE - Accelerations in g’s

‘250800 C005: Praire Island Nuclear Generating Plant Spectra
Auxiliary Building Elev. 715 Y (N-S) Direction

Figure 17

2r7¢

L1dsy’

21 66/60/21 AELNDEXE TE:0£:60 £6/70/80 QITIIAWOD dZ°T1 SHIA IBETIINT

sd+Kgexne pgsZl




o
; / \
4 .8 I
o
4
4 [\/\A \
s 6 A A
0 ' \
" // / .
4 / \
\\.\\ \/\/\,
2 o« /
1T
,//« o
0 =—1 —
16t 10° 10" 10
Frequency (Hz)
Legend: Notes:
SMA 0.3g RLE - 5% Spectral Damping

SSE ‘ — Accelerations in g's

250800 C005: Praire Island Nuclear Generating Plant Spectra
Auxiliary Bldg. 695’ X (E-W) Direction

Figure 18

i/ d

LIdSy

sd*XZIXn® GGi6¥iG0 66/0T/2T QALOOIXE TE:0€:60 £6/90/80 AXTIIAWOD d4Z°1 SUZEA 98ETHINI




Acceleration

1.2 /
1.0 / \
. /\V \\\
4 / \
N
\\\
5 /
) W% L 1
/)”/ ////
__/‘/ /’
05 _ 0 1
10 10 10
Frequency (Hz2)
Legend: ' Notes:
SMA 0.3g RLE 5% Spectral Damping
SSE ‘ — Accelerations in g’s

250800 C005: Praire Island Nuclear Generating Plant Spectra
Auxiliary Bldg. 695’ Y (N-S) Direction

Figure 19

102

b

I1asy

sd-Azixne G5:6%:60 66/0T/2T QIINDEXE TE:0£:60 £6/70/80 AITIAROD dZ°T SYIA 98ETIINI




Acceleration
®
E
1Y
™~
i
_—

/ \\\ T
2 - v =
L~ L ~— -
J/\ AT
///N of
0 = —+]
S| 0 T 2
10 10 10 10
Frequency (Hz)
Legend: Notes:
SMA 0.3g RLE ' 5% Spectral Damping
SSE - Accelerations in g’s

250800 C005: Praire Island Nuclear Generating Plant Spectra
Turbine Building Elev. 715 X (E-W) Direction

Figure 20

s

LIdSH

sd-xTzqany pZ:ZT1:21 66/60/21 QELADEXE TE:0€:60 €6/%0/80 AITIANOD JZ°T SYEA 98ETIINI




1.4 /
1.2 /
e
o L.0 / \
-rl
P
5
P IR
] /\/\
0
$ /V/W e
.4 / \\ b/\/\/’\
/// // \\\\\ \\v~
L / T
-2 // e S
//
///
/ /
00_1 0 1
10 10 10 10
Frequency (Hz)
Legend: Notes:

SMA 0.3g RLE
SSE '

5% Spectral Damping
Accelerations in g’'s

250800 C005: Praire Island Nuclear Generating Plant Spectra
Turbine Building Elev. 715 Y (N-S) Direction

Figure 2]

9//'0/

LTds¥d

60 €6/90/80 QIIIANOD 4Z°'T SHEA 98E€TIINI

sd-A1zqany $Z:21:2T 66/60/2T QILODIXHA TE:OE




/\

1.0 / \
o
g / \
50 / \
¥
i
o A A A\
8 .6 V N
< // / :ﬂv\

» N LN,

N ]
] Nl
I/ /
-2 /\/ L T
LY
///\ | 41
.0 =
16" 10° 10" 10
Frequency (Hz)

Legend: Notes:
SMA 0.3g RLE 5% Spectral Damping
SSE ' - Accelerations in g‘s

250800 €005: Praire Island Nuclear Generating Plant Spectra
Turbine Bldg. 695’ X (E-W) Direction

Figure 22

2i1/d

LIdsy

sd xzzxne §G:69:G0 66/0T/2T QAINOEXT TE:0€:60 £6/V0/80 QITIIAWOD d2°T SHEA 9BETIINT




Acceleration
®
—
i

e
.2 % 7 1]
LH
/ ,//
0 __,_/"/ __,_,/
161 10° 10t
Frequency (Hz)
Legend: Notes:

SMA 0.3g RLE e 5% Spectral Damping
SSE ‘ - Accelerations in g's

250800 C005: Praire Island Nuclear Generating Plant Spectra
Turbine Bldg. 695’ Y (N-S) Direction

Figure 23

102

&ir-d

LIdsy

sd-Azzxne GGi69:50 66/0T/2T QILAOIXT TE:0€:60 £6/90/80 QIIIAROD d4Z°'T SHIA 98E€THINI




