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UNION CARBIDE CORPORATION 7,2'
P.O. BOX 8381, BOUTH CHARLESTON, WV 25303

January 27, 1998

Mr. John D. Kinneman, Chief
Nuclear Material Safety Branch 2
Division of Nuclear Materials Safety
U. S. NRC Region |

475 Allendale Road

King of Prussia, PA 19406-1416

Re: Mail Control No. 125121
License No. 37-19533-01
Docket No. 030-17840

Dear Mr. Kinneman:

In response to your December 30, 1997, request for additional information, included below is Union
Carbide Corporation’s (UCC) response to this request pertaining to your review of the
Decommissioning Plan and Site Characterization Report for the Bushy Run Research Center (BRRC)
in Export, Pennsylvania, License No. 37-19533-01.

Additional information Item 1.

The first item refers to the selection of release criteria for tritium. The release criteria were proposed in
our January 20, 1997 letter, stated in Section 1.2 of the Site Characterization Report and adopted in our
Decommissioning Plan submitted on September 11, 1997. The proposed release criteria for tritium
was 200,000 dpm/100 cm’ total beta-gamma with a 1000 dpm/100 cm’ removable limit. As these
limits are higher than the current limits for beta-gamma emitters, a model has been requested
demonstrating the risk of tritium at our site is small and that the limits selected are in accordance with
the principle of ALARA.

UCC proposes a new total average surface release criteria of 20,000 dpm/100 cm’ for tritium. The
removable limit will remain at 1000 dpm/100 cm’. A model of these limits is presented herein.

On January 8, 1998, Mr. Sean T. Norris spoke via telephone with Mr. Richard Gibson and Ms. Betsy
- Ullrich of NRC Region I concerning the acceptability of computer modeling software. In July of 1996
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the NRC and Sandia Natonal Laboratories released an interim version ot DandD) in support of
NUREG/CR-5512. The tinal version of the sofiware is due tor release carly in 1998, However, the
final release is not yet available.  The use of the interim version to model and select release criteria at
BRRC was verbally approved by both Mr. Gibson and Ms. Ullrich during scparate phone calls.

The Bushy Run Research Center is a small complex of buildings designed for use as office and
laboratory facilitics. The size and number of rooms in each building and the design of the heating,
cooling and ancillary systems in the buildings are industrial or commercial in nature. The surrounding
area includes some residential use, however industrial and commercial uses predominate. While in
operation, the facility was a commercial property and UCC has no reason believe that use will change.
While the ultimate use of the facility can only be determined by the owner, Camegie Mellon
University, it is reasonable to assume that the facility will not be converted into residential use. Thus a
building occupancy scenario has been adopted for use in this release criteria selection model.

For a building occupancy scenario the standard Dandl) model assumes the initial radionuclide activity
is 100% removable with respect to a resuspension parameter. Thus a total surface contamination
activity of 3000 dpm/100 cm® would be viewed by the model as all removable, when in reality. the
removable portion of the total measured activity might be 50 dpm/100 cm’. To allow for a more
realistic modeling of a facility, several scenarios were considered. These include the use of the
maximum, average and removable surface activities which could be expected following
decontamination. The following scenarios were run to describe the most realistic model:

BRRC Tritium Release Criteria Model #1:
This model is a building occupancy model for beta-gamma emitters from trittum. A total

average surface contamination activity of 20,000 dpm/100 cm” was used as the initial
radionuclide activity. No default parameters of the model were changed.

BRRC Tritium Release Criteria Model #2
This model is a building occupancy model for beta-gamma emitters from tritium. A removable
surface contamination activity of 1,000 dpm/100 cm” was used as the initial radionuclide
activity. No detault parameters of the model were changed.

BRRC Carbon-14 and Tritium Release C.iteria Model #1
This model is a building occupancy model for beta-gamma emitters from carbon-14 and
tritium. A total average surface contamination ot 3,000 dpny/ 100 cm” tor C-14 and 20,000
dpm/100 cm’ H-3 was used as the initial radionuclide activities. No default parameters of the

model were changed.

BRRC Carbon-14 and Tritium Release Criteria Model #2
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This model is a building occupancy model for beta-gamma emitters trom carbon-14 and
tritium. A removable surface contamination of 1.000 dpm/100 ¢m” tor C-14 and H-3 was used
as the initial radionuclide activities. No detault parameters of the model were changed.

BRRC Carbon-14 and Tritium Release Criteria Model #3

This model is a building occupancy model for beta-gamma emitters from carbon-14 and
tritium. A maximum total surface contamination (3 times average) of 15.000 dpm/100 cm? for
C-14 and 60,000 dpm/100 cm’ H-3 was used as the initial radionuclide activities. No default
parameters of the model were changed.

A DandD models for these scenarios result in a TEDE expressed in mrem/yr. and an exposure pathway
component of maximum annual dose. L2

Bushy Run Rescarch NUREG-5512 DandD dose assessment  {Radionuclide: H-3, C-14

Center, Expont PA models for BRRC release criteria
sclection.
DandD Model parameters TEDE mrem/yr.
Model # Activity | Time on | Occupancy | Breathing | Resuspension | Ingestion | External | inhalation | Ingestion
Bldg. period rale factor Rate
dpm/100]days'yea]  days m ‘hour m-1 m’ hour
cm’ r
H-3 #1 [Total average| 20,000 | 1215 365.25 0.89 7.61E-05 1.88F-03 |0.00E+000] 1.11E-002 | 3.07E-001
surface
activity
H-3 #2 |Removable LO0D | 1215 36525 0.89 7.61E-05 | 1.88E-03 |0.00L+000| 5.54E-004 | 1.54E-002
activity

fC-14 H-3{Total average| S5.000 | 1215 365.25 089 7.61E-05 | 1 88E-03 | 1.41E-004 | 1.04E-001 | 2.88E+000
#l surface 20,000
activity
C-14 H-3|Removable 1.000 | 12158 365 28 0.89 7.61E-05 | 1.88E-03 | 2.81E-005 | 1.91E-002 | 5.31E-001
I #2  lactivity 1.000

[C-14 H-3[Maximum 15000 | 1218 365.25 0.89 7.61E-05 | 1.88E-03 | 4.22E-004 | 3.12E-001 {8.65E+000
#3  |total surface | 60,000
activity

Report results of the DandD scenarios are included in Attachment 1. Decontamination methods
implemented at BRRC have proven effective at reducing surface activities to below the proposed total
average surface activity release criteria.

