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ABSTRACT

On December 26, 1985, the Rancho Seco Nuclear Generating Station experienced a
reactor trip from 76% power, followed by a rapid overcooling transient and
automatic initiation of the safety features actuation system. The unit has re-
mained shut down since that time. In response to confirmatory letters from
the NRC Rog&ag V Administrator, the licensee, Sacramento Municipal Utility
District ( ), submitted the "Rancho Seco Action Plan for Performance
Improvement” in July 1986. Since then, the licensee has submitted revisions
to that action plan and numerous other documents and information to support a
return of Rancho Seco to power operation. The NRC staff reviewed the
licensee's submittals and other information made available to the staff in
support of a restart of Rancho Saco. In October 1987, the NRC staff issued a
Safety Evaluation Report (NUREG-1286) relating to the restart of Rancho Seco.
Since then, the staff has completed its review of al)l other issues relating to
the restart effort. The results of this more recently completed review work
are contained in this Supplement No. 1 to NUREG-1286 (SSER 1).
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1 INTRODUCTION AND SUMMARY

The Safety Evaluaticn Report (SER) related to the restart of Rancho Seco fol-
lowing the December 26, 1985 event was issued in October 1987 (NUREG-1286).

In that report the staff (1) documented the resolution of all restart issues
that had been resolved at that time, and (2) identified the remaining issues
that would need to be resolved before startup. Among those restart issues were
some that required additional staff inspection and some that were still being
reviewed by the staff. Those issues have since been resolved, together with
all other issues that arose during the course of the staff's review. The reso-
lution of those issues is addressed in this Supplement No. 1 to NUREG-1286

(SSER 1).
1.4 Conclusion

A1l issues known to the staff that require resolution for restart of Rancho Seco
have been resolved to the staff's satisfaction. There are no unresolved issues
that should be resolved before restart of the plant. The staff concludes that

the plant is ready to restart.

Rancho Seco Restart SSER 1 11



2 BACKGROUND
2.3 Summary of Licensee Response

2.3.2 Evaluation of the Plant Performance and Management Improvement Program

Section 2.3 of the restart SER (NUREG-1286), issued in October 1987, contained

a discussion and evaluation of the licensee's Plant Performance and Management
Improvement Program (PP&MIP). Section 2.3.2 stated that this issue remained
open pending verification by the augmented system review and test program
(ASRTP) reinspecticn and by the NRC staff inspection that the problem resolu-
tion and tracking portions of the PP&MIP are adequate. This issue has since
been resolved. The details and basis for the resolution of this issue are docu-
mented in Inspection Report 50-312/87-29, dated January 25, 1988. This issue,
evaluation of the Rancho Seco PPAMIP, is therefore closed as a restart item.

Rancho Seco Restart SSER 1 2-1



3 RESOLUTION OF CONCERNS RELATED TO THE DECEMBER 26, 1985 EVENT

3.1 étsuog of Plant Systems, Electrical Systems, and Instr.mentation and
ontrol Systems

3.1.2 ICS/NNI System Failure Modes and Effects on Plant Operation

3.1.2.1 Root Cause of the Event

The December 26, 1985 event at Rancho Seco was initiated by the plant's response
to the loss of integrated control system (ICS) £24-V dc power. The loss of ICS
$24-V dc power occurred when the ICS power supply monitor (PSM) provided an
automatic trip signal to shunt trip switches (51 and §2) in the 120-V ac feeder
lines to the $24-V dc power supplies. This caused the switches to open, thus
deenergizing the $24-V dc supplies. The PSM is designed to monitor voltage on
the positive and negative 24-V dc buses, and to automatically open switches Sl
and $2 (causing a complete loss of ICS $24-V dc power) if the voltage on either
the positive or negative bus drops to 22.0 V dc. Therefore, the root cause of
the event focuses on discovering the specific condition(s) that caused the PSM
to signal S1 and S2 to open.

