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Omaha Public Power District
444 South 16th Street Mail

Omaha, Nebraska 68102-2247
402/636-2000

February 22, 1994
LIC-94-0039

U. S. Nuclear Regulatory :ommission
ATTN: Document Control Desk
Mail Station P1-137
Washington, DC 20555

REFERENCE: Docket No. 50-285

Gentlemen:

SUBJECi: Fort Calhoun Station (FCS) Annual Radioactive Effluent Release
Report

in accordance with Technical Specification 5.9.4.a and 10 CFR 50.36a, Omaha
Public Power District is enclosing the FCS Annual Radioactive Effluent Release
Report for the period of January 1,1993 through December 31, 1993. In
accordance with Technical Specification 5.17.d and 5.18.d, updated copies of
the Offsite Dose Calculation Manual and the Process Control Program are also
enclosed

If you should have any questions, please contact me.

Sincerely,

AV. h
W. G Gates
Vice President

WGG/mah

Enclosure

c: LeBoeuf, Lamb, Leiby & MacRae (w/o enclosure)
L. J. Callan, NRC Rgional Administrator, Region IV (w/o enclosure)
S. D. Bloom, NRC Project Manager (w/o enclosure)
R. P. Mullikin, NRC Seniv Resident Inspector (w/o enclosure)
G. K. Samide, American Nuclear Insurers
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Date: February 17, 1994 PRC Mtg. Minutes FC-C-046-94

From: J. W. Chase FEB 22 1394
To: Distribution

SUBJECT: Annual Report for Technical Specification Section 5.9.1.b and
Section 5.9.4.a - January 1, 1993 through December 31, 1993

Attached is a copy of the 1993 Annual Report for January 1, 1993 through
Decembe, 31, 1993.

C W Che
J ). W. Chase
Plant Manager
Fort Calhoun Station

JWC/FKS:pk

Distribution:

W. G. Gates
T. L. Patterson
J. W. Tills
A. W. Richard
D. L. Lovett
M. A. Wilson
B. A. Schmidt
T. W. Jamieson
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INTRODUCTION f

O i
This report is submitted in accordance with Sections 5.9.1.b and 5.9.4.a of the

|
Technical Specifications of Fort Calhoun Station Unit No. 1, facility Operating.
License DPR-40.

i

This document contains the Annual Report for Technical Specification Section ;
'

5.9.1.b and the Annual Effluent Release Report for Technical Specification ;

5.9.4.a for the period January 1, 1993 through December 31, 1993 The Effluent
3

Report is presented in the format outlined in Regulatory Guide 1.21, Revision 1. -

,

|

In addition, this report provides the results of quarterly dose calculations |
performed in accordance with the Offsite Dose Calculation Manual. Results are i

presented by quarter for the period January 1, 1993 through December 31, 1993. .

!
:

Further, description of any changes made during the preceding twelve months to
the Offsite Dose Calculation Manual and/or the Process Control Program for the,

Fort Calhoun Station are presented.
,

;

4

D U CS w
J. W. Chase
Manager-Fort Calhoun Station
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!
!
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I
i
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QUARTERLY DOSES FRG|1 EFFLUENTS
i
;
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|(} Quarterly Dose Calculation Results !

January 1, 1993 through December 31, 1993 -{
;

1
With the implementation of the Fort Calhoun Station Radiological Effluent !

Technical Specifications (RETS) on October 1, 1985, radiation deses in the

unrestricted area from liquid and gaseous effluents must be calculated on a
f

quarterly basis in accordance with the Offsite Dose Calculation Manual (0DCM). i

These calculations are performed to ensure the annual dose limits delineated in I

Appendix I of 10 CFR Part 50 and implemented by the RETS are not exceeded. If I

the results of the quarterly calculations exceed fifty percent (50%) of the
annual limits of Appendix I, actions are taken to reduce effluents so that

;
iresultant doses do not exceed the annual limits during the remainder of the year
t

and a special report is submitted to the NRC.
,

;

This section presents the results of the quarterly dose calculations performed
since January 1, 1993. Details are shown in Tables on Pages I-3 through I-6 as
to the types, sources and resultant doses from the effluents, annual limits and

(} a comparison to the annual limits.

As can be seen by review of the quarterly calculational results, OPPD is in
complaince with the ODCM. The quarterly totals are well below the 50% annual
dose acceptance criteria. In addition, the summation of the quarterly totals
-shows OPPD to be less than the annual limits and in compliance with the 1

regulations and the ODCM.
1

I
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QUARTERLY CUMULATIVE DOSE CONTRIBUTIONS FROM RADI0 ACTIVE EFFLUENTS

FIRST OVARTER, 1993-

I. LIOUID EFFLUENTS: TOTAL BODY DOSE CRITICAL ORGAN DOSE

__
(MREM) (MREM)

|Monitor / Hotel Tank: 8.25E-03 1.15E-02
Steam Generator: 1.01E-03 2.94E-07 ~ ;

1

Totals: 9.26E-03 1.15E-02 )
|

ODCM Annual Objective: 3.00E+00 1.00E+00

Percent of ODCM Annual Objective:

This Quarter: 0.31% 0.11%. i

Year to Date: 0.31% 0.11% |

II. GASEQUS EFFLUENTS: TOTAL BODY GAMMA TOTAL BODY BETA
DOSE -(MREM) _ DOSE (MREM)

A. Noble Gas Air Dose 7.36E-04 4.96E-04

ODCM Annual Objective: 1.00E+01 2.00E+01

O Percent of ODCM Annual Obiective:
,

This Quarter: 0.01% 0.00%
Year to Date: 0.01% 0.00%

i

.

B. 1-131, H-3, and Particulates TOTAL BODY DOSE CRITICAL ORGAN DOSE '

with Half-Lives > 8 Days (MREM) (Thyroid, MREM)
' !

* Inhalation: 4.97E-06 5.69E-06 i
* Ground and Food: 2.11E-07 1.53E-04 j

'Totals: 5.18E-06 1.59E-04
t

ODCM Annual Objective: 1.50E+01 1.50E+01'

Percent of ODCM Annual Obiective: i

This Quarter: 0.00% 0.00%
'

Year to Date: 0.00% 0.00%

* Using Highest of Infant or Child Dose Factors !

.
'

1-3
'

,
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QUARTERLY CUMULATIVE DOSE CONTRIBUTIONS FROM RADI0 ACTIVE EFFLUENTS

- () !
SECOND QUARTER, 1993 i

1. LIOUID EFFLUENTS: TOTAL B0DY DOSE CRITICAL ORGAN DOSE
(MREM) (MREM)

I
Monitor / Hotel Tank: 1.61E-01 1.75E-01
Steam Generator: 3.65E-04 2.98E-04

l
Totals: 1.61E-01 1.75E-01

ODCM Annual Objective: 3.00E+00 1.00E+00

Percent of ODCM Annual Obiective: !

This Quarter: 5.38% 1.75%
Year to Date: 5.69% 1.86%

.

!

II. GASEOUS EFFLUENTS: TOTAL BODY GAMMA TOTAL BODY BETA ,

DOSE (MREM) DOSE (MREM) ,

:

A. Noble Gas Air Dose 7.15E-04 5.64E-04
i
'ODCM Annual Objective: 1 n0E+01 2.00E+01-

( Percent of ODCM Annual Obiective:
!

This Quarter: 0.01% 0.00% !

Year to Date: 0.02% 0.00% .

!

B. 1-131, H-3, and Particulates TOTAL BODY DOSE CRITICAL ORGAN DOSE !

with Half-Lives > 8 Days (MREM) (Thyroid, MREM) !

* Inhalation: 3.50E-05 3.65E-05 j

'* Ground and Food: 2.72E-04 5.06E-04

Totals: 3.07E-04 5.42E-04j
'

ODCM Annual Objective: 1.50E+01 1.50E+01

Percent of ODCM Annual Objective:
,

i
"

This Quarter: 0.00% 0.00% i
i Year to Date: 0.00% 0.00% -

i
i

* Using Highest of Infant or Child Dose Factors |

O
I-4

I
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QUARTERLY CUMULATIVE DOSE CONTRIBUTIONS FROM RADI0 ACTIVE EFFLUENTS

O
'

ITHIRD QUARTER, 1993

1. LIOUID EFFLUENTS: TOTAL BODY. DOSE CRITICAL ORGAN DOSE.
(MREM) (MREM) !

Monitor / Hotel Tank: 9.33E-02 1.04E-01 ,

Steam Generator: 5.19E-06 9.68E-11 i

Totals: 9.33E-02 1.04E-01

ODCM Annual Objective: 3.00Ee00 1.00E+00 i,

Percent of ODCM Annual Objective:

This Quarter: 3.11% 1.04% !

Year to Date: 8.80% 2.90% ;

i

II. GASEOUS EFFLUENTS: TOTAL BODY GAMMA TOTAL BODY BETA i

DOSE (MREM) DOSE (MREM)
]

A. Noble Gas Air Dose 1.07E-03 1.32E-03 '

ODCM Annual Objective: 1.00E+01 2.00E+01

Percent of ODCM Annuai (bjective: *

i

This Quarter: 0.01% 0.01%
'

Year to Date: 0.03% 0.01%

,

B. 1-131, H-3, and Particulates TOTAL BODY DOSE CRITICAL ORGAN DOSE !
with Half-Lives > 8 Days (MREM) (Thyroid, MREM)

* Inhalation: 1.04E-04 1.04E-04 !

* Ground and Food: 8.13E-04 7.40E-04 j

Totals: 9.17E-04 8.44E-04 ,

ODCM Annual Objective: 1.50E+01 1.50E+01

Percent of ODCM Annual Objective:

iThis Quarter: 0.01% 0.01%
Year to Det : 0.01% 0.01%

'
.

,

* Using Highest of Infant or Child Dose Factors

O
I-5 ;
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QUARTERLY CUMULATIVE DOSE CONTRIBUTIONS FROM RADI0 ACTIVE' EFFLUENTS
**

FOURTH QUARTER, 1993 !

1. LIOUID EFFLUENTS: TOTAL BODY DOSE CRITICAL ORGAN DOSE i
'

(MREM) (MREM)
,

'
Monitor / Hotel Tank: 2.57E-02 3.59E-02
Steam Generator: 1.49E-04 2.32E-04 i

.