The three pathways of exposure are external. inhalation and ingestion. The external hazard is
essentially zero. The inhalation hazard is very low as compared to the total TEDE. Ingestion
represents the greatest potential hazard for exposure. The total average surface activity for the C-14
and H-3 model #1 results in a TEDE of 3 mrem/yr. within the first | year period. This is well below -
the 25 mrem/yr. public exposure limit for a decommissioned site released for unrestricted use.

The majority of the 3 mrem TEDE is from levels of C-14 allowed by Reg. Guide 1.86. The modeled
release criteria of 20.000 dpm/100 cm’ for tritium results in a TEDE of 0.3 mrem/yr. The contributi
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component to the total dose from tritium is 10% of the combined C-14 and H-3 TEDE. Removal of
tritium contaminant activities below the proposed limits of 20.000 dpm/100 cm’ total average surface
activity could cause workers to be required to demolish cabinets. tloors and other facilities. These
efforts require the additional exposure of workers to physical hazards and becomes more costly than
~ removal of the radiological hazard would require.

Additional information Item 2.

The second item refers to the areas which UCC has requested the Agency release based on
. characterization data. This item also requests the support information for post decontamination survey
. results for exhaust hoods and cabinets in the Chemical Hygiene Building. These areas are designated
~ in your letter as “exhaust hoods and cabinets located in Room Nos. 131, 137 and 146 of the Chemical
~ Hygiene Building.”

Based on the discussion and data presented in the Site Characterization Report and post survey data
presented in the Decommissioning Plan and herein. the release of the following facilities and areas is

requested:
e The Chemical Hygiene Building.
e The incinerator.
e The Waste Treatment Process Building.
e Gas Bottle and drum storage Area.
e All Grounds, Walkways and Driveways.

The maintenance/garage building will be surveyed for release and the data presented in the
Decommissioning Report. Release of this building will be included in the request for release of the
Radiation Laboratories Building.

The post decontamination survey data for exhaust hoods and cabinets located in Room Nos. 131. 137
and 146 of the Chemical Hygiene Building is discussed in the Decommissioning Plan and the Site
Characterization Report. the post decontamination survey results are presented herein as a supplement
to the Characterization Report and Decommissioning Plan.

Section 4.3.1 CHB Exhaust Hood Decontamination, in the Decommissioning Plan for BRRC discusses
the decontamination and post survey results for the exhaust hoods in Rooms 131 and 146. The data
was presented in table format in Table D4-1. These two hoods were surveyed during the
characterization of the facility. The results of those surveys indicated the presence of carbon 14 and
tritium above the proposed C14 release criteria. The units were cleaned as a pilot test to determine if
proposed decontamination methods would be effective. and to remove contaminants so that the CHB
could be released as soon as possible. The efforts weie successful in achieving levels below the release
criteria.. For convenience of the reader, the characterization data and post decontamination su:ey data
“for these two exhaust hoods are included here as attachments. Attachment 2 contains the
characterization data for Room 131. Attachment 3 contains the drawings illustrating post decon Jata
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for the exhaust hood in Room 131. Attachment 4 contains the characterization data for Room 146.
Attachment S contains the drawings illustrating post decon data tor the exhaust hood in Room 146.

Section 3.2 Cabinet Survey Results. Site Characterization Report discusses the tinding of contaminants
in excess of the proposed release criteria within a cabinet under the exhaust hood in Room 146. The
cabinet was decontaminated and post decon surveys performed. The results were then presented in the
Table D4-1. The drawings showing results of these post decon surveys of the cabinet are included in
Attachment 4 discussed above.

The cabinet in Room 137 of the CHB was removed as stated in the last sentence of the second
paragraph of Section 3.2 Cabinet Survey Results, Site Characterization Report. The cabinet in Room
137 of the CHB was removed from the building and transterred to the Radiation Laboratories Building
Room 110. This cabinet will be decontaminated or disposed of and the dispensation will be discussed
in the final report for the BRRC Site Decommissioning.

We are proceeding with the decommissioning of this site. Decontamination efforts and post decon
surveys in the RLB continue, using the release criteria presented herein. The selection of a lower
release criteria for tritium has not impacted any of the facilities for which release has been requested.
Post decontamination verification surveys for these facilities indicate all of the areas are below the
lower release criteria described above. If you have any questions regarding this response to your
deficiency letter, please contact me at 304-747-3763 or Scan Norris at 970-434-5611.

Sincerely,

Timothy A. King
Project Manager
Union Carbide Corporation

cc: Sean |. Nomis. Norris Environmental
Mike Manski. Inercon Services, Inc.
Commonwealth ot Pennsylvania

enc.. Attaciment | DandD) model reports.
Attachment 2 Charactenzation data CilB Room 131.
Attachment 3 Post decon data, exhaust hood. CHB Room 131
Attachment 4 Characterization data CHB Room 146.
Attachment 5 Post decon data, exhaust hood & cabinet. CHB Room 146,
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Program : DandD Vers i. 1.0 ‘

# * Interim Release 1.0. Not to be used to demonstrate Level 1
compliance with decommissioning criteria.

Session : BRRC Tritium Release Criteria Model 1

Description :
Building Occupancy Model. Total beta-gamma limit of 20,000
dpm/100 cm2. (Model assumes 100% removable)

Executed : 01/14/98 at 15:51:56

NRC Report

Occupar.cy Input Secticn

Execution Options
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History file will be generated.
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Implicit progeny doses will not be included with explicit parent.

Concentration data will be calculated.
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output From Program 'OCCU"

* + *Tnterim Release

1.0.

Nct to ke

used

-~
[

demcnstrate Level 1+

final compliance with deccmmissioning criterila.

