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Drteic Feb 18, 1987
CHAIRMAN eDTUATY ’

The Honorable George H. W. Bush
President of the Senate
Washington, DC 20510

Dear Mr. President:

Enclosed is the NRC report on abnormal occurrences at licensed nuclear
facilities, as reouired bv Section 208 o the Enerqv Reorganizatinn Act of 1974
(PL 93-438), for the second calendar quarter of 1986,

In the context of the Act, an abnormal occurrence is an unscheduled incident or
event which the Commission determines is significant from the standpoint of
public health or safety. The report states that for this reporting period,
there were twn abnormal occurrences at the nuclear power plants licensed to
operate. One involved an out of sequence control rod withdrawal and the other
involved a boiling water reactor emergencv core cooling svstem desian
deficiencv. There were five abnormal occurrences at the other NRC licensees.
Two involved willful failure to repori diaanostic medical misadministrations to
the NRC, nne involved a therapeutic medical misadministration and two involved
diagnostic medical misadministrations. There were *wo ahnormal occurrences
reported by the Aqreement States. One invnlved an uncontrolled release of
krypton-85 to an unrestricted area. The other invnlved a contaminated
radiopharmaceutical used in diannostic administratiore,

The report al<o contains information undating some previously reported abnormal
occurrences,

In additior tn this report, we will continue to disseminate infarmation on
reportable events. These event reports are routinely distributed on 2 timely
basis to the Congress, industrv, and the general public.

Sincerely,

oémbv

Landn W, Zecl, Jr/
Chairman

Enclosure:

Report to Conqress on
Abnormal Occurrences
(NUREG-0090, Vol. 9, No. ?)
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

February 18, 1987

CHAIRMAN

The Honorable im Wriqht
Speaker n€ the United States
House of Representatives

Washington, DC 20515

Near Mr. Speaker:

Fnclosed is the MBC repor* on abnormal ocrurrences at licensed nurlear
facilities, as required by Section 208 of the Fnerqyv Reoraanization Act of 1974
(PL 93-438), for the second calendar quarter of 1986,

In the context nf the Act, an ahnarmal nccurrence is ar unscheduled incident nr
event which the Commission determines is significant from the stindpoint of
public health nr safetv., The report states that for this reporting period,
there were twn abnormal nccurrenres at the nuclear nower nlan*s licensed to
operate, One involved ar out of sequence contrnl rod withdrawal and the other
involved a boiling water reactor emerqencv core conling system desian
deficiencv. There were five ahnormal occurvences a* the other NRC licensees,
Two involved willful failure to reponrt diaaqnostic medical misadministrations to
the NRC, one involved a therapeutic medical misadministration and *wn invnlved
diagnostic medical misadministratinns, There were twn abnormal nccurrences
reported hy the Agreement States, Mne invnlved an uncontrolled release of
kryp*ton-85 to an unrestricted area. The other involved a contaminated
radiopharmaceutical used in diagnostic administratinns,

The report also contains information updating some previouslv reported abnormal
nccurrences,

In addition to this report, we will continue ¢tn disseminate information on
reportable events, These event reports are routinely distributed rn a timelv
basis to the Conqress, industry, and the qenerai public.

Sincerely,

ﬁ—lfvlow.

Lando ¥. Zech /Jr,
Chairman

Fnclosure:

Report to Conaress on
Abnormal Occurrences
(NUREG-0090, Vol. 9, No. ?)
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ABSTRACT

Section 208 of the Energy Reorganization Act of 1974 identifies an abnormal
occurrence as an unscheduled incident or event which the Nuclear Regulatory
Commission determines to be significant from the standpoint of public health or
safety and requires a quarterly report of such events to be made to Congress.
This report covers the period from April 1 to June 30, 1986.

The report states that for this reporting period, there were two abnormal occur-
rence at the nuclear power plants licensed to operate. One involved an out of
sequence control rod withdrawal and the other involved a boiling water reactor
emergency core cooling system design deficiency. There were five abnormal
occurrences at the other NRC licensees. Two involved willful failure to re-
port diagnostic medical misadministrations to the NRC; one involved a thera-
peutic medical misadministration; and two involved diagnostic medical misad-
ministrations. There were two abnormal occurrences reported by the Agreement
States. One involved an uncontrolled release of krypton-85 to an unrestricted

area; the other involved a contaminated radiopharmaceutical used in diagnostic
administrations.

The report also contains information updating some previously reported abnormal
occurrences.
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States assume regulatory authority over byproduct, source and special nucliear
materials (in quantities not capable of sustaining a chain reaction). Compara-
ble and compatible programs are the basis for agreements.

Presently, information on reportable occurrences in Agreement State licensed
activities is publicly available at the State level. Certain information is
also provided to the NRC under exchange of information provisions in the
agreements.

In early 1977, the Commission determined that abnormal occurrences happening at
facilities of Agreement State licensees should be included in the quarterly
reports to Congress. The abnormal occurrence criteria included in Appendix A

is applied uniformly to events at NRC and Agreement State licensee facilities.
Procedures have been developed and implemented and abnormal occurrences reported
by the Agreement States to the NRC are included in these quarterly reports to
Congress.

FOREIGN INFORMATION

The NRC participates in an exchange of information with various foreign govern-
ments which have nuclear facilities. This foreign information is reviewed and
considered in the NRC's assessment of operating experience and in its research
and regulatory activities. Reference to foreign information may occasionally
be made in these quarterly abnormal occurrence reports to Congress; however,
only domestic abnormal occurrences are reported.



REPORT TO CONGRESS ON ABNORMAL OCCURRENCES
APRIL-JUNE 1986

NUCLEAR POWER PLANTS
The NRC is reviewing events reported at the nuclear power plants licensed to
operate during the second ca.endar quarter of 1986. As of the date of this
report, the NRC had determined that the following event was an abnormal
occurrence.

