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(Historical Information)

12.1 ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES ARE AS LOW AS REASONABLY

ACHIEVABLE

12.1.1 Policy Considerations

12.1.1.1 Management Policy

The policy of PSEG Nuclear LLC is to maintain occupational radiation exposures

"as low as reasonably achievable" (ALARA) at Hope Creek Generating Station
(HCGS) . This includes maintaining the annual integrated dose to station
personnel and to individuals working at the station ALARA. PSEG management is

firmly committed to performing all reasonable actions to ensure that radiation

exposures are maintained ALARA.

Sections 12.1.2, 12.3.1, and 12.3.2 discuss the ALARA considerations that have

been incorporated into the design of HCGS.

HCGS 1is operated and maintained in such a manner as to ensure occupational
radiation exposures are ALARA. The operational ALARA program is described in
Section 12.5. Training programs ensure that personnel understand both how and
why occupational radiation exposures are maintained ALARA. A corporate ALARA
program ensures implementation of the station ALARA policy by various program

reviews.

12.1.1.2 Management Responsibilities

Figures 13.1-1 through 13.1-4 show the PSEG Nuclear management organizational
structure for HCGS.

The President and Chief Nuclear Officer (P/CNO) has the corporate
responsibility for the ALARA program. The responsibility for coordination and
administration of the ALARA program is delegated to the Radiation Protection

Manager who is responsible for ensuring that radiation protection policies and
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support the PSEG Nuclear LLC ALARA program. The Vice Presidents are

responsible for implementing the PSEG Nuclear LLC ALARA program at Hope Creek.

During the design and construction phase, an ALARA program is implemented to

ensure that the design and construction of the facility 1s such that

cccupational exposures are ALARA. This included ensuring that, to the extent
practicable:
1. Design concepts and station features reflected consideration of the

activities of station perscnnel that might be anticipated and that
might lead to personnel exposure to substantial scurces of radiation.

2. Specifications for equipment reflect the objectives of ALARA,
including among others, considerations of reliability,
serviceability, and limitations of internal accumulations cof

radicactive material.

During the startup and operation phases, the Plant Manager is responsible for
controlling radiation exposure in a manner consistent with ALARA requirements
and is specifically responsible for the onsite radiation protection program.
Responsibilities with respect tc the ALARA program include:

1. Ensuring support from all station personnel,

2, Participating in the selection of specific ALARA goals and cobjectives

for the station.

3. Supporting the designated Radiation Protection Manager in formulating
and implementing the station operational ALARA program.

4. Expediting the collection and dissemination of data and information

concerning the program to the corporate management and staff.
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The ALARA responsibilities of the Plant Manager are implemented by the
Radiation Protection Department which, in accordance with. ALARA. principles,

develops the radiation protection  program and = procedures,: reviews other

applicable station procedures, estimates and monitors personnel exposures, and i

disseminates information related to the ALARA program.

The major ALARA respcnsibilities of the designated Radiation Protection Manager

include:

1. Participating in reviews of design changes for facilities and
equipment that can affect potential radiation exposures.
2. Identifying Jlocations, operations, and conditions that have the

potential for causing significant exposures to radiation.

3. Initiating and implementing an exposure control program that includes

the establishment ¢f person-rem goals,

4, Developing plans, - procedures, and methods for keeping radiation

exposures of station personnel ALARA,

5. Reviewing, commenting on, and recommending changes in applicable

procedures to maintain exposures ALARA,

6. Participating in the development and approval of training programs.

related to work in radiation areas or involving radicactive material.
7. Supervising the radiation surveillance program to maintain data on
exposures of and doses to station personnel by specific job functions

and type of work.
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8. Supervising the collection, analysis, and evaluation of data and
information attained from radiclogical surveys and monitoring

activities.

9. Supervising, training, and qualifying the radiation protection staff

of the station.

10. Ensuring that adequate radiation protection coverage is provided for

station personnel during all working hours.

Section 13 contains additional information concerning ALARA responsibilities
and reporting relationships at HCGS.

12.1.1.3 Policy Implementation

PSEG Nuclear's ALARA policy is implemented at HCGS by the radiation protection
staff under the direction of the Radiation Protection Superintendent. ALARA
philosophy and considerations are incorporated into permanent station
procedures dealing specifically with ALARA concerns. The operational ALARA
considerations identified in Sections 12.1.3 and 12.5.3.2 are implemented by

these procedures.

Section 12.5.3.6 describes the radiation protection training program that
provides the necessary knowledge to appropriate station personnel so that they
understand how and why they should maintain their occupational radiation

exposures ALARA.

Radiation Protection develops policies for and verifies the effectiveness of
the PSEG Nuclear LLC ALARA program. Radiation Protection alsc reviews station
implementation of the PSEG Nuclear LLC ALARA program on a continuing basis.
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12.1.2 Design Considerations

This section describes those gerneral design considerations that are applied to
the plant design and layocut for the purpose of incorpérating features ‘that
ensure that occupational radiation exposures are as low as reasonably
achievable (ALARA). This section also describes the review program: .used during
the individual design stages to control, audit,' and enforce all ALARA .program
efforts. All ALARA program efforts are based on the guidelines of Regulatory
Guide 8.8. This Regulatory Guide information is needed to ensure that all
aspects of the plant design, layout, and construction are directed toward the
reduction of radiation exposures to individuals.” The infdérmation is translated:
into design reviews for Hope Creek Generating Station (HCGS),

For additional detailed descriptions of the design features for maintaining

personnel radiation exposures ALARA, refer to Sections 12.3.1, 12.3.2, and

£ 12.3.3.
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Experience and data from operating plants have been evaluated to decide if and
how equipment or facility designs can be improved to reduce overall plant
personnel exposures. Surveys made by the architect/engineer in operating BWR
plants added to the knowledge of the behavior of radicactivity during all modes
of plant operating conditions. Lessons learned from Public Service Electric
and Gas Company (PSE&G) experiences at the Salem Generating Station have also
been incorporated in the overall design program to the greatest extent
possible. During plant design, operating reports and data such as those given
in WASH-131l, NUREG-75/032, NUREG-0109, and Compilaticn and Analysis of Data on
Occupational Radiation Exposure experienced at Operating Nuclear Power Plants,
AIF/NESP-005, September 1975, found in References 12.1-1 through 12.1-4, have
been reviewed to determine which operations, procedures, or types of equipment
were most significant in causing personnel exposures., Methods to mitigate such
exposures have been implemented wherever practicable. Reports and data supplied
by the NSSS supplier also contributed to the overall effort.

12.1.2.1 General Design Considerations

Besides providing overall radiation protection, the main objective of the plant
design for ALARA purpcses is to minimize the need for personnel access into
high radiation areas and to reduce the duration of personnel exposure. Wherever
possible, ALARA oriented design features minimize the need for perscnnel to
enter high radiation areas, enable perscnnel to perforﬁ necessary activities in
low radiation areas, and also ensure radiation levels as low as is practicable

in routinely occupied areas.

Both equipment and facility designs have been considered in achieving these
objectives during plant operations, including normal operations, maintenance
and repair, refueling operations, fuel storage, inservice inspection, waste

handling, storage and disposal, and anticipated operaticnal occurrences.
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In addition to equipment and facility designs, system designs have been

considered to ensure that exposures are maintained ALARA, Many plant systems

expected to carry radicactive liquids and/o; gases are provided with cleanup

capability to reduce the inventory of circulating fission and corrosion

products. This is one of the methods employed to minimize both the activation

‘of corrosion products and their subsequent deposit on the interior surfaces of

piping and equipment.

The design organization has been responsible for ensuring that the design and
conatruction of the facility are such that occupatiocnal exposures are ALARA. To

the extent practicable, this includes:

1. Design concepts and station features that reflect consideration of
the activities of station personnel that can be anticipated and that
might lead to personnel exposure tc sources cof radiation, and
agssurance that plant design features have been provided to reduce the
anticipated exposures of plant personnel to these sources of

radiation.

2. Specifications for equipment that reflect the objectives of ALARA,
including, among others, considerations of reliability, durability,
serviceability, and limitations of internal accumulations of

radiocactive materials.

3. Design audit and enforcement through the plant ALARA model design

review program.

j 12.1.2.2 Egquipment Design Considerations

Considerations for equipment design include:

1. Reliability, long service 1life, maintenance and <calibration

reguirements, and durability
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Convenience for servicing, including disassembly and reassembly,
modular design concept for rapid component replacement, and removal
for servicing in a lower radiation area. .
Remote operation, inspection monitoring, servicing, and repair,

including the use of special tools or equipment.

Redundant equipment to reduce the urgency for immediate repairs, thus
providing time for planning repairs during system shutdown with ALARA

in mind.

Isolation, venting, draining, flushing, or decontamination of systems

to reduce crud deposit and thus reduce radiation levels,
Isolation of components from contaminated process fluids.

Use of high quality materials for components, such as valves, that

ninimize or preclude the leakage of radicactive liquids or gases.

Use of closed and hard piped drain and vent systems for contaminated
process fluids to minimize airborne contamination and subsequent

spread of radiocactivity due to spillage.

Use of quick disconnect features to reduce the length of time

personnel need to spend in radiation areas.

u

Facility Design Considerations

Considerations for facility design include:

1.

Location of equipment according to the need for access to maintain,

inspect, monitor, or operate to minimize radiation exposure.

HCGS-UFSAR
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Use of remote or semi-remote viewing devices such as TV cameras and

shielding windows, minimizing the need to enter radiation areas.

a

Transport of contaminated components for service in low radiation

areas.

Separation of sources of radiation such as pipes, pumps, storage

tanks, and filters from normally low radiation areas.

Use of permanent shielding between sources of radiation and non-

radioactive access and service areas.

Ventilation flow paths from clean areas to potentially contaminated

areas.
Use of surface coatings to facilitate decontamination.
Use of labyrinth entrances to shielded cavities.

Use of control devices for entries into high radiatien areas in

accordance with 10CFR20 and technical specifications.

Space allocations for the establishment of temporary contrcl points

in low radiation areas near potential work areas in radiaticn zones.

Provisions for platforms to enhance- accessibility for inspection,
maintenance, and repair of such components as valves, motors,

instruments, etc.

Use of local shielding for high radiation sources near active

components such as pumps, motors, valves, etc, where permanent

~shielding is not practical.

-
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13. Use of steel shield doors at high radiation areas where concrete

labyrinths are not possible.

14, Use of handrail or chain designs to minimize personnel exposures by

increasing distances between personnel and equipment sources.

15, Radiation monitoring systems designed tc monitor system activities
and general area radiation levels. The radiation monitoring
systems provide early warning of any abnormal or accident

condition,

12.1.2.4 ALARA Model Design Review Program

For the design and layout of the various plant structures and the equipment and
components for HCGS, a plant model has been prepared. This plant mecdel is an
accurate replica of designed and constructed plant features at a reduced and
convenient scale of 1/2-inch to the foot. Besides being used as a major tool
in documenting and disseminating design information, the plant model is used as
an important means to control, audit, and enforce the design efforts of all
engineering disciplines to ensure that, in the overall design, nuclear
radiation exposures to plant personnel, visitors, and offsite maintenance crews
are ALARA,

Bechtel Power Corporation, as architect/engineer for PSE&G, was gilven the
rasponsibility for the performance of the ALARA Model Design Review Program.
This review is performed under the direction of PSE&G and with PSE&G as an
active participant, as described in the following paragraphs. A major portion
of this ALARA Design Review Program uses the HCGS model. The review of the
model 1is mnultidisciplinary to confirm and ensure that the design maintains

plant personnel radiation exposure ALARA.
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The, review of the model includes the review of the layout of equipment, piping
components, and the overall general layout, and involves all -disciplines to
varying degrees. System engineers carry the major responsibility in the
reviews. The design aspects that are reviewed for ALARA considerations include
facility arrangement, shielding, system design, piping and valve design,
i component design, and plant facilities and support services. A-system design
? oriented review approach has been followed and has facilitated the
% documentation and coordination of the ALARA model review effort.

i The plant systems or plant personnel activities that have been reviewed are
! shown in Table 12,1-1. ' ' )

i The Bechtel mechanical nuclear group 1s responsible for the overall
? coordination of the project ALARA Model Design Review Program and for
2 interfacing between the various project disciplines, the Bechtel radiation
i protection group, and PSE&G. A project ALARA coordinator is responsible for
" the coordination of all ALARA model design review efforts.

- Each Bechtel discipline has assigned one engineer to coordinate that
: discipline's model review and to disseminate ALARA information. The discipline
; ALARA coordinator interfaces with the project ALARA coordinator.

i‘Each discipline ALARA coordinator ensures that'responsiblé discipline engineers
{ for each system are familiar with the available ALARA guidance provided by the
{ discipline chief or the project ALARA coordinator. )

i o A PRI s

;The responsibilities of .the project ALARA coordinator are to provide
fcoordination between project disciplines and between the precject and PSE&G, and
ito document the ALARA plant mcdel review effort.

rer
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General design considerations and methods employed to maintain in-plant
radiation exposures ALARA, in accordance with Regulatcry Guide 8.8, have two
objectives: .
1. To minimize the necessity for, and amount of, time spent in radiation

areas by personnel

2. To minimize radiation levels in routinely occupied plant areas and in
the vicinity of plant equipment expected to require personnel

attention.

Existing Regulatory Guides, project discipline design criteria, and project
engineering design procedures are used te design, review, approve, verify, and
coordinate all discipline designs for ALARA conformance and implement changes
based on review results. Additional documents provided specifically for the
proper conduct and documentation of the ALARA effort are the ALARA Design
Review Considerations Checklist, the ALARA Discipline Problem Log, and most
important, the ALARA Design Modification Action Items Log.

