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~ 5909 East 38th Avenue, Denver, Colorado, 80207
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May 28, 1982
Fort St. Vrain
Unit No. 1
P-82169

Mr. George Kuzmycz, Project Manager
Special Projects Branch
Division of Project Management
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Docket No. 50-267
,

Subject: Electrical Power Systems

References : 1)G-80149
2) G-80150

Dear Mr. Kuzmycz:

The purpose of this letter is to incorporate PSC previous and new ,

responses to the above referenced letters into one letter,
j

This letter consists of the following attachments:

ATTACHMENT 1 Response to G-80149 (Tedesco to Warembourg dtd 8/25/80)
ATTACHMENT 2 Response to G-80150 (Tedesco to Warembourg dtd 8/25/80) !

ATTACHMENT 3 Electrical Power System Figures Including Proposed 4

IModifications
ATTACHMENT 4 Documentation of Voltage Studies (will be forwarded

by a separate cover
,

letter within 10 days) 1

ATTACHMENT 5 T-184 Verification of Analytical Studies

If you have any questions concerning this matter do not hestitate to
call.

0lVery truly yours, 0
~P DI $ |

%daww /QAw |

H. L. Brey, Manager i [ )
Nuclear Engineering Division

8206040262 820528
PDR ADOCK 05000267
P PDR
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ATTACHMENT 1'

P-82169'

ATTACHMENT 1,"

Respon_se to_ G _80149_ _(T_edesco to Warembourg dtd 8/25/80)

NRC Requests:

We request that you compare the current design of the emergency power
systems at your facility (ies) with the Staff Positions stated in the
enclosure and:

(1) propose plant modifications as necessary to meet the Staff
Positions, or

(2) provide a detailed analysis which shows your facility design has
equivalent capabilities and protective features.

i Addi tionally, we require that certain technical specifications to be
incorporated into all facility operating licenses. tiodel technical
speci fications, consistent with the Staff Positions contained in
Enclosure 1, are provided in Enclosure -2.

PSC_ Response: Plant Modifications are Being Proposed:

As we indicated in our letter P-81317 (dated 12/16/81 Brey to
Kuzmycz), PSC has been pursuing the upgrading of the 3 essential 480
volt buses. The most prudent method of implementing the two levels
of undervoltage protection is to do so when the switchgear is being
changed out (two units are scheduled to be replaced during the 3rd
refueling). The remaining existing units' relaying would be modified
to provide the same voltage protection as the new units at that time.
It is felt that this is the most viable approach because of the
di f ficul ty associated with the timely purchasing of Class 1E voltage
transformers and undervoltage relays to modify the existing

,

swi tchgear.

NRC Positions

NRC Posi tion 1: "Second Level of Under-or-0ver Voltage Protection
with a Time Delay"

"We require that a second level of voltage protection for the onsite
power system be provided and that this second level of vol tage

protection shall satisfy the following criteria:"
~

NRC Pcsition la: "The selection of voltage and time setpoints shall
be determined from an analysis of the vol tage requirements of the
safety related loads at all onsite system distribution levels;"

,

!
,
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-| ATTACHMENT 1
1 P-82109

i
PEReplyJ:

! All safety related equipment items at Fort St. Vrain are powered at
the 480 volt level and below. The largest safety related mctor.is

i
rated 150 horsepower. Voltage and time setpoints were selected based
on the guidelines furnished by G-80150 (Tedesco to- Warembourg dtd
8/25/80) at all onsite distr'bution levels. These setpoints will.be
reviewed by the PSC system protection engineering group and than

,

: placed into Technical Specification fonn. Once the draft Technical
Specification has received approval by the FSV Nuclear Facility
Safety Committee (NFSC), it will be forwarded for NRC review. We
anticipate receiving NFSC approval in October 1982.

,

,

NRC Position IB: "The voltage protection shall include coincidence
logic to preclude spurious trips of the offsite power source;"

PSC Reply lb: Coincidence logic will be utilized in the design. '

(Refer to PSC response to NRC position le for complete details).

NRC Position ic: "Th2 time delay selected shall be based on the
: following conditions:"

(1) The allowable time delay, including margin, shall not exceed>

, the maximum time delay th:t is assumed in the FSAR accident
' analysis;"

!

; (2) "The time delay shall minimize the effect of short duration
disturbances from reducing the availability of the .offsite~+

power source (s); and"

-(3) "The allowable time duraticn of a degraded voltage condition
; at all distribution systeu levels shall not result in
| failure of safety systems or components;"

'

!

PSC Reply Ic:

(1) The Fort St. Vrain Station is not a Light Water Recctor and'

does not have the cri_tical * timing" concerns of a Light
Water Reactor. There is no need to immediately start
reactor coolant or safety injection pumps. These types of
cooling systems do not exist at Fort St. Vrain. Recognizing
this, there was not and is not a need to analyze the
aforementioned time delay in the FSAR.

(2) This feature is present in the existing Fort St. Vrain
design and will be present in any redesign.

(3) The feature is present in the existing Fcrt St. Vrain design
and will be present in any redesign.

,
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ATTACHMENT 1
P-82169

NRC Position Id: "The voltage monitors shall automatically initiate
the disconnection of offsite power sources whenever the vol tage
setpoint and time delay limits have been exceeded;"

PSC Reply id:

This is currently a design feature of the Fort St. Vrain 4KV bus
relays. After replacement of the essential 480 volt switchgear this
will be a design feature of the 480 volt bus relays.

NRC Position le: "The voltage monitors shall be designed to satisfy
the requirements of IEEE Std. 279-1971, " Criteria for Protection
Systems for Nuclear Power Generating Stations;"

PSC Reply le

Per discussions with the NRC's consultant on this effort, Allen Udy
of EGG Idaho, the connection to offsite power is defined as the
connection of the 480 vol t safety related switchgear to the non-
safety related 4160V switchgear.

Two level vol tage relaying will be added to the safety related
switchgear. These relays will be applied so that coincidence logic
is utilized and so that the intent of IEEE 279 is met. See

ATTACHMENT 4 for further details.

NRC Position If: "The Technical Specifications shall include
limiting conditions for operation, surveillance requirements, trip

setpoints with minimum and maxinum limits, and allowable values for
the second level voltage protection monitors."

PSC Reply if:

PSC will provide a draf t of the necessary Technical Specification
changes after acquiring the approval of the Fort St. Vrain NFSC.