86-8 Out of Sequence Control Rod Withdrawal

The following information pertaining to this event is also being reported con-
currently in the Federal Register. Appendix A (see Example 11 of "For A1l Li-
censees") notes that serious deficiency in management or procedural control in
major areas can be considered an abnormal occurrence.

Date and Place - On March 18, 1986, during a startup of Peach Bottom Unit 3,
personnel errors by four licensed operators resulted in a control rod being
withdrawn out-of-sequence without being detected by these operators. The next
operating <hift detected the error and manually scrammed the unit. Peach Bot-
tom Unit 3 is a General Electric-designed boiling water reactor (BWR) operated

by Philadelphia Electric Company (the licensee) and located in York County,
Pennsylvania.

Nature and Probable Consequences - To limit reactivity additions during startup
and low power operations, BWRs utilize a variety of procedural controls and
monitoring systems. The reactor operator follows a control rod withdrawal se-
quence procedure developed by reactor engineers. A rod worth minimizer (RWM)
computer system monitors this sequence and blocks control rod movement upon
significant deviation from the prescribed sequence. A rod sequence control
system (RSCS) complements and backs up the RWM in restricting control rod move-
ment. A major purpose of these controls is to 1imit the consequences of a con-
trol rod drop event during the startup.

On March 17, 1986, a startup was begun on Peach Bottom Unit 3. The RWM was
bypassed due to a computer hardware fault. As allowed by technical specifica-
tions, a second licensed reactor operator was assigned to monitor another
licensed reactor operator as the latter withdrew control rods in accordance
with the sequence prescribed by procedure. At 1:28 a.m. on March 18, 1986, the
operator withdrew control rod 10-23 out of sequence instead of rod 02-23. The
second operator monitoring the rod withdrawals failed to notice the error.

Later, at its prescribed place in the procedure, both operators signed off the
withdrawal of control rod 10-23. Shortly afterward, the reactor attained crit-
icality. At 2:30 a.m., withdrawal of additional control rods in an attempt to
increase reactor power was blocked by the RSCS since rod 02-23 was not in its
prescribed position. The Shift Superintendent and Shift Supervisor then by-
passed the RSCS rod 02-23 full out logic with a keylock switch without verify=-
ing the rod position and conformance to the rod withdrawal sequence as required
by the procedure for bypassing RSCS logic.

Rod withdrawal and startup continued with rod 02-23 fully inserted instead of
being fully withdrawn as required.



After 7:00 a.m., the oncoming shift requested that the RWM be returned to ser-
vice. This was accomplished at 7:38 a.m.; the operators noted an insert error
for rod 02-23. The rod was confirmed to be out of position for the sequence.
The Shift Supervisor returned the RSCS bypass for control rod 02-23 to normal.
Two control rods were inserted and then the reactor was manually scrammed from
approximately 3% power at 8:55 a.m. The NRC Senior Resident Inspector and Duty
Officer were notified of the scram and the out-of-sequence rod shortly
afterward.

The licensee presented an analysis of potential consequences of a rod drop event
for various rod pairs for the March 18 event. The peak enthalpy deposition in

a fuel pin, had a rod drop occurred with rod 02-23 inserted, for the worst case
was calculated to be 118 cal/gm. This is less than the peak enthalpy deposition
of 215 cal/gm from the reload analysis for the current fuel cycle and the

280 cal/gm design criterion.

Cause or Causes - The out-of-sequence control rod withdrawal resulted from
numerous personnel errors by four licensed operators. One licensed reactor
operator withdrew the wrong control rod from the core. The RWM, designed to
detect such an occurrence, was inoperable. A second licensed operator was
assigned to independently verify the correct rod withdrawal sequence as required
by Peach Bottom Technical Specifications; he did not identify the error. When
the point in the sequence to withdraw the rod already incorrectly withdrawn was
reached, neither reactor operator identified the previous error. The Shift
Supervisor anc Shift Superintendent who were overseeing the startup activities
failed to note the error. Further, they bypassed the RSCS without assuring
that the bypassed control rod was in its correct position, as required by the
procedure for use of the bypass keys. These personnel errors by four licensed
individuals showed an inattention to detail and failures to adhere to procedur-
al requirements, possibly resulting from complacent attitudes.

Actions Taken to Prevent Recurrence

Licensee - The four individuals involved in this event were disciplined. Plant
staff management meetings were held with all operations personnel to discuss
the event and their individual responsibilities. Procedural controls were
strengthened to, among other things, use best efforts to place the RWM in ser-
vice, dedicate a second operator to sequence verification if RWM is bypassed,
generate rod position maps at specific withdrawal points and compare with pre-
pared rod position maps and require positive rod position verification prior to
RSCS bypass.

NRC - After notification of the out-of-sequence control rod withdrawal by the

Ticensee on March 18, a special safety inspection into the event was conducted
at Peach Bottom Atomic Power Station on March 18-21, 1986. The inspection re-
sults were forwarded to the licensee in a letter dated March 25, 1986 (Ref. 1).

An enforcement. conference was held at NRC Region I on March 27, 1986, between
NRC and licensee personnel to discuss the causes of the event and the correc-
tive actions taken and planned. A Notice of Violation and Proposed Imposition
of Civil Penalty in the amount of $200,000, dated June 9, 1986, was sent to the
licensee (Ref. 2) describing the violations resulting from numerous personnel
errors by several licensed personnel.



The enforcement letter stated that these personnel errors indicate that a pat-
tern of inattention to detail, failure to adhere to procedural requirements,
and a generally complacent attitude of staff toward performance of their duties
continues to exist at Peach Bottom. Since 1983, the licensee has been cited
three times, and civil penalties imposed, for violations pertaining to person-
nel not following procedures. The latest incident demonstrates that the actions
taken to correct this pattern have not been effective. Such problems are in-
dicative of a lack of management involvement in and attention to station ac-
tivities to assure that the station personnel respect, understand the need for,
and adhere to licensee pulicies and procedures for the safe operation of the
facility. The proposed civil penalty of $200,000 represented a 100% escalation
because: (1) in each case, an opportunity existed for a licensed individual to
detect and correct the rod pull error, but the error was not recognized, and
(2) the enforcement history at Peach Bottom regarding personnel adherence to
procedures has been poor.