Totals: 2.58E-02 3.61E-02

-|
~

ODCM Annual Objective: 3.00E+00 1.00E+00

',Percent of ODCM Annual Objective:

This Quarter: 0.86% 0.36%
Year to Date: 9.66% 3.26%

i

II. GASE0US EFFLUENTS: TOTAL BODY GAMMA TOTAL BODY BETA
DOSE (MREM) DOSE (MREM) ;

A. Noble Gas Air Dose 2.90E-04 4.42E-04
;

ODCM Annual Objective: 1.00E+01 2.00E+01

Percent of ODCM Annual Objective:

O
This Quarter: 0.00% 0.00%
Year to Date: 0.03% 0.01%

i

B. 1-131, H-3, and Particulates TOTAL BODY DOSE CRITICAL ORGAN DOSE. ;

with Half-Lives > 8 Days (MREM) (Thyroid, MREM)

* Inhalation: 1.36E-04 1.93E-04
* Ground and Food: 1.01E-03 9.73E-03

!
?Totals: 1.15E-03 9.92E-03

ODCM Annual Objective: 1.50E+01 1.50E+01
'

Percent of ODCM Annual Ob.iective: |

This Quarter: 0.01% 0.07%
Year to Date: 0.02% 0.08%

,

|
'

* Using Highest of Infant or Child Dose factors

** Strontium 89 and Strontium 90 dose contributions not included because results |
were not available at the time of this report. Values will be updated when ,

results are recevied from the vendor. j

I-6
)
1
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SECTION II |-
!

ANNUAL OCCVPATIONAL EXPOSURE REPORT !.
i
,

Technical Specification 5.9.1.b-

O !

.

=i

i

January 1, 1993 - December 31, 1993 .]
;

i

!

'

i
i

!
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FORT C**~OU3 STATIO3 - Datet 18-FEB-1994 87:30
/ \OMAOA PUBLI WER DISTRICT

P. O. BOE i%/ k

FT. CALCOU3, NE. 68023

LICEESEE DPR-40

Regulatory Guide 1.16 Information
End of Tear Report 1993

Number of Personnel
> 100 aren Total man-rom *

Work and Job Function Station Utility Contractor Station Utility contractor

REACTOR OPERATIONS AND SURVE1LLANCE
MAINTENANCE AND CONSTRUCTION 0 0 0 0.195 0.011 0.037
OPERATIONS 22 0 0 6.816 0.000 0.005
NEALTH PHYSICS 13 0 20 5.540 0.000 4.813

SUPERVISORY 2 0 0 0.853 0.000 0.009
INGINEERING 3 0 0 1.144 0.001 0.002

ROUTINE MAINTENANCE
MAINTENANCE AND CONSTRUCTION 52 26 51 15.945 0.115 15.787

OPERATIONS 0 0 0 0.554 0.000 0.000

REALTE PHYSICS 19 0 54 4.241 0.000 17.842

SUPERVISORT 2 0 1 1.239 0.002 1.171

ENGINEERINO 9 0 3 3.101 0.406 2.061

ILSERv1CE INSPECTION
MAINTENANCE AND CONSTRUCTION 22 10 37 5.228 3.394 15.115

OPERATIONS 0 0 0 0.073 0.000 0.000

NEALTH PHYSICS 3 0 26 0.543 0.000 7.202

SUPERVISORT 0 0 1 0.000 0.000 0.337"*

l' ENGINEERING 5 0 39 1.916 0.062 19.412
ro

SPECIAL MAINTENANCE
MAINTENANCE AND CONSTRUCTION 1 0 24 1.079 0.087 8.540

OPERATIONS 0 0 0 0.055 0.000 0.000

NEALTH PHYSICS 1 0 3 0.846 0.000 1.654

SUPERVISORT 0 0 0 0.063 0.000 0.048

ENGINEERING 0 0 0 0.512 0.175 0.635

" WASTE PROCESSING
MAINTENANCE AND CONSTRUCTION O O O 0.019 0.000 0.004

0 0 0 0.000 0.000 0.000OPERATIONS
5 0 1 1.017 0.000 0.882

HEALTH PHYSICS
0 0 0 0.011 0.000 0.000

SUPERVISORT
ENGINEERING 0 0 0 0.001 0.000 0.000

kEFUELING
MAINTENANCE AND CONSTRUCTION 23 19 12 4.967 8.447 6.038
OPERATIONS 0 0 0 1.184 0.000 0.000
HEALTH PNTSICS 3 0 23 0.893 0.000 5.448
SUPERVISORT 5 0 0 1.296 0.000 0.137
ENGINEERING 5 2 3 1.759 0.405 1.072

Totals
MAINTENANCE AND CONSTRUCTION 98 55 124 '31.433 20.054 45.521
OPERATIONS 22 0 0 9.282 0.000 0.005
HEALTH PHYSICS 44 0 127 13.142 0.000 37.841
SUPERVISORY 9 0 2 3.462 0.002 1.702

j ENGINEERING 22 2 45 8.433 1.049 23.182

Grand Totals 195 57 294 65.752 21.105 108.251

!
' * The total radiation esposure of the above personnel constitutes 100% of the site's esposure for the year.
{

_ - _ _ __ _ _ _ _ _ - _ _ - _ _ .-_ _ _ _ . - ..



D2to2 17-fen-1994'23:1@Submitted by: HIS20DBA
_

Pag 3: 1Sortsd by: None Required
Yoar-to-Date 93 TEDE Distribution Rsport-

All Monitored Personn31

*
No. of Cum. TEDE Cum. Ave. Ave.

Ocar-to-Date| EDE rem Persons Percent Percent Total Percent Percent TEDE Age

No Measurable 2,063 74.32 74.32 0.000 0.00 0.00 0.000 40
Exposure
0.001 - 0.100 312 11.24 85.56 14.248 9.10 9.10 0.046 39
0.100 - 0.250 177 6.38 91.94 29.145 18.61 27.71 0.165 39
0.250 - 0.500 122 4.39 96.33 43.148 27.55 55.26 0.354 38
0.500 - 0.750 75 2.70 99.03 46.705 29.83 85.09 0.623 36
0.750 - 1.000 24 0.86 99.89 19.985 -12.76 97.85 0.833 33.
1.000 - 2.000 3 0.11 100.00 3.359 2.15 100.00 1.120 39
2.000 - 3.000 0 0.00 100.00 0.000 0.00 100.00 0.000 0

3.000 - 4.000 0 0.00 100.00 0.000 0.00 100.00 0.000 0
4.000 - 5.000 0 0.00 100.00 0.000 0.00 100.00 0.000 0

5.000 - 6.000 0 0.00 100.00 0.000 0.00 100.00 0.000 0-
6.000 - 7.000 0 0.00 100.00 0.000 0.00 100.00 0.000 0
7.000 - 8.000 0 0.00 100.00 0.000 0.00 100.00 0.000 0
8.000 - 9.000 0 0.00 100.00 0.000 0.00 100.00 0.000 0

9.000 - 10.000 0 0.00 100.00 0.000 0.00 100.00 0.000 0

> 10.000 0 0.00 100.00 0.000 0.00 100.00 0.000 0

Total Number of Monitored Personnel: 2,776 Persons
Total Exposure: 156.591 rem

Average Exposure: 0.056 rem / Person

O
-

,

!

The above information is submitted for:

(1) - The total number of individuals for whom
personnel monitoring was required under
10CFR 20.1502 or 10CFR 34.33(a)
during the calendar year.

OR (2) - The total number of individuals for whom
personnel monitoring was provided during
the calendar year including (1) above.

* Individual values exactly equal to the values separating
exposure ranges are reported in the higher range.

O

11-3
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! SECTION Ill .!
!.

). RADI0 ACTIVE EFFLUENT RELEASES - GASE0US EFFLUENTS j
| :

i |
j Technical Specification 5.9.4.a 'l
i !
.' :

i

i. Table 1A Gaseous Effluents - Summation of All Releases. !
i :

I
.

Table 18 Not Applicable
|

-- |

Table 1C Gaseous Effluents - Summation of All Releases ||-
r :

| !
'

i
1

January 1, 1993 - December 31, 1993 ~j
,

I

| 1|
i !

;
,

t
I

! I

I
-

i

! !
; ;

! l
!

!

! !
.

| 1

|
'
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i !
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Radioactive Effluent Releases - First, Secor;d, Third, and Fourth Quarters 1993
O,

GASEOUS EFFLUENTS (
.

Radioactive gaseous releases for the reporting period totaled 1.17E+01 Curies of ~!

inert gas. The gross gaseous activity release rates were 2.13E-04 Ci/sec for
the first quarter, 3.13E-01 Ci/sec for the second quarter, 8.71E-01 Ci/sec for

,

the third quarter, and 3.03E-01 pCi/sec for the fourth quarter. -

i

Radioactive halogens and particulates with half-lives greater than eight days i

! released during the reporting period totaled 4.67E-04 Curies. The halogen .'
: release rates were 7.23E-08 Ci/sec for the first quarter, 8.54E-08 Ci/sec for '

| the second quarter, 0.00E+00 Ci/sec for the third quarter, and 5.87E-05 Ci/sec j

| for the fourth quarter. The release rate for particulates with half lives '|
1

|. greater than 8 days were 0.00E+00 Ci/sec f or the first quarter,1.55E-07 Ci/sec
,

j for the second quarter, 1.17E-07 Ci/sec for the third quarter' and

j- 5.04E-08 Ci/sec for the fourth quarter.

Total radioactive tritium released during the reporting period totaled 1.36E+00
Curies. Gross alpha radioactivity released during the reporting period totaled .|
5.67E-06 Curies. |

8 i

|
'
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EFFLUENT AND WASTE OtSPOSAL REPORT

GASEOUS EFFLUENTS-SUMMATION OF ALL RELEASES

ANNUAL FOR JANUARY THROUGH DECEMBER 1993

FIRST OUARTER

Nucides en Curies CONT WGDT RM060 RM041 RM057 TOTAL

A. Fission & Activaton Gases,

Total Release Q 1.68E-03 6 98E-06 0.00E + 00 0.00E + 00 0.00E + 00 168E-03

Avg Release Ratet

for Period pCi/sec 2.13E44 8.85 E-09 0.00E + 00 0 00E + 00 0.00E + 00 2.13E44

Percent of Umit
ODCM = tkme %

B. Iodines
Total Release
bdine-131 0 0 00E + 00 0 00E + 00 0 00E + 00 5.70E47 0 00E + 00 5 70E47

Avg Release Rate
for Period Olsec 0 00E + 00 0.00E + 00 0 00E + 00 723E-08 0 00E + 00 723E 08

Percent of Umit
ODCM = None %

C. Particulates
Particulates w/ Half-
Lives .GT. 8 days 0 0 00E + 00 0.00E + 00 - 0.00E + 00 0 00E + 00 0.00E + 00 0 00E + 00

Avg Release Rate
for Period pCi/sec 0.00E + 00 0.00E + 00 0.00E + 00 0 00E + 00 0 00E + 00 0.00E + 00

Percent of Umit
ODCM = tbne %

Gross Alpha
Radcactivity . Ci 0.00E + 00 0.00E + 00 4 61E47 1.84E47 ODOE 4 00 6.54 E-07

D. Tritium
Total Release Ci 1.85E44 0 00E+ 00 0.00E + 00 0.00E + 00 0.00E + 00 1.85E-04

Avg Release Rate
for Period Ci/sec 2.34 E45 0 00E + 00 0 00E + 00 0.00E + 00 0 00E + 00 2 34E45

Percent of Umit
ODCM = None %
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EFFLUENT AND WASTE DISPOSAL REPORT

| GASEOUS EFFLUENTS-SUMMATION OF ALL RELEASES

ANNUAL FOR JANUARY THROUGH DECEMBER 1993

SECOND OUARTER

Nuclides in Curies CONT WGOT RM060 RM041 RM057 TOTAL

A. Fission & Activaton Gases
Total Release Ci 2.47E + 00 9.13E44 0 00E + 00 0.00E + 00 0 00E + 00 2.47E + 00

'' Avg Release Rate
,

for Period pO/sec 313E-01 1.16E44 0 00E + 00 0.00E + 00 0.00E + 00 3.13E-01 !