The model is used as the principal design review tool, However, to perfcrm an
accurate review, the documents listed in Table 12.1-2 are used. This procedure
identifies problems, and the suggesteéd revision is marked on these documents
for discussion, distribution, and/cr corrections during the model review. In
addition, these documents are distributed to all disciplines for coordination,

locations, and identification of problem areas.

Following an in-house pre-client ALARA model design review of a particular
gystem({s) or area(s), the meeting notes, together with any pertinent
information, are sent to PSE&G for their review and to make them aware of any
problems. An ALARA model design review is then held with PSE&G, reviewing the
same syétem(s) or area(s). FEach ALARA activity noted during the in-house pre-
client meeting is discussed and resolved. The ALARA action items are then

entered into the ALARA Design Modification Action Item TLog
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:f foxr.-closeout by project.... .It is the responsibility. of the. preoject ALARA

coardinator to pursue the closeout of the individual action items with the

- appropriate engineering disciplines.

An ALARA documentation file maintained by the project ALARA" coordinator

contains. the history of the.ALARA Design Modification Action- Items: Logs. Final
documentation packages on each system/area are assembled by the preject ALARA
coordinator and submitted for approval. ’

The. ALARA Design Modification Action Items Log is maintained: by the project
ALARA coordinator and is kept in the ALARA documentation file: This log
contains the list of all design changes that are recommended as a result of the
ALARA. - review and also serves as the document to list the closeout status of the
individual ALARA action items. -

12.1.2.5 Fileld ALARA Design Program

As an extension of the ALARA model design review program -performed in the

Bechtel San Francisco engineering home office, and also as a supplement to the

¢ overall project ALARA effort, a Field ALARA Design Program is conducted.

The purpose of the Field ALARA Design Program is:

1. Tc provide the field with ALARA guidelines for routing and locating
items not engineered. in the San Francisco home coffice. :
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%: 2. To emphasize the .more critical items of Regulatory.” Guide 8.8

k]

- affecting radiation exposure reduction.

{ 3. To provide general and specific guidelines to field engineering that
are followed .. while  implementing field design and layout
responsibilities, in order to minimize
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future occupational radiation exposures during maintenance
activities at all conditions of plant operation, shutdown, and
anticipated occurrences . '
4, To furnish the field office with guidelines for the development of

a Field ALARA Design Review Program and the asgocliated

documentation

5. To provide field engineering with reference design drawings and
project documents that show criteria and information affecting

radiation exposure reductions

6. To ensure field engineering will incorporate design features to
facilitate the reduction of radiation levels in areas with
maintenance-prone components by discussing the optimization of the
plant laycut for fleld routed and located items; this 1is to
separate these components from highly radiocactive pipihg or

equipment.

An ALARA Field Design Guide has been compiled for the use by field engineering
in their ALARA-related efforts.

Verifying the implementation of ALARA action items identified by the Bechtel
San Francisco home office and the field engineering office is the final sfep in
the overall ALARA design review program. Verification is done by a combined
walk-through of plant areas by the field ALARA review team and the San

Francisco home office project engineering ALARA representative(s).
12.1.3 Operational Considerations

This section describes the development and implementation of operating
procedures, including procedures for radiation protection and the as low as

reasonably achievable (ALARA) program,
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Specific activities detailed below.ensure that occupational radiation:exgésurea
are maintained ALARA during the operation of the Hope Creek,Generatingwstatidn
(HCGS) . ‘ ‘

& El

Plant procedures are further described in Section 13.5. Radiation protection

iy dwiva

operations are described in Section 12.5. e

12.1.3.,1 Procedure Development

Various. procedures will be written for the different activities associated with
‘plant operations. . These .include procedures - for opératinth‘maintedance,

surveillance, testing, fuel handling, emergencies, radiation protection; and

f administration., .- Station procedures. are prepared, reviewed,  .and approved. in

accordance with procedures and policies described in Secticn 13.5.: .
12,1.3.1.1 Station ALARA Procedures
The Station ALARA program is included as a portion of the PSEG Nuclear LLC

administrative procedure implementing the Radiation Protection Program. . This
procedure provides the necessary.basis for implementation of the Station ALARA

12.1.3.1.2 Station Procedures

Administrative. requirements are implemented to ensure that. applipable:

» procedures developed by other plant disciplines have adequately -incorporated -

the principle of minimizing personnel exposure, - 'Station administrative-
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by radiation protection. Recommendations made by radiation protection normally
are resolved with the appropriate plant discipline prior to submission for

final review and approval.

Procedures are subject to revision whenever improved techniques or increased
safety are indicated,

12.1.3.2 Station Organization

As described in Section 12.5.1, the station organization provides the Radiation
Protection Manager with direct access to the Plant Manager to ensure uniform
support of radiation protection and ALARA requirements. This organization
allows the Plant Manager direct involvement in the review and approval of
specific ALARA goals and objectives, as well as review of data and

dissemination of information related to the ALARA program.

The station organization includes an ALARA Radiological Engineer who is free
from routine radiation protection activities to implement the station ALARA
program, This individual 1s primarily responsible for coordination of station
ALARA activities and routinely interacts with first-line supervision in
radiation work planning and post-job review.

12.1.3.3 Operating Experience

Experience gained during the operation of Salem Units 1 and 2, along with
information from other boiling water reactors (BWRs), serves as the basis for
procedures, techniques, and administration controls for HCGS. In addition, the
radiation work permit process described in Section 12.5.3.2 provides a
mechanism for collection and evaluation cf data related to personnel exposure.
Information collected by systems and/or components and job function assists in
evaluating design or procedure changes intended to minimize future personnel

radiation exposures,
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12.1.3.4 Exposure Reduction

The PSEG Nuclear LLC ALARA program procedure ensures thatnapplicable-actiﬁitieﬁ
are completed with adequate preparation and planning, work is performed witf

appropriate - radiation protection recommendations and support, and thé

evaluation of data from = post-job -debriefings is applied. to- implemené
improvements. : ;
:

In addition, the radiation protection staff continually solicits employeé
suggestions, evaluates the origins of plant exposures, investigates uhusuaé
exposures, and ensures that . adequate supplies ~ and ' instrumentation aré
available.

.

it i mozg)
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Corporate. management, - through the Radiation Protection 6rganization, pefformi
periodic reviews of station programs to ensure that workers - are receiviné
adequate instruction in radiation protection and ALARA requirements. Thé
reviews emphasize the implementation of the radiation protection- program. Thé
results of these reviews may include recommendations on ways to feducé
personnel - exposure. - The Radiation - Protection Manager evaluates :noted
recommendations or deficiencies; and as a result of these evaluationsf

corrective- actions or improvements. may be implemented. Implemented corrective

actions will be verified during subsequent reviews. §
: . H
12.1.3.5 General ALARA Technigues .;

While ALARA -considerations occur continuously, the activitiesmccnductedﬂduring*'

outages are the most significant for dose reduction. During the outage, th%

ALARA Radiological Engineer will review the jobs planned and evaluate the neeé"

for an ALARA effort. Some techniques that apply to an ALARA evaluation are:

1. Reducing dose rate from a system by draining, flushing, filling, or
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f -decontaminating. ;
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2. Installing permanent or temporary shielding if the net result is a
reduction in person-rem.

3. Training workers to improve proficiency, e.g. using "dry runs" and
mockups, thus reducing stay time in the radiation area.

4. Maintaining the work force in radiation areas to the minimum required
to perform the job efficiently and safely,

5. Establishing control points in low radiation areas.

6. Aveoiding excess conservatism in prescribing protective clcthing and
resplrators to avoid undue stress and decreased efficiency of the
workers.

7. Using special toocls for remote handling of components.

8. Planning and preparing techniques and tools needed to accomplish the
job before the job is started. This is supplemented through the use
of "dry runs" to determine the adequacy of procedures and equipment.

9. Using historical data for comparable jobs as guidelines and to
establish an expected dose limit for the job.

10, Using radiation protection monitors in high radiation areas to
maintain close checks on stay times.

11. Providing adequate communications to facilitate performance of the
job and to alert workers to adverse changes in radiation conditions.

12, Source identification and use of routine or special survey data.
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~13.. Use of. contamination.  containment devices such as glove boxes and
tents.

14. Removing components to low radiation areas for servicing or repair.

15. . Planning for adequate space and auxiliary services, such as lightingy:
welding leads, service air lines, and TV cameras, as: necessary to
accomplish the work quickly.

16. Establishing auxiliary ventilation/filtration systems. :

17. Wet transfer or storage of contaminated components to prevent

alrborne contamination.

18, Contingency planning to account for known personnel hazards or
accidents that may occur,

18. Isolating systems. to be worked on or possible load reductions or
plant shutdowns to reduce doses.

The ALARA Radiological Engineer communicates with other departments as
appropriate to discuss. the.implementation of ALARA technlques. For -most jobs,

the cooperatlon of more than one discipline is usually required.

PSEG Nuclear LLC administrative procedures establish and outline the PSEG

 "~Nuclear"ﬁﬁC*ALARA”Program. The program is further- described and implemented by’

station procedures. This program includes elements for a "work review process
including job preplanning” and "improved work practices". Within the work

review preplannlng is an ALARA checkllst whlch addresses pre job meetlngs,

"reheérsals,'and mockup tralnlng among many other 1tems.”v It is intended to““

require accomplishment of each of the ALARA practices at various expected doses
for each job. The use of the checklist is currently requirgd at the one person
rem exposure level, and includes Radiation Protection management review and

approval. Pre-job meetings involve higher levels of supervision and worker
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involvement as the expected doses increase. The 10 person-rem level currently
requires worker rehearsals and mockup training, if available. The availability
of mockups has been recognized as a need and some spares from the cancelled
Unit #2 have been retained for this purpose. Additional training mockups and
equipment are also available at the Nuclear Training Center for this purpose.
Spare control rod drive mechanisms, control rod hydraulic units, and refueling
tools are among the materials available for training. Additional mockup
materials will be obtained as plant operation approaches. The PSEG Nuclear LLC
ALARA program is based on successful ALARA program elements such as those
described in INPO Good Practice document 82-001-OEN-O8A.

12.1.4 References
12.1-1 T. D. Murphy, "A Compilation of Occupational Radiation Exposure from

Light Water Cooled Nuclear Power Plants; 1969-1973," WASH-1311, USAEC
Directorate of Licensing, May 1874.

12.1-2 U.S Nuclear Regulatery Commission, "Occupational Radiation Exposure
at Light Water Cooled Power Reactors; 1969-1974," NUREG-75/032,
June 1975,

12.1-3 U,S8. Nuclear Regulatory Commission, "Occupational Radiation Exposure
at Light Water-Cooled Power Reactors; 1969-1975, "™ NUREG-0109,

August 1976.

12.1-4 """ "Compilation and Analysis &f Data “on Occupational Radiation Exposure
Experienced at Operating Nuclear Power Plants," (AIF/NESP-005), SAI

Services, Inc, September 1975,
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TABLE 12.1-1

ALARA PLANT MODEL REVIEW

PLANT SYSTEMS, AREAS, AND PERSONNEL ACTIVITIES(l)

Breathing air

Condensate/feedwater

Condensate demineralizer

Condenser air removal

Core spray ) i

Control rod drive maintenance/repair
Drywell

Fuel pool cooling and cleaning (FPCC)
Fuel handling and storage

High pressure coolant injection (HPCI)
Inservice inspection (ISI)

Liquid radwaste

Liguid radwaste drain system
Liguid/gaseous sampling

Main condenser

Main steam

Nuclear boiler

Off-gas treatment

Post-accident access/shielding
F“Reactor core isolation cooling (RCIC)
Residual heat removal (RHR)

Reactor Water Cleanup System {RWCU)
Resin regeneration

Radwaste solidification and volume reduction

Transversing in-core probes

(1) Listed alphabetically.

1 of 1

HCGS-UFSAR Revision 16
May 15,




(Historical Information)
TABLE 12.,1-2

ALARA PLANT MODEL REVIEW
REVIEW DOCUMENTS

P&ID

Eguipment specifications

Vendor drawings

Operating, control, and maintenance manuals

Plant model

Penetration drawings (matrix drawings showing location and sealing
details)

Plumbing and drainage drawings

HVAC area drawings and air flow diagrams

Protective coating drawings

Instrument location drawings

Lighting area drawings

Radiation protection drawings {minimum shielding and zoning)

Radioactive pipe classification drawings

Plant design drawings, equipment location, area drawings, and

system lsometrics
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12.2 RADIATION SOURCES

This section identifies and discusses the sources of radiation that form the
basis for the radiation shielding design required for in-plant radiation
protection, for the plant ventilation design to control airborne radiocactive
contamination, and for dose assessment. Sources due to normal full power

operations and accident conditions are addressed.

The nuclear fission process in the reactor core produces a large number of
radiation sources. Some of these sources are stationary and remain within the
reactor vessel and 1its internal and external structures. Other radiation
sources are released and transported in the form of radioactive fission and
activation products. The transport and subsequent distribution of these
sources is by way of the Reactor Coolant System (RCS), the Main Steam Supply
System, and the numerous auxiliary plant support systems. Following an
accident, additional and much stronger sources could be released to the RCS,
the engineered safeguard systems, and throughout large volumes of the primary

and secondary containments.

12.2.1 Contained Sources

The shielding design source terms for normal full power plant operations are
based on a noble gas fission product release rate of 0.50 Ci/s (after
30 minutes of decay) and the corresponding fission, activation, and corrosion
product concentrations in the primary coolant. The guidance provided in
ANSI N237 was not followed for Hope Creek Generating Station (HCGS). Acceptance
Criteria II.6 of SRP Section 12.2 addresses the use of ANSI Standard N237-1976
"Source Term Specification," and its use in establishment of a typical long
term concentration of principal radionuclides in fluid streams. GE developed
and wupgraded source terms based on operating plant experience. These
specifications are more applicable to boiling water reactors (BWRs). The
specific alternate methods and design basis used for calculating source terms

and their magnitudes are described in Section 11.1.
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Throughout most of the primary coolant and main steam systems, activation

. . 16 . . . . .
products, principally N , are the primary radiation sources for the shielding

design.