This item is considered closed for the purposes of this report.
o BF I g5 B W 2 = 8

86-9 Boiling Water Reactor Emergency Core Cooling System Design Deficiency

The following information pertaining to this event is also being reported con-
currently in the Federal Register. Appendix A (see the third general criteri-
on) of this report notes that major deficiencies in design. construction, use
of, or management controls for licensed facilities or material can be consid-
ered an abnormal occurrence. In addition, Examples 10 and 12 of "For All
Licensees" of Appendix A are applicable. Example 10 notes that a major defi-
ciency in design having safety implications requiring immediate remedial action
can be considered an abnormal occurrence. Example 12 notes that incidents with
implications for similar facilities (generic incidents) which create major
safety concern can be considered an abnormal occurrence.

Date and Place - On May 19, 1986, the Boston Edison Company (BECO) notified the
NRC that a significant design deficiency in the residual heat removal (RHR)
system minimum flow protection logic at the Pilgrim Nuclear Power Station (PNPS)
had been discovered. Pilgrim is a General Electric (GE)-designed boiling water
reactor (BWR) located in Plymouth County, Massachusetts.

Later, it was found that some other GE-designed BWRs also contained the same
design deficiency.

Background - The RHR system, which operates at low pressure, functions in dif-
erent modes to remove reactor decay heat under normal and emergency situations
(e.g., loss of coolant accident, LOCA). For normal situations, the RHR system
can be operated in the shutdown cooling/head spray mode and the steam condens=
ing mode. For emergency situations, the RHR system functions as part of the
emergency core cooling system [at Pilgrim, this system is called the core standby
cooling system (CSCS)] operating in the containment spray/cooling mode and the
low pressure coclant injection (LPCI) mode.

At Pilgrim, to prevent the RHR pumps from running dead headed, each pair of
pumps is provided with a minimum flow bypass capability. The minimum flow by-
pass consists of an orifice flow bypass which allows a flow of approximately
10 percent of rated flow to bypass the reactor vessel and be returned to the
suction source. The minimum flow bypass line for each pair of RHR pumps is
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NRC - The NRC Staff was first notified of the deficiency by the licensee in a
report made to the NRC Headquarters Operation Center per 10 CFR §50.72 on

May 19, 1986. A followup letter, pursuant to 10 CFR §21.21, was submitted on
May 23, 1986. Followup discussions between the staff, licensee, and GE indi-
cated a high likelihood that other GE BWRs in operation also had the problem.

Based on the generic applicability and the potentially significant
consequences of such a failure, the NRC sent on May 23, 1986, Inspection and
Enforcement Compliance Bulletin No. 86-1, "Minimum Flow Logic Problems that
Could Disable RHR Pumps" (Ref. 4) to all GE BWR facilities holding an operat-
ing license or a construction permit. Recipients were required to:

1. Promptly determine whether or not their facility has this single failure
vulnerability.

2. If the problem exists, immediately instruct all operating shifts of the
problem and measures to recognize and mitigate the probiem.

3. Within seven days of receipt of the Bulletin, provide (a) a written report
to the NRC which identifies whether or not this problem exists at their
facility, and (b) if the problem exists, identify the short-term modifica-
tions to plant operating procedures or hardware that have been or are he-
ing implemented to assure safe plant operations.

4. If the problem exists, provide a written report within 30 days of receipt
of the Bulletin informing the NRC of the schedule for long-term resolution
of problems that are identified as a result of the Bulletin.

The Bulletin noted that one of the potential fixes being proposed by GE is to
remove the automatic closing signal from the RHR minimum flow bypass valves.
This fix will result in some of the LPCI flow being diverted through the mini-
mum flow Tine. For other RHR modes of operation, the valves may be manually
closed. However, the Bulletin also cautioned that although safety analyses may
justify this interim fix, there are a number of problems that need to be con-
sidered. For example, on many plants the minimum flow bypass valves must be
closed during shutdown cooling in order to prevent draining the reactor vessel
inventory to the torus. The minimum flow bypass valves are considered contain-
ment isolation valves on some plants.

Review of the short term responses required by the Bulletin showed that four
plants other than Pilgrim also have the subject RHR minimum flow protection
logic error. These plants are Quad Cities Units 1 and 2 (located in Rock Is-
land County, I1linois) and Dresden Units 2 and 3 (located in Grundy County,
I1Tinois). Both the Quad Cities and Dresden facilities are operated by Common-
wealth Edison Company.

Short term correction actions and plans for long term correction actions pro-
posed for the plants are currently under review by the Staff.

Future reports will be made as appropriate.

X X X X X X X X



FUEL CYCLE FACILITIES
(Other Than Nuclear Power Plants)

The NRC is reviewing events reported by these licensees during the second cal-
endar quarter of 1986. As of the date of this reporti, the NRC had not
determined that any events were abnormal occurrences.

X X Xk %X kX x X% k » %

OTHER NRC LICENSEES

(Industrial Radiographers, Medical Instituticns,
Incustrial Users, etc.)

There are currently more than 8,000 NRC nuclear material licenses in effect in
the United States, principally for use of radioistopes in tie medical, indus-
trial, and academic fields. Incidents were reported in this category from
licensees such as radiographers, medical institutions, and byproduct material
users.

The NRC is reviewing events reported by these licensees during the second cal-
endar quarter of 1986. As of the date of this repert, the NRC had determined
that the following events were abnormal occurrences.

