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3.0 IDENTIFICATION OF REMAINING DISMANTLEMENT ACTIVITIES

3.1 INTRODUCTION" T - -

As discussed previously, this final phase of the“SNEC Facility Decommissioning Project
commenced in April 1998 following NRC approval of a License Amendment authorizing
decommissioning. :"Since that time, the greater- part of 1998 .was devoted:to removing and
shipping the SNEC Fagcility Large Components (i.e. Reactor Vessel, Pressurizer and Steam
Generator). Following removal of the large: components, thé latter part of 1998° and the
beginning of 1999 were devoted to removing the bulk of the remainder of the systems from the
SNEC Facility. Following that, concrete décontamination commenced and ‘continued into" 2000
when it was determined that complete removal of the concrete from the Containment Vessel
(CV) would be required in order to release the site in ‘accordance with'NRC' ‘Regulations (10
CFR Part 20.14_02, Radiological C‘nterla for Unrestricted Use). Concrete removal is ongoing.

As described in Sectlon 2.2.4 the site is lelded into eight areas in descrlbmg radlologlcal
‘conditions. “These 'same area desngnatlons WI|| ‘be used |n descnbmg remamlng site
dismantlement activities.

P

FIGURE 3-1

Photograph of SNEC Facility CV & DSF Buildings
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3.2 REMAINING TASKS

3.2.1 Area 1 (CV Basement) Remaining Site Dismantlement Activities

Area 1 will be completely removed to the steel CV liner.

3.2.2 Area 2 (Primary Compartment) Remaining Site Dlsmantlement Tasks
Area 2 will be completely removed to the steel CV liner.

3.23 Area 3 (Auxiliary Cbmpartment) Remaining Site Dismantlement Activities
Area 3 will be completely removed to the steel CV liner.

3.2.4 Area 4 (Operating Floor) Remaining Site Dismantlenmient Activities

Remaining tasks in Area 4 mclude removal of miscellaneous steel, removal of the polar crane
and its girders and disconnection of the Containment Ventilation System. Additionally, some
volumetrically contaminated concrete remains to be removed.

The polar crane is the last large component to be removed from the SNEC Facility. Plans for
Polar Crane removal have not been finalized. It can be removed using conventional cutting and
rigging techniques and will most likely be dispositioned as radioactive waste.

The Containment Vessel and the Containment Vessel Ventilation System are special cases.
The SNEC Facility License requires the interior of the Containment Vessel to be maintained as
an exclusion area and the ventilation system to be operating during activities that have the
potential to cause a measurable release. Thus, prior to removal of the upper dome of the
Containment Vessel and the Containment Vessel Ventilation System the SNEC Technical
Specifications will need to be revised. A change request to the SNEC Facility Technical
Specifications (Reference 3-1) has been submitted to permit this activity. Additionally, prior to
the removal of the upper dome of the Containment Vessel, the Final Status Survey (FSS) for the
bottom head of the Containment Vessel will be completed and the area backfilled prior to
removal of the upper dome. During removal of the upper dome, the backfilled portion of the
lower Containment Vessel will be protected by an impermeable membrane and the area
resurveyed after completion of the removal of the upper dome.

3.2.5 Area 5 (Pipe Tunnel) Remammg Site Dismantlément Activities

As described in Section 2.2.2, Area 5 conSISted of a concrete tunnel which extended 235
degrees around the CV. The tunnel has been removed except for the portion under the Material
Handling Bay (MHB) section of the Decommissioning Support Facnhty

The portion of the tunnel under the MHB will be removed and the area surveyed and remediated
as appropriate to meet site release levels.

3.2.6 Area 6 (Reactor Compartment and Storage Well) Remaining Site Dismantlement
Activities

Area 6 will be completely removed to the steel CV liner.
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3.2.7 "Area 7 (Exterior of Containment Vessel Dome) Remammg Site Dlsmantlement
Activities - ' .

Remaining tasks in Area 7 consist of removing'the CV Dome to at least three feet below grade

and completing the requisite Final Status Survey on the remaining below grade portions of the
CV Remedlatlon if needed will be performed as approprlate

r

3.2.8 ‘Area 8 (SNEC Facnhty Yard Areas) Remalmng Site Dlsmantlement Actwntnes

. o [

Remaining tasks in Area 8, with the exception of the Saxton Steam Generating Station (SSGS)
area will conSIst of some sonl removal and removal of utllltles located outside the CV .

N SR [N

‘The SSGS was used by the- SNEC Facmty to support its operatlon generate electncnty and to

provide dilution flow for radioactive effluent liquid discharges. Surveys in this area indicate there
was some residual contamination that needed to be removed. ‘This'included water and sediment
removal, some concrete decontamination, and extensive embedded . piping -surveying and
removal. These activities were completed in 2001. The small amount of remalnlng embedded
piping will be addressed during the FSS design process. o

3.3 . ACCESS CONTROL MEASURES

Slnce all decommlssmnlng actlvmes may not be completed pnor to the start of f nal status
survey work, measures as described in Section 5.3 will be implemented to.protect survey areas
from recontamination during-and after the final status survey.’ In all cases, decommissioning
activities creating a potential for the spread of contamination will be completed within each
survey area prior to starting a final status survey in the area. Additionally, decommissioning
activities that create a potential for the spread of contamination to adjacent survey areas will be
evaluated and controlled using barriers, covers, or restricting or rescheduling activities.

3.4 40 CFR 50.59 REVIEW

10 CFR 50.59 “Changes, Tests and Experiments” permits licensees to“make changes to the
facility as described in the Safety Analysis Report (as updated), make changes in procedures as
described in-the Safety Analysis Report ‘(as ‘updated), and conduct tests or experiments not
described in the Safety Analysis Report (as updated) without obtaining a license amendment
under certain conditions.

With respect to the SNEC Facility this License Termination Plan serves to support a License
Amendment to perform the Final Status Survey and terminate the license. In addition as
indicated in Section 3.2.4 above a change request to the SNEC Facility Technical Specifications
(Reference 3-1) has been submitted to allow removal of the upper Containment Vessel dome
and the Containment Vessel Ventilation System. The remaining tasks described in Section 3.2
are bounded by the Definition for Decommissioning Activities in the SNEC Facility Technical
Specifications (Reference 3-3) and are thus permitted by the Technical Specifications.
Additionally these tasks have been reviewed against the criteria of 10 CFR 50.59 and are
bounded by the SNEC Facility USAR (Reference 3-4).

Thus, although some changes will be made to the facility as described in the SNEC Facility
USAR, e.g. Removal of the Polar Crane, these activities were anticipated to be performed.
Further, greater than 99% of the curies present at the SNEC Facility at the commencement of
decommissioning in 1998 have been safely removed from the site and shipped for proper
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disposition. Finally, each activity requiring a procedure as defined by the SNEC Facility
Technical Specifications is reviewed to ensure it satisfies the criteria of 10 CFR 50.59. Thus,
with the exception of the removal of the Containment Vessel upper dome and the Containment
Vessel Ventilation System,, none of the remaining tasks identified in Section 3.2 requires prior
NRC approval in accordance with 10 CFR 50.59.

3.5 DECOMMISSIONING TASKS REQUIRING COORDINATION WITH OTHER
FEDERAL OR STATE REGULATORY AGENCY

Prior to License Termination, tasks requiring coordination with any other Federal or State
Regulatory Agency include disposal of the water in Area 8. Additionally, some water treatment
will be necessary for water collecting in excavated areas e.g., the yard area North of the CV.
Discharge of this water will be controlled radiologically in accordance with the requirements of
the ODCM (Reference 3-2). Non-radioactive sampling and analysis will be in accordance with a
program accepted by the Commonwealth of Pennsylvania. Additionally, the Army Corps of
Engineers gave its consent for locating temporary on-site excavations and infiltration galleries.

3.6 SUMMARY

The tasks remaining for site dismantlement are permitted by the SNEC Facility License
Technical Specifications and USAR. Based on current estimates, these tasks will be completed
in the second quarter of 2003 for an estimated exposure of approximately 37 person-rem
(Table 3.1). Of this total approximately 35 person-rem has been expended to date. Estimated
remaining low level radioactive waste generation is provided in Table 3.2.

3.7 REFERENCES

3-1  SNEC Facility Technical Specification Change Request No. 62, April 2002.
3-2 SNEC Procedure ES00-PLN-4542.08 “Off-Site Dose Calculation Manual”
3-3 SNEC Facility Technical Specifications

3-4 Updated Safety Analysis Report for Decommissioning the SNEC Facility
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Table 3.1

SNEC Facility Decommissioning Person-Rem Estimate

Task Person-Rem
Asbestos Remediation 2.97
System Dismantlement 12.83
Large Component Removal 7.38
Structure D&D 4.17
Waste Management 213
Miscellaneous Support Activities 2.41
Scaffold & Shielding 5.32
Characterization Activities 0.63
Total 37.84
Table 3.2

SNEC Facility Low Level Radioactive Waste Projection

Type Quantity
Metal 50,000 Ibs.
Soil 500 ft°
Water 1600 Gal
Sediment 50 ft°
Concrete 5,750,000 Ibs.
Dry Active Waste (DAW) | 2000 ft°
Debris 15,000 lbs.
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4.0 REMEDIATION PLANS

4.1 INTRODUCTION

« - -~

-The ultlmate goal of the decommnssronlng project at the SNEC Facnhty is to release the srte in
.accordance with NRC 'regulations (10 CFR Part 20.1402, Radiological Criteria.for Unrestricted
Use). Release .of the site requires assurance that any future use of the site will not result in
.exposing individuals to unacceptable levels of radiation. The site release criteria.require the
Total Effective Dose Equivalent (TEDE) to an average .member of the critical population group
from residual contamination to be less than 25 mrem/year. In addition, plant-related
contamination in groundwater and surface water with the potential to be used as a source of
drinking ,water will be ‘evaluated agalnst ‘the 4 mrem/year dose crltena in the National Primary
Dnnklng Water Standards contained in 40 CFR 141. Remediation of some areas of the site will
be necessary in order to meet these release criteria. Chapter 2 of the LTP prowdes information
on the radionucllides present at the SNEC Facility as well as their location, activity and radiation
levels. Section 5.4.4 of the LTP describes the data investigation process used to evaluate the
effectlveness ‘of remedlatron to ‘determine whetheér further .investigation_ or’ “remediation is
required to ensure that an area meets the site release criteria. Section 4.3 and 4. 4 identify the
remediation methods that may be used and describe the areas on site ‘that may be subject to
remedlatlon

-

4.2 RADIOLOGICAL CONTROL PROGRAM CHANGES

The Radiological Controls Program -will continue'to ‘be fully integrated ‘into all aspects of
operatrons at the SNEC Facility throughout the license termination -process. . The program will
ensure that operations at the -SNEC Facility are performed in .accordance:with the ALARA
philosophy of protecting plant personnel and the general public.

The SNEC Radiation Protection Plan estabhshes basnc pohcres phllosophles and objectlves to
maintain doses to’ workers and members .of. the ‘public as low as. reasonably achievable
(ALARA). Specific details as to how the plan is implemented are incorporated into Radiological
Controls procedures. These procedures are established and will be maintained in accordance
with the SNEC Facility Technical Specifications. GPU Nuciear does not anticipate significant
changes to Radlologlcal Controls procedures dunng the license termination:process. However,
any changes will be performed in accordance with the SNEC Facility Technlcal Spemf ications
and 10 CFR'50.59 process. .. ‘ - :

43 ' REMEDIATION METHODS S

of I R .

. -

In conjunction with the near completion of Site’ Dlsmantlement Actlvmes as descnbed in Chapter
3, remediation will be performed in accordance with the general decontamination and
dismantlement considerations of Section 5.0 of the SNEC Updated Safety Analysis Report
(Reference 4-1). Any area of the site that does not meet the release criteria will be remediated
as appropriate. . In keeping with .the principles of ALARA, additional residual- levels of
radioactivity may be reduced commensurate wrth the mlnlmrzatlon of total risk. As an example,
because of the effectlveness .of some remedlatlon methods .some areas may be remedlated to
resrdual dose Ievels well below 25 mremlyear at little” or no addltlonal cost -
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4.3.1 Building and Structure Surfaces

Many decontamination methods exist to decontaminate surfaces of buildings and structures.
Several factors determine the choice of decontamination method for a given application,
including the extent of the contaminated area, surface' material, depth of contamination, and
access considerations.” Typical technologies that may be used are listed below. All methods will
be utilized with proper.regard to the potential for airborne contamination and industrial safety,
and may be used in conjunction with containment enclosures or HEPA filtration units in order to
minimize airborne radloactlwty (as appropnate)

. Abrasrve Vacuum Bldsting with Recyclable Blast Média - This method is highly
effective for’ surface contamination up to‘a depth of 6 'mm. Unlike conventional
abrasive blasting,’ this method uses a recyclable blast media such as steel shot to
minimize the volume of waste that is generated.

e Concrete Sectio‘ninq - This method can be used to~ .remove large preces of
contaminated concrete where other methods would be too slow. Cutting may be
performed with an abraswe blade or a diamond wire saw.”

® Needle Gunning - This method is used for removing surface contamination in areas
that are too small or inaccessible for other methods:

¢ Manual Removal of Building/Structural Materials:-'Contaminated building materials
such as steel and loose concrete will be cut and manually removed and disposed of
at an appropriate low level radioactive waste burial or treatment facility.

® Concrete Scabbling - Contaminated concrete structures are routinely scabbled to
remove surface’ act|V|ty deposnts Scabbhng involvés mechanical pounding of the
surface to remove surface deposits and some subsurface contamination.

4.3.2 Surface Soils, G_revel and Asphalt

Soil remediation will involve the removal of soil, gravel or asphalt as necessary to meet the site
release criteria. Asphalt and gravel will be treated' in the same way as soil. Soil, gravel and
asphalt will be removed with excavation equipment, and due care will bé taken to prevent the
spread of contamination during excavation and handling, including controls, to minimize the
creation of fugitive dust materials. All radiologically contaminated’soil, gravel and asphalt
determined to be above release criteria will be disposed of at a low-level radioactive material
processing or disposal facility.

4.3.3 Sediment

As discussed in Chapter 3, sediment i in the SSGS was removed as part of site dismantlement
activities. No additional 'sédiment contamination has been’ found that exceeds the’ release
criteria, including sediment impacted by licensed discharges monltored as part of the SNEC
Radiological Environmental' Monitoring Program (REMP). Any additional sediment found to be
contaminated from plant operations will be removed if the levels of contamination exceed the
release criteria. Contaminated sediment may be removed by dredging or by other manual
excavation techniques.

4-2
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.4.3.4 .Sub-floor Soil

“Normally, when radronuchde concentratrons in sub-ﬂoor soil or beneath structures are found that
exceed the applicable release criteria, the concrete floors or structures will be cut or broken up
and the underlylng soll excavated and removed along with any contaminated structural material.
However, becalise of the difficulty in excavating beneath some existing structures remediation
of sub-floor soil may take place after the structure has been demolished. Remediation may also
be performed with the structure intact. Several factors influence the approach that is used,
including structural stability issues, groundwater level, the extent and "depth of the
contamination,-the accessibility of the work area:to excavation equipment,.and the need to
protect the work area from the elements as well as the safety of the workers. If it is necessary
to first demolish a structure before accessing the below grade soil or other contaminated
materials, the part that is above grade and the accessible parts below grade (interior floors,
walls, ceilings) will be decontaminated first (as deemed appropriate). A final status survey will
then be performed on these areas to verify that release criteria have been met. NRC approval of
the results will release the surveyed parts of the structure for conventional demolition and
disposal. After the debris is removed, radiological controls will be re-established and the
radiologically contaminated sub-floor soil will be excavated as necessary.

4.4 AREAS TO BE REMEDIATED

Site characterization to determine remaining areas that need remediation is ongoing and will
continue throughout decommissioning. The site release criteria and the principles of ALARA will
be applied on a case by case basis to identify the extent of the remediation necessary. The
following areas have either already been remediated, identified for remediation, or may undergo
further analysis as deemed appropriate:

e All Outdoor Radioactive Material Storage Areas - These areas may change as site
land use needs change. Initially, all Potentially Contaminated Areas (PCA) will be
surveyed and be shown to meet site release criteria or be remediated and then
surveyed prior to site release. In addition, any subsurface area previously used for
underground liquid radioactive waste storage will be sampled and surveyed as
appropriate.

e Soil and/or Gravel Under or Near Existing Site Facilities - Some contaminated
materials have already been removed from beneath site structures during the soil
remediation project. Additional soil and/or gravel will be remediated as necessary if
future site characterization finds contamination in excess of the site release criteria.
In addition, soil deposits around or under existing structures, such as the old steam
tunnel and concrete slabs exterior to the CV, will be sampled, analyzed, and
remediated as necessary during dismantlement operations.

e  Structural Decontamination - Buildings and structures which have been identified for
remediation include the Containment Vessel, Steam Tunnel, Saxton Steam
Generating Station and surrounding concrete slabs. If additional structures are found
to be contaminated in excess of the site release criteria, they will be decontaminated
when they are no longer required to support site decommissioning operations.
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4.5

Storm Drain Qut-fall — Section 2.0 in the SNEC Facility Site Characterization Report
describes various contamination events that have occurred over the course of the
plant's life that may have resulted in dlscharges of low levels of radioactivity.
However, no event is listed that describes above permissible release of liquid to the

storm drain and weir system. In addition, the weir and 10" drain line emptying to the
river have been removed.

REFERENCES

4-1 Updated Safety Analysis Report for Decommissioning the SNEC Facility —
Revision 2, February 1998.
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5.0 SNEC FACILITY FINAL STATUS SURVEY PLAN

it

51  INTRODUGTION L

The SNEC Facility Final Status-Survey Plan (FSSP) has been prepared usmg the gwdance
provided -in ;applicable regulatory guidance documents -described in~Section -5.1.1 below.
Ultimately, this plan will be used to develop lower tier procedures and/or work instructions to
accompllsh the Final Status Survey for the SNEC Facrllty ST R

- -

5414 Purpose_ . « . )

The FSSP describes the final survey process that will be used to demonstrate that the SNEC
Facility and all .additional near site impacted areas- meet -radiological criteria for. license
termlnatlon 10 CFR 50. 82(a)(9)(u)(D) (Reference 5-1), and Regulatory Guide 1.179 (Reference
5-2) have been used as guides in the preparation of this plan.- This plan incorporates the site
release criteria provided in 10 CFR 20.1402 (Reference 5-3) and addresses concerns of
NUREG-1727, the NMSS Decommissioning Standard Review "Plan,(Reference 5-4), and
NUREG-1505 (Reference 5-6). Other documents, such as Draft NUREG- 1549 (Reference 5 9)
were also reviewed in the process of prepanng this plan .
5.1.2- Scope

4

e =

The final site survey will encompass structures Iand areas and’ any remarnrng facility . systems
which, because of licensed activities, were originally contaminated or had the potential to be
contaminated. Areas that exhibited the highest contamination. levels were located within the
SNEC Containment Vessel (CV), as illustrated in Chapter 2 of this License Termination Plan
(LTP). As of the date of the SNEC Facility LTP submittal, the majority: of _all-contaminated
systems, components, and soils will have been removed from the site.: Continued remediation
in selected areas will ensure these areas satisfy unrestricted release criteria before the Fmal
Status Survey (FSS) process begins.

513 - Summary

The SNEC Facility FSSP describes the final survey process and the methodology used to
develop guideline values against which residual radioactivity levels remaining at the SNEC
Facility at the time of the FSS will be compared. The final survey process is described as a
series of steps — survey preparation, survey design, data collection, data assessment, and final
survey report preparation. However, in practice, this is an iterative process in that once the
results from one step are known they may, prompt-repeating_one .or imore previous steps. In
addition, the process is designed to be flexible in that modifications to the survey process may
be made as more information is collected.

~

FSS activities begin when dismantlement and decontamination activities are believed to be

.complete. Each survey area,is divided into ‘survey -units that are;classified  according to their

potential for retaining residual radioactivity, or in~accordance with known:contamination levels.
Survey data, collected from each survey unit are: collected raccording to-data collection
requirements ‘and frequencres established for each classification. When residual radioactivity is
measured above pre-set levels, an investigation is performed. Based on the results-of the
investigation, the survey unit may be remediated, reclassifi ed resurveyed or determrned to
meet the release criteria - v . !
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There are three principal types of survey results collected during the FSS effort. They are 1)
scan measurement data, 2) fixed-point measurement data, and 3) sampling of volumetric
materials for laboratory analysis. /n-situ gamma-ray spectrometry may also be included in the
release survey process as well as the results of any special measurements or analysis.
Statistical testing criteria for special measurements will be ‘applicable to the survey methods
used.: All collected data are first verified to be of adequate quantity and quality, capable of
supporting underlying assumptions necessary for statistical testing. ‘"Where necessary, previous
survey steps are re-evaluated. Each survey unit will then be tested’and compared to the release
criteria. To meet the release criteria, the survey data must pass the statistical tests applied.
When the data set fails statistical testing criteria, the survey unit is not suitable for unrestricted
release without further actions.
- . , 4 L

Upon completion of FSS a’ctivities,ra final survey report will be brepa'red which summarizes the
data. The report will document the conclusion that the SNEC Facility and near site areas meet
the 10 CFR 20.1402 release criteria and may be released for unrestricted use.

5.2 SURVEY OVERVIEW
This section describes the scope and' methodology of the final- survey process. It includes
quality assurance measures and access control procedures. It also describes how
implementation of this plan will demonstrate that the remaining structures and site areas meet
the 10 CFR 20.1402 criteria for unrestricted release. Also described herein, are the methods
used to develop guideline values against which residual radioactivity levels will be compared.

5.21 Identity of Radiological Contaminants

The radionuclide inventory at the SNEC - Facility was estimated during the initial site
characterization process, which was conducted between 1995 and 1996. Those data are
compiled in the SNEC Facility Site Characterization Report (Reference 5-7). Station Work
Instructions, site procedures, and Survey Requests have since been used to collect additional
site characterization data. This more recently collected information is summarized in Chapter 2
of this plan. All of the data were reviewed and a final radionuclide listing was developed. Refer
to Chapter 6, Section 6.2.2.3.

5.2.2 Site Release Criteria

5.2.2.1 Radiological Criteria for Unrestricted Use
These site release criteria correspond to the radiological criteria for unrestricted use given in 10
CFR 20.1402, which are:

e Dose Standard

1

Residual radioactivity, distinguishable from background radiation and resulting in a
Total Effective: Dose Equivalent (TEDE) to an average member of the critical group
will not exceed 25 mrem/y, including that from groundwater sources of drinking water.

s  ALARA Standard

Residual rédioactivity will be reduced to levels that are As Low As Reasonably
Achievable (ALARA), as addressed in Section 6.4.

5-2
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5.2.2.2 Conditions Satisfying the Site Release Criteria ; o R

Levels of residual radioactivity that correspond to the allowable radiation dose and ALARA
levels are calculated (derived) :by analysis of various scenarios and pathways (e.g., direct
radiation, _ inhalation, ingestion, .etc.). . These derived levels'.are referred 'to as “derived
concentration guideline levels” (DCGLs), and form the basis for.the following condltions Wthh if
met, satlsfy the srte release criteria (DCGL is def ned in Section 5.8): «
o . All measurements of resrdual radioactlwty above background from all survey units are
equal to or below the DCGLw*. No further testing is required, or -

* Individual measurements from small areas within a selected survey unit that exceed
the DCGLy, do not exceed the DCGLeyc*. . In addition, the sumof the fractions ‘for
both DCGLw and DCGLgyc in applicable sections of a survey unit are Iess than unity
for all site survey units, and

e All survey data pass applicable statistical testing criteria.

e In all cases, remediation is performed (as applicable) to reduce the Ievels of resrdual
- radioactivity concentratlons to ALARA values. o

. NOTE: *The DCGLy is the permitted average concentration in the survey unit. The
DCGLegnc is the elevated measurement comparison DCGL. -

5.2.3 Development of Derived Concentration Guideline Levels
5.2.3.1 Dose Modeling x

Dose models based on NUREG/CR 5512, Volume 1 (Reference 5- 8) and RESRAD'(Reference
5-10) were used to calculate site DCGLs. GPU Nuclear, Inc. also employed URS Corporation to
assist in developing-suitable subsurface dose 'models for the SNEC site. These dose models
translate residual radioactivity levels into potential radiation doses to.the.public and are defined
by three factors::1) the scenario, 2) exposure pathways, and 3) the critical group. The ‘scenarios
described in NUREG/CR-5512 address the major-'exposure "pathways ;of direct exposure .to
penetrating -radiation and inhalation and ingestion- of radioactive materials: ‘These scenarios
also identify the critical group. The critical group is the group of individuals reasonably expected
to receive the greatest exposure to residual radioactivity within the assumptions of the partlcular
scenario. ,

Two representative scenarios were selected for the SNEC Facility. They are 1) building
occupancy, and 2) residential farming. These scenarios; described below, represent reasonable
and plaus1ble human activities and future uses of the SNEC Facrhty site ’

-~
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5.2.3.1.1 Building Occupancy Scenario

Because surface decontamination operations may not completely remove surface radioactivity,
a scenario describing surface contamination’is .considered. This scenario accounts for
exposure to both fixed and removable thin-layer radioactivity for a structure. This scenario also
assumes that individuals occupy the building in a passive manner without deliberately disturbing
the residual radioactivity on building surfaces. Occupancy of the building is assumed to begin
immediately after license termination. The exposure duration is assumed for a full work year
(2000. hours) continuing for seventy (70) years. The critical group consists of the building
occupants, who are the people who work in the building following license termination. This
scenario is described in Chapter 6, Section 6.2.1.

5.2.3.1.2 Residential Farming Scenario

Soil at the site is contaminated from licensed operations, accidental spills, and long-term
accumulation of material in the soil from effluent releases. It is also contaminated from
intentional disposal or burial of concrete or other structural debris such as pavement, masonry
or structural steel. The residual radioactivity is assumed to be distributed in a surface soil layer
covering the site on property that is used for residential and light farming activities, or is buried
beneath this surface. The scenario assumes continuous exposure via multiple exposure
pathways to the critical group. The critical group is the resident farming family who lives on the
site following site remediation, grows some portion of their diet on the site and drinks water from
a source at the site. This scenario is described in Chapter 6, Section 6.2.2.

5.2.3.2 Derived Concentration Guideline Level (DCGL)

The surface contamination and radionuclide concentration levels of structures, land areas, and
facility systems remaining at the time of the FSS are compared to DCGLs calculated using the
dose models. A DCGL is defined as “that concentration of residual radioactivity distinguishable
from background radiation which if distributed uniformly throughout a survey unit, would result in
a Total Effective Dose Equivalent (TEDE) of 25 mrem/y to an average member of the critical
group.” The average member of the critical group is the individual who is assumed to represent
the most likely exposure situation based on the assumptions and parameter values used in the
dose model calculation. SNEC Facility volumetric DCGLs are calculated using a deterministic
approach that incorporates any input parameter that were probabilistically determined to be
sensitive during the analysis. This approach ensures that the annual TEDE dose to the average
member of the critical group (expected within the first 10,000 years after license termination) will
be at or below 25 mrem. DCGLs are presented in terms of surface or volumetric radioactivity
concentrations and are expressed in units of dpm/100 cm? or pCi/g.

SNEC Facility personnel have proposed a comprehensive set of volumetric DCGLw limits that
were developed from the lowest calculated results from both the surface and subsurface regions
within or near the SNEC site. SNEC management believes that this all-inclusive set of DCGLw
values considers all viable pathways of exposure. These proposed DCGLw values consider
both the surface and subsurface conditions of the site, modeled for locations that exhibit
differing site dependent geological and hydrological characteristics. Soils and other materials
were modeled down to bedrock and take into account the former Spray Pond area, Saxton
Steam Generating Station footprint and the SNEC CV area. Surface DCGLw values are
modeled down to one meter but the lowest values determined from the surface or subsurface
models were then selected to represent the SNEC site 25 mrem/y DCGLs. This method ensures
that relocated site soils will never deliver more than the previously described dose limit.
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Modeling was also intended to provide DCGL -values to meet the administrative goal of 4
mrem/y drinking water. These values .in many.cases, are more restrictive than the 25 mrem/y
DCGLw values developed using all' pathways modeling previously described. It is SNEC
management’s intent.to consistently- acknowledged this lower -limit- (4 mrem/y DW) when
designing Final, Status Surveys for site property. To accomplish this, both sets of values are
listed in the SNEC LTP. The 25 mremly TEDE limits developed usrng all pathways modeling will
be used to meet license termination’ requrrements and therefore are site specific NRC reviewed
and approved DCGLs. The second set of values relatrng to the 4’ mrem/y drinking water goal is
provided as a SNEC Facility commitment to the general public. .

A deselection process was_used to reduce the applicable site radronuclrde listing .to eleven
radionuclides which can be seen in Table 5-1. The,dose from ‘all deselected radionuclides will
be accointed for'in the final site survey design process by. adjustmg ‘down the applrcable DCGL
as per section 6.2.2.3.

5.2.3.2.1 NRC Screening DCGLs . oo

The NRC screening DCGLs are intended to be used as the principal means of ‘releasing
structures at the SNEC Facility. However, since thesite is radiologically corﬁplex (i.e.; multiple
radlonuclrdes are found in various distributions throughout the site) screening -DCGLs are
seldom, if ever applied directly to determlne compliance with the site release dose- criteria:
Rather, they are used to develop surrogate ratio, gross “activity, or elevated measurement
comparison DCGLs (DCGLgnc), or are applied using the unity rule. The gross activity or
surrogate ratio DCGLs are termed “effective” DCGLs in the sections that follow. Where the
broad conservatism inherent in the screening DCGLs prove unrealistically restrictive, a set of
site specific DCGLs may be developed and used in their place (with regulatory approyal).:

NRC screening DCGLs for surface contamination, are presented in the second column of Table
5-1, and were calculated by entering standard default conditions into the NRC's dose modeling
computer software “DandD". Alpha emitting radionuclides were .calculated . using, the  same
default parameters provided in the DandD computer software (surface concentratlons only)
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Table 5-1
SNEC Facility DCGL Values ® |
Cov 25 mremly Limit 4 mrem/y Goal
25 mreml/y Limit (All Pathways) i (Drinking Water)
Radionuclide ~ Surface Area Open Land Areas | '| Open Land Areas
‘ (dpm/100cm?) (Surface & Subsurface) (Surface & Subsurface)
‘ (pCilg) (pCilg)
Am-241 2.7E+01 99 23
C-14 .| . 3.7E+06 . 2 54
Co-60 7.1E+03 3.5 67
Cs-137 - 2.8E+04 6.6 397
Eu-152 1.3E+04 10.1 1440
H-3 1.2E+08 132 x 31.1
Ni-63 1.8E+06 747 1.9E+04
Pu-238 ; 3.0E+01 1.8 0.41
Pu-239 2.8E+01 1.6 037
Pu-241 * 8.8E+02 86 19.8
Sr-90 * 8.7E+03 1.2 061

NOTES: - .
(a) While dnnking water. DCGLs will be used by SNEC to meet the dnnking water 4 mrem/y goal, only the DCGL values that
constitute the 25 mrem/y regulatory limit will be controlled under this LTP and the NRC's approving hcense amendment

(b} Listed values are from the subsurface model. These values are the most conservative values between the two models (i e,
surface & subsurface}.