Other activation products, such as Co6o, and certain fission products become
important as built-up or accumulation sources in filters, demineralizers, or in
plateout processes at pipe and equipment surfaces. The majority of these
sources remain contained within the confines of the closed plant piping systems

and the various tank and container facilities.

Basic reactor data and core region descriptions used for this section are
listed in Section 12.2.1.1.1.

The shielding design radiation source terms are presented by Dbuilding,
location, and system. Locations of the equipment discussed in this section are
shown on the shielding and radiation zoning drawings, Figures 12.3-22 through
12.3-29 and Plant Drawings N-1031 through N-1038, N-1041 through N-1047 and N-
1011 through N-1016. Detailed data on source descriptions for shielded areas
are presented in Tables 12.2-42, 12.2-107, and 12.2-133.

Shielding source terms presented in this section, and associated tables, are
based on conservative assumptions for the system and equipment operations and
characteristics to provide conservative radioactivity concentrations for the
shielding design. For all systems transporting radioactive materials,
conservative allowance is made for transit decay while at the same time

providing for daughter product formation.

12.2.1.1 Primary Containment (Drywell)

12.2.1.1.1 Reactor Core

This section provides information needed to form a reactor core source model.
It also provides multi-group neutron and gamma ray fluxes at important
locations at and near the surface of the reactor vessel. This data is required

for the calculations
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determining the primary radiation shielding requirements for the drywell
structures, and to establish the radiological environmental conditions inside

the primary containment.

Table 12.2-1 presents physical data needed in forming a reactor core source
model. The data includes the core thermal power, the power peaking factors
(peak to average at core center and core boundary to average), volume fractions

for the core, and the water density conditions in the non-core regions.

Table 12.2-2 presents the reactor vessel radial geometry data wused in
calculations to determine the radial radiation flux distributions at the core

mid-plane.

Table 12.2-3 gives the material compositions used in calculating the radial
radiation flux distributions at the core mid-plane. Tables 12.2-4 and 12.2-5
present calculated gamma ray and neutron fluxes at core mid-plane at the
outside surface of the reactor pressure vessel (RPV), and at the outside
surface of the biological shield, respectively. The gamma fluxes include those
resulting from capture or inelastic scattering of neutrons within the RPV and
core shroud, and the gamma radiation resulting from prompt fission and fission
product decay. The calculated gamma ray fluxes in this section do not include
any provisions for scattering from points outside of the vessel. Also, there
are no provisions for gamma ray fluxes from deposits of radioactive isotopes

within the vessel or from the neutron activation of reactor vessel materials.

The largest radiation sources after reactor shutdown are the decaying fission
products in the fuel. Table 12.2-6 1lists the reactor core fission product
gamma sources at 3 days after shutdown. Secondary sources are the structural
material activation of the RPV, its internals, and also the activated corrosion

products accumulated or deposited in the internals of the RPV.
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12.2.1.1.2 Reactor Coolant System

Sources of radiation in the Reactor Coolant System (RCS) are both fission
products released from a corresponding percentage of defective fuel, based on a
noble gas fission product release rate of 0.50 Ci/s (after 30 minutes of
decay), and activation and corrosion products that are circulated in the

reactor coolant. These sources are listed in Tables 12.2-7 through 12.2-11.

16 . . . .
The N concentration in the reactor coolant is assumed to be 40 uCi/g of

coolant at the reactor recirculation outlet nozzle.
12.2.1.1.3 Main Steam System

Radiation sources in the Main Steam System piping include activation gases,

. . 16 . . . .
principally N , and the activated corrosion products and fission products

carried over to the steam system.

The N16 concentration in the main steam is assumed to be 50 uCi/g of steam
leaving the reactor vessel at the main steam outlet nozzle. The fission
product activity for the purpose of personnel shielding design corresponds to
an off-gas release rate of 500,000 puCi/s at 30 minutes decay from the reactor
steam nozzle. Carryover fractions for activity into the steam system are
100 percent for the gaseous fission and activation products. Carryover of
radioiodines from the reactor coolant water to the steam is taken as 2 percent
by weight of the reactor water. Carry-over of other radioisotopes is taken as
0.1 percent by weight of the reactor water. Main steam radiation sources are
shown in Tables 12.2-7 through 12.2-11.

12.2.1.1.4 Drywell Sumps

The concentrations of radioisotopes used for shielding design for the drywell

equipment and floor drain sumps are listed in Tables 12.2-12 and 12.2-13.
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12.2.1.2 Reactor Building

12.2.1.2.1 Reactor Water Cleanup System

Radiation sources in the Reactor Water Cleanup (RWCU) System consist of those
radioisotopes carried in the reactor coolant water. The activity inventory is
based on reactor coolant water radioactivities corrected for transit times to

the individual components of the RWCU system.

The radioisotopes for the RWCU recirculation pumps, regenerative and
nonregenerative heat exchangers, and associated piping are based on the inlet
reactor coolant concentrations given 1in Tables 12.2-14 through 12.2-19,

allowing for decay due to transit time.

Radioisotope concentrations in the filter demineralizers, holding and transfer
pumps, and the backwash receiving tank are based on the accumulation of fission
and activation products. Tables 12.2-20 through 12.2-23 provide the shielding
design source terms for these components.

12.2.1.2.2 Residual Heat Removal System

The radiocactive sources in the Residual Heat Removal (RHR) System are evaluated

for the system operating in the reactor shutdown mode. In this mode, the
system recirculates reactor coolant to remove reactor core decay heat. The
system is described in Section 5.4.7. The system 1s operated from

approximately four hours after shutdown until the end of the refueling period.
The radiation source in the RHR system is based on the maximum estimated
activity due to the iodine spike effect at four hours of decay following
shutdown. The source terms listed in Table 12.2-24 are used for the shielding

calculations for this system.
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12.2.1.2.3 Reactor Core Isolation Cooling System

Components of the Reactor Core Isolation Cooling (RCIC) System that contain
radiation sources during normal power operation are the RCIC turbine steam
inlet and exhaust piping. The steam radioactivity, as discussed in
Section 12.2.1.1.3, decayed for the appropriate transit time, is used for the

shielding calculations for this system and is listed in Table 12.2-25.

12.2.1.2.4 High-Pressure Coolant Injection System

The radiation sources for the High Pressure Coolant Injection (HPCI) System are
the HPCI turbine steam inlet and exhaust piping. The steam radiocactivity, as
discussed in Section 12.2.1.1.3, decayed for the appropriate transit time, is
used for the shielding calculations for this system and is 1listed in
Table 12.2-26.

12.2.1.2.5 Core Spray System

During testing, the Core Spray System components use condensate from the
condensate storage tank or draw water from the suppression pool. Source terms
based on suppression pool activities listed in Table 12.2-27 are used for

shielding the core spray equipment.

12.2.1.2.6 Spent Fuel Storage and Transfer Sources

The predominant radiation sources in the spent fuel storage and transfer areas
are the spent fuel assemblies and activated control rods. For shielding design
purposes, the spent fuel pool is assumed to contain 3667 fuel assemblies. These
spent fuel assemblies are assumed to have 72 hours of decay before being
stored. Shielding design source terms for spent fuel assemblies are shown in
Table 12.2-28. The shielding design source terms have been verified to bound
the source term for the expected storage of spent fuel and irradiated
components. The shielding design source terms will remain bounding up to the

inclusion of 6241 storage locations in the spent
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fuel storage area. The storage locations can hold fuel assemblies in an as-
built condition or in a consolidated configuration. The spent fuel assemblies
are assumed to have 72 hours of decay before being stored in their as-built

condition and 14 days of decay before being stored in a 2 to 1 consolidated
configuration.

12.2-6a
HCGS-UFSAR Revision 16

May 15, 2008




THIS PAGE INTENTIONALLY BLANK

12.2-6b
HCGS-UFSAR Revision 5
May 11, 1993



(Historical Information)

12.2.1.2.7 Fuel Pool Cooling and Cleanup System

Sources in the Fuel Pool Cooling and Cleanup (FPCC) System are primarily a
result of a transfer of radiocactive isotopes from the reactor coolant into the
spent fuel pool during refueling operations. The reactor coolant activities
for fission, corrosion, and activation products (Tables 12.2-7 through 12.2-11)
are decayed for the amount of time required to remove the reactor vessel head
following shutdown, are reduced by operation of the RWCU system filter
demineralizers following shutdown, and are diluted by the total volumes of the
water in the reactor vessel, refueling pool, and spent fuel pool. See
Table 12.2-29. This activity then undergoes subsequent accumulation and decay
on the FPCC filter demineralizers. The FPCC filter demineralizer resins are
backwashed periodically into the waste sludge phase separator. Sources for
FPCC heat exchangers and system piping are based on crud plateout on these
components. Table 12.2-30 provides the FPCC filter demineralizer shielding
design source terms, and Table 12.2-31 provides the shielding design source

terms for the FPCC heat exchangers and associated piping.

12.2.1.2.8 Radiation Sources in the Traversing In-core Gamma Probe System

The radiation source data for the traversing in-core gamma probe (TIP) system
is provided in Table 12.2-32.

12.2.1.2.9 Reactor Startup Sources

The reactor startup sources are shipped to the site in a sgpecially designed

shielding cask. The sources are transferred underwater from the cask and
loaded into beryllium containers. This is then loaded into the reactor while
remaining underwater. The sources remain within the reactor for their
lifetime. Thus, there are no unique ghielding requirements after reactor
operation. Table 12.2-33 gives information on source strength and other

important data.
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12.2.1.2.10 Control Rod Drives (CRDs)

Shielding design source terms for the control rod drives (CRDs) after removal
from the RPV are shown in Table 12.2-34.

12.2.1.2.11 Reactor Building Ventilation Systems

The Reactor Building Ventilation System (RBVS) exhaust air filters, as part of
the Reactor Building Heating, Ventilation, and Air Conditioning (HVAC) Systems,
contain sources of radioactivity. Table 12.2-35 shows the RBVS exhaust air
filter shielding design source terms. The shielding design source terms for

the primary containment prepurge filters are given in Table 12.2-36.

12.2.1.2.12 Reactor Vessel Steam Separator and Steam Dryer

Shielding design source terms for the steam separator and steam dryer are given
in Table 12.2-37. These shielding design source terms are based on estimated
crud plateout activity from operating plants.

12.2.1.2.13 Reactor Building Sumps

The concentrations of radioisotopes used for the shielding design for the
Reactor Building Equipment and floor drain sumps are listed in Tables 12.2-38
and 12.2-39.

12.2.1.2.14 RPV Head and Spent Fuel Cask

The shielding design source terms for the RPV head washdown area are shown in

Table 12.2-40. Shielding design source terms for the spent fuel shipping cask

are shown in Table 12.2-41.
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12.2.1.2.15 Reactor Building Source Descriptions

A listing and detailed description of the shielding design radiation sources

for the Reactor Building are shown in Table 12.2-42.

12.2.1.3 Service and Radwaste Areas of the Auxiliary Building

The numerous plant radiocactive wastes are collected and processed, safely
inside the service and radwaste areas of the auxiliary building. Radiocactive
wastes are in liquid, gaseous, and solid phases. Each type of radwaste, and
its associated radiation sources, is contained and handled in a specific manner
to ensure maximum radiation protection and minimum plant contamination.
Detailed system and equipment descriptions are provided in Sections 11.2, 11.3,
and 11.4.

12.2.1.3.1 Liquid Radwaste System

The 1liquid radwastes are collected and contained inside the service and
radwaste areas from the following systems: fuel pool cleanup, equipment drain,
floor drain, chemical waste, condensate, decontamination, and reactor water
cleanup. Further processing will be accomplished in the solidification and
volume reduction system discussed in Section 12.2.1.3.3. The ligquid radwaste
system shielding design sources are radioisotopes, including fission and
corrosion products, present in the reactor coolant. The components of the
Liquid Radwaste System contain varying amounts of radiocactivity, depending on

the origin of the handled radwaste and the system and equipment design.

The concentrations of radioisotopes used for the shielding design for pipes,
pumps, tanks, filters, demineralizers and evaporators, and equipment and floor
drain sumps are listed in Tables 12.2-43 through 12.2-86. Shielding for each
component of the Liquid Waste Management System is based on reactor coolant

radioactivity concentrations given in Tables 12.2-7 through 12.2-11.
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12.2.1.3.2 Off-gas Treatment System

Radiocactive off-gases are contained and processed in the Off-gas Treatment
System. The major radiation sources of this system, located in the service and
radwaste areas of the Auxiliary Building, are found in the off-gas recombiner

cells and the Off-gas Charcoal Treatment System.

The shielding design radiation source terms for the recombiner and charcoal

. . 16
treatment system components are based on the expected transit times for N -,

noble gases, and the formation and accumulation of noble gas daughter products.

Eighty percent of the N16 and 100 percent noble gases are assumed to be
removed from the main condensers by the steam jet air ejectors. These gases
pass from the steam jet air ejector to the recombiner equipment and to the
charcoal treatment system. The charcoal treatment system functions to filter,
as well as to delay, the release of the radiocactive offgases. Off-gas release
to the environment is through the plant north wvent. The shielding design
source terms for the piping, recombiner components, and charcoal treatment

system equipment are presented in Tables 12.2-87 through 12.2-97.