Acceleration
[
o
/

.0k
05 10° 10} 10
Frequency (Hz)
Legend: Notes:
SMA 0.3g RLE 5% Spectral Damping

Accelerations in g’s

SSE : _—

250800 CO005: Praire Island Nuclear Generating Plant Spectra
Unit 1 Reactor Support Elev. 755 X (E-W) Direction

Figure 24

rr-d

LIdsd

sd-xX7Zsatn 1637560 66/0T/TT QEINDIAXT TE:0E£°60 £6/¥0/80 ATTIAWOD dZ°T S¥3A 98ETIINI




Acceleration
[
Q

3 7 4 \\ AN
= | — |
/N / R
~//““/ﬂ ////
0 = |
16° 10° 10’ 10
Frequency (Hz)
Legend: Notes:

SMA 0.3g RLE
SSE ~

5% Spectral Damping
- Accelerations in g’s

250800 C005: Praire Island Nuclear Generating Plant Spectra
Unit 1 Reactor Support Elev. 755 Y (N-S) Direction

Figure 25

oz/ <

LTdSy

60 €66/0T/2T QEILNDEXHT TE:0E£:60 £€6/%0/80 UITIAWOD dZ°T SHEA 98ETIINI

sd-Azgsatn 1G:Z§




Acceleration

10 10 10

Frequency (Hz)

Legend: Notes:

SMA 0.3g RLE —_— 5% sSpectral Damping
SSE . - Accelerations in g’s

250800 C005: Praire Island Nuclear Generating Plant Spectra
Unit 1 Reactor Support Elev. 711.5 X (E-W) Direction

Figure 26

10

/2l ol

I74sy

sd*X$ZSAIN TG:ZG:60 66/0T/2T QIINOIXI TE:0£:60 €6/70/80 AIITIWOD dz'T SHYEA 98ETHINI




Acceleration

LR

Legend:

SMA 0.3g RLE
SSE

10 10
Frequency (Hz)

Notes:

5% Spectral Damping
Accelerations in g’s

250800 C005: Praire Island Nuclear Generating Plant Spectra
Unit 1 Reactor Support Elev. 711.5 Y (N-S) Direction

Figure 27:

10

22/ d

L1489

sd-ApgsaTn TG:ZS:60 66/0T/2T QAINDIXT TE:0E:60 £€6/%0/80 QETIIINOD dz°T SHHEA 98CTILNT




1.2 //
1o // \
a
§ /
S . 8 /
o
q
@
. Y \
0 .6 A
8 // / X
/ \U
.4
\\\\\ N\j\/\f
i / N
///\ ’//’
| L
03 ) 1 2
10 10 10 10
Frequency (Hz)
Legend: Notes:
SMA 0.3g RLE —_— 5% Spectral Damping
SSE ‘ -_— Accelerations in g’s

250800 C005: Praire Island Nuclear Generating Plant Spectra
Unit 1 Reactor Support Elev. §97.5X (E-W) Direction

Figure 28

cz/d

LIdsy

sd*x6 IN §S:6%:50 66/0T/¢T QILNOIXH TE:0E:60 £6/50/80 QITIINOD dZ°T SY¥Y3A 98ETHINT




1.2 /
1.0 / \
o
§ i
+ 8 |
o
y /\\/ \
)
Jow]
a
8 .6
4 ,P/ // \\ ,V&\
4 b 2 \ Y
Y N[N \.J\
/] / e
.2 /// B a—
/ /// T
//’/ ,//’
__/‘/ //
.0_1 0 i
10 10 10 10
Frequency (Hz)
Legend: Notes:
SMA 0.3g RLE 5% Spectral Damping

SSE . —_— Accelerations in g’s

250800 C005: Praire Island Nuclear Generating Plant Spectra
Unit 1 Reactor Support Elev. 697.5Y (N-S) Direction

Figure 29

bzl d

LI4sd

sd+&g In SGieWiGO 66/0T/2T QILNDOIXT TE:0E:60 £6/V0/80 QETIAWOD JZ°T SHIA 98ECTIINI




Acceleration
=
o

5
: \] ~
L /////
0 ke |
161 10° 10t 10
Frequency (Hz)
Legend: Notes:

SMA 0.3g RLE
SSE

5% Spectral Damping

- Accelerations in g's

250800 C005: Praire Island Nuclear Generating Plant Spectra
Unit 2 Reactor Support Elev. 755 X (E-W) Direction

Figure 30

rer ol

L1459

sd- xzzsIzn 15:25:60 66/0T/2T QIINOIXT TE:0£:60 £6/%0/80 AITIIWOD dZ°T SYEA 98ETALNI