5.2.3.2.2 Site-Specific DCGLs.

Where DandD cannot be easily modified to incorporate the - use of site-specific data,, other
computer dose modeling software, such as the US Department of Energy's RESRAD
(Reference 5-10) and RESRAD-BUILD (Reference 5-11) software, may be used to generate
site-specific DCGL values. The best approximation of real site conditions was obtained by
replacing some default-input parameters in the RESRAD computer code, with site-specific
parameters. Site-specific parameters, representing actual site conditions, were obtained from
contracted geological services. Site-specific Ky data were empirically derived by Argonne
National Laboratories (ANL) from samples of SNEC site soils and construction debris. These
empirical values reduce overlapping conservatism and produce a more realistic estimate of site-
specific conditions.  Site-specific values used in developing site-specific DCGLs are
documented in Chapter 6. Site-specific DCGLs are listed in the third column of Table 5-1.

5.2.3.2.3 Surrogate Ratio DCGLs

Surrogate ratio DCGL values may be established for areas where ratios between radionuclide
concentrations are reasonably consistent. Establishing ratios between radionuclide
concentrations allows other radionuclide concentrations to be predicted and therefore assumed
present in the mix at a fixed fraction of another radionuclide. Likewise, a surrogate ratio DCGL
allows the DCGLs specific to “hard-to detect” (HTD) radionuclides in a mix to be expressed in
terms of a single radionuclide which is more easily measured. The measured radionuclide is
called the surrogate radionuclide.
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To obtain the'best approxrmatlon of the actual ratio between radionuclides present’in any area,
a sufficient number of measurements or samples, spatially separated throughout the area must
be collected. The number of measurements or samples needed to determine the ratio is based
on the chemical, phySIcal ‘and radiological characteristics of the radionuclides’ expected to be
present. in the:area.”” The surrogate ratio may- also be determined by using the most
rconservative ratio present in the 'data 'set (i.e.; the ratio‘that will produce the ‘highest calculated
dose per ‘unit concentratlon) One may also con5|der the variability in the’ sampling results by
determining the upper 2 sigma bound for each radionuclide’ present in applicable sample data.
These 2 sigma values would then be used with the mean value of the surrogate radionuclide to
form a conservative ‘mix for a survey area.” In conclusion,-selecting a ‘conservative’surrogate
ratio ensures that potential exposures from individual radionuclides 'are not underestimated.
The surrogate method will be used only when srmllar physrcal and geologlcal charactenstlcs are
present in a survey unit. - -

The general equation used for a simple surrogate srtuatlon lnvolvmg two lsotopes such as
Cs- 137 and Sr—90 (as an example) is shown below :

DCGLCS Modified = DCGLCs X DCGLSr /(((CSr [ Ces) DCGLCs) + DCGLSr)

Where: - , e - .

Cs/Ccs = surrogate .ratio of Sr-90 to Cs-137 (NUREG-1575,. Equatlon 4-1
’ (Reference 5-5)) B .
Post remediation samplmg may be performed to re-establrsh surrogate ratlos when there is
reason to believe that the remediation process may have significantly changed the ratios of the
original radionuclide ‘concentration mix. However, the surrogate ratio will usually be’ establlshed
using "data ‘collected prior to remediation. Additional-sample data may be collected or an
evaluation performed when there is reason to believe a surrogate ratio is non- representatlve of
the survey area. In all cases, SNEC will use the best representative data for the survey area: A
radionuclide mix justification will be documented in each survey package

5.2.3.2.4 Gross Actrvrty DCGLs

Where multlple radionuclides are present a gross actlvrty DCGL may be developed The gross
activity DCGL enablesfield measurements of gross activity rather, than the determlnatlon of
individual radionuclide actlvrty, for comparlson ‘to the radionuclide- specrf ic DCGL. ,The gross
actnvrty DCGL, or.DCGLga, for surfaces or volumes with multlple radionuclides is calculated
using the followmg equatlon (NUREG 1575, Reference 5-5, Equatuon 4-4). o

Gross Activity DCGL =1/((f,/DCGL:) +(f./ DCGL2) +...(f./ DCGL.)) ,-

.- H
[ -

Where:
f; = relative fraction of the total activity contributed by radionuclide 1
f, = relative fraction of the total activity contributed by radionuclide 2
fo = relatlve fraction of the total activity :contributed by the nth radionuclide in the
mix )
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In situations where an area has unknown or a highly variable concentration of radionuclides
throughout, it is acceptable to select the most conservative mix of radionuclides present when
developing a gross, DCGL. -Remediation efforts at the SNEC Facility will seek to remove
contamination from concrete surfaces by removing significant near surface volumes of concrete.
On other structural surfaces (e.g., support steel), abrasive decontamination techniques may be
used to remove surface deposited contamination. Additionally, by aggressively chasing cracks
and other structural anomalies, little (if any) surface deposited radionuclides should remain.
Those that do remain will be at_a significantly reduced fraction of their previous level.
Characterization data and/or post-remediation sampling data will be used to adjust gross DCGL
values before performing-the FSS. In either case, a radionuclide mix justification will be
documented in each survey package. : ‘

Gross activity measurements will be performed in both reference areas (background areas) and
areas to be surveyed.

Open land areas will be scanned by semi-automated. contractor supplied measurement
equipment and/or by hand-held Nal detector instrumentation. Samples will also be obtained.
When necessary, spectra of the components of a radiation field. may be used to differentiate
between site related radioactive materials and natural occurring radioactivity.

5.2.3.2.5 Elevated Measurement Comparison (EMC) DCGLs

Elevated Measurement Comparison (EMC) DCGLs are DCGL values that have been modified
by reducing the dose mode! area size in the dose modeling' computer code. The effect is to
allow higher levels of contamination to exist in smaller well-defined on-site areas. Assuming the
residual radioactivity is concentrated in'a much smaller area rather than uniformly over the
entire survey unit is the basis for developing the DCGLgmc. The methodology used to calculate
the DCGLewmc is given in Appendix 5-1. Area factors for individual radionuclides have been
calculated and are presented in Tables 5-15 and 5-15A.

5.2.3.2.6 Unity Rule

Typically, each radionuclide specific DCGL corresponds to the release criteria (e.g., regulatory
limit in terms of dose or risk). However, in the presence of multiple radionuclides, the total of
the DCGLs for all radionuclides would exceed the release criteria. In this case, the individual
DCGLs need to be adjusted to account for the presence of multiple radionuclides contributing to
the total dose. One method for adjusting the DCGLs is to modify the assumptions made during
exposure pathway modeling to account for multiple radionuclides. , The surrogate measurement
method discussed previously,” describes one method for adjusting the DCGL to account for
multiple radionuclides. Additionally, another method includes the use of the unity rule.

The unity rule, represented in the expression below, is satisfied when radionuclide mixtures
yield a combined fractional concentration limit that is less than or equal to one (1) (NUREG-
1575, Equation 4-3):

(C/DCGLy) +(C:/DCGL:) +...(C./ DCGL,) < 1

Where:
C = concentration of radionuclide (1, 2, ...,n)
DCGL = guideline value for each individual radionuclide (1,2,..,n)
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A higher sensitivity will be needed in these measurement methods, as the values of C become
smaller. In addition, this may influence statistical testing considerations by rncreasrng the

number of data pornts necessary for apphcatron ofa specrf c statistical test.

5. 2 3 2 7 Handlmg of Multiple Source Terms

When determining DCGLs in areas where there are multiple source terms, Equation 6-1 will be
used.

5.24 Facility and Site Classification

Not all areas of the site have the same potential for residual radioactivity and, accordingly, do
not need the same level of survey effort to demonstrate compliance with the srte release criteria.
Usrng the criteria.given below, different sections of the site are grouped into impacted and non-
impacted areas based on the potential for residual radioactivity to be present. Classification of
site areas is based on professional judgment, operational hrstory (Historical Site Assessment
(HSA) information, Reference 5-19), site characterization data, operational surveys performed in
support of decommissioning, and routine surveillance. See the site facility diagrams Chapter 2,
and the SNEC site map (Figure 5-1), which is located at the end of this chapter. -

5. 2 4.1 . Non- Impacted Areas

Non rmpacted areas have no reasonable potentral for the presence of resrdual radroactrvrty from
licensed activities. These areas do not need any level of survey coverage since there was no
radiological impact from site operations. No surveys are performed in these areas other than
those used to determine a reference area (background). ‘ o

5.2.4.2  Impacted Area
el - ' : JE N
Impacted areas are areas that have a reasonable potential for the presence of residual

radioactivity from licensed activities. Impacted areas are subdivided into -three classes
described below.

i§2£21'Clas’s1A\reas ) | ‘ ’r

Class 1 areas are areas that have or have had (pnor to remedlatlon) a potentral for radroactrve
contamination (based on site operating history), or. known contamrnatron (based on previous
radlologlcal surveys) ‘ . . -
Examples of Class 1 areas are:

e Areas previously subjected to remedial actions

e Locations where leaks or spills are known to have occurred

¢  Former burial or disposal sites

¢ Waste storage sites

e Areas with contaminants in discrete solid pieces of material at high specific activity

e Areas containing contamination more than the DCGL before remediation

5-9



SNEC FACILITY LICENSE TERMINATION PLAN : REVISION 1

5.2.4.2.2 Class 2 Areas
Class 2 areas are those that ha\)é or have had, a potential for radioaétive contamination but are
not expected to contain radioactive material greater than the DCGLy. Examples of Class 2
areas are: -

» Locations where radioactive materials were present in an unsealed form,

* Potentially contaminated transport routes,

e Areas downwind of stack release points,

»  Upper walls and ceilings of some buildings or rooms subject to airborne radioactivity,

* Areas where low concentrations of radioactive materials were handled, and

* Areas on the perimeter of radioactive material control areas.
5.2.4.2.3 Class 3 Areas
Class 3 areas are any impacted areas that are not expected to contain any residual
radioactivity, or are expected to contain levels of residual radioactivity at a small fraction of the
DCGLw This would again be based on site operating history and previous radiological survey
information. Examples of Class 3 areas are:

» Buffer zones around Class 1 or Class 2 areas,

e Areas with a very low potential for residual contamination, but where nsufficient
information exists to justify a non-impacted classification.

5.2.4.3 Initial Classification

The initial classifications of the SNEC Facility are given in Table 5-2. They are based on site
characterization data, the results of the Historical Site Assessment, and recommendations and
concerns of SNEC Facility personnel knowledgeable of site conditions, Site characterization
data and radiological history information on Table 5-2 survey areas are summarized in Chapter
2. When there was an uncertainty regarding the preliminary classification of a SNEC Facility
impacted area, the area was initially assumed a Class 1 area until determined otherwise.
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Table 5-2
Initial Classifications of Site Areas
Survey Unit Designations of the SNEC Facility and Surrounding Impacted Areas
N Classification Survey Unit Area (m*) © umber of Type of DCGL
Sﬁlmeget!rzlt Description 1 ] 2 | 3 Floor | Walls I Ceﬂing' Other SUTV:;’ Units ® yxppﬁed @
MISCELLANEOUS AREAS & ITEMS
MA1 Airborne Monitoring Stations X <10 1 1
MA2 SSGS Discharge Tunnel Outfall (Land Area) X 600 1 2
MA3 Weir Qutfall X 25 1 2
MA4 Weir Outfall Buffer X 200 1 2
MAS Northeast Dump Site X 7000 1 2
MAB Northwest Open Land Area X 4100 1 2
MA7 1 Northwest Open Land Area ‘ X 100 1 2
. MA8 ‘ Miscellaneous Concrete Slabs (Around Site) X <100 1 each 1
C CONTAINMENT VESSEL (CV) - INTERIOR & EXTERIOR STEEL SHELL .
CVv1-X~ "7 Interior Vertical Wall of CV Shell < ~804 5' E| . X ' . 392 1| - : 4 i 1@
Lovax | Internal Support Ring Areas X coo 165 ; : 229 : 1@
-CV3-X © 77 Interior Curved Bottom of CV Shell - X . . 255 | 3 1@
'CV4A-X "] "y 7 7 Exterior Wall - 802 6' El up to Cut-off X . 16 @ , 1 ' 1@
Ccv5 Exterior Wall 1 Meter Below Class 1 Area (Downto 797.6'El) | | X , 10 . : 1 1@
Cve : External Rock Anchor Support Ring Assembly Area X 166 . 1@ N 19
o ~ -2 "MATERIAL HANDLING BAY (MHB) - SNEC AREA
MHT 7 | """ ™ Floors & Walls Up to 2 Meters (Interior) s X : S22 20 ! 1. 1
MH2 | ~, Upper Walls & Ceiling (Interior) : X . 63 22 1 e 1
MH3 -~ ; . ..+ Roof . . . ' - X ol 24 1 1 1
MH4 ; T 7, .ExtenorWalls | : . . L X . 561 | « 1. ‘ 1
NOTES: o ) ) Coe ety

. C st Tt N s
(a), "X designates a sequential number starting with 1, and defines a survey unit w:ihm a survey aréa” T h b
(b) This data was estimated with best available information No survey unit, regardless of its classification will exceed 10,000 square meters '

(c), NRC Default Surface DCGLs = 1 Slte Spec;f’c Volumetnc DCGLs = 2~ Mo v e s . o LT e T e s
(d) Survey umts  were established as the rmg areas became avatlable to fi eld personnel doing the survey work o Lo Ll -

(e) Activation of CV steel liner to be addressed when region is accessible

(f) This facilty may be removed prior to performing Final Status Survey.” = °~ © © tt 0 °

(g) Based on projected cut-off at 804 5' El
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ble 5-2 (continued)

Initial Classifications of Site Areas

Survey Unit Designations of the SNEC Facility and Surrounding Impacted Areas
Classification Survey Unit Area (m?) ©
sﬁt?rﬁt!e?‘q;t Description 1 l 2 | 3 Floor | V:alls | Celllr(lg |) Other Suwer;b‘i:l?sf ® TYX:p‘-;lfeg%GL
@ PERSONNEL ACCESS FACILITY (PAF) - SNEC AREA
“PF1 Floors & Walls Up to 2 Meters (Intenior) X B | 49 1 1
PF2 Upper Walls & Ceiling (Interior) X | 116 36 1 1
PF3 Roof X 40 1 1
PF4 . Extenor Walls X 133 -1 1
) "7 @DECOMMISSIONING SUPPORT BUILDING (DSB) - SNEC AREA
DB1-X"~ Floors & Walis Up to 2 Meters (Interior) X 212 121 : 5 1
DB2 - Upper Walls & Ceiling (Interior) X 290 212 1 1
DB3 Roof X 225 1 1
DB4 Exterior Walls X 325 1 1
DBS DSB Carport Slab X 62 1 1
DB6 DSB Carport Roof/Ceiling X 124 1 1
NOTES:

(a) “X"designates a sequential number starting with 1, and defines a survey unit within a survey area
(b) This data was estimated with best available information. No survey unt, regardiess of its classification will exceed 10,000 square meters
(¢) NRC Default Surface DCGLs = 1, Site Specific Volumetnic DCGLs =2
(d) This facility may be removed prior to performing Final Status Survey
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Table 5-2 (continued)

Initial Classifications of Site Areas

Survey Unit Designations of the SNEC Facility and Surrounding lmpacted Areas
Classification Survey Unit Area (m?) ©
Sﬂfmgelrjggt Description iy 1 | 2 | 3 | Fioor |V:alls [ Cellln(g [ )Other Suwjg'bjr:i?: ® Tyzgpolife?i%’c‘-
o SAXTON STEAM GENERATING STATION (SSGS), INTAKE & DISCHARGE TUNNELS
§51 : “ Floor of Discharge Tunne! (first ~150") X 120 |- 1 1
$S2 Floor of Discharge Tunnel (next ~235") X 175 1 1
SS3 Floor of Discharge Tunnel (last ~315') X ] 234 T 1- 1
S84 . Ceiling of Discharge Tunnel (first ~150’) X - 120 1 - 1
SSS . Ceiling of Discharge Tunnel (last ~550') X 400 |- 1 1
$S6-X Walls of Discharge Tunnel (first ~150") X ’ 290 3 1
SS7 .. . Walls of Discharge Tunnel (last ~550') _X- |- | 600 1 1
. S888X.. |..e. w .InDT-SealChambers(1,2,&3)- - ~ X - = - 230 - 3 -
- §S9 . Spray Pump Pit Floor - X - - | -120 1- R
.8810. . |- Spray Pump Pit Walls Below 795' EL. X 20 |-- | . 1- - 1
SS11 - Spray Pump Pit Walls Above 795" El.- L X 100 N 1° 17
. 8812 w -~ ~ SSGSBoller Pad (811'EL) -~ - - ol X o100 | e e L e ) 1T
S813- - -~ 8SGS Firing Aisle (806’ El.) T X | s60-| 80| - v : "1 . 1
SS814-X SSGS Basement Area Floor (790" El ) X - ) 360° 4 1
SS15 - .S5GS Basement Walls ~ East End "X i 100 |, 1 1,
S§S16 - SSGS BasementWalls Up to 2 Meters ~ .. T X T O T 240_|- 1 1
8517 |- -~ - SSGS Basement Walls > 2 Meters’ i "X 350 1, 1
§§18 == [ * ~ Top of Seal Chambers . ™7 XD e ]o-T0 ) 1 1
- 8§819-X~ |»- ===~ Section of SSGS Intake Tunnel Floor X -] 493 N b 2 1
- 8820-X- ™| -~ Section of Intake Tunnel Walls™., .. = T X e sl 2180f. s | 3 1
~ « 8821 |~ -~ ~Section of Intake Tunne! Ceiling” o T X o 493 | 2 1
NOTES: v

(a) “"X" designates a séquential number starting with 1, and defines a survey untt W1thm a survey area. e
(b) This data was estimated with ‘best available Information.” No'survey unit, regardless of ifs Classificatron will exceed 10, 000 square meters

(¢) NRC Default Surface DCGLs = 1, Site Specific Volumetric DCGLs =2 ...~

“t1e ey
P

“r
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Table 5-2 (continued)
Initial Classifications of Site Areas

Survey Unit Designations of the SNEC Facility and Surrounding Impacted Areas
Classification Survey Unit Area (m) ©
O i e e e
SAXTON STEAM GENERATING STATION (SSGS) SPRAY POND AREA )
sP1 -] OpenLand Area =~~~ X T ] | e600 ]| 1 | 2
- - - ) © " "SNEC FACILITY SITE OPEN LAND AREA !
oL-x- | * “ SNEC Facilty Site & Near Site Area™ ~ IR N | 11000 | 11 | 2
- - GPU ENERGY (PENELEC) SITE OPEN LAND AREA ’ L ‘
oL2-X - Westinghouse and Adjacent Areas ¥ .9 T ’ 5700 T 6 2
oL3 Warehouse Burn Area - . X - N 200 1
OL4-X Buffer Zones: - - X - 5600 4 2
REMAINING IMPACTED OPEN LAND AREA
OoL5-X Site Road Access Areas X 20500 9 2
OL6-X Stack Release Area (NNE) X - 14600 3 2°
OL7-X Stack Release Area (SSW) X 12700 2 2
OL8-X Buffer Zones X 47900 5 2
“WAREHOUSE (LARGE GARAGE - SOUTH) - PENELEC AREA
WA1-X Floors & Walls Up to 2 Meters (Interior) -- X - 450 -} 290 2 1
.WA2 Upper Walls & Ceiling (Interior) - X- 292 |- 450 -1 1
WA3 ExteriorWalls . ... - X 374 | - e o |- 1 1
WA4 Roof .. . X . 418 . 1 1
NOTES:

(a) “X"designates a sequential number starting with 1, and defines a survey unit within a survey area.

This data was estlmated with best available information, No survey untt, regardless of its classification will exceed 10,000 square meters.
NRC Default Surface DCGLs = 1, Site Specific Volumetric DCGLs = 2

This facility may be removed prior to performing Final Status Survey

Includes substation yard drainage area.

(b)
()
(d)
(e)
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Table 5 2 (contmued)

: o Initial Classrflcatlons of Site Areas e
- Survey Unit Deslgnatrons of the SNEC Facllity and Surroundmg lmpacted Areas:.
. - N -, ' Classfficaton . Survey Unit Area (m*)
sr\m\rlnege?g;t Des°"”t'°" ‘ 1 [v2-] 3 [Floor] w);ns | Cerlrr(rg |) Other Suw;bl?r::sf ® Tyxgr;!fe?i%?L
— ) o GARAGE (SMALL GARAGE - SOUTHWEST) PENELEC AREA )
GA1-X Floors & Walls Up to 2 Meters (Interior) . X 109 122 N - .4 A
GA2-X : Upper Walls & Ceiling (Interior) _ X 297 109 2 1
GA3 y Exterior Walls L X 180 | . 1 1
GA4 , Roof =~ X 116 1 ) 1
. LINE SHACK - PENELEC AREA X
LS1-X Floors & Walls Up to 2 Meters (Interior) X 290 177 : 5 1
LS2:X Upper Walls & Ceiling (Interior) -X 191 412 7 1
LS3 Exterior Walls X . 343 1 1
LS4 " Roof ~ . ' X 324 |. 1 . -1
LS5 L Roof Drainage System . X . - <10 1 1,2
. g K - PENELEC SWITCHYARD BUlLDING & YARD STRUCTURES -
PS1 i {. ~ “Interior _ "3 N W ‘ X +] 55 89 55 1 1
PS2 - Exterior Walls and Roof ; L X 151 ' 68- _— 1 - 1
Ps3 . | Switchyard Units - Base Pads , K - X | <500 . v 1 : 1
NOTES: - ) - ; R C ‘ :

o

X" desrgnates a sequentlal number startmg wuth 1, and defi nes a survey unit within a survey area.

(@)

(b) This data was estimated with best avalable lnformatron No survey unt, regardless of its classification will exceed 10,000 square meters.

(c) NRC Default Surface DCGLs * 1, Site Specxf‘ c Volumetnc DCGLs 2
(d) This facilty may be [emoved prior to performing Final Status Surv_ey. R

. + B . -
- - , re

[ . LIS
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5.2.4.4 Changes in Classification

Changes in classification are based on survey data and other relevant information that indicates
a different area classification is more appropriate. Changes in area classifications which
decrease an area classification will be in accordance with License Condition 2.E.(i).

5.2.5 Final Survey Process

In general, FSS activities do not commence in the area to be surveyed until decontamination
activities are believed to be complete and radioactive waste materials are removed. The FSS
process begins with survey area preparation activities such as“gridding and review of final
remediation support survey information, as well as survey area walk-downs. Survey design
calculations and the issuance of Survey Requests to field survey teams follow this phase. Field
survey teams then collect the data and assemble the survey results in an organized and
understandable format in accordance with site procedures. Data assessment and
documentation concludes this process.

5.2.5.1 Survey Design Overview

Survey design, as described in Section 5.4, identifies relevant components of the FSS process
and establishes the assumptions, methods, and performance criteria to be used. Areas ready
for FSS are classified as Class 1, Class 2 or Class 3 and are divided into survey units.
Systematic scan and static measurements are prescribed according to a pattern and frequency
established for each classification. Investigation levels are established which, if exceeded,
initiate an investigation of the survey data. A measurement from the survey unit that exceeds
an investigation level may indicate a localized area of elevated residual radioactivity. Such
locations are marked and investigated to determine the area and the level of the residual
radioactivity present. Depending on the results of the investigation, the survey unit may require
remediation, and/or re-survey or re-classification.

When necessary, a two-stage. sampling process may be.used IAW Reference 5-20. This
sampling approach allows a second set of samples to be taken to meet the requirements of the
statistical design of the survey. When used, this process will be incorporated as an option in the
original survey design for the area.

Quality Control (QC) measurements are prescribed to identify and control measurement error
and uncertainty attributable to measurement methods or analytical procedures used in the data
collection process. QC measurements provide qualitative and quantitative information to
demonstrate that measurement results are sufficiently free of error and accurately represent the
radiological condition of the SNEC Facility.

5.2.5.2 Survey Data Collection

As deemed appropriate, a final post-remediation survey is performed using similar
instrumentation, quality control-and survey techmques to be used in the FSS process. The
review of the final post-remedlatlon survey data is then carried out to verify that residual
radioactivity levels are acceptable ‘and that no additional remediation will be needed in the
survey unit. If an area of elevated residual radioactivity is identified, and remediation is
determined to be ALARA, the area is remediated and re-surveyed to ensure meeting FSS
requirements. The data collected during the final post-remediation survey (when performed),
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provide a sound basis for lnterpretrng radrologlcal condrtlons that may be encountered durrng

the FSS process

Following the collection”of acceptable post-remediation survey results (as apphcable) the FSS
is performed. It ensures that any remaining residual radioactivity meets the 25-mrem/y TEDE
site release dose criteria. Measurement results stored as FSS data constitute the FSS of record
and are included in the data set used to determine compliance with the site release criteria.

5.2.6.3 Survey Data Assessment

Survey data'assessment, described’i in Section’5. 6 is performed to venfy that the final survey
data are of adequate -quantity ‘and quality. - Graphical representations and statistical
comparisons of the data are made, which provide . both qualitative and quantrtatlve information
about the data. Assessments are performed to- verrfy that the data support the underlyrng
assumptlons necessary “for the’ statistical tests. If the quality, quantity, or one ‘or 'more of the
assumptions are called into question, previous survey steps are re- evaluated Statlstlcal tests
are then applied and conclusrons are drawn from the-data as ‘to whether the survey unit meets
the site release criteria.
5.2.5.4 Survey Results

8

Survey results‘are documented in history files, survey umt ‘release records, and in the FSS
report. A FSS report is prepared that summarizes the data and states the conclusions of the
survey process.

5.2.6 Pro;ect Management

The planning and implementation of the FSS~ process is performed by SNEC Facmty personnel
supplemented by the Decontamination and Decommissioning Engineering group of GPU
Nuclear, Inc. Aspects of the final survey project are outlined betqu

5.2.6.1 Final Survey Organization

-

The Program Director, SNEC Facility - serves as the primary decision- maker [often called the
Project Coordinator/Manager (PC/M)) and is responsible ‘for the overall lmplementatlon of the
FSS process. L . !
The SNEC Facility Radiation Safety Officer (RSO) - is the lead individual on the FSS team. He
is responsible for managing the FSS process ‘and will act as a technical consultant to‘the PC/M.

The SNEC-Site Supervisor -'leads the* Drsmantlement Organrzatlon at’ the SNEC _site. . In
addition, he provndes craft support to the FSS team e g scaffold’ erectlon to permrt surveys “of
difficult to ‘access areas. -

The Manager Decontamination and Decommissioning Engineering - provides engineering
support to the FSS Team and Dismantlement Organization.

Oversight of the process to assure compliance with the Quality Assurance/Quality Control
(QAJQC) Program is provided under contract with qualified third party contractors.
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5.2.7 Quality Assurance and Quality Control (QA/QC)

QA/QC is an integral part of all FSS activities. The objective of QA/QC, as applied to the FSS
program, is to ensure the survey data collected, are of the type, and quality needed to
demonstrate that the site is suitable for unrestricted release. Proper application of QA/QC
activities will ensure that:

1. The elements of this plan are correctly implementéﬁd as prescribed,
2. The quality of the data collected is adequate, and

3. QA/QC reviews will identify deficiencies so that corrective actions, when needed, are
implemented in a timely manner and confirmed to be effective.

The basis of the SNEC Facnhty FSS QA/QC program with respect to on-site sampling and
analysis, has been derived from the applicable sections of Regulatory Guide 4.15,.“Quality
Assurance for Radiological Monitoring Programs (Normal Operations) - Effluent Streams and
the Environment” (Reference 5-12). The program is implemented at the SNEC Facility through
procedure E900-QAP-4220.02, “SNEC Count Room Quality Assurance Program”.

The SNEC Facility Decommissioning Quality Assurance Plan (DQAP) (Reference 5-13) is
discussed in Section 3.0 of the SNEC Technical Specifications, and is applicable to all final
status survey activities. Examples of the QA program apphcatlon are described in the
subsections that follow.
5.2.7.1 Training
Training is conducted to achieve initial proficiency and to maintaiﬁ that proficiency throughout
the final survey process. Personnel performing surveys receive training to qualify in the
procedures being performed. Training includes:

1. Overview and objectives of the FSS process
Procedures governing the conduct of the final survey
Operation of the apbropriate field and laboratory instrumentation

Collection of final survey measurements and samples

o »> W BN

Survey data evaluation and documentation
The extent of training and qualifications is commensurate with the education, experience, and

proficiency of the individual and the scope, complexity, and nature of the activity. Records of
training are maintained in accordance with approved facility procedures (see Table 5-3).
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: 5.2.7.2 Written Procedures

All FSS tasks, that are essential to survey data qhality, shall be implemented and controlled by
' approved- procedures "or- work instructions.  Final Status “Surveys ‘will be performed”in a
i controlled, deliberate manner, providing assurance of accurate results. ' Applicable provisions of
“the SNEC Facility Decommissioning Quality Assurance Plan (1000-PLN-3000.05, Reference 5-
13), and the' SNEC Radiation Protection Plan (E900-PLN-4542.01, Reference 5- -14), apply to all
" FSS actwvities. Other implementing procedures have been or are under development to support
FSS "activities. * The following matrix (Table 5-3) provides procedure titles relating to SNEC
decommissioning and FSS issues, mcludlng FSS de5|gn and report generation.

