' SACRAMENTO MUNICIPAL UTILITY DISTRICT 6201 S Street, PO. Box 15830, Sacramento, CA 95813; (916) 452-3211
AN ELECTRIC SYSTEM SERVING THE HEART OF CALIFORNIA

RJR 85-542
November 13, 1985

DIRECTOR OF NUCLEAR REACTOR REGULATION
ATTENTION HUGH L THOMPSON JR DIRECTOR
DIVISION OF LICENSING

U S NUCLEAR REGULATORY COMMISSION
WASHINGTON D C 20555

DOCKET 50-312

R:lgHDOSECO NUCLEAR GENERATING STATION

UNIT NO. 1

SUMMARY AND SUPPLEMENTAL INFORMATION FROM TRANSIENT OF OCTOBER 2, 1985

At the request of the NRC Rancho Seco Project Manager, Syd Miner, the
District is formally transmitting several revisions to attachments from
our letter of October 25, 1985, (RJR 85-531). The District sent these
attachments, via telecopy, at various times between October 26, 1985
through November 7, 1985. They include:

Attachments 2 (Rev. 2) - HPI "A" Flow Anomoly

Also.Z:e have included as an addendum to Attachment 2, NCR-5150,
Rev.

Attachment 5 Part I & II (Rev. 1)** - Auxiliary Feedwater/Main
reedwater Failure Analysis

Attachment 8 - 0i1 Levels On Safety Related Pumps

Attachment 10 - Housekeeping and General Surveillance in Safety
Related Areas

If yuﬁrhave any questions, contact Jerry Delezenski of my staff.
™\

J \
\\ \\ﬁ Q\)V“
R. J. RIGU
ASSISTANT GEN MANAGER
NUCLEAR

Attachments ;\..\
34120428 SRALI3,. \

* An Addendum to Attachment 2 was added as requested
** An Addendum to Attachment 5, Part Il was sent on November 1, 1985
(RIR 85-539) and 1s not included with this letter
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ATTACHMENT 2 (Rev 2)

HPT “A™ FLOW ANOMALY

As prescribed by plant operating procedures for pressurizer level ccuraasing
below 100 inches, the operator started the High Pressure Injection (HPI) pump
(P-238 B) lined up *the borated water storage tank and opened loop "A" HPI
valve. The loop "A" nozzle is also the path for normal additions necessary
to maintain pressurizer level. Although the above actions increased flow to
the reactor coolant system (RCS), the pressurizer level continued to decrease.
The operator opened the remaining three loop HPI valves, allowing HPI flow
through all four paths to the RCS. At this point, he observed "zero" flow on
the "A" HPI flow indicator. To further augment the HPI supply, he started the
third HP! pump and the loop "A" HPI flow increased to about 80 gpm.
Subsequent analysis of plant computer data verified this phenomenon and showed
a recovery of flow indication in about 30 seconds, coincident with start of
the third HPI pump.

The district has performed an exhaustive investigation consisting of system
flow testing, non-destructive examination and formal analysis. This
investigation led us to the root cause; a shift in the zero point of the
flow transmitter. This shift occurs as the device is calibrated with the
system depressurized and then brought to system operating pressure. In the
case of these transmitters, this shift can result in no flow indication with
as much as 75 gpm of actual flow. Note that, although this problem creates
imprecise indication to the operator, it did not af”ect the ability of the
HPI system to perform its safety function. Hydraulic calculation showed
that, for the period of "zero" flow indication, the expected loop "A" HP]
flow would be nearly identical to the measured zero shift,

The nature of the identified error is that the HPI flow transmitters
(Rosemount Model 1153HB6) have a particular characteristic which affects the
zero setting as the process pressure changes. Per Rosemount literature, this
can be as much as ¢ .66% of full range per 1000 psi. .






Thus low range inaccuracies are of concern only because they may be dis-
tracting to the operator during a transient. Based on the District's
analyses, the following action will be performed:

® Operators will be informed of the characteristic of the

flow indication.

® Each of the flow (AP) transmitter has been calibrated
such that, with the worst case zero shift, the actual
flow will be greater than the indicated flow.