NRC Position 2: " Interaction of Onsite Power Sources with Load Shed
Feature"

"We require that the current system designs automatically prevent
load shedding of the emergency buses once the onsite sources are
supplying power to all sequenced loads on the emergency buses. The
design shall also include the capability of the load shedding feature
to be automatically reinstated if the onsite source supply breakers
are tripped. The automatic bypass and reinstatement feature shall be
verified during the periodic testing identified in Position 3."

PSC Reply Position 2a: These features are in the existing Fort St.
Vrain Design and will be present in any redesign.

NRC Position 3: "Onsite Power Testing"

-3-



- - ^~ ~

ATTACHMENT 1
P-82169

We require that the Technical Speci fications include a tes t
requirement to demonstrate the full functional operability and
independence of the onsite power sources at least once per 18 months
during shutdown. The Technical Specifications shall include a
requirement for tests: (1) Simulating loss of offsite power in.

conjunction with a sa fety injection actuation signal; and (2)
Simulating interruption and subsequent reconnection of onsite power-
sources to their respective buses. Proper operation shall be
determined by:

a) Veri fying that on loss of offsite power the emergency buses
have been de-energized and that the loads have been shed
from the emergency buses in accordance with design
requirements,

b) Veri fying that on loss of offsite power the diesel
generators starc from ambient condition on the auto start
signal, the emergency buses are energized with permanently
connected loads, the auto connected emergency loads are
energized through .the load sequencer, and the system
operates for five minutes while the generators are loaded
with emergency loads.

c) Verifying that an interruption of the onsite sources the
loads are shed from the emergency buses in accordance with
design requirements and that subsequent loading of the
onsite sources is through the load sequencer.

_PSC Reply 3:

Complete provision regarding onsite power testing will be part of the
aforementioned Technical Specification revision.

.

4
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ATTACHMENT 2
P-82169

ATTACHMENT 2,

Response to G-80150 (Tedesco to Warembourg dated 8/25/80)

In the referenced correspondence, the NRC stated a need to confirm
the acceptability of voltage conditions on the Fort St. Vrain Station
Electric Distribution System. Spect fically, this was to be in regard
to;

(1) potential overloading due to transfers of either safety or
nonsafety loads, and

(2) potential starting transient problems in addition to the
concerns expressed in the NRC's June 2,1977 correspondence
with regard to degraded voltage conditions due to conditions
originating on the grid.

The concerns and/or questions have been extracted from the Staff's
letter, assigned a number and listed below to insure response to each
point:

(1) Based on the experience at ANO, the NRC is requiring all
licensees to review the electric power systems at each of
their nuclear power plants to determine analytically if,
assuming all onsite sources of AC power are not. available,
the offsite power system is of sufficient capacity and
capability to automatically start, as well as operate, all
required safety loads within their required voltage ratings
in the event of (a) an anticipated transient (such as a unit
trip) or (b) an accident (such as a LOCA) regardless of
other actions the electric power system is designed to
automatically initiate and without the need for manual load
shedding of any electric loads.

1

PSC Response 1

Offsite Power System

Five 230Kv transmission lines from widely separated power system grid
locations are connected to the Fort St. Vrain switchyard (See Figure
1 of ATTACHMENT 3 for further details). Any one of these lines alone
c-1 easily handle the safe shutdown cooling load (less than 1
megawatt) at Fort St. Vrain. These lines are individually protected
through the application of modern protective relaying practices, thus
the simultaneous loss of all offsite power is extremely unlikely.

Interface with Onsite Distribution System

Offsite power can be supplied to the Fort St. Vrain 4160 volt buses
(Note-All 4160v buses are non-sa fe ty related) through either the,

-1-
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ATTACHMENT 2
P-82169

Reserse Auxiliary Trans formers (RAT) or Unit Auxiliary Transfomer
(UAT) from any one of the five transmission lines.

Supply from RAT

If any of various electrical problems (including undervoltage) are
encountered during normal operation (i.e. 4160v buses powered from
the main turbine generator through the UAT), or a unit trip occurs,
automatic transfer to offsite power via the RAT is initiated.

Supply from UAT

It is also possible to supply station auxiliaries from offsite power
through the main power transformer and the UAT by disconnecting the
isolated phase bus links in the main generator leads.

Unit Trips and/or LOFC (Loss of Forced Circulation Cooling)

The Fort St. Vrain Station does not employ a Light Water Reactor.
Therefore, during a unit trip or LOFC situation, there is no
requirement to immediately start large safety injection pumps or
reactor coolant pumps. These equipment items are not utilized in the
FSV High Temperature Gas-Cooled Reactor Design.

The Fort St. Vrain safe shutdown cooling systems utilize nomally
operating plant equipment. Thus, the equipment requirements for
responding to a unit trip or to a LOFC situation are not
significantly different. Likewise, the electrical requirements for
responding to a unit trip or LOFC are not significantly different
from normal plant operating load. The safe shutdown cooling load is
less than plant operating load.

Protection from undervoltage conditions is provided on the non-safety
related 4kV system and on the safety related 480 v system Analytical
verification of the capabilities of the Fort St. Vrain distribution
system when powered from offsite sources provided as ATTACHMENT 4

NRC Position 2

Protection of safety loads from undervol tage conditions must be
designed to provide the required protection without causing voltages
in excess of maximum vol tage ratings of safety loads and without
causing spurious separations of safety buses from offsite power.

PSC Response 2

During nomal offsite power conditions no situations exist at Fort
St. Vrain where high vol tage conditions, in excess of equipment
ra tings, exist during light load conditions. This is verified by
ATTACHMENT 4.

-2-
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ATTACHMENT 2
P-82169

NRC_ _P_osi tinn 3

NRC should be informed of any required sequential loading of any
portion of the offsite power system or the onsite distribution system
which is needed to assure that power provided to all safety related
loads is within the voltage limits for these safety loads. Guidance
on evaluating the perfonnance of electric power systems with regard
to voltage drops is provided.

PSC Response 3

No sequential loading of the offsite power system or of the onsite
distribution system (when powered from the offsite source) is
required at Fort St. Vrain.

Automatic transfer to the offsite source (via the RAT), following a
unit trip, takes place in less than two cycles. Ocsillographs have
verified that Bus Voltage changes are hardly noticeable during this
type of transfer.