Percent of Limit
ODCM = tbne %

i B. lodmes
Total Release - I

bdine-131 Ci 0.00E + 00 0 00E + 00 3.49E.07 324E47 0 00E + 00 6 73E47

Avg Release Rate
for Period pCi/sec 0.00E + 00 0 00E + 00 4.42E48 411E48 0 00E + 00 8.54E48 ,

Percent of Limit i

ODCM = None %

'

C. Particulates
Particulates w/ Half-
Lives .GT. 8 days 0 0 00E + 00 0.00E + 00 3J58E47 8.63E-07 0.00E + 00 122E46

Avg Release Rate
for Pered Ci/sec 0.00E + 00 O DOE + 00 4.5SE-08 1.09E47 0.00E + 00 1.55E-07

Perctat of Umit4

ODCM = tbne %
,

Gross Alpha
Fbdioactrvity Ci 0.00E+ 00 O DOE + 00 1.81 E-06 1.68E47 0 00E + 00 1.98E46

D. Tritium 1

Total Release Ci 173E-01 0 00E + 00 0 00E + 00 0 00E + 00 0 00E + 00 . 73E41 '

Avg Release Rate
for Period Ci/sec 220E-02 0 00E + 00 000E + 00 0.00E + 00 0 00E + 00 2.20E42

, ,

Percent of Umit
i ODCM = None %

i III-4

_ - _ - - - _ _ - _ - _ _ _ _ _ . - = _ _ _ _ . _ . _ ~ - . - - - _ _ . _ - . - - . - - - . ... . - - - - . . - .______ _ _ _ _ _ -



,
m.. _ . .

'

'_

y.
tat 5 1A

EFFLUENT AND WASTE DISPOSAL REPORT

GASEOUS EFFLUENTS-SUMMATION OF ALL RELEASES

ANNUAL FOR JANUARY THROUGH DECEMBER 1993
<

THIRD OUARTER )

Nuclid is in Curies CONT WGDT RM060 RM041 RM057 TOTAL

A. Fission & Activaton Ceses
Total Release Ci G86E+00 0.00E + 00 000E+00 0 00E + 00 0 00E + 00 6.86E +00

;

Avg Release Rate .g
for Period pCl/sec 8.71 E-01 0 00E + 00 0.00E + 00 0.00E + 00 0.00E 4 00 8.71 E-01 F

Percent of Limit
'

ODCM = tbne %

B lodines
Total Release
lodine-131 Ci 0 00E + 00 0 00E + 00 0 00E + 00 0.00E + 00 0 OGE + 00 0.00E + 00

Avg Release Rate
for Period pCi/sec 0 00E + 00 0.00E + 00 0.00E + 00 0 00E + 00 0 00E + 00 0.00E + 00

Percent of Limit
ODCM = Pbne % j

C. Particulates <

,

?Particulates w/ Half-
Lives .GT. 8 days Ci 0 00E + 00 0.00E + 00 2.87 E-07 6.39E-07 - 0.00E + 00 9 26E-07

' Avg Release Rate
for Period Ci/sec 0.00E + 00 0 00E + 00 3 64E48 8.10E48 0 00E + 00 1.17E47

Percent of Limit *

ODCM = Pbne %

Gross Alpha
Radioactivity Ci 0 00E + 00 0.00E + 00 3.95E47 1.06E47 0.00E 4 00 5 01 E-07

D Tritium'

Total Release Ci 5.14E41 0.00E+ 00 0.00E + 00 0 00E + 00 0 00E + 00 5.14E 01

Avg Release Rate . .

.

for Penod pCi/sec 6.51E42 . 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 6.51 E-02

Percent of Umit
ODCM = None %

III-5
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TAbte1A

EFFLUENT AND WASTE DISPOSAL REPORT

GASEOUS EFFLUENTS-SUMMATION OF ALL RELEASESi

AfMJAL FOR JANUARY THROUGH DECEMBER 1993

FOURTH QUARTER,

Nuclides in Curies CONT WGDT RM060 RM041 RM057 TOTAL

A. Fission & Activation Gases
Total Release Ci 2.00E + 00 3 80E41 0.00E 4 00 0.00 E + 00 0.00E + 00 2.39E + 00

A*g Release Rate
for aviod Ci/sec 2.54 E41 4.82E42 0.00E + 00 0.00E + 00 0.00E + 00 3.03E41

Percent of Limit
OOCM = Pkme %

B. bdines
Total Release
lodine-131 Ci 0.00E + 00 0.00E + 00 4 63E44 0 00E + 00 0.00E + 00 4.63 E-04

Avg Release Rate
for Period Ct/sec 0.00E + 00 0 00E + 00 , 5.87E45 0 00E + 00 0.00E + 00 5 87E45

Percent of Limit
ODCM = None %

C. Particulates
'

Particulates w/ Half-
Lives .GT. 8 days Ci 0 00E + 00 . 0.00E + 00 2.44 E47 1.54 E-07 0.00E + 00 3 97E47 -

Avg Release Rate
for Period Ci/sec 0 00E + 00 0.00E + 00 3.09E48 1.95E48 0.00E + 00 5 04E48

Percent of Umit
ODCM = None %

Gross Alpha
Radioactivity. Ci O.00E+ 00 0.00E + 00 2.52E46 2.49E48 0.00E + 00 2.54 E46

D. Tritium
Total Release Ci 6.75E41 0 00E + 00 0 00E + 00 0 00E + 00 0.00E + 00 6.75E41 r

Avg Release Rate
for Period pCi/sec 8.56E42 0 00E + 00 0 00E + 00 0 00E + 002 0.00E + 00 8 56E42

I
Percent of Limit
ODCM = None %

III-6
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TABLE 1C

i EFFLUENT AND WASTE DISPOSAL REPORT

GASEOUS EFFLUENTS-SUMMATION OF ALL RELEASES '

SECOND QUARTER

Nuclides (Ci) Cont WGDT RM-060 RM-041 RM-057 Total
I ______________________ _________ _________ _________ _________ _________ _________

Fission Gases
Argon-41 3.305E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.305E-04 i

Krypton-85 0.000E+00 1.515E-07 0.000E+00 -0.000E+00 0.000E+00 1.515E-07 ;

Krypton-85M 3.939E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.939E-07 i
Xenon-133 1.721E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.721E-03 '

Xenon-133M 5.409E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 5.409E-06
Xenon-135 4.467E-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 4.467E-05

,

,

'

Total for Period: 2.102E-03 1.515E-07 0.000E+00 0.000E+00 0.000E+00 2.102E-03 *

i

Iodines
Iodine-131 0.000E+00 0.000E+00 3.487E-07 3.243E-07 0.000E+00 6.730E-07
Total for Period: 0.000E+00 0.000E+00 3.487E-07 3.243E-07 '0.000E+00 6.730E-07 .

!
Particulates

Cesium-137 0.000E+00 0.000E+00 0.000E+00 7.343E-07 0.000E+00 7.343E-07
Strontium-90 0.000E+00 0.000E+00 0.000E+00 6.443E-08 0.000E+00 6.443E-08
Thallium-208 0.000E+00 0.000E+00 3.585E-07 0.000E+00 0.000E+00 3.585E-07
Yttrium-90 0.000E+00 0.000E+00 0.000E+00 6.443E-08 0.000E+00 6.443E-08
Total for Period: 0.000E+00 0.000E+00 3.585E-07 8.631E-07 0.000E+00 1.222E-06

+

Tritium and Gross Alpha
Tritium 1.397E-04 0.000E+00 0.000E+00 0.000E+00 ;0.000E+00 1.397E-04
Gross Alpha 0.000E+00 0.000E+00 1.809E-06 1.681E-07 0.000E+00 1.977E-06 :

NOTE: Nuclides not display or reported as 0.000E+00 were determined to be below the Lower Limit of
Detection (LLD) values.
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! SECTION IV
a

j RADI0 ACTIVE EFFLUENT RELEASES - LIQUID EFFLUENTS. !

;
!

Technical Specification 5.9.4.a '
4

>

h Table 2A Liquid Effluents - Summation of All Releases j
| Table 2B Liquid Effluents - Summation of All Releases !
; '

!
,

,

January 1, 1993 - December 31, 1993
1-

.

8

9

!

4

|
.
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1
!

,

B

h

IRadioactive Effluent Releases - First, Second, Third, and Fourth Quarters 1993-
O

,

,

i

L1 QUID EFFLUENTS !

!

During the reporting period, a total of 1.75E+01 Curies of radoiactive liquid
materials less tritium, dissolved noble gases, and alpha were released to the |
Missouri River at an average concentration of 1.46E-11 Ci/ml. This represents
1.46E-03% of the limits specified in Appendix B to 10 CFR Part 20 (1.0E-06 Ci/ml |
for unrestricted areas). 2.17E+02 Curies of tritium were discharged at an

!average diluted concentration 1.81E-10 Ci/ml or 1.81E-05% of WEC

(1.0F 7 Ci/ml). Gross alpha radioactivity released during the reporting period |
totaled 1.97E-03 Curies.

Dilution water during the period amounted to 1.20E+15 liters, while radioactive i

liquid waste volume was 1.35E+11 liters.

:-

I

O 1

i
:
F

?

,

$

|
!
!

.

i
,

.

!

O
IV-2

|
- - . _ . .__ _ .- .- -. .- . -.

I



____

O e j
TANLE 2A ;

i

! EFFLUENT AND WASTE DISPOSAL REPORT

LIQUID EFFLUENTS-SUMMATION OF ALL RELEASES

ANNUAL FOR JANUARY THROUGH DEvEMBER 1993
|

t

1st Quarter 2nd Quarter 3rd Quarter 4th Quarter ;
A Fission & Activation Products

Total Release (No Tritium,

.

Gas. Alpha) Ci 1.52E + 01 1 15E + 00 8.01 E41 3 61E-01
i

Avg Diluted Concentration Ci/mi 4.15E-11 3.36E-12 227E-12 2.59E-12

Percent of Limit*

10 CFR 20. App. B = 1.0E46 % 4.15E-03 3.36E44 2 27E-04 2.59E44
,

8. Tritium i

Total Release Ci 4 02E + 01 8 52E + 01 6.81E + 01 2.35 E + 01 !