Puring in-plant investigations following the event, the licensee discovered an
abnormal voltage drop measured between the positive 24-V dc bus and the input of
the associated PSM sensing circuit. The voltage drop was found to be caused by
a resistance created by a bad electrical connection in the distribution wiring
between the +24-V dc bus and the PSM (the bad connection was external to the
PSM module). This led the licensee to conclude that: "The root cause of the
loss of ICS power was a manufacturing defect in the installation of wiring
within the 1CS cabinet," and "the direct cause was identified as the loss of

1CS dc power caused by a manufacturing error on a lug improperly installed on a
factory prepared wire. "

Because the root cause of the December 26, 1985 event at Rancho Seco centers
around the PSM, and because the PSM includes several unique design character-
istics that partially explain its behavior during the event, the design and
operation of the PSM are discussed separately in detail in Section 3.1.2.8,
"power Supply Monitor," of this report. Also discussed in Sectiun 3.1.2.8 are
post-event testing of the PSM by the licensee and by an independent laboratory.
part of the testing by the independent laboratory involved detailed inspection
of the PSM module, and a determination of the PSM sensitivity to input
resistances such as could be caused by bad electrical connections. The test
results included identification of a bad electrical connection internal to the
PSM module itself that was found to cause unstable PSM operation under certain
conditions This led the staff to conclude that actuation of the ICS PSM on
December , 1985 was not caused by a single factor, but was most likely caused
by a combination of factors including (1) an actual degraded voltage condition
within the ICS dc power distribution system resulting from a poor electrical
connection between the +24-V dc bus and the PSM input and (2) a poor electrical
connection within the PSM module. The staff further concluded that inherent

Rancho Seco Restart SSER 1 3-1



design characteristics of the PSM helped to exacerbate the effects of the poor
electrical connections internal and external to the PSM. Other possible con=
tributing causes to the event include the failure to recognize precursor indi-
cations in the form of control room alarms momentarily act ‘ated by the PSM,
and the lack of preventive maintenance with regard to replacement of switches
S1 and S2 at the end of their S-year-guaranteed )ife.

These conclusions conccrning the root cause for the PSM actuation of switches

$1 and S2 on December 26, 1985 and the basis for the conclusions are discussed

in detail in Section 3.1.2.8 of this report. The discussion includes the effects
of resistance in series with the PSM input (such as would be caused by a bad
electrical connection) on PSM operation. Although the staff believes the root
cause for the December 26, 1985 event at Rancho Seco involves a combination of
factors, the major contributing factor appears to be the bad electrical connec-
tion between the +24-V dc bus and the PSM input. The bad connection created

a resistance. and hence a voltage drop across the resistance, so that the velt-
age sensed by the PSM approached the 22.0-V dc trip setpoint for actuation of

S1 and $2, although the actual bus voltage appears to have remained at its
nominal 24-V dc value.

The evaluation that fo)lows addresses the licensee's program to determine

(1) the cause for the bad electrical connection, (2) the extent to which bad
electrical connections could present a problem within the ICS and non-nuclear
instrumentation (NNI) system, and within safety-related systems, and (3) cor-
rective actions taken by the licensee to resolve identified problems.

Evaluation of Licensee's Root Cause Study and Resultant Program

The +24-V dc bus is located in 1CS cabinet 3, and the PSM module is located

in ICS cabinet 2. Power is routed to the PSM from the bus through ICS cabinet
1. The bad electrical connection identified as a contributing root cause for
the December 26, 1985 event was located in ICS cabinet 1. The licensee's engi-
neering report on action item 3A, "ICS Equipment Investigation," dated Febru-
ary 7, 1986, indicated that the bad electrical connection arose from a poor
mechanical connection (i.e., crimp) of the ICS dc power distribution wire to its
lug. When the wire was Tifted, the u actually fell off the end of the wire.
The licensee stated that detailed cxcm?nation of this connection failure re-
vealed that the conductor had been insufficiently inserted into the lug barrel.
This resulted in an inadequate barrel crimp on the conductor strands at the
tongue end of the lu?, creating a loose, high resistance connection (see Fig-
ure 3.17). Further investigation revealed that bad electrical connections also
existed in ICS cabinets 3 and 5. The bad connections were due to either poor
crimp connections or the use of improperly sized hardware to attach the lugs to
the bus work (several screws holding lugs to bus bars were found to be loose).