12.2.1.3.3 Deleted
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12.2.1.3.4 Service and Radwaste Area Ventilation Systems

Components of the ventilation system inside the service and radwaste areas that
contain sources of radioactivity are the radwaste exhaust and the Reactor
Building vent system filters. Tables 12.2-106 and 12.2-35 show the exhaust air

filter shielding design radiation source terms.

12.2.1.4 Turbine Building

12.2.1.4.1 Main Steam and Power Conversion Systems

Radiation sources for piping and equipment that contain main steam are based on
the radioisotopes carried into the main steam from the reactor coolant. The
sources include fission product gases and halogens, particulate fission and
corrosion products, and gaseous activation products as discussed in
Section 12.2.1.1.3. Steam density variations and steam transit times through
equipment and pipes are factored into the shielding source term evaluation to
account for volumetric dilution effects, radiological decay, and daughter
product generation. Tables 12.2-108 through 12.2-115 show the shielding design
radiation source terms for the following major components that contain main
steam as the dominant source: moisture separators, crossaround piping,

feedwater heaters, drain
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coolers, steam seal evaporator, reactor feed pump turbines (RFPT), and the

steam packing exhaust condenser.
12.2.1.4.2 Condensate and Feedwater Systems

The radiation sources in the condensate and feedwater systems are based on

decayed main steam radioactivity. See Section 12.2.1.1.3. Eighty percent of

the N:I'6 and 100 percent of the noble gases are assumed to be removed from the
condensate and feedwater systems by the main condenser air removal system. The
radiation sources in the hotwell are shown in Table 12.2-116. They are
negligible as radiation sources 1in the remainder of the condensate and

feedwater systems. The hotwell 1is designed for a 3-minute holdup of

condensate, and therefore N16 radioactivity at the condenser outlet is
negligible. Particulate fission products, activated corrosion products, and
the particulate daughter products from the decay of fission product gases in
transit through the turbine and condenser are the inlet radiation sources to
the condensate system. Tables 12.2-117 through 12.2-123 provide the shielding
design radiation source terms for the condensate pumps and their associated
piping, the condensate filter demineralizers, the resin mix and hold tank, the
anion and cation regeneration tanks, the ultrasonic resin cleaner, and the

shielding design radiation source terms for the feedwater system.
12.2.1.4.3 Steam Jet Air Ejector System

The steam jet air injectors (SJAEs) are the only major equipment of the plant
Off-gas Treatment System located inside the Turbine Building. Shielding design
radiation sources in the Off-gas Treatment System are developed from noble
gases and other noncondensable gases removed from the main condenser, and the
radioactivity entering with the extraction steam to the SJAEs. The extraction
steam radioactivity entering is based on the main steam radiocactivity, as

described in Section 12.2.1.1.3, and decayed for the expected transit time to

. 16
the SJAE system. Eighty percent of the N and 100 percent of the noble gases

are assumed to be
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removed from the condenser by the SJAE system. The specific activities and
quantities of radioactivity, including particulate daughters, in the SJAE
system condenser and the mechanical vacuum pump to be used for shielding design
calculations, are shown in Tables 12.2-124 through 12.2-129

12.2.1.4.4 Turbine Building Drain Sumps

The shielding design source terms for the Turbine Building drain sumps are
listed in Tables 12.2-130 through 12.2-132.

12.2.1.5 Shielding Design Sources Resulting from Design Basis Accidents

The shielding design for the control room and other vital plant areas is based
on radiation sources resulting from design basis accidents (DBAs). Vital areas
and post-accident radiation sources are identified in accordance with
requirements set down in NUREG-0737, Item II.B.2, Reference 12.2-5. TID-14844,
Reference 12.2-7, source terms are used in the post-accident shielding review.

Section 12.3.2.2.6 provides the information on source activities, dilution
volumes, and systems containing these activities, as well as the airborne
activities in various plant areas. The initial inventory of radioisotopes for
these sources is given in Table 12.2-134 through 12.2-136.

12.2.1.6 Stored Radioactivity

There are three sources of radioactivity which are not stored inside the plant
structures.

The Low Level Radwaste Storage Facility (LLRSF) provides a safe, secure space
for temporary storage of low level radwaste generated by both the Salem and
Hope Creek Generating Stations when offsite disposal or storage 1is not
available. The shielding is discussed in Section 12.3.2.2.11. The LLRSF
source terms are shown in Table 12.2-145.

The second source of radioactivity not stored inside the plant structures is
the condensate storage tank (CST). The CST contains low concentrations of
radioisotopes from the condensate system and from the refueling water system. A
dike 1is provided around the CST so that, in case of leakage or gross tank
failure, the radioactive condensate is contained, and uncontrolled release is
prevented. Special access barrier features prevent personnel from uncontrolled
access to the slightly radioactive tank. The CST source terms are shown in
Table 12.2-137.
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Provisions have been made to recycle the water from the CST through the

condensate demineralizers.

The third source of radioactivity not stored inside the plant structure is the
Independent Spent Fuel Storage Installation (ISFSI). The ISFSI is operated
under the general license provisions of 10 CFR 72, Subpart K. It provides
additional on-site storage for HCGS spent nuclear fuel removed from the spent
fuel pool stored in dry, seal welded stainless steel storage canisters. Each
storage canister is located inside a ventilated concrete overpack at the ISFSI
that provides structural protection, decay heat removal, and shielding. The
storage canisters are considered leak-tight under all design basis normal, off-
normal, and accident conditions as described in the spent fuel storage system
FSAR. Therefore, there are no effluent releases from the dry storage systems
at the ISFSI. Source terms and other design and operating information for the
dry spent fuel storage system can be found in the storage system 10 CFR 72
FSAR. A discussion of the off-site dose contribution due to direct radiation
from the ISFSI may be found in the 10 CFR 72.212 evaluation report for the
ISFST.

Under normal conditions, no other radiation sources are stored outside plant
structures without prior approval of the radiation protection engineer. Spent
fuel is stored in the spent fuel pool until it is placed in the spent fuel
shipping cask for offsite transport. All radiation sources contained inside
the plant structures are shielded to provide a dose rate of 1less than

0.5 mrem/h for all areas outside plant structures.

(Historical Information)

12.2.1.7 Special Sources

Special radiocactive materials used in the radiochemistry laboratory, and sealed
sources used for calibration, require special handling equipment and are
shielded accordingly. A listing of these special material sources can be found
in Table 12.2-33. Unsealed sources and radioactive samples are handled under
conventional hoods that exhaust to the plant ventilation systems. Design

features are discussed in Section 12.3.1.
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12.2.2 Airborne Radioactive Material Sources

12.2.2.1 Sources of Airborne Radiocactivity

The sources of airborne radioactivity found in the various areas of the plant
are mostly from process leakage of the systems carrying radioactive gases,
steam, and 1liquids. Depending on the type of system and its physical
conditions, such as system pressures and temperatures, leakage is in the form

of a gas, steam, liquid, or a mixture of these.

12.2.2.2 Emission of Airborne Radiocactive Materials

Radiocactive materials become airborne through a number of mechanisms. The most
common emission mechanisms are spraying, splashing, flashing, evaporation, and

diffusion.

12.2.2.3 Locations of Sources of Airborne Radioactivity

Practically all sources of airborne radioactivity are found in the Reactor and
Turbine Buildings and the service and radwaste areas of the Auxiliary Building.
Within these structures, the radiocactivity is released in equipment cubicles,
valve and piping galleries, sampling stations, radwaste handling and shipping
areas, cleaning and decontamination areas, fuel transfer and pool storage
areas, and repair shops. Insignificant amounts of airborne radiocactivity could
occur in places such as the radiation protection work area or the condensate

storage tank area.

12.2.2.4 Control of Airborne Radiocactivity

Ventilation and filtration are the most effective means of controlling airborne
radioactive materials. Ventilation flow paths are designed so that air from
areas of low potential airborne radiocactivity flows into areas with higher
potential for airborne radioactivity. Such a flow pattern ensures that
radioactivity released in the source locations mentioned above has a low
probability to escape into areas with high personnel occupancy requirements,
such as corridors, working aisles, and operating floors. Levels of airborne
radiocactivity are continuously monitored by the area radiation monitor and, the
airborne radiological monitoring systems, and they are also periodically

checked through surveys of the plant by the radiation protection staff.
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12.2.2.5 Methodology for Estimating the Concentration of Airborne Radioactive
Material Within the Plant

To estimate the airborne radioactive material concentrations at locations

within the plant, the following methodology is used:

1. Estimate the total airborne releases (in Ci/yr) for each of the

plant enclosures.

2. Estimate a distribution for these releases among the various
equipment areas of each enclosure based on operating data and
engineering judgment.

3. Determine the annual exhaust flow from each equipment area.

4. Calculate the resultant airborne radionuclide concentration (Ci/cc)
in each equipment area based on the release distribution (Ci/yr)

and exhaust flow rate (cc/yr).

The following sections discuss each step in the procedure listed above in more
detail.

12.2.2.5.1 Estimation of Total Airborne Releases Within the Plant During

Normal Full Power Operations

The estimated quantities of airborne radioactive material produced in the plant
enclosures are given in Table 12.2-138. These releases were based upon BWR
gaseous and 1liquid effluents, mentioned in Reference 12.2-1, wusing a
computerized mathematical model (BWR-GALE) for calculating the release of
radiological materials in gaseous and liquid effluents. Assumptions applicable
to the development of Table 12.2-138 from BWR-GALE are as follows:
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1. The drywell and torus releases are taken to be the Containment
Building releases calculated by BWR-GALE.

2. The releases from the HCGS Reactor Building correspond to the

Auxiliary Building releases calculated by BWR-GALE.

3. Turbine Building releases from BWR-GALE are assumed to include any
airborne radiocactive material released in the individual rooms and

cubicles of the structure.

4. The radwaste area releases from BWR-GALE also include offgas system
releases.
5. Tritium releases from BWR-GALE are divided equally between the

reactor and turbine buildings.
6. Since the BWR-GALE code for gaseous releases 1is based on actual
operating plant data, releases for both normal operations and

anticipated operational occurrences are included.

12.2.2.5.2 Distribution of Airborne Releases Within the Plant

In the approach taken to determine the anticipated distribution of gaseous
effluents, it is assumed that all airborne radioactive material originates only

within the equipment areas of the plant.

It is further assumed that a major percentage of the release 1is generated
within a few specific areas of each enclosure, with the remainder coming from
the "remaining equipment areas." Eighty percent of each enclosure's release is
distributed, as described below, among the major contributing areas, and
20 percent is assigned to the remaining equipment areas category. Releases are
assumed to be generated continuously throughout the vyear, except for the

drywell, where a 30-day annual release period is used.
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The basis for the selection and relative contributions of the major areas is
the Electric Power Research Institute Report, EPRI NP-495, Reference 12.2-2.

. . . 131 .
This report provides data on the important sources of I at operating BWRs

and uses measured data to determine the relative release rate from each source.
The relative release rates for all airborne radionuclides, except tritium from

. . . . 131
the Reactor Building, are assumed to be directly proportional to the I

release rates. Since the spent fuel pool and the reactor vessel (when it is
open during refueling) are the major sources of airborne tritium in the Reactor
Building, tritium releases for that enclosure are assigned entirely to the

refueling area.

Table 12.2-139 lists the major airborne contributors in each enclosure and the
percentage of the total enclosure release assigned to each. Table 12.2-140
also provides the sgpecific equipment areas of the plant associated with the
major contributors and the applicable exhaust air flow rates. Note that only
those equipment areas that have a significant potential for airborne
radioactive material releases are included in the remaining equipment areas

category.

12.2.2.5.3 Estimated Airborne Radioactive Material Concentrations Within the
Plant

The airborne radionuclide concentrations for each equipment area are calculated
for a specific area, Dby multiplying the appropriate enclosure release,
Table 12.2-138, by the applicable release percentage for the area, Table 12.2-
139, and dividing that by the area's annual exhaust flow, Table 12.2-140. The
resultant concentrations are presented in Tables 12.2-141 through 12.2-144,
which also include the fractions of the maximum permissible concentrations in
air as defined in 10CFR20, Appendix B, Table I, Reference 12.2-3.
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12.2.2.5.4

(Historical Information)

Changes to Source Data Since PSAR

Liquid, solid, and airborne radiocactive material sources are not specified in
the HCGS PSAR. Section 12.2 has been added to the HCGS FSAR in compliance with

Regulatory Guide 1.70, Revision 3, Reference 12.2-4.

12.2.3 References

12.2-1 Nuclear Regulatory Commission, Office of Standard Development,
"Calculation of Releases of Radioactive Materials in Gaseous and
Liquid Effluents From Boiling Water Reactors," NUREG-0016,
Revision 1, January 1979.

12.2-2 Electric Power Research Institute, "Sources of Radioiodine at
Boiling Water Reactors," EPRI NP-495, Project 274-1, Final Report,
February 1978.

12.2-3 Nuclear Regulatory Commission, "Standards for Protection Against
Radiation" "Code of Federal Regulations," Title 10, Part 20,
November 1975.

12.2-4 Nuclear Regulatory Commission, "Standard Format and Content of
Safety Analysis Report for Nuclear Power Plants," Regulatory
Guide 1.70, Revision 3, November 1978.

12.2-5 Nuclear Regulatory Commission, "Clarification of TMI Action Plan
Requirements, " NUREG-0737, November 1980.