Building Occupancy Scenaric

01/14/1998
15:51:53

Run Date:
Run Time:

INPUT DATA:
Title:
Notes:

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

PARAMETER DATA:
Time In Building
Occupancy Period
Breathing Rate
Resuspension Factor
Secondary Ingestion

TIME DATA:

Start Time

End Time

DT Size

Time Step Size
Write results every

INITIAL ACTIVITIES:
Number of chains:
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Chain
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' Timestep of maximum ‘ 1
Day of maximum - 2500000E+03
Year of maximum .1000000000E+01

For Period 1: 0.0000000000E+00 days to 3.652500000C0E+02 days

0.0000000000E+00 years tc 1.00000000CCE+0Q years

Dose Components of Maximum TEDE

Nuclide External Inhalaticn Ingestion Total hverage
Dose Dose Dose Dose Activity
(mrem/y) {(mrem/vy; {mrem/y) (mrem/y) (dpm/ .00 cm™2)

Dose Components

3H 0.0000C=%+00 1.1076358-52 3.07458E-01 3.1853<E-01 1.94480E+04
Totals 0.00000E+00 1.10765=-02 3.07458E-01 3.18I34E-01
Component Maximums and Time oI lcourrence
Type Time Maximum T.me of Occurrence
Step Value (dzys) (years)
External 0 0.00000E+00 O.CGCCOOE+00 0.0000CE-0LH
Inhalation 1 1.10765E-02 0.0D2000E+00 0.0000CE-0D
Ingestion 1 3.07458E-01 0.CO000E+00 0.0000GCE+0OD
TEDE 1 3.13%34E-01 0.2CCCZ0E+00 0.000Q00E+2L
3H 3 0.GOOOOE+00 0.03CO0E+0D 0.00000E+0 Maximum External
3H 1 1.107€5E-02 0.CCC220E+00 0.0000CE+32 Maximum Inhalation
3H I 3.074:8E-01 O, TI0E«00 0.00000E+00 Maximum Ingestion
3R TO3LTREIYE-CI 0. ITLOE+CO 0.00000E+00 Maximum Nuciide



Program : DandD Versi& 1.0 ‘

* + Interim Release 1.0. Not to be used to demonstrate Level 1 * *
compliance with decommissicning criteria.

Session : BRRC Tritium Release Criteria Model 2
Description :
Building Occupancy Model. Total beta-gamma limit of 1000
dpm/100 cm2. (Model assumes 100% removable)
Executed + 01/14/98 at 16:01:35

NRC Report

Cccupancy Input 3Section

Execution Opticns

SDER JE IR S I TE I T T I8 TR W W WY T S 0R IS A

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

Initial Radionuclide Activities

SEEREEEERN SRS I T X T NIRRT RI ISR

Chain dpm/100cm”2

PSS aSEEE RN AR N TR AR EICS ST IESR
3H 1¢00.2%
Code-Generated Radiornuci:de Activities

Chain dpm/1090cm™2

IR S S AR W CI AR W ST KR ME W LT T WIS E I ;TS TR R TS T L.
3H 1.0000E+303

Variaple Parameters

MSWEN R TR ST EE T ST T XB|XDR TR T LT T T S TrmmoromoEII X OXTZOIT T DT OIU T ST N O LI M T IR o R -

Mo parameters have peen chanjaz.

~ B AN 4 . < —~
ccurancy Cutput Section

Maximum Annual TEDE

MEE T T T DS NP LI WO I IR D IO TR T

This scenaric started 0.00 year(s) from now



and ran for 1 10 year(s).‘

The peak dose of

1.59E-002 TEDE (mrem)

license termination.

Pathway TEDE (mrem) Percentage
External 0.00E+000 0.00
Inhalation 5.54E-004 3.48
Ingestion 1.54E-0G2 9¢.52
Total 1.59E-0902 100.0¢C
kadicnuclide Component of
Maz~imum Annual Dose
Radionuclide TEDE (mremj Percentage
3H 1.595-002 100.09
Total 1.5QE-032 100,08

occurred 1.00 year(s)

Pathway Compcnent of
Maximum Annual Dose
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* # +*Interim Release 1.0. Not to be

Building Occupancy Scenario
Run Date: 01/14/1998

Run Time: 16:01:31

INPUT DATA:

Notes:
History file will be generated.

Concentration data will be calculated.

PARAMETER DATA:

LTIHESTEP DATA:

' Number of nuclides
Number of time steps

- Number of print steps:

— ps s

used tc

Title: BRRC Tritium Release Criteria Model 2

Time In Building 1.2150E+02
Occupancy Feriod 3.6525E+0CZ
Breathing Rate 8.9000E-91
Resuspension Factor 7.6100E-05
Secondary Ingestion Transfer Rabe 1.8800E-03
TIME DATA:
Start Time 0.0N00E+00 d
End Time 3.652E+02 d
DT Size 3.652SE+02 d
Time Step Size : 3.6525E+02 d
' Write results every : : calculaticn t
INITIAL ACTIVITIES:
Number of chains: 1
Chain Chain Initial
Number Name Activity
dpm/
100 ¢cmZ
1 3H 1L.0002E-C3
Chain No. 1: 3H
- Nuclide Chain  Haif Life Initial Fir
Position Inventcry Pare
td) {dpm/
0T cm™2)
' Nuclides in chain : 1
yau 1 4.5100E+03 1.0000E+03 0

d/y

d
m**3/h
/m
mtt’\/h

LTes

croct

demonstrate Level 1* * *
final compliance witlh decommissioning criteria.

Implicit progeny doses will not be included with explicit parent.
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Ttmesiep of maximum

Day of maximum
Year of maximum

For Period

: 1
: .g25000b0E+03

.1000000000E+01

1: 0.0000000000E+00 days

Dose Components of Maximum TEDE

Nuclide External Inhalation Ingestion Total
Dose Dose Dose Dose
(mrem/y) (mrem/vy) (mrem/y) (mrem/y)

Dose Ccmponents

0.00000E+00 5.53824=-04 1.53729E-02 1

.59267E-02 9.724:0

Average
Activity
{(gpm/10°C

—
-

Totals
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Program : DandD Versionh 1.0
* * Interim Release 1.0. Not to be used to demonstrate Level 1 * *
compliance with deccimmissioning criteria.
Session :+ BRRC Carbon-14 7Tritium Release Criteria Model #1

Description
Building Occupancy Model. Total beta-gamma ave. ge limit
of 5,000 dpm/100 cm2 C-14 _20,0C0 cdpm/.20 cm2 H-3
Executed : 01/16/98 at 10:08:51

NRC Reporc:

Occupancy Input Secticn

Execution Cptions

History file will be generated.