On the basis of these investigation results, the )icen-ce developed and imple-
mented an Electrical Termination Inspection and Upgrade Program designed to
verify the adequacy of other terminations in cabinets supplied by the ICS ven-
dor, Bailey Controls Corporation. The program included the following tasks:
* fidentification of questionable electrical terminations
identification of other potentia.’defidencies inside instrument cabinets
and panels

Rancho Seco Restart SSER 1 32
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* correction of all identified deficiencies

* actions to ensure that electrica) termination deficiencies do not occur in
the future

The initial scope and content of the program consisted of visual inspections of
compression lug terminations (both “internal" terminations installed by the
vendor in the factory, and "external" terminations installed by the licensee
between field wiring and the vendor-supplied cabinets/panels) within the five
ICS cabinets and the seven NNI cabinets. The licensee inspected 2250 compres=
sfon lug terminations within the ICS/NNI cabinets, and identified 2 failures

(a failure is defined as a lug termination that becomes disconnected from its
co?ductor during the inspection process) and 950 deviations. Examples of devi-
ations are:

* conductors not visible at the tongue end of the lug barre)

* conductor extends too far beyond the tongue end of the lug barrel so that
conductor strands are compressed under the terminal screw

* lug hole too large for terminal screw
* wrong size lug for conductor size
* improperly modified Tug
* lugs installed face down (not inspectable)
* lugs bent more than 90 degrees

lugs twisted or deformed

more than two lugs on a single stud

incorrect shield termination
* two Tugs under one terminal screw not installed back to back
The licensee has replaced the failed lugs, and either replaced or reworked al)
fdentified deviations so that these terminaticns satisfy the visua) inspection
criteria,
Because the physical location or orientation (e.g., installed back-to-back or
face down) of some compression lug terminations made it impossible to visually
inspect them without actually lifting ihe lugs, the licensee developed "secure-
ness verification" criteria to be used in such situations. Secureness verifi-
cation testing had the added benefits that safety clearances were not needed
(as would be required before 1ifting certain lugs for visua) inspections) and
fewer lugs might need replacing (the licensee considered the visual inspection
acceptance criteria to be very stringent),

The secureness verification criteria consisted of (1) the ability to withstand
4 conductor-to-termination pull force of an 8-pound tension for a duration of
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The licensee also discovered that during the installation of external compres-
sfon lug terminations, some lugs were physically trimmed in order to fit better
the terminal blocks supplied by the manufacturer. A total of 31 terminations
were replaced because the trimmed lugs did not comply with the acceptance cri=
teria specified by the vendor for the terminations. The licensee has developed
procedures to preclude modifying lug terminations in the future.

In addition to compression lug terminations, the licensee also inspected solder
terminations and wire wrap terminations within the ICS, NNI, RPS, and SFAS
cabinets. The licinsee stated that the inspection results showed a lack of
consistent workmanship standards applied by the manufacturer during installa-
tion of both the solder and wire wrap terminations. Of the 23,400 solder ter-
minations inspected by the licensee, 2 failures were identified, and 2500 devi-

ations from the licensee's workmanship standards were identified. The types of
deviations included:

spattered flux

insufficient or excessive solder
grainy or porous connection
improper tinning or wetting
icicles or bridgin?

damaged conductor insulation
insufficient insulation clearance

* b s s e + e

Of the 8750 wire wrap terminations inspected by the licensee, 3 failures were
identified, and 1130 deviations from the )icensee's workmanship standards were
identified. The types of deviations included:

