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ORANGE COUNTY'S ERRATA TO DETAILED SUMMARY, ETC.  

REGARDING CONTENTION EC-6 

Orange County hereby submits the following errata to its Detailed Summary of 

Facts, Data and Arguments on which Orange County Intends to Rely at Oral Argument to 

Demonstrate the Existence of a Genuine and Substantial Dispute of Fact With The 

Licensee Regarding the Proposed Expansion of Spent Fuel Storage Capacity at the Harris 

Nuclear Power Plant (November 22, 2000) ("Summary"). A corrected copy of the 

Summary is enclosed. The errata include a Table of Contents and Table of Authorities, 

which have been included in the corrected Summary.  

Page Line Change 

inside 
cover insert Table of Contents and Table of Authorities 

1 1 change "2.113" to "2.111 3 " 

1 4 change "January 7, 2001" to "December 7, 2000" 

2 4 change "2.111 (b) to "2.1111 (b)" 

2 7 change "Exhibit 2" to "Exhibit I" 

5 1 delete "See"
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Page Line Change 

7 17 change "Stage" to "Storage" 

9 fn change "July 20" to "July 29" 

18 fn in fourth line, insert ")" after "August 1989" 

22 fn in first line, change "40 C.F.R. § 1508.2" to "40 C.F.R. § 1502.1" 

22 fn in sixth line, change "462 U.S. 1983)" to "462 U.S. 87 (1983) 

23 11 change "Id." to "42 U.S.C. § 4332(C)" 

23 fn in fourth line, change "regulations re" to "regulations are" 

24 fa 17 delete last sentence of indented paragraph 

32 9 change "and/or" to "in" 

35 14 insert "Id." before "Having assumed" 

36 fa change "person" to "worker" 

39 17-18 delete last two sentences in second full paragraph of Section VI 

Respectfully submitted, 

I) eCurran 
Harmon, Curran, Spielberg, & Eisenberg, L.L.P.  
1726 M Street N.W., Suite 600 
Vashington, D.C. 20036 
202/328-3500 
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November 27, 2000
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UNITED STATES OF AMERICA 
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In the Matter of ) ) 

CAROLINA POWER & LIGHT ) 
(Shearon Harris Nuclear ) 
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DETAILED SUMMARY OF FACTS, DATA AND ARGUMENTS AND SWORN 

SUBMISSION ON WHICH ORANGE COUNTY INTENDS TO RELY AT ORAL 

ARGUMENT TO DEMONSTRATE THE EXISTENCE OF A GENUINE AND 

SUBSTANTIAL DISPUTE OF FACT WITH THE LICENSEE REGARDING THE 

PROPOSED EXPANSION OF SPENT FUEL STORAGE CAPACITY AT THE 
HARRIS NUCLEAR POWER PLANT 

WITH RESPECT TO THE NEED TO PREPARE AN ENVIRONMENTAL 
IMPACT STATEMENT TO ADDRESS THE INCREASED RISK 

OF A SPENT FUEL POOL ACCIDENT 
(CONTENTION EC-6) 

I. INTRODUCTION 

Pursuant to 10 C.F.R. § 2.1113, Orange County hereby submits a detailed written 

summary and sworn submission (hereinafter "Summary") of all the facts, data, and 

arguments which are known to the County and on which the County proposes to rely at 

the December 7, 2000, oral argument regarding Contention EC-6. This Summary 

presents Orange County's legal and factual grounds for demonstrating the existence of a 

genuine and material factual dispute regarding the issues raised in Contention EC-6. As 

demonstrated below, the NRC Staff should be prohibited from issuing an operating
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license amendment to Carolina Power & Light ("CP&L') for the purpose of expanding 

spent fuel storage capacity at the Harris nuclear power plant, unless and until it has 

prepared a full-scale Environmental Impact Statement ("EIS") that addresses the 

environmental impacts of the proposal and weighs reasonable alternatives.  

As required by 10 C.F.R. § 2.1111 (b), the factual assertions in this Summary are 

submitted under the sworn declaration of Dr. Gordon Thompson, the County's expert 

witness regarding to Contention EC-6. See Declaration of Dr. Thompson, attached as 

Exhibit 1. Dr Thompson's professional qualifications and experience are described in his 

Declaration and his Curriculum Vitae, which is an attachment to his Declaration. In 

addition, the technical analysis supporting Orange County's summary is contained in Dr.  

Thompson's report entitled The Potential for a Large Atmospheric Release of Radioactive 

Material From Spent Fuel Pools at the Haris Nuclear Power Plant: the Case of a Pool 

Release Initiated by a Severe Reactor Accident (Novenber 20, 2000) ("Thompson 

Report"), a copy of which is attached as Exhibit 2.  

As detailed below, this summary demonstrates the existence of substantial and 

material evidence that the probability of an exothermic reaction in the spent fuel pools, 

leading to a massive release of radiation from the pools, is foreseeable, and may not be 

disregarded as a remote and speculative event.  

II. STATEMENT OF THE CASE 

This case raises the question of whether a severe pool accident in pools C and D 

of the Harris reactor is a foreseeable and plausible event, such that an Environmental 

Impact Statement ("EIS") must be prepared to fully evaluate the adverse impacts and 

weigh the costs and benefits of reasonable alternatives. The NRC Staff has prepared an
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Environmental Assessment ("EA'), which claims that no EIS is necessary because the 

likelihood of such an accident is remote and speculative.  

As demonstrated in this Summary and the attached report by Dr. Gordon 

Thompson, the EA is completely inadequate to justify the Staff's refusal to prepare an 

EIS, because it fails to take into account new information demonstrating that a spent fuel 

pool accident at Harris is not a remote and speculative event. Using data provided by 

CP&L and the NRC Staff, Dr. Thompson has provided a best estimate of the overall 

probability of a spent fuel pool accident which shows that such an accident is foreseeable 

and should be evaluated in an EIS.  

The NRC Staff and CP&L will also be presenting estimates regarding the 

likelihood of a spent fuel pool accident at Harris. In evaluating this information, the 

Board must take into account the high level of uncertainty involved in the use of PRA, as 

well as the fact that any PRA on the seven-part scenario set forth in LBP-00-19 would 

take the art of risk assessment into uncharted territory that is therefore all the more 

uncertain. Moreover, the amount of time provided in this proceeding for such an analysis 

is far too short to permit the kind of "state-of-the-art" analysis contemplated by the 

Commission for the use of PRA in regulatory decisions. Under the circumstances, it is 

appropriate to require the preparation of a full-scale EIS.  

The Board should also closely examine the qualitative assumptions made by the 

NRC Staff in support any assertion that the likelihood of a severe accident is too low to 

warrant the preparation of an EIS. In particular, the Board should not approve an EA that 

assumes that Harris workers will incur doses above regulatory limits in order to stop a 

severe accident from progressing, or that regulatory requirements for the safe operation of
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the Harris plant would be violated. To do so would unlawfully permit the trade-off of one 

kind of environmental harm to justify another, without taking the "hard look" required by 

NEPA.  

Finally, the procedural posture of this case warrants the conduct of an adjudicatory 

hearing in order to allow a meaningful ventilation of the complex factual issues at stake 

here. Because of the extremely short timefriame for discovery in this expedited 

proceeding, none of the parties had completed their analyses before the conclusion of 

discovery. Therefore, Orange County has not had an opportunity to question NRC or 

CP&L experts or other witnesses about the results of their analyses or how they were 

arrived at. A summary proceeding such as this one cannot be fairly or lawfully used to 

cut off an intervenor's ability to probe the basis for the opposing parties' views.  

III. FACTUAL AND PROCEDURAL BACKGROUND 

A. Requirements of NEPA for Environmental Studies 

NEPA requires federal agencies to prepare an EIS before undertaking any major 

federal action which may significantly affect the quality of the human environment. 42 

U.S.C. § 4332(C). The NRC's implementing regulations at 10 C.F.R. § 51.20(a) also 

require the NRC to prepare an EIS for any licensing or regulatory action which "is a 

major federal action significantly affecting the quality of the human environment." 

Where aspects of the proposed action are addressed by a previously prepared EIS, a new 

EIS must be issued if there remains "major federal action" to occur, and if there is new 

information showing that the remaining action will affect the quality of the human 

environment "in a significant manner or to a significant extent not already considered."
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Marsh v. Oregon Natural Resources Council, 490 U.S. 360, 374 (1989); San Luis Obispo 

Mothers for Peace v. NRC, 751 F.2d 1287, 1298 (D.C. Cir. 1984)., 

B. The Harris License Amendment Proceeding 

1. Nature of Proposed License Amendment 

There are four spent fuel storage pools at the Harris nuclear power plant. Only 

two of the pools, designated "A" and "B," are currently in operation. At present, pool A 

contains 6 PWR racks with a total of 360 spaces, and 3 BWR racks with a total of 363 

spaces. Pool B contains 12 PWR racks with a total of 768 spaces and 17 BWR racks with 

a total of 2,057 spaces. Under the present license, one additional BWR rack with a total 

of 121 spaces could be placed in pool B.  

CP&L now seeks a license amendment to activate pools "C" and "D.."2 The 

purpose of the license amendment is to allow CP&L to use the Harris facility to store 

spent fuel generated at CP&L's one-unit Harris PWR station, its two-unit Brunswick 

BWR station, and its one-unit Robinson PWR station. If granted, the license amendment 

would allow the placement in pool C of up to 11 PWR racks with a total of 927 spaces 

and 19 BWR racks with a total of 2,763 spaces; and the placement in pool D of 12 PWR 

1 See also 10 C.F.R. § 51.92(a), which requires supplementation where the proposed 

action has not been completed, if: "(1) there are substantial changes in the proposed 
action that are relevant to environmental concerns; or (2) There are significant new 
circumstances or information relevant to environmental concerns and bearing on the 
proposed action or its impacts." Although § 51.92 technically does not apply here, where 
the action proposed in the original Shearon Harris EIS has already been taken, the criteria 
provide applicable guidance for these circumstances.  

2 CP&L's proposed changes to its Technical Specifications are described in Enclosure 5 

to the License Amendment Application.
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racks with a total of 1,025 spaces. CP&L envisions this placement occurring in three 

campaigns in pool C, followed by two campaigns in pool D? 

If approved, the proposed license amendment would bring the total inventory of 

spent fuel assemblies that could be stored at Harris to 8,384, over a thousand more spent 

fuel assemblies than assumed in the 1983 Final Environmental Statement ("FES") that 

was prepared in connection with the Harris operating license application.4 

The proposed license would make significant changes to the quantity of fuel now 

stored at Harris, as well as the method for storing the fuel. Both changes have 

significance with respect to the environmental impacts of the proposed license 

amendment. Pools C and D would have a capacity of 4,715 fuel assemblies as compared 

with the capacity of 3,669 fuel assemblies in pools A and B. This would result in a 

significant increase in the quantity of long-lived radioactive isotopes (e.g., cesium- 137) 

that could be stored at the Harris plant. An accident at pools C and D could release to the 

atmosphere a substantial fraction of the inventory of cesium-137 and other radioactive 

isotopes in these pools. See Thompson, Risks and Alternative Options Associated with 

Spent Fuel Storage at the Shearon Harris Nuclear Power Plant, Appendices D and E 

3 Pool D will not be filled until a later "campaign," by which time CP&L will also 

need to have obtained a license amendment permitting it to exceed the license's current 

1.0 million BTU/hour limit on the heat load in pools C and D. At that point, however, no 

further licensing action will be needed on the number of spent fuel assemblies permitted 

to be stored in pool D. The number of spent fuel assemblies permitted to be stored at the 

Harris site will have been previously approved in this license amendment proceeding.  
"4 CP&L License Amendment Application, Enclosure 1 at 3 (December 23, 1998); 

NUREG-0972, Final Environmental Statement Related to the Operation of Shearon 

Harris Nuclear Power Plant Units 1 and 2, Docket Nos. STN 50-400 and 50-401, 

Carolina Power and Light Company (October 1983). It is important to note in this regard 

that although the FEIS assumed the storage of spent fuel at the Harris site, it did not 

address the environmental impacts of spent fuel storage.
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(January 31, 2000) ("Thompson 1999 Report"). 5 Such a release would yield 

consequences that would be significant in their own right, and would also be significant 

in comparison to the consequences of accidents at pools A and B and/or the Harris 

reactor.  

In addition, the center-to-center distance for PWR fuel in pools C and D would be 

9.0 inches instead of the 10.5 inches in pools A and B. Other factors being equal, this 

reduced distance would increase the propensity of pools C and D, as compared with pools 

A and B, to experience an exothermic reaction of fuel cladding in the event of partial or 

total loss of water. Given a loss of water, the conditional probability of an exothermic 

reaction in pools C and D would be comparable to or greater than the conditional 

probability of a similar reaction in pools A and B, and would be substantial over a range 

of pool loading patterns .6 

2. Environmental Assessment 

On December 15, 1999, the NRC Staff issued an Environmental Assessment 

("EA") and Finding of No Significant Impact ("FONSI") for the CP&L license 

amendment application. Environmental Assessment and Finding of No Significant 

Impact Related to Expanding the Spent Fuel Pool Storage Capacity at the Shearon Harris 

Nuclear Power Plant (TAC No. MA4432) at 10. In the EA, the NRC Staff concluded 

that the proposed expansion of spent fuel storage capacity at the Shearon Harris nuclear 

power plant will not have a significant effect on the quality of the human environment: 

5 A copy of Dr. Thompson's 1999 Report was attached as Exhibit 2 to Orange County's 
Request for Admission of Late-Filed Environmental Contentions (January 31, 2000).  
6 The "conditional" probability of an accident is the probability of the accident if the 

occurrence of an event that could cause the accident (in this case, a loss of water) is
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The proposed action will not significantly increase the probability or 
consequences of accidents, no changes are being made in the types of any 
effluents that may be released offsite, and there is no significant increase in 
occupational or public radiation exposure.  

Id. at 6.  

3. Orange County's intervention 

On January 31, 2000, Orange County submitted a set of environmental 

contentions which challenged the FONSI issued in the EA. Contention EC-6 (formerly 

designated as Contention 1) charged that the NRC should be required to prepare an EIS 

for the proposed license amendment, because the proposed expansion of spent fuel pool 

storage capacity at Harris would significantly increase the risk of an accident at Harris.  

The contention identified two respects in which the risk of an accident was significantly 

increased: (a) CP&L would make significant changes in the physical characteristics and 

mode of operation of the plant that are not addressed in the EA, and (b) new information 

shows that spent fuel pool accident risks are higher than previously believed.  

The Licensing Board admitted Contention EC-6, ruling that Orange County had 

posited a potential accident scenario that provided "an adequate basis to allow merits 

litigation on whether the sequence is not 'remote and speculative' so that a further 

environmental analysis of the CP&L pool expansion amendment request is required." 

LBP-00-19, slip op. at 13; see also slip op. at 16. The Board also posed three questions to 

the parties regarding their best estimates for the accident scenario, the effects of recent 

developments in probability estimation on the probabilities of the events in the scenario, 

and the necessary scope of the EIS should one be required. Id., slip op. at 17.  

assumed.
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Noting that the Applicant had previously invoked the procedures of Subpart K to 

10 C.F.R. Part 2, the Board applied the procedures of Subpart K to establish an expedited 

schedule that included 60 days for discovery, and required the submission of legal and 

evidentiary summaries under 10 C.F.R. § 2.1113 within 90 days after the admission of the 

contention. An oral argument was set for December 7, 2000.  

During the discovery period, the parties exchanged written interrogatories and 

document requests. Each party also took depositions of the other parties' witnesses.7 In 

addition, Orange County's attorney and expert witness toured the Harris plant. The 

discovery process provided an opportunity for Orange County to obtain relevant 

documents, become familiar with the details of the Harris design and operation, and 

procure background information on the work that the Staff and CP&L were doing in 

preparation for filing their evidentiary summaries on November 20. However, none of 

the parties was able to complete its technical analysis by the close of discovery, and thus 

Orange County was unable to question either the Staff or CP&L about the results of their 

analyses or how those results were arrived at.  

C. Use of Probabilistic Risk Assessment 

1. Nature and history of PRA 

The phrase "PRA techniques" refers to a wide variety of analytic models and 

procedures which draw upon data from experiments and from practical experience with 

nuclear facilities. PRA is used to quantify nuclear power plant hazards, using complex 

7 Under a July 29, 1999, Order, the parties were limited to deposing only three of the 

individuals identified by each of the other parties as potential affiants. Orange County 

deposed three out of the eight potential affiants identified by CP&L, and three out of four 
Staff affiants.
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mathematical and phenomenological models. The methodology has been in 

development for almost three decades. Thompson Report at 13.  

The "state of the art" in PRA is represented by NUREG- 1150, Severe Accident 

Risks: An Assessment for Five U.S. Nuclear Reactors (1990). NUREG-1 150 is a Level 

1 PRA which evaluates core melt and containment release frequencies for five reactors.  

It took ten years to produce, and cost many millions of dollars. NUREG-1 150 is 

exemplary of the state-of-the-art in PRA, because of the depth and detail to which it 

examines the phenomenology of core melt accidents, because it contains uncertainty 

analysis, and because it was peer reviewed by a broad array of scientists. PRA techniques 

provide the best available methodology for estimating the overall probability of the 

seven-part event sequence that has been identified by the ASLB. Work on PRA 

development has continued since that study was completed, but subsequent PRAs. have 

been less ambitious in their scope. See Thompson Report at 13.  

In LBP-00-19, the Licensing Board noted the NRC's increasing reliance on PRA 

for regulatory decisions over the past ten years, and that the "entire trend in licensing, 

enforcement, inspection and the granting of amendments has swung gradually toward 

decision-making by probabilistic risk assessment." Id., slip op. at 15. The Commission 

has also published a policy statement encouraging the increased use of PRA in regulatory 

activities. Policy Statement, Use of Probabilistic Risk Assessment Methods in Nuclear 

Regulatory Activities, 60 Fed. Reg. 42,622 (August 16, 1995). Nevertheless, the 

Commission's policy limits the use of PRA to the "extent supported by the state-of-the

art." Id. In fundamental respects, the state of the art of PRA has not changed since the
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publication of NUREG-1 150 ten years ago.  

The limitations on the state of the art of PRA are discussed and summarized in Dr.  

Thompson's report at Section 2.3. As Dr. Thompson points out, PRAs for nuclear 

reactors continue to be characterized by substantial uncertainties. Moreover, PRA does 

not attempt to model some effects, such as acts of malice, sabotage, and degraded 

standards of operation. This is not because these factors make no contribution to the 

hazards of nuclear facility operation, but because the NRC does not know how to model 

them. In addition, PRAs rely heavily on expert opinion for numerous assumptions that 

cannot be verified. Finally, while a substantial body of knowledge has been accumulated 

with respect to Level 1 PRA, the results become increasingly less reliable with additional 

levels of analysis. For subject areas like spent fuel pool accident probability, the NRC 

has not accumulated anything near the level of study and understanding that it has for the 

phenomenology of core melt accidents. See Thompson Report at 13-16. These 

limitations on the state-of-the-art of PRA impose substantial restrictions on the degree to 

which the quantitative results of PRAs can be relied on for regulatory decisions, 

especially decisions that relax or waive safety and environmental requirements.  

D. NEPA Analyses Relevant to Harris Spent Fuel Pool Expansion 

1. Generic NEPA studies 

Since the early 1980's, the EIS's for the licensing of all U.S. nuclear plants have 

considered the potential for severe accidents, without including a discussion of the 

potential for severe spent fuel pool accidents. This omission has been based on the 

findings of the Reactor Safety Study (WASH-1400).  

In 1979, the NRC prepared a generic EIS on the environmental impacts of spent
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fuel storage, which includes a discussion of spent fuel pool accidents. See NUREG-0575, 

Handling and Storage of Spent Light Water Power Reactor Fuel (1979). In Sections 4.2.2 

and 4.2.3, the GEIS addressed potential accidents, and concluded that: "The underwater 

storage of aged spent fuels is an operation involving an extremely low risk of a 

catastrophic release of radioactivity." Id. at 4-13. The GEIS, however, contained an 

extremely cursory analysis. Moreover, it contained no discussion at all of the potential 

for exothermic reactions under partial drain-down conditions. Since the publication of 

NUREG-0575 over twenty years ago, the NRC has prepared no other generic EIS which 

specifically examines the risks of spent fuel pool storage.  

In a 1989 report, the NRC Staff summarized the Reactor Safety Study's 

consideration of spent fuel pool accidents, and the need for further analysis, as follows: 

"The risk of beyond design basis accidents in spent fuel storage pools was 
examined in WASH-1400. It was concluded that these risks were orders of 
magnitude below those involving the reactor core because of the simplicity of the 
spent fuel storage pool design: (1) the coolant is at atmospheric pressure, (2) the 
spent fuel is always subcritical and the heat source is low, (3) there is no piping 
which can drain the pool and (4) there are no anticipated operational transients 
that could interrupt cooling or cause criticality.  

The reasons for the re-examination of spent fuel storage pool accidents are 
twofold. First, spent fuel is being stored instead of reprocessed. This has led to 
the expansion of onsite fuel storage by means of high density storage racks, which 
results in a larger inventory of fission products in the pool, a greater heat load on 
the pool cooling system, and less distance between adjacent fuel assemblies.  
Second, some laboratory studies have provided evidence of the possibility of fire 
propagation between assemblies in an air cooled environment. Together, these 
two reasons provide the basis for an accident scenario which was not previously 
considered." V 

Despite this recognition that pool accidents represent a new, credible accident scenario, 

" E.D.Throm, NUREG-1353, Regulatory Analysis for the Resolution of Generic Issue 82, 

"Beyond Design Basis Accidents in Spent Fuel Pools" at ES-1 (April 1989).
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the NRC Staff has never undertaken any further NEPA analysis of the risks of spent fuel 

pool storage, nor have any of its other non-NEPA studies contained the level of analysis 

that has been given to reactor accidents through WASH-1400, NUREG-1 150, EIS's, and 

IPE's.  

2. FEIS for Harris operating license 

In 1983, the NRC Staff prepared an EIS in connection with the proposed issuance 

of an operating license for the Harris nuclear power plant, Units I and 2.9 The EIS 

examined reactor accidents only, and did not evaluate spent fuel pool accidents.  

E. CP&L studies on spent fuel pool accidents 

CP&L's evaluation of reactor accidents appears in CP&L's Individual Plant 

Examination (IPE) submittal of August 1993, and its Individual Plant Examination for 

External Events submittal of June 1995. Like the EIS, CP&L's IPE's did not evaluate 

spent fuel pool accidents. Since the publication of the IPE and IPEEE, CP&L has 

continued to update its risk analyses for Harris in a Probabilistic Safety Analysis ("PSA').  

The PSA provides an estimate of the annual probability of core degradation for so-called 

"internal" initiating events, including floods, and for selected "external" initiating events, 

namely earthquakes and in-plant fires. In addition, the PSA estimates the annual 

probability and other characteristics of releases of radioactive material to the atmosphere, 

pursuant to core degradation.  

9 NUREG-0972, Final Environmental Statement Related to the Operation of Shearon 
Harris Nuclear Power Plant Units 1 and 2, Docket Nos. STN 50-400 and 50-401,
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ARGUMENT 

IV. APPLICABLE STANDARDS AND WITNESS QUALIFICATIONS 

A. Procedural Standards Under NRC Rules of Practice 

The standard of review for this Subpart K proceeding is described in LBP-00-12, 

the Licensing Board's merits decision in the Subpart K proceeding for the technical phase 

of this proceeding. Carolina Power & Light Co. (Shearon Harris Nuclear Power Plant), 

LBP-00-12, 51 NRC 247 (2000). Pursuant to 10 C.F.R. §§ 2.1113 and 2.1115, this 

proceeding provides the parties with: 

an opportunity to present facts data and arguments, by way of written summaries 
and sworn testimony, and an oral argument. Based on the summaries and the 
argument, the Commission then is to designate 'any disputed questions of fact, 
together with any remaining questions of law, for resolution in an adjudicatory 
hearing' if the Commission finds that 'there is a genuine and substantial dispute of 
fact which can only be resolved with sufficient accuracy by the introduction of 
evidence and an adjudicatory hearing,' and 'the decision of the Commission is 
likely to depend in whole or in part on the resolution of such dispute.' 

Id., 51 NRC at 254.  

The burden of demonstrating the existence of material factual disputes that must 

be aired in an evidentiary hearing falls on Orange County as the petitioner in this case.  

See LBP-00-12, 51 NRC at 255; Memorandum and Order (Subpart K Oral Argument 

Procedures) at 2 (January 13, 2000). Thus, Orange County must submit adequate 

evidence to show that a substantial and material dispute of fact exists between the County 

and CP&L and the NRC Staff regarding the need for an EIS to address the environmental 

impacts of spent fuel pool expansion at Harris.' 0 However, the Staff and CP&L carry the 

Carolina Power and Light Company (October 1983).  

10 Orange County notes that without being able to review the legal and 

evidentiary summaries by the other parties, it is not possible, in this filing, to identify in
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"ultimate burden" of sustaining their position that an EIS is unnecessary. See LBP-00-12 

at 254 (as license applicant, CP&L bears "ultimate burden of proof" on the merits); 

Louisiana Energy Services (Claiborne Enrichment Center), LBP-96-25, 44 NRC 331, 338 

(1996) (Staff has burden of proof in defending its own environmental studies).  

B. Orange County Has Presented Evidence by a Qualified Expert 

Orange County's Summary is supported by a detailed report prepared by Dr.  

Gordon Thompson. See Exhibit 2. Dr. Thompson is a highly qualified expert with 

respect to the technical issues in dispute in this phase of the Harris license amendment 

proceeding, which relate to probabilistic risk assessment, nuclear power plant design and 

operation, and spent fuel storage characteristics. He is qualified by "knowledge, skill, 

experience, training, or education" to render an expert opinion on the adequacy of 

probabilistic risk assessments and deterministic studies of nuclear power plant 

phenomena for purposes of addressing their adequacy to justify the Staff's refusal to 

prepare an EIS for the proposed Harris license amendment; and his expert opinion will 

"assist the trier of fact to understand the evidence" and to determine the facts in issue.  

See Federal Rule of Evidence 702, which was held applicable to NRC proceedings in 

Duke Power Co. (William B. McGuire Nuclear Station, Units 1 and 2), ALAB-669, 15 

detail the substantial and material facts that are in dispute, beyond contesting the 
conclusions of the EA. The most Orange County can do here is to identify all the facts, 
data, and arguments on which it intends to rely at the oral argument for the purpose of 
establishing any such dispute. Technical facts, data and arguments are set forth in detail 
in the Thompson Report. Legal arguments are applied to the facts in this summary.
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NRC 453,475 (1972).  

Dr. Thompson's qualifications to testify regarding technical issues relating to 

nuclear power plant operation and design were at issue in the first phase of this 

proceeding. In LBP-00-12, the Licensing Board admitted Dr. Thompson's testimony on 

criticality prevention issues, but apparently decided to give it less weight than testimony 

by opposing parties, on the ground that "by reason of experience and training, his 

Thompson's] expertise relative to reactor technical issues seems largely policy-oriented 

rather than operational." Id., 51 NRC at 267 note 9. It is appropriate to re-visit the 

question of Dr. Thompson's qualifications here, for two reasons. First, in focusing on Dr.  

Thompson's work on policy related issues, the Board overlooked his considerable 

knowledge of nuclear power plant design and operation. Second, the contention at issue 

involves new technical subjects that were not at play in the first phase of this license 

amendment proceeding: probabilistic risk assessment, and the phenomenology of spent 

fuel storage. Dr. Thompson is intimately familiar with both of these subjects, and has 

worked on them for many years. It is also important to note that some of Dr. Thompson's 

views on the severe accident risks of spent fuel storage, which were denounced as 

unsupported by the NRC Staff at the outset of this proceeding, have since been confirmed 

by the Staff.  

Dr. Thompson is highly qualified, by training, knowledge, and experience, to 

testify in the proceeding. He has a Ph.D. in applied mathematics from Oxford University, 

and Bachelors' degrees in mechanical engineering and mathematics and physics from the 

University of New South Wales. His undergraduate and graduate work provided him 

with a rigorous education in scientific and mathematical methodologies and disciplines.
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Dr. Thompson has also accumulated more than twenty years of professional 

experience, much of it in the study of nuclear facilities and their risks. As demonstrated 

in his attached Declaration and as detailed in his resume, this knowledge and experience 

go far beyond policy-oriented work. In the course of his career, Dr. Thompson has 

evaluated design and accident risk considerations associated with a significant array of 

nuclear power plants and other nuclear facilities in the U.S. and elsewhere around the 

world." His work has included the study of high-density spent fuel storage and high

level nuclear waste management.  

In addition, Dr. Thompson has spent over a year becoming closely familiar with 

the design and operation of the Harris nuclear power plant. His February 1999 report, 

Risks and Alternative Options Associated with Spent Fuel Storage at the Shearon Harris 

Nuclear Power Plant, reflected a reasonable degree of familiarity with the design of the 

Harris facility and with the accident risks posed by additional high-density spent fuel 

storage there.12 His report for this Subpart K proceeding, The Potential for A Large 

Atmospheric Release of Radioactive Material from Spent Fuel Pools at the Harris 

Nuclear Power Plant (November 20, 2000) (Exhibit 2 to this Summary), demonstrates 

"1 See Curriculum Vitae: Gordon R. Thompson, Attachment 1 to Exhibit 1, Thompson 
Declaration. In making various plant-specific and generic evaluations of risks posed by 
nuclear facilities, Dr. Thompson has generally familiarized himself with the design of 
these facilities, and has also closely studied the design of specific facilities. See 
Thompson Declaration, pars. 6-8.  

12 Although CP&L claimed to identify "flaws" in this report, see Applicant's Response 

to BCOC's Late-Filed Environmental Contentions (March 3, 2000), these arguments 
reflect the Applicant's attempt to misconstrue and muddle the content of Dr. Thompson's 
report, not a lack of knowledge by Dr. Thompson. See Orange County's Reply to 
Applicant's and Staff's Oppositions to Late-Filed Environmental Contentions (March 13, 
2000).
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that in the past year he has gained a much higher and more detailed level of understanding 

of the design and operation of the facility, which is appropriate to the evidentiary phase of 

this proceeding, and which permits him to provide useful assistance to the Board.  

Dr. Thompson is also extremely familiar with the art of probabilistic risk 

assessment, the ways that it can be used, and its strengths and limitations. He has 

personally conducted and/or participated in a number of studies which provide general 

analyses regarding the use of PRA.13 Dr. Thompson's work related to PRA also includes 

a number of studies relating to the design and operation of individual facilities, including 

accident risks posed by plant operation and spent fuel pool storage. See Thompson 

Declaration, pars. 7 and 8.  

Dr. Thompson's eminent qualifications are also demonstrated by the fact that his 

expert opinion has been accepted and adopted by government decisionmakers, including 

the NRC Staff. In 1979, for instance, the government of the German state of Lower 

Saxony accepted Dr. Thompson's findings about the potential for an exothermic reaction 

13 See Thompson Declaration, par. 7. These studies include a comprehensive review and 

evaluation of the state-of-the-art of PRA conducted for Greenpeace International (Hirsch, 
et al, IAEA Safety Targets and Probabilistic Risk Assessment (Hanover, Germany; 
Gesellschaft fur Okologische Forschung und Beratung, August 1989)) (copy attached to 
Dr. Thompson's report as Thompson Rpt. Exh.: Hirsch, et al, 1989), a study of risks 
posed by high-density spent fuel at the Gorleben nuclear facility (Gordon Thompson et al, 
Report of the Gorleben International Review, Chapter 3, Potential Accidents and Their 
Effects (submitted to the government of Lower Saxony, March 1979)) (copy attached to 
Dr. Thompson's report as Thompson Rpt. Exh.: Thompson, et al, 1979); articles on the 
use of PRA in emergency planning (Potential Characteristics of Severe Reactor 
Accidents at Nuclear Plants; The Use of Probabilistic Risk Assessment in Emergency
Response Planning for Nuclear Power Plant Accidents, published in Golding, et al., 
Preparing for Nuclear Power Plant Accidents (Westview Press: 1995)) (copies attached 
to Dr. Thompson's report as Thompson Rpt. Exh: Golding, et al, 1995); and a study 
prepared for the Union of Concerned Scientists regarding the potential for escape of 

radioactive material from containment, Sholly and Thompson, The Source Term Debate
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in high-density fuel pools. As a direct result, dry storage has been used for away-from

reactor storage of spent fuel throughout Germany.14 

During the period 1986-1991, Dr. Thompson was commissioned by environmental 

groups to assess the safety of the military production reactors at the Savannah River Site, 

and to identify and assess alternative options for the production of tritium for the U.S.  

nuclear arsenal. Dr. Thompson's analyses of safety issues were recognized as accurate 

by nuclear safety officials at the US Department of Energy (DOE). See Thompson 

Declaration, par. 10.  

In 1977, and again during the period 1996-1998, Dr. Thompson examined the 

safety of nuclear fuel reprocessing and liquid high-level waste management facilities at 

the Sellafield site in the UK. His investigation in the latter period was supported by a 

consortium of local governments in Ireland and the UK, and his findings were presented 

at briefings in the UK and Irish parliaments. As a direct result of Dr. Thompson's 

investigation, the UK Nuclear Installations Inspectorate (Nil) required the operator of the 

Sellafield site to conduct extensive safety analyses. See Thompson Declaration, par. 10.  

Although the NRC Staff has disparaged Dr. Thompson's qualifications earlier in 

this proceeding, the Staff now must also be included among the government entities that 

have accepted key elements of Dr. Thompson's views. For instance, the Staff has 

recently accepted Dr. Thompson's view that older fuel is more vulnerable to ignition in a 

(Cambridge, Massachusetts: UCS, January 1986)).  

" See Thompson Declaration, par. 9; Ernst Albrecht (Minister-President of Lower 
Saxony), Declaration of the State government, Lower Saxony, West Germany Concerning 
the Proposed Nuclear Fuel Center at Gorleben (May 16, 1979). (An English translation 
of the Declaration is included as part of Thompson Rpt. Exh.: Thompson, et al, 1979).
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state of partial drainage than in a state of total drainage, because convective heat transfer 

is suppressed by the presence of residual water at the base of the fuel assemblies. See 

Thompson 1999 Report at D-6.  

A review of the positions taken by the Staff over the past year shows that the Staff 

has turned 180 degrees on this issue. Early in the proceeding, the NRC Staff either 

ignored the effects of partial drain-down, or attempted to dismiss its significance. See, for 

example, the NRC Staff's Draft Final Technical Study of Spent Fuel Accident Risk at 

Decommission Plants (noticed in the Federal Register at 65 F.3d Reg. 8,725 (February 

22, 2,000), in which the Staff stated as follows: 

The staff has also considered a scenario with a rapid partial draindown to a level 
at or below the top of active fuel with a slow boiloff of water after the draindown.  
This could occur if a large breech (sic) occurred in the liner at or below the top of 
active fuel. Section 5.1 of NUREG/CR-0649 analyzes the partial draindown 
problem. For the worst case draindown and a lower bound approximation for 
heat transfer to the water and the building the heatup time slightly less than the 
heatup time for the corresponding air cooled case. More accurate modeling 
could extend the heatup time to be comparable to or longer than the air cooled 
case.  

Id. at page A1-9 (emphasis added). See also NRC Staff Response to Intervenor's Request 

for Admission of Late-Filed Environmental Contentions at 21 (March 3, 2000) ("Dr 

Thompson's is the only opinion of which the Staff is aware that holds that fuel five years 

or more out of the reactor is susceptible to zircaloy/fire exothermic reaction"); Id. at 22 

("Dr Thompson's belief that such fuel is susceptible to exothermic reaction does not 

appear to be based on the scientific literature.") 

In a recent meeting of the NRC's Advisory Committee on Reactor Safeguards 

("ACRS"), however, the NRC Staff changed its position and conceded that the blockage 

of air flow caused by partial drainage of the fuel pool (i.e., the "adiabiatic heatup case")
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would permit aged fuel to reach ignition temperatures. See statement by Glenn Kelly, 

NRC Staff, Tim Collins, NRC Staff's Deputy Director of the Division of Systems and 

Safety Analysis at 4 7 7th ACRS Meeting, Transcript ("Tr.") at 28-30 (November 2, 

2000).'1 Moreover, the Staff now considers the probability of a fire in aged fuel to be 

within the same range as the probability of severe reactor accident as predicted by 

NUREG-1 150. Id., Tr. at 17-18 (Staff opinion that although the risk of a fire in fuel aged 

ten years is "low," it "could still be in the ball park of operating reactors." ). Accordingly, 

the Staff's latter-day confirmation of the correctness of Dr. Thompson's views on one of 

the most important technical issues in this case should serve as a corrective to the doubts 

that the Applicant and Staff have attempted to sow regarding Dr. Thompson's 

qualifications.  

15 For instance, Mr. Kelly stated: 

When we performed the thermal hydraulic analysis, we basically did it two ways.  
One was where we considered that we had air flow to provide oxygen to the 
potential oxidation of the fuel and also to provide cooling to the fuel and the other 
one was we assumed that there might have been flow blockage such that we had a 
near adiabatic heatup.  

In the adiabatic heatup case effectively as long as you have decay heat, you are 
going to eventually be able to get the fuel temperature up to whatever is your 
criteria..." 

Tr. at 28. A copy of the meeting transcript is attached to Dr. Thompson's report as 
Thompson Rpt. Exh.: ACRS, 2000.
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V. ORANGE COUNTY HAS RAISED A GENUINE AND MATERIAL 

DISPUTE REGARDING THE LIKELIHOOD OF A SEVERE SPENT 

FUEL POOL ACCIDENT AT HARRIS, SUCH THAT A HEARING MUST 

BE HELD TO DETERMINE WHETHER NEPA REQUIRES THE 

PREPARATION OF AN EIS.  

A. Requirements of NEPA 

1. Purpose of NEPA Analysis 

NEPA is the "basic charter for the protection of the environment." 40 C.F.R. § 

1500.1(1). Its fundamental purpose is to "'help public officials make decisions that are 

based on understanding of environmental consequences, and take decisions that protect, 

restore, and enhance the environment." Id. NEPA requires federal agencies to examine 

the environmental consequences of their actions before taking those actions, in order to 

ensure "that important effects will not be overlooked or underestimated only to be 

discovered after resources have been committed or the die otherwise cast." Robertson v.  

Methow Valley Citizen Council, 490 U.S. 332, 349 (1989).  

The primary method by which NEPA ensures that its mandate is met is the 

"action-forcing" requirement that a "detailed statement," known as an Environmental 

Impact Statement ("EIS"), be prepared before a federal agency takes any major action 

which may significantly affect the quality of the human environment. 42 U.S.C. § 

4332(2)(C); 40 C.F.R. § 1502.1 .6 As the Court recognized in Calvert Cliffs 

16 40 C.F.R. § 1502.1 is a regulation of the President's Council on Environmental 

Quality ("CEQ") for the implementation of NEPA. Although the NRC also has its own 

NEPA regulations, the CEQ regulations are binding on the NRC unless compliance 

would "be inconsistent with statutory requirements." Executive Order 11991, 3 C.F.R.  

124 (1978). See also Baltimore Gas and Electric Co. v. Natural Resources Defense 

Council, 462 U.S. 87 (1983); Andrus v. Sierra Club, 442 U.S. 347 (1979); NRC Final 

Rule, Environmental Protection Regulations for Domestic Licensing and Related
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Coordinating Committee v. AEC, 449 F.2d 1109, 1113 (D.C. Cir. 1971), a NEPA analysis 

involves "a finely tuned and systematic" balancing of "environmental amenities" against 

"economic and technical considerations." To "ensure that the balancing analysis is 

carried out and given full effect," an environmental impact statement must be "detailed" 

and the analysis carried out "fully and in good faith." Id., 449 F.2d at 1114-15.  

As required by NEPA and its implementing regulations, an EIS must describe, 

among other things, (1) the "environmental impact" of the proposed action, (2) any 

"adverse environmental effects which cannot be avoided should the proposal be 

implemented," (3) any "alternatives to the proposed action," and (4) any "irreversible and 

irretrievable commitments of resources which would be involved in the proposed action 

should it be implemented .... 1" 42 U.S.C. § 4332(C). The EIS must be circulated in draft 

for comment by the public and other affected agencies, in order to assure that relevant 

environmental information will "be made available to the larger audience that may also 

play a role in both the decisionmaking process and the implementation" of a proposed 

decision. Robertson, 490 U.S. at 349.  

2. Decision not to prepare EIS must be supported by a "hard look" 

NEPA requires that, in actions involving substantial undertakings, such as the 

instant proposal to substantially increase the inventory of radioactive material to be stored 

Regulator Functions and Related Conforming Amendments, 49 Fed. Reg. 9,352 (March 
12, 1984) (restating Commission view that, "as a matter of law, the NRC as an 
independent regulatory agency can be bound by CEQ's NEPA regulations only insofar as 
those regulations are procedural or ministerial in nature. NRC is not bound by those 
portions of CEQ's NEPA regulations which have a substantive impact on the way in 
which the Commission performs its regulatory functions.") Orange County notes that all 
of the CEQ regulations cited in this brief are procedural in nature, and thus are binding on 
the NRC. Moreover, none of these regulations was disavowed by the Commission when
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at the Harris nuclear plant site, an agency may not dispense with an EIS unless and until it 

has prepared an Environmental Assessment ("EA") that evaluates whether an EIS is 

required, taking into account all relevant factors. LaFlamme v. FERC, 852 F.2d 389, 399 

(9th Cir. 1988) (hydroelectric power plant license suspended for failure to prepare an EA).  

The EA must take a "hard look" at the potential environmental consequences of the 

action. Maryland National Park and Planning Commission v. US. Postal Service, 487 

F.2d 1029, 1040 (D.C. Cir. 1973); Foundation on Economic Trends v. Heckler, 756 F.2d 

143, 154 (D.C. Cir. 1985) (EA must "attempt to evaluate seriously the risk[s]" posed by 

proposed action.)17 

Here, the EA prepared by the NRC Staff falls far short of constituting the "hard 

look" required by NEPA. The EA focuses on structural failure of a fuel pool, leading to 

total loss of water. 18 EA at 5-6. The present state of knowledge about fuel pool 

it promulgated its own set of NEPA regulations at 49 Fed. Reg. 9,352.  

17 In Foundation on Economic Trends, the Court affirmed an injunction prohibiting the 

National Institutes of Health from releasing genetically engineered recombinant-DNA
containing organisms into the environment, because the discussion of environmental 
impacts in the EA was too cursory to support a determination that no EIS was required.  
As the Court explained, NIH: 

must 'provide sufficient evidence and analysis for determining whether to prepare 
an environmental impact statement or a finding of no significant impact,' 40 
C.F.R. § 1508.9(a)(1). Ignoring possible environmental consequences will not 
suffice. Nor will a mere conclusory statement that the number of recombinant
DNA-containing organisms will be small and subject to processes limiting 
survival.  

756 F.2d at 155.  

IS In support of its limited discussion of that limited issue, the EA cites four NRC
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accidents, however, is not confined to that accident scenario or the four reports cited by 

the NRC Staff. As Dr. Thompson demonstrates in his report, the loss of water from the 

Harris fuel pools is an almost certain outcome of a degraded-core accident, with 

containment failure or bypass, at the Harris reactor. The EA does not address this matter.  

In addition, Dr. Thompson's report shows that partial loss of water from a pool can be a 

more severe accident condition than total loss of water. The NRC Staff has conceded the 

correctness of Dr. Thompson's view. See discussion, supra, in Section IV.B. Thus, the 

EA not only fails to take a "hard look" at the questions raised by Dr. Thompson, but it 

does not even reflect the concerns of the NRC's own technical staff.  

3. A high level of uncertainty weighs in favor of preparing an EIS 

As the Court noted in Foundation on Economic Trends, "one of the specific 

criteria for determining whether an EIS is necessary is '[t]he degree to which the possible 

effects on the human environment are highly uncertain or involve unique or unknown 

risks."' 756 F.2d at 155, citing 40 C.F.R. § 1508.27(b)(5). Thus, in Blue Mountains 

Biodiversity Project v. Blackwood, 161 F.3d 1208, 1213 (9d' Cir. 1998), the Court found 

that "[a] project may have significant environmental impacts where its effects are 'highly 

uncertain or involve unique or unknown risks."' See also Morgan v. Walter, 728 F.Supp.  

1483, 1489 (D. Id. 1989).  

The CEQ requirement to consider the degree of uncertainty of environmental 

reports: NUREG/CR-4982, Severe Accidents in Spent Fuel Pools in Support of Generic 
Issue 82; NUREG/CR-5176, Seismic Failure and Cask Drop Analysis of the Spent Fuel 
Pools at Two Representative Nuclear Power Plants; NUREG/CR-528 1, Value/Impact 
Analysis of Accident Preventative and Mitigative Options for Spent Fuel Pools; and 
NUREG-1353, Regulatory Analysis for the Resolution of Generic Issue 82: Beyond 
Design Basis Accidents in Spent Fuel Pools. EA at 5-6.
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impacts is particularly important in the instant case, where a high level of uncertainty is a 

key feature of probabilistic risk assessment, and where any new PRA performed by the 

NRC Staff or CP&L would take the art of PRA into a significant realm of uncharted 

territory. See Thompson Report at 13-16, 17.  

4. Impacts that are not "remote and speculative" must be 

addressed in an EIS.  

As the Board noted in LBP-00-19, all parties are in agreement that the NRC is not 

required to prepare an EIS for the purpose of addressing environmental impacts that are 

"remote and speculative." Id., slip op. at 12. However, the Commission has not provided 

definitive guidance on what the phrase means. The most recent Commission 

pronouncements on this subject stem from a series of decisions in a spent fuel pool 

expansion case for the Vermont Yankee plant. See Vermont Yankee Nuclear Power 

Corp. (Vermont Yankee Nuclear Power Station), CLI-90-7, 32 NRC 129 (1990); 

Vermont Yankee Nuclear Power Corp. (Vermont Yankee Nuclear Power Station), CLI

90-4, 31 NRC 333 (1990). In CLI-90-4, the Commission reversed a determination by the 

Appeal Board that an accident with a probability of 10-4 is remote and speculative, and 

remanded for development of more information on the plausibility or probability of the 

accident scenario at issue. Id., 31 NRC at 335. The Commission ordered that if the 

Appeal Board found the probability of the entire accident sequence was 10"4 or more, it 

was to return the case to the Commission; otherwise, it was to make its own decision as 

to whether the probability was remote and speculative or not. Id. at 335-36. In CLI-90-7, 

the Commission clarified that low probability is the "key to applying NEPA's rule of 

reason" test to contentions alleging adverse environmental impacts from a specified
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accident scenario. 32 NRC at 131.  

The guidance provided by CLI-90-4 and CLI-90-7 can be summarized as follows: 

low probability is key to determining what impacts are remote and speculative; it is 

important to examine the particulars of each case; and the Commission is unwilling to 

hold, as a matter of law, that 10"4 is so low a probability as to be remote and speculative.  

As the Licensing Board observes, this last point suggests that a probability of 10-5 should 

not be rejected out of hand as remote and speculative.  

Orange County submits that in determining what constitute "remote and 

speculative" environmental impacts, it is important to follow the Commission's guidance 

of examining the circumstances of each case independently. The Licensing Board should 

apply quantitative criteria cautiously, in light of relevant qualitative factors and the 

factual circumstances of each case. One of the most important qualitative factors that 

must be considered is the level of uncertainty that accompanies any PRA. See 40 C.F.R.  

§ 1508.27(b)(5) and discussion in Section VI.B.3, supra. Before relying on a quantitative 

probability estimate to rule out the preparation of an EIS, the Board should consider such 

factors as the degree to which the estimate is affected by uncertainty. For example, it is 

necessary to take into account the degree to which unknown aspects of plant behavior are 

addressed through unverifiable judgments rather than calculations; the degree to which 

acts of malice, gross errors in design, unforeseen accident sequences or phenomena, or 

degraded standards of operation could influence the outcome of the analysis if they were 

considered; and the degree to which the results of the analysis depend on new and 

untested applications of PRA techniques. See Thompson Report at 17. In reflection of 

these uncertainties, any quantitative probability estimates should be expressed as a range
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of probabilities, rather than a point estimate. Id.  

The circumstances of this case dictate that there will be a very high level of 

uncertainty in any probability analysis that is applied to the Harris spent fuel pools. Not 

only is the art of PRA generally subject to significant uncertainty, but the analysis 

required here breaks new ground in a number of areas. As Dr. Thompson discusses in his 

report and its appendices, Level 2 PRA is generally inadequate to address onsite effects of 

containment releases because it typically focuses on releases to the atmosphere, for 

purposes of modeling offsite doses. See Thompson Report at 18. Moreover, little work 

has been done to date on issues of onsite transport and distribution of radioactive 

material, and the complexities of the situation make analysis "exceptionally difficult." 

See Thompson Report at 18 and Appendix D at D-3 - D-4. With respect to the 

implications of heat transfer in spent fuel pools, the NRC Staff is still in the process of 

developing its understanding of the associated phenomena. Id at 23, 40-41. Moreover, 

as Dr. Thompson concludes in his report, there is currently no technical basis for 

providing an estimate of uncertainty for probability calculations regarding spent fuel pool 

accidents at Harris. See Thompson Report at 42. Given this high level of uncertainty, it 

would not be defensible to dismiss the need for an EIS based on currently available 

quantitative estimates of the probability of a spent fuel pool accident at Harris.  

In evaluating the adequacy of any PRA to support a decision not to prepare an 

EIS, the Board should also be mindful of the Commission's policy to limit the use of 

PRA to "the extent that it is supported by the state-of-the-art in terms of methods and 

data." Policy Statement, Use of Probabilistic Risk Assessment Methods in Nuclear 

Regulatory Activities, Section IV, 60 Fed. Reg. 42,622 (August 16, 1995). Thus, the
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Licensing Board should examine the extent to which it reflects the state-of-the-art, 

including depth and detail of analysis, uncertainty analysis, and peer review. As 

discussed in Dr. Thompson's report, given the complexity of the issues presented by the 

seven-step scenario posited by Orange County, it would be impossible for any party to 

conduct a state-of-the-art PRA on the hazards of spent fuel pool expansion in the 

extremely short time period allotted for this Subpart K presentation.  

To the extent that the Board considers a quantitative standard for what constitutes 

a foreseeable accident requiring an EIS, it is clear that an accident probability of 10.4 

would fall squarely within the range of impacts already recognized by the Commission as 

requiring the preparation of an EIS or the conduct of emergency planning. A degraded

core reactor accident with containment failure or bypass is recognized as a credible event 

by the NRC for purposes of evaluating environmental impacts in EIS's, as well as 

requiring emergency planning for the ten and fifty mile Emergency Planning Zones 

around nuclear plants. In addition, licensees are obligated to perform IPE's to examine 

the site-specific potential for accidents of this type. The lower bound of probability for a 

spent fuel pool accident is set by the probability of a degraded-core reactor accident with 

containment failure or bypass, because such an accident would almost certainly lead to a 

pool accident, as demonstrated in Dr. Thompson's report.  

Moreover, a severe spent fuel pool accident probability estimate on the order of 

10"5 should trigger an EIS, for the reasons that (a) it has a close order of magnitude to a 

reactor accident, which requires an EIS and emergency planning; (b) by its very nature as 

a new area of study, it is subject to considerable uncertainty; and (c) the environmental 

impacts of a large release of radioactive material from spent fuel pools, in terms of
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interdiction of vast areas of land, have never been evaluated by the NRC in an EIS.  

5. Orange County has demonstrated the plausibility and 
foreseeability of a severe spent fuel pool accident at Harris.  

In this proceeding, Dr. Thompson has provided a credible minimum value best 

estimate of overall accident risk of 1.6 x 10-5, with a range from 0.2 x 10-5 to 1.2 x 104 

per year. Thompson Report at 42. To make this estimate, Dr. Thompson provided a 

step-by-step detailed analysis, using data provided by CP&L and the NRC Staff. His 

analysis raises substantial and material factual disputes with the NRC Staff's EA by 

clearly demonstrating that the NRC Staff and CP&L have overlooked important factors 

which raise the probability of a severe spent fuel pool accident at Harris far above levels 

previously estimated by the Staff and CP&L.  

It must be observed here that it is not Orange County's responsibility to "prove" 

that the probability of an accident at the Harris plant is above a certain level. In the first 

place, as Dr. Thompson asserts, it is not possible to provide a definitive calculation of any 

accident probability at Harris. Moreover, it is the NRC Staff who ultimately bears the 

burden of proving that no EIS is required here. Orange County has met its burden of 

going forward by setting forth significant and material evidence that throws the previous 

findings of the NRC Staff into contention and doubt, and demonstrates the "plausibility or 

probability" of a severe spent fuel pool accident, such that an EIS is warranted. The 

Board would have no lawful basis for refusing to order the preparation of an EIS based on 

this record.
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6. The Board may not rule out an EIS that would address one 
form of environmental harm, based on an EA that assumes 
impacts are avoided or minimized by causing another form of 

environmental harm.  

As discussed in the Thompson Report, there are many assumptions that go into a 

PRA. For purposes of evaluating the seven-step accident scenario set forth at page 13 of 

LBP-00-19, the analyst must make several key assumptions that have a substantial 

bearing on the adequacy of the analysis to satisfy the requirements for an adequate EA 

under NEPA. These assumptions have to do with whether workers will (a) incur harm in 

order to restore cooling to the spent fuel pools, or (b) violate NRC regulations in order to 

restore cooling to the spent fuel pools. Orange County submits that the NRC Staff may 

not lawfully base a decision not to prepare an EIS for the Harris license amendment on an 

analysis that assumes that workers would either incur harm or violate NRC safety 

regulations in order to minimize the probability of the accident. To allow such 

assumptions would violate the fundamental principles of NEPA that require the 

protection of the environment through detailed disclosure of any significant 

environmental harm that may be caused by major federal actions. See Louisiana Energy 

Services (Claiborne Enrichment Center), LBP-96-26, 44 NRC 331, 339 (1996), and cases 

cited therein (NEPA establishes "substantive goals for the Nation," that "the federal 

government should use 'all practicable means and measures' to protect the 

environment"); Robertson v. Methow Valley, 490 U.S. at 349 (NEPA's goal of protecting 

environment served through maximum disclosure of significant adverse environmental 

impacts).
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a. Assumptions re harm to workers 

The analysis of steps 4 and 5 in the seven-step scenario requires the 

determination of what constitutes an extreme dose such that CP&L personnel or other 

emergency workers would be precluded from re-entering the plant to perform the six 

backup functions for restoring cooling water to the fuel storage pools in the event that the 

primary cooling system fails. See Thompson Report, Sections 4.4 and 4.5. These 

allowable doses must be compared to likely radiation levels in the control room and the 

Technical Support Center, from which controls are taken and instructions given. It may 

also be necessary to compare them to likely radiation levels in the Fuel Handling Building 

and/or Reactor Auxiliary Building, where workers will have to enter in order to 

implement remedial actions. If radiation levels exceed the dose that is considered 

extreme enough to preclude access by workers, then it must be assumed for purposes of 

the analysis that remedial efforts are ineffectual and that therefore the accident will 

continue to progress, i.e., that the probability of the next event in the sequence (inability 

to restart any pool cooling or makeup systems due to extreme radiation doses) is one.  

The question of what constitutes a dose extreme enough to preclude extreme 

access is a legal issue, answerable by NRC regulations establishing occupational limits 

for radiation exposures at 5 rems TEDE per year. As discussed below, under these 

regulations, any dose exceeding 5 reins TEDE per year is expected to result in a level of 

harm to worker safety and health that is beyond the expected norm and that involves an 

assessment of trade-offs between adverse health effects to workers and the benefits 

achieved if the worker suffers increased exposure. It is exactly these trade-offs -- of harm 

to the health of workers versus the resulting benefits such as the likelihood of preventing
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an accident -- that must be assessed in an EIS. Accordingly, in assessing whether the 

plant is accessible for purposes of restoring spent fuel cooling functions, any dose above 

5 rems TEDE per annum must be presumed to preclude personnel access. Otherwise, the 

probability analysis improperly assumes acceptance of one type of environmental harm 

(radiation exposure to plant workers beyond regulatory limits) as the justification for 

avoiding another type of environmental harm (harm to the general public and the 

environment caused by radiological releases from the spent fuel pools), without going 

through the process of fully disclosing these competing harms in an EIS. 19 

There are a number of reasons why for purposes of this analysis, a dose of 5 rems 

TEDE per year must be considered the upper limit of acceptable dose limits, beyond 

which doses are presumptively harmful. First and foremost, 5 rems TEDE per year is the 

occupational dose limit established by NRC standards for protection of worker safety and 

health. 20 See 10 C.F.R. § 20.1201(a)(1)(i). 21 The 5 rem standard was recommended by 

" Deposition testimony suggests the existence of a material dispute on this issue.  
During their depositions, experts for the NRC Staff and CP&L expressed differing 
opinions about how to answer the question of what constitutes an extreme dose sufficient 
to preclude access to the Harris plant. Dr. Gareth Parry, Senior Level Advisor for PRA in 
the Division of System Safety and Analysis of the NRC's Office of Nuclear Reactor 
Regulation ("NRR'), asserted that he would probably assume that doses were high 
enough to preclude access if they exceeded regulatory limits. Deposition of Dr. Gareth W.  
Parry, Transcript ("Tr.") at 91-92 (October 19, 2000). NRC witness Stephen LaVie, 
Health Physicist with the Office of NRR, stated that the Staffs "initial feeling" is that it is 
appropriate to use the U.S. Environmental Protection Agency's recommended Protective 
Action Guideline ("PAG") of 25 rem per accident for actions needed to save human lives.  
Deposition of Stephen LaVie, Tr. at 14 (October 20, 2000). Dr. Edward T. Bums, 
CP&L's expert on PRA, testified that there is no "firm threshold" for a dose that would 
preclude access to the plant, and that it is appropriate to look at the relative severity of 
radiation levels and make a probability calculation as to how likely a person would be to 
enter the radiation environment. Deposition of Dr. Edward T. Bums, Tr. at 58-59 
(October 20, 2000).  

20 Although somewhat higher exposures are permitted by Part 20 regulations, these
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the International Commission on Radiological Protection ("ICRP"), and was accepted by 

the NRC on the basis that it would maintain the annual risk of radiation-induced health 

damage to about 8 x 10-4. Proposed Rule, Standards for Protection Against Radiation, 51 

Fed. Reg. 1,092, 1,102 (January 9, 1986). Thus, the NRC has made a reasoned judgment 

that 5 rems TEDE is the maximum level of radiation that a worker can receive in a year 

and stay within acceptable bounds of occupational risk levels.  

Second, compliance with Part 20 occupational exposure limits is assumed in the Final 

EIS that supported the issuance of an operating license for Harris. See NUREG-0972, 

Final Environmental Statement Related to the Operation of Shearon Harris Nuclear 

Power Plant Units 1 and 2, Docket Nos. STN-50-400 and STN-50-401, Carolina Power 

and Light Company at 5-28 (October 1993). As discussed in NUREG-0972: 

Experience shows that the dose to nuclear plant workers varies from reactor to reactor 
and from year to year. For environmental-impact purposes, it can be projected by 
using the experience to date with modem PWRs. Recently licensed 1000-Mwe 

exposures must be planned in advance, with numerous accompanying safeguards, and 
thus are inapplicable to accident conditions. See 10 C.F.R. § 20.1206(a), which permits a 
"planned special exposure" if it would not cause an individual to receive a dose from all 
planned special exposures and all doses in excess of the limits to exceed (1) the numerical 
values of any of the dose limits in § 20.1201(a) in any year; and (2) five times the annual 
dose limits in § 20.1201 (a) during the individual's lifetime. Thus, they are not applicable 
to an unplanned severe accident situation.  

Orange County recognizes that based on his professional judgment as a scientist, Dr.  
Thompson has applied the limits for planned special exposures in his analysis. See 
Thompson Report at 32-33. The County believes that NEPA requires setting a stricter 
threshold, in order to avoid hidden assumptions of environmental harm in an EA that 
should otherwise be disclosed in an EIS. It should be noted that the doses calculated by 
Dr. Thompson are far in excess of either the normal occupational limits or the planned 
occupational limits.  

"21 In addition, doses must be further reduced, to the extent reasonably achievable, under 

the Commission's ALARA ["As Low As Reasonably Achievable] regulations. See 10 
C.F.R. § 20.1101(b).
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PWRs are operated in accordance with the post-1975 regulatory requirements and 

guidance that place increased emphasis on maintaining occupational exposure at 
nuclear power plants ALARA. These requirements and guidance are outlined 
primarily in 10 CFR 20, Standard Review Plan (SRP) Chapter 12 (NUREG-08000), 
and Regulatory Guide (RG) 8.8, "Information Relevant to Ensuring that Occupational 
Radiation Exposures at Nuclar Power Stations Will be as Low as Is Reasonably 
Achievable." 

The applicant's proposed implementation of these requirements and guidelines is 

reviewed by the NRC staff during the licensing process, and the results of that review 

are reported in the staff's Safety Evaluation Report. The license is granted only after 

the review indicates that an ALARA program can be implemented. In addition, 
regular reviews of operating plants are performed to determine whether the ALARA 
requirements are being met.  

Id. Having assumed regulatory compliance with Part 20 in the FEIS, the Staff would 

have no lawful basis for now assuming that the proposed expansion of the Harris spent 

fuel pools poses no cognizable risk of a spent fuel pool accident because workers will be 

expected to incur unlawful radiation doses in order to minimize that risk.  

Third, in setting Protective Action Guidelines ("PAGs") for workers during 

radiological emergencies, the U.S. Environmental Protection Agency ("EPA") 

recommends the use of a 5 rem per year "upper bound" for worker exposures during a 

radiological emergency. 22 See U.S. EPA, Manual of Protective Action Guides and 

Protective Actions for Nuclear Incidents at 2-10 (October 1991). In addition, the EPA 

recommends that doses be kept "as low as reasonably achievable," i.e., even lower than 5 

reins per year, as is consistent with the regulation of normal occupational exposures. Id.  

The EPA's guidance makes it clear that doses above 10 rems TEDE per year are only 

justified by the protection of "valuable property," and doses up to 25 rems TEDE per year 

are only justified "for life saving activities and the protection of large populations." EPA

22 Thus, although the EPA accepts a dose of 5 rems per accident, it also assumes that no
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considers doses above 25 rems TEDE per year to be justified only under the most extreme 

circumstances: 

Situations may also rarely occur in which a dose in excess of 25 rem for 
emergency exposure would be unavoidable in order to carry out a lifesaving 
operation or to avoid extensive exposure of large populations. It is not possible to 
prejudge the risk that one should be allowed to take to save the lives of others.  
However, persons undertaking any emergency operations in which the dose will 
exceed 25 rem to the whole body should do so only on a voluntary basis and with 
full awareness of the risks involved, including the numerical levels of dose at 
which acute effects of radiation will be incurred and numerical estimates of the 
risk of delayed effects.  

Id. at 2-11.  

It is clear that both NRC regulations and EPA guidance establish a presumption of 

harm if radiation doses exceed the annual dose limit of 5 rems. Doses above 5 rems are 

seen by EPA as involving trade-offs, with the individual worker's life and health being 

off-set against the value of property, or the value of saving many lives. In other words, 

EPA recognizes that these exposures are hazardous to nuclear power plant workers, and 

that they are only justified if they would serve a greater good.  

In summary, for purposes of determining whether or not the preparation of an EIS 

is warranted, it is appropriate and consistent with NEPA to assume that a radiation 

environmental yielding doses in excess of 5 rems TEDE per annum would preclude 

access by emergency personnel. To assume otherwise would effectively countenance one 

type of environmental harm (radiation exposure to plant workers beyond NRC safety 

limits and EPA guidance levels) in order to avoid another type of environmental harm 

(harm to the general public and the environment caused by radiological release from the 

worker is exposed to more than 5 rems in a year.
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spent fuel pools). Such an assumption would also be grossly inconsistent with the EIS for 

the Harris operating license, which assumed that Harris would operate in compliance with 

NRC regulations.  

Orange County wishes to emphasize that NEPA requires the assumption that 

doses above 5 rems TEDE per year preclude access in this particular legal context, which 

is the performance of analysis intended to evaluate whether an EIS is necessary. As 

discussed above, it would not be appropriate to assume, in this context, that plant workers 

would incur significant harm in order to maintain the probability of a spent fuel pool 

accident below the level that would call for an EIS. In the real-life context of an accident, 

it would be appropriate to assume that occupational dose limits may be exceeded. In a 

full-scale EIS, it may also be appropriate to examine the environmental impacts to 

workers of attempting to prevent the progression of a severe accident for purposes of 

examining the trade-offs posed by alternatives and mitigative measures. It is neither 

appropriate nor lawful, however, to attempt to justify the Staff's refusal to prepare an EIS 

for this proposed spent fuel pool expansion, based on the assumption that workers would 

incur unlawful and significant radiation injuries in order to prevent the accident from 

progressing.  

b. Other assumptions of regulatory violations 

As discussed above, it may not be assumed, for purposes of avoiding an EIS, that 

workers are exposed to environmental harm by incurring doses above occupational 

exposure limits. Similarly, the analysis may not assume the violation of regulations 

which were promulgated for the purpose of protecting protect public health and safety, 

and which the 1983 FEIS assumed would be met in order to maintain environmental
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impacts within an acceptable level.  

For instance, General Design Criterion 19 of Appendix A to 10 C.F.R. Part 50 

requires that the control room must be designed to prevent workers from receiving doses 

above 5 rems during an accident. As Dr. Thompson demonstrates in his report, radiation 

levels in the control room would far exceed these levels, and would, in fact, be lethal.  

For purposes of rationalizing the refusal to prepare an EIS, it is not lawful to assume that 

the requirements of GDC 19 would be violated in order to minimize the probability of an 

accident.  

CP&L's own procedures for severe accident management appear to set up a 

conflict between severe accident responses and compliance with NRC safety regulations.  

CP&L recognizes, in its Severe Accident Management Guidelines ("SAMGs"), that in 

responding to a severe accident, it may be necessary to take actions which conflict with 

the plant's Technical Specifications. 23 Moreover, these procedures "may not have been 

safety reviewed." The Tech Specs are an integral part of the Harris license, and thus the 

1983 FEIS necessarily assumed that they would be complied with. Non-compliance with 

technical specifications could raise new safety challenges, in addition to any threats 

stemming from the severe accident that is underway. Any assumption of regulatory 

violations for purposes of avoiding a severe accident must therefore be fully addressed in 

an EIS, rather than relied on in an EA for the purpose of avoiding an EIS.  

23 See CP&L, Plant Operating manual, Volume 11, Part 1, SAMG-SAMP-001, Severe 
Accident Management Guidelines Program Document, Rev. 2 at 3, excerpt attached to 
Dr. Thompson's report as Thompson Rpt. Exh. CP&L-POM.
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VI. THE PROCEDURAL CIRCUMSTANCES OF THIS PROCEEDING 
REQUIRE THAT A HEARING BE HELD.  

As discussed above in Section III.B,3, the discovery period in this expedited 

Subpart K proceeding was a brief 60 days. By the end of that period, none of the parties 

had been able to complete their analyses or report the results. Much of the work 

remained to be done at the time depositions were taken. Thus, it was impossible to 

question the NRC Staff s or CP&L's witnesses regarding the results of their analyses or 

how they were arrived at.  

The review of the evidence presented in this Subpart K proceeding undoubtedly 

will raise questions about the assumptions underlying various calculations, and the 

methodology used. Of course such questions can't be identified with specificity at this 

juncture, because Orange County has not had a chance to review the presentations of the 

other parties. Nevertheless, at this juncture it is appropriate to raise the concern that due 

to the complexity of the issues raised in this proceeding, and due to the fact that none of 

the parties could be questioned about the results of their analyses in discovery, 

disagreements about the substantiality or materiality of any factual disputes between the 

parties should be seen in the light most favorable to Orange County.  

VII. RESPONSE TO BOARD'S QUESTIONS 

A. Best Estimate of Overall Probability of Sequence Set Forth in Chain of 

Events 

In Question 1, the Board asked: 

What is the submitting party's best estimate of the overall probability of the 
sequence set forth in the chain of seven events in the CP&L and BCOC's filings, 
set forth in page 13 suvra? The estimates should utilize plant-specific data where
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available and should utilize the best available generic data where generic data is 

relied upon.  

LBP-00-19, slip op. at 17. Information responsive to this request is provided in detail in 

the attached report by Dr. Thompson, including the appendices. Dr. Thompson uses the 

best available plant specific and generic data and explains the basis for his choices of 

data. As discussed in Dr. Thompson's report at page 42, he has found that a minimum 

value for the best estimate of the overall probability of completion of the seven-part event 

sequence is 1.6x K10- per year (point estimate), with a range from 0.2 x 10-5 to 1.2 x 10-4 

per year.  

B. Recent developments in the estimation of probabilities of individual 

events 

The Board's second question asks the parties to take careful note of recent 

developments in the estimation of individual events in the sequence, and questions 

whether new data or models suggest any modification of the probability estimate set forth 

in NUREG-1353. In addition, the Board asks for comment on the concerns expressed in 

an ACRS letter of April 13, 2000. These questions are addressed in Dr. Thompson's 

report, Section 5 at page 54.  

C. Scope of EIS Required 

The Board's third question asks what is the scope of an EIS that would be 

required, assuming that the Board should decide that the probability of an accident cannot 

be dismissed as remote and speculative. Dr. Thompson provides a technical response to 

this question in Section 6 of his report, at page 45. This summary addresses the legal 

question posed by the Board, which appears to be whether the Board could somehow
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order that the scope of the EIS be limited to the seven-part accident scenario listed in 

LBP-00-19.  

Orange County submits that the Board would not have that degree of authority.  

Once an EIS is undertaken, NEPA requires that an agency must take a "hard look" at the 

environmental impacts of a proposed major federal action, Which includes the 

examination of all reasonably foreseeable and significant adverse impacts.  

Moreover, the preparation of an EIS is a public process, designed to maximize 

public involvement in the consideration of impacts and alternatives. See Robertson v.  

Methow, supra. Thus, the EIS must be subject to public notice and comment, including 

the offer of an opportunity to interested members of the public to request an adjudicatory 

hearing on its adequacy. Any member of the public would have the right to challenge the 

overall adequacy of the EIS to address the adverse environmental impacts of the project.  

Orange County does not believe that it would be consistent with the public participation 

requirements of NEPA if an interested member of the public could lawfully be precluded 

from raising valid concerns about an EIS, based on procedural grounds relating to this 

proceeding.  

VIII. CONCLUSION 

Orange County has provided substantial and material evidence and legal 

arguments which demonstrate that the NRC Staff has failed to justify its refusal to 

prepare an Environmental Impact Statement for the proposed expansion of spent fuel pool 

storage capacity at the Harris reactor. Therefore, Orange County has raised a substantial 

and material factual dispute with the Staff, and is entitled to a hearing on Contention 

EC-6.
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Respectfully submitted, 

Diane Curran 
Harmon, Curran, Spielberg, & Eisenberg, L.L.P.  
1726 M Street N.W., Suite 600 
Washington, D.C. 20036 
202/328-3500 
e-mail: Dcurran@harmoncurran.com 

November 20, 2000
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1. INTRODUCTION

The Gaussian plume dispersion model recommended by the U.K. Atmospheric 

Dispersion Modelling Working Group (ADMWG, see Clarke,. 1979) can be used to 

model the dispersion of airborne pollutants released from an isolated point 

source for downwind distances in the approximate range of one hundred metres 

to several tens of kilometres. Consequently, the model is a useful tool 

which can be used in the calculation of radiological doses to the public 

due to the atmospheric discharge of radionuclides.from nuclear power stations.  

Very often, however, the radionuclides are discharged from large reactor 

buildings and so a wake dispersion model is also required in order to 

calculate concentrations of activity within a few hundred metres of the 

building where the point source model is no longer applicable.  

Many simple building wake models are known to exist, but all have 

different limitations; the virtual source model is arguably one of the 

better of the simple models currently used and this report, therefore, 

examines how this model may best be applied, bearing in mind the particular 

requirements of the U.K. nuclear power industry. The advantages and 

limitations of the model are discussed in some detail and preliminary 

conclusions as to the range of applicability of the model are drawn.  

2. REVIEW OF SIMPLE BUILDING WAKE DISPERSION MODELS 

Mathematical models for the behaviour of an airborne pollutant in the 

lee of the source building can conveniently be classified into two groups; 

complex and simple models. The complex models (see, for example, Hirt, 

Ramshaw & Stein, 1978) study the air flow around buildings and attempt 

to solve the differential equations governing such behaviour while the 

simple models, in general, consist of empirical expressions. By definition, 

therefore, the.complex models are conceptually better, but they are 

extremely difficult to use and, in general, they can only consider simplistic 

building shapes, so that their applicability to a complex site such as a 

nuclear power station is somewhat doubtful. The simple models, on the 

other hand, are not realistic in their consideration of the physical 

processes actually occurring and mostly ignore effects such as emission 

buoyancy and momentum, source location, etc. They are, however, designed 

for, ease of application and consequently they have been more widely used.  

The simple models can be further sub-divided into two classes; 

models bas,!d on the dimensions of the source building and models based

- I-



on the Gaussian plume model. The models based on the dimensions of the 

source building are briefly summarised in Appendix 1.1, and are specifically 

limited in their range of applicability to downwiad distances where the 

physical presence of the source building plays the major role in governing 

the dispersion of the plume and where atmospheric stability effects can be 

ignored, i.e. at downwind distances less than a few building heights.  

Such models cannot be simply 'merged' with medium range dispersion 

models and their main uses are either in predicting near wake concentrations 

-or in approximate or 'back of the envelope' calculations of main wake 
concentrations where they can be quickly and simply applied to give order 

"of magnitude estimates.  

The models based on the Gaussian plume diffusion model generally 

consist of empirical modifications to the plume parameters (ay and a ) 

and/or to the effective release height of the plume (h). The modifications 

are usually 'designed' so that the wake model merges smoothly into a normal 

medium range Gaussian dispersion model and several examples of such models 

are briefly outlined and discussed in Appendix 1.2. The 'virtual source' 
and 'quadratic' models are probably the best of this type, but they must 
be carefully defined or else they can give predictions which are grossly 

at variance with observed data (by factors of 10 or more). The particular 
application of such models by the nuclear power industry also places specific 

requirements on the models and these are discussed in the next Section and 
a aethod which partially satisfies them is presented.  

3. A SMl{PLE MODEL FOR NUCLEAR SAFETY CALCULATIONS 

3.1 Background and Special Requirements 

The main application of atmospheric dispersion models (including 

. building wake models) by the U.K. nuclear power industry is in the calculation 

of radiological doses to the public due to the atmospheric discharge of 

radionuclides from nuclear facilities. These calculations are mostly 

carried out in order to satisfy both the operating company and government 

departments that such doses are acceptably low and it is, therefore, very 

i•nportant that the estimated doses (and, hence, the dispersion estimates 
which are used) be as accurate as possible provided.that they can be shown 

to err towards pessimism rather than towards optimism.  

The practical implemen:ation of this "accurate pessimism" criterion 

has been that a release of activity from an isolated stack has been modelled
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Raleigh, NC 27602-1551
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October 12, 2000 
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Cambridge, MA 02139 
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Dear Dr. Thompson: 

Enclosed are copies of the following numbered documents requested by Ms. Diane 

Curran following her review of documents produced by CP&L. These documents supplement 

those previously provided to you.  

120001 - 1200058 

Should you have any questions regarding the enclosed, please contact me at the above 

number, or my paralegal, Ann Fanning, at 919/546-3283.  

Sincerely, 

Steven Carr 
Associate General Counsel

c/fax: Diane Curran (w/o enclosures)



Lesponse to Orange County's Document Request Dated September 21, 2000 

Response to Request No. 1 and 6 

Notes: 
1. Storage Locations are designated by pool A or B, module number, and cell 

number. For example, A-EIA7 means Pool A, Module El, Cell A7. Source 
Reactors are designated by the following abbreviations: 

a. BI means Brunswick Unit I and 7x7 or 8k8 BWR type fuel 
b. B2 means Brunswick Unit 2 and 7x7 or 8x8 BWR type fuel 
c. HI means Harris Unit I and 17xl7 PWRtype fuel 
d. R2 means Robinson Unit 2 and 15x15 PWR type fuel 

2. Burnup of the fuel is expressed in units of megawatt days of thermal energy per 
metric ton of initial uranium contained in the fuel.  

3. The data included in the response reflects the inventory as of 9/13/2000.
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STORAGE SOURCE BURNUP REMOVAL 
LOCATION PLANT (MwD/MTU) FROM 

REACTOR

A-EIA7 
A-EIDI 
A-DIL4 
A-DILl 
A-EIC7 
A-E I D8 
A-EIC5 
A-EI E8 
A-EIC4 
A-EIA3 
A-EIBI 

A-EIC6 
A-E1CI 
A-EIE10 
A-EIEI1 
A-EID5 
A-EIB5 
A-DIL3 
A-EID6 
A-EID9 
A-El E9 

A-EIDI 1 
A-El B7 
A-EID3 

A-EIBlI 
A-EIB9 
A-D 1L2 
A-EID7 
A-EIB8 

A-El110 
A-E1AI 
A-EIC3 
A-DIL5 
A-EID2 
A-EID4 
A-EIC2 
A-EIB6 

A-EID10 
A-EIA2 
A-EIA8 
A-E I E7 

A-El ClI 
Fc B-B7JI 

A-DIA6 
'c B-B7GI 
)C B-82F7 
)c B-AIF4 

A-CIL7 
A-DIAl I 
A-DIA10 

"- B-B8A3
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B2 82 
B2 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
B2 
B2 
B2 
82 
82 
B2 
B2 
B2 
B2 
82 
B2 
82 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
82 
82 
B2 
B2 
B2 
B2 
B2 
B2 
82 
B2 
82 
B2 
B2

7206 
6778 
5210 
7202 
6883 
6765 
6982 
6748 
6987 
7064 
6907 
6851 
6744 
6680 
6699 
6736 
6961 
7296 
6758 
6722 
6756 
6751 
6986 
6759 
7240 
6857 
7004 
6815 
6992 
7032 
7297 
6847 
6988 
6798 
6729 
6698 
6819 
6687 
7005 
7240 
6688 
6869 

19219 
20702 
18989 
18861 
19216 
20337 
17803 
20449 
22570

9/21/77 
9/21177 
9/15/77 
9/20177 
9/22/77 
9/22/77 
9/15/77 
9/20/77 
9/21/77 
9/21/77 
9/20/77 
9/21/77 
9/20/77 
9/21/77 
9/21/77 
9/22/77 
9/20/77 
9/23/77 
9/24/77 
9/20/77 
9/23/77 
9/21/77 
9/20/77 
9/22/77 
9/20/77 
9/15/77 
9/20/77 
9/17/77 
9/20/77 
9/20/77 
9/22/77 
9/17/77 
9/21/77 
9/22/77 
9/24/77 
9/22/77 
9/20/77 
9/21/77 
9/21/77 
9/21/77 
9/23/77 
9/23/2L...

5/2/82 
3/17/80 

5/2/82 
3/17/80 
3/20/80 
3/14/80 
3/20/80 
3/17/80 

5/5/82



A-DICI I 
B-B7E8 
B-B8B9 
B-B7H3 

A-DIA5 
A-DIB8 
B-A1 F5 

B-B8EI0 
A-DIB7 
B-88C2 
A-CIK9 
B-B6LI I 
A-CIJ 
B-B8F6 

B-B-BHI0 
B-B8A5 
A-Cl 18 

A-Cl KIO 
A-C1J11 
B-B7CI0 

B-B8H7 
B-B8D1 
B-B7A9 
B-AI F9 

A-CIJ8 
A-CI LI I 
A-ClK5 
B-B6K11 

B-B8E2 
B-B8J3 
B-A7L9 

B-AIF1O 
B-B8B7 

B-AIG3 
B-ABLIO 
B-B6K1O 

B-B8EI 
B-B8B3 

B-B7EI I 
B-88B10 
B-B7AI I 

B-B7Ll 
B-B8HI I 

B-B8F7 
B-B7A8 

B-AIG4 
B-AIG7 
B-B8B4 
B-ABL9 

B-AID5 
B-B8E3 

B-AID8 
B-B8C3 
B-B7G2 
B-B8F8

B2 
B2 
82 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
82 
B2 
B2 
82 
82 
B2 
B2 
82 
B2 
B2 
B2 
B2 
B2 
82

20367 
21563 
19990 
19988 
20383 
21031 
18732 
20710 
19412 
21898 
20587 
19959 
20746 
25495 
25538 
21389 
19281 
22990 
19027 
20692 
25282 
18809 
25552 
23007 
19068 
18841 
21079 
23262 
20088 
20475 
20377 
20414 
20610 
19273 
18633 
23444 
18551 
20166 
18349 
18923 
24660 
22056 
24533 
21319 
22478 
18840 
20771 
19795 
19166 
18309 
20392 
20450 
19096 
21806 
25268

3/15/80 
5/1/82 
5/2/82 
5/1/82 

3/16/80 
3/17180 
3/18/80 
5/1/82 

3/16/80 
3/14/80 
3/19/80 
5/3/82 

3/17/80 
5/7/82 
517/82 
5/7/82 

3/17/80 
5/5/82 

3/12/80 
3/20180 
5/5/82 

3/16/80 
5/6/82 
5/5/82 

3/18/80 
3/16/80 
3/14/80 
5/6/82 

3/17/80 
3/18/80 
3/17/80 
3/21/80 
3/15/80 
3/16/80 
3/20/80 
5/6/82 

3/17/80 
5/1/82 

3/18/80 
3/14/80 
5/2/82 
5/7/82 
5/2/82 
5/7/82 
5/6/82 

3/14/80 
3/17/80 

5/2/82 
3/14/80 
3/17/80 
3/17/80 
3/18/80 
3/20/80 
5/5/82 
5/7/82
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B-AID9 
B-A8L4 
B-B8C8 
B-B7HI 
B-AIE2 
B-A8L6 
B-AIE3 
B-B8E4 
B-B7L3 

B-B7EI0 
B-AIE7 
B-B8JI 

B-B8G2 
B-B7G4 
B-B7J3 
B-AIE8 
B-A8L7 
B-B7B9 

B-B8F1O 
B-B8AI 
B-B7K3 

B-B8G4 
B-B7A7 
B-B8G6 
B-B6L9 
B-B6K8 

B-B8G5 
B-B7L4 

B-B8G7 
B-B7G3 
B-ABL2 

B-Al ElI 
B-B8B2 
B-B6L6 

A-EI B4 
B-B7BI I 
B-B7G5 

B-B7B10 
B-Al B9 

B-AIB1O 
B-AIBi 
B-B2D10 

B-B8CI 
B-AIC2 
B-B8H9 
B-AIB4 
B-B7C8 
B-AIC3 
B-A8L8 

A-EIA5 
B-B7C9 

B-B8B I1 
B-AIC4 
B-B8B8 
B-B8J2

B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
62 
62 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2

18755 
18131 
19778 
19108 
19414 
24998 
19439 
19088 
23398 
20631 
16353 
21049 
19015 
25025 
21053 
23021 
19646 
22160 
20197 
20469 
23565 
23363 
21018 
23998 
19592 
19606 
25045 
25043 
20077 
22668 
22268 
18256 
17208 
25929 
10560 
16985 
25598 
25690 
16901 
17823 
17077 
17031 
18912 
16977 
22428 
19446 
21879 
17386 
22346 
10486 
16820 
17239 
17365 
22490 
17500

3/16/80 
3/14/80 

5/1/82 
511/82 

3/15/80 
5/5/82 

3/18/80 
3/16/80 
5/7/82 

3/18/80 
3/13/79 
5/7/82 

3/21/80 
5/2/82 
5/5182 
5/6/82 

3/20/80 
5/1/82 

3/21/80 
3/14/80 
5/2/82 
5/7/82 
5/6/82 
5/7/82 
5/2/82 
5/2/82 
5/6/82 
5/2/82 

3/21/80 
5/5/82 
5/4182 

3/18/80 
3/14/79 
5/7/82 

9/22/77 
3/9/79 
5/7/82 
5/5/82 

3/13179 
3/13/79 
3/14/79 
3/14/79 
3/14/80 
3/13/79 
5/2/82 

3/21/80 
5/2/82 

3/13/79 
5/1/82 

9/24/77 
3/13/79 
3/14/79 
3/11/79 

5/2/82 
3/11/79
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B-Al C5 
B-B8A8 
B-B8F4 
B-B7K4 
B-AIK9 
B-BBF5 

B-B8C I I 
B-AIC6 
B-B8D2 

B-B8DI I 
B-B8G8 
B-AIK6 
B-AIC7 
B-B7B8 

B-AIC8 
B-B7CI I 
B-AIC9 

B-AIC10 
B-AIC11 
B-AIGI I 

B-B2E9 
B-B8C5 
B-B7F8 

B-AIG8 
B-B8A10 

B-B8F9 
B-BSH5 
B-B7KI 

B-B7A10 
B-B8E6 
B-B8C6 
B-AID2 
B-A1D3 
B-A1D4 
B-B8H4 

B-A7L10 
B-B8C7 
B-B8G3 
B-B8E7 
B-B2F4 

B-B7FIO 
A-EIAI I 

B-B7B7 
B-AIA2 
B-B8D3 
B-A IH4 
B-AIA3 
B-B8A4 
B-Al A5 
B-AIA6 
B-AIA7 
B-AIA8 
B-B7F9 

B-B7C7 
B-AIA9

B2 
B2 
B2 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
B2 
B2 
B2

17270 
19339 
16911 
17106 
18121 
17197 
17996 
17218 
16877 
17451 
25397 
18210 
17179 
17118 
16807 
17961 
17084 
16823 
17933 
17346 
18054 
19039 
20830 
17402 
16940 
16355 
18691 
20689 
21454 
17120 
20868 
17139 
16948 
16541 
17177 
16970 
16581 
18244 
17399 
17620 
21135 
10472 
25704 
16955 
19121 
17568 
16938 
23364 
16856 
16660 
17615 
18292 
21863 
26501 
16796

3/14/79 
3/17/80 
3/9/79 

3/13/79 
3/19/80 
3/13/79 
3/13/79 
3/11/79 
3/13/79 
3/13/79 
5/4/82 

3/15/80 
3/13/79 
3/11/79 
3/13/79 
3/14/79 
3/13/79 
3/11/79 
3/14/79 
3/11/79 
3/14/79 
5/1/82 
5/1/82 

3/11/79 
3/12/79 
3/14/79 
3/18/80 
5/2/82 
5/2/82 

3/12/79 
5/1/82 

3/12/79 
6/5/82 

3/12/79 
3/14/79 
3/11/79 
3/13/79 
3/17/80 
3/12/79 
3/11/79 
5/1/82 

9/22/77 
5/6/82 

3/13/79 
5/1/82 

3/13/79 
3/9/79 
5/1/82 

3/13/79 
3/13/79 
3/13/79 
3/13/79 
5/1/82 
5/5/82 

3/13/79
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B-B6K7 B2 22846 5/1/82 
B-AIA10 B2 17418 3/12/79 

B-AIH5 B2 18028 43/14/79 
B-A7L8 B2 17106 3/14/79 
B-B8GI B2 17748 3/14/79 
B-88H8 B2 16920 3/9/79 
B-B8D6 B2 24539 5/4/82 
B-B8H1 B2 22316 5/2/82 
B-B7D8 B2 17175 3/13/79 
B-B8G9 B2 25647 5/7/82 
B-BBH3 B2 18966 3/18/80 
B-B7J4 B2 20777 5/1/82 

B-A1H9 B2 18588 3120/80 
B-AIAl I B2 17587 3/13/79 

B-B7H5 B2 22310 5/2/82 
A-EIC9 B2 10612 9/24/77 

B-B2F5 B2 17529 3/12/79 
B-AIB2 B2 16898 3/14/79 
A-EIA6 B2 10416 9/22/77 

B-BBGI1 82 16437 3/12/79 
A-EIAIO B2 10506 9/22/77 
B-AIHIO B2 23157 5/1/82 

B-AI1J2 B2 18977 3/20/80 
B-B7H4 B2 26042 5/4/82 
B-BBL8 B2 23373 5/1/82 

B-B7D1O B2 18833 3/19/80 
B-A1H7 82 17332 3/14/79 
B-A11B3 B2 16343 3131/79 
B-B8C9 B2 16986 3/13/79 
B-B7F7 B2 16988 3/13/79 

A-EIC8 B2 10566 9/24/77 
B-AI B5 B2 17061 3/13/79 
B-B8E5 B2 18686 3/16/80 
B-B8A6 B2 22264 5/1/82 
B-AIB6 B2 17411 3/12/79 
B-AIJS B2 17699 3/14/79 
B-B8A9 B2 18498 3/16/80 

B-A7LII B2 16909 3/11/79 
B-B8E9 B2 16912 3/13/79 
B-B8J4 B2 18030 3/14/79 

B-AIDI B2 26384 5/5/82 
B-Al 87 B2 17269 3/13/79 

B-B8EI I B2 17767 3/14/79 
A-E1B2 B2 10562 9/22/77 
B-B8D9 B2 25681 5/7/82 
B-B8F1 82 17217 3/14/79 

B-A1B8 B2 17521 3/11/79 
A-EIA9 B2 10391 9/24/77 

B-B8AI I B2 17176 3/12/79 
B-B7DI I 82 18521 3/19/80 

B-B8BI B2 19805 3/14/80 
B-AIJ6 B2 16695 3/14/79 

B-B8010 B2 18281 3/13/79 
B-AIJ10 B2 17160 3/14/79 
B-AIJll B2 16946 3/10/79 

120006 
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A-El B3 
B-B8A7 
B-B8B5 
B-BSE8 
B-B8F2 

A-EIA4 
B-AIK5 

B-B8FI I 
B-B8H6 
B-B8D4 
B-B8A2 
B-B8B6 
B-B8D7 
B-B7D9 
B-B8D8 

A-EICIO 
B-B7E7 
B-B8H2 

B-A8LI I 
B-AS.5 

B-B8DIO 
B-B8C4 
B-B7K2 
B-B7H2 
B-A7L7 
B-B7D7 

B-B8GIO 
B-8SF3 
B-ABL3 
B-B6L5 
B-B7J2 

B-B8D5 
B-B7E9 
B-B6K9 

B-B6L10 
B-B7L2 

B-C5EI 
B-D4G6 
A-D2C5 
B-CSAI 
B-D7E6 
B-D5DI 
B-D7A2 
B-C5B2 
B-D7B7 

B-D7C2 
B-D2K4 

A-D2HI 
B-D3K7 
B-C5E8 
B-C5E2 
B-C4B4 
B-D2D4 
B-D7A7 
B-D3E6

B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
H I

10632 
20958 
19129 
19754 
18192 
10457 
17541 
24598 
25413 
21209 
17562 
17470 
17084 
18114 
22165 
10580 
18081 
16434 
21296 
24782 
20954 
19779 
25532 
22669 
21173 
19007 
22127 
17173 
17990 
26203 
25704 
25452 
17095 
18086 
18349 
18339 
25629 
30539 
17621 
33428 
30965 
26031 
25564 
25530 
30203 
25588 
31864 
17509 
31189 
23378 
23429 
33412 
33496 
32453 
31724

9/22177 
5/1/82 
5/2/82 

3119180 
3120180 
9/24/77 
3/14/79 

5/4182 
5/5/82 
5/1/82 

3/14/79 
3/13/79 
3/13/79 
3/19180 
5/1/82 

9/24/77 
3/14/79 
3/14/79 
3/12180 

5/4/82 
5/1/82 

3/20/80 
5/6/82 
5/1/82 
5/1/82 

3/19/80 
5/2/82 

3114/79 
3120180 

5/7/82 
5/7/82 
5/4/82 

3/13/79 
5/2/82 
5/2/82 
5/2/82 

4/23/97 
4/4/94 

8/26/88 
4/23/97 
9/13/95 
11/9/89 
4/23/97 
4/23/97 
4/22/97 
4/23/97 
9/13/95 
8/27/88 
9/13/95 
4/22/97 
4/23/97 
4/23/97 
4/21/97 
4/22/97 
9/13/95

120007
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B-D7B1 
B-D5K1 
B-D7F7 
B-D3H3 
B-C5F8 
A-D2F6 
B-D7B6 
B-D1D2 
B-D3J6 

B-C5D1 
B-C4B7 
B-D2B5 
B-D3K3 
B-D2F5 
B-D3B4 
B-D5AI 
B-C5C1 
B-C5C2 
A-D2G4 
B-C5F2 
B-D5D2 
B-D7G7 
B-D4K2 
B-D7G2 
B-C5FI 
B-D5B3 
B-D5F7 
B-D4H4 
B-D4J5 

B-D5G4 
B-D4A7 
B-D4J4 
B-D5B7 
B-D4D3 
B-D4C7 
B-D4F7 
"B-D5F] 

B-D4A2 
B-D5D7 
B-D4F4 
B-D5J7 
B-D4E7 
B-D5A7 
B--D4B2 
B-D4F5 
B-D4A4 
B-D4E5 
B-D5J5 
B-D4C4 
B-D5F3 
B-D4B7 
B-D5E4 
B-D5A4 
B-D5HI 
B-D4F3

HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
Hi 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI

23253 
31679 
32694 
31406 
32459 
17821 
30366 
23641 
32787 
25718 
30135 
23435 
30658 
23470 
33503 
30456 
25678 
23446 
17458 
25353 
29017 
32746 
31972 
25719 
23454 
28969 
28677 
28894 
28398 
28875 
26878 
28677 
28984 
30565 
28499 
37861 
28818 
30608 
28306 
28552 
28942 
28647 
29071 
28958 
28607 
27151 
27702 
28532 
28926 
28661 
28988 
28872 
28239 
28976 
29058

4/23/97 
9/13/95 
4/22/97 
9/13/95 
4/22/97 
8/26/88 
4/3/94 

4/22/97 
9/13/95 
4/23/97 
4/3/94 

4/21/97 
9/13/95 
4/21/97 
4/20/97 
4/2/94 

4/23/97 
4/23/97 
8/27/88 
4/23/97 
4/3/91 

4/22/97 
9/13/95 
4/23/97 
4/23/97 
413/91 
4/1/91 

11/9/89 
11/8/89 
4/3/91 

11/8/89 
11/9/89 
4/1/91 

11/9/89 
11/8/89 
4/3/91 

11/8/89 
11/9/89 
4/1/91 

11/8/89 
4/2/91 

11/8/89 
4/1/91 

11/9/89 
11/9/89 
11/8/89 
11/9/89 
4/2/91 

11/8/89 
4/3/91 

11/8/89 
4/2/91 
4/2/91 
4/4/91 

11/9/89

120008
7



B-D4C3 
B-D4D7 
B-D5JI 
B-D4J7 

B-D5A5 
B-D5GI 
B-D5E6 

B-D4C2 
B-D5E2 
B-D5D4 
B-D5C3 
B-D5BI 
B-D5F4 

B-D5G2 
B-D5G3 
B-D5G7 
B-D5H6 
B-D4J3 

B-D4G4 
B-D5H5 
B-D5F6 
B-D5H7 
B-D5G6 
B-D2C5 
B-C5A6 
B-D2J4 
B-D5B5 
B-D5H2 
B-D5H4 
B-D5J6 
B-D4E2 
A-B2H1 
B-D5J2 
B-D2A3 
B-D5A2 
B-D2E4 

A-D2H5 
B-D2G6 
B-D5D5 
B-D2B3 
B-D3B5 
B-D5B2 
B-D5F2 
B-D2E6 
B-D2H6 
B-D5D6 
B-D2C6 
B-D2F6 
B-D5A6 
B-D2G7 
B-D2J6 

A-B2C2 
B-D2D6 
B-D2H7 
B-D5E7

HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
Hi 
Hi 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
Hi 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI

28916 
27009 
28792 
30724 
28748 
37974 
29093 
28753 
29099 
28750 
28411 
30620 
28721 
37810 
28384 
28707 
37884 
28984 
28863 
29061 
28645 
29338 
40418 
28683 
38315 
29754 
32951 
39780 
34274 
40451 
37769 
43795 
40357 
29901 
40492 
27900 
20528 
40683 
40558 
29473 
32839 
40183 
40500 
28228 
40550 
34407 
29819 
30137 
34554 
28305 
29728 
43881 
29841 
28648 
33093

11/9/89 
11/8/89 
4/4/91 

11/9/89 
4/2/91 
4/3/91 
4/2/91 

11/9/89 
4/3/91 
4/2/91 
4/3/91 

11/8/89 
4/2/91 
4/3/91 
4/3/91 
4/2/91 
4/2/91 

11/9/89 
11/9/89 
4/2/91 
4/2/91 
4/2/91 
4/2/91 

11/9/89 
10/31/98 

11/9/89 
4/2/91 
4/3/91 
4/3/91 
4/2/91 

10/3/92 
4/20/00 
4/3/91 

11/9/89 
4/3/91 

11/9/89 
11/9/89 
4/3/91 
4/2/91 

11/9/89 
4/1/91 
4/3/91 
4/3/91 

11/9/89 
4/3/91 
4/2/91 

11/8/89 
11/8/89 
4/2/91 

11/8/89 
11/8/89 
4/22/00 
11/8/89 
11/8/89 
4/1/91

120009
8



B-D5E5 
B-D2J5 
A-AlB5 
B-D5D3 
B-D5C4 
B-D5B4 
A-D2J6 
B-D2J7 
A-B2E6 
A-B2FI 

A-D2H2 
B-D5G5 
A-B2B4 
B-D5EI 
B-D2H5 
B-D2A5 
B-D2F4 
B-D5H3 
B-D5A3 
B-D4B3 
A-D2J I 
A-A2B4 
A-A2B6 
B-D5C5 
B-D4G2 
B-D2A7 
A-A2A2 
A-A2AI 
A-D2J2 
B-D4A5 
B-D4GI 
B-D4H2 
B-D4H7 
A-AIB4 
B-D2A6 
B-D4B5 
A-D2KI 
B-D5C2 
B-D5F5 
B-D4J2 

A-A2B2 
B-D4E4 

A-AIA2 
B-D5CI 
B-D5J4 

B-D4G3 
B-D4G5 
B-D5B6 
B-D4D5 
B-D2C7 
B-D5J3 

B-D5C6 
B-D I D4 
B-D2B7 
A-A2B3

HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
Hi 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI

40173 
28630 
28207 
32850 
32954 
32927 
28111 
29027 
38519 
43742 
27778 
33064 
44518 
40381 
27964 
28835 
29852 
32887 
34471 
45625 
38341 
45484 
45274 
32777 
38356 
38140 
38009 
38230 
38658 
45798 
38579 
42128 
38803 
38381 
38319 
44887 
38605 
32768 
32510 
41673 
41699 
41651 
38174 
32592 
32389 
45246 
38517 
32335 
38479 
38277 
32628 
32574 
45712 
38356 
46030

4/2/91 
11/9/89 
11/9/89 
4/3/91 
4/2/91 
4/2/91 

11/9/89 
11/8/89 
4/21/00 
4/21/00 
11/9/89 
4/2/91 

4/22/00 
4/3/91 

11/9/89 
11/8/89 
11/9/89 
4/3/91 
4/3/91 

10/3/92 
10/4/92 
10/2/92 
10/2/92 
4/2/91 

10/4/92 
10/3/92 
10/2/92 
10/2/92 
10/4/92 
10/3/92 
10/3/92 
10/3/92 
10/4/92 
10/4/92 
10/3/92 
10/2/92 
10/4/92 
4/3/91 
4/2/91 

10/3/92 
10/2/92 
10/3/92 
10/4/92 
4/3/91 
4/3/91 

10/3/92 
10/3/92 
4/2/91 

10/3/92 
10/3/92 
413/91 
4/2/91 

10/3/92 
10/3/92 
10/2/92

1200010
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B-D4H3 
A-AiA3 
B-D4E3 
A-A1B2 
A-A1B6 
A-A2B5 
A-AIA4 
B-DIC6 
B-D4D2 
A-D2K2 
B-D2E7 
B-D2D7 
A-A2BI 
B-D4C5 
A-D2K6 
A-AIB3 
B-D5K7 

B-D2G3 
A-A2A4 
B-C5F7 

B-D7C6 
B-D2B6 
B-D4JI 
B-D5K6 
B-D2J3 
B-D4AI 
B-D4H6 
B-D4BI 
B-D4D4 
B-D4DI 
B-4D4E1 
B-D4B4 

B-D4G7 
A-A2A6 
B-D4D6 
B-D2Di 
B-D2D2 
B-D4C6 
B-D4J6 

B-D2A1 
B-C4A6 
B-D4A6 
B-D4B6 
B-D4E6 
B-D2BI 
B-C4B6 
B-D2H2 
B-D4F6 

B-D2C4 
B-DID6 
B-D4FI 
B-C4A3 
B-D I D5 
B-D4HI 
B-C4A4

HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI

37969 
50694 
38173 
38377 
40721 
38597 
49807 
49787 
49730 
40757 
38288 
38514 
38062 
41179 
40777 
38706 
54894 
54323 
37464 
54478 
54823 
37559 
37562 
55129 
41449 
40313 
41524 
40472 
39925 
39991 
39912 
40274 
40282 
40291 
41634 
41448 
41230 
41422 
40775 
41222 
46765 
46486 
46860 
46088 
46264 
46807 
46559 
46741 
49526 
49449 
40002 
45744 
49365 
42402 
45848

10/3/92 
10/3/92 
10/3/92 
10/4/92 
10/2/92 
10/2/92 
10/3/92 
10/3/92 
10/3/92 
10/4/92 
10/3/92 
10/3/92 
10/2/92 
10/3/92 
10/4/92 
10/4/92 
4/2/94 
4/3/94 

10/2/92 
4/2/94 
4/3/94 

10/3/92 
10/3/92 
4/3/94 
4/3/94 
10/3/92 
4/4/94 

10/3/92 
10/3/92 
10/3/92 
10/3/92 
10/3/92 
10/2/92 
10/2/92 
4/4/94 
4/2/94 
4/3/94 
4/4/94 
4/4/94 
4/2/94 
4/2/94 
4/4/94 
4/4/94 
4/4/94 
4/2/94 
4/2/94 
4/3/94 
4/4/94 
4/3/94 
4/4/94 

10/3/92 
4/4/94 
4/3/94 

10/3/92 
4/4/94

1200011
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B-C5C7 
B-C5A7 
B-C5B7 
B-D4H5 
B-D4A3 
B-D5E3 

A-A2A5 
B-D7A6 
B-D4F2 
B-D2JI 

B-D4CI 
B-D7D6 
B-C5D7 
B-D3F3 

B-D2G2 
B-D2E3 

B-C4A5 
B-D3C4 
B-D3K6 
B-D2K7 
B-D3E3 
B-D5K5 
B-D3F7 

B-D2D3 
B-D2K3 
B-D2F3 
B-D2H3 
B-D3F2 

B-D2C3 
B-D2E5 
B-D2F2 

B-D2A2 
B-D2B4 
B-D2H1 
B-D2G4 
B-D3C6 
B-D2J2 

B-D2GI 
B-D4K7 
B-D2H4 
B-D2EI 

B-D2D5 
B-D3FI 

B-D2A4 
B-D2E2 
B-D7E7 
B-D7KJ 
B-DIDI 
B-D7Ji 
B-D5K3 
B-D2K6 
B-D3D3 
B-D3K4 

B-D3G7 
B-D3C7

HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI

49446 
49392 
49326 
40337 
42765 
42606 
40097 
45854 
42540 
45670 
40605 
49531 
49359 
48454 
41830 
41994 
41984 
48466 
48145 
48971 
48500 
49130 
47976 
42804 
48422 
44145 
43872 
48613 
43578 
44971 
44483 
44178 
44536 
44825 
44711 
48568 
43987 
44059 
49009 
44072 
44724 
43899 
48711 
44847 
45041 
53222 
53046 
53607 
53317 
53170 
53501 
53549 
52829 
50458 
50140

4/4/94 
4/3/94 
4/3/94 

10/3/92 
10/3/92 
10/2/92 
10/2/92 
4/2/94 

10/3/92 
4/2/94 

10/3/92 
4/3/94 
4/4/94 

9/13/95 
4/3/94 
4/3/94 
4/2/94 

9/13/95 
9/14/95 
9/14/95 
9/14/95 
9/12/95 
9/14/95 
4/3/94 

9/13/95 
4/3/94 
4/3/94 

9/14/95 
4/3/94 
4/4/94 
4/3/94 
4/3/94 
4/3/94 
4/2/94 
4/3/94 

9/13/95 
4/3/94 
4/2/94 

9/13/95 
4/3/94 
4/2/94 
4/3/94 

9/14/95 
4/3/94 
4/3/94 

9/14/95 
9/14/95 
9/13/95 
9/14/95 
9/14/95 
9/14/95 
9/14/95 
9/14/95 
9/14/95 
9/13/95