-¥s T s « - coa T -
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Table 5-3
SNEC Procedure Matrix Listing

Area Of Applicability

Procedure Title

Number

Quality Assurance Plan -

Saxton Nuclear Experimental Corporation Facility
Decommissioning Quality Assurance Plan

1000-PLN-3000.05

Embedded Pipe and

Treatment of Embedded Piping and Components

ES00-ADM-4500.58

Components
Off-Site Dose SNEC Faclility Off-site Dose Calculation Manual ES00-PLN-4542.08
Radiation Protection SNEC Radiation Protection Plan ES00-PLN-4542.01
ALARA ALARA Review Program E900-ADM-4500.35

Sample Analysis

Operation of the Packard Tri-Carb 2550 Liquid
Scintillation Analyzer

ES00-OPS-4524.46

Gamma-ray Spectroscopy

Operation of the Portable Gamma Spectroscopy
System

ES00-OPS-4524.43

Instrumentation

SNEC Rad Con Instrument Operations Manual

ES00-OPS-4524.42

Gamma Scans of Samples

Operation of the SNEC Gamma Spectroscopy
System

ES00-OPS-4524 33

FSS Survey/Sampling

Survey Methodology to Support SNEC License
Termination

E900-IMP-4520.04

Gridding Areas

Establishing a Reference Coordinate Gnid System

ES00-IMP-4520.03

Sample Preparation

Preparation of Sample Materials for Analysis

E900-IMP-4520.02

Isolation of Areas

Post Remediation Isolation

E900-ADM-4500.54

Source Accountability

SNEC Radioactive Source Accountability and
Control Program

ES00-ADM-4500 53

Decommissioning Safety SNEC Facility Regulatory Review Process ES00-ADM-4500.52
ALARA SNEC ALARA Program E900-ADM-4500.47
Calculations SNEC Facility Calculations E900-ADM-4500.44
Training Training Requirements for SNEC Facility Workers | E900-ADM-4500.42

Chain of Custody Chain of Custody for Samples E900-ADM-4500.39

Air Sampling Environmental Air Sampling E9S00-ADM-4500.30
52‘;‘;3?8’”:2;2 Environmental Monitoring E900-ADM-4500.22

Radiological Surveys

Radiological Surveys: Requirements &
Documentation

E900-ADM-4500.12

Procedures & Work

SNEC Facllity Procedures and Work Instructions

E900-ADM-4500.07

Instrumentation

Instruments

Instructions
FSS Design Final Site Survey Planning ES00-ADM-4500.59
Records Records Retention E900-ADM-4500.04
Quality Control SNEC Count Room Quality Assurance Program E9S00-QAP-4220.02
Radiological Quality Assurance Program for Radiological

ES00-QAP-4220.01

Contamination Control

Alpha Control Program

6575-ADM-4500.51

Soil Erosion

SNEC Soll Erosion and Sedimentation Control
Plan

6575-PLN-4542.02

Process Control

SNEC Facility Process Control Program

6575-PLN-4542.09

NOTE: This procedure listing Is subject to change
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5.2.7.3 Instrumentation Selection, Calibration and Operation

Proper selection and use of instrumentation will ensure that sensitivities are sufficient to detect
radionuclides at the minimum detection requirements specified by the survey design which will
assure the validity of the survey data. Instrument calibrations will be performed in accordance
with approved GPU Nuclear, Inc. and/or vendor supplied procedures,-using calibration sources
traceable to the National Institute of Standards and' Technology (NIST), or by qualified
contractors providing results traceable to NIST. Operation of all survey instrumentation will be
established by approved procedures.

5.2.7.4 Sample Chain of Custody

One of the most |mportant aspects of sample management is to ensure that the integrity of the
sample is maintained; that is, that there is an accurate record of sample collection, transport,
analysis, and drsposal This ensures that samples are neither lost nor tampered with and that
the sample analyzed in the laboratory is actually and verifiably the sample taken from a specrt" c
location in' the' field.” SNEC has developed procedures for sample chain- -of-custody using
NUREG-1575 guidelines (Reference 5-5).

5.2.7.5 Quality Control Surveys ) , 1 .

Quality ‘control surveys will be made’ for all structures facrhtres and open land areas. These
measurements will be performed ‘in accordance with Section 5.4.5." Quallty control surface
contamination measurements will be compared to the original FSS measuréments. If the same
conclusions are reached without any exceptions, the original FSS results for these survey units
will be accepted ‘as satisfactory. * All discrepancies between FSS’ survey results and those
obtained from quality control re-survey efforts shall be resolved with documented resolutions. If
quality control measurements fall outside  of therr acceptance criteria, a documented
investigation will be performed which may, result in re-survey, re- samphng or other management
actions.

5.2.7.6 SNEC Facility Sample Analysis

ngh resolutlon gamma spectroscopy is used to ldent|fy gamma emitting rsotopes in addltlon to
other appropriate measurement methods 'used to determine the total radionuclide composition
of sample materials Sample data results will be reviewed in accordance with ex1st|ng
requirements to ensure a reasonable interpretation of results. _ ST .

Based on characterization data described.in Chapter.2, of this plan, samples .. obtained at the
SNEC" Facmty may contain one or more of the’ radlonuclldes listed in, Table.5-4. -. Minimum
Detectable Concentratlons (MDC) determined durlng anaIySIs will be performed usrng count
times and mstrumentatnon sensitive enough to detect typlcal envnronmental levels for these
radlonuchdes (as approprrate) .
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Table 5-4
SNEC Facility Radionuclides of Concern
Open Land Areas & Structures

Am-241 Ni-63
C-14 Pu-238
Co-60 Pu-239
Cs-137 Pu-241

Eu-152 Sr-90

NOTE: This data was denved from existing information (ie, Histoncal Site
Assessment, characterization and scoping surveys).

SNEC Facility samples will be a%nalyzed in accordance with the following requirements:
1. All samples will be analyzed using a Gamma Spectroscopy System.

2. If consistent radionuclide ratios have not been determined from’ existing data (i.e.,
scoping or characterization results), at least 5% of samples from the final status
survey will include analysis for all radionuclides of concern, including Transuranic and
Hard-To-Detect (HTD) radionuclides as listed in Table 5-4.

3. Inter and intra laboratory cross-checks will be performed on at least 5% of those FSS
samples which were analyzed onsite.

4. QC samples will be taken per Section 5.4.5.1 and analyzed per SNEC procedure
E900-QAP-4220.02, “SNEC Count Room Quality Assurance Program”.

5.2.7.7 Access Control of Surveyed Areas and Systems

Administrative and physical controls for access to surveyed areas will be established to

preclude the possibility of re-contamination subsequent to completion of the final status survey
in that area.

5.2.7.8 Control of Vendor Supplied Services

Quality-related services, suchas’instrument calibration and laboratory analysis, are procured
from qualified vendors whose internal QA program is subject to approval in accordance with the
SNEC Facility DQAP. Vendors or contractors that are not listed .on an approved vendor listing
shall perform all necessary work in accordance with SNEC procedures and work instructions. . If
vendor services include survey or sampling data to be used as FSS results, these services will

be reviewed and approved in accordance with the SNEC procedure (ES00-ADM-4500.44,
Reference 5-15).

5.2.7.9 Audits and Independent Reviews
Periodic audits are performed to verify that survey activities comply with established procedures
and other aspects of the SNEC Facility DQAP and to evaluate the overall effectiveness of the

program. The audits are conducted in accordance with approved procedures and performed by
individuals who are independent of the actwities being audited. Audit results are reported to
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responsible management in writing, and actions to resolve identified deficiencies are trackéd
and appropriately documented. Qualified personnel will perform an independent review of the
Final Status Survey Report. This review will ensure that FSS results are performed and
documented in accordance with appropriate methodology, and that all conclusions reported are
accurate and correctly presented. e .

5.2.8 Survey Records and Documentation

Generation, handling, and storage of FSS design information and survey data are controlled by
approved procedures. Survey records and documentation are maintained as” quality records
and decommissioning records in accordance with approved facility procedures. Where
possible, they are also maintained as electronic media. '

At a minimum, each final status survey record will include:
1. Date and time survey was performed
2. Instrumentation used and calibration due date(s)
3. Survey location (grid location or other reference markings) -
4. Type of measurement performed (scan survey, fixed-point measurements etc.)
5. Survey team member(s) involved ~ -

6. © Name of field supervisor(s) responsible for reviewing survey data

ot

7.. Survey and Sample Request numbers ‘ i

Generation, handling and storage of the original final status survey design and data‘packages
shall be in accordance with the SNEC Records Retention procedure (ES00-ADM-4500.04,
Reference 5-16) and Radiological Surveys: Requirements & Documentation procedure (E900-
ADM-4500.12, Reference 5-17). ;
5.2.9. _- Calculations - : ’ - C
Formal calculations that support License Termination activities are prepared in"accordance with
the SNEC" Facility Calculations Procedure (E900-ADM-4500.44, 'Reference 5-15). These
caleulations provide sufficient details with:respect'to” purpose, method; assumptions,:design
input, references and units such that a person technically qualified in the subject ¢an review and
understand -the analysis as well as verify the 'adequacy 'of the results without ‘frequently
consulting the originator. Calculations may be used for activities such as survey design, dose
modeling, and computer code verification.

5.210 Schedule

Final status surveys are ﬂplanned,A schedulea, and tracked "as 'a’ part-of the overall
decommissioning planning process. The schedule is dependent upon the progress and
completion of several decommissioning activities and’ review and “approval of the License
Termination Plan. Presently, survey data collection is expected to begin in the fourth quarter of
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2002. Final survey activities are planned and will be discussed with the NRC in advance to
allow scheduling of the required public meeting on the License Termination Plan.

5.2.11 Stakeholders

The stakeholders for the SNEC decommissioning project include those organizations and
concerned individuals listed below:

o Citizens Task Force (CTF)
¢ Concerned Citizens for Saxton Safety (CCFSS)
e Liberty Township
e Huntington and Bedford Counties
e The Commonwealth of Pennsylvania
e FirstEnergy Companies
e Applicable Contractors
e US Army Corps of Engineers
5.3 FINAL POST REMEDIATION SURVEYS

The professional judgment of the SNEC Facility staff will be used to implement final post
remediation surveys in areas where former contamination levels required extensive remediation
or in other areas as deemed appropriate. Properly designed, post remediation surveys can
facilitate the transfer and control of areas, and minimize the impact of planned or ongoing
dismantlement activities in adjacent areas.

5.3.1 Walk-down

A walk-down of the survey unit is performed prior to isolation. The principle objective of the
walk-down is to assess the physical state of the survey unit and the scope of work necessary to
prepare it for final survey. During the walk-down, requirements are identified for accessing,
isolating, and controlling the survey unit. Support activities necessary to conduct the: final
survey, such as scaffolding, interference removal, and electrical tag-outs, are identified. Safety
concerns such as confined space entry, high walls, and ceilings are identified. For systems, the
walk-down includes a review of system flow diagrams and piping drawings. The walk-down is
performed when the final configuration is known, usually near or after the completion of
dismantlement activities.

5.3.2 Isolation Criteria

The following criteria will be satisfied prior to acceptance of a survey unit by the FSS team. The
physical aspects of these criteria are verified during the walk-down.

1. Planned dismantlement activities within the post remediation survey unit are
completed.
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2. Planned dismantlement activities affecting or adjacent to the post remediation survey
unit are completed, or are evaluated and determined to not have a reasonable
, ,potentlal to introduce radloactlve materlal into the post remedlatlon survey umt

3. An operahonal radlatlon protectlon survey of the post remedlatlon survey unit is
completed and all outstanding items are addressed. Coe -

: 4. Planned physical work in, on, or around a’post remediation survey unit,.other than
. routme survelllance or maintenance, is complete

5. Tools non permanent equipment, and material not needed for survey data’collection
are removed

~6.’ Housekeeplng, clean up, and remedlatlon of the survey unlt are completed

7., Scaffoldlng, temporary electrical and ventllatlon equipment' and components, and
- other material or equipment needed for survey data collectlon is radlologlcally clean
- and Ieft in place.
8. Transnt paths to/through the post remedlatlon survey unlt are ellmlnated or re- routed
9. Approprlate measures are lnstltuted to prevent the re mtroductlon of radioactive
material into isolated area from ventilation systems, drain lines, system vents, and
other potential airborne and liquid contamination pathways. . - -

10. Measures are instituted to control access 'and egress . and - otherwise restrict
radioactive material from entering the survey unit.

5.3.3°  Transfer of Control

Once a walk-down has been performed and the isolation criteria are met¥ control.of activities
within the post remediation survey unit is transferred from the dismantlement organization to the
FSS team. The need for localized remediation within the isolated area may. be identified after
transfer ‘of control. Localized remediation may be,performed under the control of the FSS
organization. However, if large areas require remediation, the isolated area may be transferred
back to the dismantlement organlzatlon for,further decontammatlon

-

5.3.4 ; lsolatlon and Control Measures oo . ;l_

b . ':,rm R T S
Prior to performlng the FSS the post remedlatlon survey unit 1s isolated and controlled Routine
access, equipment removal _material storage,-and worker and material transit through the area
without proper controls are no longer allowed. .One or more of the following administrative and
physical controls will be established to minimize the possibility of introducing radioactive

material from ongoing decommissioning activities in adjacent or nearby areas.

§

1. Personnel trarnlng . . : g N
2. Installation of barriers to control access to the area(s)- : ' ...

3. Installatlon of postings with access/egress requnrements

4. Locking or otherwise securing entrances to the area
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5. Installation of tamper-evident seals or labels

Isolation and control measures are implemented through approved facility procedures and
remain in place through the FSS data collection process until license termination.

54 SURVEY DESIGN

The survey design identifies  relevant components of the FSS process, and establishes the
assumptions, methods, and performance criteria to be used. The methodology for planning a
FSS, including a FSS in the subsurface region is identified in the applicable site procedure.
Survey design 1s summarized in Table 5-5.

The application of survey design criteria to structures and land areas will vary based on the type
of survey media and the relative potential for elevated residual radioactivity. For facility
systems, many of the survey design criteria applicable to structures and land areas do not apply
or are dictated by the physical system layout and the accessibility to the system piping and
components. To accommodate these factors, the survey design integrates both non-systematic
(random) and judgmental (biased) methods to data collection to achieve the overall objective of
the final survey process. Survey design will be performed in accordance with SNEC procedures
E900-ADM-4500.59, “Final Site Survey Planning” and E900-ADM-4500.58, “Treatment of
Embedded Piping and Components”. When necessary, a two-stage sampling process may also
be used IAW Reference 5-20.

Each survey design package will address the following areas of interest:
1. A brief overview describing the final status survey design;

2. A description and map or drawing of impacted areas of the site, area, or building
classified by residual radioactivity levels (Class 1, Class 2, or Class 3) and divided
into survey units, with an explanation of the basis for division into survey units. Maps
should have compass headings indicated;

3. A description of the background reference areas and matenals, if they will be used,
and a justification for their selection;

4. A summary of the statistical tests that will be used to evaluate the survey results,
including the elevated measurement comparison, if Class 1 survey units are present,
a justification for any test methods not included in MARSSIM, and the values for the
decision errors ( and ) with a justification for values greater than 0.05;

5. A description of scanning instruments, methods, calibration, operational checks,
coverage, and sensitivity for each media and radionuclide:

6. For in-situ sample measurements made by field instruments, a description of the
instruments, calibration, operational checks, sensitivity, and sampling methods, with a
demonstration that the instruments, and methods, have adequate sensitivity;

7 A description of the analytical instruments for measuring samples in the laboratory,

including the calibration, sensitivity, and methodology for evaluation, with a
demonstration that the instruments and methods have adequate sensitivity;
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8.
N4 9
- 10.
11.
12.
N |
\_/

A description of how the samples will be collected, controlled, and handled:;

A description of the final status survey investigation levels and how they were
determined'

A summary of any significant additional residual radloactlvnty that was not accounted
for during site charactenzatlon

_>,l .

A summary of direct measurement results andlor son concentratlon levels in units that

are comparable to the DCGL and, if data is used to estimate or update the survey
unit;

A summary of direct measurements or sample data used to both evaluate the
success of remediation and to estimate the survey unit variance.
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Table 5-5

Survey Design Summary

Class 1 Class 2 Class 3 Plant
Specification Syst
Structures | Land Areas | Structures | Land Areas | Structures | Land Areas ystems
SUGGESTED SURVEY UNIT & REFERENCE GRID SIZES
. Up to Upto 100 to 2,000 to 2 2
Size Range= 100 m? 2,000 m? 1,000 m? 10,000 m? <10,000m* | <10,000 m N/A
Reference
Coordinate 1to2m 10t020m 1to2m 10to20m | 5t0o10m | 20to50m N/A
Gnd’=
SCAN MEASUREMENTS
Scan 10 to 100%” for Floors &
Covera 100% 10 to 50% for Upper Judgmental, up to 10% Variable®
ge= Walls & Cellings
- Judgmental;
Judgmental, systematic d
gzren ct'?gﬁi Accessible surface areas along transects or of Judgmental, random accersfsmle
randomly selected grds sn;r::e
STATIC MEASUREMENTS
lr\\l/l:gjsbj're(r);ent Calculated using the methodology of Appendix 5-2 30f
s— (Default Value is 30° for Small Survey Area Sizes, see Section 5 4 3 2)
Location . . . g Accessible
Selection=> Random starting point, systematic spacing Random Points
. L= (A/n)“2 1s for a square grid (see Section 5.4 3 2)
Spacing (L)= A = total survey unit area; n = # of measurements N/A N/A
Type of Surface n Surface N Surface . h Surface
Survey=> Cont. Soil Meas Cont Soil Meas Cont Soil Meas Cont"
NOTES:
a) A square or triangular gnd system pattern is used and multiple gnid patterns are employed as necessary unless
survey needs dictate otherwise.
b) Where scanning coverage greater than 50% is judged appropriate, the survey unit may be reclassified as a
Class 1 survey unit.
c) Performed according to the scan coverage for the class of survey unit (where possible). The amount of
accessible surface area dictates the percentage of surface area scanned
d) Includes health and safety considerations.
e) This number s sufficient for structural survey units less than ~10 square meters and land areas less than ~100
square meters in area, and may be used for embedments such as brackets, unistrut or sections of piping.
f)  As allowed by plant system size and accessibility to system interior surfaces.
g) Except when statistical tests are not applied (1 e , post remediation survey data for a survey unit are all less than
DCGL) When systematic spacing is not practical, a random survey/sampling pattern will be used.
h) Subsurface samples will be obtained from randomly selected locations as well as biased locations (see FSS

Design procedure (Table 5-3)

Scale and sediment samples will be collected from embedments (e g., piping, unistrut) as appropriate
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5.4. 1 Survey Units

As reflected in Table 5-5, impacted areas are lelded |nto survey units” to-facilitate, survey
design. A survey unit is'a physical area of specified size and shape with similar charactéristics
and potential for residual radloactrvrty for which data analysrs and statistical analysis are
performed. A separate decision is made for each survey unit ‘as to its acceptability for release.’

-
L

54.1. 1 “Survey Unit Size

Professronal judgment |s used to divide facilities and areas into appropnately sized survey umts
Survey unit sizing is “sufficient to assure that:the total number of data pornts based -on the
measurement " frequency, will ‘allow statistical evaluation of the data.’ Consrderatlons “for
establrshrng survey units are physical characteristics, concentration levels, rsotoprc ratros and
previous remedlatlon efforts as well as spatral -and logrstlcal consrderatrons "

Survey units are sized to ensure data pornts are relatrvely unlformly dlstnbuted among ‘areas of
similar potential- for residual contamination. Small surveyunits ‘are developed to ensure a
conservatrvely establlshed coverage of ‘an area, locatlon or -résiddal system prprng or
embedment. '

Survey units conform to site physical characteristics to the extent practical. Survey units have
relatively compact shapes unless an unusual shape is appropriate because of site operational
history or site topography. Where ‘possible,” exrstlng facility or site charactenstlcs such as
horizontal and vertical structural supports (beams, ‘Concrete pour 'seams, or prplng runs) are
used to define the boundaries of the study Suggested survey unit sizes are given in Table 5-5.
Surveyunit sizes may be adjusted as necessary as'long as assumptrons used to develop area
dose models remain valid.

5.4. 1 2 Reference Coordinate System

A reference coordinate system is used to facilitate sélection of measurement locatlons and
provide a method for locating the same points in the future.” A reference coordlnate system lS a
set of rntersectlng lines referenced to a fixed site location or benchmark. "Typically; grid lines are
arranged in a perpendicular pattern, dividing the survey unit into squares of equal area.
However, other types of grid patterns may be used. Examples ofa reference coordlnate system
are shown in Flgures 5-4 and 5-5, located at the end of this chapter

Scale drawings, maps, or photographs of each survey ‘unit are prepared along wrth an overlay
of the reference coordinate system While some!of the " maps ‘présented with this ‘plan’ have a
grid overlay, the actual or final layout may be somewhat drfferent than that provrded herein. The
reference coordinate system provided on ‘attachéd "drawings ‘are” intended’ prlmarlly for
illustration purposes and do not necessarily dictate final grid layouts.

Physical gridding is used only. where it is useful and cost effectrve Where Class 1 and Class 2
survey units ‘are gridded, the basic “grid" patterns” are” at 17t0"2" ‘meter rntervals on structural
surfaces, and at 10 to 20 meter intervals over land areas. For pract|cal purposes Class 3 areas

may typlcally be gridded at Iarger |ntervals for example '5 to 1 0 meters for large surfaces and
20 to 50 meters for land areas. - - s

rocie S,

The physrcal grid layout on a structural surface is marked -by chalk line or otherxapproprrate
means along the entire reference line or only at line intersections. For land ° areas, the reference
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coordinate system is marked by wooden stakes or metal pins driven into the soil at line
intersections, or by other appropriate surface markers. The selection of an appropriate marker
depends on the physical characteristics and routine use of the survey area. Examples of
gridded structures are shown at the end of this chapter (Figures 5-4 & 5-5).

5.4.1.3 Background Reference Areas

The residual radioactivity of a survey unit may be compared directly to the DCGL. However, the
residual radioactivity may contain radionuclides, which occur in background. To identify and
evaluate those contributions attributable to licensed activities, representative background
radionuclide concentrations are established using background reference areas. Background
reference areas have similar physical, chemical, radiological, and biological characteristics as
the areas to be surveyed. They are usually selected from near site non-impacted areas, but are
not limited to natural areas undisturbed by human activities. Surveys will be conducted of one
or more background reference areas (where appropriate), to determine background levels for
comparison with specific survey units. However, environmental background concentrations of
Cs-137 will not be subtracted from nuclide specific measurement results (e.g., gamma-ray
spectroscopy measurements of sample materials etc.) for any open land area. Appendix 5-3
provides additional discussions in selecting and applying background reference areas.

Background reference areas are not necessary where:

1. The residual radioactivity does not contain radionuclides occurring in background and
the detection method is radionuclide-specific.

2. The background levels are known to be an acceptably small fraction of the DCGLy
5.4.2 Scan Measurements

Scan measurements are performed to locate elevated areas of residual radioactivity that will
require further investigation.. They are performed according to a preset pattern established for
each classification. The level of scanning effort is proportional to the potential for finding
elevated measurement results.

Scan measurements of Class 1 survey units are performed over 100 percent of the accessible
surface area. However, personnel. health and safety issues are taken into consideration when
determining whether an area is accessible. Scan surveys are designed to detect small areas of
elevated radioactivity that would not be detected by a select-number of static measurements,
using a systematic measurement pattern. If the sensitivity. of the scanning method is not
sufficient to detect levels of .residual radioactivity below the DCGL, the number 'of static
measurements may be adjusted appropriately. Appendix 5-2 describes how this is
accomplished.

Scan measurements of Class 2 survey units are typically performed over 10 to 100 percent of
the surface area. Class 2 survey units have a lower probability of elevated residual radioactivity
than Class 1 survey units. Those areas with the highest potential for elevated residual
radjoactivity (e.g., corners, ditches, and drains) are included in the survey based on professional
judgment. If the entire survey unit has an equal probability of having areas of elevated residual
radioactivity, systematic scans are performed along grid intersections of randomly selected grid
blocks. A 10 percent scanning coverage is appropriate if it is unlikely that any area would

exceed the DCGL. Coverage of 25 to 50 percent is appropriate when there may be locations
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above the DCGL. Where scanning coverage of greater.than 50 percent is judged appropriate,
the survey unit may be reclassified as a Class 1'survey unit. e

Scan 'r'neésureiments‘of Class 3 survey units are’ performed typically .over ‘approximately .10
percent of the surface area. Corners, ditches, and drainage or collection’areas” are included in
the survey based on professional judgment. Class 3 survey units have the lowest probability of
containing elevated residual radioactivity. Those areas with the highest potential for elevated
residual radioactivity, based on professional judgment, are selected for scanning in.a Class 3
area.

Scan measurements of facility systems are_performed according to required scan coverage for
the_ classification of the survey unit.” The ‘amount of accessible surface.area’ dictates "the
percentage of the surface area scanned. However, the majority of all SNEC Facility systems
and components have been removed from the site. When scanning is_ not possible, such as in
water-covered areas, outfalls etc., a sufficient number of randomly' selected samples will be
collected as appropriate. ’ T "’

[T
~

5.4.3 - Static Measurements

boos

Static measurements provide a quantitative measure of the radioactivity present at the location
measured. Static’ measurements are performed at a frequency and location, throughout each
survey unit, such that a ‘statistically sound conclusion can be developed. Static measurements
may be . performed . at locations . of :elevated -residual _radioactivity identified -by scan
measu‘rem_ents. These types of static. measurements may include direct surface contamination
measurements, and soil and bulk material measurements. : ' o
There are several -vendors that can supply semi-automated, large area, .position sensitive,
radiation measurement equipment. The use of this type of instrumentation is applicable in areas
where relatively flat surfaces exist (either for structures or for surface soils). Scanning results
using this équipment could be acceptably substituted for static measurements when the'scan
MDC is'well below the requirements for releasing the area (e.g., 10% of the applicable DCGL).
This'type’ of equipment can provide ‘greater confidence in the survey results in that-surveyor,
erroris greatly reduced and typical detection sensitivities are usually higher than that obtained
using hand held survey equipment. In addition, an entire area is more appropriately scanned at
100% coverage making statistical testing of survey areas unnecessary.

GPU Nuclear, Inc. is currently evaluating thésfé‘types of equipment and their capabilities in an
effort to expedite and possibly improve overall scanning capabilities. If instrumentation of this
type is used for scan measurements and the measurements are capable of providing data of
sufficient quality as that provided by static measurements, they could be used in place of static
measurements. The same logic may be applied for using in-situ gamma spectrometry in place
of sampling and analysis for soil and other volume. contaminated materials in concert with
appropriate surrogate radionuclides. However, GPU Nuclear, Inc. has agreed that soil samples
will still be collected in open land areas additional to these semi-automated scan survey-or-in-

- ?

situ gamma spectrometry special meastrement techniques. P
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5.4.3.1 Number of Measurements

As described in Appendix 5-2, the MARSSIM process incorporates design constraints that
ensure that an adequate number of sample measurements are taken per survey unit. However,
a minimum number of 30 measurement points per survey unit may be collected in areas or
locations where there is difficulty in applying MARSSIM fixed point requirements, because of
survey unit size, access problems or obstructions. Survey units of this type will be investigated
thoroughly prior to planning the FSS.

5.4.3.2 Measurement Locations

Measurements in Class 3 survey units and background reference areas are taken in random
locations. Random means that each measurement location in the survey unit has an equal
probability of being selected. The random selection process uses random numbers that
correspond to a survey unit's ‘reference coordinate system to establish the measurement
locations within the survey unit. The random numbers are generated using a random number
generator or other acceptable random selection process. Measurement locations selected that
do not fall within the survey unit area, or that cannot be surveyed due to site conditions,
including health and safety considerations, are replaced. A technical evaluation will be written to
justify not surveying an area due to safety and health considerations.

Remaining sections of facility system piping, and embedments of all types with limited
accessibility, may not allow the full number of measurement points. When this is the case, an
assessment of the embedment is performed to determine if the embedment can easily be
removed or can be prepared for the FSS survey. The hlstory of the'area where the embedment
resides is first reviewed along with the expected radionuclide’ concentration present on/in the
embedment. In these special cases, the same MARSSIM approach encompassing historical
assessment, characterization, remediation, and post remediation survey data is used as a basis
for biased scanning and sampling to the extent practicable to ensure that the release criteria are
met.

For Class 1 and Class 2 survey units, a random-start systematic pattern is used in place of a
random pattern. This is done to meet survey design objectives and to locate small areas of
elevated residual radloactlwty that may exist within the survey unit. A random selection process
determines the starting point. For a survey point placement using a square grid, the_physical
spacing of the measurement locations, L, is determined as follows (NUREG-1575, Equatlon
5-6):

L=vAlne
Where:
A = area of the survey unit
nea = number of measurement points
The calculated value of L is rounded down to the nearest distance easily measured in the field.
Using the reference coordinates, the measurement locations are identified around the starting
point in a perpendicular manner at intervals of L. This process is repeated to identify the pattern

of measurement locations throughout the survey unit. Where other than a square grid system is
used, the physical spacing of the measurement locations is determined such that they are
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distributed around the starting point in a systematic, equidistant manner across the survey unit
area.

Equation 5-5 of NUREG-1575 is used when a triangular grid sampling point layout is used.

=+A/0.866n:¢x

Measurement locations selected using a random selection process or a systematic pattern that
do not fall within the survey unit area, or that cannot be surveyed due to'site conditions,
including health and safety considerations, may be replaced. A technical evaluation will be
written to Justlfy not surveying an area due to safety and health conSIderatlons Replacements
are made using other measurement locations determined by the random'selection process.
Supplemental measurement locations are also determined using the random selection process
but may require previous survey design considerations such as those Ilsted in Reference 5 20.
Measurement locations selected based on professional judgment vrolates the assumptlon of
unbiased measurements used to develop the statistical tests and are not used in the statistical
evaluation. However, specral considerations are necessary for structural survey units with
surface areas less than 10 m? land areas less than 100 m?, and remaining site system piping
and other embedments. “The data generated from these’ smaller survey units may be obtained
using professional judgment, rather than systematic or random sampling design. Once again,
the number of 30 measurement points for each of these smaller survey units .may be used
whenever practicable. Additionally, when'the random-start systematic spacing pattern cannot be
applied correctly because of a survey areas limited size or accessibility, then"a completely
random selection process will be used for purposes of locating survey and sampllng points
within the survey area.