86-10 Willful Failure to Report a Diagnostic Medical Misadministration

The foilowing information pertaining to this event is also being reported con-
currently in the Federal Register Appendix A (see the general criterion) of
this report notes that an event involving a moderate or more severe impact on
public health or safety can be considered an abnormal occurrence. In addition,
Example 11 of "For A1l Licensees" of Appendix A notes that serious deficiencies
in management or procedural controls can be censidered an abnormal occurrence.

Date and Place - On May 8, 1985, a patient at Mercy Hospital, Wilkes-Barre,
Pennsylvania, received an injection of a radiopharmaceutical (a diagnostic dose
of technetium-99m) intended for another patient. The misadmini:ztration was
willfully not reported to the NRC as required by 10 CFR §35.43.

Nature and Probable Consequerces - An anonymous allegation was received by NRC
Region I on May 8, 1905. The alleger stated that a misadministration had oc-
curred that moning at Mercy Hospital when the Chief Nuclear Medicine Techni-
cian mistakenly injected the wrong patient with a radiopharmaceutical.

Further, the alleger stated that the misadministration would not be reported to
the NRC. The required report of the misadministration was aue to the NRC by
July 10, 1985.

On July 17, 1985, two NRC Region I inspectors performed a routine unannounced
inspection and followup of the allegation at the licensee's facility. During
the inspection, the Chief Nuclear Medicine Technician stated that no mis-
administrations had occurred since the one reported to the NF: in 1984.



However, the inspectors noted that records showed one patient had received two
radiopharmaceutical injections in a one hour period on May 8, 1985. The Chief
Nuclear Medicine Technician stated that this was not because of a
misadministration.

On August 7, 1985, an investigator from the NRC's Office of Investigations (0I)
went to Mercy Hospital. During an interview with the Chief Nuclear Medicine
Technician, she admitted she had lied to the NRC on July 17, 1985. The Chief
Nuclear Medicine Technician also stated she was told that the Medical Director
of Radiology, who is also the licensee's Radiation Safety Officer (RSO), did
not want the misadministration reported. The RSO stated during an interview
with the OI investigator on August 7, 1985, that he had infs n.>d some of his
staff not to report the misadministration.

The consequences of the licensee's actions in this incident are that (1) it
decreases the NRC's confidence that this licensee will report incidents as re-
quired by regulation and (2) it delays implementation of procedures to prevent
further misadministrations of a similar nature.

The effects on the patient, mistakenly receiving the radiopharmaceutical, wou'd
be expected to be small due to the relatively low levels of exposure involved.
However, it did represent an unnecessary exposure.

Cause or Causes - The cause is due Lo the deliberate failure of the RSO to fol-
Tow the NRC requirements for reporting misadministrations and instructing the
hospital staff not to report this particular misadministration.

Actions Taken to Prevent Recurrence

Licensee - The licensee, as well as another lice.see in which the RSO is in-
volved, requested an extension to re._ond to the NRC enforcement actions de-
scribed below.

NRC - On June 17, 1986, the NRC forwarded to Merc' Hospital (1) an Order re-
quiring the licensee to show cause why the Chief Nuclear Medicine Technician
and the RSO should not be prohibited from the performance or supervision of any
licensed activities, and (2) a Notice of Violation and Proposed Imposition of
Civi) Penalty in the amount of $5,000 (Ref 5).

The RSO at Mercy Hospital is also listed as an aulhorized user of NRC licensed
material on the license of Valley Radiolc ;y Associates, Inc., Kingston, Penn-
sylvania. Therefore, on June 17, 1986, the NRC issued a similar Order to this
Ticensee (Ref. 6).

Information regarding these enforcement actions was sent to all NRC medical
lTicensees on October 3, 1986 by Inspection and Enforc.ment Information Notice
No. 86-85 (Ref. 7).

Future reports will be made as ppropriate.
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Because of tiie low levels of radiation exposures to the patients in diagnostic
tests, no detrimental medical effects are anticipated as a result of these
misadministrations.

Cause or Causes - The NRC determined that the failure to report the misadminis-
trations was willful.

Actions Taken to Prevent Recurrence

Licensee - As required by the NRC Order dated April 22, 1986 (Ref. 9), the
Ticensee removed the physician from the position of RSO and as an Authorized
User designated in the NRC license. Another individual on the hospital staff
was placed in the position of RSO with the approval of NRC Region III.

NRC - The NRC (1nclud1ng the Office of Investigations) investigated the allega-
tion and the RSO's subsequent actions described above and conciuded that there
was no longer reasonable assurance that the physician could be relied upon to
comply with Commission requirements in the performance or supervision of 1li-
censed activities, or that the licensee would comply with Commission require-
ments while the physician is conducting or supervising licensed activities as
an Authorized User or as the RSO at the hospital.

The license was subsequently amended to aesignate the new RSO.

Information regarding this enforcement action was sent to all NRC medical licensees
on October 3, 1986 by Inspection and Enforcement Information Notice No. 86-85

(Ref. 7).

This item is considered closed for the purposes of this report.

X X X X %X X X X %k X

86-13 Diagnostic Medical Misadministration

The following information pertaining to this event is also being reported con-
currently in the Federal g_g;ster Appendix A (see the general criterion) of
this report notes that an event involving a moderate or more severe impact on
public health or safety can be ccnsidered an abnormal occurrence.

Date and Place - On May 16, 1986, NRC received written notification that on
May 7, 1986, an out-patient of the Robert Packer Hospital and Guthrie Clinic in
Sayre, Pennsylvania, received 10 millicuries of iodine-131 rather than the pre-
scribed radiopharmaceutical for a bone scan, technetium-99m.

Nature and Probable Consequences - Approximately two weeks before the scheduled
appointment, an out-patient was mistakenly scheduled for a whole body iodine-131
scan rather than a whole body bone scan. At the time of scheduling, a verbal
confirmation for an iodine-131 whole body scan was received from the doctor's
office.