120001211



B-D3B6 
B-D3H6 
B-D3G6 
B-D3H7 
B-D3GI 
B-D2KI 
B-D3D6 
B-D3D4 
B-D3KI 
B-D3D7 
B-D3G4 
B-D2C2 
B-D3J5 

B-D2CI 
B-D3E2 
B-D5C7 
B-D2FI 
B-D2B2 
B-D4KI 
B-D3F4 
B-D3DI 
B-D3F5 
B-D3K5 
B-D3HI 
B-D4K4 
B-D4K3 
B-D5K4 
B-D3E5 
B-D4K6 
B-D3J2 
'B-D3E4 
B-D5K2 
B-D4K5 
B-D2K2 
B-D3K2 
B-C4A7 
B-D3C5 
B-D3G3 
B-D2K5 
B-D3G2 
B-D3H4 
B-D3G5 
B-D3J3 
B-C5E7 
B-D3B7 
B-D3CI 
B-D3D5 
B-D3H5 
B-D3J4 
B-D3H2 
B-C5D2 
B-D7AI 
B-D7EI 
B-D7J7 
B-D7DI

HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
Hi 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI

50975 
50316 
51746 
52108 
52044 
46190 
46588 
52020 
52246 
52240 
52170 
46179 
46727 
45944 
52349 
46743 
45679 
46122 
44648 
44778 
45093 
45247 
44497 
44914 
44604 
44653 
44429 
45018 
44927 
45042 
45363 
44789 
44716 
45304 
46682 
46799 
46656 
44963 
46888 
46505 
45442 
45640 
46412 
45066 
45096 
45325 
46779 
46893 
45263 
45784 
50421 
50215 
49934 
49875 
50257

9/12/95 
9/14/95 
9/14/95 
9/13/95 
9/14/95 
9/14/95 
9/13/95 
9/14/95 
9/13/95 
9/13/95 
9/13/95 
4/3/94 

9/14/95 
4/2/94 

9/14/95 
9/12/95 
4/2/94 
4/3/94 

9/13/95 
9/13/95 
9/13/95 
9/13/95 
9/14/95 
9/13/95 
9/14/95 
9/14/95 
9/12/95 
9/13/95 
9/13/95 
9/13/95 
9/13/95 
9/14/95 
9/12/95 
9/13/95 
9/13/95 
9/14/95 
9/13/95 
9/13/95 
9/14/95 
9/13/95 
9/13/95 
9/13/95 
9/14/95 
9114/95 
9/12/95 
9/12/95 
9/13/95 
9/14/95 
9/14/95 
9/13/95 
4/23/97 
4/23/97 
4/23/97 
4/21/97 
4/23/97

1200013
12



A-AIAM 
B-D7D7 
B-D7GI 
B-C4A8 
B-D7CI 
B-C5D8 
B-D2G5 
B-C5C8 
B-C4B5 
B-D7G6 
B-C4A9 
B-D7C7 
B-D7Fi 
B-D7HI 
A-AIA5 
B-D3D2 
B-D3C3 
B-D3J7 
B-D3JI 
B-D3F6 
B-D3E7 
B-D3EI 
B-D3C2 

B-C4BiO 
B-C5D3 
B-D7K6 
B-C5A3 
B-C5B3 
B-C4B9 
B-C5C3 

B-C4AI0 
B-D7D3 
B-D7E4 
B-D7D5 
B-C5D5 
B-C4B8 
B-D7G5 
B-C5B6 
B-D7C3 
B-D7G3 
B-C5E5 
B-D7J4 
B-D7F4 
B-CIBI 
B-CIDI 
B-C5F5 
B-D7E5 
B-C5E3 
B-CSD4 
B-D7F3 

B-C5A4 
B-C5B5 
B-C5C4 
B-D7H6 
B-D7K3

HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI

52882 
49767 
52245 
53436 
49795 
52221 
49686 
49698 
52185 
50174 
52997 
50145 
50174 
52396 
52787 
46630 
46548 
47133 
46780 
46828 
46573 
46587 
46610 
50813 
51238 
50884 
51371 
51197 
51882 
50866 
51622 
52070 
52740 
52127 
52194 
52443 
52866 
51694 
52619 
51807 
51605 
52445 
51909 
53591 
53958 
53449 
53525 
50170 
50657 
49838 
50170 
49712 
50171 
49948 
50781

4/23/97 
4/20/97 
4/23/97 
4/22/97 
4/23/97 
4/20/97 
4/21/97 
4/20/97 
4/21/97 
4/21/97 
4/23/97 
4/21/97 
4/23/97 
4/23/97 
4/21/97 
9/13/95 
9/13/95 
9/13/95 
9/13/95 
9/13/95 
9/13/95 
9/13/95 
9/13/95 

10/30/98 
1I/1/98 
11/1/98 

10/30/98 
10/31/98 
10/31/98 
10/31/98 
10/30/98 
10/31/98 
10/31/98 

11/1/98 
10/31/98 
10/31/98 
10/31/98 
10/31/98 
10/31/98 
10/30/98 
11/1/98 

10/30/98 
11/1/98 

10/30/98 
11/1/98 

10/30/98 
1 1/1/98 

10/30/98 
1I/1/98 
1I/1/98 

10/31/98 
10/31/98 
10/31/98 
10/31/98 
10/30/98

1200014
13



B-D7H5 HI 50651 11/1/98 
B-C5F6 HI 50712 10/30/98 
B-D7J5 HI 50977 11/1/98 

B-D7G4 HI 50666 10/30/98 
B-C5B8 HI 47450 4/22/97 
B-D7D2 HI 46901 4/23/97 
B-D7F2 HI 46569 4/23/97 
B-D2F7 HI 46953 4/21/97 
B-D3BI HI 46577 4/21/97 
B-C5A2 HI 46977 4/23/97 
B-C5BI HI 46973 4/23/97 
B-C5A8 HI 46916 4/21/97 
B-D7F6 HI 47264 4/21/97 
B-D7H2 HI 47562 4/23/97 
B-C4B3 HI 47390 4/23/97 
B-D3B3 HI 47000 4/21/97 
B-D3B2 HI 47802 4/21/97 
B-D7H7 HI 48239 4/23/97 
B-D7K2 HI 47206 4/23/97 
B-DID3 HI 47689 4/21/97 

'A-B2K2 Hi 50958 4/20/00 
A-B2J4 HI 51069 4/23/00 
A-B2J5 HI 50987 4/23/00 
A-B2K4 HI 51014 4/21/00 
A-B2K5 HI 50957 4/21/00 
A-B2J3 HI 51082 4/22/00 
A-B2J2 HI 51007 4/22/00 
A-B2K3 HI 51024 4/20/00 
A-B2H6 HI 48825 4/20/00 
A-B2A6 HI 51475 4/23/00 
A-B2A3 HI 48800 4/23/00 
A-B2A4 HI 48847 4/23/00 
A-B2G4 HI 51417 4/21/00 
A-B2F6 HI 48748 4/21/00 
A-B2E2 HI 48804 4/21/00 
A-A2KI HI 51445 4/23/00 
A-B2B2 HI 48826 4/22/00 
A-B2BI HI 48855 4/22/00 
A-B2JI HI 51445 4/20/00 

A-B2G2 HI 48786 4/20/00 
B-C5D6 HI 44405 10/30/98 
B-C5C6 HI 44460 11/1/98 
B-C5F3 HI 44406 10/30/98 

B-D7C5 HI 44477 10/31/98 
A-A2K2 HI 52063 4/23/00 
A-B2G5 HI 52141 4/21/00 
A-A2K3 HI 52055 4/23/00 
A-B2K6 HI 51966 4/20/00 
A-B2KI HI 53680 4/20/00 
B-D7J6 HI 46512 10/31/98 

B-CICI HI 53706 4/23/00 
B-D7A3 HI 46447 10/30/98 
B-CIAI HI 53669 4/21/00 
B-C5C5 HI 46518 10/31/98 
A-A2K4 Hi 53739 4/23/00 

14 1200015



B-C5E4 
A-B2B5 
A-B2C6 
A-B2C1 
4-B2B3 
i-D7H4 
B-D7A4 
B-D7B5 
B-CSF4 
B-D7B3 
B-D7F5 

B-C5A5 
B-D7K4 
B-D7A5 
B-D7C4 
B-CSB4 
B-D7D4 
B-D7B4 
B-D7K5 
B-D7H3 
B-C5E6 
A-B2B6 
A-B2A2 
A-B2C3 
A-B2C4 
A-B2AI 
A-B2G6 
A-B2C5 
A-B2J6 
A-B2F3 
A-B2D5 
A-B2H3 
A-B2D4 
A-B2D3 
A-B2F2 
A-B2D6 
A-B2H2 
A-B2F4 
A-B2E3 
A-B2H5 
A-B2GI 
A-B2EI 
A-B2F5 

A-B2G3 
A-B2H4 
A-B2D2 
A-B2E4 
A-B2DI 
A-B2E5 

A-D2A5 
A-D2D4 
A-D2D5 
A-D2G5 
A-DIE7 

A-DICIO

HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
BI 
BI

46473 
53595 
53607 
53580 
53654 
47590 
47922 
47923 
47569 
47597 
47868 
47858 
47531 
47561 
47890 
47918 
47608 
47603 
47954 
47938 
47564 
52968 
52932 
52933 
52982 
43275 
43217 
43165 
43196 
46606 
46597 
46516 
46557 
46903 
46958 
46943 
46897 
47019 
47032 
46967 
46987 
46609 

.46632 
46590 
46556 
45868 
45819 
45881 
45930 
25628 
25636 
25601 
25588 
23229 
14119

10/30/98 
4/23/00 
4/22/00 
4/22/00 
4/22100 

10/30/98 
10/30/98 
10/31/98 
10/30/98 
10/31/98 
10/31/98 
10/30/98 
10/31/98 
10/31/98 
10/30/98 
10/31/98 
10/31/98 
10/30/98 
10/31/98 
10/30/98 
10/30/98 
4/23/00 
4/23/00 
4/22/00 
4/22/00 
4/23/00 
4/21/00 
4/22/00 
4120/00 
4121/00 
4/22/00 
4/20/00 
4/22/00 
4/22/00 
4/21/00 
4/22/00 
4/20/00 
4/21/00 
4/21/00 
4/20/00 
4/20/00 
4/21/00 
4/21/00 
4/21/00 
4/20/00 
4/22/00 
4/21/00 
4/22/00 
4/21/00 
4/21/00 
4/21/00 
4/21/00 
4/20/00 

12/28/82 
6/17/80

1200016
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A-DIFI 
A-CIFI 
A-CIJI 

A-DIEIO 
A-DIAl 
A-E I F3 
A-EI F8 

A-DIE11 
A-CIGI 
A-DID8 
A-EI H9 
A-EI F6 

A-DIH1 
A-EIK5 
A-EIK2 

A-DID9 
A-DIHI0 
A-CIDI 
A-EIG7 
A-E I LI 
A-EIL3 

A-EIH10 
A-EI L6 

A-EIG3 
A-EIG4 

A-EIHII 
A-E 1 G5 
A-DIC6 
A-DIC7 
A-DIG5 
A-CIEI 
B-A5J6 
A-EI K7 
A-CIBI 

"B-B2E7 
A-E I14 
A-E 1 9 

A-DIG6 
A-DIG] 

A-EI L5 
A-DIDI 
A-EIF5 

A-EIG2 
A-DIG7 
A-DICI 

A-DIG1 1 
A-EIJ3 
A-EIFI 
A-DIF5 

A-EIL10 
A-EI F9 
A-EIJ9 
B-ASJ7 

A-El LI I 
A-E I K3

Bi 
BI 
BI 
B1 
B1 
B1 
BI 
B1 
Bi 
Bi 
B1 
B1 
Bi 
B1 
BI 
B1 
B1 
B1 
B1 
B1 
B1 
B1 
BI 
BI 
B1 
81 
BJ 
BI 
BI 
BI 
BI 
B1 
B1 
BI 
81 
B1 
B1 
BI 
BI 
B1 
BI 
B1 
BI 
B1 
B1 
BI 
BI 
B1 
BI 
BI 
BI 
B1 
B1 
B1 
B1

23250 
23194 
23295 
18017 
23327 
18021 
18042 
16918 
23301 
19763 
24022 
24974 
22657 
22521 
23355 
19242 
21995 
23216 
19304 
22373 
22655 
24166 
23368 
23987 
24103 
24019 
24015 
23404 
22522 
22057 
22687 
22012 
22196 
22602 
18737 
22400 
22166 
22074 
23253 
22168 
23010 
24785 
19305 
22040 
23314 
22038 
23885 
18741 
22015 
22141 
18733 
23830 
22986 
23357 
22026

12/30/82 
12/28/82 
12/30/82 
12/27/82 
12/30/82 
12/29/82 
12/29/82 
12/27/82 
12/28/82 
12/27/82 
12/29/82 
12/29/82 

1/3/83 
12/28/82 
12/29/82 
12/27/82 

1/3/83 
12/28/82 
12/28/82 
12/29/82 

1/3/83 
12/28/82 
12/28/82 
12/30/82 
12/28182 
12/29/82 
12/30/82 
12/28/82 
12/28/82 
12/29/82 

1/3/83 
1/3/83 

12/30/82 
12/28/82 
12/27/82 
12/30/82 
12/30/82 
12/29/82 
12/28/82 
12/30/82 
12/28/82 
12/30/82 
12/29/82 

1/3/83 
12/30/82 
12/29/82 
12/28/82 
12/28/82 
12/29/82 
12/30/82 
12/28/82 
12/28/82 
12/28/82 
12/29/82 

1/3/83

1200017
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A-EIJ2 
A-EIJ4 
A-EI L7 

A-Cl L] 
A-E IL8 
A-EIL2 
A-El F7 

A-EIFI0 
A-DIE1 
A-EI K4 

A-CIKI 
A-El F1l 
A-CICI 
A-EI K6 

A-CIHI 
A-EIJ8 
A-DIBI 
A-EIJ7 
A-El El 
A-El KI 

A-DIC2 
B-A8J2 
A-EI E4 

B-A8H 11 
A-EIG6 
B-A8K4 
A-EI E3 
B-A7J7 

A-EIJI I 
B-A8K9 
A-EIJ6 
B-B5D3 
A-D I.E2 
B-B5D4 

B-A8H 10 
B-B5D5 

A-DIG2 
B-A8F6 

A-CIC2 
B-A8F3 

B-A8C3 
B-B6L7 

B-AIAI 
A-EI F2 
B-A8E4 
B-A8E6 
B-B5D6 

A-EIKI I 
B-B5D7 
A-DIF2 
B-A8Gl 
A-CIK2 
B-B5D8 

B-A8G1O 
B-ABA7

Bi 
BI 
B1 
BI 
B1 
B1 
BI 
BI 
B1 
BI 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
B1 
B1 
B1 
B1 
BI 
B1 
B1 
B1 
BI 
B1 
BI 
BI 
BI 
B13 
BI 
BI 
B1 
B1 
BI 
B1 
B1 
BI 
B1 
B1 
BI 
BI 
BI 
BI 
B1 
B1 
BI 
BI 
B1 
B1 
BI 
B1 
BI 
B1

23835 
23394 
23379 
22990 
23368 
22506 
24785 
24229 
22693 
22435 
22987 
24934 
23270 
22398 
23351 
23920 
23343 
23394 
24318 
22364 
21056 
17572 
18939 
14734 
19127 
17189 
18512 
15132 
19820 
13882 
19910 
14085 
21619 
14078 
16831 
14361 
16022 
14056 
21515 
15890 
15312 
15867 
18758 
18749 
17247 
17779 
17722 
19842 
17510 
21614 
17504 
20635 
14694 
15002 
17923

12/28/82 
12/29182 
12/28/82 
12/28182 
12/29/82 
12/28/82 
12/30/82 
12/28/82 

1/3/83 
12/29/82 
12/28/82 
12/29/82 
12/30/82 
12/30/82 
12/29/82 
12/28/82 
12/30/82 
12/29/82 
12/28/82 
12/29/82 

1/3/83 
6/14/80 

12/29/82 
6/4/80 

12/29/82 
6/16/80 

12/26/82 
6/18/80 

12/26/82 
6/16/80 

12/26/82 
6/4/80 

12/30/82 
6/4/80 

6/16/80 
6/18/80 
6/16/80 
6/4/80 

12/29/82 
6/16/80 
6/13/80 
6/16/80 

12/27/82 
12/26/82 
6/17/80 
6/16/80 
6/17/80 

12/26/82 
6/18/80 

12/29/82 
6/16/80 

1/3/83 
6/4/80 

6/17/80 
6/16/80

1200018
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A-CI82 
B-AIEI 
B-A8K6 
A-CIL2 
B-A8D2 
B-A8C7 
A-E I E5 
B-B5E2 

A-EIGI I 
B-B5E3 

A-CIF2 
B-AIBI 
A-EIK9 
B-B5E4 

B-A8DI 
B-A8G2 
B-A8B2 
B-B5E5 
B-B5E6 

A-DIB2 
B-B5E8 

B-A8D5 
B-A7E8 

B-ASG6 
A-CIH2 

B-A8D11 
B-B5E9 
B-ASJI 

B-A7FI I 
B-A7F9 
B-A8BI 
B-A8F8 

B-A8FI I 
B-B2E6 
B-B5FI 
B-B2E2 
B-B5B4 

A-CIA2 
A-DIA2 

B-B5B5 
A-EI H7 
B-B2E8 

A-ClG2 
A-C1J2 
A-D 1 D2 
B-A8A1 
B-A8D3 
A-CID2 

B-B5B6 
B-B5B7 
B-A8F7 
B-B5B8 

B-A8F 10 
B-B5B9 

B-A8JI0

BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B) 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B1 
B1 
B8 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B8 
BI 
BI 
BI 
BI 
BI 
BI

21446 
15660 
12573 
21785 
18843 
12757 
18903 
15994 
17294 
16795 
21721 
17298 
20122 
17903 
12539 
17819 
17963 
17161 
17971 
22030 
16778 
17369 
16815 
12043 
21703 
18594 
16946 
14058 
15320 
14094 
16830 
14028 
15837 
18637 
17536 
18310 
16722 
15068 
22160 
14220 
19098 
18755 
22364 
20965 
20449 
16175 
17183 
18023 
15301 
16833 
17032 
17409 
16922 
15228 
15239

12/30/82 
6/17/80 
3/1/79 

12/29/82 
6/13/80 
2/27/79 

12/29/82 
6/18/80 

12/29/82 
6/14/80 

12/30/82 
12/27/82 
12/26/82 
6/18/80 
2/27/79 
6/16/80 
6/16/80 
6/18/80 
6/13/80 

12/30/82 
6113/80 
6/16/80 
6/17/80 

3/1/79 
12/29/82 
6/17/80 
6/19/80 
6/4/80 

6/16/80 
6/4/80 

6116/80 
6/4/80 

6/16/80 
12/27/82 
6/18/80 

12/27/82 
6/18/80 
6/14/80 

12/30/82 
6/14/80 

12/26/82 
12/27/82 
12/29/82 
12/30/82 

1/3/83 
6/16/80 
6/13/80 
6/13/80 
6/17/80 
6/18/80 
6/16/80 
6/18/80 
6/16/80 
6/19/80 
6/16/80

120001918



/

B-A8C4 BI 17340 6/15/80 
B-B5CI BI 15817 6/18/80 
B-A7K9 BI 12020 2/28/79 
B-A5J9 BI 19922 12/27/82 
B-A5KI BI 22477 1/3/83 
B-B5C2 BI 14698 6/13/80 
A-CI E2 BI 21078 1/3/83 

A-DIG3 BI 22044 1/3/83 
B-A8EI I BI 16102 6/17/80 

B-A8J5 BI 16126 6/15/80 
B-B5C3 BI 15863 6/18/80 
A-E1 F4 BI 17205 12/10/82 
A-EIH6 BI 19619 12/26/82 
B-B5C4 BI 17027 6/17/80 
B-A8H9 BI 18353 6/15/80 

B-A8G1I BI 15917 6/17/80 
A-CIA4 BI 22549 12/31/82 
B-A8K5 BI 18504 6/16/80 
B-B5B3 81 17681 6/5/85 
B-A8KI BI 15378 6/16/80 
B-A8F9 BI 14676 6/4/80 
B-A8H7 BI 16753 6/15/80 
A-CIB4 Bi 19092 6/15/80 

A-CIC4 BI 21549 12/31/82 
B-B2D9 BI 17184 12/27/82 
B-A8B4 BI 17165 6/16/80 

B-A8DIO BI 17378 6/16/80 
B-BC5 BI 15418 6/18/80 

B-A8J 11 BI 18258 6/16/80 
-B-ABJ3 BI 16139 6/13/80 
B-A8D7 BI 18995 6/16/80 
A-C1D4 B I 22024 12/30/82 

B-B2FI BI 19043 12/27/82 
A-CIE4 B1 21349 1/3/83 
A-CIF4 BI 21068 12/29/82 
A-El K8 BI 19775 12/26/82 
B-A8J8 BI 17568 6/16/80 
B-A8J7 BI 17121 6/16/80 
B-B5C6 BI 17778 6/13/80 
B-B5C7 BI 18927 6/14/80 

B-A7GIO BI 16546 6/5/85 
B-A5K2 BI 19812 12/26/82 

A-EIGI BI 19119 12/26/82 
B-B5C8 BI 17573 6/18/80 

A-C1G4 BI 12854 4/24/79 
B-A8KIO BI 15463 6/15/80 

B-A8B3 BI 12073 2/27/79 
A-CIH4 BI 20251 12/26/82 
B-ASK3 BI 21297 1/3/83 
B-ASB8 BI 12075 2/28/79 
A-EIJI BI 19883 12/26/82 

A-EIJ1O BI 19866 12/26/82 
B-B5C9 BI 17003 6/18/80 
B-B5DI BI 18916 6/18/80 
B-BSD2 BI 18308 6/18/80 

19 
1200020



A-CIJ4 
A-CIK4 
B-A8E5 
B-B5D9 
A-CIL4 
B-B2EI I 
A-DIA4 
B-A8E2 
A-EIH5 
A-El E6 
B-A5K4 
A-DIB4 
A-DIC4 

B-B5E7 
A-D1D4 
A-D1E4 

B-A7DI 1 
B-A7H11 
B-A8E1O 

A-E l E2 
B-A5K5 
B-B2E3 
B-A5K6 
B-A5K7 
B-A5K8 
B-B2F2 

A-D1F4 
B-A5K9 

A-D1G4 
B-A7G8 
A-E1G8 
B-A8G5 
B-A8A4 
B-A8FI 
B-B5H1 
B-B5H2 
B-A7K7 
B-B5H3 
A-EIG9 
B-85H4 
A-EIJ5 

A-CIA3 
B-B5H5 

A-CIB3 
B-A8C6 
A-CIC3 
B-A8G8 
B-A5LI 
B-A8EI 

A-C ID3 
B-B5H6 
A-C I E3 
A-C I F3 
B-A8E3 

A-EIKIO

BI 
JBI 

BI 
B I 
B I 
B I 
B I 
B I 
BI1 
B I 
BI1 
B1 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B1

21478 
21832 
17045 
18164 
22188 
18946 
22310 
15517 
19361 
18371 
19854 
22085 
21549 
17546 
22187 
21514 
17045 
16348 
17602 
18291 
19991 
18408 
20117 
20033 
19668 
19141 
21587 
21885 
21236 
15545 
19686 
16193 
12464 
17551 
19026 
17245 
12059 
19068 
19666 
17994 
19977 
21781 
18250 
22297 
12678 
21040 
18989 
19720 
17937 
20422 
17901 
21209 
20128 
16284 
20068

12/30/82 
1/3/83 

6/17/80 
6/18/80 

12/31/82 
12/27/82 
12/29/82 
6/17/80 

12/27/82 
12/26/82 
12/27/82 
12/31/82 
12/30/82 
6/13/80 

1/3/83 
12/31/82 
6/13/80 
6/17/80 
6/17/80 

12/27/82 
12/26/82 
12/26/82 
12/26/82 
12/26/82 
12/27/82 
12/27/82 
12/31/82 

1/3/83 
12/29/82 
6/18/80 

12/26/82 
6/17/80 
2/28/79 
6/17/80 
6/18/80 
6/18/80 
3/1/79 

6/18/80 
12/26/82 
6/18/80 

12/26/82 
12/30/82 
6/18/80 

12/29/82 
2/24/79 

1/3/83 
6/17/80 

12/27/82 
6/17/80 

1/3/83 
6/13/80 

12/30/82 
12/26/82 

6/8/85 
12/26/82

1200021
20



A-EIH3 
A-CIG3 
B-A7D9 
A-E I H2 
A-CIH3 
A-CIJ3 
B-B2E4 
B-B2F3 
B-A5L2 
B-B2E5 
B-B5H7 
B-A8HI 
B-B5H8 
B-B5H9 
B-B5JI 

B-A8H3 
B-A8A3 

B-B5J2 
B-A8F2 

B-A8CI 
A-C1K3 
B-A8E8 
B-B5J3 

A-CI L3 
A-DIA3 

B-B5J4 
B-B2D 1I 

B-B5J5 
B-B5J6 

B-A8H5 
B-A8B6 

A-ElGIO 
A-DIB3 
A-DIC3 

B-B5J7 
B-A7G9 
A-DID3 
A-DIE3 
A-DIF3 
B-A5L3 
B-B5,J8 
B-B5F2 

B-A7EI I 
A-E IH4 
B-B5F3 

A-DIL6 
B-A8E9 
B-A8LI 
B-A8D8 
A-D 1 F9 
B-A8A5 
B-A8H6 
A-DIL7 
B-B5F4 

B-A8A8

BI 
B I 

BI 
BI 
B I 
B I 
B I 
BI 
BI 

B I 
BI 
BI 
BI 

B I 
B I 
B I 
B I 
B I 
B I 
B I 
B I 
B I 
B I 
B I 
B I 
B1 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 

BI 

81 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI

19724 
21853 
12191 
20106 
21924 
20492 
18542 
19183 
20144 
18565 
16317 
15276 
18033 
17736 
15314 
16076 
17136 
17169 
17783 
16663 
16987 
17669 
16881 
21414 
22323 
15405 
19354 
17102 
17423 
16788 
12756 
19195 
22297 
21896 
17775 
12499 
22172 
22631 
21865 
20027 
18563 
18485 
12634 
19096 
16736 
22653 
16978 
15096 
12493 
12890 
12432 
15767 
21539 
16570 
18489

12/26/82 
1/3/83 
3/1179 

12/26/82 
12/30/82 
12/26/82 
12/27/82 
12/27/82 
12/26/82 
12/27/82 
6/17180 
6/15/80 
6/13180 
6/18/80 
6/18/80 
6/15/80 
6/16/80 
6/18/80 
6/16/80 
6/16/80 
6/15/80 
6/16/80 
6/19/80 

12/30/82 
12/29/82 
6/13/80 

12/27/82 
6/18180 
6/18/80 
6/15/80 
2/28/79 

12/29/82 
12/30/82 
12/29/82 
6/18/80 
3/1/79 

12/30/82 
12/30/82 
12/30/82 
12/27/82 
6/13/80 
6/18/80 
2/27/79 

12/26/82 
6/17/80 

1/3/83 
6/17/80 
6/11/85 
2/23/79 
2/27/79 
2/26/79 
6/15/80 

1/3/83 
6/13/80 
6/16/80

1200022
21



B-A8K8 
B-B5F5 

A-D L8 
A-ElHI 

B-A8KI I 
B-A8K2 
B-A8A2 

B-B5F6 
B-A8C8 
B-A8G3 

B-B5F7 
B-ASJ9 
B-B5F8 

B-A8H8 
B-B5F9 

A-DIL9 
B-B5GI 
B-A7F7 

B-A8C5 
B-A8K7 
B-BSG2 
B-A8C2 
B-A5L4 

A-DIL0 
A-DI Ll I 
A-DI KI 
B-A8B5 
A-DIK2 
B-A8D6 
A-DIK3 
B-A8H4 
A-DIK4 
B-B5G3 
B-B5G4 
B-B5G5 
A-DIK5 
B-A8D9 
B-B5G6 
B-A8G7 
B-BSG7 
B-B5G8 
A-DIK6 
B-BSG9 
A-DIK7 
B-A8F4 

B-A7J I0 
B-B2E1 
B-BSB2 

B-A7D8 
A-D I K8 

B-A7KIO 
A-DIK9 
B-A8H2 
B-A7K8 

B-A8G9

BI 
BI 
BI 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
Bi 
BI 
BI 
BI 
BI 
Bi 
BI 
BI 
Bi 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
BI 
BI 
BI 
BI

16201 
17147 
21076 
19983 
16121 
18562 
17576 
16895 
16627 
15280 
15196 
17131 
16846 
16301 
16659 
22301 
16311 
17136 
16828 
16413 
18313 
19046 
19924 
22203 
21684 
21785 
16318 
21348 
12387 
21434 
16456 
21187 
16970 
15185 
19007 
21797 
18208 
17120 
12835 
16568 
15844 
21038 
15987 
20532 
17809 
18423 
18291 
19735 
17046 
20553 
15611 
20631 
15870 
18219 
12820

6/5/85 
6/16/80 
1/3/83 

12/26/82 
6/15/80 
6/15/80 
6/16/80 
6/18/80 
6/13/80 
6/16/80 
6/17/80 
6/16/80 
6/13/80 
6/15/80 
6/18/80 

12/31/82 
6/18/80 
6/18/80 
6/13/80 
6/14/80 
6/16/80 
6/13/80 

12/27/82 
1/3/83 
1/3/83 
1/3/83 

6/16/80 
1/3/83 

2/27/79 
12/30/82 
6/15/80 

12/29/82 
6/18/80 
6/14/80 
6/18/80 

12/30/82 
6/17/80 
6/14/80 
2/28/79 
6/18/80 
6/18/80 

1/3/83 
6/18/80 

1/3/83 
6/16/80 
6/17/80 

12/27/82 
12/26/82 
6/18/80 

1/3/83 
6/18/80 

1/3/83 
6/15/80 
6/16/80 
2/28/79

1200023
22

. l



B-A8B7 
B-B2EI0 

A-DIKIO 
B-A7E9 

B-A8G4 
B-A8E7 

A-DI KI 1 
A-EIH8 
A-DIJJ 
A-DIJ2 
B-A7G7 
A-DIJ3 
A-DIJ4 
B-A7J9 
B-A7E7 

B-A7GI I 
A-DIJ5 
A-DIJ6 
A-DIJ7 
B-A7F8 

A-DIJ8 
B-A7H10 
B-A7E10 
B-A7D1O 

B-A8K3 
A-DIJ9 
B-A8D4 

A-DIJ10 
A-DIJI I 
A-DIH2 
A-DIH3 
8-A7H9 

B-A7J1 1 
B-A7H8 
B-A7J8 

A-DI H4 
B-A8J6 

A-DIH5 
A-DIH6 
A-DIH7 
A-DIH8 
A-D I H9 

A-DIF10 
B-A8F5 
B-A8J4 

A-DI Fl I 
B-A5J8 
A-DIE5 
B-A7H7 

B-A7FIO 
B-A7KI I 
A-D I E6 
B-A8A6 
B-B4B1 
B-B4B4

B1 
B1 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
BI 
B1 
Bi 
B1 
Bi 
Bi 
BI 
B1 
B1 
BI 

B1 
B1 
B1 
B1 
B1 
B1 
B1 
B1 
B1 
B1 
B1 
BI 
B1 
B1 
BI 
B1 
B1 
B1 
B1 
B1 
BI 
B1 
B1 
B1 
B1 
B1 
B1 
B1 
BI 
BI 
B2 
B2

14934 
18798 
13803 
19388 
12375 
18173 
22216 
19086 
21486 
21177 
12823 
20919 
21643 
17450 
17546 
16281 
21096 
21368 
21521 
19993 
20828 
16133 
16093 
16225 
17744 
22259 
19043 
21926 
17705 
21773 
21907 
14785 
17336 
18210 
16214 
20355 
15412 
20759 
21565 
21919 
21758 
20922 
22419 
18176 
18165 
22415 
20787 
21204 
17620 
18424 
17936 
22463 
12800 
23476 
26297

6/16/80 
12/27/82 
6/17/80 

12/27/82 
2/28/79 
6/16/80 

1/3/83 
12/26/82 

1/3/83 
1/3/83 

2/27/79 
1/3/83 

12/31/82 
6/18/80 
6/13/80 
6/18/80 

1/3/83 
12/30/82 

1/3/83 
12/26/82 
12/30/82 
6/18/80 
6/18/80 
6/13/80 
6/16/80 

12/29/82 
6/16/80 

12/29/82 
6/4/85 
1/3/83 
1/3/83 

6/18/80 
6/17/80 
6/19/80 
6/18/80 

12/26/82 
6/8/85 
1/3/83 

12/30/82 
1/3/83 

12/30/82 
12/30/82 

1/3/83 
6/16/80 
6/16/80 

1/3/83 
1/3/83 

12/29/82 
8/23/79 
6/18/80 
6/18/80 

1/3/83 
2/26/79 

4/1/84 
4/7/84

1200024
23

,/



B-B4B5 
B-B4B8 
B-B4B2 
A-DIB6 
B-B4B9 
B-B4B3 

A-C1 L6 
B-B4B6 
B-B4B7 
B-B3L6 
B-B3L7 
B-B3L8 

B-B4A8 
B-B4A7 
B-B3LI I 
B-B4AI 
B-B4A5 
B-B3L9 
B-B4E2 

B-A7H6 
B-B4E3 
B-B4E4 
B-B4E7 
B-B4E8 
B-A7L4 
B-B4F1 
B-B4F2 
B-B4F5 

B-B4C7 
B-B4C8 
B-B7A2 
B-B4C9 
B-B4D1 
B-B4D2 
B-B4D6 
B-B4D7 

B-B4DI0 
B-A7J5 
B-B7BI 
B-A7KI 
B-B7A5 
B-A7AI 

A-CIJI0 
B-A7L5 
B-B7F2 

B-A7A3 
B-A7G6 

B-B7F3 
B-A7F5 
B-B7F4 
B-B7A6 
B-A7LI 
B-A7L6 
B-B7A3 
B-A7K4

B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2

24154 
26387 
23533 
24116 
25706 
22750 
24098 
23367 
23427 
23002 
23927 
23956 
25505 
27971 
23437 
22718 
23837 
27507 
25101 
25495 
22415 
26810 
22653 
25086 
27110 
26780 
23414 
27461 
23534 
25573 
23896 
25600 
26862 
23029 
23916 
24037 
23457 
22322 
22346 
23547 
24172 
25723 
24180 
25653 
23620 
26374 
25547 
23482 
25555 
24398 
22764 
27167 
22645 
22626 
22920

4/2/84 
4/4/84 
4/1/84 
4/2/84 
4/5/84 

7/17/84 
4/3/84 
4/1/84 
4/1/84 
4/1184 
4/1/84 
4/1/84 
4/6/84 
4/5/86 
4/1/84 
4/1/84 
4/3/84 
4/5/86 
4/6/84 
4/5/84 
4/4/84 
4/5/86 
4/1/84 
4/6/84 
4/5/86 
4/4184 
4/1/84 
4/5/86 
411184 
414184 
4/2/84 
4/6/84 
4/6/84 
4/1/84 
411184 
4/1/84 
4/1/84 
4/2/84 
4/3/84 
4/1/84 
4/3/84 
4/5/84 
4/5/86 
4/2/84 
4/1/84 
4/5/84 
4/3/84 
4/1/84 
4/2/84 
4/1/84 
4/4/84 
4/6/84 
4/1/84 
4/1/84 
4/1/84

1200025
24



B-B7D2 
B-B7B4 
B-A7B2 
B-B7AI 
B-A7H3 
B-A7GI 
B-87D3 
B-A7HI 
&-A7JM 
B-A7B4 
B-A7B3 
B-A7K2 
B-B7F6 

B-B7C6 
B-B7B2 

B-A7G3 
B-B7D4 
B-B7A4 
B-B7E6 
B-B7F5 
B-B7EI 

B-A7G2 
B-B7C2 
B-B7D5 
B-A7G5 
B-B7B3 

B-B7C4 
B-A7H2 
B-B7D1 

A-CIL10 
B-A7H4 
B-A7B1 
B-A7L2 
B-A7H5 
B-A7A2 
B-A7B5 
B-B7E5 

B-A7C2 
B-B7C3 
B-B7C5 
B-A7F6 

B-A7C3 
B-B7E3 
B-B7E2 
B-B7B6 
B-B7D6 
B-A7B6 
B-A7K3 
B-B7B5 

B-A7G4 
B-A7A4 
B-A7K6 
B-A7J2 
B-B7CI 
B-A7C5

B2 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2

23145 
24335 
26710 
25516 
23832 
25512 
23464 
22314 
26937 
27146 
25993 
24981 
22471 
26790 
24051 
24941 
27510 
23949 
23930 
23527 
23437 
25519 
23928 
23034 
23471 
22849 
23560 
22863 
25751 
24068 
24105 
26371 
23533 
22945 
26152 
26439 
25101 
26668 
25014 
25552 
26449 
26612 
24793 
24299 
25675 
25060 
26633 
26464 
25394 
25336 
26388 
22715 
26075 
25272 
25330

4/1/84 
4/1/84 
4/6/84 
4/6/84 
4/1/84 
4/5/84 
4/1/84 
4/1/84 
4/5/84 
4/6/84 
4/6/84 
4/6/84 
4/1/84 
4/4/84 
4/4/84 
4/5/84 
4/6/84 
4/3/84 
4/1/84 
411184 
4/1/84 
4/5/84 
4/1/84 
4/1/84 
4/1/84 
4/3/84 
411184 
4/1/84 
414/184 
4/1/84 
4/2/84 
4/4/84 
4/1/84 
4/2/84 
4/5/84 
4/6/84 
4/1/84 
4/6/84 
4/1/84 
4/1184 
4/5/84 
4/1/84 
4/1/84 
4/1/84 
4/1/84 
4/1/84 
4/6/84 
4/6/84 
4/1/84 
4/1/84 
4/5/84 
4/2/84 
4/5/84 
411/84 
4/1/84

1200026
25



B-A7Cl 
B-B7E4 
B-A7J4 
B-A7J6 
B-A7K5 
B-A7A6 
B-B7FI 
B-A7J3 

B-A7A5 
B-A7L3 

B-A7C4 
B-B6D6 

A-DIA7 
A-D1B9 

B-B6F7 
B-B6G7 
A-Cl L5 

A-D1B11 
B-B6F6 

B-B4BI1 
A-DIA9 
B-B4B1O 
B-B4CI 

B-A6LIO 
B-B4C4 
B-B4C2 

A-DIA8 
A-DIBI0 

B-B6E5 
B-B6A9 
A-DIBS 
A-Cl L9 
A-CIJ5 
B-B4C5 
A-CIJ9 
A-CIK6 
A-C 1 K7 
A-CIK8 

A-CI KI I 
A-CIJ6 
B-AI F2 
B-A 1 F3 
B-B4C6 
B-AIF6 
B-Al F7 
B-Al F8 
B-B6E7 
B-B6E6 

B-B6G11 
B-B6D1O 
B-A1 F11 

B-B2F8 
B-B4C3 
B-B3Ll0 
B-A6L 1I

B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2

26420 
25262 
24635 
22976 
22957 
26505 
28148 
25112 
26649 
26471 
24289 
21634 
22281 
22378 
20866 
22947 
22109 
22123 
20893 
22503 
22496 
25478 
25099 
23494 
25082 
25481 
23303 
23285 
22217 
22726 
20742 
20730 
23333 
23292 
22058 
22424 
22465 
22060 
22059 
22466 
22426 
22643 
23283 
23335 
20729 
20739 
22676 
22677 
22197 
22218 
23295 
23295 
25480 
25078 
23481

4/6/84 
4/1/84 
4/1/84 
4/1/84 
4/1/84 
4/4/84 
4/1/84 
4/1/84 
4/7/84 

7/17/84 
4/1/84 
4/5/84 

1/28/86 
1/27/86 
4/6/84 
4/5/84 

1/30/86 
1/28/86 
4/5/84 

1/27/86 
1/28/86 
2/2/86 
2/1/86 
4/6/84 
2/1/86 
2/1/86 

1/28/86 
1/30/86 
4/4/84 
4/6/84 

1/27/86 
1/27/86 
1/28/86 
1/27/86 
1/28/86 
1/30/86 
1/28/86 
1/30/86 
1/30/86 
1/28/86 
1/30/86 
1/28/86 
1/27/86 
1/28/86 
1/28/86 
1/28/86 
4/7/84 
4/7/84 
4/6/84 
4/4/84 

1/30/86 
1/28/86 
2/2/86 
2/2/86 
6/4/84

1200027
26



B-B6A7 
B-B4A2 

B-AIG2 
B-B4A6 

B-B6DI I 
B-B6K5 

B-AIG5 
B-AIG6 
B-B6D9 
B-B6D5 
B-AID6 
B-AID7 
B-B6B9 
B-B6B5 
B-B4A9 

B-AID1O 
B-AIDII 

B-B2F6 
B-AIE4 
B-B4A3 
B-B6C9 

B-B6CI0 
B-AIE5 
B-AIE6 
B-AIE9 
B-B6C6 
B-B6D7 

B-AIEl0 
B-AIG9 
B-B6B6 

B-AIG1O 
B-B6HIO 
B-B6C8 
B-B2F9 

B-AIH2 
B-AIH3 
B-AIH6 
B-B2GI 
B-A I H8 
B-B4A4 

B-B4A10 
B-B6F10 
B-B6G6 

B-AIHII 
B-B6A6 
B-B6C5 
B-82FI0 
B-AlJ3 
B-A6L9 

B-B6AlO 
B-AIJ4 
B-ARJ7 
B-B6B8 

B-B4Al I 
B-B6F8

120002827

B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2

23473 
25098 
22491 
22505 
20853 
22956 
22118 
22108 
22941 
20839 
22375 
22380 
21608 
21641 
22026 
25725 
25741 
22019 
25267 
25092 
23405 
23409 
25088 
25273 
24226 
23992 
23945 
24224 
25838 
22777 
24838 
23166 
23137 
24833 
24318 
27408 
27396 
24310 
25483 
25491 
24651 
24467 
24496 
24045 
23677 
23646 
24638 
24640 
23687 
23693 
24634 
24047 
24404 
24651 
25487

4/6/84 
2/2/86 

1/28/86 
1/27/86 
4/6/84 
4/6/84 

1/28/86 
1/30/86 
4/4/84 
4/5/84 

1/27/86 
1/27/86 
7/20/84 
7/20/84 
1/31/86 
1/30/86 
1/28/86 
1/30/86 
1/27/86 
1/27/86 
4/5/84 
4/5/84 

1/28/86 
1/28/86 
2/2/86 
4/5/84 
5/4/84 
2/2/86 

1/28/86 
7/14/84 
1/28/86 
4/6/84 
4/5/84 

1/27/86 
1/27/86 
1/28/86 
1/30/86 
1/28/86 
1/28/86 
1/27/86 
1/27/86 
4/6/84 
4/5/84 
1/28/86 
4/6/84 
4/6/84 
1/27/86 
1/27/86 
4/6/84 
4/6/84 

1/28/86 
1/28/86 
7/20/84 
1/27/86 
1/27/86



B-AIJ8 
B-AIJ9 
B-BIA4 
B-B2FI 1 
B-AIK2 
B-AIK4 
B-B6J6 

B-B6C7 
B-A1 K7 
B-B6A5 
B-Al K8 

B-B6BIO 
B-B6AI I 
B-B6CI I 
B-B6BI I 

B-B687 
B-B6F11 
B-B6D8 
"A-D1E8 
A-DIE9 
V-D I D5 
'-BIG9 
A-DID6 
A-DID7 

A-DID1O 
A-DID1 1 

B-BIJ4 
B-BIE3 

A-DIC5 
B-B I E5 
B-B1J5 
B-B I E4 

A-DIC8 
A-DIC9 

B-B I E6 
B-BIJ6 
B-BIE7 
B-A2E7 
B-A2E8 
B-B1 E2 
B-B1H1 
B-AIL2 
B-AI L4 
B-A1L3 

A-DIH11 
B-BID2 
B-BIDI 

B-A8AI I 
B-BICI I 

B-B1F7 
B-D8J 1I 

B-AIFI 
B-BI C3 
B-B IC4 
B-B I B3

B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
71 
BI 
BI 
BI 

B I B I 
81 
BI 
BI 
BI 
B1 
BI 
BI 

B I 
B I 
B I 

81 

BI 
BI 
BI 
BI B I 
B I 81 

B I 
81 

BI 
BI 
BI 
B I 
B I 
B I 
B I 
B I 
B I 
B I 
B I 
B I 

B1 

BI

25475 
24318 
27393 
27376 
24322 
24830 
23097 
23099 
24829 
22732 
25816 
23862 
23900 
23835 
23332 
23338 
25092 
22017 
28875 
29555 
29766 
27024 
29921 
29926 
25199 
24771 
28597 
27283 
27728 
27340 
28495 
27334 
28888 
28896 
27345 
28497 
27350 
27716 
27722 
27263 
28592 
24762 
25194 
25172 
24757 
29932 
29919 
27019 
29754 
29754 
29549 
29560 
28857 
28862 
28247

1/28/86 
1/28/86 
1/30/86 
1/28/86 
1/27/86 
1/27/86 
4/6/84 
4/5/84 

1/28/86 
4/6/84 

1/28/86 
7/20/84 
7/20/84 

4/5/84 
416/84 
416/84 

1/27/86 
1/31/86 
6/13/85 
6/13/85 
6/13/85 
3/1/87 

6/13/85 
6/13/85 
614/85 
6/4/85 
3/1/87 
3/1/87 

6/13/85 
3/1/87 
3/1/87 
3/1/87 

6/13/85 
6/13/85 

3/1/87 
3/1/87 
3/1/87 

6/13/85 
6/13/85 

3/1/87 
3/1/87 
6/5/85 
6/4/85 
6/4/85 
6/4/85 

6/13/85 
6/13/85 
3/1/87 

6/13/85 
6/13/85 
6/13/85 
6/12/85 
6/13/85 
6/13/85 
6/13/85

120002928



B-BIB4 
B-A7CIO 

B-A2F9 
B-A2F8 

B-A7AI0 
B-A2E6 
B-B I B7 
B-BIBI 

B-A2CIO 
B-A2C9 

B-BIAI I 
B-Bi B9 
B-A2E5 
B-A2A3 
B-BIJ2 

B-A2EIO 
B-A2D3 
B-A2D2 
B-A2E9 

B-Al KI I 
B-A2D4 
B-BIFIO 
B-BI C2 
B-A2D9 
B-BI D8 
B-BICI 
B-BlD3 
B-A2D5 
B-B1D9 
B-A2D8 

B-B1D10 
B-A2CI 
B-A2B3 
B-B1C7 
B-B1 C6 
B-A2B5 
B-A2C4 
B-BIJ11 

B-A2DlJ 
B-B 1 K6 

B-A7A 1 
B-A2EI 

B-A8C9 
B-A2C7 
B-A2C5 

B-BIAIO 
B-B ID6 

B-BIKI I 
B-B I D7 
B-A2BI 
B-A2F4 

B-AI LI 1 
B-AI L5 
B-Al17 

B-AI KI0

1200030

BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B I 
B I 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B I 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B I 
BI 
BI 
BI 
BI 
B I 
BI 
BI 
B I 
B I 
BI 
BI

28258 
28701 
27869 
27857 
28706 
27626 
28566 
28224 
27111 
27109 
28219 
28568 
27616 
26215 
28432 
27810 
27197 
27195 
27810 
26197 
27212 
30211 
28655 
26536 
26540 
28645 
30207 
27214 
30388 
27391 
30392 
26935 
26812 
28056 
28053 
26815 
26942 
27710 
27479 
27872 
27872 
27483 
27901 
27054 
27043 
27914 
30361 
27966 
30365 
26681 
27836 
26013 
25693 
25695 
26016

6/13/85 
2/28/87 
6113/85 
6/12/85 
3/1/87 

6/12/85 
6/11/85 
6/12/85 
6/11/85 
6/11/85 
6/12/85 
6/11/85 
6/12/85 
6/12/85 
3/1/87 

6/12/85 
6/11/85 
6/11/85 
6/11/85 
6/11/85 
6/13/85 
6/13/85 
6/11/85 
6/13/85 
6/13/85 
6/11/85 
8/14/85 
6/13/85 
8/14/85 
6/13/85 
8/14/85 
6/11/85 
6/11/85 
6/13/85 
6/12/85 
6/11/85 
6/11/85 
3/1/87 

6/11/85 
3/2/87 
3/1/87 

6/11/85 
6/13/85 
6/11/85 
6/11/85 
6/12/85 
8/14/85 
2/28/87 
8/14/85 
6/11/85 
6/11/85 
6/11/85 
6/5/85 
6/6/85 

6/11/85

29



B-A2F2 
B-B 1 F9 
B-A2B2 
B-A2F3 

B-A1 L1O 
B-AlL6 
B-Al LB 
B-A1 L9 
B-A2F5 

B-A2A6 
B-B I D4 
B-B 1 K8 
B-B1 K9 
B-B 1 D5 

B-A2F11 
A-DIG9 
B-A2C6 
B-A2F10 

B-BIKI 
B-A2D1O 

B-B 1 K7 
B-A7A7 
B-A2E2 

B-B1JIO 
B-A2C2 
B-A2B4 
B-B1CS 
B-B1C8 
B-A2B6 
B-A2C3 
B-A2D6 
B-A2D7 
A-D1F7 
B-A2D1 
B-D8J9 

B-B1B1I 
B-A2A5 
B-A2A4 

B-BIB1O 
B-B 1 F8 

B-A2C 11 
B-A2A2 
B-B1J3 
B-A2F1 

B-B1E1D 
B-B1K10 
B-A2E 11 

B-BIJ1 
B-A2Al 
B-A2E4 
B-B 1 B8 
B-B 1B2 

B-A2C8 
B-B1G8 
B-B1C9

BI 
BI 
B1 
BI 
BI 
B1 
BI 
BI 
BI 
BI 
BI 
B1 
BI 
B1 
BI 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
B1 
B1 
B1 
BI 
BI 
B1 
B1 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
B1 
BI 
B1 
B1 
B1 
BI 
BI 
BI 
BI 
BI 
BI

27827 
26679 
26682 
27835 
26013 
25695 
25696 
26012 
27842 
26682 
30348 
27960 
27962 
30357 
27897 
27038 
27044 
27891 
27713 
27474 
27877 
27871 
27485 
27706 
26936 
26815 
28052 
28061 
26820 
26942 
27381 
27385 
30381 
27194 
30203 
28645 
26532 
26527 
28643 
30199 
27190 
26204 
28436 
27814 
27186 
27185 
27812 
28425 
26199 
27607 
28569 
28227 
27105 
27116 
28216

6/11/85 
6/11/85 
6/12/85 
6/12/85 
6/12/85 

6/7/85 
6/5185 

6/12/85 
6/12/85 
6/11/85 
8/14/85 
2/28/87 
2/28/87 
8/14/85 
6/13/85 
6/11/85 
6/11/85 
6/12/85 
2/28/87 
6/12/85 
3/1/87 
3/2/87 
8/9/85 
3/1/87 

6/12/85 
6/12/85 
6/13/85 
6/12/85 
6/11/85 
6/12/85 
6/13/85 
6/13/85 
6/13/85 
6/13/85 
6/13/85 
6/12/85 
6/13/85 
6/13/85 
6/12/85 
6/12/85 
6/13/85 
6/12/85 

3/2/87 
6/12/85 
6/12/85 
6/12/85 
6/11/85 
3/1/87 

6/11/85 
6/13/85 
6/12/85 
6/13/85 
6/12/85 
6/11/85 
6/13/85

120003130



B-BI B6 
B-A2E3 

B-B2BIO 
B-A2F7 
B-A2F6 

B-81CI0 
B-B I B5 
B-A3K5 
B-A3F4 
B-A3F5 
B-A3K3 

B-A3E10 
B-A3E8 

B-A3G3 
B-B2L9 
B-A3E6 
B-A3A6 
B-A3A4 
B-A3E4 
B-A2H3 
B-A3GI 
B-B3K8 
B-B3K9 

B-A3K10 
B-B3K1O 
B-B3K1 1 

B-A3A11 
B-A3A10 

B-B3L2 
B-B3L3 
B-A3L2 
B-B3L4 
B-B3L5 
B-B3H5 

B-B210 
B-A3J 11 
B-A2L1O 

B-A2L9 
B-A3F9 
B-B3H7 

B-A3G5 
B-BIA7 
B-B2K3 
B-B3H8 
B-B3H9 

B-B3HIO 
B-B3H 1I 

B-B3JI 
B-B3J2 
B-B3J3 
B-B3J4 
B-B3J5 
B-B3J6 
B-A3L5 
B-A3H2

BI 
BI 
BI 
BI 
BI 
BI 
BI 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2

28565 
27606 
28705 
27857 
27844 
28233 
28259 
33448 
32958 
32970 
33433 
32299 
32297 
30657 
25752 
31829 
26467 
26456 
31817 
25748 
30637 
24779 
24829 
34280 
24091 
24203 
27173 
27162 
24169 
24137 
34295 
23788 
23797 
23140 
30674 
33124 
25796 
25792 
33120 
23341 
30694 
26052 
34683 
23699 
23913 
23274 
24124 
22500 
22545 
24129 
23280 
23903 
23638 
34705 
31267

6/11/85 
6/12/85 
3/1/87 

6/13/85 
6/12/85 
6/13/85 
6/13/85 
1/18/88 
1/19/88 
1/18/88 
1/17/88 
1/19/88 
1/19/88 
1/17/88 
1/14/88 
3/4/88 

1/16/88 
1/15/88 
1/18/88 
1/15/88 
1/17/88 
2/2/86 
2/1/86 

1/18/88 
1/31/86 
2/1/86 

1/15/88 
1/14/88 
2/1/86 

1/31/86 
1/19/88 
1/31/86 
1/31/86 
1/31/86 
1/19/88 
1/17/88 
1/15/88 
1/16/88 
1/17/88 
2/1/86 

1/18/88 
2/2/86 

1/18/88 
1/31/86 
2/1/86 

1/31/86 
2/1/86 
2/1/86 
2/1/86 

1/31/86 
1/31/86 
1/31/86 
1/31/86 
1/17/88 
3/4/88

120003231



B-A3FI 
B-B3J7 
B-B3J8 

B-A3K6 
B-B3J9 
B-A3K8 
B-B3J10 

B-B4E5 
B-A3F2 

B-A3G 11 
B-A3G9 
B-A3G6 
B-A3G7 
B-A3G8 

B-A3G1O 
B-A3F3 
B-B4E6 
B-A3K7 
B-B4E9 

B-A3H3 
B-B4F7 

B-B4E 1I 
B-A3EI I 
B-A3HI 
B-A3L4 
B-B4F3 
B.B4F4 
B-B4F6 

B-B4CIO 
B-B6F9 

B-B4CI I 
B-A3K9 
B-B4D3 
B-B4D5 
B-B4D8 
B-A3L3 
B-BIA6 
B-B4D9 

B-A3G4 
B-A3F8 
B-A2H5 

B-A2LI I 
B-A3KI 

B-B4DI I 
B-A2G7 

B-B4EI 
B-B3LI 
B-A3LI 

B-B6G9 
B-A3A8 
B-B 1 A8 
B-A3A9 
B-B6G8 
B-B3H6 

B-A3KI I

B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
B2 
B2 
B2 
B2

32543 
24319 
22439 
33897 
23511 
33908 
22438 
24327 
32557 
31246 
30915 
30908 
30909 
30910 
31241 
32561 
24325 
33902 
25146 
31646 
22444 
24189 
32539 
31255 
34703 
23642 
23902 
23274 
24142 
22544 
22500 
34055 
23274 
23912 
23703 
34689 
26061 
23139 
30691 
33108 
25790 
25797 
33125 
23369 
24830 
23149 
23801 
34294 
24169 
27158 
25844 
27161 
24201 
24085 
34281

1/17/88 
2/1/86 
2/1/86 

1/19/88 
2/2/86 

1/18/88 
2/1/86 
2/1/86 

1/17/88 
1/19/88 
1/17/88 
1/17/88 
1/19/88 
1/17/88 
1/19/88 
1/18/88 
2/1/86 
3/4/88 
1/31/86 
1/18/88 
2/1/86 

1/31/86 
1/17/88 
3/4/88 

1/18/88 
1/31/86 
2/1/86 
2/1/86 
2/1/86 
2/2/86 
2/1/86 

1/18/88 
2/1/86 

1/31/86 
1/31/86 
1/17/88 
2/2/86 

1/31/86 
1/19188 
1/17/88 
1/16/88 
1/15/88 
1/18/88 
2/1/86 
3/4/88 
2/1/86 
2/1/86 

1/18/88 
2/2/86 

1/14/88 
2/2/86 

1/15/88 
2/2/86 
2/1/86 

1/17/88

1200033
32



B-B5KIO 
B-BIEI 

B-A7C9 
B-A7C7 

B-BIGI0 
B-B2AI I 

B-BI K5 
B-B5LI I 
B-A8B I 

B-BI H4 
B-BIH5 
B-BI L4 

B-BIHI0 
B-D8Kl I 

B-B6D3 
B-BIL7 

B-A8A9 
B-BIH9 
B-A7B8 
B-BIH8 

B-A6G8 
B-B2B8 

B-A6G5 
B-A6J5 

B-A6F 11 
B-B2A10 
B-A6H8 
B-B2A9 
B-A6H6 
B-A6G7 
B-A5L8 
B-A5L9 
B-A7B9 
B-A6H9 
B-A6H7 
B-B2B5 

B-A6F1O 
B-A6G9 
B-BIG3 
B-A6G6 
B-D8K9 

B-A6H 11 
B-BIL0 
B-B2A2 

B-A6G11 
B-B5AI 

B-A6G1O 
B-BI H2 
B-B2B2 

B-A6H 10 
B-B2A8 
B-A6H5 
B-BILl 

B-A7B1O 
B-A6J7

BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 

BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B1 
BI 
BI 
BJ 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B1 
B1 
BI 
B1 
BI 
BI

30215 
27246 
30727 
30788 
27235 
30222 
27811 
28876 
28930 
28083 
28089 
28910 
28356 
31155 
30132 
30139 
31159 
28347 
29857 
28166 
28117 
29848 
30666 
28873 
27985 
31695 
31633 
31622 
31675 
28946 
30589 
32181 
31442 
29006 
28993 
31441 
32400 
26707 
26691 
32091 
31442 
28987 
28975 
31452 
32134 
30845 
28893 
27987 
31702 
31621 
31611 
31672 
27982 
28843 
30659

3/5/87 
3/2/87 

11/26/88 
11/26/88 

3/1/87 
3/5/87 
3/2/87 

11/28/88 
3/6/87 
3/1/87 
3/2/87 
3/5/87 
3/2/87 
3/6/87 
3/5/87 
3/5/87 
3/5/87 
3/1/87 
3/5/87 
3/1/87 
3/2/87 
3/5/87 

11/26/88 
11/28/88 

3/1/87 
3/4/87 
3/4/87 
3/3/87 
3/3/87 

11/26/88 
11/25/88 
11/25/88 

3/6/87 
3/4/87 
3/3/87 
3/5/87 

11/26/88 
3/1/87 
3/1/87 

11/26/88 
3/6/87 
3/5/87 
3/3/87 
3/6/87 

11/25/88 
11/25/88 
11/26/88 
2/28/87 
3/4/87 
3/5/87 
3/3/87 
3/3/87 
3/1/87 

11/28/88 
11/26/88

1200035
34



B-B2B9 
B-B 1 H7 
B-B 1 H6 
B-B5L8 

B-B1H11 
B-A7D7 
B-B1 L5 

A-D1F6 
B-B2C1 
B-A6K5 

B-A5C II 
B-A8C1 1 

B-B 1H3 
A-D I F8 
B-B2A7 

B-A7Ci1I 
B-B 1 K3 
B-A616 

B-B1D11 
B-A6JIO 

B-A6J9 
B-B1G11 

B-B2B1 
B-B 1 K2 

B-A6J11 
B-B1L9 

B-B5G11 
B-B2A3 

B-A6KI 1 
B-A6L5 
B-B1 F2 
B-BIFl 
B-A6F2 
B-B5L3 
B-B5L2 
B-A6J8 
B-B1G7 
B-B1 L8 
B-B5L7 

B-B1G5 
B-A6K6 

B-A6K10 
B-BSG10 

B-B1J7 
B-B 1 F5 

B-A6C2 
B-B6L3 

B-B2C2 
B-B5L9 
B-A3L8 

B-A2H10 
B-A4B1 1 
B-A3D7 
B-A2G9 
B-A4A1

BI 
B1 
B1 
BI 
BI 
BI 
B1 
BI 
B1 
BI 
BI 
B1 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
BJ 
BI 
B1 
81 
B1 
BI 
BI 
BI 
BI 
B1 
BI 
BI 
B1 
BI 
BI 
BI 
Bi 
B1 
BI 
B1 
BI 
B1 
B1 
B1 
B1 
BI 
B1 
B1 
B1 
B1 

B2 
B2 
B2 
B2 
B2

29854 
28103 
28101 
29870 
28359 
31177 
30155 
30131 
31151 
28355 
32526 
28920 
28083 
28077 
28937 
28918 
27803 
30210 
27239 
30858 
30774 
27236 
30213 
27787 
28842 
29460 
32555 
29471 
31098 
31829 
27552 
27542 
33382 
31824 
31092 
28983 
26969 
29093 
29098 
26964 
28983 
30249 
32059 
27643 
27635 
32056 
30267 
29712 
29709 
27232 
23500 
26948 
28438 
25011 
27342

3/5/87 
3/2/87 
3/1/87 
3/5/87 
3/1/87 
3/6/87 
3/5/87 
3/5/87 
3/5/87 
3/2/87 
3/3/87 
3/6/87 
3/2/87 
3/1/87 
3/5/87 

11/28/88 
3/2/87 
4/28/87 
3/1/87 

11/26/88 
11/26/88 

3/2/87 
4/28/87 
3/1/87 

11/26/88 
3/6/87 
3/3/87 
3/6/87 
3/4/87 
3/4/87 

2/28/87 
3/1/87 
3/5/87 
3/5/87 
3/5/87 

4/28/87 
3/1/87 
3/5/87 
3/5/87 
3/2/87 

4/27/87 
3/4/87 
3/4/87 
2/28/87 
2/28/87 
3/4/87 
3/5/87 
3/5/87 
3/5/87 

9/26/89 
1/14/88 
9/27/89 
1/17/88 
1/19/88 
9/26/89

1200036
35



B-A3E2 
B-A2K7 
B-A2K3 
B-A2H2 

B-A4AI I 
B-A4C7 
B-A3B9 
B-A2H7 
B-A2J9 

B-A3C 11 
B-A2K8 

B-A3LIO 
B-A2J3 

B-A3C2 
B-A4B7 
B-A2J7 
B-A3C8 
B-A3D8 
B-A4F6 
B-A2H8 
B-A3B3 
B-A4C8 
B-A4B8 
B-A4E3 

B-A2G3 
B-A3D3 

B-A3BI I 
B-A4CIO 

B-A2K5 
B-A2L8 

B-A3CI 
B-A4A5 

B-A3DI I 
B-A2G8 
B-A2J6 

B-A4A6 
B-A2H9 
B-A2G2 
B-A4B3 
B-A4E2 
B-A2J I 
B-A2KI 
B-A3BI 
B-A2LI 

B-A2G11 
B-A3L6 

B-A4A7 
B-A3B8 
B-A4F7 
B-A4B5 

B-A3JI0 
B-A4A4 
B-A4F3 
B-A3AI 
B-A2J8

B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
R2

28788 
28120 
27895 
25780 
27727 
28244 
28873 
22616 
23872 
28264 
28135 
27277 
23783 
29288 
26758 
23832 
29917 
28441 
28218 
22618 
28796 
28267 
26852 
27783 
24613 
28283 
28913 
28278 
28103 
25791 
28913 
27414 
28785 
25006 
23812 
27416 
22624 
24447 
26646 
27760 
23517 
23916 
27753 
28167 
25051 
27220 
27421 
28822 
28232 
26717 
26584 
27406 
28199 
25808 
23841

1/16/88 
1/18/88 
1/17/88 
1/17/88 
9/27/89 
9/26/89 
1/19/88 
1/14/88 
1/17/88 
1/17/88 
1/16/88 
9/26/89 
1/15/88 
1/18/88 
9/27/89 
1/16/88 
1/17/88 
1/17/88 
9/29/89 
1/15/88 
1/15/88 
9/26/89 
9/26/89 
9/29/89 
1/17/88 
1/17/88 
1/18/88 
9/26/89 
1/19/88 
1/17/88 
1/18/88 
9/26/89 
1/17/88 
1119/88 
1/16/88 
9/26/89 
1/15/88 
1/19/88 
9/27/89 
9/27/89 
1/15/88 
1/17/88 
1/17/88 
1/16/88 
1/19/88 
9/26/89 
9/26/89 
1/16/88 
9/29/89 
9/27/89 
9/27/89 
9/26/89 
9/27/89 
1/18/88 
1/17/88

120003736



B-A2K2 B2 27766 1/19/88 
B-A2L4 B2 28169 1/16/88 
B-A4B2 B2 26616 9/26/89 

B-A3BI0 B2 28895 1/19/88 
B-A4H7 B2 23928 1/15/88 
B-A3J8 B2 26541 9/26/89 
B-A3A3 B2 25814 1/18/88 
B-A2G5 B2 24627 1/18/88 
B-A4A2 B2 27347 9/26/89 
B-A2L2 B2 28168 1/16/88 

B-A3C4 B2 29336 1/18/88 
B-A3J7 B2 26537 9/26/89 
B-A2HI B2 25780 1/17/88 
B-A3E3 B2 28793 1/18/88 
B-A3C3 B2 29289 1/18/88 
B-A3C9 B2 28195 1/17/88 
B-A2K9 B2 28135 1/16/88 
B-A3J5 B2 26473 9/27/89 

B-A2KN1 B2 28149 1/16/88 
B-A3B4 B2 28796 1/15/88 

B-A2J 11 B2 23914 1/16/88 
B-A2L7 B2 28192 1119/88 
B-A3H5 B2 25767 9/27/89 
B-A3D9 B2 28777 1/15/88 
B-A2G6 B2 24631 1/17/88 
B-A4C5 B2 27213 9/26/89 

B-A2KIO B2 28149 1/16/88 
B-A3C6 B2 29913 1/19/88 
B-A3J6 B2 26493 9/27/89 
B-A2L6 B2 28182 1/17/88 
B-A3EI B2 28786 1/16/88 
B-A3B2 B2 27766 1/17/88 
B-A3B5 B2 28812 1/16/88 
B-A4B4 B2 26710 9/26/89 
B-A3J9 B2 26571 9/27/89 
B-A3B6 B2 28819 1/17/88 
B-A2H4 B2 25781 1/17/88 
B-A2J2 B2 23517 1/15/88 
B-A3B7 B2 28819 1/18/88 
B-A3D5 B2 28393 1/18/88 
B-A3C7 B2 29913 1/18/88 
B-A2L3 B2 28169 1/16/88 

B-A3LI I B2 27338 9/27/89 
B-A2J4 B2 23782 1/15/88 

B-A2J10 B2 23911 1/17/88 
B-A3DI B2 28266 1/17/88 
B-A4B6 B2 26732 9/26/89 
B-A2LS B2 28181 1/18/88 

B-A2H 1I B2 23500 1/14/88 
B-A4BI B2 26594 9/26/89 
B-B2K4 B2 25774 1/16/88 

B-A3FIO B2 29919 1/18/88 
B-A3H7 B2 25792 9/27/89 
B-A4A3 B2 27361 9/26/89 

B-A4BIO B2 26934 9/27/89 

1200038 
37



B-A3DIO B2 28777 1/16/88 
B-A2GI B2 24406 1/19/88 
B-A3C5 B2 29338 1/17/88 
B-A4G3 B2 27745 9/29/89 
B-A3D2 B2 28281 1/17/88 

B-A4H11 B2 23929 1/15/88 
B-A2G4 B2 24613 1/17/88 
B-A4B9 B2 26872 9/26/89 
B-A3D6 B2 28395 1/17/88 

B-A4E 11 B2 28160 9/27/89 
B-A2J5 B2 23802 1/16/88 
B-A3A2 B2 25810 1/17/88 

B-A2GIO B2 25047 1/19/88 
B-A3H6 B2 25769 9/27/89 
B-A2K6 B2 28103 1/19/88 
B-A4C9 D 28270 9/26/89 

B-A5KI I BI 32340 12/1/88 
B-B5AI 1 BI 32706 12/1/88 
B-B5CIO BI 32711 12/1/88 
B-B5AI0 BI 32319 12/1/88 

B-B6FI B1 30422 11/30/88 
B-B6LI BI 30426 11/28/88 

B-A5B8 BI 31052 10/14/90 
B-B2H9 BI 27523 11/25/88 
B-B2J6 BI 27986 11/26/88 
B-A6J2 BI 31499 11/30/88 

B-A6C5 BI 29243 11/26/88 
B-B2G 11 BI 28762 11/26/88 

B-B2HI BI 28764 11/26/88 
B-A5H2 BI 29261 11/25/88 
B-A6KI BI 31541 11/30/88 
B-B6EI BI 31591 11/30/88 
B-B6H2 BI 31346 11/28/88 

B-A5H 81 BI 31958 12/1/88 
B-B2D7 BI 27391 11/27/88 

B-A5EI0 BI 31969 12/1/88 
B-A5G 11 B 33927 12/1/88 

B-A5H3 BI 28903 11/25/88 
B-B2K2 BI 28359 11/27/88 
B-A6L3 BI 30775 10/16/90 

A-CIH6 BI 30732 10/15/90 
B-B2KI BI 28374 11/27/88 
B-A6E3 BI 28860 11/26/88 

B-A5FI I BI 33726 12/1/88 
B-A6H2 BI 30908 11/30/88 
B-A6LI BI 30705 11/30/88 
B-B6H4. BI 29141 11/26/88 

A-CIHI BI 30438 10/15/90 
B-A6D8 BI 30290 10/16/90 
B-A5F9 BI 29092 11/26/88 

B-B5LI0 BI 29144 11/26/88 
A-CID9 BI 30365 10/16/90 
B-A6D7 BI 30413 10/15/90 
B-B6C4 BI 29112 11/26/88 
B-A6L4 B1 30759 11/28/88 

1200039 38



B-B6KI B1 30741 11/28/88 
B-A5DIO BI 33719 12/1/88 

B-A6E5 BI 28860 11/26/88 
B-B6J4 B I 28385 11/26/88 
B-A6J3 BI 30805 10/15/90 
B-B5K3 BI 30798 10/16/90 

B-B2G6 BI 28559 11/27/88 
B-B2H2 BI 28781 11/25/88 

B-A5CI0 BI 33716 12/1/88 
B-A5KI0 BI 32205 12/1/88 
B-B2HIO BI 27442 11/28/88 
B-B2D5 BI 27367 11/26/88 

B-A5LIO BI 32003 12/1/88 
B-B6A2 BI 31265 11/30/88 
B-A6C4 BI 31350 11/28/88 

B-B2J5 B1 27851 11/26188 
B-B6B4 BI 31484 11/28/88 

B-A5G2 BI 29275 11/25/88 
B-B2H6 BI 28823 11/26/88 
B-B2H5 BI 28821 11/26/88 
B-B6A4 BI 29337 11/26/88 
B-A6J4 BI 31834 11/28/88 
B-B2J2 BI 27733 11/25/88 
B-B2H8 B1 27517 11/25/88 
B-B2J3 BI 27753 11/26/88 
B-B6B2 BI 30487 11/30/88 

B-A6C3 BI 30624 11/28188 
B-85DI0 BI 32659 12/1/88 
B-A5LI I BI 32751 12/1/88 
B-A5AlO BI 32921 12/1/88 

B-A5GIO BI 32427 12/2/88 
B-B6F2 BI 29889 12/1/88 
B-B2J4 BI 27486 11/30/88 

B-B2H11 BI 27576 11/28/88 
B-A6L2 BI 29912 11/30/88 
B-B2D6 BI 27369 11/30/88 

B-A5AI I BI 31112 12/1/88 
B-A5J 11 BI 31113 12/1/88 
B-A6DI BI 27436 11/28/88 
B-A6E2 BI 29490 11/30/88 
B-B6H3 BI 30819 11/27/88 

B-A5FI 0 BI 31333 12/1/88 
B-B5EIO B1 31085 12/1/88 

B-B6F4 B1 30580 11/27/88 
B-B6C1 B1 29526 11/30/88 

B-BSBI I BI 30304 12/1/88 
B-B6HI BI 29552 11/27/88 
B-B5A2 BI 28355 11/26/88 
B-B2C4 BI 26774 11/26/88 
B-B2J8 BI 28239 11/28/88 
B-B6F3 BI 29512 11/27/88 

B-B5FI I BI 30307 12/1/88 
B-A5H 10 B 1 30284 12/1/88 
B-B2J11 B1 28313 11/28/88 
B-B6A3 B 1 28900 11/26/88 

1200040 39



B-B6E4 
B-B2J10 
B-A6K2 
B-B2C8 

B-A5B1O 
B-B2D3 
B-B2G4 
B-B2G7 
B-B2D2 
B-A6D2 

B-B2CI I 
B-B2C7 

B-A5DI I 
B-B2C9 
B-B2H4 
B-B2G9 
B-B2DI 
B-B6BI 

B-B2ClO 
B-A6JI 
B-B2G2 

B-B2G1O 
B-B6C3 
B-B2G3 
B-A6FI 

B-B5EI I 
B-B6K4 
B-B2J9 

B-B2C3 
B-B2C6 
B-B2J7 

B-B6G3 
B-B5DI I 
B-A6D4 
B-B6K3 

B-B6GI 
B-A6G2 
B-A6D3 
B-A6C 1 

B-B2JI 
B-A5E 11 
B-B5CI"I 

B-B2D8 
B-A6H I 
B-B2C5 
B-B2D4 

B-A6GI 
B-A3CIO 

B-A3D4 
B-A2K4 
B-A6G3 
B-ASB9 
B-B6DI 
B-A6K3 

B-B5BIO

BI 
BI 

BI 
BI 
BI 81 
BI 
BI 
BI 

BI 81 
BI 
81 

BI 
BI 
BI 
BI 
BI 
BJ 

BI 
BI 

81 

BI 
BI 
Bi 

81 
BI 
BI 
BI 
81 
BI 
BI 
81 

BI 
81 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
Bi 
BI 
BI 
BI 

B2 

B2 

81 

BI 

Bi 

BI 
BI 
Bi

28898 
28273 
30056 
26949 
30242 
27154 
28469 
28582 
27114 
30200 
27046 
26900 
30241 
27007 
28379 
28603 
27069 
30436 
27044 
30133 
28392 
28707 
28804 
28413 
30043 
30433 
29703 
28254 
26711 
26891 
28208 
29426 
30231 
29718 
30707 
31078 
31164 
30770 
29373 
27592 
31246 
31057 
27399 
29869 
27406 
27360 
29960 
28240 
28283 
27941 
34599 
34728 
33055 
33138 
32759

11/26/88 
11/26/88 
11/30/88 
11/30/88 

12/1/88 
11/25/88 
11/26/88 
11/26/88 
11/26/88 
11/30/88 
11/29/88 
11/28/88 
12/1/88 

11/26/88 
11/26/88 
11/26/88 
11/25/88 
11/30/88 
11/28/88 
11/30/88 
11/26/88 
11/26/88 
11/26/88 
11/28/88 
11/29/88 

12/1/88 
11/27/88 
11/28/88 
11/25/88 
11/26/88 
11/26/88 
11/27/88 
12/1/88 

11/28/88 
11/27/88 
11/30/88 
11/30/88 
11/27/88 
11/28/88 
11/30/88 
12/1/88 
12/1/88 

11/28/88 
11/30/88 
11/29/88 
11128/88 
11/29/88 
.1/18/88 

1/18/88 
1/19/88 

10/14/90 
10/14/90 
11/30/88 
11/28/88 

12/1/88

1200041
40



B-ASJI0 BI 32658 12/1/88 
B-BSA3 BI 34558 1/23/89 
B-B5A4 BI 34083 1/23/89 
B-B5A5 BI 33786 11/30/88 

B-A5BI1 BI 32543 12/1/88 _ 
B-B6AI BI 32656 11/30/88 
B-B2G5 BI 28526 12/1/88 
B-B2H3 BI 28794 12/1/88 
B-A6E4 BI 33849 10/14/90 

B-BSKI I BI 33877 10/14/90 
B-ASCI BI 33650 10/14/90 
B-A6D6 BI 33717 10/14/90 
B-B5F1O Bi 32061 12/1/88 
B-B5A6 B I 33854 1/23/89 
B-B2G8 BI 28600 12/1/88 
B-B6D2 BI 32387 12/1/88 
B-B6D4 BI 32633 11/28/88 
B-A6EI BI 32693 11/28/88 
B-B5A7 BI 33932 1/23/89 
B-B5A8 B I 33928 1/23/89 
B-85A9 BI 34680 1/23/89 
B-B5BI 81 34746 11/28/88 
B-B6E2 BI 32757 12/1/88 

B-B6C2 BI 33045 11/30188 
B-B6G4 BI 33005 11/28/88 
B-A6F5 B1 34582 10/15/90 

B-.BJ11 BI 34712 10/14/90 
B-A4H6 t,, 29691 10/6/89 
B-A4H5 B2 29668 9/30/89 
B-B3A4 B2 29207 9/23/91 
B-B2LI I B2 30595 10/5/89 
B-A4E6 B2 27899 10/2/89 
B-A4E7 B2 27904 9/30/89 

B-A4G2 B2 30578 10/5/89 
B-B3A5 B2 29190 9/23/91 
B-B3A6 B2 34224 9/25/91 

B-A4C2 82 26990 9/28/89 
B-A4D9 B2 29441 10/5/89 

B-A4HIO B2 29961 10/5/89 
B-A4H9 B2 29944 10/5/89 

B-A4DIO B2 29461 9/30/89 
B-A4C3 B2 27005 9/28/89 
B-B3A7 B2 34200 9/24/91 
B-B3A8 B2 33567 9/25/91 
B-A4K6 82 32440 10/6/89 
B-A4K4 B2 32404 10/5/89 
B-B3A9 B2 33607 9/26/91 
B-A4FI B2 28179 10/5/89 
B-A3J3 B2 26432 9/29/89 
B-B6E8 B2 33825 4/2/94 
B-B6H5 B2 33805 4/2/94 
B-A3J4 B2 26455 9/27/89 
B-A4F5 B2 28215 10/2/89 

B-A4J11 B2 31838 10/6/89 
B-B3A10 B2 31531 9/23/91 

41 1200042



B-A4L7 
B-A4L4 

B-B3AI 1 
B-A4K3 
B-A4D2 
B-A4A9 
B-A4KI 
B-B3BI 
B-B3B2 
B-A4J9 

B-A4AI0 
B-A4C 11 

B-B3B3 
B-B2K8 
B-A4F8 
B-A4J8 

B-B2KIO 
B-A4D3 
B-A4F9 
B-B3AI 
B-B6H6 
B-A418 

B-A4FI I 
B-A4D4 
B-A4G5 
B-A4L9 
B-BIA2 
B-A4J2 

B-A4G9 
B-A4G 1I 

B-A4J6 
B-BIA3 

B-A4G6 
B-A4H4 
B-A3J2 

B-B2KI I 
B-A4KI 1 

B-B3A2 
B-A4KI0 

B-B2LI 
B-A3H10 

B-A4H3 
B-A4E8 
B-A4L1 
B-A3L9 
B-A3L7 
B-B3A3 
B-A4E9 

B-A4EI0 
B-A4L3 

B-A4C6 
B-A4G8 
B-A4L2 
B-A4EI 
B-A3H9

B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2

32740 
32728 
31530 
31864 
28529 
27668 
31840 
30371 
30351 
31825 
27669 
28511 
30828 
32339 
30148 
30147 
30815 
29031 
30234 
33600 
33257 
33633 
30262 
29037 
30766 
33643 
33514 
30103 
31315 
31344 
30136 
33523 
30822 
29600 
26430 
31259 
32607 
29694 
32597 
31211 
26419 
29576 
28086 
32700 
27244 
27226 
32745 
28115 
28128 
32716 
27218 
30903 
32707 
29558 
26375

10/1/89 
10/2/89 
9/24/91 
10/1/89 
9/28/89 
9/27/89 
10/5/89 
9/23/91 
9/23/91 
10/6/89 
9/29/89 
9/28/89 
9/23/91 
9/24/91 
10/1/89 
9/30/89 
9/23/91 
10/5/89 
10/5/89 
10/6/89 
4/3/94 

1/24/90 
9/30/89 
10/3/89 
10/6/89 
10/6/89 
10/1/89 
10/2/89 
10/6/89 
10/6/89 
10/6/89 
10/2/89 
10/6/89 
10/5/89 
9/26/89 
9/23/91 
10/5/89 
10/3/89 
10/5/89 
9/23/91 
9/27/89 
10/5/89 
10/1/89 
10/2/89 
9/27/89 
9/29/89 
9/30/89 
10/2/89 
9/30/89 
9/30/89 
9/29/89 
9/30/89 
9/30/89 
10/6/89 
9/27/89

1200043
42



B-B2L2 
B-A4K8 
B-A4H8 
B-A4K9 
B-B2L3 

B-A4G7 
B-BIAI 
B-BIA9 
B-A4J4 
B-A4HI 

B-A4G10 
B-AJ3 
B-BIA5 

B-A4LI 1 
B-A4D5 

B-A4FI0 
B-B2K5 
B-B6E9 

B-B6JI0 
B-A4L1O 
B-A4G I 
B-A4D6 
B-B2L4 
B-B2L5 
B-A4J5 
B-A4J7 
B-B2L6 
B-B2L7 

B-A4Di 
B-A4A8 
B-A4K2 
B-B2L8 

B-B3C9 
B-A4H2 
B-A4D7 
B-B2K6 
B-B3E5 
B-A416 
B-A4L5 
B-B3E6 

B-A4J10 
B-A4F4 

B-A3H 1I 
B-B6J7 
B-B6J9 
B-A3JI 
B-A4F2 
B-B3E7 
B-A4K7 
B-A4K5 
B-B2K9 
B-B3E8 

B-A4C1 
8-A4D8 
B-B2K7

B2 
B2 
B2 
82 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
B2 
82 
B2 
B2 
B2 
B2 
B2

31229 
32549 
29695 
32574 
31240 
30842 
33722 
33575 
30128 
31348 
31320 
30123 
33536 
33699 
29047 
3025.7 
33609 
33230 
33273 
33644 
30278 
29084 
30858 
32366 
30130 
30145 
32345 
30836 
28523 
27663 
31861 
30428 
30417 
31802 
29156 
31792 
31535 
32736 
32728 
31522 
31832 
28205 
26423 
33796 
33761 
26426 
28187 
33579 
32455 
32436 
33588 
34175 
26962 
29439 
29980

9/23/91 
10/5/89 
10/2/89 
10/3/89 
9/23/91 
10/5/89 
1/24/90 
9/30/89 
9/30/89 
10/6/89 
10/6/89 
9/30/89 
9/30/89 
1/24/90 
10/2/89 
10/2/89 
1/24/90 
4/4/94 
4/3/94 

1/24/90 
9/30/89 
9/30/89 
9/23/91 
9/23/91 
10/1/89 
9/30/89 
9/24/91 
9/23/91 
9/28/89 
9/29/89 
10/2/89 
9/23/91 
9/23/91 
10/1/89 
9/27/89 
10/5/89 
9/24/91 
9/30/89 
9/30/89 
9/23/91 
10/2/89 
10/5/89 
9/27/89 

4/2/94 
4/2/94 

9/29/89 
10/6/89 
9/25/91 
10/6/89 
10/5/89 
9/25/91 
9/25/91 
9/28/89 
10/2/89 
10/5/89

1200044
43



B-A4J 1 
B-A4D 11 

B-A4C4 
B-B3E9 
B-B6A8 
B-A4E4 
B-A4E5 
B-A4G4 

B-B3CIO 
B-B6H7 
B-B6.J5 
B-B6F5 

B-B6E10 
B-B4H3 
B-A5C2 
A-ClF5 

A-CIC1O 
ACID11I 

B-A5C3 
A-CI G5 

B-B6K2 
B-A5C4 
B-B5K6 
B-B4H4 
B-A6E9 

B-A5C5 
B-B6L4 
B-B5L5 

B-A5C6 
B-A6K4 
B-B4H5 
B-A5C7 
B-A6H4 
A-CIF7 
B-A6D5 
B-B4H6 
B-A6H3 
B-A6F3 

A-CIA9 
A-C1B5 
B-A5C8 

A-CIG7 
B-B4H7 
B-A5G7 
B-B4H8 

B-A5G8 
B-A6F4 

B-A6G4 
B-A6E6 

A-CIG6 
B-A5G9 
B-A6F6 
B-A6F7 

A-CIF6 
B-A6E10

B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B9 
n~l 

BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI BI 

BI

30003 
29497 
27046 
34265 
29222 
27868 
27888 
30609 
29200 
32994 
32973 
33007 
32967 
32315 
30754 
30587 
32139 
32359 
32468 
29539 
29314 
32168 
28739 
30471 
31907 
34247 
33198 
33434 
34408 
31883 
30733 
30439 
33229 
33151 
30273 
31112 
30257 
32575 
33679 
33451 
32588 
30262 
31162 
30215 
31036 
32487 
29749 
30666 
30631 
29927 
32233 
31228 
30377 
31608 
33114

10/3/89 
9/30/89 
9/28/89 
9/24/91 
9/23/91 
10/1/89 
9/30/89 
10/5/89 
9/23/91 
4/4/94.  
4/3/94 
4/3/94 
4/4/94 

4/14/93 
10/19/90 
10/17/90 
4/13/93 
4/13/93 

10/18/90 
10/15/90 
10/15/90 
10/19/90 
10/17/90' 
4/15/93 

10/17/90 
10/18/90 
10/17/90 
10/17/90 
10/18/90 
10/17/90 
4/16/93 

10118/90 
10/17/90 
10/17/90 
10/18/90 
4/16/93 

10/17/90 
10/17/90 
10/17/90 
10/16/90 
10/19/90 
10/16/90 
4/14/93 

10/18/90 
4/14/93 

10/18/90 
10115/90 
10/14/90 
10/14/90 
10/16/90 
10/18/90 
4/13/93 

10/18/90 
10/17/90 
10/17/90

1200045
44



B-ASHI 
B-B5L4 

A-CIH7 
B-B4H9 

B-A6DI I 
A-CIAI 1 

B-A5H4 
B-B4H10 
B-B4H 11 
A-C I D5 

A-CIG11 
B-B4JI 

B-A5H5 
B-A5H6 
B-B4J2 

B-A6D9 
B-A5H7 
B-A5H8 
B-B4J3 

B-A5H9 
B-A5JI 

A-CID1O 
A-C I B8 

B-B4J4 
A-CIH9 
A-C I H8 

B-B4J5 
B-A6F8 
B-B5K1 

A-C1G8 
B-A6F9 
B-A5J2 

B-A6E 11 
B-A6E8 

B-A6C 1I 
B-B4J6 
B-B4J7 
B-A6E7 

A-CIEI0 
B-A6DIO 

B-A5J3 
A-Cl B6 

B-B6B3 
B-A6A6 

B-B5H10 
B-A6A8 
B-A6A9 
A-CI H5 
A-Cl AS 
B-A6A7 
B-B5J 10 
B-A5J4 
B-BSK2 

B-A6C9 
B-B6E3

BI 
BI 
BI 
B I 
B I 
BI 

BI 
BI 
B I 
B I 
BI 
BI 
B I 
B I 
BI 
BI 
B I 
B I 
81 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI

33121 
30912 
31137 
31994 
33098 
31594 
33092 
31495 
31455 
32811 
28706 
31569 
34855 
34392 
32632 
32862 
34588 
34741 
31614 
32389 
33372 
30682 
27682 
31980 
30801 
30593 
32139 
27694 
30891 
33045 
32355 
29609 
32387 
32912 
30687 
32157 
32287 
30858 
33000 
32657 
29416 
29504 
31047 
31278 
31262 
30801 
29332 
29447 
30800 
31244 
31507 
30824 
29528 
29490 
32425

10/14/90 
10/14/90 
10/14/90 
4/14/93 

10/16/90 
10/16/90 
10/19/90 
4/14/93 
4/14/93 

10/17/90 
10/17/90 
4/13/93 

1/9/91 
10/18/90 
4/14/93 
1/13/94 

10/18/90 
1/9/91 

4/14/93 
10/18/90 
10/19/90 
10/16/90 
10/14/90 
4/13/93 

10/14/90 
10/14/90 
4/13/93 

10/14/90 
10/15/90 
10/16/90 
10/18/90 
10/18/90 
10/17/90 
10/17/90 
10/14/90 
4/13/93 
4/14/93 

10/14/90 
10/17/90 
10/16/90 
10/19/90 
10/15/90 
10/14/90 
10/14/90 
10/14/90 
10/14/90 
10/15/90 
10/15/90 
10/14/90 
10/14/90 
10/14/90 
10/14/90 
10/15/90 
10/17/90 
10/17/90

1200046
45



A-CID6 
B-A5J5 
B-B4J8 

A-CIC1 I 
A-CIA1O 

B-A6B9 
A-CIG9 
B-A6C7 
B-A5F5 

A-CIB11 
B-A6B6 
B-A6B8 
B-A5E8 

B-A6BI I 
B-A687 
B-A5E9 

A-CIHI0 
B-A6A10 
A-CIB10 

B-B5LI 
B-A5FI 
B-A5F6 

B-A6C1O 
B-B4F8 
B-B4F9 
B-A5F7 
B-A5F8 

A-CIB7 
B-B4F1O 
B-B5K9 

B-B4FI I 
B-B4GI 

A-CIEl 
A-CIG10 

A-CIC9 
B-A6C8 
B-B4G2 
B-B6J2 

B-A5G I 
B-B4G3 

B-A6B10 
A-CIC7 
B-A5G3 
B-B5K7 

B-A5G4 
B-A6AI I 
B-A5G5 

B-BSJ9 
A-CIB9 
B-A6C6 
B-B4G4 

A-CIA8 
B-B4G5 

A-CIC6 
B-D8J1O

BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B) 
BI 
BI 
BI 
81 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI

33074 
30627 
32083 
32092 
30614 
3319.4 
32415 
29570 
32397 
33327 
30703 
27774 
32028 
30557 
30626 
32023 
27714 
30608 
33006 
32639 
31724 
34785 
34429 
32660 
32691 
34405 
34579 
31910 
33967 
32951 
31568 
31448 
32977 
29139 
31714 
33326 
31752 
30935 
30957 
31802 
33131 
31633 
30422 
31034 
32394 
29772 
30605 
30799 
29731 
32534 
31041 
30552 
30882 
30184 
32790

120004746

10/17/90 
10/14/90 
4/14/93 
4/13/93 

10/14/90 
10/16/90 
10/17/90 
10/17/90 
10/18/90 
10/17/90 
10/15/90 
10/14/90 
4/13/93 

10/14/90 
10/14/90 
4/13/93 

10/14/90 
10/16/90 
10/16/90 
10/18/90 
4/14/93 

1/9/91 
10/18/90 
4/13/93 
4/13/93 

10/18/90 
1/9/91 

4/13/93 
4/15/93 

1/9/91 
4/14/93 
4/14/93 
1/9/91 

10/17/90 
10/17/90 
10/17/90 
4/14/93 

10/14/90 
10/14/90 
4/13/93 

10/16/90 
10/16/90 
10/18/90 
4/13/93 

10/19/90 
10/16/90 
10/14/90 
10/14/90 
10/15/90 
10/17/90 
4/14/93 

10/18/90 
4/14/93 

10/17/90 
10/16/90



A-CIC5 BI 33489 10/17/90 
B-B5K4 BI 33345 10/16190 

A-C I D7 B I 32665 10/16/90 
A-CIA] BI 30277 10/16/90 
B-A5G6 B1 30327 10/19/90 
B-D8L1O BI 33487 10/16/90 

B-B6L2 B I 33589 10/16/90 
B-B5K8 BI 30138 10/18/90 
B-B4G7 BI 30544 4/16/93 

B-A8A10 BI 31959 10/17/90 
B-A5L5 BI 34411 10/18/90 
B-BSK5 BI 33144 10/17/90 

A-CID8 B1 33083 10/16/90 
A-CIA6 B1 34562 10/18/90 
B-A7C8 B1 31867 10/16/90 
B-B4G8 BI 30803 4/14/93 
B-A5L6 BI 32247 10/19/90 

A-CIC8 BI 29429 10/15/90 
B-B5EI B I 29570 10/15/90 
B-A5L7 B1 32229 10/18/90 
B-B5L6 BI 28811 10117/90 

B-B4G1O BI 32174 4/13/93 
A-CIA7 BI 30643 10/18/90 

B-A8C10 BI 30769 10/17/90 
B-B4G11 t' 31997 4/14/93 
B-B3C11 a 33145 9/26/91 

B-B3DI B2 32281 9/26/91 
B-B3D2 B2 34587 9/27/91 
B-B3D3 B2 34611 9/25/91 
B-B3D4 B2 32271 9/27/91 
B-B3D5 B2 33129 9/27/91 
B-B3D6 B2 30906 9/24/91 
B-B6H9 B2 31926 4/2/94 
B-B3D7 B2 31447 9/27/91 
B-B3D8 B2 31422 9/27/91 
B-B6G5 B2 31921 4/2/94' 
B-B3D9 B2 30904 9/24/91 

B-B3DI0 B2 31576 9/26/91 
B-B3D 11 B2 33754 9/27/91 

B-B3EI B2 33647 9/25/91 
B-B3E2 B2 33659 9/25/91 
B-B3E3 B2 33756 9/26/91 
B-B3E4 B2 31557 9/25/91 

B-B3J 11 B2 32234 9/24/91 
B-B3KI B2 32206 9/24/91 
B-B3K2 B2 33329 9/26/91 

B-B6H 1I B2 34295 4/2/94..-" 
B-B6K6 B2 33792 4/3/94.  
B-B6H8 B2 33803 4/4/94 

B-B6EI I B2 34349 4/2/94 
B-B3K3 B2 33353 9/26/91 
B-B6J8 B2 32275 4/2/94 

B-B6J 11 B2 33881 4/2/94 
B-A7DI B2 32214 4/2/94 
B-B3B4 B2 33351 9/27/91 
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B-B3B5 B2 33377 9/25/91 
B-B3B6 B2 31712 9/24/91 
B-B3B7 B2 31751 9/24/91 

B-A7D5 B2 32729 4/2/94 
B-B3B8 B2 32084 9/26/91 
B-B3B9 B2 34320 9/26/91 

B-B3BIO B2 33607 9/27/91 
B-B3BI I B2 33597 9/26/91 
B-B3CI B2 34251 9/25/91 
B-B3C2 B2 32078 9/26/91 
B-B3C3 B2 33170 9/26/91 
B-B3C4 B2 32776 9/24/91 
B-B3C5 B2 32796 9/24/91 
B-AICI B2 33208 9/26/91 
B-B3C6 B2 34856 9/25/91 
B-A7F4 B2 34437 4/4/94 
B-B3C7 B2 34742 9/27/91 
B-B3C8 B2 34758 9/26/91 
B-B3K4 B2 34782 9/26/91 
B-B3K5 B2 34830 9/25/91 
B-A7FI B2 34402 4/3/94 
B-B3K6 B2 34738 9/26/91 
B-B3K7 B2 34773 9/26/91 

B-A7D6 B2 34445 4/4/94 
B-B3EI0 B2 34877 9/25/91 
B-B3E 11 82 33211 9/25/91 

B-B3FI B2 32807 9/24/91 
B-B3F2 B2 32787 9/24/91 
B-B3F3 B2 33183 9/25/91 
B-B3F4 82 32083 9/26/91 
B-B3F5 B2 34236 9/25/91 
B-B3F6 82 33617 9/26/91 
B-B3F7 B2 33614 9/26/91 
B-B3F8 82 34238 9/25/91 
B-B3F9 B2 32089 9/26/91 
B-A7E4 B2 32772 4/2/94 

B-B3F10 B2 31769 9/24/91 
B-B3FI I B2 31732 9/24/91 
B-A7C6 B2 32752 4/2/94 
B-B3GI B2 33429 9/26/91 
B-B3G2 B2 33400 9/26/91 
B-A7F2 B2 32225 4/2/94 

B-A7D4 B2 33815 4/2/9' 
B-A7F3 B2 32235 4/2/94 
B-B3G3 B2 33300 9/26/91 
B-A7D2 B2 34271 4/2/94 
B-A7E6 B2 33757 4/3/94 
B-A7EI B2 34314 4/2/94 
B-B3G4 B2 33317 9/26/91 
B-B3G5 B2 32216 9/24/91 
B-B3G6 B2 32197 9/24/91 
B-B3G7 B2 31521 9/26/91 
B-B3G8 B2 33690 9/26/91 
B-B3G9 B2 33602 9/25/91 

B-B3GI0 B2 33605 9/25/91 
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B-B3G 11 
B-B3HI 
B-B3H2 
B-A7E2 
B-B3H3 
B-B3H4 
B-A7E3 
B-A7D3 
B-B4EIO 
B-A7E5 
B-B4D4 
B-B4HI 
B-B4H2 
A-Cl F9 
B-B4G6 
B-B4G9 

A-CIFIO 
B-B4L4 
B-B4L5 
B-B4L6 
B-B4L7 
B-B4.8 
B-B4L9 

B-.B4LI0 
B-B4LI I 
B-A6L8 
B-A5AI 
B-A5A2 
B-A5A3 
B-A5A4 
B-A6K8 
B-A5A5 
B-ASA6 
B-ASA7 
B-A5A8 
B-A5A9 
B-B4J9 

A-CIFl I 
A-CI E5 
B-B4J10 
B-B4JI I 
B-B4KI 
B-B4K2 
B-B4K3 
B-B4K4 
B-B4K5 
B-B4K6 
B-B4K7 
B-B4K8 
B-A6L7 
B-B4K9 

B-B4K1O 
B-B4K I 

B-B4LI 
-B-B4L3

B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
DI 

BI 
BI 
BI 
BI 
BI 
BI 
BI 
Bi 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B8 
BI 
BI 
B8 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
BI 
B1 
BI 
BI 
BI 
BI 
BI

33675 
31504 
30870 
31892 
31398 
31405 
31879 
30832 
32214 
34544 
32213 
30993 
30596 
30571 
32077 
32326 
30365 
30183 
29386 
29593 
30028 
32725 
32566 
29453 
29413 
33316 
31997 
30580 
30693 
31963 
33067 
29863 
29963 
30134 
30374 
29754 
29997 
30718 
30810 
30730 
30624 
29994 
31573 
30328 
30316 
31606 
30023 
30213 
30397 
32736 
32700 
32433 
32354 
30181 
30865

9/27/91 
9/27/91 
9/24/91 
4/2/94 

9/27/91 
9/27/91 
4/2/94 

9/24/91' 
9/26/91 
9/25/91 
9/26/91 
4/18/93 
4/18/93 
4/17/93 
4/18/93 
4/17/93 
4/17/93 
4/17/93 
4/17/93 
4/17/93 
4/16/93 
4/17/93 
4/18/93 
4/16/93 
4/16/93 
1/13/94 
4/18/93 
4/15/93 
4/15/93 
4/17/93 
1/13/96 
4/17/9S 
4/18/93 
4/17/93 
4/16/93 
4/18/93 
4/16/93 
4/17/93 
4/16/93 
4/18/93 
4/17/93 
4/15/93 
4/16/93 
4/17/93 
4/18/93 
4/16/93 
4/15/93 
4/17/93 
4/16/93 
1/13/94 
4/17/93 
4/18/93 
4/17/93 
4/16/93 
4/16/93
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A-CIF8 BI 24724 10/17/90 
B-A5F2 BI 30084 4/15/93 
B-A5F3 BI 31555 4/16/93 
B-A5F4 BI 30526 4/16/93 
B-B4L2 BI 30363 4/16/93 

B-A5C9 BI 31806 4/16/93 
B-A5DI BI 30015 4/15/93 
B-A5D2 BI 31058 4/18/93 
A-CIE6 BI 30817 4/16/93 
A-CIE7 BI 31042 4/16/93 
B-A5D3 BI 30015 4/17/93 
B-A5D4 BI 29761 4/18/93 
B-A5D5 BI 30138 4/17/93 
B-A5D6 BI 30119 4/16/93 
B-A5D7 BI 29763 4/18/93 
B-A5D8 BI 30203 4/16/93 
B-A6L6 BI 33152 1/13/94 

B-A5D9 BI 32039 4/18/93 
B-A5EI BI 30776 4/15/93 
B-A5E2 BI 30663 4/15/93 
B-A5E3 B1 31954 4/17/93 
B-A6K9 BI 33223 4/17/93.  
B-A5E4 BI 29509 4/16/93 
B-A5E5 BI 29448 4/16/93 
B-A5E6 BI 32661 4/17/93 
B-A6K7 BI 32788 1/13/94 
B-A5E7 BI 30016 4/17/93 
B-A5BI BI 29404 4/16/93 
B-A5B2 BI 29379 4/16/93 
B-A5B3 BI 29845 4/16/93 
A-CIE8 BI 30357 4/16/93 
B-A5B4 BI 32102 4/18/93 
B-A5B5 BI 32348 4/17/93 
A-CIE9 BI 30249 4/16/93 
B-A5B6 BI 30922 4/18/93 
B-A5B7 Bl 30632 4/17/93 
A-BI B2 w2 29546 5/4/79 
A-BIB] R2 29353 5/2/79 
A-BIK2 R2 30091 5/3/79 
B-C2CI R2 30623 5/2/79 
A-BIJ2 R2 32670 5/3/79 
B-C3D4 R2 32661 5/5/79 
A-D2J4 R2 30420 5/5/79 
A-BIHI R2 30062 5/5/79 
B-D6A5 R2 29713 4/29/79 
B-C I B9 R2 40708 9/3/80 
B-CIA3 R2 40634 9/4/80 
B-D6K6 R2 29985 4/30/79 
A-B I E2 R2 30090 5/4/79 
B-C2FI R2 32659 5/5/79 
A-D2J5 R2 32656 5/5/79 
B-C3CI R2 30044 5/5/79 
A-BI DI R2 29603 5/4/79 
B-D6J6 R2 32786 5/4/79 

A-BIG2 R2 33153 5/5/79 
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A-Al El R2 29568 5/2/79 
B-C3F2 R2 29840 5/3/79 
A-D2E5 R2 32857 5/4/79 
A-B 1E1 R2 33252 5/4/79 
B-C3E2 R2 29761 5/2/79 
A-BIJI R2 30503 5/5/79 

B-C3D1 R2 30664 5/5/79 
A-BIH2 R2 30362 5/4/79 
A-BlKl R2 33008 5/5/79 
B-C3E4 R2 32766 5/5/79 
A-BIF2 R2 30154 5/4/79 
B-D6K7 R2 29446 4/29/79 
B-C l B7 R2 40863 9/2/80 
B-C2F4 R2 29916 4/30/79 

B-C3D2 R2 29570 5/4/79 
B-C2D3 R2 30441 4/30/79 
A-BI D2 R2 32803 5/4/79 

A-AIC2 R2 33170 5/4/79 
A-Al Dl R2 30592 5/5/79 
A-Al E2 R2 29626 5/4/79 
A-D2J3 R2 29744 5/3/79 

A-AI D2 R2 29845 5/3/79 
B-C2E4 R2 29211 4/30/79 
B-C3C2 R2 29372 5/6/79 
A-BIC2 R2 29373 5/6/79 
A-BIAI R2 29680 5/6/79 
B-C3EI R2 29911 9/1/80 

A-AICI R2 30788 8/31/80 
B-D6H6 R2 30332 8/31/80 
B-D6G6 R2 30105 8/29/80 
B-D6D7 R2 32216 3/21/82 
B-D6A6 R2 32251 9/2/80 
B-C2D8 R2 32051 9/2/80 
B-C2C2 P2 31981 9/2/80 
B-D6D5 R2 30017 8/30/80 
B-C3F3 R2 29696 9/4/80 
B-C2D4 R2 33493 9/1/80 
B-C2E5 R2 33274 9/1/80 
A-BICI R2 29316 9/4/80 
B-C2C9 R2 30798 8/30/80 
B-C2D9 R2 30923 8/31/80 

B-C2CI0 R2 30056 8/29/80 
B-D6F7 R2 33242 9/1/80 

B-C2C4 R2 33358 9/1/80 
B-C2F9 R2 29764 8/30/80 
B-C4D5 R2 27443 2/25/84 
B-D6J7 R2 31974 3/21/82 

B-D6G5 P2 29961 9/1/80 
B-C2F8 R2 32370 9/2/80 

B-C2ElO R2 30231 8/31/80 
B-D6F5 R2 30850 8/31/80 
B-C2E9 R2 31201 8/31/80 
B-C3C4 R2 29851 9/1/80 
B-D6B5 R2 32348 9/2/80 
A-BIA2 R2 32034 9/4/80 
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B-C2FI0 
B-C2C8 
B-C2E8 
B-C3FI 
B-C2F5 
B-C2D5 
B-C2F3 
B-D6H5 
B-CI E5 
B-C3E3 
B-C2F6 

B-C2C5 
B-C3D3 
B-D6E5 

B-C4C6 
B-D6C5 
B-D6E6 
B-D6D6 
B-D6C6 
B-D6B6 
B-D6F6 

B-C2D1O 
B-C4C5 
B-C4D4 
B-C4F6 

B-C4C4 
B-C3F4 
B-D6B7 
B-D6B4 
B-C4C2 
B-D6A7 
B-D6D4 
B-C3C3 
B-C4F3 
B-C4F4 
B-C4E4 
B-C4D3 
B-C4C3 
B-D6E7 
B-D6F4 

B-D6C4 
B-D6H7 
B-D6G7 
B-C4E3 
B-D6A4 
B-C4F5 
B-C4E5 
B-C4F7 
B-D6J5 
B-D6K5 
B-D6C7 
B-C2E2 
B-D6E4 

B-C4D7 
B-C4E7

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
P2

30249 
32039 
32114 
29954 
33296 
33267 
29942 
30519 
30756 
29606 
32923 
33197 
29497 
29994 
26798 
32023 
32189 
31728 
30062 
29808 
30730 
30151 
29558 
29604 
33102 
32834 
20298 
29850 
30076 
30030 
32689 
32842 
20590 
29601 
29753 
30454 
30411 
29648 
29873 
32816 
32748 
30089 
30232 
30001 
30293 
32962 
32729 
29530 
30530 
30051 
30228 
29734 
29527 
30633 
33927

8/31/80 
9/2/80 
9/2/80 

8/30/80 
9/1/80 
9/1/80 

8/30/80 
8/31/80 
8/31/80 
9/4/80 
9/1/80 
9/1/80 
9/2/80 

8/30/80 
2/26/84 
9/2/80 
9/4/80 
9/2/80 

8130/80 
9/1/80 

8/31/80 
8/31/80 
3/20/82 
3/20/82 
2/26184 
2/24/84 
9/5/80 

3/19/82 
3/20/82 
3/20/82 
2/26/84 
2/25/84 
9/5/80 

3/20/82 
3/20/82 
3/20/82 
3/20/82 
3/20/82 
3/20/82 
2/24/84 
2/25/84 
3/20/82 
3/20/82 
3/19/82 
3/19/82 
2/26/84 
2/25/84 
3/19/82 
3/20/82 
3/19/82 
3/19/82 
2/25/84 
2/25/84 
2/24/84 
2/26/84

1200053
52

.i



B-C4D9 
B-C4E9 
B-C4F9 
B-C2D2 
B-C I E6 
B-D6G4 
B-D6H4 
B-CIE7 
B-C2F2 
B-C4D6 
B-C4E6 
B-CIF3 

B-D6G3 
B-CID6 
B-D6H3 
B-C3C5 
B-C3D5 
B-D6GI 
B-D6HI 

B-C3E10 
B-C3E9 
B-C3E8 
B-C IF9 
B-C3E5 
B-C3F5 
B-D6D3 
B-C4C9 
B-C3E7 
B-C3E6 
B-D6J1 

B-C3FIO 
B-C3F9 
B-CIF6 
B-C3F8 
B-CIA4 
B-CIF4 
B-C3F7 
B-C3F6 
B-C I D3 
B-C I F7 
B-D6A3 
B-C l F5 

B-C4C8 
B-C4D8 
B-C4E8 
B-D3A5 
B-C2B9 
B-C4F8 
B-D6J4 
B-D6K4 
B-C4C7 
B-C2EI 

B-CIFI0 
B-D6B3 
B-D6E3

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2

31046 
33843 
32490 
29654 
25984 
29949 
29698 
26080 
30931 
29607 
29978 
25878 
32334 
25871 
31470 
33196 
34909 
34894 
33343 
31570 
30290 
33582 
34945 
30444 
30084 
30182 
30887 
33971 
34095 
31043 
33253 
33673 
26076 
34466 
35061 
25994 
32241 
32199 
25643 
34890 
34992 
26032 
33704 
33241 
31720 
35025 
35048 
31524 
30630 
30557 
29666 
34360 
34665 
30490 
30815

2/25/84 
2/24/84 
2/26184 
2/24/84 
2/25/84 
2/24/84 
2/24/84 
2/24/84 
2/26/84 
2/25/84 
2/26/84 
2/16/86 
2/19186 
2/18/86 
2/19/86 
2/17/86 
2/19/86 
2/17/86 
2/17/86 
2/16/86 
2/19/86 
2/17/86 
4/19/87 
2/16/86 
2/19/86 
2/15/86 
2/19/86 
2/16/86 
2/17/86 
2/16/86 
2/16/86 
2/18/86 
2/16/86 
2/19/86 
2/16/86 
2/18/86 
2/19/86 
2/15/86 
2/15/86 
2/19/86 
2/16/86 
2/19/86 
2/16/86 
2/19/86 
2/19/86 
.4/19/87 
4/20/87 
2/16/86 
2/19/86 
2/16/86 
2/17/86 
2/17/86 
4/19/87 
2/1786 
2/17/86
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B-D6F3 
B-C4C1O 
B-C4D1O 
B-C4EI0 
B-C4F1O 
B-CI D5 
B-D6C3 
B-CID4 
B-D6AI 
B-D6BI 

B-D6CI 
B-CIC8 
B-CIC7 
B-D3A6 
B-CIE8 
B-D6EI 
B-D6J2 
B-D6K2 
B-D6DI 
B-D6FI 
B-D6H2 

B-C3C1O 
B-C3D1O 

B-CIE4 
B-D3A7 
B-CID8 
B-CI E3 
B-D6E2 
B-D6F2 

B-C3C9 
B-C3D9 
B-D6C2 
B-D6D2 
B-C3C8 
B-C3D8 
B-D6A2 
B-D6B2 

B-C3C7 
B-C3D7 
B-D6J3 
B-D6K3 
B-C3C6 
B-C3D6 
B-C2D1 
B-C2C6 
B-C2D6 
B-C2C3 
B-C2E6 

B-C2C7 
B-C2D7 
B-D6G2 
B-C2E7 
B-C2F7 
B-C2E3 
B-C3AI

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2

33269 
34775 
33980 
32809 
31005 
25813 
31694 
25777 
32325 
32134 
32039 
33960 
34493 
34588 
34361 
32422 
33222 
33004 
33299 
32148 
32227 
32347 
31208 
34527 
34622 
34005 
23530 
30487 
30914 
30845 
34583 
34830 
34864 
34563 
33522 
34219 
34235 
34128 
34118 
34441 
33573 
33768 
33786 
33734 
33541 
33562 
33972 
33694 
29701 
29711 
29778 
30054 
33506 
33820 
36727

2/16/86 
2/17/86 
2/17/86 
2/19/86 
2/17/86 
2/16/86 
2/17/86 
2/19/86 
4/20/87 
4/19/87 
4/19/87 

11/28/88 
11/27/88 
11/27/88 
11/28/88 
4/18/87 
4/19/87 
4/20/87 
4/18/87 
4/20/87 
4/18/87 
4/20/87 
4/18/87 

11/27/88 
11/28/88 
11/27/88 
4/18/87 
4/20/87 
4/18/87 
4/19/87 
4/19/87 
4/19/87 
4/19/87 
4/19/87 
4119/87 
4/19/87 
4/20/87 
4/19/87 
4/18/87 
4/20/87 
4/20/87 
4/18/87 
4/19/87 
4/19/87 
4/19/87 
4/19/87 
4/19/87 
4/19/87 
4/19/87 
4/20/87 
4/18/87 
4/18/87 
4/19/87 
4/19/87 
10/1/90
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B-C I D7 
B-C2A9 
B-C2A6 
B-CI F8 

B-C2AI0 
B-C3BI 
B-C3B2 
B-CIB8 
B-C2A8 

B-CIDIO 
B-CI E9 

B-CCIEI0 
B-CID9 
B-C2A7 
B-CIC9 
B-CIB5 
B-C2B2 

B-CIBI0 
B-CIC3 
B-CIB4 
B-CIC5 
B-C2B7 
B-C2B6 
B-CIB3 
B-C2B5 

B-CIC1O 
B-CIC6 
B-C2B4 
B-C2BI 
B-CIA9 

B-C2B1O 
B-C2AI 
B-C2B8 
B-Cl A6 
B-C2B3 
B-CIA5 
B-CIA8 
B-C2A2 

B-CIA1O 
B-CIA7 
B-C3A7 
B-C3A8 
B-C3A9 

B-C3A10 
B-C4AI 
B-C4A2 
B-CIA2 
B-C3A3 
B-C3A2 
B-C3A4 
B-C3A5 
B-C2A4 
B-C2A3 

B-C3B10 
B-C2A5

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2

34493 
34577 
34800 
34417 
34631 
34756 
34785 
35217 
33752 
32631 
33566 
32661 
33492 
33206 
33348 
36755 
36773 
36031 
36082 
36728 
36311 
37118 
36979 
36507 
36881 
31831 
36502 
36873 
38186 
38043 
38420 
38601 
37545 
37672 
36860 
37665 
38012 
38722 
38184 
37680 
21682 
21470 
21599 
21779 
23791 
23471 
23573 
37573 
37572 
37676 
38007 
36489 
36370 
36611 
36507

11/27/88 
11127/88 
11/28/88 
11/28/88 
11/27/88 
11/28/88 
11/28/88 
11/27/88 
11/27/88 
11/27/88 
11/28/88 
11/28/88 
11/27/88 
11/27/88 
11/28/88 
11/27/88 
11/28/88 
11/27/88 
11/27/88 
11/27/88 
11/27/88 
11/28/88 
11/27/88 
11/28/88 
11/27/88 
11/28/88 
11/27/88 
11/28/88 
11/27/88 
11/28/88 
11/28/88 
11/27/88 
11128/88 
11/27/88 
11/27/88 
11/27(88 
11/27/88 
11/28/88 
11/28/88 
11/27/88 
9/27/93 
9/25/93 
9/27/93 
9/26/93 
9/27/93 
9/25/93 
9/27/93 
9/30/90 
9/29/90 
9/30/90 
9/30/90 
9/30/90 
9/30/90 
9/30/90 
9/30/90
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B-C4F2 R2 39092 9/30/90 
B-C4DI R2 39404 9/30/90 
B-C4E2 R2 39367 9130/90 
B-C4EI R2 39275 9130/90 
B-C4FI R2 39065 9/30/90 
B-CIB2 R2 39062 10/1/90 
B-CID2 R2 39047 10/1/90 
B-CIC2 R2 39049 9/30/90 
B-C I F2 R2 38898 9/29/90 
B-C4B2 R2 38806 9/30/90 
B-CIE2 R2 38915 10/1/90 
B-C4BI R2 38754 9/30/90 
B-C3B5 R2 38469 9/30/90 
B-C3B7 R2 38682 9/30/90 
B-C3B3 R2 38357 10/1/90 
B-C3B6 R2 38639 10/1/90 
B-C3B4 R2 38401 9/30/90 
B-C3B8 R2 38708 9/29/90 
B-C3B9 R2 38719 9/29/90 
B-C3A6 R2 38115 9/30/90 
B-D3A3 R2 39861 9/30/90 
B-D3A4 R2 39914 9/30/90 
B-C l B6 R2 39722 9/30/90 
B-C4D2 R2 40000 9/30/90 
B-C4CI R2 40046 9/30/90 
B-D3AI R2 39790 9/29/90 
B-D3A2 R2 39813 9/29/90 
1,-CIC4 R2 39758 9/30/90 
A-D2H4 R2 38941 4/21/92 
A-D2H6 R2 38945 4/21/92 
A-A2D6 R2 39328 4/21/92 
A-D2K3 R2 38791 4/22/92 

A-AIG2 R2 38645 4/21/92 
A-D2K4 R2 38854 4/22/92 
A-D2H3 R2 38932 4/21/92 
A-AIH2 R2 38685 4/22/92 
A-D2G6 R2 39127 4/21/92 
A-D2K5 R2 38925 4/22/92 
A-A2C6 R2 39179 4/22/92 
A-AI K2 R2 38732 4/22/92 
A-D2E4 R2 42704 4/21/92 
A-D2E3 R2 42433 4/22/92 
A-D2E2 R2 42004 4/22/92 
A-D2D6 R2 40931 4/22/92 
A-D2A6 R2 41087 4/22/92 
A-D2F2 R2 41421 4/21/92 
A-D2B6 R2 41028 4/21/92 

A-D2G2 R2 41288 4/22/92 
A-D2FI R2 41368 4/22/92 

A-D2GI R2 41272 4/22/92 
A-D2C6 R2 40980 4/22/92 
A-A2F6 R2 40361 4/22/92 
A-A2E6 R2 40289 4/22/92 
A-A2D5 R2 40446 4/22/92 
A-D2E6 R2 .40736 4/22/92 
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A-A2F5 
A-D2F5 

A-A2C5 
A-A2E5 

A-D2G3 
A-D2EI 
A-AIF2 

A-AIGI 
A-AIFI 
A-AIJ2 
A-D2F4 
A-D2F3 
1.-DI E6 

A-D2DI 
A-D2D3 
A-D2D2 
B-DIG6 
B-DI F6 
B-D I E5 
B-D I H6 
B-DIJ6 
B-DIK6 
B-DIB5 
B-DIC5 
B-DIG5 
B-DI H5 
B-DIJ5 
B-DI K5 
B-DIF5

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2

40620 
40686 
40441 
40569 
41327 
41785 
38633 
38563 
38490 
38706 
41637 
41509 
38557 
38202 
38382 
38331 
38976 
38869 
39531 
39064 
42521 
39120 
39253 
39508 
39576 
39603 
39616 
39620 
39545

4/21/92 
4/21/92 
4/22/92 
4/22/92 
4/21/92 
4/21/92 
4/22/92 
4/21/92 
4/21/92 
4/22/92 
4/22/92 
4/22/92 
9/26/93 
9/26/93 
9/26/93 
9/26/93 
9/26/93 
9/27/93 
9/25/93 
9/27/93 
9/26/93 
9/26/93 
9/26/93 
9/26/93 
9/26/93 
9/26/93 
9/27/93 
9/26/93 
9/26/93
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Thompson Rept. Exh.: CP&L-FSAR 

SHNPP FSAR 

6.4 HABITABILITY SYSTEMS 

The Control Room Habitability Systems include equipment, supplies and 
procedures which give assurance that the control room operators can remain in 
the Control Room and take effective actions to operate the nuclear power plant 
safely under normal conditions and maintain the facility in a safe condition 
following a postulated accident as required by the General Design Criterion 19 
contained in Appendix A to 10 CFR 50.  