The above transfer method is backed up by a second automatic transfer
that occurs in 2-3 seconds following 4ky buses undervoltage or a unit
trip. During this method, notor voltage is allowed to decay to a
safe level before the transfer is made. Rotating equipment will
still be rotating and current in rush and voltage conditions are
within equipment ratings. If the offsite system (via the RAT), has
low voltage, both of the above transfers are blocked. The 4ky buses

are disconnected fran the UAT and RAT and large motors are tripped.
Safety rela ted equipment is also load shed from the safety related
480v buses. Therefore, the worst case undervol tage situation in
terms of motor starts is identical to that occurring during normal
plant start-up and operation.

NRC Position 4

The adequacy of the onsite distribution of power from the offsite
circuits shall be verified by test to assure that analysis results
are valid. Please provide (a) a description of the method for
perfonning this verification and (b) the test results. If previous
tests, veri fy the results of the analysis, then test results should
be submitted and additional tests need not be perfonned.

PSC Response 4

As previously stated, safe shutdown couling equipment is normally
operating prior to a unit trip or a LOFC situation. Therefore, the
need to start and operate equipment is no different than during

nonnal plant operation.

-3-



ATTACHMENT 2
P-82169

Capacity of the RAT and its capability to maintain adequate voltage
at the terminals of equipment has been verified by operational
experience on a regular basis. Each time the Fort St. Vrain station
goes through start up or shutdown, the safety equipment is operated
from the RAT. There have been no motors or other equipment that have
failed to start because of undervoltage or that have been damaged
because of undervoltage conditions.

The UAT is approximately 2 MVA (55 C rise FA rating) larger than the
RAT. Therefore, it also has adequate capacity and capability.

Verification of the analytical studies was accomplished by test T-184
the results of which are included as ATTACHMENT 5.

NRC Position 5

In addi tion, you are requested to review the electric power systems
of your nuclear station to detemine if there are any events or
conditions which could result in the simultaneous or consequential
loss of both required circuits to the offsite network to determine if
any potential exists for violation of GDC-17 in this regard.

PSC Response 5

No conditions were found that could result in the simultaneous loss
of the required circuits to the offsite network. Therefore, no
potential violations of GDC-17 were identified.

V_0LTAGE DROP CALCULATION GUIDELINES

The following is PSC's discussion regarding the NRC guidelines for
voltage drop calculations.

NRC Guidelin_e 1 ,

Separate analyses should be perfomed assuming the power source to
'

safety buses is (a) the unit auxiliary transformer; (b) the startup
transformer; and (c) other available connections to the offsite
network one by one assuming the need for electric power is initiated
by (1) an anticipated transient (e.g., unit trip) or (2) an accident,
whichever presents the largest load demand situation.

PSC Discussion 1

Analyses were perfomed on both the unit auxiliary transfomer and
the reserve auxiliary (startup) transformer.

The largest load demand situation is the unit trip situation, details
and assumptions regarding analyses maybe found in ATTACHMENT 4.

-4-
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ATTACHMENT 2
P-82169

NRC Guideline 2

For mul ti-uni t stations a separate analysis should be performed for
each unit assuming (1) an accident in the unit being analyzed and
simul taneous shutdown of all other units at that station; or (2) an
anticipated transient in the unit being analyzed (e.g., unit trip)
and simul taneous shutdown of all other units at that station,
whichever presents the largest load demand situation.

PSC Discussion 2

Fort St. Vrain is a single unit station therefore guideline 2 does
not apply.

NRC Guideline 3

All actions the electric power system are designed to autanatically
initiate should be assumed to occur as designed (e.g., automatic bulk
or sequential loading or automatic transfers of bulk loads from one
trans former to another). Included should be consideration of
starting of large non-safety loads (e.g., condensate pumps).'

PSC Discussion 3

No sequential loading is utilized when transferring the 4kv buses to
the RAT from the UAT following a unit trip. Large pumps such as the
boiler feed pump (4500hp) or the condensate pumps (1500hp), if they
are not running, require manual starting.

NRC Guideline 4

Manual load shedding should not be assumed.

P_S_C_ _ Discussion 4

No manual load shedding was considered.

PSC Discussion 5

These topics are discussed in ATTACHMENT 4.

NRC Guideline 5

For each event analyzed, the maximum load necessitated by the event
and the mode of operation of the plant at the time of the event
should be assumed in addi tion to all loads caused by expected
automatic actions and manual actions pennitted by administrative
procedures.

-5-
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ATTACHMENT 2
P-82169

RC_Gjl_deline 6i

The voltage at the terminals of each safety load should be calculated
based on the above listed considerations and assumptions and based on
the assumption that the grid voltage is at the " minimum expected
value". The " minimum expected value" should be selected based on the
least of the. following:

a. The mininum steady-state voltage experienced at the connection to
the offsite circuit,

b. The minimum vol tage expected at the connection to the offsite
circuit-due to contingency plans which may resul t in reduced
voltage from this grid -

c. The minimum predicted grid voltage from grid stability analysis.
(e.g. , load flow studies).

In the report to NRC on this matter the licensee should state planned
'

actions, including any proposed " Limiting Conditions for Operation"
for Technical Specifications, in response to experiencing voltage at
the connection to the offsite circuit which is less than the " minimum
expected value " A copy of the plant procedure in this regard should
be provided.

PSC Discussion 6

The mininum expected grid vol tage was based on the minimum
experienced value.

NOMINAL MAXIMUM EXPERIENCED. MINIMUM. EXPERIENCED

GRID _V_0LTAGE GRID VOLTAGE GRID V0LTAGE

230KV 237KV 222KV

As indicated previously, a draft Technical Specification, including
LC0's will be submitted af ter it has received approval of the Fort St
Vrain NFSC.

NRC Guideline 7
_

The voltage analysis should include documentation for each condition
! analyzed, of the voltage at the input and output of each trans former

and at each intermediate bus between the connection to the offsite
circuit and the terminals of each safety load.

I

PSC Discussion 7

The analysis is provided by ATTACHMENT 4.
4
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ATTACHMENT 2
P-82169

NRC Guideline 8

The analysis should document the voltage setpoint and any inherent or
adjustable -(with nominal setting) time delay for relays which (1)
ini tiate or execute automatic transfer of loads from one source to
another; (2) initiate or execute automatic load shedding; or (3)
initiate or execute automatic load sequencing.