The patient arrived without a requisition for the study and the technician ad-
ministered 10 millicuries of iodine-131 without the consultation with a radiol-
ogist required by department policy. The patient was instructed to return the

10



following day for the imaging procedure. On return to the hospital the follow-

ng morning, the patient produced an order from her physician requesting that a

technetium=-99m bone scan be performed The technician proceeded to perform the
179 1

whole body iodine-131 scan and then notified the radiologist of the
misadministration

The licensee informed the NRC of the misadministration and the probable medical
effects were explained to the patient. The misadministration would result in a
considerable dose to the thyroid The patient was given Lugol's Solution (to

help reduce the uptake of the iodine-131 by the thyroid) and instructed to take

1

six milliliters four times per day for four days Arrangements were made for
1
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Nature and Probable Consequences - Technetium-99m is a radiopharmaceutical
which is widely used in hospitals and doctors' offices for diagnosing a variety
of diseases. It has a short halflife of 6 hours (i.e., it loses half of its
radioactivity every 6 hours). It is a product of the decay of another radioac-
tive material, molybdenum-99.

The technetium-99m producing devices, called generators, contain molybdenum-99.
Technetium=-99m, the short-lived product, is removed from the generator as needed
by using a satine solution which combines with the technetium-99m, but leaves
most of the molybdenum-99 in place. Molybdenum-99 has no medical application
and is considered a contaminant; NRC requirements permit no more than 5 micro-
curies molybdenum-99 contaminant in a dose of technetium-99m.

The generator was purchased from New England Nuclear by Nuclear Pharmacy, Inc.
and used to process unit doses in the San Diego, California area. Later, the
generator was transferred to Scripps Hospital (a State of California licensee).
(The practice of retransfers of generators for human use has since been discon-
tinued.) After a few days of use of the generator, the licensee's nucliear med-
icine scanning equipment developed anomalies which made the scanning results
useless (no image, but with indications of a high energy background).

After determining that the scanning equipment was not at fault, the licensee
suspected molybdenum-99 breakthrough. A physician at the San Diego Veterans
Administration Hospital confirmed the presence of the contaminant. He estimated
liver doses to the patients ranging from 130 rads to 260 rads. As discussed
further below, it is believed that DTPA was inadvertently used, rather than the
saline solution, for removing technetium-99m from the generator. Therefore,

due to possible rapid clearance of the DTPA from the body, the actual doses may
have been less than those estimated.

Blood test results of the patients were reported to be normal, perhaps because
the material may not have deposited in the vascular compartment. The whole
body dose for each patient was estimated to be a few mrad. The nuclear medi-
cine physician at the hospital reported in January 1986 that "no adverse ef-
fects have been identified in any of the four patients."

Cause or Causes - After many milkings of the generator with normal eluants, it
appears that DTPA, a chelating agent, was inadvertently used in place of the
usual saline solution (the vials were almost identical). This DTPA removed a
substantial amount of the molybdenum-99 from the column. After the fact tests
estimate that as much as 1.0 mCi/cc of molybdenum-99 may have ended up in the
doses. Secondly, although molybdenum-99 breakthrough testing was routinely
performed, it appears that the nuclear medicine technologist observing the dose
calibrator readings had come to ignore which indicator light was lit, i.e.,
millicurie or microcurie and to simply record the digital readout assuming it
was microcurie. There is a practical certainty that the calibrator was indi-
cating millicuries which should have been noticed by the technologist.

Actions Taken to Prevent Recurrence

Licensee - Upon suggestion of Mo-99 breakthrough, the generator was taken out of
service and affected patients were identified. The dose calibrator which had
been independently checked and calibrated only one month earlier was reapproved
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by the licensee's consultant. All succeeding molybdenum-99 and aluminum break-
through safety checks were confirmed by either a second nuclear medicine tech-
nician or nuclear medicine physician

Later, the hospital discontinued the use of generators and began using bulk
technetium-99m. But tests for molybdenum-99 breakthrough were continued as a
precautionary measure

Statg Agency - The‘exent was investigated during an onsite visit by the Agency.
he iicensee was cited under one of 1ts license conditions for failure to per-
form adequate molybdenum-99 breakthrough tests on the generator eluate

by the Agency was considerably delayed because the Agency's medical
, who was asked to evaluate the patients' doses, provided vastly dif
lower) estimates than the VA hospital physician but did not provide
nformation to explain the discrepancies. Having received no response
consultant to its inquiries, the Agency has accepted the VA hospital
's dose estimates

considered closed for the purposes
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APPENDIX A

ABNORMAL OCCURRENCE
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APPENDIX B
UPDATE OF PREVIOUSLY REPORTED ABNORMAL OCCURRENCES

During the April through June 1986 period, the NRC, NRC licensees, Agreement
States, Agreement State Licensees, and other involved parties, such as reactor
vendors and architects and engineers, continued with the implementation of ac-
tions necessary to prevent recurrence of previously reported abnormal occur-
rences. The referenced Congressional abnormal occurrence reports below provide
the initial and any updating information on the abnormal occurrences discussed.
The updating provided generally covers events which took place during the report
period, thus some information is not current. Some updating, however, is more
current as indicated by the associated event dates. Open items will be dis-
cussed in subsequent reports in the series.

NUCLEAR POWER PLANTS

79-3 Nuclear Accident at Three Mile Island

This abnormal occurrence was originally reported in NUREG-0090, Vol. 2, No. 1,
"Report to Congress on Abnormal Occurrences: January-March 1979," and updated
in each subsequent report in this series, i.e., NUREG-0090, Vol. 2, No. 2
through Vol. 9, No. 1. It is further updated for this report period.