12.2-6 251 Standard Safety Analysis Report, General Electric, for BWR/6,
Revigion 22.
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12.2-7 Technical Information Document, TID-14844, Calculation of Distance
Factors for Power and Test Reactor Sites by J.J. DiNunno,
R.E. Baker, F.D. Anderson and R.L. Waterfield, March 23, 1962.
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TABLE 12.2-1

1
BASIC REACTOR DATA( )
1. Reactor rated thermal power (100 percent) 333% megawatts
2., (DELETED)
3. Core power peaking factors:
a. At core center: Pmax
(axial) 1.5
Pave
Z
Pmax
(radial) 1.4
Pave
R
b. At core boundary: Pmax
' (axial) 0.5
Pave
Z
Pmax
(radial) 0.7
Pave
R
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{(Historical Information)

TABLE 12.2-1 (Cont)

4. Core volume fractions:
Density Volume

Material g/cc Fraction

UO2 10.4 0.254

Zr 6.4 0.140

H20 1.0 0.274

Void 0 0.332
5. Average water density between core

and vessel and below the core .74 g/cc
6. Average water steam density above core:

a. . In the plenum region 0.23 g/cc

b. Above the plenum (homogenized) 0.6 g/cc
7. ° Average steam density 0.036 g/cc
(1) This table, which includes volume fractions, reactor power, and p0werf'v

distribution, represents the physical data required to form the reactor

vessel model.

2 of 2
. HCGS-UFSAR

Revisgion 1€
May 15, 2008




{Historical Information)

TABLE 12.2-2

REACTOR VESSEL AND SHIELD RADIAL GEOMETRY USED IN CALCULATIONS
TO DETERMINE RADIAL FLUX DISTRIBUTION AT REACTOR CORE MIDPLANE

Region Cumulative
Thickness Thickness
Region Description (cm) (cm} Material
1. Active fuel zone 242 .48 242.48 Core
2. Water " 15.49 257.97 Water
3. Core shroud 5.08 263.05 Stainless
steel
4, Watex 58,26 321.31 Water
5. Pressure vessel liner 0.95 322.26 Stainless
steel
6. Pressure vessel 16.35 338.61 Carbon
steel
7. Alr 64.45 403.06 Air
8. Biblogical "shield 1.9 404,97 Carbcn
{inner liner) ' steel
9.  Biological shield! 47.3 452.27 Magnetite-
Ilmenite
10, Biological shield 3.81 456.08 Carbon
{outer liner) steel
11. Air gap 168.76 624.84 Alr
1 of 2
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TABLE 12.2-2 (Cont)
Region Cumulative
Thickness Thickness
Region Description {cm) {cm) Material
12. Primary containment 182.88 807.72 Ordinary
concrete
(1) Magnetite-Ilmenite aggregate mixture.
2 of 2
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(Historical Information)
TABLE 12.2-3
MATERIAL COMPOSITION TO DETERMINE RADIAL FLUX DISTRIBUTIONS AT REACTOR CCORE MIDPLANE
24
Material {10 atems/cc}
Carbon Ordinary
(1)
Element Core Water $5-304 Steel Concrete Air Concrete
(2)
H 1.836-02 4.888-02 - - 6.24-03 - 7.84-03
o] 2.257-02 2.444-02 - - 4.42-02 1.12-05 4.41-02
Mo 5.93-04 - - - - - -
235
g 1.24-024 - - - - - -
238
U 5.46-03 - - - - - -
Mg - - - - 8.96-04 - 1.43-04
Al - - - - 1.23-03 - 2.39-03
Si - - 1.65-0C3 4.19-04 2.15-03 - 1.57-02
Ca - - - - 3.32-03 - 2.91-03
Ti - - 5.29-03 - -
Mn - - 1.73-03 8.59-04 3.47-05 - -
Fe - - 5.76-02 8.40-02 1.20-02 - 3.09-04
o - - 3.18-04 1.10-03 - - -
Cr - - 1.73-02 - - - -
Ni - - 8.06-03 - - - -
N - - - - - 4.17-05 -
Na - - - - - - 1.05-C3
- = - - - - - 6.91-04
s - - - - - - 5.30-05
(1) Mizture magnetite-ilmenite (I1-209)
-2
{2} 1.836-02 = 1.836x10
lof 1l
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TABLE 12.2-4

CALCULATED GAMMA RAY AND NEUTRON FLUXES AT OUTSIDE SURFACE OF

RPV AT CORE MIDPLANE ! (2! (4)

Gamma Energy Gamma Flux Neutron Energy Neutron Flux
(Upper MeV) ( I/cmgzgliii {Upper ev) { g/cmg—s)
10.0 2.44+07 15.0+6 3.58+05
g.0 2.91+08 12,246 1.29+06
6.5 2.52+08 1C.0+6 2,97+06
5.0 2.88+08 8.18+6 5.80+06
4.0 5.06+08 6.36+6 8.38+06
3.0 3.86+08 4,96+6 6.14+06
2.5 6.62+08 4.,06+6 9,78+06
2.0 5.46+08 3.01+6 1.10+07
1.66 6.50+08 2,.46+6 3.56+06
1.33 8.20+08 2.35+6 2.13+07
1.0 6.20+08 1.83+6 6.95+07
0.8 4+08 1.11+6 1.96+08
0.6 1.55+09 0.55+6 5.29+08
0.4 9.58+08 0.11+6 3.74+08
0.3 1.52+09 3.3543 8.72+07
0.2 1.44+09 5.83+2 7.13+07
0.1 8.21+07 1.01+2 4,88+07
0.05 2.25+405 2.9+1 3.25+07
1.07+1 3.23407
3.06 1.98+07
1.12 1.36+07
0.414 1.10+07
{1) At 100 percent power
(2) Geometry, Table 12.2-2
(3) 2.44+07 = 2.44 x 107
(4) The values are based on 3293 MW,. Multiply the flux values by
1.015 for uprated power of 3339 MW.
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TABLE 12.2-5

CALCULATED GAMMA RAY AND NEUTRON FLUXES AT OUTSIDE SURFACE OF
BIOLOGICAL SHIELD

AT CORE MIDPLANE(lj(Z)(4)
Gamma Energy Gamma Flux Neutren Energy Neutron Flux
(Upper MeV) { x/cmg:§L—§) (Upper ev) ( n/cmg;gl
10.0 8.30+04 15.0+6 8.56+02
8.0 1.05+06 12.2+6 2.92+03
6.5 1.02+06 10.0+6 ~6.77+03
5.0 9.52+05 8.18+6 1.38+04
4.0 1.36+06 6.36+6 1,96+04
3.0 8.61+05 4,96+46 1.46+04
2.5 1.10+06 4.06+6 1.92+04
2.0 8.95+05 3.01+6 2.87+04
1.66 1.06+06 2.46+6 1.30+04
1.33 1.31+06 2.35+6 4.61+04
1.0 9.83+05 1.83+46 1.17+05
0.8 1.24+06 1.11+6 2.24+05
0.6 2.77+06 0.55+6 4,25+05
0.4 1.58+06 C.11+6 3.64405
0.3 2.61+06 3.35+3 ©1.40+05
0.2 3.71+06 5.83+2 1.43+05
0.1 7.72+05 1.01+2 1.16+05
0.05 4,21+03 2.9+1 8.24+04
1.07+1 ©9,96+04
3.06 7.68+04
1.12 6.77+04
0,414 2.41+05
(1) At 100 percent power
{(2) Geometry, Table 12.2-2
{3) 8.30 + 04 = 8.30 x 104
(4) The values are based on 3283 MW.. Multiply the flux values by
1.015 for uprated power of 3339 MW..
1 o0f1
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TABLE 12,2-6

REACTOR CORE FISSION PRODUCT GAMMA SOURCES

(1) (3)

Gamma Energy Gamma Activity
(Upper MeV) (MeV/SeC)igl_
0.10 2.59+17
0.20 1.36+18
0.30 7.87+17
0.40 1.31+18
0.50 3.58+18
0.60 1.84+18
0.80 1.58+19
1,00 2.99+18
1.25 1.05+18
1.50 9.72+17
1.75 8.45+18
2.00 2.73+17
2.50 6.81+17
3,00 5,07+17
4.00 5.35+15
5.00 4.45+08
TOTAL 3,99+19

(1) Design basis:

a) Reactor power at 3293 MWt

b) Equilibrium core with 3 year burn

c) 3 days after shutdown
{2) 2.59+17 = 2.59 x 1017
(3) The values are based on 3293 MW,. Multiply the flux values by

1.015 for uprated power of 3339 MW..
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TABLE 12.2-7
NOBLE GAS SHIELDING DESIGN SOURCE TERMS(1)
Steam Reactor Water
Specific Activity(2) Specific Activity
Isotope Half-life {UCi/qg) (UCi/qg)
Kr—-83m 1.86 h 9.2—03(3) -
Kr-85m 4.4 h 1.7-02 -
Kr-85 10.74 yr 5.4-05 -
Kr-87 76.0 min 5.4-02 -
Kr-88 2.7% h 5.4~02 -
Kr—-89 3.18 min 3.5-01 -
Kr-90 32.3 s 7.6-01 -
Kr-91 8.6 s 9.2-01 -
Kr-92 1.84 s 9.2-01 -
Kr-93 1.29 s 2.7-01 -
Kr-24 1.0 s 6.5~02 -
Kr-95 0.5 s 5.9-03 -
Xe-131m 11.96 day 3.8-05 -
Xe-133m 2.26 day 8.1-04 -
Xe-133 5.27 day 2.2-02 -
Xe-135m 15.7 min 7.0-02 -
Xe-135 9.16 h 5.98-02 -
Xe-137 3.82 min 4.1-01 -
Xe-138 14 min 2.4-01 -
Xe-139 40. 5 7.6-01 -
Xe~140 13.6 s 8.1-01 -
Xe-141 1.72 s 6.5-01 -
Xe-142 1.22 s 2.0-01 -
Xe-143 0.96 s 3.2-02 -
Xe-144 9.0 s 1.5-03 -
Total 6.7+00
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TABLE 12.2-7 (Cont)

(1) All fission product specific activities are based on an off-gas release
rate of 0.5 Ci/s at 30 minutes decay.
(2) At the reactor nozzle

(3) 9.2-03 = 9.2 x 10>
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TABLE 12.2-8
HALOGEN SHIELDING DESIGN SOURCE TERMS(l)
Steam Reactor Water
e Lo (2)(3) PR I
Specific Activity Specific Activity
Isotope Half-life (OCi/qg) (Cici/q)
Br83 2.40 h 1.50—03(4) 7.5-02
84 , v
Br 31.8 min 2,7-Q3 v 1.4-01
85 ,
Br 3.0 min 1.7-03 8.5-02
1131 8.06 day 1.3-03 6.5-02
1132 2.28 h 1.2-02 6.0-01
1133 20.8 h 8.9-03 4.5-01
1134 52.3 min 2,4-02 1.2+00
1135 6.7 h 1,.3-02 6.5-01
Total 6.5-02 3.34+00
(1) The Halogen fission product release rate has been normalized to
3500 [ICi/s 1131 from defective fuel (t=0). This corresponds to a noble
gas fission product release rate of 500,000 JCi/s at t=30 minutes decay.
(2) At the reactor nozzle
(3) A 2 percent-by-weight carryover from reactor water tc steam is assumed.
3

(4) 1.50-03 = 1.50 x 10

1 of 1
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TABLE 12.2-9

OTHER FISSION PRODUCT SHIELDING DESIGN SOURCE TERMS(l)

Steam Reactor Water
Specific Activitytz)(3) Specific Activity
Isotope Half-life {uci/g) (uCi/qg)
Sr-89 50.8 day 1.6-054 1.6-02
Sr-90 28.9 yr 1.2-06 1.2-03
Sr-91 9.67 h 3.5-04 3.5-01
Sr-92 2,69 h 5.5-04 5,5-01
2r-95 65.5 day 2.0~07 2,0-04
Zr-97 16.8 h 1.6-07 1.6-04
Nb-85 35.1 day 2.1-07 2.1-04
Mo-99 66.6 h 1.1-C4 1.1-01
Tc-99%m 6.00 h 1.4-03 1.4+00
Te-101 14.2 min 7.0-04 7.0-01
Ru-103 39.8 day 9,5-08 9,5-05
Ru-106 368 day 1.3-08 1.3-05%
Te-129m 34.1 day 2.0~-07 2.0-04
Te~-132 78.0 h 2.5-04 2.5-01
Cs~-134 2,06 yr 8.0-07 8.0-04
Cs-136 13.0 day 5.5-07 5.5-04
Cs~-137 30.2 yr 1.2-06 1.2-04
Cs~138 32.3 min 9.5-04 9.5-01
Ba-139 83.2 min g8.0-04 8.0-01
Ba-140 12.8 day 4.5-05 4,5-02
Ba-141 18.3 min 8.5-04 8.5-01
Ba-142 10.7 min 8.5-04 8.5-01
Ce~141 32.53 day 2.0-07 2.0-04
Ce-143 33.0 h 1.8-07 1.8-04
Ce—-144 284.4 day 1.8-~07 1.8-04
Pr-143 13.58 day 1.9-07 1.9-04
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TABLE 12,2-9 (Cont)

Steam Reactor Water
. Coa,  (2)(3) g o
Specific Activity Specific Activity
Isotope Half-life (uCi/g) (uci/q)
Nd-147 11.06 day 7.0-08 7.0-05
Np-239 2,35 day 1.2-03 - 1.2+00
Total . . 8.1~-03 . 8.1+00
(1) All fission product specific activities are based on an offgas release
rate of 0,5 Ci/s at 30 minutes decay.
(2) At the reactor nozzle
{3} A 0.1 percent~by-weight carryover from reactor water to steam is assumed.
(4)  1.6-05 = 1.6 x 10 ".
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TABLE 12.2-10