Avg Diluted Crncentration Ci/mi 1.10E-10 2.49E 10 193E-10 1.69E-10
,

|
,

Percent of Umit,

10 CFR 20 App B = 1 OE-03 % 1.10E-05 2.49E-05 1.93E45 169E45 ;
J

C. Dissolved & Entrained Gases
Total Release Ci 222E43 127E42 7.94E42 1.08E42

;

I
Avg Diluted Concentration yC1/mi 6 05E-15 3 71E-14 225E-13 7.71 E-14

Percent of Umit
ODCM = 2.0E-04 pCi/mi % 3.03 E-09 1.86E-08 1.12E-07 3.86E48

~

D. Gross Alpha Radbactivity
Total Release Ci 2.99E-06 1.42E-04 2.03E44 1.62E-03

tE. Volume of Waste Release
Prior to Diluton Uters 3.88E + 10 3.90E + to 3.76E 410 - 195E + 10

F. Votume of Dilution Water
This Period Liters 3.67E + 14 3 42E + 14 354E + 14 1.39E + 14

,

1

2

IV-3'
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, TABLE 2B-

EFFLUENT AND WASTE DISPOSAL REPORT!

i

LIQUID EFFLUENTS-SUMMATION OF'ALL RELEASES

FIRST QUARTER

Nuclides(Ci) Continuous Batch
______________________ __________ _________

i

Silver-110M 0.000E+00 2.752E-04
i

iBery111um-7 0.000E+00 7.015E-05
Carbon-14 0.000E+00 1.522E+01 '

Cobalt-58 0.000E+00 2.484E-04
Cobalt-60 0.000E+00 2.963E-04
Chromium-51 0.000E+00 2.132E-05
Cesium-134 0.000E+00 4.666E-04
Cesium-137 0.000E+00 1.127E-03
Iron-55 0.000E+00 5.407E-03 !

Iodine-131 0.000E+00 7.142E-05
Lanthanum-140 0.000E+00 3.450E-06
Manganese-54 0.000E+00 2.898E-05
Niobium-95 0.000E+00 7.362E-05 i

;

Rhodium-106 0.000E+00 '8.470E-06
Ruthenium-106 0.000E+00 8.470E-06
Antimony-122 0.000E+00 1.369E-06
Antimony-124 0.000E+00 6.685E-06O. Antimony-125 0.000E+00 3'.271E-03
. Tin-113 0.000E+00 4.067E-06

.

,

i

Strontium-89 0.000E+00 4.190E-05 ;

Strontium-90 5.891E-04 0.000E+00
Yttrium-90 5.891E-04 0.000E+00
Zirconium-95 0.000E+00 3.817E-05
Total for Period: 1.178E-03' 1.523E+01 ?

Dissolved and Entrained Gases
Argon-41 0.000E+00 4.655E-06
Krypton-85M 0.000E+00 2.991E-06.

'

Krypton-87 0.000E+00 5.160E-06
Krypton-88 0.000E+00 8.425E-06
Xenon-133 0.000E+00 2.167E-03
Xenon-135 0.000E+00 2.885E-05
Xenon-135M 0.000E+00 7.477E-06
Total for Period: 0.000E400 2.225E-03 '

Other Tritium and Alpha
Tritium 4.699E-02 4.017E+01
Alpha 0.000E+00 2.990E-06

,

NOTE: Nuclides not display or reported as 0.000E+00 were determined to be
below the Lower Limit of Detection (LLD) values.

!

IV-4

h

b

,, ., %T- .,u-. . _ r __ _ Y-



~ . - . --

.

TABLE 2B
!

-

EFFLUENT AND WASTE DISPOSAL = REPORT

LIQUID EFFLUENTS-SUMMATION OF-ALL RELEASES >

\
SECOND QUARTER

Nuclides(Ci) Continuous Batch
__________.___________ __________ _________

Silver-110M 0.000E+00 1.072E-03
Bery11ium-7 0.000E+00 9.218E-06
Carbon-14 0.000E+00 1.124E+00
Cobalt-57 0.000E+00 2.179E-05 |
Cobalt-58 0.000E+00 1.081E-03
Cobalt-60 0.000E+00 2.403E-03
Chromium-51 0.000E+00 1.728E-04
Cesium-134 0.000E+00 3.923E-04
Cesium-137 4.075E-05 1.799E-03 '

Iron-55 0.000E+00 1.091E-02
Iodine-129 0.000E+00 7.432E-06 I

Iodine-131 0.000E+00 4.389E-05
Iodine-133 0.000E+00 1.206E-06
Lanthanum-140 0.000E+00 1.183E-05
Manganese-54 0.000E+00 9.614E-05
Molybdenum-99 0.000E+00 1.219E-06

iNiobium-95 0.000E+00 2.625E-C4
iO Rhodium-106 0.000E+00 9,720E-05 4

Ruthenium-106 0.000E+00 9.720E-05 -iAntimony-122 0.000E+00 1.138E-06
;Antimony-124 0.000E+00 5.039E-06

Antimony-125 0.000E+00 6.007E-03
Strontium-89 0.000E+00 2.015E-05

{Strontium-90 8.439E-05 2.891E-05
Technetium-99M 0.000E+00 1.219E-06

s

Yttrium-90 8.439E-05 2.891E-05 iZirconium-95 0.000E+00 2.031E-04
Total for Period: 2.095E-04 1.149E+00

t

Dissolved and Entrained Gases
Xenon-133 0.000E+00 1.264E-02
Xenon-133M 0.000E+00 1.175E-05
Xenon-135 0.000E+00 4.578E-05
Total for Period: 0.000E+00 1.270E-02

Other, Tritium and Alpha
Tritium 1.635E-02 8.519E+01
Alpha 0.000E+00 1.417E-04

; NOTE: Nuclides not display or reported as 0.000E+00 were determined to be
below the Lower Limit of Detection (LLD) values.

'
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TABLE 2B.

,

EFFLUENT AND WASTE DISPOSAL REPORT I

LIQUID EFFLUENTS-SUKAATION OF ALL RELEASES

THIRD QUARTER |

|Nuclides(Ci) Continuous Batch
+

______________________ __________ _________

Silver-110M 0.000E+00 5.173E-05 :
Barium-140 0.000E+00 4.276E-05 ;

Carbon-14 0.000E+00 7.141E-01 |
Cobalt-58 0.000E+00 4.951E-04 f

Cobalt-60 0.000E+00 4.879E-04
Chromium-51 0.000E+00 2.347E-05

,

Cesium-134 0.000E+00 2 269E-04 fCesium-137 0.000E+00 1.592E-03 '

Iron-55 0.000E+00 7.441E-02.

;Iodine-129 0.000E+00 2.999E-05' '

Iodine-131 0.000E+00 5.242E-03,

Iodine-133 0.000E+00 1.441E-04 !
Lanthanum-140 0.000E+00 1.173E-04
Manganese-54 0.000E+00 5.107E-05 |
Molybdenum-99 0.000E+00 7.503E-06 )Niobium-95 0.000E+00 1.616E-05

!Nickel-63 0.000E+00 3.561E-04 :

Phosphorus-32 0.000E+00 9.372E-06
!Antimony-122 0.000E+00 6.513E-07

Antimony-125 0.000E+00 .3.688E-03 !
Strontium-89 1.319E-04 8.612E-05
Strontium-90 0.000E+00 1.303E-05 '

Technetium-99M 0.000E+00 7.503E-06
[Yttrium-90 0.000E+00 1.303E-05

~|Zirconium-95 0.000E+00 1.133E-05 -

Total for Period: 1.319E-04 8.012E-01
|

Dissolved and Entrained Gases j
Krypton-85M 0.000E+00 2.388E-06

j!Xenon-131M 0.000E+00 3.768E-05
Xenon-133 0.000E+00 7.804E-02 :
Xenon-133M 0.000E+00 6.520E-04
Xenon-135 0.000E+00 6.234E-04 I

Total for Period: 0.000E+00 7 936E-02 '

Other, Tritium and Alpha
Tritium 0.000E+00 6.811E+01

!Alpha 0.000E+00 2.026E-04 i

NOTE: Nuclides not display or reported as 0.000E+00 were determined to be
;

below the Lower Limit of Detection (LLD) values.
,
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TABLE 2B

-O !.

EFFLUENT AND WASTE DISPOSAL REPORT '

LIQUID EFFLUENTS-SUMMATION OF ALL RELEASES

FOUTH QUARTER- '

Nuclides(Ci) Continuous Batch
______________________ __________ _________ '

Silver-110M 0.000E+00 3.064E-03
Barium-140 0.000E+00 1.201E-04
Carbon-14 0.000E+00 2.743E-02 I

Cerium-141 0.000E+00 1.097E-04 |
;Cerium-144 0.000E+00 1.855E-04

Cobalt-57 0.000E+00 1.515E-04.
:Cobalt-58 0.000E+00 1.188E-01

Cobalt-60 4.851E-06 2.819E-03
Chromium-51 0.000E+00 1.434E-02
Cesium-134 0.000E+00 2.046E-04

iCesium-137 2.447E-05 1.737E-03
;Iron-55 0.000E+00 8.853E-02

Iron-59 0.000E+00 2.360E-04 ,|Hafnium-181 0.000E+00 4.822E-05
Iodine-129 3.000E+00 2.525E-05
Iodine-131 0.000E+00 2.540E-03

,

'

)Iodine-132 0.000E+00 2.056E-05
:Iodine-133 0.000E+00 9.281E-05
-

Lanthanum-140 0.000E+00 7.556E-04
,

.;Lanthanum-141 0.000E+00 4.520E-05
Manganese-54 0.000E+00 6.695E-04 ,

}Molybdenum-99 0.000E+00 2.393E-05
iNiobium-95 0.000E+00 5.681E-03
iNickel-63 0.000E+00 1.161E-05
|Praseodymium-3.4 0.000E+00 1.855E-04 iRhodium-103M 0.000E+00 2.773E-04
!Ruthenium-103 0.000E+00 2.773E-04 .iAntimony-122 0.000E+00 2.920E-04 '

-

Antimony-124 0.000E+0. . 878E-02 '
,

Antimony-125 0.0001 0 i. 759E-02
iAntimony-126 0.000 00 2.648E-04

Selenium-75 0.000L 1.010E-03
'

iTin-113 0.000E6 2.042E-04 !Strontium-89 0.000E+00 2.090E-04 r

Strontium-90 0.000E+00 3.512E-05
:Technetium-99M 0.000E+00 2.393E-05
iTellurium-132 0.000E+00 2.110E-05
!Yttrium-90 0.000E+00 3.512E-05
:Zinc-65 0.000E+00 4.065E-05
|Zirconium-95 0.000E+00 3.676E-03
iTotal for Period: 2.932E-05 3.607E-01 *
*
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.. - TABLE 2B (Continued)
P

Dissolved and Entrained Gases
Xenon-133 0.000E+00 1.071E-02
Xenon-133M 0.000E+00 3.351E-05
Total for Period: 0.000E+00 1.075E-02

i

Other, Tritium and Alpha
Tritium 4.993E-02 2.349E+01
Alpha 0.000E+00 1.621E-03 :