As a Tong term corrective action, the District will investigate means to
reduce the error in the flow indication.
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1. DESCRIPTION OF NONCONFORMANCE with Attachments

g Quality Class __ 1 EQ ltem: ¥ Yes [ No Date __10/24/85
System ___SDM4 Equipment LD No. _PT=23302 . Location Ay =20"
Equip

Name UPI Flow A ECN No. A=36517M0D No. 11 Work Request No

P. O. / Contract No.

STP-184 testing of HPI Flow A indicated that installed flow transmitter FT-23807
signal was approximately 75 GPM low.

- —
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Il DESIGN REVIEW AND 10 CFR SECTION $0.59 REVIEW REQUIRED
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® A Design Caiculation ® A Design or Drawing Change » A Retest of the System / Unit
£ Yes [ Ne [ Yes, ECNorTrans. No. o K No ) Yes, Test No. _1=038 _ [ Ne
~  Z-SIM-10099 '
Z-SIM-10100 1

( l. Recalibrate all four (4) HPI transmitters to assure that indicated flow is always
less than or equal actual flow, per attached technical justification. Revise I-038
to test gero-shift characteristics. (¥.D.)

.2. Provide a method to identify to the operator that flow indication below 100 gpm
is questionable. (N.E.)

3. Determine as-found zero-shift characteristic of Prz. Level, RCP Seal Inj. flow,
APW flow, and DH flow transmitters. (OA to verify)
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NCR 5150 REVISION 2

DISPOSITION (Cont'd)

Background

The nature of the identified error is that the HPI flow
transmitters (Rosemount Model 1153HB6) have a particular
characteristic which affects the zero setting as the process
pressure changes. Per Rosemount 1iterature, this can be as much
as + .66% of full range per 1000 psi. Since the normal procedure
is To calibrate at ambient pressure, the maximum error for our
application could be + 6.6" Hp0 out of the 1000" Hp0 range. Per
Rosemount the error is repeatable (within the 1imits of their
repeatability specification), and causes a constant dp offset over
the range. net effect then is to introduce a large error at
low flows, the flow error diminishing as flow increases as a
function of the square root of the error, This effect is shown in
Figure 1 for an assumed pressure (HPI header) of 1000 psig for the
four FT's using as-found characteristics. Note that except for
the D loop, the errors are in a direction such that actual flow is
greater than indicated, and that the D loop error diminishes to 1%
of maximum flow at approximately 30 gpm.

Analysis

A search was made of all known pertinent documentation: SARL,
operating procedures (normal and EOPs), STP-086/4, ECCS Training
Manual, and the original Station (Doslgn) Manual. The result of
this search is that there is no fdentified requirement to control
(and the-efore to indicate) flow below 100 gpm. Minimum
continuous flow through each pump is 105 gpm. The minimum
“balanced” flow per STP-085/4 is 100 gpm per loop. The Instrument
Engineers Handbook states that a turn-down ratio of 10:1, ‘
f.e. atm:ﬂn? to read 60 gpm out of 600 gpm, is very marginal
for most flow instrument loops. This is substantiated by
Cs'culation No. Z-SIM-10100 (Attachment 2) which shows that the
HPI flow nozzles, themselves, are not accurate below about 60 gpm.

The effect of system pressure on the zero shift was calculated for
all four (4) transmitters at various pressures, resulting in the
curves shown in Figure Nos. 2, 3, 4, and 5. These curves indicate
that, with proper selection of the calibration pressure, the zero
error can be caused to always be in a minus direction (indicated
flow less that actual). For example, on the A loop (worst case),
indicated flow could vary from 60 gpn. at 3000 psig header
pressure, to 100 at 600 psig, for an actual flow of 100 gpm
(Calc\ﬂ’ltion No. 2-5IM-10099, Attachment 3, substantiates these
curves ).

In actual operation, pump discharge header pressure will not vary
as much as this example, therefore errors will be smaller.