Reactor Building Entries

During the second calendar quarter of 1986, 91 entries were made into the TMI-2
reactor building, bringing the total number of entries since the March 1979
accident to 956. Reactor building activities during this period centered
around (1) controlling microorganism populations in the reactor coolant system
(RCS) and thereby improving water clarity, (2) pick and place defueling, and
(3) the use of a drilling rig to obtain stratified samples of the damaged core.
Additional reactor building entries were made to remove two of the six internal
vent valves and perform maintenance on systems needed for the cleanup effort.

Reactor Vessel Defueling Operations

As discussed in the previous update report, visibility in the reactor vessel
progressively decreased during the first quarter of calendar year 1986 to a
point at which defueling activities were being adversely affected. Microorgan-
isms (algae, fungi, bacteria, and anaerobes) were initially identified as the
cause of filter plugging in the Defueling Water Cleanup System which rapidly
made this system become ineffective in maintaining water clarity. The licensee
conducted a three phase program of chemical treatment, high pressure flushing
and filtration of the RCS. At the end of April 1986 the Temporary Reactor Ves-
sel Filtration System, using a large diatomaceous earth filter, was put into
operation. High pressure hydrolancing of the RCS began in early May 1986. Also
in May, the licensee began injecting borated water treated with hydrogen perox-
ide into the RCS via the Standby Pressure Control System. The licensee estab-
lished an initial 200 ppm residual concentration of peroxide as a biocide to
kill the microorganisms. As a result, water visibility was improved to over
one foot. The licensee is continuing the program on a periodic basis to con-
trol the populations of microorganisms and maintain water clarity.
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At the April 10, 1986, meeting, the Panel was briefed by a representative of
the licensee on the status of defueling. The panel expressed interest on the
issue of microorganism growth in the reactor coolant system. The licensee de-
scribed the extent of the problem and presented plans for control of the popu-
lations. The NRC Staff provided a status report on regulatory issues related
to TMI-2. This included a brief summary of the NRC Advisory Committee for Re-
actor Safeguards (ACRS) conclusions on the potential for recriticality of the
TMI-2 core during defueling.

On June 11, 1986, the Panel met with the NRC Commissioners in Washington, D.C.
The Panel expressed satisfaction with the ACRS review of the recriticality is-
sve. The Panel informed the Commission of the continuing interest and concern
of the local citizens regarding the TMI-2 accident related health issue. The
Panel also reported to the Commission general approval of the Department of
Energy's plans for the offsite shipment of the damaged TMI-2 fuel. The Commis-
sion and the Panel discussed proposed Panel activities for the near future and
also addressed the question of the point at which Panel activities will
conclude.

Future reports will be made as appropriate.

X X X X X X X X X X

80-5 Decay Heat Removal Problems

This item, originally titled "Loss of Decay Heat Removal Capability," involving
Davis-Besse Unit 1, was reported and closed out in NUREG-0090, Vol. 3, No. 2,
"Report to Congress on Abnormal Occurrences: April-June 1980." It is being re-
opened, and a more generalized title used, in order to describe numerous other
similar events which have occurred at many of the U.S. pressurized water reactors
(PWRs).

As described in the original report, the Davis-Besse plant experienced nine
losses of decay heat removal (DHR) capability during 1980. The basis for re-
porting the events as an abnormal occurrence was a serious deficiency in man-
agement or procedural controls in major areas.

Subsequent to the Davis-Besse events, the NRC's Office for Analysis and Evalua-
tion of Operational Data (AEOD) and others began an analysis of DHR system
losses at all U.S. PWRs. The results of the AEOD analysis were issued during
December 1985 as Case Study Report AEOD/C503 (Ref. B-1). The report covered
the period from 1976 through 1983, and part of 1984.

As described in the Case Study Report, the DHR system [also referred to at var-
ious plants as the residual heat removal (RHR) system, and shutdown cooling
(SDC) system] is designed to remove fission product decay heat from the reactor
core. The safety function of the DHR system is to remove heat from the primary
system at a rate that will enable operators to bring the plant from hot shut-
down conditions to cold shutdown or refueling conditions, and to maintain the
plant in such shutdown conditions for extended periods of time. For the tran-
sition phase associated with cooling the plant from operating pressures and
temperatures after a reactor trip, for example, to hot shutdown, the steam gen-
erators and the auxiliary feedwater system are used to remove heat from the
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not significantly reduced the occurrence of DHR losses, or the duration of the
losses. Other plants, such as Crystal River and Davis-Besse, have shown con-
siderable improvement starting about the same time that these licensees imple-
mented actions to improve their planning, coordination, and management of
outage and maintenance activities.

The problems of DHR failures have been under review for some time by the NRC
Office of Nuclear Reactor Regulation (NRR). Under Unresolved Safety Issue
(UST) A-45, the review is directed toward determining the need for improvements
in current DHR systems. Under Generic Issue No. 99, the review is specifically
directed to loss of the RHR system during cold shutdown or refueling. Both

USI A-45 and Generic Issue No. 99 have been assigned high priority for
resolution.

The AEOD Case Study Report included several recommendations based upon the po-
tential safety significance of loss-of-DHR events for significantly improving
DHR system reliability and availability. The recommendations included improv-
ing human factors by upgrading coordination, planning, and administrative con-
trol of surveillance, maintenance, and testing operations which are performed
during shutdown; providing of ¢rator aids to assist in determining time available
for DHR recovery and to assist operators in trending parameters during loss-of-
DHR events; upgrading the training and qualification requirements for operations
and maintenance staff; requiring the use of reliable, well-analyzed methods for
measuring reactor vessel level during shutdown modes; modifying plant design to
remove autoclosure interlocks and/or power to the DHR suction/isolation valves
during periods which do not require valve motion; and clarifying plant te:chni-

cal specifications to eliminate ambiguities associated with operating mode
definitions.

NRR has included the AEOD recommendations in their review under Generic Issue
No. 99,

Further review of Licensee Event Reports submitted to the NRC since the end of
1983 shows that loss of DHR events continue to be a problem area. There were
about 15 events during 1984, 18 during 1985, and 7 as of the end of May 1986.