5.4.3.3 Location ldentification

Measurement locations within the survey unit are clearly identified and documented to ensure
that they can be found again as necessary. Actual measurement locations are -marked with
tags, self-adhesive labels, bar codes, permanent markings, stakes, notations on survey maps,
or equivalent methods. A unique identification code or number identifies each measurement
location. The number convention allows survey data to be referenced back to a specific

measurement point that is identified in photographs drawings, dlagrams or maps of the survey
unit.

oL i:} “a = "y

544 Data Investigation
The data collection, investigation and evaluatlon process checklist is presented in Figure 5-2.

Use of this checklist or a similar organlzer provrdes a hrgh degree of conf dence that all data
requirements have been met. - -
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Figure 5-2
Example of a Data Interpretation Checklist ~

1. Collect Data
s  Structural
e Openland areas
e Embedments
2. Convert Data to Standard Units
e  Structural activity in dpm/100/ cm?
» Solid media (soil, etc.) activity in pCi/g
3. Evaluate Elevated Measurements
o Identify elevated data/mark location
« Compare data with derived elevated area criteria
» Determine need to remediate and/or reinvestigate elevated condition
« Compare data with survey unit classification cnteria
» Determine need to investigate and/or reclassify
4. Assess Survey Data

* Review survey planning and design data

* \Verify that data of adequate quality and quantity were obtained ~
e Perform preliminary assessments (graphical methods) for unusual or suspicious trends
or results — investigate further if appropriate
5. Perform Statistical Tests
» Select appropriate tests for category of contaminant
e Conduct tests
* Compare test results against hypotheses
¢ Confirm power level of tests
6. Compare Results to Guidelines
» Determine average or median concentrations
+ Confirm that residual activity satisfies guidelines
7. Compare Results with survey design information (ALARA may be included in the survey
design)
» Determine if all planning and design requirements are satisfied
e Explain/describe deviations from design-basis survey requirements
l\/
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5.4.41 Investigation Levels
Examples of typical investigation levels are shown in Table 5-6, taken from the MARSSIM
manual (NUREG-1575, Table 5.8). Investigation levels are radioactivity levels that are based
“on the site release criteria, which if exceeded, initiate_an investigation of the survey data.
‘Investigation levels are typically established for each class of survey unit.

Table 5-6
“Typical Investigation Levels (from NUREG-1575)’

ri

Survey Unit- . Flag Direct Measurements or | .. Flag Scan
Classification |- Sample Result When: ‘Measurements When:
>DCGLgmc or > DCGLy and > a statistical

Class | parameter based value ' >DCGLeuc
Class 2 ' . >DCGLy >DCGLy or > MDC
Class 3 >fraction of DCGLy | >DCGLwor>MDC*

,The principal purpose of an.investigation level is to guard against the possible misclassiﬁcatior{
.of the survey unit. They also serve as a QC check during the final survey process. A survey
‘measurement that exceeds an investigation level may indicate that the survey unit has been
-improperly classified. “ It 'may also indicate a failing survéy instrument or ‘a localized area of
:elevated residual radioactivity where there was a failure in the remediation process. Large
ivariations in background may also result in investigative surveys.' -Investigative surveys of this
type may be performed using a variety of measurement tools-including in-situ gamma-ray
spectroscopy instrumentation. . .
‘Depending upon the results-of the investigation, survey ‘unitsm‘a[y' rec';ui.r,e! no action, may be
rremediated, -or may be reclassified and/or re-surveyed. Initial administrative: action or
investigation level guidelines may be found in Table 5-7. For a Class .1 survey ‘unit, while
'measurements above the DCGL are not necessarily unexpected, any._measurement exceeding
the DCGL is investigated. The site release criteria allows individual measure{ments representing
ismall areas of residual radioactivity to exceed the DCGL. :However, ‘any. measurement that
‘exceeds the DCGL is subject to the elevated measurement comparison (EMC), described in
‘Appendix 5-1. For a Class 2 survey unit, any measurement above the DCGL is unexpected and
Eis investigated. As there is a low expectation for residual radioactivity in a' Class 3 survey unit,,
any. above_ background static measurement,- exceeding- a small-fraction of- a -DCGL is’
investigated. [f the scanning MDC exceeds the 'DCGL, any'indication’ of residual radioactivity
during the scan is also investigated. ST o t T )

If a background reference area is to be applied to the survey unit, the mean -of the background
reference area measurements may be added to the appropriate investigation level to which the
survey measurements are compared. Where an excessive number-of measurements exceed
the investigation level, the results are ‘reyiéﬁvéd_topns\u;\e that the applied background reference
area is appropriate: Additionally, m'gltiplé’qéfefgﬁpe areas may be used if.-reference areas have
significantly, different background levels because of the variability in background between areas.
Furthermore,” when different material types are present  in. the survey area, the lowest
background material average may be used along with the highest material sample variability to
produce a conservative assessment of residual activity in the survey area.
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Table 5-7
Summary of SNEC Investigation/Action Levels

SURVEY AREA TYPE

CLASS 1 AREA

CLASS 2 AREA

CLASS 3 AREA

Investigation or
Action Level

Flag any discrete
measurement > DCGLw
or > mean + 3 sigma of
the survey unit. Flag any
scan measurement >
DCGLy,

Flag any discrete
measurement > 50%
of DCGLyw. Flag any
scan measurement >
DCGLw or > MDC.

Flag any discrete
measurement > 10% of
DCGLw. Flag any scan
measurement > DCGLyor >
MDC.

Reclassification
Level

N/A

If scan or discrete
measurement values
are > the DCGLy,
area should be
reclassified as Class
1.

If scan or discrete
measurement values are >
DCGLy, area should be
reclassified as Class 1. If
scan or discrete
measurement values
exceed 50% of the DCGLy,
but are < the DCGLy Area
should be reclassified as
Class 2 area

Remediation
Guideline

Consider remediation
when residual activity
exceeds 3 times the
DCGLy for any scan or
discrete measurement
averaged over 100 cm?,

or when the mean for any
contiguous 1-m? area is
more than the DCGLy for
discrete measurements.

Soll mean is > the
DCGLy for 100 m? area
or DCGLgyg is greater

,than 3 times the DCGLy

Not indicated for Class 2 or Class 3 survey areas
unless above limits specified for Class 1 survey area.
Re-classify and Re-survey, as necessary.

NOTE 1: The above values are initial values that will not be changed without applicable reviews in accordance with

Licénse Condition 2.E.(d).

appropriate).

5.4.4.2

Investigation

All investigation/action levels assume background values have been subtracted (as

Locations identified by scan or static measurements with residual radioactivity, which exceed an
investigation/action level, are’ marked and investigated. The elevated measurement is then
confirmed to exceed the |nvest|gat|on/act|on level. The area around the elevated measurement
is” investigated to determine the extent of the elevated resndual radioactivity, and to provide
reasonable assurance that other undiscovered areas of elevated radioactivity do not exist.
Scan coverage of the area being investigated is increased to 100 percent (if not already at that
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level). Static measurements are also taken if scan measurements are not capable of providing
sufficient data to characterize the elevated area. A posting plot, described in Section 5.6.2.1, is
generated to document the ‘area investigated and the levels of- residual radroactlwty ‘found.
Depending ‘'on the results of the investigation,” the survey unit - ‘may -require remediation,
reclassification, -and/or ‘re-survey. ‘Possible outcomes’ of the'data mvestlgatron process are
shown in Table 5-8 below.

Table 5-8
.Possible Actions Resulting From Data Analysis ._

No.’| =~ Data Results Class1 - . ‘Class2 = Class 3 -

One or more data Perform statistical
1, | points > DCGLgmc or | testing, remediate and Re-classify & re-survey Sfr:;ass'fy & re-
.y | DCGLw . " re-survey as necessary > " y

S - | Survey Unit passes ’ ‘ ’ -

All data points < > | applicable elevated Al < LA

2 DCGLemc measurement N/A N/A
SR : comparisons . : ; Ao

v : Determine if re; ) ;, Determine if re-

3 All data points < Survey Unit passes classification is required classification is

DCGLw required as

as follows below: - .
- - | follows below:’

One or.more points > ‘ Ic:r;%'ee;sgeesc?rnrlg\slllew & ':Re classrfy & re ‘
1t 0, H H -
4 | 50% of DCGLw but < | Survey Unit passes re-cla55|fy & re-survey survey

DCGLw ] ) |'as necessary -

One or more points > . T T
P Re-cla55|fy & re-".

"5 10% of DCGLw but < ‘ TSur‘ve‘)ﬂl Unit passes Survey Unit Passes: - | surve .
50% of DCGLy -~ | - : AR

- | All data points < 10% . : N ~Survey Unlt -

6 6fQCGL, o 'Survey Unit passes v Survey:Un‘rt passes?:_ | passes -- ..

P ~ R R

Static measurements above the investigation/action level that should have been, but were not
identified by scan measurements may indicate that the scanning method is inadequate. In'that
case, the scanning method is evaluated and appropriate corrective actions are taken.
Corrective actions may include re- scanmng affected survey unlts usrng other survey protocol or
survey mstrumentatron : " . N

- - ] L .
L] v : PN L

5. 4 4.3 Remedlatlon ‘ . : . e L

f - 4 - pote s
- e 1 - 1 - et ’ sl

Areas of - elevated resrdual radloactlwty -aboverthe DCGLgyc "are “remediated-to acceptable
levels. Based on the survey data, it may be-necessary to remediate all or a portion of a survey
unit. Remedratlon activities are addressed in Chapter 4. 0 AU Sy Pttt T

5-37



SNEC FACILITY LICENSE TERMINATION PLAN REVISION 1

5.4.4.4 Subdividing Survey Units

Due to size restrictions and other considerations, a survey unit may need to be divided into two
or more smaller survey units. Survey unit sizes may be adjusted as necessary as long as
assumptions used to develop area dose models remain valid. Suggested survey unit sizes are
provided in Table 5-5.

5.4.4.5 Resurvey

If a survey unit is reclassified or if remediation activities are performed, then a re-survey using
the methods and frequency applicable to the new survey unit classification is performed. This
includes the case where only a small fraction of the area (< 10%) of a Class 1-survey unit is
remediated.

In the case where a new survey unit is separated out from an existing survey unit or an existing
survey unit is subdivided, Class 3 survey units need only additional randomly located
measurements to complete the survey data set. Class 1 and Class 2 survey units require a new
survey design based on random-start systematic measurement locations.

When a new survey unit is separated out from an existing survey unit or is subdivided, the new
survey unit will include a buffer zone that adequately bounds the area of identified
contamination when it borders a non-impacted area.

5.4.5 Quality Control (QC) Measurements

QC measurements are a component of the survey quality assurance process, and include
quality checking and repeat measurements. Quality checking and repeat measurements are
performed to identify, assess, and monitor measurement error and uncertainty attributable to
measurement methods or analytical procedures used in the data collection process. Qualty
checking includes direct observations of survey data and sample collections, and sample
preparation and analyses. Repeat measurements are multiple measurements at the same
location or from the same survey unit. Repeat measurements provide quantitative information
to demonstrate that measurement results are sufficiently free of error to accurately represent the
radiological condition of the SNEC Facility. Results of QC measurements are documented in
accordance with approved site procedures.

5.4.5.1 Type, Number, and Scheduling

QC checks will typically be performed by randomly re-sampling and/or re-surveying 5% of all
sampling and/or survey points. For a low number of points (10 or less), the number of re-survey
or re-sample locations will not be less than one (1). The type, number, and scheduling of QC
measurements may also be determined by a performance-based method as described in
Section 4 9.2 of NUREG-1575. This method is based on the potential sources of error and
uncertainty, the likelihood of occurrence, and the consequences in the context of final survey
data accuracy. The primary factors considered here are 1) the number of persons or
organizations involved in the data collection, 2) the number of measurement types or analytical
methods used, and 3) the time interval over which the data are collected. Other factors include:

1. Number of survey measurements collected,

2. Experience of personnel involved,
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3. Types of measurement methods or sampling and analytical procedures used,
4. Vanability of survey instruments used,

5.° Level of rédiqactiviiy in the survey unit, én;;

6. “How close the measurement level is to thé détébﬁibn limit. :

QC measurements will be collected throughout the data collection brocess to vér'ify)tha't sources
of error and uncertainty are minimized and controlled. : -

Er -

5.4.51.1 Scan Measurements

Quality checking‘df surface-'scanning surveys is perforrried to evaluate “thté ei%feéfivenesé of
scanning methods for identifying areas of elevated residual radioactivity. - The frequency Jof
quality checking for scan surveys is dependent on: ' o o )

1. " The number of surveyors,
2. The number of scanning methods employed,

3. The time interval over which scanning data are collected,

¥

4. The scan MDC, and

B —Professional judgment. 2.
The ability of surveyors to identify areas of elevated residual ra{diéactiility by scannmg will be
periodically tested and documented in accordance with .approved SNEC Facility procedure
E900-ADM-4500.42, “Training Requirements for SNEC Facility Workers”. '

£ o )

5.4.5.1.2 Static Surface Contamination Measurements

Repeat measurements of static surface ‘contamination are performed to asséss error and
uncertainty associated with field measurement methods. Measurement locations are selected
based on measurement results and are representative of the entire dynamic range of residual
radioactivity found. The usable range’ of radioactivity includés the highest measurement result
and the lowest measurement result with an acceptable measurement uncertainty, compared to -
the desired level of accuracy. Repeat measuréménts with results at or, near the detection imit
are not used because'the'measurement uncertainty is ‘usually greater than'the desired level of .
accuracy.~~ . - T~ A - ’

1

5.4.5.1.3 Soil and Bulk Material Measurements .-
Selected soil and bulk samples are analyzed and resubmitted for, analysis as to determine, -
(measure) precision.Replicate 'samples ‘may-be an!aly;,esd ih_their'_erftiréty‘ér spli‘t:to‘perfolrm -
multiple analyses -(split sample). The original analytical résults are then compared .with the
replicate analysis results for agreement. "When possible, ‘replicate samples’are analyzed using
a second (different) instrument and are”submitted ‘to the laboratory(s) ‘as .unknowns. - .This,
process .is implemented at the SNEC Facility through procedure 'E900-QAP-4220.02, “SNEC -

Count Room Quality Assurance Program”. »
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5.4.5.2 Measurement Accuracy

Measurement accuracy may be estimated using the results of QC repeat measurements and
comparing the results to the original measurements. For laboratory analysis, the results of the
split samples are compared to one another. The accuracy estimates based on two or more
surveyors (or laboratories) refer to the agreement expected when different surveyors or
laboratories perform the same measurement using the same method.

Acceptance criteria for measurement accuracy are established during the survey design
process or in approved SNEC procedures. Where the acceptance criteria are not met, a
documented investigation of the data collection and/or sample analysis process is initiated to
assess and identify the extent of error or uncertainty and to determine corrective actions.

5.5 SURVEY DATA COLLECTION

Survey data are collected after the survey unit has been isolated and controlled to ensure that
radioactive contamination has not been introduced from ongoing decommissioning activities in
adjacent or nearby areas.

5.5.1 Survey Performance

Survey data are collected from the post remediation survey, the final survey, and any
investigation surveys performed. The final survey uses both random and biased data collection
methods and is performed using the methodology, techniques, and quality control requirements
prescribed in this plan. The post remediation and investigation surveys are biased surveys
performed using similar methodology, techniques, and quality control requirements as the final
survey. A post remediation survey, when performed, precedes the final survey. Investigation
surveys may be performed at any time.

5.5.1.1 Post Remediation Survey

A special post remediation survey is performed where extensive dismantlement activities have
occurred. These surveys are based on the professional judgment of the staff, and are
performed when operational radiation surveys do not provide sufficient confidence that the'
survey unit is ready for the FSS. These special post remediation surveys are designed to verify
that residual radioactivity levels are acceptable and that no additional remediation is necessary.
It is conducted using similar methodology, techniques, and quality control procedures, as those

required for the final survey. Professional judgment is used to: 1) identify measurement

locations most likely to have elevated levels of residual radioactivity, and 2) establish the
scanning coverage and the number of static measurements to be taken.

5.5.1.2  Final Survey

The objective of the final survey is to collect data of sufficient type, quantity, and quality,
supporting conclusions regarding the radiological condition of the site. The final survey uses
both random and biased data collection methods. Scan measurements are taken from both
biased and prescribed measurement locations. Static measurement results used in the
statistical tests are obtained from randomly derived measurement locations. The FSS of each
survey unit is performed to demonstrate that residual radioactivity in each survey unit satisfies
the predetermined criteria for release for unrestricted use
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i ‘
—/ 5.5.1.3 Investigation Survey C~
An investigation survey is performed when one.or more survey measurements -exceed an
"investigation level as described in Section 5.4.4., The purpose of the .investigation survey is to
;define the area and level of the elevated residual ‘radioactivity. * Thé data collected during
‘investigation surveys are used to characterize the area being investigated and to provide the
basis for any further actions. S o

552  Instrumentation B

Comméfcially,availa'ble portable and Iaboratoryﬁinst‘ruments and defectors are used to perform
three types of measurements: 1) surface scanning, 2) direct surface- contamination
measurements, and 3) laboratory analysis of sail and bulk materials. Other ir;strum"entation is
also used to perform other types of measurements as dictated by data collection requirements.
The issuance, control, :calibration and operation of isurvey instrumentation .is controlled by
approved procedures. . - - ‘
3.5.2:1 ' Instrument Selection ' ; o R
Radiation detection and measurement in&strurh‘nenfatign is selected based on reliable’ p“pération,'
detection sensitivity, operating characteristics, and expected performance’in the field. Typically,
instruments used for static measurements are capable of detecting the radiation of -concern at
an MDC that is less than 50 percent of the DCGLyy, - - . v

\_ Generally,-instruments used for ‘sCan measurements are capable of detecting the radiation of
concern to a MDC less than the DCGLy. Typical instrumentation that may be used is identified
in Table 5-9. The detectors used for direct surface contamination measurements are usually
operated with data logging survey meters. - S . A Yoo

¢ f ES
3 B

[E
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Table 5-9
Typical Survey Instrumentation Chgrgcteristics
Meaﬁ.l;':én ent Dgtector Typé Effect‘i’\\;‘ﬁ‘gg‘t:ti)tgggi';a and Instr&rgg:lt and Detector Model
Alpha Scan pgzcs)-rtﬂigr\’al 0.8 mg/;%%g?:mimzed Ludlum 2350-1 é‘:ﬂ:&:ﬁéﬁ%
BetaS-S:‘:nma pggi}tﬂig‘:‘,al 0.8 mg/;r:r}l%'c,;\?:minized Ludlum 2350-1 (l;:‘ﬂ:lrﬂvﬁ;i?)
Gamma Scan | Nal Scintliator o Ly also Ludium 2350-1 "“dég;“e:ﬁﬁa‘l’g:t‘;’@
Ciament | semer | TOxViengn | Seronierc
o | psier, | osmociiFumes | oumzsor | L ssas
Sop,and Bulk Sigh-punty | 4 60"x 1947, 2.16"x 232" | Ortec/Canberra NIA
e | G Q) | tlersones | fouersikes |y
5.5.2.2 Calibration and Maintenance

Instruments and detectors are calibrated for the radiation types and energies of interest.
Anticipated radionuclide mixture ratios and varying energies are accounted for during calibration
by using a calibration source with a conservative and/or representative average energy as
compared to the weighted average energy of the anticipated nuclide mixture. For calibration of
beta detectors, detector efficiencies are determined with calibration sources consisting of Tc-99,
which emits an average energy of approximately 85 keV. This average energy is conservative
when compared to the expected weighted average beta emission energy of 157 keV (the
predominant detectable beta emitter is Cs-137). Similarly, the use of Th-230 or Pu-239
calibration sources having weighted average alpha energies of 4.654 MeV and 5.128 MeV,
respectively, is representative as compared to the alpha emission energies (approximately 5.1
MeV to 6.1 MeV) of the expected surface nuclide mix for alpha emitters (Pu-238, Pu-239 & Am-
241).

Instrument calibration and maintenance are performed in accordance with approved
procedures. If vendor services are used, these services are conducted in accordance with
approved procedures and a vendor QA program that is subject to approval in accordance with
the Quality Assurance Program For Radiological Instruments and the SNEC Decommissioning
Quality Assurance Plan (DQAP). Radioactive sources used for calibration purposes are
traceable to the National Institute of Standards and Technology (NIST) or equivalent standards.

Calibration source efficiency variations resulting from source back scatter is usually small
compared with efficiency loss due to uneven, wetted, corroded and/or semi-dusty surfaces
typically encountered during the final survey process. Additionally, the distance between the
source and the detector is a primary contributor to detection efficiency variations. To account for
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survey surface to detector variations in the field such as surveys over scabbled concrete, the
average variation in distance from the surveyed surface to the detector is determined based on
the unevenness of the survey surface. A correction or distance factor is then applied to the
calibration factor of the instrumient.- The distance factor ‘will ‘be determined empirically at the
SNEC Facility usmg an appropriate large area (150-cm? calibration’ source and an approved
procedure. Efficiency correction factors for wetted, corroded or semi-dusty surfaces will be
determined in'accordance with NUREG-1507 (Reference 5- 18) guidance. If these survey area
characteristics are shown to have an impact on detection efficiency, appropriate compensatory
corrections will be made in the survey design, as well as the resulting calculated survey results.

5.5.2.3 Response Checks

Instrument response checks are conducted to assure consistency in instrument response, to
verify the detector is operating properly, and to" demonstrate that measurement results are not
the result of detector contamination or other disturbances. At a minimum, instrument response
is checked before instrument use each’®day. ‘Portable instruments'are also checked after
instrument use each day. A check source is used that emits the same type of radiation (i.e.,
alpha, beta, and/or gamma) as the radiation being measured and that gives a similar mstrument
response. However, the check source does not necessanly use the same radionuclide as the
radionuclide being measured. The response’check is performéd using a specified source-
detector alignment that can be easily repeated If the instrument fails its response check, it is
not used until the problem is resolved.” Méasurements ‘made between the last acceptable
response check and the failed check are evaluated and either retained or discarded, as
appropriate.

5.5.2:4" ' Minimum Detectable Concentration (MDC)

The MDC |s determined for the instruments and techniques that are used for survey data
collection. *The-MDC is the concentration that a specific rnstrument ‘and techmque can ‘be
expected to detect 95 percent of the trme under actual f eld condmons

5.5.2.4.1 Beta‘Gamma Scan MDC For Structural Surfaces

LR 8

Scanning methodology implemented at the SNEC Facrhty will fottow an approved training
process. A check source assembly will be used to train personnet in detectmg areas exhrbrtmg
twoto three times the background count rate.” The sotrce is adjusted to a hexght below the
source assembly surface such that two to three times the background count rate is presented to
the detector while siting directly over the source i"Personnel will then be asked to. move the
detector.across the source ‘exposure area at a'fixed rate'of speed while- hstenlng for e!evated
counting rates.'. Scan speeds are adjusted accordrng to"the' ability of the* ‘surveyor ‘to dtscern a
specified counting rate above’the exrstrng survey area background level. The check source
assembly is also used to train personnet in proper scan survey techmques

The scan MDC, or MDC,,, for scanning structural surfaces for beta and gamma em:tters is
determlned from NUREG 1727 Equatron E—2

[

y I IVDCsow(w/ar swfaoes)._270(xx)138\/é
- | L J; ‘g8 At .
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Where:

MDCscan = minimum detectable concentration for scanning building {surfaces
(pCi/m?)

270,000 = conversion factor to convert to pCi/m? (other conversion factors may be
used as well to convert to other applicable units)

1.38 = index of sensitivity d’

B = number of background counts in time interval t

p = surveyor efficiency, (assumed to be 0.5, Reference 5-4)

g = instrument efficiency for emitted radiation (cpm/dpm)

Es = source efficiency for emissions/disintegration

A = probe's sensitive area (cm?)

t = time interval of the observation while the probe passes over the source In

seconds

NOTE: The correction factor (A) as defined above, is not used in the ‘Compass”
computer program developed for purposes of survey planning by the Oak
Ridge Institute for Science and Education (ORISE).

The value of p represents a mean value for normal field conditions and is discussed in Section
6.6 of NUREG-1507, “Minimum Detectable Concentrations With Typical Radiation Survey
Instruments for Various Contaminants and Field Conditions” (Reference 5-18).

5.5.2.4.2 Aipha Scan MDC for Structural Surfaces

For most conditions found at the SNEC Facility, the presence of alpha emitting radionuclides
may be predicted by use of a surrogate beta-gamma emitting radionuclide such as Cs-137.
Scanning for the surrogate radionuclide is significantly easier than_scanning for alpha activity.
During the scanning operation, when levels of the surrogate radionuclide are found to exceed a
predetermined level, both a static alpha and beta-gamma measurement may be employed to
verify the elevated scan reading. Relative ratios of radionuclides will-be verified using sample
and analysis techniques. This method of indirectly surveying for alpha surface activity provides
additional assurance that these radionuclides are at acceptable levels on structural surfaces,
and is superior to scanning only for the alpha radionuclide by itself.

When only alpha scans are employed, scanning for alpha emitters will differ significantly from
scanning for beta and gamma emitters, in that the expected background response of most alpha
detectors is close to zero. Since the time the probe is in the area of elevated residual
radioactivity varies and the background count rate may be less than 1 cpm, it is not practical to
determine a fixed MDC for scanning. Instead, another approach described in Section 6.7.2.2 of
NUREG-1575 (Reference 5-5) is used. Given the DCGLwand a known scan rate, the probability
of detecting an area of elevated residual radioactivity is calculated. The probability of detecting
given levels of alpha surface contamination can be calculated by using Poisson summation
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statistics (see Section 6.7.2.2 of NUREG-1575 (Reference 5-5) for a more complete description
‘of this méthod). C o

'For alpha survey instrumentation with“‘backgroungs '< 3 cpm, a single count provides a surveyor
‘sufficient, cause 'to stop and investigate further.”'When one or more counts are registered, the
surveyor pauses scanning operations_and waits for a predetermined time to determine if the
counts are from elevated residual radioactivity. The time interval of the pause corresponds to a
90 percent probability of detecting counts associated with elevated residual radioactivity. This
time interval may be calculated in accordance with Equation 6-13 of NUREG-1575 (Reference
5-5).

6.6.2.4.3 Gamma Scan MDC for Land Areas

The MDCscay values for the Sodium lodide detectors and radionuclides (shown in Table 6.7 of
NUREG-1575 (Reference 5-5)), are examples of typical MDCscan values that can be calculated
assuming specific background levels are present in the ‘survey area. The ffﬁqthod given in
NUREG-1507 (Reference 5-18), provides a more detailed example of how the scan MDC for
gamma emitters can be determined. This is the method that will be.used by the SNEC Facility
wheén'this survey approach is used.  Site ‘speciﬂc‘MDC’s for all_survey instrumentation will be

3 -

derived and incorporated into survey packages. - - o

5.5.2.4.4 Static MDC for Structural Surfaces

t

For static measurements of 'surfaces, the' MDCyyy. may be calculated using NUREGJZQ?,
Equation E-3 (Reference 5-4). More specific values for the calibration constant K shown'in that
equation are shown below in numbers 1 through 3:

1. The area of the detector (A)
2. The source efficiency factor (), and

3. The instrument efficiency for the emitted radiation(s) (&;)

MDCow. —__ 3+465VB
(6:&)(AI100cn?) -t
Where:
MDCgare = minimum detectable concentration for static counting (dpm/100
cm?)
B = background counts during measurement time interval t (counts)
t = measurement counting time interval (minutes)
€ = instrument efficiency for emitted radiation (counts/emission)
€s = source efficiency for emitted radiation (emissions/disintegration)
A = area of detector (cm?)
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4. The total efficiency (€,) is the product of the instrument (€;) and source (&)
efficiencies. These values will be determined during the calibration process for the
specific radionuclide mix expected in each survey area/unit (as appropriate). Actual
instrument efficiencies are continuously monitored by site personnel. Any information
or calculations used to establish instrument efficiencies for final status survey work
will be available at the site for NRC on-site inspection purposes.

5. Other correction factors may be applied to the above equation as deemed
appropriate.

5.5.2.5 Detection Sensitivity

The detection sensitivity of typical detectors for surface contamination measurements is
estimated and the results summarized in Table 5-10. The results are shown for the principal
instruments that are "expected to be used for alpha and beta-gamma direct surface
contamination measurements.

Count times are selected to ensure that the measurements are sufficiently sensitive with respect
to the DCGLy. For example the count times associated with measurements for, surface
contamination and gamma spectral analysis (soil and bulk materials) are normally set to ensure
an MDCq.c is equal to or less than 50 percent of the DCGL. The scan rate associated with
surface scans is normally set to ensure an MDCscan Of no more than 75 percent of the DCGL. If
the MDCscan exceeds the DCGL, additional static measurements may be required, as
discussed in Appendix 5-1.
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| - ) - Table 5-10
IERRY Typical Detection Sensitivities " .
. ’ : BKGND SRR AN . c T
" Instrument and | Radiatio Count BKGND El?;gg::;gte ?r?;gt d phrnn?‘ﬁ)o « Scan® MDC;
Detector n ;rr:::\? {(cpm) (CP m/ dpm)A (min) , cm? dpn:t/100 Sm:
Ludlum Mode! - L s o - . -
.. 2350-1, . _ Alpha 5 2 . 0.155 ; 1 49 * 500°
4368 Probe | - A A %
~ Ludlum Mode! - Beta- - TN e : w LRI
. 23501, . *Gamma 5 -243, 0.275- -1 ;220 o511 .2
43-68 Probe e e e e - ) P
. on ~10k- | 800 cpm/uR/h 1sec ~64pCilg
2'x2" Nal Gamma 1 20k . | . (weighted) (scan) NA | csasny
Bicron Micro- prem/h | Read Outin y
_Rem Meter - | ¢amma NIA (varies)"|  ‘mrem/h NIA-— N/‘é NIA
Reuter-Stokes® ) e - . ) -
Pressunzedlon | Gamma | N/A uRh . ReadR?h“t n N/A N/A | UNA
Chamber | 1" . e (varies) | - pR/ - ! ‘ '
NOTES: ‘ ‘

® Actual calibration sources may be Cs-137, Tc-99, Am-241 or Pu-239 The efficiency is determined by counting the source with the

detector in}a fixed position frorp the source {reproducible geometry)

b

-~

MDCicn 15 calculated by'as_sumin
min, assuming an 8 9 cm detector width

e . K R N T I .
¢ The alpha scan MDC is determined by the approach described in Section'6 7.2.2 of NUREG-1575 (Reference 5-5) It assumes

g a scan rate

cpm s necessary for the surveyor to pause

s - - - - L P L . ST IS -,
The pressurized lon Chamber (PIC) is used for companson only No release survey da}ta are collected using this instrument

*The total efﬁciency (&) is the product of the instrument (c,) a?\d"s»ourpe (s) efficiencies ‘The"se/values will be determined

of 5 cmfsec

§

(unless otherwise marked), which 1s equival

* P

ent to a count time of 0.03

s -
. *

21

i

during

the calibration” process for the specific radionuchde mix expected in each 'survey ’arealumg (as appropriate) Actual instrument
efficiencies are continuously monitored by site personne! Any information or calculations used to establish instrument efficiencies

for final status survey work will be available at the site for NRC on-site inspection purposes

Survey Methods

5.5.3
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Survey measurements are performed in accordance ‘with' specific instructions  contained in
approved site procedures. Measurements include surface’scans, static surface contamination
measurements,” and laboratory analysis of soil and bulk'matérials.” Other measurements, such

as removable surface contamina

required. --

5.5.3.1

Scanning is performed to locate small areas-of residual radioactivit
level. If an area of elevated residual radioactivit

~

Scan Measurements

the area is marked for investigation.