Implicit progeny doses will rot be included wWith expliclt parent.
Concentration data will be calculated.

Initial Radionuclide Activities

Proreeeeneppmper e P Y T B R
Chain dpm/100cm”2
P T T I R e e bk
3H 20000.00
14C £000.00

- Code~Generated Radionuclide Activities

[ - R R e i i
Chain dpm/10Ccm"2

2.C000E+0043
14C 5.0000£+203
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This scenario started 0.0’year(s) from now
and ran for 1.00 year(s).

The peak dose of 2.99E+000 TEDE (mrem} occurred 1.00 vear(s.

license termination.

Pathway Ccmponent of
Maximum Annual Cose

Pathway TEDE (mrem) Percentage
DENEEEE e S T IR EE R T S BT T ES S SRR SIS EES
External 1.41E-004 .00
Inhalation 1.04E-001 3.48
Ingestion 2.88E+000 96,52
Total 2.99E+000 100,00

Radionuclide Ccmpecnent cf
Maxiimum Annual Dcse

Radionuclide TEDE (mrem) Percentage
3H 3.19E-CG01 10.6¢
14C 2.67E+000 29,34

2.99E+000 100.00
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* » *Interim Release 1.0. Not tc ke u
final compliance with decommis

sed to derconcstrate Level 1+ * ¢
s.oning Ccriteria.,

Building Occupancy Scenario
Run Date: 01/16/1998
Run Time: 10:08:42

INPUT DATA:

Title: BRRC Carbon-14 _Tritium Release Criteria Mcdel #!

Notes:

History file will be generated.

Implicit prcgeny doses will nct be included with explic:it parent.
Concentration data will be calculated.

PARAMETER DATA:

Time In Building : 1.2150E+02 d/y
Occupancy Period : 3.6525E+02 d
Breathing Rate : 8.9000E-CI m**3/h
Resuspension Factor : 7.¢100E-2% /m
Secondary Ingestion Transier Rate: 1.#300E-03 m**Z/nh
TIME DATA:
Start Time COCOE+Q0 d
End Time 2.€68525E+02 d
DT Size 3.€525E£+02 d
Time Step Si:ze 3.€52%E+02 d
Write results every L ocalculat: e
INITIAL ACTIVITIES:
Nurber of cha:rn::
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Number Name Aoriet o
oo/
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Nuclides in chain :

14C 1
TIMESTEP DATA:
Number of nuclides
Number of time steps
Number of print steps
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Year of maximum
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¢
Program : DandD Versi 1.0 '

* * Interim Release 1.0. Nct to Le uze2 “2 demcrstrate Level .
compliance with deccmmissi.n.ng criteria.
Session BRRC Carbcn-14 _Tritium release Zriteria Mcde. 82
Description
Building Occupancy Model. Removakbie beta-gamma lim:ts cf
1000 dpm/100 cm2 for C-14 and for H#-3

Executed : 01/16/98 at 10:13:18

- . - . =
Cccurancy Input Secticn

Execution Options

BENEERITIE . DO DRSS

History file will be generate

Implicit progeny doses will nc: be Included with exp..zit rarern-.
Concentration data will be calculated.
Initial Radionuclide Activi<ties

t 1 1 2 T ¥ 3 X - S S-F RS S S S F E N RO UL
Chain dpm/100cn~2

f 1 2 3 $ 2 3+ F 2 3 3 3 3 3 2 2B 2 F R3S F S B S -E I N TRk R =
3H 1000.0C

14C 1000.09

Code-Generated Radionuclide A-z:ivit.es

E § 3 3§ ¢ ¢ 3Ry R A L S N S U OO
Chain dpm/100cm”2

[ 2 3 3 3 T34 i i e B L R N L
3H 1.0002E+003

14C 1.000CE+0C3

Variable Parameter:



This scenario started C.00%year(s) from ncw ’
and ran for 1.00 year(s,;.

The peak dose of 5.5C
license termination.

92}

=001 TEDE (mrem) cccurred 1.00 year(s) after

Pathway Component of
Maximum Annual Dose

Pathway TEDE (mrem) Percentage
External 2.812-005 0.01
Inhalation 1.91E-002 3.48
Ingestion 5.31E-001 96.52
Total 5.50E-C0L 100.CC
Rzdicnuclide Ccmponent cf
Maximum Annual Dose

Radionuclide TEDE (mrem) Percentage
3H 1.59E-002 2.90
14C 5.34E-001 97.:.%



Output From Program 'OCCL.' ‘
* * *Interim Release 1.0. Not tc re used to demcnstrate Level 1+ + =
final compliance with decocmmissicning criteria.

Building Occupancy Scenario
Run Date: 01/16/1998
Run Time: 10:13:14

INPUT DATA:

Title: BRRC Carbon-14 _Tritium Release Criteria Model #2

Notes:

History file will be generated.

Implicit progeny doses will nct be included with explicit parent.
Concentration data will be calculated.

PARAMETER DATA:

Time In Building 1.2150E+02 d/y
Occupancy Period 3.€6525E+02 d
Breathing Rate 8.9000E-01 m**3/h
Resuspension Factor 7.6100E-C2 /m
Secondary Ingestion Transfer ~ate 1.62002-03 m**2/h

TIME DATA:

Start Time 0.C200E+0C d
End Time 3.65258+402 d
DT Size 3.€325E+02 &
Time Step Size 3.€Z25E+02 o
Write results every 1 calcuiaticn times
INITIAL ACTIVITIES:
Number of chains: 2
Chain Chain Initial
Number Name Activicy
dpm/
106 2
1 3H 1.0C000E~3C3
2 14C 1.0000E-7%
Chain No. 1: 3H
Nuclide Chain Half Life It FLrst Fractisnia. Seccra Tra
Position nwent ooy Darens Yiel)d Parent
(d) Jom
Nuclides in chain : 1
3H 1 CS5100E+23 L 00T Ben < Lo

