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2.

3.

o Background

b.

In 1979, the Los Alamos Scientific Laboratory conducted & study
of the consequences of sabotage of nonpower reactors (NPRs), It
was concluded that, within the constraints of this study, only
one NPR ha' any potentia)l for the releese of significent amounts
of fission praduct materials in the event of sabotage. Because
of terrorist activities in other parts of the world, concerns of
the ACRS about macipulation of reactor control systems, and
concerns of a publis interest group about the effects of
incendiary devices on reactor components, this information
should be supplemented with further technical information.

Objective

The objective of this work is to provide the NRC with technical
information on the effects of malicious manipulation of reactor
controls, blast effects from various quantities and types of
explosives, and the use of incendiary devices on NPRs to assure
s margin of public safety.

Summary of Prior Efforts

None

Work to be Performed and Expected Results

During the period from FY 1984 %o 1986 Los Alamos will perform the
following tasks.

work Required

Task Mo. )

Existing information in availeble sources, such as the NRC docket
files, sugmented by site-specific information provided by NRC staff
and site visits will be conducted as necessary to (a) familiarize

ele



tosk personnel with characteristics peculiar to esch reactor and
(b) obtain ‘information necessary to afd in the calculation of the
radiological consequences for three of the KPRs listed in Table I.

Within | montk after initiation of task orders, Los Alamos shall
provide a detailed work plan that identifies study milestones and
their projected dates of accomplishment, Upon NRC review and
approval of this plan, it will become the operating schedule for the
overal)l task. The work plan is Appendix A to this proposal,

Task No. 2

Mathematical models or other appropriate methods will be developed

and/or used to perform the following.

a. Calculate the radiological release resulting from 2 total core
meltdown, partial core meltdown, core disintegration and/or
crushing, or other means that could damage severely the fuel in
the reactor core. Because the key consideration is the fission
prodJct release associated with such incidents, the effects of
using low-enriched uranium vs high-enricned uranium on the

fission product release will be evaluated,

TABLE 1
L1ST OF REACTORS

Licensee Docket No., Power level Reactor Type
National Bureau of Standards 50-184 20 MW Tank
University of Missouri 50-186 10 MW Tank
Georgia Institute of Technology 50-160 5 M Tank
Massachusetts Institute of Technology  50-20 5 MW Tank
Unfon Carbide 50-54 5 Mw Pool
Rhode 1sland Atomic Energy Commission 50193 2 MW Fool
Stzte University of New York $0-57 2 W Poo)
University of Michigan 50-2 2 MW Pool
University of Virginia 60-62 2 M Poo!



b. Determine, as a function of distance from the resctor, the tota)
radiation dose (rem) to the whole body and the radiation dose (rem)
to the thyroid from fodine exposure and identify any facility for
which these could exceed 10 CFR 20 and 10 CFR 100 standards

c. Determine the characteristics of the event that would Timit it to
less than Parts 20 and 100 standards,

Certain other parameters and assumptions should be considered when

performing this task, These include and are limited to the following

except s may be approved by the NMSS Project Manager (PM) in the future.

4. The mode)s or methods used to calculate the damege and the release
shall assume that the reactor has been operating at the maximum power
level authorized by the NRC license and that equilibrium of fission
products was attained before the incident, This also will be
evaluated 1f significant damage to ihe core or subsequent release is
calculated to occur after a period of reactor shutdown.

b, The study for facility shal) be terminated and the basis for the
conclusion documented in those cases in which the fission product
inventory of the NPR is determined to be insufficient to create @
risk to the public health and safety or those in whicn the fuel
configuration or composition and/or the reactor construction or other
factors s such as to limit the fuel damage and fission product
release to a level that is insufficient to create a risk to the
public health and safety.

¢. No assumptions are made regarding the saboteurs' capabilities nor is
any design-basis threat associated with this task,

d. For base-1ine considerations, it should be assumed that 211 reactor
safety features fai) upon initiation of the incident,

e. The mean meteorological conditions at the site and the surrounding
ares should be considered when calculating the atmospheric dispersion

of a release.

Task No, 3
After Tasks ) and 2 have been accomplished, mathematical models or other

appropriate methods will be developed to calculate the amount of
explosives and the amount of incendiary materia) needed to cause the
limiting events described in Task 2 above. Calculations wil) be made for

abé



. ~ events fdentified fn Task No. 2. Calculations will be made for placement
of explosives and incendiary devices ot the reactor boundary and attached

to reactor components.

Certain parameters and assumptions should be considered in those

calculations, These include, and are limited to, the following escept as

may be approved by the NMSS project monitor (PM) in the future.

3. The type of explosives and incendiary devices used to cause an event
are assumed to be easily obtainable,

b. Two opposing conditions will be cons‘dered in performing Task 3.

1. Safeguards credit will be given for all physical barriers
interposed between the explosives/incendiaries and the resctor
fuel,

2. The adversary will have access to all reactor components in
carrying out the sabotage event,

Task No, &

Upon completion of Task No. 3, for those cases in which the fission
product release and estimated doses exceed 10 CFR 20 and 1C CFR 100
standards, calculations for the minimum amount of explosives and the
minimum amount of incendiary material needed to cause the release will be
made. The calculations shal) be made for placement of explosives and
incendiary devices in the reactor, attached to reactor components, and
outside the structure containing the reactor, The parameters and
assumptions employed in Task No. 3 will be used in this task,

Task No. §

Upon completion of Task No. 3, reactor control systems and fuels shall be
reviewed and evaluated to determine whether an unauthorized manipulation
of such controls could cause any detrimental effects that may be
jdentified in Task No. 2. Only credible scenarios and analytical
assumptions shall be used, end these shall be reviewed and approved by
the NM5S PM before the analyses are made.

-‘.



Task No, 6

Upon completion of Task No. 3, calculations for mitigating effects of
ful) and partia) operation of existing safety features associated with
the operation of the reactor will be made., (These features are fgnored
in Tesk 3 to determine maximum consequences.) Additionally, safety
measures and modifications as well as administrative procedures and
practices that could be adopted and determine the degree to which these
additiona) considerations would mitigate the consequences will be
identified, Specific safeguards measures are excluded from consideration
fn this task,

Task 7: Program Plan and Schedule for the Remaining Reactors

Because of the developmental nature of this study, Los Alamos will
approach this work in two phases. The first phase, to be completed in
FY 1985, will develop the methodology and apply it to three reactors,
which hereafter are referred to as lead reactors (LRs). After this phase
of work, a detailed plan for completing the remaining five reactors will
be formulated based on the data gained in the LR phase,

In the LR phase (FY 1985), three representative nonpower reactors (NPRs)
will be fully analyzed by October 1, 1985, These reactors are the NES
reactor, the largest NPR representing tank reactors; the University of
Missouri reactor, the largest enclosed pool reactor; and the Georgia
Institute of Technology reactor because of the limited amount of cooling
water for the reactor power level, Based on the results of these three
calculations, @ better estimate of the time and cost required to perform
the remaining calculations can be made for FY 1986,

A detailed plan for applying the tools developed fn Tasks 2 through 6 to
the remaining five reactors in Table 1 will be formulated, This plan
will attempt completion of the remaining reactors in as short a time as
possible during FY 1986. This plan will be submitted to NRC for approval,
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b, Meetings and ‘ravel

Site visits for two analysts to the three reactors will be required,
Three meetings with NRC sponsors in Wathington, DC, for two people
a1s0 will be required in FY 1985, Los Alamos representatives shall
meet with the WMSS PM two to four times & year, Upon completion of
the draft fina) report, Los Alamos representatives, upon request of
the NMSS PM, will brief the NMSS staff in Washington, DC.