PSC Discussion 8

The analysis will document the above. Details will be provided af ter
approval of the proposal Technical Specification Revision by the Fort

- St. Vrain NFSC.

NRC Guideline 9

The calculated voltages at the terminals of each safety load should
be compared with the required voltage range for normal operation and
starting of that load. Any identified inadequacies of calculated
voltage require immediate remedial action and notification of NRC.,

PSC Discussion 9

The vol tage range for starting and/or normal operation of Class 1E
equipment is as follows:

Equipment Nominal Design Maximum Minimun Notes
Input Voltage Continuous Continuous

Vol tage Vol tage

150 HP Class
1E Motors 3$ - 460 VAC +10% Nominal -10% Nominal 1

Battery
Chargers
1A & IB 30 - 460 VAC +10% Nominal -10% Nominal

Charger /
Inverter 1C 30 - 208 VAC +10% Nominal -10% Nominal

Inverters
1A & IB 120 VDC 2

MCC Motor
Controllers 30 440 - 550 VAC N/A N/A 3

NOTE 1: The largest Class 1E motors at FSV are rated 150 HP for 3D
460V operation with a 1.15 service factor at an altitude of
4790 feet above sea level.

-7-
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ATTACHMENT 2
P-82169

Motor starting voltage calculations are included in
ATTACHMENT 4.

'

NOTE 2: Inverters at FSV are supplied from DC buses, there are no AC
supplies to inverters.

NOTE 3: FSV MCC's are rated at 600V. The nameplate rating of the
starters is 440 V to 550 V. The control power trans formers
have a 4 to 1 turn ratio. Starter coils are rated at 120
VAC. Starter pickup values (contactor and auxiliary relay)
are 85% rated voltage or 90% rated voltage when fed via a
control power transformer. Dropout values are lower than
pickup, experience at FSV and other PSC facilities through
the years has shown the dropout value to be in the range of
60 to 80%.

Additionally, Allen Udy requested the following information in
regards to NRC Guideline 9:

120 VAC buses 1A & IB are supplied by 120V/208V bus 3 only when the
inverters are out for maintenance. This action is controlled by
Technical Specification LC04.6.1 (quoted below):

"4.6.1 f) The PPS battery charger / inverter and both the
instrument inverters are operable. One inverter may be
inoperable for 24 hours provided the following
conditions are satisfied.

1. 480V essential buses 1A and 1C are operable.

2. Both diesel-generator sets are operable.

3. The PPS or instrument bus associated with the out-of-
service inverter is energized from its backup source."

NRC_ _ Guideline 10

For each case evaluated the calculated voltages on each safety bus
should be compared with the voltage-time settings for the
undervol tage relays on these safety buses. Any identified
inadequacies in undervol tage relay settings require immediate
remedial action and notification of NRC.

PSC Discussion 10

The existing relaying has been reviewed and no inadequacies were
found.

NRC Guideline 11

-8-
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ATTACHMENT 2
P-82169

.

To provide assurance that actions taken to assure adequate voltage
levels for safety loads do not result in excessive voltage, assuming
the maximum expected value of vol tage at the connection to the
offsite circuit, a determination should be made of the maximum
vol tage expected at the terminals of each sa fety load and its
starting circuit. If this voltage exceeds the maximum voltage rating
of any item of safety equipment immediate remedial action is required
and NRC shall be notified

PSC Discussion 11

As indicated in the discussion for NRC Guideline 7 several cases
were run with the grid at the maximum expected value.

NRC Guideline 12

Voltage-time settings for undervoltage relays shall be selected so as
to avoid spurious separation of safety buses from offsite power
during plant startup, normal operation and shutdown due to startup

: and/or operation of electric loads.

PSC Discussion 12

Vol tage and time setpoints are being selected based on the analysis
discussed under Guideline 7. The above will be considered in the

,

setpoint selections.
!

NRC Guideline 13

; Analysis documentation should include a statement of the assumptions
for each case analyzed.

PSC Discussion 13

A statement of assumptions has been provided for each case.

.,

1
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ATTACHMENT 3
P-82169

ATTACHfiENT 3 consists of the following' figures:

Figure 1 Electrical Single Line Diagram, Fort St. Vrain
Interconnection to Primary Power Systen

Figure 2 Electrical Single Line Diagram, Fort St. Vrain Onsite
Distribution system

Figure 3 Existing Undervoltage Relaying Functions and Setpoints

Figure 4 Undervoltage Relaying Functions Following Changeout of. the 3
Essential 480V Buses

..

$

i

-1-
!



PAA1M &EME2ATb7
401 PAV A o.25FF
7.2. tv 3ff (.a0 WEETZ.

EW.

L1IW

"BU S TOCT TAP TDggg
UNIT AOKillAS V
TRlNSRQtAEQ

M.DWFA AIN POWE2 TEAfL6FbENTIL _ WW FEDEMP. To EEEEEVE
403 My A , 3 g , (, O N L A0%ILI APY TEANtHEfAEL

),

- NO. t 7.35 tv 305
,

, ,

d i dl d> b >

<> < p il p 1 6

I I I I I I I I I I

L <> t> <> tl

> > /1,> /) > d>
' ''

, _

1>,
P

,,

I I I l

4> If

hI p

-

-, -,

1>
>

P P p""

, ,,
,, , ,,

I I L.J l i I I L. .J

<, ,, o <, o

dD
I I> >

.. . ..

RD . 2. 2.50 KV *bOS

f Y y
P

[ PAwksW ELo PP.PA
t.CC E 00 T SMBCY %ILL

ATTACBMEN.T 3
Pf602E l - E LEr 7 JrfrAL 6f N6LE LIAJe

D1A C2AM P T. s T. V2AIN J'MTER/DNNEC71aV
To PEIMARY POWG2 SY37ths,

|
i



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

r..-- p).
_...

7)-y)_, ,.. . ....
,

1) . . . . . . _

- _-- _ h ;; ,: r - --~

- .) ". : = - -..

o_ _1 u.o u.o ---:,.Ziu
(Y f4 (I O f1 O "

1 *.***am .
C

--.r--- ----.. ...
- - - - - . . . _

h,m. o uu-__, , , ,

";" '""' _ n {3(= .V
ri;r,:=.-,x . - -

m$)Q ,
-

-

.. _
-

I }'"!J; " >'""' "'
~;, ',t.'|"|>'_ 1) l>}_ - --. f> L>A

_I_ _

. - _ .