One of the more significant events during this period occurred on March 26,
1986, at San Onofre Unit 2 during a refueling outage. Even though the plant
had been shut down for 11 days, there still was substantial fission product
decay heat. The reactor water heated up faster than plant personnel expected
(the operators believed boiling would not begin before one hour). During the
event, the DHR system was unavailable for only 49 minutes. Nevertheless, the
reactor water was heated to boiling within about 40 minutes after the total
loss of DHR flow. (This time agrees well with that shown in Figure 4, "DHR
Recovery Time Margin" in the AEOD Case Study Report.) Boiling continued for
about 7 minutes until DHR flow was reestablished. Core uncovery could have
begun within about another hour if no water addition was made. Radioactivity
levels in the fuel handling building increased slightly. The levels did not
reach hazardous levels, however, the event did represent an unanticipated risk
to plant personnel. In addition, the event might not have occurred had a level
indication problem, which occurred earlier the same day, been properly analyzed
and corrected. Details on the event are discussed below. Description of the
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During the event, both the NSS and the Nuclear Assistant Shift Supervisor were
in the NSS's office. While the rod pull error was documented in a number of
records, it was not recorded in the control room log or the Shift Supervisor's
log. The Nuclear Supervising Operator in charge of the contro! room, with re-
sponsibility for the control room log, did not learn of the event until after
the shifl was over. Neither the Shift Operations Advisor nor the Shift Techni-
cal Advisor was observing the rod pulling nor was aware of the incident at the
time it happened.

A Shift Reactor Engineer made the determination on July 4, 1985, that the reac-
tor had been critical on July 1, 1985, with a 114 second period, and informed
his management. Several licensee meetings were held on July 5 and 6, 1985, to
discuss the event and to initiate an investigation into its cause. The NRC
Senior Resident Inspector was informed of the premature criticality on July 15,
1985, and notified NRC Region III.

On July 16, 1985, NRC Region III issued a Confirmatory Action Letter (Ref. B-3)
to the licensee, confirming the licensee's agreement not to operate the unit
above five percent power until the premature criticality incident was fully
analyzed and corrective action taken. Operation above five percent power would
not occur without authorization from NRC Region III. That restriction was not
lifted prior to the outage which began on October 10, 1985.

The NRC's inspection and review of this event identified nine apparent viola-
tions of NRC requirements. The results of the inspection were forwarded to the
licensee on January 7, 1986 (Ref. B-4).

The event did not result in any actual safety consequences. However, it was of
serious concern because it represented a serious breakdown in the management
controls and discipline in the control room. Therefore, on July 3, 1986, the
NRC forwarded to the licensee an Order Modifying the Licensee Effective Immedi-
ately, and a Notice of Violation and Proposed Imposition of Civil Penalties in
the amount of $300,000 (Ref. B-5).

The Notice of Violation and Proposed Imposition of Civil Penalties pertained to
(1) failure to follow the rod movement procedure and to properly document the
position of control rods during startup; (2) licensee management did not ade-
quately supervise the startup activities, shift turnover procedures were inade-
quate, and the control rod problem was not properly documented; and (3) the
plant resumed reactor startup activities without fully evaluating the problem
of the control rod movement which had led to the premature criticality.

The Order required the licensee to institute a program to audit control room
activities to ensure that they are conscientiously carried out. The Order also
requires retraining of the shift supervisor who was on duty at the time of the
premature criticality, if the supervisor is to be returned to control room
duties.

This item is considered closed for the purposes of this report,

San Onofre Unit 3 Event

At 11:16 a.m. on April 13, 1986, while the licensee was performing a recovery
from a spurious reactor trip which had occurred the previous day, the reactor
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On June 20, 1986, a Notice of Violation was transmitted to the licensee for
failure to closely monitor nuclear instrumentation and for failure to recognize
the premature criticality.

NRC Region V reviewed the circumstances associated with the event during their
routine inspection of San Onofre Units 2 and 3 operations from March 28 through
May 12, 1986. The inspection report, together with a Notice of Violation, was
forwarded to the lTicensee on June 20, 1986 (Ref. B-6). The violation, associ-
ated with this event, pertained to the licensee's failure to closely monitor
nuclear instrumentation while starting up the reactor and for failure to recog-
nize the premature criticality.

This item is considered closed for the purposes of this report.

Xk X X kX X X X kX %

85-7 Loss of Main and Auxiliary Feedwater Systems

This abnormal occurrence, which occurred at Davis-Besse on June 9, 1985, was
originally reported in NUREG-0090, Vol. 8, No. 2, "Report to Congress on Abnor-
mal Occurrences: April-June 1985," and updated in NUREG-0090, Vol. 8, No. 3;
Vol. 8, No. 4, and Vol. 9, No. 1. It is further updated as follows.

As mentioned in the previous update, based upon the findings of the NRC Inci-
dent Investigation Team reported in NUREG-1154 (Ref. B-7) the NRC identified
the concerns Toledo Edison Company (the licensee) should address for NRC review
before resumption of operation of the plant can be approved. These concerns
were identified to the licensee in a letter dated August 14, 1985 (Ref. B-8).

The licensee has responded in a document submitted to the NRC on September 10,
1985, entitled, "Davis-Besse Course of Action" (Ref. B=9). The NRC Staff has
completed its review of this document and has issued a Safety Evaluation Report
(NUREG-1177) addressing plant re-start (Ref. B-10). The Staff's findings were
presented to an ACRS subcommittee on June 27, 1986.

The licensee is conducting its System Review and Test Program in which 34 safe-
ty systems are being extensively reviewed, including an evaluation of the sys-

tem design requirements. Previous surveillance tests of the systems are being

analyzed and additional testing is being performed to demonstrate the operabil-
ity of the systems. The testing program includes 172 existing or modified sur-
veillance tests and 106 new test procedures.