€. NRC Fyurnished Materials

NRC will furnish only reactor documentation that cannot be obtained
by Los Alamos,

Description of Follow-On Efforts

Upon completion of the analysis in Tasks 1 through 6 a program plan and
cost estimate for completion of the remaining five reactors in Table |
will be submitted to NRC for the follow-on efforts,

Relationship to Other Projects

None

Reporting Schedule

Monthly letter status reports and a final report will be provided. Al
reports will be submitted to the NRC technical monitor. A distribution
1ist for the final report should be provided by the NRC technica)
monitor, For any reports that will not be submitted according to the
contract schedule, a written reason for the delay will be submitted to
the technical monitor by the original scheduled date.
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Los Alamos will submit a letter status report each month thet
summarizes the work performed during the previous month, nersonne)
time expenditures during the previous month, and costs generated
against the work effort, Any changes to cost projections or
schedules will be indicated. The letter report will arrive at the
NRC by the 20th of each month, 1In al) monthly reports there will be
a breakdown of (1) manpower costs; (2) costs incurred for direct
salaries, materia) and services, ADP support, subcontracts, travel,
general, and sdministrative and other related items; and (3) current
obl ‘gatfon status informetion for the project.

The report shall be distributed as follows,
ponald M, Carlson, SG, NMSS - one cupy
Office of the Director, WMSS (Attn: Program Support) - one copy

Interim Reports

Three draft interim report shal)l be furnished to the NMSS PM for
Task 2, Task 3, and Tasks 5 and 6, After review by appropriate NRC
personnel, the PM will provide comments on the graft report to Los
Alamos National Laboratory within 60 days of receipt of each report,
A revised interim report shall be submitted if deemed necessary by
the NMSS PM,

¢. Final Report

Los Alamos shal) furnish two copies of a draft final report to the
WSS PM by June 30, 1986, The format of these documents shall be as
specified for forma! technical reports in NRC Manua) Chapter 1102 and
will provide

1. the on-site and off-site fission product release and dosage
calculations associated with a total loss of coolant,

2. the quantities of explosives and incendiary material or @
description of acts necessary to cause a limiting case incident,

3. the placement of explosives and incendiary materisls in relation
to the reactor,

.7.



4. a description of unauthorized manipulation of reactor controls
and fuel to cause a limiting case incident,

§. the resulting consequences, and

6. appropriate alternative measures that can be implemented to
mitigate a significant event (for example, reactor facility
modifications, administrative procedures, and so on),

after review by appropriate NRC personnel, the PM will provide
comments on the draft report to Los Alamos within 60 days of receipt
of the report,

The performing organization shall revise the draft report based on
the PM's comments and submit one camera-ready copy of the final
report to the Document Management Branch, Technical Information and
Document Control, NRC, to be published as a NUREG/CR series report,
and a duplicate to the NMSS PM,

A1l draft reports, as well as fing' reports, shall be screened for
Clsssified Infurmation and appropriately marked in accordunce with
“NRC Classification Guide for Information Dealing with the Release
and ' ‘spersion of Radioactive Material (NRC-RDRM-1),* dated

Sey . or 1982, and NRC Manual Chapter 1102.

Subcontract wr Information

None

New Lapital Equipment Required

None

Special Facilities Required

None



10. Conflist of Interest Information

None

11. Quality Aszurance
All reports, plans, charts, graphs, schedules, and so on furnished under

the terms of this statement of work are to be subject to internal review
and shall reflect acceptance by an authorized management individual
before submittal to NRC.




APPENDIX A
WORK PLAN

I. INTRODUCTION
Because of the developmental nature of this study, Los Alamos will

approach this work in two phases. The first phase, to be completed in

Fy 1985, will develop the methodology and apply it to three reactors, which
hereafter are referred to as lead reactors (LRs). After this phase cf work, 2
detailed plan for completing the remaining five reactors will be formulated
based on the data gained in the LR phase.

In the LR phase (FY 1985), three representative nonpower reactors (NPRs)
will be fully analyzed by October 1, 1985, These reactors are the NBS
reactor, the largest NPR representing tank reactors; the University of
Missouri reactor, the largest enclosed poo! reactor; and the Georgia Institute
of Technology reactor because of the limited amount of cooling water for the
reactor power level, Based on the results of these three calculations, a
better estimate of the time and cost required to perform the remaining
calculations can be made for FY 1986.

11. TASK BREAKDOWN FOR LEAD REACTOR PHASE (FY 1985)
Task 1. Collection of Information and Familiarization With It

This task will be initiated immediately and will continue as required to
gain a familiarity with the three LRs. Information available at Los Alamos
will be supplemented by docket information from NRC and with site visits when
sufficient familiarity is gained to make the visit meaningful.

Task 2, Calculation of Maximum kadiological Release
a. Develop éore inventory analyses and apply them to the three LRs for
an operating history of the maximum authorized power level long
enough to achieve equilibrium fission product levels. Both high- and
low-enrichment fuels will be considered.
b. Use a Master Logic Diagram (MLD) to identify potential physical modes
of core disruption or other radionuclide sources for each LR,

-10-



Task

The maximum extent of core damage for each mode identified in the
previous step and the fission product release associated with this
damage will be determined using available methods. If no methods
exist for a given requirement, an approximate and conservative
analytical too! will be developed based on the best current knowledge.
The effects of physical decontamination factors on the radionuclide
transport will be calculated using currently accepted methods and
site-specific information for each LR,

The whole-budy radiation dose and thyroid dose from iodine will be
calculated in rem using currently accepted methods for the potential
releases identified for each LR, Mean meteorological conditions at
each LR 111 be assumed.

This study will be terminated for those sites with no identified
sequence leading to at least a 10 CFR Part 20 release.

For those LRs that have sequences exceeding 10 CFR 20 or 10 CFR 100
releases, the extent of core damage leading to these releases will be
calculated by scaling results from previous calculations in Task 2.d.
A1) results from the foregoing calculations will be documented and
submitted to NRC as an interim technical report.

Determination of Sources of Damage

d.

For each damage mode capable of resulting in at least a 10 CFR Part
20 or 100 release, the credible sources of such damage (for example,
explosives and/or incendiary devices) will be identified.

Using explosive yield, structural response, and other analyses, the
amount and placement of damage sources resulting in the maximum
release will be determined assuming no mitigating system functions
and assuming that the adversary has direct access to all reactor
components.

The calculations of Task 3 will be repeated allowing safeguards
credit for any physical barriers blocking direct access to the
reactor fuel,

The results of this task will be reported in an interim report to the

NRC.
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Task 4. Scaling of Damage Sources to 10 CFR 20 and 10 CFR 100

a. The results of Task 3 will be scaled to determine the damage sources
leading to 10 CFR 20 and i0 CFR 100 releases.

b. The results of this task will be reported alorg with Task 3 in an
interim report to the NRC.

Task §. Determination of Misoperation Scenerios

a. Using LR system descriptions, damage modes from Task 2, and damage
sources from Task 3, a system logic model (fault-tree) approach will
be used to determine sabotage scenarios resulting from unauthorized
operation of reactor controls, systems, or fuels.

b. The results of this task will be documented in an interim report for
the NRC.

Task 6, Mitigating Systems Effects

a. Using the sabotage scenarios developed in Task 5, the effect of
mitigating systems on radionuclide release will be included using
system logic models (fault trees) to determine the effects of both
full and partial operation of mitigating systems.

b. Using the insights of Task 6.a above additional or modified safety
features or administrative practices that could be adopted will be
identified.

C. The results of this task will be documented along with Task 5 in an
interim report for the NRC,

Task 7. Program Plan for FY 1986

ipon the conclusion of the LR analyses, 2 detailed plan for completing
the remaining five nonpower reactors in FY 1986 will be formulated and
submitted to the NRC.
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. 1. Objective of Proposed Work

2. Background
In 1979, the Los Alamos Scientific Laboratory conducted a study

. of the consequences of sabotage of nonpower reactors (NPRs). It
was concluded that, within the constraints of this study, only
one NPR had any potential for the release of significant amounts
of fission product materials in the event of sabotage. Because
of terrorist activities in other parts of the world, concerns of
the ACRS about manipulation of reactor control systems, and
concerns of a public interest group about the effects of
jncendiary devices on reactor components, this information
should be supplemented with further technical information.

b. Objective
The objective of this work is to provide the NRC with technical
information on the effects of malicious manipulation of reactor
controls and of the use of incendiary devices on NPRs to assure
a margin of public safety.