Chain No. 2: 14C

o e T e

Nuclide Chain Half Li:e Inttoizal Flrgt  Fractiirna. Jeotond Frasticnal



Position ‘ Inventcry Parent ‘{‘d Parent Tield

(d) {dpm/
100 cmh 2z

Nuclides in chain : 1

14C 1 2.0900E+06 1.0C00=+03 0] .C2CC0 2 .C0000

TIMESTEP DATA:

Number of nuclides : 2

Number of time steps : 1

Number of print steps: 1

Timestep of maximum : 1

Day of maximum : .3652500000E+03

Year of maximum : .10000000"70E+01

For Period 1: 0.000030000CE+00 days to 3.6525000000E+22 days’

0.0000000000E+3C years tc 1.J30200C0C0E+CS years

Dose Components cf Maximum TECE

Nuclide External Inhalaticn Ingesticn Total Average
Dose Dose Dcse Dose Activity
(mrem/vy) (mrem/v) (mrem/y) (mrem/y) (dem/ 100 cmnzZ

Dose Compornents

3H 0.00000F+00 5.53824=-04 1.3537295-02 1.59267=-02 9.72450E+02
14C 2.81440E-05 1.85657E-02 5.153415-01 5.33935E-01 9.93333E+52
Totals 2.81440E-05 1.911922-02 £,30714Z-01 5.498%2=-01
Component Maximums and Time c¢cZ QJccurrence
Type Time Maximum Time cf Cccurrernce
Step Vaiue days) {yezrs)
External 1 2.81440E-0. C.2C032C002+00 C.033C0CE+03
Inhalaticn 1 1.91195E-0Z ©.23C0CE+00 0.C30%CE+03
Ingesticn 1 5.30714E-01 LOTCLLERDT GLULLOOER ST
TEDE 1 5.49862E-01 .30CC00Z+00 0.00C20E+00
3H 0 C.000C0E+2> .CCO0CE+00 0.00JC0E+Q0 Max:mum Tx-arnal
3H 1 5.53824E-04 C.C0000E+00 0.00000=E+C0 Max:imum Irhalaticn
3H 1 1.53729E-02 C.00000E+00 0.0CCO0E+00 Maximum Ingest:izcn
3H 1 1.59267E-0Z C.0C0D0E+00 0.00000E+07 Maximum Nuclide
14C 1 2.81440E-CS 0.00000E+00 (C.00300E+00 Maximum External
14C 1 1.85657E-0z C.00N000E+00 0.00000E+00 Maximum Inna.ation
14C 1 5.15341E-01 0.00CCOE+Q00 0.000002Z+00 Maximum Ingesticn
14C 1 5.33935E-01 02.02000E+00 0.0GCC0OJE+CO Maximum Nucl:ide



v

Program : DandD Versi, 1.0
* * Interim Release 1.0. Not to be usei £5
compliance with deccmmissiining
Session : BRRC Carbon-14 Tritium Release
Description :
Building Occupancy Model. Maximum total
for hot spots (3 times average).
and 60,000 dpm/100cm2 H-3.
Executed : 01/16/98 at 10:18:44

Execution Opti

ons

History file will be gernerated.

Implicit progeny doses wilil. no
cal

Concentration

data wil. b

3H 60000, 37)

14C 15000.49%
Code-Generated Fax: Xl le A
. 2 1 3 3 F 3 £ & 5B - S - -
Chain dpm/122.m7 2

[ 3 2 B % 2 £ -F-B -3 S -p iy - B R

3H v = - 4

14C P 2. 4
Variapie rarame .-

. § ¢ 3 F 2§ BN “:

No parameters :[ave Teer [anl

+

u
—~
~

e -

NRC Report

be included with oxplicit pa
ulated.

15,000 dpm/100

ot v . M
monstrat e e s
v o
riteria.

Criteria Mocde! #3

beta-gamma limits
14

~
cml -

{

(84



This scenario started 0.00 year(s) from now
and ran for 1.00 year(s).

The peak dose of 8.96E+000 TEDE (mrem) occurred 1.00 vear(s)

license terminaticn.

Pathway Component of

Pathway TEDE {(mrem) Percentage
External 4.22E-004 0.C0
Inhalation 3.12E-001 3.47
Ingestion 8.65E+009 9«.52
Total 8.96E+000 100.00

Radionuclide TEDE {(mrem;] Percentage
3+ 3 P e e i il s R e L I S L T e
3H 5eE-001 1C.cc
14C 3.01IE-000 9. 34

oY)
t
ot
"



Output From Program 'occu. ’

* * *Interim Release 1.0. Not to be
final compliance with decommissioning criteria.

Building Occupancy Scenaric

Run Date: 01/16/1998

Run Time: 10:18:40

INPUT DATA:

Title: BRRC Carbon-14 _Tritium Release Criteria Mcdel #3
Notes:

History file will be generated.

Implicit progeny doses will rnot be included with explicit paren

Concentration data will be calculated.

PARAMETER DATA:

Time In Building

‘Occupancy Pericd

Breathing Rate

Resuspension Factor :
Secondary Ingesticn Transfer Rate:

+

QWL DO

d/y

d
m**3/h
/m

mti2/h

atd

~) @O L)

O O N O

a5 v 1 (M
[

(AN

> O D MW

O
=
>

[

D GO NN
[ SRS B & S I

o
W (b=

TIME DATA:

Start Time

End Time

DT Size

Time Step Size
Write results every

O
o
[
+

<O

N RO

L WO
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N OO
4
Qo

ERAVIR S IV
e m

wr Ly Ln
v
[ )

A
.
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+

S

»h

LTes

v
ey
I
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o
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INITIAL ACTIVITIES:

1]

Number of chains:

Chain Chain I
Number Name AC

Chain No. 1: 3H

Nuclide Thaln Halt Lot ISR Tl Froaoctoional

| of PP,
s T LU P < . PO S Soetla

e

......