NCRS5150 -2~



The potential for significant errors being caused by the zero
shift problem was reviewed for all Rosemount dp transmitters in
Class 1 service. This included the level transmitters shown in
Attachment 1, plus RCP Seal Injection, AFW, and DH flows. It was
determined that all flow transmitters plus Pressurizer level would
be tested to determine if a significant zero shift error existed.

Conclusions

1.

The flow indication errors, induced by zero shift
characteristics, which were in existance during the 10/2/85
trip, as indicated by as-found calibration data, did not
Jjeopardize the proper function of the HPI system. Actual
flow was greater than indicated for all nozzles except for
D, which was well within reasonable tolerances.

HPI flow indication below 100 gpm is not necessary for
proper operation of the HPI system. Since the pressure
shift error is repeatable, indicated flow can still be used
to provide the operator with adequate information to
perform his function.

The capability to use the existing instrumentation will
require selective calibration of each transmitter
considering its unique characteristics, and notification of
the operators of this situation,

Additional work should be performed to address other types
of errors in the HPI flow loop, the significance of the
pressure shift on other dp applications, and to develop
short and long term projects to upgrade HPI flow indication,

[tems

NCRS5150

Nuclear Operations to recalibrate HPI transmitters to
assure that indicate flow s below actual flow as noted in
Figures 2, 3, 4 and 5.

Nuclear Engineering to develop numan engineered method to
alert operators that lower portion of indicators are not
accurate,

Nuclear Operations to notify operators of HPI flow accuracy
Timitations.

Nuciear Engineering to evaluate short/long term upgrade of
HPI flow, submit Pre-Mods as appropriate.

Nuclear Operations to determine zero shift characteristics
of other Rosemount dp transmitter applications,
;rci ﬂcallﬁ for Pressurizer level, RCP seal injection

ow, AFW flow, and DH flow.



HPI DP FLOW ERROR

AS FOUND DATA 10/26/85 ZERO SHIFT ONLY

INDICATED GALLONS/MINUTE
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ROSEMOUNT LEVEL TRANSMITTERS
(Zere Shift Due to Process Pressure)

§ =

Function Type Tero Shift Per Assumed Process " Process lero
1000 psig Press. Shift Ervor !
1
0156 1153005 10.2% 1000 psig 641* to 63° 1.5 |
|
, i
CFT 1153005 10.2% 600 psig 0 to W 0.9
Prz. Lvl. 1153065 10.66% 2200 psig 0 to 320° 10.89" :
: : |

Cst. Lvl. 1155185 10, 66% 20 psig 0 to 50° 0.1

NCR S-5150 Attachment 1|

V& rozpss
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

OFFICE MEMORANDUM

TO: J.V, McColligan - DATE: (October 28, 1985

FROM: Norm Brock ”W

susyecm HPI FLOW INDICATION PROBLEM

85-28

The investigation of the HP[ flow problem has resulted in the identification
of a previously unidentified error in our HPI flow indications. The PRC

has determined that a 10CFR-21 Report is justified, and Nuclear Notepad

has been notified to alert other utilities of a possible problem.

The instruction manual for the Rosemount 1153HB6 pressure transmitters

used for high pressure injection flow measurements here at Rancho Seco has

a serious ommission. There is no instruction to provide a calibration that
takes into account the large zero shift caused by system operating pressure
changes. I[n fact this zero shift is not mentioned. A calibration performed
by these instructions can result in large flow errors at low system flows.

This was the cause of the apparent flow anomaly in the high pressure inject
system A nozzle during the October 2 incident. Even though this characteristic
of the transmitter is not described in the supplied vendor manual, it is
described in the other vendor |iterature, This literature states that a
maximum of .66% of the upper range limit per 1000 1bs. process pressure can
result, Attachment 1 shows the differential pressure (dp) vs flow for the
installed flow elements. [t is appa~ent that the dp produced by the element
is based on the square root of the flow-ie a dp error of -20 inches at 300 GPM
actual flow results in an er=or of approximately -15 GPM, The same -20 inch
dp error at 85 GPM actual flow where dp is only 20 inches results in an
indication error of -85 GPM, and an indication of zero.