COOLANT ACTIVATION PRODUCT SHIELDING DESIGN SOURCE TERMS

Steam Reactor Water
. Lo (1) ‘e Lo, 2)
Specific Activity Specific Activity
Isotope Half-life (pCi/g) (uCi/qg)
N3 9.99 min 6.5-033) (4 (5) 4.0-02
N16 7.13 s 5.O+01(4)(5) 4.0+01
nt’ £.14 s 1.6-02 4 (3) 6.3-03
ot? 26.8 s 8.0-01 6.9-01
18 .
F 109.8 min 4.0-03 4.0-03
Total 5.1+401 4.1+01
(1) At the reactor nozzle
(2) At the recirculation outlet
(3)  6.5-03 = 6.5 x 10 °
(4) For HWC operation at a nominal 22.5 scfm of H2 multiply steam
concentration source term by a factor of 2.5.
(5) For HWC operation at a nominal 35 scfm of H2 multiply steam concentration
source term by a factor of 4.3.
1 of 1
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TABLE 12.2-11

NONCOOLANT ACTIVATION PRODUCT SHIELDING DESIGN SOURCE TERMS

Steam Reactor Water
Specific Activity(l)(z) Specific Activity

Isotope Half-1life (uCi/g) V(MCi/g)
Na-24 15.0 h 2.0-06"> 2.0-03
pP-32 14,31 day 2.0-08 2.0-05
Cr-51 27.8 day 5.0-07 5.0-04
Mn-54 313.0 day 4.0-08 4,0-05
Mn~-56 2.58 h 5.0-05 5.0~02
Co-58 71.4 day 5.0~06 5.0-03
Co-60 5.25 yr 5.0-07 5.0-04
Fe-59 45.0 day 8.0-08 8.0~05
Ni-65 2.55 h 3.0-07 3.0-04
Zn-65 243.7 day 2.,0-08 2.0~06
Zn-69m 13.7 h 3.0-08 3.0-05
Ag-110m 253.0 day 6.0-08 6.0-05
W-187 23.9 h 3.0-06 3.0-03
Total 6.2-05 6.2-02

(1} At the reactor nozzle :
(2) A 0.1 percent-by-weight carryover from reactor water to steam is assumed

(3) 2.0-06 = 2.0 x 10™°
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TABLE 12.2-12

DRYWELL EQUIPMENT DRAIN SUMP

SHIELDING DESIGN SOURCE TERMS

(1)

Activity
Isotope (cq)ELE)
Br-83 6.78-02
Br-84 8.66-02
I-131 6.60-02
I-132 5.68-01
I-133 4,51-01
I-134 8.90-01
I-135% 6.33-01
Sr-89 1.63~02
Sr-91 3.45-01
Sr-92 5.04-01
Mo-99 1.11-01
Tc-99%m 1.36+00
Te~101 2.63-01
Te-132 2.53-01
Cs-138 5.91-01
" Ba-139 6.65-01
Ba~140 4,57-02
Ba-141 3.83-01
Ba~142 2.62-01
Np-239 1.21+00
Mn~56 4.55-02
La-142 6.19-02
La-141 3.53-02
Y-92 4,05-02
Y-91lm 5.71-02
Total 9,03+00
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TABLE 12.2-12 (Cont)

(1) Design basis:
a. Sump volume = 785 gallons
b. Input rate of 5.36 gpm for 50 minutes
c., Input activity 1.0 x primary coolant activity, Tables 12.2-8 through
12.2-11. :

(2)  6.78-02 = 6.78 x 1072
(3) Isotopes with an activity less than 1.,00~02 Ci are not listed.
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TABLE 12.2-13
DRYWELL FLOOR DRAIN SUMP
SHIELDING DESIGN SOURCE TERMS(l)
Activity
Isotope iggi;gLLil
Br-83 7.40-04
Br-84 1.24-03
Br-85 2.66-04
I-131 6.62-04
I-132 6.00-03
I-133 4,57-03
I-134 '1.12-02
I-135 6.55-03
Sr-89 1.63-04
Sr-91 3.54-03
Sr-92 5.45-03
Mo-99 1.12-03
Tc-99m 1.41-02
Tce-101 5,21-03
Te-132 2.55-03
Cs-138 §.41-03
Ba-139 7.71~-03
Ba-140 4.59~04 ’
Ba-141 6.76-03
Ba-142 5.84-03
Np~239 1.22-02
Mn-56 4,95-04
La~142 3.24-04
La~141 1.46-04
Y-92 . . 1.19~04
Y~91m 1.83-04
Total 1.06-01
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TABLE 12.2-13 (Cont)

(L) Design basis:
a. Sump volume = 785 gallons
b. Input rate of 20 gpm for 14 minutes :
c. Input activity = 0.001 x primary ccolant activity, Tables 12.2-8
through 12.2-11.

(2)  7.40-04 = 7.40 x 107%
{3) Isotopes with an activity less than 1.00-04 Ci are not listed.
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TABLE 12.2-14
RWCU SYSTEM RECIRCULATION PUMPS SHIELDING DESIGN SOURCE TERMS(l)
Specific Activity

Isotope (Ci/cc)iglig;___
N-13 2.74~08

N-16 1.55-07

0-19 1.39-07

F-18 2,90-09

Br-83 5,45-08

Br-84 1.00-07

Br-85 5.04-08

I-131 4.74-08

I-132 4.37-07

I-133 3.28-07

I-134 8.66-07

I-135 4.74-07

Sr-89 1.17-08

Sr-91 2.55-07

Sr—92 4.00-07

Mo-99 8.03-08

Tc-9%m 1.02-06

Tc-101 4.89-07

Te-132 1.82-07

Cs-138 6.80-07

Ba-139 5.80-07

Ba~140 3.28-08

Ba-141 5.99-07

Ba-142 5.86-07

Np-239 8.76-07

Na-24 1.46-09

Cr-51 3.65-10

Mn-56 3.64-08

Co-58 3.65-09
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TABLE 12.2~14 (Cont)

Specific Activity

Isotope (Ci/cc)iglig;__
W-187 2.19-09
La~-142 4.05-09
La-141 1.64-09
Y-92 1.18-09
Y-91m ) '1.86-09
Xe-135m 5.57-09
Total 8.54-06
(1) Based on shielding design source terms given in Tables 12.2-7 through
12.2-11. Pumps are assumed tc be 54 seconds downline from the reactor

recirculation loop

(2)  2.74-08 = 2.74 x 1078

(3) Isotopes with specific activities less than 1.00-10 Ci/cc are not listed
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TABLE 12.2-15
RWCU SYSTEM REGENERATIVE HEAT EXCHANGER -
FIRST STAGE SHIELDING DESIGN SOURCE TERMS(l)
Activity (Ci)izliél
Isotope Tube Side Shell Side
N-13 4.,15-03 4.12-03
N-16 ' 3.35-03 -
0-19 1.33-02 -
Br~83 8.44~03 1.07-03
Br-84 1.54-02 1.84-03
Br-85 7.22-03 -
I-131 7.36-03 =
I-132 6.77~02 8.67-03
I-133 5.09-02 6.59-03
I-134 1.34-01 1.65-02
I-135 7.34-02 9.46-03
Sr-89 1.81-03 -
Sr-91 3.96-02 5.11-03
Sr-92 6.19-02 7.90-03
Mo-99 1.24-02 1.61~03
Tc-99m 1.58-01 2,04-02
Tc~-101 7.45-02 7.99-03
Ce~132 2.83-02 3.67-03
Cs-138 1.05-01 5.00~-02
Ba-139 8.96-02 1.13-02
Ba-140 5.09-03 -
Ba-141 9.17-02 1.03-02
Ba-142 8.90-02 9.06-03
Np~239 1.36-01 1.76-02
Mn-56 5.63-03 -
Xe-135 - 4.97~02
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TABLE 12.2-15 (Cont)

Activity (Ci)(z) 3
Isotope Tube Side Shell Side
Xe-135m 1.18-03 7.15-01
Xe~133 - 1.04-02
Total 1.29+00 9.8%9-01
(1) Based on shielding design source terms given in Tables 12.2-7 through

12,2-11:

a. Tube side is reactor water with 71 seconds decay accumulated for
6.9 seconds at 342 gpm at 0.76 g/cc; shell side is filtered and
demineralized reactor water with 300 seconds decay accumulated for
8.7 seconds at 310 gpm at 0.86 g/cc

b. Shell side assumes a decontamination factor (DF) of 10 across the
filter-demineralizer (except for Cs and Rb, which have a DF of 2, and
gases, which have a DF of 1)

c. Shell side includes noble gases generated by particulate parents

accumulating on filter demineralizer resins

(2)  4.15-03 = 4.15 x ‘10'3 o
{3} Isotopes with activities less than 1.00-03 Ci are not listed
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(Historical Information)
TABLE 12.2-16
RWCU SYSTEM REGENERATIVE HEAT EXCHANGER -
SECOND STAGE SHIELDING DESIGN SOURCE TERMS(l)
Activity (Ci)igligl
Isotope Tube Side Shell Side
N-13 4.41-03 4.40-03
N-186 , 1,78-03 -
0-19 1.20-02 -
Br-83 9,04-03 1.13-03
Br-84 1.65-02 1.95-03
Br-85 7.53-03 -
I-131 7.88-03 1.01-03
I-132 7.25-02 9,15-03
I-133 5.45-02 6.95-03
I-134 1.43~01 1.74-02
I-135 7.86-02 9.98-03
Mn-56 6.03-03 -
Sr-89 1.94-03 -
5r-91 4.24-02 5.39-03
Sr-92 ’ 6.63-02 8.34-03
Mo-99 1.33-02 1.70-03
Tc~9%m 1.69-01 2,15-02
Tc-101 . 7.94-02 8.49-03
Te-132 3.03-02 3.87-03
Cs-138 1.12-01 5.29-02
Ba-139 9.59-02 1.19-02
Ba-140 5.46-03 -
Ba-141 9.78-02 1.09-02
Ba-142 9.46-02 9.65-03
Np-239 1.45-01 1.86-02
W~187 3.64-04 -
La-142 1.00-03 -
Xe-135 - 5.22-02
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{Historical Information)

TABLE 12.2-16 (Cont)

Activity (Ci)igliél
Isotope Tube Side Shell Side
Xe-135m 1.39-03 7.59~01
Xe-133 - 1.10~02
- Kr-83m - 1.49~02
Total 1.37+00 1.05+00
(1) '~ Based on shielding design source terms given in Tables 12.2-7 through

"12.2-11:
a. The tube side is reactor water with 78 seconds decay accumulated for
7.4 seconds at 317 gpm at 0.82 g/cc; the shell side is filtered and -
demineralized reactor water with 291 seconds decay accumulated for .

9.1 seconds at 294 gpm at 0.92 g/cc : :

b. The shell side assumes a DF of ‘10 across the filter demineralizerg
(except for Cs and Rb, which have a DF of 2, and gases, which héve af

DF of 1) : ,

¢, The shell side includes noble gases generated by particulate pakents;

accumulating on filter-demineralizer resins

3

(2)  4.41-03 = 4.41 x 107>
(3) Isotopes with activities less than 1.00-04 Ci are not listed
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{Historical Information)
TRBLE 12.2-17
RWCU SYSTEM REGENERATIVE HEAT EXCHANGER -

THIRD STAGE  SHIELDING- DPESIGN-SOURCE TERMS:

Activity (ci)-2L3)

(1)

Isctope Tube Side Shell Side
N-13 4,73-03 4,73-03
0-19 _ .. . T e i 1.09-02
Br-83 1.21-03 9.77-03
Br-84 2.10-03 1.78-02
Br-85 - 7.91-03
I-131 1.07-03 8.52-03
I-132 9.74-C3 7.84-02
I-133 7.39-03 5.90-02
I~-134 1.85-02 1.54~01
I-~135 1.06-02 8.50-02
Mn~56 - 6.51-03
‘8r-89 . < - 2.10-03
Sr-91 - 5.73-03 4.58-02
Sr-92. 8.87-03 7.17~02
Mo-99 1.81-03 1.44-02
Tc-9%m 2.29-02 1.83-01

~ Te-101 9.10-03 8.53-02
Te-132 4,.11-03 3.28-02
Cs-138 5.65=~02 1.21-01
Ba-139 1.27-02 1.04-01
Ba-140 - 5.90-03
Ba-141 1.16-02 1.05-01
Ba-142 1.04-02 1.02-01
Np-239 1.97-02 1.57-01
La~142 - 1.18-03
Xe-135 5.53~-02 -
Xe~135m 8.12-01 1.63-03
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(Historical Information)

TABLE 12.2-17 {(Ccnt)

Activity (ci)<2l3)

Isotope Tube Side Shell Side
Xe~133 1.17-02 -
Kr~83m 1.59-02 -
Total o 1.12+00 1.48+00
(1) Based on shielding design source terms given in Tables 12.2-7 thfough
12.2-11;
a. The tube side is reactor water with 85 seconds decay accumulated .

for 8 seconds at 292 gpm at 0.89 g/cc; the shell side 1s filtered
and demineralized reactor water with 281 seconds decay accumuiated_
for 9.7 seconds at 278 gpm at 0,97 g/cc - '
b. The shell side assumes a DF of 10 across the filter demineralizer
(except for Cs and Rb, which have a DF of 2, and gases, which have’
a DF of 1) oo .
c. The shell side includes noble gases generated by particulate

parents accumulating on filter demineralizer resins

(2)  4.73-03 = 4.73 x 107> .
(3) Isotopes with activities less than 1.00-03 Ci are not listed
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(Historical Information)

TABLE 12.2-18

RWCU SYSTEM NONREGENERATIVE HEAT EXCHANGER -

FIRST STAGE TUBE SIDE SHIELDING DESIGN SCURCE TERMS

(1)