Nuclides in crna:n : N

[y

3H
Chain Nco. Z: 147

Nuclide Cha:n EaltoL:

e
»
o

used tc demconstrate Leve!l
S

1
e

*

-
[

*

*

sral



Position

Nuclides 1n chain :
14C 1

TIMESTEP DATA:

Number of nuclides :
Number of time steps :
Number of print steps:
Timestep of maximum :
Day of maximum :
Year of maximum :
For Period l:

Dose Comporents of Maxi

External
Dcse
(mrem/y)

Nuclide

2-34

1.221a2

ot

Compcnent 4
Type Time Maw:
Step JALU
External PO
Inhalat:on JEC DA
Ingest:cn oAl
TEDE I m.2n4x
3H S
3H :
3H :
3H i 5
14C 1 4.2l
14C D Z2.7904n
14C LT enl
14C IoB L

P N

NETN
DR S o

33

u

fry oty

e

2.0900E+0o

.
-
PR
.
[P
LT
.
.
.
‘
-y

-
Ey

Inventory Parent

(dpm/
00 zm™2)

.5000E+04

b N

1
0000E+03
0000E+01

OO

0.02020200000E+00 davys  tc
0.00330000008+00 vears to
imum TEIE

Intalztior ingestioen

Dose Zcse

(mrem/vy) {mrem/vy:

e
R R R WAL E
T oy 7 e
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o | SIS AT o .
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[ E e
LTe D Lo o
T4/l PAANERANS
, [ -
i . <
SEe S
RN .
RS -
R e .
JUCOE R -
REVAVELS FOR SRS o
e ea e . -
BEIR SOTR N A R
Jotumsul DL -
VR . ) w
e . PN
e e T .
s Z. ot . L

L0030

3.022800
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Attachment 2

Charactenvzation data for CHB Room 131



1mxtmgrd

® Data Measurement Point
Q Adddionat Measurement Point

Location:
Room: 131
Classification: Affected

Technician's Name: Ciugsion, o, Ciugston, S .
Shonkwiler

Legend:

C-14H3 (H3 readings are Bold)

Z= 100% scan of grid block (C-14 reading)
All readings in CPM

Survey Unit: 131, 132

Comments: West and South Wall C-14
readings were taken 12/18/96

TS

West Wall ___{ ossuzs |

- N W s

- N W &

North Wall T5be
(T[] 136471 |
Z"‘Z‘% Z 100-160
VAWAR Sy 2w
X Y Z AA AB AC
Floor hooo
—
2122|727
2[Z{27
ZIZ) 21 2720240
Z|Z|Z| 7}
yAVAZAVAR
4 2[21212Z|

A BCDEFG

South Wall l 1271861 ’

AD AE AF AG AH Al

q'é T remarr ]
ZetZIZZ
zfzlizliz 1

- N W s

121/447
Ceiling rrrm
] 119/83¢

- NWa OO OoON®
/

A\B CD FG
10v469

118402 1412

East Wall /[TCW]

[ 169/624
2217121712]7 —
-z hy 4 7 4 )

P Ay A AYAYAVAY 4
PQRSTUVW
C-14: Date: 12/17/96 (12nene V1181
Mode! 43-68 #: 005221(129754) (120754)
Model 2221 #: 100881(117308) (117300
Efficlency 13.0% (1a2w) {(131%)
Background 116 CPM (147 cPag RELY V]
C-14 Scan: Date: 1271796
Model 43-68 #: 095221
Model 2221 #: 108881
Efficlency 13.0 %
Background 116 CPM
H-3: Dale: 12/1796 (V1N
Model 44-110 #: 134889 (123284
Model 2221 #: 84458 (12e82y)
Efficiency 30.0 % on)
Backaround 413 CPM LYY




i

Not Drawn to Scale

@ Data Measurement Polnt
O Additionsl Measursment Point

Location:

Room: Room 131 Cabinet
Classification: Affected

Techniclan's Name: Shonkwiler
Legend:

C-14H-3 (H readings are Bold)

Z= 100% scan of grid block (C-14 reading)
Al readings in CPM

Suney Unit: N/A

Comments: Overall size approx. 200" x
S0°

; =L
) =
(P o

100 % C-14 Scans=
Drawers and Cabinets: 80-140

C-14: Date: 1730/97
Model 43-68 #: 129754
Model 2221 #. 117366

Efficlency 12.9 %
Background 97 CPM

C-14 Scan: Date: 172497
Mode! 43-63 #:129754
Mode! 2221 #:117366

Efficlency 129 %
Background 104 CPM

H-3: Date: 12497
Model 44-110 #:134889
Model 2221 #.84458

Efficiency 30 %

Background 381 CPM




Y

1mx{imgrid
©® Data Measurement Pou Back Plenum
O Additional Measurement Point ;
Location: Chemical Hvaiene Buiiding 1251334 5 1471362 P e
Room: Exhawsttiood Room 121 Nartrwest Comer [
Classification: Affected /
Technician’s Name: Shonkwiler 1 \
Legend: 162329 || 16031 \\ 179421
C-14H3 (H23 readings are Boid) 1 M™e o
Z= 100% scan of grid block (C-14 reading) 1471426
Al readings in CPM ’
Survey Unit: N/A G H I J KL
Comments: 100% C-14 scan of a¥
surfaces
Right Side
152314 pro—
Left Side Floor 2 e o
158171 ~.] /{ 1411319 8052431 - 614/1231
C S 27—e o1 T10%12
165367
1 Ne ¢
646/780 1229120 11496/21110 45/1116¢
1[7e o 1 [Te e E F
o D A 8
C-14; Date: 173097
Model 4368 #: 129754
Model 2221 #: 117366
Efficiency 12.9 %
C-14 Scan Data Background 97 CPM
Shelf ;ﬁ‘: S e C-14 Scan: Dale: 1727197
: Model 43-68 #; 129754
[-mms Floor. 33012000 Model 2221 #: 117366
— |- 117703 Back: 160-200 € > :
2 [T o Shelf: 120-160 fliclency 12.2%
Plenum: 120-160 Background 33 CPM
H-3: Dale: 173097
108/342 1127284 Mode! 44-110 #: 134896
Model 2221  #; 126521
3 \' ot 2652




V6
tmxtmord

@ Dala Measurement Point
C Additional Measurement Point

Location: Chemical Hvalene Buliding

Room: Eseust Mood Room 121 Norhesst Comer
JEM I8

Classification: Affected

Technician's Name: Shonkwiler

Legend:

C-14H-3 (H-3 readings are Bold)

Z= 100% scan of grid block (C-14 reading)