_I I I
a .)

.
. . . . , .

.
. . . . _ . _ . ,

..,,3*"'*"_3E__..
, '

- ~ ~ -

uf.Ou O u. U l u .O-j t u. Nn h144 -h(ht- Tr nn m u n rrnn u. m

lO-
" --

I r i
";J:.",' I ""J'"fi "*I.i.7I' ' . f _ _f '0 "."'if.

._ _ ~1)
E*=~2 '" T. " "> ' I . . .

t)
-

" ' "
,

,

hf .,

. . . . . - g ... .. g .-- . , . .s w-::=.. :: m..
u - .. ..

II ||

AT TVMAEM7 3
FIAUP_E. 2 -ELECTOCAL. SINLLE LINE DI A&EAN\

FT. 57. VDAIM ONSITE DISTtlBOTION
SYSTEPA .

'
-

"'
n M n . . . . . . . . . . . . .



'(,a
,

'
s.

'
,

b

I.

'

! ..
d

' hi ' Md U AT- A
(
' '

1 -

-
, _

c 3
T O H C.T IO N - * ' PUNCTIO N

b'd n A p sT ARr o o.START D. O. ,,,

' ' & B U S 2, T RI Pi S U S P. TRIP
'

s

a [ L A.y gtLAY,

l l 7- L 'I Ja~ | | 127-1
'DATL ) )L 69.3 @GmoN '

[3Ya "r['EN DN53 'S U'' . p. C' '

.
o}4 gstisa

q< v
t ---O u c),j -m m

_T 4xv ausi (i
,

i P 4 Kv aus 3 i.i, ,

I,. *

,,
' Os I

C )' O) l
os -

C) a ,

O'
,

.

(v .

t L v'
h T, MQ~ 1

' I REL AY D A TA. !< ' l R,E L AT DATA REL AY DATA
'TS "57 13V0'T 7737.j 2 7- 1

(13 "". CV-2.)7," 41 117-2 (93VWCST.CV-2.h.st
8 ' #3 fa ' 127-3 (West CV-2h. 32dt.5 T

C" U N C T ) f., i C O N C,T I O N FU N CT IO N
st s_ LL' O.V. AL A' TIM J - A y _A. A GLOSE RAT W(, gJ , U.V. A L A R M &+

~Y"v ] ' . ". T R I P CIR; WATE R re n , , ,3 TIE OREAKERW 7 3- TRIP CIRC VATER
PUNP \ P U M (*

!

\ \

''
, ,

.,%OV BUS 1 480V BUS 2 460V BUS 3
.'

'. ,

Li
,

.. .

.t ;

L -
____

I ,i

GJ GJ'
,

cm m em
__

| ~
s. ,

N
M

-
, ..

ggt A v D A e<> 9 Rtt Av OATARC L AY DATA T REL AY Q ATA TU NC TI O N ',

N 4 6cf.To ff303rc. ALARM Tu voTi 7 . . r!. m 4.607 Fa 6

|N
9o vos T s 'YJF. "

.[c E S 5 8 Lt.c :CR32) N M 7 30 SEC.(c,c :cR5;)

'TL = Yz. Ru.sogy T4 a Y._ |1 "
z. .

-

i f uNC f1O bl FU N C.T I O N.5'U NCTIO N FUNCTION s,o , bV 0,G.5 TART RE SCRAMD G. START R x SGR A M

ATTe< H rAEN T F'

F IG. 3
Eyl6 TIN (s O NtfP UOLTA6E 12EZA YING
FOMcTtINS AEb SETPDiMT5

's
..I

4
.

f

s

__



a d 4

ah b bb *
he~"y

N h- a bokk
"

ao

u h h.@ $
- m m - .
O j dE W ocn

b M 'Mb''
g
. -. - , -,

b J$~ $ N h $ N>k,M

#> set I # ,< Mnc
a-o oz

zz @o 87 "' p oap--o e o~p - - N'

b .

,

i ls?5 ~< gi-s ? < -umag _

U $Ed50 0 $n e5 f 3gf
es~ a o a
H4: s I g gF
E32 " F o Z* 2 d eWr s #-

9 gg) h d xb 2 Dgr

b - f
I ca +E4PE

,

i ! e"o -

([ OhWE(HE)! s,i "$B i i<e'
> N j gt>--o - c

h 3 * F b Qe

Ni $ "'
+ C 3

to $
''N $o~& y

'

r
N

10
4 s g
a e e

g2 s Ed"a =4.

,- k-"g
d>-0 C - Ed>'-'

-- g <
-

M
9 40 f5
E' > b _i>-o e f--g 5

-

$'MhE $ e$ f

s ek se| ? i
Y

kh 8 E 3 8 $$
-u < w~ : 11

>.

( c -

bhh'

h| s I
U$$y$%I d

,

|

{



c-

ATTACHMENT 5
P-82169

COMPARIS0N OF TEST RESULT AND ANALYTICAL RESULTS - FSV VOLTAGE STUDIES

T-184 consis ted' of identifying the equipment running at the time of
the test and placing this information in the Voltage Study Program.
Two pumps were then started.

1) The safety-related 150hp fire water pump

2) The non-safety related 4500hp boiler feed pump.

Vol tage condition prior to START, during START and following START
were then recorded

The following is a comparison of the test results and analytical
resul ts:

P-3102 START (BFP)

TIME DATA DATA SOURCE BUS DATA

P4501
4KV Bus 2 480 Bus 1 MOTOR

TERMINALS

A) Before START: TEST 4073V 470 456
Analysis 4096V 466 455

B) During START: TEST 3380 382 372
Analysis 3417 382 368

C) After START: TEST 3987 456 442
Analysis 3985 453 441

P-4501 START- (FWP)

A) Before START TEST 4030 461 0
Analysis 3990 456 0

B) During START- TEST 3986 441 412
Analysis 3961 437 406

C) After START: TEST 3987 456 442
| Analysis 3985 453. 441
|

|
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ATTACHMENT 5
P-82169

DESCRIPTION OF COMPUTER PROGRAM

The entered data is the first part of the printout. Bus data (loads)
is denoted by a "B" in the first column. KW and KVAR's are indicated
for running loads. Line data is denoted by a "L" in the first
column. Line impedance is indicated for appropriate lines.
Transformer data is denoted by a "T" in the first col umn.
Transformer impedance and ratings are shown.