NOTE: Nuclides not display or reported as 0.000E+00 were determined to be
below theLower Limit of Detection (LLD) values, j
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SECTION V - I
,

RADI0 ACTIVE EFFLUENT RELEASES - SOLID RADI0 ACTIVE WASTE ,'>

&

Technical Specifications 5.9.4.a, 5.17.d and 5.18.d

:
,

-

| January 1, 1993 - December 31, 1993 |
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III. RADI0 ACTIVE EFFLUENT RELEASES - S0).1D RADI0 ACTIVE
WASTE EFFLUENT AND WASTE DISPOSAL. REPORT ,,

January 1, 1993 through December 31, 1993

SOLID WASTE AND IRRADIATED FUEL SHIPMENTS

A. SOLID WASTE SHIPPED OFFSITE FOR BURIAL OR DISPOSAL (NOT IRRADIATED)

*

1. Type of Waste Month Number of Volume Curie Est. Total
Shipped Shipments Cu. Meter Content % Error

a. Spent resins, January 0 0 0 N/A
filter sludges, February 0 0 0 N/A
evaporator bottoms, March 0 0 0 N/A'
etc. April 0 0 0 N/A ,

May 0 0 0 N/A
June 1 5.52 11.803 20
July 0 0 0 N/A
August 0 0 0 N/A
September 0 0 0 N/A
October 0 0 0 N/A
November 0 0 0 N/A ;

December 0 0 0 N/A

Total (Type A) 1 5.52 11.803 20

O
'

b. Dry Compressible, January 0 0 0.000 N/A :

contaminated February 2 0.23 0.186 20 |

equipment, etc. March 2 2.09 0.033 20
April 4 0.82 0.045 20 ,

May 3 4.64 0.026 20
"

June 1 0.24 0.005 20
July 0. 0 0 N/A
August 0 0 0 N/A
September 0 0 0 N/A
October 0 0 0 N/A '
November 2 0.74 0.0039 20
December 18 9.98 0.5826 20

Total (Type B) 32 18.74 0.881 20

c. Irradiated January 0 0 0 N/A
components and February 0 0 0 N/A
other categories March 0 0 0 N/A

April 0 0 0 N/A
May 0 0 0 N/A
June 0 0 0 N/A
July 0 0 0 N/A '

August 0 0 0 N/A
September 0 0 0 N/A
October 0 0 0 N/A

O November 0 0 0 N/A
December 0 0 0 N/A

Total (Type C) 0 0 0 N/A
i
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III. RADI0 ACTIVE EFFLUENT RELEASES - SOLID RADI0 ACTIVE
WASTE E/ FLUENT AND WASTE DISPOSAL REPORT

(Continued)

Type of Waste Month Number of Volume Curie Est. Total
Shippec Shipments Cu. Meter Content % Error

,

d. Other January 0 0 0 N/A
February 0 0 0 N/A ,

March 0 0 0 N/A .

April 0 0 0 N/A i

May 0 0 0 N/A ;

June 0 0 0 N/A
July 0 0 N/A '

August J 0 0 N/A
September J 0 0 N/A :

October 0 0 0 N/A
November 0 0 0 N/A
December 0 0 0 N/A ,

'
,

Total (Type D) 0 0 0 N/A

B. ESTIMATE OF MAJOR NUCLIDE COMPOSITION (By Type of Waste)

1. Percentage of Curies from Represented Isotopes
Isotope Percent Curies

a. Cs-137 58.0% 6.850 All other nuclides constitute
Cs-134 31.6% 3.730 less than 1%
Fe-55 4.8% 0.560
Mn-54 2.2% 0.262
Ni -63 1.6% 0.190

'
b. Fe-55 36.3% 0.320 All other nuclides constitute

Co-60 23.7% 0.209 less than 17.
Cs-137 14.9% 0.131
Ni-63 6.0% 0.053 i

Co-58 5.9% 0.052
'

Tc-99 2.5% 0.022
Sb-125 1.1% 0.009
Mn-54 1.0% 0.009

c. N/A N/A N/A

d. N/A N/A N/A
,

C. SOLID WASTE (DISPOSITION)

'
Number of Shipments Transportation Mode Destination

33 N/A Barnwell, S.C. ,

D. IRRADIATED FUEL SHIPMENTS (DISPOSITION)

Number of Shipments Transporation Mode Destination
N/A N/A N/A ,

V-3



r~s RADI0 ACTIVE EFFLUENT RELEASES - SOLID RADI0 ACTIVE
' WASTE EFLFUENT AND WASTE DISPOSAL REPORT

(Continued)

E. ODCM and PCP Revisions for the period January 1, 1993 - December 31, 1993

In accordance with Technical Specification 5.17.d and 5.18.d, the

radioactive effluent release report shall include any revisions to the
Offsite dose Calculation Manual (ODCM) and the Process Control Program

(PCP).

Four revisions were made to the Offsite Dose Calculation Manual (ODCM).

Two revisions were made to the Process Control Program (PCP).

O.
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.i !,
;. JOINT FREQUENCY DISTRIBUTION WIND DIRECTION VS. WIND !
4 i
J

i

SPEED BY STABILITY CLASS AND METEOROLOGICAL' DATA
'

.

PER BATCH RELEASE
,

(Regulatory Guide 1.21) |
.

|
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.
January I, 1993 - December 31, 1993 .|
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VI. JOINT FREQUENCY DISTRIBUTION WIND DIRECTION VS. WIND SPEED BY STABILITY

CLASS AND METEOROLOGY DATA PER BATCH RELEASE ;

i

A. Meteorology data per batch tables will have -99 values signifying |
either invalid data or no data available. |

B. Meteorological Data Recovery j

Data recovery from the on-site weather tower for the period January -
through December 1993 was less than the previous twelve months. The !

regulatory recovery guide was met with a cumulative recovery rate of -'

72.6% from the meteorological tower with the remaining 27.4% .

provided by the National Weather Service. The following table is a j
summary of the parameters and their respective recovery rates for j
the period:

:
i

Recovered !

Actual Parameter Hrs / ,

Parameter Recovery Rate Total Parameter Hrs
,
.

WD110 0.7572 6633/8760
WD45 0.7693 6739/8760 i

WD10 0.7727 6769/8760 |
t

WS110 0.6446 5647/8760
.

WS45 0.5961 5222/8760 |
WS10 0.6979 6114/8760 |

t
Delta-T 100M 0.7917 6935/8760 !

1

T10M 0.7781 -6816/8760
'

!

Total Possible Hours: 70,080 i

Actual Tower Recovery: 50,875 |

Recovery Rate: 0.7260 |
:

,

!

!
i
i

O i
;
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. B. Meteorological Data Recovery (Continued)-

.

Hourly meteorological data used to replace missing tower data for
the months of January 1993 through Dectmber 1993 originated from the i

North Omaha National Weather Service and NOAA Daily Synoptic Weather

Maps. This raw data was used in formulating synthetic hourly data
in accordance with monthly correction factors and a proceduralized i

Pasquill-Turner transformation which utilizes solar angle, time of ;

day, cloud cover, and wind speed to determine the Pasquill Class.

i

The tabulations of the Weather Tower Data for January 1, 1993 |
through December 31, 1993 look appropriate for the season as- '

indicated. The Pasquill Classes observed for the twelve month ;

period are detailed below. ]
i

Pasquill
Class A B C D E F G Total

% Obs. 4.7 7.5 7.5 38.6 29.8 10.4 1.5 =~100.0

O |

The data, when corrected and/or supplemented by the synthetic |
data, derived from NWS NOAA data brought the recovery rate up j

~iabove that required for maintaining adequate recovery as specified
by the Nuclear Regulatory Commission. Recovery of synthetic and
actual data requires a minimum recovery rate of 90 percent for the
period. ;

-
.

'(

~

On the basis of the data and its cross-checks, the weather data as ;

amended is completely valid for use in tabulating reactor vent
releases.

.
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TABLE 158 -A

' DATA PERIOD 01/01/1993 THROUGH 12/31/1993 RUN FROM TAPE SERIES TRI-EK
OMAHA PUBLIC POWER DISTRICT
FORT CALHOUN NUCLEAR STATION

JOINT FREQUENCY DISTRIBUTION WIND DIRECTION VS. WIND SPEED IN METERS /SEC FOR
!

DT100 - *2.0 TO -INF IN FREQUEN7f DATA USED -- WD10 ,WS10 .DT100

SECTOR IS WIND DIRECTION NOT AFFECTED DIRECTION
! 0.0 -0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 6.0 7.0 8.0 9.0

1

SECTOR TO TO TO TO TO TO TO TO TO TO TO TO TO TO TO TOTAL UBAR
6

0.4 0.9 1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9 5.9 6.9 7.9 8.9 INF

NNE 2. 4. 4. 4. 5. 4. O. O. O. O. O. O. O. G. O. 23, 1.6NE 0. 0 5. 5. 3. O. 1. O. O. O. O. O. O. O. O. 14. 1.7ENE 0. 2. 5. 3. 5. O. 1. O. O. O. O. O. O. O. O. 16. 1.6E 0, 2. 7 4. 4. 2. 4. O. O. O. O. O. 0 O. O. 23. 1.8ESE 0. O. 8. 4 2. 6. 8. 5. 5. 4. O. 2. O. O. O. 44. 3.0.SE 0. O. 3. 1. 1. 1. 3. 2. 2. O. 6. 2. 2. 1. O. 24. 4.2SSE 0. O. 1. 2. 3. 3. 2. 1. O. 2. 3. 4. 1. O. D. 22. 4.0S 0. 0 1. 1 1. O. 1. 2. 2. 1. O. 1. 2. O. O. 12. 4.2SSW 0. O. O. 1. 1. 1. 2. 1. 4. 2. 4. 1. O. O. O. 17. 4.2
i

SW 0. 1. 7. 2. 1. 2. O. 2. O. O. O. O. O. O. O. 15. 1.8WSW 0. O. 2. 2. O. 2. O. D. O. O. O. O. O. O. D. 6. 1.9W 1. 2. 2. 5. 2. 1. O. 1. O. O. O. O. O. O. O. 14. 1.6WNW 1. 3. 3. 2. 5. O. 2. 2. 3. 2. O. O. O. O. O. 23. 2.4NW 0. 4. 5. 11. 13. 12. 11. 5. 4. 3. 5, 1. O. O. O. 74. 2.7NNW 0. 2. 5. 12. 6. 12. 10. 10. 4. O. 4. 1. O. O. O. 66. 2.8
,

N 0. 2. 3. 5. 1. 5. 1. 1. O. 1. O. O. O. O. O. 19. 2.1TOTAL 4 22. 61. 64. 53. 51. 46. 32. 24. 15. 22. 12. 5. .1. O. 412. 2.7
i
'

NUMBER OF INVALID OBSERVATIONS- O.