The habitability systems and provisions include: 

a) Control Room Air Conditioning System (which includes the Emergency 
Filtration System).  

b) Radiation protection 

c) Food and water storage 

d) Kitchen and sanitary facilities 

e) Breathing apparatus "* 

The above systems and provisions provide adequate operator protection under 
normal and emergency operating conditions (including the design basis loss of 
coolant accident) and postulated release of toxic gases and smoke.  

6.4.1 DESIGN BASIS 

The habitability systems for the control room include shielding, air handling.  
and filtration systems, temperature control, dehumidifiers, instrumentation to 
protect against airborne radioactivity, air breathing apparatus, sufficient 
storage for food and water, and other provisions for extended occupancy by 
control room personnel, including kitchen and sanitary facilities.  

The bases upon which the functional design of these systems and provisions are 

designed include the following: 

Control Room Envelope: 

The control room envelope includes, in addition to the Control Room, the 
following auxiliary spaces: 

a) Office areas 

b) Relay and termination cabinet rooms 

c) Kitchen and sanitary facilities 

d) Component cooling water surge tank room 

6.4.1-1 Amendment No. 43
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Period of Habitability - The period of habitability for control room 
operators is based on the habitability systems' capability to provide 
protection from the introduction into the control room envelope of airborne 
contaminants that present an immediate danger to life or health. The most 
severe hazards are posed by airborne radioactivity. After the detection of 
airborne radioactivity the control room envelope will be pressurized and all 
air will be filtered through charcoal adsorbers. This system will ensure that 
the control room operators will not receive doses of radiation in excess of 
the -limits specified in GDC 19 of Appendix A to 10 CFR 50 during the time 
required for the safe shutdown of the plant.  

Capacitv - The Control Room has been designed (1) to allow continuous 
occupancy of five persons for a seven-day period following a design basis 
accident and (2) for replacement of the crews following the seven days. This 
includes sufficient food, water, medical supplies and sanitary facilities.  

Food. Water, Medical Supplies. and Sanitary Facilities - For 
habitability of the Control Room during certain emergencies, a seven-day 
supply of food and potable water is provided within the control room area.  

Basic medical supplies, kitchen and sanitary facilities are provided 
within the control room envelope.  

Radiation Protection - The Control Room envelope has been designed to 
ensure continuous occupancy during normal operation and extended occupancy 
throughout the duration of any one of the following postulated design basis 
accidents: 

a) Loss of coolant accident (LOCA) 

b) Fuel handling accident 

c) Radioactive releases due to radwaste system failure 

The radiation exposures shall not exceed 5 rem whole body for the 
duration of any of the above dcclaenms.  

As documented in the SHNPP SER (NUREG 1038 Supplement 2). the postulated 
design basis LOCA e6ent has been established as the most limiting event for 
demonstrating compliance with the Control Room Habitability Dose Criteria.  
Dose to the Control Room personnel resulting from a LOCA is discussed in 
Section 15.6.5.4.4.  

Respiratory, Eye, and Skin Protection for Emergencies - An adequate 
number of respirators is provided in the Control Room for emergency use.

Amendment No. 486.4.1-2111588
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Habitability System Operation Durine, Emercrencies 

The Control Room Air Conditioning System is safety related and designated as 
Safety Class 3 and Seismic Category 1. The system is capable of performing 
its functions assuming an active component single failure.  

The air conditioning system will not promote the propagation of smoke and fire 
from other areas in the Reactor Auxiliary Building to the control room 
envelope. Refer to Section 9.5.1 for a discussion of fire protection criteria 
for the Control Room. Provisions have been made for control room smoke purge 
operation, as described in Section 9.4.1.2.3.  

The system has been designed to maintain the ambient temperature in the 
Control Room at 75 F DB and 50 percent (max.) relative humidity during normal 
conditions and a design basis accident.  

During a postulated LOCA, the Control Room is pressurized to 1/8 in. wg. by 
the capability of introducing a maximum of 400 cfm outside air into the 
Control Room which will keep the carbon dioxide and oxygen concentrations 
within safe levels. Calculations of CO2 and 02 concentrations within the 
Control Room consider that the concentrations of these gases are homogenous 
within the control room envelope, excluding the air above the hung ceiling.  
Design maximum concentration of carbon dioxide is taken as 1.0 percent.  
Design minimum concentration of oxygen will be tiken as 1*7percent.  

The Control Room has been designed to protect the control room operators from 

all design basis natural phenomena and design basis accidents. j 
Emergency Monitors and Control Eguipment 

Provisions have been made to detect radioactivity and smoke in the Control 
Room air intake. Following detection, the control room envelope is 
automatically isolated. Sensitivities of the detectors and isolation time 
including delays in the control circuits are designed to meet the requirements.  
of GDC 19.  

6.4.1-3 Amendment No. 43 
111589
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6.4.2 System Design 

6.4.2.1 Control Room Envelope. The control room envelope includes 
those areas listed in Section 6.4.1. During an emergency, the areas which the 
control room operator could require access to are the Control Room, office 
areas, kitchen and sanitary facilities and control room emergency air intake 
valves located in the relay and termination and cabinet rooms.  

6.4.2.2 Ventilation System Design. The control room envelope air 
conditioning process includes an environmental control operation and an 
emergency air cleanup operation. The environmental control operation is the 
primary function of the air conditioning system and it is accomplished by the 
use of redundant air conditioning trains. The Control Room will be isolated 
upon receipt of a safety injection signal or following a detection at the 
intake opening of radioactivity or smoke. Redundant, motorized butterfly 
valves are provided in the control room envelope outside air intake and 
exhaust ducts for automatic isolation of the system from the surrounding 
atoosphere. Consequently, the normal ventilation system is not expected to 
have any adverse effects on the control room habitability during a design 
basis accident.  

Redundant trains of the Control Room Air Conditioning System are 
provided for the system to fulfill its essential functions. The redundant 
filtration train is located in a separate equipment room. The system is 
located within the Reactor Auxiliary Building which is designed to withstand 
effects of the safe-shutdown earthquake and other design basis natural 
phenomena.  

To assure continued operation following a design basis accident, the 
Control Room Air Conditioning System is designed to Seismic Category I 
requirements. This includes equipment and ductwork up to and including the 
connection into the Control Room (except portions of the normal exhaust and 
smoke purge fans):' The air intakes and exhaust of the Control Room Areas 
Ventilation System are tornado and missile protected.  

Active system components meet the single failure criteria as described 
in IEEE-279-71. Refer to Table 9.4.1-4 for a single failure analysis of the 
Control Room Air Conditioning System.

Amendment' IW.91486.4.2-1
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The redundant air conditioning units are served by separate Essential 
Services Chilled Water Systems so that loss of one train of the chilled water 
systems will not affect the ability of the system to control the thermal 
environment in the control room envelope.  

The Control Room Area Ventilation System including equipment, ductwork.  
valves, and air flows for both normal and emergency modes is discussed in 
detail in Section 9.4.1. Design data for principal components of the Control 
Room Area Ventilation System are presented in Table 9.4.1-1. The airflow 
diagram for the Control Room Area Ventilation System is shown on 
Figure 9.4.1-1.  

The Emergency Filtration System is discussed in Section 9.4.1.2. The 
operational status of valves, fans and corresponding airflow rates for the 
Control Room Air Conditioning System and Emergency Filtration System are 
presented in Table 9.4.1-2. The design data is presented in Table 9.4.1-1.  

The degree of compliance of the Emergency Filtration System with the 
requirements of Regulatory Guide 1.52 is discussed in Section 6.5.1.  

The layout drawings of the Control Room showing doors, corridors, 
stairwells. shield walls, and the placement and type of equipment within the 
Control Room are shown on Figure 1.2.2-35. Elevation and plan views showing 
building dimensions and the location of control room air intakes are also 
presented on Figure 1.2.2-35.  

Under a completely isolated Control Room. occupied with up to ten 
people. the C02 concentration would build up from zero to one percent in 

S71 hours. This buildup time is based upon a net control room envelope of 0.71 
x 105 ft 3 which includes space above the egg crate hung ceiling and a 
breathing rate of 30 ft 3/hr to generate 1 ft3 /hr CO2 per person. Considering 
there are no postulated design conditions which would require that the control 
room envelope be isolated for an extended period of time, 71 hours provides 
more than adequate time of the operator actions required to reestablish 
control room ventilation.  

A ventilation rate of 3.4 cfm fresh air per person will maintain the 
carbon monoxide level in the control room below 0.5 percent. Since the 
emergency pressurization mode of the Control Room Ventilation System permits 
the continuous introduction of up to 400 cfm (outside air from the 
uncontaminated air intake) through the control room emergency air cleaning 
unit. there will be no excessive build up of CO2 in the control room. The 
actual pressurization flow rate will be determined by testing to maintain a 
positive pressure differential of 1/8 inch of water gauge.  

A ventilation rate of 0.5 cfm fresh air per person will maintain the 
oxygen level in the Control Room at 17 percent. min. The design ventilation 
rate capability of up to 400 cfm is therefore adequate.  

Smoke purge fans are provided to expedite fire fighting efforts. Refer 
to Section 9.4.1.2.3 for a detailed discussion of the smoke purge operation.

Amendment No. 48111592 6.4.2-2
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Adequate bottled air capacity (of at least six hours) is readily available 
onsite for the five Control Room occupants to assure that sufficient time is 
available to locate and transport bottled air from offsite locations. This 
offsite supply is capable of delivering several hundred hours of bottled air 
to the members of the emergency crew.  

6.4.2.3 Leak Tightness. The control room envelope is pressurized to 
1/8 in. of water gauge differential pressure relative to the adjacent areas at 
all times during normal plant operation and outside air is continuously 
introduced to the control room envelope. During a postulated LOCA. a maximum 
rate of 400 cfm may be required in order to maintain 1/8 inch of water gauge.  
The control room is automatically isolated following a design basis 
radionuclide accident. In case of a radionuclide accident, the operator will 
re-pressurize the control room by drawing in filtered outside air through one 
of two emergency air intakes. The 400 cfm pressurization flow rate is 
approximately 0.34 volume change per hour.  

All openings to the Control Room have a low leakage design. This 
includes doors, valves, penetrations and walls. The control room leakage rate 
estimate through valves, doors, penetrations and walls is shown in 
Tables 6.4.2-1 and 6.4.2-2. The estimate is based on AEC R&D 
Report NAA-SR-101000.  

A maximum of 400 cftm makeup air will not make the overall doses to the 
control room operator exceed the radiation dose limit of General Design 
Criterion 19 of Appendix A to 10 CFR 50 under design basis accidents. An 
acceptance test is performed at startup to verify that the control room 
leakage rate is less than the value assumed in the analysis.  

6.4.2.4 Interaction with Other Zones and Pressure-Containing Eguipment.  
The following provisions are taken into consideration in the Control Room Area 
Ventilation System design to assure that there are no toxic or radioactive 
gases and other hazardous material that would transfer into the Control Room: 

a) The control room envelope is pressurized to 1/8 in. w.g. relative 
to the adjacent areas.  

b) The Control Room Area Ventilation system is independent and 
completely separated from other adjacent ventilation zones.  

c) There is no other HVAC equipment within the Control Room envelope 
that serves other ventilation zones.  

d) All doors, duct and cable penetrations are of low leakage design.

Amendmend 1 3486.4.2-3
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6.4.2.5 Shielding Design 

The Control Room envelope is shielded against direct sources of radiation 

which are present during normal operating conditions and following a 
postulated accident.  

There are no significant sources of direct or streaming radiation near the 

control room envelope during normal operating conditions. The shielding walls 

and floor provided for the accident conditions are more than sufficient to 

limit the dose rates to less than 0.25 mr/hr. in the Control Room during 

91J normal operation. Refer to Section 12.3.2.14 for a discussion of the control 

room shielding design.

Amendment No. 396.4.2-4111594
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TABLE 6.4.2-1 

CONTROL ROOM BUTTERFLY VALVES LEAKAGE RATE ESTIHATE

1. COMPONENTS: 

SIZE: 

QUANTITY: 

LEAK RATE AT 13.8 PSIG: 

LEAK RATE AT + 118 INCH W.c.): 

2. COMPONENTS: 

SIZE: 

QUANTITY: 

LEAK RATE AT 13.8 PSIC: 

LEAK RATE AT + 1/8 INCH W.G.(: 

3. COMPONENTS: 

SIZE: 

QUANTITY: 

LEAK RATE AT 13.8 PSIC: 

LEAK RATE AT + 1/8 INCH W.G.(: 

TOTAL LEAKAGE TO THE OUTSIDE 
FROM VALVES: 

TOTAL =

Butterfly valves in: 
a) Exhausts 
b) Normal Outside 

Air Intake 

12 inch diameter (exhaust) 
16 inch diameter (intake) 

Four(1) (2 valves arranged in 
series in each of two paths) 

0.018 (0.024) cubic fetJ)per day per 
exhaust (intake) valve 

0.53 x 10-6 cfm per two valves 

Butterfly valves in: 
a) Purge Exhausts 
b) Purge Make-Up 

30 inch diameter (exhaust) 
36 inch diameter (make-up) 

Four(1) (2 valves arranged in 
series in each of two paths) 

0.045 (0.054) cubic feet her day per 
exhaust (make-up) valve 

1.24 x 1O-6 cfm per two valves 

Butterfly valves in: 

Post-Accident Air Intakes (two) 

12 inch diameter 

Four(1) (2 valves arranged in series 
in each of two paths) 

0.018 cubic feet per day per valve(2) 

0.45 x 10- 6 cfm per two valves 

1) 0.53 x 10-6 cfm (For conse vatism, 
2) 1.24 x 10-6 cfm 3.0 x 10- cfm is 

3) 0.45 x 10-6 cfm used.) 

2.22 x 10-6 cfm

111595
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TABLE 6.4.2-1 (cont'd)

NOTES:

1. There are a total of 12 isolation 
However, it has been assumed that 
following control room isolation.

valves, two in 
only one valve

series in each air path. 1 39 
closes in each path

2. Based on AEC R&D Report NAA-SR-IO1000, Reference 
p 111-105.

3. For control room positive pressure +1/8 inch w.g.  

111596 
6.4.2-6

2, Section A-2,

AmtnAma1i" M^- 10



TABLE 6.4.2-2

SUMMARY OF MAIN CONTROL ROOM LEAK RATE CALCULATION("1

PATH 
NO. COMPONENT UNIT 

1. Hollow metal door, metal 3'-0x7'-0 
Interlocking gasketed 
weatherstripping, door 
opening in (4 single and 
I double) 

2. Door Frames Ft.  

3. Walls Ft. 2 

4. Slab Ft. 2 

5. Juncture of floor Ft.  
slab and wall 

6. Eave Ft.

7. Corners, columns and 
wall Joints with 
caulking 

8. Penetrations for 
electrical cables 

9. Penetrations for 
HVAC ducts 

10. Isolation Butterfly 
Valves 

II. Pipe Penetrations

Ft.  

Ft.  

In. of 
Seal 

In. of 
Seal

NUMBER OF 
NUMBER REFERENCE 

OF UNITS DETAIL (1) 

6 ADS III-A-2

106 

6,000 

10,800 

450 

450 

340 

730 

1,040

ADS I-A-7 

ADS I-A-2(1) 

ADS I-A-2(l) 

ADS I-A-3(1) 

ADS I-P-5 

Case 2 

ADS I-A-6 
Case I

LEAKAGE COEFFICIENT 
_A a

4.0 22.0

4x00
6 

1 x 10-6 
1.6x10" 3 

1. 6x10"
5

ADS 111-0-1 1.3x10 4

ADS Ill-D-1 
Case 2 

ADS A-2 
Case 2

116 ADS 111-0-1 
Case 2

1.310"

1.3xi0"
5

0 

0 

0 

0 

0 

0 

0 

0 

0

LEAKAGE 
PER UNIT 

AP4BPI/2(2) 

8.28 

5lO"
7 

11.25i0"
7 

1.2510"
7 

.2x10"
4 

.75x1O"5 

.2x1O" 5 

.1625x10"
4 

.1625xi05 

.1625x10"
5

TOTAL CFM 
COMPONENT 

LEAKAGE 

49.68 

.00006 

.00075 

.00135 

.09 

.0034 

.0007 

.0118 

.00169

.0002

I 
In

39



12. HVAC Equipment and 15.8 

Ductwork (Outside of 
Envelope) 

Subtotal (1-12) 66 x 2(0) 

13. Opening and closing of doors Note (3) 10,00 39 

Total 142 

(I) Based on AEC R+iO Report HAA-SR-1OIO0 
(2) Leakage estimate based on AP=0.125 in wg, 
(3) See standard review plan Section 6.4 1113d2ll 
(4) See Table 6.4.2-1 

U)
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9.4.1 CONTROL ROOM AREA VENTILATION SYSTEM 139 

The Control Room Area Ventilation System consists of an Air Conditioning 
System and an emergency filtration system to serve the Control Room.  

Additional details 'of the Control Room Area Ventilation and habitability 

systems are given in Section 6.4.  

9.4.1.2 Design Bases 

The Control Room Air Conditioning System (CRACS) provides heating, 
ventilation, cooling, filtration, air intake and exhaust isolation, and 50 
,percent relative humidity for the control room envelope (as described in 
Section 9.4.1.2) during normal operation and a design basis accident.  

Systems are designed to include the effects of the most adverse single active 
component failure.  

The high energy piping systems outside containment are listed and desciibed in 
Section 3.6A.2. Those listed systems are the CVCS, SCBS, FWS and the AFS. A 
discussion of the analysis is provided for those systems in Section 3.6A.2 
that demonstrate that the Control Room.wiil not be adversely affected by a 
pipe crack or break in an adjacent area. Figure 3.6A-2 shows the only high 
energy piping adjacent to the Control Room with indication of break locations 
and jet impingement envelopes.  

The steam lines near the Control Room (elevation 305 feet) are located in the 
turbine building at elevation 286.00 feet and separated by the Category I wall 
of the RAE. The Control Room, including outside air intakes for control room 
ventilation will not be adversely affected by any high energy pipe breaks.  
The main steam line may be slightly radioactive but as discussed in Sections 
15.1.5, 6.4.4 and 9.4.1 radiological impact would be limited to below 
acceptable. levels by ventilation systems and wall shielding.  

The Control Room Air Conditioning is designed: 

a) To maintain the Control Room at a design temperature of 75 F dry bulb 
and maximum relative humidity not to exceed 50 percent, assuring personal 
comfort as well as suitable environment for continuous operation of controls 
and instrumentation.  

b) To detect the introduction of radioactive material into the Control 
Room and automatically isolate all air intakes and exhausts upon a high 
radiation signal or SIS signal and to remove airborne radioactivity from the 
Control Room to the extent that dose to the Control Room operator following a 
design basis accident does not exceed the limit specified in the Ceneral 
Design Criteria 19.  

c) To operate in conjunction with the Fire Detection System to remove 
smoke from the Control Room in the event of fire.

S 194J3.9.4.1-1
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d) To be powered by the redundant Channel-A and Channel B ESF buses.  

e) To meet single component active failure in the system or a failure 
inma single emergency power supply coincident with loss of-offsite power.  

f) To meet Safety Class 3 and Seismic Category I requirements and to be 
tornado and missile protected. The system is physically separated from all 
other systems by walls and doors.  

g) To permit testing, adjustment, and inspection of the principal 
system components on a regular basis to assure system functional reliability.  

9.4.1.2 System Description. The control room envelope, which is 
referred to- as the "Control- Room." includes, in addition to the-Control Room.  
the following auxiliary spaces.  

a) Office area 

b) Relay and termination cabinet rooms 

c) Kitchen and sanitary facilities 

d) Component-cooling water surge tank room 
.The computer rooms, protection and control equipment rooms., 

communication rooms, instrument repair room, and cable'spreading rooms located 
in the Reactor Auxiliary Building are ventilated and cooled by independent 
cooling systems.  

The Control Room Air Conditioning System is shown on Figure 9.4.1-1 and 
principal-system components design data are listed and described in 
Table 9.4.1-1.

The CRACS is designed to maintain the control room envelope at a-design 
temperature of 75 0F under normal and Design Bases Accident conditions. Space 
relative humidity is controlled not to rise above 50 percent. The air is 
cooled by a cooling coil. The chilled water supply to the cooling coil is
provided by the Essential Services Chilled Water System (see Section 9.2.8).  
When heating is required, the air is heated by the electric heating coils to 
maintain the design space temperature stated above.  

111941.
•9.4. 1-Z Amendment No. 48
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The Control Room Air Conditioning System consists of the following: 

a) The supply system consists of two 100 percent capacity air handling 
units (one operating and one stand-by). The air handling units are arranged I 22 
in parallel. Each air handling unit includes, in the direction of air flow, a 
motorized isolation damper, medium efficiency filter, chilled water cooling 
coil, centrifugal fan, electric reheat coil, and motorized butterfly valve.  

An outside air intake is provided for the supply system. The air intake 
is provided with two motorized isolation valves arranged in series and is 
protected from the tornado negative pressure effects by a self-acting tornado 
damper. The intake is stormproofed and missile protected.

Amendment9.•4.1l-2a
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b) The exhaust system consists of two 100 percent capacity (one operating 

and one stand-by) fans. Each fan is provided with an inlet and an outlet 
motorized damper to prevent air recirculating through the idle fan.' 

The exhaust 'system is provided with two motorized isolation valves arranged in | 27 

series and protected from tornado negative effects by means of a self-acting 

tornado damper. The exhaust'system is stormproofed and missile protected. 27 

c) The smoke purge system consists of two 100 percent capacity (one 

operating and one stand-by) purge fans. Each purge fan is provided with a 

gravity discharge damper to prevent air recirculation. The purge system inlet 27 

is provided with redundant motorized isolation valves arranged in series. I 

d) The Emergency Filtration System consists of two 100 percent capacity 

filtration trains arrangea &n paL&tLeI. Each filtration train contains in the 

direction of airflow, the following components: 

1) One motorized valve 

2) One centrifugal fan 

3) One motorized valve 

I27 
4) One flow element 2 

5) A Demister

6) One electric heating coil 

7) HEPA pre-filter bank 

8) 'Charcoal adsorber bank 

9) HEPA after-filter bank 

10) One motorized isolation valve 

11) Connecting duct to other unit discharge i 27 

For post-accident operation, each Emergency Filtration System can be I 27 

independently fed from either of the emergency outside air intakes I 
(intake points 10 or I1A) as shown on Figure 9.4.0-2.

111944 Amendment No. 279.4.1-3
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9.4.1.2.1 Normal Operation 

During normal operation, the Control Room Air Conditioning System operates in 
a recirculation mode with' the Emergency Filtration System de-energized. The 
outside makeup air mixes with the returned air before it is conditioned by the 
air handling units. The Control Room is maintained at. a slightly positive 
pressure with respect to the adjacent area so that the air from other sources 
entering the Control Room is minimized. The pressurization of the Control 
Room is maintained automatically by means of modulating exhaust fan dampers.  

Each of the two supply air handling units are served by common supply and 
return ductwork with all necessary accessories to .make the system complete and 
operable. All chilled water to the cooling coils is provided by Essential 
Services Chilled Water System (see Section 9.2.8).  

9.4.1.2.2 Post Accident Operation 

Upon receipt of a SIS or high radiation at the normal outside air intake, a 
Control Room Isolation signal is generated and the following functions are 
performed automatically: 

a) All isolation valves at the normal outside air intake will close.  

b) All isolation valves in the Control Room Smoke Purge System will close 
(these valves are normally closed).  

c) Both emergency filtration units will start and their respective valves 
will open for full-recirculation mode.  

d) All isolation valves in the Normal Exhaust System will close and the 
operating exhaust fan will be de-energized.  

e) Dampers for lavatory and kitchen which normally by-pass the return system 
will open.  

Following the completion of the above automatic functions, the operator will 
perform the following tasks: 

a) Place one of the two emergency filtration trains on standby.  

b) Select and open one emergency outside air intake path during radiological 
accident to pressurize the Control Room (these paths are normally closed).  

9.4.1-4 Amendment No. 43 
111945



SHNPP FSAR

During the radiological accident, the Emergency Filtration System will process 
a mixture of Control Room air and a, small quantity of outside air through 
charcoal filters'and maintain the control room envelope under positive 
pressure of + 1/8 in. wg. Air is continuously drawn from the supply air 140 

subsystem blended with outside air, processed through the-charcoal filtration 
system and supplied to the Control Room. A balance valve is provided at the 
point of initial takeoff from the supply air subsystem. 140 

9.4.1.2.3 Smoke Purge Operation 

In the event of a fire in any area of the control room envelope, redundant 
smoke detectors will shutdown the system and actuate an alarm for operator 
action. The operator will remote manually execute the smoke purging operation 
by changing the operational status of valves, dampers, and fans and the 
corresponding air flow rates according to those indicated in Table 904.1-2 
when smoke is generated in the control room. 140 

Thus, the airflow pattern of normal exhaust system supplemented by the purge 
system becomes a once-through type. An outside air purge makeup intake is 
located at the South Wall of the Reactor Auxiliary Building Elevation 317 ft.  
(intake point 6); purge vents are connected to the local stub stack at 
Elevation 346 ft. (release point 1). Purge fans are located outside the 
control room envelope boundary.  

When the smoke is detected in the outside air intake, the system will 
automatically switch to the isolation mode.  

Valve and damper position-indication lights will allow continuous monitoring 
of the system performance and will confirm all remote manual control actions 
taken.  

9.4.1.3 Safety Evaluation 

Continued operation of the Control Room Air Conditioning System (CRACS) during 
both normal and emergency conditions to maintain the Control Room temperature 
and humidity will be assured by the following: 

a) System components are designed to meet Safety Class 3 and Seismic 
Category I requirements with the exception of the normal and smoke exhaust fan 
systems.  

b) System components are separated and redundant so that a single failure 
of an active component in a system or the single failure of an emergency power 
supply coincident with loss of offsite power cannot result in loss of the 
system functional performance capability. A system single failure analysis is 
presented in Table 9.4.1-4.  

c) During loss of offsite power, all active components, such as valve and 
damper operators, fan motors, control and instrumentation will be served by 
their respective redundant emergency power sources.  

d) The CRACS is designed to ensure that any postulated single failure will 
not adversely affect the capability of the system to satisfy its design 
objectives. A single failure of an electric heating coil unit or cooling unit 
will not prevent the control room HVAC system from completing its safety

AmendmentM96
9.4.1-5
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function (refer to Table 9.4.1-4). Butterfly valves and/or dampers are provided to isolateflow through affected heating/cooling units as necessary.  Redundant units are provided to assure adequate cooling or heating as required. Malfunctioning HVAC equipment can be readily Identified and isolated from the Control Room. There is no significant effect to the control room environment from .the isolated malfunctioning train. Heating and cooling equipment for the Control Room are remotely located and are not in the Control 
Room.  

In any event, the design of the plant is such that the Control Room can be evacuated and the plant can be maintained in a safe condition from the auxiliary control panel (refer to FSAR Section 7.4.1.11). The auxiliary control panel area is serviced by totally independent HVAC units.  

e): The ventilation system has sufficient redundancy to reclude'inadequate heating or cooling as described in Section 7.3.1.5U and as shown 
on Figure 7.3.1-17 and Table 9.4.1-4.  

The adequacy of the CRACS to limit the radiation doses to control room personnel is demonstrated in Chapter 15, Section 15.6.5.4.4.  
Detection of radioactivity in the control room environment is provided by radiation monitors- as described in Section 11.5 and 12.3.4. This system permits immediate and automatic isolation of the control room normal and emergency outside air intake and exhaust ducts• upon receipt of a high 

radiation signal and enables the operator to select the least contaminated emergency outside air intake for control room pressurization. Adjustable high radiation alarms are provided to alert the operator of changes in, contamination levels at both post-accident air intakes. The control room area ventilation system isolates all paths to the environment upon receipt of a high radiation signal as described in FSAR Section 6.4.3.  

Smoke detectors in the Control Room will actuate an alarm-so that the operator can ini tiate the smoke purge operation in the event of a fire.

111947 Amendment No. 489.-4.1-6
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See Section 9.5.1 for the protection of the CRACS from the effects of fire.  

9.4.1.4 Inspection and Testing Requirements 

The CRACS undergoes preoperational and startup tests as described in 

Section 14.2.12.1.58. Periodic tests are required as described in the 

Technical Specifications. -Inservice inspection requirements are described in 

Section 6.6. Valve testing requirements are described in Section 3.9.6.

111948 Amendment No. 39
9.4.1-6a
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TABLE 9.4.1-'

DESIGN DATA FOR CONTROL ROOm AIn CONDITIOmIN= 
SYSTEM COMPONENTS

A. Air Supply Units, Quantity 

1. Unit Fan Section 

Quantity, Total 

Type 

Air Flow, Per Fan, acfm

Code

2. Motors 

Quantity, Total 

Type 

Insulation 

Enclosure 

Code 

3. Cooling Coils 

Quantity, Total Banks 

Type 

Material 

Code

2 ~ .'(A-SA) 2 AH-15< I-A 
"(lB-SB) 

Centrifugal, Belt Driven 

14,000 

Air Movement and Control 
Association (AMCA) Anti
Friction Bearing 
Manufacturers Association 
(AYBHA)

1 per fan section 

20 Hp, 460 V, 60 Hz, 3 phase, 
Horizontal Induction Type 

Class H Type RH 

TEFC 

NEMA, Class 1E 

1 per unit 

Chilled water, finned tube 

Copper fin on copper tube 
steel headers 

ASME III, Code Class 3

111949

Amendment !No. 27

27

1 27

I 27

I 27 

I 27 

I 27

J.

9.4.1-7
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TABLE 9.4.1-1 (Continued)

4. Heating Coils.,

Quantity, Total 

Type 

Capacity (kW) Per Coil

Code

1 per unit 

Electric 

56,

Underwriters Laboratories (UL), 
National Electrical Manufac
turers Association (NEMA), 
National Electric Code (NEC), 
Class 1E

5. Medium Efficiency Filters

Quantity, Total Banks

Type

IMaterial

1 per unit

Extended media

Class fiber

B. Emergency Filtration Units, Quantity
lIA-SA) 

2 R2 0* 
l.I B-SB)

1. Fans

Quantity, Total 1 per unit

Centrifugal, single width, 
single inlet, direct drive

Air Flow, Per Fan, acfm (max) 4000

Air Movement and Control 
Association (AMCA), Anti
Friction Bearing 
Manufacturer Association 
(AFBMA)

111950 
Amendment Ho. 27

127

127

Type

27

Code

27

9.4.1-8



SHNPP FSAR

TABLE 9.4.1-1 (Continued)

2. Motors

Quantity. Total 

Type 

Insulation

Enclosure and Ventilation 

Code

3. HEPA Filters 

Quantity. Total Banks 

Cell size 

Max. resistance clean, in. wg.  

Max. resistance loaded, in. wg.  

Efficiency

Material 

4. Charcoal Adsorbers 

Type 

Quantity, Total

Material

Depth of bed (in.) 

Face velocity (fpm) 

Average atmosphere 
residence time

1 per fan 

25 Hp. 460 V. 60 Hz. 3 phase.  
Horizontal Induction Type 

Class H. Type RH 

TEFC-XT 

NEMA, Class 1E

2 per unit 

24 in. high. 24 in. wide.  
.11-1/2 in., deep.  

1.0 .  

2.0 

99.97 percent when tested with 
0.3 micron DOP 

Glass or glass asbestos paper 
separated by aluminum inserts, 
supported on cadmium plated 
steel frame 

Multiple gasketless-bed cells 

in air-tight housing 

1 per unit 

Impregnated coconut shell 
(Meeting the requirements of 
ANSI-N509-1980, Table 5.1)

4 in.  

40

0.25 seconds per 2 in. of 
adsorber bed

9.4.1-9 Amendment No. 48

I

111951'



SIHNPP FSAR

TABLE 9.4.1-1 (Continued) 

4. Charcoal Adsorbers (continued)

Adsorber capacity of iodine 
loading

2.5 mg of total iodine 
(radioactive plus stable) 
per gram of activated carbon

Efficiency:

Elemental iodine 
Organic iodine 

Adsorbent Acceptance and 
Inplace Leak Test Criteria 
(See Table 6.5.1-2)

99Z at 70Z RH 
99% at 70% RH 

Carbon Laboratory Acceptance 
Testing will be performed in 
accordance with, and will meet 
the requirements of Position 6 
of R.C. 1.52, Revision 2 

Adsorber Inplace Leak Testing 
will be performed in* 
accordance with, and will meet 
the requirements of 
Position C.5.d of R.G. 1.52, 
Revision 2

5. Electric Heater

Quantity 1 per unit

Capacity (kW) Per Coil 

Code

14 sufficiently sized to reduce 
the relative humidity of the 
inlet air from 100% to 70% 

Class IE

6. Demister

Quantity, Per Unit 

Air Flow acfm 

Hax. resistance clean, in. wg.  

Hax. resistance loaded, in. wg.  

Material

1 bank 

4000 

1.05 

2.0 

304 stainless steel casing and 
glass fiber mesh

I27 

27

111952 
Amendment No. 27

1 27

1 27
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TABLE 9.4.1-1 (Continued)

C. Exhaust Systems, Quantity 

1. Exhaust Fans (E-9) (IA and 13) 

Type 

Quantity 

Capacity acfm Per Fan 

Motor HP 

Motor Code 

D. Purge Systemsp Quantity 

1. Purge Fans (ES-I) (IA and IB) 

Type 

Quantity 

Capacity acfm Per Fan

Motor HP 

Motor Code

Centrifugal 

2, One Standby 

1000 

NNS 

1 

Tubular Centrifugal High 

Temperature 

2, One Standby 

13,400

25 

NNS

111953
Amendment No. 27

I 27

I 27

127
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TABUE 9.4.1-2 

CONTROL ROOM AIR CONDITIONING AND EMERGENCY FILTRATION SYSTEM (1) 
OPERATIONAL STATUS Of VALVES, DAM•ERS. AN" FANS AND CORRESPONDING AIR FLOW RATES

VALVES 
DAMPERS 
FANS 

IUZL RESIGNATION 

AN-lS (1A-SA) 
CZ-DlSA-1 

36" 3CZ-825SA-1 
A•1-1S (1¶-SD) 
CZ-D2SR-1 

36" 3CZ-026'-1 
CZ-ZlSN-1 

16" 3CZ-BISA-1 
16" 3CZ-B2SR-1 
36" 3CZ-B17SA-1 
36" 3CZ-D18Ss-1 

CZ-069SA- 1 
CZ-DTOSB ¶ 
E-9 (IA-NNS) 
CZ-D6-1 
CZ-D12"1 
E-9 (1B-NNS) 
CZ-DT-1 
CZ-D13-1 
cZ-X2SN-I 

12" 3CZ-93SA-1 
12" 3CZ-84S5-1 

CZ-D66SA- 1 
CZ-061SD-1 
ES-1 (CA-MRS) 

30" 3CZ-B13SA-1 
30 3CZ-814S'-1 

ES-i (10"11S)

NORMAL OPERATION PVRG. 92ERATIOr 

OPER.m AIR FLOW OPER.M AIR FLOW 57T ACEM STAI._ CF

R 
0 
0 
S 
C 
C 
0 
0 
0 
C 
C 
0 
C 

c 
0 

0 

S 
C 

-C 
0 
0 
0 
C 
C 
I 

" C 
C 
I

14000 
14000 
14000 

1050 
1050 
1050 

12950 

1000 (Max.) 
1000 (Max.) 
1000 (Max.) 

1000 (max.) 
1000 (max.) 
1000 (max.)

0 
-• 0 
S S 

C 
C 

0 
0 
0 
0 
0 
C 

C 
R 
0 
0 
S 
C 
c 
0 
0 
0 
C 
C 
R 
0 
0 
S

14000 
14000 
14000 

1050 
1050 
1050 

12950 
1295 

1000 
1000 
1000 

1000 
1000 

13400 
13400

CL, ACCIDENT'" 

OPER.'" AIR FLOW 
SIAT, - A -r

R 
0 
0 
S 
C 
C 
0 
C 
C 
C 
C 
0
C 
I 
C 
C 

C C 
0 
C 
C 
0 
C 
I 

C C 
I:

14000 
14000 
14000 

14000 

1050

HI RAO. SYS.m 
OPERAT ION 

OPER.m AIR FLOW 
SYAT. gCFm

R 
0 
0 
s 
C 
c 
0 
C 
C 
C 
C 
0 
c 
I 
C 
C 
I 
C 
C 
0 
C 
c 
0 
C 
I 
c 

C 
I

14000 
14000 
14000

14000 

1050

Amendment No. 45

SYSTEMS

SUPPLY 

O.A.I 
NOR1AL 

O.A.I 
PURGE 
RETURN 
NORMAL' 

EXHAUST 

RETURN 
POST-LOCA 

PURGE

9.4.1-12



TABLE 9,4.1-2 (Cont'd)

SYSTEMS SIZE

VALVES 
DAMPERS 
FANS 
DESIGNATION

NORMAL OPERATION

OPER. (5) 
STAT.

AIR FLOW 
ACFM

PURGE OPERATION(4)

OPER. (5) 
STAT,

CL2 ACCIDENT( 2 ) 

OPERATION

HI RA.sYs2) 
OPERATION

AIR FLOW OPER,(5) AIR FLOW OPER.(5) AIR FLOW 
ACFI4 STAT, ACFM STAT, ACFM ' 27

O.A.I. 12" 3CZ-B9SA-1 
POST ACC. 12" 3CZ-BI ISA-1 

12" 3CZ-BIOSB-I 
12" 3CZ-"12S8-1 

EMERGENCY 3CZ-V ISA-1 
SUPPLY 3CZ-V2SB-i 

R-2 (OA-SA) 
20" 3CZ-B23SA-I 

EMERGENCY 20" 3CZ-821SA- I 
FILTRATION 20" 3CZ-"I9SA-I 

R-2 (18-SB) 
20" 3CZ-.24S--I 
20" 3CZ-B22SB-1 
20" 3CZ-820SO-1 

"20" 3CZ-B•7SAB-I

C 
C 
C 
C 
C 
C 
I 
C 
C 
C 
I 
C 
C 
C 
0 0

C 
C 
C 
C 
C 
C 
I 
C 
C 
C 
I 
C 
C 
C 
0

C 
C 
C 
C 
C 
C 
R 
0 
0 
0 
C ) 

C 
C 
C 

0 0

0 400 max 
C

4000 
4000 
4000 
4000

4000

0 
C 
0 
0 
R 
0 
0 
0 
S(3) 

C 
C 
C 
0

400 max

400 
400 

4000 
4000 
4000 
4000

max 
max

3600 (in) 2

* PARTIALLY OPEN FOR BALANCING

I 27

I 27
L.n 

'.4
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NOTES TO TABLE 9.4.1-2 

1) The table represents supplementary information to Figure 9.4.1-1.  

2) Post accident operation represents the operational status of the system 

under operator control.  

a) Depending on the reading of radiation monitors located at both air 

intakes, during the radiological accident the control room operator will 27 

manually remotely, open the selected air intake by setting the air intake 

isolation valves and allowing a maximum of 400 cfm of the outside air 

into the control room envelope for pressurization. 127 

b) All isolation valves in the post-accident outside air intakes will 

have leak-tight closing and variable setting capability. 127 

3) After automatic start-up of both emergency filtration systems, one out of 

the two will be manually de-energized and placed on standby.  

4) Purge operation represents the operational status of the system under 

operator control.  

5) The notations used to designate the operational status of the tabulated 

components are: 

Notation Operational Status 

S Standby 

R Running (operating) 

0 Open 

C Closed 

M Modulating 

I Inactive 
(o ) Positive pressure (÷) or 

Negative pressure (-) in 
The control room envelope.

11 956 Amendment No. 2V
9.4.1-14 -



TABLE 9.4.1-3 
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TABLE 9.4.1-4

CONTROL ROOM AIR CONDITIONINC SYSTEM SINCLE FAILURE ANALYIS

COMPONENT IDENTIFICATION

Normal 
.Outside 
Exhaust

Air Intake and 
Valve

Post-Accident 
Outside Air Intake 
Valve

FAILURE MODE 

Loss of 
power-fails 
to close on 
initiation 
of recirc.  
phase 

Loss of 
Power-Fails 
to Open

One Valve 
Freezes 
Closed

Supply Filter

Cooling Coil

, Clogs

Fails

EFFECT 
ON SYSTEM

Uncontrolled 
contaminated 
air enters 
Control Room

Prevent 
controlled 
pressurization 

Prevent 
controlled 
pressurization 

Reduction 
of supply 
air flow

Change in 
Ssupply air 
temp.

METHOD 
OF DETECTION 

"Valve position 
switch alarms

Power Failure 
Indicator 

Valve position 
switch alarm 

1) Air flow 
switch at fan 
discharge 

2) Temp. indi
cating, controller 

Temp. indicating 
.controller with 
sensor at unit 
discharge

MONITOR
2'

REMARKS

CRI Redundant standby valve powered 
by alternate sources will be 12: 
operable to isolate Control Room.I

CRI Operator manually hand wheel 
opens affected valve

CRI Redundant standby intake is 
available.  

CRI 1) Redundant capacity standby 
unit is operable powered by 
alternate source.  

2) Filters are accessible for 
replacement.

CA

2!

I121,

CRI Redundant capacity standby unit 
is operable powered by alternate 21 
source. I



TABLE 9.4.1-4 (Cont'd)
-A

COMPONENT IDENTI FI CATION

Supply Fan

Supply Unit Isolation 
Valve and Dampers

Zone Reheat Coil & 
Electric Heating 
Coil

Emergency 
Fan 

Isolation 
Emergency

Filter Booster 

Valve at 
Filter Train

Emergency Filter Train

Water Chiller

FAILURE MODE 

Fails

Fails to 
open 

Fails to 
automatic
ally shut 
off 

Fails 

Fails to 
open

Clogs

Fails

EFFECT 
ON SYSTEM 

Loss of 
supply air

Loss of 
supply air

Increase in 
zone space 
temperature 

Loss of air 
flow through.  
filter system 

Loss of air 
flow through 
filter system 

Reduction of 
air flow 
through fil
ter system

Loss of 
Cooling 
capacity

METHOD 
OF DETECTION 

Power Failure 
Indicator 

Flow switch at 
fan discharge 

Temp. indicating 
controller, 

Flow switch at 
system discharge 

Flow switch at 
system discharge 

Flow switch at 
system discharge 

1) Temp. indi
cating controller 
with sensor at 
supply fan dis
charge.

MONITOR REMARKS 

CRI Redundant capacity standby unit 27 
is operable powered by alternateI 
source.

CRI Redundant-Supply Unit is 
operable powered by alternate 
source.  

CRI Coil can be manually shut off at 
local control panel-in Control 
Room area.

127 

27

CRI Redundant capacity standby unitQ 
is operable powered by alternat%|27 
source. W

CRI Redundant capacity standby unit 
unit is operable powered by 
alternate source.

27

CRI Redundant capacity standby unit 
is operable powered by alternate 127 
source

CRI Redundant capacity standby unit 
is operable powered by 
alternate source.

I27



TABLE 9.4.1-4 (Cont'd)

EFFECT METHOD 

COMPONENT IDENTIFICATION FAILURE MODE ON SYSTEM OF DETECTION MONITOR
REMARKS 27

Chilled Water Pump

Smoke Purge 
Air Make-up or 
Exhaust Valves

Fails

1. Opens 
inadvert.

Loss of 
chilled 
water flow 

Loss of 
Isolation 
Uncontrolled 
Cont. Air 
Enters 
Control Room

2) Water temp.  
indicator with 
sensor at 
chiller discharge 

Flow switch at 
pump discharge 

Valve position 
indicators

CRI 100% capacity standby system is 
is operable powered by alternate 

source.

CRI 100% capacity standby system is 
operable powered by alternate 
power source.

CRI Redundant standby valves 
will assure the continued 
Iso. of the Control Room.

1 27 

S27 
In

U,



TABLE 9.4.1-4 (Cont'd) 

LO 
(P EFFECT METHOD 
w COMPONENT IDENTIFICATION FAILURE MODE ON SYSTEM OF DETECTION MONITOR 

NORMAL AND OFFSITE POWER 
FAILS

Diesel Cen. to which 
Control Room 
equipment is connected.

Fails Loss of: 
1) one Control 
Room A/C 
System 

2) One emer
gency filter 
system.

DC malfunction 
alarm, flow 
switch at fan 
discharge, flow 
switch in chilled 
water system.

CRI 1) Standby A/C System operable 
2) Standby emergency filter 
system is operable.

REMARKS

27

(/2 

'zj 
(/2
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9.5 Other Auxiliary Systems 

9.•i•T Fire Protection System 

The InformaLion presented hereinafter in Section 9.5.1 provides a general discussion of the various fire protection systems at the Shearon Harris Nuclear Power Plant. In addition, specific reports and information have been provided to address different facets of the fire protection program in greater detail. These documents are: 

a) Fire Protection Evaluation and Comparison to NUREG-0800. BTP CHEB 9.5-1. July 1981 (Response to Question 280.1. Revision 3 submitted on May 7, 
1986).  

b) Safe Shutdown Analysis in Case of Fire 

These two sources of information are hereby Incorporated by reference 
into the FSAR.  

In addition to the above, limiting conditions for operation, action statements, and surveillance requirements for the fire protection program will be established within the Shearon Harris Plant Operating Manual. This will provide a level of protection equivalent to the following sections of the Westinghouse Standard Technical Specifications (Revision 5): 

a) 3/4.7.10.1 - Fire Protection Water Supply and Distribution System 
b) 3/4.7.10.2 - Preaction and Hulticycle Sprinkler System 

c) 3/4.7.10.3 - Fire Hose Stations 

.d) 3/4.7.10.4 - Yard Fire Hydrants and Hydrant Hose Houses 

e) 3/4.7.11 - Fire Rated Assemblies 

f) 3/4.3.3.8 - Fire Protection Instrumentation 

g) 6.2.2 - Unit Staff (Fire Brigade) 

The Shearon Harris Nuclear Power Plant (SHNPP) fire protection program is based on the Nuclear Regulatory Commission (NRC) guidelines. Nuclear Mutual Limited (NML) Property Loss Prevention Standards for Nuclear Generating Stations and related industry standards. With regard to NRC criteria, the SHNPP fire protection program addresses the guidelines outlined in Branch Technical Position 04EB 9.5-1. dated July 1981. Various aspects of the fire protection program are detailed, as required, to show conformance with the guidelines or to demonstrate the equivalency of alternative approaches.  

General Design Criterion 3. "Fire Protection" of Appendix A. "General Design Criteria for Nuclear Power Plants." to 10 CFR Part 50. "Licensing of Production and Utilization Facilities." was followed in the design of safety and non-safety related structures, systems, and components. They are designed and located to minimize, consistent with other safety requirements, the probability and effect of fires and explosions. Noncombustible and heat-
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traveling screens are provided at the intake structure for the removal of 
larger impurities which may be present in the water. (For more details, see 
description of service water systems. Section 9.2.1.) Although the water 
supply serves as the service ultimate heat sink and also as the fire 
protection water supply. with sufficient capacity for both functions, fire 
protection system failure will not degrade the ultimate heat sink function 
(see Section 9.2.5).  

Fire Pumps - Fire pumps and controllers are installed in accordance with 
NFPA 20. Water is supplied from the Auxiliary Reservoir by two 100 percent 
capacity outdoor type. vertical.25psi fire pumps. Each fire 
pump is capable of delivering 3.10 agpnia~approximately 110 psig. and 
150 percent of rated capacity at not less than 65 percent of rated head. Each 
pump is also capable of delivering the design demand over the longest route of 
the water supply system. One electric motor driven fire pump and one diesel 
engine driven fire Pump. suitable for outdoor operation, are instaleo 
outooors at opposite ends of the Emergency Service Water Screening Structure 
which produces spatial separation in lieu of a firewall. The electric motor 
driven pump is UL listed. The diesel engine driven pump is FM approved. Both 
pump controllers are UL listed and FM approved. There are no s ecific 
requirements In NFPA 20 that electric motors for fire pumps be listed or
approved by an independent laboratory and. therefore. they are not listed.  
Each pump has a separate intake and discharges through independent underground 
connections into the main fire loop (see Figure 9.5.1-1). Adequate isolation 
is provided between pump installations to prevent loss of service of more than 
one pump in event of a single fire occurrence.  

The largest firewater flow and pressure requi iremet s 2750 gpm. 72 psi 
at the Turbine Building mezzanine (el. 286) South SprinklerS ystem. This 
includes 305 gpm for hose stream. This demand canbe met by either of the two 
fire pumps.  

Each fire pump provides the total fire protection water supply 
requirement to the fire main loop, thus required fire pump discharge capacity 
and pressure are available with either pump out of service.  

The pump discharge connections are separated by approximately 40 ft. to 
prevent damage to both connections simultaneously. The fire main loop valves 
and fire pump discharge valves are arranged to permit discharge from either 
connection to the main fire loop. Sectional valves between individual pump 
connections are provided. No single failure or event In the Emergency Fervice 
Water Intake System will result in a failure of the fire protection water 
supply.  

Alarms and indications of fire pump operating conditions. such as p 
running. driver availability, and failure to start, are provided at the MFOIC. C 
A common annunciation, "Fire Pump System Trouble.* is provided in the Main 
Control Room for the Motor and Diesel Driven Fire Pump.

Amendment 1 f•8.'S9.5.1-21
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The fire pumps are designeV1for sequential automatic starting on 
progressive drops in fire main water pressure. The motor driven fire pump 
starts automatically when the pressure in the fire loop drops to 93 psig. If 
the pressure continues to drop. at 83 psig. the diesel driven fire pump starts 
automatically. Both pumps are stopped manually. The water pressure in the 
distribution system is maintained at approximately 105-120 psig by the 50 gpm 
electric motor driven jockey pump. started automatically on drop in pressure 
and stopped on restoration of pressure after a suitable time delay provided to 
prevent unnecessary operation of the fire pumps. A low fire-main pressure 
alarm is not provided since automatic start-up of the electric driven pump is 
annunciated in the main Control Room via the Communications Room.  

Power for the electric motor driven fire pump is supplied from a 480V 
power center, which is fed from a 6.9 kV switchgear that has an-alternate feed 
through a bus tie with another 6.9 kV switchgear. Fuel supply for the diesel 
engine driven fire pump. a 550 gal. No. 2 oil tank. is located outdoors about 
12 feet away from the emergency service water intake screen structure.  
suitably protected against fire and does not expose both fire pumps to fire 
damage. A 12 in. dike is provided to direct oil to a pit within the dike.  
capable of containing the entire oil volume in case of an oil spill or tank 
rupture. A manual controlled drain system is provided in order to remove the 
spillage if required.  

A pump test discharge header is provided of such capacity that the fire 
pumps may be given initial acceptance flow test and riodic performance 
tests. The discharge of flow test water is sent back to the reservoir. Water 
discharged from the pressure relief valves on the fire pumps and jockey pump 
are returned to the reservoir.  

Distribution System 

The fire protection water distribution system (Figures 9.5.1-1 through 
9.5.1-5) consists of an underground 12 in. mechanical joint, ductile iron.  
cement or bituminous lined pipe loop around the main plant building complex to 
supply the water requirements for fire protection systems and equipment. The 
underground loop is cross-connected in a north-south direction through the 
Waste Processing and Fuel Handling Buildings. The underground loop also 

I supplies the Reactor Auxiliary Building. the Turbine Building. and 
construction warehouses 6 and 9. In addition to the underground supplies, the 
RAB and TB are cross-connected in an east-west direction.  

These cross-connections are ductile iron. cement or bituminous lined 
pipe for underground runs and carbon steel pipe. suitably supported. for 
above-ground piping within buildings. Sectional control valves are provided 
to assure two-directional supply to all areas.  

All sectional and isolation valves in the fire suppression water supply 
system (except hydrant valves and inside hose connections) are either post 
indicator valves (PIVs) for underground piping or outside screw and yoke 
(OS&Y) valves for interior building piping.  

The guidelines of NFPA 24 were used in the design and installation of 
the underground yard main fire loop. Fire protection main piping is not 
interconnected with any plant service or sanitary water systems.

1111 r.
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Ductile iron, cement or bituminous lined pipe is used for the yard main 
fi re loop to minimize the effects of tubercul ation. Flushing of the system is 
through the yard hydrants, hose connections and suppression system drains.  

Post indicator valves are provided in the distribution system as 
required for adequate sectionalization of loops and isolation of branch lines 
to facilitate system maintenance. Isolation valves are located in branch 
lines connecting to fire suppression systems in the buildings to avoid closing 
sectional valves in the main loop. Sectional isolation valves are provided in 
the yard loop piping to minimize the impairment of fire protection water 
supply if maintenance on the loop or yard hydrants becomes necessary.  
Sectional control valves provided In the pump discharge connections to the 
loop and in the yard main loop piping are positioned to assure supply of fire 
water systems for any area from either or both fire pumps.  

Sprinkler systems and manual hose station standpipes have connections to 
the plant underground water main so that a single active failure or a crack in 
the moderate-energy line cannot impair both the primary and backup fire 
suppression systems for Safety-Related Areas. Headers fed from each end are 
used inside buildings to supply both sprinkler and standpipe systems In the 
Waste Processing. Fuel Handling. Turbine, and Reactor Auxiliary Buildings.  
They are fabricated of carbon steel piping and fittings meeting the 
requirements of ANSI B31.1 "Power Piping". Each sprinkler and standppe , 
system is equipped with an OS&Y gate valve and water flow alarm except that In 
the RAB the header supplying the hose standpipes is arranged so that the OS&Y 
gate valves in the header on each side of a standpipe must be closed to 
isolate the standpipe. Since this header is fed from both ends, the water 
supply to other standpipes served by this header is not interrupted. The Fire 
Hazards Analysis describes the methods used to protect safety-related 
equipment in each fire area from water damage.  

Control and sectionalizing valves In the fire water systems are 
electrically supervised. The electrical supervision signal indicates on the 
Local Fire Detection and Control Panels and at the Main Fire Detection 
Information Center located In the Communication Room. A common trouble 
annunciation will be given in the Control Room if any valve Is out of 
position.  

Non-freeze type fire hydrants, equipped with a minimum of two 2-1/2 in.  
gated outlets, are installed a pproximately every 250 ft. along the fire main 
loop in the yard area around the main plant building complex and are protected 
from mechanical damage from vehicular traffic. Branch connections from the 
-main loop supply hydrants, hose station and systems at outlying structures.  
'Hose houses are installed adjacent to each hydrant and are equipped with the 
standard complement of 2-1/2 In. fire hose, nozzles, and hose-line equipment 
in accordance with NFPA 24 requirements or have an alternate mobile means of 
providing hose and equipment equivalent to three hose houses. A curb box 
valve is installed on hydrant branches.  

Screw threads and gaskets for fire hose and hose line equipment are 
American National Fire Hose Connection. Screw threads (NST) are in accordance 
with NFPA No. 1963 and correspond with the fire department's threads that 
respond to this facility.

Amendment 90'.1h9.5.1-23
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HanuI? Fire Response 

Equipment used for manual fire response is described below.  

a) Fire extin&Hishers - Fire extinguishers provided throughout the plant 
are UL listed andlor FH approved and labeled accordingly. Extinguishers are 
mounted in readily accessible locations in conformance with NFFA Standard 10.  

Types of extinguishers selected are based on the nature of the fire postulated 
for the area, in accordance with NFPA 10, and on the unique characteristics of 
the fire suppression agent affecting its proper application to the fire.  
Considerations include quantity required in relation to the size of the 
anticipated fire, cleanup after use, and thermal shock or corrosive effects of 
the agent or its fire decomposition products, and consideration for possible 
adverse effects on safety-related equipment.  

The following basic types of extinguishers are used: 

Dry chemical - hand and wheeled - in operational areas or outdoor areas of 
severe fire potential, 

Carbon dioxide or Halon - hand - in area of low fire hazards or containing 
small electrical equipment where cleanup after the fire is a major 
consideration, such as Control Room, laboratories and switchgear areas, 

water - hand - in areas containing ordinary combustibles such as warehouses 
a--doffices.  

b) Standpipe and Hose System - Standpipe and hose systems are installed 
throughout the plant inside buildings to supply hose stations, suitable for 
safe effective use on identified hazards and involved equipment (refer to 
Figures 9.5.1-2 through 9.5.1-5). Sufficient hose stations are provided in 
each area so that all portions of the plant can be reached by effective hose 
streams except the tank area and Diesel Fuel Oil Storage Tank and Transfer 
Pumps area ESW intake and emergency screening structure which are protected by 
yard hydrants.  

The guidelines of NFPA 14, Class 2, were followed in the design of standpipe 
and hose systems. Individual standpipes are minimum 4 in. diameter for 
multiple hose connections and 2-1/2 in. diameter for single hose 
connections. Hose stations are located as dictated by the fire hazard 
analysis to facilitate access and use for firefighting operations.  

The proper type of hose nozzle supplied to each area is based on the fire 
hazard analysis. The usual combination spray/straight-stream nozzle are not 
used in areas where the straight stream can cause unacceptable mechanical 
damage. Hose stations are equipped with 100 ft. of 1-1/2 in. rubber lined, 
rubber coated hose and adjustable spray nozzles, approved for use on 
energized electrical equipment and cabling, stored on racks or in cabinets.  
Standpipe hose connections are provided in all buildings (except the Diesel 
Fuel Oil Storage Tank Building ESW intake and emergency screening structure).

112117 fl ,
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Fire hose is hydrostatically tested in accordance with the recommendations of 

NFPA 1962, "Fire Hose - Care, Use, Maintenance". Hose stored in outside hose 

houses will be tested annually. Interior standpipe hose will be tested every 

three years.  

The standpipe system is designed and sized to provide, to the most remote hose 

station, the flow rate and pressure required for effective hose streams.  

Operation of a hose station associated with a particular riser is alarmed 

locally and alarmed and annunciated at the Main Fire Detection Information 

Center (HFDIC) in the Plant Communications Room and the Control Room following 

sensing of water flow in the standpipe riser by system flow switches.  

Sectional shutoff valves provided for standpipes serving hose stations in 

safety related areas are located outside the safety related areas to permit 

access during a fire.  

Portions of the standpipe and hose systems installed in the Containment, 

Reactor Auxiliary and Fuel Handling Buildings, as shown on (Figures 9.5.1-2 

and 9.5.1-4), are designed to be operable, if needed, for manual fire control 

in areas required for safe plant shutdown following a safe shutdown earthquake 

(SSE). These portions of the standpipe system were analyzed for SSE loading 

and seismically supported to assure system pressure integrity. The piping and 

valves for these standpipes are designed to satisfy ANSI B31.1, "Power 
Piping." 

Normally, the post-SSE standpipe hose station header is supplied from the fire 

protection water distribution system through seismically qualified check 

valves. Following an SSE event, water supply for the post-SSE portion of the 

standpipe system can be obtained by local operator manual positioning of 

valves to connect the Seismic Category I Emergency Service Water System, 

located in the Reactor Auxiliary Building, to the post-SSE hose standpipe 

header. Seismic Category I water supply is provided for the Post SSE Fire 

Protection Standpipe and Hose System by the emergency service water booster 

pumps. The ESW booster pumps are normally used following a LOCA to provide 

high head cooling water to the containment fan coolers. However, in the event 

of a Post-SSE fire, the ESW pump (A or B) and ESW booster pump would be 

started. This arrangement provides sufficient TDH to supply the two most 

remote hose stations with 75 gpm (each) of water at approximately 65 psig as 

discussed in NFPA. The seismic check valves prevent outflow to other portions 

of the fire protection water distribution system, which may have failed during 

the seismic event, and thus avoid loss of hose line protection after the 

:earthquake.  

c) Self-Contained Breathing Equipment - Breathing equipment is provided as 

required for protection against smoke inhalation of personnel required to be 

in plant areas to control fires or to continue vital plant operations.  

Self-contained breathing apparatus, using full face positive pressure masks, 

approved by National Institute for Occupational Safety and Health (NIOSH), 

with a minimum capacity of one half hnur, are provided for fire brigade and 

control room personnel.  

An additional hour of air in bottles is loue.ted onsite for each self-coa:ained 

"orearlrLng unit, used oy &.ire brigade avid control room personnel, with an

Amendment V31¶879.5.1-25
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o six hour supply of reserve air and refilling manifolds for recharging 
air Dottles. The Six hour resePbs, supply is provided from storage cylinders.  
with resupply from an approved breathing air compressor. The air compressor 
is equipped with a carbon monoxide monitor and with an air intake located away 
from dust, organic vapor and other contaminant sources.  

d) Protective clothing - Protective clothing will be provided to 
members of the plant fire brigade or other designated personnel and is located 
in accessible locations for use of fire response personnel as developed in the 
Fire Protection Plan.  

Instruction in the use of protective clothing and assignment to 
personnel is a part of the overall fire response procedures developed by plaft 
operating groups.  

e) Emergencv Liahting - Redundant AC normal/emergency lighting (powered 
from safety-related motor control centers) is provided in areas where safety 
related functions are performed. in access routes to these areas, and for 
emergency evacuation.  

Except for the control, auxiliary control and computer rooms, fixed 
self-contained sealed beam units with individual 8-hour minimum battery power 
supplies are provided in areas that must be anneo rr sate shutdown anidTot 
access and egress route to and from all fire areas. Emergency DC lighting.  
fed from the 125V station battery, provides lighting in the CDnrol Room 
auxiliary control and cgmp ue-rr-ooms in the event that eithe trainoftheAC 
nomal/emergenc lighting is iost. The cable routing for the DC Emergency 
Lighting is I ncuded in the Safe Shutdown Analysis in Case of Fire and 
separated or protected in accordance with NRC position C.5.b(2) of BTP 
CHEB 9.5-1 (NUREG-0800). July 1981.  

Suitable sealed-beam battery-powered portable hand lights are provided 
for emergency use by the fire brigade and other operations personnel required 
to achieve safe plant shutdown. Spare batteries are provided (see 
Section 9.5.3).  

f) Emeroency Communications - The sound powered telephone system for 
SHNPP is an independent, five-channel system consisting of master panels.  
remote jack stations, and sound powered headsets and wiring. The jack 
stations are located at control panels. relay cabinets, instrument jacks.  
switchgear. motor control centers, and other locations having critical system 
components. The sound powered telephone system requires no external power 
sources at SHNPP. This system may be utilized for normal or emergency 
cormmunication.  

A dedicated radio system for plant operation and maintenance is 
provided. The system consists of a base station, an interior antenna system 
for inside building coverage, and battery-powered hand-held portable radios.  
Power for the plant operations/maintenance radio system is from the non-Class 
1E uninterruptible power supply. This system is totally independent from the 
plant security radio system with the exception of the antenna system in the 
plant where the O&N and security radios utilize the same antenna system 
operating at different frequencies and will not interfere with each other.

Amp.ndmpnt Nn 4A9.5.1-26112119
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1.1 Authority/Requirements 

The Harris Nuclear Plant (HNP) Emergency Plan and Plant Emergency Procedures 
have been prepared in accordance with the following requirements and guidelines: 

A. Code of Federal Regulations, 10 CFR 50, Section 50.47, "Emergency Plans.0 

B. Code of Federal Regulations, 10 CFR 50, Section 50.54(q), "Conditions of 
Ucenses.0 

C. Code of Federal Regulations, 10 CFR 50, Appendix E, "Emergency Planning 

and Preparedness for Production and Utilization Facilities." 

D. NUREG-0654, FEMA-REP-1, Revision 1, "Criteria for Preparation and 
Evaluation of Radiological Emergency Response Plans and Preparedness in 

Support of Nuclear Power Plants," November 1980.  

E. NUREG-0737, Supplement 1, "Requirements for Emergency Response 
Capability", December 17, 1982.  

F. NUREGICR-4831, "State of the Art in Evacuation lime Estimate Studies for 
Nuclear Power Plants," March 1992.  

G. FEMA Guidance Memorandum MS-I, "Medical Services," Federal Emergency 
Management Agency, November 13, 1986.  

H. RTM-92, "Response Technical Manual" Volume 1, Revision 2, U.S. Nuclear 
Regulatory Commission, Washington, D.C., October 1992.  

I. IE Information Notice 85-55, 'Revised Emergency Exercise Frequency Rule," 
July 15, 1985.  

J. EPA-400-R-92-001, "Manual of Protective Action Guidelines and Protective 
Actions for Nuclear Incidents," U.S. Environmental Protection Agency, 
May 1992.  

K. EPPOS No. 1, "Emergency Preparedness Position (EPPOS) on Acceptable 
Deviations from Appendix I of NUREG-0654 Based Upon the Staffs Regulatory 
Analysis of NUMARC/NESP-007, 'Methodology for Development of Emergency 
Action Levels", June 6, 1995.  

L. EPPOS No. 2, "Emergency Preparedness Position (EPPOS) on Timeliness of 
Classification of Emergency Conditions', August 17, 1995.  

M. EPPOS No. 3, "Emergency Preparedness Position (EPPOS) on Requirement for 

Onshift Dose Assessment Capability", November 8, 1995.  

N. NRC Correspondence: SECY 88-147, SECY 89-012, Generic Letter 88-20 
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1.2 Purpose of HNP Emergency Plan and Implementing Procedures 

The purpose of the HNP Emergency Plan (E-Plan) and Implementing Procedures (Plant 

Emergency Procedures) is to assure that the state of on-site and off-site emergency 
preparedness provides reasonable assurance that adequate corrective and protective 
measures can and will be taken in the event of a radiological emergency at the plant 

The HNP E-Plan and Implementing Procedures outline the Emergency Preparedness 
Program which has the following objectives: 

A. Protection of plant personnel and the general public.  

B. Prevention or mitigation of property damage.  

C. Effective coordination of emergency activities among all organizations having a 
response role.  

D. Early warning and dear instructions to the population-at-risk in the event of a 
serious radiological emergency.  

E. Continued assessment of actual or potential consequences both on site and off 

site.  

F. Effective and timely implementation of emergency measures.  

G. Continued maintenance of an adequate state of emergency preparedness.  

The HNP Emergency Preparedness Controlled Documents are contained in the HNP 
Plant Operating Manual (POM) and consist of the following parts: 

"* Volume 1, Part 2, Emergency Plan (PLP-201) 

"* Volume 2, Part 5, Plant Emergency Procedures (PEP) 

"* Volume 2, Part 10, Emergency Program Maintenance (EPM) 

The Emergency Phone Ust, EPL-001, is an HNP document controlled outside the 
POM.  

A list of documents which implement and maintain this plan can be found in Annex E.  

1.3 Responsibility for Plan Development and Review 

Responsibility for the HNP Emergency Plan development, review, and periodic update 
is assigned to the Supervisor - Emergency Preparedness who serves as the HNP 
Emergency Planning Coordinator.  

Procedures are In place to ensure changes to the Emergency Preparedness 
Program are evaluated to determine whether the changes do or do not decrease 
the effectiveness of the plan and the plan, as changed, continues to meet the 
standards of I OCFR50.47(b) and the requirements of Appendix E. Changes 
which do result in an evaluated decrease in program effectiveness will not be 
implemented without prior NRC approval.  
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1.4 Emergency Classes 

Off-normal plant conditions are classified according to four emergency classes which in 

order of increasing severity are Unusual Event; Alert; Site Area Emergency;, and 

General Emergency. The emergency classes are defined in NUREG-0654, Appendix 1, 

as follows: 

1.4.1 Unusual Event 

Unusual events are In process or have occurred which indicate a potential degradation 

of the level of safety of the plant No releases of radioactive material requiring off-site 

response or monitoring are expected unless further degradation of safety systems 

occurs. Unusual Event is equivalent to the NRC designated class "Notification of 

Unusual Events." 

1.4.2 Alert 

Events are In process or have occurred which involve an actual or potential substantial 

degradation of the level of safety of the plant Any releases are expected to be limited 

to small fractions of EPA Protective Action Guideline exposure levels. The Alert class 

may correspond to failure or jeopardy of one Fission Product Barrier.  

1.4.3 Site Area Ernerqency 

Events are in process or have occurred which involve actual or likely major failures of 

plant functions needed for protection of the public. Any releases are not expected to 

exceed EPA Protective Action Guideline exposure levels except near site boundary.  

The Site Area Emergency Class may correspond to failure or jeopardy of two Fission 

Product Barriers.  

1.4.4 General Emeraency 

Events are in process or have occurred which Involve actual or imminent substantial 

core degradation or melting with potential for loss of containment integrity. Releases 

can be reasonably expected to exceed EPA Protective Action Guideline exposure 

levels off site for more than the immediate site area. The General Emergency class may 

correspond to failure or jeopardy of three Fission Product Barriers.  

Events that could lead to any of these emergency classifications are described in 

Section 4.0, "Emergency Measures and Operations." 

1.5 Severe Accident Management Guidelines (SAMGs) 

Severe Accident Management Guidelines are put into use when plant conditions are 

beyond design basis. The primary goal is to protect fission product barriers and mitigate 

any ongoing fission product releases, with secondary goals to mitigate severe accident 

phenomena and return the plant to a stable condition. The implementation of SAMGs 

invokes the provisions of 10 CFR 50.54(x) and (y).  
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1.6 Plant Site Description 

The Harris Nuclear Plant (HNP) site is located in the extreme southwest comer of Wake 

County, North Carolina, approximately 16 miles southwest of Raleigh, which Is the 

largest population center, and approximately 15 miles northeast of Sanford, North 

Carolina, in Lee County (See Figures 1.5-1 and 1.5-2). Approximate coordinates of the 

plant centerline are latitude 350 38' 01 " N and longitude 780 576 23 W. The Harris 

Nuclear Plant consists of one pressurized water reactor (PWR) of Westinghouse 

Corporation manufacture, licensed to operate at 2775 megawatts thermal (MWt). The 

associated net electrical output is approximately 900 megawatts electric (MWe). The 

major structures of HNP which contain radioactive materials are the Containment 

Building, Reactor Auxiliary Building, Fuel Handling Building, and the Waste Processing 

Building. Figure 1.5-3 shows the principle site buildings.  

Figure 1.5-2 shows the Exclusion Area Boundary (EAB) and the location of the Harris 

Energy & Environmental Center (HE&EC) in which the Emergency Operations Facility 

(EOF) is located.  

1.7 Plume Exposure Emergency Planning Zone (EPZ) 

The Plume Exposure Emergency Planning Zone (EPZ) Is defined as the area within an 

approximate 10-mile radius of the HNP and is referred to as the 10-Mile EPZ.  

Principal exposure sources from the plume exposure pathway are (a) external exposure 

to gamma and beta radiation from the plume and from deposited materials and (b) 

exposure of the internal organs to gamma and beta radiation from Inhaled radioactive 

gases and/or radioactive particulates. The time of potential exposure can range in 

length from hours to days.  

Figure 1.5-2 shows the Plume Exposure EPZ in relation to the location of HNP. The 

Plume Exposure EPZ includes portions of the North Carolina counties of Chatham, 

Hamett, Lee, and Wake. Annex H, attached, shows evacuation routes and local 

emergency planning zone boundaries in the 10-mile EPZ.  

The prevailing winds around the plant are from the southwest.  

1.8 Ingestion Exposure Emergency Planning Zone 

The Ingestion Exposure Emergency Planning Zone (EPZ) is defined as the area within 

an approximate 50-mile radius of the HNP and is referred to as the 50-Mile EPZ.  

The ingestion exposure sources from the ingestion pathway are contaminated water or 

food, such as milk or fresh vegetables. The time of potential exposure can range in 

length from hours to months.  

PLP-201 Rev. 39 Page 10 of 125

100011



The region within a 50-mile radius of the HNP site contains both urban and rural areas 

with industry, farming, business, education, research, and military interests. Figure 

1.5-1 shows the 50-mile Ingestion Exposure EPZ in relation to the location of the 

Shearon Harris Plant The Ingestion Exposure EPZ includes the North Carolina 

counties of Alamance, Caswell, Chatham, Cumberland, Durham, Franklin, Granville, 

Guilford, Hamett, Hoke, Johnston, Lee, Montgomery, Moore, Nash, Orange, Person, 

Randolph, Robeson, Sampson, Vance, Wake, Wayne and Wilson.  

1.9 Demographic Information 

The distribution of resident population in the 10-Mile Emergency Planning Zone is 

presented in Table 1.8-1 and Figure 1.8-1. Special facilities within the Plume Exposure 

Emergency Planning Zone are depicted in Figure 1.8-2 and Table 1.84. The 10-Mile 

Emergency Planning Zone evacuation time estimates are provided in Table 1.8-2.  

1.10 Supporting Emergency Plans 

Emergency Plans which support this Plan are: 

A. North Carolina Emergency Response Plan in Support of Shearon Harris Nuclear 

Power Plant, Division of Emergency Management, Department of Crime Control 
and Public Safety.  

B. U.S. Nuclear Regulatory Commission, NUREG-0728, NRC Incident 
Response Plan.  

C. Federal Radiological Emergency Response Plan.  

D. Southern Mutual Radiological Assistance Plan.
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Figure 1.5-2 

Plume Exposure Emergency Planning Zone (1D-Mile EPZ)
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Figure 1.5-3 

HNP Site Plan and Emeraencv Facilities

Reactor Containment Building 
Turbine Building 
Reactor Auiliary Building 
Operations Building 
Main Control Room 
Fuel Handling Building 
Waste Processing Buiding (OSC in HP Tech Work Area; First Aid Room 261') 
Diesel Generator Building 
Security Building (Normal Evacuation) 
K Building (TSC on 4th Floor) 
Administration Building (Admin Building Assembly Area) 
Service Building 
Bulk Warehouse 
Water Treatment Building 
Switchyard 
Cooling Tower 
Helicopter Landing Zone 
Evacuation Monitoring Area 
Protected Area Boundary 
Plant Access Facility 
Mobile Equipment Shop 
Warehouse 6
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Table 1.8-1 
Population Data by Sub-Zone - Fall Weekday Adverse Weather* 

Permanent Resident Seasonal Transient Special Total 

Sub- Zone Auto-Owning Non-Auto Facility Population 

A 0 0 0 842 0 842 

B 863 54 0 64 61 1,042 

C 141 9 0 32 0 182 

D 134 8 0 51 0 193 

E 8,514 534 0 1,490 6,712 17,250 

F 4,866 305 0 36 822 6,029 

G 8,258 518 0 32 3,689 12,497 

H 1,859 177 0 60 90 2,186 

I 508 53 0 28 0 589 

J 797 83 0 24 0 904 

K 673 49 0 1,422 0 2,144 

L 585 43 0 52 0 680 

M 1,270 93 0 56 300 1,719 

N 608 44 0 28 0 680 

Full EPZ 29,076 1,970 [_0 _ _ 4,217 _ 11,674_ _ 46,937 

This scenario represents the largest population present within the 10-rnile EPZ during 
an analyzed evacuation situation. This is based on the "Evacuation Time Estimates for 
the Plume Exposure Pathway Emergency Planning Zone, Shearon Harris Nuclear 
Plant, January 1997".
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FRgure 1.8-1 

DemoirapDhlc Information bySector

ow
N 

10 MLES
M1921 

MNE

ssw SSE 
M6M

POPULATION TOTALS 

Distance (Miles) Population Total Miles Total Population 

0-2 48 0-2 48 

2-5 1688 0-5 1736 

5-10 29310 0-10 31046

NOTE: Data is based on the "Evacuation Time Estimates for the Plume Exposure Pathway 
Emergency Planning Zone, Shearon Harris Nuclear Plant, January 1997".
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Figure 1.8-2 
Hospital and Family Care Facilities Located in the HNP 10-Mile EPZ

ESSEj

w 55E 

EJ
I -Adam's Family Care #1 and #2 
2 -Atwater's Rest Home 
3 - Brown Family Care 
4 - Brighton Mannor 
5 - Comfort Care 
6 - James Rest Home 
7 - Lyles' Family Care 
8 - Mary's Family Care Home 
9 - Mathew's Family Care 
10- Francis Morning's Farmily Care 
11 - Morrison's Family Care

12 - Mims Family Care Home 
13 - Our Golden Ladies 
14 - Rose Haven Rest Home 
15 - Seagroves Family Care 
16 - Southern Wake Hospital 
17 - County Lane Group Home 
18 - Hickory Street Group Home 
19 - Creekway Group Home 
20 - Olive Street Group Home 
21 - Manson Street Group Home

NOTE: Wake County Department of Social Services maintains the current listing.

Rev. 39 Page 17 of 125

100018

PLP-201



Table 1.8-2 

HNP Plume Exposure EPZ Evacuation Time Estimates 

Wind Direction Evacuation Area Sub-zones Summer Weekday Summer Weekend Late Fal Weekday Summer Evening 
(Degrees From) Impeded (Good Weather) (Good Weather) (Adverse Weather) (Good Weather) 

2-Mile Radius A 110 120 120 100 
348-10 2-Mile + 5 Mile A, D, K 130 130 130 130 

2-Mile + 10 Mile AD K H. I 190 190 190 190 
11-34 2-Mlle + 5 Mile A. K 130 130 130 130 

2-Mile + 10 Mile A&K.HI.J 190 190 190 190 
35-56 2-Mile + 5 Mile A. K 140 140 140 140 

2-Mile + 10 Mile A, K. I. J. M 190 190 180 180 
57-79 2-Mile + 5 Mile A, K. L 140 140 140 140 

2-Mile + 10 Mile A. KL, I. J. M 170 170 170 170 
80-101 2-Mle + 5 Mile A. K. L 170 140 170 140 

2-Mile + 10 Mile A, K L, J. M 180 170 180 170 
102-124 2-Mile + 5 Mile A -KL 140 140 140 140 

2-Mlle + 10 Mile A, K L. J. M. N 180 200 180 180 
125-146 2-Mile + 5 Mile A, B. L 190 190 190 190 

2-Mile + 10 Mile A. B, L. M. N 190 190 190 190 
147-169 2-Mlle + 5 Mile A/•.B L 190 190 190 190 

2-Mile 4 10 Mile A, B, L, E. M. N 200 200 200 200 
170-191 2-Mile + 5 Mie A. B. L 190 190 190 190 

2-Mile + 10 Mile A. B. L. E. M. N 200 200 200 200 
192-214 2-Mile + 5 Mile A. B 190 190 190 190 

2-Mile + 10 Mile AS B. E. N 200 200 200 200 
215-236 2-Mlle + 5 Mile A, B. C 190 190 190 190 

2-Mile + 10 Mile A, B. C. E. F 210 200 210 200 
237-259 2-Mle + 5 Mile A. B. C 190 190 190 190 

2-Mile + 10 Mile A. B. C. E. F. 0 200 200 200 200 
260-281 2-Mile + 5 Mile A, 0. C, D 190 190 190 190 

2-Mlle + 10 Mile A. B. C. D, F. G. H 280 240 300 230 
282-304 2-Mile + 5 Mile A. C. D 170 170 170 170 

2-Mile + 10 Mile A. C. D. F. G. H 230 220 230 200 
305-326 2-Mile + 5 Mile A.C. D. K 190 190 190 190 

. 2-Mile + 10 Mile A. C. D, K, F. G. H 200 200 200 200 
327-347 2-Mile + 5Mile A. D. K 130 130 130 130 

I 2-Mile + 10 Mile A D.KG, HI 210 210 210 210 
Full EPZ 10 Mile Furl EPZ 260 240 300 230 

Evacuation times Include notification and alerting of the publIc via primary means (15 minutes), mobilization and preparation of the public for evacuation, and 
evacuation to the outer boundary of all the local planning zones being evacuated.  
Source: Evacuation Time Estimates for the Plume Exposure Pathway Emergency Planning Zone: Shearon Harris Nuclear Power Plant, January 1997.
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Table 1.8-3 
Schools Located In the HNP 10-Mile EPZ 

Apex Elementary NE 8.5 
Apex High NE 10.0 

Apex Middle NE 8.5 
Baucom Elementary NE 9.5 
Lufkin Road Middle NE 9.0 

Fuguay-Varina Middle ESE 9.5 
Fuguay-Vadlna High ESE 9.5 

Lincoln Heights Elementary ESE 8.5 
Moncure Elementary W 6.5 

Holly Springs Elementary ENE 7.0 
Olive Chapel Elementary NNE 7.5 

Salem Elementary NNE 10.0

0 
0 
0,, 

t%
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ORGANIZ AWtNADRESPONSIBILMlE 

2.1 General 

There are requirements for actions in an emergency that go beyond those encountered 
during routine operations. To meet these additional demands and provide an effective 
response to the emergency, the HNP Emergency Plan employs an organizational 
concept that has four features.  

A. Whenever the Plan Is activated, a single individual is charged with the 
responsibility for and the authority to direct all actions necessary to respond to 
the emergency.  

B. The primary responsibility of the individual in charge Is to assure that all 
emergency response functions are carded out. Upon activation of the Plan, this 
individual is freed of all other responsibilities and thus able to focus on managing 
the emergency response.  

C. Specific individuals are assigned the responsibility of carrying out predefined 
critical actions and emergency measures.  

D. There is a mechanism established to provide additional resources as necessary 
to respond to the emergency, which provides continuity of response on each 
critical action.  

This concept of organization Is compatible with and integrated Into the normal mode of 
operation. The shift operating crew Is routinely required to correct minor malfunctions of 
equipment and to diagnose the consequences of radioactivity releases. There are a 
number of procedures to guide operators in responding to equipment malfunctions and 
instrument alarms. There are also procedures to maintain effective control over 
contamination and radiation exposures. Emergency procedures basically involve an 
extension of these existing plant procedures.  

2.2 Emergency Organization 

The emergency response resources available to respond to an emergency consist of 
the personnel at the plant, at Corporate Headquarters, at other Company nuclear 
plants, the Harris Energy & Environmental Center and, In the longer term, at other 
organizations involved in the nuclear industry. Throughout CP&L there exists a staff of 
well-trained and experienced engineers, scientists, and technicians. These personnel 
represent a pool of technical expertise that can be called upon to provide additional 
support to the corporate emergency response and recovery organizations, if required.  
Corporate emergency response personnel do not receive specific training for 
emergency response and do not take actions which implement this emergency plan.  

The plant Emergency Response Organization (ERO) is composed of a broad spectrum 
of personnel with specialties in operations, maintenance, engineering, radiochemistry, 
health physics, material control, fire protection, security, and emergency planning. The 
greatest number of personnel with these specialties are available during day shift 
operations; however, needed specialists can be recalled to the site at any time.  
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The first line of defense in responding to an emergency lies with the normal on-duty 
operating shift when the emergency begins. Shift members are assigned defined 
emergency response roles, as shown in Table 22.-1, that are to be assumed whenever 
an emergency is declared. As additional personnel are called in to the plant, a smooth 
transition occurs since each indMdual knows ahead of time what their responsibilities 
will be. A current call list of ERO members is maintained in the Main Control Room and 
procedures are available to activate the ERO automatically or manually.  

The Company is committed to providing staffing to effectively contain any emergency 
which might occur at its nuclear facilities. Depending on the emergency at hand, 
personnel with required expertise will be contacted on a priority basis as shown In Table 
22-1. Additional personnel will be available to provide communications, on-site and off
site radiological assessment, repair and corrective actions, and technical support within 
a short period of time. Depending on weather conditions, 30-45 minutes should provide 
enough time to make the appropriate staff available to augment the plant on-shift 
organization. The plant ERO will continue to be augmented such that within 60-75 
minutes after notification, additional personnel will be added to provide the necessary 
support. Additional personnel will continue to supplement the on-site ERO as necessary 
to meet the requirements of this Plan.  

The fully augmented on-site ERO is shown in Figure 2.2-1 and personnel assignments 
are provided in Table 2.2-1 andlor procedures. The on-site ERO utilizes the basic plant 
organization structure as the principle guideline In emergency assignments. This 
philosophy assures whenever possible, that personnel will be performing emergency 
functions that are similar to their normal operating duties. Each emergency position has 
a succession of command from assigned, trained alternates.  

2.3 Command and Control 

The position of Site Emergency Coordinator is activated for command and control 
purposes upon declaration of an emergency. Until relieved by the Emergency 
Response Manager, the Site Emergency Coordinator is delegated the authority to act 
on behalf of the Company to manage and direct all emergency operations invoMng the 
facility. Upon activation of the Emergency Operations Facility, the Emergency 
Response Manager assumes responsibility of overall emergency response and 
performs those requirements for all off-site related activities. The Site Emergency 
Coordinator maintains overall on-site emergency responsibilities including emergency 
classification and, after EOF activation, reports to the Emergency Response Manager.  

The Superintendent - Shift Operations on duty at the time the emergency is declared 
shall initially assume the position of Site Emergency Coordinator from the Main Control 
Room.  

The following conditions for command and control apply:.  

A. If the Site Emergency Coordinator becomes incapacitated for any reason, a 
designated alternate shall assume the position of Site Emergency Coordinator.  

B. Once the Technical Support Center is activated the position of Site Emergency 
Coordinator is transferred from the Main Control Room to a qualified indMdual in 
the TSC.  
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C. The Site Emergency Coordinator, or Emergency Response Manager after the 
EOF is activated, may not delegate the responsibility for notification of and 
making recommendations to authorities responsible for off-site measures.  

D. The Site Emergency Coordinator may consult with others, but may not delegate 
the responsibility to determine the appropriate emergency action level for the 
conditions.  

E. The Site Emergency Coordinator is authorized to request Federal and State 
assistance until the EOF is activated, whereupon such requests are made under 
the direction of the Emergency Response Manager.  

NOTE: If deemed prudent in order to ensure an adequate response to the 
emergency, the Site Emergency Coordinator-MCR may direct that the TSC 
and/or EOF assume responsibility for anylall discrete functions prior to 
reaching full staffing levels or to activate only those functions which the 
SEC-MCR feels are necessary for an adequate emergency response.  

F. The conditions for transfer of designated responsbilities from the 
Superintendent-Shift Operations (Site Emergency Coordinator-MCR) to the Site 
Emergency Coordinator-TSC and the Emergency Response Manager (EOF) are: 

1) The TSC and EOF are ready to be activated and to assume emergency 
functions.  

2) The Site Emergency Coordinator-TSC and the Emergency Response 
Manager have received a briefing on the status of the emergency.  

2.4 Assignment of Responsibilities 

All emergency response personnel with responsibilities listed in 2.4A through 2.4.E will: 

* Be trained and qualified to perform the assigned responsibilities as specified in 
Section 5.2.  

* Be formally relieved by a qualified alternate trained for duty in the particular 
position before leaving that position.  

• Maintain a record of activities where appropriate.  

2.4.1 Main Control Room 

A. Superintendent-Shift Operations: Until an emergency Is declared, the 
Superintendent-Shift Operations has the following responsibilities relating to the 
Emergency Plan: 

1) Direct the activities of the Operations staff.  

2) Recognize an off-normal condition as indicated by instrument readings or 
observation.  

3) Implement any Emergency Operating Procedures.  
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4) Determine when an Emergency Action Level has been met or exceeded, 
declare an emergency, and assume the position of Site Emergency 
Coordinator-MCR.  

B. Site EmergencV Coordinator-MCR: The primary person assigned to the position 
of Site Emergency Coordinator-MCR during the Initial stages of an emergency Is 
the Superintendent-Shift Operations. Once the Technical Support Center Is 
activated the responsibilities of Site Emergency Coordinator-MCR are turned 
over to the Site Emergency Coordinator-TSC and the Emergency Response 
Manager in accordance with the Implementing procedures.  

The Site Emergency Coordinator-MCR, shall not delegate the following 

responsibilities: 

1) Classification of the emergency.  

2) Approval of required notifications made to the State/Counties and the 
NRC.  

3) Establishment of on-site mission priorities In response to the emergency.  

4) Approval of planned radiation exposures for CP&L personnel in excess of 
5 Rem TEDE or entry into radiation fields greater than 25 Rem/hr.  

5) Review and approval of deviations from Technical Specifications or 
license conditions.  

6) Authorization of the administration of Potassium Iodide to on-site 
emergency workers.  

7) Approval of Protective Action Recommendations made to the 
State/Counties.  

8) Termination of the emergency.  

C. Plant O.erations Director. The Plant Operations Director, located in the Main 
Control Room after activation of the Technical Support Center, is responsible to 
the Site Emergency Coordinator-TSC for providing direction to the Main Control 
Room Staff, the Fire Brigade, and the First Aid Teams. The POD is trained as a 
SAMG decision maker whose focus is on the operational aspect of the strategy 
developed by the TSC.  

D. Fire Brigade Team Leader: A Fire Brigade Team Leader is established on all 
shifts. When a fire occurs, the Fire Brigade Team Leader is the on-scene 
commander for fighting the fire and directs the activities of the Fire Brigade. The 
Fire Brigade Team Leader reports to the Site Emergency Coordinator-MCR or to 
the Plant Operations Director after activation of the Technical Support Center.  
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E. Fire Brigade: When a fire is announced, the Fire Brigade reports to the Fire 
Brigade Team Leader. If a fire occurs, the Fire Brigade reports to the Fire 
Staging Area where fire-fighting equipment is located, and then responds to the 
fire scene. The fire brigade Is composed of on-shift personnel trained in fighting 
fires as described In Section 5.2.  

F. First Aid Team: A First Aid Team is established on all shifts. The First Aid Team 
performs/coordinates emergency first aid and search and rescue activities. The 
First Aid Team reports to the Site Emergency Coordinator-MCR or to the Plant 
Operations Director after activation of the Technical Support Center.  

G. Emergency Communicator-MCR: Initially filled with on-shift personnel, Is 
appointed by and reports to the Site Emergency Coordinator-MCR and is 
responsible for communicating with: 

1) Off-site authorities (County, State, NRC, and so forth) to perform required 
notifications of the declaration, upgrading, termination of an emergency 
prior to the activation of the TSC and EOF.  

2) The plant Emergency Response Organization (during off-hours) when 
CP&L emergency facilities are being activated.  

3) Local Immediate Response Organizations (medical, fire, law enforcement, 
and so forth) if their assistance is needed.  

2.4.2 Technical Support Center 

A. Site Emergency Coordinator-TSC: The Site Emergency Coordinator-TSC is 
responsible for overall command and control of the on-site response to the 
emergency. The Site Emergency Coordinator is also responsible for providing 
guidance to the Technical Analysis Director, Radiological Control Director, 
Communications Director, Security Director, Plant Operations Director and the 
Emergency Repair Director.  