Activity
IsotoEeigl (Ci)iéliil
N-13 8.14-04
0-19 1.47-03
Br-83 1.70-03
Br-84 3.08-03
Br-85 1.32-03
I-131 1.48-03
I-132 1.36-02
I-133 1.03-02
I-134 2.68-02
I-135 1.48-02
Sr-89 3.65-04
Sr-91 7.98-03
83r-92 1.25-02
Mo~99 2.51-03
Tc-99m 3.19-02
Tc~101 1.47-02
Te-132 5.71-03
Cs-138 2.,09-02
Ba-139 1.80-02
Ba-140 1.03-03
Ba-141 1.82-02
Ba-142 1.75-02
Np-239 2.74-02
Mn-56 1.13-03
Co-58 1.14-04
La-142 2.28-04
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(Historical Information)

TABLE 12.2-18 (Cont)

Activity
IsotoEeigl (Ci)iéliil
Y-91m 1.07-04
Xe-135m 3.16~04
Total - - 2.57-01

(1) Based on shielding design source terms given in Tables 12.2-9 through
12.2-11; reactor water with 99 seconds decay accumulated for 13.6 seconds
at 278 gpm at 0.96 g/cc

{2) Tube side only; shell side is demineralized feedwater

(3)  8.14-04 = 8.14 x 10"

(4) Isotopes with activities less than 1.00-04 Ci are not listed
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TABLE 12.2-19

RWCU SYSTEM NONREGENERATIVE HEAT EXCHANGER -

SECOND STAGE TUBE SIDE SHIELDING DESIGN SOURCE TERMS(l)
Activity
Isotoge*i—z—l (Ci)léliil
N-13 8.19-04
0-19 1.10-03
Br-83 1.73-03
Br-84 3.14-03
Br-85 1.25-03
I-131 1.52-03
I-132 1.39-02
I~133 1.05-02
I-134 2.73-02
I-135 1.51~02
Sr-89 3.73-04
Sr-91 8.15-03
Sr-92 1.27-02
Mo~ 99 2.57-03
Tc-99m 3.26-02
Te-101 1.49-02
Te-132 5.83-03
Cs~138 2,13-02
Ba-139 1.84-02
Ba-140 1.05-03
Ba-141 1.84-02
Ba-142 1.76-02
Np-239 2.80-02
Mn-56 1.16-03
Co-58 1.17-04
La-142 2.61-04
La-141 1.07-04
Nb-97m 2,.53-06
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TABLE 12.2-19 {(Cont)

Activity
Isotogeigl (Ci)iéﬁ—giL
Y-91im 1.23-04
Xe-135m 3.64-04
Total 2.61-01
(1) Based on shielding design source terms given in Tables 12.2-7 through
12.2-11; reactor water with 112 seconds decay accumulated for
13.8 seconds at 273 gpm at 0.98 g/cc
(2} Tube side only; shell side is demineralized feedwater
(3)  8.19-04 = 8.19 x 107*
(4) Isotopes with activities less than 1.00-06 Ci are not listed
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RWCU SYSTEM FILTER DEMINERALIZER SHIELDING DESIGN SOURCE TERMS

(Historical Information)

TABLE 12.2-20

(1)

Activity
Isotope igil;zllgl
Br-83 7.97+00
Br-84 3.23+00
I-131 2.46+02
I-132 7.13+02
I-133 4.02+02
I-134 4.56+01
I-135 1.92+02
Sr-89 7.66+01
Sr-90 6.00+00
Sr-91 1.48+02
Sr-92 6.58+01
Nb-95 1.05+00
Mo-99 2.66+02
Tc-99m 5.99+02
Tc~-101 6.96+00
Te~132 6.59+02
Cs-134 3.99+00
Cs-136 2.33+00
Cs-137 6.00+00
Cs~138 2.22+401
Ba-139 4,86+01
Ba-140 1.88+02
Ba-141 1.10+01
Ba-142 6.56+00
Ce-141 2.40+00
Np-239 2.59+03
Na-24 1.32+00
Cr-51 2.30+00
Mn-56 5.64+00
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(Historical Information)

TABLE 12.2-20 (Cont)

Activity
Isotope (Ci)igliél
Co-58 2.42+01
Co~-60 2.50+00
W-187 3.14+00
La-142 6.88+00
La-141 1.13+01
La-140 1.30+02
Y-92 6.59+01
Y-91 1.05+01
Y~91m 8.83+01
Y-90 3.30+00
Total 6.68+03
(1) Based on shielding design source terms given in Tables 12.2-7 through
12.2-11: V
a. Filter demineralizer is assumed to be 147 seconds downline from the
reactor recirculation loop
b. Filter demineralizer resins are assumed = to accumulate all
nongaseous isctopes 1in reactor water for 6.8 days at 135 gpm at
0.99 g/cc
c. Backwash voclume for the receiving tank is assumed to Dbe

1360 gallons

{2} 7.97400 = 7.97 x 10O

(3) Isotopes with activities less than 1.00+00 Ci are not listed

HCGS-UFSAR
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(Historical Information)

TABLE 12.2-21

RWCU SYSTEM FILTER DEMINERALIZER HOLDING PUMPS

SHIELDING DESIGN SOURCE TERMS(l)

Specific Activity

. Isotope (ci/gl2Li3
N-13 2.79-08
F-18 3.88-09

- Br-83 7.34-09
Br-84 1.26-08
Br-85 2.57-09
1-131 6.52-09
1-132 ' 5.93-08
1-133 4.50-08
I-134 1.12-07
I-135 6.46-08
Sr-89 1.61-09
Sr-91 3.49-08
Sr-92 5.40-08
Mo-99 1.10-08
Tc-99m 1.40-07
Tc-101 5,42-08
Te-132 2.51-08
Cs-138 4.26-07
Ba-139 7.68-08
Ba-140 4,51-09
Ba-141 : 6.98-08
Ba-142 6.48-08
Np-239 1.20-07
Na-24 2.00-10
Mn-56 4.90-09
Co-58 5.02-10
La-142 2.78-09
La-141 1.19-09
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(Historical Information)
TABLE 12.2-21 (Cont)

Specific Activity

, 2) (3
Isotope (Cl/g)l—li—L
Y-91lm 1.18-09
Xe-135 3.53-07
Xe-135m 3.96-06
Xe-133m 4.03-08%
Xe-133 +7.03-08
Kr-83m 9.33-08
Total 5.93-06
(1) Based on shielding design source terms given in Tables 12.2-7 through
12.2~11:
a. Pumps are assumed to be 258 seconds downline from the reactor
recirculation loop
b. A DF of 10 is assumed across the filter demineralizer (except for Cs

and Rb, which have a DF of 2, and gases that have a DF of 1) -

C. Includes noble gases generated by particulate parents accumulating

on filter demineralizer resins

(2) 2.79-08 = 2.79 x 10
{3) Density = 1 g/cc

8
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(Historical Infeormatiocn}
TABLE 12,2-22
RWCU BACKWASH RECEIVER TANK SHIELDING DESIGN SOURCE TERMS(l)
Activity
Isotope (Ci)igliél
I-131 4.59402
I-132 1.19+03
I-133 . 5.02+02
I-134 4.,45+01
I-135 1.95+02
Sr~89 1.52+02
Sr-90 1.20+01
Sr-91 1.57+02
Sr-92 6.53+01
Mo~-99 4,.39+02
Tc-99m 7.66+02
Te-132 1.12+03
Cs-137 1.20+01
Cs=-138 2.16+01
Ba-139 , 4.81+01
Ba-140 3.59+02
Ba-141 1.05+01
Ba-142 6.05+00
Np~239 4.16+03
Co-58 4.80+01
La-141 1.13+01
La-140 2.85+02
Y-92 6.60+01
¥-91 2.18+401
Y-91m 9.35+01
Total 1.04+04
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{Historical Information)

TABLE 12,2-22 (Cont)

(1) Design basis:
a. Tank volume = 3,000 gallons
Two consecutive RWCU filter/demineralizer backwash (one with 1.7
days decay and one with no decay)
c. 2 backwash volume = 2720 gallons.
(2} 4.594+02 = 4,59 x 102
{3) Isotopes with an activity less than 1.00+00 Ci are not listed.
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TABLE 12.2-23
RWCU BACKWASH TRANSFER PUMP SHIELDING DESIGN SOURCE TERMS(l)
Specific Activity
Isotope (Ci/g)igllél__
Br-83 1.05-06
I-131 6.06-05
I-132 ‘ 1.57-04
I-133 6.63-05
I-134 5.90-06
I-135 2.58-05
Sr-89 2.01-05
Sr-90 1.59-06
Sr-91 2.07-05
Sr-92 8.61-06
Mo-99 5.81-05
Tc~9%m 1.01-04
Te-132 1.48-04
Cs-134 1.05-06
Cs-137 1.59-06
Cs-138 2.95-06
Ba-139 6.35-06
Ba-140 4,74-05
Ba-141 1.39-06
Np-239 5.50-04
Co-58 6.34-06
La-141 1.49-06
La-140 3.77-05
Y-92 8.72-06
Y-91 2.88-06
Y-91m 1.24-05
Y-90 1.01-06
Total 1.36-03
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(Historical Information}

TABLE 12.2-23 ({(Cont)

(1) Design basis:
a. RWCU backwash volume = 1000 gallons per batch
b. No decay in the RWCU backwash receiver tank
c. Density = 1.0 g/cc

(2)  1.05-06 = 1.05 x 107°

(3) Isotopes with specific activity less than 1.00-06 Ci/g are not listed
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TABLE 12,2-24

RESIDUAL HEAT REMOVAL SYSTEM SHIELDING DESIGN SCURCE TERMS(l)(4)
Specific Activity

Isotope (Ci/g)igngL——
I-131 4.33-07

I-132 3.55-06

I-133 3.73-07

I-134 ) 2.05-07

I-135 2,27-07

Sr-89 3.25-05

Sr-90 1.14-06

Sr-91 4.03-06

Sr-92 1.83-06

Zr-95 4.63-05

Zr-97 4.73-06

Nb-95 4.,87-05

Tc-9%m 1.84-07

Te-132 2,28-05

Cs-137 2.39-07

Ba-139 7.42-07

Ba-140 2.71-05

Ce-141 3.01-05

Ce-143 6.09-06

Pr-143 2.60-05

Np-239 2.28-07

La-142 5.74~07

La-141 1.95-06

La-140Q 2.88-0C5

Nb-95m 6.12-07

Y~92 3.79-06

Y-91 3.69-05

Y-91m 2.63-06

Xe-135 2.43-07
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(Historical Information)

TABLE 12.2-24 (Cont)

RESIDUAL HEAT REMOVAL SYSTEM SHIELDING DESIGN SOURCE TERMS(l)(q)
Specific Activity

, (2) (3)

Isotope (Ci/g)—

Xe-135m 1.16-07

Xe-133 4.08-07

Total 3.34-04

(1) Design basis:
a. Primary coolant activity normalized to 0.1 Ci/s Table 12.2-7 noble

gas release at 30 minutes decay and 700 UCi/s iodine release rate,
Table 12.2-8.

b. 4-hour decay prior to system operation
Fission product spiking factors from Reference 12.2-6.

(2) 4.33-07 = 4.33 » 10_7

(3} Isotopes with specific activities less than 1.0-07 Ci/g are not listed
{4) The values are based cn 3323 MW.. The impact of uprating to 3339 MW, is

insignificant.
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(Historical Information)

TABLE 12.2-25

RCIC SYSTEM SHIELDING DESIGN SOURCE TERMS(l)

Specific Activity
Isotope (Ci/cc)igliél;_
N-16 9.53—07(4)(5)
0-19 2,98-08
Kr-87 2.50-0%
Kr-88 2,50-09
Kr-89 1.57-08
Kr-90 2.93-08
Kr-91 2.23-08
Kr-92 5.14-09
Xe-133 1.02-09
Xe-135m 3.23-09
Xe-135 2.74-09
Xe-137 1.85-08
Xe-138 1.11-08
Xe-139 3.04-08
Xe-140 2.53~-08
I-134 1.11-09
Cs-141 1.71-09%
Cs-140 2.83-0%
Rb~93 1.94-09
Rb~92 1.01-08
Rb-91 2.64-09
Rb-90 1.14-08
Total 1.17-06
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(Historical Information)

TABLE 12,2-25 (Cont)

(1) Based on shielding design source terms given in Tables 12.2-7 thrcugh
12.2-11:
a. Inlet steam to RCIC turbine, operating at maximum conditiocns;

34,100 1lb/h, 1250 psig, 575°F
b. Credit of 9.51 seconds decay in transit from the RPV steam nozzles
Density = 0.0464 g/cc

-7
{2) 8.97-07 = 8,97 x 10
(3) Isotopes with specific activities less than 1.0-09 Ci/cc are not listed

(4) For HWC operation at a nominal 22.5 scfm of H2 multiply steam

concentration source term by a factor of 2.5.

(5) For HWC operation at a nominal 35 scfm of H, multiply steam concentration

2

source term by a factor of 4.3.
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TABLE 12.2-26

HPCI SYSTEM SHIELDING DESIGN SOURCE TERMS(l)
Specific Activity

Isotope (Ci/cc) (2) (3)
N-16 1.26—06(4)(5)
0-19 3.19-08

Kr-87 2.50-09

Kr~88 2.50-09

Kr-89 1.59-08

Kr-90 3.09-08

Kr-91 2.73-08

Kr-92 9.96-09

Kr-93 1.41-09
Xe-133 1.02-08
Xe-135m 3.23-09
Xe-135 2.74-09
Xe-137 1.87-08
Xe-138 1.11-08
Xe-139 3.19-08
Xe-140 2.86-08
Xe-141 2.31-09

I-134 1.11-09
Cs~142 1.66-~09
Cs-141 1.74-09
Cs~-140 2.10-09

Rb-93 2.40-09

Rb-92 1.14-08

Rb-91 2.02-09

Total 1.51-06

1 of 2
HCGS-UFSAR Revision 16

May 15, 2008




(Historical Information)

TABLE 12.2-26 (Cont)

Specific Activity

Isotope (Ci/cg) B3
(1) Based on shielding design source terms given in Tables 12.2-7 through
12,2-11:
a. Inlet steam to HPCI turbine, operating at maximum conditions;

235,000 1lb/h, 1250 psig, 575°F -
b. Credit of 6.3 seconds decay in transit from the RPV steam nozzles.
Density = 0.0464 g/cc

(2) 1.26-06 = 1.26 x 107
(3) Isotopes with specific activities less than 1.0-09 Ci/cc are not listed

(4) For HWC operation at a nominal 22.5 scfm of H2 multiply steam

concentration source term by a factor of 2.5.