Acceleration
f="
(o]
/

.5
I AN

y
8%

// /"/
0 =" —t
16" 10° 10" 10
Frequency (Hz)
Legend: Notes:
SMA 0.3g RLE 5% Spectral Damping

SSE ——— Accelerations in g’s

250800 C005: Praire Island Nuclear Generating Plant Spectra
Unit 2 Reactor Support Elev. 755 Y (N-S) Direction

Figure 31

92/'c/

LIdsy

sd-KzzsIgn 1G:75:60 66/01/2ZT AIINOIAXE TE:0E:60 £6/¥0/80 QATIAWOD dz°'T SUTA 98ETILNT




1.6 /ﬂ

1.4 l\

1.2 ,/ -
o
0
: il
B 1.0 {
4
@
r /
5 ° /
. N N

.6 N

A REEIR
. A, NI\
A=
¥ / QA\
L7 // T
2 —
T LT
/ ol
0 1
16" 10° 10’
Frequency (Hz)

Legend: Notes:
SMA 0.3g RLE 5% Spectral Damping

Accelerations in g’s

SSE —_—

250800 C005: Praire Island Nuclear Generating Plant Spectra
Unit 2 Reactor Support Elev. 711.5 X (E-W) Direction

Figure 32

10

téZD"cﬂ/

LTIST

sd-xpgsazn 15:25:60 66/0T/2T QIINDIXE TE:0€:60 €6/%0/80 QTIIAWOD d4Z°T S¥YIA 98ELTIINI




Acceleration
o
\_
g

2 —
-./ L1171
/ ’//
| | 1
05 i) 1
10 10 10
Frequency (Hz)

Legend: Notes:
SMA 0.3g RLE 5% Spectral Damping

Accelerations in g's

SSE -

250800 C005: Praire Island Nuclear Generating Plant Spectra
Unit 2 Reactor Support Elev. 711.5 Y (N-5) Direction

Figure 33

10

52/":/

LIdSY

sd-Apzsazn T15:25:60 66/0T/2T QIINDEXE TES0E:60 £6/70/80 QATIIAWOD dZ°T SUIA 98ETIINI




1-0 / )
o
g / \
4(6’ 08 / \
V]
a
B
0 .6 A
. 7 \
N )
/ \\\ .
d / ~
,//« 1]
0 1]
16t 10° 10" 10°
Frequency (Hz)
Legend: Notes:
SMA 0.3g RLE 5% Spectral Damping

Accelerations in g’'s

SSE -_—

250800 c005: Praire Island Nuclear Generating Plant Spectra
Unit 2 Reactor Support Elev.697.5X% (E-W) Direction

Figure 34

Ler o

LIIsd

X6 ZTh GGigp:igo 66/0T/2T QIINDEXT TE:0£:60 £6/90/80 QETIAWOD dZ°T SHIA 98ETIINT

sd-




/ﬂ
|
il
g /
0
T .8 i
@
v
: N
o .6
g / / N
M
.4 f
]
-/V // \\\\ \“/\f“\__,
2 /// hi =
4 -4 T
7 >
o’”’/ﬁ/ —t
107 10° 10! 102
Frequency (Hz)

Legend: Notes:

SMA 0.3g RLE
SSE e

5% Spectral Damping
Accelerations in g's

250800 C005: Praire Island Nuclear Generating Plant Spectra
Unit 2 Reactor Support Elev.697.5Y (N-S) Direction

Figure 35

OEV'O/

L'Tdsyd

sd-&6 gn §G:6%:60 66/0T/2T QILNOIXE TE:0E€:60 £6/%0/80 QITIAWOD dz°T SHIA 98ECTIINI




HORIZONTAL

cAll

Screen House

BUILDING

MASS POINTS : N/A
DIRECTION

RADIAL DIST
ELEVATION : 695.00

Prairie Island Nuclear Generating Plant
Amplified Floor Response Spectra
Safe Shutdown Earthquake (SSE)