Summary of Prior Efforts

None

Work to be Performed and Expected Results
During the period from FY 1984 to 1986 Los Alamos will perform the
following tasks.

a. Work Required

Task No, 1

Existing information in available sources, such as the NRC docket
files, augmented by site-specific information provided by NRC staff
and site visits should be reviewed to (a) familiarize task personnel

ele



with characteristics peculiar to each reactor and (b) obtain

‘information necessary to aid in the calculation of the radiologicel

censequences for three of the NPRs listed in Table 1.

Within 1 month after initiation of task orders, Los Alamos shall
provide a detailed work plan that identifies study milestones and
their projected dates of accomplishment, Upon NRC review and
approval of this plan, it will become the operating schedule for the
overall task. The work plan is Appendix A to this proposal.

Task No. 2

Mathematical models or other appropriate methods will be developed

and/or used to perform the following.

2. Calculate the radiological release resulting from 2 total core
meltdown, partial core meltdown, core disintegration and/or
crushing, or other means that could damage severely the fuel in
the reactor core. Because the key consideration is the fission
product release associated with such incidents, the effects of
using low-enriched uranium vs high-enriched uranium on the
fission product release will be evaluated,

TABLE 1
L1ST OF REACTORS

Licensee Docket No. Power Level Reactor Type
National Bureau of Standards 50-184 20 MW Tank
University of Missouri £0-186 10 MW Tank
Georgia Institute of Technology §50-160 5 MW Tank
Massachusetts Institute of Technology 50-20 5 MW Tank
Union Carbide 50-54 5 MW Pool
Rhode Island Atomic Energy Commission 50-193 2 MW Poo)
State University of New York 50-57 2 MW Poo)
University of Michigan 50-2 2 MW Pool
University of Virginia 50-62 2 M Pool



b.

Cs

Determine, as a function of distance from the resctor, the total
radietion dose (rem) to the whole body and the radiation dose (rem)
to the thyroid from fodine exposure and identify any facility for
which these could exceed Y0 CFR 20 and 10 CFR 100 standards
Determine the characteristics of the event that would limit it to
less than Parts 20 and 100 standards.

Certain other parameters and assumptions should be considered when
performing this task. These include and are limited to the following
except as may be approved by the NMSS Project Manager (PM) in the future.

The models or methods used to calculate the damage and the release
shall assume that the reactor has been operating at the maximum power
leve) authorized by the NRC license and that equilibrium of fission
products was attained before the incident, This also will be
evaluated if significant damage to the core or subsequent release is
calculated to occur after a period of reactor shutdown.

The study for facility shall be terminated and the basis for the
conclusion documented in those cases in which the fission product
inventory of the NPR is determined to be insufficient to create a
risk to the public health and safety or those in which the fuel
configuration or composition and/or the reactor construction or other
factors is such as to limit the fuel damage and fission product
release to a level that is insufficient to create 2 risk to the
public health and safety.

No assumptions are made regarding the saboteurs' capabilities nor is
any design-basis threat associated with this task.

For base-l1ine considerations, it should be assumed that all reactor
safety features fail upon initiation of the incident.

The mean meteorological conditions at the site and the surrounding
area should be considered when calculating the atmospheric dispersion
of a release.

Task No, 3

After Tasks 1 and 2 have been accomplished, mathematical models or other
appropriate methods will be developed to calculate the amount of
explosives and the amount of incendiary material needed to cause



the placemeat of explosives and incendiary devices at the reactor
facility boundary and attached to reactor components,

Certain parameters and assumptions should be considered in those

calculations, These include, and are limited to, the following except as

niy be approved by the NMSS project monitor (PM) ir the future.

2. TYhe type of explosives and incendiary devices used to cause an event
are assumed to be easily obtainable.

b. Two opposing conditions wiil be considered in performing Task 3.

1. Safeguards credit will be given for all physical barriers
interposed between the explosives/incendiaries and the reactor
fuel.

2. The adversary will have access to all reactor components in
carrying out the sabotage event,

Task No, &

Upon completion of Task No. 3, for those cases in which the fission
product release and estimated doses exceed 10 CFR 20 and 10 CFR 100
standards, calculate the amount of explosives and the amount of
incendiary material needed to cause the release. The calculations shal)
be made for placement of explosives and incendiary devices attached to
reactor components and outside the structure containing the reactor. The
parameters and assumptions employed in Task No. 3 will be used in this

task.,

Task No. §
Upon completion of Task No., 3, reactor control systems and fuels shall be

reviewed and evaluated to determine whether an unauthorized manipulation
of such controls could cause any detrimental effects that may be
identified in Task No. 2. Only credible scenarios and analytical
assumptions shal)l be used, and these shall be re: ewed and approved by
the NMSS PM before the analyses are made,

Task No. 6
Upon completion of Task No. 3, calculate the mitigating effects of full

and partial operation of existing safety features associated with the
operation of the reactor. (These teatures are ignored in Task 3 to
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‘determine maximum consequences.) Identify additional safety measures and

L modifications as well as administrative procedures and practices that
could be adopted and determine the degree to which these additional
considerations would mitigate the consequences. Exclude specific
tafcguards measures from consideration in this task,

Tesk 7: Program Plan and Schedule for the Remaining Reactors

A detailed plan for applying the tools developed in Tasks 2 through 6 to
the remaining five reactors in Table I will be formulated. This plan
will attempt completion at the remaining reactors in as short a time as
possible during FY 1986, This plan will be submitted to NRC for approval.

b. Meetings and Travel

Site visits for two analysts to the three reactors will be required.
Three meetings with NRC sponsors in Washington, DC, for two people
also will be required in FY 1985,

¢. NRC Furnished Materials

NRC will furnish only reactor documentation that cannot be obtained
by Los Alamos.

4, Description of Follow-On Efforts

Upon completion of the analysis in Tasks 1 through 6 a program plan and
cost estimate for completion of the remaining five reactors in Table I
will be submitted to NRC for the follow-on efforts.

5. Relationship to Other Projects

None

6. Reporting Schedule

Monthly letter status reports and @ fina' report will be provided. All
reports will be submitted to the NRC technical monitor. A distribution

s



1ist for the final report should be provided by the NRC technical

monitor. For any reports that will not be submitted according to the
contract schedule, a written reason for the delay will be submitted to
the technical monitor by the original scheduled date.

Monthly Letter Status Report

Los Alamos will submit a letter status report each month that
summarizes the work performed during the previous month, personnel
time expenditures during the previous month, and costs generated
against the work effort, Any changes to cost projections or
schedules will be indicated. The letter report will arrive at the
NRC by the 20th of each month, In all monthly reports there will be
a breakdown of (1) manpower costs: (2) costs incurred for direct
salaries, materia) and services, ADP support, subcontracts, travel,
ceneral, and administrative and other related items; and (3) current
obligation status information for the project.
The report shall be distributed as follows,
Donald M, Carlson, SG, NMSS - one copy
Office of the Director, NMSS (Attn: Program Support) - one copy

Interim Reports
A draft interim report shal) be furnished to the NMSS PM upon

completion of each major task (that is, Tasks No. 2, 3, 4, and 5).
After review by appropriate NRC personnei, the PM will provide
comments on the draft report to Los Alamos National Laboratory within
60 days of receipt of each report. A revised interim report shall be
submitted if deemed necessary by the NMSS PM,

Final Report
Los Alamos shall furnish two copies of a draft final report to the
NMSS PM by June 30, 1986, The format of there documents shall be as

specified for formal technical reports in NRC Manual Chapter 1102 and

will provide



7. Subc

1. the on-site and off-site fission product release and dosage
calculations associated with a total loss of cooiant,

2. the quantities of explosives and incendiary material or a
description of acts necessary to cause a limiting case incident,

3. the placement of explosives and incendiary materials in relation
to the reactor,

4, a description of unauthorized manipulation of reactor controls
and fuel to cause a limiting case incident,

§., the resulting consequences, and

6. appropriate alternative measures that can be implemented to
mitigate a significant event (for example, reactor facility
modifications, administrative procedures, and so on).