This error of -20 inches dp almost exactly corresponds to the error of the A
HPI transmitter at a system pressure of 3000 psi and agrees with the
observed results of the Oct. 2 event and STP-180 and 184 data.

Rosemount has verbally stated that the zero shift with system pressure is a
characteristic for a particular transmitter and is a constant and will not
change with other system parameters, Therefore, it is possible to measure
that shift for a particular transmitter and calculate the error in indicated
flow at any given static pressure. The four HPI pressure transmitters have
been tested and exhibit the following characteristics:

1) HPIl A flow error is approximately -.69% per 1000 lbs.
2) HWPI 8 is approximately +.05% per 1000 1bs.

3) WPL C s approximately -, 48% per 1000 lbi.

4) WPI D fs approximately +, 1% per 1000 1bs.



J.V. McColligan T October 28, 1985

This static pressure induced error can be zeroced out at any particular

pressure, and for a range of system p-essures, the indication error can be
calculated for the entire range. These calculated errors have been determined
and compared with the required characteristics for the HPI flow instrumentation.
HPI system pressure can be expected to range from jpproximately 600 1bs. to

3000 1bs. The flow error for the A and C transmitters is a negative error,

this means that as static pressure increases the indicated flow decreases.
Transmitters B and D both have a positive error.— This means that as static
pressure increases the indicated flow increases.

The criteria has been established that at no time will actual flow be less

than the indicated flow. I[n order to meet this criteria several considerations
must be met. Transmitter A and transmitter C must be zeroed at a pressure

at the bottom of the operating pressure range. Transmitter 8 and 0 have

to Le zeroed at a pressure at the top of their operating range. This assures
that the errors in indicatad flow are always negative. At high operating
pressures such as those which we normally encounter for HPI injection under
normal, non-accident conditions, there is no serious concern of pump run out.
Pump run out can only occur at low system pressures.

At 1600 1bs., the automatic initiation point for safety features, automatic
flow balancing occurs equalizing the flow in the 4 lines at 125 GPM each.

This 125 GPM flow is sufficiently large to ensure that all 4 flow meters are on
scale. If system pressure then decays towards 600 1bs. the indicated flow

from the worst transmitters, transmitters A and C becomes increasing

accurate. With indicated flow equaling actual flow at 600 1bs. system pressure.
Transmitters B and D become less accurate at these low system pressures, but

the maximum flow error in transmitter O only approaches 30 gallons per minute
error at ze~o actual flow. The operator can be sure that his indications will
be either accurate or Tower than actual flows, he can use the limit switch
lights on his valves to indi.ate valves closed and therefore zero flow.

Indicated vs actual flows are shown on attachment 2-5 for a range of system
pressures, These curves demonstrate that the indicated flows are indeed

always les: than actual flows and that at the flows of normal interest,

namely greater than 90 gallons per minute, the flow errors are acceptabley small,

At 1600 1bs. when the flows are automatically balanced all four flows read
within 30 GPM of the 125 actual.

Other applications of these transmitters have been identified and the errors

due to static pressure zero shift are being evaluated. A preliminary look indicates
that the only concern will probably be the pressurizer level, which may have

an error as large as £ 11 inches. It should be possible to zero out this

error at system pressure.

Attachments
cc: S. Redeker

J. Field :
J. Williams-




Attachment 1

HPI FLOW VS. MEASURED DELTA PRESSURI
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Attachment 3

HPI B FLOW

ZEROED AT 3000 PSI
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” ‘Mun RANCHO SECQO NUCLEAR GENERATING STATION

NCR $~5150 Attachment 3
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NCR 8-5150 Attachment 2
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ING REPORT Page _ 1 _of 8 _No § _5150  Rev. _1 _____
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ATTACHMENT § Rev. |

Part [: Auxiliary Feedwater Control Logic Modification

I. Purpose of Design Change

A.

Initiate [CS control of AFW valve on same parameter as that which
inftiates AFW pumps, low MFWP discharge pressure.

Reduce probability of loss of AFW during re-establishment of MFW.