Upon activation of the Technical Support Center the Site Emergency 
Coordinator-TSC relieves the Site Emergency Coordinator-MCR of the following 
major responsibilities: 

1) Classification of the emergency.  

2) Establishment of on-site mission priorities in response to the emergency.  

3) Approval of planned radiation exposures for on-site personnel in excess of 
5 Rem TEDE or entry into radiation fields greater than 25 Rem/hr.  

4) Review and approval of deviations from Technical Specifications or 
license conditions if the Site Emergency Coordinator-TSC is a 
Superintendent-Shift Operations, or ensure that such deviations are 
approved by a Superintendent-Shift Operations.  

5) Authorization of the administration of Potassium Iodide to on-site 
emergency workers.  
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6) A trained SAMG decision maker whose focus Is on the development and 
prioritization aspect of the SAMG strategy.  

7) Termination of the emergency.  

B. TSC-Senior Reactor Operator: The TSC-Senior Reactor Operator Is located in 
te Technical Support Center and reports to the Site Emergency Coordinator
TSC and directs the TSC-ERFIS Operator. The TSC-Senior Reactor Operator is 
responsible for providing technical assistance related to plant conditions and 
operations and to perform monitoring and evaluations required for Severe 
Accident Management Guidelines.  

C. TSC-ERFIS Operator. The Technical Support Center ERFIS Operator reports to 
the TSC-SRO and Is located In the Technical Support Center. The position Is 
responsible for providingldisplaying any information from ERFIS requested by 
Technical Support Center personnel.  

D. Technical Analysis Director. The Technical Analysis Director reports to the Site 
Emergency Coordinator-TSC and is located in the Technical Support Center.  
The Technical Analysis Director is responsible for providing direction to the 
Technical Support Center Accident Assessment Team, perform monitoring and 
evaluation required for Severe Accident Management Guidelines, and to direct 
AAT members to evaluate strategies that implement Severe Accident 
Management Guidelines.  

E. TSC-Accident Assessment Team: The TSC-Accident Assessment Team reports 
to the Technical Analysis Director and is located in the Technical Support 
Center. The team is composed of a Shitl Technical Advisor, Core Performance 
Engineer, Electrical/1&C Engineer, and Mechanical Engineer. They are 
responsible for providing recommendations to the Technical Analysis Director on 
problems as assigned.  

F. Communications Director. The Communications Director, located in the 
Technical Support Center, reports to the Site Emergency Coordinator TSC. The 
Communications Director is responsible for providing direction to the Emergency 
Communicator-NRC, TSC-TelecommrComputer Support, TSC Logkeeper and 
the Admin Team.  

G. Emegrcency Communicator-NRC: The Emergency Communicator-NRC Is located 
in the Technical Support Center and reports to the Communications Director.  
The Emergency Communicator-NRC is responsible for.  

1) Generating required written notifications to the NRC in a timely manner.  

2) Establishing contact with the NRC via the Emergency Notification System 
and providing any requested information of the status of the emergency.  

H. TSC-Telecomm/Computer Support: TSC-Telecomm/Computer Support 
personnel are located in the Technical Support Center and report to the 
Communications Director. They are responsible for providing technical 
assistance required in the areas of telecommunications or computer support.  
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1. TSC Admin Team: The TSC Admin Team is located in the Technical Support 
Center and Is composed of a Librarian and Admin Support personnel. They 
report to the Communications Director and are responsible for providing any 
documents, prints or other clerical services as requested by personnel in the 
Technical Support Center.  

J. TSC LoI.keeper. The TSC Logkeeper Is located In the Technical Support Center 
and reports to the Communications Director. The TSC Logkeeper is responsible 
for recording the major activities that occur In the Technical Support Center 
during an emergency.  

K Radiological Control Director. The Radiological Control Director is located in the 
Technical Support Center and reports to the Site Emergency Coordinator-TSC.  
The Chemistry Coordinator and the Radiological Control Coordinator, both 
located in the Operations Support Center, report to the Radiological Control 
Director. The Radiological Control Director is responsible for.  

1) Providing direction to onsite health physics and chemistry emergency 
response actions.  

2) Ensuring that the Site Emergency Coordinator and other Directors in the 
Technical Support Center are kept informed of radiological/chemical 
conditions on and off site.  

L. TSC HP Technician: The TSC HP Technician, normally located in the Technical 
Support Center, reports to the Radiological Control Director and is responsible 
for providing radiological support and monitoring activities within the TSC.  

M. Security Director: The Security Director, normally located in the Technical 
Support Center, reports to the Site Emergency Coordinator-TSC and has the 
following major responsibilities: 

1) Maintaining plant security in accordance with the provisions of the HNP 
Security Plan and Safeguards Contingency Plan.  

2) Coordinating the accountability of personnel inside the Protected Area.  

3) Providing Security Force personnel in support of emergency activities.  

2.4.3 Operations Support Center 

A. Emergency Repair Director. The Emergency Repair Director, located in the 
Operations Support Center, reports to the Site Emergency Coordinator-TSC. The 
Emergency Repair Director is responsible for providing direction to the total 
on-site maintenance and equipment restoration effort from the Operations 
Support Center.  

B. Damage Control Coordinator. The Damage Control Coordinator, located in the 
Operations Support Center, reports to the Emergency Repair Director. The 
Damage Control Coordinator is responsible for providing direction to the Damage 
Control Team Leaders, Maintenance Planners, OSC Storekeeper and OSC 
Logkeeper.  
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C. Damage Control Team Leaders: The Damage Control Team Leaders are 
appointed by the Damage Control Coordinator. They are responsible to the 
Damage Control Coordinator for on-the-scene supervision of the Damage 
Control Teams to which they are assigned.  

D. Damage Control Teams: The Damage Control Teams are dispatched by the 
Damage Control Coordinator, from their initial assembly point in the Operations 
Support Center, to the scene of an emergency repair or damage assessment 
requirement. The Damage Control Teams report to the on-scene Damage 
Control Team Leader and are composed of mechanical, instrument and control, 
and electrical maintenance personnel.  

E. Maintenance Planners: Maintenance Planners, located in the Operations 
Support Center, report to the Damage Control Coordinator. The Maintenance 
Planners are responsible for developing plans for emergency repair, determining 
spare parts needed to make the repairs and estimating the amount of time 
required to perform the emergency repairs.  

F. OSC Storekeeper The OSC Storekeeper, located In the Operations Support 
Center, reports to the Damage Control Coordinator. The OSC Storekeeper is 
responsible for expediting the spare parts and tools needed In support of 
emergency activities.  

G. OSC Loqkeeper: The OSC Logkeeper, located in the Operations Support 
Center, reports to the Damage Control Coordinator. The OSC Logkeeper is 
responsible for recording the major activities that occur in the Operations 
Support Center during an emergency.  

H. Radiological Control Coordinator: The Radiological Control Coordinator, located 
in the Operations Support Center, Is responsible to the Radiological Control 
Director for providing direction to the Radiological Control Teams during an 
emergency.  

1. Radiolog.ical Control Teams: Radiological Control Teams report to the 
Radiological Control Coordinator and are composed of health physics personnel.  
They assemble initially in the Operations Support Center and are subsequently 
dispatched wherever personnel radiation control and decontamination functions 
are needed.  

J. Chemistry Coordinator:. The Chemistry Coordinator, located in the OSC, is 
responsible to the Radiological Control Director for providing direction to the 
Chemistry Team during an emergency.  

K. Chemistry Team: Chemistry Teams report to the Chemistry Coordinator and are 
composed of plant chemistry personnel. They assemble initially in the 
Operations Support Center and are subsequently dispatched to sampling 
stations, the PASS Panel, and the laboratory.  
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2.4.4 Emergency Operations Facility 

A. Emem-encv Response Manager:. The Emergency Response Manager, located In 
the Emergency Operations Facility, is responsible for overall command and 
control of the CP&L response to the emergency. The Emergency Response 
Manager Is also responsible for providing guidance to the Technical Analysis 
Manager, Radiological Control Manager, Communications Manager, and the 
Admin and Logistics Manager.  

Upon activation of the Emergency Operations Facility the Emergency Response 
Manager relieves the Site Emergency Coordinator-MCR of the following major 
responsibilities: 

1) Approval of required notifications to the State/Counties.  

2) Approval of planned radiation exposures for off-site CP&L personnel in 
excess of 5 Rem TEDE or entry into radiation fields greater than 25 
Rem/hr.  

3) Approval of the administration of Potassium Iodide to off-site HNP 
emergency workers.  

4) Approval of Protective Action Recommendations.  

5) Direct interface with offsite authorities.  

6) Coordination of Dose Projection and Environmental Monitoring activities.  

7) A trained SAMG decision maker whose focus Is on the offsite 
consequences of the strategy recommended by the TSC. The ERM has 
the ultimate approval authority for strategy implementation.  

B. EOF-Senior Reactor Operator: The EOF-Senior Reactor Operator Is located in 
the Emergency Operations Facility and reports to the Emergency Response 
Manager. The EOF-Senior Reactor Operator is responsible for providing 
technical Information and assistance related to plant conditions and operations.  

C. EOF ERFIS Operator: The EOF ERFIS Operator reports to the EOF Senior 
Reactor Operator and is located in the Emergency Operations Facility. The 
position is responsible for providing/displaying any information from ERFIS 
requested by Emergency Operations Facility personnel.  

D. Eme-menc Preparedness Advisor: The Emergency Preparedness Advisor, 
located in the Emergency Operations Facility, reports to the Emergency 
Response Manager in the EOF and advises the Emergency Response Manager 
and other Emergency Response Organization personnel on implementation of 
the Emergency Plan and implementing procedures.  

E. News Coordinator: The News Coordinator, located in the Emergency Operations 
Facility, reports to the Emergency Response Manager. The News Coordinator 
has the responsibility for preparing and coordinating the approval of news 
releases.  
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F. Administrative and Logistics Manaaer: The Administrative and Logistics 
Manager, located in the Emergency Operations Facility, reports to the 
Emergency Response Manager and is responsible for direction of activities of 
the Administrative Team Leader and Admin Building Assembly Area Leader.  

G. EOF Telecomm/Computer.Support: EOF Telecommunications/Computer 
Support personnel are located in the EOF and report to the Administrative and 
Logistics Manager. They are responsible for providing technical assistance 
required in the areas of telecommunications or computer support.  

H. Admin Team Leader:. The Admin Team Leader, located in the Emergency 
Operations Facility, reports to the Administrative and Logistics Manager and is 
responsible for directing the actions of the Admin Team.  

Admin Team: The Admin Team, located in the Emergency Operations Facility, 
consists of a Setup Leader, Ubrarian and Admin Support personnel. They report 
to the Admin Team Leader and are responsible for providing any documents, 
prints or other clerical services as requested by personnel in the Emergency 
Operations Facility.  

J. EOF Loakeeper The EOF Logkeeper Is located in the Emergency Operations 
Facility and reports to the Admin Team Leader. The EOF Logkeeper is 
responsible for recording the major activities that occur In the Emergency 
Operations Facility during an emergency.  

K. Assembly Area Leader: The Assembly Area Leader Is responsible to the Admin 
and Logistics Manager, or prior to activation of this position, the Site Emergency 
Coordinator, for coordinating the activities in the Admin Building Assembly Area.  

L. Technical Analysis Manager: The Technical Analysis Manager reports to the 
Emergency Response Manager and is responsible for direction of activities of 
the Emergency Operations Facility Accident Assessment Team.  

M. EOF Accident Assessment Team: The EOF Assessment Team reports to the 
Technical Analysis Manager and Is located in the Emergency Operations Facility.  
The team is composed of a Civil Engineer, Electrical Engineer, I&C Engineer, 
and Mechanical Engineer. They are responsible for providing recommendations 
to the Technical Analysis Manager on problems as assigned.  

N. Radioloqical Control Manager: The Radiological Control Manager, located in the 
Emergency Operations Facility, reports to the Emergency Response Manager.  
The Radiological Control Manager is responsible for providing direction to the 
Dose Projection Team Leader, Technical Advisor and the EOF Health Physics 
Technician. The Radiological Control Manager is also responsible for:.  

1) Providing direction to offsite health physics emergency response actions.  

2) Ensuring that the Emergency Response Manager and other Managers in 
the EOF are kept informed of radiological/chemical conditions on and off 
site.  
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0. EOF HP Technician: The EOF HP Technician, normally located In the 
Emergency Operations Facility, reports to the Radiological Control Manager and 

is responsible for providing radiological support and monitoring activities within 
the EOF.  

P. Technical Advisor. The Technical Advisor, located in the Emergency Operations 
Facility, reports to the Radiological Control Manager. The Technical Advisor 
assists the Radiological Control Manager and staffs the HPN Une when 
requested by the NRC.  

Q. Dose Projection Team Leader. The Dose Projection Team Leader, located in the 
Emergency Operations Facility, reports to the Radiological Control Manager. The 
Dose Projection Team Leader provides guidance to the Environmental Field 
Coordinator and the Dose Projection Team.  

R. Dose Projection Team: The Dose Projection Team reports to the Dose Projection 
Team Leader and is located in the Emergency Operations Facility. The Dose 
Projection Team Is responsible for performing source term and offsite dose 
calculations.  

S. Environmental Field Coordinator. The Environmental Field Coordinator, located 
in the Emergency Operations Facility, Is responsible to the Dose Projection 
Team Leader. The Environmental Field Coordinator is responsible for providing 
direction to the Environmental Monitoring Teams.  

T. Environmental Monitodnol Teams: Environmental Monitoring Teams report to the 
Environmental Field Coordinator after activation of the Emergency Operations 
Facility, or, prior to activation of the Emergency Operations Facility, to the Site 
Emergency Coordinator -MCR. Teams assemble at HE&EC and are 
subsequently dispatched in vehicles to the surrounding area. They are 
responsible for offsite plume tracking, monitoring and other sampling activities.  

U. Communications Manaoer: The Communications Manager, located in the 
Emergency Operations Facility, reports to the Emergency Response Manager.  
The Communications Manager Is responsible for providing direction to the 
Emergency Communicator-State/County and the Representatives to the State 
and County EOCs.  

V. EmeMency Communicator-State/Counties: The Emergency Communicator
State/Counties, located in the Emergency Operations Facility, reports to the 
Communications Manager. The Emergency Communicator-StatelCounties is 
responsible for conducting timely notification and transfer of emergency 
information to the State and Counties.  

W. Emergency Communicator-Corporate CommlJlC: The Emergency 
Communicator-Corporate Comrm/JlC, located in the Emergency Operations 
Facility, reports to the Communications Manager. The Emergency 
Communicator-Corporate CommnJIC is responsible for providing information to 
support public information emergency response activities.  
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X Representatives to the State/Countv EOCs: The Representatives to the 
State/County EOCs are located at the following: 

N.C. State EOC State Administrative Building in Raleigh, N.C., and Is 
the principle Emergency Operations Center.  

Wake County EOC Wake County Courthouse, Raleigh, N.C.  

Chatham County EOC Law Enforcement Center, Pittsboro, N.C.  

Hamett County EOC Law Enforcement Center, Ullington, N.C.  

Lee County EOC Sanford Municipal Center, Sanford, N.C.  

These representatives act as technical liaisons to facilitate communications and 
the coordination of information flow between the Site Emergency Coordinator or 
Emergency Response Manager and Statellocal authorities. They report to the 
Communications Manager in the Emergency Operations Facility.  

2.4.5 Joint Information Center 

A. Company Spokesperson: The Company Spokesperson, located in the Joint 
Information Center, reports to the Emergency Response Manager. The 
Company Spokesperson is responsible for providing guidance to the Company 
Technical Spokesperson, JIC Director, Admin Coordinator and Public 
Information Coordinator. The Company Spokesperson also has the following 
major responsibilities: 

1) Maintain command and control of the Joint Information Center.  

2) Coordinates and directs responses to media inquiries 

3) Ensure that the composition and timeliness of CP&L News Releases are 
adequate.  

4) Conduct periodic briefings with the news media.  

5) Provide for timely exchange of information between other spokespersons.  

B. Company Technical Spokesperson: The Company Technical Spokesperson, 
located in the Joint Information Center, reports to the Company Spokesperson.  
The Company Technical Spokesperson provides guidance to the Technical 
Specialist and has the following major responsibilities: 

1) Direct the Technical Specialist to gather information from the EOF for 
CP&L news media briefings.  

2) Provide timely and accurate technical information to the media during 
formal briefings.  

C. Technical Specialist: The Technical Specialist, located in the Joint Information 
Center, reports to the Company Technical Spokesperson. The Technical 
Specialist is responsible for assisting the Company Technical Spokesperson in 
obtaining and developing technical emergency information.  

PLP-201 Rev. 39 Page 31 of 125

100033



D. JIC Director. The JIC Director, located In the Joint Information Center, reports to 
the Company Spokesperson. The JIC Director is responsible for the 
development and coordination of news releases and dissemination of 
information.  

E. Administrative Coordinator:. The Administrative Coordinator, located In the Joint 
Information Center, reports to the Company Technical Spokesperson. The 
Administrative Coordinator provides guidance to the Administrative Assistants 
and Media Badging Specialist.  

F. Administrative Assistant The Administrative Assistant, located In the Joint 
Information Center, reports to the Administrative Coordinator. The Administrative 
Assistant Is responsible for providing administrative services and supplies to 
Joint Information Center personnel.  

G. Media Badaina Specialist The Media Badging Specialist, located In the Joint 
Information Center, reports to the Administrative Coordinator. The Media 
Badging Specialist is responsible for controlling access to the Media Briefing 
Area and distributing information.  

H. Public Information Coordinator: The Public Information Coordinator, located in 
the Joint Information Center, reports to the Company Spokesperson and directs 
the activities of the Public Information Specialists.  

I. Public Information Specialist: The Public Information Specialist, located In the 
Joint Information Center, reports to the Public Information Coordinator. The 
Public Information Specialist is responsible for staffing telephone lines to 
respond to calls from the media and public.  

2.5 Outside Organization Support 

Outside organizations that support HNP In an emergency are described In Annex G.  
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TABLE 2.2-1

On-Shift Staffinti For Emergencles 

• -,. • t A "d t " ,.W . , > .. . ,'t + "•t+, 

1. Plant Operations and Control Room Staff SSOc 1 -

Assessment of USCO 1 -

Operational Aspects Control Operators 2 -

Non-Licensed Operators 2" -- 

2. Emergency Direction SEC-MCR(SS_ _ 1 -

and Control ERM<'_ - 1 

SEC-TSC') -- 

3. Notification & Emergency Plant Personnel 1 1 2 
Communication Communicator ,, 

4. Radiological OffsIte Dose Assessment Dose Projection Team 
Assessment Leader 

Offsite Surveys Environmental Monitoring 2 2 
Team Personnel 

Onsite Surveys Environmental Monitoring - I 1 
Team Personnel 

In-plant Surveys Radiological Control 1 1 1 
Team Personnel 

Chemistry Chemistry Team 1 - 1 
Personnel 

(Continued on next page) 

NOTES: 

' Overall direction of facility response is assumed by the ERM when all facilities are activated. The direction of mlnute-to
minute facility operations remains with the SEC-TSC.

1 On shift responsibility prior to activation of the EOF and TSC.  

m After Activation of the EOF and TSC.  

1 One of the two non-licensed operators may be assigned to the Fire Brigade.
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TABLE 2.2-1 (continued)

On-ShIft Staffinq For Emeriencles 

5. Plant Engineering Technical Support Shift Technical Advisor I -

Repair and Corrective Core Performance 1 
Actions EngIneering 

Mechanical Engineering - -- I 
Electfrcal Enginee -

Repair and Corrective -Mechanical Maintenance 1-- 2 
Actions Electricalll&C I 2 1 

Maintenance 
6. In-Plant Protective Radiation Protection Radiological Control 1i() 2 2 

Actions Team Personnel I 
7. Fire Fighting - - .5 Local Support 
8. First Aid and Rescue Plant Personnel 2)- 

Operations ,, 
9. Site Access Control Security & Accountability Security Team Personnel (gL (g) (g) 

. .. -N-A " - . ; 15 . _ .. ..  
S....•. i •";,;i . +•' • " .• .... ••`:•+•+•+u:•>++++++•a+++10++• I,,? P1&• tA1 0,•,scuSVP 1 :11,111, L•,'+• 0 + I +"I - LOLL-:+

"NOTMS: 

I') May be provided by shift personnel assigned other functions.

Fire Brigade per FSAR 9.5.1 

< Per Security Plan.
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Figure 22-1 

On-Site Emergency Response Organization 
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Figure 2.4-1

Off-Site Emeraency Response Organization
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LO WERGENCY~fACILI1S. OMU~NIC~A1ONS.vAND EQUIPMENTi , 

3.1 General 

The purpose of emergency response facilities Is to provide centralized locations for 
organized command and control of on-site activities and off-site activities performed by 
the Company such as environmental monitoring. Different groups within the Emergency 
Response Organization are provided with a location from where they may direct or 
perform the activities for which they are responsible while providing for coordination of 
activities with other organizations.  

Adequate emergency facilities, communications, and equipment to support emergency 
response are provided and maintained. Carolina Power & Ught Company (CP&L) 
Emergency Plans include provision for emergency response facilities as follows: 

* Main Control Room (MCR) 

"* Technical Support Center (TSC) 

"* Operations Support Center (OSC) 

"• Emergency Operations Facility (EOF) 

"• Joint Information Center (JIC) 

The Main Control Room is an emergency response facility that is operational on a day
to-day basis. Initially the emergency actions and in plant response would be directed by 
the Site Emergency Coordinator from the Main Control Room. Operations personnel 
would be dispatched from their work area located immediately north of the Main Control 
Room with assistance from on-shift health physics, maintenance, and security 
personnel as needed.  

The facilities, other than the Main Contiol Room, are unmanned or used for other 
purposes on a day-to-day basis. In the event of an emergency, the TSC, OSC, EOF, 
and JIC would be activated in accordance with Section 4 of this Plan, "Emergency 
Measures and Operations.' 

In addition to the emergency response facilities, provision is made for on-site and off
site geophysical phenomena monitors (meteorological and seismic); radiological 
monitors; process monitors; and fire and combustion products detectors for use in 
initiating emergency measures and assessing the emergency. Each of these are 
described in subsequent paragraphs of this Chapter. Typical emergency supplies 
available for emergency facilities are indicated in Table 3.1-1.  
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3.2 Main Control Room (MCR) 

32.1 Characteristics 

A. Located in the Reactor Auxiliary Building as shown in Figure 1.5-3.  

B. Main Control Room habitability and radiation protection is as described in 
Section 6.4 of the FSAR.  

32.2 Functions 

A. Reactor and plant control.  

B. Interim location for Site Emergency Coordinator.  

C. Accident recognition, classification, and mitigation.  

D. Notification of off-site agencies.  

E. Alerting of on-site personnel.  

F. Initial dose projections.  

G. Recommendations for immediate protective actions for the public.  

H. Activation of HNP/CP&L emergency response facilities and recall of emergency 
personnel.  

3.2.3 Emerciency Equipment and Supplies 

A. Main Control Board.  

B. Emergency Response Facility Information System (ERFIS).  

C. Safety Parameter Display System (SPDS is part of ERFIS).  

D. Measurement and Indication of Regulatory Guide 1.97 (Rev. 2) variables 
(ERFIS).  

E. Radiation Monitoring System (RMS).  

F. Fire Detection System (adjacent room).  

G. Seismic Monitoring Cabinet 

H. Gross Failed Fuel Detector Console.  

I. Kitchen and sanitary facilities.  

J. Reliable voice communications with the TSC, OSC, EOF, NRC Operations 
Centers, and State and local government 24-hour warning points.  

K. See Table 3.1-1.  
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3.3 Technical Support Center (TSC) 

3.3.1 Characteristics 

A. Located within the Protected area at Elevation 324'-0" In the Fuel Handling 
Building, Section "K," approximately 400 feet walking distance from the Main 
Control Room (MCR) (primary route).  

B. Protective clothing and portable breathing apparatus are kept In both the TSC 
and Main Control Room for personnel who must traverse between the two.  
Alternative paths are available that can be used based upon radiological 
conditions as determined by monitoring teams.  

C. Exterior walls, roof, and floor are built to Seismic Category I, tornado, wind, and 
missile safety-related criteria.  

D. Provided with radiation protection equivalent to Main Control Room habitabili•" 
requirements such that the dose t-an individual n'the TSC for the duratiorfof a 
design basis accident Is less than 5 Rem TEDE. The Emergency Ventilation 
System includes HEPA and carbon filtration.  

E. Environmentally controlled to provide room air temperature, humidity and 
cleanliness appropriate for personnel and equipment 

F. Reliable power for habitability systems and battery pack emergency lighting are 
provided.  

G. Equipment is nonsafety-related and nonredundant.  

H. Designed taking into account good human factors engineering principles.  

3.3.2 Functions 

A. Command center for Site Emergency Coordinator and assigned staff upon TSC 
activation. The TSC is officially activated by the Site Emergency Coordinator 
(SEC) when the necessary personnel and equipment are assembled at the TSC 
to carry out an emergency response function required by the emergency 
conditions.  

B. Receives and displays plant status and parameters data on ERFIS.  

C. Provides notifications to the NRC via Emergency Notification System.  

D. Provides plant management and technical support to plant operations personnel.  

E. Directs emergency response teams in the plant.  

F. Assists the Main Control Room in accident assessment.  

G. Performs emergency classification.  
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3.3.3 Emergencv Eauipment and Supplies

A. Reliable voice communications with the Main Control Room, EOF, OSC, NRC 
Operations Center and State and local government 24-hour warning points as 
described In Section 3.8 which follows.  

B. Video System capable of displaying ERFIS Information (such as, plant data, 
SPDS, and RMS) as discussed in Section 3.9.1.  

C. Reference materials Including Mechanical and Electrical Systems Drawings; 
Plant Operating Manual; FSAR; Corporate, Plant, State, and Local Emergency 
Plans; and a Document Services Ubrary.  

D. Decontamination and monitoring area.  

E. Survey meter and area radiation monitor.  

F. Fax and photocopier equipment 

G. See Table 3.1-1.  

3A Operations Support Center (OSC) 

3.4.1 Characteristics 

A Located in the Waste Processing Building Inside the Protected Area 
(Figure 1.5-3).  

B. The total area is approximately 1500 square feet in the Waste Processing 
Building HP Tech Work Area. This area Includes a separate Command and 
Control area for coordinating and planning of OSC activities In addition to 
sufficient area for team members to standby for activities. Additional space in 
excess of 8500 square feet is available in adjacent offices and locker rooms to 
accommodate additional personnel as may be required.  

C. Alternate locations include the Turbine Building 261' North and Technical 

Support Center.  

3.4.2 Functions 

A. Assembly location for emergency teams for receipt of special equipment and 
assignments.  

B. Dispatching of emergency teams.  

3.4.3 Emergency Equipment and Supplies 

A Reliable voice communications with the Main Control Room, EOF, and TSC.  

B. Supplies and equipment as shown in Table 3.1-1.  
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3.5 Emergency Operations Facility (EOF) 

3.5.1 Characteristics 

A. Located at Harris Energy & Environmental Center within 10 miles of the plant 
(see Figure 1.5-2).  

B. Approximately 4800 square feet of space for approximately 70 persons including 
14 NRC personnel.  

C. Shielded to a protection factor (PF) of 5 and ventilated with an Emergency 
Ventilation System, with HEPA and carbon filtration, such that the total 30 day 
dose from all sources of a design basis accident for an individual in the EOF 
does not exceed 5 Rem TEDE or its equivalent to any other part of the body.  

D. Structurally built in accordance with Uniform Building Code.  

E. Environmentally controlled to provide room air temperature, humidity, and 
cleanliness appropriate for personnel and equipment 

F. Backup power for habitability systems and battery pack emergency lighting are 
provided.  

G. Provided with security to maintain readiness and to exclude unauthorized 
personnel when activated.  

H. Designed taking into account good human factors engineering principles.  

I. Alternate assembly area location for EOF staff is the 11th floor of Center Plaza 
Building In Raleigh, N.C.  

3.5.2 Functions 

A. Command center for Emergency Response Manager and assigned staff.  

B. Upon activation, performs off-site notification, protective action 
recommendations, environmental monitoring, and dose projection.  

C. Emergency communications systems monitoring and control.  

D. Provides technical analysis and support.  

E. Receives and displays plant status and parameters data on ERFIS.  

F. Serves as the Recovery Center during recovery operations.  

G. Primary location for writing technical news releases. The EOF may provide 
space for the media on a case-by-case basis, when authorized by the ERM.  

3.5.3 Emeraency Equipment and Supplies 

A. Reliable voice communications with the TSC, Main Control Room, OSC, NRC 
Operations Centers and State and local government 24-hour warning points as 
described In Section 3.8.  
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B. Video system capable of displaying ERFIS information (such as, plant data, 
SPDS, and RMS) as discussed in Section 3.9.1.  

C. Reference materials Including Mechanical and Electrical Systems Drawings; 
Plant Operating Manual; FSAR; Corporate, Plant, State, and Local Emergency 
Plans.  

D. Decontamination and monitoring area.  

E. Survey meter and dosimetry.  

F. Maps showing evacuation routes, evacuation areas, preselected radiological 
sampling and monitoring points, relocation centers In host areas, and shelter 
areas.  

G. Fax and photocopier equipment 

H. Additional equipment as discussed in Section 3.8.2.  

I. See Table 3.1-1.  

3.6 Joint Information Center (JIC) 

A. Located at the Center Plaza Building (11 th floor) In downtown Raleigh, 
approximately 21 miles from the plant, with a media briefing room available for 
press conferences (located in the Raleigh Convention and Conference Center, 
also in downtown Raleigh).  

B. Serves as the primary location for accumulating accurate and current information 
regarding the emergency conditions and writing non-technical news releases.  

C. Provides work space and phones for public information personnel from the state, 
counties, NRC, FEMA, and industry-related organizations.  

D. Provides telephones for use by the news media personnel.  

E. Provides responses to media inquiries through media communicators who staff 
telephones that the media can call for information about an emergency.  

F. Implements provisions for rumor control by providing a number of telephones 
which members of the public, who hear rumors, can call for factual information.  

3.7 Non-CP&L Facilities 

3.7.1 North Carolina-State Emergency Facilities 

A. North Carolina State Emer-gency Operations Center (SEOC) 

1) Assembly location for Governor, State Emergency Response Team and 
other officials as described in the State of North Carolina Emergency 
Response Plan.  
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2) Primary location for the coordination with federal, state, local authorities, 
and HNP as described in the State of North Carolina Emergency 
Response Plan.  

3) Located at the Division of Emergency Management Headquarters, 
116 W. Jones Street, Raleigh, North Carolina.  

B. State EmeMency Response Team (SERT) 

1) A designated staff of specialists who assist State officials as described In 
the State of North Carolina Emergency Response Plan.  

2) Located at the Division of Emergency Management Headquarters, 
116 W. Jones Street, Raleigh, North Carolina.  

3.7.2 County Emermencv Operations Centers 

A. Chatham County Emer.ency Operations Center (EOC) 

1) Located in the Law Enforcement Center in Pittsboro 

2) Functions are described in the State of North Carolina Emergency 
Response Plan 

B. Hamett County Enmer-ency Operations Center (EOC) 

1) Located In the Hamett County Law Enforcement Building in Ullington.  

2) Functions are described in the State of North Carolina Emergency 
Response Plan.  

C. Lee County Emergency 0Oerations Center (EOC) 

1) Located in the Police Department of the Sanford Municipal Center, 
Sanford, N.C.  

2) Functions are described in the State of North Carolina Emergency 
Response Plan.  

D. Wake County Eme.rencv Operations Center (EOC) 

1) Located in the Wake County Courthouse in Raleigh.  

2) Functions are described in the State of North Carolina Emergency 
Response Plan.  
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3.8 Communications Systems 

3.8.1 Plant Communications System 

A description of the plant communications systems is contained in Section 9.5.2 of the 
FSAR and consists of the following: 

A. Private Automatic Branch Exchange (PABX) Telephone System covering the 

Main Control Room, TSC, EOF, and OSC.  

B. Site paging system (accessed by Telephone System).  

C. Sound-powered telephone system.  

D. Two radio communications networks, one for security and one for operations.  

E. Dedicated radio system from security center to local law enforcement agencies.  

F. Plant PABX telephone system Is powered from batteries charged by a rectifier.  

G. Backup power is provided to fixed radio equipment.  

3.8.2 Harris E&E Center PABX Telephone and Other Radio Systems 

A. The Harris E&E Center (HE&EC) PABX telephone system includes: 

1) The HE&EC Private Automatic Branch Exchange (PABX) telephone 
system covers the Main Control Room, TSC, EOF, and OSC.  

2) An off-site Notification System (Selective Signaling System) provides 
communications to State and County warning points and Emergency 
Operations Centers from the Main Control Room, TSC, EOF, and 
Auxiliary Control Panel.  

3) The HE&EC PABX telephone system is powered from batteries charged 
by a recfifier.  

B. Other radio system includes: 

1) Radio communications (separate from plant radios) with mobile and 
portable units used by the Environmental Monitoring Teams.  

2) Radio communications on the State Environmental Monitoring and Area B 
Channels.  

3) Mobile and portable radios are battery-powered.  

3.8.3 Off-Site Communications Systems 

A. Corporate Telephone Communications System is interconnected with plant 
PABX and utilizes microwave transmission equipment.  

B. Commercial telephone connections to PABX, emergency telephone system, 
dedicated lines to emergency facilities, and lines to the Joint Information Center.  
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C. Load Dispatcher Radio Communications.

D. NRC Emergency Notification System (ENS) Phone.  

E. NRC Health Physics Network (HPN) Phone.  

3.8.4 Dialoqic Communicator Automated Notification System 

A computerized emergency response personnel call out computer Is available to notify 
the CP&L Emergency Response Organization personnel and the NRC resident 
inspector of emergency declarations at the plant The system provides instructions for 
activation of the on-site emergency facilities and the near site Emergency Operations 
Facility. Provisions are provided for remote activation of the system via telephone lines 
and for password protection from unauthorized use of the system.  

3.9 Assessment Equipment 

Use of the equipment described in this section during an emergency is detailed In Plant 
Procedures.  

3.9.1 Emergency Response Facilities Information System (ERFIS) and Safety 
Parameter Display System (SPDS) 

ERRS receives raw data from sensors in the field and processes the data to provide 
meaningful information for the user. The ERFIS system consists of the following major 
parts: Field input multiplexer, ERFIS Host Computer, ERFIS Real Time Information 
Network (RTIN) Plant Server, and ERFIS-EDS personal computer work-stations.  
ERFIS-EDS work-stations are located in the Main Control Room, Technical Support 
Center ('SC), Emergency Operations Facility (EOF) and the ERFIS Computer Room.  
Some designated work-stations will have the capability to access the Site Business 
Local Area Network (LAN) when not in ERFIS-EDS mode. The TSC and EOF work
stations can be configured to run from the Simulator during drills and exercises.  

The field input multiplexer obtains analog, digital, and sequence-of-events inputs from 
field sensors. The ERFIS Host receives these Inputs, converts the raw analog inputs to 
engineering units, and updates the Current Value Table (CVT) at rates of 0.1 to 30 
seconds. Processing consists of alarming points that exceed predefined limits, archiving 
input data, and performing various calculations and reports on a periodic or on-demand 
basis.  

The ERFIS-EDS Plant Servers contain a copy of the CVT that is updated over shared 
memory with the ERFIS Host The ERFIS-EDS work-stations are connected to the 
servers via dedicated Ethernet LANs. The work-stations communicate with the server in 
EDS Mode or over a serial link to the ERFIS Host in Emulation Mode. User functions 
use one of these two methods of communication. EDS tasks are those that run on the 
local work-station and get CVT data from the server. Emulation tasks use serial 
communication with the ERFIS Host and receive the entire display over the serial link.  

There is a Primary and Backup ERFIS Host computer and a Primary and Backup 
ERFIs-EDS Plant Server. When a failure occurs on a primary system, an automatic 
failover occurs to the backup system. Failover of the ERFIS Host and ERFIS-EDS 
Server occur independently of each other.  
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The Safety Parameter Display System (SPDS) is a software subsystem of the ERFIS.  
The SPDS consists of a top-level display showing the status of Critical Safety Function 
Parameters at all times and a general display area for a summary display, graphic 
display of status trees, or plots of key parameters. An assigned SPDS display is 
provided in the Main Control Room and ERFIS terminals In any location can display 
SPDS with a single key stroke.  

The SPDS will access all available signals and will display Information related to: 

A. Subcriticarty 

B. Core Cooling 

C. Heat Sink 

D. (Reactor Vessel) Integrity 

E. Containment 

F. (Reactor Coolant System) Inventory 

Secondary displays will consist of graphic representations of the above critical safety 
functions and their status.  

Additional detail and design criteria for the SPDS are provided In Item I.D2 of the 
FSAR TMI Appendix.  

3.9.2 Seismic and Hydroloiical Data 

HNP has two distinct and separate seismic monitoring systems for the site. A seismic 
monitoring system, described in Section 3.7.4 of the FSAR, Is located inside safety
related structures and measures horizontal and vertical acceleration. A second system, 
consisting of two free field strong motion detectors, is located at points on-site and must 
be read locally at each location. The recorded analog signal can be put on tape 
playback in the Main Control Room.  

Offsite seismic monitoring information can be obtained from the United States 
Geological Survey's National Earthquake Information Center.  

The design basis flood, probable maximum precipitation, and other improbable, 
conceivable extremes in hydrologic natural phenomena are well below any design limits 
for this site. Refer to FSAR Sections 2.4.2 and 2.4.3.  

3.9.3 Radiological Monitoring 

The Radiation Monitoring System (RMS) is a plant-wide radiation information gathering 
and control system encompassing the process and effluent monitors and the area and 
airborne monitors. Radiological monitors are provided for plant systems as described in 
the FSAR Sections 11.5 and 12.3.4 

Effluent radiological monitors are provided for:.  

,, Plant Vent Stacks 
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Turbine Building Drains

* Tank Area Drain Transfer Pumps 

"* Treated Laundry and Hot Shower Tank Pumps 

"* Secondary Waste Sample Tank 

* Main Steam Lines 

The types, ranges, and locations of monitors are listed In Tables 11.52-1, 11.5.2-2 and 
12.3.4-1 of the FSAR.  

Typical portable radiation monitors and laboratory equipment are described In 
Section 12.5 of the FSAR.  

The locations of the normal off-site and on-site environmental monitoring stations, and 
the location of the TLD monitoring stations are described In the Off-Site Dose 
Calculation Manual. Additional predetermined emergency off-site monitoring locations 
are contained in environmental monitoring procedures.  

The Radiation Monitoring System, (RMS) provides the necessary activity or radiation 
levels required for determining source terms in dose projection procedures. The RMS is 
data linked to the ERFIS and radiation monitoring channel values are available in the 
TSC and EOF via ERFIS. The isotopic mix Is based upon the mix discussed in EPM
600. PASS grab samples and on-site or off-site monitoring samples can then be 
analyzed to determine the true Isotopic mix and the results used in the computerized 
dose projection software.  

3.9.4 Normal and Post-Accident Sampling .System (PASS) 

The Primary Sampling System and the Secondary Sampling System are available to 
collect routine fluid and gaseous samples as described In FSAR 9.3.2.  

The Post-Accident Sample System is provided to collect and analyze targeted fluid and 
gaseous samples under accident conditions within three hours of the time a decision is 
made to obtain the information. The PASS consists of two major components, the liquid 
sample system and the remote sample dilution panel, or RSDP. The RSDP's purpose is 
to obtain containment atmosphere samples and it relies on the containment hydrogen 
monitoring system (FSAR 6.2.5) to be in service to provide a pathway for sample 
collection.  

Samples results are one of several methods used to provide information in support of 
core damage and offsite dose assessment activities.  

3.9.5 Meteorololical Instrumentation 

The plant has a permanent meteorological monitoring station located within the 
exclusion area boundary for display and recording of wind speed, wind direction, and 
differential temperature for use in making off-site dose projections. Meteorological 
information is presented in the Main Control Room, the TSC, and the EOF by means of 
a computer. Additional information on the on-site meteorological monitoring system can 
be found in Section 2.3.3 of the FSAR.  
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Carolina Power & Ught Company has the capabifity to access the National Weather 
Service on a 24-hour-per-day basis to provide backup should the on-site system fail.  
This backup source of meteorological data is the closest location which can provide 
reliable representative meteorological Information.  

Contracted weather services may be contacted during severe weather periods. They 
analyze national and local weather in order to provide localized weather forecasts for 
the System or for the HNP area as appropriate. The meteorologists can provide 
forecasts and current data reflecting conditions corresponding to their evaluation of 
weather data received from the National Weather Service and other sources. The NRC 
and State agencies may contact the weather service for appropriately formatted 
information and check meteorology data (current and forecasted) for the HNP area.  

In the event that the on-site meteorological tower or monitoring instrumentation 
becomes inoperative and the meteorologists cannot be contacted, meteorological data 
may be obtained directly from the National Weather Service in Raleigh, North Carolina.  

3.9.6 Field Monitoring Equipment 
Field monitoring equipment will have at least the capability to detect and measure 
radiolodine In the vicinity of the plant site as low as I x I V0 ICVcrn. An Individual 
exposed to this concentration for a period of one hour would receive an exposure of 
about 0.2 Rem or less, a value well below Protective Action Guideline (PAG) levels 
(See Section 4). A standard air sampler can collect about 0.03 jICi of 1-131 in 10 
minutes at a concentration of I x 10' p.Ci/crmn, which can easily be measured by hand 
survey meters that utilize probes such as the HP-210. This is a simple test that can 
serve as an initial check of projected releases based on plant data and can confirm that 
significant quantities of elemental iodine have been released (the chemical form that 
would pose a health hazard). More detailed measurements (such as, Sodium Iodide 
scintillation counters) can be brought into service to provide the longer term higher 
capabilities to detect and measure very low levels of contamination in the environment, 
as would be planned for subsequent radiation monitoring efforts.  

3.9.7 Laboratory Facilities 
Support of the on-site radiation monitoring and analysis effort is provided by HNP's 
chemistry and counting room facility. This laboratory is the central point for receipt and 
analysis of in-plant samples and Includes equipment for chemical and radioactive 
analyses. Section 12.5 of the FSAR provides information on laboratory facilities.  
Additional facilities for counting and analyzing HNP samples can be provided by the 
H.B. Robinson Nuclear Plant and the Brunswick Nuclear Plant These laboratories can 
act as backup facilities in the event that the plant's counting room and laboratory 
become unusable during an emergency.  

Support of the off-site environmental radiation monitoring and analysis effort is provided 
by the N.C. Division of Radiation Protection's laboratory facility, both mobile and fixed 
and the HE&EC's chemistry and counting room facility. The State's laboratories are the 
central point for receipt and analysis of off-site samples when HNP is acting as a 
support agency to the State for ingestion pathway functions. Each lab includes 
equipment for chemical analyses and for analysis of radioactivity.  
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3.9.8 Other Plant Assessment Equipment 
A. Fire Detection System (FSAR Sections 9.5.1 and 9.5A) 

B. Gross Failed Fuel Detection System 

C. Security Systems (Security Plan) 

D. Metal Impact Monitoring System (FSAR Section 5A.6.4)
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Table 3.1-1

Typical Emergency Supplies Available For Emergency Facilities 

7 Day supply of food and water. / 
Protective Clothing (Anti-Cs) / / / / 

Air Sampling equipment / - / / 
Full face respirators / / / / 

Self-contained breathing equipment / / / 
High and low range portable radiation survey / - V/ / 
instruments 

Emergency personnel monitoring dosimetry _ / / 
Contamination control supplies such as signs, / / / / 
tags, rope, tape, various forms 
Decontamination supplies / / / 
Portable Communications Equipment Radio Radio () Radio" 

Remotes Remotes (a) ' Remotes 
Battery-Powered Lanterns / / / 
Polaroid Camera _ 

Mechanical and electrical systems drawings, 
Plant Operations Manual, FSAR, Corporate, O.f 
State & Local Emergency Plans 
10-mile EPZ Area maps" / / / 
Copy of Plant Emergency Plan and o / / r'f / 
Procedures 

Environmental Monitoring Kits (b) 
Potassium Iodide Tablets / / /

/ Indicates equipment/supplies available in this facility 

ca) Portable radio transceivers can be supplied to any emergency facility 

•I) Stored near the Harris E&E Center 

(c) Annex H of Emergency Plan in the MCR, wall maps in other facilities.  

(d) Procedures Only
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Execution of the HNP Emergency Plan involves a variety of functions Including 
emergency classification, notification, activation, assessment, protective response 
actions, and recovery. Recovery is discussed in Section 6 of this Plan.  

State and local governments and other agencies provide support in implementing the 
emergency measures in this section as shown in Table 4.0-1 and Annex G.  

4.1 Emergency Classification 

The four classes of emergency are Unusual Event (equivalent to NRC Notification of 
Unusual Event), Alert, Site Area Emergency, and General Emergency. The operating 
staff Is provided formal training to recognize off-normal plant conditions and categorize 
them within the parameters of the four emergency classes.  

Emergency action levels are based upon the fission product barrier concept The three 
barriers that protect the public from a release of radioactive fission products (fission 
product barriers) are the fuel cladding, the reactor coolant system boundary, and the.  
containment This concept has its basis in NUREG-0654, Appendix I where emergency 
events are found that correspond to failures or jeopardy of the three basic fission 
product barriers. The concept used Is that if any one of the fission product barriers are 
in jeopardy or breached, an Alert will be declared. If any combination of two barriers are 
either in jeopardy or breached, a Site Area Emergency is declared. If all three are in 
any combination of jeopardy or breach, a General Emergency is declared. The 
categorization of events in NUREG-0654, Appendix I for Unusual Events are 
separately evaluated as they do not directly correspond with failure or jeopardy of a 
fission product barrier. In addition to looking at the status of fission product barriers, the 
emergency action levels include the NUREG-0654 emergency action level events that 
are external to the plant, (natural or man-made disaster phenomena), or are not directly 
attributable to the condition of the reactor, (shutdown systems, fire, dose projections).  

The categorization of events according to one of the four emergency classes is 
implemented through the Emergency Action Level (EAL) system. The system is 
composed of two subsystems: The Unusual Event Action Level Matrix and the EAL 
Network/Flow Path. The Unusual Event Action Level Matrix provides a set of plant 
conditions and events which coincide with the conditions associated with the Unusual 
Event The Unusual Event Action Level Matrix is presented at the bottom of 
Figure 4.1-2. For the upper three emergency classes, the Emergency Action Level 
(EAL) System uses an integrated set of flowchart instructions. As with the Unusual 
Event Action Levels, the EAL System also associates plant conditions and events with 
the three upper classes of emergency, but It does so through a symptomatic (vice 
diagnostic) methodology using critical safety function status trees.  

This allows the EAL System to interface smoothly with the Emergency Operating 
Procedure (EOP) Network, thus assuring the rapid and correct classification of 
emergencies. Figures 4.1-1 and 4.1-2 are the flowcharts which together form the EAL 
Network. Abnormal Operating Procedures, Functional Restoration Procedures, End 
Path Procedures, and Flow Path Procedures contain specific direction for using the 
EAL Network whenever conditions warrant. A Plant Emergency Procedure provides the 
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Unusual Event Action Levels, the EAL Network, the EAL Flow Path, as well as 
instructions for using them.  

The Site Emergency Coordinator (or the Superintendent-Shift Operations when no 
emergency has been declared) will declare any one of the four emergency classes 
where EALs have been exceeded, or in their judgment, the status of the plant warrants 
such a declaration.  

4.2 Notification 

A. The warning message form to the State and Counties Is contained in PEP-310 
and provides Information required by NUREG-0654, II.E.3 and 4. The form Is 
approved by the Site Emergency Coordinator-MCR or Emergency Response 
Manager after EOF activation and provided to the appropriate Emergency 
Communicator (EC-Control Room or EC-State/County) as a message text 

B. The Emergency Communicator will use the electronic Notification Form on RTIN 
or the Selective Signaling System phone to simultaneously notify the 24-hour
per-day, manned, State and County Warning Points with the notification 
message. This message will be Initiated to all Counties and the State within 15 
minutes for all emergency classifications.  

C. The North Carolina Emergency Response Plan In Support of the Harris Nuclear 
Power Plant describes procedures for State and Local officials to make a public 
notification decision promptly (within about 15 minutes) on being informed by the 
plant of an emergency.  

D. Event notifications to the NRC will be made as soon as possible and within one 
hour using an NRC Event Notification worksheet or other notification message 
approved by the SEC-CRIERM.  

E. Plant personnel designated on the Emergency Response Organization are 
notified of an emergency condition by the Emergency Communicator using a 
computer-based automated duty roster system, or as a backup, a system of 
pagers and telephone call trees. These personnel are requested to be available 
on site to respond as directed by the Site Emergency Coordinator.  

F. Personnel on site are notified by the Main Control Room using a plant Public
Address System announcement that an emergency has been declared and what 
actions should be taken.  

G. Corporate personnel on the Emergency Response Organization will be notified 
of an emergency at HNP in accordance with plant emergency procedures.  

H. The off-site agencies that will be notified of an emergency condition at HNP are 
shown in Tables 4.2-1 through 4.2-4.  

1. Notifications to off-site agencies shall include a means of verification or 
authentication such as the use of dedicated communications networks, 
verification code words, or providing callback verification phone numbers.  
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4.3 Activation 

A. Facilities are to be activated for each emergency class In accordance with 
Tables 4.2-1 through 42-4. The facilities can be declared activated when 
minimum staffing levels (as specified in the implementing procedures) have been 
met.  

B. The Communications Director will verify the readiness and operability of 
emergency facilities in the Technical Support Center (TSC) and the 
Administrative and Logistics Manager wif verify the readiness and operability of 
the Emergency Operations Facility (EOF).  

C. The Emergency Repair Director will verify the readiness of the Operations 
Support Center.  

D. The Company Spokesperson will verify the readiness of the Joint Information 
Center.  

E. Security measures will be established for the Emergency Operations Facility 
upon its activation.  

F. Personnel In the Emergency Response Organization will report to their 
preassigned locations in the emergency facilities.  

4A Assessment Actions 

4.4.1 Evaluation of Plant Conditions 

A. Evaluation of. plant conditions by Operations personnel is accomplished through 
observation of the control boards, monitoring panels, ERFIS data displays, the 
SPDS displays, and information provided by the Accident Assessment Teams in 
the TSC and EOF.  

B. The Accident Assessment Teams evaluate plant conditions by using ERFIS 
displays, damage assessment reports, seismic data, fire reports, dose 
projections, and monitoring data.  

C. Core damage assessment methodology is applied by the TSC Accident 
Assessment Team utilizing data provided from the ERFIS, the Main Control 
Room, the Radiation Monitoring System, and the Chemistry Team.  

4.4.2 Plant Radiological Monitorinq 
A. The Radiation Monitoring System (RMS) will be used by Operations personnel 

and Radiological Control Team members to determine high radiation areas 
within the plant or abnormal radioactive effluents.  

B. The Radiological Control Team will provide in-plant radiological measurements to 
supplement and confirm the RMS.  

C. The Primary Sampling System may be used by the Chemistry Teams, where 
possible, to provide radiochemistry samples for analysis.  
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D. The Post Accident Sampling System provides the capability to sample reactor 
coolant and the containment atmosphere. Highly radioactive samples can be 
proportionally diluted by this system for later analysis. The Post Accident 
Sampling System will be operated by the Chemistry Team.  

4.4.3 Dose Projection 
A. Dose projections will be made to determine the off-site doses that might result 

from an accident and the possible need for protective action (see 4.5.1).  

B. The dose projection capability on the computer can use source term data from 
the Radiation Monitoring System, and meteorological data from the on-site 
meteorological station. This system will aide personnel in the Main Control Room 
or EOF In determining recommendations for protective action for the public.  

C. Data from the Radiation Monitoring System that Is used to determine the source 
term for dose projections Is quality tagged. If the data is off-scale, then it is 
suspect or bad, and the effluent radiation levels must be determined by sampling 
at the radiation monitor test points. The results from analyzing the samples can 
be entered into the dose projection program as a substitute value.  

D. Radionuclide mix assumptions in EPM-600 (the accident source term) are 
contained in the computerized dose projection program as default values for use 
until actual sampling data can be substituted.  

E. The National Weather Service and contracted weather sources will be contacted 
as needed to forecast atmospheric conditions affecting the site.  

4.4.4 Environmental Monitoring 
A. Environmental sampling and monitoring points are specified in environmental 

monitoring procedures.  

B. Environmental Monitoring Teams will be activated in accordance with Table 
2.2-1 and the appropriate implementing procedures. Additional teams can be 
called upon for support as needed.  

C. The Environmental Monitoring Teams will track the plume from any radiological 
release by monitoring radiation levels as Indicated on radiological measuring 
instruments and by obtaining and analyzing air samples.  

D. The Environmental Monitoring Teams will aid in assessing liquid release 
pathways by sampling liquid effluents, such as the cooling tower blowdown.  

E. Additional TLDs will be placed at various locations near the site and be 
periodically replaced throughout an emergency to ensure that a cumulative dose 
record is obtained.  
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4.5 Protective Actions for the Public 

4.5.1 Protective Action Guides 

A. Exposure guidelines for the plume pathway are based on the Environmental 
Protection Agency Protective Action Guides (PAGs) discussed in EPA-400-R-92
001, "Manual of Protective Action Guides and Protective Actions for Nuclear 
Incidents* as follows: 

IF: THEN: 
Projected dose is: No actions are necessary.  
< 1 Rem TEDE 
and 
< 5 Rem CDE Thyroid 

Projected dose is: Evacuate unless constraints make it 
> I Rem TEDE impractical. Shelter as a minimum.  
or 
k 5 Rem CDE Thyroid 

B. If projected doses exceed minimum EPA PAGs and timely evacuation is 
practical, then evacuation is recommended. If timely evacuation is not practical 
then sheltering may be recommended.  

1) HNP personnel normally do not have the necessary information to 
determine whether off site conditions would require sheltering instead of 
evacuation. An effort to base Protective Action Recommendations on 
external factors (such as road conditions, trafficltraffic control, weather or 
offsite emergency response capabilities) is usually performed by the 
State.  

2) The State may consider sheltering for doses up to 5 Rem TEDE for 
hazardous environmental conditions, and for doses up to 10 Rem TEDE 
for special populations. Hazardous environmental conditions may include 
the presence of severe weather or competing disasters. Special 
populations may include institutionalized or infirm persons.  

4.5.2 Protective Action Recommendations (PARs) 

A. Protective action guidelines for the plume pathway EPZ are based on 
NUREG-0654 Supplement 3, "Criteria for Protective Action Recommendations 
for Severe Accidents." 

B. Plant conditions, projected dose and dose rates, andlor field monitoring data are 
evaluated to develop PARs for the purpose of preventing or minimizing exposure 
to the general public. PARs are made to the State and County agencies who are 
responsible for implementing protective actions for the general public within the 
plume exposure EPZ. PARs are approved by the Emergency Response 
Manager. In an emergency which requires immediate protective actions be taken 
prior to activation of the emergency facilities, notification approval is given by the 
SEC-CR directly to the State and County agencies.  
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C. Possible recommendations issued by HNP at a General Emergency Include: 

1) Evacuation of the general public within the two (2) mile radius and five (5) 
miles downwind. All other areas within the EPZ are sheltered (minimum 
PAR Issued).  

2) Evacuation of the general public within the five (5) mile radius and ten (10) 
miles downwind. All other areas within the EPZ are sheltered.  

4.5.3 Inoestion Pathway Protective Measures 
The responsibility for specifying protective measures to be used for the ingestion 
pathway rests with the State. These measures include the methods for protecting the 
public from exposure due to deposited radioactive materials and the consumption of 
contaminated water and foodstuffs.  

4.5.4 Public Alerting, Warning. and Notification 
Alerting, warning, and notification of the public are steps taken by government agencies 
to advise the public that protective actions are necessary. Alerting, warning, and 
notification will be provided by sounding sirens, activation of tone-activated radios within 
five miles of the plant, and supplemented by announcements made through radio and 
television (EAS), sound trucks, bullhorns, and knocking on doors. Patrol boats will be 
used in alerting people on Lake Jordan and Harris Lake In accordance the North 
Carolina Emergency Response Plan in support of the Shearon Harris Nuclear Power 
Plant Annexes G & J. Supplemental sirens are provided for alerting boaters on Harris 
Lake. Public warning when deemed necessary will be accomplished as described In the 
North Carolina Emergency Response Plan in Support of the Shearon Harris Nuclear 
Power Plant Preplanned emergency messages and emergency instructions have been 
prepared and Included as Annex D to that plan.  

Civil defense sirens mounted on 50-foot utility poles have been installed by Carolina 
Power & Ught Company at various locations within a 10-mile radius of the HNP.  

Activation of the sirens for warning of the public will be accomplished from the county 
Warning Points or county Emergency Operations Centers: the Public Safety 
Communications Centers of Harnett and Lee Counties, the Emergency Operations 
Center of Chatham County, and the Raleigh Communications Center for Wake County.  
The sirens In each county are independently controlled by radio. The outdoor warning 
system provides the capability for providing an alerting signal within the 10-mnile EPZ, 
within 15 minutes from the time the decision is made to notify the public of an 
emergency situation.  

Activation of the tone alert radios by the National Weather Service will be accomplished 
after they receive a request from Wake County or the State of North Carolina. The tone 
alert radios provide an indoor alerting signal within a 5-mile radius of the plant 

4.6 Protective Actions for On-Site Personnel 

4.6.1 On-Site Alerting. Warning, and Notification 
The Plant Public-Address (PA) System will be used to alert and notify on-site personnel 
of an emergency condition within 15 minutes. Security personnel with portable 
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loudspeakers may be used to augment the PA System and/or check evacuation of 
outlying areas, as available. The Plant PA System has the capability to transmit 
recognizable alarms which will alert personnel of an emergency situation, and to 
transmit voice communications which will notify personnel of those actions which should 
be taken. The Plant PA System is supplemented by the use of the normal and 
emergency communication systems located on site as described in Section 3.8 of this 
Plan.  

4.6.2 Evacuation and Personnel Accountablity 

All personnel on-site will be accounted for within 30 minutes of the declaration of a Site 
Area Emergency or General Emergency and continuously thereafter during the 
emergency (accountability may be accomplished at any time prior to the declaration of 
a Site Area Emergency, If deemed appropriate). Personnel within the Protected Area 
will be accounted for and missing individual(s) will be Identified by Security, Continuous 
accountability of personnel remaining Inside the protected area will be maintained 
throughout the event PEP-350 describes the accountability methodology. Search 
procedures will be implemented to locate unaccounted for persons.  

Evacuation of on-site personnel can be accomplished, In accordance with PEP-350, for 
the Site or the Exclusion Area.  

A. A Site Evacuation involves evacuation of all nonessential personnel within the 
Protected Area, Admin Building, parking lots, cooling tower area, sewage 
treatment plant, landfill, and intake structures. The site evacuation alarm will be 
sounded on the Plant PA system. Nonessential personnel (that Is, CP&L 
personnel not on the ERO, ERO personnel not assigned to emergency duties 
and contractors) within the Protected Area will normally exit the Protected Area 
via the security building in accordance with normal Security procedures.  
Evacuating personnel may be monitored for contamination by the portal monitors 
as they exit the Protected Area or with portable friskers In the evacuation 
monitoring area, based on the situation. ERO personnel not assigned to 
emergency duties will travel to the HE&EC auditorium. CP&L personnel not on 
the ERO and contractors shall depart the site using personal transportation and 
follow established evacuation routes.  

Personnel without transportation will arrange for a ride from others who have 
space in their vehicles.  

Nonessential personnel exiting the site will be directed to either proceed to their 
homes or If radiological conditions warrant, reassemble at a selected off-site 
assembly area until off-site monitoring and decontamination stations are In place.  
Personnel exiting evacuated areas will be monitored and decontaminated, if 
necessary, at county monitoring stations.  
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B. An Exclusion Area Evacuation Involves evacuation of all nonessential personnel 
and the public within the Protected Area and the site, as well as the surrounding 
areas controlled by CP&L within the Exclusion Area Boundary. In addition to 
sounding the plant evacuation alarm, personnel in outlying areas can be notified 
by patrol vehicles. If conditions warrant, evacuating personnel will be instructed 
to reassemble at the selected remote assembly area until county monitoring and 
decontamination stations are established.  

C. Local evacuations relating to Radiation Control Areas and fire protection are 
conducted in accordance with plant procedures.  

4.6.3 Radiological Exposure Control 
A. Radioloqical and Contamination Control Facilities 

Radiation safety controls are established 24 hours per day to contain the spread 
of loose surface radioactive contamination and monitor personnel exposure.  
CP&L contamination control limits are shown In Table 4.6-1. Emergency 
exposure guidance Is given In Section 4.6.3.D of this plan. The radiation control 
facilities located In the Waste Processing Building Include a contaminated 
laundry and storage area, clean laundry and storage area, personnel and 
equipment decontamination area. Additional areas where equipment is 
decontaminated are located in the Reactor Auxiliary Building (on the 236' and 
261' levels) and at the north end of the Fuel Handling Building (on the 261' level).  
Radiation control and radiation control procedures are described In Section 12.5 
of the FSAR.  

Temporary facilities to limit contamination and exposure will be established as 
necessary during an emergency situation. As an example, facilities which can be 
used for personnel decontamination during an emergency are located near the 
first aid room in the Turbine Building and at the Harrs Energy & Environmental 
Center. Radiation Control Areas can be expanded by roping off areas and/or 
establishing access control points to maintain personnel exposure As Low As 
Reasonably Achievable (ALARA).  

B. Exposure Records for Emergency Workers 

Emergency workers will receive self reading pocket dosimeters (SRPDs) or 
equivalent and TLD badges. Dose records will be maintained by the Radiological 
Control Coordinator in accordance with PEP-330. TLDs are read at the Harris 
Energy & Environmental Center. They are capable of staffing 24-hour a day.  

C. Use of Protective Equipment and Supplies 

During the course of an emergency, protective actions will be considered to 
minimize the effects of radiological exposures or contamination problems 
associated with personnel who must work within the affected Radiation Control 
Area. Measures that will be considered are: 

* Use of process or engineering controls.  

* Distribution of respirators.  
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* Use of protective clothing.

Use of thyroid blocking agents (Potassium Iodide).  

The criteria for issuance of respiratory protection and protective clothing are 
described in plant radiological protection procedures.  

Procedures for the administration of radioprotective drugs to employees are 
described in the plant emergency procedures.  

D. Emergency Worker Exposure 

1) Dose Limits for workers in an emergency are taken from EPA 400-R-92
001, "Manual of Protective Action Guides and Protective Actions for 
Nuclear Incidents,O U.S. Environmental Protection Agency, May 1992.  
Much of the discussion in this section Is taken in whole from that 
document 

2) In emergency situations, workers may receive exposure under a variety of 
circumstances In order to assure protection of others and of valuable 
property. These exposures will be justified if the maximum risks or costs to 
others that are avoided by their actions outweigh the risks to which the 
workers are subjected (or collective dose avoided by the emergency 
operation is significantly larger than that incurred by the workers Involved).  

3) Emergency Worker Dose Umits are as follows: 

5 All 
10 Protecting valuable property Lower dose not practicable 
25 Lifesaving or protection of Lower dose not practicable 

large populations 
> 25 Lifesaving or protection of Only on a voluntary basis to persons 

large populations fully aware of the risks involved.  

4) Limit dose to the lens of the eye to three (3) times the above values and 
doses to any other organ (including thyroid, skin and body extremities) to 
ten (10) times the above values.  

5) Routine dose limits shall not be extended to emergency dose limits for 
declared pregnant Individuals. As in the case of normal occupational 
exposure, doses received under emergency conditions should be 
maintained as low as reasonably achievable.  

6) Entry into radiation fields of greater than 25 Rem/hour or emergency 
exposures in excess of 5 Rem TEDE shall not be permitted unless 
specifically authorized by the Site Emergency Coordinator for on-site 
emergency workers and by the Emergency Response Manager for EOF 
or EOF dispatched personnel.
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7) Persons undertaking any emergency operation In which the dose will 
exceed 25 Rem TEDE should do so only on a voluntary basis and with full 
awareness of the risks Involved including the numerical levels of dose at 
which acute effects of radiation will be incurred and numerical estimates 
of the risk of delayed effects.  

8) Personnel who will receive emergency related exposure should be 
selected and controlled in accordance with guidelines contained In the 
implementing procedures.  

E. Decontamination and First Aid 

1) Treatment of Injured and Contaminated Persons 

Personnel decontamination supplies are located near the WPB 261' First 
Aid Station. Personnel showers are located in the general area of the 
main RCA entrance (WPB 261'). Chemical decontamination agents are 
available from Health Physics personnel and, except In cases of severe or 
rife-threatening Injury, established decontamination procedures should be 
employed on site prior to medical treatment 

2) Initial First Aid 

In cases of severe injury, lifesaving first aid or medical treatment will take 
precedence over personnel decontamination. In general, the order of 
medical treatment will be: 

"* Care of severe physical injuries or illness.  

"* Personnel decontamination.  

"* First aid to other injuries.  

"* Definitive medical treatment and subsequent therapy as required.  

Definitive medical treatment, therapy, and evaluation may include 
radioprotective drugs, urinary bloassays, or whole body counts on 
persons suspected of Inhaling or ingesting a significant amount of 
radioactive material or may include surveiflance and therapy for persons 
receMng a large whole body dose.  

Emergency first aid personnel are available on all shifts. Personnel who 
are contaminated and who require medical treatment may be treated by 
these personnel on the scene or at other appropriate locations.  

It Is anticipated that contaminated personnel will not leave the facility for 
medical treatment except for cases that require immediate hospitalization.  
Emergency treatment of contaminated personnel will normally be handled 
at the plant First Aid Room by personnel on the First Aid Team(s).  

First Aid kits are located in various areas of the plant (see ORT-3002).  
The First Aid Stations/llts contain various equipmentritems necessary to 
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treat Injured personnel until off-site agencies can transport patient to 
appropriate treatment center, If applicable.  

3) Decontamination 

Radiation safety controls are established to contain the spread of loose 
surface radioactive contamination. Personnel and equipment leaving 
contaminated areas are monitored to ensure that equipment, personnel or 
their clothing are not contaminated. If contaminated above acceptable 
levels (see Table 4.6-1), they will be decontaminated in accordance with 
plant procedures. Supplies, Instruments and equipment that are in 
contaminated areas or have been brought into contaminated areas will be 
monitored for contamination. If found to be contaminated, they will be 
decontaminated using normal plant decontamination techniques and 
facirities (discussed In Section 4.6.3A ) or may be disposed of as 
radwaste.  

During emergency conditions, normal plant contamination control criteria 
will be adhered to as much as possible. Contamination control criteria for 
returning areas and items to normal use are contained in the plant Health 
Physics Procedures. These criteria are summarized in Table 4.6-1.  

4) Medical Transportation 

The Apex Rescue Squad, Inc. has agreed to respond to emergency calls 
from the plant, including transporting persons with injuries Involving 
radioactive contamination. This service Is available on a 24-hour-per-day 
basis. In cases not Involving severe Injury, one of the plant vehicles may 
be used to transport injured individuals. The Apex Rescue Squad, Inc. Is 
included In Annex A, "Agreements".  

In cases involving severe Injury, the Superintendent - Shift Operations or 
Site Emergency Coordinator may bypass the Apex Rescue Squad, Inc.  
and directly call Carolina Air Care or Duke Life Flight and request 
helicopter transport of the injured.  

Contaminated injured persons will be accompanied to a medical facility by 
a Radiological Control Team member carrying survey instrument, tf 
possible, contaminated clothing and equipment may be removed from the 
patient or the patient may be wrapped in clean sheets or clothing to 
prevent contamination of the transporting personnel and vehicle.  

Rescue vehicles have mobile communications with the Raleigh 
Communications Center and local receiving hospitals. The plant first aid 
team can communicate directly with the rescue vehicles by dialing the 
cellular phone located In the rescue vehicles.  
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F. Medical Treatment 

1) Hosoital Facilities 

A specially designated emergency area Is maintained in readiness at Rex 
Hospital for CP&L's use for the treatment of contaminated or overexposed 
patients from the plant. Although this area will be utilized by the hospital 
when not required by CP&L, it will be made available to CP&L when 
required. Equipment is available in the hospital for the emergency 
treatment of patients. With the facilities and equipment available, 
extensive decontamination and treatment of an injured patient could be 
performed, including any surgical treatment that may be required.  

Wake Medical Center and Western Wake Medical Center serve as backup 
medical facilities for HNP personnel should Rex Hospital become 
unavailable. Wake Medical Center serves as the primary medical facility 
for trauma patients from HNP. Wake Medical Center, and Betsy Johnson 
Memorial Hospital, in Dunn, N.C., also possess the capability for the 
treatment of contaminated and/or overexposed members of the public.  

An emergency kit is maintained at Rex Hospital, Wake Medical Center 
and Western Wake Medical Center containing supplies and equipment for 
personnel monitoring and the control of radioactive contamination. These 
kits contain the following: 

"* Low-range radiation monitoring instruments for determining 
contamination levels.  

"* Personnel monitoring equipment such as self-reading pocket 
dosimeters and TIDs.  

"* Decontamination equipment and supplies for both personnel and 
facility.  

"* Contamination control equipment and supplies such as protective 
clothing, signs, ropes, tags, plastic bags.  

Agreements with Rex Hospital, Wake Medical Center and Western Wake 
Medical Center are maintained on file by HNP Emergency Preparedness.  
These three hospitals are listed in Annex A,. "Agreements".  

2) Medical Consultants 

Medical assistance is available in the Raleigh area from general 
practitioners who have agreed to provide medical assistance for 
contaminated patients (See Annex A). Also, the DOE Radiological 
Assistance Team will provide medical assistance, if required.  
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G. Contamination Control of Drinkinq Water and Food

Measures will be taken to control access to potentially contaminated potable 
water and food supplies on site. Under emergency conditions when a release of 
activity has occurred, eating, drinking, smoking, and chewing will be not 
permitted until the facility manager has determined that It Is safe to do so. ff the 
drinking water Is contaminated above acceptable levels, uncontaminated water 
will be brought into the plant for the personnel to drink. Emergency food supplies 
are stored in a secure manner (See Table 3.1-1). Packaged food is located in 
vending machines in lunch rooms or office areas In the Administration Building, 
Fuel Handling Building "' area, Operations Building, or Service Building. If 
these areas become contaminated because of a release of activity, the 
machines will be disabled or emptied until it can be verified that the food is not 
contaminated or the food will be discarded. Food located in the Service Building 
cafeteria would be verified uncontaminated prior to use.  

4.7 Fire-Fighting Assistance 

Off-site fire departments will provide support as described in Annex A and Annex G.  

4.8 Security Measures 

Security measures during an emergency will be employed in accordance with the Plant 
Security Plan, implementing Security procedures, and Plant Emergency Procedures 
dealing with personnel accountability, egress, and ingress.
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Table 4.0-1

Off-Site Afency Support Summary

Function (NUREG-0654, II.A) 

Command and Control 
On site 
Off site 
Accident Classification 
On site 
Off site 
Wamin•c 
On site 
Off site 
Notification. Officials 
On site 
Off site 
Notification, Public 
On site (such as Visitors) 
Off site 
Communications 
On site 
Off site 
Transportation 
On site 
Off site 
Traffic Control/SecurIty 
On site 
Off site 
Accident Assessment 
On site 
Off site 

Public Information/Education 
On site 
Off site 

Protective Response 
On site 
Off site 
Radiological Exposure Control 
On site 
Off site 
Fire and Rescue 
On site 
Off site

Primary Responsibility 

HNP 
State, County 

HNP 
WA 

HNP 
County 

HNP 
HNP 

HNP 
State, County 

HNP 
State, County 

HNP/Employees 
Local Residents 

HNP 
County 

HNP 
State, 

HNP, Corp Comm 
State 

HNP 
State, County 

HNP 
State 

HNP 
County

Support 
Responsibility 

CP&L 
FEMA 

N/A 
N/A 

N/A 
State 

CP&L 
State, County, Media 

N/A 
State 

CP&L 
Phone Company, CP&L 

N/A 
State, County 

County 
State 

CP&L, W 
County, CP&L, FEMA, 
DOE 

NRC 
County, Corp Comm, 
Media, FEMA 

CP&L 
CP&L, FEMA 

CP&L 
County, FEMA, CP&L 

Local Fire & Rescue 
State
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Table 4.0-1

Off-Site Agency Support Summary (continued)

Function (NUREG-0654, 1.A) 

Medical 
On site 
Off site 
Public Health & Sanitation 
On site 
Off site 
Social Services 
On site 
Off site 
Training 
On site 
Off site 
Exercises 
On site 
Off site 
Reentry 
On site 
Off site

Primary Responsibility 

HNP 
County 

HNP 
County 

NIA 
County 

HNP 
County, State, CP&L 

HNP 
State 

CP&L 
State

Support 
Responsibility 

Rescue, Hospital 
State 

WA 
State 

WA 
State 

CP&L 
State, CP&L 

CP&L 
County, CP&L 

HNP, W, Raytheon 
FEMA, County, CP&L, 
DOE

Notes: 
CP&L - Carolina Power & Light Company 

DHHS - U.S. Department of Health & Human Services 

DOE - U.S. Department of Energy 

Raytheon - Raytheon Engineers 

FEMA - U.S. Federal Energy Management Agency

NRC - U.S. Nuclear Regulatory Commission 

HNP - Harris Nuclear Plant 

W - Westinghouse Electric Corporation 

NIA - Not applicable
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Table 4.2-1

Execution of Unusual Event 

A CLASS DESCRIPTION 

This class involves events which indicate a potential degradation of the level of safety at a nuclear 
station.  

B. RELEASE POTIENTIAL 

No releases of radioactive material requiring off-site response or monitoring are expected unless 
further degradation of safety systems occurs.  

C. NOTIFY 
Time frames noted below are from the time the emergency is declared.  

Recruired Notifications 
* State of North Carolina Emergency Warning Point (fifteen minutes) 
* Chatham County Emergency Warning Point (fifteen minutes) 

* Harnett County Emergency Warning Point (fifteen minutes) 
• Lee County Emergency Warning point (fifteen minutes) 
* Wake County Emergency Warning Point (fifteen minutes) 
• On-site Emergency Response Organization (as specified by procedure) 

* Off-site Emergency Response Organization (as specified by procedure) 
* Nuclear Regulatory Commission Operations Center (one hour) 

Additional Notifications as Necessary 
• Raytheon Engineers 
* Westinghouse Electric Corporation 

* Institute of Nuclear Power Operations 
• American Nuclear Insurers 

* Nuclear Electric Insurance Limited (NEIL) (Fire Only) 

* Department of Energy, Savannah River Operations Office 

D. IIYAE 

On-site ERO (not required, but may be staffed for support as necessary) 

• Technical Support Center 

• Operations Support Center 

Off-site ERO (not required, but may be staffed for support as necessary) 
* Emergency Operations Facility 

* Joint Infornation Center 

Request Assistance (if necessary) 

* Rex Hospital 

* Wake Medical Center 

• Western Wake Medical Center 

* Fire and Rescue Departments 
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Table 4.2-2

Execution of Alert 

A6 CLASS DESCRIPTION 

This class describes events which Involve actual or potential substantial degradation of the level of 
safety at a nuclear station.  

B. RELEASE POTENTIAL 

Off-site doses expected to be limited to small fractions of EPA Protective Action Guideline 
exposure levels.  

C. NOTIFY 
"rune frames noted below are from the time the emergency is declared.  

Reauired Notifications 
* State of North Carolina Emergency Warning Point (Fifteen minutes) 
* Chatham County Emergency Warning Point (Fifteen minutes) 
* Hamett County Emergency Warning Point (Ffteen minutes) 
* Lee County Emergency Warning Point (Fifteen minutes) 
* Wake County Emergency Warning Point (Fifteen minutes) 
* On-site Emergency Response Organization 
* Off-site Emergency Response Organization 
* Nuclear Regulatory Commission Operations Center (One hour) 
* American Nuclear Insurers (Four hours) 
• Nuclear Electric Insurance Umited (NEIL) (Fire Only) 
SInslrtt of Nuclear Power Operations (Four hours) 

Additional Notifications as Necessary 
• Raytheon Engineers 
* Westinghouse Electric Corporation 
* Department of Energy, Savannah River Operations Office 

D. ACTIVAE 

On-site ERO 
* Technical Support Center 
* Operations Support Center 

Off-site ERO 
• Emergency Operations Facirity 
• Joint Information Center 

Request Assistance (if necessary) 
* Rex Hospital 
• Wake Medical Center 
* Western Wake Medical Center 
• Fire and Rescue Departments 
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Table 4.2-3

Execution of Site Area Emergency 

A. CLASS DESCRIPTION 

This class describes events which Involve major failures of plant functions needed for the 
protection of the public.  

B. RELEASE POTENTIAL 

Off-site doses not expected to exceed EPA Protective Action Guidelines exposure levels except 
near site boundary.  

C. TIFY 
Time frames noted below are from the time the emergency Is declared.  

Reciqred Noifications 
"* State of North Carolina Emergency Warning Point (Fifteen minutes) 
"• Chatham County Emergency Warning Point (Fifteen minutes) 
"* Hamett County Emergency Warning Point (Fifteen minutes) 
"* Lee County Emergency Warning Point (Fifteen minutes) 
"* Wake County Emergency Warning Point (Fifteen minutes) 
"* On-site Emergency Response Organization 
"* Off-site Emergency Response Organization 
"* Nuclear Regulatory Commission Operations Center (One hour) 
"* American Nuclear Insurers (Four hours) 
"* Nuclear Electuic Insurance Limited (NEIL) (Fire Only) 
"• Institute of Nuclear Power Operations (Four hours) 

Additional Notifications as Necessar 
"* Raytheon Engineers 
"* Westinghouse Electric Corporation 
"* Department of Energy, Savannah River Operations Office 

D. ACTIVATE 

On-site ERO 
"* Technical Support Center 
"* Operations Support Center 

Off-site ERO 
* Emergency Operations Facility 
* Joint Information Center 

Request Assistance (if necessary) 
* Rex Hospital 
* Wake Medical Center 
* Western Wake Medical Center 
* Fire and Rescue Departments 
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Table 4.2-4

Execution of General Emergency 

A. CLASS DESCRIPTION 
This class involves events which involve actual or imminent substantial core degradation or 
melting with the likelihood of a related release of appreciable quantities of fission products to the 
environment 

B. RELEASE POTENTIAL 

Doses expected to be greater than the upper EPA Protective Action Guideline exposure levels 
off-site for more than the Immediate site area.  

C. NO•IF 
Time frames noted below are from the time the emergency Is declared.  

Required Notifications 
"* State of North Carolina Emergency Warning Point (Fifteen minutes) 
"* Chatham County Emergency Warning Point (Fdfteen minutes) 
"* Hamett County Emergency Warning Point (F'dteen minutes) 
"* Lee County Emergency Warning Point (Fidteen minutes) 
"* Wake County Emergency Warning Point (Fidteen minutes) 
"* On-site Emergency Response Organization 
"* Off-site Emergency Response Organization 
"* Nuclear Regulatory Commission Operations Center (One hour) 
"* American Nuclear Insurers (Four hours) 
"• Nuclear Electric Insurance Umited (NEIL) (Fire Only) 
"* Institute of Nuclear Power Operations (Four hours) 

Additional Notifications as Necessary 
"* Raytheon Engineers 
"* Westinghouse Electric Corporation 
"* Department of Energy. Savannah River Operations Office 

D. ACTIVATE 
On-site ERO 
• Technical Support Center 
• Operations Support Center 

Off-site ERO 
* Emergency Operations Facility 
* Joint Information Center 

Request Assistance (if necessary) 
* Rex Hospital 
* Wake Medical Center 
* Western Wake Medical Center 
SFire and Rescue Departments 
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Table 4.5-2

Protective Action Guides for the Ingestion Pathway

Protective Action Projected Dose Projected Dose 
Guide (PAG) Commitment to Whole Commitment to the 

Body, Bone Marrow or Thyroid (Rem) 
any other Organ (Rem) 

Preventive PAG'0' 0.5 1.5 
Emergency PAGO" 5.0 15.0 
• Preventive PAG - The projected dose commitment value at which 

responsible officials should take protective actions 
having minimal impact to prevent or reduce the 
radioactive contamination of human food or animal 
feed.  

' Emergency PAG - The projected dose commitment value at which 
responsible officials should isolate food containing 
radioactivity to prevent Its introduction into commerce 
and at which the responsible officials should determine 
whether condemnation or other disposition is 
appoprate.  

From: Federal Re-gister. Vol. 47, No. 205, October 22, 1982, U.S. Food and Drug 
Administration, Accidental Radioactive Contamination of Human Food and 
Animal Feeds, Recommendations for State and Local Agencies

PLP-201 Rev. 39 Page 70 of 125

100074



Table 4.6-1 

CP&L Area Radiation and Contamination Limits 

A. Radiation Control Area Radiation Levels 

1. Radiation Area 5 to ,-100 mrem/hr 

2. High Radiation Area >100 mrem/hr to _ 1000 mrem/hr 

3. Locked High Radiation Area 1000 mrem/hr to : 500 rad/hr 

4. Very High Radiation Area >500 rad/hr @ 1 meter 

5. Airborne Radioactivity Area Airborne Conc. > 25% of 
IOCFR20,App. B, Table I Column 3

B. Contamination Limits 

1. Skin contamination or personal 
clothing 

2. Unconditional release from site for 

tools and equipment 

3. Contamination Area

< 100 net cpm 1y/with HP210 probe or 
equivalent sensitivity 

no measurable a count rate above 
background 

No detectable cc 

No detectable ft above background 

> 1000 dpmll00cm2 P-y smearable 

and/or > 20 dprmIIO0cm2 CC
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Figure 4.1-1

Emerg-ency Action Level Flow Path, Side I

IFolded copy of Emergency Action Level Flowpath, Side 1, (Rev. 00-1) is contained in I the plastic sleeve following this page.
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Figure 4.1-2 

Ememency Action Level Flow Path, Side 2
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Emergency preparedness at HNP will be maintained by:.  

* Maintaining planning documents through review, updates, audits, and annual 
PNSC review.  

Preparing Emergency Response Organization members for proper response 
actions through training and retraining.  

Testing the adequacy of emergency preparedness through the use of dnlls and 
exercises.  

Inventorying and calibrating emergency equipment, supplies, and 
instrumentation.  

Ensuring that the public notification and alerting system is tested and 
maintained.  

Ensuring that the Evacuation Time Estimate is periodically reviewed for 
adequacy.  

Each periodic requirement in this section and elsewhere in the plan and plant 
emergency procedures shall be performed within the specified time below: 

"* Annually - At least once per 366 days 

* Biennially - At least once per 731 days 

"* Monthly - At least once per 31 days 

"* Quarterly - At least once per 92 days 

"* Semiannually- At least once per 184 days 

For the above intervals, a maximum allowable extension which shall not exceed 25% of 
the specified Interval is allowable.  

This definition for periodic requirements applies to all intervals in the emergency plan 
and plant emergency procedures except for the biennial exercise, which is conducted 
every other calendar year.  

5.1 Emergency Plan and Plant Emergency Procedures 

5.1.1 Responsibility for the Planning Effort 

The HNP Emergency Planning Coordinator is responsible for coordinating on-site and 
selected off-site radiological emergency response planning. The EP Coordinator is also 
responsible for performing the following planning functions: 

A. Interfacing with federal, state, county, and local planners.  
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B. Revising and updating the Plan In response to action items Identified during 
appraisals, audits, exercises, drills, and changes in regulations, hardware, and 
personnel.  

C. Coordinating the biennial exercise and the periodic drills.  

D. Identifying off-site training needs of state and local emergency support personnel 
and arranging for training to meet the identified needs.  

E. Identifying corrective actions needed following drills and exercises, appraisals, 
and audits; coordinating responsibility for Implementing these actions; 
coordinating a schedule for completion of these actions; and evaluating the 
adequacy of the actions taken.  

F. Maintaining and negotiating agreements with state and county response 
agencies, federal assistance agencies, and medical and fire support agencies.  

5.1.2 Emergencv Plan and Plant Emergency Procedures Update and Changes 

The Emergency Planning Coordinator will coordinate the updating of the Plant 
Emergency Plan, Plant Emergency Procedures, and Supporting Agreements as 
needed and will review and certify them to be current on an annual basis. The EALs 
shall be approved by the State of North Carolina and Wake, Chatham, Hamett, and Lee 
Counties annually. Plan and Procedure revisions shall be reviewed and approved in 
accordance with an approved plant procedure. Approved changes to the Plan will be 
distributed in accordance with the distribution list for the plan and procedures in a plant 
procedure. Revised pages will be indicated in accordance with plant procedures.  

Changes to the E-Plan or PEPs shall be forwarded to the NRC within 30 days after 
approval.  

5.1.3 Updatin.g Telephone Listings 

Updating of emergency phone listings or personnel listings is not a change to the Plan.  
Emergency phone listings and personnel listings shall be updated at least quarterly.  

5.1.4 Plant Emergency Procedures 

A list of emergency preparedness documents that support this Plan Is provided in 
Annex E.  

5.1.5 NUREG-0654 Cross-Reference 

The criteria for radiological emergency response plans contained in NUREG-0654 are 
cross-referenced to the applicable sections of this Plan and supporting Plans in 
Annex D.  

5.1.6 Annual Independent Audit 

An independent audit of the HNP Emergency Preparedness Program will be conducted 
every year by the Nuclear Assessment Section. The Nuclear Assessment Section will 
audit the Plan, Plant Emergency Procedures, Training, Drills and Exercise, facilities and 
equipment for conformance with 10 CFR 50.47, 10 CFR 50.54, and 10 CFR 50 
Appendix E. Written reports of the findings of these audits and reviews will be provided 
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to Corporate Management Written notification will be provided to the State of North 
Carolina and Counties of Chatham, Hamett, Lee, and Wake of the performance of the 
audit and the availability of the audit records for review at CP&L facilities. Each report 
will address the adequacy of interfaces with state and local governments, of drills and 
exercises, and of emergency response capabilities and procedures. The reports will be 
retained by Emergency Preparedness for five years. Corrective actions deemed 
necessary from the audit will be implemented in accordance with Section 5.1.1.E of this 
Plan and the site Corrective Action Program.  

5.2 Emergency Response Organization Training Program 

5.2.1 General Requirements 

CP&L ensures the training of appropriate company personnel to support the Harris 
Plant Emergency Plan. Initial training and annual retraining is provided for the following 
categories of personnel: 

A. Directors, Coordinators, and Manager in the Emergency Response Organization.  

B. Personnel responsible for accident assessment 

C. Radiological monitoring teams and radiological analysis personnel 

D. Damage Control Teams 

E. First Aid, Search and Rescue, and Fire Brigade Teams 

F. Personnel responsible for transmission of emergency information and instruction 

G. Personnel responsible for communicating with the media and public 

H. Offsite medical support personnel 

I. Local support services personnel, including emergency management personnel 

J. Police, security and offsite fire-fighting personnel who may be required to assist 
at the plant 

Company personnel not assigned to the site are utilized and trained as members of the 
program.  

Individuals assigned to First Aid Teams will include courses equivalent to the Red 
Cross Multimedia First Aid Course.  

Designated ERO positions are also required to be qualified in the use of appropriate 
respiratory equipment.  

Plant Access Training is provided to all personnel before they have unrestricted access 
to the Protected Area. This training Includes general knowledge of alarms and actions 
required for non-ERO member during a declared emergency.
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Site specific emergency response training shall be offered to offsite emergency 
organizations and local support services Individuals who may be called upon to provide 
assistance to HNP In the event of an emergency. Training will include site access 
procedures and the Identity (by position and title) of the Individual In the HNP ERO who 
will control their organizations' support activities. Training for hospital personnel, 
ambulance/rescue, police and fire departments shall also include the procedures for 
notification, basic radiation protection, and their expected roles.  

5.2.2 Conduct of Traininc 
The Emergency Preparedness Unit Supervisor is responsible for the overall content 
and administration of the emergency plan training program.  

EPM-200, ERO Training Program will Include knowledge based and/or performance 
based training and evaluation components.  

A. Knowledge based training may be provided In a classroom setting or self 
directed study modules and document reviews. Examination and/or Interviews 
will be given for initial qualifications to ensure trainee has a good base 
knowledge of the ERO and their assigned responsibilities.  

B. Performance based training and evaluations will be conducted for most ERO 
members (exceptions are made for pool personnel whose normal job functions 
closely matches their emergency functions and they are directed by qualified 
ERO Managers or Coordinators, such as operations, E&RC, maintenance, 
administrative and security pool personnel). This is done during conduct of 
exercises, drills or walkthroughs and documented on ERO qualification record 
forms.  

52.3 Off-Site Organizations 
Training of off-site organizations Is described in their respective radiological emergency 
plans. Additional training is provided by CP&L for hospital, rescue, local law 
enforcement agencies, and fire personnel. Such training will include the procedures for 
notification, basic radiation protection, and their expected roles. For those Immediate 
Response Organizations who may enter the site, training by CP&L will also include site 
access procedures and the identity (by position and title) of the individual In the HNP 
organization who will control the organization's support activities. CP&L will assist these 
off-site organizations in performing their radiological emergency response training as 
related to HNP as requested.  

Training of medical support personnel at the agreement hospitals will include basic 
training on the nature of radiological emergencies, diagnosis and treatment, and follow
up medical care.  

5.2.4 Emermency Planning Coordinator and Staff TrainingL 
Training of plant emergency preparedness personnel involved in the planning effort 
may consist of either of the following: 

A. Observing exercises at other plants.  

B. Participation in emergency preparedness workshops, seminars and/or courses.  
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5.2.5 Public Education and Information - CP&L 
Occupants in the Plume Exposure Pathway Emergency Planning Zone (EPZ) will be 
provided Information prepared by CP&L In conjunction with the state and county 
agencies. This public education and Information program Is intended to ensure that 
members of the public are (1) aware of the potential for an occurrence of a radiological 
emergency; (2) able to recognize a radiological emergency notification; and (3) 
knowledgeable of the proper, immediate actions to be taken upon notification.  

This will be accomplished by (1) distribution of the annual safety Information calendar 
which contains educational information on emergency preparedness, sheltering, sirens, 
and radiation including telephone numbers of agencies to contact for more information; 
(2) annual distribution of a school brochure to school bus drivers and students; (3) 
availability of qualified personnel to address civic, religious, social, and occupational 
organizations; (4) distribution of news material to the media; and (5) periodic publication 
of the 10-mile EPZ newsletter, periodic not to exceed annual.  

Emergency Information will be made available to transient populations through the 
distribution of safety information brochures to commercial establishments in the 10-mile 
EPZ. A supply of these brochures Is maintained at motels within the 10-mile EPZ.  

Lake warning signs are posted at boat ramps, or access roads to boat ramps, at Harris 
and Jordan Lakes. These signs describe the activities which would be taken to Initiate 
an evacuation of the lake and actions which should be taken in response to the 
evacuation. The posting of these signs is verified semiannually.  

During an actual emergency, provisions will be established through the Joint 
Information Center to make available and distribute information to the news media.  
Provisions for a number of telephones which members of the public, who hear rumors, 
can call for factual information will also be implemented in the JIC when activated.  

5.2.6 Public Education - State of North Carolina 
The North Carolina Department of Crime Control and Public Safety has overall 
responsibility for maintaining a continuing disaster preparedness public education 
program. Such a program, prepared by the state of North Carolina, with the cooperation 
of the local governments and CP&L, is intended to ensure the members of the public 
are: 

A. Aware of the potential threat of a radiological emergency;, 

B. Able to recognize a radiological emergency notification; and 

C. Knowledgeable of the proper immediate actions (return to home, close windows 
and tune to an Emergency Alert System station) to be taken.  

A program of this type includes education on protective actions to be taken i shelter is 
prescribed and the general procedures to follow If an evacuation is required. It also 
includes general educational information on radiation and how to learn more about 
emergency preparedness.  
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5.3 Drills and Exercises 

5.3.1 Drills 

Drill scenarios will be varied from year to year such that major elements of the plans 
and emergency organizations are tested within a 6-year period. One drill shall start 
between 6 p.m. and 4 a.m. once every 6 years.  

EPM-210 prescribes policies and procedures for conducting the following drills: 

A. Communication Drills 

1) Communication from the Plant to the State and local government warning 
points within the plume exposure pathway Emergency Planning Zone 
shall be tested monthly. This shall include the transmittal of the 
information on an Emergency Notification Form.  

2) Communications from the Main Control Room, Technical Support Center, 
and the Emergency Operations Facility to the NRC Headquarters 
Operations Center shall be tested monthly.  

3) Communications between the nuclear facility, state, and local emergency 
operations centers, and environmental monitoring teams shall be tested 
annually.  

4) Communications between the Main Control Room, the Technical Support 
Center and the Emergency Operations Facility shall be tested annually.  

B. Fire Drills 

Fire drills shall be conducted in accordance with Section 13.2 of the FSAR.  

C. Medical Emeraency Drills 

A medical emergency drill involving a simulated contaminated individual with 
provision for participation by the local support services agencies (that Is, 
ambulance, and off-site medical treatment facility) shall be conducted annually.  
The off-site portions of the medical drill may be conducted once per calendar 
year.  

D. Environmental Monitorina Drills 

Plant environs and radiological monitoring drills (on site and off site) shall be 
conducted annually. These drills shall include collection and analysis of all 
sample media (such as water, vegetation, soil, and air), and provisions for 
communications and record keeping.  

E. Radiological Control Drills 

1) Radiological Control drills shall be conducted semiannually which involve 
response to, and analysis of, simulated elevated airborne and liquid 
samples and direct radiation measurements in the environment.  
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2) Analysis of in-plant liquid samples with actual elevated radiation levels 
Including use of the post-accident sampling system shall be Included in 
Radiological Control drills annually.  

F. Inteclrated Drills 

1) Integrated training drills are conducted between biennial exercises to 
ensure adequate emergency response capability Is maintained. An 
integrated drill combines principle functional areas of the on-site response 
which includes the management and coordination of the response, 
accident assessment, protective action decision-making, and plant system 
repair and corrective actions. Activation of all of the emergency response 
facilities is not necessary. Integrated drills may provide the opportunity for 
training for the staff.  

2) At least one integrated drill is to be performed between the biennial 
exercises.  

3) Critiques and evaluation of drills will be conducted by a qualified 
individual. The degree of participation by outside agencies in conducting 
these drills may vary and their action may actually be simulated.  

5.32 Exercises 

An exercise Is an event that tests the Integrated capability of major response 
organizations. Exercises shall test the adequacy of timing and content of Implementing 
procedures and methods, test emergency equipment and communications networks, 
and ensure that emergency organization personnel are familiar with their duties.  
Procedures for the conduct of exercises are described In EPM-210. An emergency 
exercise Involving on-site participation will be conducted at least once every other 
calendar year.  

Partial participation exercises involving off-site agencies will be conducted at least once 
every other calendar year (QE Information Notice 85-55). Partial participation means 
appropriate off-site authorities shall actively take part in the exercise sufficient to test 
direction and control functions to include protective action decision making related to 
emergency action levels and communication capabilities among affected state and local 
authorities and CP&L 

Every sixth year the exercise will include the full participation of the State. These full 
participation exercises will include appropriate off-site local and state authorities and 
CP&L personnel physically and actively taking part in testing the integrated capability to 
adequately assess and respond to an accident at the plant. "Full participation" includes 
testing the major observable portions of the on-site and off-site emergency plans and 
mobilization of state, local, and CP&L personnel and other resources in sufficient 
numbers to verify the capability to respond to the accident scenario.  

Exercises involving off-site agencies will simulate an emergency that results in an 
off-site radiological release.  
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The biennial exercises should be conducted during different seasons of the year and 
some exercises will be unannounced..  

Advance knowledge of the scenarios will be kept to a minimum to allow 'free-play" 
decision making and to ensure a realistic participation by those involved.  

Each biennial exercise plan should include the following: 

* The basic objective(s) of the exercise.  

* The date(s), time period, place(s), and participating organizations.  

* The simulated events.  

* A time schedule of real and simulated initiating events.  

* A narrative summary describing the conduct of the exercise to Include such 
things as simulated casualties, off-site fire department assistance, rescue of 
personnel, use of protective clothing, deployment of radiological monitoring 
teams, and public information activities.  

* Arrangements for quarified Evaluators and Controllers.  

* Critique and Evaluation Reports.  

Prior to the exercise, an exercise plan will be distributed to the exercise controllers and 
evaluators that will include a list of performance objectives, the scenario, and a 
description of the expected responses.  

Qualified observers from CP&L, federal, state, or local governments will observe and 
critique each biennial exercise in which the state and counties participate. A critique will 
be scheduled at the conclusion of each exercise to evaluate the ability of all 
participating organizations to respond. The critique will be held as soon as possible 
after the exercise. A formal written evaluation of the exercise will be prepared by the 
Emergency Planning Coordinator following the critique.  

The Plant Emergency Planning Coordinator or assigned designee will determine those 
critique items that require corrective actions. Plant administrative controls will be utilized 
to ensure that corrective actions are implemented.  

5.4 Maintenance and Inventory of Emergency Equipment and Supplies 

5.4.1 Emereencv Equipment and SuRplies 
A resource list of emergency equipment and supplies to be inventoried for the TSC, 
OSC, EOF and JIC is referenced in the emergency program maintenance procedures.  
This listing provides information on location and availability of emergency equipment 
and supplies.  
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An Inventory of all emergency equipment and supplies Is held on a quarterly basis and 
after use in an emergency or drill. During this inventory, radiation monitoring equipment 
is to be checked to verify that required calibration and location are in accordance with 
the inventory lists.  

5.4.2 Medical Equipment and Supplies 
Respiratory protection equipment, maintained for emergency purposes, is to be 
inspected and inventoried monthly.  

At least twice each year and after use in an emergency or dnll, emergency medical 
equipment and supplies located in the First Aid Station/Kits throughout the plant are to 
be irnventoried, Inspected, replaced, and replenished and/or resterilized as necessary.  
First Aid Team personnel Inspect and inventory emergency medical supplies required to 
support a medical emergency at the plant, and plant personnel use the checklist In the 
applicable procedures to inspect other emergency items located in the First Aid 
Station/Kits.  

5.4.3 Meteorloqiical Instrumentation 
Calibration of and channel checks on meteorological Instrumentation are performed in 
accordance with Technical Specifications.  

5.5 Testing and Maintenance of the Public Notification and Alerting System 

5.5.1 General Description 
The Public Notification and Alerting System consists of sirens located throughout the 
10-mile EPZ and Tone Alert Radios distributed to households within a 5-mile radius of 
the HNP.  

5.5.2 Siren System Testing 

The sirens are tested as follows: 

A. A silent test should be performed every two weeks.  

B. A growl test should be performed at least once per calendar quarter.  

C. A full-scale test of the system shall be conducted annually.  

5.5.3 Siren System Maintenance 
Maintenance of the Siren System is an ongoing process and is performed as needed 
based on the results of each test of the system. Records of siren maintenance are 
reviewed by HNP Emergency Preparedness.  

5.5.4 Siren System Operabirity 
A. The loss of all sirens within one county or the loss of 20% of the total number of 

sirens requires notification of the NRC within one hour.  

B. The annual operability of the siren system is considered acceptable when an 
average of at least 90% of the siren tests for a calendar year are successful.  
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5.5.5 Tone Alert Radio Distribution 
Tone Alert Radios are distributed to households within a 5-mile radius of the plant The 
radios are tested prior to distribution and provided to each residence by a trained CP&L 
representative.  

5.5.6 Tone Alert Radio Maintenance 
A. Residences receiving a Tone Alert radio are provided with information on who to 

contact if the radio malfunctions.  

B. CP&L annually distributes a new battery to each residence possessing a Tone 
Alert Radio.  

C. CP&L annually distributes guidance to each residence on the purpose and 
operation of the Tone Alert radio.  

5.5.7 Tone Alert Radio System Testing 
A. The Tone Alert Radio System is tested annually.  

B. An independent contractor is retained by CP&L to develop and conduct a survey 
to assess the effectiveness of the Tone Alert Radio System.  

5.5.8 Tone Alert Radio System Operability 
A. The Tone Alert Radio System is considered effective If at least 66% of those 

households surveyed received the test signal during the annual test.  

B. The loss of either of the two National Weather Service Tone Alert Radio signal 
transmitters requires notification of the NRC within one hour.  

5.6 Evacuation Time Estimate 

The HNP Evacuation Time Estimate (ETE) (See Table 1.8-2) will be considered valid 
until the population within the 10-mile EPZ has increased by greater than 10% since the 
last ETE was determined. If the population is found to have increased by greater than 
10% then a revised ETE will be established using appropriate guidance In NUREG/CR
4831, "State of the Art in Evacuation Trne Estimate Studies for Nuclear Power Plants." 

An ETE update should be performed every five years to ensure the adequacy of other 
evacuation assumptions.  
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6.1 Recovery Planning 

Recovery is defined as those steps taken to return the plant to its pre-accident 
condition. The overall goals of the recovery effort are to assess the in-plant 
consequences of the emergency and perform cleanup and repair operations. This effort 
includes the utilization of CP&L Corporate resources and Interfacing with outside 
agencies. All recovery actions will be pre-planned in order to minimize radiation 
exposure or other hazards to recovery personnel.  

Recovery from an emergency situation is guided by the following principles: 

A. The protection of the public health and safety is the foremost consideration in 
formulating recovery plans.  

B. Public officials are kept informed of recovery plans so that they can properly 
carry out their responsibilities to the public.  

C. Periodic briefings of media representatives are held to inform the public of 
recovery plans and progress made.  

Periodic status reports are given to company employees at other locations and to 
government and Industry representatives.  

D. The radiation doses to employees and other radiation workers are kept As Low 
As Reasonably Achievable (ALARA).  

E. Necessary adjustments in the size and makeup of the Recovery Manager's staff 
are made as deemed necessary by the Recovery Manager.  

The recovery organization may begin to develop plans for recovery of the facility while 
the emergency is still in progress. However, these efforts will not be permitted to 
Interfere with or detract from the efforts to control the emergency situation. During the 
emergency phases of the Incident, the recovery organization resources will be available 
to assist and provide support for the Site Emergency Coordinator.  

6.2 Recovery Plan Activation 

The Site Emergency Coordinator, with concurrence from the Emergency Response 
Manager, has the responsibility for determining when an emergency situation Is stable 
and the plant is ready to enter the recovery phase. Prior to terminating an emergency 
and entering the recovery phase, the following conditions are considered: 

A. Do conditions still meet an Emergency Action Level? If so, does it appear 
unlikely that conditions will deteriorate? 

B. Radioactive releases are under control and are no longer in excess of Technical 
Specification limits.  
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C. The radioactive plume has dissipated and plume tracking is no longer required.  
The only environmental assessment activities in progress are those necessary to 
assess the extent of deposition resulting from passage of the plume.  

D. In-plant radiation levels are stable or decreasing, and acceptable, given the plant 
conditions.  

E. The potential for uncontrolled radioactive release Is acceptably low.  

F. The reactor Is in a stable shutdown condition and long-term core cooling Is 
available.  

G. Containment pressure in within Technical Specification limits.  

H. Any fire, flood, earthquake or similar emergency condition no longer exists.  

I. All required notifications have been made.  

J. Discussions have been held with Federal, State and local agencies and 
agreement has been reached to terminate the emergency.  

K At an Alert or higher classification, the Emergency Response Organization Is In 
place and emergency facilities are activated.  

It is not necessary that all conditions listed above be met; however, all items must be 
considered prior to entering the recovery phase. For example, it is possible after a 
severe accident that some conditions remain which exceed and Emergency Action 
Level, but entry into the recovery phase Is appropriate.  

Decisions to relax protective actions for the public will be made in accordance with the 
North Carolina Radiological Emergency Plan. The Recovery Manager will provide 
information to the appropriate state agencies to facilitate the decision.  

Once the decision is made to enter the recovery phase, the extent of the staffing 
required for the HNP Recovery Organization is determined.  

A. For events of a minor nature, (that is, for UNUSUAL EVENT classifications) the 
normal on shift organization is normally adequate to perform necessary recovery 
actions.  

B. For events where damage to the plant has been significant, but no offsite 
releases have occurred and/or protective actions were not performed, (that is, for 
Alert classifications) the HNP Emergency Response Organization, or portions 
thereof, should be adequate to perform the recovery tasks prior to returning to 
the normal plant organization.  