After review by appropriate NRC personnel, the PM will provide
comments on the draft report to Los Alamos within 60 days of receipt
of the report.

The performing organization shall revise the draft report based on
the PM's comments and submit one camera-ready copy of the final
report to the Document Management Branch, Technical Information and
Document Control, NRC, to be published as a NUREG/CR series report,
and a duplicate to the NMSS PM,

A1l draft reports, as well as final reports, shall be screened for
Classified Information and appropriately marked in accoroance with
“NRC Classification Guide for Information Dealing with the Release
and Dispersion of Radioactive Material (NRC-RDRM-1)," dated
September 1982, and NRC Manual Chapter 1102.

ontractor Information

None

B. New

Capital Equipment Required

None
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e 9. Special Facilities Required

None

10. Conflict of Interest Information

None



APPENDIX A
WORK PLAN

I. INTRODUCTION
Because of the developmental nature of this study, Los Alamos will

approach this wock in two phases. The first phase, to be completed in

FY 1985, will develop the methodology and apply it to three reactors, which
hereafter are referred to as lead reactors (LRs). After this phase of work, a
detailed plan for completing the remaining five reactors will be formulated
based on the data gained in the LR phase.

In the LR phase (FY 1985), turee representative nonpower reactors (NPRs)
will be fully analyzed by Uctober 1, 1985. These reactors are the NBS
reactor, the largest NPR representing tank reactors; the University of
Missouri reactor, the largest enclosed pool reactor; and the Union Carbide
reactor, the largest open poocl type reactor. Based on the results of these
three calculations, a better estimate of the time and cost required to perform
the remaining calculations can be made for FY 1985,

11. TA.X BREAKDOWN FOR LEAD REACTOR PHASE (FY 1985)
Task 1. Collection of Information and Familfarization With 1t

This task will be initiated immediately and will continue as required to
gain a familiarity with the three LRs. Information available at Los Alamos
will be supplemented by docket information from NRC and with site visits when
sufficient familiarity is gained to make the visit meaningful.

Task 2. Calculation of Maximum Radiological Release
2. Develop core inventory analyses and apply them to the three LRs for
an operating history of the maximum authorized power level long
enough to achieve equilibrium fission product levels. Both high- and
low-enrichment fuels will be considered.
b. Use a Master Logic Diagram (MLD) to identify potential physical mojes
of core disruption or other radionuclide sources for each LR.




The maximum extent of core damage for each mode identified in the
previous step and the fission product release associated with this
damage will be determined using available methods. 1f no methods
exist for a given requirement, an approximate and conservative
analytical tool will be developed based on the best current knowledge.
The effects of physical decontamination factors on the radionuclide
transport will be calculated using currently accepted methods and

The whole body radiation dcse and thyroid dose from fodine will be
calculated in rem using currently accepted methods for the potential
releases identified for each LR, Mean meteorological conditions at
This study will be terminated for those sites with no identified

For those LRs that have sequences exceeding 10 CFR 20 or 10 (FR 100
releases, the extent of core damage leading to these relesses will be

calculated by scaling of results from previous calculations in Task

A1 results from the foregoing calculations will be documented and

For each damage mode capable of resulting in at least a 10 CFR Part
20 or 100 release, the credible sources of such damage (for example,

Using explosive yield, structural response, and other analyses, the
amount and placement of damage sources resulting in the maximum
release will be determined assuming no mitigating system functions
and assuming that the adversary has direct access to all reactor

The calculations of Task 3 will be repeated allowing safeguards
credit for any physical barriers blocking direct access to the

L.
d.
site-specific information for each LR,
e.
vach LR will be assumed,
7.
sequence leading to at least a 10 CFR Part 20 release.
90
2.d,
h.
submitted to NRC as an interim technical report.
Task 3. Determination of Sources of Damage
a.
explosives or incediary devices) will be identified.
bl
components.
B
reactor fuel.
d.

The results of this task will be reported in an interim report to the
NRC.
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Task 4. Scaling of Damage Sources to 10 CFR 20 and 10 CFR 100

2. The results of Task 3 will be scaled to determine the damage sources
leading to 10 CFR 20 and 10 CFR 100 releases.

,b. The results cf this task will be reported along with Task 3 in an
interim report to the NRC.
Task 6. Determination of Misoperation Scenerios

a. Using LR system descriptions, damage modes from Task 2, and damage
sources from Task 3, a system logic model (fault-tree) approach will
be used to determine sabotage scenarios resulting from unauthorized
operation of reactor controls, systems, or fuels,

b. The results of this task will be documented in an interim report for
the NRC,

Task 6, Mitigating Systems Effccts

a. Using the sabotage scenarios developed in Task 5, the effert of
mitigating systems on radionuclide release will be included using
system logic models (fault trees) to determine the effects of both
£411 and partial operation of mitigating systems.

b. Using the insights of Task 6.a, above, juentify additional or
modified safety features or administrative practices that could be
adopted.

C. The results of this task will be documented in an interim report for
the NRC,

Task 7. Program Plan for FY 1986

Ugon the conclusion of the LR analyses, & detailed plan for completing
the remaining five nonpower reactors in FY 1986 will be formulated and

submitted to the NRC,
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TASK 2

a. Core Inventory Calculations

b. Identify Damage Modes

c. Determine Core Damane

d. Radionuclide Release

e. Whole Body Dose

f. Terminate Studies as Applicable

g. Part 20 and 100 Release Damage
Determination

h, Report




TASK 3

a. ldentify Damage Sources

b. Calculate Amount of Damage
Source

c. Include Effects of Safequards
Barriers

d. Report

TASK 4

a. Scale Results of Task 3 to
Part 20 and 100 Releases

b. Report with Task 3




TASK 5

a. Construct Logic Models for
Scenarios

b. Report

TASK 6

a. Construct Logic Models

b. Make Recommendations on
Improved Safegquards

c. Report with Task 5

TASK 7

a. Submit Program Plam
for FY 1986
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1.

Objective of Proposed Work

2. Background
In 1979, the Los Alamos Scientific Laboratory conducted a study

. of the consequences of sabotage of nonpower reactors (NPRs). It
was concluded that, within the constraints of this study, only
one NPR had any potential for the release of significant amounts
of fission product materials in the event of sabotage. Because
of terrorist activities in other parts of the world, concerns of
the ACRS about manipulation of reactor control systems, and
concerns of a public interest group about the effects of
incendiary devices on reactor components, this information
should be supplemented with further technical information,

b. Objective
The objective of this work is to provide the NRC with technical
information on the effects of malicious manipulation of reactor
controls and of the use of incendiary devices on NPRs to assure
a margin of public safety.

Summary of Prior Efforts

None

Work to be Performed and Expected Results
During the period from FY 1984 to 1986 Los Alamos will perform the
following tasks.

3. Work Required

Task No. |

Existing information in available sources, such as the NRC d~cket
files, augmented by site-specific information provided by NRC staff
and site visits should be revieszd to (a) familiarize task personnel

-le



with characteristics peculiar to each reactor and (b) obtain
information necessary to aid in the calculation of the radiolegical
consequences for three of the NPRs listed in Table 1.

Within ) month after initiation of task orders, Los Alamos shall
provide a detailed work plan that identifies study milestones and
their projected dates of accomplishment, Upon NRC review and
approval of this plan, it will become the operating schedule for the
overall task, The work plan is Appendix A to this proposal.