[1. Summary of Change

A,

0.

Scope

The work to be performed is entirely in the ICS cabinets. This
change will mocify relay logic for initiation of AFW auto flow
control and MFW block valves. No other systems are affected.

Wiring will be removed from contacts of 86-1/AFWPT and 86-1/BFWPT
and added to spare contacts of 86/AFWPL and 86/BFWPL.

Design Basis

Improve probability of AFW successfully completing its design
function on demand.

Equipment Class & Power Requirementg,
SMUD QA Class 2. No medifications to existing power is required.

T!sting

A special test procedure has been written and approved by the Plant
Review Committee. Testing was completed on October 25.

I11. Calculations and Design [nformation

A.

Design Features

Currently, "ALB MFW pump tripped" affects three [CS functions:

- Pseudo Auto MFW pump control
- MFW Block Valve
-« AFW Valve Control
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This modification has the following impact:

Pseudo Auto Control - No change.

MFW Block Valves - The "ALB MFW pumps tripped” signal wilil be

replaced with the "MFW pumps discharge

pressure low" signal., The remainder of the

logic will remain the same (4RCP's tripped to (Rev.
close the block valve),

.Aru Valve Control - The "ALB MFW pumps tripped" si?ncl will be
s

replaced with the "MFW pumps discharge pressure
low" signal. This signal will allow the ICS to
control the AFW valves on low OTSG level.

Functional Description

The two functional signals assocfated with this ECN are "MFWP low
discharge pressure” and "MFW pumps tripped * "MF4P low dischar$c
pressure” provides the best indication of MFW status. "MFWP trip"
provides the best indication of MFWP not running.

- Signal to initiate ICS control of AFW flow valves will be "MFWP
Tow discharge pressure” vs. current "MF4P trip" signal.

- Signal to MFW block valve logic will be MFWP low discharge pressure
vs, current MFWP trip signal; however, it shall require at least
1 RC? tripped to activate this function, as at present,

- Signal to pseudc auto logic which is used to run MFWP s;eed demand
to minimum will sti1] require the MFWP trip signal in crder that
the H:H pumps may be started without recuiring the logic to be
disabled.

- Signal to ICS runback logic will remain MFWP low discharge pressure,

ngis gfagrlm

The logic diagram from the Design Basis Repert s attached. (See Figure A)
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Part 11: Auxiliary Feedwater/Main Feedwater Failure Analysis

The NRC requested information regarding single failures as relating to
MFW/AFW during the phone conversation of October 25, 1985, A particular
question raised was: "“[s there a scenario in which one failure in the
ICS could close all four MFW valves, interrupting MFW to both OTSG's,
and not result in automatic start of AFW flow?"

T™e [CS controls the MFW valves and the automatic OTSG level control

AFW valves. Since the ICS is control grade and not designed to single
fatlure criteria, it cannot be conclusively stated that the above scenario
is impossible. The following discussion, however, shows that there is no
single failure which can interrupt MFW flow and result in the inability

to manually from the control room, provide AFW flow in a timely manner
using class 1 equipment which is completely independent cf the I(S.

The design of the AFW system was presentad in detail to tha NR( staff
during the October 23, 1985, meeting in Bethesda. It was clearly shown
that there are tw~ separate and distinct activate/control systems and
flow paths within AFW (see Figure B attached). Either s¥;tcn can supply
AFW to the OTSG's regardless of failures in the other. e systems are
briefly described below.

1) The first system is the ICS Control/Class 1 Pump Start System,
[t automatically starts and controls OTSG leve! when loss of
feedwater/main feedwater pumps is sensed by low main feed pump
discharge pressure or when all four (4) RCP's trip. Manual
start and flow control s available in the control room.