All readings in CPM

Survey Unit: N/A

Comments: 100% C-14s nof all

surfaces

Left Side

1271319

2 a7

1337361 192368

Shelf

1117368

Back

139161

Plenum

1767394

1421341
L

e

1531378

183427

ped
./{\‘T: 137329

1091/2620

Floor

1291366

JK L

Right Side

121330 1311327

2 Mo o]

467/1816

1481318

2621167

94/298

122132¢

1021302

C-14 Scan Data
Left Side: 140-160

Right Side: 160-200
Floor. 250-900
Back: 140-160
Sheif: 100-140
Plenum: 140-180

151331

C-14: Date: 130/97
Model 43-68 #. 129754
Model 2221 #: 117366
Efficiency 129 %
Background 97 CPM

C-14 Scan: Date: 1/27/97
Model 43-68 #: 129754
Model 2221 #: 117366

Efficiency 12.2%

Baciground 93 CPM

H-3: Dale: 173097
Model 44-110 #: 134896
Model 2221 & 128521

Efficlency 30 %

Wasscm




Not Drawn 1o Scale

[ @ Data Measurement Point

QO Additional Measurement Point
Location:
Room: Room 131 Roof Vent
Classification: Affected
Technician's Name: Shonkwiler
L X
s (H3 readings are Boid) VENT
Z= 100% scan of grid block (C-14 reading)

Al readings in CPM -
Survey Unit: - /
COmMents: East interna! wet Is curved, thessiore - e
H-3 reading ot (c 2) unattainable  All readings/scans 3 L
[j
2 [T—e o

018 on INternal duct walls

i

|
i

C-14: Date: 32707
Model 43-68 #: 129754
Model 2221 #. 117368

EMclency 12.7 %
Background 138 CPM

100 % C-14 Scans: C-14 Scan: Oate: 3/27/97
60-160 CPM Model 43-68 #: 129754
Model 2221 #: 117366
Efficlency 12.7 %
Background 138 CPM

H-3: Date: 32797
Mode] 44-110#: 123284
Model 2221  #: 126521
Efficlency 30 %
Background 374 CPM




A tachment 3

Post IDecon data for exhaust hood CHB Room 13}



{ Classification. Affected

Technician's Name: Weyant :

| Legend @

i C-14H-3 (HI readings are Boid) ;

{ Z= 100% scan of gnd block (C-14 reading)

| All readings in CPM

i Survey Unit: N/A

- Comments 100% C-14 scan of alt
surfaces

Left Side
220532 - L 212448
e e,
30784 - 391676
10 e
C 0]

Back
213/“1 b r ”T“’}/. 196/443
T . .T L
BRI
: by
, B L]

I ; ]
(7210/400 \l | 1‘216171¢_j
1| @ " .

R o
G H
Floor
so7ie4y, . T T ‘mqu
402 :y~\\' .,i’f ’ | S,
N
i i
. ! [ e
728/1490 r__ \\L i A 625/1190:]
oy e et e
A B
C-14 Scan Data

Left Side. 400-450
Right Side: 200-275
Fioor: S500-800
Back: 225-275
Plenum: 250-275

Plenum
250:497
1
A 251816
/' -
& 211482
I
207/480
I J KL
Right Side
[zl —— ]
2 ko [ S
* o
]
. 275/51:}\ [P
- ~ | Lzumn
S
E F

C-14: Date: 8/13/97
Model 43-68 #; 124497
Model 2221 # 84458
Efficlency 146 %
Background 240 CPM

C-14 Scan: Date: 8/13/97
Model 43-68 #: 129754
Model 2221 #: 124497

Efficiency 146 %

Background 240 CPM

H-3: Date: /1397
Model 44-110 #: 134896
Model 2221  #: 84458
EfMiclency 30 %
Background 448 CPM

e

—




© Data Measurement Poird ] Back Plenum
O Additional Messurement Point ___ﬁ; _ L Jp—
Location: Chemmicel Hyglene Bulding | 155mt}\ T ﬁ”/{ 156416 }
Room: Exhaum Hood Room 131 Nodheaet Comaer { L——-— \2\‘\\. ot 2
BN ‘

: L '/4: 123417
Classification: Affected ‘ 1 — 50468
Technician's Name: Shonkwiler 114/487 L 212/421 } !
L . i \ e T\‘ - - S

}
C-14H3 (H3 readings are Bold) ! ‘e o 1
Z= 100% scan of grid block (C-14 reading) | | 197/49¢
All readings in CPM | —
Survey Unit: N/A i
Comments: 100% C-14 scan of ait } G H I J
surfaces
Right Side
144417 R { ;{2,',7,"!
L I ot SRR
. ® ®
Left Side F'oor 2 _“_,-J
A [ s e [
i 162/421 . "—"—l ,179/311 : ! 435’1“7}\ [ o
G N b . B /{36111100 203498 |
2{ e 2 [Te rr Bl \\ , {‘“’“1 |
R S 1 9® ®
! i r—" . ‘} J
T , Pt ~- o 3617983 | e
o1evary . ;] 20vass el ~ ] = {Toamn ] E F
[ 1 LS ® ® ! 1 »\. .,/ ———— e
i
C D A B C-14. Date. 72497 ‘
Model 43-88 #: 124497
Model 2221 # 108881
Efficiency 13.3 %
Background 130 CPM
C-14 Scan Data
Left Side: 140-200 C-14 Scan. Date: 72497
Right Side: 120-200 Model 43-68 #: 124497
Fioor: 300-420 Model 2221 #: 108881
Back: 120-200 EMclency 13.3%
Plenum  160-200 Background 130 CPM
H-3: Date: 772497
Model 44-110 #: 134896
Model 2221  #: 84458
Efficiency 30 %
Background 308 CPM