PERCENT OF' VALID OBSERVATIONS = 4.7
1

!

L

I

:;
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TABLE 158 - D

DATA PERIOD 01/01/1993 THROUGH 12/31/1993 RUN FROM TAPR SERIES TRI-EX
OMAHA PUBLIC POWER DISTRICT
FORT CALHOUN NUCLEAR STATION

JOINT FREQUENCY DISTRIBUTION WIND DIRECTION VS. WIND SPEED IN METERS /SEC FOR
DT100 - ~1.7 TO -1.9 IN FREQUENCY DATA USED -- WD10 .WS10 ,DT100

SECTOR IS WIND DIRECTION NOT AFFECTED DIRECTION i

0.0 0.5 1.0 1.5 2 0 2.5 3.0 3.5 4.0 4.5 5.0 6.0 7.0 8to 9.0| SECTOR TO TO TG TO TO TO TO TO TO TO TO TO TO TO TO TOTAL UHAR0.4 0.9 1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9 5.9 6.9 7.9 8.9 INF

NNE 0. 6. 10. 15, 9. 5. 2. O. O. O. O. O. D. O. O. 47. 1.7
'

NE 1. 4. 10. 7. 5. 3. O. O. O. O. O. O. O. O. G. 30. 1.5ENE 1. 2. 1.. 4. 4. 2. 1. O. O. O. O. O. O. O. D. 15. 1.7
,

1 E 0. 6. 6. 6. 3. 3. 4. 1. 1. 1. D. O. O. O. O. 31, 1.9ESE 0. 1. 5. 5. 3. 4. 2. 2. 4. 2. 2. 2. O. O. O. 32. 2.9| SE 0. 4. 4. 3. 8. 3. 2. D. 2. 4. 3. 2. G. 1. O. 36. 3.0SSE 0. O. 5. 12. 7 5. 6. 3. O. 1. 8. 6. O. O. O. 53. 3.2S 0. O. 4, 7. 10 4. 1. 2. 1. 1. 3. 3. 3. O. O. 39. 3.2
<

SSW 0. O. O. 6. 5 3. 2. 2. O. 1. 3. O. D. O. O. 22. 2.9SW 2. O. 4. 9. 3. 1. O. 1. 2. 2. O. O. O. O. O. 24, 2.1WSW 1. O. 2. 8. 2. 1. 2. O. O. O. O. O. O. O. O. 16. 1.8 '
W 0. 2. 6. 8. 4. 1. O. 1. 1. O. O. O. O. O. O. 23. 1.8WNW O. 5. 11. 16. 6 4. 1. 1. D. O. 1. 1. O. O. D. 46, 1.8

i
'

NW 0. 6. 16. 9. 13, 16. 10. 5. 3. 2. 10. 2. O. O. O. 92. 2.7 ;NNW O. 4. 9, 16. 15, 12. 12. 3. 8. 5. 11. 3. O. O. O. 98. 2.9N 4. 14. 10. 10. 8. 6. 3. O. 1. O. O. O. O. O. O. 56. 1.5TOTAL 9. 54. 103, 141. 105. 73. 48. 21. 23. 19. 41. 19. 3. 1. O. 660. 2.4
,

NUMBER OF INVALID OBSERVATIONS = 0.,

j PERCENT OF VALID OBSERVATIONS = 7.5
.

,
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TABLE 158 -C

DATA PERIOD 01/01/1993 THROUGH 12/31/1993 RUN FROM TAPE SERIES TRI-EX
OMAHA PUBLIC POWER DISTRICT
FORT CALHOUN NUCLEAR STATION

JOINT FREQUENCY DISTRIBUTIOh WIND DIRECTION VS. WIND SPEED IN NETERS/SEC FOR
DT100 - ~1.5 TO -1.6 IN FREQUENCY DATA USED -- WD10 .WS10 .DT100

SECTOR IS WIND DIRECTION NOT AFFECTED DIRECTION *

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 6.0 7.0 8.0 9.0SECTOR TO TO TO TO TO TO TO TO TO TO TO TO TO TO TO TOTAL UDAR0.4 0.9 1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9 5.9 6.9 7.9 8.9 INF

NNE 0. 1. 3. 15. 5. 4. 4. O. O. O. O. O. O. O. O. 32. 1.9NE 0. 2. 2. 5. 10. 1. 1. O. O. O. O. O. O. O. O. 21. 1.9ENE 1. 1. O. 4. 3. 1. O. O. O. O. O. O. O. O. O. 10. 1.6E 0. 1. 1. 2. O. 2. 4. 1. O. 1. O. O. O. O. O. 12. 2.5ESE 0. O. 7. 3. 1. 1. 2. 3. 2. 2. 2. 1. O. O. O. 24. 3.0SE 0. 1. 11. 1. 5. 1. 1. 2. 2. 1. 4. 2. O. 2. O. 33. 3.2SSE 0. O. 2. 5. 4. 4. 6. 2. 9. 2. 7. 3. 2. 1. O. 47. 3.9S 0. O. 4. 5. 6. 14. 19. 6. 2. 1. 5. 4. 5. 2. O. 73. 3.6SSW 1. 1. 2. 5. 10. 12. 5. 2. 1. 1. 3. O. 1. O. O. 44. 2.7SW 2. O. 4. 9. 7. 5. 5. 1. O. O. 5. O. O. O. O. 38. 2.5WSW 1 O. 2. 5. 8, 1. O. O. 1. O. O. O. O. O. O. 18. 1.9W 1. O. 3. 7. 3. 3. 3. O. O. O. 1. O. O. 0. O. 21. 2.1WNw 2. 4. 6. 8. 6. 5. 5. O. O. 1. O. O. O. O. O. 37. 1.9NW 0. 4. 12. 8. 16. 10. 15. 6. 6. 6. 6. O. O. O. O. 89. 2.7NNw 1. 3. 8. 8. 19, 16. 18. 9. 5. 1. 12. 5. O. O. O. 105. 3.0
.

N 0. 5. 12. 8. 17. 11. 4. O. O. O. O. O. O. O. O. 57. 1.9TOTAL 9. 23. 79. 98. 120. 91. 92. 32. 28. 16. 45. 15. 8. 5. 0 661. 2.7

NUMBER OF INVALID OBSERVATIONS = 0.

PERCENT OF VALID OBSERVATIONS = 7.5 .

.
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TABLE 158 -D,

DATA PERIOD 01/01/1993 THROUGH 12/31/1993 RUN FROM TAPE SERIES TRI-EX
OMAHA PUBLIC POWER DISTRICT
FORT CALHOUN NUCLEAR STATION

4-

JOINT FREQUENCY DISTRIBUTION WIND DIRECTION VS. WIND SPEED IN METERS /SEC FOR
DT100 - -0.5 TO -1.4 IN FREQUENCY DATA USED -- WD10 ,WS10 .DT100

SECTOR IS WIND DIRECTION NOT AFFECTED DIRECTION
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 6.0 7.0 8.0 9.0SECTOR TO TO TO TO TO TO TO TO TO TO TO TO TO TO TO TOTAL UBAR| 0.4 0.9 1.4 1.9 2.4 2.9 '3.4 3.9 4.4 4.9 5.9 6.9 7.9 8.9 INF

NME 3. 11. 26. 24. 22. 14, 6. 2. 1. 1. 1. O. O. O. O. 111. 1.8NB 5. 14. 15. 13. 21. 10. 13. 3. 2. O. O. O. O. O. O. 96. 1.9ENE 1. 10. 11. 21. 26. 11. 8. 3. O. O. O. O. O. O. O. 91. 1.9E 0. 8. 12. 26. 26, 26. 24. 2. 6. 2. 2. 1. O. O. O. 135. 2.4'
ESE 0. 2. 19. 32. 25. 15. 40. 37. 18. 18. 20. 7. 1. 1. O. 235. 3.2SE 2. '8. 29. 36. 30. 24. 27, 22. 27. 19. 20. 18. 6. 3. 1. 272. 3.3SSE 2. 5. 12. 30. 39. 35, 46. 30. 25. 21. 49. 23. 9. 2. 2. 330. 3.6S 0. 7. 18. 17. 23, 21. 35. 34. 14. 15. 20. 12. 15. 13. O. 244. 3.8SSW 1. 5. 16. 22. 17. 27. 20. 12. 8. 9. 7. 13. 6. 1. 1 165. 3.2SW 2. 11, 13, 17. 30. 16. 8. 10. 4. 6. 12. 3. O. 2. 1. 135. 2.8WSW 3. 14 16. 15. 18. 10. 4. 1. 3. 4. O. 1. 1. 1. O. 92. 2.0W 7. 15. 21. 27. 15. 15. 11. 4. 4. O. O. O. O. 1. 1. 121. 1.9WNW 8. 31. 42, 22, 18. 13. 11. 15. 8. 7. 3 2. O. O. O. 180. 2.0NW 12. 22. 51. 56. 74. 50. 43. 41. 30. 16. 17. 16. 4. O. O. 432. 2.7NNW 5. 26, 38. 52. 64. 70. 74. 61. 54. 33. 37. 8. 1. 1. O. 524. 3.0N 10. 24. 25. 35. 32. 24. 27. 15. 9. 8. 13. O. O. O. O. 222. 2.4TOTAL 61. 214. 364. 445. 480. 381. 397. -292. 213. 159. 201. 104. 43. 25. 6. 3385. 2.8

,

NUMBER OF INVALID OBSERVATIONS = 0.