* wire separation, consecutive ceils not in contact
* wire coil overlays

* bent wire wrap pins

* broken or insufficient number of coils

* improper insulation clearance

The licensee has reworked solder and wire wrap termination deviations to
comply with their workmanship standards,

Ouring performance of the Electrical Termination Inspectian and Upgrade Program
the licensee also performed general maintenance work on the cabinets/panels and
components to correct other problems and deficiencies that were identified.
These deficiencies inc)uded:

* component leads not covered with insulation

* terminal blocks with chipped or broken barriers
* terminal blocks not labeled

* drawing configuration discrepancies

* damaged printed circuit cards

* loose terminal board screws

* broken cabinet ventilation fans

Additiona)l maintenance work performed inc)uded:
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cables rerouted and resupported
conductor tie wrap supports added
fuse panels cleaned and repaired
cabinets cleaned and filters replaced
modules cleaned and reworked

total of 36 instrument panels/consoles/cabinets were included in the scope of
the Electrical Termination Inspection and Upgrade Program. The licensee has
reverified that al) terminations within the program scope were inspected/tested.
The program extended beyond the inspection of the ICS cabinets' internal com=
pression lug terminations (such as the failure that contributed to initiation
of the December 25, 1965 event) to include internal and external compression
lug terminations within both safety-related and non-safety-related cabinets
supplied by the ICS vendor. In addition, the inspection scope was expanded to
include other terminations such as solde» and wire wrap connections. Efforts
were made to resolve other panel/cabinet deviations and deficiencies noted
during the inspection process, and to perform general maintenance work to up-
grade the overal)l condition of the enclosures and their components. Approxi=
mately half of all control room and computer room instrument panels/consoles/
cabinets were included in the program. The licensee has stated that a program
for the long-term inspection of other electrical plant panels has been initiated.

>

The licensee inspected 44,100 terminations (\u?s. solder joints, and wire wraps)
and identified 22 failures. The failure rate 1is approximately 1 in every 2000
terminations inspected, or 0.05%. Of the 22 failures, 12 were factory-
installed "irternal" compression lug termirations, U were Jicensee-installed
nexternal” compression lug terminations, 2 were wire wrap termioations, and 2
were solder terminations. The licensee has concluded that the low failure rate
demonstrates that no overal)l termination failure problem, and hence no signifi~

cant safety hazard existed.

O0f the 44,100 terminations inspected, approximately 7800 deviations from the
licensee's nspection criteria were identified. Thus, a deviation was identi-
fied in approximately 1 out of every 6 terminations inspscted, or rou?hly 17%
of the terminations. The licensee has indicated that many of the deviations
were reworked or replaced not because of unacceptable electrical connections or
non-compliance with vendor specifications, but because the terminations did nov
conform to the licensee's more stringent criteria for workmanlike standards,
The licensee stated that most of the termination deviations and deficiencies
would have been identified either before the vendor delivered the terminations
or when the terminations were delivered, if adequate acceptance and inspection

criteria had been established.

Conciusions

The staff concludes that the Electrical Termination Inspection and Upgrade
Program developed by the licensee was thorough and comprehensive with respect

to the types and numbers of terminations inspected, and that the program was
sufficient for determining the extent cf potential problems concerning bad
electrica) connectioas within instrument cabinets/panels at Rancho Seco (similar
to the bad connection within 1CS cabinet 1 that was igentified as a contributor
*o the root cause for the December 26, 1985 event). The staff further concludes
that the )licensee's criteria for identifying deviations during the termination
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inspections were conservative and appropriate, and that the numerous termination
replacements and reworks, and additiona) cabinet upgrades and maintenance actiy-
fties have resulted in an increass in cabinet/pane!l quality and represent an
overall improvement in plant safety. The staff concludes that the program was
suffirient to ensure that concerns regarding bad electrical connections that
were identified during investigation of the Derember 26, 1985 event wil) not
exist within the safety-related RPS or SFAS cabinets, or within the non-safety-
related ICS/NNI cabinets, at the time of plant restart,