Structure and site system surfaée

Tt

s are scanned for b

B . e o T

eta-gamm

t
'

<
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T

tion and exposure rate measuréments may also be obtained as

-

y abovVe the investigation
y is'identified during the ‘stan of a survey unit,”

a emitting Tadionuclides” Beta

scintillation or thin window gas-flow proportional detectors'are typically used. "In géneral, the -
detector is held less than 2 cm from the ‘surface and moved at about 1 detector width per

second. The scan rate is adjusted such that residual radioactivity canbe detected at or bplow

the investigation level.
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Scanning for alpha emitters and low-energy beta emitters (<100 keV) are limited to structural
surfaces. Where scanning is performed, alpha scintillation or thin window gas-flow proportional
detectors are typically used. The detector is kept close to the surface, usually less than 1 cm,
and moved at a rate such that there is a high probability of detecting elevated residual
radioactivity.

Land areas are scanned for gamma-emitting radionuclides. Sodium iodide scintillation
detectors are normally used because of their high detection efficiency. The detector is held
close to the ground surface (usually less than 6 cm), and moved in a serpentine (S-shaped)
pattern. This is done while walking at a speed that allows the surveyor to detect the residual
radioactivity at or below the investigation level. A scan rate of approximately 0.5 meters/second
.Is typically used to start. This rate is adjusted depending on the required detector response time
and the general background level encountered in the field.

5.5.3.2 Static Surface Contamination Measurements

Static measurements are taken to detect surface contamination. Static measurements are
generally performed by placing the detector on, or near the surface measured. Measurements
are made over a discrete measurement time interval. Results are recorded. A one minute
integrated count is a practical time interval for most field survey instrumentation and provides
detection sensitivities that are usually below the DCGLy. Other time intervals may be used as
warranted.

Static measurements are taken with 100 cm? detectors or are corrected to reflect a 100 cm?
area. In the event that contamination is more than what would be acceptable for an area of 100
cm?, an evaluation is performed to ascertain compliance with the DCGLy,.

Static measurements are typically restricted to relatively smooth impermeable surfaces where
the radioactivity is present as surface contamination. Because the detector is used in close
proximity to the potentially contaminated surface, contamination of the detector or damage to
the detector caused by irregular surfaces is considered before performing direct measurements.

5.5.3.3 Soil And Bulk Material Samples

Soil and bulk material samples are routinely collected and analyzed. Soil samples are generally
collected down to a depth of 15 cm at static measurement locations. Sampling at greater
depths is done in areas where site characterization or other information indicates the potential
exists for contamination below 15 cm. Sample preparation may include, removing extraneous
material, homogenizing, splitting, drying, and compositing sample materials for counting. For
QC repeat measurements, the samples are obtained from the selected measurement locations
as indicated in the survey/sample design package.

Samples of paint chips, tank sediment, sewage sludge, roofing material, concrete, pavement,
and other bulk materials are collected for laboratory analysis as part of the biased sampling
effort. Such samples may be collected in drain receptacles, sumps, and other locations in
impacted areas. Selected storm drains are sampled in accessible locations. These samples
are quantitatively analyzed by gamma spectroscopy for principal gamma-emitting radionuclides
and the results compared to the DCGLw. If residual radioactivity can be measured at DCGLy
levels by in-situ gamma-ray spectroscopy techniques, in-situ techniques may be used in place
of, or supplement, sampling and analysis methods. For gamma emitting radionuclides, the
above data may also be supplemented by dose rate measurements.
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5. 5 3 4 Speclal Measurements

The hlstoncal site assessment and site charactenzatlon surveys are used to rndlcate if resndual
radloactlvrty is-present in areas or Iocatlons descnbed below. Any of these types of areas may

<requrre the appllcatron of special measurement technlques

1 ’ R

5.5.3.4.1 Cracks, Crevices, And Small Holes

Surface contamination on non- planar or irregular structure surfaces, such as cracks, crevices,
and small holes, may be difficult to' measure dlrectly usmg standard field survey detectors and
established technlques “Where no remedlatlon has occurred ‘and reS|dual radloactlvrty is not
expected above’ background levels, cracks crevices, and small holes’ are assumed to have the
same level of reS|dual radioactivity as that found on adJacent surfaces. The accessible surfaces
are surveyed the same as other structural surfaces and no “special measurement methods are
applied. - . . e

Where remedlatlon has occurred on surrounding surfaces, or where resrdual radroactlvrty above
background levels is ‘expected, a representatrve sample of surface contamination within thé
crack, ‘crevice, 'or small hole is obtained. “The level of resrdual radloactrvrty is measured and
detection sensitivities can be adjusted such that reasonable" approxnmatlons may be made usmg
indirect measurement techniques. For the most part, the areas requiring special attention with
respect to this type of survey and remediation work are located in the Saxton Steam Generatlng
Station area” and its' associated Discharge “and Intaké Tunnels. ‘At the  SNEC. Facrlrty,
contaminated regions of this type are remediated when possible. Additional discussion on this
subject is presented in Appendix E, Section 10 of NUREG 1727 NMSS Decommrssmnrng
Standard Revrew Plan (Reference 5-4). ‘ .

R
4 T

- B 4 IR
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5.5.3.4. 2 Parnt Covered Surfaces

- - s
' 3 P ' -
i

Surfaces painted.to fix loose contamlnatlon are remedrated before’ FSS"adtivities begm For
other surfaces painted after site start-up, representatrve samples in areas where it is suspected
that -elevated levels of ‘residual radioactivity 'could "have been covered over, are taken and
analyzed. Detection sensitivities are adjusted or. remedlatron rs performed as dictated by the
sample analysrs results '

_1.;«.!.—' B Ty . -
{ HE—

5.5. 3 4.3 Facrllty Systems Floor Drains, Embedded Piping, Unrstrut

Surface contamination on internal strfaces 'of site ‘systems; floor dralns embedded prplng and

embedded unistrut sections may be inaccessible or difficult to'measure’ dlrectly using typical

field survey instrumentation. For surface mounted supports, fixtures, unistrut and other similar ,

hardware, no special measurement methods are generally needed where no remedratlon has’

occurred in the area where these'items reside. ~ When this'is the ‘case, mternal ‘surfaces of
embedments are assumed to have the same level ‘of. re3|dual radroactlvrty as that found on,'
accessible surfaces.' Areas where no remédiation’ has been needed generally exhlblt at or near

background levels of contammatlon R

v ~ - N - . " yE T
B . B o L N L

- £

On the other hand contaminated or potentrally contamlnated hardware ‘items may be evaluated
in several ways., Where remediation has occurred, or where 'residual radloactlvrty above
background levels is expected, representative samples of these .embedments may be obtained
using a random sampling approach. The levels of residual radroactlvrty are then measured and
evaluated on the removed embedment sections; and the results are" ‘extrapolated to the
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remaining population. As an example, several unistrut sections of known length are first
removed from an area, and then are assayed in a low background area to determine the
residual activity per unit length (or unit surface area). From these assay results, a mean activity
per unit length (or unit surface area) is then estimated as well as a postulated standard
deviation and variance for the remaining population. The required number of additional samples
are then calculated for the remaining lengths of unistrut. After unit conversion, these assay
results may be compared directly to the applicable DCGL values using the appropriate statistical
test criteria.

For other types of facility hardware such as embedded piping, scale and sediment, samples
may be obtained (as allowed by system size and accessibility), at locations along a length of
pipe system. The sample results are then assayed individually and a mean and variance are
established for the locations sampled. This information is then used along with the fraction of
the system sampled to estimaté, how many additional samples are needed to bound the total
activity of the piping system. In addition, calibrated detectors may be used to measure the
internal activity of piping and ductwork. Appropriately sized sodium iodide detection systems
attached to multi-channel analyzers may be inserted into piping systems to perform in-situ
analysis of hard gamma emitters (gamma-ray emitters will be used as the surrogate
radionuclide in this case). Other types of detection systems that can measure internal surface
beta and/or alpha emissions directly (in properly prepared piping sections), may also be used
when appropriate. These types of measurements are considered special measurements and as
such will be performed in accordance with a fully approved site procedure. Documentation of
this type of survey process will be performed using the SNEC Calculations procedure or other
approved site procedure.

GPU Nuclear, Inc. has'performed many internal video inspections of piping at the SNEC Facility
to assist in determining the viability of internal measurements, and also to map out or diagram
the extent of some system piping. This process was necessary to determine the
interconnections and level of sediment in pipe sections. GPU Nuclear, Inc. will continue to use
internal video inspections as necessary to bound system piping on an as needed basis.

As a final resolution, when no reasonable method exists. for evaluating the residual activity
remaining infon the émbedmyent, the embedment is conservatively assumed to be above limits
and is remediated. The embedment evaluation, measurement, and assessment program will be
performed concurrently with other on-going remediation efforts at the SNEC Facility in
accordance with approved site procedures.

5.5.3.4.4 Volumetrically Contaminated Structural and Re-Fill Materials (Soils & Crushed
Construction Debris)

It is assumed that remediation efforts will be successful in removing residual activity to meet the
established limits for structural surfaces. However, continued evaluations and sampling will be
used (as necessary) to determine the depth of residual activity remaining in concrete surfaces
before final status survey work begins. Additionally, indirect measurement techniques such as
evaluating exposure rates, gross gamma count rates and/or in-sity gamma-ray spectrometry
measurements may be performed as needed to derive residual contamination levels on or
within structural materials. Detection sensitivities will be established such that reasonable but
conservative approximations of the quantity of remaining volumetric activity can be made.

To aid in simplifying dose modeling requirements for this kind of material, samples of site soils
and construction debris have been sent to an off-site laboratory where Ky (distribution
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"coefficient) values have’'been developed for relevant site radionuclides. These Ky values have
then been used to develop final site DCGLy values for all volumetric material types ‘at the SNEC
site. By selecting the most conservative DCGLw developed from these varidus material types, a
universally applicable DCGLy may then be used for all SNEC Facility volumetric materials. As a
result of this modeling and pathways analysis technique, SNEC site DCGL,, values may be used
for both surface and subsurface soil and construction debris (re-fill 'or otherwise). Any residual
activity allowed to:remain in SNEC site structures or in 'soil materials’ will meet the site dose
criteria for unrestricted release based on these DCGL,, values.

A sampling and measurement program will"be implemented to monitor "and control residual
contamination levels in re-fill materials. The sampling program will be statistically based and be
applied through the implementation of fully reviewed SNEC site procedures and/or work
mstructlons Sampling and analysis will meet requirements stated in Sectlon 5 2 7.6 of this plan.

-y L

5. 5 3 4 5 Paved Parkmg Lots, Roads, Sidewalks, And Other Paved Areas T

Paved parking lots, roadways, concrete slabs,-and other paved areas are treated as structure
surfaces. Scan and static measurements are taken as prescribed by the survey design Where
remediation has occurred or where residual radioactivity above background levels is suspected,
direct surface contamination:-measurements..are taken and a representative number of
subsurface samples (below 15 cm) will be collected and analyzed. Depending on the size of the
paved area and the distribution of the residual radioactivity, the paved area may be'a separate
survey unit or be included as part of a larger survey unit. Sampling of these areas is also
appropriate where there is reason to believe that contamlnatlon resides m on, or below these
structures. - -

5.5.3.4.6 Trailers And Temporary Facilities

Trailers or other temporary facilities used to-support FSS or decommissioning work are not
included in this study, but instead will be released in accordance with current: SNEC Facility
Radiological Controls work practices and procedures. Any temporary facilities remaining at the
time of FSS activities shall be classified and surveyed in accordance wnth the apphcable area or
use classification.

5.5.3.4.7 Subsurface Soil Contamination Survey

The subsurface sampling/measurement program will be controlled by site procedures and will
follow a systematic process for collecting subsurface information. In this methodology, each
zone (surface, subsurface and buffer zone below the potentially contaminated region) will
represent a sample population. The buffer layer will extend below the depth of any formerly
buried components and the suspected depth of the contamination zone. The buffer layer depth
and starting point will also be adjusted as indicated by sampling. The number of cores to be
taken within each zone is the number N required for the applicable statistical test applied. The
core samples will be homogenized over each 1 meter of depth during the sample preparation
process. The appropriate test (WRS or Sign) will be applied to the results, as applicable. If the
test indicates that the layer being assessed fails, the layer or the volume will be considered for
remediation. Additionally, in-situ measurements may be considered when any layer exhibits
results approaching 50% of the release criteria.

Areas where subsurface contamination may be present at the SNEC site are identified and
sampled through the following process:
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Characterization and Historical Site Assessment (HSA) information were reviewed
and used to determine the appropriate area classification. The area classification
chosen considers both surface and subsurface volumes below structures as well as
any previous remediation or survey efforts.

A review of any éxisting measurement and/or sample results in the subsurface
volume is then performed to determine if sufficient sampling results are available for
planning a FSS.

These areas are then made accessible; i.e. obstacles to sampling and survey work
are removed (Where possible), including any structural impediments.

Where sampling below structures is prohibitively difficult or expensive; sampling
through floor/slab structures or road coverings may be the appropriate choice rather
than removing the entire structure to access the subsurface volume.

The final state subsurface regions are identified including the depth and thickness of
the buffer zone.

Each subsurface layer is sampled and surveyed IAW a survey and sampling plan.

When any sample or survey result suggests or necessitates remediation of a volume, the
remediation is performed before a final round FSS design is planned.

Identified locations where subsurface sampling/measurements will be planned include:

1.

2.

The Spray Pond area (~5500 square meters)

The 1.148 acre SNEC Facility site. To date, a significant portion of this area has been
remediated.

Any suspect subsurface areas identified by site management that have shown
contamination levels approaching the DCGLw.
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5.5.3.4.8 CV Steel Shell Activation Area Survey RN

The actlvated sectlon of the CV steel liner is currently assumed to be a reglon of the CV- shell
that extends from about the 790'"-El . (operational water line in_the reactor: cavnty) up -to.the
proposed cut off region -at about the 805’ El- (~15 feet).- Addltlonally, the region.is assumed to
extend for.a full quadrant of the CV or about 39’ of the circumference of this building (centered
horizontally at the former location of the reactor) -

Whén the lnterlor surface of the CV shell is thoroughly decontamlnated from resndual surface
contamination, _samples of the steel shell will be collected within the activation zone previously
described. The analysns of these samples will prowde the best average concentration for the
steel shell in the .activation region. Addltlonally, a gamma measurement .of the-shell in-this
reglon may be used to augment the sampllng efforts. These types of gamma, measurements are
special measurements and ‘are described in more detail in Section 5.5.3.4.9. The direct and
indirect dose contribution will be added to the -dose contribution: from,residual surface
contamination. The sum from these two sources will be maintained below 25 mrem/y TEDE.

5 5. 3 4.9 CV Steel Support ng Surveys

Dunng 2002 SNEC ‘was tasked wnth surveymg and releasmg several steel surface areas of the
SNEC Contalnment Vessel (CV) steel shell in support of installation of steel I-beams, which
were designed to stabilize the shell during removal of concrete. Survey areas were - first
aggressively cleaned using methods such as surface grinding which removed surface oxides,
paint and any residual concrete that had adhered to-the SNEC CV steel surface, as well as a
thickness of the steel itself. This cleaning process removed contaminants to essentially the base
metal, thus ensuring that the vast majority of surface contamination:had been:removed before
the surveys began. Pre and post cleaning surveys were performed to verlfy that the cleamng
effort was successful. L . TR
The survey was destgned usmg NRC screenlng DCGLs for surface contamlnatlon as descnbed
in Table 5-1. A conservative scanning speed was set to locate elevated areas within the survey
units .which.when detected were re-measured for a fuII one minute of count time. Elevated
measurement locatlons were re-cleaned ,and -re- surveyed as necessary. Randomly located
static measurement pomts were also counted forone minute.- .. .. - e
. by i e
These areas have been surveyed “at risk” in that they have been surveyed before NRC
approval of the SNEC License Termination Plan (LTP). Conservative survey -planning- and
remediation efforts have been used to ensure that all ring installation areas were
decontaminated thoroughly below potential site release limits. In addition, radiological controls
remained i in place throughout the survey process to prevent survey area re- contamlnatlon L

This survey information will be included in the Final Status Survey Report

5.5.3.5 Investugatton Measurements

oo
. DRI N

Removable act|v1ty, dose rate and m-srtu gamma spectrometry measurements may. be used as
dlagnostlc tools to further characterize the radiological conditions in selected;areas, and to
evaluate potentlal response actions. Sodium iodide detectors can also be used, both for hard to
reach areas egd., embedments piping and duct ‘work, -as well,as for subsurface monitoring
efforts such as gamma- logging. Sodium iodide detectors become especially useful when
employed in conjunction with multi-channel analyzers that are capable of discerning between
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natural occurring and site-specific radionuclides.

Gamma-logging using a multi-channel analyzer is useful in both screening surveys (to
determine depth and average concentration of contamination) and in final status surveys (to
provide an upper limit of the average radionuclide concentration). If no significant counts are
obtained in the detection system’s region of interest (ROI), within a bore hole or piping system,
then a "less than" value, or minimum detectable concentration (MDC), can be quoted for the soil
around the bore hole or for a measured section of system piping at a given confidence level
(95%). By ensuring that the MDC is less than the release criteria, the surveyor can designate
the soil in the vicinity of the detector (or section of pipe) to be below the release criteria.
Addltlonally, this type of measurement system is sensitive to elevated materials in adjacent
buried piping or elevated pockets of contamination outside of the immediate sampling zone.
Therefore, GPU Nuclear, Inc. will consider using gamma-logging in conjunction with sampling in
areas where volumetrically contaminated materials approach the release criteria or when
contamination is thought to be present in piping systems within a survey area.

5.5.3.6 Hard-To-Detect (HTD) Radionuclides

Many radionuclides are comparatively simple to detect in the field at environmental levels using
routine gamma-ray spectroscopy analysis techniques. In contrast, the “Hard-To-Detect” (HTD)
radionuclides are not easily identified using any routinely applied field measurement practices.
SNEC has identified H-3, C-14 and Ni-83 as being the only HTD type nuclides of significance at
the SNEC Facility. A summary of the radionuclide selection process can be found in Section
6.2.2.3.

554 Sample Hand!ing and Analysis

When sample custody is transferred (e.g., when samples are sent off-site to another lab for
analysis), a chain-of-custody record accompanies the sample for tracking purposes. The
sample chain of custody record documents the custody of samples from the point of
measurement or collection until final results are obtained. These tracking records are controlled
and maintained in accordance with approved site procedures. On-site laboratory capabilities
are used to perform gamma spectroscopy of bulk sample materials, gross beta- -gamma and
alpha counting of smears and Tritium analysis in liquid samples. Off-site laboratory services are
procured as needed for Sr-90, TRU and other Hard-To-Detect (HTD) radionuclides. Laboratory
analytical methods are generally capable of measuring levels at 10 to 50 percent (or less) of
applicable DCGLyy values.

5.5.5 Data Management

Final survey data may be collected from post remediation surveys, final surveys, investigation
surveys or special measurement evaluations such as those made to determine embedment or
sub-surface activity levels.

5.5.5.1 Other Scan Measurements

When 100% of any area is scanned at a high detection effi iciency, capable of discerning low
levels of residual activity (well below established DCGLy levels), collected results have a
greater assurance that’survey areas meet the site release criteria. Therefore, the need to
measure a finite number of randomly selected survey points are reduced or eliminated.
Consequently, some scan survey measurement efforts performed for initial phase and/or

5-54



SNEC FACILITY LICENSE TERMINATION PLAN - e - - REVISION 1

, investigative purposes, may be accepted as final survey data provided the following conditions
N are met

-~ 1 The MDA for the scan is a small fraction of the requrred DCGLW for the survey area,
. and there is sufficient sensrtlvrty present in the survey design-at-an: acceptable
confidence level. | : . : RS :

J2. Al applrcable survey data collectlon requrrements as prescnbed in Sectlon 5 5 and
5.6.1 are followed. '

3. The area was isolated after the survey activity.

5.5.5.2  Other Static Measurements . T T L S
Other static measurements performed ‘dur\ing post r'emedia_tion and investigation suweys are
based on professional judgment. Since they are biased andnot random, they may not be used
in the statistical tests. -However, this does not necessarily preclude their acceptance as final
survey data. These measurements may be accepted as final survey data provided:

.~1. All applicable survey data collectron requirements as prescribed in Sectlon 5.5 and

5 6.1 are followed. . *
2. Thirty or more data points are collected within the survey unit. For piping and other
.~ . embedments,- accessibility to interior -surfaces may -not allow this number of
measurements. In these cases, similar survey methodology encompassing historical
N4 assessment, characterization, remediation, and post remediation survey data will be
-~ -.~used as a basis for biased measurements and samphng, to ensure that the release

criteria are met. : S

3. None of the data points exceeds the DCGLW
4, The area was lsolated after the survey actrvrty
5.5:5.3 Data Recordlng | | - SR

Survey measurements will be recorded in units appropriate for comparison to ‘the ' DCGLw by
correctlng for -material - specific background, efficiency, -.geometry, detector area, and
measurement size as applrcable The recordlng units ~are  dpm/100. cm? -for surface
contamination and pCi/g for volumetnc radionuclide concentratrons

- -

Records of survey data are malntalned m accordance wrth approved site procedures Survey
data records” include ‘the identification of the surveyor, type of measurement, location,
instrumentation used, results,.time and date measurement was_ performed and the instrument
cahbratlon information. . - N ) g
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5.6 SURVEY DATA ASSESSMENT

The data assessment process checklist is illustrated in Figure 5-2. Final survey data, described
in Section 5.5, are reviewed to verify they are of adequate quantity and quality. Graphical
representations and statistical comparisons of the data can be made which may provide both
quantitative and qualitative information about the data. An assessment is performed to verify
the data. If the quantity or quality of the data is called into question, previous survey steps are
re-evaluated. The statistical tests are applied and conclusions are drawn from the data as to
whether the survey unit meets the site release criteria.

5.6.1 Data Verification and Validation

The final survey data will be reviewed to verify they are authentic, appropriately documented,
and technically defensible. The review criteria for data acceptability are:

1. The instruments used to collect the data are capable of detecting the radiation of
interest at or below the investigation level. If not, acceptable compensatory measures
have been taken.

2. The calibration of the instruments used to collect the data is current and radioactive
sources used for calibration are traceable to recognized standards or calibration
organizations.

3. Instrument response is checked before and, where required, after instrument use
each day data are collected.

4. Survey team personnel are properly trained in the applicable survey techniques, and
this training is adequately documented.

S. The MDCs and the assumptions used to develop them are appropriate for the
instruments and the survey methods used to collect the data.

6. The survey methods used to collect the data are appropriate for the media and types
of radiation being measured

7. Special measurement methods used to coliect data are applied as warranted by
survey conditions, and are properly documented in accordance with an approved site
procedure or Station Work Instruction.

8. The custody of samples that are to be sent for off-site laboratory analysis, are tracked
from the point of collection until the final results have been obtained, and

9. The final survey data set consists of qualified measurement results representative of
current facility status are collected as prescribed by the survey design package.

If a discrepancy exists where one or more criteria are not met, the discrepancy will be reviewed
and corrective actions taken (as appropriate) in accordance with site procedures.
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5.6.2 Graphical Data Review

Survey data may be graphed or plotted to identify patterns and relationships in the data that
-might go unnoticed "using’ purely numerical methods. When needed, a posting plot ‘and/or "a
‘frequency plot may be used. Other graphrcal data’ representatron tools can also be used as
'approprlate :

56.2.1 Postmg Plot o

Postrng plots generated during rnvestlgatlon surveys, may be used to identify spatral patterns in
the data.. A posting plot is simply a map of the survey unit with.the data .values entered at the
measurement locations. The posting plot can reveal non-homogeneous spatial charactenstlcs
in the survey unit such as patches of elevated residual radioactivity” or groupings of
measurements that exceed the DCGLw. Even in a background reference area, a posting plot
may reveal spatlal trends in background ‘data that might’ affect the. results of the statistical tests.
In some cases, the trends could be dué to residual radloactlwty, but may also mdrcate non—
homogeneous charactenstlcs in the background reference area.

5 6 2 2 Frequency Plot

A frequency plot is used to examine the general shape of the data distribution. A frequency plot
‘is’a bar chart of the number of data points wnthrn a certain- range of values. ' The frequency plot
‘may reveal any obvious departures from" symmetry, 'such as skewness or bi-modalty (two
peaks), in the data’distributions for thé survey unit or background reference aréa- When the
data distribution is highly skewed, it is often because there are a few elevated areas of residual
radioactivity. The presence of two peaks in the data may indicate the eXistence of isolated
areas of residual radioactivity or a mixture of background concentration distributions due to
dlfferent “soil types, construction materials, etc.- The greater vanablllty rn the data due to ‘the
‘presence of such a mixture” will reduce the power of the statlstlcal ‘tests” to _detect_an
inadequately remediated survey unit. ' These’ sntuatrons may indicate’ the need to more carefully
match- background reference areas to the survey unit, or to d|v1de the’ survey unlt into survey
units with more homogeneous backgrounds.

5.6.3 Basic Statistical Comparisons

P o
or ) . PE

Statistical quantities (range median, mean, and standard dewatlon) are calculated for the final

'survey data set where oné or more data pomts exceed the DCGLW 'The calculated quantltles
are compared to the values shown in Table'5-11. The statistical” comparison values represent
assumptions underlying the statistical test to be used. Where the statistical quantlty fails the
comparison, the data set and/or survey design assumptions are examined.

1 ~ ~ ~ ! - - - , - g

T U - P
TN f 1 . .
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Table 5-11
Basic Statistical Comparisons
Statistical Quantity Acceptable Value Failure Response
Range (R) R<3¢ Examine data for outliers
Median (u ) (u-X)/o|<05 Examine data for outliers and anomalies
Mean ( X ) X < DCGLy Apply reference area, remediate or reclassify
Sigma (o) o <03 xDCGLw Review initial survey design parameters

5.6.3.1 Outliers

Where the range is greater than 3 standard deviations, the data are examined for outliers,
Outliers are measurements that are extremely large or small relative to the rest of the data set
and, therefore, are suspected of misrepresenting the population from which they were collected.
Outliers may result from measurement collection and recording errors. Outliers may also
represent true extreme values of a distribution, such as areas of elevated residual radioactivity,
and indicate more variability in the population than was expected. Not removing true outliers
and removing false outliers both lead to a distortion of estimates of population parameters.
Tests developed to detect outliers in a data set may be used to identify data points that require
further examination. A test alone cannot determine whether statistical outliers should be
discarded or corrected. This decision is generally based on professional judgment.

5.6.4 Statistical Testing

The Sign or the Wilcoxon Rank Sum (WRS) statistical test, also known as the Mann-Whitney
test, may be applied to the final survey data set where one or more measurements exceed the
DCGLw. The statistical test is based on the hypothesis that the level of residual radioactivity in
the survey unit exceeds the . DCGLw. There must be suffi cient survey data with levels of
residual radioactivity at or below the DCGLy to reject this statistical hypothesis and to conclude
the survey unit meets the site release criteria.

5.6.4.1  Application of Statistical Tests

The statistical test does not need to be performed when the survey data clearly show that the
survey unit meets the site release criteria. The survey unit clearly meets the criterion if:

1. Every measurement in the survey unit is less than or equal to the DCGLy, or

2. A background reference area is used and the difference between the maximum
survey unit measurement and the minimum background reference area measurement
is less than or equal to the DCGL. In these instances, the statistical test i1s not
applied.

The statistical test is applied where one or more measurements exceed the DCGLy. Similarly,
for a survey unit where a background reference area is used, the statistical test is applied where
the difference between any survey unit measurement and any background reference area
measurement is greater than the DCGL. Survey results and the corresponding conclusions for
when a background reference area is and is not used are shown in Tables 5-12 and 5-13,
respectively.
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Table 5-12

Initial Survey Results and Conclusions -

When A Background Reference Area Is Not Us‘ed

Y

- ey oy

Survey Result (Class 1'Areas)’ ™

Conclusron Survey unit meets
site release dose criteria ' i~

N . Yes | No
All measurements less than or equal to DCGLW' v )
Mean greater than DCGLy v
Any measurement greater than DCGL with mean Iess than or s
equal to DCGL which passes Sign test :
Any measurement greater than DCGL with mean Iess than or , 4

equal to DCGL which fails Sign test o s v

v

Table 5-13

Initial Survey Results and Conclusions

- e - PREr

When a Background Reference Area is Used ;

'+ Survey Result (Class 1 Areas)

Conclusion: Survey unit meets
site release’ dose crlterla -

No _

Difference between maximum survey unit measurement and
minimum background reference area measurement less than
or equal to DCGLy v

Difference between survey unit mean and background
reference area mean greater than DCGLy .

Difference _ between any survey unit, measurement and any
background reference area measurement greater than DCGLy,
and difference between survey unlt mean .and -background
reference area mean less than _or equal to DCGLW which
passes WRS test

Difference between any survey unit measurement and any
background reference area measurement greater than DCGL
and difference between survey unit mean and background
reference area mean less than or equal to DCGLW whlch falls
WRS test ol :
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5.6.4.2 Sign Test

The one-sample Sign statistical test is used if the radionuclide of concern is not present in
background and radionuclide-specific measurements are made. The Sign test may also be
used if one or more radionuclides are present in background at such small fractions of the
DCGLw as to be considered' insignificant. In this case, background concentrations of the
radionuclides are included with the residual radioactivity (in other words, the entire amount is
attributed to facility operations). Thus, the total concentration of the radionuclides is compared
to the site release criteria. This option is only used if it is expected that ignoring the background
concentration does not affect the outcome of the statistical test. The advantage of ignoring a
small background concentration is that no background reference area is necessary.