Task Wo. 2

Mathematical models or other appropriate methods will be developed

and/or used to perform the following.

2. Calculate the radiological release resulting from a total core
meltdown, partial core meltdown, core disintegration and/or
crushing, or other means that could damage severely the fuel in
the reactor core. Because the key consideration is the fission
product release associated with such incidents, the effects of
using low-enriched uranium vs high-enriched uranium on the

fission product release will be evaluated,

TABLE 1
L1ST OF REACTORS

Licensee Docket No. power Level Reactor Type
Natiunal Bureau of Standards 50-184 20 MW Tank
University of Missours 50-186 10 MW Tank
Ceorgia Institute of Technology 50-160 5 MW Tank
Massachusetts Institute of Technology 50-20 5 MW Tank
Union Carbide 50-54 5 MW Pool
Rhode 1sland Atomic Energy Commission 50-193 2 MW ool
State University of New York 50-57 2 MW Pool
University of Michigan 50-2 2 MW Pool
University of Virginia 50-62 2 MW Pool

s



b.

Ce

Determine, 2s a function of distance from the reactor, the total
radiation dose (rem) to the whole body and the radiation dose (rem)
to the thyroid from iodine exposure and identify any facility for
which these could exceed 10 CFR 20 and 10 CFR 100 standards
Determine the characteristics of the event that would limit it to
less than Parts 20 and 100 standards.

Certain other parameters and assumptions should be considered when
performing this task., These include and are limited to the following
except as may be approved by the NMSS Project Manager (PM) in the future.

The models or methods used to calculate the damage and the release
shall assume that the reactor has been operating at the maximum power
leve! authorized by the NRC license and that equilibrium of fission
products was attained before the incident. This also will be
evaluated if significant damage to the core or subsequent release is
calculated to occur after a period of reactor shutdown.

The studv for facility shall be terminated and the basis for the
conclusion documented in those cases in which the fission product
inventory of the NPR is determined to be insufficient to create 2
risk to the public health and safety or those in which the fuel
configuration or composition and/or the reactor construction or other
factors is such as to limit the fuel damage and fission product
release to 2 level that is insufficient to create 2 risk to the
public health and safety.

No assumptions are made regarding the saboteurs' capabilities nor is
any design-basis threat associated with this task.

For base-line considerations, it should be assumed that all reactor
safety features fail upon initiation of the incident.

The mean meteorological conditions at the site and the surrounding
area should be considered when czlculating the atmospheric dispersion
of a release.

Task No., 3

After Tasks 1 and 2 have been accomplished, mathematical models or other
appropriate methods will be developed to calculate the amount of
explosives and the amount of incendiary material needed to cause



the placement of explosives and incendiary devices at the reactor
facility boundary and attached to reactor components.

Certain parameters and assumptions should be considered in those

calculations. These include, and are limited to, the following except as

miy be approved by the NMSS project monitor (PM) in the future,

3. The type of explosives and incendiary devices used to cause an event
are assumed to be easily obtainable,

b. Two opposing conditions will be considered in performing Task -

1. Safeguards credit will be given for all physical barriers
interposed between the explosives/incendiaries and the reactor
fuel.

2. The adversary will have access to all reactor components in
carrying out the sabotage event.

Task No. 4

Upon completion of Task No. 3, for those cases in which the fission
product release and estimated doses exceed 10 CFR 20 and 10 CFR 100
standards, calculate the amount of explosives and the amount of
incendiary material needed to cause the release. The calculations shall
be made for placement of explosives and incendiary devices attached to
reactor components and outside the structure containing the reactor. The
parameters and assumptions employed in Task No. 3 will be used in this

task.

Task No. §

Upon completion of Task No. 3, reactor control systems and fuels shall be
reviewed and evaluated to determine whether an unauthorized manipuletion
of such controls could cause any detrimental effects that may be
identified in Task No. 2. Only credible scenarios and analytical
assumptions shall be used, and these shall be reviewed and approved by
the NMSS PM before the analyses are made.

Task No., 6

Upon completion of Task No. 3, calculate the mitigating effects of full
and partial operation of existiny safety features associated with the
operation of the reactor. (These features are ignored in Task 3 to
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determine maximum consequences.) ldentify additional safety messures and
modifications as well as administrative procedures and practices that
could be adopted and determine the degree to which these additional
considerations would mitigate the consequences. Exclude specific
safeguards measures from consideration in this task.

Task 7: Program Plan and Schedule for the Remaining Reactors

A detailed plan for applying the tools developed in Tasks 2 through 6 to
the remaining five reactors in Table I «ill be formulated. This plan

will attempt completion at the remaining reactors in as short a time as
possible during FY 1986. This plan will be submitted to NRC for approval.

b. Meetings and Travel

Site visits for two analysts to the three reactors will be required.
Three meetings with NRC sponsors in washington, DC, for two people
also will be required in FY 1985,

¢. NRC Furnished Materials

NRC will furnish only reactor documentation that cannot be obtained
by Los Alamos.

Description of Follow-On Efforts

Upon completion of the analysis in Tasks 1 through 6 a program plan and
cost estimate for comp ~tion of the remaining five reactors in Table 1
will be submitted to NRC for the follow-on efforts.

Relationship to Other Projects

None

Reporting Schedule

Monthly letter status reports and a final report will be provided. All
reports will be submitted to the NRC technical monitor. A distribution

ibe



14st for the final report should be provided by the NRC technicel
monitor, For any reports that will not be submitted according to the
contract schedule, a written reason for the delay will be submitted to
%ho technical monitor by the original scheduled date.

Monthly Letter Status Report
Los Alamos will submit @ letter status report each month that
summarizes the work performed during the previous month, personnel
time ¢ -enditures during the previous month, and costs generated
syainst the work effort, Any changes to cost projections or
schedules w111 be \ndicated, The lctiter cepert widl arrive at the
NRC by the 20th of eacn wonth, In all monthly reports there wiil be
2 breakdown of (1) manpower costs; (2) costs ‘ncurred for direct
salaries, materia) anc services, ADP support, subLontracts, (ravel,
general, andg administrative and Uther reletes items; and (3} current
obligation stetus informetion for the pruject,
The report shall be distributed a. follows,
Donald M, Carlson, SG, NMSS - one copy
Office of the Director, NMSS (Attn: Program Support) - one copy

Interim Reports

A draft interim report shall be furnished to the NMSS PM upon
completion of each major task (that fis. Tasks No. 2, 3, 4, and §),
After review by appropriate NRC personnel, the PM will provide
comments on the draft report to Los Alamos National Laboratory within
60 days uf receipt of esch report, A revised interim report shall be
submitted if deemed necessary by the NMSS PM,

Final Report

Los Alamos shal) furnish two copies of a draft final report to the
NMSS PM by June 30, 1986, The format of these documents shall be as
specified for forma) technical reports in NRC Manua)l Chapter 1102 and

will provide




2.

the on-site and off-site fission product relesse and dosage
caleulations sssociated with a total loss of coolant,

the gquantities of explosives and incendiary material or @
description of acts necessary to cause 2 1imiting case incident,
the placement of explosives and incendiary materials in relation
to the reactor,

a description of unauthorized manipulation of reactor controls
and fue! to cause a limiting case incident,

the resulting consequences, and

appropriate alternative measures that can be implemented to
miiigete & significent event (for example, reactor facility
modifications, administrative procedures, and o on).

After re/iew by sppropriate WRC personnel, the PM will provide
comments on the dreft repert to (Los Alamos within 60 days of receint
of (he report.

The perforning orgerization shell revise the dreft report based or
the PM's comments and submit o~¢ camera-ready COpy of the final
report to the Document Management Branch, Technica) Information and
Document Control, NRC, %o be pubiished as 2 NUREG/CR series report,
and a duplicate to the NMSS PM,

A1) draft reports, as well as final reports, shal) be screened for
Classified Information and appropriately marked in accordance with
“NRC Classification Guide for Information Dealing with the Release
and Dispersion of Radioactive Material (NRC-RDRM-1)," dated
Cwptember 1982, and NRC Manual Chapter 1102,

Subce tractor Information

None

New Capital Equipmert Required

None

ol
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Specia) Facilities Required

None
.