The second part of the program has various pieces of information in
it, such as: System data (total load and losses). Summary of buser
wi th vol tage greater than 1.05 per unit. Summary of buses with
voltage less than .95 per unit. summary of overloaded trans fonners.

NOTE In order to obtain correct values from this program you must
take the Mega (value) and muntiply by ten. This will give
you the actual kilo (value). ie= computer printout says 10
MVAR. Actual value would be 10 x 10 = 100 KVAR. Also t'ne
per unit vol tage value at the motor terminals is based on
480V. FSV motors are rated at 460V, therefore, in order to
obtain the per unit voltage at the correct motor rating
muntiply the programs per unit value by (480/460).
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PREPARED BY PORC APPROVAL EFFECTIVE DATE OF
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(".7" " ^ 'FU5 Lid SERVICE COMPANY OF COLORADO
L ,4 cort ST. VR AIN NUCLE A: GENER ATING STATCN

*

_gST n.= r . rm,. T184,

j.

L*s SYST.REF.NO. 92
REGUEST FOR TEST PAGE 2 OF 16

To obtain data for 'c'tage drop study being Derformed by the
1 PURPOSE OF TEST

Nuclear Engineering Department per NRC request.

.

2 TEST OBJECTIVES Determine the effects on various buses and loads when starting

the Boiler Feed Pump and to verify analytical studies on plant buses.

3 DESCRIPTION OF TEST (Use attaJc. h.;ua i; necessary) Record voltage from 4160V Bus 2,

480V Bus 1, P4501 Motor terminal and the starter contacts on the Boiler Feed

and Fire Water Pumps. Start the Fire Water Pump. Start the Boiler Feed Pump.

Record Voltages. See attached Instructions.

| -

DATA REQUIRED (include applicab! data sheets and integrate with procedure if possible) include room for " Remarks":4

Plant Bus confiouration and 4KV and 480V eouioment runnino durino test. List

attached. Voltaae readinos on 4160V Bus 2. 480V Bus 1. P4501 notor terminal,

when P4501 and P3102 are started. This will be recorded on film in visacorder.

|

-

|
9 :=v ::: . :: . ::so
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M PUOLIC SERVICE COMFANY OF COLORADOC' y .;
eq' g y.fr. FCF.T ST vR AIN NUCLEAR GENER AT: .G STATICM T-184-

.::u mcr. N ,w .

'3.
, .

SYST.REF.NO. 92
;

REQUEST FOR TEST PAGE 3 OF 16

5 ANTICIPATED RESULTS: Expect to be able to determine voltage at 4160V Bus, 480V Bus

and P4501 motor terminal when Boiler Feed Punp is started, and tC verify analytical
;

| work already done.
4

i

}

.

-
.

:

1

l'
6 ACCEPTANCE CRITERIA: Fire Water Pump, P4501, should be running when P3102 is

started to determine if voltage drops below the minimum running voltaae. P3102

should be running when P4501 is started. Voltaaes from test ooints should be from
!

the same phases, Phase A and Phase C. with the exception of the 4160V Bus. It's

! voltage is taken across Phase A and B. Visacorder must be calibrated on each

channel used since voltage magnitude is of concern.
,

|

|
-

|

|

I
*

I
| NOTE: UPCN COMPLETION OF THE TEST. DATA SHALL BE APPROPA1ATELY ANALY2ED AND TEST RESULTS AND RECOMMENDA.
| TICN AND/OR EVALUATICN SHALL BE SUMMARIZED AND PRESENTED TO THE SUPERINTENCENT OF CPERATIONS FOR
I FINAL APPROVAL AND FURTHER REVIEW BY PCAC AND THE NFSC AND/CR FURTHER REPC.77 AND DCCUMENTATICN

RECulREMENTS.

I 8C#M 3?2 02 3400

' ^

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



~ ~ . ~ PUBLIC SERVICE COMPiNY OF COLORADO. . . ,
' '. . F0FT 37. VFJ.IN NUCLEAR GENER/.7;NG STATION

_

'"" ~d SYST. RE,:. NO. 42
REQUEST FOR TEST DAGE 4 OF 16

7 *RECAUTIONS. LIMITATIONS, AND SPECIAL ASSISTANCE (INCLUDE PROVISICNS TO VERIFY THAT LIMITA-
TlONS ARE NOT EXCEEDED):

When connecting and disconnecting voltage from 4160V Bus 2 undervoltage relay,
_

all relays in the associated circuit will have their trip function blocked. Line

from 4160V Dus 2 undervoltage relay to test meter should be fused to crevent fault

in meter from tripping relay. -

8 STAND ARD OPERATING PROCEDURES

.

9 SAFETY EVALUATION See attached.

.

.

.

80mv 37: 22 340s

-_ - . . . _ _



70 U SERVICE COMPANY OF CCLORADO
"H .<. 4" P BLIC-

-O"
'j g 43 0:7 ST. V:. AIN NUC LEA.: GENE:AT:NG STATION
.,4 'pS TEST R E~, NC. T-184-

'- ^ d SYST.HE:.NO. oo
REQUEST FOR TEST PAtiE 5 OF 16

10 TEST ECUlPMENT (!F REQUIRED) ,

i
e'

NAME IDENTIFICATION NUMBER LAST CALIBRATION DATE *

I;
,

d

11 TEST CCNOUCTOR d /974 A . [.
(INCLUDE ALL ASSISTANTS) / ~~

S|d$ f(

% wm r, .m.,
'

,

M/d(MoNt . 4,
/

//

PERMISSION TO INITI ATE TEST W' 4<4 8
f.......................

...,.,

12 PROCEDURE (SEE ATTACHED PAGES Sa, Sb, etc.)

!

1.

i

| .-

!
:

.

I
l

!

!

|
^

i

|
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fi'y[ ' PUBLIC SERVICE C OMPANY OF COLORADO
'

"I i :::T IT. V: A:N NUCLEA GENE:ATING ST ATIC',
.