The Sign test is applied as follows:

1. List the survey unit measurements, X, i = 1, 2, 3,. . .,n; where: n = the number of
measurements.

2. Subtract X, from the DCGLy to obtain the difference (DCGLw — X, i=1, 2, 3...n).

3. Discard differences where the value is exactly zero and reduce n by the number of
Zero measurements.

4. Count the number of positive differences. The result is the test statistic S+. Note that
a positive difference corresponds to a measurement below the DCGLy and
contributes evidence that the survey unit meets the site release criteria.

Compare the value of S+ to the critical values in Appendix I, Section 1.3 of NUREG-1575
(Reference 5-5). The Table columns equate to the false positive decision error rate, a. The
value of o is the probability of passing a survey unit which actually fails to meet the site release
criteria, which is obtained from the survey design (the initial value is 0.05 — see Appendix 5-2).
If S+ is greater than the critical value for the false positive decision error rate given in the Table,
the survey unit meets the site release criteria. If S+ is less than the critical value, the survey
unit fails to meet the criterion.

5.6.4.3 Wilcoxon Rank Sum (WRS) Test

The two-sample WRS statistical test is used when the radionuclide of concern appears in
background, or when a measurement method is used that is not radionuclide-specific. Because
gross activity measurements are not radionuclide-specific, they must be performed for both the
survey unit being evaluated by the WRS test and for the corresponding background reference
area.

The WRS test is applied as follows:

1. Adjust the background reference area measurements by adding the DCGLy to each
background reference area measurement, X; (X, + DCGLw).

2. Sum the number of adjusted background reference area measurements, m, and the
number of survey unit measurements, n, to obtain N (N =m + n).

3. Pool and rank the measurements in order of increasing size from 1 to N. If several
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1

measurements have the same value, they are all assigned the average rank of that
group of measurements.

4. Sum the ranks of the adjusted background reference area measurements to obtain
Wr

5 Calculate the critical value using equatlon [.1, NUREG- 1575 (Reference 5-5). This
equatron is used when there are several measurements that have the same value.

Cr/tlcal Value = ((m(n + m +1))/2)+ (anm(n +m+1)/12)

S e
Where:

z = The - a) percenttle of a standard normal dtstnbutlon whrch can be
found in the Table 5- 14 below.

Table 5-14
Values Fora and z

L.

. ‘ —T— ”
0.001 | 3.090 _, ‘
0.005 | 2575 | S
" [Toor | 232 S
0.025 | :1.960 : "
0.05 | 1.645 |
0.1 1.282 -

. NOTE: The value of a 1s obtained from the survey design (inttial value 1s 0 05 - see Appendix 5-2) *NRC approval is
“ " required to Increase the o (type 1 decision error) >0 05 In accordance with Llcense Condition 2 E. {(h) Wheremandn
- fare less than 20, the critical value lS grven m Table I 4 of NUREG 1575 (Reference 5-5)

6. Compare the value of Wr wnth the crltlcal value calculated ‘above: lf Wr is greater than
the critical value, the survey unit meets the site release criteria. lf Wr is less than the
critical value, the survey unit fails to meet the criterion. R

5.6.5 Data Conclusions v

The results of the statistical test allow one of two conclusions to be drawn.”” The first conclusion
is the survey unit meets the site release criteria. The data have provided statrsttcally significant
evidence that the level of residual radioactivity in the survey.unit does ‘not ‘exceed the site
release criteria. The decision that the survey unit is acceptable for unrestrlcted release can be
made with sufficient confidence and without further analysis. * -

The second conclusion that is that the survey unit fails to' meet the site felease criteria. ‘The
data does not provide sufficient statistically significant evidence that the level of residual
radioactivity in the survey unit does not exceed the site release criteria. - Thé data is analyzed
further to determine why the statistical test result led to this conclusion.
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Possible reasons the survey unit fails to meet the site release criteria are:

1.
2.

5.7

Itis in fact true,
It 1s a random statistical fluctuation, or

The test did not have sufficient power to detect that it is not true. The power of the
test is primarily based on the actual number of measurements obtained and their
standard deviation. A retrospective power analysis for the test may be performed as
described in Appendices 1.9 and 1.10 of NUREG-1575 (Reference 5-5). If the power
of the test is insufficient due to the number of measurements, additional data may be
collected. If it appears that the failure may be due to statistical fluctuations, the
survey unit may be resurveyed and another set of discrete measurements collected
for statistical analysis. A larger number of measurements increases the probability of
passing if the survey unit actually meets the site release criteria. If it appears that the
failure was caused by the presence of residual radioactivity in excess of the site
release criteria, the survey unit is remediated and resurveyed.

SURVEY RESULTS

Survey results are documented in history files, survey unit release records, and are summarized
in the final survey report. Other detailed and summary data reports may be generated as
requested by the NRC or SNEC Management.

5.71

Survey Unit Release Record

The survey unit release record is the complete release record in a standardized format prepared
for each survey unit or group of survey units with similar histories. The survey unit release
record is a collection of information necessary to demonstrate compliance with the site release
criteria. This record includes:

1.

A history file checklist:

The history file checklist references relevant operational and decommissioning data.
The purpose of this checklist is to provide a basis for the survey unit classification.
The history file will reference relevant sections of the Historical Site Assessment
(Reference 5-19) and other compiled records including:

e History of remediation

»  The survey unit operating history affecting radiological status

* Scoping, site characterization and post remediation survey data

¢ Other relevant information.

Description of the survey unit

Survey design information for the survey unit

Survey unit ALARA analysis, if performed
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Survey measurement locations and corresponding survey data -
Survey unit |nvest|gat|ons performed with documented results, as applicable

Any survey unit data assessment resuilts

© N o !

Results of any siiécial measurements pertormed for the survey unit
5.7.2  Final Survey Report

A final survey report will be prepared and submitted to the NRC. The report will provide a
summary.-of. any ALARA analysis, survey data results, and overall .conclusions, which
demonstrate that the SNEC Facility and site meet the radiological criteria .for unrestricted use.
Information such as the number and type of measurements, basic statistical quantltles and
statistical test results will be included in the report. - o Co Lo

The following outline illustrates a general format that may be used ;for txhe“ final sta’tus survey
report. The outline below may be adjusted to provide a clearer presentation of the information.
The level of detail will be sufficient to clearly descnbe the final status survey program and certlfy
the results. ) ‘ . N

Information to be submitted (Reference 5-4, Section 14.5);
1. A summary{o’f the results of the final status survey.

2. A discussion of any changes that were made in the t" nal status survey from what was
_proposed in the LTP or other prior submittals. , o

3. A descnptlon of the method by which the number of samples were determlned for
each survey unit (see Reference 5-5, Section 5.5.2). .

4. A summary of the values used to determine the numbers of samples and a
justification for these values (see Reference 5-5, Section 5.5.2).

5. Survey results for each survey unit including:
e  Number of samples taken for the survey unit.
e A map or drawing of the survey unit showing the reference system and random
start systematic sample locations for Class 1 and 2 survey units, and random
locations shown for Class 5 survey units and reference areas.

e Measured sample concentrations.

e Statistical evaluation of the measured concentrations (see Reference 5-5,
Section 8.3, 8.4 and 8.5). ‘

¢ Judgmental and miscellaneous sample data sets reported separately from those
samples collected for performing the statistical evaluation.
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e Discussion of anomalous data including any areas of elevated direct radiation
detected during scanning that exceeded the investigation level or measurement
locations in excess of the DCGLw.

¢ A statement that a given survey unit satisfied the DCGLw and the elevated
measurement comparison if any sample points exceeded the DCGLw.

6. A description of any changes in initial survey unit assumptions relative to the extent of
residual radioactivity.

7. When a survey unit failed, a description of the investigation conducted to ascertain
the reason for the failure and a discussion of the impact that the failure has on the
conclusion that the facility was ready for final radiological surveys.

8. If a survey unit failed, a description of the impact that the reason for the failure has on
other survey unit information.

5.7.3 Other Reports

If requested by the NRC, computer-generated and/or summary data reports will be provided in
hard copy or electronic form. Survey data include date, instrument, location, type of
measurement, and mode of instrument operation. Other data, such as conversion factors,
background reference areas, and the MDCs used, are available which will allow independent
verification of the results. Measurement results will also be presented graphically. The FSS
report will be independently reviewed.

Any independent verification survey performed will be performed by an organization outside the
SNEC Facility staff and management organization. Reports generated as a result of any
independent verification survey process initiated by the SNEC Facility, will be available upon
request.
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DEFINITIONS

1.

2!

3

4,

5.

6.

ST

9.

10...

- Accessible Surface Area - An area available to a radratlon detector for direct
-scanning or fixed-point measurements -

Area Factor (AEMC) A factor.used to adjust the, DCGLy to.estimate DCGLgyc
;and.the minimum detectable -concentration for scanning surveys in Class 1
survey units, (DCGLgye -=.DCGLw x Agwmc. The area factor (Agmc) is the
magnitude by which the residual radloactrvrty in a small area of elevated activity
can exceed the DCGLyw, while maintaining compliance with the release
criterion. SNEC Facility area factors are Ilsted in Table 5- 15 of Appendtx 541,

Background Radiation. - Naturally occumng radratron whrch may include
cosmic, terrestrial (radiation from the naturally radroactrve elements) and man-
_made radiation from global fallout. P

Characterization Survey - A radiologfcal survey and-its supporting evaluations
performed to establish the SNEC Facility radlologlcal condrtlon for planning
decommissioning activities. : .

Confidence Level "The probabllrty associated with a confidence interval which
expresses the probability that the_confidence- mterval :contains the population
parameter value being estimated. .

Derived Concentration Guideline Level (DCGL) - Residual radioactivity levels
that equate to the site release criteria.-for. that - particular pathway or
measurement. The two (2) basic DCGLs defined in this plan are 1) the DCGLw
and, 2) the DCGLemc. The DCGLy is the average concentration limit for the
standard size survey area. , The DCGLgyc is the elevated measurement area
DCGL, which is-used for small areas of elevated activity‘(above the DCGLy).
When not defined, DCGL refers to the DCGLw.- Other. DCGLs discussed in this
plan (e.g, DCGLga etc.) are derived from these two basic.definitions and are
sometimes referred to as an “effective DCGL”". - a7

Elevated Area - Areas of residual contamlnatron exceedlng the’ gwdehne value.

' \

" Final Status Survey (FSS) - Radlologlcal measurements evaluatrons and

supportrng activities undertaken to demonstrate that the SNEC Facrhty satisfies
the criteria for unrestncted use., . ~ 5 L v .

" Hard-to-Detect Nucllde (HTD) - A radlonucllde emlttrng radlatlon(s) that are
difficult to detect with t" eld or laboratory based mstrumentatron

Hlstory File - A compllatlon of- mformatlon ‘used to JUS'[lfy the classrfrcatlon and
-, survey desrgn for the survey unit. --It should reference sections of the Historical
. Site Assessment charactenzatlon survey, data, remediation surveys and other
information used to establlsh the basrs for the desrgn of the t" naI status survey.

lndependent Venf catlon Survey - An lnformatlon only radlologlcal survey,
performed by an organization independent .of the- SNEC -Facility staff and
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12.

13.

14,

15.

186.

17.

18.

19.

20.

21.

22.

23.

management, which will provide SNEC Facility management with an additional
level of confidence concerning the validity of the Final Survey results.

Minimum Detectable Activity (MDA) - The minimum level of radiation or
radioactivity that can be measured by a specific instrument and technique. The
MDA is usually established on the basis of assuring false positive and false
negative rates of less than 5%.

Minimum Detectable Concentration (MDC) - The minimum activity
concentration on a surface or material volume that can be statistically detected
above background. This is usually set at the 95 % confidence level.

Muitiple Source Terms - Generic term used when more then one source term
element is encountered (e.g., a remaining site structure with surface
contamination and embedments).

Operational Survey - A radiological survey performed in accordance with SNEC
procedures in support of routine site operations.

Quality Control Survey - A survey that consists of repeat measurements on a
specified fraction of the survey areas. The survey areas are usually selected at
random to provide an additional check of final status survey measurements.

Release Criteria - A term used to identify the radiological requirements for
release of the SNEC Facility for unrestricted use.

Remediation Survey - Any survey performed that is used to determine the
effectiveness of remediation activities. The final post remediation survey is a
special remediation effectiveness survey performed with instrumentation similar
to the type used for the FSS. The survey methodology is also similar to actual
FSS methodology.

Scan Survey - A qualitative radiological monitoring technique that is performed
by moving a detector over a surface at a specified speed and distance to detect
elevated activity areas or locations. Also called a “Surface Scan”.

Scoping Surveys - Surveys such as investigative surveys used to provide a
quick look at conditions before or during FSS work. These surveys are not
necessarily documented.

Structures - All SNEC Facility site buildings and their surfaces. In addition,
platforms, restraints and supports, and external surfaces of piping systems,
heating and ventilation systems, tanks, stacks, etc., are also treated as
structures in the final status survey if they exist beyond remediation efforts.

Surface Contamination - The total of both fixed and removable contamination.
For the purposes of this plan, this would also include any remaining neutron-
activated material near the surface. Also called total surface contamination.

Survey Area - The basic survey entity for the management of the Final Status
Survey. It is comprised of one or more survey units, the bounds of which are
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24.

25.

.26.

27:

;28.“

defined by existing facility physical features, such as-a room, intersection of
walls, column-and-row layout of a ﬂoor elevatlon or structural I-beams.

Survey Locatlon - In a structural or open Iand survey area, a survey location is

- usually represented by a single grid block.” In a system survey area, a specified

length of piping or,a component such as a valve 'or tank'is ‘referred to as a
survey location. A survey location can contain one or more survey points. Also
referred to as measurement locations. .

[

Survey Unit Release Record - A collection of mformatlon in a standardized

_format for controlling and documenting field measurements taken for the Final

Status Survey. A survey unit release record is prepared for each survey area.
The survey unit release record may include the survey instructions, a control

, form, grid map(s), survey. measurement data sheets and survey maps. It may

also be called a survey package.

Survey :Point - A smaller 'subdivision within a survey Iocatlon (grid block,
system, component) where local measurements ‘are taken.” For structures and
systems, a survey point generally refers to an area covered by,.a detector, or an
area of 100 cm2 when a smear is taken. For open land areas, a survey point
refers to the area covered by a detector (for paved surfaces), the point at which

- a dose’rate measurement is taken or the pornt at whtch a’soil or pavement

sample is collected.

Survey Unit - A geographical -area consisting of structures or land areas of
specified size and shape at a remediated site for which' a separate decision will
be made whether the unit attains the site-specific reference- based cleanup
standard for the designated pollutlon parameter.’ Survey units are ‘generally
formed by grouping -contiguous site areas with a- S|m1lar use ‘history and the
same classification of contamination potential.’ Survey units are established to
facilitate the survey process and the statistical analysis of.survey data

- Total Effective Dose Equtvalent (TEDE) The sum of the deep dose equivalent

(for. external exposures)’ and -the’ commltted effectrve dose equivalent (for
internal exposures). LTI

- -Unity Rule - Where more than'one radlonuclrde is present the sum of the ratios
. of each'radionuclide concentration to its respedtive DCGL-should not exceed

unity. When this method is used, the effective DCGL |sﬁequal to one (1).
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APPENDIX 5-1
ELEVATED MEASUREMENT COMPARISON (EMC)

The EMC, sometimes called a “hot spot test,” is a simple comparison of measured values
against a limit. There are two applications of this comparison in the final survey process. It is
used when the sensitivity of the scanning technique is not sufficient to detect levels of residual
radioactivity below the DCGL (i.e., where the MDC., is greater than the DCGL). In this
application, the number of static measurements may need to be adjusted. Appendix 5-2
describes how this is done. The second application in this appendix, is when one or more scan
or static measurement data points exceed the DCGL. The use of the EMC for measurements
above the DCGL provides assurance that unusually large measurements receive the proper
attention and that any area having the potential for significant dose contributions is identified.
The EMC is intended to flag potential failures in the remediation process.

Locations, identified by scan or static measurements, with levels of residual radioactivity, which
exceed the DCGL, are investigated (see Section 5.4.4). The size of the area where the
elevated residual radioactivity exceeds the DCGL and the level of the residual radioactivity
within the area are determined. The average level of residual radioactivity is then compared to
the DCGLenc. If a background reference area is to be applied to the survey unit, the mean of
the background reference area measurements may be added to the DCGL or the DCGLgyc to
which the average level of residual radioactivity is compared.

The DCGLeumc is calculated using the following equation (NUREG-1575, Equation 8-1):
DCGLgyc = Area Factor x DCGL

The area factor is the multiple of the DCGL that is permitted in the area of elevated residual
radioactivity without requiring remediation. The area factor is related to the size of the area over
which the elevated residual radioactivity is distributed. That area, denoted Agwc, is generally
bordered by levels of residual radioactivity below the DCGL, and is determined by the
investigation. The area factor is the ratio of dose per unit area or volume for the default surface
area for the applicable dose modeling scenario to that generated using the area of elevated
residual radioactivity, Aemc. It is calculated based on the methodology given in chapter 8 of
NUREG-1505 (Reference 5-6).

If the average level of the elevated residual radioactivity is less than the DCGLgyc, there is
reasonable assurance the site release criteria is still satisfied and the area does not require
remediation. Radioactivity at the DCGLgyc distributed over the area Agwc delivers the same
calculated dose as does residual radioactivity at the DCGL distributed over the default surface
area. [f the DCGLgyc is exceeded, the area is remediated and resurveyed. Area factors for
open land areas at the SNEC Facility are provided in Table 5-15. Area factors for surface area
DCGLs supplied by the NRC are provided in Table 5-15A
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Table 5-15

Area Factors (AF) For Open Land Areas
Based on 25 mrem/y TEDE and Upper 1 Meter Volumetric Surface Modeling

Fife Names = | NEW XXXXX.RAD* | NEW XXXXXA.RAD | NEW XXXXXB.RAD | NEW XXXXXC.RAD | NEW XXXXXD.RAD | NEW XXXXXE.RAD
AREA = 10000 m* 2500 m® 400 m* 100 m? o 2smt . 1m?
Radionuclides| BaseDCGL | AF |'MPIEGDCGL | g | Implied DCGL Y pp Implled DCGL | - =af '"‘f’"é;’ngcf;" Ap |mPHEdBOGL | ap
Am-241 25.7 1.0 47.7 1.9 110.1 43 3217, 12.5 699.1 27.2 3005 | 116.9
C-14 26.8 1.0 151.1 5.6 984.8 36.7 269E+03 | 100.2 7206 268.9 | 1.79E+05 .| 6682.8
Co-60 3.5 1.0 4.4 1.3 4.9 1.4 54 .| 16 70 - |. 20 43.4 12.4
Cs-137 6.6 1.0 14.9 2.3 19.9 3.0 238 - |- 36 31.1- 47, 189.3 .| '28.7
Eu-152 10.1 1.0 10.5 1.0 11.1 11 121 ] 1.2 " 155 1.5 94.3 9.3
H-3 645 1.0 1.47E+03 2.3 3.23E+03 5.0 7 87E+03 12.2 | '1.78E+04 | 27.6 3.55E+05 2 | 550.2
Ni-63 747 1.0 3.66E+03 4.9 1.29E+04 17.2 5.14E+04 68.8 | 2.05E+05 | ' 275 5.07E+06 ‘| 6789.8
Pu-238 30.1 1.0 57.7 1.9 142.9 47 408.2 " |°136.| 6944 .| 23.1. | '1.08E+04-:| 358.8
Pu-239 6.8 1.0 11.9 1.7 269 4.0 56.4 ! 83| 1148 16.9 © 1374 -| 20241
Pu-241 866 1.0 1607 1.9 3713 4.3 1,09E+04 126 | .2.39E+04' | 27.6 | 1.02E+05 | 118.1"
Sr-90 1.2 1.0 36 3.0 9.8 8.1 385 ._|.321 | 1467 . | 1223.]- 2826 ;| 2355

* Where "XXXXX" is the radionuclide computer file name, as an example "Am241". § - '

NOTE 1: Base case DCGLs (in pCi/g) are for 10,000 square meter surface model only. - -

NOTE 2: The above set of DCGL values are used only to determine the Area Factors (AF) that will then be applled to the values listed in Table 5-1 (surface materlals only)

NOTE 3: When AF values are calculated in the RESRAD computer code, the settings for contaminated fractions for plant food, meat and milk must be re-set to their default
condition (-1) in order to allow the computer code to scale the food supply for the size of the areas appropriately - -

e
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Table 5-15A

Area Factors For Structural Surfaces
(Based on NRC Screening Values - see Table 5-1)

Nuclide | 36m? | 25m? | 16m? | 9m® | 4m? | 1m?
Am-241 1 1.5 2.3 4.1 9.2 | 36.2
C-14 1 1.4 2.2 4.0 8.9 | 35.9
Co-60 1 1.2 1.5 2.0 3.4 | 101
Cs-137 =1 1.2 1.5 2.2 3.7 | 11.2
Eu-152 1 1.2 1.5 2.1 3.5 | 107
H-3 1 1.4 2.2 4.0 89 | 358
Ni-63 1 1.4 2.2 4.0 9.0 | 35.3
Pu-238 1 14 2.3 4.0 9.1 | 36.9
Pu-239 -1 14 2.2 4.0 9.0 | 354
Pu-241 1 14 2.2 4.0 9.0 | 348
Sr-90 1 14 2.2 1.5 8.8 | 34.7

NOTE: DCGL is in dpm/100 cm?
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APPENDIX52 . L
STATISTICAL INFORMATION -~ -« -+~

The method described in NUREG-1575 (Reference 5-5) and NUREG-1505 (Reference 5-6) for
determining the number of survey measurements necessary to assure a population set
sufficient for statistical analysis is summarized here in the manner it is applied at the SNEC
[Facility.- ; An effective survey design slightly “overestimates _both the number-of survey
measurements and the standard deviation to ensure adequate power of the statistical test. r This
ensures that a survey unit is not subjected to additional remediation simply because the final
survey is not sensmve enough to detect that resrdual radloactnvnty is below the DCGL. n

i 4 H ~-

i Joy - TSI . N

TERMS AND STATlSTICAL PARAMETERS . . e T

A minimum number of measurements are needed to obtain sufficient statistical confidence that
the conclusions drawn from the survey data are correct. Several terms and statistical
parameters are described in this chapter that.are used.in determining- the number- of
measurements needed to apply the statistical tests. .- Vo Ve

=

e [ -

Lower Bound of Gray Region (LBGR) B Lo

The LBGRi |s the concentratron to whrch the survey unrt must be remedxated in order to have an
acceptable probability of passing the statistical test for' meeting the site release criteria. "It
represents the lower bound of the area of uncertainty regarding the concentration of residual
radroactrvrty m the’ survey unit. “The DCGL represents the upper bound The width of the' gray
region is equal to the 'difference between the DCGL and the LBGR, as illustrated in‘the Figure 5-
3 below e e

- . - L s

L} f’i

Flgure 5. 3 o
AL ~ T R ICREN HE
Gray Reglon Dlagram S O S I B VR
-, [ 2 J
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£34 ; Pl
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0 = '
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-
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5 s L N\

Initially, the LBGR is arbitrarily set at 0.5 times the DCGL. The LBGR is adjusted as needed to

result in a relative shift of 1 to_3 (see NUREG-1575 and NUREG 1505+ documents for full

description of terms (Reference 5-5 and 56)).; - - I A 1
e -t Lol L, °

The survey desrgn goal is to achteve an LBGR between 0. 5 and 1 tlmes the DCGL Srnce ;the_

LBGR serves as the remediation goal for decommissioning activities, generally the smaller the

LBGR, the more rigorous are the requirements for dismantlement, decontamination, and post
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remediation surveys. As the LBGR approaches the value of the DCGL and the band of
uncertainty narrows, the number of samples needed to demonstrate compliance with the site
release criterion rises dramatically.

Standard Deviation (o)

The standard deviation, denoted by o, represents the spatial variability in the concentration of
the residual radioactivity in the survey unit. The mean and standard deviation are calculated
using standard equations.

An estimated value: of ¢ may be calculated either from existing data or by taking limited
preliminary measurements of the concentration of the residual radioactivity in the survey unit
(sometimes called a pilot or scoping study). It is also acceptable to assume that ¢ equals 0.3
times the mean concentration. Alternatively, a reasonable estimate based on available site
knowledge may be used.

The value selected as an estimate of o for the survey unit may be based on data collected only
from within that survey unit or from data collected from a much larger area of the site, since
there may be some difficulty in determining which individual measurements from a preliminary
survey may later represent a particular survey unit. The most practical solution may be to
estimate o for each area classification (Class 1, Class 2 and Class 3). If there are multiple

types of materials within an area classification, additional estimates of ¢ may be required.

A separate estimate of o may be obtained for every background reference area. If the o in the
background reference area is larger than the o in the survey unit, the larger value may be used.

The survey design goal is to avoid an estimated o that is overly optimistic or conservative. If the
value is grossly underestimated, the number of measurements will be too few and may result in
unnecessary remediation or re-survey. If the value is grossly overestimated, the number of
measurements will be unnecessarily large.

Relative Shift (A/)

The number of measurements needed depends on a ratio involving the concentration to be
measured relative to the variability in the concentration. The ratio is called the relative shift,
denoted by A/c. It is defined as (NUREG-1727, Equation E-4) (Reference 5-4):

DCGL - LBGR
c

Aloc =

Where:
The variables have been previously defined.

The survey design goal is to achieve A/c values between 1 and 3. The number of
measurements needed rises dramatically when A/ is smaller than one. Conversely, little is
usually gained by making A/c larger than about three. If A/ is greater than three, the LBGR
should be increased until the relative shift is equal to three.
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DECISION ERRORS .o

The principal study question or statement is,-“are the levels of residual -radioactivity in_all
survey units below applicable release criterion and can the site be released?” : Results
from.surveys and other environmental testing will be_used to determine the answer to' this
question. ’ - e e P

A decision error is the probability of making an error in the decision on a survey unit, either
passing a survey unit that should fail or failing a survey unit that should pass. The first decision
error, passing a survey unit that should fail, is referred to as a false positive or TYPE | decision
error. The probability of making this error is denoted by a. Setting high value for « results in a
higher risk of passing a survey unit that should fail. -Setting low value of o lowers the risk of
passing a survey unit that should fail. .

The second decision error failing a survey unit that should pass, is referred to as a false
negative or TYPE 1l decision error and is denoted by B. Selectlng a high value for B res(ilts in a
higher risk of failing a survey unit that ‘should pass and subjecting it to further investigation.
Selecting-a low value for B lowers the risk and minimizes these investigations. The cost of
settlng a low value for either o or B is a higher value for.the other or an increased number of
measurements to demonstrate compliance with the release crltena

When-using the statistical testing procedures as described in NUREG 1575 and NUREG-1505
(Reference 5-5 and 5-6) documents i.e., the Sign Test or the Wilcoxon Rank Sum (WRS), larger
decision errors may be unavoidable when encountering difficult or adverse conditions.. This is
partrcularly true ‘when trying to measure residual radioactivity concentratlons close to the
variability in the concentration of those materials in natural background ‘In order to avord an
unreasonable number of samples when Als is very small, larger values of o may be considered
as shown in Table 5-16 below.

K |

Table 5-16 '
‘Acceptable Decision Error o as a Function of DCGL " - o
) DCGLl/c - a )
>3 0.05
12t03 0.10
06t01.2 0.25
<06 - . |., 030

Ps !

Table 5-16 values are based on the assumptlon that the LBGR should not have to be set to less
than 0.5 times the DCGL, and that if o is allowed to increase, B will also be allowed to increase.

There are no constraints on the value of B. However, decreasing B increases the number of
samples needed, making vary small values of B unattractive. -

The survey design’dl‘ijeéti\'/e is then to establish the"vélue of o equal to or less than 0.05 and to
minimize the value of B while maintaining the minimum number of measurements at .an optimal
number. NRC approval is required to increase the o (type 1 decision error) >0.05, in
accordance with License Condition 2.E.(h). . L -
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NUMBER OF MEASUREMENTS

The statistical parameters «, B and A/ are used to estimate the number of measurements that
will produce the desired values of o and B. The number of measurements are based on the
statistical test which is applied to the survey unit. The two statistical tests used in the final
survey data analysis process are the Sign Test and the Wilcoxon Rank Sum (WRS) Test. The
criteria for using these testing procedures are summarized in Table 5-17.

Table 5-17
Statistical Tests and Criteria For Their Use

Statistical Test Criteria for Use

WRS Test Radionuclide of concern appears in background, or measurements are
used that are not radionuclide-specific.

Radionuclide of concern is not present in background and radionuclide-
specific measurements are made, or radionuclides are present in
background at such small fractions of the DCGL as to be considered
insignificant.

Sign Test

NOTE: For specific information on statistical testing procedures, see Table 2 3 of NUREG-1505 (Reference 5-6).

The number of measurements is determined by rounding up the number calculated using the
appropriate statistical test and adding 20% more measurements. Additional measurements are
added to protect against the possibility of lost or unusable data.

Wilcoxon Rank Sum (WRS) Test

The two-sample WRS test is used when the radionuclide of concern appears in background or if
measurements are used that are not radionuclide specific. Because gross activity
measurements are not radionuclide specific, they must be performed for both the survey unit(s)
being evaluated by the WRS test and for corresponding reference area(s). The number of
measurements needed for the WRS test is determined from the following equation (NUREG -
1727, Equation E-5) (Reference 5-4):

(Zio+ Z,)

n= (1/2)(3)(P 0.57
] .
Where:
n = number of measurements in survey unit
Zig = percentile represented by decision error o (NUREG-1575, Table 5.2)
Zipy = percentile represented by decision error f (NUREG-1575, Table 5.2)
P, = probability that a random measurement from survey unit exceeds random

measurement from background reference area by less than DCGL when
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. survey-unit -median is equal to 'LBGR concentratron above background
‘(NUREG-1575, Table 5.1) - .