Conflict of Interest Information

None



APPENDIX A

WORK PLAN

1. INTRODUCT IO,
Because of the developmental nature of this study, Los Alamos will

approach this work in two phases, The first phase, to be completed in

FY 1985, will develop the methodology nd apply it to three reactors, which
hereafter are referred to as lead reactors (LRs), After this phase of work, 2
detatled plan for completing the remaining five reactors will de formulated
based on the data gained in the LR phase,

In the LR phase (FY 1985), three representative nonpower reactors (NPRs )
will be fully anaiyzed by October 1, 1985, These reactors are the NBS
resctor, the largest KPR representing tank reactors; the University of
Missouri resctor, the largest encloscd pool reactor; and the Union Carbide
reactor, the largest onen pool type reactor, Based on the results of these
three celculations, & better estimate of the (ime and cost reouired to perform
the remsining calculutions cen te mage for FY 1386,

11. TASK BREAKDOWN FOR LEAD REACTOR PHASE (FY 1985)
Tesk )., Collection of Information and Familiarization With It

This task will be initiated immediately and will continue as required to
gain a familiarity with the three LRs, Information available at Los Alamos
will be supplemented by docket information from NRC and with site visits when
sufficient familiarity is gained to make the visit meaningful,

Task 2, Calculation of Maximum Radiological Relesse
2. Develop core inventory analyses and apply them to the three LRs for
an operating history of the maximum authorized power ieve)l long
enough to achieve equilibrium fission product levels., Both high- and
low-enrichment fuels will be considered,
b. Use a Master Logic Diagram (MLD) to fdentify potential physical modes
of core disruption or other radionuclide sources for each LR,




Task

c.

d.

3.

The maximum extent of core damage for each mode identified in the
previous step and the fission product release associated with this
damage will be determined using available methods. If no methods
exist for a given requirement, an approximate and conservative
analytical too) will be developed based on the best current knowledge.,
The effects of physical decontamination factors on the radionuc)ide
transport will be calculated using currently accepted methods and
site-specific information for each LR,

The whole body radiation dose and thyroid dose from iodine will be
calculated in rem using currently accepted methods for the potential
releases identified for each LR, Mean meteorological conditions at
each LR will be assumed,

Th's study will be terminated for those sites with no ‘dentified
sequence leading to at least a 10 CFR Part 20 releate.

For those LRs that have sequences exceeding 10 CFR 20 or 10 f¥k 170
releases, the extert of core damage 12ading to these rele.ses will be
calcu)ated by scaling of resyits from previous nalculatiang in Task
2.4.

A1) results from the foregoing ca'culations will be documented and
submitted to NRC as an interim technical report,

Determination of Sources of Damage

c.

For each damage mode capable of resulting in at least a 10 CFR Part
20 or 100 release, the credible sources of such damage (for example,
explosives or incediary devices) will be igentified.

Using explosive yield, structural response, and other analyses, the
amount and placement of camage sources resulting in the max i mym
relesse will be determined assuming nc mitigating system functions
and assuming that the adversary has direct access to a1 reactor
components,

The caleulations of Task 3 will be repeated allowing safeguards
credit for any physical barriers blocking direct access to the
reactor fuel,

The results of this task will be reported in an interim report to the

mcl
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Task 4,

Scaling of Damage Sources to 10 CFR 20 and 10 CFR 100

The results of Task 3 will be scaled to determine the damage sources
leading to 10 CFR 20 and 10 CFR 100 releases.

The results of tnis task will be reported along with Task 3 in an
interim report to the WRC,

Using LR system descriptions, damage modes from Task 2, and damage
sources from Task 3, a system logic mode! (fault-tree) approach will
be used to determine sabotage scenarios resulting from unauthorized

The results of this task will be documented in an interim report for

system logic models (fault trees) to determine the effects of both

modified safety features or administrative practices that could be

The results of this task will be documented in an interim report for

Task 6. Determination of Misoperation Scererios
a.
operation of reactor controls, systems, or fuels,
bi
the NRC,
Tesk 6. Mitigating Systems Effects
a. Using the sabotage scenarios developed in Task 5, the effect of
mitigating systems on radionuc)ide release will be included using
full and partia) operation of mitiguiing systems,
b. Using the insights of Task 6.2, above, identify additional or
adopted,
C.
the NRC,
Tesk 7. Program Plan for FY 1986

Upon the conclusion of the LR analyses, 3 detailed plan for completing
the remaining five nonpower reactors in FY 1986 wil) be formulated and

submitted to the NRC,

«11-



TASK 2

a. Core Inventory Calculations

b. Identify Damage Mcdes

c. Determine Core Damage

d. Radionuclide Release

e. Whole Body Dose

f. Terminate Studies as Applicable

g. Part 20 and 100 Release Damage
Determination

h. Report




TASK 3

a. ldentify Damage Sources

b. Calculate Amount of Damage
Source

c. Include Effects of Safeguards
Barrierc

d. Report

TASK 4

a. Scale ResulZs of Task 3 to
Part 20 and 100 Releases

b. Report with Task 3




TASK S

a. Comstruct Logic Models for
Scenarios

b. Report

TASK §

a. Construct Logic Models

b. Make Recommendations on
Improved Safequards

c. Report with Task S

TASK 7

a. Submit Program Plan
for FY 1986
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'+ Objective of Proposed Work

2.

. !‘g!.:gli|

In 1979, the Los Alamos Scientific Laboratory conducted & study
of the consequences of sabotage of nonpower resctors (NPRe), it
wis concluded that, within the constraints of his study, only
one NPR had any potential for the release of significent amounts
of fisston product materials fn the event of sabotage, Becavse
of terrorist activities in other parts of the world, concerns of
the ACRS sbout menipulation of resctor control systems, ane
concerns of & public Interest group sbout the effects of
fncendfary devices on redctor components, this information
should be supplemented with further technical information,

DRAFT

k. m /‘/.lf d}/"fl J'ov- varievy rotﬂfwl ﬂo’ t’,ﬂ ./ ea,v/nwﬂ)

nformation on the effects of madicious manipylation of resctor
controh) and of the use of ‘ncendiary devices on NPRs Lo sssure
o margin of pudlic sefety,

The eb.m;?l of this work s to provide the NRC witn technice)

Summary nf Prior ffforts

KNone

Work to be Performes and Expected Results

During the period from FY 1984 to 1986 Los Alamos will perform the
following tasks,

6. Work ir

Tesk No, ) .
Existing information n avafladle sources, such 43 the NRC docket

files, augmented !y. 1!.-020:1?:' 1%fomtion provided by NRC staff
*" “e
o gite visits X»UL‘ be o (o) fomidiarize task personne!

G

.‘o

R 2 ON L1168 AsiE®) WM il

rg-21-I0
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DRAFT

with characteristics peculior to each resctor and (b) obta‘n
information necessary to 010 1n the colculation of the radio'ogicasl
consequences for threg of the NPRs 1{sted in Tadle 1.