C. For events involving major damage to systems required to maintain safe 
shutdown of the plant and offsite radioactive releases have occurred, (that is, for 
Site Area Emergency or General Emergency classifications) the Recovery 
Organization is put in place.  
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When the decision Is made to enter the recovery phase, all members of the HNP 
Emergency Response Organization are Informed of the change. All appropriate 
personnel are instructed of the Recovery Organization and their responsibilities to the 
recovery effort. Notification of off-site organizations that the Recovery Organization is to 
be activated will be Initiated by the Emergency Response Manager and will follow plant 
emergency notification procedures summarized In Section 4.2 of the Plan (except that 
the notification message will state that the Recovery Plan has been Initiated, will list the 
new positions of the Recovery Organization, and the notification time limits will not be 
applicable).  

6.3 Recovery Organization 

The specific members of the Recovery Organization are selected based on the 
sequence of events that preceded the recovery activities as well as the requirements of 
the recovery phase. The basic framework of the Recovery Organization is as follows:

Direcft recovery togdrles Directs tie HiO Intrface Directs One 1WP Public Lega FinanclA, and so 
to restoreibe plant to aft Federal, State and bnounalon Programn for 
Procident conditions, local agencies during the during the recovery 

recoeryprocesi procems.

This organization may be modified during the recovery process to better respond to the 
conditions at the plant.  

The state will be the lead organization for off-site recovery operations. The state's 
recovery organization will be in accordance with the North Carolina Emergency 
Response Plan.  

6.4 Assignment of Responsibilities 

6.4.1 Recovery Manager 

The Recovery Manager is charged with the responsibility for directing the activities of 
the CP&L Recovery Organization. These responsibilities include: 

A. Ensuring that sufficient personnel from CP&L and other organizations are 
available to support recovery.  

B. Directing the development of a recovery plan and procedures.
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C. Ensuring that adequate engineering activities to restore the plant are properly 
reviewed and approved.  

D. Deactivating any of the HNP Emergency Response Organization which was 
retained to aid in recovery, in the appropriate manner.  

E. Coordinating the integration of available Federal and State assistance into onsite 
recovery activities.  

F. Coordinating the integration of CP&L support with Federal, State and local 
authorities into required offsite recovery activities.  

G. Approving information released by the public information organization which 
pertains to the emergency or the recovery phase of the accident 

H. Determining when the recovery phase is terminated.  

I. The Vice President-HNP, or a designated alternate is the Recovery Manager.  

6.4.2 Onsite Recovery Director 
The Onsite Recovery Director reports to the Recovery Manager and is responsible for:.  

A- Coordinating the development and implementation of the recovery plan and 
procedures.  

B. Directing all onsite activities In support of the recovery of HNP.  

C. Designating other CP&L recovery positions required in support of onsite recovery 
activities.  

The Onsite Recovery Director position will normally be filled by the General 
Manager-Harris Plant or designee.  

6.4.3 Offsite Recovery Director 
The Offsite Recovery Director reports to the Recovery Manager and Is responsible for: 
A. Providing liaison with offsite agencies and coordinating CP&L assistance for 

offsite recovery activities.  

B. Coordinating CP&L ingestion exposure pathway EPZ sampling activities.  

C. Developing a radiological release report.  

D. Designating other CP&L recovery positions required in support of offsite recovery 
activities.  

The Offsite Recovery Director position will normally be filled by the Manager Plant 
Support Services or designee.  

6.4.4 Company Sookesperson 
The Company Spokesperson reports to the Recovery Manager and is responsible for:.  

PLP-201 Rev. 39 Page 87 of 125 

100093



A. Functioning as the official spokesperson to the press for CP&L on all matters 
relating to the accident or recovery.  

B. Coordinating non-CP&L public Information groups (Federal, State, County, and 

so forth).  

C. Coordinating media monitoring and rumor control.  

D. Determining what public information portions of the HNP Emergency Response 
Organization will remain activated.  

The Company Spokesperson position will normally be filled by the Manager 
Communications-HNP or designee.  

6.4.5 The Remainder of the HNP Recovery Oranization 

The remainder of the HNP Recovery Organization is established and an Initial recovery 
plan developed at the end of the emergency phase or just after entry Into the recovery 
phase. Consideration Is given to recovery activity needs and use of the normal HNP 
organizations. Individual recovery supervisor may be designated in any or all of the 
following areas: 

A. Maintenance 

B. Engineering/Technical Support 

C. Radiation Protection 

D. Operations 

E. Chemistry 

F. Security 

G. Quality Assurance 

H. Training 

I. Special Offsite Areas (Community Representatives, Environmental 
Samples, Investigations, and so forth) 

6.5 Reentry Planning 

The plans and procedures for area reentry will be developed at the time and will 
consider existing as well as potential conditions inside affected areas.  

Prior to reentry, the Recovery Manager and staff shall: 

A. Review all available radiation survey data and determine plant areas potentially 
affected by radiation exposure and contamination.  

B. Review the radiation exposure records of personnel participating in the recovery 
operation and determine the need for additional personnel.  
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C. Review the adequacy of the radiation sampling and survey Instrumentation to be 
used by the team (type, ranges, number, calibration, and so forth).  

D. Review protective clothing, dosimetry, and respiratory protection needs.  

E. Ensure appropriate communications are available.  

F. Ensure all team members are briefed concerning areas to be entered, 
anticipated radiation levels, access control procedures, and methods and 
procedures that will be employed during the entry. The initial entry into the 
affected area should encompass the following actions: 

* Conduct a comprehensive radiation survey of the plant facilities and 
define all radiological problem areas.  

Isolate and post with appropriate warning signs all radiation and 
contamination areas.  

* Identify potential hazards associated with the recovery operation.  

6.6 Total Population Exposure Estimates 

The Radiological Control Manager will periodically update the estimate of total 
population exposure. The estimate will be determined from data collected in 
cooperation with the State.  

The North Carolina Division of Radiation Protection (DRP), Department of Environment, 
Health and Natural Resources will be the lead state agency in the collection and 
analysis of radiation monitoring reports and of envirnrnental air, foliage, food, and 
water samples. The DRP will be assisted by qualified personnel from HNP.  
Total population exposure will be periodically determined through a variety of 
procedures including: 

A. Examination of prepositioned TLDs.  

B. Bioassay 

C. Estimates based on release rates and meteorology.  

D. Estimates based on environmental monitoring of food, water, and ambient dose 
rates.  

6.7 Recovery Termination and Reporting Requirements 

Responsibility for providing a closeout verbal summary and written summary to off-site 
authorities after the accident is the responsibility of the General Manager - Harris Plant.  
These summaries should be simple and in sufficient detail only to define that the 
accident situation is ended.  

Reports to the NRC are in accordance with 1OCFR50.72, 1OCFR20, Subpart M, and the 
HNP Technical Specifications, Section 6.9.  
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A. HNP Plant Operating Manual.  

B. CP&L Radiation Control and Protection Manual.  

C. Final Safety Analysis Report (FSAR), Carolina Power & Ught Company, Shearon 
Harris Nuclear Power Plant 

D. EPA 400-R-92-001, "Manual of Protective Action Guides and Protective Actions 
for Nuclear Incidents," U.S. Environmental Protection Agency.  

E. EPPOS No. 1, "Emergency Preparedness Position (EPPOS) on Acceptable 
Deviations from Appendix I of NUREG-0654 Based Upon the Staff's Regulatory 
Analysis of NUMARC/NESP-007, 'Methodology for Development of Emergency 
Action Levels', June 5, 1995.  

F. EPPOS No. 2, "Emergency Preparedness Position (EPPOS) on Timeliness of 
Classification of Emergency Conditions", August 17, 1995.  

G. EPPOS No. 3, "Emergency Preparedness Position (EPPOS) on Requirement for 
Onshift Dose Assessment Capability", November 8, 1995.  

H. NUREG-O654/FEMA-REP-1, Criteria for Preparation and Evaluation of 
Radiological Emergency Response Plans and Preparedness in Support of 
Nuclear Power Plants, October 1980, Revision 1.  

I. NUREG-0737, Clarification of TMI Action Plan Requirements, dated 
October 1980.  

J. NUREG-0737, Supplement 1, Requirements for Emergency Response 
Capablity, December 1982.  

K NUREG-0696, Functional Criteria for Emergency Response Facilities, Final 
Report, February 1981.  

L Title 10, Code of Federal Regulations; Part 20, Standards for Protection Against 
Radiation and Part 50, Ucensing of Production and Utilization Facilities 

M. Federal Register, Vol. 43, No. 242, December 15, 1978, U.S. Food and Drug 
Administration, Accidental Radioactive Contamination of Human Food and 
Animal Feeds.  

N. Evacuation Time Estimates for the Plume Exposure Pathway Emergency 
Planning Zone, Shearon Harris Nuclear Power Plant, January, 1997.  

0. RTM-92.  
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ANNEX A

LETTERS OF AGREEMENT

This, Annex contains a fist of written agreements between CP&L and other 
organizations that may be required to provide support to the Harris Nuclear Plant In the 
event of an on-site radiological emergency. Copies of the original agreements are kept 
on file by HNP Emergency Preparedness or CP&L Contract Services.  

Agreement Omanization 

1. Apex Volunteer Fire Department 

2. Town of Holly Springs Dept Of Public Safety Division of Municipal Fire Services 
3. Apex Rescue Squad, Inc.  

4. Rex Hospital 
5. Wake Medical Center 

6. Western Wake Medical Center 

7. Douglas I. Hammer, M.D.  
8. Stephen E. Johnson, M.D.  
9. Institute of Nuclear Power Operations 

10. National Weather Service 
11. State of North Carolina - supporting emergency plan - see Annex G 
12. Chatham County - supporting emergency plan - see Annex G 
13. Hamett County - supporting emergency plan - see Annex G 
14. Lee County - supporting emergency plan - see Annex G 
15. Wake County - supporting emergency plan - see Annex G 

16. Framatone 
17. Atlantic Group 
18. Raytheon 

19. Murray and Trettle - on demand services 
These agreements are maintained current through annual reconfirmation, where 
required, or through personal verification of current applicability where reconfirmation is 
not required. A copy of the EP Supervisor's annual certificamion that the agreements are 
applicable and have been reconfirmed when necessary, is kept on file by HNP 
Emergency Preparedness.
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ANNEX B 

Technical Basis Of Emer-encv Dose Prolection Program 

Moved the dose assessment technical basis document to EPM-600 as part of Rev. 35.
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ANNEX C 

Glossary Of Terms 

Accident Assessment - Accident assessment consists of a variety of actions taken to 
determine the nature, effects, and severity of an accident and includes evaluation of 
reactor operator status reports, damage assessment reports, meteorological 
observations, seismic observations, fire reports, radiological dose projections, in-plant 
radiological monitoring, and environmental monitoring.  

Activate - To formally put on active duty with the necessary personnel and equipment to 
carry out the function required, such as to activate the Technical Support Center (TSC) 
or the Emergency Operations Facility (EOF).  

Alertinci/Wamin., Public - The process of signaling the public, as with sirens, to turn on 
their TVs or radios and listen for information or Instructions broadcast by state or local 
government authorities on the Emergency Alert System (EAS).  

Assessment Actions - Those actions taken during or after an accident to obtain and 
process Information which Is necessary to make decisions to implement specific 
emergency measures.  

Command and Control - Exercising the authority to coordinate and utilize an 
organization's resources to respond to an emergency condition.  

Committed Dose Eguivalent (CDE.) - The Dose Equivalent to organs or tissues of 
reference that will be received from an intake of radioactive material by an individual 
during the 50-year period following the intake.  

Corrective Action - Those emergency measures taken to lessen or terminate an 
emergency situation at or near the source of the problem, to prevent an uncontrolled 
release of radioactive material, or to reduce the magnitude of a release. Corrective 
action Includes, equipment repair or shutdown, installation of emergency structures, fire 
fighting, repair, and damage control.  

Courity(ies) - When used in the context of the HNP 10-mile EPZ means Chatham, Lee, 
Harnett, andlor Wake County(ies).  

Darma-oe Assessment - Estimates and descriptions of the nature and extent of damages 
resulting from an emergency or disaster;, of actions that can be taken to prevent or 
mitigate further damage; and of assistance required in response and recovery efforts 
based on actual observations by qualified engineers and inspectors.  

Damaqe Control - The process of preventing further damage to occur and preventing 
the increase in severity of the accident.  

Decontamination - The reduction or removal of contaminated radioactive material from 
a structure, area, material, object, or person. Decontamination may be accomplished by 
(1) treating the surface so as to remove or decrease the contamination, (2) letting the 
material stand so that the radioactivity is decreased as a result of natural decay, and 
(3) covering the contamination.  
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ANNEX C 

Glossary Of Terms 

DEM - An abbreviation standing for North Carolina Division of Emergency 
Management DEM Is the State agency responsible for preparing and maintaining a 
State Radiological Emergency Response Plan and for assembling and dispatching a 
State Emergency Response Team (SERT) to the scene of an emergency.  

Dose Proftection - The calculated estimate of a radiation dose to individuals at a given 
location (normally off site), determined from the source term/quantity of radioactive 
material (Q) released, and the appropriate meteorological dispersion parameters (X/Q).  

Dose Rate - The amount of ionizing (or nuclear) radiation to which an Individual would 
be exposed per unit of time. As It would apply to dose rate to a person, It is usually 
expressed as Rem per hour or In submultiples of this unit, such as millirem per hour.  
The dose rate Is commonly used to indicate the level of radioactivity in a contaminated 
area.  

Dosimeter - An Instrument such as a thermoluminescent dosimeter (TLD), self-reading 
pocket dosimeter (SRPD), or electronic dosimeter (ED) for measuring, registering, or 
evaluating total accumulated dose or exposure to ionizing radiation.  

Drill - A supervised Instruction period aimed at testing, developing, and maintaining 
skills In a particular operation.  

Early Phase - The period at the beginning of a nuclear Incident when immediate 
decisions for effective use of protective actions are required and must be based 
priman'ly on predictions of radiological conditions In the environment This phase may 
last from hours to days. For the purposes of dose projections it is assumed to last four 
days.  

Emeroencv Action Levels (EALs) - Plant conditions used to determine the existence of 
an emergency and to classify its severity. The conditions include specific instrument 
readings, alarms, and observations that in combination indicate that an emergency 
Initiating event has occurred and therefore an appropriate class of emergency should 
be declared. EALs cover a broad range of events such as radioactive releases to the 
environment, loss of all on-site and off-site power, security threats, fire, strikes of 
operating employees.  

Emeroency Alert System (EAS) - A network of broadcast stations and interconnecting 
facilities which have been authorized by the Federal Communications Commission to 
operate in a controlled manner during a war, state of public peril or disaster, or other 
national emergency - as provided by the Emergency Alert System Plan. In the event of 
a nuclear reactor accident, instructions/notifications to the public on conditions or 
protective actions would be broadcast by state or local government authorities on the 
EAS.  

Emercency Operating Procedures (EOPs) - EOPs are step-by-step procedures for 
direct actions taken by licensed reactor operators to mitigate and/or correct an off 
normal plant condition through the control of plant systems.  
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ANNEX C 
Glossary Of Terms 

Emelgencv Operations Center (EOC) - A facility designed and equipped for effective 
coordination and control of emergency operations carried out within an organization's 
jurisdiction. The site from which civil government officials (Municipal, County, State, and 
Federal) exercise direction and control in a civil defense emergency.  

Emernencv Operations Facility (EOF) - The EOF is a CP&L facility near the plant that is 
provided for the management of overall CP&L emergency response in the event of a 
nuclear accident at the plant Upon activation of the EOF, it assumes for the Technical 
Support Center (TSC) the function of providing support to the state on off-site 
radiological and environmental assessments, coordination with Federal, State, and 
Local Government officials on recommendations for public protective actions and 
direction of recovery operations.  

Emergency Plannirn Zones (EPZ) - A generic area defined about a nuclear plant to 
facilitate emergency planning off site. The plume exposure EPZ is described as an area 
with approximately a 10-mile radius and the ingestion exposure EPZ Is described as an 
area with approximately a 50-mile radius, both of which are centered at the plant site.  

Emergencv Preparedness - A state of readiness that provides reasonable assurance 
that adequate protective measures can and will be taken upon implementation of the 
emergency plan in the event of a radiological emergency.  

Evacuation - The urgent removal of people from an area to avoid or reduce high-level, 
short-term exposure usually from the plume or from deposited activity.  

Evacuation, Exclusion Area - The evacuation of nonessential personnel from the 
Exclusion Area.  

Evacuation. Local - The evacuation of personnel from a particular area, such as a room 

or building.  

Evacuation. Site - The evacuation of nonessential personnel from the plant site.  

Exercise - An event that tests the integrated capability of a major portion of the basic 
elements existing within emergency preparedness plans and organizations.  

Exclusion Area - An Exclusion Area is an area specified for the purpose of reactor site 
evaluation in accordance with IOCFR100. It is an area of such size that an Individual 
located at any point on its boundary for two hours immediately following onset of the 
postulated release would not receive a total radiation dose to the whole body in excess 
of 25 Rem or a total radiation dose of 300 Rem to the thyroid from Iodine exposure. The 
exclusion area around HNP is CP&L-owned property with a radius of approximately 
7000 feet 

Fission Product Barrier - The fuel cladding, reactor coolant system boundary, or the 
containment boundary.  
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ANNEX C 

Glossary Of Terms 

Fission Product Barrier Status 

a. Breached - The fission product barrier is incapable of sufficiently retaining 
radioactive materials to protect the public.  

b. Jeopardy - Conditions exist that are likely to result in fission product barrier 
breach, but the barrier is Intact at the present time.  

c. Intact - The fission product barrier retains the ability to protect the public from a 
harmful release of radioactive materials.  

Health Physics Network (HPN) Une - In the event of a Site Area Emergency, the NRC 
HPN line will be activated by the NRC Operations center in Bethesda, Maryland. This 
phone is part of a network that includes the NRC Regional Office and the NRC 
Operations Headquarters In Bethesda, Maryland. This system is dedicated to the 
transmittal of radiological Information by plant personnel to NRC Operations Center and 
the Regional office. HPN phones are located in the TSC and EOF.  

Iroestion Exposure Pathway - The potential pathway of radioactive materials to the 
public through consumption of radiologically contaminated water and foods such as milk 
or fresh vegetables. Around a nuclear power plant this is usually described in 
connection with the 50-mile radius Emergency Planning Zone (50-mile EPZ).  

Intermediate Phase - The period beginning after the source and releases have been 
brought under control and reliable environmental measurements are available for use 
as a basis for decisions on additional protective actions.  

Joint Information Center (JIC) - An Emergency Facility activated by CP&L and staffed 
by CP&L, State, and County Public Information personnel. This facility serves as the 
single point of contact for the media and public to obtain information about an 
emergency.  

Late Phase - The period beginning when recovery action designed to reduce radiation 
levels In the environment to acceptable levels for unrestricted use are commenced and 
ending when all recovery actions have been completed. This period may extend from 
months to years (also referred to as the recovery phase).  

Main Control Room - The operations center of a nuclear power plant from which the 
plant can be monitored and controlled.  

Monitoring., Environmental - The use of radiological instruments or sample collecting 
devices to measure and assess background radiation levels and/or the extent and 
magnitude of radiological contamination in the environment around the plant. This may 
be done in various stages such as pre-operational, operational, emergency, and post 
operational.  
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ANNEX C

Glossary Of Terms 

Monitorirna. Personnel - The determination of the degree of radioactive contamination 
on individuals, using standard survey meters, and/or the determination of dosage 
received by means of dosimetry devices.  

Notification, Public - Public notification means to communicate Instructions on the 
nature of an incident that prompted the public alertingfwarning and on protective or 
precautionary actions that should be taken by the reciplents of the alert. A state and 
local government process for providing information promptly to the public over radio and 
TV at the time of activating the alerting (warning) signal (sirens). Initial notifications of 
the public might include instructions to stay Inside, close windows, and doors, and listen 
to radio and TV for further instructions. Commercial broadcast messages are the 
prmary means for advising the general public of the conditions of any nuclear accident 
(See Emergency Alert System.) 

NRC Emergency Notification System (ENS) - The NRC Emergency Notification System 
hot line Is a dedicated telephone system that connects the plant with NRC headquarters 
In Bethesda, Maryland. It is directly used for reporting emergency conditions to NRC 
personnel.  

Off-Site - The area outside of an approximate 2500-foot radius from the plant 
centerline, exclusive of the area cleared for plant construction.  

On-Site - The area Inside of an approximate 2500-foot radius from the plant centerline, 
Inclusive of the area cleared for plant construction, and including all permanent and 
temporary buildings, and the parking lots.  

Ooerations Support Center (OSC) - An emergency response facility at the Plant to 
which support personnel report and stand by for deployment In an emergency situation.  

Plume Exoosure Pathway - The potential pathway of radioactive materials to the public 
through (a) whole body external exposure from the plume and from deposited materials, 
and (b) Inhalation of radioactive materials.  

Population-at-Risk - Those persons for whom protective actions are being or would be 
taken. In the 10-mile EPZ the population-at-risk consists of resident population, 
transient population, special facility population, and industrial population.  

Potassium Iodide - (Symbol KI) A chemical compound that readily enters the thyroid 
gland when ingested. If taken in a sufficient quantity prior to exposure to radioactive 
iodine, it can prevent the thyroid from absorbing any of the potentially harmful 
radioactive iodine-131.  
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ANNEX C 
Glossary Of Terms 

Procedure. Plant Emergency (PEP) - Plant emergency procedures implement the HNP 
Emergency Plan and are published in Volume 2, Part 5 of the Plant Operations Manual.  
PEPs define the specific, step-by-step actions to be followed by the emergency 
organization In the process of recognizing and assessing an emergency condition, and 
mitigating the condition through the use of corrective and protective actions. PEPs do 
riot Include those actions taken by licensed control operators to directly control plant 
systems (see Emergency Instructions).  

Projected Dose - An estimate of the potential radiation dose which affected population 
groups could receive.  

Protected Area - An area of the plant site encompassed by physical barriers to which 
access Is controlled.  

Protection Factor (PF) - The relation between the amount of radiation which would be 
received by a completely unprotected person compared to the amount which would be 
received by a protected person such as a person In a shielded area. PF = Unshielded 
dose rate + shielded dose rate.  

Protective Action - Sometimes referred to as protective measure. An activity conducted 
in response to an incident or potential incident to avoid or reduce radiation dose to 
members of the public.  

Protective Action Guide (PAG) - The projected dose to reference man or other defined 
individual from an accidental release of radioactive material at which a specific 
protective action to reduce or avoid that dose is warranted.  

Recovery - The process of reducing radiation exposure rates and concentrations of 
radioactive material In the environment to levels acceptable for unconditional 
occupancy or use.  

Release - Escape of radioactive materials into the uncontrolled environment 

Restricted Area -Any area, access to which is controlled by Carolina Power & Ught 
Company for purposes of protection of Individuals from exposure to radiation and 
radioactive materials.  

Safety Analysis Report, Final (FSAR) - The FSAR is a comprehensive report that a 
utility Is required to submit to the NRC as a prerequisite and as part of the application 
for an operating license for a nuclear power plant. The multivolume report contains 
detailed information on the plant's design and operation, with emphasis on safety
related matters.  
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ANNEX C 

Glossary Of Terms 
Safety-related - As used In this plan and in Plant Emergency Procedures when 
describing areas, equipment, systems or components, safety-related means: 

1. Forming a part of the Reactor Coolant System pressure boundary, or 

2. Used to mitigate the consequences of an abnormal condition, or 

3. Necessary to achieve or maintain safe shutdown of the plant 

SERT - State Emergency Response Team (North Carolina). (See also DEM).  

Sheter - A habitable structure or space used to protect Its occupants from radiation 
exposure. The radiation protection factor (PF) of the shelter will vary as a function of the 
density of structural materials located between its occupants and the source of 
radiation.  

Shielding - Any material or barrier that attenuates (stops or reduces the intensity of) 
radiation.  

Source Term - Radioisotope Inventory of the reactor core, or amount of radioisotope 
released to the environment, often as a function of time.  

State - The State of North Carolina.  

Technical Support Center (TSC) - A center outside of the Main Control Room in which 
information Is supplied on the status of the plant to those Individuals who are 
knowledgeable or responsible for engineering and management support of reactor 
operations In the event of an emergency, and to those persons who are responsible for 
management of the on-site emergency response.  

Total Effective Dose Eauivalent rITDE) - The sum of external and internal Ionizing 
radiation exposure.  

Unrestricted Area - Any area to which access is not controlled by the licensee for 
protecting Individuals from exposure to radiation and radioactive materials, and any 
area used for residential quarters.  
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ANNEX D 

NUREG-0654 REV. I Cross-Reference 

A. Assignment of Responsibility 

A.l.a Identify response organizations Annex G 

A.1.b Concept of operations 2.0,4.1, Table 4.0-1 

A.1.c Illustrate interrelationshins M,,irtmi• P-_ f-,0 -r,

A.l.d Individual responsible for emergency response

A.1.e 

A.3 

A.4

Provision for 24 hours per day response 

Agreements 

Individual responsible for resources

B. On-site Emerclency Organization 

8.1 Plant Emergency Organization 

B.2 Assignment of Site Emergency Coordinator 

B.3 Une of succession 

B.4 Responsibilities 

B.5 Emergency organization and assignments 

B.6 Interfaces - Plant, State, Local, Corp.  

B.7 Corporate Emergency Organization 

B.7.a Logistics support for emergency personnel 

B.7.b Technical Support - planning reentry, recovery

2.2 -1, Figure 2.2 -1, 
Figure 2.4-1 

2.3, 2.4.1.B, 2.4.2.A, 
2.4.4A 

2.2, Table 2.2-1 

Annex A, Annex G 

2.4.1.B, 2.4.2.A, 2.4.4A

2.0, Table 2.2-1, Figure 
2.2-1, Figure 2.4-1 

2.4.1.6, 2.3, 2.4.2.A, 
2.4.4.A 

2.3,2.4.1.B, 2.4-2A, 
2-4.4A 

2.3,2.4.1.B, 2.42A, 
2.4.4A 

2.2, 2.4, Table 2.2-1 

Figures 2.2-1,2.4-1, 
Table 4.0-1, Annex G 

2.2 

2.4.4.F 

2.2,6.4.5.
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ANNEX D 

NUREG-0654 REV. I Cross-Reference 

B.7.c Management to Government interface 2.4.1.B, 2.A, Figures 
G-1 and G-2

PLP-201 Rev. 39

2.4.4.E, 2.4.5 

Annex G 

Annexes A & G

B.7.d Corporate news media coordination 

B.8 Contractor and private assistant 

6.9 Local agency services 

C. Emergency Response Support and Resources 

C.l.a Titles authorized to request federal assistance 

C.1.b Specific federal resources expected and delivery 
time.  

C.1.c Airports, EOC, telephones, radios, available to 
assist federals 

C.2.b Licensee representative to principal government 
EOCs 

C.3 Description of available radiological labs 

C.4 Nuclear and other facilities or organizations 

D. Emergency Classification System 

D.1 Emergency classification system and EALS, 
parameter values and equipment status.  

D2 Initiating conditions and FSAR accidents.  

E. Notification Methods and Procedures 

EI Establish procedures for notification of response 
organization and verification.  

E2 Establish procedures for alerting, notifying, and 
mobilizing response personnel.  

E.3 Establish content of message.  

E.4 Make provision for follow-up message.
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2.3.E 

Annex G 

3.7,3.8 

24.4.X 

3.9.7 

2.5, Annex G 

4.1, Figure 4.1-1, 
Figure 4.1-2 

4.1, Figure 4.1-1, Figure 
4.1-2 

4.2 

4.2,4.3, Table 4.2-1-4 

4.2 

4.2



ANNEX D 

NUREG-0654 REV. I Cross-Reference 

.NU RE4C eon .Pr ra . . edtionuut r .....  

E.6 Provide for alerting and notifying public. 4.5.4, Annex H 

E.7 Provide narrative for public messages on protective 4.5.4 
actions.

F. Emergency Communications 

F.1 Establish organizational titles and alternate means 
of primary and backup communications 

F.Ri Provide Telephone link and alternate for 24-hour 
notification to state and local agencies 

F.i.b Provide for communications with contiguous 
state/local agencies 

F.i.c Provide for communications with Federal agencies 

F.I.d Communication between plant, EOF, state and local 
EOCs and RM teams 

F.I.e Provide for alerting and activating emergency 
personnel 

F. .f Communication between NRC, EOF and 
environmental monitoring teams 

F2 Communication link for fixed and mobile medical 

F.3 Conduct periodic testing of communication system 

G. Public Education and Information 

G.1 Disseminate, annually, educational information to 
public 

G2 Disseminate, annually, educational information for 

transient population 

G.3.a Designate contacts and space for media 

G.3.b Provide space for media at the EOF 

G.4.a Designate a spokesperson

2.4.1.G, 2.42.F-G, 
2.4.4.U-W, 3.8,4.1 

2.4.1.8, 2.4A.V, 3.8, 4.2, 
Annex G 

2.4.I.G, 2.4.4.V, 3.8 

2.4.I.G, 2.4.2.G, 3.8 

3.8 

3.8,4.2 

3.8 

3.8, 4.6.3.E.4) 

5.3.1A 

5.2.5 

5.2.5 

3.6 

3.5.2.  

2.4.5.A
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NUREG-0654 REV. I Cross-Reference 

G.4.b Provide for timely exchange of information between 2.4.5.A 
spokespersons 

G.4.c Provide for coordinated rumor control 3.6.F 

G.5 Provide annual training for media 5.2.5 

H. Emergency Facilities and Equipment 

H.1 Establish TSC and OSC 3.3,3.4 

H.2 Establish EOF 3.5 

H.4 Provide for timely activation of facilities 4.2,4.3 

H.5.a Identify & establish on-site geophysical phenomena 3.9.2, 3.9.5 
monitors 

H.5.b On-site radiological monitors: process, area, 3.9.3,3.9.6 
emergency.  

H.5.c On-site Process monitors: reactor coolant pressure, 3.9.1 
temperature, and so forth 

H.5.d On-site fire and combustion products detectors 3.9.8 

H.6.a Provide access to off-site geophysical monitors 3.9.2, 3.9.5 

H.6.b Access to off-site radiological monitors and 3.9.3,3.9.6,3.9.7 
sampling 

H.6.c Access to off-site laboratories: fixed or mobile 3.9.7 

H.7 Provide for radiological monitoring equipment off- 3.5.3, 3.9.3, Table 3.1-1, 
site 4.4.4 

H.8 Provide meteorological instrumentation and 3.9.5 
procedures 

H.9 Provide for OSC and special equipment in the OSC 3.4, Table 3.1-1 

H.10 Inspect emergency equipment and supplies 5.4.1 

H.11 Identify emergency kits by general category Table 3.1-1 
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NUREG-0654 REV. I Cross-Reference 

H.12 Establish point near EOF for receipt of 3.9.7 
environmental monitoring data 

1. Accident Assessment 

1.1 Identify plant system and effluent parameters and 3.91, 4.1, Figures 4.1-1, 
instruments values Figure 4.1.-2 

1.2 Post-accident sampling, radiation monitors, and so 3.9.3,4.4.2.  
forth 

1.3.a Establish methods and techniques to determine 4.4 
source terms 

1.3.b Methods to determine magnitude of release 4.4 

1.4 Establish relationships for effluent monitor readings 4.4 

1.5 Capability to acquire and evaluate meteorological 3.9.5 
data 

1.6 Procedure for assessment when instruments off- 4A.3 
scale 

1.7 Describe capability and resources for environmental 2.4.4.T, Table 2.2-1, 
monitoring Table 3.1-1,4.4.4 

1.8 Assessment of (radiological) environmental hazards 2.4.4.T, 3.9.6, 3.9.7, 4.2, 
from liquid or gas 4.4.4, Table 2.2-1 

1.9 Detect and measure radiolodine in thel 0-Mile EPZ. 3.9.6,4.4.4 

1.10 Procedure for dose or dose rate projection 4A.3 

J. Protective Response 

J.1.a Establish means and time to warn on-site 4.6.1,4.6.2 
employees and individuals in the exclusion area not 
on the ERO 

J.1.b Establish means and time to warn on-site visitors or 4.6.1,4.6.2 
visitors in the exclusion area 

J.l.c Establish means and time to warn 4.6.1 
contractoriconstruction personnel 
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J.1.d Est. means and time to wam others 4.5A4, 4.6.1 

J2 Evacuation routes and transportation for on-site 4.6.2 

people 

J.3 Provide radiation monitoring for people in J.2 4.6.2 

J.4 Provide decon capability at J.3 location 4.6.2, 4.6.3A 

J.5 Account for personnel, ascertain missing individuals 4.6.2 
within 30 minutes of start of emergency and 
account for on-site persons continuously thereafter.  

J.6.a For Individuals remaining or arriving - respiratory Table 3.1-1, 4.6.3.C 
protection 

J.6.b For individuals remaining or arriving - protective Table 3.1-1, 4.6.3.C 
clothing 

J.6.c For individuals remaining or arriving - Table 3.1-1, 4.6.3.C 
radioprotective drugs 

J.7 Recommendations To Local Government 4.5 

J.8 Evacuation time estimates - 10-Mile EPZ 1.7, Table 1.8-2 

J.10.a Maps-Evac. routes, areas, rad. Sampling and Annex H, 4.4.4, Annex G 
monitoring points, reception and shelter areas 

J.1 0.b Map-Population by Sectors and local zones 1.8, Table 1.8-1, 
Figure 1.8-1 

J.10.c Means for notifying transient and resident 4.5.4 
population 

J.10.m Bases for recommended protective actions; shelter, 4.5.1, 4.5.2, Table 4.5-2 
evac. time 

K. Radiological Exposure Control 

KI.a Exposure guidelines - removal of injured persons 4.6.3.D 

K.1.b Exposure guidelines - performing corrective actions 4.6.3.D 
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ýV--WW-ZEGP''Se#titi Ru 

KI.c Exposure guidelines - performing assessment 4.6.3.D 
actions

K.I.d 

K.l.e 

K.1.f 

KI1.g 

K.2 

K.3.a 

K3.b 

K.5.a 

K.5.b

Exposure guidelines - providing first aid 

Exposure guidelines - personnel decontamination 

Exposure guidelines - providing ambulance service 

Exposure guidelines - medical treatment 

On-site radiation protection program- emergency 

Dosimetry - 24-hour capability 

Emergency worker dosimeters and dose records 

Decontamination guides - action levels 

Means for decontamination and waste disposal

K6.a Contamination control - access control 

K.6.b Contamination control - drinking water and food 

K.6.c Criteria for return to normal use- areas, items 

1K7 Decontamination - relocated on-site personnel 

L Medical and Public Health Support 

LI Local and backup hospital for evaluation of radiation 
exposure - adequately prepared 

L2 On-site first aid capability 

L4 Transportation - victims of radiation accident

4.6.3.E 

4.6.3.E 

4.6.3.B, 4.6.3.E 

4.6.3.F, 4.6.3.E 

4.6.3.D 

4.6.3.B 

4.6.3.B 

4.6.3.E., Table 4.6-1 

4.6.3A, 4.6.3.E, Table 
4.6-1 

4.6.3.E, Table 4.6-1 

4.6.3.G 

4.6.3.E.3 

4.62, 4.6.3A, 4.6.3.E.3 

4.6.3.F.1, Annex A 

2.4.1.F, 4.6.3.E.2 

4.6.3.EA, Annex A

M. Recovery and Reentry Planning and Post-Accident Operations 

M.1 Plans and procedures - relaxation of protective 6.4,6.5,6.6 
measures

M.2 Recovery organization

PLP-201

6.2,6.3

Rev. 39 Page 106 of 125

100117



ANNEX D 

NUREG-0654 REV. I Cross-Reference 

M.3 Means for alerting recovery personnel 4.2,6.4 

M.4 Method for periodically estimating population dose 6.6 

N. Exercises and Drills

N.1.a Conduct annual exercise - off-site release 

N.1.b Verify capability to respond - Evaluate, Critique 

N2.a Conduct communication drills to test 
communications with: State & local inl0-mL. EPZ 
monthly; Federal & State in5O-mL EPZ quarterly; 
plant, State & local EOCs and field assessment 
teams annually.  

N2.b Conduct fire drills per plant tech specs 

N2.c Medical emergency drill, contaminated Individual & 
participation by local ambulance & off-site medical 
facility annually.  

N2.d Plant environs and radiological monitoring drills 
annually 

N2.e.(1) HP drill, semi-annual, response to, analysis 
of, simulated airborne and liquid 

N2.e.(2) HP drill, annual, analysis of actual elevated 
liquid samples, including use of PASS 

N3.a Plans/Scenario content - objectives and evaluation 
criteria 

N.3.b. Plans/Scenario content -dates, time period, place, 

and participating organization 

N.3.c Plans/Scenario content - simulated events 

N.3.d Plans/Scenario content - time 

N.3.e Plans/Scenario content - narrative summary 

N.3.f Plans/Scenario content - official observers

PLP-201 Rev. 39

5.3.2 

5.3.2 

5.3.1A

5.3.1.B 

5.3.1.C 

5.3.1..D 

5.3.1 .E 

5.3.1 .E 

5.3.2 

5.3.2 

5.3.2 

5.3.2 

5.3.2 

5.3.2
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~ - JEP&CiOfUMb r 
N.4 Provision for critiques 5.3.2 

N.5 Provision for Identifying areas of improvement and 5.3.2 
assigning responsibility for corrective action 

0. Radiological Emergency Response Training

0.1 Assure the training of indMduals who maybe called 
on to assist In an emergency 

0.1.a Provide training for off-site emergency 
organizations 

0.2 Training to Include practical drills - on-site 
organization 

0.3 First aid team training to include Multimedia 

0.4.a Training of response organization directors 

-0.4.b Training of accident assessment personnel 

0.4.c Training of radiological monitoring and analysis 
personnel 

0.4.d Training of police, security, fire-fighting personnel 

0.4.e Training of repair and damage control teams 

0A.f Training of first aid and rescue personnel 

0.4.g Training of local support servicelCD 

0.4.h Training of medical support personnel 

0.4.i Training of headquarters support personnel 

0.4.j Training of emergency communicators 

0.5 Provide initial and annual retraining 

P. Responsiblity for the Planning Effort 

P.1 Provide training for emergency planners 

P2 Identify titles responsible for planning

PLP-201 Rev. 39

5.2

5.2.1.5.2.3 

5.2.1 

5.2.1 

5.2.1 

5.2.1 

5.2.1 

52.1 

5.2.1 

5.2.1 

5.2.1,5.2.3 

5.2.1,5.2.3 

5.2.2 

5.2.1 

5.2.1

5.2.4 

1.3,5.1.1
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P.3 Designate Emergency Planning Coordinator 1.3,'5.1.1 

P.4 Annually review and update plans and agreements 5.1.2 

P.5 Distribute emergency plan; identify revisions 5.1.2 

P.6 List other supporting plans 1.10 

P.7 List and cross-reference procedures for 5.1.4, Annex E 
Implementing the plan 

P.8 Provide Table of Contents and NUREG cross- pgs. 2-7,5.1.5, Annex D 
reference

Arrange independent review every 12 months 

Provide for quarterly updating of telephone numbers

Rev. 39

5.1.6 

5.1.3
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ANNEX E

List Of Emergency Preparedness Documents

DocumergnctyPa I n o Plan SectionsPs 
Ernemencv Plan Implementingu Procedures (PEPs)
PEP-110 Emergency Classification and Protective Action 

Recommendations 
PEP-230 Control Room Operations 
PEP-240 Activation and Operation of the Technical 

Support Center 
PEP-250 Activation and Operation of the Joint Information 

Center 
PEP-260 Activation and Operation of the Operations 

Support Center 
PEP-270 Activation and Operation of the Emergency 

Operations Facility 
PEP-310 Notifications and Communications 
PEP-330 Radiological Consequences 

PEP-340 Dose Assessment 
PEP-342 Core Damage Assessment 
PEP-350 Protective Actions 
PEP-430 Routine Maintenance and Testing of the Dialogic 

System 
PEP-500 Recovery

4.1,4.5,4.5.1-2 

2.4.1, 4.6.1 
2.4.2,4.8 

2.4.5 

2.4.3 

2.4.4 

4.2,4.3 
2.4.3.1, 2.4.4.T, 4.42, 
4.4.4, 4.6.3,4.6.3 E-F, 4.7 
2.4.4, 4.4.3, 
2.4.4.T, 4.4.1,4.4.3 
2.4.1.E-G, 4.6.1-2, 
42.f 

6.1-5

Emergency Program Maintenance and Administration (EPMs) 
EPM-100 EP Program Administration 5.0,5.1.1-2,5.1.6,5.3.1-2 
EPM-200 ERO Training Program 5.2.1-3 
EPM-210 EP Drill and Exercise Program 5.3 
EPM-211 EP Scenario Development Guidelines 5.3 
EPM-400 Public Notification and Alerting System 5.5 
EPM-410 Communication and Facility Performance Tests 5.0,5.5.1-4 
EPM-420 Emergency Equipment Inventory 5.0,5.4.1 
EPM-500 Public Education and Information Program 52.5 
EPM-600 Dose Assessment Technical Basis 2A.4Q and R, 4.4.3,

Other Documents 
EPL-001 Emergency Phone Ust 5.1.3, Annex G

Page 110 of 125

100122

PLP-201 Rev. 39



ANNEX F

The warning message form used to notify the State and Counties is provided In 
Annex F of the North Carolina Emergency Response Plan and Is included as a form in 
PEP-310, "Notifications and Communications."
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ANNEX G

Interfacing Information From Supportingi Emergency Plans 

1.0 General 

The material in this Annex is included as general information on how supporting 
emergency plans interface with the HNP Emergency Plan. The Information is presented 
in a similar format as the basic Plan. Emergency organization interfaces, based on 
levels of activation, are depicted in Figures G-1 and G-2. A summary of organizations 
expected to support emergency response is contained in Table G.1 -1.  

2.0 Coordination with Participating State and Local Government Agencies 

2.1 State of North Carolina Governor's Office 

The Governor has the authority to direct and control the State Emergency Management 
Program. During a declared State of Disaster, the Governor has the authority to utilize 
all available state resources reasonably necessary to cope with emergencies. The 
Governor's representatives coordinate as necessary with Carolina Power & Ught 
Company (CP&L) and with local government officials.  

2.2 North Carolina Department of Crime Control and Public Safety 

The Department of Crime Control and Public Safety functions as the State of North 
Carolina Emergency Planning Coordinator. In that capacity, the Department has overall 
management responsibility for North Carolina's radiological emergency response 
planning, development, updating, and coordination with CP&L The Department 
coordinates emergency response activities for the State of North Carolina and other 
government emergency response agencies.  

The Department, through its State Highway Patrol, provides the initial 24-hour 

emergency notification point for the State.  

2.3 North Carolina Division of Emeraenca Management 

The Division of Emergency Management (DEM) is the responsible organization within 
the N.C. Department of Crime Control and Public Safety to prepare and maintain a 
State Radiological Emergency Response Plan for HNP in coordination with the 
Department of Environment, Health and Natural Resources and other Interested 
agencies. The DEM is the lead response agency within State government and 
coordinates the activities of the State Emergency Response Team (SERT) at the State 
Emergency Operations Center (SEOC) in Raleigh. Personnel within the SEOC will 
confer with CP&L to determine appropriate emergency response activities which should 
be taken to protect the health and safety of the public.  
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2-4 Division of Radiation Protection 

The Division of Radiation Protection (DRP), within North Carolina Department of 
Environment, Health and Natural Resources, will be the lead agency in the collection 
and analysis of radiation monitoring reports and of environmental air, foliage, food, and 
water samples. The DRP will be assisted by qualified personnel from HNP.  

2.5 Chatham County Emergency Operations 

Chatham County Emergency Operations has the following responsibilities: 

"* Develop and maintain Chatham County's Plan to Support the Harris Nuclear Power 
Plant 

"* Coordinate emergency response matters between the State, County, CP&L, and 
local government agencies.  

"* Operate the county warning point (Communications Center) on a 24-hour basis. The 
Communications Center is manned continuously by a Public Safety Dispatcher.  

"* Coordinate the protective response operations required by the Chatham County 
Plan to Support the Harris Nuclear Power Plant during an emergency.  

2.6 Hamett County Emergency Services 

Hamett County Emergency Services has the following responsibilities: 

* Develop and maintain the Hamett County's Plan to Support the Harris Nuclear 
Power Plant 

* Coordinate emergency response matters between the State, County, CP&L, and 
local government agencies.  

o Coordinate the protective response operations required by the Hamett County Plan 
to Support the Harris Nuclear Power Plant during an emergency.  

2.7 Hamett County Sheriff's Department 

The Sheriff's Department operates the county warning point on a 24-hour basis. The 
county warning point is the Sheriffs Department communications center which is 
manned continuously by a Public Safety Dispatcher.  

2.8 Lee County Emergency Services 

Lee County Emergency Services has the following responsibilities: 

* Develop and maintain the Lee County Plan to Support the Harris Nuclear Power 
PlanL 
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" Coordinate emergency response matters between the State, County, CP&L, and 
local governmental agencies.  

"* Coordinate the protective response operations required by the Lee County Plan to 
Support the Harris Nuclear Power Plant during an emergency.  

2.9 Lee County Sheriffs Denartment 

The Sheriff's Department operates the county warning point on a 24-hour basis.  

The county warning point Is the Lee County communications center which is manned 
continuously by a Public Safety Dispatcher.  

2.10 Wake County Emergency Managqement 

"• The Wake County Emergency Management has been assigned the following 
responsibilities: 

"* Develop and maintain Wake County's Plan to Support the Harris Nuclear Power 
Plant.  

"• Coordinate emergency response matters between the State, County, CP&L, and 
local government agencies.  

"* Coordinate the protective response operations required by the Wake County Plan to 
Support the Harris Nuclear Power Plant during an emergency.  

2.11 Raleigh Communications Center 

The Raleigh City Communications Center provides emergency telephone notification 
service and serves Wake County and all municipalities within the county as the 24-hour 
warning point The warning point is manned continuously by a Public Safety Dispatcher.  

3.0 Coordination With Federal Agencies and Other States 

3.1 Department of Enegy, Savannah River Operations Office 

The role of the Department of Energy is described in the Federal Radiological 
Emergency Response Plan published in the Federal Register, Volume 50, No. 217, 
November 8, 1985.  

3.2 Federal Emergencv Management Aaency (FEMA) 

The role of the Federal Emergency Management Agency (FEMA) is described in the 
Federal Radiological Emergency Response Plan.  
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3.3 Nuclear Regulatorv Commission (NRC) 

The NRC provides at least one resident Inspector at HNP. Upon notification by CP&L, 
the NRC provides additional technical advice, technical assistance, and personnel per 
NUREG-0728, "Report to Congress, NRC Incident Response Plan," and NUREG-0845, 
"Agency Procedures for the NRC Incident Response Plan." The NRC Operations 
Center will be notified of radiation Incidents in accordance with 10 CFR 50.72 using the 
Emergency Notification System (ENS) phone.  

3.4 Weather Service 

The National Weather Service at the Raleigh-Durham Airport, Raleigh, North Carolina, 
will provide meteorological information during emergency situations, if required. Data 
available will Include existing and forecasted surface wind directions, wind speed with 
azimuth variability, and ambient surface air temperature.  

4.0 Contracted Services 

A number of active contracts are maintained In order to ensure continuing access to 
qualified personnel when and If they are needed to supplement CP&L resources. These 
contracts provide the capability of obtaining, on an expedited basis, additional 
maintenance support personnel (such as mechanics, electricians, and I&C 
Technicians), other technical personnel (such as HP and Chemistry Technicians), and 
engineering and consulting services. For example, contracts are maintained with 
Westinghouse, Atlantic Group, and Raytheon Engineers (the NSSS vendor, 
constructor, and architect-engineer respectively for HNP). A contract is maintained with 
the Framatone Technologies for analysis of In-plant radioactive samples and one is 
maintained with Murray and Trettle Weather Services, Inc. which provides localized 
weather forecasts for the system or for HNP area as requested.  

5.0 Industry Resource SuDppot 

American Nuclear Insurers (ANI) would assist the affected utility by managing the 
insurance claims generated by the public who may be affected by an offsite radiological 
event.  

Nuclear Electric Insurance Umited (NEIL) would assist the affected utility in determining 
the damage to equipment on site and managing the Insurance claims made by the 
utility for the loss of the generation of power due to an emergency.  

One of INPO's roles is to assist the affected utility in applying the resources of the 
nuclear industry to meet the needs of the emergency. When notified of an emergency 
situation, INPO will provide emergency response In accordance with the INPO 
Emergency Response Plan at the request of the utility. Utility emergency response 
planning includes notification to INPO, via the emergency telephone number, of events 
classified Alert or higher.  
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INPO is able to provide the following emergency support functions: 

"* Identifying sources of emergency manpower 

"• Dissemination of technical information concerning the incident to member utilities 
and participants 

* Analysis of operational aspects of the incident 

To support these functions, INPO maintains the following emergency support 
capabilities: 

" Dedicated emergency call number capable of reaching INPO staff and activating 
INPO support functions 24 hours per day.  

" Designated INPO representative(s) who can be dispatched to the utility to 

coordinate INPO support activities and information flow.  

"* An Emergency Response Center available for operation 24 hours per day.  

An INPO duty person will respond to the call, and the Emergency Response Center at 
INPO will be activated as necessary.  

If requested by the utility or when deemed appropriate, one or more suitably qualified 
members of the INPO staff will report to the Emergency Response Manager and assist 
in coordinating INPO's response to the emergency, as follows: 

"• Staffing a position responsible to the appropriate utility manager as liaison for all 
INPO matters.  

"* Working with INPO personnel in Atlanta to coordinate requests for assistance, INPO 
response, and related communications.  

"* Assisting the utility as requested in the use of industry information systems (such as 
NETWORK) concerning accident status and related information of interest to other 
utilities.  

"* Ensuring that emergency information released by the INPO liaison Is cleared 
through appropriate utility channels.  

An INPO representative could be dispatched on approxirnately a four-hour notice.  
On-site activities, when undertaken, will be approved by the President of INPO and 
coordinated with the affected utility through the on-site INPO representative.  

Carolina Power & Light Company is a signatory to the mutualassistance agreement 
developed by INPO for utilities In the nuclear industry.  
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6.0 Local Services Support 

HNP is equipped and staffed to cope with many types of emergency situations.  
However, if a fire, medical, or other type of Incident occurs that requires outside 
assistance, such assistance is available as shown on Table 4.0-1.  

6.1 Medical Assistance 

Medical assistance is available through agreements with the following organizations as 
described In Section 4.6.3.7 of this plan. HNP agreements with the listed agencies are 
on file at CP&L. Annex A lists each agreement 

"* Local area physicians 

"* Rex Hospital 

"* Wake Medical Center 

- Western Wake Medical Center 

6.2 Ambulance Service 

HNP maintains a contract for support services with Apex Rescue Squad, Inc. as 
described in Section 4.6.3.6.4 of this plan. Annex A lists this agreement.  

6.3 Fre Assistance 

Agencies with fire protection resources in the vicinity of HNP are as follows: 

"• Apex Volunteer Fire Department 

"• Town of Holly Springs Dept of Public Safety Division of Municipal Fire Services 

"* Other Wake County Fire Departments 

The Apex Volunteer Fire Department is the primary fire protection response agency for 
HNP and will coordinate assistance activities, through a County-wide Mutual Aid 
Agreement of the other area Fire Departments. HNP agreement with Holly Springs is on 
file at CP&L. Annex A lists each agreement 

7.0 General Public 

Protective actions which should be taken by the general public will be provided by State 
and local government agencies. Carolina Power & Light Company will make 
recommendations to these government agencies as discussed in Section 4 of this Plan.  
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7.1 Evacuation 

In the event that evacuation of the plume exposure pathway EPZ is required, the 
evacuation mutes shown in Annex H will be used by on-site personnel and the public.  

The time required to evacuate personnel from the plume exposure pathway EPZ varies 
depending on whether a part of the EPZ is to be evacuated or all of it, or prevailing 
weather conditions, as provided in Table 1.8-2.  

7.2 Shelter 

The decision to evacuate or remain (in shelter) should be based on an evaluation of 
many factors including the protection afforded by dwellings, public fallout shelters, and 
other structures that might provide protection from surface deposited radionuclides and 
from a gamma cloud source In the plume exposure pathway EPZ.  

The locations of public shelters are depicted In Annex H.
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Table G.1-1 
0manlzatlons Partic!patingin EmeMengy Res.onse 

Organization Contact Location for Response Approximate Agent for Initial 
Response Time Notification HNP Site Emergency Control Room 5 Minutes Superintendent - Shift 

Coordinator Operations 
Corporate On-call Corporate 14th floor, CPB 1-2 Hours On-call Corp.  Communications Communications Communications 
Nuclear Regulatory 1. Emergency Office (HQ) NRC Ops. Ctr Incident Immediate HQ Duty Officer Commission 2. Base Team Mg (Reg.) Response Center Immediate Regional Duty Officer 
Nuclear Regulatory 1. Director-Site Team OPs EOF, New Hill 5-8 Hours Dir, of Site Team OPs 
Comm. (Site Team) 2. Interim Director EOF, New Hill 60-75 Minutes Resident Inspector 
State Emergency SERT Coordinator Division Emer. 2 Hours Highway Patrol 
Response Team Management Hqtrs, Communications 

Raleigh Center 
Chatham County EOC County Board Chairman County Law 1 1/4 - 2 Hours County 

Enforcement Center Communications 
Center, Pittsboro 

Harnett County EOC County Board Chairman County Law 1 1/4-2 Hours Sheriffs Department, 
Enforcement Bldg. Liilington 

Lee County EOC County Board Chairman Sanford Municipal 1-3 Hours Lee County Sanford 
Center, Sanford Municipal Center, 

Sanford 
Wake County EOC County Board Chairman County Courthouse, 1-2 Hours Raleigh Comm.  

Raleigh Center 
Apex Rescue Squad Captain HNP 30-45 Minutes Raleigh Comm.  

Center 
Apex Volunteer Fire Captain HNP 20 minutes Raleigh Comm.  
Department Center 
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Table G.1-1 

Organlzatlons ParticIatlng In Emernency Response 
Organization Contact Location for Response Approximate Agent for Initial 

Response Time Notification Holly Springs Dept. Of Fire Chief HNP 30-45 Minutes Raleigh Comm.  
Public Safety Division Center 
of Municipal Fire 
Services 
Atlantic Group Designated Staff HNP 3-5 Hours District Manager 
Framatone Designated Staff Alliance Research 24 hour Lynchburg, VA 
Technologies Center, Indiana 
National Weather Designated Staff Raleigh, NC phone contact Raleigh, NC 
Service 
Raytheon Engineers Manager of Projects HNP 8-16 Hours Princeton, NJ 
Rex Hospital Emergency Room Rex Hospital, Raleigh 30-45 Minutes Rex Emergency Room 

or Raleigh Comm.  
Center 

Wake Medical Center Emergency Room WMC, Raleigh 30-45 Minutes WMC Emergency 
(WMC) Room or Raleigh 

Comm. Center Western Wake Emergency Room WWMC, Cary 20-30 Minutes WWMC Emergency 
Medical Center Room or Raleigh 
(WWMC) Comm. Center 
Westinghouse Emergency Response Command Center 8-16 Hours Regional Service 

Director Monroeville, PA Manager, Southern 
Service Region, 
Atlanta 
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Figure G-1 

Emergency Response Omanization Interfaces, TSC and EOF Not Activated 
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Figure G-2 

Emergency Organization Interfaces, TSC and EOF Activated
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Annex H

Harris Nuclear Plant . Operations Map

A folded copy of the *Harris Nuclear Plant - Operations Map', from Annex I of the 
"North Carolina Emergency Response Plan in Support of the Shearon Harris Nuclear 
Power Plant", is contained in the plastic sleeve following this page.

Rev. 39
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Revision Summary for PLP-201. Rev. 39

The primary reason for revision is to reflect the removal of SEC-MCR alternates.  
Previously, SROs were listed as assigned alternates, now only the SSOs are assigned 
to SEC-MCR. Additionally, corrections were made to Table 1.8-1 that came from a 
recent review of the ETE study. Updates to 10-mile EPZ schools were added, the 
limitation of use of only the NCDRP mobile lab was expanded to include both mobile 
and fixed facilities. Wording for the Weather Center was changed to reflect the NWS 
and contracted services. First Aid locations and supplies are referenced back to ORT
3002 and not itemized in the Emergency Plan. Wording for treatment, storage, etc.  
made more generalized for the procedure to govern. Off hours demonstration Is no 
longer restricted to an exercise, it may be performed in a drill. Dr. Denton, an additional 
physician for the plan, has been removed from the Emergency Plan. PEP-400 has been 
deleted and EPM-100 has taken its place.

Page 14 Figure 1.5-3 

Page 15 Table 1.8-1 

Page 19 

Page 23 

Page 48 

Page 50 Table 3.1-1

Page 54 4.4.3.E.

Deleted reference to First Aid Room in 
Turbine Building 
Column total for transient changed from 
6951 to 4217 and the column total for 
special facility should be 11,674 not 1439.  
Changed Lufkin Road 6V Grade/Year 
Round and Lufldn Road 9' Grade 
Traditional to Lufldn Road Middle School 
and added Salem Elementary School 
Deleted the statement, "The assigned 
alternates are on-shift Ucensed Senior 
Control Operators as designated In 
accordance with operations procedures." 

N.C. Department of Radiological 
Protection's mobile laboratory has been 
corrected to Division of Radiation 
Protection laboratories, both mobile and 
fixed facility.  

Changed the specific reference to the 
State's mobile lab to the more general 
reference of 'State's laboratories'.  

Removed an 'and' in Each lab [and] 
includes equipment for chemical analyses 
and for analysis of radioactivity.  

Deleted the line referencing first aid kits in 
the facilities 

Changed 'The Weather Center will be 
contacted as needed to forecast 
atmospheric conditions affecting the site.' 
To 'The National Weather Service and 
contracted weather sources will be 
contacted as needed to forecast
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Revision Summary for PLP-201, Rev. 39

Page 60 4.6.3.E

Page 80

atmospheric conditions affecting the site.' 

Clarified that personnel decontamination 
supplies are located in WPB 261' and 
deleted references to the specific locations 
and contents of First Aid Kits.  

Clarified statement concerning scenarios 
varying year to year to encompass drill 
scenarios and relocated statement from 
Section 5.3.2, Exercises, to Section 5.3.1, 
Drills.  

Reworded reference to First Aid Room to 
a more general reference to First Aid 
Stations/Kits.  

Removed Dr. Robert Denton, M.D. as 
supporting the E-Plan. He has chosen not 
to continue his support of the Harris Plant 

PEP-400 was deleted and EPM-1 00 
replaced it

Page 82 5.4.2.

Page 91 

Page 110
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* Table 4-1 (cont) 
SHNPP Design Information 

Number of Safety Valves per steam generrto 

Lowest SV Setpoint, psia 
High Pressure Injection System 

Number of Pumps 3 

capacity. gpm @ psia 650@ 1340 
(151) @2500) 

ShutoffHead, psa >200 

Refuel•g Water Storage Tank (minimum), gal 432,000 

-Low Pr;;s'ur Injection System RH .  

2 
Number of PumpS 

C~pSILYgpmP~a3,750 @104 cwcy gpm @psia , @to 

147 
Shutoff Headpsia_ 

Accumulators 

Number of Accumulators 3 

fteSSure. psia 6 

Water Capacity (Nomina) f L3  1,012 

Au=lmiary Feedwater System 

-•Typc.Die Motor 
2 

Number of Pumps 2 

Capacity, gpmn T5b0e 

Type Drive 

Number of Pumps 

Capacity, gpm 90 

Containment (Large Dry) 

130 

Maximum Inside Height, ft 
Freevolnm. ft3  2.1 X 106 

Design Leak Rate, V.volumelday 0.1 

4-3 
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I-- ftanEvem IdewtraIa

Multiplying this value by one year (8760 hours) yields a value of 5.1B-4/yr. Given there are 
tr valves of concern (ICC-219 ICC-230, ICC-241 and ICC-294) the frequency of relief 
valve LOCAs is 2.OB-3yr. Given the operators have 10 minutes to respond and would receive 
indications such as low CCW surge tank level and low pump suction pressure, an operator action 
is included for the potential to in:-late the non-essential header flow prior to pump failure. This is 
OPER-53, and is discussed in Appendix E.  

Quantfying the fault tree model, the frequency of this initiati•g event is found to be 3.9E-3/yr.  

32.8 Fire Initiating Events 

An analysis ofthe impact of fires on SHNPP is docmented in Appendix P. Six fire events, two.  
contol room fires and four switchgear room fires, were found to signifIcantly impact ore
damage risk, in that the frequency of core damage exceeded a thrshold of 1B-6/year. These six 
fire iniiators are identified along with their firquency of occurrence and plant effects in 
Appendix P.  

3.2.9 Seismic Events 

No seismic PRA analysis has been conducted for SHNPP, due to low expected risk from these 
events. In order to include the contribution of seismic events in the overall analysis, a review of 
the seismic analysis for SHNPP completed to comply with Generic Letter 88-20.  

The SHNPP licensing basis identifies an operating basis earthquake (OBE) as 0.075g and a safe 
shutdown earthquake (SSE) as 0.15g. A seismic margins study concluded that the plant is able to 
withstand at least a 0-30g event, the review level earthquake (RLE) without sustaining damage to 
the core due to equipment failures. C required for safe shutdown were verified to be 
seismically ruged with excepf ions identified for fiurther evaluation. These evaluations (see 
Appendix P) identified the following: 

" RHR heat exchangers acceptable up to 0.30g 
"* low voltage switchgear acceptable up to 0.35g 
"* other components with failures > 0.40g 

Further, based on a paper by OHar &. al., the low end of a plant's core damage median 
capacity is at least 2.67 times the SSE For SHNPP, this corresponds to 0.4g. Using this 
information, a simplified seismic model can be developed with the following assumptions: 

* Any earthquake > 0.4g directly causes core damage (failure of all PSA functions) 
* Any earthquake > CI•E fails nonsafety-related components and trips the plant 
* Any earthquake > SSE fails components not specifically evaluated in the seismic 

margins analysis 
• Any earthquake > 0.3g fails the RHR heat exchangers (and flowpaths) 

Any earthquake > 0-35g fails low voltage switchgear 

Two seismic events are defined. First, any earthquake with a magnitude between 0.075g and 
0.4g (Lie., above the OBE but less than the core damage mediazi capacity earthquake) is T23.  
Second, above 0.4g is T24. For equipment which fails at an intemediate level, conditional 
probabilities were developed to account for the conditional probability of seismic events above 
the threshold for component failure.  
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Earthquake frequcy data was taknn form EPRI-NP-6395-D0 for the SHNPP ste. A log 
curve was fitted to the data and used to estimate the frequency ofvarious magnitude 
as shown in Figure 3-8.  

I.OOEM3 

SISMIC PROBABILITES FOR SKNPP, 0.050g INTERVALS 

I.COE.06 

1.068 , I 

0 100 200 300 400 M0 600 700 I00 900 t000 

Figu 3-4 Seismic Event Frequencies for SHNPP 

There were three calculations made to arrive at the initiating event fireuencies and the 
conditional probafiles. First, the frequency of 124, a seismic event > 0.4g, was ta.cen directly 
from the graph as 43B-6/yr. Next, the frequency of[23, a seismic event > 0.075g but less than 
0.4 g was found by subtracting the fiequency of T24 from the frequency of seismic events > 
0.075g, or 4.7E-5/yr - 4.3E-6/yr, giving 4.3E-5/yr. Conditional probabilites were calculated by 
determining the frequency of a seismic event between the failure magnitude and 0.4g, then 
dividing by the frequency of the OBE. Three conditional probabilities were required:

"* X--SEISSSE (Seis1,• event> SSE, 0.15g) 

"* X-SEISRLE (Seismic event > 0.3g) 
"* X-SEISLVS (Seismic event > 0.35g)

0.53 
0.11 
0.045
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These conditional probabilities are placed in the system fault trees along with the T23 initiator to 
propgt seismic faiures of equipment 

An effort to estimate uncertainty in the seismic data yielded very high range factors. Therefore, 
10.0 was chosen as the nominal uncertainty (i.e., order ofma•nitude).  

32-10 Initiating Events and Evuat Frequencies 

Based on the above assessment, the transient initiating events and associated event firquencies 
for the SHNPP PSA were developed. Table 3-17 presents the transient initiating event listing.



IntlatEVMsldIcatk

Table 3-17 
SHNPP Transient Initiating Event Frequencies of Occurrence 

T, Reactor trp O.6 2.3 
TZ Reactor trip with RCS pressure dcallenge 6.9E-2 5.0 
T3 Turbine trip 0.65 2.3 
T4 Loss ofmain feedwater 0.39 3.1 
TO Partial loss of m:::n feedwater 065 2.3 
Ts Loss ofoffsithe power 3.1E-2 5.6 
T6  Secondary line break between the MFW isolation 2.01-2 S.0 

valves and the MSIVs 
T7 Reactor trip with safety injection 7.4A-2 5.0 
"T9 Inadvetent containment phase B isolation 2.81-2 5.0 
TV Loss of normal service water 5.1--2e N/AW 
""To Loss ofNSW return valves 9.6E-52 N/A 
T11 Loss ofcomponent cooling water 3.913, N/A' 

TVA Loss of 6.9 kV bus IA-SA 2.01-3e N/AW 
TU Loss of 6.9 kV bus IB-SB 2.0E-3e N/AW 
TU Loss of nstnunent atr 0.13 3.1 

TI" Loss of DC bus DP-IA-SA 2.9Z-3e N/A! 
TU Loss of DC bus DP-IB-SB 2.9E-3 N/A' 
TIS Loss of DC non-safety bus DP-IA 2.9E-3, N/A! 
Tid Loss of CVCSISI 8.913-32 N/A! 
T17  Fate--69 kV Bus IA-SA 7.3E-4 Note 4 

""I Frr--6.9 WV Bus IB-SB 7.313-4 Note 4 
TV Fe-&.9 WV Bus IA-SA unsuppressed 5.21-4 Note 4 
T2 Fi-e--6.9 kV B:. IB-SB unsuppressed S.21-4 Note 4 
T Fe-Control Room Isolation and Annunciation 5.65-S Note 4 

Cabinets 
TFir-e-Control Room requiring ACP shutdown 2.01-4 Note 4 
TZ Safe Shutdown Earthquake (0.15g) 4.313-5 10.01 
Tlimiting Eartquake (0.4g) 4.3-6 10.01 

'Estimated nnge factor.  

2 Frequencies presented for information only, fault tree model is imbedded in overall model

'Unrtainty of individual components propagated in model calculation.  
'Uncertainties for fire initiating events has not been evaluatedL 
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Core Damage Re~d4 Assesment

6.1.1 SequenceT-Q-U-B CDF = 1.69 x 10-S per year (30.92% of total) 

This sequence represents a transient-induced LOCA with a failure of high pressure ECCS 
and a failure of secondary-side heat removal. Seismic events, which are of sufficient 
magnitude to fail the safety-rel chargingsafety injection pumps and the component 
cooling water pumps and thus interrupt reactor coolant pump (RCP) seal cooling, are 
placed into this category, and account for more than 40% of the total of this sequence.  
Internal flooding scenarios, which also fail RCP seal cooling, are another significant 
contributor, at just under 30% of the total. Another 17% of the total can be attributed to 
fires in either the main control room or the switchgear rooms.  

The remaining cutsets are typically a loss of nonsafety-related DC power, which disables 
the automatic fast bus transfer of offsite power from the umit auxiliary ransformers to the 
startup transformers. This results in a demand for the emergency diesel generators. If the 
diesels fail, then offsite power may be realigned manually. Without restoration of power, 
a loss of RCP seal cooling occurs, leading to seal leakage; the mitigating systems for a 
small LOCA are unavailable due to the power failure, and secondary-side heat removal 
fails once the IB-SB battery is depleted, failing the turbine-driven AFW pump.  

6.1.2 Sequence T-B-X CDF = 1.02 x 10-S (18.71%) 

This sequence represents a transient with secondary-side heat removal failed. Feed-and
bleed cooling is established but fails at or during recirculation. More than 60% of these 
sequences involve train B AC or DC power failures, with subsequent failure of the A 
train AFW and ECCS equipment Train B power failures are more significant than train 
A since these also fail the turbine-diven AFW pump, which relies upon train B DC 
power for control power. Loss of main feedwater as an initiator is also significant, 
representing about 20% of these sequences. Switchgear room fires also contribute to this 
sequence.  

The dominant cause of failure of high pressure ECCS during recirculation is from the 
MOVs in the CSIP suction from the RHR pumps. Failure of the containment 
recirculation sump valves are also significant 

6.1.3 Sequence T-B-U CDF = 9.26 x 10-6 (16.91%) 

This sequence represents a transient with secondary-side heat removal failed. Feed-and
bleed cooling is not established, and core damage occurs.  

Nearly a third of this sequence is due to a control room fire with failure to achieve 
shutdown remotely. Loss of 6.9 kV bus IB-SB and loss of main feedwater are dominant 
initiators.  

High pressure ECCS failures are dominated by failures in the CSIP suction from the 
RWST, due to MOV failures. The testing procedures for the MOVs do not independently 
verify flow through each of the two paralel valves, so the failure probability is high.  

About 17% of the sequences are due to human error, either failure to initiate feed-and
bleed cooling, or failure to manually actuate AFW or main feedwater.

9



Core Damage Resul4 Assessment

6.1.4 Sequence SBO (Station Blackout) CDF = 7.89 x 10-' (14.41%)" 

This sequence represents a loss of offsite power with subsequent failure of the emergency 
diesel generators and failure to restore offsite power. An RCP seal LOCA will occur due 
to loss of both seal injection and thermal barrier heat exchanger cooling from CCW.  

Early sequences, involving start failures of the diesels or their support equipment, account 
for more than 60%0 of these sequences. Longer term failures are less important due to the 
liklhood of restoring offsite power.  

No one failure mode is dominant; however, failure of load shed to occur on the safety 
busses is significant, as well as diesel generator HVAC failures. Fuel oil system failures 
account for about 15% of the sequence total; these sequences are recoverable by 
establishing an alternate source of fuel oiL However, no credit is taken for this recovery.  

6.1.5 Sequence T-K-M-C CDF - 3.34 x 10-' (6.0901) 

This sequence represents an ATWS sequence with loss of main feedwater and inadequate 
Doppler reactivity feedback to allow control of the RCS pressure transient (occurs in first 
15% ofcycle). RCS pressure finceases to 3200 psig, at which point vessel failure occurs, 
and EccS is assumed to be unavailable due to damage to the ECCS check valves from 
the high pressure condition.  

Common-cause failure of the reactor trip breakers is the dominant canse of the ATWS,.  
accounting for 92% of all ATWS events. The remaining 8% are caused by mechanical 
binding of the control rods. This low probability event disables all reactivity control with 
control rods, requiring functioning ofemergency boration systems.  

Transients which cause a loss of main feedwater included turbine trip, loss of feedwater, 
loss of instument air, and spurious SI.  

10 
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Source Terms and Release C

Table 9-4 
Release Category Source Terms

3.2 x 10-6 

1.8 x 10-6 

3.2 x 10-6 

0.077 

0.0018 

0.0073 

2.2 x 10-4 

0.021 

2.3 x 10-4 

0.0047 

0.28 

0,28 

0.0078 

0.078

2.50 

3.74 

2.50 

2.50 

0.39 

4.56 

0,069 

1,32 

0.176 

3.39 

52.6 

52.6 

0.019 

0.191

2.0 x 10-11 

2.1 x 10-6 

3.0 x 10-4 

0.002 

0.0035 

0.118 

2.6 x 10-4 

0.031 

2.6 x 10-4 

0.005 

0.067 

0.067 

0.0002 

0.002

2.0 x 10-5 

1.6 x 10- 5 

1.5 x 10-4 

2.7x 10-5 

0.013 

.341 

6.8x 10-4 

0.26 

1.0x 10-5 

0.0013 

9.2x 10-5 

9.2 x,10-5 

2.7 x 10-6 

2.7 x 10-5

2.0x 10-5 

1.6 x 10-5 

2.3 x 10-4 

3.8 x 10-5 

0.018 

.462 

6.8 x 10-4 

0.26 

1.0 x 10-5 

0.0013 

9.6 x 10-5 

9.6x 10-5 
3,8X 10-6 
3.8 x 10-5
3.I 1-

U31I 

0.087 

0.31 

0.046 

0.15 

3.40 

0.006 

0.33 

0.013 

0.50 

3.3 

3.3 

0.0046 
0.046

8,1 x 10-" 

8.7x 104 

0.718 

0.31 

0.0 

12.42 

3.2 x 10-5 

0.006 

0.0 

0.0 

0.009 

0.009 

0.031 
0.31

Note 2 
Note 2 

Note 2 

Note 2 

0.0 

0.0 

Note 2 

Note 2 

0.0 

0.0 

Note 2 

Note 2 

Note 2 
Note 2

Some values (volatile source terms) taken from the sequence for release category I since 
This release fraction is smaller than 1.0 x 10-I%.

it predicts a higher release.

2
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RC-1 

RC-IA 

RC-I1B 

RC-IBA 

RC-2 

RC-21B 

RC-3 

RC-3B 

RC-4 

RC-4C 

RC-5 

RC-5C 

RC-6 

RC-7

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100

2.72 

4.0 

2.72 

4.0 

0.47 

4.1 

0.067 

1.82 

0.22 

3.7 

59.05 

59.05 

0.0014 

0.014

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0

2.4 x 10-7 

1.8 x 10-7 

2.3 x 10-4 

6.2 x 10-4 

1.6x 10-4 

0.250 

3.0x 10-5 
9.9x 10-4 

4.7 x 10-5 

8.35 x 10-4 

0,011 

0.011 

6.4 x 10-5 

6.4x 104

2
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Harris juclear Plant 
Probabilistic Safety Assessment 

Appendix L--Summary Document 

Abstract 

The purpose of this document is to provide an overview of the technology of probabilistic safety assessment (PSA), 
and to summarize the details, results and potential applications of the Harris Nuclear Plant (HNP) PSA model. The 

current model is based on the plant configuration as of June 1997, and includes both a level I (core damage end 

state) and a level 2 (fission product release end state) analysis. ITe original analysis was submitted to the Nuclear 
Regulatory Commission (NRC) on Angust 20,1993, to meet th requirements of Generic Letter 88-20 for an 

individual plant examination (WE). Additional analyses were submitted to the NRC on June 30, 1995, to meet the 
requirements of Generic Lete 88-20 Supplement 4 for an IPE of extenal events (IPEEE). The complete PSA 

report is voluminous, addressing details which are likely to be of interest only to analysts and reviewers. This 

document provides a concise summary of the important features and conclusions of the HNP PSA analysis, and 

provides to those who use the results of the PSA a general understanding of the process and its applications.

October 1998

Prepared By.

Reviewed By.  

Approved By:

Concurrence via telecon Steven A. Laur for 
Steven L. Mabe 

Steven A. Laur 
Steven A. Laur 

- Steven A. Laur 10-5-98 
Steven A. Laur 

Probabilistic Safety Assessment Unit 
Nuclear Engineering Department
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Appe!1dix L,-Summaiy DOcument 

VIIL A$,licatlons of PSA 

Although development of a PSA was used to satisfy Generic Letter 88-20, there are 

benefits which can be obtained beyond simply satisfying a regulatory requirement. By 

applying the knowledge and insights gained from the HNP PSA to the various activities 

supporting plant operation, CP&L would be able to enhance plant safety, reduce 

operating and maintenance expenses and increase capacity factors. These could be 

accomplished using some of the applications discussed in this section.  

A criticism of the use of PSA in decision making is the presence of uncertainties in the 

model. There are two important points relevant to this criticism. Frlt, while uncertainties 

may shade the exact meaning of the absolute CDP calculated, the relative risk calculated 

for different accident sequences, or for different plant systems and components, represent 

the true value of the PSA, and these are less impacted by the existing uncraities.  

Second, the alternative to the use of PSA is to base decisions on each individual's 

assessment of the situation, which can vary considerably depending upon the person's 

background and biases. PSA provides a logical structural basis for decisions, and 

provides common ground for discussions relevant to plant safety.  

The NRC has recognized the value of PSA by issuing policy endorsing the use of PSA in 

various applications. The NRC has demonstrated its willingness to approve licensing 

actions which blend the probabilistic analyses of PSA with deterministic (licensing basis) 

evaluations and engineering judgment. The NRC has also promulgated rules and 

regulations which are in part risk based, such as maintenance rule and RG 1.174. The end 

result of the NRC use of PSA will be to place the responsibility of ensuring public health 

and safety more in the control of its licensees, allowing utility resources to be focused on 

rea safety issues. It also places a burden on plant management and personnel to acquire 

an understanding of PSA fundamentals and of the plant-specific PSA results and insights 

applicable to their facilities.  

The Institute of Nuclear Power Operations (INPO) has also recognized the potential 

application of PSA and has recommended that plant management and key personnel who 

will make use of PSA in the decision making process should be properly trained to 

understand the technology and its uses. They note that PSA is one of many inputs in the 

plant management processes, and that to properly make use of the information one must 

understand the model limitations and uncertainties. They further observe that PSA 

provides insights into severe accident risk, and that other aspects of nuclear safety must 

also be considered.  

The Nuclear Energy Institute (NEI, formerly NUMARC), with involvement of the NRC, 

has developed and continues to develop generic guidance on PSA. The Westinghouse 

Owners' Group is also involved in PSA applications.  
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flow control valves will fail open, and the governor will fail "fully open", resulting in an 
overspeed trip of the pump.  

The battery depletion time for the vital 125 VDC batteries as modeled in the PSA is taken to be 4 
hours.  

Depletion of the vital batteries is modeled in the DC power system fault tree byfiag events. The 
timing of battery depletion and shedding of DC loads In order to prolong DC operation are 
considered In the study as a senstvihy Issue and as a potential recovery action respective.  

* Effect of a loss ofDCpower on operation ofswitchyard breakers 

The discussion of subtle interactions provided in NUREG/CR-4550, Volume 1 describes an 
incident at a plant at which vital loads are normally powered from the unit transformer, and 
control power for bus switching operations is supplied from the vital DC system. This 
configuration leads to the possibility that loss of a vital DC bus could trip the plant and the unit 
generator, and at the same time impair the ability to control the breakers which permit switchover 
to the offsite power supply.  

Althogh at SHNPP AC power is normally supplied by the unit transformers, similar to the 
referenced p 1at control power to the 230 kV switdowad breakers is stupplied from two 
switchyard DC systems, each consisting of a 125 VDC battery and battery charger. These 
systM s are independent of the safey-related DC distribution system, and therefore the potential 
for a similar subtle Interaction to occur does not exist at the SNP.  
A. 117.3 System Level Insights 

The important system insights gained from fault tree analysis of the DC power system are as 
follows: 

Control power to the turbine driven AFW pump is supplied by vital DC bus DP-1B-SB, 
which is in turn supplied by vital motor control centers 1B21-SB and IB31-SB, and vital 
battery IB-SB. In the event of a loss of all AC power (station blackout) the only source of 
DC control power to the turbine driven pump would be vital battery IB-SB. In the event of a 
prolonged station blackout, the battery would be depleted and control power to the turbine
driven pump lost. With control power unavailable, the pump governor would fail "fMll 
open," resulting in an overspeed trip of the pump. A discussion on battery depletion is 
included in section A.12.7.2.  

A. 12.7.4 Sensitivity Issues 

Aspects of the DC power model which may be especially sensitive to changes in assumptions, 
equipment failure rate data, or operator intervention are: 

The timing of battery depletion. -Currently it is assumed that the vital batteries will last for 4 
hours with no load shedding. Experience at other plants is that the batteries may not last for 
their rated duration. Conditions related to temperature, water level in the batteries, and load 
drains on the battery may all affect battery performance. The assumptions of battery life 
stated above is one area for sensitivity analysis.  

20 
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4ppmnix A-System ModI I

"To prolong DC power operation the Operators may choose to shed loads from the DCpower 
buses. If loss of DC power is an important contributor, the use of load shedding to prolong 
battery life may be a consideration and could be evaluated as a sensitivity issue.  

21 
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Assessment of Harris Fue? Handlint/ &didiny Overations

A cask drop during the move from the decontamination enclosure to the cask loading pool due to 

a failure of the cask links or improper attachment or a failure of the 150-ton crane during the cask 

lift would result in the potential for cask failure and a loss of boundary control. However, the 

cask is capable of ding such a drop without failure (Reference 4). However, all but four 

bolts are detensioned prior to movement. Analysis indicates that it is possible that the cask seal 

may burp upon impact, there is a slight potential for a small release to the fuel handling building 
(Reference 4). The release would be far less than allowed by 10 CFR 100 does limits, however 
the analysis of the event is included in the analysis since it is a function of the number of fuel 
shipments.  

Passing a spent fuel cask over a fuel pool is prevented by physical stops located on the crane and 
by electrical interlocks on crane movement. Therefore, the current physical limitations preclude 
an accidental movement of a cask over any fuel storage pooL. However, if the interlocks were to 
fail, it is possible that the cask could pass over the fuel pool MD", but this would also require an 
operator error to follow movement procedures. The combination of component and operator 
failure is considered very remote. However, the potential for it to occur in combination with a 
cask drop is retained in the analysis due to the potential of the cask to strike the fuel stored in the 

pool and result in multiple fuel element failure and associated radionuclide release. The release 
I would occur underwater and cooling would most likely be retained. However, the magnitude of 
I the plenum release is sufficient to warrant further consideration.  

Another consideration is the potential for a single fuel element to be stuck in the cask and failing 
when the fuel handling bridge crane attempts a lift Procedural guidance is designed to limit this 
occurrence, but it cannot be ruled out. The release would be from a single fuel element and 
would occur underwater. These two factors would greatly reduce the significance of any release, 
however the event is retained due to the number of lifts having an impact on the frequency of 
release.  

Once lifted, the fuel element is transported down the transfer canal to its storage location by the 
fuel handling bridge crane. During this time, the fuel element could drop due to either a crane 
failure or a failure of the latching mechanism. The drop could fail the fuel element or it could 
occur while over a spent fuel rack and potentially fail additional fuel elements. Analysis 
indicates that the drop of a fuel element would not result in a failure of the fuel pool liner.' 

The dimensions of the fuel storage racks are not the same for BWR and PWR fuel elements. The 
BWR rack dimensions are smaller for each fuel assembly. If the operators attempted to place a 
PWR fuel element into a BWR rack, there is some small potential for fuel element damage if the 
fuel element were to be compressed and fail. The design of the fuel handling bridge crane, 
however, includes an automatic stop on slack cable. Therefore, the postulated event could not 
occur and it is excluded from the analysis.  

Once all fuel elements are offloaded, the cask must be moved back to the railcar for transport.  
This again provides an opportunity for a combination of electrical interlock failure and an 
operator error combined with a crane failure resulting in a drop of the cask into fuel storage pool 
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CHAPTER 2

Protective Action Guides for the Early Phase 
of an Atmospheric Release

2.1 Introduction 

Rapid action may be needed to 
protect members of the public during 
an incident involving a large release of 
radioactive materials to the 
atmosphere. This chapter identifies 
the levels of exposure to radiation at 
which such prompt protective action 
should be initiated. These are set forth 
as Protective Action Guides (PAGs) for 
the general population. Guidance for 
limiting exposure of workers during 
such an incident is also provided. This 
guidance applies to any type of nuclear 
accident or other incident (except 
nuclear war) that can result in 
exposure of the public to an airborne 
release of radioactive materials.  

In the case of an airborne release 
the principal relevant protective 
actions are evacuation or sheltering.  
These may be supplemented by 
additional actions such as washing and 
changing clothing or by using stable 
iodine to partially block uptake of 
radioiodine by the thyroid.  

The former Federal Radiation 
Council (FRC), in a series of 
recommendations issued in the 1960's, 
introduced the concept of PAGs and 
issued guides for avoidance of exposure 
due to ingestion of strontium-89, 
strontium-90,. cesium-137, and

iodine-131. Those guides were 
developed for the case of worldwide 
atmospheric fallout from weapons 
testing, and are appropriate for 
application to intake due to long term 
contamination from such atmospheric 
releases. That is, they were not 
developed for protective actions 
relevant to prompt exposure to an 
airborne release from a fixed facility.  
The guidance in this chapter thus does 
not supersede this previous FRC 
guidance, but provides new guidance 
for different exposure pathways and 
situations.  

2.1.1 Applicability 

These PAGs are expected to be 
used for planning purposes: for 
example, to develop radiological 
emergency response plans and to 
exercise those plans. They provide 
guidance for response decisions and 
should not be regarded as dose limits.  
During a real incident, because of 
characteristics of the incident and local 
conditions that cannot be anticipated, 
professional judgment will be required 
in their application. Situations could 
occur, for example, in which a nuclear 
incident happens when environmental 
conditions or other constraints make 
evacuation impracticable. In these 
situations, sheltering may be the
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protective action of choice, even at 
projected doses above the PAG for 
evacuation. Conversely, in some cases 
evacuation may be useful at projected 
doses below the PAGs. Each case will 
require judgments by those responsible 
for decisions on protective actions at 
the time of an incident.  

The PAGs are intended for general 
use to protect all of the individuals in 
an exposed population. To avoid social 
and family disruption and the 
complexity of implementing different 
PAGs for different groups under 
emergency conditions, the PAGs should 
be applied equally to most members of 
the population. However, there are 
some population groups that are at 
markedly different levels of risk from 
some protective actions - particularly 
evacuation. Evacuation at higher 
values is appropriate for a few groups 
for whom the risk associated with 
evacuation is exceptionally high (e.g., 
the infirm who are not readily mobile), 
and the PAGs provide for this.  

Some incidents may occur under 
circumstances in which protective 
actions cannot be implemented prior to 
a release (e.g., transportation 
incidents). Other incidents may 
involve only slow, small releases over 
an extended period, so that the urgency 
is reduced and protective action may be 
more appropriately treated as 
relocation (see Chapter 4) than as 
evacuation. Careful judgment will be 
needed to decide whether or not to 
apply these PAGs for the early phase 
under such circumstances.

The PAGs do not imply an 
acceptable level of risk for normal 
(nonemergency) conditions. PAGs also 
do not represent the boundary between 
safe and unsafe conditions; rather, they 
are the approximate levels at which the 
associated protective actions are 
justified. Furthermore, under 
emergency conditions, in addition to 
the protective actions specifically 
identified, any other reasonable 
measures available should be taken to 
reduce radiation exposure of the 
general public and of emergency 
workers. These PAGs are not intended 
for use as criteria for the ingestion of 
contaminated food or water, for 
relocation, or for return to an area 
contaminated by radioactivity.  
Separate guidance is provided for these 
situations in Chapters 3 and 4.  

2.1.2 Emergency Planning Zones and 
the PAGs 

For the purpose of identifying the 
size of the planning area needed to 
establish and test radiological 
emergency response plans, emergency 
planning zones (EPZs) are typically 
specified around nuclear facilities.  
There has been some confusion among 
emergency planners between these 
EPZs and the areas potentially affected 
by protective actions. It is not 
appropriate to use the mamum 
distance where a PAG might be 
exceeded as the basis for establishing 
the boundary of the EPZ for a facility.  
For example, the choice of EPZs for 
commercial nuclear power facilities has 
been based, primarily, on consideration 
of the area needed to assure an
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adequate planning basis for local 
response functions and the area in 
which acute health effects could occur.' 
These considerations will also be 
appropriate for use in selecting EPZs 
for most other nuclear facilities.  
However, since it will usually not be 
necessary to have offsite planning if 
PAGs cannot be exceeded offsite, EPZs 
need not be established for such cases.  

2.1.3 Incident Phase 

SThe period addressed by this 
chapter is denoted the "early phase." 
This is somewhat arbitrarily defined as 
the period beginning at the projected 
(or actual) initiation of a release and 
extending to a few days later, when 
deposition of airborne materials has 
ceased and enough information has 
become available to permit reliable 
decisions about the need for longer 
term protection. During the early 
phase of an incident doses may accrue 
both from airborne and from deposited 
radioactive materials. Since the dose 
to persons who are not evacuated will 
continue until relocation can be 
implemented (if it is necessary), it is 
appropriate to include in the early 

'The development of EPZs for nuclear power 
facilities is discussed in the 1978 NRC/EPA 
document "Planning Basis for the Development 
of State and Local Government Radiological 
Emergency Response Plans in Support of Light 
Water Nuclear Power Plantse NUREG-0396.  
EPZs for these facilities have typically been 
chosen to have a radius of approximately 10 
miles for planning evacuation and sheltering 
and a radius of approximately 50 miles for 
planning protection from ingestion of 
contaminated foods.

phase the total dose that will be 
received prior to such relocation. For 
the purpose of planning, it will usually 
be convenient to assume that the early 
phase will last for four days - that is, 
that the duration of the primary 
release is less than four days, and that 
exposure to deposited materials after 
four days can be addressed through 
other protective actions, such as 
relocation, if this is warranted.  
(Because of the unique characteristics 
of some facilities or situations, different 
time periods may be more appropriate 
for planning purposes, with 
corresponding modification of the dose 
conversion factors cited in Chapter 5.) 

2.2 Exposure Pathways 

The PAGs for members of the 
public specified in this chapter refer 
only to doses incurred during the early 
phase. These may include external 
gamma dose and beta dose to the skin 
from direct exposure to airborne 
materials and from deposited 
materials, and the committed dose to 
internal organs from inhalation of 
radioaictive material. Exposure 
pathways that make only a small 
contribution (e.g., less than about 10 
percent) to the dose incurred in the 
early phase need not be considered.  
Inhalation of resuspended particulate 
materials will, for example, generally 
fall into this category.  

Individuals exposed to a plume 
may also be exposed to deposited 
material over longer periods of time via 
ingestion, direct external exposure, and 
inhalation pathways. Because it is
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usually not practicable, at the time of 
an incident, to project these long-term 

doses and because different protective 
actions maybe appropriate, these doses 
are not included in the dose specified 
in the PAGs for the early phase. Such 
doses are addressed by the PAGs for 
the intermediate phase (see Chapters 3 
and 4).  

The first exposure pathway from 
an accidental airborne release of 
radioactive material will often be direct 
exp-sure to an overhead ph- ne of 
radioactive material carried by winds.  
The detailed content of such a plume 
will depend on the source involved and 
conditions of the incident. For 
example, in the case of an incident at a 
nuclear power reactor, it would most 
commonly contain radioactive noble 
gases, but may also contain 
radioiodines and radioactive particulate 
materials. Many of the these materials 
emit gamma radiation which can 
expose people nearby, as the plume 
passes. In the case of some other types 
of incidents, particularly those 
involving releases of alpha emitting 
particulate materials, direct exposure 
to gamma radiation is not likely to be 
the most important pathway.  

A second exposure pathway occurs 
when people are directly immersed in a 
radioactive plume, in which -case 
radioactive material is inhaled (and the 
skin and clothes may also become 
contaminated), e.g., when particulate 
materials or radioiodines are present.  
When this occurs, internal body organs 
as well as the skin may be exposed.  
Although exposure from materials 
deposited on the skin and clothing

could be significant, generally it will be 
less important than that from 

radioactive material taken into the 

body through inhalation. This is 
especially true if early protective 
actions include washing exposed skin 
and changing clothing. Inhaled 
radioactive particulate materials, 
depending on their solubility in body 
fluids, may remain in the lungs or 
move via the bloodstream to other 
organs, prior to elimination from the 
body. Some radionuclides, once in the 
bloodstream, are concentrated in. a 
single body organ, with only small 
amounts going to other organs. For 
example, if radioiodines are inhaled, a 
signiicant fraction moves rapidly 
through the bloodstream to the thyroid 
gland.  

As the passage af a radioactive 
plume containing particulate material 
and/or radioiodine progresses, some of 
these materials will deposit onto the 
ground and other surfaces and create a 
third exposure pathway. People 
present after the plume has passed will 

receive exposure from gamma and beta 
radiation emitted from these deposited 
materials. If large quantities of 
radioiodines or gamma-emitting 
particulate materials are contained in 
"a release, this exposure pathway, over 
"a long period, can be more significant 
than direct exposure to gamma 
radiation from the passing plume.  

2.3 The Protective Action Guides 

The PAGs for response during the 

early phase of an incident are 
summarized in Table 2-1. The PAG for
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evacuation (or, as an alternative in 
certain cases, sheltering) is expressed 
in terms of the projected sum of the 
effective dose equivalent from external 
radiation and the committed effective 
dose equivalent incurred from 
inhalation of radioactive materials from 
exposure and intake during the early 
phase. (Further references to dose to 
members of the public in this Chapter 
refer to this definition, unless 
otherwise specified.) Supplementary 
guides are specified in terms of 
committed dose equivalent to the 
thyroid and dose equivalent to the skin.  
The PAG for the administration of 
stable iodine is specified in terms of the 
committed dose equivalent to the 
thyroid from radioiodine. This more 
complete guidance updates and 
replaces previous values, expressed in 
terms of whole-body dose equivalent 
from external gamma exposure and 
thyroid dose equivalent from inhalation 
of radioactive iodines, that were 
recommended in the 1980 edition of 
this document.  

2.3.1 Evacuation and Sheltering 

The basis for the PAGs is given in 
Appendix C. In summary, this analysis 
indicates that evacuation of the public 
will usually be justified when the 
projected dose to an individual is one 
rem. This conclusion is based prim
arily on EPA's judgment concerning 
acceptable levels of risk of effects on 
public health from radiation exposure 
in an emergency situation. The 
analysis also shows that, at this 
radiation dose, the risk avoided is 
usually much greater than the risk

from evacuation itself. However, EPA 
recognizes the uncertainties associated 
with quantifying risks associated with 
these levels of radiation exposure, as 
well as the variability of risks 
associated with evacuation under 
differing conditions.  

Some judgment will be necessary 
when considering the types of 
protective actions to be implemented 
and at what levels in an emergency 
situation. Although the PAG is 
expressed as a range of 1-5 rem, it is 
emphasized that, under normal 
conditions, evacuation of members of 
the general population should be 
initiated for most incidents at a 
projected dose of 1 rem. (It should be 
recognized that doses to some 
individuals may exceed I rem, even if 
protective actions are initiated within 
this guidance.) It is also possible that 
conditions may exist at specific 
facilities which warrant consideration 
of values other than those recom
mended for general use here.! 

Sheltering may be preferable to 
evacuation as a protective action in 
some situations. Because of the higher 
risk associated with evacuation of some 
special groups in the population (e.g.  
those who are not readily mobile), 
sheltering may be the preferred 
alternative for such groups as a 

3EPA, in accordance with its responsibilities 
under the regulations governing radiological 
emergency planning (47FR10758; March 11, 
1982) and under the Federal Radiological 
Emergency Response Plan, will consult with 
Federal agencies and the States, as requested, 
in such cases.
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Table 2-1 PAGs for the Early Phase of a Nuclear Incident Comments
Protective 
Action

PAG 
(projected dose)

Evacuation 
(or sheltering')

Administration of 

stable iodine

1-5 remb

25 rem!

Evacuation (or, [or some
Evacuation (or, for some 
situations, shelteringe) 

should normally be 

initiated at 1 rem.  

Further guidance is 

provided in Section 2.3.1 

Requires approval of 

State medical officials.

"Sheltering may be the preferred protective action when it will provide protection equal to or 

greater than evacuation, based on consideration of factors such as source term characteristics, and 

temporal or other site-specific conditions (see Section 2.3.1).  

'The sum of the effective dose equivalent resulting firom exposur to external sources and the 

committed effective dose equivalent incurred from all significant inhalation pathways during the 

early phase. Committed dose equivalents to the Myroid and to the sn may be 5 and 50 times 

larger, respectively.  

'Committed dose equivalent to the thyroid from radioiodine.

protective action at projected doses up 

to 5 rem. In addition, under unusually 
hazardous environmental conditions 

use of sheltering at projected doses up 

to 5 rem to the general population (and 
up to 10 rem to special groups) may 

become justified. Sheltering may also 
provide protection equal to or greater 
than evacuation due to the nature of 

the source term and/or in the presence 
of temporal or other site-specific

conditions. mustrative examples of 
situations or groups for which 

evacuation may not be appropriate at 1 

rem include: a) the presence of severe 

weather, b) competing disasters, c) 

institutionalized persons who are not 

readily mobile, and d) local physical 

factors which impede evacuation.  
Examples of situations or groups for 

which evacuation at 1 rem normally 

would be appropriate include: a) an
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incident which occurs at night, b) an 
incident which occurs when children 
are in school, and c) institutionalized 
persons who are readily mobile.  
Evacuation seldom will be justified at 
less than 1 rem. The examples 
described above regarding selection of 
the most appropriate protective action 
are intended to be illustrative and not 
exhaustive. In general, sheltering 
should be preferred to evacuation 
whenever it provides equal or greater 
protection.  

No specific minimum level is 
established for initiation of sheltering.  
Sheltering in place is a low-cost, 
low-risk protective action that can 
provide protection with an efficiency 
ranging from zero to almost 100 
percent, depending on the circum
stances. It can also be particularly 
useful to assure that a population is 
positioned so that, if the need arises, 
communication with the population can 
be carried out expeditiously. For the 
above reasons, planners and decision 
makers should consider implementing 
sheltering at projected doses below 1 
rem; however, implementing protective 
actions for projected doses at very low 
levels would not be reasonable (e.g.  
below 0.1 rem). (This guidance should 
not be construed as establishing an 
additional lower level PAG for 
sheltering.) Sheltering should always 
be implemented in cases when 
evacuation is not carried out at 
projected doses of 1 rem or more.  

Analyses for some hypothesized 
accidents, such as short-term releases 
of transuranic materials, show that 
sheltering in residences and other

buildings can be highly effective at 
reducing dose, may provide adequate 
protection, and may be more effective 
than evacuation when evacuation 
cannot be completed before plume 
arrival (DO-90). However, reliance on 
large dose reduction factors, for 
sheltering should be accompanied by 
cautious examination ofpossible failure 
mechanisms, and, except in very 
unusual circumstances, should never be 
relied upon at projected doses greater 
than 10 rem. Such analyses should be 
based on realistic or "best estimate" 
dose models and include unavoidable 
dose during evacuation. Sheltering and 
evacuation are discussed in more detail 
in Section 5.5.  

2.3.2 Thyroid and Skin Protection 

Since the thyroid is at 
disproportionately high risk for 
induction of nonfatal cancer and 
nodules, compared to other internal 
organs, additional guidance is provided 
to limit the risk of these effects (see 
footnote to Table 2-1). In addition, 
effective dose, the quantity used to 
express the PAG, encompasses only the 
risk of fatal cancer from irradiation of 
organs within the body, and does not 
include dose to skin. Guidance is also 
provided, therefore, to protect against 
the risk of skin cancer (see Table 2-1, 
footnote b).  

The use of stable iodine to protect 
against uptake of inhaled radioiodine 
by the thyroid is recognized as an 
effective alternative to evacuation for 
situations involving radioiodine 
releases when evacuation cannot be
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implemented or exposure occurs during 
evacuation. Stable iodine is most 
effective when administered 
immediately prior to exposure to 
radioiodine. However, significant 
blockage of the thyroid dose can be 
provided by admi nistration within one 
or two hours after uptake of radio
iodine. If the administration of stable 
iodine is included in an emergency 
response plan, its use may be 
considered for exposure situations in 
which the committed dose equivalent to 
the thyroid can be 25 rem or greater 
(see 47 FR 28158; June 29, 1982).  

Washing and changing of clothing 
is recommended primarily to provide 
protection from beta radiation from 
radioiodines and particulate materials 
deposited on the skin or clothing.  
Calculations indicate that dose to skin 
should seldom, if ever, be a controlling 
pathway. However, it is good radiation 
protection practice to recommend these 
actions, even for alpha-emitting 
radioactive materials, as soon as 
practical for persons significantly 
exposed to a contaminating plume (i.e., 
when the projected dose from inhala
tion would have justified evacuation of 
the public under normal conditions).  

2.4 Dose Projection 

The PAGs are expressed in terms 
of projected dose. However, in the 
early phase of an incident (either at a 
nuclear facility or other accident site), 
parameters other than projected dose 
may frequently provide a more 
appropriate basis for decisions to 
implement protective actions. When a

facility is operating outside its design 
basis, or an incident is imminent but 
has not yet occurred, data adequate to 
directly estimate the projected dose 
may not be available. For such cases, 
provision should be made during the 
planning stage for decisions to be made 
based on specific conditions at the 
source of a possible release that are 
relatable to ranges of anticipated 
offsite consequences. Emergency 
response plans for facilities should 
make use of Emergency Action Levels 
(EALs)4, based on in-plant conditions, 
to trigger notification of and 
recommendations to offsite officials to 
implement prompt evacuation or 
sheltering in specified areas in the 
absence of information on actual 
releases or environmental 
measurements. Later, when these data 
become available, dose projections 
based on measurements may be used, 
in addition to plant conditions, as the 
basis for implementing further 
protective actions. (Exceptions may 
occur at sites with large exclusion 
areas where some field and source data 
may be available in sufficient time for 
protective action decisions to be based 
on environmental measurements.) In 
the case of transportation accidents or 
other incidents that are not related to 
a facility, it will often not be 
practicable to establish EALs.  

The calculation of projected doses 
should be based on realistic dose 

4Emergency Action Levels related to plant 
conditions at commercial nuclear power plants 
are discussed in Appendix 1 to NUREG-0654 
(NR-80).
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models, to the extent practicable.  
Doses incurred prior to initiation of a 
protective action should not normally 
be included. Similarly, doses that 
might be received following the early 
phase should not be included for 
decisions on whether or not to evacuate 
or shelter. Such doses, which may 
occur from food and water, long-term 
radiation exposure to deposited 
radioactive materials, or long-term 
inhalation of resuspended materials, 
are chronic exposures for which neither 
emergency evacuation nor sheltering 
are appropriate protective actions.  
Separate PAGs relate the appropriate 
protective action decisions to those 
exposure pathways (Chapter 4). As 
noted earlier, the projection of doses in 
the early phase need include only those 
exposure pathways that contribute a 
significant fraction (e.g., more than 
about 10 percent) of the dose to an 
individual.  

In practical applications, dose 
projection will usually begin at the 
time of the anticipated (or actual) 
initiation of a release. For those 
situations where significant dose has 
already occurred prior to implementing 
protective action, the projected dose for 
comparison to a PAG should not 
include this prior dose.  

2.5 Guidance for Controlling Doses to 
Workers Under Emergency Conditions 

The PAGs for protection of the 
general population and dose limits for 
workers performing emergency services 
are derived under different 
assumptions. PAGs consider the risks

to individuals, themselves, from 
exposure to radiation, and the risks 
and costs associated with a specific 
protective action. On the other hand, 
workers may receive exposure under a 
variety of circumstances in order to 
assure protection of others and of 
valuable property. These exposures 
will be justified if the maximum risks 
permitted to workers are acceptably 
low, and the risks or costs to others 
that are avoided by their actions 
outweigh the risks to which workers 
are subjected.  

Workers who may incur increased 
levels of exposure under emergency 
conditions may include those employed 
in law enforcement, fire fighting, 
radiation protection, civil defense, 
traffic control, health services, 
environmental monitoring, transpor
tation services, and animal care. In 
addition, selected workers at 
institutional, utility, and industrial 
facilities, and at farms and other 
agribusiness may be required to protect 
others, or to protect valuable property 
during an emergency. The above are 
examples - not designations - of 
workers that may be exposed to 
radiation under emergency conditions.  

Guidance on dose limits for 
workers performing emergency services 
is summarized in Table 2-2. These 
limits apply to doses incurred over the 
duration of an emergency. That is, in 
contrast to the PAGs, where only the 
future dose that can be avoided by a 
specific protective action is considered, 
all doses received during an emergency 
are included in the limit. Further, the 
dose to workers performing emergency
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Table 2-2 Guidance on Dose Limits for Workers Performing Emergency Services 

Dose limit' Activity Condition 

(rem) 

5 all 

10 protecting valuable lower dose not practicable 
property 

25 life saving or lower dose not practicable 
protection of large 
populations 

>25 lifesaving or only on a voluntary basis 
protection of large to persons fully aware of 

populations the risks involved (See 
Tables 2-3 and 2-4) 

'Sum of external effective dose equivalent and committed effective dose equivalent to nonpregnant 

adults from exposure and intake during an emergency situation. Workers performing services during 

emergencies should limit dose to the lens of the eye to three times the listed value and doses to any 

other organ (including skin and body extremities) to ten times the listed value. These limits apply to 

all doses from an incident, except those received in unrestricted areas as members of the public during 

the intermediate phase of the incident (see Chapters 3 and 4).

services may be treated as a once-in-a
lifetime exposure, and not added to 
occupational exposure accumulated 
under nonemergency conditions for the 
purpose of ascertaining conformance to 
normal occupational limits, if this is 
necessary. However, any radiation 
exposure of workers that is associated 
with an incident, but accrued during 
nonemergency operations, should be 
limited in accordance with relevant 
occupational limits for normal 
situations. Federal Radiation 
Protection Guidance for occupational 
exposure recommends an upper bound

of five rem per year for adults and one 
tenth this value for minors and the 
unborn (EP-87). We recommend use of 
this same value here for the case of 
exposures during an emergency. To 
assure adequate protection of minors 
and the unborn during emergencies, 
the performance of emergency services 
should be limited to nonpregnant 
adults. As in the case of normal 
occupational exposure, doses received 
under emergency conditions should also 
be maintained as low as reasonably 
achievable (e.g., use of stable iodine, 
where appropriate, as a prophylaxis to

2-10



reduce thyroid dose from inhalation of 
radioiodines and use of rotation of 
workers).  