TES REF. NO. T-184'I. gvh4*

d SYST. R E F. NC. 92
REQUEST FOR TEST PAGE 6 Oc 16

13 VERIFY TH AT THE SYSTEM HAS EEEN RETURNED TO NORMAL:
. .

l .asmo tu A .. 5/$~ n -
'

i...,..............w.. t....

.

14 TECHNICAL SERVICES ACTION:

10 CFR 50.59 PEPORT REQUIRED C YES C NO

TECH SPEC REPORT REQUIRED C YES C NO

REVIEWED BY
i ... . .w . . : p,.

' .

r

-

O

'

h

i scqy 3;;.;;.34c3

|
5
&

r - - , .- - , . - - . . - - , . , . , . . , - . _ _ _ _ , _ _
.
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;C SEREE C P~/;PA N Y OF 1 -'' - 00
f art ST Jr.f.e,*. CLE, J. : ,t. ; 3 7 ;. n o s,

TCh !~F V.,e
( _e 7 1g4

SAFETY EVALUATIOD. r[ b 7_of_16 U .
. . , . . _ . . _ _ _ ,-.

c m- y -., ,, . r _n me .._,.,3

7.~p[q. - m.~ -
4

- 7a . , .q. ,, , ,
>. . .%;o, ., < ~ - -9y. ~. ty y q, .g .; y.

_.

.s _y .

TYPE-

H / *.C.E NOTICE (CN) OVER ALL CCH ANGE NOTICE iCN) SUBYlTT AL 2FROCE DUhE CHANGE (FSAR)

i TE w cnARv CON FIGUR A TION L SETPOINT CHANGE X) TEST REQUEST

C L A SSI F IC ATIOrt ARE THE SYSTEM (S) EQUIPMENT OR STRUCTURES INVOLVED OR DOES THE ACTIVITY AFF ECT:
CLASS I 1 YES NO ENGINEERED SAFEGUARD i YES X *sO
W E P U ' D C ,*.". 2 YES ] NO PLANT PROTECTIVE SYSTEM 2 *ES 3 ND
SArETe RELATED I YES 2 NO SECURITY SYSTEM 2 YES T NO

7J; .-,v, --_m-,.- Q---~ - - 4. -. ._ 7-~~~'
-~

.$fJ -MN r. r r i b gig.g.f t } q@_ AjjQ_ . ''~ ~ -' ~ W. . . ' m- _.,,,,,_, mm.

e[h j
_

,.
~..,g L .s ' M.

1 DETERMANE WHE'HER OR NOT THE ACTIVITY INVOLVED IS (DENTIFIED IN THE F S A R OR TECH ;'Er
LIST THE APPLICABLE SECTIONS REVicWED. _The Electric Fire Wa.ter Pump and_ Electri.c Boiler
_F_eed.. Pump are identif e . Reuiewed FSAR sections 9.8.3, l_0.3.9,10.3.10,12 4,id

.

__10,2,_10.,2. 3.1, _10. 3.1, 10. 3. 2. Tech Spec. sections LC04.2, SR5.2.1075R5 2724.
__ . . _ _ _ _ . _ . - . _ . _ _ _ __

___ _ . _ _ _ _ _ _ _.

2 OOES THE ACTIVITY REQUIRE THAT CHANGE (S) e3E MADE TO THE F S A R CR TECH SPEC) O YES [X NO
LIST SECTIONS TO BE CHANGED AND THE CHANGES TO BE MADE._,MO._ changes _needed.

_. _.__ - . . _ _ _

_ _ . . _ . . _ . _ _ _

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

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

_ _ _ _ _ . . _ . _ _ _ _ . _ _ _ __

3 DE1EhMINE nHETHER OR NOT THE ACTIVITY INVOLVED IS AN UNREVIEWED SAFETY OUESTION UTILIZING THE
FOLLOWING GUIDELINES.

(Al HAS THE PROBABILITY OF OCCURHENCE OR THE CONSEOUENCES OF AN ACCIDENT OR MALFUNCTION
OF EQUIPMENT IMPORTANT TO SAFETY PREVIOUSLY EVALUATED IN THE F S A R BEEN INCREASED?
O vES fi NO STATE BASIS: This test connects to 4160V Bus undervoltage

_ relay. Test meter. will . be . fused to. protect . relay;_ there. fore, . the..probabi_lity
_ of accident. or_ malfunction.has_not been . increased.
_ __ _..-_-____ ___ _ . _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _

_._ ._ _ _ _ __. _ _._ _._ ___ _ _ . _

- _ . _ - -. .-. -_- .---..____ _ .__ _______._- - _- -

(B) H AS THE POSSIBILITY OF AN ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE THAN ANY ' EVALUATION
PREVIOUSLY IN THE F S A R BEEN CRE ATEO? C YES h NO STATE BASIS: _NQ_ChangC_iS

_made_to existing _ equipment. _ __ __

_ _ _ _ __ .____

- - - _- -.

(C) H AS THE MARGIN OF SAFETY, AS DEFINED IN THE BASIS FOR ANY TECHNICAL SPECIFICATION OR IN THE
No changes made to design.FSAR BEEN REDUCED? O YES C NO STATE D ASIS.

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

_ . . .-. _ .-. _ - _ _ . . _ - - . - - _ . _ _ - . .._ ___._._ - _ _ _ . ._ - -

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

T.5 THE AC TW iTY APPE AR TO. INVOLiE AN UNREVlf M D SAF E TY OUESTION 1 YE5 [X__ N O

, Br SAFETY SIGNIFICANT C YES 3 NO

C u u .. L . M w 11/2/81 .,unovEn _ _ _ _ _ _s.
.s. ...> i.,i im.s.. .., i o. ~ -

a .m : arp is* s< u C c. 4. . ^i f * 'Y.Clg .

F . 32 33 :a
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* * T-lE4.

Page 9 of 16

GEllERAL

Visacorder will be located in 4KV Switchgear cubicle.

2/C #12 cable to be used from voltage points to Visacorder.
(Code #3387420)

Test personnel to determine routing of cables from test points
to test instrument.

Visacorder, must be calibrated on each channel used.

Indicate running loads and amp reading as indicated on
attachedsheets(3).

Indicate plant Bus configuration on attached sheet.
Place an "X" on Breakers that are closed.

.