On March 16, 1986, the licensee identified possible cracks in the shafts of the
reactor coolant pumps. There are four pumps - two associated with each of the
two steam generators. One shaft was replaced with a spare shaft and the origi-
nal shaft was sent to the Babcock and Wilcox Research Center for examination.
Physical examination of the shaft did not reveal any cracks in the shaft. How=
ever, some cracks were observed in the bolts which connect the shaft to the
pump impeller. In Tight of this, the licensee decided to replace *he remaining
shafts with new assemblies. A1l four shafts have been installed and the pumps
are undergoing testing.
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and are under review by TVA and the Staff. The Staff is reviewing a May 1,

1986 revision to the TVA QA Topical! Report and met with TVA on this report in
early July.

Licensed Operator Requalification

In response to the unsatisfactory performance of Browns Ferry operators on the
NRC-administered requalification examination given in November 1985, TVA has
implemented an extensive program to upgrade Browns Ferry licensed operator
knowledge and capabilities. The first group (of three groups) completed train-
ing in June. The new retraining program appears Lo be acceptable to the Staff
and implementation of the program is being evaluated.

The Staff is currently conducting normal inspection activities at all of the
TVA facilities and conducting special inspections or reviews of particular TVA
issues, as described above.

Future reports will be made as appropriate.

SRR EREAENYARD

85-20 Management Deficiencies at Fermi Nuclear Power Station

This abnormal occurrence was originally reported in NUREG-0090, Vol. 8, No. 4,
"Report to Congress on Abnorma' Occurrences: October-December 1985," and up=

dated in NUREG-0090, Vol. 9, No. 1. It is further updated for the report
period.

Ouring the maintenance and modification outage, which began October 10, 1985,
the Ticensee identified several engineering and design issues, including the
handling of design modifications performed between 1984 and 1986, the status of
sefsmic design calculations, and the potentia) overload.ng of concrete embed-
ments. These issues were resolved by the licensee and its consultants during
the outage. The handling of the information relating to these engineering is-
sues, however, remains under investigation by the NRC Office of Investigations.

Other significant equipment problems identified during the outage included
cracked or broken springs in the main steam isolation valves (MSIVs) and an
incorrect undervoltage trip unit setting designed to protect plant equipment
from degraded grid voltage. There are ~ight springs in each of eight MSIVs; a
total of four were found to be broken. [xamination of the springs determined
that the cause of the failure was a manufacturing defect. The broken springs
were replaced and the remaining springs were inspected. The MS'Vs are air op~
erated valves, using springs to assist in the valve closing. Even with the
broken springs, however, tie valves wou'd have closed properly had they been
needed.

The degraded grid voltage probiem involved an vodervoltage trip unit setpoint
which was set too low to provide protect’on for some safety-related equipment
(principally certain motors which operate velves). In the event of a drop in
the voltage on the off-site electrical power grid supgplying power to the plant,
the undervoltage trip unit would not shift the power supply to the emergency
diesel generators before damage could potentially occur. The corrective action
included resetting of the undervoltage trip unit setpoint and a related change
in the plant's Technical Specifications (1icense requirements).
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As briefly discussed in the original report (i.e., NUREG-0090, Vol. 8, No. 4),
one of the events which raised significant concern regarding management defi-
ciencies at Fermi Unit 2, involved a premature criticality during a reactor
startup on July 1, 1985. The NRC has completed ‘ts investigation and on July 3,
1986, forwarded to the licensee (Detroit Edison Company) an Order Modifying the
License Effective Immediately, and a Notice of Violation and Proposed Imposi-
tion of Civil Penalties in the amount of $300,000 (Ref. B-5). This event and
the actions taken are described in considerably more detail in Appendix B of
this report as an update to Abnormal Occurrence No. 85-1 ("Premature Critical-
ity During Startup").

Future reports will be made as appropriate.

X ok Kk &k Xk &k Kk Xk Xk X

86-1 Loss of Power and Water Hammer Event

This abnormal occurrence, which occurred at San Onofre Unit 1 on November 21,
1985, was originally reported in NUREG-0090, Vol. 9, No. 1, "Report to Congress
on Abnormal Occurrences: January-March 1986." It is updated as follows.

As discussed in the report of this abnormal ¢ currence, the licensee's program
for addressing issues stemming from the Novei..er 21, 1985 incident was origi-
nally presented to the NRC Staff on April 8, 1986. Additional information was
submitted on May 1 and May 5, 1986. The Staff has completed their technical
review of the licensee submittals and prepared technical evaluation and inspec-
tion reports.

The licensee and NRC Staff met with the Commissioners on June 12, 1986. The
Commissioners reviewed the licensee's and Staff's actions taken to analyze and
correct the deficiencies that led to the event. Principal among these actions
was the development and implementation of a Material Condition Review Program.
The program was designed to define a suitable material standard for systems and
components in an older plant and to ensure that the material condition of those
items was maintained.

On June 25, 1986, the Region V Administrator visited the site to assess the
material condition of San Onofre Unit 1. Although minor deficiencies were
identified, the Unit condition was found to be greatly improved from what it
had been prior to the November 21, 1985 event.

Based on the evaluations by the NRC Office of Nuclear Reactor Regulation, the
Office of Inspection and Enforcement, and the NRC Region V Office, the Staff

concluded that the licensee's plant improvements for resolution of the water

hammer event were adequate for facility restart subject to certain procedural
changes and additional commitments to which the licensee agreed.

On July 13, 1986, the Region V Administrator concurred with the restart of
Unit 1. The reactor was taken critical on July 15, 1986, for low power physics
testing, and was connected to the grid on July 26, 1986.

NRC Inspection and Enforcement Information Notice No. B6-49 was issued on June 16,

1986, to all nuclear power reactor facilities holding an operating license or a
construction permit (Ref. B-12). The Notice described age/environment failures
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bustion Engi *1ng-designed pressurized water reactor
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