Attachment 4

Charactensation data for CHB Room 146



\[ 160742

<:> 15838
' North Wall 130476 8
mx1moid 155/440
4 i~z
7 o —]
3 — N e
Location: Chemical Hygiene Buiding 3 T 6 — {12040 |
S 2| ZIZ) = —
Im'“"mmrma Shontwier hzz-? 190-160 S — ~ 141407 ]
C-14H3 (H-3 readings are Boki) 1 ! | T
Z= 100% scan of grid block (C-14 reading) U VvV W X 4 o
Al readings in CPM /—’L—Lz’“:’:]
Csm S'd?ctod points as marked 3 158/478
surveyed Y1097 . Floor 1577412 ,[ 2521696 ]
SINK 2 ‘i 161/602 l
7 120-180 1
West Wall sand A B C D
160027 | [ 1eava01 100-400 6 z Z -Z/‘:/ o% East W 176/400 ]/Uo:vm] gm)ﬂ
4 :/ 5 ! ity Sm— >
3 ——r | |['=u /7|7 —
722222 = 2777777
2 : : - » 100-240 3 ! »L\ = o, o e A
— ey AN 4 Va ~
NVaravAVAVAVAVA NVAVAVA VAVAVAVAydyard
E F G H I J K L m\m M N O P Q R §
A8 ¢ oo R,
South Wall Model 2221 #: 108881 ((nnss))
Efficlency 12.8 % 2.8%
|z ] Background 113 CPM (('u 10 cu’»m
4 168/3¢8 C-14 Scan: Date: 12/13/96
Model 43-88 #: 129754
ZZZ= i
) - 100.220 Background 125 CPM
H-3: Date: 1271406 (3/10/97)
Z -Z- 2 Model 44-110 #: 134896  (123284)
1 ¢ Model 2221 #:126521  (126521)
Y Z AA AB Efficlency 30 % (30%)
Background 390 CPM (497 CPM)




Not Drawn 1o Scale :
[ @ Dela Messuresment ol

Q Additional Messurement Point

Location: Chemical Myplens Bulkdng
Room: fRoomi48Cabinet
Classificstion: AMected

Technician's Neme Shonkwier

Legend:

C-14MJ (H3 readings are Boid)

2= 100% scan of grid block (C-14 reading)
Al resdings in CPM

Survey Unit: NJA

Comments:

Left Cabinet, Interior door
surface

Isue10

e —
SIS

HOOD

ey

271071839

60972013

488964 S
\ ~—
\

=5
s1&/1913

b

92072982

‘( h__
N
-
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100 % C-14 Scans~
Left Floor (A,1):300-2000
Left Shelf (A 3): 200-1800
Right Floor (D,1): 100-140
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C-14: Date: 113007
Model 43-68 #: 129754
Model 2221 #: 117366
Efficlency 129 %

Background 97 CPM

C-14 Scan: Date: 172097
Model 43-68 #: 129754
Model 2221 #: 117366

Efficlency 12.6 %

Background 95 CPM

H-3: Date: 173097
Model 44-110 #: 134896
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O Additionsl Measurement Point

(& Dela Weaswrerer P

Location: Chemical Hyglene Buing
Room: _ExhaustMood 148
Classification: Affected

Technician's Name: Manski

Legend:

C-14H3 (H readings are Bold)

Z= 100% scan of grid dlock (C-14 reading)

Al readings in CPM
Survey Unit: NA

Comments:
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C-14: Date: 12/18/96
168/811 Model 43-68 §: 129754
Model 2221 #; 117366
Efficlency 142 %
~_ Floor 137 Background 147 CPM
C-14 Scan: Date: 12/18/96
~ S| ¢ ) g Rt mo:su:mm
o _o Model 2221 #: 117366
189817 Efficlency 142 %
BCD Background 147 CPM
500-900 H-3: Date: 121896
796/1628 Model 44-110 #: 134889
100% C-14 scan of - l""""ﬁ' #: 84458
floor = 90-150 Background 455 CPM
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Not Drawn to Scale

@ Oata Measuremant Point

O Additional Measurement Point
Location:
Room: Boom 148 Vent
Classification: Affected
Techniclan's Name: Shonkwiler
Legend:
C-14H-3 (H-3 readings are Bold)
Z= 100% scan of grid block (C-14 reading)
Al readings in CPM
Survey Unkt:

Comments:
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m m"_] C-14: Date: 372797

Model 43-68 #: 129754

‘ Model 2221 #: 117368
Efficlency 127 %

Background 138 CPM

C-14 Scan: Date: 3727/97

100 % C-14 Scans Model 43-68 #: 129754
Outiet & Inlet Sides of Duct: 40-240 CPM Model 2221 #: 117366
Efficlency 12.7 %
Background 138 CPM
H-3: Date: 32797

Model 44-110 #; 123284

Model 2221 #: 126521
Efficiency 30 %
Background 374 CPM




Attachment §

Post Decon data for exhaust hood & cabinet, CHB Room 146
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@ Data Measurement Point
. O Additional Messurement Point
| Locabon, Chemical Fvalene Buiding
lRoom Room 146 Cabinet
Classification: Affected
| Technician's Name: Shonkwier

1 Lw
i C-14/HJ (HJ readings are Boild)

Z= 100% scan of grid block (C-14 reading) |

. All readings in CPM
Survey Unt. NA

. Comments Armored electric cable in left
cabinet < 800 CPM

100% C- 14 Scans:
Floor = 120-220
Left interior Walls = 200-400
Right interior Walls = 140-240
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Model 2221 #: 117366
Efficiency 12.4 %
Background 146 CPM

C-14 Scan: Date: 415/97
Model 43-68 #. 129754
Model 2221 #: 117366

Efficiency 124 %

Background 146 CPM

H-3: Date: 41597
Model 44-110 #: 123284
Model 2221  #: 84458
Efficiency 30 %
Background 407 CPM
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Legend: ' 1—‘—1/ 165/414
C-14M-3 (H-3 readings are Boid) [
Z= 100% scan of grid block (C-14 reading)
g:.wy w::m 100% C-14 scan of
il = -
walls and plenum = 120-320
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C-14: Date; 6/25/97
{ 179872 Model 43-68 #: 124497
e Model 2221 #: 108881
166/636 + L Efficiency 132 %
S —— \ Floor P /f" Background 138 CPM
1650847 |
RN, / 788 C-14 Scan: Date: 8/25/97
J\zf‘\' :/ //J Khaadil Model 43-68 #: 124497
— il e _e Model 2221 #: 108881
197/488 |-t - ——
212/300 Efficiency 13.2 %
- ‘l“iff _~A BC DE \L—J Background 138 CPM
164/662 +-
b H-3: Date: 6/25/97

Model 44-110 #: 134806
Model 2221 #: 84458
EMciency 30 %
Baciground 401 CPM