The control grace [CS, which also controls MFW, operates one

of two paraliel flow path valves to eac 0TSG Irv 20527 OTSG A,

Fv 20528 OTSG 8). The other flow path to each OTSG fs a class 1
safety feature (SFAS) valve (SFV 20577 OTSG A, SFV 20578 OTSG 7).
The ICS controlied FV's automatically operate to control OTSG
level once main feed pump discharge pressure drops below 700 psig.
A class 1 circuit (independent of SFAS) automatically starts both
AFW pumps (P319 motor and P318 turbine drive) when main feed pump
discharge pressure drops below 850 psig. The pumps and valves
2150 automatically operate when all four (4) RCP's are not running,
as sensed by class 1 underpower/phase imbalance monitors.

2) The second system is the Class 1 Safety Feature Activation System
(SFAS). This system provides automatic AFW pump start and flow to
the OTSG's when LOCA conditions are sensed. Class 1 manual start
and flow control 1s available in the control room.

The SFAS system cperates the second of two parallel flow path valves
to each QTSG (SFv 20877 OTSG A, SFv 20578 OTSG 8). The other flow
path to each OTIG s through an [CS controlled valve described above.
The SFA, valves automatically fully open and the AFW pumps autimatse
fcally start to provide AFW flow. to the OTSG's uson low RCS pressure
(1600 psig) or high reactor building pressure (4 psig).

.1-



The SFAS system is completely independent of the [CS/Class 1 Pump Start
System, Thus, it follows that there is no single failure which could cause
loss of main feedwater flow (for example, closure of all ICS controlled main
feedwater control valves), and cause the inability to provide AFW flow

with the SFAS system, SFAS system AFW flow would require manual control
;oom pump start and flow control since SFAS does not detect loss of main
eedwater,

Manual AFW flow start will de rapid and effective because there are specific
symptom based Emergenc Operating Procedures (EOP's) and extensive operator
simulator training rege~ding loss of main feedwater events. The loss of
main feedwater would result in a reactor trip on either anticipatory trip
on loss of main feedwater pump control ofl pressure or high RCS pressure
due to reduced primary to secondary heat transfer. Upon reactor trip, the
operators immediately implement the EOP's which require them to constantly
monitor for three main symptoms of off-normal conditions:

a) Lack of subcooling

b) Lack of primary to secondary heat transfer
(overheating)

¢) Excessive primary to secondary heat transfer
(overcooling)

Rapid identification of loss of main feedwater (ovcrcuo!tn?) will occur
because there are numerous alarms and indicators which will alert the
operator. The operators receive extensive simulator training in recognizing .
the three main off-normal symptoms. Ameng the main annunciator audible
alarms and other indicators are MFP discharge pressure low alarm, MFP low
flow alarm, MFP trip alarm, MFP 2ero speed alarm, SPOS post trip RCS pressure
temperature display, MFP control panel indication of MFP turbine trip, speed,
a¥;gi?o 9?vornor valve position, and panel indication of feedwater flow and
evels,

The EOP for overheating gives specific direction to establish feedwater to
the OTSG's using AFW, Aaditionally the abnormal operation procedure for AFW
directs the operator to use the SFAS control valves whenever [CS control fis
unavailable or undesirable.
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ATTACHMENT 10
HOUSEKEEP ING AND GENERAL SURVE ILLANCE
IN SAFETY RELATED AREAS

The District performed a housekeeping survey of selected safety related
areas that included the east and west Decay Heat Cooler and Pump Rooms,
HP1 and Makeup Pump Rooms, and the Auxiliary Feed Pump area. This field
survey focused on the observation of o] leakage, proper threaded fastener
engagement and fasteners that were loose and/or missing, The maintenance
personne! conducting this survey examined an estimated 20,000 fasteners,

and 33 individual components.

From this survey, no electrical or instrument and contro! ftems were
identified that could have adversely affected safety. The survey revealed
ten mechanical ftems that required additiona) analysis:

* Nine fasteners had a maximum of 3} threads
not engaged on nut;

* One pipe support was missing a fastener which
had previously been identified and accepted;

* One wall mounting plate was missing an anchor
bolt, and;

* One MOV operator had excessive of! drippage
which Maintenance is opening and inspecting

prior to startup to assure proper lubrication,

The initial engineering evaluations conclude the safety function of the
ftems was not affected. The evaluations will be available to the resident

NRC inspector,