Doses to all workers during 
emergencies should, to the extent 
practicable, be limited to 5 rem. There 
are some emergency situations, 
however, for which higher exposure 
limits may be justified. Justification of 
any such exposure must include the 
presence of conditions that prevent the 
rotation of workers or other 
commonly-used dose reduction 
methods. Except as noted below, the 
dose resulting from such emergency 
exposure should be limited to 10 rem 
for protecting valuable property, and to 
25 rem for life saving activities and the 
protection of large populations. In the 
context of this guidance, exposure of 
workers that is incurred for the 
protection of large populations may be 
considered justified for situations in 
which the collective dose avoided by 
the emergency operation is signif
icantly larger than that incurred by the 
workers involved.  

Situations may also rarely occur in 
which a dose in excess of 25 rem for 
emergency exposure would be 
unavoidable in order to carry out a 
lifesaving operation or to avoid 
extensive exposure oflarge populations: 
It is not possible to prejudge the risk 
that one should be allowed to take to 
save the lives of others. However, 
persons undertaking any emergency 
operation in which the dose will exceed 
25 rem to the whole body should do so 
only on a voluntary basis and with full 
awareness of the risks involved, 
including the numerical levels of dose

at which acute effects of radiation will 
be incurred and numerical estimates of 
the risk of delayed effects.  

Tables 2-3 and 2-4 provide some 
general information that may be useful 
in advising emergency workers of risks 
of acute and delayed health effects 
associated with large doses of radia
tion. Table 2-3 presents estimated 
risks of early fatalities and moderately 
severe prodromal (forewarning) effects 
that are likely to occur shortly after 
exposure to a wide range of whole body 
radiation doses. Estimated average 
cancer mortality risks for emergency 
workers corresponding to a whole-body 
dose equivalent of 25 rem are given in 
Table 2-4, as a function of age at the 
time of exposure. To estimate average 
cancer mortality for moderately higher 
doses the results in Table 2-4 may be 
increased linearly. These values were 
calculated using a life table analysis 
that assumes the period of risk 
continues for the duration of the 
worker's lifetime. Somewhat smaller 
risks of serious genetic effects (if 
gonadal tissue is exposed) and of 
nonfatal cancer would also be incurred.  
An expanded discussion of health 
effects from radiation dose is provided 
in Appendix B.  

Some workers performing 
emergency services will have little or 
no health physics training, so dose minimization through use of protective 
equipment cannot always be assumed.  
However, the use of respiratory 
protective equipment can reduce dose 
from inhalation, and clothing can 
reduce beta dose. Stable iodine is also 
recommended for blocking thyroid
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Table 2-3 Health Effects Associated with Whole-Body Absorbed Doses Received 

Within a Few Hours" (see Appendix B)

Whole Body 
Absorbed dose 

(rad)

Early 
Fatalitiesb 
(percent)

__________________________________________ *1

140 
200 
300 
400 
460

5 
5 
50 
85 
95

a

Whole Body 
Absorbed dose 

(rad)

50 
100 
150 
200 
250

Prodromal Effects" 
(percent affected)

2 15 
50 
85 
98

"•Risks will be lower for protracted exposure periods.  

'Supportive rnedical treatment may increase the dose at which 

these frequencies occur by approximately 50 percent.  

'Forewarning symptoms of more serious health effects associated 

with large doses of radiation.

Table 2-4 Approximate Cancer Risk to Average Individuals from 25 Rem Effective 

Dose Equivalent Delivered Promptly (see Appendix C)

Appropriate risk 
of premature death 

(deaths per 1,000 
persons exposed)

Average years of 
life lost if premature 

death occurs 
(years)

20 to 30 9.1 24 

30 to 40 7.2 19 

40 to 50 5.3 15 

50 to 60 3.5 11

2-12
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uptake of radioiodine in personnel 
involved in emergency actions where 
atmospheric releases include 
radioiodine. The decision to issue 
stable iodine should include 
consideration of established State 
medical procedures, and planning is 
required to ensure its availability and 
proper use.
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THE ATOMIC bomb detonations of Hiroshima and Nagasald 
in 1945 abruptly awakened the world to the realities of the 
nuclear age. Radiologists, radiation physicists, and some 
physidans were aware of the sickness that frequently accom
panied the use of x-ry therapy, but few knew the constella
tion of devastating events that may occur after whole-body 
exposure to excessive amounts of ionizing radiation. Al
though the mujority of acute deaths in Hiroshima and 
Nagasaki were due to burns and other forms of physical 
trauma, at least a third of the victims probably died of 
radiation sickness, with many more developing varying de
grees of acute systemic illness secondary to radiation expo
sure The Japanese quickly recognized the peculiar effects 
that resulted from atomlcbomb exposure, but not until obser
vatiom were reported in the medical literature by several 
astute American military physicians did the acute radiation 
syndrome become known throughout the scientific world.  

See also p 661.  

The LANmDMAsK AmcL: by Paul D. Keller published in 
JAMA In 1946 and reprinted in this issue of Tim JoumnAL 
probably was the first article published in a major medical 
journal that identified and organized the salient clinical and 
laboratory features of the acute radiation syndrome in proper 
sequence. Keller succinctly summarized the outstanding 
clinical signs and symptoms of the syndrome and enumerated 
the rnajor hematologic changes. His notatins on the locations 
of the Japanese survivors when the bombings occurred in 
relationship to the development of acute effects and survival 
were hI recognition of the importance of early dosimetric 
estimations. Almost half of the survivors were said to have 
been located In wooden structures at a distance of S0 m (1650 
fA) orless from one of the hypocenters. It is known that there 
were few survivors in this proximal region. Most of the 
survivors probably either were adequately shielded or were 
more distally located. At 2000 m (6600 ft) from the hypocen
ters, whole-body absorbed radiation was a maximum ofI or 2 
rad so that acute radiation symptoms beyond that distance 
would not have occurred. This information, even though 
somewhat misleading, only enhances the value of the Keller 
article because it illustrates the difficult problem of establish
ing accurate radiation dose estimates for the survivors of 
radiation accidents or nuclear warfare. Despite these prob
lems, Keller was able to recognize the clinical manifestations 
of mechanical and thermal trauma and separate them from 
the acute radiation effects, which he noted to vary in severity 
with distance from the bomb hypocenters in the two cities.  
Subsequent definitions of the acute radiation syndrome in the 

Foron Me Ridiaan Effects Research Foundabon. Iosm 
ReptW mques o the Ridadon Effects Researcn Fowuafi. 5-2 Ml-yama Par 

Unarri-l. 732 IKslima. Japan (Or Finch.  
9A comentary an P•A O. IKfer A criaa "rldrmme blowing exposute o awthic 

bomo wib obons. JUIA 1946;Ia.so4-506.

medical literature represent embellishments and refinements 
of the syndrome as described by Keller.  

Historical Perspective 
Itis almost always possible in medical history to find partial 

or complete descriptions of disorders that antedate publica
tion of a classic article. Some of the toxic effects of radiation 
exposure were recognized in the late 19th century. In 1912, 
Gauss and Lembeke' described a disorderknown as"R6ntgen
kater? This has been defined as 'Rontgen-hang-over" and 
equated to t hangover from alcohoL In 1918, Wcltres noted 
that after radiation exposure patients may develop 'mad des 
idýMS iftpbrztes1 ,which in English is best defined as 
radiation uckness. The Importance ofthe hematologic depres
sion with radiation therapy was perhaps best appreciated In 
the mid-1930sinaform ofwhole-bodtlradiation therapyknown 
as "bialletir therapy. The limits of this therapy were governed 
by the occurrence of leukopenia and thrombocytopenla.' 
Some patients developed severe agranulocytosis and throm
bocytopenla associated with bleeding and fatal outcome.  

following the cessation of hostilities with Japan, a group of 
American physicians from the Army, Navy, and Manhattan 
Projectjoined with Japanese physicians, nurses, and medical 
students for medical follow-up of the atomic bomb survivors of 
Hiroshima and Nagasaki. This group was known as the Joint 
Commission. Their observations during a two-month perk-d 
in the fall of 1945 iesulted in an important monograph and 
several comprehensive articles in which the acute radiation 
syndrome was described in detail." Hachlyais diary of the 
Immediate aftermath of the bombingof Hiroshima also clearly 
defined many of the components of the acute radiation 
syndrome.' In the late 1940s and early 1950s a series of excel
lent articles by Cronlite, Hempelmann, and others described 
in more detail and greater perspective the characteristics and 
importance of the acute radiation syndrome in relationship to 
radiation dosimetry, prognosis, and treatment." During the 
late 1950s ard early 1960s, a number of lucid descriptions of 
the clinical aspects of several radiation accidents were pub
lished." Some excellent publications have been devoted to 
the management of the clinical problems associated with ra
diation accidents." Several other noteworthy monographs 
have related the clinical features of the acute radiation 
syndrome to its histopathology."• Three Mile Island failed 
to elicit publication of any important articles on the acute 
radiation syndrome, not surprising since no acute radiation 
illness was experienced in association with that accident.  
Chernobyl was a different story. Although Soviet scientists 
have published little concerning the acute medical conse
quences of that disastrous event in the open medical liter
ature, there have been some interesting and informative 
discussions concerning the resultant injuries.Y Chernobyl 
has again alerted the medical profession to the need for a 
complete understanding of the diagnosis and proper treat-
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Inent of persons with the acute radiation syndrome.  

Clinical Features of the Acute PtadlatIon Syndrome 
There are several reasons for stressing the importance of 

understanding the early clinical features of the acute radia
tion syndrome. Most important is that of predicting the 
eventual outcome to pIrovide a guideline to therapy. It is 
advantagous ifreiable esnaons ofthe extent ofradiation 
exposuremn be rapidly established for eact person. Various 
experts i the field, howeve, have'nmpeatedly stressed that 
accurate radiation dose Information is diflicult to determine 
when an accident occurs. Even when it is determined, the 
information my be of limited value. Often It is Impossible to 
establishthe duration of exposure and the amount ofshielding 
after the chaotic events of an accident. The exact type of 
radiation exposure may be undear. Radiation dosimeters 
frequently are Improperly located or fail because of physical 
damage. lmportantf the sensitivity to exposure may vary s0 
that fixation on the establishmentofan exact dose is much less 
Important than are the clinical manifestations of the radiation 
k ury.  

The acste radiation syndrome for those who survive in
volves a aeries of clinical events that vary in severity, dura
don, and tning, depending an the extent of tissue -,jury. Its 
four class clinical stages commence with an early prodromal 
phase ofamsea and vomiting, lasting from a few hours to one 
-or two daps. Next is a latent stage of days to several weeke 
duration, whenthe individual feels quite well. The third stage 
usually begins during the third to fifth week with abrupt 
onset andeontinuation of moderate to severe gastrointestinal 
tract disturbances, bleeding, Infections, and epilation. The 
fourth stae-recovery-may take weeks to months.  

Generft• the larger the exposure dose the more rapid the 
onset and the more severe the clinical manifestations. Radia
tion ard thrmal burns and other forms ofphysical injury may 
complicate the clinical presentation, and the various stages of 
the syndromne my overlap. Clinical manifestations also will 
depend onthe type and distribution ofthe absorbed radiation.  
Neutrons re more damaging than are gamma rays, and the 
systemic efectus of whole-body radiation will be more severe 
than for radiation exposure to separate segments of the body.  
Abdoinal radiation will result n more acute effects than will 
an equivalent amount of irradiation to the chest or the 
extremIties Ingram et alr have emphasized that the usual 
clinical pattern associated with accidental occupational radia
tion Injurie: is oversinplifted and that often there are atypical 
presentations due to partial body exposure. Nevertheless, 
most authorities agree that careful attention to the clinical 
manifestations of the acute radiation syndrome constitutes 
the best gcle to prognosis and therapy.  

M4anifestations of damage to the central nervous system 
(CNSX, gastrointestinal tract, or bone marrow may dominate 
the clinical picture at various times, depending on the amount 
and type adradiation. Although there is little direct evidence 
for humans, there is little doubt that massive amounts of 
radiation roll produce a series of problems that have been 
named the *CNS syndrome."" It is characterized by the 
rapid onset of apathy, lethar=, and prostration, frequently 
followed by seizures ranging from muscle contractions to 
grand ma! convulsions, ataxia, and death. The early occur
rence of severe CNS problems may rapidly yield to intrac
table hypotension, arrhythmias, and shock before death 
occurs. Most experimental evidence suggests that the CNS 
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complications probably are secondary to vascular lesions so 
that the syndrqme is more properly cal.ed the "neurovascular 
syndrome"2"•,ff 

Loss of gastrointestinal epithelium in association with 
agranulocytosis will result in a series of clinical events that 
have been called the astrointetinal syndrome."2 The 
syndrome usually begins at any time from a few days to a few 
weeks after the prodremata with anorexia, nausea, vomiting, 
diarrhea, and fever. Persistent diarrhea often becomes 
bloody, and there may be progression to abdominal disten
tion, loss of peristalsis, dehydration, circulatory collapse, and 
death. The major associated clinical problems are severe 
systemic infection with enteric organisms, electrolyte distur
bances, and bypovolemic shock.  

The hematologic changes that develop following acute 
exposure often are referred to as the "hemopoletic syn
drome! " The earliest change is a fall In the absolute 
peripheral ynphocyte count. This commences in the first few 
hours and continues for several days to levels commensurate 
with the amount of radiation exposure within certain limits 
Reduced lymphocyte levels may persist for several weeks.  
There oftenis a prompt increase In the leukocyte count during 
the first few days, then a leveling off for a few more das, 
following which the granulocyte Count will continue to fall 
with maximum leukopenla developing In two to five weeks.  
Large doses of radiation may result in severe granulocyto
penla within the first seven to ten days, a poor prognostic 
indicaton Recovery may take several weeks to months. The 
platelet count usually begins to fall one to two weeks after 
exposure, with maximumn depression Infour to Ave weeks.  
Massive radiation exposure doses may cause severe throm
bocytopenla to develop much earnie= It may take. several 
months before the platelet counts return to normal Usually 
there is a slow decline In the erythrocyte count associated 
with reticulocytopenia, the extent of which depends on the 
amount of radlation exposure and the severity of the acute 
radiation syndrome " Anemia may develop much more 
rapidly with blood loss from the gastritestinal tract or Into 
tissues.  

It Is convenient to categorize exposed individuals Into 
groups according to the extent of total-body radiation expo
sure.',Those who have received superlethal amounts in the 
range of 50 Gy (5000 rad) or more usually die within 24 to 48 
hours. Death usually is attributed to the neurwvacular 
syndrome. Exposure to lesser amounts of superlethal radia
tion may In a matter of minutes up to a few hours, be 
assocated with a severe prodromal phase of Intractable 
vomiting, diarrhea, feven dehydration, and coma leading to 
death In a few days. Others may recover transiently from the 
early illness onset only to develop the gastrointestinal syn
drome in four or five days'2 death usually supervenes before 
the major peripheral blood consequences of bone marrow 
depression are observed. There are no known effective forms 
of therapy for persons who have sustained such extensive 
amounts of radiation damage. Fluids,, the liberal use of 
analgesics, and other empirical symptomatic therapy con
stitute the most humane modalities of medical management.  

The next category extends broadly from about 6 to 20 Gy 
(500 to 2000 rad). Survival may be possible under the most 
optimal circumstances. Early CNS and cardiovascular com
plications may be as severe as those following massive expo
sures, but a less severe and more protracted course is 
expected. Individuals first experience a prodromal phase 

Acute Radiation Syndrome-Finch 66S •
it



TI,

lasting one or two days with variable amounts of anorexia, 
nausea, vomiting, sweating, fatigue, and prostration. This is 
followed by a latent period of a week or two of relative well
being. The acute illness phase then supervenes as the result of 
intestinal mucosal damage and severe bone marrow depres
sion. Agranulocytosis invariably results in the development of 
buccal and pharyngeal ulcerations, bacteremia. and many 
other types of infection. Thrombocytopenia will be associated 
with bleeding into the a"n, dmcous membranes, and 
gastrointestinal tract. Some or all manifestations of the gas
trointestinal syndrome may.develop. Scalp epilation occurs 
relatively late. Damage to bone marrow stem cells is so severe 
that marrow recovery may not occur for weeks or months.  
Survival depends on the use of maximum supportive therapy 
including the administration of fluids, electrolytes, antibiot
ics, and platelet and red blood cell transfusions. Transplanta
tion with matched allogeneic bone marrow probably is indi
cited in this exposure range because of the expectation of 
either irreversible or prolonged bone marrow stem cell 
damage.  

Exposure in the 2- to 5-Gy (200- to500-rad) range is lethal if 
untreated, but many will survive if they receive optimal 
therapy. The manifestations of exposure may be similar to 
those noted previously, but they will be more delayed and less 
severe. The bone marrow depression phase usually lasts three 
or four weeks. If recovery occurs, it will begin about the sixth 
week. In the next several weeks, the hematologic picture 
improves and good health eventually is restored. This cate
gory of individuals also will require maximum supportive 
therapy for the treatment of bacterial infections, bleeding, 
electrolyte disturbances, and fluid loss. Bone marrow trans
plantation is not recommended for several reasons. Donor 
marrow would not engraft without further immunosuppres
slon, which would greatly complicate the clinical course.  
Furthermore, most patients will survive without bone mar
row transplantation If medical management is optimal.  

Survival with little or no therapy is almost invariable for 
persons exposed in the range ofl to 2 Gy(100 to 200rad) or less.  
It has been stated that about 15% of those exposed to radiation 
will develop signs or symptoms at 1 Gy (100 rad). Usually 
there is little or no vomiting or diarrhea, but mild late signs 
and symptoms, similar to those seen in the more seriously ill 
patients, may develop. Serial blood cell counts will show the 
same changes that develop with greater exposure, but in a 
much milder form and at a slightly slower rate of occurrence.  

Biological Dosimetry 
It is imperative that the effective biologic radiation dose be 

established for each exposed person at the earliest possible 
time for triage and subsequent therapy. If for example, bone 
marrow transplantation is needed, it is important to complete 
tissue typing and cross matching before severe peripheral 
lymphocytopenia develops. The clinical symptoms on the first 
day of severe nausea, vomiting, and diarrhea will identify the 
seriously ill, but lesser symptoms may be misleading in a 
setting of chaos and emotional stress. The accelerated appear
ance of the gastrointestinal and hematologic syndromes indi
cate high-dose exposure, but earlier estimates of tissue 
damage should be established before those problems develop 
if lives are to be saved. The severity and rapidity of develop
ment of lymphopenia is dose related up to 2 to 3 Gy (200 to 300 
rad), but for larger exposure doses it is not helpful because 
fe% lymphocytes are present in the peripheral blood.'*•u"* 
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The early leukocytosis is inconsistent and is not dose related.  
but thpsubsequent rate of granulocyte decline and severity of 
agranul8cytosis and thrombocytopenia are probably the most 
reliable early biologic Indexes of the extent of radiation 
damage.'- Reticulocytopenia, however, also has been re
ported to be a reliable indicator of the severity of marrow 
damage." A person with no peripheral blood granulocytes, 
platelets, or reticulocytes at 15 days would have a bad 
prognosis." Anemia is not a good index of marrow damage 
due to the long lifespan of the erythrocyte and the high 
frequency of bleeding. Bone marrow aspirations have limited 
quantitative relationships to exposure, but if performed in 
various sites may indicate the extent of marrow damage or 
evidence of early recovery. The type and extent of radiation
induced chromosome aberrations In the peripheral blood 
lymphocytes provide another early index of the amount and 
distuibution of radiation received," although the reliability 
of dose estimates from these findings has been questioned. 3 

Radiation exposure is rapidly followed by amylasemia and the 
appearance of certain tissue breakdown products in the 
urine," but the usefulness of these findings in terms of 
biologic dosimetry is uncertain. Electron spin resonance 
spectroscopy' and measurements of neutron-induced total
body "bla" are valuable techniques for dose assessment, 
but they have limited application. Measurements of radiation
induced somatic mutations at the hypoxanthine guanine 
phosphoribosyl transferase and glycophorin A loci show great 
promise as biologic dosimeters for the estimation of radiation 
dose.8s" 

Chemobyl 
The 31 deaths resulting from the Chernobyl nuclear reactor 

accident"- approximately equaled the total number of acci
dental radiation deaths occurring In the world during the 
previous 42 years. About half of the Chernobyl victims had 
moderate to severe thermal or radiation burns of the skin; 203 
persons were said to have had some level of radiation sickness 
that eventually required hospitalization. Most of the fatalities 
occurred among the 129 patients hospitalized on the basis of 
initial signs and syaptoms within the first two days. Ali 
patients were clasifld according to four degrees of illness 
severity during the first three days.  

The 29 persons in the highest illness category were esti
mated to have received 6 Gy (600 rad) or more of radiation 
exposure. Within the first half hour headaches, fever, and 
vomiting developed followed by rapid progression of ievere 
lymphopenia within the first six days. Shortly thereafter, the 
patients developed severe gastroenteritis and all otf\the 
clinical consequences of profound granulocytopenia and 
thrombocytopenia; 13 persons in this group received 
allogeneic bone marrow transplants and eight fetal liver cell 
transplants. Identification of patients for transplantation was 
made during the first 36 hours, but final decision was not 
made until several days later when the chromosome data 
corroborated large-dose exposure. Two persons survived 
bone marrow transplantation, and both eventually rejected 
the graft. There were no survivors among the eight persons 
who received fetal liver cells.  

At Chernobyl there were 23 persons with six deaths in the 
third level of illness who were estimated to have received 
about 2 to 6 Gy (200 to 600 rad) of radiation. All in this group 
and the groups with less exposure had progressively longer 
latent periods and less severe clinical manifestations. There 
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'Were 53 persons in the group at the second level of severty 
estimated to have received from 2 to 4 Gy (200 to 400 rad)l 
Those in the lowest exposure level-(il. to 2.1 GyJ80 to 210 
radi) developed only mild initial symptoms several hours after 
exposure. slight lymhopenla during the firt few days and 
only modest thrombocytopenia and granulocytopenia at 
about fewr weeks.  

Physical trauma played a large role in complicating dassi
fication and clinical sequelae at Chernobyl, but the overall 
experience was important for several re~ons. Radiation 
monitoring information from dosimeters was found to be of 
little value. Soviet scientists believed the best early biologic 
indicatocs of dose were the length of the &symptomatic latent 
period sad severity of early symptoms, the rate of decline in 
lymphocyte count, and the number and distribution of di
centric chromosomes In peripheral lymphocytes. Changes in 
peripheral granulocytes. platelets, and reticutocytes corre
sponded closely to the magnitude of chromnosomal aberra
tions, but overall, the chromosomal Information was believed 
to be the better index of total-body exposure. External body 
radioactive cozttamination hampered whole-body countng, 
but lKmie Infirmation on Internal contaixanation vas ob
tained by blood and urine monitoring for radioactivity. in
creased concentrations of serum and urine amylase aL36to48 
hours were proportionate to the extent of exposure. At one to 
two weeks there wern many serum biochemical changes that 
reftected varying degrees of azotemia and hepatic dysfunc
tion. Reduiction In the vitamin K-dependent dlotting factors 
contributed to bleeding. Many of the disturbances lasted up 
to a month or longer.  

Ther is no specific therapy for acute radiation illness so 
that patient treatment Is largel supportive.9t At Chernobyl 
there was success wit the use of triple broad-spectrum 
antibiotic therapy for fever and bacteremia associated with 
agranulocytosis. Antiviral and antifuingal agents were suc
cessfully employed whent Indicated. Platelet transfulsions 
we'e effective for thrombocytopenila, and packed red blood 
cells wer given for anemia. which tended to be more sever 
than antkicpated. Most controversial was the use of bone 
marrow tansplantation. Finding suitable donors, determnin
ing hsooptbity when the recipient had few circulating 
lymphocytes, the best time for transplantation,*and identifi
big of suitable recipients were a few of the many problems 
encountered. Graft-vs-host disease and making the patients 
even more ill also were major conc*erns. The overall marrow 

trasplntaionresults suggest that It will be of benefit to few 
exposed persons in similar types of future radiation accidents.  
The accident also illustrates the extreme diffculties in the 
treatment of about 200 radiation-exposed persons of whom 
about 25% are critically ill with burns and the acute radiation 

The observations by Keller in 1946 remain Important in 
terms of dose assessment and patient management. The 
lessons of Chernobyl, however, emphasize our continued poor.  
understanding of the pathogenesis, prognosis, and manage
ment of the acute radiation syndrome. There is urgent need 
for renewed research and planning In the field of radiation 
accidents if we are to continue to accept the nuclear option as 
an alternate source of energy.  
Italerencea 
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EXECUTIVE SUMMARY 

The ongoing risk management program at Seabrook Station began in 1982 
with the initiation of a full-scope, Level 3 PRA called the SSPSA 
(Reference ES-1). The SSPSA, which was completed in December 1983, 
concluded that the risk to public health and safety around Seabrook 
Station was very low and that the plant met the NRC safety goals for 
individual and societal risk by wide margins. In an update to the SSPSA, 
reported in PLG-0432 (Reference ES-2) and PLG-0465 (Reference ES-3), it 
was concluded that a 1-mile evacuation zone at Seabrook Station would 
result in lower risk levels than was thought could be achieved for all 
U.S. plants with a 10-mile evacuation zone based on the results of 
NUREG-0396 (Reference ES-4). Brookhaven National Laboratory conducted a 
review of these studies for the NRC (Reference ES-5).  

In their review, BNL correctly determined that these favorable 
conclusions from the Seabrook Station PSA studies follow from the results 
showing that the Seabrook Station containment is exceptionally strong and 
that the frequency of accidents with large, early releases is extremely 
low. Based on this insight, NRC and BNL focused their reviews on aspects 
of the PSA studies that influenced the estimation of the frequency of 
large, early releases. Although BNL agreed that the Seabrook Station 
containment has an exceptionally high pressure capacity and that 
containment bypass events had been adequately considered, they and the 
NRC staff raised two issues that had not been explicitly addressed and 
that could conceivably influence the SSPSA results for early release 
frequency. These issues, which had been subsequently addressed in 
NUREG-1150 (Reference ES-6), are direct containment heating and induced 
steam generator tube rupture.  

The DCH issue stems from a concern that early containment pressure loads 
during high pressure core melt scenarios might be higher than previously 
calculated. This is due to the postulated event of rapid heat transfer 
to the containment resulting from the high pressure ejection of finely 
dispersed core debris into and out of the reactor cavity. This pressure 
load could combine with other pressure loads, such as those due to RCS 
depressurization and hydrogen burns, to elevate the peak pressure at the 
time of reactor vessel melt-through in contrast with the levels 
previously calculated by safety assessment experts.  

The ISGTR issue stems from a concern that, during high pressure core melt 
scenarios with no secondary side cooling of the steam generators, the 
steam generator tubes might fail due to thermal creep rupture prior to 
the time of reactor vessel melt-through. This would create a potential 
bypass condition.  

In support of the NRC and BNL review effort, New Hampshire Yankee 
provided analytic and experimental evidence to support its technical 
position that the risk of early containment failure or bypass due to DCH 
and ISGTR are insignificant for Seabrook Station. Although there were no 
errors or specific problems identified with this evidence, NRC and BNL 
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concluded that more work was needed to provided a convincing case that 
DCH and ISGTR are insignificant risk contributors at Seabrook Station.  

In this study, the risk significance of ISGTR and DCH are examined in 
greater detail to help resolve the residual uncertainties that remain 
from the BNL review. Although NHY is no longer pursuing a reduced EPZ, 
they agreed to perform this study to better understand the safety 
significance of these issues for Seabrook Station and to assist them in 
their continuing efforts in evaluating emergency planning options. The 
basis for a probabilistic evaluation of DCH and ISGTR at Seabrook Station 
is set forth in Sections 1 through 7 of this report. The probabilistic 
evaluation itself is presented in Section 8 and the conclusions in 
Section 9. The major elements of this study include: 

A sequence-by-sequence examination of SSPSA scenarios to determine 
their applicability to the DCH and ISGTR issues.  

A systematic evaluation of the current procedures for their ability 
to minimize the likelihood of a high pressure core melt and to ensure 
that steam generator cooling is maintained, thereby reducing the risk 
of OCH and ISGTR.  

* The development of new procedures and plant modifications to reduce 
the risk of DCH and ISGTR. These include the expanded use of the 
pressurizer PORVs to depressurize the RCS and the use of fire water 
pumps to feed the steam generators.  

e The evaluation of PORY operability dusring degraded core conditions.  

* The evaluation of potential negative effects of new procedures to 
reduce the risk of DCH and ISGTR.  

# An event tree analysis of a class of accident sequences known as 
TMLB' to evaluate the potential for DCH and ISGTR and the merits of 
actions to mitigate them at Seabrook Station. This analysis includes 
a probabilistic quantification of uncertainties associated with DCH 
and ISGTR phenomena.  

* Detailed thermal hydraulic analysis of the RCS and containment during 
high pressure core melt scenarios, using MAAP 3.0B model of Seabrook 
Station. This analysis includes benchmarking the MAAP code to other 
analytic and experimental data and a range of sensitivity cases to 
support the event tree quantification of uncertainty.  

e A reexamination of the risk significance of OCH and ISGTR at SeaIrook 
Station.  

The following conclusions were reached in this study: 

• Given a high pressure core melt sequence, no operator actions to 
restore cooling of the steam generators, and no actions to 
depressurize the RCS, the conditional mean frequency of the possible 
end states are as follows.  

ES-2 
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In this analysis, the low pressure core melt 
end state results from the case in which the 
before vessel melt-through. The conditional 
DCH and ISGTR for this case are both zero.

with intact containment 
RCS hot leg piping fails 
median frequencies of

A conservative assessment of the mean frequency of early contp nment 
failure or bypass due to ISGTR at Seabrook Station is 6 x 10"lu per 
year. The median corresponding to this mean is 0. Even without any 
credit for RCS depressurization according to existing or new 
procedures, the-mean frequency of ISGTR is very low, a value of 
3 x 1O- per year.  

A conservative assessment of the mean frequency of Sontainment 
failure due to OCH at Seabrook Station is 8.8 x 10-0 per year. The 
median corresponding to this mean is 0. Even without any credit for 
RCS depressurization, the mean frequency of DCH is very low, a value 
of 2.8 x 10"'. These results for OCH are based, in part, on the 
BNL assessment of the pressure capacity of the Seabrook containment 
and DCH pressure loads from current NRC contractor estimates in 
support of NUREG-1150.  

e This detailed examination of the DCH and ISGTR issues at Seabrook 
Station upholds the principal conclusions of PLG-0465 and PLG-0432 
regarding the risk reduction benefit of evacuation and comparisons 
with risk acceptance criteria.  

ES-3 
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Conditional Mean 
End State Frequency, Given a 

High Pressure Core Melt 

Success (no melt) 0 

Low Pressure Core Melt with .5 
Intact Containment 

High Pressure Core Melt with .5 
Intact Containment 

Containment Bypass due to 1 x 10-3 
ISGTR 

Containment Failure due to 5 x 10-4 
DCH 

Total 1.000
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ABSTRACT 

The investigation of the failure in 
systems where failure is a rare event 
makes the continual comparisons between 
the developed probabilities and empirical 
"evidence difficult. However as Feynman 
has stated, uThe principal of science, 
the definition, almost, is the following: 
Ths t-Put' gir A I knowtmef@gm i4 ei tr4mPrnt.
Experiment is the agl& judgm of scientific 
"truth' . ('Feynman, Lectures in 
Physics", Chapter 1, p 1-1). Therefore 
the comparison of the predictions of 
rare event risk assessments with 
historical reality is essential to.  
prevent PSA predictions from drifting 
into fantasy. One approach to performing 
such comparisons is to search out and 
assign probabilities to natural events 

* which,. while extremely rare, have a 
basis in'the history of natural phenomena 

:or'human activities. For example the 
aSegovLan aqueduct and some of the Roman 
fortresses in Spain have existed for
several millennia and in many cases show 
no physical signs of earthquake damage.  
This evidence could be used to bound the 
probability of earthquakes above a 
certain magnitude to less than 103 per 
year. Extending the limits of evidence 
to recorded history might perhaps reduce 
this estimate to 10- however further 
reduction is doubtful on a historical 
-basis., On the other hand, there is 
evidenice that some repetitive actions 
can be performed with extremely low 
historical probabilities when operators 
are properly trained and motivated, and 
sufficient warning indicators are 
provided. Failure to extend the landing 
gear or flaps upon the landing of a 
coi=ercial aircraft is one example 
where the historically documented failure

frequency can be estimated well below 
10' p•r landing and perhaps even as low 
as 10-?. The point is not that low 
probabilityestimates are impossible,but 
continual reassessment of the analysis 
assumptions, and a* bounding of the 

* analysis predictions by histo6ical 
reality.  

This paper will -review the 
probabilistic predictions of PSA in 
this light, will attempt to develop, in 
a general way,'the limits which can be 
historically established and the 
consequent bounds that these limits 
place upon the predictions and will 
illustrate the methodology used in 
computing such limits. Further, the 
paper will discuss the use of Wnpirical 
evidence and the requirement for 
disciplined systematic approaches within 
the bounds of reality and the associated 
impact on PSA probabilistic estimates.  

1.0 INTRODUCTION 

1. 1 THE NEED FOR QUANTITATIVE ASSESSMENT 

Probabilistic safety assessment 
. (PSA) is a challenging and difficult 
field. One difficulty is. that the, 
.problems, such as estimating the core 
damage probability of a nuclear resctor, 
require addressing complex and difficult 
issues involving a great deal of modeling 
and analysis. In addition, relevant 
data which are needed in the analysis 
has only been collected in the last 2 or 
3 decades. However, quantitative 
assessment .is needed to make real 
progress in assuring the safety of 
nuclear reactors. Even a somewhat 
flawed, or oversimplified, analysis 
plays a role since other engineers and 
analysts can study the problems, look
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for improvement, and eventually develop 
a superior analysis. One of the historic 
quotes which supports this approach is 
that by William Thompson (Lord Kelvin).  
in the early 1890's: 

"When you can measure what you 
are speaking about, and express 
it in numbers, you know something 
about it; but when you cannot 
measure it, when you cannot 
express it in numbers, your 
knowledge is of a meager and 
unsatisfactory kind: it may be 
the beginning of knowledge, but 
you have scarcely, in your 
thoughts, advanced to the stage 
of science." 

This paper will discuss how the 
results of quantitative analysis can be 
compared with that of experience (data) 
for a variety of situations.  

1.2 THE ROLE OF QUANTITATIVE ASSiSSMENT 

.-.. A-quantitative assessment. of the 
reliability or availability of a plant 
has many uses:

(1) To 
requirements.

satisfy licensing

(2) To identify low reliability 
aspects of the design and suggest means 
of improvement through-the design.  

(3) To inform the public and the 
technical community of the risks and 

'help them evaluate risk-benefit trade
offs. • 

(4) To contribute to the data base 
of modeling knowledge andpprobability 
data for nuclear reactors.  

As a result of the Three Mile Island and 
Chernobyl accidents, all nations are 
concerned about the safety of nuclear 
power plants. In the U.S. the aftermath 
of the Three Mile Island accident caused.  
the NRC to consider setting quantitative 
safety goals in terms of the probability 
of core damage -per year for each U.S.  
plant, and to require these individual 
plants to demonstrate the achievement 
of these goals through a PSA. Currently, 
goals of 10-4 have been proposed for 
existing plants and 10- has been suggested 
for new "inherently safe" designs. The 
question is, what is the level of 
credibility of assessments of 
probabilities as low as these within the 
broader context of empirical reality?

This is the issue which is attempted to 
be addressed here. The approach taken 
was to bring together as many bodies of 
relevant experience as could be gathered 
in the time available. These sources 
included: 

(1) PSAs for various American and 
European plants.  

(2) Accident and incident 
historical data for nuclear power plants 
(plant experience).  

(3) Data for relevant events which 
can help bound the PSA estimates from 
above and below.  

In essence, the advice of de Finetti 
[1979, p.183-1841 was applied: 

"The following reco mendations 
are obvious, but not superfluous: 

"" to think about every aspect of 
the problem; 

* to try to imagine how things 
might go, or,. if it isa question 
of the past, how they might have 
gone (one must not be content 
with a single possibility, however 
plausible and well thought out, 
since this would involve us in a 
prediction: instead, one should 
encompass all conceivable 
Sossibilities and also take 
nto account that some might have 

escaped attention); 

* to identify those elements 
which, compared with others, 
might clarify or obscure certain 
issues; 

- to enlarge one's view by 
comparing a given situation with 
others, of a more or less similar 
nature, already encountered; 

* to attempt to discover the 
possible reasons lying behind 
* those evaluations of other people 
with which, to a- greater or 
lesser extent, we are familiar, 
and then to decide whether or not 
to take them into account. And so 
on." 

Therefore, the objective of this 
work is not to pass judgement on 
individual estimates of core damage 
frequency, but rather to begin to 
establish the *possibility" space in 
which all core damage frequency estimates 
must be contained.
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1.3 RARE EVENTS CAN BE NUMERICALLY 
BOUNDED 

The desire for safe nuclear power 
has resulted in a call for decreasing 
risk achievement in newer designs and 
risk reduction in existing designs.  
Core damage risk achievement goals of 104 or 10-5 per year have recently been 
cited by the NRC and industry (Inside 
NRC, August 1990). The approach which 
industry has taken toward achieving 
such high reliability is to devise 
simpler and safer designs. As a second 
step these designs, or design upgrades, 
should be subjected to a detailed PSA to 
determine the likelihood of achieving 
the goal. In the case of new designs the 
safety record will take years to observe.  
Unfortunately, it will take perhaps a 
decade for such plants to be built, and 
at least an additional decade before we 
have any significant operational 
experience. It -seems appropriate
therefore to inject an additional.  
evaluation phase at the outset to 
compare and bound the proposed risk 
values by the values predicted for other 
designs, the values demonstrated by 
other operational experience, and various 
other events which can serve as upper 
and lower bounds. The philosophy behind 
such bounds is that human designers, 
builders, and operators of plants are 
subject to a host of errors and mistakes 
which compromise the safety of a plant.  
It is not reasonable to assume then that 
any new design will eliminate all of 
these errors. Further, although many of 
these will hopefully be eliminated by 
the experience of the past, it is 
unlikely that this will result in orders 
of magnitude of improvement.  

This paper proposes a viewpoint 
a way of thinking about nuclear designs 
and their associated risks. The paper 
is not meant as a definitive study, but 
an approach to evaluating the feasibility 
of achieving risk goals and understanding 
the reasonableness of risk values 
developed via PSAs of these newly 
proposed designs.  

As an analogy, consider for a 
moment that some manufacturer begins to 
produce a new auto design. If it is 
desired to evaluate the reliability of 
their product at the outset, data could 
be collected on the five most reliable 
autos in the world and the five worst.  
An average of the lower five and an 
average of the upper five would provide 
a range estimate of the potential 
reliability achievement of the proposed 
design. If new design features are

offered to improve reliability 
achievement the expected actual 
achievement may be better than that 
previously achieved, but not so much so 
as to challenge human fallibility in 
design, the underlying basic physical 
laws, and historical evidence. Because 
of this it may be possible to establish 
some limits on the credibility of PSA 
estimates based upon the limits of human 
capabilities and the limits of historical 
evidence.  

2.0 BOUNDS ON NATURAL PHENOMENA AND 
HISTORICAL EVENTS 

In this section the frequency of 
occurrence of some natural phenomena 
are considered. These will be used 
later as bounding probabilities.  
Considering natural phenomena 
frequencies as bounds is not new for 
PSA, but here the extremes of what 
natural phenomena can provide to support 
the credibilities of rare event 
probabilities are considered. An 
occurrence rate is estimated simply 

"from data as a ratio of events divided 
by time. Various estimates will be made 
using this simplistic approach based 
upon certain rare events and various 
epochs of time.  

2.1 TIME EPOCHS 

The longest interval of time which 
can logically be considered is the age 
of the universe. Modern scientific 
theories estimate the age of the universe 
as 1010 years. [See Hawking 1988, p.108] 
This time epoch is referred to as 
universe history. These estimates are, 
of course, uncertain and are changing as 
new cosmological theories emerge.  

One can also relate events to the 
age of the earth's surface. Again these 
estimates are based on a number of 
methods developed in the fields of 
Physics and Biology. A good summary 
appears in Table 1, which is excerpted 
from Cailleux, 1976.
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The bulk of.the data predicts the age of 
the earth as 2- 5 x 10' years. Thus, 
from the beginning of the universe to 
the creation of the earth's surface we 
have from 5 - 18 billion years. In fact, 

Hawking [1988, p. 12 43 delineates three 
eras from the beginning of the universe 
(Big Bang) to the formulation of the 
earth: 

(1) Early stars converted hydrogen 
and helium to carbon and oxygen went 
supernova and the debris formed the 
solar system - 5 x 10' years.  

(2) Earth is too hot for the 
development of complicated life - 2 x 10'.  
years.  

(3) Evolution of biological, life 
an earth - 3 x 10' years.  

The sum of the time durations of these 
three eras is 10 billion years, which 
agrees with our previous range of 5 - 18 
billion years. From the above discussion, 
we can define the terms geological 
history and biological history can be 
defined. Table 2 indicates the 
"historical periodsw developed above.
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Recorded history can also be defined 
in terms of the first known written 
documents, Sumerian and Babylonian 
writ-ings are extant which have been 
dated back as far as 4,000 B.C., or about 
6,000 years ago, and are the current 
limits of written history. [Grun, 19823 .1 

(Of course oral history contained in 
songs and stories such. as legends, 
sagas, etc. probably occurred even 
earlier).  

2.2 EVENT RECORDS 

In the previous section various 
times of relevance to our bounds have 
been discussed, i.e. the denominator 
term for an occurrence frequency estimate.  
In this section the numerator term, the 
occurrence frequency of certain rare 
events is discussed. For example, if 
one Big Bang universe creation occurred 
1010 years ago, the history of this 
universe can be spoken of as being about 
101" years old, or that the "occurrence 
rate, for a universe is once per 10"-1 
years. Similarly, the occurrence rates 
for the first four items in Table 2 are 
given by the reciprocal of the stated 
times. In the case of other events, 
scientific or recorded evidence must be 
relied upon. For example, geologists 
can predict the number of ice ages, 
volcanic eruptions, etc. from physical 
measurements and observations of the 
the earth' s surface. Also, such events 
as tidal waves, volcanic eruptions, and 
large earthquakes have been recorded in 
some way in written history. Computations 
of the frequency of various natural 
disasters appear in Starr [19703. While 
there is considerable uncertainty 
associated with the events of low 
frequency it is also true that factors 
of 10 to 100 changes in the occurrence 

'Note: The Hebrew year is 5750 which some 

theologians feel begins with creation; however, 

many would consider the year zero the beginning 

of civilization.



rate do not affect the problem 
significantly so that insight can be 
drawn even with large error factors.  

2.3 DEALING WITH ZERO OCCURRENCES 

In some instances, a time interval 
can be identified but the evidence 
indicates that there have been zero 
occurrences of some particular event.  
If the event has not occurred it is true 
that no lower bound for its frequency of 
occurrence can be stated. However, an 
upper bound can be obtained by assuming 
that zero occurrence can be bounded from 
above by one occurrence.  

An exact solution for this situation 
under the constant occurrence rate 
assumption is available. In 1953 
Epstein showed that if one is attezpting 
to estimate a constant failure rate from 
the ratio of events/time, then this 
point estimate has a X2 distribution.  
Thus a confidence interval along with 
the X2 distribution can be used to 
compute a well defined probability 
associated with zero occurrences. Welker 
and Lipow (19743 conclude that a good 
representative value for the failure 
rate is obtained by assuming 1/3 of a 
failure.  

Actually, the ry distribution applies 
to all estimates of occurrence frequencies 
for constant occurrence rate models.  
Thus, not only a point estimate of the 
occurrence can be derived, but also an 
interval estimate if this is desired. As 
has been mentioned, many of the estimates 
which. will be made here are order of 
magnitude calculations, so point 
estimates alone should be sufficient.  

2.4 ASTRONOMICAL PHENOMENA 

Another significant historical limit 
can be obtained from stellar history 
such as life of the sun or other stars 
in our galaxy from general stellar 
history and astrophysical models. Two 
of the possible modes of failure are the 
star becoming a Red Giant and stellar 
explosion. The sun produces its energy 
by slowly transforming hydrogen into 
helium. Estimating the mass of the sun 
as 2 x 1027 tons, which is presently 
about half hydrogen, and the hydrogen 
consumption rate as 660 million tons/ 
sec. 'the star becomes a Red Giant life 
limit" of the sun can be computed as 
[1027/660xl10jsec x [1/3600 x 24 x 365] 
years/sec - 5 x 1011 [Gamow, 1959, 
pp.300-301]. The associated occurrence 
rate, the reciprocal, is 2 x 10-11. While 
this does not imply that the probability 
is 10-11 of a star of class G like the

sun with a known mass and burn rate 
developing into a Red Giant in the next 
year, the considerable uncertainty in 
the physical process and models and the 
potential for instabilities make it 
difficult to substantiate statements of 
a probability of less than 10""/year of 
this not occurring.  

As a star is uburning out" it can 
also undergo a cataclysmic conversion, 
it can become a nova or a supernova 
exploding star. Unpredictably, in a .few 
days the star's surface becomes very 
hot, and the surface rapidly expands 
producing a luminous gas cloud. The 
star returns to its original luminosity 
within about 1 year; however, the 
luminous gas cloud continues to expand.  
A supernova is similar to a nova, but 
thousands of times more luminous. Gamow 
(1959, pp.293, 302-3041 estimates the 
occurrence of nova in our stellar system 
at about 40. per year. Supernovas are 
more rare and three appear to have been 
recorded in history: the star of Bethlehem 
(0 a.d.), the Chinese astronomer's star 
(1054 a.d.), and the"daylight star" 
observed by Tycho Brahe (15721. Thus, 

:we can predict the occurrence rate as 
3/2,000 - 1.5 x 10"3 per year, or if we 
believe that a supernova is so spectacular 
that even the ancients would have 
recorded it in some way, we can use the 
span of recorded history in the 
denominator i.e., 3/6,000 - 5.0 x 101 
per year.  

Of course, the above calculations 
*are the occurrence rate of any nova/ 
Isupernova which can be observed. Thus, 

a calculation of how may stars are 
observable from the earth must be made.  
Since the observation period is 6,000 
years - actually 6,000 light years 
what must be calculated is how many 
stars within our galaxy are 6,000 light 
years distant. Our galaxy (the Milky 
way) is assumed to contain 4 x 1010 stars 
and is a disk 100,000 light years in 
diameter and 10,000 light years thick.  
The "observable space- is above 6,000 
light years in radius. Roughly, the 
volume of our galaxy is that of a disk 
and equals E x (50,000)' x 10,000 light 
years3, and our observable disk (modeling 
the observable sphere by a disk) is E x 
(6,000)' x 10,000. The ratio of the two 

volumes is 6"/502 - 1.44 x 10-' and 
assuming a homogeneous dispersion of 
stars throughout the galaxy produces an 
"observable disk" with 1.44 x 10-2 x 4 x 
1010 - 5.8 x 1 0S stars. Thus, the 
probability of some arbitrarily chosen 
star going nova is 40/5.8 x 10( - 6.9 
x 10-6 occurrences per year. A similar
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calculation yields 1.5 x 10"'/5.8 x.10" 
- 2.6 x 10"'2 occurrences per year for a 
star going super nova.  

If a particular star is specified 
and its evolutionary phase is known 
then, of course, a different probabilistic 
model holds based upon the physics.  
Again for the sun the probability of 
becoming nova is theoretically much 
smaller (and supernova perhaps 
impossible), but uncertainties in the 
theory are such that statements of 
occurrence frequencies below those 
mentioned are probably untenable.  

3.0 NUCLEAR POWER PLANT RISKS 

3.1 WORLDWIDE NUCLEAR PLANT EXPERIENCE 

If the specific history of the 
nuclear power industry is considered, 
then the world experience base for 
nuclear reactor accidents, (only core 
damage/total core damage considered), 
can be'supplemented by studying the 
accident experience -of nuclear reactors 
used on ships and submarines as well as 
power reactors. The experience'with 
ship reactors can be roughly estimated 
by studying the approximate data in 
Table 3.  

Table 3F•.erfence with Am erfien Nue,•r Shhin 
(Subimnsfe fiee enlT. dApe rat Inndude fgnrfiae shipil 

[Ezpernhjirnaum P. Appignanl. 19903 

Number at 
Average Fraction up OperatIng 

1950-1960 20 10 0.75 150 
1960-1970 60 10 0.75 450 
1970-1980 100 10 0.75 750 
1980-1990 120 10 0.75

TOW 220

There has been no loss of life due 
to nuclear accidents in the American 
submarine fleet. The simple procedure 
of assuming one failure yields 1/2250 
4.4 x 104 failures/year. Using Welker 
and Lipow's suggestions 1/3 of this 
value is obtained, or 1.48 x 10"4 
failures/year.  

The world experience for nuclear 
accidents can be estimated by computing 
the world experience for nuclear power 
plant operation as shown in Table 4.

Table 4 '.ortd Epience In Nudegr PlantU

Us.  
Ouedc U.S.  
Wodd Total

Number of 
_.n11h 
99 

318 
417

987 
3,491 
4.479

Number af 

x.70 691 
x.70 2A444 
x.70 3.135

D aa c=pie from mas and tabin publishcd by NuclearNews.  
August and Septber 1987. Updated to Junury 1.1990. assum
ing: (1)No deletions from list. (2) Only additions to list are due to 

plats axung aoine,. which ccutud at dams predicted an 1987 
map

These computations assume that all 
project dates for plants going into.  
* operation in 1989 and 1990 were accurate 
and no plants were taken out of service 
in this period. As shown in the tables, 
an availability factor of 70% was 

"..assumed. If we assume two core damage 
accidents, Three Mile Island and 
Chernobyl,.we have a point estimate of 
2/3,135 - 6.38 x 10-. Of course there 
is evidence that plants are at risk 
whether they are generating power or not 
as the U.S. industry news [ZnfdA NRC, 
July 16, 19901 and the recently published 
French safety studies [Mhn-ltar News: 
July 1990] indicate. The French study 
in particular states that one third of 
the plant risk occurs during shut-down 
period. Thus, another estimate of world 
experience wouldbe 2/4,478 - 4.48 x 
10-4.  

. Another source of experience is 
that generated by the U.S. Nuclear 
Regulatory Commission's Accident 
Sequence Precursor (ASP) program 
[Minarick, 19901. The ASP program began 
in 1979 and is continuing presently.  
Data was collected on operational events 
(near accidents) which represented 
potentially significant portions of 
accident sequences and precursors. (480 
were identified within the more than 

* 1,000 reactor years observed). These 
events were analyzed using plant-class 
specific event tree models to estimate 
conditional probabilities of proceeding 
to core damage. While these estimates 
are used primarily for ranking, they can 
also be used to calculate an average 
core damage frequency based on historic 
events. This average is above 10" for 
young plants and in -the mid 10"S's for 
older plants. Three events are discussed 
below as an example of some of the 
failures uncovered in the ASP program.  
(Minarick, July 1990].
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a At Arkansas Nuclear One, Unit 1 
(LER 313/89-028), an unknown contact 
was discovered in the control 
circuits for. two of the three 
service water pumps. In situations 
involving a safety actuation signal 
without previous main -generator 
lockout (spurious safety actuation 
signal or large break LOCA), this 
contact would prevent service water 
pump restart. A similar situation 
had been discovered at Zion (LER 
295/88-019), where a design 
deficiency was found in the anti
pump feature in the AFW and component 
cooling water pump breaker control 
circuits. This would have locked 
out the breakers in the tripped 
condition if an actual LOOP had 
occurred. Neither of these 
conditions were discovered while 
performing PSAs on the tvo plants.  
0 At Catawba (LER 414/88-012), 

following a trip, one AFW train 
transferred to the alternate service 
water system suction source because 
.of setpoint drift in two pressure 
-switches. The undetected presence 
of Asiatic clams in the service 
water pumped to the steam generators 
(the clams had grown in the stagnant 
water between the service water 
loops and the AFW system) caused.the 
obstruction of two of four AFW 
control valves. Had the second AFW 
train suction switched to service 
water (one of two required pressure 
switches also had setpoint drift), 
additional degradation would likely 
have occurred.  
"I At Ft. Calhoun (LER 285/87
025,. 87-033, 88-010), equipment 
failures and inadequate training
and procedures resulted in water 
intrusion into the instrument air
system during a fire system test.  
Immediate problems involved a diesel 
generator (DG) fuel oil level gauge 
failing high and the opening of a 
component cooling water shutdown 
cooling heat exchanger outlet valve.  
The instrument air supply was blown 
down to remove the water. Two 
months later, both air-operated DG 
radiator exhaust dampers were found 
unavailable because of water from 
the July incident. This rendered 
both DGs unavailable for the 2
month period. Seven months later, 
four check valves associated with 
backup accumulators for the 
refueling water storage tank level 
sensors were also found failed.

These events are indicative of some 
of the types of failures which are 
typically not modeled in PSAs. They are 
typically not addressed because they 
involve unusual failure modes which are 
difficult to visualize (beyond the 
modeler' s experience base), because 
they involve failure modes believed at 
the time to contribute insignificantly 
to a system's failure probability, or 
because financial or schedule constraints 
prevented analysis to a level of detail 
to identify the situation.  

In the first: event, a long-term 
dependency existed between different 
portions of the instrument air system.  
The dependency was not hard-wired into 
the design, but resulted from water 
contamination and incomplete system 
repair following the event.  

In the second event, a spurious 
system reconfiguration resulted in the 
pumping of clam-infested water through the AFW pumps, with the subsequent 
clogging of control valve internals.  
Service water is typically addressed in 
PSA-as an alternate auction source for 
AFW (suction source redundancy), and 
not as a unique cause for system 
failure.  

Such events typify situations in 
which the as-built conditions of the 
plant are inconsistent with the plant 
design as understood by the PSA analysts, 
either because the actual plant was 
different from its documentation 
(Arkansas 1) or because the depth of 
analysis was inadequate to determine 
that an unacceptable situation existed 
(Zion).  

*The conditional core damage 
probability estimated for each of the 
above events is greater than 10-4 

* occurrences per reactor year. Typically, 
seven precursors with conditional core 
damage probabilities of 10-4 or greater 
are identified yearly in the U.S. light 
-water reactor population ; The continued 
occurrence of operational events with 
conditional core damage probabilities 
>104 presents a major impediment to a 
belief that the very low core damage 
frequencies estimated lower than this 
in PSAs are valid. For example, if it is 
assumed, as a minimum, that only one 
such event will occur over a 40 year 
plant lifetime (on average, three such 
events would be expected, plus a larger 
number of less significant events), it 
is possible to calculate a core damage 
frequency contribution from the event 
of 1/40 x 1 x 10- - 2.5 x 10-6 occurrences 
per year. In this way, the ASP study 
gives some indication of the credibility 
limits of PSA studies.
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3.2 SPECIFIC NUCLEAR POWER PLANT RISK 
ANALYSES 

Since the historic Rasmussen Report 
(WASH-1400, 19753, many probabilistic 
analyses of reactor safety have been 
performed. The results of a number of 
these are summarized.in Table 5, 6, and 
7. The results in Table 5 are point 
estimates for WASH-1400, three U.S., 
one U.K., two French, and one German 
(FRG) reactor. In Table 6 confidence 
intervals for thirteen U.S. reactors 
are reported. In Table 7 data on core 
damage (core melt) is listed for six 
Swedish reactors.  

Tabk I • I1#Wfr. P V..? tv.. N•s.I P htd

WAS-14M pmb.bWI7rffW&Md 

IW1mgO59O Tod e domp -adby 

i m•4 IA- a104.'.  
O=-wS.US SAxI 10 
3If.--FRO 9ARI0'0 
Cd&MCMQP-I•u 13z• 1V 
ShutaIs .S 13 a 10" 

SmwzkWR t dSm&.*1.  

(ISFM•ITN I

Y"_3.
03W) 43 104

CR-$PRA SAIC

itbyw dIPRA Aap kim, LAb.

TMW 

W•S 

ion2 

19764" 
104 
INS"

IAaIO' 

56:104 
P0:10' 
132104 
12810o*

10 4r7&106

137

MVI 0'

1m ssbalmd:2• 104 
Mlbdh 6 aI10" 
bbm:lJaw10 
95% bmd & 25331V

Table 6 PrnbbMt of Croqe Bwnsge PgrYegv for 1m 

(B1oob, 1990M

1 AXNo1wOnt-I 
2 Big Rock 
3 Calwet 
4 cQly River 
5 Grand Guldf 
6 Ind. PL.2 
7 LUmeick 
$ Occon 
9 Peach Boaoan 

10 sequayah 
11 suny 
12 7Ao 
1 •d. PL 3

B&W 
GE 
GE 
B&W 
GE 
W4 
0E 
B&W 
GE 
W4 
W3 
W4 
W4

Year(s) 

1982 
7 

7 1982 7 

-7 
7 

1981 
198243

Interval 
(10-90 pereentlUel 

IE-Sto3E-4 
SE-S to IE-2 
62-S to 2E-2 
3E-5 to 4E-3 
IE-6 t 9E-4 
9E-6 to SE-4 
3-6 to 2E-4.  
3E4 to 3E-3 
IE-.So 9E-S 
2E-6 to 2E-3 
IE-S to 313-4 

IE2 to 2E-3

Table 7 PrnIbabflf I, of Core D2Tnm Per Yesr for 6 
gwelA lanti 
(Hhuircbeg. 1990.M. 4-4 8 to 4-5nJ

Oskm uamn.1 
Os•wharnn-3 

Bazzaari-3 

Barseback-2

Inteval 
5-95 
Pereentile x 10 
2.5-45 
3.5-S0 
12-11.5 
2A-IlJ 
3-40 
3-40

4. 0 BOUNDS ON HUMAN OPERATIONS AND 
ACCIDENTS 

The world's technology depends on 
the underlying human ability to correctly 
design, understand the relation between 
the design and its operating environment, 
and. to operate complex devices and 
systems. If industrial plants of a 
complexity approaching that of a nuclear 
power plant have a certain accident 
rate, then it is unlikely that nuclear 
plants can far surpass -such risk 
probabilities. Similarly, the control 
of a nuclear power plant depends on the 
abilities of one or more operators. If 
a failure probability can be derived for 
certain human control: tasks then it may 
not be6 likely that nuclear plant 
controllers will exhibit similar error 
rates, but it is difficult to justify 
error rates below the best achieved, or 
above the worst achieved in any industry.  
The next section discusses human error 
achievement in this context.  

4.1 ACCIDENTS AND CALAMITIES 

One class of-industrial catasrophe 
which may rival a nuclear accident 4s a 
severe accident at a liquified petroleum 
gas storage facility. The severe 
accident modes involve an explosion or 
large fire.  

Comparing the probability of a core 
damage accident to other accidents and 
disasters is difficult for many reasons.  
(The fact that long term contamination 
and g~fegntiml danger to life' is greater 
for core damage is one of them). But 
again if only order of magnitude 
comparisons are required then they can 
be made on the basis of accident 
occurrence frequencies.  

Mazzocchi and Campana [1986) 
calculate the occurrence frequencies of 
various accident sequences of a large 
tank farm of liquified petroleum gases.
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(LPG), based upon an accident data base 
listing one hundred (100) accidents 
between 1933 and 1984. The two most 
serious accidents. were a tank collapse 
after an external fire (BLEVE-FIREBALL) 
and the explosion of an air-LPG mixture 
due to an LPG release from the containment 
system (UVCE). The analysis resulted in 
estimates of the yearly occurrence 
probabilities of 3.6 x 104 (UVCE) and 
1.0 x 104 (BLEVE). The total probability 
of either event is 4.6 x 104.  

Another source of comparative data 
is transportation accidents. About 70% 
of airline accidents are caused by 
errors due to the cockpit or air traffic 
control personnel, these are mostly 
humanerrors [Wiener, 1988, p.265]. For 
example, aircraft safety is generally 
reported in terms of fatalities per 
passenger mile. In Shooman 11990, 
p.630 3 typical values of 2 x 10-' 
fatalities per passenger mile (for 
scheduled airlines) are converted .into 
6.7 x 10-9 (conversion factor - 6.7 x 
10-9/2 x 10-' - 3.35) fatalities per trip 
mile.* In a paper by Evans [1990], the 
airline fatality rates, [1978-1987], 
quoted as ranging from a low of 0.01 to 
a high of 1.7 x 10-' deaths x 10"9 
passenger miles, and the average was 
0.55 x 10-9. If it is assumed that a 
moderate business traveler covers 10,000 
air miles per year and a heavy traveler 
250,000 then a lower bound can be 
computed by assuming the moderate business 
traveler, the low fatality rate year of 
0.01 x 10"9, and Shooman's conversion 
factor of 3.35 and obtain: 104 x 1.7 
x 10' x 3.35 - 5.7 x 10"-' Another lower 
bound can be obtained by assuming a 
moderate traveler and a low year with 
the 3.35 conversion factor or :10' x 0.01 
x 10-9 x 3.35 - 3.35 x 10-1 fatalities/ 
trip. At the high end the heavy traveler 
and the most dangerous year produces: 
2.5 x 10s x 1.7 x 10-9 x 3.35 - 14.2 x 
10-.  

For automobile travel the data and 
analysis developed by Evans et. al.  
[1990] can be used. They analyze the 
effect of several factors on car 
fatalities and predict a risk ranging 
from: 

(a) "Low-risk', 0.804 driver 
fatalities per billion miles driven for 
a 40-year-old, alcohol-free, belted 
driver travelling on rural interstate 
roads in a car 700 pounds heavier than 
average.

(b) "High-risk", 930.8 driver 
fatalities per billion miles driven for 
an 18-year-old, intoxicated, unbelted 
male driver travelling average roads in 
a car that is 700 pounds lighter than 
average.  

Assuming 10, 000 miles of travel per year 
for both high and low risk drivers, the 
range becomes 0.8 x 10-' to 9.3 x 10-3 
fatalities per year. In the case of auto 
accidents, data shows that the human is 
the main cause of accidents. In Sabey 
(1980, p.49] data is cited which predicts 
that- the driver and pedestrian were 
mainly at fault in 95% of the auto 
accidents studied and that road and 
environmental factors were contributory 
factors in 28% of the cases and vehicle 
features were contributory in 8.5%.  

4.2 HUMAN LIMITATIONS 

Operators of nuclear power plants 
try to be perfect; however, they are 
subaject to the same limitations as 
chemical plant operators, power 
dispatchers, or airline pilots. Even 
highly motivated, trained, and alert 
individuals are subject to errors which 
-are hard to explain and difficult to 
predict. An example of such an error is 
airline accidents due to pilot error.  
Airline accidents are carefully 
investigated and recorded. If this 
history starting with 1959 is examined 
(the first U.S. domestic jet service 
began Dec. 10, 1958) some remarkable 
events are uncovered. Airline pilots 
are skilled, well trained, and careful 
individuals; however, there are a few 
accidents which involve aircraft, 
apparently without mechanical problems; 
crashing into mountains in good weather.  
The only conclusion is that the pilot 
"failed to see the mountainO. A study 
of the number of U.S. aircraft flights 
from 1976-1988 [World Almanac, 1990, 
p.151] and extrapolation backward and 
forward for the 1958-1990 time period 
yields an estimate of 1.597 x 10' flights 
(departures). Thus, the ratio of 
1/1.597 x 10' - 6.26 x 10"-1 per flight is 
an estimate of trained human operation 
inattention to a control task. If it is 
assumed that worldwide flights are 
twice the U.S. volume and count the nine 
worldwide incidents we obtain (9/2) 3 
6.26 x 10-"i - 2.8 x 10-9 per flight. If 
it is assumed that a typical captain 
flies 200 flights (departures) per year 
the range becomes 1.25 x 10-1 to 5.6 x 
10-1 inattention crashes/year. This data
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would indicate that human operators can 
perform quite well, but not perfectly 
under these conditions; however, it is 
doubtful that nuclear power plant 
operators would have a better error rate 
in emergency situations regardless of 
how good or automated the design.  

5.0 BOUNDS ON PROBABILISTIC RISK 
ASSESSMENT FOR NUCLEAR REACTORS 

The thrust of this section-is to 
bound from above and below the frequencies 
or mean time between occurrences of a.  
core damage accident of a nuclear power 
reactor plant so as to define a possibility 
space for core damage accidents within 
the context of the probabilities developed 
in the proceeding sections. The 
philosophy to be used is based upon two 
suggested ideas: 

(1) The mean time between core 
damage occurrences must certainly be 
less than certain natural phenomena 
such as the age of the universe or age 
of the earth, and must be consistent 
with the best control performance that 
humans can achieve.  

(2) The mean time between core 
damage occurrences must certainly be 
greater than that of known unreliable 
human designs such as intervals between 
auto repairs or mean life of unmaintained 
city bridges, or human error rates which 
culminate in catastrophic accidents, or 
transportation accidents.  

The first idea is supported by the 
limits of rationality in predictions, 
and the second is supported by the 
existing history. Of course, the examples 
cited in the two above ideas are merely 
for illustration andmore representative 
events will be used to obtain sharper, 
more realistic, and believable bounds.  
The results of the investigation are 
suummarized in Figure 1, and the methods 
of obtaining these estimates are explained 
below.  

Figure 1 compares eight point 
estimates of core damage probabilities 
(see Table 5) with three interval 
estimates derived from operational 
experience. The operational experience 
estimates (of Sec. 3.2) were derived 
from:

" World Experience - 2/3,135 
6.38 x 10' per year 

" ASP Program - mean - 3 x 10.1, 
lower 3 x 10', upper 2 x 10-4 

"* Nuclear Submarines - bounded 
by I occurrence/2, 25 0 years, 
and use 1.48 x 104 as a point 
estimate 

The ASP data were plotted directly 
in Figure I assuming that the lower and 
upper values represent a 5-95% uncertainty 
interval. For the World Experiences, a 
log-normal model was assumed and the 
CARPTM program (see Appendix A) was used 
to determine a 5-95% uncertainty interval, 
mean, and median values based on the 
number of events and years of operation.  
In the case of the nuclear submarine 
data we assumed one failure to bound the 
result, and used CARPTM to predict the 
mean, median and the 5-95% uncertainty 
bounds. Since no failures were observed, 
the .confidence interval is actually 
wider as indicated by dotted lines in 
Figure 1. In addition, the '1/3 value" 
(148 x 10') was plotted as a point 
estimate.  

Figure 2 compares the same three 
sources of operational data with interval 
estimates for thirteen different American 
and five different Swedish plants. The 
CARJPM program was used to fit a log
normal distribution by specifying the 5 
and 95% points ( the 10 and 90% points 
in Table 6 were used) and means and 
medians were calculated.  

6.1 REACTOR CORE DAMAGE PROBABILITIES 
ANALYSIS vs. EXPERIENCE 

A summary of the predicted core 
damage probabilities gathered in this 
report appears in Figure 1 . The data at 
the top left of the graph represents six 
Swedish.plants (of. Table 7). The data 
for the 5-95 percentile column was used 
as input., to CARPT)m, a log-normal 
distribution was fitted to the data for 
each plant and the mean and variance 
calculated by the program. Similar 
computations were performed for the 
thirteen plants given in Table 6 and 
these are also plotted in Figure 1. The 
point estimate data given in Table 5 is 
plotted in Figure 1. Lastly, the data 
for three "experience" sources (World 
Nuclear Subs and ASP) is plotted at the 
bottom of the graph. The four sets of 
data cover over four decades.  

Note that two estimates, point and 
interval were plotted for Calvert Cliffs 
and Oconee. The interval estimates were
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from the data in Table 6, whereas the 
point estimates were from the data of 
Table 5. Clearly, the two estimates are 
different since the point estimate does 
not correspond to either the mean or 
variance. During the lifetime of a 
nuclear power plant it is not uncomnmon 
for there to have been several safety 
estimates, PSAs performed. Typically, 
new estimates are performed if: (1) the 
technology for performing a PSA has 
significantly changed, (2) there have 
been significant changes to the plant, 
(3) generic data which was originally 
used in an estimate can now be replaced 
by specific data gathered on plant 
operation. As an example, as veterans 
of the development of PRA core damage 
estimates are well aware, there have 
been multiple studies performed for 
individual plant evaluation. Some of 
these were performed for the NRC (such 
as the IREP, NREP and ASEP studies), and 
others have been performed for the 

.individual licensees and their 
contractors (such as the ongoing IPE 
activities). Some of the estimates have.  
been derived from more generic models 
(ASEP) and others have been plant 
specific. Some of the estimates have 
been updated and improved as a result of 
changes in design or operating procedures.  

.Finally, some estimates have been 
developed for operation only, others 
for operation and shut-down (the recent 
French study for example), and some have 
limited their analysis to external 
internal events (such as internal fires 
and floods) and others have included all 
external events (flood, earthquake, 
etc.). The multiplicity of estimates 
available makes the understanding of 
what an individual core damage number 
includes difficult without detailed 
notation. For this reason, detailed 
comparisons of estimates are not possible 
without detailed explanations for each 
instance cited. However, these detailed 
explanations would be inappropriate in 
a general paper of this type, so no 
attempt has been made to distinguish 
individual core damage estimates, nor 
is one required. This approach is 
consistent with the intent of this 
paper, which is not to establish exact 
core damage numbers, but rather to 
explore the extent of the "possibility" 
space for core damage probability 
estimates. However, for those interested, 
a more precise review of the core damage 
estimates for 21 PRAs, which predicts a 
similar range, has been developed 
elsewhere [Garrick, 19891.

The large amount of data in 
Figure 1 is easier to interpret if it is 
condensed. The CARPTm program was used 
to aggregate (see Appendix A) the 
interval estimates of Swedish, American 
(Table 6), and experience data, which 
are plotted In Figure 2. Since aggregation 
requires interval data, and an aggregation 
of the point estimates In Table I was 

.also desired, the data was first 
transformed into interval data using 
the following assumption. The error 
factors (see Appendix A) were computed 
for the plants of Table 6, sorted in 
alphabetical order, yielding: (5.5, 
18.3, 18.3, 11.5, 30.0, 44.7, 9.4, 8.2, 
31.6i 3.0, 31.6, 5.5, 7.7) with a mean 
of 17.3. This mean error factor was 
applied to each of the point estimates 
(the point estimate was assumed to be a 

mean) and this data was used as input to 
CARP T

M to produce interval estimates 
(Note: there is a continuing controversy 
as to whether the estimates developed in 
WASH-1400 should be treated as medians 
or means, but here we consider this 
estimate as a mean).  

To further analyze the data, the 
estimites in Figure 1 have been segregated 

- into three categories: (1) Experience, 
(2) American plants (both interval and 
transformed point estimates), and (3) 
European plants (6 Swedish, German/ 
Biblis, British/Sizewell, and French/ 
Paluel .3 and CP2). This data appears in 
Figure 3.  

6.2 BOUNDING FROM ABOVE AND BELOW 

The main theme of this paper was to 
bound core damage estimates from above 
and below. Throughout this paper, a 
data set based on historical and recorded 
accident experience has been cited; 
this data is shown in Figure 4. If these 
various data points are then aggregated 
into common categories, such as "historical events", "pilot error", and 
"non-nuclear accidents", it becomes 
easier to compare them with the nuclear 
power core melt probability estimates 
shown earlier in Figure 3. Such a 
comparison with various bounding events 
has been constructed and is shown as 
Figure 5. This figure broadly establishes 
the range of credibility for industry 
accidents in that it clearly separates 
complex facility accident and operator 
error probabilities from the combined 
probability range of astronomical, 
geological, and biological events in 
history. The range, then, from the 
lower bound of "pilot errors" to the 
upper bound of "non-nuclear accidents" 
can be defined as the "possibility'
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space for the estimation of nuclear 
plant core damage probability per year.  
Within this regime, given the data 
available, it should also be possible to 
indicate regions of credibility for 
nuclear core damage occurrence. Such an 
attempt has been made in the following 
section.  

6.3 THE 'QUESTIONABLE" REGIONS

Philosophically and practically, a 
nuclear reactor core damage estimate 
which leads to an occurrence frequency 
as small as a star going nova should be 
categorized as untenable. Further, 
operator actions which have direct core 
melt impact (for example, failure to go 
to recirculation) should have 
probabilities limited by the best observed 
human performance, such as those 
documented for commercial airline pilots.  
Thus, predictions of nuclear plant core 
melt which require human error frequencies 
of the order of 10-'7 are elearly 4neelib4hle 

because the historical data set required 
to establish such human performance is 
non-existent, at least to the knowledge 
of the authors.  

Similarly, the upper end bound can be 
developed by examining transportation 
risks which are voluntary risks. It is 
assumed that an individual will not want 
to assume the involuntary risk of a core 
damage accident unless it is much less 
than a traffic fatality. Such an upper 
bound.threshold has been labeled lmarC l 
1nnaneeptble. Also, since nuclear 
power plants have a high profile and are 
in the "public eye, it is unlikely that 
the risk of a core damage accident would 
be accepted unless it were much lower 
than other types of industrial accidents 
(cf. LPG accident in Figure 4).  

The conclusion that could be proposed 
is that current core damage estimates in 
the range of 10-2 to 10- are credible and 
are about the same range as accident 
estimates. PSA estimates in the range 
of 101 to 10- strain credibility because 
they challenge the historical bounds of 
the best human performance, and estimates 
below 10-7 are clearly incredible.  
Estimates in the decade 10-5 to 10', 
while not ruled out by the arguments 
given in this paper, should be closely 
examined and checked since they egin to 
strain the bounds of the probability 
space.  

7.0 CONCLUSIONS 

This paper has been developed with 
the intention of establishing an 
international dialogue within the nuclear

l
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power -community concerning the bounds 
of credibility to be placed upon 
probabilistic estimates of the risk of 
core damage accidents for both current 
and future designs. The admittedly 
heuristic approach presented here 
supports a proposed possibility space 
for such estimates between 10-3 to 104.  
This range is consistent with current 
core damage risk estimates and with the 
currently suggested 10- NRC goal and the 
suggested l0"s industry goal for new 
"inherently safe" designs. While the 
authors certainly make no claim that 
this preliminary investigation should 
be accepted, it is felt that the issue 
is of sufficient importance so that 
further investigation is warranted.  
This, research should be directed not 
only at better defining the possibility 
space, but also to place requirements on 
the analysis performed to support 
estimates which begin to stretch the 
bounds of credibility. If a consensus of 
what is a reasonable space of 

* possibilities can be established, along 
with a corresponding list of PSA 

'requirements which must be satisfied to 
support credible predictions within the 
space proposed, then it is believed that 
better -communication concerning PSA 
results will be established. Once this 
is accomplished, the developers of PSA 
and the associated regulatory bodies 
(who must review their results) will all 
have a better understanding of the 
limits of prediction credibility. This 
understanding should lead to more 
confidence in the developed predictions 
by all concerned; including the public 
in general.  
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IPPElDIX & 
CMPUTERIZED AGGREGATION OF 

RELIABILITY PARAMETERS - CARP=' 

The CARP"= software is an SAIC 
program which is a useful tool for 
reliability and risk analysis (DeMoss, 
1990). There is considerable flexibility 
in the program; however, we will only 
describe the features which were used to 
analyze the data used in this paper. The 
program deals with n random variables 
(input distributions) where A., k ......  

A. r..... ,A. represent tie input 
distributions. In general, each random 
variable is modeled by a log-normal 
distribution. (see Dougherty and Fragola, 
pp. 112-116) The distribution can be 
determined by specifying any two 
parameters from the following set: 

1. Mean 
2. Median 
3. Error Factor - the ratio 

95 percentile/5 percentile 
(see Dougherty and Fragola, 1988) 

4. Variance 
5. Upper and Lower Percentiles 

(generally 95 and 5) 

The program also implements the 
aggregation method which is used to 
combine multiple data sources (with 
their own confidence intervals) into a 

.composite confidence interval.  
(Dougherty and Fragola, 1988, p.50, 
Stone 1961, Walker 1968.) 

CARPTM uses the percentiles from 
the input cumulative distribution 
functions (CDFs) to arrive at the 
percentiles of the aggregate 
distribution. Before aggregation, the 
input distributions have been fit to 
log-normal forms. The method would work 
for any CDF with a closed form solution 
or numeric approximation, but since 
log-normal is the most common format for 
published generic data, CARPTM has only 
been programmed to handle the log
normal distribution. CARP=" will 
iteratively determine a percentile of 
the aggregate distribution using a 
recursive scheme with each input CDF. A 
Newton-Raphsbn type iteration is used 
to solve the following equation for the 
unknown I as follows: 

n 
Pr (A )= oiPr (Ai_ X) 

i=l

where: 

Pr (A 1 1) - The percentile of interest 
in the aggregate distribution. CARP"' 
will calculate the 5th, 50th, and 9 5th 
percentiles 

n - The number of input distributions 

A, - The random variables of the input 
distributions 

- The failure rate occurring at the 
percentile of interest in the 
aggregate distribution 

Co- The weight of a distribution. We 
usually use equal weights making 
this quantity equal I/n.  

The resultant aggregate can be then fit 
to a log-normal distribution if desired.

0
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Immediate Medical Consequences of 
Nuclear Accidents 
Lessons From Chernobyl 
Robert Peter Gale. MD. PhD

The immediate medical response to the nuclear accident at the Chemobyf nuclear power station Involved containment of the radioactivity and evacuation of the nearby population. The next step consisted of assessment of the radiation dose received by Individuals, based on biological dosimetry, and treatment of those exposed. Medical care Involved treatment of skin bums; measures to support bone marrow failure, gastrointestinal tract Injury, and other organ damage (le, Infection prophylaxis and transfusions) for those with lower radiation dose exposure; and bone marrow transplantation for those exposed to a high dose of radiation. At Chernobyl, two victims died Immediately and 29 died of radiation or thermal injuries in the next three months. The remaining victims of the accident are currently well. A nuclear accident anywhere is a nuclear accident everywhere. Prevention and cooperation In response to these accidents are 
essential goals.  

VAMA WX&sWs4aa

ON APRIL 26, 1986, the worldi most serious nuclear accident occurred at the 
Chernobyl nuclear power station in the 
Soviet Union.' Chernobyl attracted and 
continues to attract worldwide atten
tion. Underlying this response are sev
eral important factors, including a con
cern for the immediate and long-term 
biomedical consequences of the acci
dent, uncertainty regarding the future 
of nuclear energy, and implications for 
the nonpeaceful uses of nuclear energy.  

Details regarding the accident at Re
actor 4 at the Chernobyl nuclear power 
station have been reported by Soviet 
scientists at a meeting of the Interna
tional Atomic Energy Agency.' There 
have also been several independent 
analyses of these data by non-Soviet 
sources, including a report from the 
International Atomic Energy Agency.' 
a report from the US Department of 
Energy' and a recent scientific re
view.' In general, conclusions of these 
studies are in agreement; hence, reac
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tor design or the specifics of the accident 
shall not be considered further in this 
report.  

The present report focuses primarly 
on the immediate and short-term bio
medical consequences of the Chernobyl 
accident. The immediate medical re
sponse involved five phases: assess
ment, containment, reduction of expo
sure to individuals at risk, dosimetry of 
exposed individuals, and medical inter
ventions. Assessment relates to source
term parameters such as the quantity of 
radioactivity released and its physical
chemical form. At Chernobyl, approx
imately 18 x 10- MBq (50 MCI), or 3% 
to 5%, of the fuel inventory was released 
along with an equal amount of radioac
tivity in the form of noble gases." 
Twenty-five percent of the release oc
curred instantaneously and the re
mainder over approximately ten days.' 
Following the violent disassembly of the 
reactor core, a radioactive plume w-as 
ejected to a height of up to 10 km above 
the reactor and was driven initially to 
the northwest. Forty-five thousand per
sons were evacuated from the city of 
Pripyat, situated 2 to 4 km from the 
reactor, within 36 hours of the accident.  
During the next two weeks, approx
imately 90000 additional individuals 
were evacuated from a 30-km radial

IAMA. Aug 7. 1987-Vol 258. No. 5

zone surrounding the reactor. The aver
age dose received by these evacuees was 
0.12 Sv (12 rem). Twenty-four thousand 
of the 135 000 evacuees received an aver
age dose of 0.45 Sv (45 rem), with the 
remainder receiving a dose ranging 
from 0.03 to 0.06 Sy (8 to 6 rem).  

The Chernobyl accident raised sev
eal important considerations with re
gard to the evacuation of populations at 
risk- First, it indicated that immediate 
evacuation is not always desirable. In 
the case of Pipyzt, evacuation was post
poned until buses could be assembled, 
escape routes selected to avoid the path 
of the radioactive plume, and a polymer 
film sprayed on ground surfaces to re
duce the likelihood of Inhalation of ra
dioactive dust. The efficacy of this strat
egy is indicated by the fact that the 
population of Pripyat received a lower 
average radiation'dose than individuals 
Hying at considerably greater distance 
from the power station. For example, 
the average dose In Pripyat was 0.03 Sv (8 reim) vs 0.45 Sv (45 rem) for indi
viduals living 8 to 315 km from the reac
tor' The situation might, however, 
have been considerably different had 
the radioactive plume been ejected 
horizontally rather than vertically or 
had the prevailing winds been directed 
toward Pripyat These-lvents empha
size the need for flexibility In emer
gency planningand reevaluation of evac
uation guidelines based on careful 
review of the Soviet experience at Cher
nobyl. .  

ASSESSMENT OF RADIATION 
DOSE 

Appropriate medical treatment of 
the most severely affected individuals 
requires an accurate assessment of radi
ation dose. There are two basic ap
proaches, physical and biological dosim
etry. Physical dosimetry, such as the 
use of environmental monitoring de
vices or individual radiation meters or 
badges, was of limited value at Cher
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Fig t--Dstrution of toxic effects in Ilear accidents. Circles Widicate loic effects to bone marrow (B), s5W (S3 am 09w (D) organs. On left. distribuuon of toxic ffects are discrete; on rit Mey ate coincidenL

nobyl. Most environmental monitoring 
devices were either destroyed or unre
coverable. The individual monitoring 
devices were not designed for these 
levels of radiation and were destroyed or 
lost as a consequence of circumstances 
associated wikh this accident. This sit
uation presumably can be improved in 
the future. Remote monitoring of 
dosimneters is standard at many facili
ties, and special badges and therý 
molurninescent dosimeters are available 
for accidents.  

Because of the limitations of physical 
dosimetry, biological dosimetry is used 
for dose assessment." Biological dosim
etry at Chernobyl involved serial mea
surement of levels of lymphocytes and 
granulocytes in the blood and analysis of 
dicentric chromosomes in sponta
neously dividing and phytohemaggluti
nin-stimulated blood- and bone mar
row-derived hematopoietic cells. The 
interaal from radiation exposure to on
set Of nausea or emesis was also consid
ered. Calculation of dose was based on 
data relating these parameters to dose 
In prior radiation accidents.' Using 
these variables, It was possible to esti
mate the dose of radiation received.  
Analysis of distribution of cytogenetic 
abnormalities suggested uniform 
whole-body exposure in most instances.  
Analysis of sodium 24 indicated the 
absence of a detectable neutron compo
nent in the radiation exposure.  

Biological dosimetry is effective but it 
demands considerable medical and 
technical expertise and resources.  
There are also limitations to the accu
racy of biological dosimetry in complex 
accidents in which thermal and chemical 
injuries also affect biological parame
ters, as do systemic infections. For ex
ample, extensive thermal burns are 
associated with decreased levels of lym
phocytes and granulocytes. even in the 
absence of radiation exposure. Analysis 
of dicentric chromosomes or other 
cytogenetic abnormalities can over
come this limitation. It is likely that 
biological dosimetry will prove more 
useful than physical measurements in 
major radiation accidents of the Cher
nobyl type.  
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THE MEDICAL RESPONSE 
A range of medical interventions is 

required to respond to radiation acci
dents. The medical response to each 
accident will differ based on the spec
trum of injuries and concordance of 
toxic effects. Different types of reactor 
accidents can be predicted to result in a 
different spectrum of injuries. Fbr ex
ample, an accident in a graphite-moder
ated reactor, such as the one in Cher
nobyl, can result in an intense graphite 
fire. In this circumstance, individuals 
who are irradiated also receive substan
tial thermal Injuries. This combination 
of Injuries complicates the nature and 
effectiveness of medical interventions.  
An accident of Similar magnitude in a 
light-water reactor is very likely to re
suit in a different spectrum of injuries 
and concordant toxic effects with a 
lower probability of thermal injury. A 
conceptual representation of the spec
trum of overlapping toxic effects following a nuclear accident is shown in Fig L 
The consequence of these considera
tions shows that It is not possible to 
devise a specific medical plan for all 
accidents or to draw conclusions about 
the value of different medical interven
tions from a single accident. Physicians 
must be prepared to respond to the full 
range of potential injuries, thereby 
modifying the medical response to acci
dent conditions.  

The major elements in the medical 
response to a radiation accident involve 
treatment of skin burns and measures 
designed to correct or reverse bone 
marrow failure and gastrointestinal 
tract injury. Damage to the lungs, the 
liver, and other organs and tissues must 
also be considered. Analysis of the ef
fects of radiation on these tissues and 
organs is complex, a situation under
scored by the Chernobyl accident. Tis
sue damage can occur by external radia
tion from both beta and gamma sources.  
Internal radiation via inhalation or in
gestion can also play a role. In addition 
to radiation dose, other important fac
tors include dose rate, fractionation, 
and distribution. Supportive measures 
are essential, such as protective isola
tion; gastrointestinal tract decontami-

nation; antibacterial, antifungal, and 
antiviral therapy; and transfusion of 
blood products.  

Infection Prophylaxis 

3ost victims of the Chernobyl acci
dent received a dose of whole-body radi
ation believed to be compatible with 
bone marrow recovery in the context of 
intensive supportive measures. Conse
quently, antimicrobial, antifungal, and 
antiviral drugs were extensively used 
both therapeutically And prophylacti

pally, Patients were kept in isolation and some were maintained in relatively ster
He laminar airflow environments. Oral 
antibiotics were given to modify the 
endogenous gastrointestinal tract flora 
and to decrease the likelihood of infec-" 
tion. Systemic antibiotics were used in 
febrile patients with granulocytopenia.  
Radiation-induced activation of herpes 
simplex virus was a major problem in 
most individuals; this complication re
sponded to treatment with acyclovir 

Transfusion Support 
Extensive transfusion support was 

also necessary. This included transfu
sion of red blood cells and platelets.  
The latter were obtained from multiple 
random donors as well as by thrombocy
tapheresis from single donors using so
phisticated continuous- and intermit.  
tent-flow blood cell separators. Some 
patients received platelets through a 
novel approach, namely, transfusion of 
autologous cryopreserved platelets 
(A. E. Baranov, MD, A. K. Guskova, 
MD, et al, unpublished data, 1981).  

BONE MARROW 
TRANSPLANTATION 

In some instances the dose of radia
tion received may be associated with a 
high likelihood of irreversible bone mar
row failure despite intensive supportive 
care; in this circumstance, other inter"ventions, such as bone marrow trans
plantation, should be considered. A de
tailed discussion of the objectives of 
transplantation in this setting is beyond 
the scope of this report. It is important 
to consider, however, that these objec
tives are complex. At low doses of 
whole-body radiation, transplants of 
histoincompatible hematopoietic stem 
cells are typically rejected without a 
deleterious effect. At midlethal doses, 
transplants of histoincompatible hema
topoietic stem cells are associated with 
decreased survival in mice but not in 
dogs or monkeys.Iu In mice this ad
verse effect, termed the midzone effect, 
is associated with graft rejection; the 
mechanism is poorly understood. At 
higher doses of whole-body radiation, 
transplants of histoincompatible hema

Lessons From Chernobyl-Gale
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topoietic stem cells can improve sur
vival by several mechanisms. In some 
instances, temporary engraftment per
mrits recovery of endogenous hema
topoletic stem cellsu-a (Y. Reisner, 
PhD, 3. LapIdot, MD, oral communica
tion, 1937) This effect is only observed 
in histoincompatible transplants when 
r[ cells are removed from the bone mar
row inoculum, since failure to do so 
results in fatal graft-vs-host disease.  

If the bone marrow is irreversibly 
destroyed by radiation, sustained hem
atopoietic engraftment is a prerequisite 
of survival. In humans, sustained en
graftment has been achieved in several 
cxcumstances following transplanta
tion of either histocompatible or histoin
compatible hematopoietic stem cells.  
The closest model to that of a radiation 
accident is transplantation for aplastic 
anemia.•" In this situation, recipients 
are usually conditioned for transplanta
tion with high-dose chemotherapy with 
or without whole-body or total lym
phoid irradiation followed by transplan
tation of histocompatible hematopoietie 
stem cells from a related.donor. Sur
vival exceeding 60% to 80% has been 
reported in some series. Sustained 
engraftment has also been reported 
following transplantation of histoincom
patible hematopoietic stem cells from 
related donors or following histocom
patible transplantation from unrelated 
donors.  

The consideration of candidates to 
receive bone marrow transplants is 
complex. First, it is necessary to iden
tify those individuals in whom the dose 
of whole-body radiation is associated 
with a high risk of death from bone 
mvrrow failure. It is also necessary to 
attempt to exclude those individuals 
likely to die of nonhematopoietic toxic 
effects, such as skin burns or pulmonary 
damage. This is not always easily ac
complished in an accident setting.  
Next, it is necessary to perform HLA 
typing of the potential transplant can
didates and their relatives to determine

donor availability. This process is com
plicated by radiation-induced lympho
cytopenia since lymphocytes are usu
ally used for HLA typing. If suitable 
histocompatible donors are identified, 
the possibility of transplantation can be 
considered. In individuals who cannot 
be HLA-typed or for whom no donors 
are available, there are other alterna
tives. One alternative is to search for a 
histocompatible, unrelated, volunteer 
donon There are now several large, 
HLA-typed, volunteer donor pools in 
the United States and Europe. The 
feasibility of this approach was tested at 
Chernobyl when three potential unre
lated donors for two victims were iden
tiffed within three to four days.  

Another alternative for individuals 
who lack histocompatible donors is the 
use of fetal liver cells." During the 
second trimester ofgestation, fetal liver 
is a rich source of hematopoietic stem 
cells. Since the nmmune system is not 
fully developed at this time, histoincom
patible fetal liver cells are less likely to 
cause graft-vs-host disease than eom
parably mismatched adult bone marrow 
cells. Transplantation of fetal liver cells 
has been successful in mice and dogs.  
There have been reports of its effec
tiveness in humans, but these data are 
less convincing.  

The complex relationship between 
transplantation and survival is indi
cated schematically in Fig 2, which is 
based on extensive studies in mice. In 
each individual the potential benefits 
and risks of each medical intervention, 
including transplantation, must be 
carefully considered because they differ 
among accidents with different spectra 
of injury, as well as among individuals 
within a given accident.  

FATALITIES 
In view of the magnitude of the Cher

nobyl accident, one might have ex
pected a substantial immediate loss of 
life; fortunately, this did not occur. Two 
individuals were killed instantaneously;
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500 individuals were hospitalized, ap 
proximately 200 patients in Kiev and 
300 patients-including the most se
verely affected-in Moscow. More than 
100 individuals received a dose in excess 
of I Gy (100 rad), and more than 35 
persons received a dose exceeding 5 Gy 
(500 rmdU The proposed 50% lethal dose 
for humans within 60 days is 4.5 Gy 
(450 r••.•" Most individuals received 
the aforementioned supportive mea
sums, including 13 patients who re
ceived bone marrow transplants and six 
others who received infusions of fetal 
liver cells. Twenty-nine individuals died 
of radiation- and/or thermal-induced in
juries during the next three months, 
including 11 bone marrow transplant 
recipients and the six fetal liver cell 
recipients. Most of these deaths were 
due to skin burns or damage to other 
organs, such as the gastrointestinal 
tract or lungs. The remaining individu
als, over 90%, are well and most have 
been discharged from hospitals. One 
should not be complacent about this 
outcome since a number of factors be
yond physician control served to reduce 
the number of immediate injuries.  
These factors include the nature of the 
explosion that directed the radioactive 
plume to a height of approximately 
10 km, the prevailing and meteorologic 
conditions that drove the plume away 
from Pripyat and Kiev. and the fact that 
the accident occurred at a time when 
most people were indoors and when 
there was no local precipitation. It is 
also of considerable importance that the 
release occurred during a protracted 
interval of nine to ten days rather than 
instantaneously.  

OUTCOME 
What conclusions can be drawn re

garding the immediate medical re
sponse to nuclear accidents? In some 
regards, these interventions were quite 
successful despite the complexities indi
cated. Intensive supportive care was 
associated with a high rate of survival 
in most individuals receiving less than 
6 Gy (600 rad) of whole-body radiation.  
Of course, it is impossible to know what 
proportion of these individuals would 
have survived if no treatment were 
given. A critical answer to this question 
would require a prospective randomized 
trial. This is unlikely. Nevertheless, it is 
highly likely that such measures as the 
use of systemic antibiotics, gastroin
testinal tract decontamination, and 
platelet transfusions can save lives.  

It is more difficult to evaluate the 
efficacy of these measures in individuals 
receiving more than 6 Gy (600 rad) of 
whole-body radiation in the absence of a 
controlled trial. Several of these pa
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tients received transplants; two sur
vived. Although data frNm mice models 
suggest that autologous bone marrow 
recovery in these patients might be 
related to their T-cell-depleted trans.  
plants, this is uncertain since some indi
viduals receiving more than 6 Gy (600 
rad) of whole-body radiation without 
transplants also survived. Re.gardlei
of the interpretation of these cases, it is 
certain that bone marrow transplants
tion can only save a small proportion of 
victims of radiation accidents; irreversi
ble damage to other organs is likely to 
limit the success of this approach. Also, 
many individuals may not have a suit
able donor. Perhaps this limitation will 
be overcome by the availability of inter
national HLA-typed volunteer donor 
registries or by progress In the use of 
partially histocompatible related 
donors. Recent advances in the ability 
to remove T lymphocytes from the graft 
and thereby to decrease or prevent 
graft-vs-host disease may be important 
in this regard." The decision as to 
whether a bone marrow transplantation 
is indicated, like most therapeutic deci
sions in medicine, requires a critical 
analysis of the potential benefits and 
risks in an individual patient at a spe
cific accident. There is no adequate sub
stitute in this complex and fallible pro
cess, but it is a task that physicians 
perform daily.  

What has been learned from the 
Chernobyl accident regarding Immedi
ate medical effects? First; nuclear acci
dents are far more complex than imag
ined. Investigators are just now 
beginning appropriate computer simu
lations of accidents of the Chernobyl 
magnitude and complexity. Second, im
mediate medical interventions vary in 
their effectiveness and limitations.  
Third, humans can survive considerably 
greater exposure to radiation than an
ticipated, which is not surprising in 
view of recent advances in supportive 
care, antibiotics, and transfusions.  

FUTURE DIRECTIONS 
What of future directions? Although 

transplantation of hematopoietic stem 
cells can facilitate bone marrow recov
ery, this procedure is associated with 
such complications as graft-vs-host dis
ease, interstitial pneumonitis, and Is
trogenic immune suppression. Perma
nent replacement of the bone marrow is 
probably not required in individuals re
ceiving less than8 Gy (800 rad) of whole
body radiation. In these individuals, it 
may be possible to expedite bone mar.  
row recovery by administration of mo
lecularly cloned hematopoietic growth 
factors.'" Preliminary data in mice and 
monkeys suggest that this approach 
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may be successful. Individualsexposed 
to more than 8 Gy (800 rad) hay not 
recover but may still have sufficient 
intact immunity to reject transplants; 
perhaps they should receive additional 
immune suppression with drugs or Irra
diation. Preliminary data in dogs sug
gest that this approach can be success
fuW"; moreovezr T-cell-depleted HLA
mismatched transplants may be useful 
in some Circumstances. Should nuclear 
Industry workers have their bone mar
row cryopreserved? Probably not. The 
associated morbidity and mortality is 
likely to be considered higher than the 
likelihood of benefit in an individual.  
Should workers be HLA-typed? Poss
bly. One major problem at Chernobyl 
was accurate HLA typing because of 
radiation-induced lymphopenia. This is 
a low-risk, low-cost investment and 
would have the added benefit of prcvid
ing a large pool of highly motivated 
HLA-typed individuals who might be 
willing to donate bone marrow or plate
lets for individuals with leukemia or 
aplastie anemia.  

As in all of medicine, prevention is 
superior to treatment. Nuclear acci
dents must be prevented. Unfortu
nately, this is not possible with current 
reactor technology. Consequently, 'in
herently safe fission reactors or fusion 
reactors must be our long-term goals.  

We should take one other lesson from 
Chernobylh a nuclear accident any
where is a nuclear accident everywhere.  
We live on a small planet In the context 
of nuclear energy, and Americans and 
Soviets are likely to do better with 
these sophisticated and potentially dan
gerous technologies by working to
gether rather than working against 
each othen Finally, the medical re
sponse to Chernobyl, involving physi
cians and scientists from 20 nations and 
several million dollars in supplies and 
equipment, would appear trivial in the 
context of a nuclear war." Instead of 
hundreds of casualties one would expect 
millions. An adequate medical response 
to the intentional use of less than 10% of 
the Soviet or American nuclear arsenals 
is not possible. As in nuclear reactor 
accidents, an ounce of prevention is 
worth a pound of cure.  
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Potential Charactmestcs 

._of Severe Reactor Accidents at Nuclear Plants 

Gonfon R. Thmpon 

Emergency Planning is a necessay adjunct of nuclearI reactor opera tion, because It is generally recognized that reactors have the potentla to under"g accidents that release radioactive materials to the environ ment. Most promitently, modern conunerdbl reactors have the poten.  tial to release rapidly (within hours from the initiation of an accident: 
a highly radioactive plume to the surroudfng atmosphere.:3 This chapter reviews the relevant characteristics that might be o 

displayed bya seere accident at the Three Mile Island (TMI) plant. M T platfeate two reactors Of almost identical design. TMh Unit 2, 00 which experienced a partial core-melt accident in 197,9, will not be oeturned to service. Thus, the severe accident potential of the site arises 
Primarily from. TMh Unit 1; this chapter focusses on that reactor. M Under the sponsorship of the licensee, a probabilistic risk analysis to 
(PRA) has been performed for TMI Unit I (PLG 1987). That PRA is one '0.  

of thT sourcesupon which the conclusions of this chapter are based. un rri Other sources of nfonmation were, however, equally fmportant, as ex- Xplained below.  
It should be noted that the term's"severe accident- nt "core-melt ' accident" are used Interchangeably In this chapter. The ",ss for that 

"sesexplained below. Aso, It should be noted that despite the poten. V 0 tial for spent-fuel storage accidents at nuclear plants, this chapter W" .  
addresses only reaetr accidents.  

To adopt an emefgency plan is to assume that severe accidents can o. Neverthdess, considerable controversy prevails about the 11c
lhood Of such accidents. Accordingly, this chapter reviews the state of 

Sabout severe accident probability. Also, contrvery exists 
a hel dgree Of sev rity that accidents can be expect to display.  It-. has been argued, for example, that most come-melt accidents will



32 Gvrden R. TMipm 

provide ample warning (that Is, many hours of warning) before the on
set of a large release. Accordingly, this chapter reviews the state of 
scientific knowledge relevant to the estimation of severe accident be
havlor. These Issues are of more than scientific Interest because the 
level of effort that a society devotes to emergency planning will reflect 
judgments both as to the severity and the likelihood of possible 
accidents.  

During a severe accident, radioactivity can enter the environment 
through water pathways (contamination of rivers, groundwater, etc.).  
The focus here, however, Is on airborne releases, which can spread 
radioactivity rapidly over large land areas.  

Accident Characteristics and Emergency Plarming 

The probability and the severity of potential accidents aiý Impor
tant Issues In the context of emergency planning and In the worldwide 
controversy about nuclear power. The following discussion addresses 
the ways In which expectations about these matters affect emergency 
planning.  

Acc•ent Probability 

To put a discussion of accident probability In perspective, note the 
following facts about the nudear power Industry, as of the end of 1986.  
At that time, 99 reactors were operating in the United States, with 21 
under construction. Total operating experience in the United States was 
1050 reactor-years. Worldwide, 397 reactors were operational, with 
133 under construction. Total worldwide operating experience was 4210 
reactor-years OAEA 1987, 65).  

For purposes of Illustration, Imagine that the probability of a core
melt accident at any reactor is I x 10'3 per reactor-year. The expected 
number of such accidents through 1988 would then be about one In the 
United States and five worldwide. In fact, the United States has expe
rienced one partial core-melt accident (at TMI Unit 2 in 1979), and two 
severe accidents (TMI and Chernobyl) have occurred worldwide.  

Confining the discussion to the United States and a assuming stable 
reactor population of 100 units, a core-melt frequency of I x 10" per re
actor-year would Imply that one core-melt would be expected about 
every ten years. Thus, full-scale Implementation of an emergency plan 
might be required, somewhere In the United States, once per decade. In 
fact, no such Implementation has occurred since the present emergency 
planning regulations were promulgated In 1980.

Pot~*a Ckwet9,vifcsof Semru Reactor Accidento 33

The probability of a core-melt accident at any given reactor is 
highly uncertain. Indeed, this probability will very over time, accord
Ing to factors such as the age of the reactor and the quality of Its main
tenance and operatio. Also, some accident-Initiating factors--espe
dally sabotage-are not stochastic. Thus, one cannot speak of a fixed 
core-melt probability even for a single reactor. Over a population of 
reactors, there are many more sources of uncertainty and variability In 
the probability of core-melt.  

Current emergency planning practice calls for Initiation of emergency 
response when core-melt has occurred or Is anticipated. More precisely, 
the-emergency-planning guidance provided in the document NUREG
0654 calls for declaration of a General Emergency when "events are in 
process or have occurred which Involve actual or Imminent substantial 
core degradation or melting with potential for loss of containment 
integrity" (NRC and FEMA 1980, page 1-16).  

More recently, recognition has grown that core-melt, by itself, cre
ates the potential for loss of containment integrity. Thus, the occurrence 
or imminence of core-melt Is becoming the accepted "trigger" for full
scale implementation of an emergency plan. Indeed, a philosophy Is 
evolving of "precautionary" response, whereby emergency responses 
will be initiated in anticipation of a core-melt, even at the risk of a 
false alarm.  

Thus, present regulations and practices are based on the implicit as
sumption of a significant probability of core-melt accidents. Resources 
and attention are currently devoted to emergency planning for core-melt 
situations. As this chapter will demonstrate, the assumptin of a sig
nificant core-melt probability Is sound.  

Source-Term Parameters 

The phrase "source term" Is often used loosely to refer to the magni
tude and Isotopic composition of an atmospheric release. A more accu
rate usage Includes all the following factors: 

"* the magnitude and isotopic composition of the releas; 
"• the development of the release over time; 
"* the location of the point(s) of emission; and 
"* the thermal energy of the plume.  

The gross magnitude of the release will affect the scale of doses that 
exposed persons may receive. At a slightly finer scale of detail, the 
Isotopic composition of the release will affect the way human exposure 
is distributed over the Inhalation, Ingestion, and external-exposure

V2
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pathways. For example, exposure to a cloud containing radiolodines 
will lead to a thyroid dose via the Inhalation pathway.T 

•Release timing Is partMcularly Imlpotant for emergemy response. If 
a long warning period precedes the release, for exampleono, comrplete 
implementation of emergency response will be possible. It should be I- cc 9! 
noted that all the characteristics of a release may be time-dependent. C) 
For example, a release might begin with a puff of relatively volatile 
radionuclides, perhaps accompanied by substantial thermal energy. It j L 
might then evolve Into a slowly varying release, composed primarily • 
of less volatile radionuclides and with little thermal energy. Thus, 

the appropriate emergency response might vajr during the course of an 
accident .  

The particular location of the point or points of release and, to an 
even- greater extent the thermal energy of the plume are both impor
tant because they affect the extent of plume rise. In turn, plume rise can 
have a substantial effect on human exposure; high-rising plumes will 
produ e lower doses near the point of emission, even though the total i CO 

Platin dose (in person-S) my not be reduce. This effect was evl
dent during the 1986 Chemobyl accident, which exhibited substantial 
plume rise (see chapter 17).  

UnderstandIng the Potential for Severe Accidents 

The 1979 TMI event and dose calls such as 1975 cable fire at Prowns 
Ferry highlight the potential for severe accidents at US reactors. A 
Experience with thes events has been Supplemented by an extensive 0 
research effort sponsored by the US Nuclear Regulatory Commission is 
(NRO and Its predeessor, the Atomic Energy Commission (AEC). 
Figure 2.1 summarizes that research effort and its relationship to the 
regulatory process. In general, the research effort falls into two catepries:.  