. PERCENT OF VALID OBSERVATIONS = 38.6
i

a
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TABLE 158 - E

DATA PERIOD 01/01/1993 THROUGH 12/31/1993 RUN FROM TAPE SERIES TRI-EX
OMANA PUBLIC POWER DISTRICT
FORT CALHOUN NUCLEAR STATION

JOINT FREQUENCY DISTRIBUTION WIND DIRECTION VS. WIND SPEED IN METERS /SEC POR
DT100 -0.4 TO +1.5 IN FREQUENCY DATA USED -- WD10 .WS10 .DT100-

SECTOR IS WIND DIRECTION NOT AFFECTED DIRECTION
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 6.0 7.0 8.0 9.0SECTOR TO TO TO TO TO TO TO TO TO TO TO TO TO TO TO TOTAL UBAR0.4 0.9 1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9 5.9 6.9 7.9 8.9 INF

NNE 1. 15. 19. 15. 9. 8. O. 1. O. O. O. O. O. O. O. 68. 1.5NE 2. 13. 16. 13. 4. 3. 4. 1. O. 1. O. D. O. O. O. 57. 1.5ENE 0. 11, 22. 8. 10. 4. 3. O. O. O. 1. O. O. O. O. 59. 1.6E 2. 4. 21. 26. 8. 5. 5. 4. 2. O. O. O. O. O. O. 77. 1.8ESE 0, 8. 43. 41. 32. 18. 13. 7. 8, 8. 5. O. O. O. O. 183. 2.2SE 6. 20, 38. 52. 35. 25. 15. 10. 12. 10. 12. 6. O. 1. 1. 243. 2.4SSE 6. 10. 12, 20. 26, 24, 20. 20. 6. 15. 13. 4. 2. O. O. 178, 2.9S 4. 11. 17. 39. 23, 24. 20. 11. 7. 10. 10. 10. 3. O. O. 189. 2.8SSW 8. 4. 27. 27. 20. 24. 9. 6. 7. ?. 13. 9. 1. 1. 1. 166. 2.8SW 4. 26. 21. 15. 10. 9. 8. 2. 5. 6, 2. 4. 4. 2. 1. 119. 2.4WSW 11. 27. 23. 19. 15. 6. 7. 5. 2. 3. 3. O. O. O. O. 121. 1.7W 18. 67. 43. 30. 19. 12. 5. 3. 1. 1. 1. O. O. O. O. 200. 1.3WNW 28. 76. 87. 59. 32. 16. 15. 9. 8. 3. 3. O. 2. O. O. 338. 1.5NW 16. 41. 61. 52. 43. 47. 30. 12. 4. 2. 2. 3. 2. 1. O. 316. 2.0NNW 8. 24. 31. 29. 31. 33. 18. 9. 3. 4. 10. O. O. O. O. 200. 2.2N 7. 13. 22. 32. 13. 5. 3. 1. 1. O. O. O. O. O. O. 97. 1.5TOTAL 121, 370. 503. 477.' 330. 263. 175. 101. 66. 72. 75. 36. 14. 5. 3. 2611, 2.1

NUMBER OF INVALID OBSERVATIONS = 0.

PERCENT OF VALID OBSERVATIONS = 29.8
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TABLE 158 - F

DATA PERIOD 01/01/1993 THROUGH 12/31/1993 RUN FROM TAPE SERIES TRI-EX
OMAHA PUBLIC POWER DISTRICT
FORT CALHOUN NUCLEAR STATION

, JOINT FREQUENCY DISTRIBUTION WIND DIRECTION VS. WIND SPEED IN METERS /SEC FOR
t

UT100 - +1.6 TO +4.0 IN FREQUENCY DATA USED -- WD10 .WS10 .DT100

SECTOR IS WIND DIRECTION NOT AFFECTED DIRECTION
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 6.0 7.0 8.0 9.0SECTOR TO TO TO TO TO TO TO TO TO TO TO TO TO TO TO TOTAL UBAR0.4 0.9 1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9 5.9 6.9 7.9 8.9 INF

NNE 1. 18. 6. 2. O. O. O. O. O. O. O. O. O. O. O. 27. 0.9NE 1. 115 11. 1. O. O. O. O. O. O. C. O. O. O. D. 24. 0.9
*
'

ENE 1. 6 .- 5. 1. O. O. O. O. O. O. O. O. O. O. O. 13. 0.9E 2. 12. 11. 3. 1. O. O. O. O. 1. O. O. O. O. O. 30. 1.1ESE 3. 16, 23. 10. 6. 5. 1. O. O. O. O. O. O. O. O. 64. 1.3SR 1. 14. 13. 22. 12. 5. 2, 2. O. O. O. O. O. O. O. 71. 1.7SSE 4. 12. 13. 26. 7. 10. 2. 1. O. O. O. O. O. O. O. 75. 1.6S 5. 19. 11. 29. 14. 6. 1. 5. O. O. 1. O. O. O. O. 91, 1.6SSw 3. '17. 24. 12, 3. 6. 4 4. 2. O. 2. 3. O. O. O. 80. 1.9SW 5. 12. 13, 4, 7. O. 1. 1. O. 2. 6. 6. O. O. O. 57. 2.3WSW 8. 17. 11. 2. 2. 2. 4. 1. O. O. 2. O. O. O. O. 49. 1.4W 5. 32. 27. 7. 3. O. O. O. O. O. O. 0. O. O. O. 74. 1.0WNw 6. 28. 35. 12. 3. 1. O. O. O. O. O. O. O. O. O. 85. 1.0NW 2. 22. 22. 3. 5. 3. O. 3. O. O. O. O. O. O. O. 60. 1.3 !NNw 3. 11. 21. 6. 2. O. O. O. 1. O. O. O. O. O. O. 44. 1.1N 11. 19. 17. 15. 1. 1. 2. 1. 1. O. O. O. O. O. O. 68. 1.2'

TOTAL 61. 266. 263. 155. 66. 39. 17. 18. 4. 3. 11. 9. O. O. O. 912. 1.4

NUMBER OF INVALID OBSERVATIONS- O.

PERCENT OF VALID OBSERVATIONS = 10.4
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TABLE 158 - ALL

DATA PERIOD 01/01/1993 THROUGH 12/31/1993 RUN FROM TAPE SERIES TRI-EX
OHAHA PUBt.1C POWER DISTRICT
FORT CALHOUN NUCLEAR STATION

JOINT FREQUENCY DISTRIBUTION WIND DIRECTION VS. WIND SPEED IN METERS /SEC FOR I

DT100 - -INF TO +INF IN FREQUENCY DATA USED -- WD10 ,WS10 .DT100
.

| SECTOR IS WIND DIRECTION NOT AFFECTED DIRECTION
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 6.0 7.0 8.0 9.0SECTOR TO TO TO TO TO TO TO TO TO TO TO TO TO TO TO TOTAL UBAR0.4 0.9 1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9 5.9 6.9 7.9 8.9 INF

i
NNE 8. 55. 69. 75. 50. 35. 12. 3. 1. 1. 1. O. O. O. O. 310. 1.6NE 9. 46. 61. 44. 43. 17. 19. 4. 2. 1. O. O. O. O. O. 246. 1.6ENE 5. 34. 44. 41. 48. 18. 13. 3. O. O. 1. O. O. O. O. 207. 1.7E 4. 34. 59. 67. 42. 38. 41, 8. 9. 5. 2. 1.- O. O. O. 310. 2.0ESE 3. 30. 112. 96. 69. 49. 66. 54. 37. 34. 29, 12. 1. 1. O. 593. 2.6SE 10. 49. 104. 116. 93. 59. 50. 38. 45. 34. 45. 30. 8. 8. 2. 691. 2.8SSE 13. 31. -47. 96. 86. 82. 82. 57. 40. 41. 80. 40. 14. 3. 2. 714. 3.2S 10. 40 56. 99. 77. 69. 78. 60. 26. 28. 39. 30. 28. 15. O. 655. 3.1SSW 14. 34. 69. 74. 56. 73. 42. 27. 22. 22. 32. 26. 8. 2, 2. 503. 2.8SW 16. 57. 63. 56. 59. 33. 22. 17. 11. 16. 25. 14. 4. 4. 2. 399. 2.5WSW 24. 65. 57. 52, 45. 22. 17. 8. 6. 7. 5. 1. 1. 1. O. 311. 1.7W 33. 121. 104. 88. 47. 32. 19. 9. 6. 1. 2. 0 .- O. 1. 1, 464. 1.5WNW 47. 151. 185. 123. 71. 39. 34. 27. 19. 13. 7. 3. 2. O. O. 721. 1.7NW 30. 100. -169. 144. 164. 138. 109. 72. 47. 29, 40. 22. 6. 1. O. 1071. 2.4NNW 17. 71. 112. 125. 137. 143. 132. 92. 75. 43. 74. 17. 1. 1. O. 1040. 2.7N 32. 82. 89. 106. 72. 52. 40. 18. 12. 9. 13. O. O. D. O. 525. 1.9TOTAL 275. 1000. 1400. 1402. 1159. 899. 776. 497. 358. 284. 395. 196. 73. 37. 9. 8760. 2.4

NUMBER OP. INVALID OBSERVATIONS = 0.

PERCENT OF VALID OBSERVATIONS = 100.0
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TABLE 159 - D

DATA PERIOD 01/01/1993 THROUGH 12/31/1993 RUN FROM TAPE SERIES TRI-EX
OMAHA PUBLIC POWER DISTRICT
FORT CALHOUN NUCLEAR STATION >

JOINT FREQUENCY DISTRIBUTION WIND DIRECTION VS. WIND SPEED IN METERS /SEC FOR
DT100 - -0.5 TO -1.4 IN PERCENT DATA USED -- WD10 ,WS10 .DT100

SECTOR IS WIND DIRECTION NOT AFFECTED DIRECTION
$

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 6.0 7.0 8.0 9.0SECTOR- TO TO TO TO TO TO TO TO TO TO TO TO TO TO TO TOTAL UBAR0.4 0.9 1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9 5.9 6.9 7.9 8.9 INF

NNE 0.04 0.13- 0.30 0.27- 0.25 0.16 0.07 0.02 0.01 0.01 0.01 0.00 0.00 0.00 0.00 1.27 1.8NE 0.06 0.16 0.17 0.15 0.24 0.11 0.15 0.04 0.02 0.00 0.00 0.00 0.00 0.00 0.00 1.10 1.9ENE 0.01 0.11 0.13 0.24 0.30 0.13 0.09 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.04 1.9E 0.00 0.09 0.14 0.30 0.30 0.30 0.27 0.02 0.07 0.02 0.02 0.01 0.00 0.00 0.00 1.54 24ESE 0.00 0.02 0.22 0.36 0.28 0.17 0.46 0.42 0.21 0.21 0.23 0.08 0.01 0.01 0.00 2.68 3.2SE 0.02 0.09 0.33 0.41 0.34 0.27 0.31 0.25 0.31 0.22 0.23 0.21 0.07 0.04 0.01 3.11 3.3
*

SSE 0.02 0.06 0.14 0.34 0.45 0.40 0.53 0.34 0.29 0.24 0.56 0.26 0.10 0.02 0.02 3.77 3.6S 0.00 0.08 0.21 0.19 0.26 0.24 0.40 0.39 0.16 0.17 0.23 0.14 0.17 0.15 0.00 2.79 3.8SSW 0.01 0.06 0.18 0.25 0.19 0.31 0.23 0.14 0.09 0.10 0.08 0.15 0.07 0.01 0.01 1.88 3.2, SW 0.02 0.13 0.15 0.19 0.34 0.18 0.09 0.11 0.05 0.07 0.14 0.04 0.00 0.02 0.01 1.54 2.8'.d S W 0.04 0.17 0.18 0.17 0.21 0.11 0.05 0.01 0.03 0.05 0.00 0.01 0.01 0.01 0.00 1.05 2.0W 0.08 0.17 0.24 0.31 0.17 0.17 0.12 0.05 0.05 0.00 0.00 0.00 0.00 0.01 0.01 1.38 1.9WNW 0.09 0.35 0.48 0.25 0.21 0.15 0.13 0.17 0.09 0.08 0.03 0.02 0.00 0.00 0.00 2.05 2.0 '

NW 0.14 0.25 0.58 0.64 0.85 0.57 0.49 0.47 0.34 0.18 0.19 0.18 0.05 0.00 0.00 4.93 2.7NNW 0.06 0.30 0.43 0.59 0.73 0.80 0.84 0.70 0.62 0.38 0.42 0.09 0.01 0.01 0.00 5.98 3.0N 0.11 0.27 0.29 0.40 0.37 0.27 0.31 0.17 0.10 0.09 0.15 0.00 0.00 0.00 0.00 2.53 2.4TOTAL 0.70 2.44 4.17 5.06 5.49 4.34 4.54 3.33 2.44 1.82 2.29 1.19 0.49 0.28 0.06 38.64 2.8

NUMBER OF INVALID OBSERVATIONS = 0.