Within 1 month after Inftiation of task orders, Los Alamos shall
provice ¢ detatled work plon that ‘dentifies study milestones and
thetr projected cates of sccomp) fshment, Upon NRC review and
spprova) of this plan, 1t wil) become the operating schedule for the
overal) task, The work plan fs Appendix A to this proposs),

Task No. 2

Mathematica) models or other appropriste methoos will be developes

and/or vsed to perform the following,

0. Coleviete the radiologica) relesse resuiting from o tcta) core
meitdown, partial core me'toown, core disintegration and/or
crushing, or other means that covid damege severaly the fue) in
the resctor core, Becouse the key consideration 15 the fissifon
product ralease associated with such Incidents, the effects of
vsing Towsanriched vranium ve higheenriched vrenium on the
fission product reledse will be evalueterd,

TABLE !
L1ST OF REACTORS

Licensee Dogket No.  Power Lavel  Reactor Type
Nationa) Bureay of Standards 50.184 W Tonk
Unfversity of Missourt $0-186 10 Mw Tank
Georgia Institute of Technology $0-160 § W Tank
Massachusetts Institute of Technology  50-20 § W Tonk
inion Cordice ' §0-54 L] Poo!
Rhode 1slend Atomic Energy Commission  850-193 2 M Poc!
Stote Unifversity of New York §0.57 W Poo’
University of Michigen $0.2 2 M Poo)
University of Virginte §0-62 2 ™ Poo!
oo
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c.

Deterning, 08 & function of distance from the resctor, the total
radiation dose (rem) to the whole body and the radietion dose (rem)
10 the thyrotd from fogine exposure and foentify any facility for
wiich these could exceed 10 CFR 20 and 10 CFR 100 standerds,
Determing the characteristics of the event that woule 1imit 1t to
Tess than Parts 20 and Y00 stenderes.

Certatn other parameters 4nd sssumptions shou'd be considered when
performing this task, These include and are 1imited to the following
excedt 48 may be approved by the NMSS Project Manager (PM) in the future,

¢,

The models or methods vied to caleulate the damage ant the relesse
shal) assume that the reactor has deen operating at the maximum power
Teve) authorized by the NRC VYicense and that equitibrium of figsion
products was attained before the fncident, This also will be
evaluated 1f significant camage to the core or subsequent release s
caleulated to occur after o period of resctor shutdown,

The study for factiity shall be termineted and the besis for the
conciusfon documented in those cases ‘n which the fissfon product
fnventory of the NPR ‘s determined to be frsufficient to create o
risk to the pudlic health and safety or these fn which the fue)
configuration or composition and/or the eactor construction or other
factors 15 such a8 to Yimit the fue) damage and fission product
release to 0 Yeve) that 15 Insufficient to creave & risk to the
public health and safety,

NO assumptions are made regarding the sabotevrs' capabdiiities nor 1
ary cesign-basis threat associated with this task,

For bese«1ine considerations, 1t should be assumed taat 1) resctor
safety features fat) upon inftfation of the iIncident.

The mean meteorologica) concitions at the site and the surrounding
ared should be consicered when calculating the atmospheric oispersion
of & release.

Task No. 3

After Tasks 1 and 2 have been accomplished, mathematicel models or other
appropriate methods wil) be developed to caleculate the smount of
explosives and the amount of Incendiary materis) needed to cause the

(GN
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Qv.\ﬂ -JQ.'L’..: v Teeh Ne L. C'c-(.*-.vv will ba wmede .‘,,.
e placemant of explosives and Incendiary devices 4t the resctor

ch?"bouulor: ond attoched to resctor conponents,

Cortatin parsmeters ong assumptions should be considered ‘n those
coleulotions, These Include, and are Vimited to, the following except oy
may be approved by the NMSS project monitor (PM) fn the future.
. The type of explosives end incendiory cdevices vsed to couse an event
are assumed to be eas iy obtatnable.
b. Two opposing conditions will be considered fn performing Yask ),
/. 1. Safeguares credit will be given for o)) physica) barriers
/X interposed batween the explosives/iIncendiaries ond the resctor
\jﬁ7 o),
2. The adversary wil) hove eccess to o)) resctor components in
carrying out the sedotege event,

Task Mo, 4
Upon completion of Task No. 3, for those cases {n which the fission

product release ang ostq‘rtoc goses axceed 10 CFR 20 ane 10 CFR Y00

¥ A - il el s R
stangerds, cncu\nf‘t‘odﬁ'ﬁc of explosives ":n‘ the, spount of
fncenciory meterfal needed to couse the rc\00ii; [} 59I$ﬁ3:§13r .gnul\
be mace for placement of expiosives and incendfary devices attachas to
resctor CompLoents 4nd Outs 106 the structure containing the rasctor. The
parameters ond Assumptions employed n Task Mo, 3 will be used (A thig

tosk,

Task No. 8

Upon completion of Tesk No. 3, reactor contro) systens and fuels ““al) de
reviewed ang evaludted to ceterming whether &n unsuthorized manipylation
of such controls could covsa any detrimentai effects that may be
fgentified 1n Task No. 2. Only credible scenarios and anslytice)
sssumptions shal) be used, and these sha)) be reviewed and approved by
the WSS PM before the analyses are made.

Upon complation of Task No, 3, calevlats ’0 mitigating effects of full
tnd partia) cperation °ﬁ ’uist1n. sefety features associated with the
o

e ™meum

operation of the resctor, (These features are fgnored n Task 3 to
ol

{
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ceterming maaimum consequences.) sefety measures ang
modifications o8 wel) as aoministrative procedures and practices that
Could be adopted ang determine the degree to .'("‘."“ these sdoitions)

W e~

cmumﬂmgﬂ:&g‘g te the cmmm\u\ ‘ fumﬂc
Sefeguards measures, from consfoeration fn this task,

A cetatled plan for applying the tools developed 1n Tasks 2 Larough 6 10 /m Aasems/in

—

the remaining five resctors n Table | wil) be formuated, This plan S —

w11 attempt completion at the rema‘ning reaciors in a3 short & time a8
possible during FY 1886, This plan wil) be subritted to NRC for approval,

b, Mestings ang Trpgl

Site visits for two analysts to the three reactors will be required.
Thees meatings with NRC sponsors n Washington, DC, for two people

0150 will be required in Fy 1988, LANG reprasentativer siall meet w it the
NMSS PM twe Lo dour T imes o year Urot CempletTiom ot The cradt
Pmal repore, (ANL borr«ar‘.ﬂn , wiem raques™ o the NMTG PM, shall

€. NAC Furnil "‘w‘ﬂ.'.!!.‘."-.l brie? NasS a%dt w “Jcl‘cnd+0N, D&

NRC will furtian only resctor documentat’or that tanrot be obtained
by Los Alamos,

Description of Fo'lowsim Efforts

Upon completion of the analysis ‘A Tesks ) through 6 o program plan ang
cost estimate for completion of the remiining five reattors in Tadle !
will be submitted to NRC for the follow.on efforts.

v 5, Pelationship to Other Prodects

v

None

Reporting Scheduls

Monthly letter status reports and & fina) report wil) be provided. A))
reports will be submitted to the NRC technica) monitor, A distribution

500 e E11S Asldd ™ S re 91,20
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18t for the fias) report should be provided by the MRC technice!
ronitor, For any reports that will not be submitted sccording to the
contract schedule, 4 written resson for the delay will be submitted to
the technice) monitor by the origing) scheduled date.

b Menthly Letter Status Repert

Los Alamos wi)) submit o letter stotus report each month that
summarizes the work performed during the previous month, -personne)
time expendityres during che previous month, ang costs penerates
tgeinst the work effort, Any changes to cost projections or
schecslen wil) be Ingiceted, The letter report wil) arrive ot the
NRC by the 20th of each month, In 4)) monthly reports there will be
8 breskdown of (1) manpower costs; (&) costs incurred for girect
setartes, materia) and services, ADP supprrt, subcontrects, travel,
penera), ang adminfstrative and other related 1tems; and (3) current
obligation status information for the project.
The report shal'l be distridbuted ai follows,

Donalg M, Cartson, 56, NMSS - one cupy

Office of the Director, 'S5 (attn: Program Support) « one ctpy

B. Interim !‘!’:&1 .
A graft interim report snill be furnighed to the NNSS PK upon / b end3

completion of eseh major tasks(that 3, Tasks No. 2, 3¢ 4, ane”

ifter reviev by sppropriste NC partonne), the PM will provice
comments on the draft report to Los Alamas *ztiona) Ladoretery witain
£0 deys of recetpt of ecch report, A revised ‘rtevis report shall be
submitted 1f desmed necessary by the NMSS PM,