] =  factor included in Equation-5-1 of NUREG 1575 to deﬁne nas the number
of measurements in a survey unit = - ShEL R

Additional n measurements are also needed in the background reference area.
Sign Test

The one sample Sign test'is used if the radlonuclrde of . concern rs not present in background
and radionuclide specific measurements are made. The Sign test may also be used if one or
more radionuclides_are present in background at such smallifractlons of the .DCGL as to be
consrdered msrgnlf icant. In this case, background concentrations _ of ‘the’ radionuclides are
included with 'the residual radloactrvrty (in other’ words the entiré amount is attributed to facility
operatlons) ‘Thus, the total concentration of radlonuclrdes are compared to the release criteria.
This option ‘is only used if it is expected that lgnorlng the background concentration will not
affect ‘the outcome of the statlstrcal tests. The advantage of ignoring, a, small background
concentration is that no background reference area is needed whrch srmpllfres the final survey
consrderably

1
i

~

Since* SNEC Facrlrty radionuclides outsrde the SNEC CV are largely composed of Cs-137 and
Co-60, which are relatively easy to measure, the' Sign test'is the most likely statistical testlng
procedure to be employed. Inclusion of Cs-137 and Co-60 background values into the DCGLs
should not SIgnlf cantly effect meetrng site release criteria.

1 05

My o B N b

The number of measurements needed for’ the‘Srgn“test is determined from th’e?«following
equation (NUREG-1727, Equation E-6) (Reference 5-4).

* L ‘ 4 N
7 oY s

- (Z‘l-a+z1_ﬁ)2 . W At
4(Sign ’étp.5)2 .

Where:

Signp, estlmated probabrlrty that random measurement for a survey. unit is less

‘‘‘‘‘‘‘

H

,LBGR (Table 54 ot NUREG(157*5 (Reference 5-5)). L e
All other variables have béen previolsly défined.” e

Elevated Measurement Cgmparison (EMC) o )
The EMC is used to determine if additional measurements may . be needed when the level of
residual radioactivity that can be detected by " scannmg '(MDCqeon, SEE ‘Section'5.5.2. 5) is larger
than the DCGL The WRS and Sign tests_evaluate whether or not the residual radioactivity
exceeds the DCGL for. contamlnatlon that is approximately_ unlform across .the survey unit.
These tests may ,not” successfully detect’ small areas of’ elevated contamlnatlon ~Instead,
systematlc measurements in conjunction wrth ‘surface scanning,, are used to obtaln .adequate
assurance that small areas of elevated radloactrvrty w1ll meet the’ DCGL When the MDCscan
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exceeds the DCGL, the EMC provides the reasonable level of assurance that any small areas of
elevated residual radioactivity that could be significant are not missed during the final survey.

The number of measurements needed to detect an elevated concentration, ngme, in a survey
unit area, A, is (NUREG-1727, Equation E-8) (Reference 5-4):

MDC....
DCGL

Area Factor =

Once the area factor is determined, the corresponding value for Agmc can be obtained (see
Appendix 5-1) and the value of ngyc calculated.

If nemc is larger than n, additional samples (up to a total in the survey unit of as many as ngwc)
may be needed to demonstrate that areas of elevated residual radioactivity meet the site
release criteria. In cases ‘where nemc is larger than n, the site characterization should be
considered and, based on what is known about the site, it may be possible to estimate a
concentration that is unlikely to be exceeded. This maximum concentration may be converted
into an area factor (multlple of the DCGL), and then the corresponding Aenc Value obtained (see
Appendix 5-1) and used in the above equation. Similarly, based on knowledge of the site it may
be possible to estimate the smallest area likely to have elevated levels of residual radioactivity.
If this is so, that area can be used in the above equation. Likewise, knowledge of how the
residual radioactivity would be likely to spread or diffuse could determine an area to be used in
this equation.

The EMC is only applied to Class 1 survey units, since areas of elevated residual radioactivity
should not be present in Class 2 or Class 3 survey units.

Optimizing the Number of Measurements
Once the acceptable design values have been established, survey design constraints may be
changed to evaluate how these changes affect the number of measurements for several basic

measurement designs. The survey design constraints are:

e Limits on the decision error probabilities o and B;
»  Width of the band of uncertainty or gray region (by adjusting the LBGR); and

e  Survey unit boundaries (it may be possible to reduce the number of measurements by
changing or eliminating survey units that may require different decisions).

The process may be iterative in that the initial values selected must be modified to allow
dependent variables to fall within the survey design constraints.

Selecting a Minimum Number of Measurements

As discussed above, the MARSSIM process incorporates design ‘constraints that ensure that’ an
adequate number of sample measurements are taken per survey unit. However, to simplify the
final survey process and to ensure conservatism without an associated unreasonable
expenditure of resources, a minimum number of 30 sample measurements per survey unit may
be collected for survey units less than 10 m? whenever possible.
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GRID SIZE DETERMINATION AND DESIGN. "+ & °~

The sample size, determined irr'brevigus' seei'iehsi"’pria"vides‘trl"e necessary input on setting
sampling locations .and survey. patterns.. The method is.outlined in section 5.5.2.4. of NUREG-

1575 . (Reference 5-5).  The _reference .grid system~ on which’ samphng "patterns .aré

superlmposed is a 'basic alpha numerlc .x-y layout unless otherwise detéermined to ‘be
impractical because of .actual field conditions. Table 5-16 presents a summanzed presentation
of typlcal survey desngn parameters

- -

o
y
¢
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APPENDIX 5-3
BACKGROUND REFERENCE AREAS

Background reference areas are used if: (1) the residual radioactivity contains a radionuclide
that occurs in background, or (2) the measurements to be made are not radionuclide-specific.
Background reference areas are not needed when radionuclide-specific measurements are
used to measure concentrations of a radionuclide that is not present in background. They also
are not needed when one or more radionuclides are present in background at such small
fractions of the DCGL as to be considered insignificant. Surveys are conducted in one or more
background reference areas to determine background levels for comparison with the conditions
determined in specific survey units.

SELECTION

Background reference areas are selected which have similar physical, chemical, radiological,
and biological characteristics as the survey unit being evaluated. They are usually selected
from non-impacted areas, but are not limited to natural areas undisturbed by human activities.
Generally, background reference areas are not part of the survey unit being evaluated.
However, where necessary, they may be associated with the survey unit being evaluated, but
cannot be potentially contaminated by site activities. For example, background measurements
may be taken from core samples of concrete, pavement, or other types of surface materials.
Occasionally, the survey unit itself may serve as the background reference area when a
surrogate radionuclide in the survey unit can be used to determine the background. For
example, it may be possible to use the measured alpha- or beta-emitting fraction of an
established radionuclide distribution in embedded piping to calculate a net activity and subtract
it from a gross activity to determine background levels.

For materials present on-site, either in buildings or as non-soil materials present in outdoor
survey units (e.g., concrete, brick, drywall, fly ash, petroleum product wastes, etc ), background
reference areas of non-impacted materials that are as similar as possible to the materials on-
site are used. Sometimes such materials are not available. In those situations, a good faith
effort is made to find the most similar materials readily available or use appropriate published
estimates.

Each background reference area should have an area at least as large as the survey unit, if
practical, in order to include the full potential spatial variability in background concentrations.

MARKEDLY DIFFERENT SURVEY UNIT MATERIAL BACKGROUNDS

Survey units may sometimes contain a variety of materials with markedly different backgrounds.
An example might be a room with drywall walls, concrete floor, glass windows, metal doors,
wood trim, and plastic fixtures. A separate survey unit is not made for each material. If one
material is predominant or if there is not too great a variation in background among materials, a
background reference area comprised of the predominant material may be appropriate. For
example, a room may be mostly concrete but with some metal beams, and the residual
radioactivity may be mostly on the concrete. In this situation where the presence of concrete
predominates, the background for concrete is used for the room. If a measurement location on
the random-start grid falls on the metal beam, the measurement location may be moved to be
on the nearest piece of concrete. Alternately, the measurement could be taken on the metal,
but this is then noted on the survey record so that an unusual reading can be explained.
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When there are different materials with substantially different backgrounds in a survey unit, a
non-impacted room with roughly the same mix -of materials may be used as a background
reference area. Alternately, measured backgrounds for the différent materials.or for groups of
.similar materials . may be used. In this case, it is acceptable to perform theSign test on"the
difference between the paired measurements from the survey unit and from the ‘appropriate
background material.

-~

'MARKEDLY DIFFERENT BACKGROUND REFERENCE AREAS

‘If S|gn|t" cant dlfferences in backgrounds among background reference areas are found, a value
of three times the standard deviation of the mean between the background reference areas is
added to the mean background for all background reference areas .to define a:background
concentration. The value of three times the standard deviation of the mean is chosen to
minimize the likelihood that a survey unit that contains only background would fail the statistical
test for release. The-WRS test.is then used:to test whether the* survey -unit meets the
radlologlcal criteria for license termlnatron oo . - R

R & -, , - -

BACKGROUND LEVEL DETERMINATIONS . , PN

In general background Ievels will be estabhshed (as needed) for each type of rnstrument used
for total surface contamination measurements, removable contamination measurements, and
gamma exposure rate measurements. _ In-addition, backgrounds " will- be -determined -for
specialized detectors and detector systems on an_as needed_basis.- These - background
measurements may include large area . detector backgrounds for _floor _monitoring
instrumentation, background determinations for detectors used for surveymg prprng mtenors and
background values for gamma-ray spectroscopy systems . :

For soil and sediment samples, background Ievels wrll be determlned for man- made
radionuclides not resultrng from plant actrvrtres e . - -

The objectlves of background determlnatrons for the SNEC Fac:hty fi nal status ~survey
measurements will be to: T . o e e

. Estabhsh reference background values for each type of detector system used in the
SNEC Facility FSS survey. o . . RERTEN

e Assess the variability in background responses for principal detec‘tors.under different
applications and conditions of use.

e Determine the need for correction factors or special measurements to establish the
background for final status survey measurements in specific locations.

e Account for man-made radioactivity not resulting from plant operations.

¢ Measure reference values at different directions and distances from the center of the
SNEC Facility outward, including down wind directions.

Background determinations will be performed in accordance with approved procedures and
survey request work package guidance. Background values will be evaluated in accordance
with NUREG-1575 (Reference 5-5) guidance. Methods used to determine background values
for each type of final status survey measurement method are summanzed below
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Background measurements will be performed on surfaces unaffected by licensed activities. The
principal criteria for. selection- of measurement locations for building surfaces will. be the
location's similarity.to SNEC Facility construction and freedom from radioactivity attributable to
SNEC Facility operations. Instrumentation will be of the same type to be used for the SNEC
Facility FSS process.

Soil and sediment samples will be collected from areas unaffected by licensed operations in
order to establish the background levels of man-made radionuclides not resulting from plant
operations. The background samples will be collected at locations similar to their respective on-
site sampling locations whenever possible. Gamma-ray spectroscopy will be used to determine
individual concentrations of radionuclides. Additionally, laboratory analysis for other non-
gamma emitting radionuclides will be performed as necessary.

A pressurized ion chamber (PIC) will be used to establish the background gamma exposure rate
for the site. The pressurized ion chamber will be used as the reference instrument for
establishing gamma-ray exposure rate background and the true pR/h equivalent response of
portable survey meters. Additionally, a Micro-Rem?® Meter (or equivalent) will be used to
evaluate site dose rates. Measurements obtained with this instrument will be compared to PIC
measurements at selected locations. The Micro-Rem Meter will then be used for the bulk of the
final status survey gamma-ray exposure rate measurements at the site.

Compiled background information will be used as the reference areas for most survey units as
necessary. Where actual background conditions are shown to vary significantly, area-specific
background values will be used whenever possible.

Alternatively, in-situ gamma spectroscopy may be used to identify those components of the
background gamma radioactivity that are possibly due to plant contamination.

Background values of direct beta-gamma measurement instruments are affected by conditions
in the immediate vicinity of the detector. Significant variations from background reference values
may be observed. These variations are caused by the natural radioactivity composition in
surrounding materials and by shielding effects in some cases. Consequently, backgrotind
measurements for special conditions will be compiled for use in calculating values (net dpm/100
cm?, etc.) to reduce the bias in survey unit population statistics. Special condition backgrounds
may be compiled for poured concrete, steel and iron, aluminum and any other material as
deemed appropriate.

# Micro-Rem Meter is product of the Bicron Instrument Company.
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6.0 COMPLIANCE WITH RADIOLOGICAL CRITERIA FOR LICENSE TERMINATION -

6.1 - DISCUSSION ' ’ N

N‘ s ’ - -~

.The SNEC decommrssronrng objective is to release the s1te for unrestncted use per 10 CFR 50

and Subpart E of 10 CFR Part 20.1402." This section of the SNEC LTP- will :briefly. discuss the
methods and assumptions used to demonstrate that the total effective dose equivalent-(TEDE)
from residual radioactivity is less than 25 mrem per year (0.25 mSv) to an average member of
the critical group. .References 6-5, 6-6 and 6-7 have been used to determine the "appropriate
methodologies for meeting site release criteria. These methodologies are also described in

"Chapter 5 of this plan.

6.2 - - DOSE MODELING . e

The distribution and variability of radioactivity in the environment, and dose rates from natural
sources, provide the framework for developing models in determining compliance with criteria
for site cleanup and restoration. The dose limit of 25 mrem TEDE in any year is of
approximately the same magnitude as the:geographic variability * of - doses ‘from ‘natural
background. It is comparable to the difference in annual doses likely to be experienced by a
person who moves from one location to another. .The TEDE, adopted in1991 by the'NRC, is the
sum of the deep dose equrvalent (for external exposures) and the committed effective dose
equivalent (for internal exposures). For site cleanup ‘and restoration standards, the' dose limit is
applied to all site-specific sources, including natural radlonuclldes whose concentratlons have
been enhanced by srte activities.

N [ .
¥ n

’Dose modeling is used to estimate the TEDE to an average ‘'member of the’ crrtlcal group from

residual radioactivity. The critical group mearis thé group of individuals reasonably expected t to
receive the greatest exposure to residual radroactlvrty for any applrcable set of curcumstances
r
The surface contamlnatron and radronuclrde concentratrons Ievels of structures land areas, and
plant 'systems remaining ‘at the time of the  final- site survey are’ compared ‘to derived
concentration guideline levels (DCGL) calculated using applrcable dose 'models."'A DCGL is
defined as the concentration of residual radioactivity dlstmgurshable from background radiation
‘which, if distributed uniformly throughout a survey unit, would result in a TEDE of 25 mrem/yr to
an average member of the critical group. DCGLs are ‘presented "in" terms’ of surface and
volumetrlc radroactwlty concentratlons and are expressed in umts of dpm/1 00 cm or pCl/g
ST s T

Data and information ‘related t0*types and amotints -of radioactivé materral-on the 'SNEC site
have been documented in the Site Characterization Report (Référence 6-18)'and Chapter 2 of
this plan. Prior to site release consideration, all radioactive waste will have been disposed,

‘sources will have been disposed or scheduled to'be transferred to another Ircensee “all’ burldnngs
‘and’ open land " areas remediated, and minor amounts of contammatron will* have been detected

NS

and documented vna surveys ’ I . . T
o ‘ o - /SN A S E

Dose models are based on"two tvpes of conceptuahzatlons -i.é. two-dimensichal surface area
geometry and a three-dimensional volumetric geometry. In certain cases, e. g. embedded pipes,

‘a combination 'of dose models will ‘be employed-to calculate’ the radratlon dose'from’ surface
contamlnatlon and volumetric sources.’ Dose model’ scenarios are dlscussed below -0

Tt -
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6.2.1 Building. Occupancy Scenario

For the two-dimensional surface area model, the building occupancy scenario is used as the
best representation. This model applies to the SNEC Containment Vessel (CV), Saxton Steam
Generating Station (SSGS), tunnels and/or other impacted site structures. Since these
structures will either-be”demolished or left behind, the building occupancy scenario is most
representative. Other buildings (garages and support: structures) left behind will also be
surveyed and released using the building occupancy scenario..DandD Version 1.0 has been
used as the preferred modellng software for the building occupancy scenario.

The exposure pathways selected for analysis in the building occupancy scenario- mclude
external exposure to penetrating radiation from surface sources, inhalation of resuspended
surface contamination, and inadvertent ingestion of surface contamination. The selection of
these pathways provides a balanced analysis for:

a) External exposure to penetrating radiation from surface sources;
.. - b) Inhalation of resuspended surface contamination;
c) lnadvertent ingestion of surface contamination; and
d) External exposure to“pene;tratlng radiation from embedded sources.

This scenario accounts for exposure to both fixed and removable thin-layer or surface
radioactivity within a structure. This scenario assumes individuals (critical group) occupy the
building in a passive mode without deliberately disturbing the residual radioactivity on building
surfaces. Occupancy of the building,is assumed to begin immediately after license termination.
The exposure duration is assumed to be a full work year (approximately 2000 hours). The
selection of this scenario assumes the following site conditions will exist to qualify:

1. The contamlnatlon on, bunldlng surfaces (e.g. walls, ﬂoors and ceilings) should be
surficial and non-volumetnc

2. Contamlnatlon on surfaces is mostly fixed (not loose) -with the fraction of loose
contamination not to exceed 10% of the total surface activity.

3. This screening ‘criteria will not apply to contaminated surfaces on buried comoonents
or conduit (e.g. drainage or sewer pipes). Such component and conduit surfaces will
be treated on a case by case basis -

Surface contamlnatlon DCGLs were developed through the use of the DandD computer code
using the standard default parameters. The results from the DandD runs for each of the 11 site
related radlonuclldes are in units of mrem TEDE per dpm/100 cm?. Default surface area DCGLs
(Reference 6-8) are listed in Table 6-2. These default values were verified using DandD. The
DandD output for the building occupancy scenario model is contained in Appendix 6-1.

Burldlng and component surfaces wull be decontammated to as low as reasonably achlevable to
meet the release criteria building occupancy screening levels. For building debris that cannot
be assessed using the surface screening criteria, a volumetric assessment of the materials will
be made. These materials will be characterized (if not already known) as to radionuclide
contaminant(s), type of material, corrosivity rates (metals), and leach rates (concrete/debris) for

6-2
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-input. This switch to volumetric consideration brings the resident farmer scenario back as the

‘\/ -release scenario. Since some of the material will .be- buried 3 feet below grade, the
contamination zone may be in the saturated zone. A subsurface volumetrlc dose model has
been developed to evaluate this condition. - |

Exposure pathway (d) listed above applies to areas where there is penetrating radiation from

-embedded sources . of. radioactivity, such as. embedded piping.. *To ‘the extent practical
embedded sources will be filled with grout or concrete. For modeling this scenario a bounding
calculation using sum of the fractions method will be employed. This method will combine
applicable surface and volumetric DCGLs along with a shielding code(e.g.” MicroShield) to
calculate the respective dose from residual activity remaining on structural surfaces, within
residual piping, walls and floors or within activated metal (e.g. CV steel'liner). ‘Use of Equation
6-1 will ensure the combined exposure is bounded for all applicable sources and result in less
than the 25 mrem/yr limit.

"Equation 6-1
{ Cst . Cw ) + Direct y Dose <1
N\DCGL. + DCGL 25 =

I=

Where Ca= Surface contamination of radlonucllde i (dpm/100 cm )
C., = Specific volume concentration of radionuclide i (pCi/g). Q
DCGL, = Surface contamination DSGL of radionucfide i frcrn Table 6-2.
DCGL,; = Volumetric DCGL (25 mrem/yr) of radionuclide i frolrn Tabfe 6-2.
Direct y Dose = Microshield (or equivalent) shielding codemca‘lculatio‘n (mrem/yr).

6 21. 1 Surface Area Factors

]

Surface area factors have been developed using comparative analyses between DandD 1.0
-and RESRAD-BUILD, 3.0 "Derivation of these area-factors has been documented in Reference
6-10. These area factors have been used to develop DCGLeyc screening valués for residual
radioactivity on building surfaces. Default surface area screening values (Reference 6-8) were
“used as inputs into the RESRAD-BUILD, 3.0 program to-determine the-annual default dose’ at
236 m®. "This dose was then used to ratio against-doses calculated for 25 16, 9, 4, and 1-m?
-areas.” The calculated ratio is equal to the area factor value for the respectlve area sizes. The
surface area 'DCGL 'can be multiplied by the derived area“factor to determine the DCGLEMC
Surface area factors for SNEC are listed in Chapter 5 Table 5-15A.. " °~ -

‘6.2.2 Res:dent Farmer Scenarlo ’ N ..

For this scenario the assumption is that residual radioactivity is distributed in a surface soil layer
covering the plant site (surface model) or in subsurface fill materials (subsurface model). The
receptor is considered to reside in 2 home in or near any of the areas of concern. Use of the
site is for residential or light farming activities. The scenario assumes continuous exposure via
multiple exposure pathways to the critical group. The critical group is the resident farming
\_/ family who lives on the plant site following site remediation, grows some portion of their diet on

6-3
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the site, and drinks water. from a source at the site. The most conservative parameters are
selected from.each of the areas of concern to identify a site-wide residential scenario, which
results in the highest.exposure. . This site-wide exposure is then used to determine nuclide-
specific DCGLs for each surface and subsurface layer. The pathways that apply to the
residential farming scenario include:

a) External exposure (while indoors and outdoors) to penetrating radiation from volume
sources in the contamination layer;

b) Inhalation of resuspended surface sources

- through wind erosion while indoors or outdoors,
- tracked indoors,

- while excavating and spreading contaminated overburden material during home
construction and yard leveling;

¢) Ingestion of drinking water from a groundwater source (e.g. bedrock well);

d) Ingestion of plant products grown in contaminated soil and/or irrigated with
contaminated groundwater;

e) Ingestion of animal products (e.g. beef and milk from cattle raised onsite that ingested
contaminated drinking water, plant products and soil);

f)  Direct soil ingestion;
g) Ingestion of fish from a contaminated surface water source; and
h) Direct exposure from re-excavated volume sources.

At SNEC, the shallow water table and boulders in the overburden layer discourage construction
of a basement for an on-site residence. However, excavation and spreading of fill material from
beneath the top meter and into the upper overburden layer could occur in leveling sloped areas
for a home site. This scenario was analyzed as part of the subsurface modeling.

Two models have been developed covering surface (Reference 6-9) and sub-surface
(Reference 6-11) open.land areas for the Resident Farmer scenario. Both models .were
developed using the RESRAD Version 6.1 computer code using the deterministic. and
probabilistic options. GPU Nuclear, Inc. developed the surface model while URS Corporation
developed a sub-surface model, incorporating many of the same input parameters used in:the
surface model. Due to the voluminous nature of the dose modeling results documentation has
been included in electronic media (CD-ROM) and submitted to the NRC for review (Reference
6-12). The dose modeling approach and input parameter selection are illustrated in Figure 6-1.

General approaches and selection of key input parameters are dlSCUSSGd in the following sub-
sections.

6-4
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DCGL results were compared between the two models. The most conservative DCGL values
were combined to form a single list for the 25 mrem/yr release limit. The most
'conservative 'DCGLs to_implement SNEC’s 4 mreml/yr drmkmq water dose ‘goal were
similarly derived. These DCGL values are listed in Table 6-2.: o

6.2.21 Probabilistic Approach o v s

For each radionuclide ‘RESRAD 6.1 (in the ' probabilistic ‘mode) was used to perform
uncertainties analyses and determine the sensitive parameters. The.appropriate input file
containing all physical, behavior and metabolic parameters was generated. This file included
‘Haley & Aldrich hydrogeology values (Reference 6-17), -Kgs developed by Argonne National Lab
(Reference '6-15), and contaminated ‘zone.dimensions. DandD -default values were used for
metabolic and behavior inputs. RESRAD default values and distributions were used for physical
parameters that could not be empirically tested or where no sﬂe-specnﬁc data exnsted

A random seed of 1000 was used for uncertalnty samphng The Latin Hypercube Sample (LHS)
-method was used to generate samples of input values for the probabilistic analysis. -Uncertainty
correlations were established between density and total porosity, density and effective porosity,
and total porosity and effective porosity with a correlation value specified as 0 99 for aII three
zones (| e. contamlnated saturated and unsaturated). . ’

The first 6 correlatlon tables (coeft” icients  for; peak of meanfdose tlme dose and ‘peak all
pathways dose’) of the MCSUMMAR.REP computer file were extracted. - Within these tables,
the higher correlation coefficient (r* value) between the PRCC and PCC columns was selected.
.These:values determine the sensitive nature -of the parameter. _Sensitive parameters were
identified with correlation values greater than or equal to 0.25 or less than or equal to -0.25..

A default case of RESRAD was run in the probabilistic mode with only the sensitive parameters
varying. An LHSBIN.DAT report was then generated and imported into an EXCEL spreadsheet
to identify the means and 25™ and 75" percentile values for the sensitive parameter
dlstrlbutlons Apphcable values were then used as base determlnlstlc |nputs R

With the exception of C-14 and H 3 Kd values were developed for each SNEC related
radionuclide - “by_-Argonne National, Laboratories (ANL) from analysis of a:group~of samples
-collected at the. SNEC site that included materials such as soils and fly ash,-and building
construction materials such as pulverized concrete, -brick and block, etc. These values were
then reviewed to determine their impact on dose. In all cases the lowest: Ky developed for each
rradionuclide from each sample type produced the highest site dose: GPU Nuclear then selected
the most conservative Ky value for each radionuclide to represent all material types at the site,
thus site soils and re-fill matenals may be placed in any locatlon at the site without exceedmg
site dose limits. ‘ § . U S N - Y

For C-14 and H-3, ANL recommended a value near 1 as the appropriate Ky to’be used at the
site based on the type of volumetric materials present. Since these values were .recommended
and not empirically derived, a review of the impact on dose at Ky values within a range of
possible K4 values near_1 was conducted by GPU Nuclear, Inc. The Tresults indicated that a
default .value of 0.25 for H-3 and 1 for C-14-would provide the -greater-impact on-dose and
therefore these values were selected for use when the probabilistic analysis indicated Kywas a
non-sensitive parameter. When sensitive, the approach previously described using the 25" or
75" percentile of the RESRAD Kjy default parameter set was selected.
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6.2.2.2 Determmlstlc Approach

Prlor to running RESRAD in the determlnlstlc mode, a new input file containing mformatlon from
probabilistic mode runs, was created as follows:

e  Suppression of the uncertainty analysis.

e The 75" percentile valuewas used to replace the base-deterministic input value: for
those sensmve parameters with sensntnvnty coefficients greater than or equal to 0.25.

¢« The 25™ percentlle value was used to replace the base-detenmmstlc input value. for
those sensitive parameters with sensitivity coeff' C|ents less than or equal to -0.25:

¢ The mean value was used to replace the base-determmlstlc input value for those
sensitive parameters not bounded by the 25™ and 75" percentile values.

e Except when the coefficients of sensitivity for the distribution coefficients (Kgy) ‘are
greater than or equal to 0.25, the minimum Argonne developed Kq was used.

To determine the apphcable DCGL values for each radlonuchde RESRAD was run in the
deterministic mode with the revised input file. The summary report provided the peak dose,
year of occurrence and pathway breakdown for each peak dose.* The 25 mrem/yr dose limit
was divided by the peak dose to determine a DCGL representing exposure from all pathways.
This process was used for each radionuclide, soil region and SNEC area of concern. For'4
mrem/yr drinking water dose goal, the above process was repeated with all pathways turned off
except for the drinking water pathway. Files generated for drinking water dose analysis were
appended with DW,

6.2.2.3 Radionuclide Selectlon

To date, eleven (11) radionuclides have been identified as being significant dose contributors for
the SNEC site with Cs-137 being identified as the most predominant. Reference 6-13 provides
the analysis for determining site-related- radionuclides. These radionuclides have been loaded
into both RESRAD' and” DandD software codes to determine - applicable DCGLs for each
respective model. Guidance from>NUREG/CR-3474 and NUREG/CR-0130 was used to first
develop a comprehensive'list of radionuclides that could potentially be found in media at the
SNEC site, during its operation and post shutdown periods.’ ‘From this list various criteria was
used to deselect radionuclides. 'Information on site-specific radionuclides was also determined
using results of 'characterization™ surveys, waste stream’ analyses and historical site
assessments that are appropriate for each medium. Once a list was developed a 4-step
process was used to deselect radionuclides that are not applicable to SNEC.

Step 1 - SNEC has been shut’down for almost 30 years. All radionuclides with half lives
less than 3 years have been deselected since they have decayed 10 half lives.

Step 2 - Over 500‘ samples in various media have been analyzed as part of the

characterization process. Radionuclide results below minimum detectable activity (MDA)
levels were deselected.
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Step 3 - Radionuclides in media that were <.1% of the total mix activity and < 10% of the
~.dose limit were also deselected. :Per Appendix E-of NUREG-1727 (Reference 6.5),

radionuclides contributing < 10% of the dose limit can be screened out.

Step 4 - Evaluate which sample media contain certain radlonuclldes

From -this analysrs :seven (7) nuclides were: deselected for. meetrng the <1% of the mix and
<10% of the dose limit criteria. Together, all these nuclides contributed 3.45% of the total dose
limit (25 mrem/yr). .DCGLs will be adjusted in the final site design process to take into account
this small fraction of the dose limit. As a result of the deselection .process and most recent
characterization data, Table 6-1 has been developed listing.radionuclides present at the SNEC
site. This table represents the list of radionuclides potentially found:in volumetric media and:on
structural surface areas. A

Table 6-1.- N

SNEC Radionuclide List

T " H-3 T A Eu-152 =~ | ¢

A " .c14 . ... Pu23s. L
” Co-60 =~ Pu-239
Ni-63 Pu-241
Sr-90 Am-241
Cs-137

To date the results of sample analyses at the SNEC site have provrded no valrd conflrmatron for
the presence of Np-237 above minimum detectable actlvrty (MDA) Slnce thls radionuclide 'is a
daughter of Am-241 there is a minimal possrbllrty of it showmg up as a posrtlvely ldentlf ed
radionuclide. In the DandD and RESRAD codes the .computer analysis takes’into _account the
dose of the parent and all the daughters in the decay chain. Therefore; Np- -237 is accounted for
in the dose analyses for Am-241 and not included in the list of radionuclides of concern for the
SNEC site. This is similar to how Cs- 137 (parent) and its daughter 'Ba-137m, are treated in the
dose analysis. _ Laboratory analyses are revrewed to ensure radronuclrdes in Table 6-1 contrnue
to be representative of the site.”' Should ‘a’radionuclide” appear 'whichis, not on Table 6 1,a
technical analysis will be performed to determine its validity.” '
6.2:2.4' ‘Contaminate'd Zone Descriptioh s

The soil gurdellne (DCGL) is def ned as the radrologlcal concentratlon rn sorl that IS acceptable lf
the site” IS to be used wnthout radlologrcal restrlctrons The SNEC surface model is based ona
maximum' sized 10, 000 .m' -contammated area one meter ‘thick with. no. cover matenal The
concentration of a’radionuclide is considered to exceed background concentrations ‘if 'it*is
greater than the mean background plus twice the standard _deviation_ of the background
measurements Based on years ‘of radrologlcal surveys at the srte the 10, 000 m? contamrnated
area dlmensmn was selected’ as a.dose model default parameter and is consrdered ‘bounding.
The one:meter thickness was selected based on rémediation work conducted in 1994 at the site
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(Reference 6-14) and the average below grade groundwater level. For areas less than 10,000
m?, area factors have been developed and listed in Chapter 5, Table 5-15. Soil at the SNEC
site is defined as unconsolidated earth materials, including concrete and other structural debris
that might be present.