Northern States Power Company

L0 50 S S e e | T TTTT T T T
BRI I R R R 1t~ —t 4|1|+|n..xr|..._
FR R ST T D DR T a_ t '
ITTOTTOT ] 1T R R
dLldaladeddecde o noa S| Sebeldcedemand
[ I O R B 3 ] 1 11 31 1] 1 1 ]
JLLldaledadde e decaax 1 dolclcadanaod
.-___ 1 I 1 1) LI A | ] ] ' I
LI T T ! ! 1 1Lt 1 ] [} [}
ITT o ST T T P i T el S E
e o.0 QWO L 11 ¥ i ] ]
b SRRRRRRE | CL
ITTINOCOQQQCOC T T T R T
il SraNatoNS o faoa
LI T A | vt 1} ) [} !
1L14 P N T detadoandeoaaad
ti LA A [ N [ [
vl ot [ _ vty {o I 1
et 1 4 s v _ ' v 1
[N B — [ i 11 t o 1
LU [ T R L La_L_l !
:_m."_:_:_. A
IRER [ tor '
110 [ [ I [} i
1t T ._w\\“ [ '
NN ' 1 e [ '
[ ] ' \._\ﬂs»\ [ T 1
AR ¢ \‘_L‘\‘\VN toa 1
t 1 1 7,0 \L\ Y [ 1 ]
1 1 | R XX a0 [ 1 i
0 0 P40
trra o Vi S G
' ! Pyl nrhw\b 20 L_L_1 '
YA UL i R
'*-l.ll-f'.‘!n Ll_--LLn haedoaedecaoe--d
_‘ sap v Lo '
1_1u4~...|nLL. Ledtowdacaad
_— i brep '] 1
dog _...n..r_..__ [ 1
T e v i e e i el S FTITrT T T YT T
i ?././f..._. | 1
1 IENGRIRANTIA N TR B T R R
] [ lh.: ./.a: W 1t ] [}
' t [N N N [ T S| [
) ' ] S ,f;' [ I | 1
a4 a4 lLlIl_lllv/uer’ 2 hrdmbemdoeed o
' ' ! LWy V/ [T 1
' [ t /7./:/ [ | 1
t ' 1 ! q_.7V/ e 1
! ' ! 2 r//__/ ,f/ [ | 1
1181 IR PR SN N N v/_.:.r..---- Liobloloolooo
' 1 i AN AN ) CT T T 1
[ ey ) I ATNRRUN XY ' R 1
' e | vrfr NS RN o ' ] )
tre e o1 ! A _//../. W ' I | 1
LI S I I B | ' t NN Y ./. * ¢ [ 1 !
RN ' NIV RNORAY t o '
3 T I I | ) 1 ] [0 O O I ] /o&a/“/ . ] [ . ) ] t 1
tEer o s 1 1t ./h .//r/... ' Py |
R I T } ] ) k3 100y 1 -h r//?a! i) |3 1 1 1
te 1o 1 v K 1 AR ts ] ]
TrTAISm AT m s = 17T P ..l..un/-/,/,,”/;./..ﬁ_u..._t...._v|._.||._. |||||
LR I R T R S T S N
1 ;.///:___. 1 1 1
R I T I B e B e {mf =t =t .l.nnTan«/,. m..n.ﬁr.._|_x..a....+x|+ |||||
[ S R R ' ' IR (- [ Y] 4;_.__._ ! 1
o 20 R I B TR I R R Bl O I = EY lo == = .Ill_.-ﬂ [ Tl 2 IEE LR B R
e o 1 ten g o ' 0 f
NICT I N N S DR SRR, IR S A s Locdtooo_
TR 1 ) [ [ 1 v
Lre 1 ] 1 ? ___r L} 3 ] ) )
IR N S T P HU R B IR ; SR U SR TR I R A L - - - -
Ter e o1 1 thrg Nyt 1 ! " '
BN 1 1 AR 1 1 "o '
LI I T B | ] 1 ] __.3\9\ ) 1 ] [ | ]
44+ dclrd e m i == - =} _L..S [ R R B L] +
[ T S B A | ' 1 [N M ' 1 1 L] i
[ T I 1 .._.av o v [ [ 1
AR 1 ey b ' ! | tos '
[N T A T S t ] ) -_.KD ] ] 1 1t 1
B R S O R IV DR PR W (.} [ T T L (A} [ S
R l ___qmﬁO 1 ' 1 v [
' 1 X mu | ) ' [ '
3 S T A T TR | ' P ' 1 ' s )
L2 S I B | H ] ] -_—O ' 3 1 s 1
N ] 1 i 0 0 ' ' [ |
L2 I I R | 1 1 [} E I A A | I ] ] 1 [ I} ]
Vi s s AR ' ' [ 1
L I I B | ] ) 1 ettt ! ] ) ] LI | 1
AL L) L 1 1 T . | A 4 1 L ) 1
o -
-—

0.1
0.01

(o)uoneisjpoay

100

10

Frequency(Hz)

Figure 36

0.1