"* Identifying and estimating the probability of particular acci
dent sequencer, andsi 

"* estimating the source term associated with each accddent se

quenm I 

Attempts to develop a realistic assessment of accident behavior y a 1 

effectively began with the Reacto. Safely Study (NRC 1975). That 
effort led to the Identification of a number of accident sequences and 
their classification Into release categories, nine for pressurized-water 
reactors (PWRs) and five for boiling-water reactors (BWRs). For each
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category, a set of source-term parameters was estimated, as was the 

probability that an accident with that release category would occur.  

Afte its completion, the Remcor Saft Study underwent critical 

reviews, inluding one sponsored by the NRC Itself (Risk Assessment 

Review Group 1978). As Hirsch discusses fully in chapter 6 much of the 

criticism focussed on the estimation of accident probabilities and on the 

assessment of accident consequences rather than on the treatment of 

soumr terms In the report. This focus reflected the studyf conservative 

approach to source-erm estimation, which is evident from the rela

tively large releases estimated for some release categries.  

Controversy about the estimation of accident probabilities has 

abated in recent years. The following discussion provides ample reason 

to. believe that the probability of severe core damage is sufficiently 

high to be a reason for concern. Debate has recently turned more to the 

estimation of Source term• Some anays have argued that most If not 

all, severe core-damage accidents will yield source terms much less 

severe than those estimated In the React S•fty Study.  

PRA Results 

The Reactor Safet Study set the pattern for subsequent MRs. Since 

its publication, mnuerous M s have been conducted under the sponsor

ship of the NRC and various licensees, and a substantial community of 

PMA analysts has developed.  
Figure 2.2 depIcts, in broad terms, the PRA proces and shows the 

three levels at which MsRA may be performed. An effort at Level 1 

will Identify accident sequences and estimate their probability. At 

Level 2, the analysis will also Inclde an estimation of the sourCe-teru 

for each sequence. Finally, a .RA conducted at Level 3 will round out 

the analysis of accident sequences and their source terms with an esti

mate of the conmequences of releases to the enviromen. 

As mentioned earlier, this chapter uses the terms "severe accident! 

and -core-melt accident! interchangeably, and an eplanation of this 

use is In order. aearly, for an accident to be *severe,* there must be sub

stantial damage to the reactor core. O)nly such damage can liberate 

large amounts of radioactivity. The question is: can a core be severely 

damaged without undergoing melting? In fact, as Illustrated by the 

TMI accident, severe core damage cma occr without c t melting.of 

the core, yielding a potential benefit in terms of a reduced release.  

However, current analytic capabilities do not allow one to discriminate 

effectively between partial core-melt and full core-melt accidents at 

light water reactors, so that the term "severe accident" Is generally

t
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taken to be synonymous wlth the term "core-melt acident" As ex
platned in the Seabrook PRA: 

At one stage of the study, the possibility of specifying additional 
plant statesto distingufsh bewee c meti and damage short 
of melting was omnsidered. The fdm wasreject however, upon fln•ing 
that the time interval between onset of core damage and full scale fuel 
melting is shert in comparison with the time Interval between the Initlat
ing event and the time of coe damage for risk significant s•caros.  
Therefore, them was a physical beas for the assumpMon that, given the 
onset of core damage, the conditional likelihood of core melt ap
proaches unity. (PL• 193,2.1-2) 

A matter of current Interest is the possibility of reactivity accidents 
that would Involve a rapid incrase of reactor power to well above 
normal operating levels. Although it has been generally assun ed that 
light-water reactors will not experience such accidents, some analysts 
have not accepted this consensus (e.g., Webb 1976). Moreover, the occur
rence of a reactivity accident at the Chemobyl plant in 1986 has 
spurred a re-examination of the potential for such accidents at light
water reactors, and analysis is under way at Brookhaven National 
Laboratory. If it turns out that severe reactivty accidents ate feasible, 
PRAs will require some modification. High power levels could rapidly 
disrupt the core structure, as occurred at Chernobyl, and lead to accident 
scenarios qualitatively different from those now considered.  

Table 2.1 summnarles the results of FRAs conducted in the United 
States through 1985. The predicted core.-met frequeries rmae widely 
from 4.9 x 10-6 to 1.5 x 10-3 per reactor-year. Some of these estimates re
flect the consideration of "external events' (floods, earthquakes, etc.) 
as potential accident Initiators. In no case is sabotag considered.  

In comndct PRAs, some analysts attempt to provide a rauge of un
certainty for their estimate of core-melt frequency. Figure 2.3 illus
trates such an attempt, in this case for the Surry plant. The uncertainty 

range extends above the central estimate 2.6 x 10-5 per reactor-year) by 
a factor of 4 and below by a factor of 5. It should be noted, however, 
that these uncertainty bounds are not statistically determined but 
reflect fudgments by the analysts. The operating history of nuclear 
plants-about 1000 reactor-years In the United States-Is Insufficient 
to allow purely statistical arguments. In addition, many relevant fac
tors are nonstochastic.

39 
TABLE 2.1. Pmicd TMi Core-Damage Frequency and RFesu of Other 
Pro babilstic Riskc Analyses (PRAs) 

Pant Nm eInternal Events External Events 
Core-Damago CoreDam-age 

Frequency Frequency

BABCOCK & WILCOX PWRs 
Three MWe Island 1(19M7) 

-MI-1, This Review (19) 
Oconee 3 (1981) 
Oeown 3 (1984) 
Arkansas 1 (12) 
Crystal River 3(1981) 
CrystalRive3 (19I7) 
MWIand (M194) 

WESTINGHOS PWRs 
Indin PoMn 2 (19M2 
Indian P 2 (1982) 
Indian Po3t (19M2) 
Indian POint3 (1982) 
Seabrook 1 (18M) 
Milsone 3 (1984 
Sequoyab 1(1981) 
SequYab, 1 (194) 
Sequoyah 1 (19187) 

Zis n (1984) 
Zn (197) 

Suny 1 (17) 

Hdmm Neck (198 
COMBUSLION ENGINEERM PWRs 

Cal"t Cffs 1 (1980) 
Cav, COfs 2 (1O2) 

GEN AL ECTIC ?BWR• 
Brown Ferny (19M2) 
Peach Botom (1975)

4,4x104 
2.1 x 10 
O.Ox 10 
5.4 x 10 
S.Ox 10.  
4.ox 104 
&.7x 1o-5 
2.8x x-4 

2.9x 1f-4 
7.9 x le 
3.3 x j0-4 
1.3 x 10-4 

1.7x 1o-4 
4. x 10" 
5.6 X 10~ 
9.1 x 105 
1.ox 1o-4 
S.7x 10i 
3.2 x 10-S 
1.5 x 1O-4 
8.ox jO-5 

2.6 x 10-" 
1.7x 10.4 

1.5 x o" 
1.3x 10-4 

2.0 x 10-4 
3.ox10-5

1.1 x 10-4 
1.2x 10-4 

N.A.  
2.0 x I r4 

N.A.  
NA.  
NA.  

&I x 10-5 

6.ox lo
8.1 x 1o-5 
1.5X 10W5 
1.0x 10-s 
5.8x 10-5 
1.4Ax 10o 
N.A.  
N.A.  
N.A.  

1.o x 10-w 
N.A.  
N.A.  
N.A.  
N.A.  

3.&x 10-4 

SN.A.  
N.A.  

N.A.  
N.A.

(cominues)
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Table 2.1 (contfnued) 

Internal Events External Events 
Plant Natne (PRA V-tage) Cove-Dafage Cove-Dtfmae 

FreqMueM Frequency 

Peach Bottom (1984) 3.6 x 10-5 N.A.  

Peach Bottom (1987) 8.2 x 10 N.A.  
Gred Guf (19"1) 3.6 x 10-5 N.A.  
Grand Gull (1984) 8.3 x 104  N.A.  
Grand Gi (19N7) 2.8 x 10-5 NA.  
M,•ome I 0198) 3.0 X1O4 N.A.  

MIllst (195) .1 X 04 
Umkdk (t981/11 ) 1.5x 10-5 9.1 x 10"6 
Leldk (19N8) 8.5 x 10-5  9.1 x 10-6 

GESSAR-g (1982) 4.3 x 10-6 6.ox w 7 

GESSAR-Nt (1985) 3.8 x 10-5 6.7 x 10-5 
Oyste Creek (1910) 4.8 x Iv5 (total) PLG 

Source After MHB (1099, pages 3-13). ThIs eoume also Inckudes fuU bWbfo
graphic references for each PRA.  

Limitatioffs of PRA 

Despite all the effort that has been expended on development of 

MA methodology since the Reacor Safety Study was published, se

vere limitations compromise the accuracy of PRA findings. First, it Is 
Impossible to predict a chain of operator ermrs, such as occurred at 

Cherwnobyl in 1986. Indeed, analysts conducting PRAs do not attempt to 

hypothesize such sequences of human error. Instead, they address hu
man error in almost the same manner as equipment failure. For this rea
son alone, MRA estimates of core-melt frequency should properly be seen 
as lower bounds.  

A related problem Is that PRAu do not consider sabotage. Yet, there 
is ample evidence that sabotage presents a nontrivial risk (Andrews et 
al. 1986).  

Even If Chernobyl-type multiple human errors and sabotage events 
are Ignored, fundamental difficulties still exist in conducting a PRA.  
The data base of equipment failures and operator responses Is Inade
quate for statistically defensible predictions. Also, analysts can never 

be certain that they have Identified all significant sequences. Finally,
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FIGURE 2.3. Uncertantes for core-damae frequeny at Sury: NUREG-I 150 a"ls.  
Sofnv: NRC (1987b, 1 page 3-8).
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it is difficult to account for the effects of partial failur (suh as de
graded voltage in a power supply) as opposed to total falures.  

A 1984 review by the NRC of the status of PRA methodology 
conduded: 

" In general, the methodology can be considered relatively mature 
for essentially all qualitative and quantitative applications of 
the results of systems analyses to the understanding of accidents 
resulting from Internal Initiators and, given a sourem-term, to the 
analyses of consequences.  

"* PRA is not a mature techdology If the desired application Is the 
strict comparison of quantitative estimates with regulatory 
numerical criteria for the purpose of determining compliance.  

"* Quantitative estimates of core-damage frequency from internal 
Initiators attributable to accidents have an uncertainty of per
haps an order of magnitude on either side of a point estimate.  
The uncertainties In risk estimates are larger than those drawn 
from the systems (core-damage) amlyses, because of source-term 
uncertainties. Thus, conclusions drawn from core-damage analy
ses are generally more robust than those drawn from quantita
tive risk analyses.  

" Quantitative estimates of cone-damage frequency or risk due to 
externally Initiated accidents have significantly larger uncer
tafntles than those due to internally initiated accidents and the 
two should not be compared with any confidence.  

" Generally, the uncertainties are reduced when PRtA results are 
used In a relative sense rather than in an absolute sense. Thus, 
one may expect a greater degree of confidence In Identifying on a 
relative basis the dominant accident sequences due to internal 
Initiators (NRC 1984, 2-8).  

These judgments can be regarded as "middle of the road* within the 
community familiar with PIRA methodology. Some analysts express 
much greater confidence In A results, whereas others are much more 
skeptical. Incidentally, It should be noted that these NRC review 
comments draw attention to the uncerinties associated with source
term estimation.  

The NRC has also sponsored another approach to estimating severe
accident frequency. Its accident sequence preUrsor (ASP) program at
tempts to base Its estimates on the actual operating history of US

nuclear plants. By examining 'prewrso? events selected from licensee 
event reports for the period 1969-1979, analysts at Oak Ridge National 
Laboratory estimated that the fndustry-wide severe core-damage prob
ability for that period was in the range 1.7 x 10-3 to 4.5 x 10-3 per reac
tor-year (Minarick and Kuldelka 1982). Figure 2.4 compares this range 
with other estimates. A subsequent examination of licensee event 
reports for the period 1980-1981 led to an Industry-wide estimate of 
severe core-damage probability of 1.6 x 104 per reactor-year (Cottrell 
etat. 1984). The lower probability during the 1980-1981 period is essen
tially attributable to the occurrence of three serious events (at Three 

Me Island, Browns Ferry, and Rancho Seco) during the 1969-1979 
period.  

More recent ASP studies have not estimated industry-wide core
damage probability. Nevertheless, the conditional probability of core
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damage (that Is, the probability that the precursor event would have 
led to core damage) has been estimated for each precursor. For 
example, for the year 1985, one precorso (at the Davis-Besse plant) 
was estimated to have had a conditional core.damage probability of 
1.1 x 102, another a conditional probability of 1.8 x 10"3, whereas the 
remaining 61 precursor events had lower conditional probabilities 
(Minarick et a. 1986).  

No published estimate exists of the industry-wide severe core.darn
age probability that would be indicated by an integrated analysis of 
precursor events for the period from 1969 to the present. This analysis 
Is overdue. Although it might be daimed that the 1969-1979 period Is 
unrepresentative because safety standards have Improved since the 
1979 T7M accident, one could just as easily postulate that the probabil-.  
ity of core-melt acidents is currently risi due to growing complacency 
about safety and due to aging of the reactor population. Inidents such 
as the 1985 Davis-Besse precursor demonstrate that severe accidents 
are an ever-present possibility.  

MRAs have generally recognized limitations. Their estimates of 
core-melt probability have an uncertainty of perhaps an order of mag
nitude (on both sides of the central estimate) if ioternal Initiators alone 
are considered. Uncertainty is greater when external initiators, exclud
Ing sabotage, are considered; sabotage itself, being a nonstochastic 
event, is not amenable to this type of calculation. Analysis of precursor 
events Indicates a generic core-melt probability that Is comparable to 
or greater than the values resulting from plant-specific PRAs (see Table 
2.1). But, precursor analysis, for anl Its merlts, does not provide a sta
tistical basis for prediction of core-melt probability.  

Sourme-Term Estimation 

As mentioned above, the NRC has sponsored a major ongoing pro
gram of research on severe accidents. Much of this research relates 
directly or indirectly to the estimation of accident sou.ce temms. In ad
dition, the nuclear power Indust, In part through its sponsorship of 
PRAs, has conducted source-term researnh.  

Two aspects of severe accident behavior dramatically affect source 
terms- first, the potential for core-melt to engender phenomena that 
severely stress the containment boundary; and, second, the performance

S of the ennt inmentt under accident loadings. Ths matters are ad
dressed below.  

History 

The Rmctor Soft Study (NRC 1975) was the first effort to esti
mate source terms through systematic analysis. Earlier studies had 
relied heavily upon arbitrary assumptions. Table 2.2 summarizes the 
source-term findings of the Reactor Saft Study. In the context of 
emergency planning for severe accidents at the TMI plant, the relevant 
release categories are PWR I through PWR 7, each of which involves a 
core-melt. Release categories PWR 8 and PWR 9 are associated with 
"design-basis" accidents (in each case, a large pipe break).  

Curent emergenypl ing guidanmc, as expres in the document 
NUREG-0% (NRC and FRMA 19•0), derives from the planning basis 
laid down In NJREG03 (Collins, Grmes, and Calpfn 1978). In turn, 
that planning basis draws heavily upon the source-term and release probabilty estimates In the Pxactr -ft Study. In one, respet how
ever, NUREG-0654 takes a more onervative position. Although the 
RecSr Soft Study (see Table 2.2) does not show any severe release's 
occurring sooner than two hours after Initiation of an accident, NUREG
0654 provides the following guidance for emergencrplanning purpOse..

Time from the Inftiat" event to start of 
atmotphefto relese 

Time period over which radfioaftie 
material may be contimmisly released 

Time at whih maor po•ton of islease may 
occur 

Travel tine for release to exposure point 
(tIme after release)

0.5 hours-to oae day 

0.5 hours to sever days 

0.5 hours to I day after start 
of rehlese 

Smes: 0.S to 2 hours 
1omwes: itoAhoum

Souroa. NRO and FEMA (180. 17).

By general agreement, understanding of source-tem Issues has im
proved substantially since the time of the Rmetor Safty Study. A con.  
siderable body of technical literature has emerged, and the scientific 
issues have been fairly well Identified in two reports: a review by the
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American Physical Society (ArS 1985) and the previously mentioned 
NRC report NUREG-09% (Silber• et at. 1986). Also, the author of 
this chapter has co-authored a review (Sholly and Thompson 1986).  

Based upon recent research, the NRC has prepared an updated ver
sion of the Reactor Safetl Study; NUREG-1150 (NRC 1987a). Contrary 
to the hopes of many In the nuclear industry, NUREG-1150 does not 
provide a basis for assuming, for regulatory purposes, that source terms 
will be less severe than those estimated In the Reactor Safety Study.  
First, NUREG-1150 has Identified a wide range of uncertainty in its 
predictions of accident source terms; the range of its predictions actu
atly encompasses those of the Rector Safety Study. Second, a number 
of areas, not necessarily accounted for in NUREG-1150, remain where 
uncertainty about underlying phenomena is significant and where that 
uncertainty will not soon be resolved.  

Summaty 

Since the subject first received attention in 1950, the scientific under
standing of the severe-accident potential of nuclear plants has Im
proved substantially. That improved understanding has not provided a 
basis for disregarding, for reunlatory purpose sevre source terms. On 
the contrary, the summary analysis NUREG-1150 (NRC 1987a) shows 
that source terms could be at least as severe as those estimated In the 
1975 Reactor Safety Study.  

Severe-Aedent henomena 

A wide variety of physical and chemical phenomena will accom
pany sever accidents. It is beyond the scope of this chapter to review 
all of these phenomena, but Interested readers may consult NUREG
1150 (NRC 1987a), and the references cited therein, for further Informa
tion. Relevant phenomena are those that can affect the liberation of 
radioactive materials from the uranium dioxide fuel pellets, the trans
port of those materials through the coolant system and thý containment 
of the reactor, and their release to the atmosphere. Table 2.3 shows 
the amounts of both radioactive and nonradioactive materials In the 
core of the Surry and Peach Bottom reactors, which are 2441 MWt PWR 
and 3293 MW t BWR units, respectively. Given the melting and boiling 
temperatures of various materials In the reactor core, many radionu
clides will have vaporized by the time core-melt is complete.  
Incidentally, chemical form can be important to physical behavior.  
Ruthenium, for example, is a nonvolatile fission product, but In an

I 
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TABLE 2.3 Inventory of Fission Products and Other Materials for Sury 
and Peach Boom Reaclto 

Fission Products Actkindes and Others 

Elemet Mass (kg) Mass (kg) Elemen Mass (kg) Mass (kg) 

Peach Peach 
Surry Bottom Sam Bottom 

Kr 13.4 25.7 U 70.210 139.000 
Fh 14.7 23.3 Pu 489 743 
Sr 47.6 62.7 NP 26 41.2 
Y 22.9 36.2 Zr 16,480 64.100 
Zr 179.0 267.0 Sn 282 1,050 
Wb 155.0 237.0 Ag 2.750 0 
To 37.1 59.9 In S05 0 
Ru 104.0 172.0 Cd 173 0 
Rh 20.9 33.2 Cr 1.168 4,140 
"Te 25.4 34.9 Ni 649 2.560 
I 12.4 16.6 MN 0 432 
Xe 280.0 387.0 Gd 0 287 
Cs 131.0 207.0 Fe 6,488 15,150 
Ba 61.2 105.0 
La 62.3 98.3 
Ce 131.0 208.0 
Pr 50.7 80.4 
Nd 171.0 271.0 
Sm 34.0 63.8 
Nb 2.7 4.3 
Pd 52.5 83.2 
Eu 8.9 14.1 
Pm 7.2 11.5 

Sourore Sflberberg et at (1988) 

oxidizing environment ruthenium tetroxlde may form--this Is quite 
volatile.  

Here we briefly review three severe-accldent phenomena. The pri
mary purpose of this review Is to demonstrate that substantial scien
tific uncertainty remains about even qualitative aspects of severe aed
dent behavior. In addition, the three selected phenomena are of 
particular Interest because each has the potential to lead to early 
containment failure with a large release to the atmosphere. Research
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continues on to each of the three phenomena In the context of an Ongoing 
research progrom om source terms generally.  

High-Prtssm Melt EjeCtion 

For many accident sequences, ft Is expected that the reactor core will 
melt while the reactor-coolant system remains at high pressure. The 
PRA for Seabrook uses 300 psla (pounds per square Inch absolute) as the 
dividing line between low and high pressure core-melts, and estimates 
that well over 90 percent of core-melts at that plant (a PWR) would be 
athigh proessue, and about half of the events would Involve a dry reac
tor cavity (PLG 1983). PRAs for other PWR plants have Indicated a 
similar preponderance of high-pressure core-melts.  

In the event of a high-pressure core-melt accident, molten core mate
rial could flow Into the bottom of the reactor vessel and melt through 
the vessel wall while the reactor-coolant system remains pressurized.  
Molten material could then be ejected from the vessel at high velocity, 
driven by pressure Inside the reactor-coolant system. This phenomenon, 
known as high-pressure melt eecti raises two major concerns. First, it 
provides mechanisms for the suspension of radioactive material in the 
conitinment atmosphere. Second, It can produce a substantial increase 
in containment pressu, which could lead to containment failure. The 
Increase in pressure could come from direct heating of the containment 
atmosphere, from combustion of the molten material, from hydrogen 
combustin or from an ex-vesse stem explosion.  

If high-pressure melt ejection Is to occur, the boundary of the reactor
coolant system must maintain its structural integrity until the molten 
core has formed a pool inside the bottom of the reactor vessel. Further, 
the core must melt through the vessel wan In such a way that molten 
material flows into the reactor cavity at high velocity. Several fac
tors could decrease the likelihood of the core-melt conditions needed 
for high-pressure melt ejection. First, an in-vessl steam explosion 
could blow open the lower end of the reactor vessel, thus precluding 
high-pressure melt ejection. Second, the temperature of the reactor
coolant-system boundary might closely follow the core t1mperature for 
accidents in which the coolant system Is pressurized. If so, the decline 
of material strength In the reactor-coolant system at higher tempera
thres could cause a loss of structural integrity, leading to depressuriza.  
tion before the molten core slumps into the bottom of the vessel.  

The likelihood of these various effects Is disputed, and no basis cur
rently exists for excluding high-pressure melt ejection. Indeed,
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NUREG-11SO (NRC 1987a) identifies high-pessure melt election as a 
potential major threat to large dry IFWR containments. The estimated 
range of possible pressure loadings generated by high-pressure melt 
ejectio• Is such that, for the upper end of the re, cmtainment failure 
Is likely for most plants. Tis remains true even as more sophisticated 
analyses (e.g., Williams df aL 1987) demonstrate the potential role of 
certain factors (e.g., the existence of compartments within the cotain
ment free volume) in reducing estimated peak pressure loadings.  

It Is Ironic that, when the potential for high-pressur melt ejection 
was first recognized, it was thought to be a phenomenon favorable to 
containment Integrity. The Zion PRA (P=G, Westinghouse Electdc 
Company, and Fauske and Associates 1981) proposed high-pressure 
melt ejection as a mechanism for dispersing molten core material over 
the floor of the containment, thus prevnthig a high-tempert core
concrete Interaction and thereby avoiding the evolution of gases 
(including combustible gases) and radioactive aerosols that accompany 
such interaction. However, subsequent experiments conducted at Sandia 
National Laboratories have shown that high-pressure melt ejection Is 
a much more violent event than the authors of the Zion PRA thought, 
and that it in fact presents a major threat to the integrity of the con
tainment (PLG, Westinghouse Electric Company, and Pauske and 
Associates 1981) 

Steam .k'plosion 

A steam explosion can occur If molten core material Is rapidly mixed 
with water, either inside the reactor vessel or In the concrete cavity 
beneath the vessel. In-vessel explosions can be the most damaging 
because the explosion is more confined. A severe in-vessOl explosion 
could blow open the reactor vessel, possibly propelling the vessel head 
upward with sufficient momentum to penetrate the containment.  
Whether or not the containment is penetrated by a missile In ths man
ner, any explosion that breaches the vessel will release molten core 
material to the containment atmosphere in finely divided form. The 
resulting rise in pressure may itself contribute to containment failure.  

Just as for hbih-pressure melt ejection, experts disagree about the 
probability that a steam explosion will induce containment failure.  
But consensus exists about the lack of an objective means of resolving the 
dispute.  

The level of uncertainty regarding In-vessel steam explosions has 
been Investigated In an analytic exercise conducted at Sandia National 
Laboratories. Table 2A summarizes the results and shows the outcome 
of a Monte Carlo computation In which five parameters were varied.

TABLE 2.4. Estimated Number of Outcomes of Steam Explsions Drilng 10.000 
SCoM-et. Based on a Monte Caro Computation for Various Parameter Ranges 

Ful Lower Middle High 
Outcome of Steam Explosion Range Third Third Third 

Falkue of Vessel Bottom 2.017 0 2.128 10.000 

Separation of Vessel Head: 480 0 1 9,987 
Veoc-y over 50 M 

Separaion of Vessel Head: 287 0 0 9,958 
Vebly over 90 mM 

*The five major used In this Calculation we e: (1) molten fraction 
of core; (2) pour daee, (3) pour length; (4) conversion ratio. and (5) con
densed-phase fraction of slug. Sourcas Berman, Swenson and Wildett (1984); Sholl and Thompson (1988.  

The Sandia analysts determined for each parameter the range of val
ues that could be justified on present knowledge, divided that range 
Into lower, middle, and high thirds, and then repeated the computa
tion 10,=00 times, each time with a random choice for the value of each 
parameter from within Its allotted range. Table 2A shows that 
dramatic failure of the reactor vessel Is virtually certain if each 
parameter is confined to the high third of its credible range and 
impossible If each parameter is confined to the lower third of its range.  
If the full range is permitted, then 20 percent of core-melts will lead to 
the lower part of the vessel's being blown open, whereas 5 percmet of 
core-melts will lead to the vessel head's becoming a missile with a 
velocity of at least 50 meters per second. Although these numbers are 
strictly Illustrative, the exercise shows that no basis exists for 
asserting that severe in-vessel steam explosions have negligible or zero 
probability.  

This Sandia exercise was conducted assuming cor-melt events in 
which the reactor vessel Is at low pressure, such as would be character
istic of a large-break loss-of-coolant accident. Even less knowledge 
exists about steam explosions at higher pressure, and, although high
pressure steam explosions are probably less likely, no basis exists for 
ruling them out.  

As mentioned in the preceding discussion, it Is possible that a high
pressure core-melt sequence could change to a low-pressure sequence

G..o,• R. Thoposo S1
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through thermally Induced failure of the reactor-coolant system 
boundary. Although that change would preclude high-pressure melt 
ejection, the potential for a steam explosion would remain. Moreover, 
the vessel upper head and its retaining bolts would be weake because 
of their elevated temperature, thus allowing a steam explosion mor 
readily to breach the vessL 

Ruptmr of Stewm-Gme~mvw Tubes 

The rupture of steam-generator tubes can Initiate a severe accident, 
or such rupture can arise during an accident sequence In either case, tube 
rupture is important because the containment can be breeched indi
rectly, through the creation of an escape path from the core to the 
atmopbere via the steam noMerat• Inside these generators are thou
sands of small tubes with relatively thin walls (about 1 mm In thick
ness) that separate the primary cooling-water circuit from the 
secondary steam circuit. On the secondary side, pressure-relief valves 

communicate directly with the atmophere. Thus, If stem-genetor 
tube failure is associated with opening of the relief valves, a pathway 
from the caom to the atmosphere will be crested. If the secondary side 
relief valves stick open, this pathway will remain in effect throughout 
the accident.  

As an accident initiator, stm-geneator tube ruptut could lead to 
core-melt if emneency core-cooling systems were unavailable or became 
so during the sequence (eg, due to loss of coolant inventoty to the sec
ondary side). During such sequences, the secondary side relief valves 
are likely to open, and experience suggests that there Is a substantial 
probability that one or more of them will fail to re-close. In the latter 
event, even before the accident has proceeded to core-mel there will 
be a direct release path from the core to the atmosphere.  

Sponteons tube rup s am relatively common events (PLG 197.  
This is not msprising considering the dimensionm of the tube walls, the 
harsh conditions to which they are exposed, and the difficulty of de
tecting weakened tubes through routine Inspectin In addition, how
ever, tube rupture could occur as a result of the primary/secondary 
pressure differential arising during a "steam line break" or "failure to 
scram! Incident. A rupture induced in this manner could lead to core
melt in the same way as a spontaneous rupture.  

Pressure and temperature effects arising during com-melt sequences 
that have other initiators can also Ind steam-generator tube rupture.  
Thes effects will be relevant for sequences in which the reactor
coolant system remains at high pressure up to and during cormiet.  
Such sequences may produce a substantial pulse of pressure on the A16!

U.•

primary side of the steam-generator tubes when the molten core slumps 
into residual water in the base of the reactor vessel. Moreover, convec
five heat transfer from the core, deposition of radioactive material 
within the tubes, or both, may also elevate tube temperatures.  

The temperature effect raises an issue that is generic to high
pressure core-melts and that is mentioned in the preceding discussions of 
high,-pressure melt ejection and steam explosion. The heating of the en
*tire reactor-coolant system boundary by convective heat transfer and 
deposition of radioactive material could lead to a breach of the 
reactor-coolant system, either in the steam generators or at locations 
such as the "hot leg" piping or the pressurizer line. Research and regu
Jatory attention has focussed on convectiv heat transfer rather than on 
heating due to deposited radioactive material. Even with this limited 
focus, curret knowledge suggests that thermally Induced rupture of 
steam-generator tubes poses a potential containment-failure mechanism 
for PWRs (Lyon 1987).  

The particular configuration of the reactor-coolant system for TMI 
Unit I may Inhibit convective heat transfer. Even If most of the core Is 
uncovered, a "loop seal" of water is likely to remain In the lower part 
of the "cold leg" piping and the steam generators; the presence.of that 
water will prevent the establishment of convective circulation from the 
core to the steam generator via the hot legs and back to the core via the 
cold legs.  

Deposited radioactive material could, however, be a concern for TMI 
Unit 1. Analysis of the potential for thermally Induced steam-genera
tor tube rupture arising from such deposition will require detailed 
investigation of flow dynamics. Localized deposition, which could 
cause local heating of s-geetor tubes, must be considered. Also, 
the posi•ble propagation of a small initial tube breach must be ,nvesti
gated; transport of radioactive material to the site of that breach could 
lead to localized tube heating.

Contatment Perfomance

During a core-melt accident, large amounts of radiohetive material 
will enter the containment atmosphere. It Is Important, therefore, to 
understand the ability of containment to maintain Its integrity under 
accident conditions. It is necessary to consider three types of release 
pathway: 

a pathway from the core to the outside atmosphere, bypassing 
the containment envelope;
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"* a pathway from the containment atmosphere to the outside at
mosphere, not involving a breach in the containment structure;, 
and 

"* a breach in the containment structure.  

The preceding discussion indicates one way the containment enve
lope of a PWR could be bypassed-4hrough steam generator tube rup
ture. Another bypass event would involve an inadvertent connection 
between the reactor-coolant system and the low-pressure piping of the 
residual heat removal system leading to a rupture of the residual heat 
re•mval piping outside the containment. This event is known as an 
"interfacing systems loss of coolant accident" and is frequently desig
nated as "event V." In both cases-steam generator rupture and event 
V-the strength of the containment building is Irrelevant.  

Closure of the Containment DMmdaY 

Potential routes exist whereby a release from the containment atmo
sphere to the outside atmosphere can occur without breaching of the 
containment building. Of particular interest in this regard are the con
tainment ventilation system and the personnel and equipment hatches, 
all of which present potentially capacious pathways to the atmo
sphere. In principle, the hatches will be closed during plant operation, 
and the ventilation system and other open piping systems will be "iso
lated" by the automatic dosing of valves as soon as an accident arises.  
In practice, the hatches may not always be dosed and isolation of open 
piping systems may not always occur when needed.  

As for other MA issues, it is not possible to provide a statistically 
robust estimate of the probability of isolation failure. Certainly, sabo
tage is not amenable to such estination. Nor can one anticipate 
Chernobyl-type human errors. For what it is worth, an examination of 
operating experience for US nuclear plants has shown that, on average, 
the probability of a containment'a having a leakage area greater than 
allowed by plant Technical Specifications is 0.3, and the probability of 
a larger leak (a hole in the containment liner or an open Isolation 
valve) ranges from 0.01 to 0.01 (Pelto, Ames, and Gallucd 1985).  

Conta•ment Respone to Semre Loadihg 

Turning now to the possibility of-a breach in the containment struc
ture, it is worth noting that a variety of types of loading (pressure, 
temperature, radiation, impact) can cause such a breach. High-
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pressure melt election events and steam explosions have been mentioned 
above, but other sources of loading ntay be Important as well. Hydrogen 
explosions, slow buildup of noncondensible gases from core-concrete 
interaction, and erosion of the containment wall by molten core mate
rial are three other important sources. For a given core-melt accident 
sequence, considerable uncertainty exists about the nature of the con
tainment loading. This uncertainty derives both from our incomplete 
understanding of the processes involved and from the natural variabil
ity of those processes. If one then considers the range of core-melt 
sequences that might be experienced, it is dear that a wide range of un
tfrtainty exists about the containment loadings that might accompany 
a core-melt accident.  

Further uncertainty prevails about the response of containment struc
tures to a given loading. A 1,6-,scale reinforced concrete containment 
model was tested to failure at Sandia National Laboratories, and ana
lysts from various US and West European laboratories, using "state of 
the art" computer codes, made. pre-test estimates of failure pressure.  
The estimates of failure pressue span a range from 128 psag (pounds per 
square Inch gage) to 190 psig, and the analysts made markedly varying 
predictions of the mode of containment farilure. In fact, when the model 
containment was tested in July 1987, it failed (in the sense that nitrogen 
gas could not be Injected quickly enough to sustain pressure) at 145 psIg.  
The mode of failure was a 20-inch-long tear in the steel liner, adjacent 
to some containmen penetrations (Weaver 1987). It seems dear that 
there is room for substantial improvement in our current capability to 
analyze containment failure.  

There Is also the question of translating an improved analytic capa
bility to different containment types. The Sandia model was a rein
forced concrete structure, whereas the TMI Unit I containment is a pre
stressed structure. Analysis of such structures requires consideration of 
effects such as varying friction along the length of pre-stressing ten
dons. Thus, additional model tests may be necessary.  

All modelling exerises are applicable to containment, that are built 
according to design specifications. However, actual conlainments may 
have serious defects that arise during construction or a• a result of ag
ing. Figure 2.5 summarizes the defects that have beeh detected at US 
nudear plants with concrete containments. An indication of the serious 
nature of some of these defects is the exteit of cracking (delamination) 
In the dome of the Crystal River Unit 3 containment. This problem was 
discovered two years after completion of concrete placement and one 
year after tendon tensioning, when electricians could not secure some 
drilled-in anchors to the top of the dome (Naus 1986).
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Uncertainty and Variability In Severe-Aeddent Behavior 

As indicated previously In this chapter, substantial uncertainty 
exists about both qualitative and quantitative aspects of severe g...... iaccident behavior. It Is important to note, however, that different MNMconcepts am typicany subsumed under the term ", m inty." In part, 

•" " • ! the term refers to our lack of ability to predict accurately, even if all k S the input parameters are known, the distribution of outcomes of a.  MM situation. In addition, the term is used to refer to the natural 
2 .N,.. M variability of relevant processes, although this variability can, in 

"tindple, be described by a probability density function. These types of g z , "uncertainty" are, in MMct intertwined.  

NRC Treatment of Uncertninty 
S I The NRC Is aware of the Incomplete status of knowledge on qualits'' • tive aspects of eve dent behavior. This status Is evident from S. '.. I the proceedings of a meeting convened by the commission in 1987. The 

conference produced a series of paperson scientific uncertainty (NRC 
.. 1987b) and an overall review by expert panelists (Kouts 1987), who ad

0 N dressed a series of Issues: 
zt 

8pco rmeltoprgression andhydrogen generation; 8 natural circulation in the reactor-coolant system; Sdirect containment heating; 

cc * steamn explosion; 8 hyroe a omi ustIon, 
2 * ulcore-concrete Interaction; 

z~~ iodine chemical form-and 
_J* fission product revaporization.  

z 8 0 0 It is not approp. ate to repeat here all the findings of this review, but I oefinding will se.we as anexample.  cc It concerns the chemical form of Iodine during sever accidents.  8 w Many analysts have argued that iodine will be present as cesium 
Iodide (C9D, which Is less volatile than other Iodine'speces such as 

OR. molecular iodine (12). Although major studies have proceeded on the 
assumption that Iodine will be present as Cs9, the above-mentioned 
review panel "cast doubt on the central importance of formation and 
fixation of iodine In CsL It was pointed out that numerous effects can 
dissociate Cs1, Including surface effects with stainless steel, the pres
ence of 114 C in BWR's, the existence of an oxidizing atmosphere, and 
the effects of high temperature" (Kouts 1987, 10.



Estimation of the characteristics of potential severe accidents de
mands an itegrated analysis. The various phenomena Involved render 
it difficult to find an analytical approach that adequately accounts for 
uncertainty. In preparing NUREG-1150 (NRC 1987a), the NRC staff 
has adopted two distinctive approaches. The first approach Is to 
bound the estimated accident characteristics by an "optimls
tic/pessimistic" analysis, illustrated In Figure 2.6, which summarizes 
an analysis of the potential for containment failure under Internal 
pressurization. The most "pessimistlc" estimate of the probability of 
containment failure is obtained by matching the "pessimistic" estimate 
of pressure loading with the "pessimistic" distribution of containment 

failure pressure. This optimistic/pessimistic approach yields a wide 
uncertainty band, but suttably.applied, Is scientifically defensible.  

Unfortunately, the NRC has performed most of Its NUREG-1150 
analysis using a much less rigorous approach called the "limited Latin 
hypercube" [Li-1] method. This method centers around the use of pan
els of analysts who vote on the probability distributions to be assigned 
to relevant parameters. For all its elaborate manipulations, this 
approach represents nothing more than the collective Judgments of the 

participating analysts. !ts use has, however, been Justified as follows: 

Dr. Allan Benjamiln of Sandia Initiated the session with a brief re
view of the uncertainty approaches employed in SARRP [Severe 
Accident Risk Reduction Program]. He also provided some Initial re
sults for the Suny plant that wem obtained using both the LLH mid op.  
timistlc/central/pesslmistic (OCP) approaches. He explained that 

through Interactions of SARRP personnel, review group%, and NRC staff, 
the LLH approach was developed In order to address the significant 

drawback of the OCP approaec% which was the Initial method selected.  
That drawback concers the lack of ablifty to characterize the relative 
Hlkehoods of the outcome%, Le., the degre of optimism and pessimism 
In the results. The LLH method allowed the development of a distrfbu
fioe of possible outcomes (in terms of the risk results) generated by vari
atlon of a specific number of uncertain inpt Which were termed Issues 
in this study. (Benjamin et aL 1987, -LI) 

This is not a convincing Justification.  
If the state of knowledge does not permit a scientifically rigorous 

uncertainty analysi, then one must remain content with a bounding 
analysis. It Is Inappropriate to create a superficially sophisticated 
analytic method, such as 11-, that has no scientific basis. For further 
critiisms the reader is referred to comments by the NRCs own review
ers of LLH (Benjamin e atL 1987, Appendix F) or to a review of the draft 

NUREG-1150 report (Kastenberg ea aL 1988).
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Accident Varfability: Seqpence Timing and Thermal Energy of Release 

In estimating the cmtem of an accident sequence, we confront sub

stantial ,uncertnty"--the outcome can be predicted only within a 

broad range. Part of that "uncertaInty," however, Is simply natural 

variability, which, in principle, is amenable to rigorous analysis.  

Here we address the potential for accident variability, drawing from 

selected calculations of variability In sequence timing and thermal 

energy of release.  
Figure 2.6, drawn from the Seabrook PRA (PLG 1983), shows the 

estimated time to core uncovery during a station blackout (oss of all AC 

power) sequence, as a functon of the rate of leakage from the reactor

coolant pump seals. Two curves are shown-with and without avail

ability of the turbine-driven feedwater pump. It Is apparent that the 

time to core uncovery Is particularly sensitive to leakage rate In the 

"with TDFWP" case.  
Considerable debate surrounds the question of reactor-coolant pump 

seal leakage during station blackout sequences. Some analysts argue 

that seals are very robust and will survive blackout conditions.  

Experiments have Indicated, however, that seal failure can occur 

(Kittmer et aL 1985). The nature of the seal failure, and hence the 

leakage rate, will vary according to factors such as the age of the seal 

material and the particular wear patterns of the seal and shaft. Thus, 

the leakage rate will be unpredictable, and may vary during the course 

of an accident sequence. All accident sequences will, to varying degrees, 

be subject to variability in their time developmentL As a practical mat
ter, it may not be possible to ascribe a probability distribution to that 

variability.  
As indicated earlier In this report, the thermal energy accompany

Ing a radioactive release will affect the extent of plume rise with a 

resulting effect on the pattern of off-site radiation exposure. It is there

fore of interest to know the potential variability of the thermml energy 

release rate. Table 25, also drawn from the Seabrook MRA (=LG 1983), 

illustrates this variability. For four potential release categories, the 

estimated thermal energy release rate is shown for containment leak 

areas ranging from 250 ft2 to 0.5 ft2. It is clear that the energy release 

rate varies over a correspondingly large range. Containment leak area 

could vary over the range shown In Table 2.5, and the breach could occur 

in various parts of the containment structure. Although it may be posi

ble In principle to predict accurately the failure mode of an "Ideal" con

tainment under a given loading, this will not be possible In practice.  

Factors such as variations in material properties, the presence of 

construction defects, and the existence of localized pockets of corrosion
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TAKLE 2.5. En Reee Rate for Four Release Categoes: The Seabronk 
P f Risk Anea (PRA) 

Ener Re Raft (109 Etulr) 

Catego" Energ DuraItion fBIOwdown 
(Accident Released 10 1 10 30 1 
sequence) (10 Btu) Seconds Minute Milit Mutes "ou 

"37-T (AtL) 0.8 21 3.5 03 0.12 0.06 

S(AL) 1.28 25 7.8 0.78 0.25 '0.13 

S3V 5(TE) 2.0 70 12 1.2 0.4 0.2 

U (AE) 1.6 57 9.6 0.96 0.32 0.16 

Leak Area (square fese) 250 25 2.5 1 0.5 

EquIven Diamet (fert) 18 a 1.8 1.1 0.8 

S1 - Esty contaImen ftaiewithomidaton remleespay. notoMerti 

W3 - Late ovep• ue falue. , epys not operati. no vaporization release 

V Similar to Wbut with a vaporization relas 

SWV Basemnat penetrfation failure, sprays not operathing. with a vaporization 
release 

AL . Lageloss-of-cooat accident (LOCA) with refue water storage tank 

(RWS•) to reactor coolant ssterm (RtCS) 

TE a Transient Intating event, no RWST h ledbi to RCS 

AE a LaMe LOCA not RWST Ixeion to RCS 

Smoumw Adapted from PLO (IN%3:15.9 11.642. and 11."-4).
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will ensure that containment falure does not corespond to the 1deal" 
case.  

The IRA for Thee Mile Island Unit 1 

Under the sponsorship of the ThU licensee, a consulting firm has 
prepared a Level 1 MRA for TMI Unit I (PLG 198M). The analysis con
skid both internal and external Initiating events although, as do 
other PRAs, it does not consider sabotag.  

MHB Technical Associates reviewed this MRA for the author.  
Drawing upon the PRA and other sources of information, the MHD 
roup prepared its own estimates of Level I and Level 2 PRA outputs for 
TMI Unit 1. These estimates am summr.tied below. It should be noted 
that a full-scale review of a PRA requi resources well beyond those 
available for this study. The NRC sponsored such a review and pub
lished its findings, summarized below, after the completion of research 
for the study.  

The estimated contribution of various Internal and external Initiat
ing events to the total mean core-melt frequency (5.5 x 104 per reactor 
year [IYD) Is shown In Table 2.6. It will, be noted that 36 percent of core
melt frequency was attributed to loss of control-bmilding ventilation.  
MHI did not find this large contribution credible. By contrast, the PRA 
concluded that earthquakes provide a relatively small com-met-fre
quency contribution of 2.7 x 10. per RY (0-5 pervent of total frequency).  
MH M authors found that the RA Incorrectly estimated the extent of 
damage that would arise from eafthquakes. Using the same assump
tions as the IRA in regard to the frequency of earthquakes, they esti
mated a core-m•lt frequency of 2.1 x 10" per RY. They further argue 
that severe earhquakes may be considerably mo frequent (perhaps 
by a factor of 3 to 10) than is assumed in the PRA (MHB M, chapter 
5).  

The NRCs review (Reilly et R. 1989) ruled out control-building ven
tilation failure as a contribution to core-melt frequeri-y. It supported 
MMB's finding about the importance of earthquakes and estimated 
their contribution to core-melt frequency at 6.5 x 10" per RY. A particu
lady interesting finding of the NRC review was evidence of a high 
(although quite uncertain) contribution from hurricane-induced 
flooding, namely 5 x 10-4 per RY. This has implications for eme rency

k~oss of off- fte p wrm coukld • als be c Irm o e n the e xm .at ewe " .  bgjs though internal to the plant. am ususaly categorized as external events.  

Sour.ce PLG (1987, Ipege 2-11).
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TABLE 2.6. Inftiavn Event Categoes Contrbuin Slgnmcnwiy to Cor-Daimae 
Freqmeny:. The TMI-1 PRA 

Peont Co"tributio mea Reqency 
to CM&We- emg per Reactor 

Frequency Year 

INTERNAL 80.6 4.43 x 1-4 

Loas of Support Systems: 52.8 
Loss of CBV 36.4 2.00 x 10-4 
Others 8.2 4.3 x 10-5 
Loss of Off--al Pow"r. 2.90,10.5 
Loss of Rive Water to PuRnphou 2.9 1.58 x I.5S 

AN OtherTranslents 11. 6.09x105 

Very Srml LOCAs fnludlng steam 5.58 x 10-5 
-wmmt tube nrurM ) 

An Lger LOCAs 6.5 3.58 x 10

LOCA Outsde Cotam 0 1.00 X 10-7 

EXTEMMAL 19.4 1.07 X 10-4 

SModledb.7 8.64x 10-5 

All Other Fres and All Interaml Floods -. 0 < 1.00ox 10-5 

Eathquakes 0.5 2.70 x 106 

Extemal Flood 1.4 7S x 10-6 

Tornado <40.1 12 x 10-8 

Tufbh"neMlRe -C 0.1 2.3 x 10-7 

Aircraft Crash C 0.1 1.0x10-7 

TO*eChemical 2.6 x 10-7 
a150 ofipwrc' lob nlde nteetra aeoy
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planning which needs to take Into account all three sets of findings (see 
box; see also Table 2.1).  

Core-Me Frequenc NI-I MHB1 W 
Cmorbutlof (pet RY) PRA Review Revew 

Internal Evedts 4.4x10"4  2.xi0"4  2.9x104 
External Evenft I.1x10 4  .2x10"4  6.6x10 4 

MHB Finidings onlTevel-2 PRA Essu" 

MHB addresses the same tasks as would a full-fledged "Level 2" 
PRA--dentlfleation and analysis of accident sequences, and estimation 
of the associated soure term. fnsofa as the resources devoted to this 
task were much fewer than would be requi.ed for a PRA, however, the 
MH13 report should be seen as a scoping analysis.  

Fdbigs on Core-Melt and Cmdta ment Fefire P ,obeb lift 

As mentioned above, MM8 did not find a large contribution from loss 
of control-building ventilation to be credible, and they found that 
earthquakes may be responsible for 6 perent rather than 0.5 percent of 
core-melt frequency. The PRA did not explicitly estimate the speed of 
development of core-melt sequences. MHO made a preliminary esti
mate of this parameter and their findings am summarized In Table 2.7.  
According to this table, sequences that account for 55 percen of ce
melt frequency wll pi to core-melt within 1-2 hours of initiation.  
Notably, most of the earthquake-Iitiated sequences fall into this cat
egory. This finding Is significant because emergency-response capabil
"ity is likely to suffer substantial degradation after a severe earth
quake.  

Table 2.8 shows MHIrs estimate of the probabilities of various con
tainment failure modes. The most dramatic failure mode is that arising 
from direct containment heating that will arise from a high-pressure 
melt ejection event, which will distribute molten core material in 
" divided form throughout the containment atmosphere.  

The distribution of probabilities shown In Table 2.8 Is entirely a 
product of jugments. In light of the'preceding discussion of uncertainty, 
It is clear that probability estimates of this kind are not approp.iate 
for policy use.
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TABLE 2.& ContaInmet Fiure Modes md Proba•i•s for TWI: 
MtB Estimates 

Containment Faie Mode Best Estimate FreqmeM 

SS*H2-Very Early 5.6 x 10.9 (11% seamic) 

SSM2-Early 5.5 x Ir 7 

SStl24.Me 5.6 x 107 (2% seIsmic) 

HPMEMNHVery Early IA x 10. (13% seismic) 

HPMEWDCEar s.6 x 104 

HPMEOCD-Late 9.3 x 10.e (1% sebsmic) 

Steam Exploslon-Very Early 1.8 x 10. (11% seismic) 

Steam Exploson-Early 5.6 x i.r 7 

Steam Exploson-Late 9.5 x Or7 (1% geimIc) 

Do-atting Sumrs-Very Early 8.6 x 1s (20% sesmic) 

DO-nerting Burns-Early s.7 x 107 

STh Tube-Very Early 1.6 x i0" 

SGTR Tube-Early 6.8 x 10.7 

SOR Te-.Lati 3.1 x 10S 

SGTR Steam Leask.Le 4.0 x ITO 

Direct Bypass-Very Early 3.6 x 10.8 

Aux. Bldg. Bypass-Eatly 1.0 x 10"7 

Inact-Very Early 82 x 10"S (2% se8smic) 

Intact-Early 8.7 x 105 

Intact-Late 4.9 x 10-5 (2% seismic) 

TOTAL &7x 10e 

Due to rounding, total does not agree With o .e-damg frquenMy.  

$ourm: MM TechnIcal Assocde (1989, pag 7-21).
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Recommended Severe AccidentAssumptions 

forTh!!Emergeny~lanning 

The philosophy underlying the following recommendations Is that 
emergency planners should plan for the worst of all physically possible 
events. Consideration of the relative probabilities of severe and less 
severe releases might be appropriate if those probabilities were sus
ceptible to estimation by scientifically defensible methods. This Is not 
the case.  

As indicated above, there are solid grounds for assuming that the 
lprobability of core-melt accidents approaches or exceeds I x 10-3 per 
reactor-year--a value that Is generally regarded as Justification for 
em ergecyplanning. Thus, et planning for"worst case" events 
requires the estimation, for each core-melt sequence, of the most severe 
set of accident characteristics that is physically realizable. An opti
mistic/pessimistic approach, as described above, is appropriate to this 
task.  

Potential Seq cd Timing 

Core-melt could proceed to completion in as little as 0.5 hours, or It 
might take a day ormore. The most rapid core-melts would be associ
ated with low-pressure sequences in which coolant Inventory is rapidly 
lost from the reactor-coolant system while radioactive decay heat Is at 
a high level. More slowly developing sequences could arise in a variety 
of ways and could involve a delay between the Initiating event and the 
onset of core-melt that could be as short as an hour (or less) or as long as 
a day (or more). FIgure 2.6 Illustrates one way In which the time 
development of an accident sequence might depend upon particular 
aspects of the accident. For the more slowly developing sequences, 
which will often be high-pressure sequences, the time between core 
uvery and the completion of core-melt will typically be about one 

hour. If a containment bypass pathway (e.g., event V) Is In effect at the 
time when core-melt begins, then a release to the atmosphere will 
begin at that time. Ukewlse, If a pre-existing breach Ar the contain
ment occurs or If containment isolation isnot effective, then a release to 
the atmosphere will commence as soon as radioactivity enters the con
tainment atmosphere.  

For those cases in which the containment envelope is intact when 
core-melt begins, the point at which molten core slumps Into the base of 
the reactor vessel is particularly sensitive. It Is at this point In the 
sequence that phenomena such as steam explosion or high-pressure melt 
ejectio can occur. Severe source terms can arise should one or more of



these phenomena lead to Imnmeinte containment failure. Should the 
containment survive the challenges nmposed by phenomena occurring 
around the time of core slump, a period of time (lasting from a few hours 
to a day or more) will elapse during which the containment has a rea
sonable chance of remaining intact. At the end of this period, the rise 
In Internal presmm, together with the accumulation in the containment 
atmosphere of flammable gases arising from core-concrete Interaction 
and other mechanisms, will again place the containment at risk.  
Certain potential circumstances--an "aftershock" following an earth
quake that has Initiated a core-melt accident, or the gradual heating 
of part of the containment envelope arising from localized deposition of 
radioactive material--could render the containment vulnerable even 
during the "safe" period.  

Poten•il Somme Terms 

It is proposed that the "pessimistic" Surry release fractions, from 
the NUREG-1150 analysis (NRC 1987a) should be used as an upper 
limit for releases from TMI Unit 1. These estimates reflect the consid
eration of relevant phenomena In a scientifically defensible manner. If 
a range of estimates Is required, the "optimstic" release fractions 
should be used as a lower bound. To tilustrate this range of estimates, 
Table 2.9 provides release fractions for four release categories 
(containment-failure "bins" 16, 6, 9, and 10) and four radionucllde 
groups 

The accompanying thermal energy release rate could span a wide 
range. The release could occur at almost any point on the containment 
structum or from the surrounding building&.  

An inverse relationship will exist between the thermal energy re
lease rate and the duration of the initial burst of atmospheric release.  
However, once an escape path through the containment envelope has 
been created, some level of release may continue through that pathway 
for many hours. Most prominently, if the sequence Is such that the 
molten core mass remains largely Inside the cavity that Is located 
under the reactor vessel, then vigorous core-concrete interaction can be 
expected. That interaction could lead to a continuing evolution of ra
dioactivity into the containment atmosphere and on to the environ
ment.  

mwrlcane-Innfyced , Flooding 

The NRCs review of the PMA found that hurricane-induced flooding 
of the plant site Is the major contributor to core-melt frequency and
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TABLE 2.9. Range of Releas Fractions Estad In NUREG-1 150 (Draft) for 
the Sumy PWR: Selected Estlmates 

Raft nelie Gomup 

lodfie Cesium Tellriurm Ruthenlum 

Early Cotaniment FaMi 

Diect Heatng (Bin #18) 
Pessimistlc 0.80 0.72 0.69 0.33 

Optimistic 3.3x10"3 3.0x10" 0.01 1.7*10"4 

lsolatio Fallure (Bin #8) 
Pessimistc 0.18 0.084 0.38 0.02 

Optimistic 4.1x10"4 6.2x100 0.013 2.3x105 

Late Oontalnment Faiur 

Ruph"r (Din "9 
Pessimistic 0.17 0.15 0.24 4.2x10-S 

Optifmitle 3.oX1- 4  1.o1r 7  6.7x1or4  ¶.Oxio-7 

Leak (SIn #10) 

Pessim19st 0.05 0.03 0.037 2.2x10-3 

Optimistic 3.1x1 4  5.3x10 1.3x10-3  2.4x10-6 

Ax Benjamin ofaL (197, Appendf C 

accounts for about 50 percent of the total frequency., {his finding is 
Important for emergenc-planning purposes becaue a national warning 
system is in place for hurricanes and a predictable interval will sepa
rate the passage of the hurricane and the rising of the river level.  
Moreover, emepeny responses to the hurricane itself will be necessary.  

The recommendations offered here have been selected after review 
of a large body of literature on severe accidents. That literature is still 
evolving, and the recommendations may at some point require revision 
as the state of knowledge matures.
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3 
Monitoring and Modelling 

Atmospheric Dispersion of Radioactivity 
Following a Reactor Accident 

Godon R. oP nd Rimd" W E. Sdoa, 
with conribuffons fIom UI.rft Pink and Peter Tay for 

It Is generally recognized that nuclear reactors have the potential to 
undergo accidents that release radioactive materials to the environ
ment. Specifically, modern commercial reactors have the potential to 
release rapidly (within hours from the Initiation of an accident) a 
highly radioactive plume to the surrounding atmosphere. Effective 
emergency response requhi that relevant authorities have the ability 
to monitor accurately the current behavior of the radioactive plume.  
Purthermore, those authorities need the ability to project the future 
behavior of the plume and the potential radiation exposures of mem
bers of the public. Such projection Is performed by use of theoretical 
mods, often y computer calculations.  

This chapter reviews, as a combined subject, the monitoring and 
modelling of atmospheric dispersion of radioactivity. The primary 
purpose of the chapter is to generate recommendations for improve
ments in monitoring and modelling in the context of emergency planning 
for nuclear plants. In pursuit of that purpose, the report examines po
tential monitoring and modelling capabilities as of early 1989, when 
the review was completed.  

Current regulations of the US Nuclear Regulatory Commission 
(NRC) require nuclear plant licensees to have a capability to monitor 
accidental releases of radioactivity from the plant through engineered 
pathways (e.g., the plant stack). That capability, although men
tioned in this chapter, Is not addressed in any detail. The focus here is 
on the monitoring of a radioactive plume once it has entered the
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atmosphere. Also, licensees are required to operate a permanent pro
gram to monitor radioactivity in the plant environment. Public author
Iies operate somewhat parallel programs. The capabilities devel
oped for routine montoring, although useful during an accident, will not 
be reviewed in detail here.  

The plume arising from a nuclear plant accident will contain ra
dioactive material in the form of gases, vapors, and fine particles 
(with diameters typically In the micron range). In addition, substan
tial amounts of nonradioactive material (especially water) may be 
present In the plume. Release of the plume from the plant may occur 
via an engineered pathway (e.g., the plant stack) or via a nonengi
neered pathway (e.g., a rupture In the containment). Whatever the 
path of the release, all plumes will share certain characteristics, al
though In other ways their properties will vary widely.  

Each plume will, after It has left the vicinity of the reactor, be in
visible. Also, Its radioactive burden will not be directly detectable by 
people, although it Is possible some accompanying materials will de
tectable, at least at short distances from the reactor, through taste and 
smell.  

In other respects, each plume will be unique. First, the total quan
tity of radioactivity In the plume, and its Isotopi composition, could 
vary widely. Second, release of the plume could occur at ground level or 
at various elevations of the reactor structure. Third, the plume could, 
depending on Its thermal energy and the prevailing atmospheric condi
tions, rise to elevations anging from zero to hundreds of meters. Fourth, 
release characteristics could differ widely In the way they develop 
over time; at one extreme the greater part of the release might be con
cenrated in a period of less then one hour, whereas at the other ex
treme the release might remain more or less uniform over a period of 
days. Finally, atmospheric dispersion of the plume will show widely 
varying behavior according to weather conditions and terrain effects.  
Figure 3.1 illustrates some potential phlme types. The top Illustration 
in this figure shows a hot plume that can be expected to rise substan
tially; the lower illustrations show cooler plmnes, released either con
tinuously or over a short time period.  

The travelling plume will expose people to radiation through sev
eral pathways (Figure 3.2). People will be exposed to gamma radiation 
from the passing cloud (Mcloud shine") and from radioactive material 
deposited on the ground or on other surfaces ("ground shine"). Direct 
deposition of radioactivity may contaminate the sldn. Radioactive 
material can be inhaled and may subsequenty becom concentrated in 
various body organs (e.g., radlolodInes will oneentrate in the thyroid).

PUFF RELEASE....  • ,.;• ..,:i . E LAS .,•. • .N

SJ[-- TO 10 miles IN LENGTH--.j 

FiR1E3.1. Fxampsol typeM . 8vW- MeKefflaetaL (1087,4.0).  

Finally, doses can arise from the ingestion of contarnated food, water, 
or milk.  

This chapter begins with a discussion of objectives, which also out
lines current NRC regulations governing monitoring and modelng the 
role omontoring and modelling In e response,*ind needed ob
jetives. Next, the authors review current capabilities, relevant to the 
Three Mile Island (TMJ) plant, which *reside with the licensee, the 
Commonwealth of Pennsylvania, and the federal government. Then, 
current capabilities at other locations, both In the United States and in 
Western Europe are considered. Finally, a discussion of potential com
ponents of an improved monitoring and modelling system rounds out the 
chapter.
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Objectives Of Monitoring and Modelling 

It I important to be clear about the objectives of monitoring and 
modelling In the context of nuclear reactor accden•t. Currently, these 
ojectives are not dearly articulated and must be inferred frmn NRC 
regulations or from current emergency-planng p s This discus
sion seeks to provide an explicit and appropriate set of objectives.  

Currnt NRC efeghu~is 

-In the NRCs emergencyplanning regulations, the dearest statement 
of the overing purpose of such planning is as follows: "No operating 
license for a nuclear power reactor winl be Issued unless a finding Is 
made by NRC that the state of onsite and offste emergency prepared
ness provides reasonable assurance that adequate protective measures 
can and will be taken in the event of a radiological emergency" (NRC 
198fa, 55409).  

On the specific matter of monitorng, these regulations state that on
site and off-site emergency plans must meet the following standard: 
"Adequate methods, systems, and equipment for assessing and monitor
ing actual or potential offste consequences of a radiologicalemrnc 
condition are in use" (NRC 198a, 55409).  

These somewhat vague statements receive more concrete expression 
in a document, NUREG-0654, in which the NRC and the Federal 
Emergency Management Agency (FEMA) jointly set out criteria for the 
preparaton and evaluation of emergency plarr.  

The overall objecte of emergency response plans Is to povide dose 
savings (and in seme casf mmedite lfe saving) for a spectriu of ac
ddents that could produce off-aie doses In excess of Protective Action 
Guides (PACs). No shile specific accident sequence should be Isolated 
as the one for which to plan-becaue each accident couM have different 
congequen both in nature and deree. Further, the rane of possible 
selection for a plannirg basis Is very larM Mayft With a zero point of 
requiing no planning at all because significant offulte radloogleal aed

dnt consequene ar unlelyto occm, to planning for the 4rst poss
ble accident, regrdless of its extremely low likelihood. (NRC and 
FEM 1980,6) 

Among Its nm'erous provisions, NUREGO6S sets out obligations of a 
plant licensee in regard to "accident assessment," which subsumes 
plme monitoring and modelln
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An additioal energency att for which facility licenms ho 
primary respo Itbllty Is accident assessfmet This Includes prmlpt 
action to evaluate M potential risk to the public health and safy, both 
onsft and offolts, and tmela reommmendetlon to State nd local gov
ernments con•e•ng protective meas•m. In some situations, there 
could be a need for protective measures within short time lntervals--a 
half-howr or perhaps even less-after determinathm that a hazard 
exists. Fmr this resson, llcnsee energency planners must recogpre the 
mportace of prompt acdent assessment at the souree. (NRC and 

FEMA 1990, 26) 

In placing this burden of accident asses sent on the licensee, the docu
ment explicitly notes that nore emphasis is to be placed on the in-plant 
identification of potential hazards than was the case before the pro
mulation of regulations In 1990. Under previous practice, the licensee 
expected to base its notification of off-site organizations and its recom
mendation of protective actions on the actual measurement of radioac
tity In te environment (NWC and FEMA 1980,26). That Is not to im
ply, however, that the NRC and FEMA currently regard monitoring 
and modelling as having an Insignificant role in accident assessment.  

To support Its role in accident assessment, the licensee Is required to 
Install Instruments to measre a variety of plant paramters The op
erating ranges of these intruments must be sufficient to accommodate 
parameter values that mfght be experienced during a severe accident.  
Current NRC guidance for this Instrumentation Is provided by 
Regulatory Guide 1.97 (NRC 198Mb). In the contt of monitoring and 
modelling, this guidance calls for instrumentation to measure parame
tens in the following categories.  

1. radiation levels In the containment and In associated buldldngs, 
2. release rates of radioactivity through eineered release path

ways (e.g., the plmt stactk; 
3. radiation levels In the environment; and 
4. meteorologyf.  

Ucensees are also required to have the capability to translate the 
readings of these Istruments ito l!evels ofaman expo , both on site 
end off site. As an important part of this capability, each licnseems 
be able to make near realtme predictions of the atmospheric disper
sion of radioactivity.

Meftfflffng and M jefng Afmseic Diversion 
Role of Monitoring and Modelling in Emergency Response

79

It will be noted from the preceding discussion that the overall emer
gency-planning objective set out In NUREG-0654 calls for "dose 
savings." Hidden behind this Innocuous statement is a decision by the 
NRC not to require that emergency plans have as their objective the 
minimization of doses or the prevention of their exceding Protective 
Action Guide (PAG) levels. By contrast, our model plan has adopted 
the following primary objective: "to minimize the harm to life' 
associated with a range of nuclear power plant accidents, encompassn 
both minor events and the rarer, more severe accidents" (Golding et al.  
1992, 15).  

In pursuit of this primany objective, our plan seeks to keep doses be
low levels established in PAGs and "as low as reasonably achievable" 
(ALARA) below these levels (Golding et aL 1992,15 and 28-33). Pursuit 
of this objective carries Implications for emergency planning generally 
and for monitoring and modelling speciflcally. Our discussion of pro
posed approaches or systems (as opposed to our review of existing 
approaches and systems) needs to be viewed In the light of this 
objective.  

Monitoring and modelling provide decision makers with valuable 
Information together with Information from other sources, to determine 
If activation of the emergencyresponse system Is Indicated and, If so, 
what eme .. measures should be adopted. Thus, the moni
toring and modelling system must sm re two somewhat different fnme
tions. The first Is to provide warning that an atmospheric release has 
occurred. Accuracy of measurement or prediction Is not essential In this 
role; Instead, the priority Is to provide rapid notification of the pres
ence of radioactivity In the atmosphere at levels above some appropri
ate warning threshold. The second function is more complex but basi.  
cally Involves providing an ongoing and timely assessment of actual 
and potential radiation doses to off-site populations.  

This second, ongoing, role demands as much accuracy, In respect to 
both enyvirnmentalmeasurement and dose projecn, as can reasonably 
be obtained. Integraltion of monitoring and modelling Is A-qufred, both 
to I Ily the acmcr of modelling and to guide the 
allocation of monitorig reouees. A particular problem will be the 
estimation of the accident "soure term! (the magnitude. and 
composition of the release). In-plant monitoring instruments will be 
able to measure a release that follows engineered pathways, but the 
more severe releases are unlikely to follow such pathways. Thus, the

F.



Gffdm R. Thempse" eM Rkho"d L Sdowgo

source tern must umally be Inferred from monitorIng and modelling In
formation. This requirement adds to the importance of effective Inte
gratlon of monitoring and modelling. F1gure 33 llustrates the steps 
that must be taken In projecting off-site radiation doses. In reality, 
these steps would proceed Iteratively, drawing upon both monitoring 
and modelling information.  

Monitoring will involve the tracking and sampling of the moving 
plume, together with the measurement of radiation levels in regions 
over which the plurne has paessd. This latter function Is Importan be
cause the ground-shlne dose from deposited radioactivity may be a sub
stantial component of the total radiation doses accrued by off-site 
populations For both kinds of monitoring, the first priority for mont
toring teams will be to obtain rapid measuremxes of some key parame
ters (e.g., the location of the plume center-line, the radiation levels at 

that center-ine, and the boundaries of areas wherein gmund contami

nation exceeds some a'ppropriate threshold). Also, priority should be 
given to monitoring at those distnces (up to 10-20 miles) within which 

acute health effects might occur. As time and resources permit, mea

suements can become more refined and more extensive in their geo

graphic scope.  
Human radiation doe" will not be directly measured. Instead, the 

translation of monitoring data into levels of human dose will require 
some form of modelling. At Its simplest, this modelling will use simple 
formulae or tables (e.g. to calculate, given a mneasur air coneentration 
of radfolodine, the inhalation.thydroid dose to a person exposed for a 
particular time period). As the number of relevart factors Increase, so 
does the complexity of modelling, Should It be necessary, as wil often 
be the case, to estimate the time-dependent accrual of doses by spa
tially diverse subpopulations, then a computer-bsed model Is essen

tial.  
Decision makers can use curren and p dose estimates In at 

least four ways. First, they will be able to rank the exposed subpopula

tins in terms of their actual or potential doses, thereby allowing emer
gen-rspon resources to be allocated in the most appropriate man
ner. Second, they will be able to determine which protective actions 
(evacuation, sheltMrg, rcspiratory protection, thyroid blocking) ae 

rate to recommend to each subpopulation. Third, knowledge 
about the path of the plume and about the distribution of ground con
tamination can inform the selection of evacuation routes that nditnize 
doses. Finally, -e rg- response resources can be conserved by 
allocating those resources in a manner that wil mnilmize exposure of 

personnel and contamination of equipment

FKKMR 3.3 SteM In preitn dome Soumw. Mo~ena f Al. (1997,2:100).  

Given our objective of minimlzing doses, it Is important to continue 
careful mofitoring and modelling into the reghie of relatively small 
doses-that Is, PAG levels and below. This may eventually Involve 
monitoring and modelling of plume exposure pathways on a relatively 
fine spatial scale out to distances of 100 miles or more from the reactor.  
Such aný effort would represent a substantial expansion over the scale of 
effort involved in the 10-mfle-rad!us-emergency-plannlng zones set 
forth in current US regulattons nd guidelines.  

Two concre examples llustrate how moitoring and modelling can 
be Important In emetgency response. In the 1957 fire at the Wlndecale 
reactor, an air sampler half a mile away provided the earliest Indica
tion that an accident was In prog At this time, aire had been 
under way In the reactor for two days (Selby ef aL. 19M7). Thus, the 
Windscale fire demonstrates the potential role of monitoring in provid
ing independent warning of an accident.  

A second example arises from the experience of evacuating people 
during the 1986 Chernobyl reactor accident. According to a US report on 
this subject: "A key problem that occurred during the evacuation was 
that the plume apparently followed the evacuation route for a large
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dlstance as a result some bus driver received high exposu" (DOE ef 
aL 1987, page 7-25). It is not dear whether this statement refers to pas
sage of the plume prior to or during the evacuation. The release of 
radioactivity began at about 0130 hours on 26 April 1986 and continued 
for ten days. Evacuaton commenced, Initially from the town of 
Pripyat, at 1400 hours on 27 April. Tn any event, this experience demon
strates the potential role of monitoring and modelling in guiding the 
choice of evacation routes so as to minimize dose.  

While considering the role of monitoring in providing warning of the 
Windscale accident, one should recall that US commercial nuclear 
plants are currently required to have an In-plant capability to monitor 
the radioactivity released during an accident. Monitoring instruments 
must be In place to measure release rates of radioactivity through engi
neered pathway thus providing warning. If, as would be expec for 
the more severe accidents, the release takes a nonengineered pathway 
(e.g. a ruptured containment), then In-plant instrumentation should 
still prode warning of an acddent, as, for example, throau detection 
of high radiation levels in the condanment. If the in-plant inshtruents 
work as expected, a direct repetition of the WIndscale experience Is 
unlikely. Nevertheless, external monitoring systems are Important 
because they can provide hInependent warning of a radiation release.  

Propposed Objectime 

In light of the pr ecedingir discussion, we pr opose an emergency MonI
toring and modelling system designed to achieve the following objfe
tives: 

"* detection of any accidental release of radioactivity from the 
plant; 

" rapid measurement of key parameters of the radioactive phlme 
(e.g, location of plume center--ne, radiation levels at that cen
ter-line, boundaries of areas In which ground contamination 
exceeds specified thresholds) up to distances of 10-20 miles from 
the plant; 

"* rapid projection of future off-site radiation exposures up to dis
tances of 10-20 miles from the plant; 

"* rapid estimation of key source-term parameters (e.g., size and 
composition of the release) to allow mot accurate dose projec
tion; 

o' timely po on of future off-site radiation exposures poten
tially leading to doses exceeding PAG levels; and

f ongoing refnernent of both the measurement and projcton of offsite radiation exposue covering a range of potential doses from 
the highest levels down to PAG levels and below.  

Current Capabilities Relevant to the TMI Plant 

To set the scene for our recommended program, we review current 
monitoring and modelling capabilities relevant to the TM! plant. It 
should be emphasized, however, that this review is not exhaustive 
and makes no attempt to catalog precisely an the monitoring and mod
elling resources available to the licensee and to public authorities.  
Instead, the focus here is on the general level of capability of each rel
evant organization.  

The licensee, required to operate a permanent program to monitor 
radioactivity in the environment of the TMI plant, conducts periodic 
sampling of air, surface water, soil, precipitation, fish, aquatic plants, 
fodder crops, fruit, and milk. Measurements of cumulative radiation 
dose rely on an array of more than 80 thermolnuinescent dosimeters 
(TLDs) located at distances ranging from less than half a mile to more 
than ten miles from the pant--on ave.age mote than five TLDs per 
22.5-degree sector (CPU Nudear Corporation 196, Table 22). Although 
not required by the NRC to do so, the licensee has since 1981 maintained 
a system to measure, in real timte, gamma radiation in the vicinity of 
the plant. This system (the Reuter Stokes Sentri system) uses 16 pres
surzed'Ion chambers located at ditac ranging from 0.1 to 3.5 miles 
from the plant 

Turnng now to the licensee's resources devoted excuslvely to emer
genc monitoring, one finds that these are rather limited (GPU Nuclear 
Corporation 198, 73.0-76.0 and Table 17). They consist of one mobile 
laboratory, a fixed laboratory (at the En"ronmental Assessment 
Command Center), and equipment for two twoperson field-monitoring 
teams (with two additional two-person teams as bad".) 

Gammna spectroscopy can be performed only at the fixed laboratory, 
which apparently possesses one gerrtaium and one sodium Iodide 
detector. The mobfle-laboratory and field-monitortng teams will be 
able to monitor gross beta and gamma radiation levels and collect sam
pies of air and other environmental media. Filter cartridges from air 
samplers can be read In the field to give gross air concentrations of
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iodines or particulates, but filter cartridges and other samples must be 
taken to the fixed laboratory for more detailed analysis. During a se
vere accident, the licensee would presumably seek additionl resources 
either from elsewhere in the corporation or from other partis but this 
might well entail substantial delays.  

Cominimication between the licensee and its mobile laboratory and 
field teams will be by radio. For commnication with public authori
ties, the licensee will normally use telephone lines. The licensee's 
emergency plan (CPU Nuclear Corporation 1986) Is vague about how 
the large volume of monitoring data is to be processed and transmitted.  
The vagueness suggests that the licensee may not fully appreciate the 
difficulty of the task.  

The monitoring capabilities of the Commonwealth of Pennsylvania 
reside primarily with the Bureau of Radiation Protection (BRP), 
which is part of the Department of Environmental Resources. The 
Breau's headquarters are in Harrisburg and the western and eastern 
offices are In Pittsburgh and Wernersvflle, respectively. The total 
Bureau staff complement in 1987 was 54 persons (BRP 1987).  

In the event of a reactor accident, the Bureau must work dosely with 
the Pennsylvania Emergency Management Agency (PEMA). It Is envi
sioned that, In the context of monitoring and modelling, the Bureau will 

conductaccident assessmen atBR!headquarter 
* deploy monitoring teams to verify the licensee's field measure

ments, 
* arrange for needed federal government suppor (primarly mont

toring support); 
* arrange for analysis of environmental samples at the Depart

merit of Environmental Resources laboratory In Harrisburg and 
* discuss potential protective actions with the licensee, and pro

vide PEMA with BRP recommendations as to such actions.  
(PEMA 1987, Appendix 1Z page E-12-9) 

Pensylvania authorlties must be concerned about potential accidents at 
a number of nudear plants In addition to the TMI plant. The Bureau of 
Radiation Protection conducts Independent monitoring around each nu
dear plant in the state, as well as more general radiological monitor
ng, and Mpublisbes the results annally.  

The emergency-monitoring capability of the Bureau is similar to 
that of the TMI licensee, except that deployment of mobile assets to the 
vicinity of the plant may be slower. Through access to the Department 
of Environmental Resours laboratory in Hardsbur&g the Bumu cart 
perform detailed radloassay of environmental samples, providing an
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assay of alpha, beta and gamma-emitting radionuclides. As regards field monitoring teams, equipment Is available at each Bureau office to 
support two such teams, with one set of equipment in reserve. The 
Bureaus field monitoring teams will be able to perform the same. fume
Hions as the licensees teams--that Is, the monitoring of gross beta and 
gamma radiation levels, the collection of air and other environmental 
samples, and the field reading of air sampler filter cartridges (PEMA 
1987, Appendix 12).  

Deployment time from the Bureau's Harrisburg office to the TMA site 
Is estimated to be one hour, whereas a deployment time of eight hours 
Is-assumed if mobile assets are sent from the two subsidiary Bureau offices or from another remote location (BRP 1982). The mobile Bureau 
laboratory could be at a remote location when an accident began at the 
TMI plant. Field-monitoring teams, equipped with pocket dosimeters 
to measure their own exposure, have instructions to withdraw when 
readings reach 500 mR, or when the air concentration of radlolodines 
exceeds I x i0a5 Cl/n3 (MP 1982).  

By contrast with both the licensee and the Pennsylvania Bureau of 
Radiation Protection, the federal government commands impressive 
resources for radiological monitoring. Substantial delays will occur, 
however, before these resources can be marshalled. Table 3.1 lists the 
roles of various federal agencies during an neme n response to a nu
dear plant accident. The US Department of Energy (DOE) Is required 
to coordinate off-site monitoring and data evaluation (the latter func
tion can be taken to Include modelling). The lines of responsibility for 
the federal government response m e show In Figure 3A, which dearly 
shows the DOW's coordinating role In radiological monitoring.  

To set up a federal radiological moritorin and assessment center, it 
may be necessary to deploy seven or eight 40-ft-flatbed truckloads of 
equipment to the vicinity of the affected plant. At a typical site, an 
advance party could be expected to arrive within six-eight hours, and 
It Is planned that a full federal center would be operational within 24 
hours (Doyle 198.  

Neither the licensee nor the BRP maintains an aer"9l monitoring 
capability In Pennsylvania, although this is a promfnt part of the 
planned federal response. In view of the value of aerial monitring as a 
means of providing a rapid assessment of off-site contamination, it is 
instructive to examine the potential delays in implementing such moni
tring under current practice. Experience from the 1979 TMI accident is 
also of interest herem DOE's aerial monitoring will be conducted by its 
contractor, EG & C Energy Measurements inc. With the exception of two 
helicopters located at Andrews Air Force Base In Washington, DM the 
EG & C aircraft are all normally located in Las Vegas, Nevada (Jobst
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1987a and 1987b). Thus, it could take many hours for aircraft to arrive 
on the scene, and it would take even longer befor they could be fully 
operational, because EG & G's airborne navigation equipment requires 
that ground crews first go out and set up two transponders in elevated 
positions (DaMstrom 1987,86; lobst 198Th).  

The 1979 TM! accident, for example, began at 0400 hours on 28 March.  
At 0655 hours, the shift supervisor declared a Site Emergency, but the 
utility was not able to make contact with the NRC until 0750 hours.  
Two hours later, at about 1000 hours, DOE put the EG & G team at 
Andrews Air Force base on standby alert. One hour later the NRC 
asked that the team fly to the Capital City Airport, seven miles away 
from TML Although the team arrived at Capital City Airport at 1330 
hours, the first aerial measurements for which we have found documen
tation were at about 1800 hours. Eight hours later, at about 0200 hours 
on 29 March, additional EG & G aircraft from Las Vegas arrived on the 
scene (Rogovin et PL 1980, 384, 386, 1204-1206). Thus, a delay of six 
hours occurred before the EG & G aerial monitoring team was alerted, 
and a further one hour delay occurred before the teem was asked to pro
ceed to the TMI region. Flight time to Capital City Airport required 
2.5 hours, and presumably a further delay while ground crews set up 
transponders (the record is unclear on this point). In any event, the 
alert of the EG & G team was at a relatively convenient time-mid
morning on a Wednesday. It Is possible that they would have re
sponded less quickly if called un during the night or on a weekend.  

A Pennsylvania State Pollee (PSP) helicopter was used early on 28 
March to transport monitoring teams, which may have taken readings 
while airborne. According to the NRC Special Inquiry Group, the li
censee alerted the PSP at 0714 hours on 28 March, and a PSP helicopter 
was furnished to fly radiation monitoring teams to their survey loca
tions (Rogovin efaL 1980,1202). These teams presumably comprised li
censee personnel, Insofar as the radiologicl-monitorn program of the 
Pennsylvania Bureau of Radiation Protection did not begin until about 
1045 hours (Rogovin ef aL 1980,1194). The EG &CG effort during this 
accident, however, was dearly the first aerial monitoring to be 
conducted by trained personnel with appropriate eqhipment and 
procedurs 

Above, we noted that curent RMP instriutions can for field monir
Ing teams to withdraw if exposure levels exceed a certain threshold.  
We are also Informed that federal agencies would be reluctant to send 
field monitoring crews directly Into the path of a highly radioactive 
plume (Cant 1987). This may limit the extent of monitoring that can be 
carried out in a severe accident and thus provides a further argument in
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favor of aerial monitoring (which should also lead to reduced exposure 
of monitoring prsonneDe.  

Modelling 

Licensees are required by the NRC to have a capability to make near 
reel-time predictions of the atmospheric dispersion of radioactivity.  
This requirement demands modelling at two levels of sophitstication.  
At the simplest level, the Class A model must be able to produce, 
within 15 minutes of the classification of an incident, estimates of ini

tial plume transport and diffusion. The more sophisticated Class B 

model, which in view of its scope can be only a cmpmter-based model, 

must represent the spatial and temporal variations of plume distrlbu
tion and must account for deposition of radioactive material from the 

plume onto the ground and other surfaces.  
The TMI licensee employs the MIDAS model (CPU Nuclear 

Corporation 19M6, 760). A simple Gaussian plume model written by 
Plckard, Lowe and Garrick Inc., it assumes constant wind direction and 

weather conditions and Is run on the computer facilities of Digital 

Graphics Inc. In Rockville, Maryland. Apparently, MIDAS is a Class 

A model that can be adapted to perform the Cla B function.  
An evaluation of available models for real-time simulation of atmo

spheric dispersion concluded that straight-line Gaussian models such 

as MIDAS have limited usefulness in predicting short-term (one-hour 
average) air concentrations at a specific time and place (Lewellen and 

Sykes 1985). These models are much more helpful In predicting maxi
mum onehour average air concentration when specific time and loca
tion are not considered, a type of prediction that is useful in the control 

of air pollution.  
The NRC will employ at least two omput-sed atmospheric dis

persion models during an accident NRC site/dose-asem enet tms 
will employ the IRDAM model, a stralght-line Gaussian model that 

runs on a personal computer (Reilly 1987). At the MRCs Operations 
Center in Washington, Dc, the MESORAD model will be used. A puff 

model that can operate on either a polar or Cartesian grid (Scherpelz 
et aL 1987), MESORAD will be used In conjunction with the computer 
code MENU-TACT, which attempts to estimate the accident source 

term by modelling the transport of radlonuclides within a nuclear plant 
qoreen 1987).  

Within the federal government, however, the most sophisticated 
computer modelling of radioactive plume dispesal is the Atmospheric 
Release Advisory Capability (ARAC), developed and located at 

DOE's Lawrence Livermore Laboratory in California. Although best
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IMown for Its modelling on medium or larger (including global) scales, 
ARACs geographic resolution has recently been extended so that the 
model can, in principle, project anl the way In to a source point 
(Dickerson 1987). ARAC Is currently connected directly to over 50 
Department of Defense and DOE facilities, and also stands ready to 
provide support to the NRC and other federal agencies In the event of a 
nuciear plant emergency. ARAC would, for example, be able to coordi
nate with EG & G aerial monitoring teams, developing projections 
based on initial meteorological and (if available) radiological condi
tions. These projections could, in turn, be used to advise radiation sur
vey teams on where to look next. ARAC tould then upgrade its proftc
tions as more data became available (Dickerson and Knox 1987; Burson 
1987).  

An ARAC official (Dickerson 1987) suggests that In response to a 
nuclear plant emergency today, ARAC could provide a first, tentative 
calculation within one hour of notification. This holds for sites cur
rently connected to the ARAC computer sytem, and for notification dur
Ing normal working hous. It Is planned to reduce this response time to 
about 15 minutes where these conditions hold; clearly, response times 
could be longer under other conditions.  

The principal model used by ARAC Is the MATHEW/ADPIC model.  
This Is a three-dimensional model that Is normally used with a 200 km 
x 200 km grid. For application during the 1986 Chernobyl accident, the 
grid was expeded to 1920 km x 1920 km, and the global PATRIC model 
(originally developed to estimate material transport and diffusion In 
the stratosphere) was also employed (Dickerson and Knox 1987).  
PATRIC has enjoyed reasonable success in predicting grond-level air 
concentrations at various locations in Europe. These predictions were 
made by an Iterative process in which an initial estimated source term 
was modified to improve the fit between'predlcted and measured air 
concentrations. Monitoring results or source-term estimates from within 
the then USSR were not available during this process. The Iteration 
was, however, made In a relatively relaxed fashion, over the days and 
weeks following notification of the accident (DOE 1987).  

ARACs relative success In accounting for dispirsion of the 
Chernobyl plume across Eurpe does not necessmily bodb similar success 
in the context of an accident at a US nuclear plant. That case would 
trigger an urgent requirement for the analysis of plume dispersion on a 
relatively small scale (initially, 10-20 miles). In pursuit of this re
quiremert, the initial ARAC calculation would use fairly gross topo
graphical maps (heights above sea level at points 0.5 krn apart), 
current Air Force Global Weather Central (I.e., probably not local) 
meteorological data (projectedl not to vary for the next two hours), and a
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normalized source term for radioactivity. A second calculation ndght 
be ready in as little as another half hour, reflecting some human Judg
ment concerring meteorology, and Incorporating actual radiation data, 
if any were available. A serious limitation, however, is that no pre
established conmunication arrangements with utilities or state author
itles currently exist Thus data might have to be communicated to 
ARAC by phone, and the moders graphic outputs relayed back via 
voice description over the phone or by telefax. Another limitation Is 
that without prior preparatio, It Is doubtful that utility or state per
sonnel would be prepared to interet ARAC data with appropriate 
awareness of the severely flinited data base upon which initial proJec
tions would be based.  

These and related considerations have led various NRC and other 
experts to become skeptical of ARACs ability to provide meaningful 
support to the emergency-respon process, especially during the time
urgent phases of an accident. A major Concern is that ARAC cannot In
corporate or predict local variations In meteorological conditions. In 
any case, real-time data on mtcromneteorlogy are not currently avail
able for most nudear plants and their surrounding locales. Yet failure 
to take into accourt variations in local weather conditions can lead to 
spurious model results. Also, one expert whom we Interviewed indi
cated that he would not show an ARAC result to an NRC commilssioer 
or state governor during an emergency, because the elaborate color 
graphics exert a compelling psychological effect that Obscures the 
modelrs questionable reliabllity.  

The full value of the ARAC service can be realized only if careful 
preparations are made for its application at a particular site and If 
detailed local meteorological information Is provided. Also, it may be 
that ARACs major current tool-MATHEW/ADPOC--s not optimal 
for emergency use. Nevertheless, despite these problems, ARAC repre
sents the most Sophisticated modelling capability currently existing in 
the United States.  

rI",tratfeo Of mon"fterlngndMolnx 

The accuracy of modelling in the initial phases of an emergency sit
natlon is likely to be quite poor. Table 3.2 provldes an estimate of the 
various uncertainties, some of which arise because actual plumes will 
be more erratic in their behavior than the Idealized plumes used in 
models. Over progressively longer time periods, the average air con
centration in an actual plume may come to resemble more dosely that in 
a model plume(at least in those cases In which wind drection remains 
constant). Although this may be somewhat comforting In terms of

I..

TABLE 32. Estimated Range of Unetainsty Betwen Prcoe and Actual Off.  
Sht Dose for a Severe Accident MmreMdf)a 

Unowtah" Fa• 'f 
Eletnent At Best MO Lkey OWr' SA Bst Most L~ikely Near Worst 

Source term (event and 5 100-1,000 100.000 
sequence) 

Dispeeron 
- Diusion 2 5 10 

T ~nspod (dectkon) 2o 450 80o0 
Transpot (rate) 1 2 10 

(ow wnd speed) 

DosIme"y 3 4 5 

Overall (dose and 10 100-10,000 100,000 
dirctbn) 22o 450 1800 

mThes eslimates am for an avemaed dose at a oceatmon (e.g., ovr 15 to 30 
mitoes). not for a specf or single monitor readn.  

beftlo of a likely meftmm or minimum valm to the expected median value.  

SOW= MoKenna otfa. (187. 2A4).  

model accuracy, It raises an Important que about moitoring. Feld 
monitoring teams, for example, wu obtain quite different msults.  
Thus, Initial monitoring information from ground-ased teams, which 
will inevitably be spotty In its cove.age, should be regarded with 
caution. Such early information may not correctly represent the behav
ior of the plume and may be of little value in estimating the source term 
and Improvfig the accuracy of model-sed predictions.  

In addition, wind direction or other meteorlogicalcharacteristics 
are likely to change during the course of a release. Vlfe release Itself 
may have varying properties over thm In such casbs, a handful of 
ground-based monitoring teams will not be able to provide adequate 
Information. Simple plume models, such as straight-line Gaussian 
models, will also have very limited usefulness under such conditions.  

Yet, It is important that emergency-rspontse decision makers have 
access to a rapid assessment of potential doses. Emergency planners 
should, therefore, give attention to overcoming the limitations arising 
from existing arrangements. Later, we take up some possible ap-

I
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proadhes to providing a more efkve and Integrated monitoring and 
modelling program. Frst we need to revew the current mangerents.  

The license emergency plan at Three Mile Island Is uninformative 
as to how the Integration of monitoring and modelling is to be achieved.  
The plan states that: "Verification of the model projections will be ac
complished by comparson with fleld-monitoring teams and real-time 
gamma detectors" (GPU Nudear Corporation 1986, 76.0). This state
ment begs the question of exacty how the "verification! Is to be accom
plished. It also ignores the limitations of models such as MIDAS, the 
intrinsic difficulty in obtaining good moitorling results with only a few 
ground-based teams, and the problems Involved in rapidly processing 
and integrating a diverse body of information.  

The Pennsylvania Bureau of Radiation Protection is In a similar po
sition, except that the agency has no computer-based modelling capa
bility. This difference may or may not be significant On the one hand, 
the Bureau will lack the capability to process rapidly a large number 
of calculatiom. On the other hand, It will not be mdsled by the superfl
dally'precse output of an Inadequate model. In either event, the 
Bureau, like the licensee, may be unable to provide accurate dose as
sessment on a time-urgent basis, particularly when the source term is 
unknown.  

By contrast, the federal govenm ent has the capability, in principle, 
to provideaccurate dose assessment wader a variety of conditions. EC & 
as airborne monitoring capability, once deployed, could allow rapid 
wide-ores monitoring Through dose cooperation with ARAC, moni
torin results obtained by PC & C and by ground-based teams could be 
integrated with ongoig modelling. Thus, source-term estimates could 
be po ily refined and monitoring assets could be optimally allo
cated. Delays will occur, however, before federal government resources 
become available during an accident. Also, it is not obvious that those 
resources would, If called upon in an emergency, be used to their uln 
potential.  

Current Capabilities at Other Locations 

The capabilities at other locations suggest that precedents exist for 
the Improvements that we shal propose. The capabilities reviewed 
here were selected because they ar relevant to the TMI context and 
because Information about them was readily available. This review 
does not pretend to be comprehensive, In terms either of addressing all 
relevant capabilities or of exhaustively analyzing those capabilities 
that we do address.

95

The Illinois Department of Nuclear Safety (IDNS) maintains a 
technical capability for oversight of nuclear plant operations that at 
"time of writing appeae to be superior to that in any other state of the 
United States. This capability is devoted partly to the monitoring of 
in-plant parameters, partly to the monitoring and modelling of atmo
spheric releases. To bolster the state's plan for radiological accidents, 
the department's Office of Nuclear Pacility Sttivm Safety (oN1 a
lies upon an advanced computerized conmmunications network. Accord
ing to Caolina (1993), the Integrated Remote Monitoring System (RMS) 
comprises four distinct components, each linked by dedicated telephone 
lines to IDNS headquarters in the state capital: 

1. The Nudear Reactor Data Link (RDL) tracks and transmits con
tintoly up to 00 parameters fromprocess computers at each of 
the 13 nuclear power plants in Illinois. Computer-polled infor
mation is updated every two to four minutes.  

2. The Gaseous Effluent Monitoring System (GEMS) identifies and 
measures radioactive materials present in gaseous releases via 
the ventilation stacks of each nuclear power plant With sepa
rate, highly sensitive detectors for particulates, lodines, and 
noble gases, as well as multichannel analyzers and separate 
computers for each unit, the GEMS provides both quantitative 
and qualitative information on releases of gaseous effluents and 
thereby enhances OFNS capability to assess the potential fpact 
of an accidental release on populations In the vicinity of a par
ticular nuclear power plant 

3. The Uquid Effluent Monitoring System (LEMS) is currently in 
place at two sites, Quad Cities and Zion. Prototype monitors 
track the presence of radioactive materials in reactor effluents 
under both normal and accident conditions. When concentrations 
of radioactivity exceed pre-estabiished levels, IDNS evaluates 
the need to implement protective action for the general public..  

4. The Gamma Detection Network (GDN) reflects An attempt to 
address the contingency "bypass scenarios'--in which radioac
tive materials are released through an unmonitored pathway
that now concern the NRC The GDN uses extremely sensitive 
pressurized ion chamber gamma detectors, up to 16 of them 
placed uniformly around each nuclear plant at a distance ap
proximately two miles, to detect all releases of radioactivity, 
whether monitored or unmonitored by the plant, to the environ
ment. In addition, OFNS maintains three portable gamma-
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detector units--desfign to operate with MTa Or U battery power 
and eqWpped also with meteorological equipment-that stand 
ready for dispatch to the scene of an accident.  

Data from all four RMS components are transmitted to redundant 
compute at the Radiological Emergency Assessment Center (REAC) in 
Springfield.  

There state-of-the-art computer programs continuomly analyme the 

data for signs of potential abnormalities or releases of radiation.  

Trained comnicaters staff the REAC on a 24-hour basis.  

To ensure rapid assessment capability, particularly in the event of 

bypass scenarios, mentioned above, the IDNS has connected several 

key decision-making personnel by nodems at their home contputer to 

the REAC computer.  
Atm•upheric dispersion and dose assessment Is performed by a model 

adapted from the MESORAD model. The IDNS version will compute 

plume dispersion and ground-level doses for distances up to 50 miles and 
will provide grMahical displays in color for distances up to 16 miles.  

IDNS staff have refined the model so that its predictions can be 

adjusted to correspond to the results of field monitoring; the adjustment 

is performed within a "spbere of influence" surrounding each monitor

ing point.  
Radiological monitoring is performed by the Radiological 

Assessment Field-Team (RAPT), a component of IDNS. Other state 

agencies, especially the Illinois Environmental Protection Agency, will 

provide resources (e.g., monitoring teams, air samplers) to assist the 

field-tearm effort during an em gn. The field-team resources In

dude two large mobile laboratories can be stMuffed and on their way to 

an accident s.ene wfthin an hour's notice. In addition, there is a radio

equpped 40-vehicle fleet for field monitoring. Field teams can perform 

ganmma and beta radiation surveys and sample and analyze air, water, 

soil, plants, milk, and food in -1eplanned locations "dose enough to the 

accident scene, but remote eno-uh to that r cannot Interfere with 
sample preparation and analysis" (Gallina 1993, 40).  

In summary, IDNS has a relatively effective capability, through Its 

arrays of zessurzd ton chambers, to detect a release. If that release 

follows a major engineered pathway, the installations in place are 

likely to provide an accurate assessmenofthe soure term. As.po 
out above, however, the more severe releases are likely to follow,' 
nonengin•ered pathways. Ground-level monitoring by IDNS wil be 

superior to that performed by the Bureau of Radiation Protection ln," 

Pennsylvania, due to the greeter resources co nmmanded by IVNS. Th..  

will, of course, be delays attendant on the relocation of mobile assets ofi
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radiological assessment field teams from their current positions to the 
site of an accRdent. Also, JDNS appea to have made no preparations 
for airborne monitoring.  

Sumah River Pflt 

The Savannah River Plant's mobile ground-level monitoring capa
bility Is quite highly developed and is integrated Into a relatively 
comprehensive radiological e -'riise program Major com
ponents of the overall program inlude an on-sait mergency Operations 
Center (EOt), a real-time meteorological analysi and dose modelling 
system (Weather Information Display), mobile radiation-sampling 
vans, and a sophisticated ground-mobile radiation smpling and near
real-time analysis labormtory known as TRAC (Benjamin 1987).  

The Weather Information Display (WIND) meteorological analysis 
capacity comprises real-time data collection from nine local weather 
towers, regional meteorological data obtained via computer from the 
National Weather Service, two mini-computers (operating in parallel, 
to back one another up), and a large network of terminals for data dif
play and calcuMlations-4ndudng terminals located in the homes of key 
emetse personnet (Benjamin 1987,124; Hoe 1987,128). An 
ary of fixed-poefsfon deteclor and-4n the event of an emergency
mobile vans carrying air sampling equipment and the mobile TRAC 
laboratory provide radiation detection and measurement (Addis, 
Kurzeja, and Weber, 1987, 133; Hoel 1987, 129; Schubert 1987). The 

,: TRAC mobile laboratory carries a direction-sensitive sodium-Iodide 
goaatraydetector capable of determining a radioactive plume's loca
tton relative to the vehicle's heading as well as air sampling and 
analysk equipment able to determine a plume's radlonucide compost

a mini-compuer for real-time data analysis and storage, a Loran
SC electronie navigation system, and an electric generator. The TRAC 
taboratory is caable of sampling and analyzing data while In motion 
(S 1 a).  

sampling vans and the TRAC vehicle are in radio communication 
r,.ith Savannah River's Emergency Operations CenteyV which uses 
-9meteorological analysis and dose projections from the WIND system to 

-7"direct the deployment of the mobile radiation-monitoring teams 
ddls, IKmuzeja, and Weber, 1987, 13US, Hoel 1987, 129; Sigg 1987a, 

0- 3132).  
S-Savannah iner's ability to respond to an emergency on a time-ur

depends upon the time and location of a radioactive release.  
for an on-site emergency during normal working hours, it Is claimed 

the emergency operations center and the WIND system can be
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staffed and operating withn minutm, sampling vans deployed In 1530 
minutes, and the TRAC vehide operational in about half an hour.  

During 'irff- if hours personnel can begin to resond Immediately from 
their homes via their WIND terminals, but it takes 30-40 minutes to 
staff the emergency operations center, 45-60 minutes to deploy sampling 
vans, and about 90 minutes to get TRAC under way. In the case of an off
site emergency, these times would all be lengthened by the time It took 
vehicles to reach the ame of an accident (Heel 1987, 129). On top of 

these times one must add the time it takes TRAC to undertake Its anal

yses and the mobile vans to deliver their air samples for analysis For 
instance, once TRAC has begun its air sampling, on-board radlonuclide 

measurement and analy"is can (at least when the radionudlide concen

tration in a sample is small) require 20 minutes for radlotodines and up 

to an hour for trnsuraics (Sigg 1987a, 132-134).  
Despite a sophisticated design, the TRAC vehicle has not been op

timized for use within the context of a major nuclear power plant acd

dent. In fact, for the latter purpo e It may well be overly designed and 

unn rly expensive, Incorporating highly sensitive radiation
detection and measurement equipment that Is best used to distinguish a 

relatively small level of radioactive contamination from natural back

ground levels. In the case of a miuear plant catastrophe, less sensitive 
equipment may suffice, and data analysis could be accomplished more 

quickdy. The cost of the TRAC vehicle and equipment Is reported (Slgg 
19MTh) to be about $800,00 (exduse of the extensive hardware and 

software R&D that went into the system's design). To duplicate the 

vehicle would cost somewhat less, but an analogous mobile laboratory 
re-optimized for operating during a major nuclear plant accident could 

be smaller, carry less sensitive equipment, and consequently probably 
cost some hundreds of thousands of dollars less (again, exclusive of 

R&D).  

Nevada Test Site 

Here we limit our discussion to one aspect of monitoring at the 

Nevada Test Site-4he use of remotely sited on-ine automated radia

tion-monitoring devices. These devices form part of a monitoring sys

tern whose most Importt task Is the monitoring of accidental releases 
of radioactivity (venting) follow underground nuclear tests 

(Sanders 1987). A network of 40 p e In chambers was Intalled 

In the early 1980s, located up to 50 miles from the Operations 
Coordination Center. These ion chambers measure gross gamma raeda

sensitive down to I x 105 R/h. Telephone lines transmit readings-once

per minute when radiation levels exceed a preset alert level-to the 
Operations Coordination Center where computers process the data for 
graphical display.  

More recently, monitoring units employing satellite data transmis
sion have also been installed at the Nevada Test Site. From an Initial 
ten permanent and ten portable units, some 50 units now are on line.  
Half of these units support the Environental Protection Agency (EPA) 
off-site community monitoring program around the Nevada Test Site.  
In addition, it Is planned to extend the scope of the system to encompass 
gamma detectors that the EPA intends to install In parts of the western 
United States. This will lead to a total of approximately 400 monitor
ing units employing satellite data transmission.  

Each of the ten Initial permanent units is designed to monitor both 
gross gamma radiation levels and meteorological parameters; the 
portable units measure only radiation. Both types of unit. transmit 
data, normally at four-hour intervals, to the Operations Coordination 
Center via satellite. If radiation levels exceed a preset threshold, the 
transmission rate rises to once every three minutes. Sufficient transmis
slon capability does not exist, however, to allow more than a few units 
to report at this rate.  

The Hwaqd Regerveaion 

Here our discussion Is limited to the mobile laboratory operated by 
the Pacific Northwest Laboratory. This laboratory is Intended to sup
port emergency esponse both on and off site (WIlson 1987). A 27-ft-long 
trailer that Is towed by a large four-wheel-drve. pick-up truck houses 
the mobile laboratory. In addition to radiation. monitoring and analy
sis eqdipment, the laboratory contains a Weathertronics wind-detec
tion system, a radio base station and four portable radios, a gas
powered electric geneator, and overnight facilities for a crew of four.  
The trailer carries a germanium radiation detector, an accompanying 
analysis system, and a lead-shielded counting chamber that can detect 
radloisotopes In beakers containing liquid, wil or vegetation samples, 
and on air filter papers. A full laboratory team consits of fourteen per
sons from the Laboratory's Health Physics Department, who are 
trained to be able to substitute for one another In carrying out a variety 
of technical tasks. During an emergency, the laboratory expects that a 
minimum of four crew members could be assembled within one hour.  
This vehicle is not so sophisticated as the TRAC vehicle at Savannah 
River and would serve a function similar to that of the BRP or IDNS 
mobile laboratories.

Gvrofn Xt TDffM end Man! L. MOW
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Diable CayOn Plant 

Since M98, the Diablo Canyon Hiemse has deployed a ---- XpuCterzed 

radiation monitoring and modelling system (Walker et al. 1982).  

Among the main featues of the system are fixed off-site monitors, 

eleven pressurized Ion chambers, located from 5 to 20 miles from the 
plat. atafrom these instruments, from two meteorological towers, 

from 36 nt lant monitoring stations, from mobile monitoring units, and 

from• 36 inpan monito~rl.J ........ rin...g S. .. ' .7 .  
froma gmmaspectrometer In the -emergenc counting roWm are re

layed to a computearsytem. located in the Technical Support Center. In 
the event that the cenra comunter becomes unavaila~ble, individual".. 

• 

terminals can independently perform plume dispersion modelling.  
During an exelse in 1981, this transfer of functin was performed suc

cessfully in less than 30 mintutes 
Based on the limited Information available to us, It appears that " " " " 

the Diablo Canyon licensee has made considerably greater prepara- " , " " 

tions than has the Three Mile Island licensee to accommodate the flow 

of monitoring and modelling Information during an accident. This will, 
In principle, allow more effective use to be made of monitoring re

Western Europe 

A complete review of monitoring and modelling capabilities In 

Western Europe is far beyond the scope of tis chapter. In sted, the 

focus here is on one facet of monltod.%-centralled on-line monitoring 

of gamma radiation oer lar areas (not . ust in the immeinate' VI.ty 

of nudear plants). Information relevant to four countries Is presented • 

here: 
Autaria maintains a radiation monitoring system consisting of two ' 

elements (Austria 1986).  

a nationwide environmental monitoring system Involving mea

surements of air, rain, and surface-water contamination; and '5 

L.  

i* th rdation early-warning ss 

tem), that features online centralized measurement of gamma ., 

dose-rate.  