¢, Fimal 5Im

Los Alamos shal! furnish two copies of o draft final report to the
WSS PM by June 30, 1586, The format of these documents shall be as
specified for forma) technical reports fn NRC Manual Chapter 1102 ane
will provide

- S0 ‘On L1168 Azle3) TN L A v @1 20
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V. the on-site ang offesite fisston product release nd oosige
colevlotions assucioted with o tote) Yoss of coolent,

2, the quentities of explosives and ‘ncendiary materia) or o
description of acts necessory to covse & Vimiting case Incident,

3. the placement of explosives and incendiary materials fn relation
to the reactor,

&, 8 description of unauthorized menipylation of resctor controls
ond fuel to couse & limiting cose incident,

§. the resuiting consequences, and

6. appropriate alternative messures that can be implemented to
mitigate & significant event (for example, resctor facility
modifications, soministrative procedures, nd $0 on),

After review by sppropriste NRC personnel, the PM wil) provice
commentt on the draft report to Los Alames within 60 days of receipt
of the report,

The performirg oogan‘zetion shell ravise the dreft report dases on
the PM's comme s and submit one Camerd-ready ropy of the fing)
report (0 the “scument Management Branch, Tezsatre) Infoermetion ene
Docement Control, KRC, te o0 pudlished as o wUnEG/CR serigs report,
and & Guplicetes to the NMSE P,

A1) gra®t raportis, 45 well as fina) raports, sha)) be screered for
Classified information 4nd wopropriately nirked in accoroance with
"NRC Clessification Guice Yor Informatiin Dsaling with the Release

ang Dispersion of Rogintctive Material (NRC-RDRM.Y),.* cated
Septemder 1982, and NRC Manva) Chapter 1102,

- ). Subcontractor Informetion

v B, New Capita) {pment Reguir

-’.
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9. Specta) Faciiitd

None
10. 14 f In nf .
None

1. MNeek C.sht] Assuramce Stafenef - See TM. '(
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WPEMDIX A
WORK PLAN

1o INTRODUCT ION
Becouse of the developmenta) nature of this study, Los "‘amer wil)
Pprosch this work 'n two phases, The firsc phise, to be Cwn, .eted in
CFY 1885, wi)) develop the methodology and apply 1t o three resctors, which
hereafter are referred to o8 Ye0d reactors (LRs), After this phase of work, o
N setatleg plan for completing the remetning five reactors =111 be formu)sted
\]\' besed on the dats pained 1n the LR phase.
In the (R phase (FY 1985), three representative nonpower reactors (NPRg)
T w01 be fu)0y enadyzed by Octobar 1, 1985, Thase reactors are the NBS

Soreactor, the Yargest NPR representing tank reactors; the .iu":":'W"“ o MM
v“mnom resctor, the largest QM‘OMM .\..‘u:-—a-j-

A reactor, the Yargest open poo) type redctor. Eased on the resuits of these gwd
three caleuations, o better estimate of the t'me and cost required to perform
the ramaining caleulations cor te made Yor FY Y0P,

[T, TASK BREAXDOWN FOR (EAD REACTOR PHATE (FY 1903)
Tasr ). Collection of laformanion and Famiisacization WiEh )i

This task wil' be fnftiated Imanc'staly and wii) coniinue o8 reQuired v
Jein a fam' ety with the thram [Rs, Iniermation avatladle o Los Aamos
wid) be sipplemented by Aocket Inferration from NAC ant with sf%e visaty when
suffictynd famidfarily 1s goined to meke the visit maningful,

Tesk 2, Teulatt ﬂl&11w

8. Develop core fnventury and'yses and apply them to the three LRs for
an operating history of the maximum authorized power level long
enough to Bchieve equidibrium fisston product levels, Both high- ang
Towsenrichme=t fuels will be considered.

b. Use a Master Logic Diagram (MLD) to fdentify potential physicel modes
of core ditruption or other radionuc)ide sources for essch LR,
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The maxisus extent of core damage for each mode Tdentified in the
previous step and the flaston product relesse associated with thiy
damage will be determined veing avatlable methods. |f %0 methods
exist for o given requirement, an approximete and conservetive
analytical tool » 111 be developed based on the best current knowledpe.
The effects of physica) decontamination factors on the radionus)ioe
transport will be colculoted veing current)y sccepted methods and
site-specific Information for sach LR, '

The whole body rediacion dose ane thyro!d dose from fodine wil) be
colevlates fn rem using curvently accepted mathods for thy potentia!
relesses fdentified for each LR, Mean meteorologice) conditions ot
edch LR wil) be assumd,

This study wil) be terminated for those s'tes with no fdentifies
sequence Teading to ot Yeast o Y0 CFR Part 20 relesse.

For those LRs that have sequences exceeding 10 CFR 20 or 10 CFR 100
relesses, the extent of core damage 'eading to these releases will be
caleulated by scating of rasulte from previous caleulations tn Tosk
2.4.

ANY resvl i from the formpslig colevlations will te documentes and
Whmittes to MRC &y &0 1Atoram tastatcs) repert,

Tesk 3, Determination of Soyrces of Damage

L

For sech camage mode copable of resciting In 4t Teass o 10 CFR Part
20 o7 Y™ release, he cradibie storces of such demape (for cxanple,
explusives/or tncefiar, devices) will da fdentified.

Vsing explostive yleld, structural rasponse, and other andlyses, the
emount and placement of damage sources resuiting in the maximum
relosse wil) be determined assuming no mitigating system functions
and assuming that the adversary has direct sccess to o)) reactor
componants .

The coleulations of Tosk 3 will be repeated a)lowing safeguares
credit for eny physical barriers blocking direct access to the
resctor fue),

The results of this task wil) be reported in an Interim report to the
MC.

«10.
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\ 4 \
O The resuits of Task 3 will be scoled to determing the demepe sources
Teading to 10 CPR 20 and 10 CFR Y00 relesses.
b, The results of this task wil) be reported along with Task 3 tn g
Interim report to the WMRC,

M rainat! Ll fon
8, Usting LR s)ntem descriptions, damege modes from Task 2, and damege
sources from Task 3, & system logic mode) (faultetree) approsch will
be vsed to Saterming sabotege scensrios resuiting from unauthorized
operation of reactor controls, systems, or fuels,
b, The results of this task will be documented in an interim report for
the MC,

1 1got! e
8. Using the sabotage scensrios developed 1n Task §, the effect of
nitigeting systems on radionvc)iGe reteate will Do Ingluded using
system logiec models (fault traer)! to dcterming the uffects of both
. *ult and partial operation of mitiguting systems, 4
Qov Be Using the insignts of Tesk 6.4, sbove, fgentify acditions) or
» e modified earety features or adrinfstrative practices thut could e
2.3 16optedy wi il be wmade
SN 6. The resudts of thfe task wiit be decumented in e fiteriw rerert fur
e RC,

Task proeere Plan for FY 1938

Upen the .onclusion of the LR analysai, & detailed plan for completing
the remaining five nonpower resctors (n FY 1986 wil) be formulated and
submitted to the NRC,

e | @
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NOTE T0 PILEY
October 16, 1984

Reference: Los Alamos Letter ADC-B4~P505, Dated October 9, 1984 From
Allen L. Jenuings To Donald M. Carleon

Per my conversation vith Terry Bott this day, the proposal attached to
the referenced letter will be amended to reflect our concerns vhich vere
discuseed during the October 10, 1984, meeting here in NMSS. The follow~
ing persons attended that meeting:

NRC LANL
W.B.Brown T.F.Bott
R.R.Rentachler W.Cregory
R.J.Dube

C.J.Withee

D.M.Carleon

Hence, no <ction wiil be takam on thia letter,

b!

\!

\
N

3