The subsurface model calculates the dose from contaminants that may be in the saturated zone
as a result of reuse of fill and debris materials. Subsurface materials for the Spray Pond and
general site areas 'are very similar, consisting of approximately two meters of overburden and a
greater thickness of underlying bedrock. The subsurface material in the SSGS consists of
crushed, homogenized site” construction debris that is covered with one meter of clean fill.
Because of these differences,r DCGLs were developed for only one material (homogenized
debris) in the SSGS and for two materials (overburden and bedrock) in the Spray Pond and
general areas.

6.2.2.5 Dose Calculation Times (years)

Radiation doses, health risks, soil guidelines and media concentrations are calculated over
user-specified time intervals._ The source is adjusted over time to_ account for radioactive decay
and ingrowth, leaching, erosion and mixing. Although the regulatory recommendation is to use
a 1000-year period, a 10,000-year period (more conservative assumption) was used to account
for in-growth and decay of long-lived transuranic nuclides’that have a _potential impact on the
ground water pathway: dose. RESRAD uses a one-dimensional groundwater model that
accounts for different transport of parent and daughter radionuclides with different distribution
coefficients (Ky).

6.2.2.6 Site Geology and Hydrolo'gy

Subsurface investigations have been conducted at the SNEC Facility since 1981. The purpose
of the investigations was to define, the geologic and hydrogeologic characteristics at.the site.
Several of theearly investigations’ focused on monitor well rnstallatrons at key plant locations.
Recent rnvestrgatlons examlne groundwater trends beyond the immediate plant area at more
distant locations in-order to characterize a broader aspect of the geologic conditions,
groundwater flow and hydraulrc conductivity.

There is reportedly approxrmately 7 to 18 feet of overburden material overlying bedrock (a
fractured siltstone). ‘The overburden materials generally consist 'of a fill overlylng a natural
boulder 'layer in a dense sandy, silty, clay matrix. GroUndwater occurs in both the
overburden/bedrock interface and bedrock.

Groundwater flow is toward the northwest from the Facility in both the overburden/bedrock
interface and bedrock. The direction of flow is not effected by séasonal water level changes.
The groundwater data indicates that the Raystown Branch of the Juniata River is a groundwater
discharge feature._ A subsurface discharge tunnel of a former coal fi red generating stat|on
affects groundwater flow at the overburden/bedrock interface, acting as both a barrier. and a
drain. Groundwater ﬂow in bedrock is controlled by northwest trending fractures.

Site-specific geometry, (cross sectlon vnew) and hydrology data were used for input into_the
RESRAD code. This’ input'data was based'on studies conducted by a contracted geology firm
(Reference 6-17) or default parametérs determined by the RESRAD code, whichever was more
conservative.
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6.2.2.7 Chemical Form and K s

The chemical form of the SNEC residual radioactivity is bounded by the use of the default dose
conversion factors (DCFs) in the RESRAD 6.1 code. -These DCEF values are based on chemical
form information in Federal Guidance Report # 11 that give the individual the highest dose per
unit intake. :

Distribution coefficient (Ky) values are used in the RESRAD 6.1 code to predict the behavior of
radionuclides in soil. Argonne National Laboratory has conducted tests and provided Kq
measurements on SNEC soils and fill materials.” -Results of these tests are contained in
Reference 6-15.

-~ - o

6 2.2, 8 Water Transport Parameters ‘ s

The well from whrch water is withdrawn for domestic use or |rr|gat|on is conservatlvely assumed
to be located either in the center of the contamination zone (in the mass balance, MB, model) or
at the downgradient edge of the contaminated zone (in the:nondispersion, ND model) For
either location, radionuclides are assumed to enter the well assoon as they reach the water
table.- Usually, the MB model is used for smaller contaminated areas (e.g. 1000 m or less) and
the ND model is used for larger areas. For the SNEC surface model the ND input was used as
the RESRAD input. For the SNEC subsurface model the MB |nput was used. - .

6 2.2.9 Volumetric Area Factors

Volumetric area factors were developed using RESRAD 6. 1 and SNEC mputs for the surface
modeling parameters (Reference 6-9). In the base- -case surface model. the contamlnated
fraction of plant meat and milk products was assumed to equal one (1) using the resident
farmer scenario. Default values of —1-were substituted for these three input parameters for
areas less than 10,000 m Th|s was done SO RESRAD could also scale smaller contaminated
areas (2500 m?-400 m? 100 m? 25 m? and 1 m®. The three default parameter values (-1)
appropriately size the contamlnated fractlons of plants, meat and milk obtained from the site
when smaller'and smaller area sizes are input’into the RESRAD computer code.” Volumetnc
area factors for SNEC are listed in Table 5-15.

vy
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6.3 DCGL SUMMARY & DOSE ASSESSMENT

The DandD and RESRAD codes were run to determine compliance with 10CFR20.1402. DCGL
results are listed in Table 6-2. Detailed information from dose modeling computer runs is
contained on electronic media (CD-ROM) that has been submitted to the NRC (Reference 6-
12).

Table 6-2

SNEC Facility DCGL Values *

25 mrem/y Limit 4 mremly Goal
25 mremly Limit (All Pathways)' (Drinking Water): °
Radionuclide Surface Area Open Land Areas Open Land Areas b
- (dpm/100cm?) (Surface & Subsurface) | (Surface & Subsurface)
- (pCilg) (pCilg)
Am-241 ’ 2.7E+01 9.9 2.3
C-14 © 3.7E+08 2 54
Co-60 , 7.1E+03 3.5 67
Cs-137 - 2.BE+04 66 397
Eu-152 1.3E+04 101 1440
H-3 1.2E+08 132 31.1
NI-63 1.8E+06 747 1.9E+04
Pu-238 3.0E+01 18 0.4
Pu-239 2 BE+01 1.6 0.37
Pu-241 . . 8.8E+02 86 19.8
Sr-90 "8 7E+03 - | 1.2 0 61

Footnotes: S

a) While drinking water DCGLs wnll‘ be used by SNEC to meet the drinking water 4 mrem/yr goal, only the DCGL
values that constitute the 25 mrem/yr regulatory imit will be controlled under this LTP and the NRC's approving
license amendment. '

b) Listed values are from the subsurface model. These values are most conservative between the two models (i e.
surface & subsurface).

The dose assessment using these values indicates that the dose will be below 25 mrem/year
TEDE release limit and the 4 mrem/year groundwater dose goal. Therefore, there is a high
degree of confidence that additional refinement of the source terms and modeling assumptions
are unnecessary and the site can be released for unrestricted use.
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6.4 ' ALARA ANALYSIS . " o

Subpart E of 10 CFR 20 contains specnf c- reqwrements for a demonstratlon that residual
radioactivity has been reduced to a level that is ALARA (10 CFR 20.1402). Both Section 7 and
‘Appendix D of NUREG-1727 (Reference 6-5) describe a method for determining whether levels
of residual radioactivity are ALARA. The method presented is used to estimate when a remedial
action provides a net benefit of dose reduction when compared to the cost of performing that
action. It also provides example calculations of various remedial actions, some of which can be
applied at the SNEC Facility to reach the DCGLs for surface and soil contamination. As stated
in Chapter 4 of this plan, comprehensive remediation will be performed at the SNEC Facility
Site. NUREG-1727-states 'that the ALARA requirement is met by performing the remediated
action where appropriate. The guide further states that if a remedial action is performed there is
no need to evaluate whether it is necessary to meet the' ALARA requirement.

The SNEC Facility remédiation goal for all structuresurfaces is to reduce contamination levels
to or below the screening levels (Reference Table 6-2) established by Reference 6-8 and the
DandD code. These values were determined using highly conservative parameters to ensure
that any residual radioactivity remaining at the site would not result in any significant impact to
public health and safety. Therefore, further demonstration need not be performed.

In the ‘case of volumetric contamination, the SNEC Facility remediation‘plans -are to remove
residual contamination to below those levels established in Table 6-2. As stated in NUREG-
1727, for sites that select the unrestricted release criteria, a mathematical ALARA analysis for
removing residual’ radnoactnvnty from soil at these sites’ lis not necessary, largely because of the
high costs of waste disposal. Thus in the case ‘of the SNEC Facility, no further ALARA
evaluation is requu;ed after the removal of soil contamination to reach the DCGLs.
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Figure 6.1 (cont.)
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APPENDIX 6.1

DandD DCGL CALCULATIONS
FOR
BUILDING OCCUPANCY SURFACE AREA MODEL
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Program
Session

Description
Single Run Am-241

Executed

DandD Version 1.0 Build 1.00.02
Single Run Am-241

09/28/99 at 15:57:59

Execution Options

NRC Report

Occupancy Input Section

History file will be generated.
Implicit progeny doses will not be included with explicit parent.
Concentration data will be calculated.

Initial Radionuclide Activities

Chain

dpm/100cm”2

241Am

1.00

Code~-Generated Radionuclide Activities

Chain dpm/100cm"2
241Am 1.0000E+000
237Np 0.0000E+000
233Pa 0.0000E+000 -
233U 0.0000E+000
229Th 0.0000E+000
225Ra 0.0000E+000 ”
225Ac - 0.0000E+000 i
221Fr 0.0000E+000
217At 0.0000E+000
213Bi 0.0000E+000
213Po 0.0000E+000
209T1 0.0000E+000
209Pb 0.0000E+000

Basic Parameters

Name

Page 1

Value

Units

Default



Am-241

'End Time' 25560.0000 days 365.2500

Occupancy Output Section

Maximum Annual TEDE

This scenario started 0.00 year(s) from now
and ran for 69.98 year(s).

The peak dose of 9.34E~-001 TEDE (mrem) occurred 1.00 year(s) after
license termination. :

Pathway Component of
Maximum Annual Dose

Pathway TEDE (mrem) Percentage
External 3.85E-005 0.00
Inhalation 9.29E-001 99.54
Ingestion 4.26E-003 0.46
Total 9.34E-001 100.00

"Radionuclide Component of
Maximum Annual Dose

Radionuclide TEDE (mrem) Percentage
241Am 9.34E-001 100.00
237Np 1.84E-007 0.00
233Pa 3.91E-011 0.00
2330 4.96E-014 0.00
229Th 1.71E-017 0.00
225Ra 5.02E-020 0.00
225Ac 5.64E-020 0.00
221Fr 1.03E-022 0.00
217At 1.05E-024 0.00

Page 2
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Program : DandD Version 1.0 Build 1.00.02
Session : Single Run C-14
Description

Single Run C-14
Executed : 09/28/99 at 15:22:50

NRC Report

Occupancy Input Section

Execution Options

History file will be generated.

Implicit progeny doses will not be included with explicit parent.’

Concentration data will be calculated.

Initial Radionuclide Activities

Chain dpm/100cm”2

14cC 1.0000

Code-Generated Radionuclide Activities

Chain dpm/100cm”2

14C 1.0000E+000

Basic Parameters

Name Value Units

Default

'End Time' 25560.0000 days

Occupancy Output Section

365.2500



Maximum Aqnual TEDE

This scenario started 0.00 year{s) from now
and ran for 69.98 year(s).

The peak dose of

license termination.

Pathway Component of
Maximum Annual Dose

6.83E-006 TEDE (mrem) occurred 1.00 year(s)

Pathway TEDE (mrem) Percentage
External 2.26E-008 0.33
Inhalation 4.37E-006 63.96
Ingestion’ 2.44E-006 ’ . 35.71°
Total 6.83E-006 100.00
Radionuclide Component of
Maximum Annual Dose
Radionuclide TEDE (mrem) Percentage
14C 6.83E-006 ~7100.00
Total 6.83E-006 100.00
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Co-60

Program : DandD Version 1.0 Build 1.00.02
Session : Single Run Co-60
Description :

Single Run Co-60
Executed : 09/28/99 at 15:27:54

NRC Report

Occupancy Input Section

Execution Options

History file will be generated.

Implicit progeny doses will not be included with explicit parent.

Concentration data will be calculated.

Initial Radionuclide Activities

Chain dpm/100cm”2
60Co 1.00 N4
Code-Generated Radionuclide Activities
Chain dpm/100cm"2
60Co 1.0000E+000
Basic Parameters
Name Value Units Default
'End Time' 25560.0000 days 365.2500
Occupancy Output Section
l\/
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Co-60

Maximum Annual TEDE

This scenario started 0.00 year(s) from now
and ran for 69.88 year(s).

The peak dose of
license termination.

Pathway Component of
Maximum Annual Dose

Pathway TEDE {(mrem) ‘Percentage

External 3.09E-003 87.07 i
Inhalation 4.29E-004 12.10

Ingestion 2.95E-005 N 0.83.

Total 3.55E-003 100.00

Radionuclide Component of
Maximum Annual Dose

Radionuclide TEDE (mrem) Percentage

60Co 3.55E-003 ' 100.00

Total 3.55E-003 100.00.
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Cs-137

Program : DandD Version 1.0 Build 1.00.02
Session : Single Run Cs-137 N
Description
Single Run Cs-137
Executed : 09/28/99 at 15:40:59
NRC Report
Occupancy Input Section
Execution Options
History file will be generated.
Implicit progeny doses will not be included with explicit parent.
Concentration data will be calculated.
Initial Radionuclide Activities
Chain dpm/100cm™2
137Cs 1.00 N
Code-Generated Radionuclide Activities
Chain dpm/100cm”2
137Cs 1.0000E+000
137mBa 0.000CE+000
Basic Parameters
Name Value Units Default
'End Time' 25560.0000 days 365.2500
Occupancy Output Section
l\J
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Cs-137

Maximum Annual TEDE

This scenario started 0.00 year(s) from now
and ran for 69.98 year(s).

The peak dose of 8.93E-004 TEDE (mrem) occurred 1.00 year(s) after
license termination.

Pathway Component of
Maximum Annual Dose

Pathway TEDE (mrem) Percentage
External 7.69E-004 86.13
Inhalation 6.61E-005 7.41
Ingestion 5.78BE-005 - i 6.47
Total 8.93E-004 100.00

Radionuclide Component of ~
Maximum Annual Dose_

Radionuclide TEDE (mrem) Percentage
137Cs 1.24E-004 13.92 B
137mBa 7.69E-004 86.08 )
Total 8.93E~004 100.00

-_/
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Eu-152

Program : DandD Version 1.0 Build 1.00.02
Session : Single Run Eu-152
Description

Single Run Eu-152
Executed : 09/28/99 at 15:42:47

NRC Report

Occupancy Input Section

Execution Options

History file will be generated.

Implicit progeny doses will not be included with explicit parent.
Concentration data will be calculated.

Initial Radionuclide Activities

Chain dpm/lOOcm“é

152Eu 1.00

Code—~-Generated Radionuclide Activities

Chain dpm/100cm”2
152Eu 1.0000E+000
152Gd 0.0000E+000

Basic Parameters

Name Value Units Default

'End Time' 25560.0000 days 365.2500

Occupancy Output Section

Page 1



Eu-152

Maximum Annual TEDE

This scenario started 0.00 year(s) from now
and ran for 69.98 year(s).

The peak dose of 1.87E-003 TEDE (mrem) occurred 1.00 year(s) after

license termination.

Pathway Component of
Maximum Annual Dose

Pathway TEDE (mrem) Percentage

External 1.51E-003 76.70
Inhalation 4.51E-004 22.93
Ingestion 7.38E-006 0.38
Total 1.97E-003 100.00

Radionuclide Component of
Maximum Annual Dose

o

Radionuclide TEDE (mrem) Percentage
152Eu 1.97E-003 100.00
152Gd 7.07E-018 0.00
Total 1.97E-003 100.00

O st
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Program : DandD Version 1.0 Build 1.00.02 )
Session : Single Run H-3 AN
Description :
Single Run H-3
Executed : 09/28/99 at 15:19:52
NRC Report
Occupancy Input Section
Execution Options
History file will be generated.
Implicit progeny doses will not be included with explicit parent.
Concentration data will be calculated.
Initial Radionuclide Activities
Chain dpm/100cm"2
3H 1.00 ~—
Code~Generated Radionuclide Activities
Chain dpm/100cm”2
3H 1.0000E+000
Basic Parameters
Name i Value - Units Default
'End Time' 25560.0000 days 365.2500
Occupancy Output Section
‘\_/
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Maximum‘Annuq;‘TEDE

N~

This scenario started 0.00 year(s) from now
and ran for 69.98 year(s).

The peak dose of

2.03E-007 TEDE (mrem) occurred 1.00 year(s) after

license termination.

Pathway Component of
Maximum Annual Dose

TEDE (mrem) - - Percentage

Pathway
External 0.00E+000 0.00
Inhalation 1.30E-007 64.17
Ingestion 7.28E-008 35.83
Total 2.03E-007 - 100.00

Radionuclide Component of -

aximum Annual Dose

Radiocnuclide TEDE {mrem) + Percentage ud‘
3H 2.03E-007 100.00 .
Total 2.03E-007 100.00 :

N ~ y
J.08 E-7 mrt
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Ni-63

Program : bandD Version 1.0 Build 1.00.02
Session : Single Run Ni-63
Description

Single Run Ni-63
Executed : 09/28/99 at 15:31:04

NRC Report

Occupancy Input Section

Execution Options

History file will be generated.

Implicit progeny doses will not be included with explicit parent.
Concentration data will be calculated.

Initial Radionuclide Activities

Chain dpm/100cm”2

63Ni 1.00

Code-Generated Radionuclide Activities

Chain dpm/100cm~2

63Ni 1.0000E+0Q00

Basic Parameters

Name . Value Units Default

'End Time' 25560.0000 days 365.2500

Occupancy Output Section
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Ni-63

Maximum Annual TEDE

This scenario started 0.00 year(s) from now
and ran for 69.8%8 year(s).

The peak dose of 1.3BE-005 TEDE (mrem) occurred 1.00 year(s) after
license termination.

Pathway Component of
Maximum Annual Dose

Pathway . TEDE (mrem) Percentage
External 0.00E+000 0.00
Inhalation 1.31E-005 85.13
Ingestion 6.73E-007 4.87
Total 1.38E-005 " 100.00

Radionuclide Component of
Maximum Annual Dose o

Radionuclide TEDE (mrem) Percentage
63Ni 1.38E-005 100.00
Total 1.38E-005 100.00 )

J3GE-S DT
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Program
Session

Description :
Single Run Pu-238

Executed

DandD Version 1.0 Build 1.00.02
: Single Run Pu-238

09/28/99 at 16:03:46

Execution Options

History file will be generated.

Pu-238

NRC Report

Occupancy Input Section

Implicit progeny doses will not be included with explicit parent.
Concentration data will be calculated.

Initial Radiocnuclide Activities

Chain

dpm/100cm”2

238Pu

1.00

Code-Generated Radionuclide Activities

Chain dpm/100cm”2

238Pu 1.0000E+000
2340 0.0000E+Q0Q0
230Th 0.0000E+000
226Ra 0.0000E+000
222Rn 0.0000E+000
218Po 0.0000E+000"
214Pb 0.0000E+000
218at 0.0000E+000
214Bi 0.0000E+000
214Ppo 0.0000E+000
210Pb 0.0000E+000
210Bi 0.0000E+000
210pc 0.0000E+000

Basic Parameters

Name

Value

Page 1

Units

Default

U



N

Pu-238

'End Time'

25560.0000 days

Occupancy Output Section

Maximum Annﬁql TEDE

This scenario started 0.00 year(s) from now

and ran for 69.98 year(s).

The peak dose of  8.22E-00
license termination.

365.2500

1 TEDE (mrem) occurred 1.00 year(s) after

Pathway Component of
Maximum Annual Dose

Pathway TEDE (mrem) Percentage
External 1.17E-006 0.00
Inhalation 8.18E-001 858.55
Ingestion 3.73E-003 0.45
Total 8.22E-001 100.00

Radionuclide Component of

Maximum Annual Dose

Radionuclide TEDE (mrem) Percentage
238Pu 8.22E-001 100.00
2340 3.93E-007 0.00
230Th 2.90E-012 0.00
226Ra 9.00E-018 0.00
222Rn 2.40E-022 0.00
218Po 5.41E-~-024 0.00
214Pb 1.55E-019 0.00
218BAt 0.00E+000 0.00
214Bi 8.66E-019 0.00
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Pu-238

214Po 4.95E-023 0.00
210Pb 8.85E-020 0.00
210Bi 9.56E-022 0.00
210Po 9.54E-021 0.00
Total 8.22E-001 100.00
,?_{ mrles
f
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Pu-239

Program : DandD Version 1.0 Build 1.00.02
Session : Single Run Pu-239
Description :

Single Run Pu-239
Executed : 09/28/99 at 15:52:17

NRC Report

Occupancy Input Section

Execution Options

History file will be generated.
Implicit progeny doses will not be included with explicit parent.
Concentration data will be calculated. ’ ) .

Initial Radionuclide Activities

Chain dpm/100cm”2

238%Pu 1.00

Code-Generated Radionuclide Activities

Chain dpm/100cm”2

23SPu 1.0000E+000
2350 0.0000E+000
231Th 0.0000E+000
231Pa 0.0000E+000
227Ac 0.0000E+000
223Fr 0.0000E+0G00
227Th 0.0000E+000
223Ra 0.0000E+000
215Rn 0.0000E+000
215P0o 0.0000E+000
211Pb 0.0000E+000
211Bi 0.0000E+000
211Po 0.0000E+000
207T1 0.0000E+000

Basic Parameters
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Pu-239

Name Value Units Default
N
'End Time' 25560.0000 days 365.2500
Occupancy Output Section

Maximum Annual TEDE
This scenario started 0.00 year(s) from now
and ran for 69.98 year(s).
The peak dose of 9.03E-001 TEDE (mrem) oaccurred 1.00 year(s) after
license termination.

Pathway Component of

Maximum Annual Dose

|
Pathway TEDE (mrem) Percentage ~—
External 5.15E-007 0.00
Inhalation 8.99E-001 99.54
Ingestion 4.14E-003 0.46
Total 9.03E-001 100.00
Radionuclide Component of

Maximum Annual Dose
Radionuclide TEDE (mrem) Percentage
239Pu 9.03E-001 100.00
235U 1.27E-010 0.00
231Th 1.44E-014 0.00
231pPa 9.24E-015 0.00
227Ac 3.78E-016 0.00
223Fr 3.80E-023 0.00
227Th 6.88E-019 0.00
223Ra 2.98E-019 0.00

L
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Pu-239

219Rn 1.32E-021 0.00
215Po 4.20E-024 . 0.00
211Pb 1.54E-021 0.00
211Bi 1.10E-021 0.00
211Po 5.12E-025 0.00
207T1 9.02E-023 0.00
Total 9.03E-001 100.00
25 mrem
PO
0.903 mre~
. &
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Pu-241

Program : DandD Version 1.0 Build 1.00.02
Session : Single Run Pu-241 \\,4)
Description

Single Run Pu-241
Executed : 09/28/99 at 15:54:54

NRC Report

Occupancy Input Section

Execution COptions

History file will be generated.
Implicit progeny doses will not be included with explicit parent.
Concentration data will be calculated.

Initial Radionuclide Activities

Chain dpm/100cm~2

241Pu 1.00 N

Code-Generated Radionuclide Activities

Chain dpm/100cm”2

241Pu 1.0000E+000
241Am 0.C000E+000
2370 0.0000E+000
237Np 0.0000E+000
233Pa 0.0000E+000
2330 0.0000E+000
229Th 0.0000E+000
225Ra 0.0000E+000
225Ac 0.0000E+000
221Fr 0.0000E+000
217At 0.0000E+000
213Bi 0.0000E+000
213Po 0.0000E+000
209T1 0.0000E+000
209Pb 0.0000E+000

Basic Parameters
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Pu-241

Name Value - Units Default

'End Time' . 25560.0000 days 365.2500

Occupancy Output Section

Maximum Annual TEDE

This scenario started 0.00 year(s) from now
and ran for 69.98 year(s).

The peak dose of 2.84E-002 TEDE (mrem) occurred 57.00 year(s) after
license termination.

Pathway Component of
Maximum Annual Dose

Pathway TEDE (mrem) Percentage
External 1.12E-006 0.00
Inhalation 2.83E-002 99.54
Ingestion 1.30E-004 0.46
Total 2.84E-002 100.00

Radionuclide Component of
Maximum Annual Dose

Radionuclide TEDE (mrem) Percentage
241Pu 1.14E-003 4.03
241Am 2.73E-002 85.97
2370 3.27E-010 0.00
237Np 4.3%E-007 0.00
233Pa 1.13E-010 0.00
2330 1.07E-011 0.00
229Th 2.52E-013 0.00



9.34E-016
1.27E-015
2.32E-018
2.36E-020
1.23E-017
0.00E+000
3.20E-018
4.84E-020

2.84E-002

Pu-241

100.00

25 mrem
J.S"/c"_:?__ﬁ_ﬂf_"_“
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Sr—?O

Program : DandD Version 1.0 Build 1.00.02
Session : Single Run Sr-90

Description :
Single Run Sr-90

Executed : 09/28/99 at 15:32:48

Execution Options

NRC Report

Occupancy Ihput Section

History file will be generated.
Implicit progeny doses will not be included with-explicit parent.
Concentration data will be calculated. -

Initial Radionuclide Activitiesi

Chain dpm/100cm”"2

90Sr 1.00

Code-Generated Radionuclide Activities

Chain dpm/100cm”2
S0Sr 1.0000E+000
90Y 0.0000E+000

Basic Parameters

Name

Default

'End Time'

25560.0000 - - days

Occupancy Output Section

Page 1
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Sr-90

Maximum Annual TEDE

This scenario started 0.00 year(s) from now
and ran for 69.98 year(s).

The peak dose of 2.89E-003 TEDE (mrem) occurred 1.00 year(s) after

license termination.

Pathway Component of
Maximum Annual Dose

Pathway TEDE (mrem) Percentage
External 7.70E-006 0.27
Inhalation 2.71E-003 93.61
Ingestion 1.77E-004 6.12
Total 2.89E-003 100.00

Radionuclide Component of
Maximum Annual Dose

Radionuclide TEDE (mrem) Percentage
80Sr 2.85E-003 98.72
S0y 3.69E-005 1.28
Total 2.88E-003 100.00

l{ M
P
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SNEC FACILITY LICENSE TERMINATION PLAN REVISION 1

7.0 UPDATE OF THE SITE-SPECIFIC DECOMMISSIONING COSTS

NRC's request for additional information dated November 8, 2000 requested additional
information with respect to the site specific decommissioning cost information provided in
Revision 0 of the SNEC License Termination Plan. GPU Nuclear’s response to this request was
reviewed and accepted by the NRC in conjunction with their review of the merger between
FirstEnergy Corp. and GPU, Inc. The adequacy of decommissioning funding assurance for the
SNEC Facility was documented by the Nuclear Regulatory Commission in the “Order Approving
Application Regarding Proposed Merger of GPU, Inc. and FirstEnergy Corp. — Saxton Nuclear
Experimental Facility (TAC NO. MB0215)” dated March 7, 2001.

Since that time the cost and schedule associated with the current Containment Vessel (CV)
concrete removal project has exceeded what was assumed in this response. This has resulted
in an overall $7 million increase in the remaining project cost beyond the $19.8 million estimate
provided in GPU Nuclear letter E910-01-002 dated February 14, 2001, “Partial Response to
Request for Additional Information, RE: License Termination Plan, (TAC NO. MA8076) dated
November 8, 2000). Thus the current overall project cost estimate is approximately $63 million.
As of July 31, 2002 approximately $50 Million has been spent on the SNEC Decommissioning
Project. Thus the remaining cost to complete the project is approximately $13 Million.

GPU Nuclear Letter E910-01-004, dated February 19, 2001, “Parent Guarantee for
Decommissioning Funding” committed the SNEC Owners to carry out the required activities or
setup a trust fund in favor of the NRC in the event GPU Nuclear failed to perform the required
decommissioning activities. The amount of this guarantee is $20 million, which exceeds the
remaining cost estimate of $13 million. Thus adequate funding exists to complete the project.
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SNEC FACILITY LICENSE TERMINATION PLAN REVISION 1

8.0 SUPPLEMENT TO THE ENVIRONMENTAL REPORT

The SNEC Facility Environmental Report was originally submitted in April 1996 to support
SNEC Facility decommissioning. Three supplements to the report, in the form of responses to
NRC requests for additional information, were provided on July 18, 1996, March 3, 1998 and
March 31, 1998. In support of the SNEC Facility License Termination Plan, these documents
were reviewed and revisions were made to reflect updates to information. Revision 1 of the
SNEC Decommissioning Environmental Report was submitted under separate cover as GPU
Letter 1920-00-20025, dated February 2, 2000. Revision 2 of the Updated SNEC
Environmental Report is being submitted under a separate cover letter as GPU Nuclear Inc.
E910-02-046.

The most significant changes in this document are:

1. Updated information for the SNEC site to reflect its current configuration. Selected
plant structures such as the septic system, weir pipe and other underground piping
have been removed. A description of the SSGS Intake Tunnel and various Penelec
buildings has been added to reflect the impact of decommissioning activities.

2. Updated the estimated occupational exposure from approximately 37 person-rem to
37.84 person-rem based on changes in work scope for CV concrete removal and
experience gained on the SNEC Facility Decommissioning Project. This occupational
exposure is still well within the GEIS (NUREG 0586) estimate of 344 person-rem,

3. Updated geology, hydrology, endangered species and groundwater flow studies
conducted in 2001. In addition population and population trends have been updated
to reflect current year 2000 census data.

4. Updated current status of plant dismantlement activities, sources of waste generation
(radioactive, hazardous and asbestos), and current decommissioning schedule.

5. Updated accident and exposure analyses for total public dose from radwaste shipping
and re-estimated land area occupied by disposal of radwaste.

6. Updated historical and future radwaste volumes. Analyzed these volumes in
comparison to NUREG-0586 criteria for a reference test reactor.

7. Included table summarizing SNEC vs NUREG-0586 comparative analyses which
includes updated and previously submitted information.

These changes are still within the bounds of the GEIS and so it can be concluded that there are
no significant environmental changes at the SNEC Facility associated with License Termination.
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