The latter system hats functioned since 1975. A total of 336 on.-line M 

gmma dose-rate measuring stations are deployed, as shown in Figure ' 

3.5. These stations are usually located on the tops of buildings, adn 

': 4.t,• ,
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village is situated more than 15 km from a station. Data amr sent to 

several regional centers and one national center. Eight alarm levels, 

from below 30 x l R/h to abmoe 30 R/h, are defined.  

West Gemmn has an even more elaborate system for moitoring 

radiation in air, rain, and surface water. This includes 1560 on-line 

gamma dose-rate memsuring stations and a communiations and data 

prcsIn system.  
Switzerknd first established a centralied monitoring system (Netn 

far Automatische Dosis-Alarnmlerng mnd -Messung, or NADAM) •n 

1982, with eight on-line gamma dose/rate measuring stations. This 

network was subsequently expanded mnd now has 51 stations, connected 

to automated meteorological stations. Local dose-rate values are 

transmitted, via leased telephone lines every ten minutes to a central 

station in Zurich (Honegger ef aL 1984).  
The United Kingdom is also planning a centralized system. This 

will include about 100 on-line gamma dose-rate measuring stations, 

covering all of Britain on a basis of 100-k-ntgd squares.  

Table 3.3 provides some comparative information for these four 

European countries, for Pennsylvaniae, and for the contiguous states of 
the United States. It is apparent that West Germany plans the high

est density of on-line gamma monitoring stations. Although 

Pennsylvania and other states in the United States contain some simi

lar stations (e.g., those operated by the TM! licensee, by IDNS, and at 

the Nevada Test Site), these (with the partial exception of the 

Nevada Test Site system) are not intended for wide-area coverage.  

European governmenfts particularly In ligh of their experience dur
ing; the Chernobyl acddent and more recent Russian accidents, are 

concerned about the possibility of radioactivity's entering their 

territory without warning. This provides part of the motivation for 

wide-area monitoring capabilities.  
The United States harbors less concern that tramsboundary atmo

spheric transport of radioactivity will occur without warning. Yet, a 

wide-area on-line monitoring system in the United States would fulfill 

other functions, as It does in European counrioes. First, It would provide 

Independent confirmation of monitoring information gained by other 

means. Second, it could provide warning of localized concentrations of 

radioactivity ("hot spots") at considerable distances from the point of 

release. Third, its output Is In a form that could be provided directly to 

public-information media, thus improving the public's confidence in the 

quality of Information provided to it.

I

)
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Area Population Density of Monitin-g 
Des Ity In 19s8 Stations 
foersonsgm2) (saton pr 1m 

Austra 84 91 4.0 

West Germa 248 246 8.3 

Swierlnd 41 159 1.2 

U•nRed KngdOm 244 234 0.4 

Pennylvanla 118 102 NA 

United States 7,828 28 NA 
92=ow0,d)

Potental EMlnents of an Improved System 

Before addressing potential improvements In monitoring and mod

ellng, we need to consider two overriding Issues: 

the extent to which mse decision makers should 
rely on nxtmft and modelling in the early phases of an acci

*dentand 
* the need for coordtnation among a variety of actors (licensee, 

state authorities, NRC, DOE, etc.).  

' These Issues are Important because they will perfoc play a central 
role In the Implementation of an emergency plan. It Is Inappropriate to 
advocate improvements in technical capabilities unless those Im
provements are selected in light of careful consideration of these two 
Issues.  

In reard to the first Isme, our interviews with federpl government 
e"pe.ts (e.g., Martin 1987; M.cenna 1987; Weis 1987) speak to a view 

:t~t eegnyresponses durfing the early phases of an accident should 
•"• guided by plant conditions and, If available and relevant, by very 
• smple monitoring information (e.&, the detection of a large atmo

2~i. •hleric release).- Indeed, the philosophy in the entire emergency
p ng4connusty Is moving In this dirctin to the extent that many



101 Gdvd• R. Thononpw- nRA RI ft!. Sdove

officals are willing to contemplate a precautionary emergency response 
based solely on an adverse trend in plant paramete 

This trend in thinldng is quite sensible, for two reasons. First, the 

Incidence of acute health effects can often be substantially reduced if an 

emergency response (especially evacuation) Is Initiated early In a 
severe accident-even before core-melt has begun. (learly, monitoring 

information will play little or no role in guiding such a decision.  

Second, at least with present systems, the quality of monitoring and 

modelling information Is likely to be low during at least the first hour 

or two after a release has commenced. Initial emergency-re ons e 

decisions should be guided primarily by other information.  
Nevertheles, im -- ts In the quality of time-urgent monitor

ing and modelling information are essential. Once a release has oc

curred, accurate monitoring and modelling Information will allow 

adaptation of emergeny7 respornes to changing conditions. As the acci

dent moves beyond its early phases, accurate knowledge about poten
tial doses to all relevant populations (including doses down to PAG 

levels and below) will allow m n-q'ro decisions to proceed in 

a near-optimal fashion.  
Although coordination among federal agencies Is slowly Improving 

(Murson 1987), preplanned coordintatim between the federal government 
on the one hand and utilities and state and local governments on the 

other remains primitive. For example, under preset arrangements, 
federal agdndes paripating in a radiological emergency intend to 

wait until they have arrved on the scene of an accident to negotiate 

with state and local authorities as to the establishment of common 
mapping systems and radleftn ~neastrement units (Doyle 1987, 288; 

Gant 1987). These actvties can and should be undertaken well In 

advance of an accident.  
At the federal evel, WE has designated Its Nevada Operations '4 

Office as the lead organization in establishing a federal radiological 4V 

monitorng and assessment center (RMAC). As a result, efforts arm ut

der way to develop map-coordinate sytns and units of measurement 

that will be cOmmon throughout the federal government. Yet even after U 

this procmss of standardization Is in place within the federal govern- .Lý.& 

ment, It Is not dear that the same standards will be exteded to utill-. r 

ties man state agencies. Thve role of a P1RMAC Is to support; not pre-." 
empt, state-level decision makng. This role makes the federal gov 
eminent reluctant to be aggressive in promoting its standards. State .' 

governments for their part, are generally Jealous of their prAergative' ;.  

and reluctant to change their current.practices (Burson 1987 Cant 198..  

In the remaining discussion we outline key elements of an Improvedn 

monitoring and modelling system.

4
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Afibome Montofti

Airbome monitoring will be a po ,inen part of the federal response 
to a reactor accddent. Yet, in Pennsyvanda and apparently In all states, 
no State-level planning for airborne monitoring exists. This situation is 
unfortunate, since it prevents airborne monioring from being used at a 
time-during the first few hour of a release-when ft would be paric
ularly valuable.  

Several exper t whom we interviewed Pupported requiring tates or 
utilities to develop a stand-by aerial radiation-monitoring capability.  
Nd~more rapid way to begin to characterize the location and magnitude 
of a maor radioactive release exists. Such a capability would require 
not only reliable availability of aircraft and radiation monitoring 
equipment, but also trainng and exercise of peson& l in the intricacies 
of flying, navigating, and monitoring In a hgh-radiation environment.  

In the case of a large radioactive release, these intricacies need not 
beso complex as one might suppom. Although EC & G crews are fainil
far with the difficulty of finding and tracking a relatively small 
radioactive plume (Jobst 198Th), the problem becomes much easier if the 
plume Ii large. In such cases, an instrument payload limited toWgross 
gamma meters would produce ueful results. An aircraft equipped with 
portable gamma dose-rate meters could be flown in a search pattern 

. until the plume is detected; then, the aircraft would be flown In a 
tighter pattern while the shape and size of the plume are estimated 
(ilurson 1987; Martin 1987).  

EG & C aircraft, when they arrive on the scene, will have much 
Soecapability than this. These aircraft can, using sodium Iodide de

".tectors perform gamma se c in real time, with both cokpit 
display and terecordin of the readings. Air samples can be taken 

J.,,nd the filters subjected to gamma, spectrsopy while in flight. Whole 
A0s samples can also be compressd into bottles for post-issfon labora.  

tmy analysis. The sodhim iodide gamma detectors can be expected to 
\rdtet ground deposition (from an altitude of 100 nieters) at values as 

• 46. as I x 10-6 Chm2 and airborne activity at concentrationp as low as 2 
.j311e l on 1987; Dahlstrom 1987.  
it dthe scope of this chapter to recommend the precise moni

equipment that should be available for use in a state or utility
Lý',-aedaircraft and the approprit level of petsonnel training. Such 

a reommendation would reflect a multifaceted optimization process.  
431, however, a quick-reaction locally based airborne monitoring 
-,abMly needs not have the sophistication that EG & G can com

ff& The use of relatively portable equipment would mean that dedi.  
t aircraft were not required, with a resulting cost saving.



MOnftIOWng And Moddling AttMosm Diperson1

Some expert we interviewed were skeptical about the value of a 
locally based airbornemitoring capability. They emphasized the 
skin involved in plume tracking (Jobst 1l9Vb Wolff 19•8 or the lack of 
a pessing need for accurate monitoring In the period before EG & G air
craft arrive ((3hster 1987). Cost concerns were also present 

Assuming that developing a local, stand-by aerial monitong caps
bility is worthwhile, there are compensating strengths and weaknesses 
exist between helicopter and fixed-wing airplanes. The latter can fly, 
and therefore survey, more rapidly. Also, if It Is sufficient to take 
readings at a relatively high attitude, they can fly above turmbulence or 
vision-obstructing clouds. On the other hand, helicopter -although 
somewhat alower-are more maneuverable, can fly safely at lower al
titudes and in conditions of poor visibility, and can land more easily to 
drop off air samples or report results in case of radio failure (Burson 
1987; Dickermn 1987; Hansman 1987).  

We are Informed that fixed-wing airplanes can fly uninstrumented 
at low altitudes as long as the cloud ceiling is above 1000 ftM with 
three-mile visibility. Helicopters can fly in worse conditions, but It 
becomes dangerous for them when visibility Is less than one mile. A 
well-Instrumented helicopter might be able to fly with a 200 ft ceiling 
and a half mile visibility. In general, visibility will dominate over 
other advese conditions, such as high turbulence or Icing (Hansman 
1987).  

Data from Capital City Airport (near TM) for the period 1964-1975 
(NOAA, 1979, Table 9) indicate that the cloud ceiling was 1000 ft or 
less and/or visibility less tha three mries (.e., dangerous for a nonin
strumented airplane) for 11.5 percent of the time. The ceiling was 400 ft 
or less and visiblifty was down to one mile or less (e., dangerous for an 
instrumented plane or uninsrumented helicopter) for 2.5 percent of the 
time. Ceiling was 200 ft or less and viblsity was one half mile or less 
(i.e., unsafe even for a highly instrumented helicopW) for 0.8 percent 
of the time.  

Some concerm has been expressed to us that the rotor turbulence of a 
helicopter may prevent accurate air sampling, but this will not be a 
concern If the hellcopter Is moving horizontally. We are informed 
(Dicke 1987) that, as long as it is flying at 60.80 knots or more, a 
helicopter does not produce more local turbulence than does a fixed
wing aircraft. For detection of gamma shine from a surrounding or 
nearby cloud, local turbulence will be Irrelevant.  

Concern has also been expressed (Dates 1982) that contamination of 
the aircraft and its Instruments may lead to en.oneous measurements.  
This problem could also occur for ground-based mordtoring assets, but It 
might be thought more likely for an aircraft. Experts we consulted,

however, argued that a skilled arew could avoid significant contamina
tion (urson 1987; Martin 1987).  

FWxed GOmmd-Level Monitor 

Earlier, we mentioned the on-line gamma dose-rate monitoring con
ducted by the TMI and Diablo Canyon licensees, by IDNS, by various 
European governments, and at the Nevada Test Site. Such monitoring, 
the most Important function of which Is to provide warning of a release 
Is becoming more cmmon. It is appoptiate to place a ring of detectors 
around each nuclear plant, and a wide-area system Is also contem
plated, as In various Western European countries, to locate these detec
tors" near population centers. This can apparently be accomplished at 
reasonable cost (see Table 3A).  

An intermediate strategy may also be appropriate for plants such as 
that at TML This would involve supplementing the present licensee
operated ressuized Ion chambers by detectors located at centers of 
high population concentration (e.g., Harrisburg). Such a strategy 
would Improve confidence that the exposure of large subpopulations 
will be accurately known. Some experts, however, have criticized the 
concept of placing a ring of detects around each nuclear plant. For ex
ample, one group of analysts (Maeck et aL 1982) concluded that an 

TABLE 3.4. Estmated Cost of an Off-Shit System for Rea-Tkm Dose Measure

momt 

Range of Costs (Mo$)

1. Instriu m (S04ý ft) 400.840 

2. Data-coflectk and -p oessi equpmeMt 40-110 

3.Intallathon (S5-SAMNf) 80-400 

4. DesIgn and leedng 50C 200 

S. COMMOnncy 100-200 
, 87- $1.610 

"Based on 1982 data, Mnge.of.cMt figures ae for a 16-unft station at a 
distance of two miles.

Sotmec Maeck of At 098Z 44)
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unreasonably large number of detectom Is needed to obtain the necessary 
accuracy of detectlon 

Moble Gromnd-Leuvd Monftf 

The discussion of monitoring capability at Savannah River showed 
that the "state of the art" In mobile monitoring (the TRAC vehicle) 
may be unnecessarily sophisticated for use during severe reactor accd
dents. It seems more Important to devote what will presumably be 
limited rescurs to hmeasing the number of monitoring vehicles. As 
compared with airborne monitoring, ground-mobile monitoring will 
alwaysbehandicappedtnterms ofitsrapidityof esrse andltsabil
ity to cover large a The simplest way of reducing this handicap is 
to increase the number of vehicles.  

That said, there Is room for Improving the sophistication of the 
field-monitoring equipment currenl deployed by the TMi licensee and 
by the Penmsylvenia Bureau of Radiation Protection. For example, the 
TMA licensee's mobile laboratory should have the capability for 
gamma spectrmsco. Careful study may Identify other useful in
provermenrt For example, EG & G has developed a vehide-mou"ted 
system (Dahlstrom 198?) in which a gamma detector (in this case, a 
high purity germanium detector) can be raised to elevations as high as 
7 meters using a telescopic mast. A version of this system (perhaps 

-with a simpler detector) may be useful in the emergTey-response 
context 

One quite inexpensive Improve mnt to a gromd-mobile monitoring 
capability would be the use of relay riders to take environmental sam
ples from field monitoring teams to fixed or mobile laboratories. All
terrain motorcycles could be used, which would be relatively unim
peded by traffic jams. In this way, the productivity of the field 
mn toring teams would be improved.  

Cemmmnf ensM ana Na gafon 

Current communications systems may be inadequate to handle the 
large volume of monitoring data that must be processed during an emer
gency. Drting the early phases, as emergency-response decisions are 
guided by simple infomation, this may not be a problem. As the 
accident umfolds, however, decision makers will need to address the 
potential exposure of ever larger populations, and the vehofe.of mo•n
toring data will expand rapidly. Problems in managing these data are 
evident from past exerces and incidents (Berry and Burson 1937).

Meftieing and Modlling AfnMoTW e DLTerWn 1(3

The use of real-time data transmission (telemetry) from monitoring 
assets to control centers Is a potential route to resolving these problems.  
Cearly, a suitable data-processing capability must exist at the control 
centers. Surprisingly, we have found limited interest in this possibility 
within the emergency-planning conmmunity. Savannah River has 
looked into real-time transmission of data. Satellites are thought to be 
a possibility and might be more reliable than Savannah River's use of 
radios, but satellites do not allow continuous transmission. Instead, 
monitoring vehicles punl over periodically, set up a small dish antenna, 
and relay accumulated data in a burst. An alternative is radio-tele
-phones, if there Is good local service. Savannah River is looking Into 
using cellular phones with a modem to communicate data in real time.  
At time of writing, Savannah River's mobile monitoring vehicles used 
VHF radio for conmmuniation up to 10 or 20 miles. Single side bend ra
dios that do very well at much larger distances--O1s to 1000s of 
miles-.also exist The problem Is that between these two systems is a 
gap in the 50-100 mile range where neither works well (Sigg 1987b).  

EG & G does not employ real-time telemetry of data. Instead, data 
are recorded on magnetic tape for post-mission analysis (Boym 1987, 
93P, Dahlstrom 1987, 85, 89). One official (Jobst 1987M) indicated that 
EG & G had no plan to develop a data transfer link from the air, since 
"DOE doesn't require It." He judged that it would be expensive, but 
technically feasible. Since EG & G does a certain amount of in-flight 
data analysis, it expected to relay a small amount of crucial data by 
voice over the radio. Another official Murson 1987) concluded that the 
Issue does not really arise for EG & G in their normal functions on the 
Nevada Test Site, where they are more concerned with detailed map
ping than with time urgency.  

We Interviewed an expert (Wilkerson 1987) who was Involved in 
the summer of 1987 with a test of an airborne, real-time data telemetry 
system. Given all the normal radiation detection equipment, the addi
tional cast for the telemetry was only $5,000. In this test data were 
relayed by radio-telemetry to a ground station, which did the record
ing and analysis. The relay was contIn in real me, and worked to 
a distance of up to 60 km. In our view, real-time data telemetry and the 
assodated data-processing capability re neglected areas, deserving at 
minimum a vigorous R&D effort.  

Navigation Is most fipor ant for aircraft, as gromud-mobile monitor
ing assets can more readily use maps and landmarks. For aircraft 
navigation, the reliable state-of-the-art Is Loran C or-for greater ac
curacy-.two fixed-position transponders and an on-board microwave 
(UHF) ranging device. Apparently, transponders can give very high
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predsion-within one-two ft (Hansman 1987). EG & G uses the 
trsponer system for its h•lcopte, and apparently uses man C for 
its fixed-wing aircraft (oyns 1987, 94; Dahlstrom 1987,86).  

The transponder/UHF ranging system has two main drawbacks.  
First, it requires line of sight between the maser set and the two slave 
transponders, with a maximum range (for aircraft) of three times the 
distance between the aircraft and the horizon. Second, someone has to 
go out ahead of time and set up the two slaves-In elevated locations if 
the terrain Is not flat. One expert (obst 1987b), when asked if it would 
be worthwhile to have utilities purchase and set up the slave 
transponders in advance, resisted on cost grounds (bMt the costs he quoted 
in our view, are not really large; the two slave transponders cost 
$10000 each and the master is $50-60,000).  

Loran offers less precision-on the order of 100 ft--provided one exe
cutes a grid correction (Hansman 1987). The correction is not difficult, 
and can be done by coputer. The entire United States has good Loran 
coverage; because It works at low frequency, transmitters need not be 
closely spaced. A Savannah River expert (Hayes 1987) told us that 
Loran's precision was within "a couple of hundred feet'-adequate for 
their needs. Loran provides four-second position 
updates, is Inexpensive ($400), and easy to use. One just pushes a button 
to elicit latitude and longitude in digital read-out.  

Loran was basically designed for ships and, more recently, air
planes. The version for airplanes permits cker response to course 
changes. Savannah Rivet's mobile lab also uses the airplane version.  
Loran's main drawback is that position Is thrown off by Interference 
from the likes of power lines, television antennae, or cities generally.  
There are two sorts of technical fixes available to compensate for this.  
"Static notch filters" eliminate the effect of known Interference sources.  
Recently, "dynamic notch filters" have started to become available, 
able to filter out un w Interferene sources (Sgg 1987b).  

Apae from transponders and Loran, EG & C is Investigating a vari
ety of navigational alternatives. Global Positioning System (GCr), 
RAND G, and Laser Ring Gym. Each has strengths and weaknesses.  
For Instance, Laser Ring Gyros are not very ac.urate and tend to drift 
(Jobst 1987b). We are informed that existing navigational satellites 
are useless for real-time purposes, because it takes 15 minutes each time 
one wants a position fix. Military satellite capabilities (the GPS) that 
should be available in the near future will be quicker, provided that 
non-military agencies are allowed. to use them (Hayes 1987). There are 
currently four GPS satellites, and the system requires 18-20. The com
plete system should give position with high precision (several feet) 
and in three dimensions (but that precision is planned to be available

only to the military). For civilian user the signal will be degraded to 
100 ft predsion, similar to that obtainable from Loran (Hansman 1987).  

At the Savannah River plant, efforts are under way to develop a 
geographic Information system to help with e n routhi, alloca
tion of response, etc. With this system, if a field monitoring crew 
radioed In Its location, officials at a control center would be able imme
diately to call up a gridded topographic map that showed the crew's 
location (Hayes 1987). Thus, the Savannah River system appears to 
represent the "leading edge" of technological development in respect to 
both on-line data communication and advanced navigation systems.  

Integration of Mmgtmrf and Moife ff

Modelling of atmospheric dispersion Is a complex field with rapid 
ongoing developments, spawning an extensive literature. It Is beyond 
the scope of this report to review fully that literature. Here we touch 
upon several maor Issues for emergency plannitn 

Table 3.5 summarIzes the virtues and drawbacks of the three major 
types of model: plume models (e.g., MIDAS, IRDAM); puff models (e.g., 
MESORAD),- and complex models (e.g., MATHEW/ADPIC). None of 
these models Is expected to work well in calm conditions, and wet depo
sition is also difficult to model. The accuracy achievable by even a 
complex model-suc as MATHEW/ADVIC-.s limited by the avail
ability of flne-scale information on local meteorology (micro-meteorol
ogy). One operating and one backup meteorology tower are required at 
each nuclear plant site, but these will not provide the required infor
mation. It is noteworthy that modelling capability at the Savannah 
River Plant relies on data from nine towers.  

T*6 -copeetr apr ace exist for gaining Improved mcrome
teorological Information. The first Is to Improve the licensee and state 
capability to measure directly, on a fine spatial scale, the local meteo
rology during an emergency. An alternative approach Is to develop, 
over long periods of observation, a set of correlations between currently 

p observable parameters (e.g., regional meteorology, readfings from eA st
Ing meteorological towers, and local mic'ometeorotogy).,,These correla
tions would then be used for predictions In an emerkency situation.  
Technologies are available for use in the first of these approaches. For 
example, acoustic sounding of the atmosphere (SODAR) can signifi
cantly supplement tower measurements (SethduRaman ef &L 1982, 23).  
Swedish authorities have deployed fixed SODAR units in the vicinity 
of nuclear plants. Mobile SODAR systems have also been developed 
(Meggltt and Fraser 1986, 265). It appears that Pennsylvania State 
University is experimenting with SODAR at the TMI site. Our

Gmlm ft. Th"T" od Rkhvi E.. Sdow110 1"1
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TABLE 3.5. Overal Comparison of Plume% Puff, and Complex Models 

Plume models Puff models Complex models 

Computer resources Minimal Modest to intermediate Large constraint of real time 
Microcomputer (security according to number of puffs Needs central computer 
advantages) representing release. Can be 

Sol feasible on a mini- or 
mirocomputer.  

Data requirements Minimal Source data or data over region Available data from suroundlng 
region. 3-0 wind-fields.  

(Qn mrtr skills Minimal Minmal Needs skilled team. Results

Distance range most 

applicable 

Time resolution

Short - few km 

Time-integraed 
concentric fields over 
time of passage of 
release

Shot

need careful cheddngad 
sensfivity analysis 

Mesoscale- 100 km

Concentric fields for any Concentric fields for any 
required period required period 
(Useful for directing monitoring teams and Interpretin•g 
measurement)

Wet deposition 

flmmrnnhw

Extra problems 
calculating wet 
deposition when raining 
away from source 

At-
rNo (unies puff trajectores Attempts to treat omogra•hio allow for orography) effects 

Phase of accident for Early to Intermediate Early to Intermediate Pre-accident tning studies Which most appropriate r-cid riinotde Post facto analysis (long-range 
models also useful here) 

Note that n model will work well In calmconditeons; It 1s also difficul to estimate wet depositiomi p'lclrlyonse.e.  
storms. Sow=ce ApShnoi (1988.220). Reproduced by permission of the internationa Atom icuElerly A orgenvIere.
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prp sed ecn approach is offered as a subject for R&D. At this stage, 
its practicality Is uncertain.  

At eachnuclearsite, the terrain presents a unque problem for mod
eling, In the case of TM!, the most prominent nearby terrain feature is 
a range of hills northwest of the plant just -beyond Harrisburg. rising 
about 1000 ft on either side of the Susquehanna River. Development of 
a fully adequate modelling capability for the TOf region will require 
ant understanding of the effects of this and other terrain features 

Systematic Integration of monitoring and modelling, we conclude, Is 
a rather primitive stafte At this point~, ft should be viewed as a subject 
for intensive R&D, and recommendations as to Its application are pre
mature 

It is Interesting, however, to note the approach taken by Danish 
governiment authorities (Lippert, Wilmod-Larsen, and Jensen 1986).  
These authorities have developed the ARGOS computer system, which 
produces dose, estimates based solely on environmental monitoring data.  
A puff release model is to be added to ARGOS. This evolution may 
yield insight into monltorlng/modeflling integration.  

This chapter has already proposed a set of objectie for monitoring 
and modelling and exmi ned some potential elements of an Improved 
system. Here, we outline a system that accounts for deficiencies in cur
rent monitoring and modelling and seeks tot meet our pr opose objectives.  

It is Important to refiter ate that the purpos of emergency response is 
to reduce radiation dose niot"js to the mos t eposed Individuals but to 
all relevant populations. A well-designed, monitoring and modelling 
capability must account for the distribution of population In the sur
rounding region. An effective system will tap and integrae! existing 
capabilities of licensee, state or region, and the, federal government.  
Moreover, ft is equally I mpor tait to draw upon the findings of ongoing 
R&D efforts as well as to maintain a climate that promotes such activ
ities.  

Enhancing Ucensee Capabiftes 

The case of TM! seaks to a need for all-round .Improvement of 
licensee capabilities All licensee should hav In place 

*a sufficient number of field-monitoring teams; 
*advanced capability for a mobile laboratory (including the ca

pabfilty to conduct gamma spectrouscopy),

K
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"* arrangement s for rapid deployment of one or more monitoring 
aircraft (this need not require a dedicated aircraft);

"* strong capability for the processing of monitoring data (the ex
perience of the Diablo Canyon Icensee may provide guidance) 

"* an ongoing effort to Improve modelling capability, including 
field exercse In which aircraft and field teams track routine or 
trame releases; 

"* a capability for assessing micrometeorolofhv In the surrounding 
area; 

.. an ongoing effort to Improve the coordntion of licensee emer
gency response with that of other respondents, such as state, 
regional, and federal authorities.  

Enhancing State and Regionial Capabllitles 

The TM! accident highlighted the Importance for dlose coordination 
between the licensee and the state of Pennsylvania. That experience 
has Informed our specific proposals for enhancing overall capabilities 
at fth state and regional level. We recommend: 

0 a sufficient number of field-monitoring teams; 
e on-line access to readings from the licensee's pressurized Ion 

chambers,
a Installation of real-time gamma monitors (e.g., pressurized Ion 

chambers) at points of population concentration (such as, In the 
case of TMI, Harrisburg) 

0 arrangements that allow rapid deployment of one or more moni
toring aircraft (this need not require a dedicated aircraft); 

* 'developm, ent of a compute-ad modelling capability, to be 
compatible with (and linked to) ARAC 

o development of a computer-based capability for the processing 
of monitoring data; 

a an ongoing effort to Improve modelling capability, including 
field exerise asproPose above for the licensee (combined exer
cises Involving the licensee state, regional, and N~eral organi
zations would be useful), 

a ongoing effort to imp.rove the coordination of emergency response 
with those of other actor (Including relevant authorities in 
neighboring states); and 

e development of a capability for assessing micrometeorology in 
the surrounding area.



Enhandng Federli Capabtibffes 

By contrast with most licensees and state and regional authorities, 
the US federal government maintains an Impressive capability for 
monitoring and modelling. Insofar as resources will not be available 
quiddy, howev, we confine ourrecomnuendatons to two: 

"* an ongoing effort to Improve the coordination of emergency 
response among all releven actors; and 

"- a vigorous R&D program In all relevant areas.  

R&D Reqdrement 

At various points In this chapter, we have Identified specific areas 
In which active R&D is under way. Such specfie areas ame important, 
but it Is equally important that the entire field of emergency response 
be supported by a various R&D program. That said, we recommend 
that the R&D program in•lude, 

a ongoing effort to Improve modelling and to advance Integration 
of monitoring and modelling; 
i Investgation of real-time data telt 

* development of Innovative monitoring rtechnlogy (e.g., remotely 
controlled drone aircraft, lightweight portable equipment for ganmma spcrcp), 

* Improvement In navigation capabilities for mobile monitoring 
assets (Induding tracking of those assets by control stations); 

* development of technology to assess miremmeteorology and 
* onfgong refinemn1t of technologies and systems through field 

exeres staded by Indepentlent observe 

It bears emphasizing that the federal government need not, and should 
not, be the sole sponso of the R&D. Indeed, state governments and li
censees should be actively involved in framing, sonsorlng, enductfng, 
and reviewing such R&D effoft 
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Safety Status of Nuclear Reactors 

and Classification of Emergency Action Levels 

Gordon .R. Thwn 

The present volume as well as Its companion model plan (Golding Cf 
at. 1992) highlights the importance of viein emergency planning as a 
routine adunct of nuclear-ractor operation. Chapter 2 argues that the 
rapidity with which reactor accidents can develop renders It necessary 
that pla prepare for prompt emergency responses, such as evacua
tion. In response to this need, the US Nuclear Regulatory Commission 
(NRC) has Introduced Emergency Action Levels (EALs), which are use
ful in categorizing any abnormal state of a nuclear plant, up to and In
cluding the conditions accmpanying a large release. These EALs fall 
Into four classes In order of increasing severity-. Umms! Event, Alert, 
Site Arm Emergency, and General Emergency (Table 4.1). A deternmina
tion as to which of these four emergency classes is operative primarily 
dictates the nature and scale of an emergency espos.  

It Is thus Important to review the adequacy of the present EAL sys
tem. This chapter describes th present concept and uses of EALs and 
assesses their adequacy for Indicating the safety status of nuclear 
plants. An assessment of present and potential meansqfor conveying 
infrmation on plant status to public authorities provlcds the basis for 
keyrecommendationr 

Reactor Status and Emergency Response 

It bears emphasizing that the EAL classification itself essentially 
dictates the nature of an emergency esponse. Stepping aside from the 
rigidity of NRCs regulations, however, two underlying Issues deserve 
particular examination.
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TABJE 4.1. Emernc ClassD@sptio 

Unusual Event No threat to Iradt•e fel No release above thndical 
upeclilcatlons (or annual 

Alert Aua ( ta fr elalese Is smale fraction of 
Atatalof EPA Protective Action 
safet GIes beyond the site 

bounda•y 

Site Area Mayor failures of ftmctlons Release Is less then EPA 
Emermen needed for public protction Protective Action Guides 

beyond the sate bounday 

General Actal or Immnent core Dose may exceed EPA 
Emergency degradation Potectilve Action Guides 

"*Class•ftations am based on plat instruntM levels (Le., emerency action 
le'vel).  

S o F:Mo@enna at L(1987.321).  

First the ee rgency-planning con-mmity now widely advocates a 

focus of attention on core melting-has It occurred or Is It lIfely to occur? 

This recognition stands In contrast to the attitude prevailing at the 

time of the 1979 accident at Three Mile Island CFMD, when the focus on 

the measurement of radloacdivity in the environment triggered fnap

propriate e q decsion (Mc~enna dL 1987,2:45.48).  
Second a growing recognition of the merit of Initiatlig e 
response prior to the ct of coremelt even at the risk of a 
false alarm, has fostered a more anticipatory stance. In this way, 

should the accident sequence pro-e-ed to a large atmospheric release, 
exposure of off-site populations can be reduced (perhaps dramatically) 
because extra time has been available for emergency resp . oth of 

these Issues are pursued later In this chapter and receive extensive 

attention In this volume as a whole.  
This chapter reviews the current status of EALs and addresses an 

issue touched on above-the advantage of early warning In emergency 
response. Two subsequent section Introduce the concept of "preclart 

both in generic terms and wit specific referenc to the nuclear plant at

k7
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Three Mile Island. If public authorites are to make optimal emer
gency-response decisons, they need accurate information about plant 
status. Present and potential mema of providing that Information are 
reviewed. Finally, the chapter concludes with recommendations of 
needed changes.  

Current Role of Ehnergenc Action Levels 

In their present form, EAL classes date from the publication of emer
gency-planning criteria in the document NUREG-06M4 (NRC and FEMA 
1980) and supersede the accident classes laid down in NRC Regulatory 
Guide 1.101 (1977). The first revision of NUREG-0M provides a fairly 
precise definition of the four EAL classes and describes the emergency 
respon ses appropriate to each class (see Tables 4.1-4.5). It Is not at all 
clear, however, that the design or application of current EALs accu
rately captures the safety status of nuclear plants. Yet recent update of 
Regulat Guide 1.01 (NRC 1992) endorses the guidance provided In 
NUREG-0654.  

Def fif EmeMey Acffen Levels 

Appendix 1 of NMURG-M6,4 (NRC and FEMA 1980) establishes 
"guldelines" for EALs. In practice, licensees tend to follow the guide
lines fairly rigidly. The appendix offers the following rationale for 
the four EAL classes: 

Tet rationale for the notification (of unusual event) and alert classes 
- Is to provide early and prompt notification of minor events whch could 

lead to mom serios consequences gtven operatmo error or equipment 
fallure or which migt be indicativ of more serous conditons which are 
not yet fully reall-ed. A gradation Is provided to assure fuller response 
p s for mor serious Indats. The site aa emergency class 
reflects conditions where sme significant releases are likely or are 
occurn" but where a core melt situation Is not Indicted based on 
Current Information. In this situation full mobiiation oflemeigeaq 
personnel In the near site environs Is Indicate as well as dispafth of 
monitoring teams and associated omunitons. The general emer
gencyclass invotlves actual or Imminent substantial cea degradation. or 
melting with the potential for loss of containment. The Immediate ac
tion for this dass is sheltering (staying Inside) rather than evacuation 

"until an assessment can be made that (1) an evacuation Is Indicated and 
(2) an evacuaton If indicated, can be completed prior to significant re
lease and transport of radioadti material to the affected areas.
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The example Iuftiaet S condition lted after the Immediate actions 
for easch das am to form the bash for establshment by each licensee of 
the speciffe pant L.... i readings (as applicable) which, If ex

* 
~ .~ceeded, will initiate the en-ergency dlass. (NRC and FEM" 1980, 

isL 2 Appendlbuld) 

.20 . -It Is apparent that each dlass is characterized by statements, about core 
Sstatus and about off-site radiation levels; these statements are comple
men tary because high radiation levels cannot occur unless there Is core 

I damage.  
A series of tables (Tables 4.24.5) provides more complete definitions I the EAL casses, summarized in Table 4.1, and lists the licensee and 

"state/local government actions recommended for each class. One dis
.•- Icrepancy between Table 4.1 and Table 4.5 is worthy of note: For a 

s General Emergency, the former describes the core status as one of "ac
Stual or Imminent core degradation," whereas the latter adds the 

LSM CL z 0 phr. ase "with potential for loss of containmtent integrity:' In fact, the 
statement In Table 4.1 better represents the evolving thlnldtng In emer

All* gency-planning circles. Chapter 2 poWts to a current awareness (e.g., 
IRSS 1989) that containment failure could be Induced by phenomena 

I t•arising as a result of core-melt, and could occur relatively soon after I core-melt has begun-most notably, through the effects of high-pres
ER 
a*g _ " sure melt ejection. Thus, core-melt Itself should be the focus of atten

40 i. _.9 •tion, rather than core-melt together with some added deficiency in 
E containment integrity.  

'E w.] NUREG-O654 (NRC and FEMA 1980) provides examples of plant 
.9 conditions that should precipitate each emergency dass. It Is through 

C - these conditions that the word "lever" In the term. HAL gains Its mean
Ing. in short, when Intstruments showing plant parameters indicate.  

C0 readings above a certain level (the HAL), then the plant has entered an 

remergency class that Is approptiate to that level. Unfortunately, the 
* concept of a quantitative. "trigger level Is not always appropriate; 

- = many dangerous plant conditions are best described qualitatively.  
C!- %. Thus, discussionof emergencydcassiflcation remainsmird in semantic 

5111 It Is the responsibility of the licensee to determine tile plant condi
tions that are appropriate to each emergency clas for e specific nuclear 
plant. For TM! Unit 1, these plant conditions are set out in Table 10A of 

the licensee's emergency plan (CPU Nuclear Corporation 1986).  
M Use of Emeqrncy Acti on Levels tos Guftf Emergency Response 

Table 4.6 provides a summary of licensee and state/local government 
emergency-response actions that would tylcaoly be engendered by the
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haTABLE 43. Characteristics ol an "Alert 

Class Descrpfto Events are In process or have occurred which Involve an actual or potential substantial degrada.  
tion of the level of safety of the plaft Any releases expected to be limited to small fractions of the EPA Protective 
Action Guideline exposure levels.  

Pupose: Purpose of off-ske alert 1 to (1) assure that emergency personnel are readily available to respond I situa
tion becomes more serious or to perform confirmatory radiation montorig I required, and (2) provide off-site auftor.  
ties current status Information.  

Licenses Actions State and/o Local Off-site Authority Actions

Promptly Inform State ado local authorites of aled 
status and reason for aler as soon as discovered 

*Augment resources and activate on-site Technial 
Support Center and on-site operational support cen
ter. Bring Emergency Operatins Facility (EOF) and 
other key emergency personnel to standby status 

"* Assess and respond 

"* Dispatch on-site monitoring teams and associated 
communications

"* Provide fire or security assistance If requested 

"• Augment resources and bring primary response ceon
tam and EBS to standby status 

" Alert to standby status key emergency personnel 
including monitoring teams and associated communi
cations 

"* Provide confirmatory off-site radiation monitoring 
ingestion pathway dose projections I actual releases 
substantially exceed technical speciriation limits

f

" Provide periodic plant status updates to off-site 
authorities (at least every 15 minutes) 

" Provide periodle meteorological assessments to off
site authorities and, I any releases are occurring, 
dose estimates for actual releases 

"• escalate to a more severe class, I appropriate 

"* Close out or recommend reduction In emergency 
class by verbal summary to off-site authorities 
folowed by written summary within 8 hours of 
closeout or class reduction

"* Escalate to a more severe class, I appropriate 

"* Maintain aler status until verbal closeout or reduc
tion of emergency class

Sow=a NRC and FEMA (19A0 Appendbe 1:17)



TABLE 4.4. Characteristics ol a Site Area Emorgency 

Class DesciVpdo Events are In process or have occurred which Involve actual or Ilely major failures of plant funo
tions needed for protection of the public. Any releases not expected to exceed EPA Protective Action Guidelne 

exposure levels except near site boundary.  

Purpose: Purpose of the site area emergency declaration 1s to (1) assure that response centers are mann, (2) 

assure that monitoring teams are dIspatched, (3) assure that personnel required for evacuation of near-site areas are 
at duty stations if situation becomes more serious. (4) provide consultation with off-site authorities, and (5) provide 

updates for the public through off-site authorities

LUcensee Actions

Promptly Inform State andfor local off-site authorities 
of site area emergency status and reason for emer
gency as soon as discovered 

*Augment resources by activati~ng on-site Technical 
Suppoir Center, ,on-sit operatinal suppoit centere 
and nea~r-site Emergency Operations Facility (EOF) 

• Assess and respond 

* Dispatch on-site and off-site monitoring teams and 
associated communications

State andfr Local Cff-site Authority Actions

* Provide any assistance requested 

N If sheltering near the she Is desirable. actIvate pubilo 
notifrcation system within at least two miles of the 
plant 

* Provide public within at least about 10 miles periodic 
updates on emergency status 

Augment resources by activating primary response 
centers 

Dispatch key emergency personnel Including moni
toring teams and associated communications

" Dedicate an Individual for plant status updates to off
site authorities and periodic pressure briefings 
(perhaps joint with off-site authorities) 

" Make senior technical and management staff on-site 
available for consultation with NRC and State on a 
periodic basis 

" Provide meteorological and dose estimates to off
site authorities for actual releases via a dedicated 
Individual or automaded data tansmlssion 

" Provide release and dose projections based on 
available plant condition Information and foreseeable 
contingencies 

" Escalate to general eme'gency class. I appropriate 

or 

" Close out or recommend reduction in emergepny 
class by briefing of off-site authorities at EOF and by 
phone foll•iedby written summary within 8 hours of 
loseout r class reduction

" Alert to standby status other emergency personnel 
(e.g.. those needed for evacuation and dispatch 
personnel to near-slte duty stations 

"* Provide off-site monitoring results to licensee, DIE 
and others and jointly assess them 

"* Continuously assess Information from licensee and 
off-site monitoring with regard to changes to protec
tOve actions already initiated for public and mobilzing 

vacuation rosourcos 

" Recommend placing milk anmals withn 2 miles on 

stored food and assess need to extend distance 

"• Provide press briefirns, perhaps with Rcnsee 

"* Escalate to general emergen class, if appropriate 

"* Maintain site area emergency status untl closeout or 
reduction of emergency class

Soure:. NRC and FEMA (1980. Appendix 1:12).
0-4



TABLE 4.& Characteristics l a General Emergencf 

Class DescrotbrC Events are In process ot have occurred which Involve actual or Imminent Substantial cor degraf.  
datlon or melting with potential foruIos of containment Integrity. Releases can be reasonably expected to exceed 

EPA Protective Action Guideline exposure levels offsIte for more than the Immediate site area 

Purpose: Purpose of the general emergency declaration Is to (1) Initiate predetermined protective actions for the 
public, (2) provide continuous assessment of Infonration from licensee and off-site organization measurements, (3) 

iale additional measures as Indicated by actual or potential releases. (4) off-site authorities and (5) provide 

updates for the public through off-sle authorities l

Licensee Actions

*promptly Inform State local off-site outcries of gen
"era emergency as soon as discovered (Parallel 
notfca of Statelocal) 

*Augment resources by actiatn on-site Technical 
Support Centew, on-site operational support center 
and near-ske Emergency Operations Faclity (EOF) 

* Assess and respond 

* Dispatch on-site and off-site monitoring teams and 
associated communications

State andfor Local Off-slte Authority Actions

"* Provide any assistance requested 

"* Actvate immediate public notification of emergency 
status and provide public periodic updates 

* Recommend sheltering o 2 mile radius and S miles 
down-wind and assess need to extend distances.  
Consider advisability of evacuation (projected time 
available vs. estimated evacuation times) 

Augment resources by activating primary response 
centers

D Dedicate an IWdivdual for plant status updates to off
site authorties and periodic press briefings (perhaps 
Joint with off-site authorities) 

* Make senlor technical and management staff on-site 
available for consultation with NRC and Stale on a 
periodic basis 

"* ,Provide meteorological and dose estimates to off.  
sie authorities for actual releases via a dedicated 
Individual or automate data transmission 

" Provide release and dose projections based on 
available plant condition information and foreseeable 
contingencies 

" Close out or recommend reduction of emergency 
class briefing of olsite authorities at EOF and by 
phons iowed by written summary within 8 hours ol 
closeout or class reduction

i " Dispatch key emergency personnel IncludiAg moni
torng teams and associated communications 

" Dispatch other emergency personnel to duty stations 
with S mile radius and aledt al others to standby 
status 

" Provide off-slte moniftofrt results to icensee. DOE 
and others and Jointly assess them 

" Continuously assess Information from licensee and 
off-site monitoring with regard to changes to proteo.  
tWve actions already Initiated for public and mobilizing 
evacuation resources 

" Recommend placng milk animals within 10 miles on 
stored feed and assess need to extend distance 

"* Provide press briefings, perhaps with kcensee 

"* Maintain general emergency status until coseout or 
reduction of emergency class

Sourcm NRC adfEMA (1980 Appendlx 1:18).
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Relaffon of Plant Statut to EA I 

From Tables 4.1 and 4.5, and from the NUREG465 recommendation 
cited above, it Is apparent that a General Emergency Is regarded as In
volving "actual or Imuninent substantial core degradation or melting." 
By Implication, a Site Area Emergency dass will not involve either 
"actual" or "Inminent" degradation of the reactor core.  

The first point to note Is that the distinction between substantial 
core degradation and core metifng Is of no practical value. During an 
emergency, It is unlikely that sufficient Information will be available 
to allow discrimination between severe core damage and core-melt.  
Indeed, as chapter 2 points out, the probabilistic risk asse9ment (PRA) 
performed for the Seabrook plant rejects the distinction (PLG 1983, 
1:2.1-2).  

Then one must ask whether the EALs falling within the General 
Emergency class are adequate to capture the potential Imminence of a 
core-melt Examination of the TMI Unit I EALs presented by the li
censee (GPU Nudesi Corporation 1986, Table 10A) show that they are 
not adequate for this purpose. Consider the matter of electrical power 
supply. According to the l -censcnnplete loss of either all AC or all
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designation of each clas of HAL More complete sets of typical actions 
ar present In Tables 4.2 through 4.5, which are drawn from NUREG
0654 (N0C and FEMA 1980).  

Once again, inconsiostence will be foud between the emergency
esponse actions premt in Table 4A and those presented In Tables 4.2 

through 4.5. For example, Table 4.6 msggests that in the case of a 
General Emergency, precautmonay evacuation up to distances of 2-5 
miles will be a typical r By contrast, Table 4.5 calls for shel
tering, with consideration of the advisability of evacuation. As for the 
analogous discrepancy mentioned above, this inconsistency Illustrates 
an evolution in emergency-planning philosophy. Since the writing of 
NUREG-0654, evacuation, except In special conditions, Increasingly 
predominate as the r-er d emergency respo 

Incidentally, Table 4.5 proposes that In the case of a General 
Emergency, authorities recommend sheltering for an area within a 2
mile radius plus 5 miles downwind. This "keyhole! pattern of proposed 
emergency response arises frequently in the emergenc-planning literas
ture. Given the potential for rapid changes in wind direction, as exem
plified in Figure 4.1, however, the wisdom of this recommendation Is In 
doubt. In particular, If emegenc responses ame taken prior to the Initi
ation of a core-melt or an atmospheric release, the likelihood of a 
change in wind direction will be greater stl

safty Sas ,y kudw• Pje,=n :135
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°Arrowsk ndiate dinethn towma which the on-t wind was Mowing at the 
boat tihe nictedW. Cirees repressnt vawft wind spends.  

FIGUIE4.1. HoutywndvectratThI-2onMainh2819"9. Sowv.Medenna 
of BE (1987. 2:113).  

DC power for more than 15 minute (ad, apprely, loss of all AC and 
DC power simultaneously) serves only to place the plant into a Site 

Area Emergency. Yet, Ioss of AC power alone is likely to precipitate a 

core-melt within a few hours. Total loss of DC power, with or without 
the availability of AC power, will render all engineered safety fea
W.res inoperative, thus leading Inevitably to core-melt (MH 1987, 1
13). One might reasonably expect that such situations would be Inter
preted as being associated with Imminent cor-melt, thus fustifying the 

dedaration of a General Emergency.  
This deficiency In HAL classification Is not confined to electrical 

power supply. In fact, for TM Unit 1, the licensee regards as appropri
ate for a General Emergency classification only certain plant conditions:

.l :?.  

• , '<
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EVENT sTATISTIeS FOR: 
19M ION4 1085 19o8 

Unusual Event 205 224 312 209 
Alert 7 8 11 9 
S•e Area Emergerey 0 0 0 0 
Gener.alEmemef" 0 0 0 0

Sowur: MoKemn (1987).

"* Actual or proJected off-site doses exceed the EPA's lower PAG 
levels (5 rem thyrod, I rem whole-body), either within I hour 
or as an Integrated dose.  

" The containment atmosphere shows high radiation levels and a 
highpressure (30 pslgor mor) ora high hydrogenconcentration 
(3 perent by vohun, or more).  

* There has been a loss of physical security control or a severe act 
of sabotage.  

"* Plant conditions are in under way or have occurred (a catch-all 
condition) which may involve actual or Imminent substantial 
core degradation or melting with the potential for loss of con
tainment Integrity or for the release of significant amounts of 
radioactivity in a short time. (CPU Nuclear Corporation 1986, 
Table IOA) 

Clearly, the present use of EALs does not adeqately cpuethe imnpor
tance of abnormal plant states. An approach to rectify this deficiency 
is presented below.  

Experiene With lannifleatf on of Emergeft7 Mt Ion Levels 

Table 4.7 shows the emergency classctions that were notified to 
the NRC during the period 1983-1986. It will be seen that Alerts are 
relatively uncommon events, and that no Site Area Emergency or 
General Emergency was decared during this period.  

In 1982, the declaration of Site Area Emergenc followed the rupture 
of a steam generator tube at the GInna nuclear plant Table 4.8 shows 
the time sequence of HAL classifications during the event. It Is esti
mated that the atmospheric release during the event was quite small; 
it included, for example, 0.1 curles of 1311 and 56 curles of 133Xe (NRC 
198 5-10).  

TABLE4.7. EmvgecEves RepoMedtothseNi 13-

136 Gale R. Them'een 8S" Statue of Nudear Roeneee 3137
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TABLE 4.8 Emergency Adlon Level Classfato Durig the 25 Janumy 1992 
Even at Mte Gie Nucea Plant 

O925 hotrs: aeedet Itlae t f a steam gero tube) 

O933: shf "persor declered an Unusual Event

0940:

1033 (apprux):

1044: 

1917:

tensee decflr an Alert 

Ion,•see dispatcd on-st anmd off-she radIoogcal surveY 

lIcensee deolard a Site Area Emegey an executed a 
Pew ste eva tion 

lkneew downgrded the She Are* Efmergnc to am Alert

2245 hou: ta downgraded the Alt to the Reove Pthe 

44foMaIn from NRC (1992.Tabe 2).  

Advantages of Early WaMrng 

It is widely recognized that early warning of a release can allow 
more effective emergency respone. Following a review of the potential 
time development of reactot accidents, this chapter turns to some calcu
lations that Illustrate the potential relationship between warning 
time and the extent of radiation exposure of members of the public.  
Finally, the discussion addresses the Issues associated with early 
warnrig.  

Potential Thne Devefopment of Reacer Accidents 

NUREG-0654 provides guidance, s"ummried in the box, on the po
tential time development of an atmospheric release.  

Although the state of knowledge about severe-accident behavior 
has improved since NUREG-0654, these timefrmes remain valid. In 
the box below am ilsrations of the time development of some poten
tial accident sequences at TMI Unit 1.  

Warmhig Time and Publ~fic Expocure: Erampfe Cafeuslat lens 

Table 4.9 Illustrates the sensitivity of radiation dose to the timing 
of evacuation. The calculations present are specific to TMI Unit 1 and

i3n So"et Statu of ?luceew Retod@" 139 

Time from the h'alng emel to sWtat of 0.5 hem to one day 
atmospherlo release 

Time patiod over wairih radioactive mate 0. OhA In to several days 
rel may be contnously rele"sd 

Tkie at whch maej porton of release may . hours to I day aftwer slt 
occur of reease 

Trael time of release to exposure POt 5 mfss: 0.5 hous to 2 his; 
(tie aftw relos) 10 miles: I to 4 hours 

Sor NRC an! FEMA (19M 0 M.  

were performed using the relatively new MACCS code (MELCOR 
Accident Consequence Computer System). The assumptirm of a "worst
case" atmospheric release Involves, for example, the release of 80 per
cent of the core Inventory of fodne, 72 percent of cesium, 69 percent of 
tellurium and 33 percent of ruthenium In this model, evacuation, once 
Initiated, occurs radially at a constant speed. Also, the plume is ad
sum to travel radially at a constant speed.  

Although artificial, these assumptions allow a quantitative illus
tration of some qualitative points. FrsMt, doses can be very high. Thus, 
the Initiation of an evacuation prior to the plume's reaching an off-site 
population, can save people from the possibility of acute health ef
fects. Second, it is important to avoid an evacuation pattern In which 
people.travel with the plume. In both cases shown in Table 4.9, this 
occurs when people located 6 miles from the plant commence evacuation 
1.5 hours after the release commences. It turns out that the marrow dose 
is actually higher for such people than for those people who commence 
evacuation after a delay of 3.5 hour 

This phenomenon does not actually argue against early Initiation of 
evacuation, since people usually have a choice of evacuation routes 
such that they need not move with the plume. Of greq•e interest Is a 
separate trend-the increase of dose as evacuation delay time in
creases, due to accumulation of exposure to radioactivity deposited on 
the ground and other surfaces.  

Figure 4.2, drawn from a generic study using the CRAC 2 code, pro
vides a different illust. tion of the effect of warning time, again in the 
context of the impc;rtance of prompt evacuation. The number of early 
fatalities (for a "typical off-site population distribution) Is calcu
lated as a function of Tw-Te, where.



TABLE 49. Sensitivity of Estimated Radiation Dose to Timing of Evacuation 

This sensitivity Is Illustrated by matrices showing the average acute red marrow dosea accrued by indviduals whose 

evacuation occurs as shown. Doses awe estimated using the MACCS codeb and a worst case" TVI source term.0

2000.n Pasquill stability class: B 

Cue2d.A Atmospheric mixing height:

Time Alter Release Before 0 f 9 
Evacuation Commences (hours)

1.5 3.5 
&5

Initial Distance From Plant (miles) 
1 3 a

5.25 Sv &.93 SW 
7.70 SV

0.44 SW 0.39 SV 
0.50 Sv

0.335V 0.17Sv 
0.22 SV

400 m Pasquill stabily class: 1.5 42.2EW 8298w 4185w 

3.5 48.0 Sy 8.52Sw 2.30 Sv 

8.&5 682 Sv 10.9 SW 2.85 W 

aDoses averaged over populations located ad the stated distanc from the plian but distributed laterally acos a 

sector d 22.3-degree angular width; 'acut*e dose as defined by RunW* and Cstieyer (I1985) 

bMACCS (MELCOR Accident Consequence Code System) runs were performed by Codter for Technology.  

Environment, and Development (CENTED) Clark University.  

CDeflned In RS (1989), In the present case the plume was assumed to have a thermal power of IOMW(Le., 

no plume rdse4 
dA cases assume a wind speed of 4 mls and no rahn.  

OEvacation is assumed to occujr radally. at a speed of 10 mph (4.5 vs).  

fA cloud shielding factor of 1.0 and a ground shielding factor of 0.7 Is assumed throughout.  

9The release Is assumed to commence 2.5 hours alter Initiation of the accident, and to have a duration d I hour.

r3�
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E•ary warning: Issues and ImPfffo"S 

The major Issue that aises In the cont Of early warning is the pos

An~lly Of false alams. Under NUREG-065 guidance, the likelihood 

of an unnecessary Initiation of envrgenc yresponse1 ismall;- HAts are not 

regarded as entering the General Emergentcy class unless a core-melt has 

occurred or Is about to occur and containment Integrity is sedously 

threatened. By contrast If emergency response Is to proceed prior to 

core-melt, the possibility exists that core-melt will not occur.  

Alter.atively, core-melt might occur unaccompanied by a significant 

atmospheric release.  
it is not a simple task to ftmulate an optimal fa-alsarm rate. One 

must balance the reduced eosur aciened thro h eay warning 

against the costs and risks arisig from unnecessary emn"Y response.  

Pubfic comfidence In e•mrgency planning Isveyl mporit. ant however It 

Is not obvious whetherconfidence would be enhanced or diminished by 

a high false-aarm rate (but see the discussion in, chapter 12).  

Even if an optimal false-alarm rate can be determined, it will be 

difficult to operate an emer- encyernin system that achieves that 

rate. Severe reactor accidents am relatively ram event that can Occur 

through any one of a wide variety of accident sequene. Thus, the sta

tistical data base for predicting accidents is weak. it will be difficult 

to predict the Probability of any Particular plant mte's leading to a 

tire-melt-especially if the prediction has to be performed in real 

tfime.  
if it beco es standard policy to irntiate emergency responses In ad&

vance of the initiation of core-melt, despite the Possibility Of false 

alarms, then it may be appropriate to employ graded respo . For 

aplar sensitiv e .ubpopulat.o"- (eg. Pregnant women) might be ad

vised to execute emergency responses at abnormal plant states with 

relatively low probabilities of p-oceedng to core-melt. C.ealy, as 

MWetd and Sorensen argue In chapter 12 special! mean of communcalting 

With such subpoptlations would be reTired.  

Acddent 's GenerallExerienc 

implicit in the preceding: discussion is the concept of an accident 

"-precirsore-p.tat Is, an abnormal event or Plant state that has the po

tential to lead to a core-elt Agl discussion ts th f of precusrs gives 

way to an anal•is of potential TM! precursom
C

! 
# 

i 
! I
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Oak Ridge National Laboratory (OITNL) has an ongoing effort to identify and analyme p events at US nuclear plants. The prind

pal source of Information for this Investigation Is the body of licensee 

eventrepots (LERs) that licensees are obliged to file with the NRC.  

From these LER, Oak Ridge expert extract and analyze thepoten

tially most serious events-4he precursors. They estimate the probabil-.  

Ity that the precursor wouId have led to core damage or core-melt.  

Analyses of this kind have been Published for LERs occurring in the 

periods: 1969-1979 Minarick and Kuldelka, 1982); 1960-1941 (Cottrell 

et aL 1984); 1984 (Minarick et AL 1987); 1985 (MWnarlck et all 1986); and 

sbsequenly.  
One of the figures (2.2) In chapter 2 of this volume shows that 

ORNL's analysis of the 1969-1979 precursors yields a much higher es

timate of severe core-damage probability than the estimates made in 

studies such as the Reactor Safety Sfudy, WASH-1400 (NRC 1975). It 

Is noteworthy that the Oak Ridge analysts (Mnarick and Kuklelka, 

1982, L:xAlI) use the term "severe core damaW,* but as pointed out ear

lier In this chapter, that term is for practical purposes equivalent to 

the term *oeremelt" 
Three particularly severe events occurre during the 1969-1979 

period: the 1979 accident at TMI Unit 2; the 1975 cable fire at Browns 

Ferry Unit 1; and the 1978 incident at Rancho Sewo. Oak Ridge analysts 

have estimated the probability of severe core damage during each of 

these events

TRanch2 .......................... 1.0 Browns F•qUf 1.-..0.4 

iact 
I i

Figure 43 Illusrat the process by which LER-4n this case for 
1985--are selected as pecurs Of the2955 repoz that year, 1402 

were selected for detailed review, ultimately yielding 63 precursor 

events (see box at bottom left of Figure 43). The distribution of these 

precursors, according'to the estimated probability of their leading to 

severe core damage (core-melt), Is shownI in Fgre 4A.

Safy Status of NMdger ReWetM
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pelton of Pfrrmom to EAL C1ls eaffieo: Selecte Cases 

The probability of core-melt, as estimated by Oak Ridge for each 

p event, Is a useful nmearre for ranking the severity of the pre

cursorS. Such a ranking should not be taken as definitive;, Individual 

core-damage sequences will have a variety of outcomes and will oper

ate on a variety of time-scales, and the core-damnage probability esti
mates have wide ranges of mcertainty. Nevertheless, the estimates of 

conditional core-damage probabilities provide a convenient and infor

mative measure for rnngM the ýeity of precursorse 
The licensee's designation of an iAL class for each significant event 

provides another measure of severity. It Is, therefore, of Interest to 

examine the extent to which these two quite distinct measures are in 

ageeimet. Since the HAL dasses are designated at the time of the 

events, under sometimes stressful conditions, it can be assumed that 

they provide a less accurate measure than the Oak Ridge estimates of 

core-damage probability, which. am perfermed with all the benefits of 

hindsight.  
A limited comparison of EAL classification and estimated core-dam

age probability has been made here. Eleven precursors that occurred 

during the years 1981,1984, or 1985 were studied for this comparison, 

the basis for selectlon of these precursor being twofold. First, since the 

NUREG-04 guidance on HAL classificatlon was published in 1980, 

only events occurring in later years are relevant; of these years, Oak 

Ridge precursor analyses had, at the time of our study, been published 

for th years 1981,1984, and 1985. Second, onl precursors with an esti

mated core-damage probability of 5.0 x 10'4 or higher were selected.  
This arbitrary threshold yielded a manageably small se of the most 

severe precursors dsufcient to perform an Irdtial Comparisor.  
Table 4.10, which mmarizes the comparison, reveals no apparent 

correlation between the estimated core-damage probability and the 

EAL class. A glance at Table 4.7 will reinforce one's Impression that 

HAL classification does not adequately capture accident severity. In 

the years 1984 and 1985, eight and eleven Alerts were called, respec

tively. Yet, the events from those years that are studied here, despite 

their receiving a high severity ranldng according to reXtrospec Oak 

Ridge analysis, did not receive an HAL classification higher than 

Unusual Event.  
Although our comparison asstued that the HAL dassificatlon was 

as reported in the licensee event report, It Is possible that this InfWrma

tion source Is unreliable. Accordingly, the NRCs Incident Response 

Branch was askced to provide Information from their records, but that 

Information was n forthcoming.

t
SOfeY State of ?fwee Reaeter 
TABLEld Precusori Summafy of Characteristics 

Reacht Event Data o II A Class 

Davls.Besse #1 6/9/85 1.1x1"2 NOne 

Bvvnswic#1 M 419/81 6.7&lMO" NoneW 

•M~te # 12SI 5xIo04  No".  

LaSall#I 9M21/84 2.2xI0" None 

Hafth t1 5118s 1.mxls Unusual Event 

DaviBess. D 1 6M24/81 1.7X10" Non" 

LaCrosse 7/16 /84 9.9x10 4  Unusual Event 

SanOnofire#1 11#21/85 9.4x10 4  Unusual Event 

Tu"tey Pont #3 722/85 9.0x10 4  None 

Sequoyah #1 2/11/81 &7x10 4  Non" 

uaId-Ctles #1 8/3/84 6.7X104 None

"Emmgeicy Action LevM classflcatfn rot expected 

Conf ons 

Th-ftugh analysis of accident precursors, It is possile to gain In

sights into the likelihood of core-met and into the potential roles of 

various accident sequences as contrbutors to core-melt. The Oak Ridge 
work on precursos has not been specifically directed at Improving the 

classMiflcation of abnormal plant states for g- --- purp s, 

but it does provide a bass for assessing the adequacy of the preseat EAL 

classification. Based on a comparison for a limited sat of events, it 

appears that the present MAL system does not adequnfely capture the 
potential severity of abnormal plant states.  

Potert2alTMCPreursors 

The concept of a hypothetical precursor may be Important in devel

op•ng an improved method for classifying abnormal plant states.

147
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TABLE 4.11. Con~trWbun of Initiat Events to Estimated TMI Coe-M-" 

"COr-Meat Perce•mte of 
Irequeny Toal ore-Mel 

Classes of Intat"ng Evet (per reseftr) Frquency 

lagLOCA .xlo 5.3 

assaf LOCA 3ix10 12.0 

reto ol pump seat 7.0x10"- 20 

ATWS evnts 2.8x10 0.9 

st@em geeafeor tu be nne 2.2x10"- 6.  

MiM stBlml fln break 1.2x10 3.8 

bag of ooff-$tpaws! 2.4xi0 7.8 

bs of w...J - st1z, power 3.0xo 9A.4 

loss of maln feed-water O.We 210 

d.<,pen PORV - 1.3o1"0 4.0 

nein/stems LOCA (event V) I o' 

eato vessel rupbe 1.1x1o09 0.3 

"eIsmic event 4ae 

9.2x. 6'4  100.0 

Ookmn does not add due to roundin 
Some,: M lE (19fi7)• 

Through careful atd of a particular nuclear plant, iformedby •ba
sBs of actual precursor at other plarft, It may be possible to Identify, 
describe, and catalog a large niumber of hypothetical precursors for the 
particular plant. it may further be possible, through a combination of 
computer analysis and the Inform.e udgment of an oln-duty expelt to 
classify In "eal time any abnormal plant state accordin to the existing 

catalog of prcusos If this can be done, then ay abnormal plant state 

can be descrbe, In ral time, by the pmbabiHty of Its proceeding to 
core-melt and the timescle over which this could occur. In turn, that 

ormatimm ould be sed to gulde emeM eponse.

P So"et Smahe of Nodeur R~eaor 249 

Realization of these possibilities will require substantial effort, 
representln a new phase In the application of PRA methodology. A 
limited Illustrative analysis of the nature of that effort draws heavily 
on a small-scale prelminnary study hereafter designated the "MHB 
Repor' (MM 19S7). Cehpre 2 discasse subsequent work by the 
authors of that study.  

Core-Melt Sequenme. Identfied in the AMi Report: Selected Coves 

Table 4.11 summarizes the preliminary findings of the MHB Report.  
It shows the estimated contributions that various accident sequences 
(aasslfled by their Initiating evLnt) make to the total core-melt" fre
quency. The effects of external events not anaybzed her can be expected 
to add to the estimated core-melt frequency. For example, then Is rea
son to believe that flooding will be a significant Initiator of core-melt 
for TAI Unit 1. Likewise, sabotage could well be an Important Intfla
tot.  

For the purpose of Illustration, seven aident sequencs are dicussed 
here. Tese are a the sequences to which the MHB Report attributes 
a core-melt freqtuency of I x 10 per reactor-year or higher. Collec
tively, they account for 72 percent of the total core-melt frequency 
esthiated In that report. Table 4.12 provides a brief description of 
each of the seven sequences. Also, Table 4.13 explains the symbols used 
to designate each sequenne Brief discussions of the selected sequences 
follow.  

S29 and S2 7F Sepqenm . These sequences begin with a small (52) 
loss-of-coolant accident (LOCA), after which high-pressure hijection 
initially operates succ lly. But the eventual exhaustion of the flow 
drawn-froin the brated wate stomge tank requires the operator to 
switch to recirculation of water from the containment building sump.  
Several operator errors con occur at this point. hfrstý the operators may 
simply fan to Initiate redirculation. Second, they may fall to align 
hi ressure Ietlion pump suction to low-ressure itnjcon pump 
discharge. Either error causes a failure of high-pressure Injection rear
culation (event H). For these two ersthe MHB Repqrrt estimates a 
total robblty of 5.3 x 103 per demand (with a rangefonnn 2.7 x 10-2 

.+;+P, to 1.1 x 10 per demand). Third, op r n may fall to open the sump 
valves and thereby causes failure of both high-pressure injection recir
culation and of containment spray recirculation (event HF). The MI-B 

, Report estimates tht probability of this error as 3.0 x 10-3 per demand 
'Ai (wih a range from 13 x 10'2 to &0 x 10'4 per demand!).  
4.
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Table 4.13 (Contfmtd).  

Symbol Mainol fnmWo 

RVR Reactor vessel nure.  

S2 Small oss-of-coolant accdent 

SB1M Steam Dgeerator ht mopt (a special class of smal loss-of
coolant-accident In which cooI i lost from the reactor coolant 
system to the seaon.dary Wde of the steamg s-rclrcula
to coong is not possfble).  

T Transient sen requing operation of the reactor protection sys
"tm (scram-event '. above.ý 

V Failuer of valves which isolate the reactor coolat system fomr low 
presure emergency cooling systems (an Interfacing LOCA. a 
speclal class of large Iossc-co<oan nt wich Cooa is 
lost to the residual host removal system vaul In the auxiliary 
bung; recirculation coolin Is not possible).  

X Falure to Isolate affetd steam generator is main steam le 
bie sequences.  

Soure: MH (1997. pages 11-4.611).  

borated-water storage tank. Now, the borated water storage tank at 

TM! Unit I has a nominal capacity of 360,000 gallons and the Final 

Safety Analysis Report for TMI Unit I states (GPU Nuclear Corpora
tion 1985, 6.1-11) that one bgpremre injection pump (which will 

deliver 500 gpm for a reacto coolant system (RCS) pressure of 600 psia), 
is adequate for smalt-break loss of coolant accidents which do not cause 
rapid RCS dep-essu-rzatlon. It is also noteworthy that the decay heat 
boil-off rate fans below 300 gallons per minute (gpm) after 20 minutes 
(CPU Nuclear Corporation 1985, Figure 142-36).  

Thus a period of 450 minutes to exhaust the borated water storage 
tank (representing an average flow-rate of800 gpm) seems a reasonable 
hypothesis for TMN Unit 1. In this respect, manual initiation of redrcu
lation is an advantage, as an automatic system might be set to begin 
recirculation when the borated water storage tank was only partly 
empty (in Illustration, see Gleseke ef aL 1983-1986, Table M1; and the 

recirculation failure sequence tintings in Denning et aL 1986).  
Once recirculatlon failure has occurred and high-pressure injection 

flow is no longer available, an Indication of the subsequent timing of

GeMe" It. Thmnpm 3

the sequences can be obtained from the following estimates (MH 1987, 
Tables S-12 and 15-13) for a sequenc Inrvolving a small LOCA with Im,
mediate high-pressure Injecton fMiumu : 

LOSS.OFCOOLAJ4AcCCDE 
0,TInch 2lnch 

LOCA occurs mnus 0 mnftes 
Core-melt begins 113 mnutes 31 minutes 
Vessel mfel-thhrogh 164 minutes 78 minutes

For a reclrculatlon-fatlure sequence, the progression to core-melt 
would be slower because decay heat would be lower at the time at 
which redculation was attempted. Thus, core-melt for our sample 
case, 1.2-inch LOCA; could be asmed to begin about 2 hours after redr
ctration failure, and vessel melt-through could occur about I hour after 
that. Reactor coolant system pressur would remain high enough 
throughout this sequence that hgh-ressure melt ejection could occur.  
Thus, containment failure could occur Immediately after vessel melt.  through.  

S3H omi SOP SeFences. These sequences also involve a small 
LOCA, but of a particular dW-leakage from the seals of one or more 
of the reactor-coolant pumps (RCPs). In other respects, the previous 
discmssion about S2H and S2HP sequences Is applIcable. For the as
sumptiM of reaCtor-coolant pump seal leakage equivalent to a 0.87-nch 
LOCA, the NM Report *MD 1987, Table B-5) estimated that redrcu
aton faire would occur at 500 Miu (3 hours).  

SG(TR-1 Seqwence. This se c Involves asteam generator tube 
rupture (SCTR) event In which the operators fail to depressurize the 
reactor-coolant system to the point where the residual heat removal 
system can be used. Such an event would be In several respects similar 
to an S2, but with one hImpotnt difference-primary coolant would be 
lost Into the secondary side and mig well dissipate th.entire Inven
tory of borated-water storage tank. Then no water would be available 
in the containment mmp Mfr rerculation. Since no coolant would be lost 
Into the containment, neither sprays nor fan coolers would be called 
upon to operate. After exhaustion of the borated-water storage tank, 
prays would not be able to operate.  

The MI-B Report'estimates that the frequency of failure to depres
surize to residual heat-remova conditions (that is, the frequency of 
event H) would be 1.0 x 10-3 per demand (with a range from 3 x 10.3 to

Genies R.Them7'senS"fl Slats of ?Judea Reacto 1s5
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3.3 x 104 per demand). It is alo estimated that 50 percent of steam 
ge•erator tube ruptuH sequences would involve a stuck-open main 

tem safety valve (thus becoming SGT-H-MSSV sequences). Such 

caes would be Important because a stuck-open safety valve would cre

ate a direct path from the steam generator secondary side to the 

atmosphere.  
Sequence timing and a o em pressure for SGTR-H and 

SGTR-H-MSSV events would be similar to those for small LOCA se

quences. Indeed, if the steam generator tube rupture breach is of such a 

size that the reactor.cool-System pressare remains above RHR oper

ating conditiom, then the SGM breach area must fall into the small 

LOCAzrne.  
T7mIL Sequn. This sequence begins with a failure of main (event 

M) and emergency (event L) feed-water. The operatm then fail to exe
cute feed-and-bleed cooling via the high-pressure Injection system 
(event D). As Identified in the MMD Report, this sequence could begin 

with either of two initlators-a loss of feedwae transient, or a loss of 

the instrumentation and control system (IC) power bus. The MMH 
Report estimates the probability of a failure to execute feed-and-bleed 
cooling as 5.0 x 10- pe~r demand (with a range fromn M15 to 1.7 x 10-2 per 

demand).  
Potential time development of this sequenc would be (VM- M987, 

Tables B-1 and B-15):.  

cam unovers . ........ ca O mI•utes 
com-ment begins .......... 94 mh~nts 
vesW melt-th•guh ......... 164 minutes 

Contalnn fan coolers would keep containment pressure below the 
srysetpont before wesse falum After vesse falur, sprays would 
be available. Reactor coolant system psessuie would remain at the 

pilot(or power)-operated relief valve MO ) setpoint unless the op

erators succeeded in depressurizing the reactor coolant system. Thus, 

high-pessure melt ejection is a possibility.  
TM,'-S3 Sequence. In this case, a loss of off-site power (event TI 

results in a lo"s of main feed-water (event M). Diesd generators fail to 

start, resulting In a station blackout that lasts at least 2 hours (event 

Station blackout would interrupt cooling and injection flow to reactor 
coolant pump seals, thus leading to a reacto. coolant pump seal LOCA 
(event 53). The MHO Report estimate the probability of seal failure

Cordm P. TM"r"
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under exte•nded station blackout conditions as 065 per event (with a 
range from 0.80 to 0.15 per event). It should be noted that this report 
also estimates the probability of an Initial station blackout's extending 
for 2 hours as 0.16.  

Emergency feedwater can be expecte to operate through the 2-hour 
blackout period, using the s Neither hih-pressu 
Injection nor the containment cooling systems (fan coolers and sprays) 
will be available, as they are electrically driven. Reactor coolant sys
tern Pressue will remain high, as in other small LOCA sequences. Thus 
high-pressure melt ejection Is a possibility at the time of vessel melt
through.  

Estimates of the timing of two related sequences indicate the timing 
of this sequence (see o). Now, both sequences differ from .TrB. S3 be
cause there Is no reacto. coolant pump seal LOCA and they both involve 
failure of emergenc feed-water (event U). Also, sequence TMLQD in
volves a stuck-open PORV (event Q) and failure of high-pressure Injec
tion (event DM. For a sense of the relationship between sequence timings 
(particularly between timings for sequences TME'-53 and TMLB'), con
sider an analfs resend in the Seabrook PRA.  

Back in chapter 2, Figure 2.6, drawn from the Seabroolk PMA (PLC 
1983, 3:11.5-34), shows, assuming a station blackout, the estimated time 
to core uncovery as a function of reactor-coolant pump seal leakage. Two 
c are shown--wfth and without the turbine driven feedwater pump 
(TDFP. Thus, the mwithout-TDVWMP case with zero seal leakage Is 
equivalent to our TMLB' sequence; the wlth-TDFW••" case Is equiva
lent to our TMV-S 3 sequence. It will be seen that the sequence timing Is 
quite sensitive to the rate of reactor coolant pump seal leakage. This 
rate cannot be anticipated and cannot be directlyrmeasured during an ac
ddent.  

Thus, subject to considerable uncertainty, the above-ifsted tirning for 
TMLB might be appropriate for TMBr-S3 If the reactor-coolant pump 
seal LOCA were relatively large. Of cours, If electric power were re
covered befor core-melt had begun, then high-pressur injection could 
become available and the accident could be anrested , 

CONu beIns 120 mmutes 7mntes 
Can~ begins 140 mnut 5"9 mute: s 
Vessel Meft-ttlolugh 201 minutes 79 minutes 

S•um:. MHD (1987. Tabs B-10 and 8-11).
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Pvmmeor to OW Seft*td Smmne 

Each of the seque can be desbed, for purposes of itration, as 
having one prctrsr event and one other event that preedpft core
melt. This descriltm Is summ•azed in Table 4.14, which also shows 
the frequenc of eac precurso event, as estimated in the MHB Report 
At the beginning of this disc•u9i, we introd ced the cmcpt of analyz
ing hypothetical precursors as a basis for real-time classification of 
abnormal plant states. Table 4.14 provides a very limited Illustration 
of such precursor analss.  

In deterindig the aFppopriate emergency res•"ose to a given precur
sor, one should take account of both the proambility of the precurs and 
the timing of the sequence with which It Is associated. In this context, 
It will be noted that sequences ThUD and TIrW-. 3 are relatively fast
developfing, and their jreursors are predicted to be relatively un
likely. For example, Table 4.14 Indicates a frequency of station black

out over the 30-year life of a reactor as 3.9 x 10. Presumably, there 
would not be nmch argument aga trgerinh emergenc resmp e at 
such a frequenc.  

on the other hand sequences Induced by a smn LOCA (S2H, S2H, 

S3H, S3 H-) are slower-develop•n& with somewhat more Ikely pe
cursor This might lead to a little more reluctance to initiate emer
gecy respoes. Also, It may be posdle for operator torwth one 
train of highT-p ure Injection to recirculatio prior to exhaustin of 
the bated-water storage tank, thus establisit whether recircula
tfon could continue when the blrated-water staige tank was empty. Of 
course, such a procedure would notbe rsk-free and could In f advance 
the tifmng of core-met.  

The SGTR-H =euec Is a little more complicated, because the 
LOCA (and therefore the sequence timing) could vary over a wide 
range. Moreover, bece it may be hard to Judge the likellhood that 
the operators will succeed in deprszing the r!a coolM syste 
to the residual-heat-removal operating pessur Also, the precursor 
fr~equency is relatively high; Hf eveny 80Th were to trigger an emer
gn response, the frequency shown In Table 4.14 would lead to a rob
ability of 0.39 that such triggering would occur over the 30-year life of 
a reactor.  

In dosing this discusson, it should again be emphasized that Table 
4.14 draws from a prelimindry analysis preeted In the MHB Report.  
In addition, the probability, timing, and other characteristics of acci
dent sequences can vary widely. Even a c•mprehensivePRA eff will

I 
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Table 4.14. Preesors to Selected Cor-M Sequences 

Estimamed Estfmated 

O•Wgstor (per reacor-yr.) DesImlat (per reatorr.) 

201 2.4x10"S 82 4.Gxt0 3 

W-f 104  82 4..xio.3 

83H 4.4x10 4  $3 8.,XIO- 3 

S3HF U.xI10" S3 8.xl0-3 

8rhH.r 1.305 1.3x10i " 

THI.D 1.0x10 4  T&I. 2.1x10 3 

TMB-S3  1.4x1064 TrM ) t.30"4 

2.3x.,o4 4.1 xo-2

(Tbls precMuror Is Inidal tafon blbalkot, rot amlmw for porm recovery.) 

have difficulty In Identifying and adequately characterzing an reie
vant sequence and prectuso, 

Requftmentfor Ffm'em Anelysi 

Systematic s y of precurso In the context of real-time emergency 
decision-making would represent a new phase in the application of 
PA methodology. At this point, one bnnot predict the degr of suc
cess that such an endeavor might en•y. Existing PJRJ• have drawn crft: 
idsm for a variety of reasoM, and their probabilistic findings have 
intritnslially limited accuracy due In par to the ISakiof a statistical 
data base and In part to the nnstochaste natur of ceftin factors (e.g., 
sabotage). Nevertheless, application of PRA metodology may lead to 
bett real-tirn dassification of abnormal plant states.  

The PRA for the TMI plant could well form the basis for a further 
study. That studywould attenmt to Identify and characteri2e an sig
nificant accident pectuso An on-duty expert could, In real time, draw 
upon this classification to facilitate the appropriate assignation of 
severity to an abnormal plant state.
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Monitoring of Plant Status 

For adequate real-time classification of abnormal plant states, in
formation on all relevant plant pxaraeter must be continuously avail
able to decision makers. At present, Information of this ldnd about the 
TMI plant Is available only to the licensee. Public authorities, such as 
Pennsylvania's Bureau of Radiation Protection, must rely on the li
censee to pass on information about any Incident.  

A different situation obtains in Illinois. There, the Illinois Depart
ment of Nuclear Safety ODNS) continuously receives data about plant 
pararneters from al nuclear plants in the sta•. Such an arrangement 
permits state authorities to reach independent decisions about the cur
rent or potential implications of an abnormal plant state.  

Whatever the information stream, analysts need the ability to 
extract the important message from within a large amount of "noise." 
This is not a trivial task, and the IDNS is still developing Its capabili
ties in this respect (Gallfn 1993).  

NRC Repfrement 

Licensees am currenly requi to operate a safety parameter dis
play system (P at each nuclear plant: 

The safety parameter display system (SPDS) lrovides a display of 
plant perameters from which the mfety taM of operi maybe as
sessed in the control room, M and EOP Imergeny Operations 
Facilityl. The primay funcion of the SPr s to helpopeati person
nel in the control room aqik asessm1ets of plant safety status 
Duplication of the SPDS displays in the T9C and LWP wil impove the 
exchange of Infomation between these hfes and the control room 
and assist corporate and plant management In the dedson-maldnS 
process. The sr shall be operated dur•i ennal opetionse and dur
ing all classes of emergen .ihe SDS should have the flexibllity to 
allow future modifications to be incorporated, such as the capability to 
handle operator Interaction and disgnostic analys (NRC 1981. 4) 

It is worth noting two Impotant points. SIDS Is 'intended to help 
licensmee persomel assess the safety status of their plant; and the NRC, 
consistent with its view of the SPDS as a decision aid for operatinh per
sonnel, does not require ft safety parameter display Bystem to meet 
regulatory requhieent for saty-relad instrumentation.  

Licensees are required to use Instrumentation to assess conditions In 
their plant and Its environment during and following an accident.  
Guidance as to the nature of this instrumentation Is provided by NRC
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Regulatory Guide 1.97 (NRC 1980). Many of the parameter measured 
by these hfstmets will also be cover by the SrDS.  

The NX has contemplated requiring a nuclear data link, whereby 
on-line information on plant parameter would be transmitted to the 
NRC, and Illinois has Implemented its own version of such a data link.  
In 1987, the state became an NRC Agreement State, a designation that 
transferred to the state regulatory authority over uses of radioactive 
materials (Gallina 1993, 36).  

The IflinCof System 

"The llninis Department of Nuclear Safety monitors thirteen comn
mereial reactors at seven sites In Illinois. By late 1986, a continuous 
data link (the DDL system) had been established between eleven of 
those reactors and the IDNS headquarters in Springfield and similar 
links were planned for with the two Braidwood reactors as they ap
proached fuel loading (Blackburn and Parker 1987; IDNS 1987).  

The state's current Reactor Data Link (RDL) connects each reactor, 
via dedicated telephone lines, to IDNS headquarters in Springfield 
(Gallina 1993). The RDI, which monitors up to 1500 parameters for 
each of the reactors, is the first element of the state's Remote 
Monitoring System (RMS), discussed in chapter 3. The availability of 
the data stream from each plant has typically exceeded 95 percent.  
the data streams from the various plants are monitored manually by 
the Illinois Department of Nuclear Safety Personnel. However, soft
ware has been developed and implemented whereby the data may be 
retro-spetim-vel reviewed.  

Tus the illinois Depwrtment of Nuclear Safety has embarked on 
the task outlined earlier in this chapter and In chapter 3-real-time 
classification of abnormal plant states in a manner Intended to facilitate decisio nmakng for timely emrec response.  

TM! Capabilities 

Pennsylvania has no capability to receive on-line plant parameters.  
During an emergency, a nuclear engineei on the staff of the Bureau of 
Radiation Protection (BRP) will go to the site and observe plant opera
tions; that engineer may orally transmit Information to BRP headquar
ters via telephone.  

In compliance with NRC requirements, TM! Unit I is now equipped 
with an S1PDS. This SPDS relies on the plant computer system, which

159
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has two redundant prom"" with an automatic swltdhover capability.  

The new system has a design goal of 99.5 reliability.  

Although the SlDS at 7hU Uatt Ipovies a basis for the estab

lislunent of a continmOus data link wth Pennsylva-ais authorities, two 

issue require further exploration. Rist, it is not dear that the pres•et 

set of pramneter covered by the SPIS Is suffiient Second. insofar as 

the safety parameter display system is not required to meet regulatory 

requir-ments for safety-related Instrumentation, Its reliability under 

accident conditions is questionable. These Issues should be explored 

thoroughly before any continuous data link Is planned. but this does not 

Imply that the requisite improveimerts ame infeasible.  

Rtequiement for Future Anafyrfs 

The Illinois Department of Nuclear Safety data link dearly repre

sents the "state of the art." Thus, the first question to ask Is: what 

inmprovemnents are necessary in the Illinois Dep81r"tet of Nuclear 

Safety system? As Indicated, mlhiols has embarked on a two-phase 

software development program if successful, that program will yield 

the ability to classify, In real time, abnormal plant states according to 
their Implications for emerTency respnse.  

The chance of success In ith enterprise will improve If other organi

zations contribute their expertis and resources .. For examnple, applica

tion of MrA methodology--4•ough analysis of hypothetical precursor 

events--may facilitate real-time classification of plant states.  

Experience has shown that advances in MA methodology come about 

slowly and requir very large exenditurm The requisite scale of effort 

is well beyond that which the Illinois Department of Nudear Safety 

can mount alone.  
Aside from the softwme problems, more p Issues must b 

solved. Notably, what should be the respnse of a state agency If the 

data stream stops flowing? Illinois, for all Its sophisticated defense

in-~depth safeguards, has no dear policy on this question (1"N 1987).  
An associated issue is the reliability Of plant computer ThereIs no 

requirement that TMI Unit 1 should be shut down if the computer Is 

inoperative; this appears to be the Cas for most US nuclear plants. BY 

contrast, Canadian CANDU plants rely upon dual computers for plant 

control. If both compters fail, the reactor Is automatically shut down 

(Ontario Hydro 1987,2-5). Thus, a more exensive program of software 

development and a careful analysis of potential modifications in the 

mechanics of the system are pre rquisites to realization of the full 

potential of the Illinois Department of Nuclear Safety data link 

system.

Softy Stantyso Nwdew Reacos m9

Evolution of the Illinois system to Its fun potential can be expected to take some yeams. In the interim, there Is no rmason why similar sys
ters should not be crested In other states. For TMI Unit 1, a modified 

SPDS would provide-at least when supported by the new plant com

puter system--a suitable data source. The nature of the needed modift

cations would emerge from analysis of the two previously mentioned 

Issues: first, the adequacy of the present safety SIDS set; and, second, 

the reliability of the plant computer system under accident conditions.  

Reconumendatfrns 

The emergency6planning community generally recognizes the merit 

of initiating emergency response early In an accident. Indeed, chapter 

11 speaks to a growing support for the cn of precautionary response.  

Deficiencies exist, however, In the process by which a potential acci

dent is identified and assessed, and by which decision makers are In

formed of that assessment. The cmuent system of HAL classification 

requires generic modification, along the lines set forth in the model 

plan (Golding ed aL 1992) that Is a companion to this volume.  
The focus of the present recommendations is upon nearerm actions 

by the TM! licensee and by Pennsylvania authorities. These actions 

would complement a generic overhaul of HAL classification. Also pre

sented her are recommended R&D actions, to be performed by the NRC 

and by other parties, which are intended to improve capabilities for 

real-time accident classification.  

LMeeneeAcfens 

It Is reco•mmended that the licensee execute the following actions in 

connection with TM! Unit 1: 

1. Commission further analysis to identify and characterize all rel
event precursors.  

2. Analyze the adequac of the current safety pama mer display 

system i pazraeter set, In light of the results of the etudies recom
mended In recommendation 1.  

3. Analyze the potential for failue of the plant computer system 
and the SPDS, in general and under accident conditions.  

• . 4. Modify the SPDS in light of the flndings of the analyses recom
mended In 2 ana3 above.
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5. Facilitate the Implementation of a continou data link with the 
Pennsylvania rureau of Radiation Protection, based on the modi

fled SPS 
6. Revise the present system of BALL classification' to reflect more 

accurately the potential severity of abnormal plant states.  

Pe"msyl~d4 Capbabfiftes 

Here, the recommendatlom ame directed to the Pennsylvnita Bur eau 

of Radiation Protection, which is assumed to be the relevant 

Pernmnvaria agency. it Is emcmmended that the Bureau: 

1. Implement a data link similar to that of the llnois Department 
of Nudear Safety, to receive data from TMI Unit I and other 

Pennsylvania reactorS.  
2. Con~tie ongoing development of software and humn capability 

for analyzing the data streams and selecting information perti

Ventto y --re--ot -a 
3. Participate, With the Illinoi Department of Nuclear Safety and 

otherf organriautioM in Jointly sponsored ongoing R&D to Improve 
real-time analytic capabilities.  

R&D Req ufireentsrt 

The NRC, state govemments, and lienmees should collaborate in an 

ongoing R&D program to improve the capability for real-time analysis 
of abnormal plant states. That program should be embedded in an ongo

fin R&D progrem across te entihe field of emrgency response.  
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'a 5 
The Use of Probabilistic Risk Assessment 

in Emergency-Response Planning 
for Nuclear Power Plant Acddents 

Roberf L. Goble and Gwdon R. ThenWon 

The first serious applications of probabiltic risk assessment (PRA) 
to emergency planning for nuclear power plant accidents occrred over a 
decade ago. Like much of the effort in emergency planning, those ap
plications and subsequent refinements can be viewed positively, as 
major improvements over the post Alternatively, they can be assessed 
more negatively-they lack clear objectives and are riddled with 
Inconsistencies. This chapter summarizes a set of recommendations for 
substantial improvements in emergency plans and emergency-response 
capabilities. These recommendations are either. (1) based on PRA con
sierations or (2) repireset oppmotuities for the use of PRA methods to 
Improve response capabilities in emergency situations. Our work used 
existing PRA studies, analyses, and models: we have not undertaken 
any new analyes. The work Is best viewed within the historical con
text of PRAs of nuclear power plants and the presen regulatory re
quirements for emergency planning for nuclear-power accidents (see 
chapters 1 and 4).  

Many of the generic recommendations presented hemrehave been in
corporated in the model plan that takes up a companion volume 
(Golding et aL 1992). Other aspects Inform discussions covered else
where In this volume of backgromnd papers.  

The workre•• on in this chapter Includes contributions rafm the TM, 
Pro S Cmmotter, composed of Robert L Gobhonl Dompsin , G nd Jm.  X.Ka rooger E. IKasperson, John Seley, Gordon It Thompson and C. P.
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Special Characteristics of Nuclear Power Plant Accidents 

Much more reseh and Investment In Infrastructure have gone into 

emergency planning for, nuclear power plant accidents than for such 

planning for other Idinds of techmological accidents. Table 5.1 compares 

properties of severe nuclear plant accidents with typical proper es of 

severe chemical accidents. Nuclear accidents can produce early Injuries 

and fatalities out to distances of several miles or more; they can also 

produce excess exposures which carry significant risk of cmaner at dis

tances of well over 100 miles. Most chemdil accidents generally affect 

relatively small areas, but the worst accidents can produce early 

deaths and irreversible injuries at distances approaching those possible 
for nuclear powver plants (Bowander, Kasperson, and Kasperson 1985). A 
striking differen remains in the distance sle over which significant 

long-term conumiation may occur. Other differences are Itportant as 

well: In a nuclear accident, harm can result even when people do not 

TABLE 5.1. Dtances of Comeom for fluwe and Che.ia Ace 

TyplalDistaDnmc 
(uinde moderately avere Majorie laorACmcal

for ewfy deafth 

for Iweer1sl Inouds 

ComMineatn at leels of 
concer (for CWnce and 
dote latent healt effects)

5 mls 

25 mfls 

200 mres

amiles

1o0o mns 

7(10-20 miles)

xamples 

Chernobyh Evactn to 18 MleS; ont•aM I ofi reulat beond 
500 mfls

Bhopel: Deeft W4 ady "isnseto 3 mfls

Seeo: Detectable wntmWvtn to 4 mile 

sowr~ Bowonde, Kspe-som end Kspemwon ( E) VW(1 ;) EPA.  
FEMA. and DOT (19M,); oelr O1M; NC (19T). .4,

I £ The UN. of Pwe&atidut PRIM Anesement 167

have direct contact with the material released, and perhaps no other 
major technloy, as Slovic documents In chapter 15, generates as much 
fear In the public.  

Does a disparity exist between the efforts put into nuclear and chem
ical ,emeg plannin? Perhaps themo. pertinentquestionsmare: (1) 
howe ive s the nuclear planning effort been, and (2) can the ex
periemce with nuclear planning be used effectively In other settings? 
We believe that the nuclear experience offers emergency-planning 
lessons for chemical accidents and other hazards, but the differences In 
scale, in type of accident, and in the history of nuclear power regulation 
mustbekeptrinmlnd.

Probabstie Risk Assessments 

Most major probabilistic risk assessments for large industrial acci
dents have been conducted for nuclear power plants. Assessments are 
based on assigning probabilities along event trees. Because of the large 
number of engineering systems In a nudear power plant and their link
ages with each other, these analyses am very complex and demanding.  
As Figure 5.1 illustrates the analyses conventionally (and conve.  
niently) fal Into three levels. A level-I PRA Is an assessment of the 
probability of occurrence of a sequence of events that will lead to core
melt or other major care damage. A level-11 PRA Is an assessment of the 
mechanisms for and probabilities of passing from core damage to 
radioactive releases of various sorts. Finally, a level-M PRA extends 
the analysis from radioactivity releases to an assessment of the poten
tial consequences for human health and welfare.  

,The first large-sc•le, all-evel PRAs for nuclear power plants were 
performed 17 years ago in the Reactor Safety Study, often called 
WASH-1400 or the Rasmussen Report after Its principal author (NRC 
1975). In the years since, WASH-1400 has been the subject of numerous 
criticisms and reevaluations (Risk Assessment Review Group 1978).  
Also, more than 20 PRAs of other commerdal power plants have been 
made (Sholly and Thompson 1986). Along with the prodquton of these 
, RAs, the US Nudear Regulatory Commi=son and the nuclear industry 
have supported extensive research dfrected at topics identified by the 

• work on PRAs. The urent situation maybe sbumarized as

* Nuclear power plants in the US differ sufficiently among them
selves that thi dominant accident sequences and the PRAs are 
specific to individual reactors.
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" Most estimates of the probability of core-melt or major core 
damage (Le., level-I estimate) lie within an order of magnitude 
of each other. the mnge Is rousxlOy 5 to sxlO4 (DOE et aL 
1987; Shotly and Thompson 1986).  

" Estimates of the probability of a major release after core-melt 
differ much more, ranging from a conditional probability of 0.003 
to 03 (NRC 1975; PLG 1983).  

" Major criticism against WASH-1400 and subsequent PRAs in
dude.  
a. lack of a systematic and consistent treatment of uncertain

ties; 
b. deliberate omission of the calculations of important sources 

of risk, inducuing operation of the plant outside normal con
dition (the Initiating pmblem at ChemobyD, sabotage, and 
terrorism; 

c. Inadvertent omission of Important sequene; and 
d. insuffident attention to the testing of MRA methods and as

sumptions (APS 1985; Risk Assessment Review Group 1978; 
Sholly and Thompson 1986).  

Issues concerning uncertainties and onm are best considered in 
the contex of how the risk assessment Is used. The omission of terror
iam from PRA calculations is often appropriate, In that PRA methods 
are not well suited to deal with this sort of hazard. It can be mislead
Ing to suggest that these are conparable estimates pump failures and 
the like. Such comparisons are totally unnecessary if the task at hand 
effective Improvements in plant design or operatingprocedures. If the 
Issue were to estimate the absolute risks of a reactor accident, then the 
omission might well be misleading. Estimates of absolute risk, how
ever, have only linit use 

The three levels of nuclear PRAs differ greatly in the nature of the 
problem they address, In the methods they use, and in the kdnd and 
quality of data that support them. Table 52 provides a summary char
actedzation of each level.  

Level I and level M are both based on systems (the pAnt or the me
teorological environment) operating for the most part'under familiar 
condition The analysis is much more accessible to testing. For both 
levels, the results depend strongly on local properties, the design of the 
particular reactor, and the local population distribution and meteorol
ogy. A level 11 analysis is made for systems operating In truly extreme 
conditions for which hardly any actual experience exists. Because of 
the complexity of the system, analys is based on computer codes that 
cannot be tested easily. Level II analyses are likely to have

10
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substantial uncertainties, not only in predicting probabilities of partic
ular classes of events but in predicting the timing of events. Finally, it is important to note that level MT results can be ve7 sensitive to as
sumpions about eme c resp s this Is encom g f that it fn
dicates that emergencY planning may provide significant confribuons 
to safety.  

PRAs can have two Important types of application to emergency 
planning-to assist in the definition of a planning basis, and to guide 
the Implentation of aticlar riespon measures. The authors begin 
by discussing the selection of the planning basis; later they describe 
some potential applications of the second type.  

Role of PRA In EstablItshi•g 
the Present Rmergen Planning Basis 

Figure 5.2 shows the sequence of documennts thugh which analysis 
applied WASH-14M0 results to emergency-planning regulations. The 
Initial activities after publication of WASH-1400 were the work of a 
Joint Nuclear Regulatory Comnmssion/EnmvronentJ Protection Agency Task Force on Emergency Plnening, whose repo"t was published as NUREG-0396 (Collins, Grimes, and Galpfn 1978), and analyses based on WASH-14M0 by Aldrich, Mcmrath, and Rasmussen (1978) used by the 
Task Forc. Thve Task Force recommendations for a planning basis for emergency plans published late in 1978 became a matter of urgen t con
cemrn Immedately after the aOccident at TMI, and were embodied in 
emergency planning regulations Issued in NURE,0654 (NRC and 
FEMA IM80; 1980b). Considerable controversy and legal maneuvering have followed over the implementatlon of these regulations and, per.  
1aps for that reason, few changes have been made in the regulatory 
planning bass,, despite snficant new information and research.  

The Task Force on Emergency Planning considered several possible 
rationales for establishing a planning basis, including rationales using risk, probability, cost effectiveness and consequence spectr~a as co23nsid
erations. The Task Forc chose to base the rationale fonffth planning basis on a spectru of conseqtus, tegmped by prombablty considera
flons (NRC and FEMA l"Oak 1980b). It reect exp t considerations 
of risk primarily on the assumption that risk-bsed analyses would re
quire comparisons with nonnnucear emerg-eny planning which It was 
unwilling to make. Although the accedentcnsquenc spectrum chosen 
still appears appropriate, the rationale Is both limited and question
able in some respect It does not, for example, provide adequate guid
ance for the formulatfon of emergency plans. Two serious deficiencies
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are apparent Fte emrr gtcy • -anning objecte are not sufficiently 
specified for gauging the adequacy planning effort. The discussion of 
Protective Action Guides (PA•s) is iflustratlv "The Task Force con
cluded that the ebctlve of emmg.. yiesponse plans should be to pro
vide dose savings for a spectrum of accidents that could produe off-site 
doses in excess of the PAGW" (Collins, Grimes, and Galpfn 1978). It also 
observes t ..Ths does not mean that doses above the PAG levels can be 
prevented or that ei .n--.. plans should have as* ter obec
tive prevei g doses above PAG levels" (Collins, Grimes, and Galpin 
1978). The second deficiency Is closely related to the first Setting the 

-. ,-planning basis gives no consideration to the relative effectiveness of 
9 emergency-resJp•nse measures under various accident scenarios. Risk 

comparisons among different possible accident situations, with and 
without various emergency-response capabilities, provide deare and 
more useful guidance for formulafting and evaluating plans, and do not 
requir the making of como pasons with nonnuclear accidents.  

the human risks of early death, in"', mid radiation e-xposu. that ex

" a in ci n n which a cere-melt (or severe core degradation) Is accom
-panted by a large early reease of radiation (Kaiser 1986). This result o appea to hold even for the Iovv range of estimates of the conditional 

probability (given core-melt) for a large early release, where the 

alternative is expecte to be a Smaller, substantially delayed, and pos
sibly slower accident. When combined with the potential opportunI
ties for saving exposur esnd health effects by evacuation and Shelter

-~ ~ ing, anid keeping In mind fte level n uncertainties In predicting the 
O'r conditional probability, risk comparisons Imply that if emergency 

0 planning is demanded fo, serious (core-melt) accidents, then the most 
9 crucial obijetive is to plan effectively for large early releases. This 

coniclusion. fin turn, has clear implications for emergency pf~nning crite
ria. The most effective measure Is early evacuation. Emergency plans I should strive in most circumstances to ensure the evacuation of the 
region close to the reactor before the radioactive plume passes, even in 
the case of a rapidly developing accident arrives. When it is not feasi

Sble to complet an efcuation befom passage of the plume, the plan 
should specify appropriate combinations of emergency measures.  

U. Planning is critical because sheltering may be preferable to evacuation,
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supplement an incomplete evacuation, or avoid the additional risks 
attendant on moving people into the radioaectve pathway.  

Based on these considerations, it Is appopriate to recommend pre
cautionary evacuation of the region at greatest risk around a nuclear 
plant whenever the risk of a core-melt Is substantial (10 percent might 
be a suitable cut-off point as adopted in the Model Plan detailed in the 
companion to this volume see Golding etal .1992).  

A response strategy that uses precautionary evacuation should 
Include 

"* continuous monitoring of a large number of plant system parame
ters; 

" on4line comparison with MPA sequenmes to determine when the 
risk is substantial (Le., exceeds 10 percent); 

*appropriately designed emnergenc Vj1-lannlnrg zones; 
* an accident dassification schere that focusses on the decision to 

nitiate precautionary evacuation; and 
* Coherent planning for emergency response not cvered by pre

cautionary evacuation.  

Part of using a precutionary strategy Is knowing when it might be 

too late. It may be Inpossible to issue an adequate warning befor core
melt is already under way. This situation poses the Issue of whether It 

TABLE 5 Reommended Planning Zones for NWieer EmteraeCY Reas

(P Z): 

Oudd• Planing Zo, e 
(UP27: 

outer Ian ng Zob" 
g(OP2).

an area located wihM 5 miles of the plant As 
the area of highest riskt the IPZ requires the 
most rapid response. The primarWy emergnc 

prearaions for early evacuation of the entir 
zone.  

an area loca between 5 and 25 miles from 
t Plantt This Is an areaof lower r sl mqtd 
flexible response. The primary emergeney 
Prepartion ar e forý shetering and evacuation 
donind4 from fthpat 

an a•ea beyond 25 miles from the Plant The 
primary emefrgen Preparations ae for 
shete"1, foflowd by eveaation or relocat 
from hot a"s and proectio fromn redbdy 
In food and water.
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would be better to shelter people for the period until the core pene
trates the reactor vessel and to defer evacuation until after the plume 
pases. A significantly enhanced risk of release may exist at this point, 
but It is also likely that If a release does not occur soon, it will probably 
be substantially delayed. Level II IRAs do not, unfortunately, cur
rently provide very firm guidance on this issue (see chapter 2).  

The definition of emergency-planning zones is based on identifying 
the geographical areas app-Foriate for particular measures. We rec
ommend three-zone scheme (Table 5.3) that is adopted in the model 
plan that appears elsewhere (Golding et aL 1992). The size of the 
Inner Planning Zone OIMZ) is viewed as best for Implementing precau
tionary evacuation; it is the region in which early deaths and health 
effects present the most risk, and it Is smal enough to permit rapid 
evacuation In most circumstances.  

Emergency dassifcatton should be based on plant status and levels 
of risk rather than on immediate release characteristics. Table 5A 

1mmarizes our proposed rationalization of the existing NRC dassifi
cation. The most Important differences from current practice are a 
classification level directed specifically to precautionary response and 
the separation of core-melt accidents (with their potential for large 
effects) from other types of accidental releases of radioactivity. • 

Table 5.5 summarizes the differences between our recommendations 
on precautionary evacuation, on zones, and on classification, and exist
ing practice (which follows NUREG06M4) (Evans et al. 1986). Again, 
the Model Plan (Golding et AL 1992) incorporates this classification.  
Other contemporary researchers are taking a similar stance on emer
gency planning and proposing related (through different) packages of 
recommendations Mecenna et AL 1987). This evolution has yet, how
ever, to make Its way in regulatio 

-Purthe IRA Research Needs

Purther research and development of FRAs will be required to 
Implement improvement such as those proposed here, jn emergency

response capability. Much of this research and development work is 
already in progress, but it does not focus on emergency planning needs.  
We see specific needs in each of the three MRA levels: 

Perhaps now, nearly two decades after the development of nuclear 
1'RA methods, we ar nearing a time when they will be systematically 
used In emergency p'lanntng. This chapter and the applications in the 
Model Plan, seek to advance that progress.



TABLE 5. Classif.cation of Nuclear Accidents 

Classification Level ant1Condt
Level ofResponse

Unusual Event

Alert 

Projected General 
Emergency 

General Emergency

an event that might €OMiondso Plant safety notification of relevant state agencies and the US Nucear Regulatory Commission 

1. significant Increaso in probability of core-mel activation of emergency-response 
or organIzations 

2. siga possaguty, of radioactive release 
withoot core-mel 

substantial Increase in probablty (10% or greater) Inltation of precautionary emergency 
of core-melt rsponse

co-melt Immlnent or ongin appropriate response In aN zones

ADDONAL CLASSFICATION FOR LESS SEVERE ACCOENTS (NO CORE4AM.) 

Limited-Area release of radioactIvItY Immit or ap 
Emergency ongong. but no core-01o* zor

mpdiate emergency response (In Inner 
o)

S== Golding of at a(199, 61).  
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