D
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T-184'

Page 10 of 16

4KV SWGR 1 04 0FF

MC XFMR 6

P-4101 Circ. Water Pump 1A
'

/
*

P-3104 Condensate Pump 1A

"
LC SWGR 4

dKV SUGR 2

V
P-3102 Boiler Feed Pump 1B

V
C-2401 Helium Transfer Compressor ,

4KV SWGR 34

V
MC XFliR 7 ~w

P-4102 Circ. Water Pump 1B
4. -

I LC SWGR 5

"
P-3105 Condensate Pump 18

'

480V Bus 1
"

N-9229 Rx Pl. MCC 1C
V

P-4118S Circ. Water Make-up_ Pump 1B
#

P-4501 Fire Water Pump

P-4103 Cire. Water Pump 1C
L-

N-9236 Inst. Power Transformer lA
"

[ P-2106 Bearing Water Pump lE
L-

N-9240 Battery Charger IA

P-4601 Cooling Water Pump 1A

P-3106 Condensate Pump 1C
"

P-2101 Bearing Water Pump 1A
-

VC-8201 Instrument Air Comp. lA
"

N-9229 Rx P1 MCC 1A
V

N-9219 Turb. P1 MCC 1

| P-4201 Service Water Pump 1A y

i

!
__



T-184-

.

Page 11 of 16

480V Bus 2 ON |0FF
y y hero

S-7537 Control Roca Wtr. Chiller
P-5107X EHC Fluid Pump 1A

C-820lS Instrument Air Compressor 1B V
S-7538 Service Bldg. Water Chiller

' MP-4602S Cooling Water Pump 10
MP-2102S Bearing Water Pump 1D-

N-9218 Water Treatment MCC L-
p

P-460lS Cooling Water Pump 1B
"

C-7307 PCRV Piping Cavity Recirc. Fan lA
V'P-210lS Bearing Water Pump 1B

v
N-9230 Rx P1 MCC #2

N-9220 Turb. Pl. MCC 2 7

W
P-4202 Service Water Pump 1B

#P-840lS Aux. Bir. Fd. Wtr. Pump 1B
L-

C-2109 H Recycle Compressor lA
2 "

N-9246 Helium Purification Comp. lA M-G Set Pu *, "
P-2103 Turbine Water Removal Pump 1A

MS-73075 Rx P1 Water Chiller 1C
480V Bus 3

P-8401 Aux. Boiler Feed Water Pump 1A 4. -
"

P-2105 Bearing Water Make-up Pump

C-2109S N Recycle Compressor 1B
2

N-9236S Inst. Power Transformer 1B _
Y p-

C-8203 Inst. Air Compressor 1C~
"

N-9247 Helium Purification Comp.1B M-G Set
&P-2103S Turb. Water Removal Pump 1B

P-31065 Condensate Pump 1D
t-

N-9241 Battery Charger 1B
P-5107SX EHC Fluid Pump 18 p

-

P-2107 Bearing Water Pump 1F
t. -

P-2102 Bearing Water Pump 1C
VC-7307S PCRV Piping Cavity Recirc. Fan 1B
#

P-4602 Cooling Water Pump 1C p

P-4202S Service Water Pump 1C v
P-4104 Circulating Vater Pump 10

#"

N-92r8 Turb. Pl. MCC3
L-

N-923 Rx P1 MCC 5
t ''P-4118 Circ. Water Make Up Pump 1A

-___J
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.~ ' T-184
Page 12 of 16

Load Ama Reading

480 V Load Center 1 go 4 mg
480 V Load Center 2 f g ry

480 V Load Center 3 //[
480 V Load Center 4 /c L
480 V Load Center 5 [o

480 V MC XFMR 6 70
480 V MC XFMR 7 7

|

,
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Page 14 of 16

.

Connect Voltages to Visacorder as follows:

Channel 1 - From 480V Bus 1

Take voltage from spare breaker located in 480V
Bus 1 compartment Nil. Connect 480/120V potential
transformer (supplied by test personnel) to output
of breaker. Phase A and Phase C should be used.
Connect 120V side of transformer to test instrument.

Channel 2 - From P4501 (Electric-Fire Water Pump) Starter Contact

Connect voltage to test meter through starter contact
per attached sketch.

Channel 3 - From P4501 Motor Terminals.

Take voltage from the motor terminals. Connect
480/120V potential transformer (supplied by test
personnel) to motor terminals. Phases A and C
should be used. Connect 120V side of transformer
to test instrument.

Channel 4 - From P3102 (Boiler Feed Pump 18) Starter Contact

Connect voltage to test meter through starter
contact per attached sketch.

Channel 5 - From 4160V Bus 2

Take voltage from DEV 127-2C located in 4160V
Bus 2, Unit 12. Connection to be made across
terminals 8 and 9. Prior to connection DEV 127-
2A and DEV 127-2C in 4160V Bus 2. Unit 12 will
have to have their trip function blocked. Place
a 1 amp inline fuse in meter circuit. Hot side
comes into terminal 8 on relay.

Test

Make Visacorder Operable

Part 1: Ensure P3102'is running.

Start P4501 (Electric Fire Water Pump)

Record all channels.
>

Part 2: With P4501 Running
i

Start P-3102 (Boiler Feed Pump)

Record all channels.
|
1

End of Test

Place P3102 and P4501 in their original configuration
Remove test leads from test point and visacorder.
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INTER DEPARTMENT MEMO - PUBLIC SERVICE COMPANY OF COLORADO j... u u ...
s

DATE May 25,1982 NDG-82-0492

Test File T-184To
OEPARTMENT OR OtVISION

Mike Henderson Nuclear Engineering DivisionFROM
DEPARTMENT OR DIVISION

Jim liebeltA U N.

T-184sUBJ.

My review of the oscillagraph produced the following results:

1. Boiler Water Feed Punp Start

4KV Bus 2 480V Bus 1 P4501 Term

Voltage Before 4073 470 456
Pump Start

Voltage At 3380 382 372
Pump Start

Voltage After 3987 456 442
Pump Start

2. Fire Water Pump Start

4KV Bus 2 480V Bus 1 P4501 Term

Voltage Before 4030 461 0
Pump Start

Voltage At 3986 441 412
Pump Start

Voltage After 3987 456 442

This data is within 0% to 1.5% of data obtained analytically.

W.Yrc Uba.mn
Mike Henderson

p u G L i b 5 4 *l* *
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7AP 4.06/ 0.4e LLCSWGR2.4P0 69.3 46.1 0.5 29 62.6
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