{5) For HWC operation at a nominal 35 scfm of H, multiply steam concentration

2

source term by a factor of 4.3.
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CORE SPRAY SYSTEM SHIELDING DESIGN SCURCE TERMS

(Historical Information)

TABLE 12,2-27

(1)

Specific Activity

Isotope (ECi/cc)igliéL__
I-131 2.84-05
I-132 1.08-06
I-135 4.26-07
Sr-89 1.31-05
Sr~90 9.89-05
Zr-95 1.15-07
Mo-99 3.32-07
Tc-99m 3.51-07
Te-132 1.01-06
Cs=-134 7.32~06
Cs-137 1.08-04
Ba-140 2.79-0¢
Ce-141 2.26-07
Ce-144 5.90~-07
Np-239 2.61-06
Mn-54 1.40-07
Co-58 3.19-06
Co-60 1.20-05
Ag-110m 1.74-07
Pr-144 5.90-07
La-140 3.11-06
Nb-95 1.94-07
Y-91 2,09-06¢
Y-90 9.91-05
Total 3.86-04
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(Historical Information)

TABLE 12.2-27 ({Cont)

{1) Design basis:
a) Suppression pool water activity at 40 years operation
b) HPCI pump turbine exhaust - 18 (30 minutes @) system tests per year
¢} RCIC pump turbine exhaust - 18 (30 minutes @) system tests per year
d} Main steam safety valve relieves - Once per year for 12 minutes

(2) 2.84-05 = 2.84 x 10 °

{3) Isotopes with specific activity less than 1.0-07 uCi/cc are not listed
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TABLE 12.2-28

SPENT FUEL ASSEMBLY SHIELDING DESIGN SOURCE TERMS(l)
Gamma Activity Gamma Activity
At 3 Days at 3 Months
Gamma Energy After Shutdown After Shutdown
(Upper MeV) (Mev/s)igl (Mev/s)
0.10 3.70+14 1.06+13
0.20 2.00+15 2.81+14
0.30 1.15+15 9.36+12
0.40 2.01+15 8.54+12
0.50 5.48+15 8.02+14
0.60 2.95+15 6.,62+14
0.80 2.38+16 7.41+15
1.00 4.42+15 2.06+14
1.25 1.69+15 2.02+14
1.50 1.55+15 1.59+14
1.75 1.16+16 1.25+14
2.00 3.75+14 1.32+13
2.50 9.34+14 1.02+14
3.00 6.98+14 8.07+12
4,00 7.45+12 2,65+11
5.00 5,59+05 0
Total 5.91+16 1.00+16
(1) Design basis:
a) Reactor power at 3440 MWt
b) Maximum exposed fuel assembly with 54 months burn
c) Core peaking factor of 1.4
(2) 3.70+14 = 3.70x1014
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TABLE 12.2-29
FUEL POQCL COOLING AND CLEANUP SYSTEM
SHIELDING DESIGN SOU_RCE TERMS
Isotope Specific Activity (Ci/gm)(2)(3)
I--131 5.87-12
I--133 1.63-13
Sr~-89 6.24-10
Sr--90 2.34-11
Zr--95 9.03-10
Zr—-97 8.38-13
Nb--95 9.09-10
Te-129m 1.43~12
Te-132 1.68-10
Cs-136 1.41-11
Cs~137 1.78-10
Ba-140 4.27-10
Ce-141 5.57-10
Ce~143 8.52-12
Pr-143 4.17-10
Np-239 5.03-13
Co--58 4.38-13
La-140 8.03~-11
Nb-95m 4.96-12
Y---91 7.14-10
Total 5.04-GS
(1) Design basis;:
a) Total refueling water volume - 1,106,000 gallons
b) Refueling water surface dose rate of 2.5 mrem/h
{approximately 120 h after shutdown)
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(Historical Information)

TABLE 12.2-29 (Cont)

c) Input activity 1is the fission spike source at 4 h after shutdown
{(Table 12.2-24)

(2) 5.87-12 = 5.87 x 10 2

{3) Isotopes with specific activity less than 1.00-13 Ci/g are not listed
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Tsotope

I--131
I--132
I--133
Sr--89
Sr--90
Sr-~91
Zr—--95
Z2r—--97
Te-129m
Te-129
Te-132
Cs-136
Cs—-137
Ba-140
Ce-141
Ce~143
Np-239
Pr-143
Co~--58
Nb-95m
Nb-85
Y-91
Y-91m
Y-90

Total

(Historical Information)

TABLE 12.2-30

FUEL POOL FILTER DEMINERALIZER SHIELDING

DESIGN SOURCE TERMS(l)

Activity (Ci)

7.24-02
2.20+00
5.80-03
6.92+00
2.55-01
2.82-03
9.97+00
4.01-02
1.60-02
$.63-03
2.49+00
3.85-02
4.48-01
5.03+00
6,24+00
1.95-01
8.43-03
4.88+00
4.82-03
9.04-02
1.03+01
7.90+00
1.63-03

3.495-02

5,974+01

HCGS-UFSAR

1 of 2

Revision 16

May 15,

2008




(Historical Information)

TABLE 12.2-30 (Cont)

(1) Design basis:

a) Assume all activity in refueling water accumulated in one fuel pool

filter demineralizer

b) Refueling water specific activity of 1.4-02 pCi/cc after refueling
flooding
c) Total refueling water volume -~ 1.106E6 gallons
(2) 7.24-02 = 7.24 x 10
(3) Isctopes with an activity less than 1.00-03 Ci are not listed
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(Historical Information)

TABLE 12.2-31

FUEL POOL HEAT EXCHANGERS SHIELDING

DESIGN SOURCE TERMS(l)

Activity
Isotope (Ci)l—l_
Na-24 1.69-02
P-32 1.69-04
Cr-51 4.22-03
Mn-54 3.38-04
Mn-56 4,.22-~01
Co-58 4,22-02
Co-60 4.22-03
Fe-59 6,75-04
Ni-65 2.54-03
Zn-65 1.69-05
Zn-695m 2.54-04
Ag-110m 5.06-04
W-187 2.54~02
Total 5.19-01

(1)

(2)

Design basis;

a. ' Based on operating experiences

b. Corrosion products (Table 12.2-11) were normalized to yield
contact dose rate of 175 mrem/h for a fuel pool heat exchanger

1.69-02 = 1.69 x 107 °

a

1 of 1
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(Historical Information)

TABLE 12.2-32

TRAVERSING IN~CCORE GAMMA PROBE SHIELDING DESIGN SQURCE TERMS(l)

Energy Gamma Activity
(Mev) (Mev/s)igl;
0.4 3.39+08
5.01+09 -
5.54+07
1.06+07
(1) Design basis:

a) Source volume - 0.211 in. od x 2.549 in. long
b) Irradiated for 2 h at 30-day intervals at 1.0+14 nv for 3 years
¢) Normalized to yleld 0.104 rem/h at 1 meter with one day decay

(2) 3.39+408 = 3.39 x 108

1 of 1
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(Historical Information)
TABLE 12.2-33

SPECTIAL MATERIAL SCURCES

-

Source Strength

Use or Type Isotopes
For power range U234 - 0.83 mg(l) 5.1 uCi - Total
detectors U235 - 0.22 mg
U238 - 0.02 mg

For source range U235 - 2.72 mg(l) 0.0059 uCi - Total
detectors U238 - 0.20 mg ’
For intermediate range U235 - 0.75 mg(l>
detectors U238 - 0.05 mg 0.0016 pCi - Total
Process monitoring Cs137 9 upci

Bal33 9 ucCi

Sr90 0.1 uCi

Co60 18-22 uci

U234/238 6.6x10 " mCi

Cl36 9 mCi

Th232 0.5 mCi
Area monitoring Srao0 0.1uCd
Startup (neutron Sbl24 16,800-19, 600 Ci
sources)
Calibration Csl37 500 mCi

5 mCi
1 mCi
(1) Per detector
1 of 1
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(Historical Information)

TABLE 12.2-34

CONTROL ROD DRIVE MECHANISM SHIELDING

DESIGN SOURCE TERMS(l)

Activity (Ci)—(gl
Isctopes CRD Filter CRD Body
Na-24 2,32-02 1.31-02
P-32 2.32-04 1.31-04
Cr-51 5.79~03 3.27-03
Mn-54 4.63-04 2.61-04
Mn-56 5.79-01 3.27-01
Co-58 5.79-02 3.27-02
Co-60 5.79-03 3.27-03
Fe-59 9.26-04 5.22-0C4
Ni-65 3.47-03 1.96-03
Zn-65 2.32-05 1.31-05
Zn-69m 3.47-04 1.96-04
Ag—-110m 6,95-04 3,93-04
W-187 3.47-02 1.96-02
Total 7.12-01 4.02-01
(1) Design basis:
a. Based on operating experiences
b. CRD filter source terms are corrcsion products (Table 12.2-11)

normalized to yield a contact dose rate of 50 rem/h
c. CRD body source terms are corrosion products (Table 12.2-11)

normalized tc yileld a contact dose rate of 150 mrem/h

(2) 2.32-02 = 2.32 % 1072

1l of 1
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(Historical Information)
TABLE 12,2-35
REACTOR BUILDING VENT SYSTEM FILTER SHIELDING
DESIGN SCURCE TERMS(l)
Activity
Isotope (Ci)igliél
I-131 2.52-03
I-132 2.72-04
I-133 1.83-03
I-134 2.0%-04
I-135 8.71-04
5r-89 3.73-05
Sr-08 1.49-05
2r-95 4.53-04
Mo-99 4,01-04
Tc-99 3.49-04
Cs-134 3.,06-03
Cs-136 3.30-05
Cs=-137 4,96-03
Ce-141 1.55-04
Cr-51 1.34-04
Mn-54 1.45-03
Co-58 1.62-04
Co-60 4.74-03
Fe-59 9.77-05
Zn-65 3.38-03
Rh-103m 1.85-04
La-140 6.16~04
Nb-95 1.27-03
Ru~103 1.89-04
Sb-124 2.81-05
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(Historical Information)

TABLE 12.2-35 (Cont)

Activity
Isotope (Ci)igligl
Ba~-140 €.16-04
¥-90 1.47-05
Total 3.11-02

(1) Design basis:
a. Based on release rates given by NUREG-0016, Ref. 12.2-1

b. Todine concentrations are normalized to  correspond to

May 15, 2008

a
500,000 pCi/s noble gas release at 30 minutes decay
c. Particulate release rates are increased by a factor of 5
d. 100% efficiency for particulates and particulate iodines and
accumulated for one year
-3
(2) 2,52-03 = 2,52 x 10
{(3) Isotopes with an activity less than 1.00-05 Ci are not listed
2 of 2
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TABLE 12.2-36

PRIMARY CONTAINMENT PREPURGE FILTER SHIELDING

DESIGN SOURCE TERMS(l)

Activity
Isotope (Ci)igliél
I-131 8.1%-03
I-132 : 8.88-04
I-133 5.97-03
I-134 6.80-04
I-135 2.84-03
Sr-89 9.20-05
Sr-30 1.02-05
Zr-95 2.49-04
Mo-99 1.15-03
Tc~-99m 9.96-04
Ru-103 1.49-04
Cs-134 5.10-03
Cs~136 4.30-05
Cs-137 7.53-03
Cs-138 5.80-04
Ba-140 1.14-03
Ba-141 1.66-04
Ru-130m 1.46-04
Cr-51 1.74-04
Mn-54 1.,32-03
Co-58 1.22-04
Co-60 6.49-03
Fe-59 1.04-04
Zn-65 3.71-03
Rb-88 2.88-03
Rb-89 3.47-05
La-140 1.14-03
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(Historical Information}

TABLE 12.2-36 (Cont)

Activity
Isotope (Ci)igliél
Nb-85 2.77=03
Y-90 1,00-05
Total *5.47-02

(1

Design basis:

a. Based on release rates given by NUREG-0016, Ref. 12.2~1

May 15, 2008

b. Todine concentrations are normalized te  correspond to
500,000 uCi/s noble gases release at 30 minutes decay
c. Particulates release rates are increased by a factor of &
d. 100 percent efficiency for all isotopes and accumulated for one
year
-3
(2) 8.19-03 = 8.19 x 10
(3) Isotopes with an activity less than 1.00-05 Ci are not listed
2 of 2
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TABLE 12.2-37

RPV STEAM SEPARATOR AND DRYER SHIELDING DESIGN SCQURCE TERMS(l)

Activity
Isotope (Ci)igliél
P-32 6.62-01
Cr-51 3.37+01
Mn-54 5.31+00
Co-58 5.31+02
Co-60 7.03+01
Fe-59 7.20+00
n-65 2.61-01
Ag=-110m 7.85+00
Ag-110 1.02-01
Total 6.56+02
{1) Design basis:
a) Based on operating experiences
b) Corrosion products (Table 12.2-11) were normalized to yield a

contact dose rate of 10 rem/h on top of steam dryer

(2) 6.62-01 = 6.62 x 10 *
(3) Isotopes with an activity less than 1.00-01 Ci are not listed
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TABLE 12,2-38
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