The staff agrees with the licensee that the failure rate of instrument cabinet
electrical terminations was sufficiently low to support the conclusion that no
significant safety probiem existed. However, the failures identified should
not be dismissed as beirg insignificant. Failures of electrical connections
such as occurred in ICS cabinet 1 before the December 26, 1985 event would
represent undetectable failures if not identified during periodic surveillance
testing. The characteristics of the bad electrical connection in ICS cabinet 1
were found to change with time. A similar bad connection fn a safety-related
system might not be detected durin? surveillance testing (i.e., would represent
an undetectable failure), and its mpact during a plant transient or accident
could be significant, especially when considered in the presence of a postulated
worst-case single failure, consistent with the plant licensing design basis.
The number of failures identified, although small, in conjunction with the
number of cabinet upgrades/maintenance activities required, highlights the
importance of periodic cabinet inspections and good maintenance practices to
ensure that the quality of the cabinets and their components is maintained.

The licensee has stated that the development of maintenance criteria and pro-
cedures, and emphasis on high standards of workmanship will provide assurance
of the future quality of electrica)l termination installation and maintenance.
The staff concludes that the program wil) be effective in resolving concerns
about bad electrica) connections and in improving overall instrument panel/
cabinet quality. The root cause of the event has been identified and measures
have been taken to ensure against recurrence. This issue is resolved and is
closed as a restart issue.

3.1.2.2 Loss of ICS/NNI System dc Power
ICS/NNI dc Power Distribution System

This section describes in detail the distribution of dc power within the I1CS
and NNI system. The role of ICS dc power in the December 26, 1985 event and
modifications proposea by the licensee are also described, and the proposed
modifications are evaluated.

ICS/NNI dc Power Distribution Before the December 26, 1985 Event

The ICS and the NNI system each consists primarily of (in addition to field-
mounted equipment and control room indications and controls) several cabinets
containing individual rows of rack-mounted modules. Each module serves a
specific function (e.g., proportional amplifier, summer, integrator, contro)
relay). The modules require nomina) cupply voltages of +24 V dc and =24 V
dc, t10%. The modules are not designed to ensure proper operation if the
supply voltage strays outside of the $10% band (i.e., less than £21.6 V dc
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or more than $26.4 V dc). Testing has shown that at supply voltages only
sli?ht\y below the specified minimum, some modules will malfunction and relays
will begin to cycle on and off. If the dc supply voltage varies from $24 V dc
by more than +10%, the performance of the ICS/NNI system becomes undefined and
unanalyzed, and is considered unacceptable.

The NNl system at Rancho Seco consists of three subsystems: NNI-X, NN1-Y, and
NNI-Z. Distribution of dc power within the 1CS and NNI=X, and within tie NNI-Y
and NNI=Z is illustrated in Figures 3.18 and 3,19, respectively. These figures
show the dc power systems as modified after the December 26, 1%05 event.
Although some design changes have been made (as discussed below), the basic
distribution of power to ICS/NNI system dc loads has essentially remained
unchanged from the time of the event. As discussed in SER Section 3.1.1.2,

the 1CS, NNI=X, and NNI-Y dc power supply systems each consist of two redundant
pairs of $24-V dc supplies. Each pair (one positive power supply and one
negative supply) is energized by one of the two 1nconin2 120V ac feeders.

fach pair of supplies feeds the positive and negative 24-V dc distribution
buses through isolation dizdes. The diodes act to separate the redundant pairs
of supplies, and to provide “auctioneering" between the supplies (i.e., if the
output vo1tn?o of one of the supplies is significantly higher than that of the
other, the diode associated with the supply having the lower output voltage
will be reverse biased, shutting off current flow through that diode, and the
supply with the higher output «0ltage will pr