PERCENT OF VALID OBSERVATIONS- 38.6

!
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TABLE 159 - ALL >

DATA PERIOD 01/01/1993 THROUGH 12/31/1993 RUN FROM TAFE SERIES TRI-RX
'

OMAHA PUBLIC POWER DISTRICT
FORT CALHOUN NUCLEAR STATION

JOINT FREQUENCY DISTRIBUTION WIND DIRECTION VS. WIND SPEED IN METERS /SEC FOR

DT100 - -INF TO +INF IN PERCENT. DATA USED -- WP10 .WS10 ,DT100

SECTOR IS WIND DIRECTION NOT AFFECTED DIRECTION
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 6.0 7.0 8.0 9.0

4

SECTOR TO TO TO TO TO TO TO TO TO TO TO TO TO TO TO TOTAL UBARO.4 0.9 1.4 -1.9 2.4 2.9 3.4 3.9 4.4 4.9 5.9 6.9 7.9 8.9 INF

NNE 0.09 0.63 0.79 0.86 0.57 0.40 0.14 0.03 0.01 0.01 0.01 0.00 0.00 0.00 0.00 3.54 1.6NE 0.10 0.53 0.70 0.50 0.49 0.19 0.22 . 0.05 0.02 0.01 0.00 0.00 0.00 0.00- 0.00 2.81 1.6ENE 0.06 0.39 0.50 0.47 0.55 0.20 0.15 0.03 0.00 0.00 0.01 0.00 0.00 0.00 0.00 2.36 1.7E 0.0$ 0.39 0.67 0.77 0.48 0.43 0.47 0.09 0.10 0.06 0.02 0.01 0.00 0.00 0.00 3.54 2.0ESE 0.03 0.34 1.28 1.10 0.79 0.56 0.75 0.62 0.42 0.39 0.33 0.14 0.01 0.01 0.00 6.77 2.6
i

SB 0.12 0.56 1.19 1.33 1.06 0.67 0.57 0.44 0.51 0.39 0.51 0.34 0.09 0.09 0.02 7.89 2.8 iSSE 0.15 0.35 0.54 1 09 0.98 0.94 0.94 0.65 0.46 0.47 0.91 0.46 0.16 0.03 0.02 8.15 3.2S 0.11 0.46 0.64 1.13 0.88 0.79 0.89 0.68 0.30 0.32 0.45 0.34 0.32 0.17 0.00 7.48 3.1SSW 0.16 0.39 0.79 0.84 0.64 0.83 0.48 0 31 0.25 0.25 0.37 0.30 0.09 0.02 0.02 5.74 2.8SW 0.18 0.65 0.72 0.64 0.67 0.38 0.25 0.19 0.13 0.18 0.28 0.16 0.05 0.05 0.02 4.55 2.5 *
,

WSW 0.28 0.74 0 65 0.59 0.51 0.25 0.20 0.09 0.07 0.08 0.06 0.01 0.01 0.01 0.00 3.55 1.7W 0.38 1.38 1.19 1.00 0.54 0.37 0.22 0.10 0.07 0.01 0.02 0.00 0.00 0.01' O.01 5.30 1.5WNW 0.54 1.72 2.11 1.40 0.81 0.45 0.39 0.31 0.22 0.15 0.08 0.03 0.02 0.00 0.00 8.23 1.7*

NW 0.34 1.14 1.93 1.64 1.87 1.58 1.25 0.82 0.54 0.33 0.46 0.25 0.07 0.01 C.00 12.23 2.4NNW 0.19 0.81 1.28 1.43 1 56 1.63 1.51 1.05 0.86 0.49 0.85 0.19 0.01 0.01 0.00 11.87 2.7N 0.36 0.94 1.02- 1.21 0.82 0.59 0.46 0.20 0.14 0.10 0.15 0.00 0.00 0.00 0.00 5.99 1.9TOTAL 3.14 11.42 16.00 16.00-13.22 10.26 8.89 5.66 4.10 3.24 4.51 2.23 0.83 0.41 0.09 100.00 2.4

NUMBER OF INVALID OBSERVATIONS- O.
I

PERCENT OF VALID OBSERVATIONS- 100.0

1
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RELEASE NUMBER 92108 CONTAINMENT PURGE

[' ~. STARTING TIME- JAN 1.1993 HOUR 6 MINUTE 50 'l
A

. TIME- WS10 WD10 DT110
iHOUR MPH DEG DEG C
I
1-6 2.7 345.0 -0.5

7 2.4 340.0 -1.0
8 3.0 40.0 -1.0
9 3.3 80.0 -1.0

i10 3.6 110.0 -1.0 '

-lSTOP TIME JAN 1,1993 HOUR 9 MINUTE 11
i

STARTING TIME JAN 1,1993 HOUR 13 MINUTE 32 ,!
TIME WS10 WD10 DT110
HOUR MPH DEG DEO C

!
13 3.6 130.0 -1.0

i14 3.6 130.0 -1.0 '

15 3.6 130.0 -1.0
16 3.6 130.0 -1.0 i

17 3.9 125.0 -1.0 ]
18 3.9 115.0 -1.0 1

19 4.2 210.0 -1.0 1

20 4.8 115.0 -1.0
21 5.4 125.0 -1.0
22 6.0 130.0 -1.0
23 6.6 130.0 -1.0
24 7.8 129.0 -1.0 1

|1 13.4 128.0 0.1
12 11.8 128.6 -0.4

3 10.6 128.4 -0.3 |
4 9.8 13P.3 -0.7 !5 10.0 124.5 0.1

l6 9.6 118.4 -1.5 '

7 10.2 123.3 -0.5
8 9.4 123.2 -0.9
9 8.9 126.0 -1.7

-- '10 9.0 128.6 -1.3
11 10.5 130.9 -0.1

112 9.6 135.6 -0.4
!13 10.6 143.9 -0.8

14 9.1 149.8 -0.7
15 9.1 175.3 -0.9

STOP TIME JAN 2,1993 HOUR 14 MINUTE 8 |

;

1

-1
i

I

|

-

^|
)
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!RELEASE NUMBER 93001 CONTAINMENT PURGE

STARTING TIME JAN 4,1993 HOUR 18 MINUTE 9
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

9

18- 3.0 306.8 1. 4 .
19 2.4 293.6 -02

- 5

STOP TIME J AN 4,1993 HOUR 18 MINUTE 25

STARTING TIME .JAN 4,1993 HOUR 21 MINUTE 25
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C !

21 3.6 253.9 -0.3
22 4.2 245.2 -0.3-
23 3.6 310.2 0.2
24 3.0 273.0 -1.3

1 2.4 335.7 2.2
2 2.4 212.0 0.6
3 2.0 99.2 -0.5
4 2.0 56.1 0.1 1

5 2.0 46.4 0.7
6 2.1 137.9 2.6

7

7 2.4 99.1 -0.5
8 2.7 204.4 -0.8 i9 2.7 103.1 0.2

10 3.0 99.1 -0.1
11 2.7 112.2 0.5
12 2.7 141.6 0.6
13 2.4 329.5 -1.0 '

STOP TIME JAN 5,1993 HOUR 12 MINUTE 25

i

i

.I

|
\

)

- )
.

1

1

1

I
|
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RELEASE NUMBER 93001 CONTAINMENT PURGE
f'

-

j
-

STARTING TIME JAN. 5,1993 HOUR 12 MINUTE 35
,

;
. . {

! TIME- WS10- WD10 DT110 .I' HOUR MPH DEG DEG C
s '

j' 12 2.7 141.6 0.6 - !
1 13 2.4 329.5 -1.0 I' 14 2.4 33.1 -0.5 |

15 2.4 336.6 -2.2 I,

5 16 0.2 271.8. -0.9 ;

17 0.2 265.9 -0.9 i
18 0.1 308.0 -0.5 j
19 0.1 317.8 0.8 )

) 20 0.1 297.2 -0.3 :|. 21 0.1 286.8 1.4 i
;- 22 0.2 302.7 0.8 i

23 0.2 296.7 1.2 {,

24 0.2 298.0 1.7 ;
!1 5.9 307.0 2.6
!2 5.2 314.4 0.9 '

| 3 3.7 295.1 -0.8 I
-

4 2.8 288.2 0.3 ;
*

t5 1.4 234.6 -0.2j- 6 1.3 236.2 -0.7 |
I' 7 2.2 273.5 -0.6

8 3.4 304.5 -0.5 |'9 2.7 300.4 -1.1
10 2.3 302.2 -1.7
11 1.3 260.6 -0.6
12 1.4 8.6 -1.3,

j 13 2.5 305.1 -1.1 ,

,i 14 0.7 225.9 -1.7 {-

e

| STOP TIME JAN 6,1993 HOUR 13 MINUTE 25
i

lSTARTING TIME JAN 6.1993 HOUR 14 MINUTE 42 I

} TIME WS10 WD10 DT110
a

i HOUR MPH DEG DEG C
1

j .
15 4.3 190.5 -1.0

'
14 0.7 225.9 -1.7

2

i- 16 4.5 185.3 -1.6
i 17 4.2 180.3 -0.9
1 18 3.5 182.6 -1.3
i 19 3.8 151.2 -0.3
; 20 3.0 135.3 - 0 -. 3- 21 2.5 85.1 0.7

- 22 2.9 106.2 0.2,

e 23 2.8 134.7 0.6 }
! 24 2.4 118.1 2.4 5

1 2.0 135.8 2,5 1.

ij .2 2.1 85.9 1.6
i 3 1.6 230.5 2.7 i

I
*

4 3.4 38.7 0.8
5 2.3 122.2 0.6 i

*

I 6 2.6 104.4 2.0 .

| 7 2.3 289.0 2.6 4

; 8 1.9 39.5 0.9 }
j 9 1.8 32.0 0.3 . j
'

5,4

j STOP TIME JAN 7,1993 HOUR 8 MINUTE 18 t

1

i {
I

It
>*i

8 I
a r

4 I

'l !
4

; i
| ' !
,

4 i

t

l
'

f

4
i
{ i
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fRELEASE NUMBER 93001 CONTAINMENT PURCE

STARTING TIME JAN 7.1993 HOUR 10 MINUTE 30
. .j
TIME WS10 m310 DT110

~ HOUR. MPH DEG DEG C 1
i

110 2.1 33319 -0.7
11 2.1 285.5 -1.1
12 2.4 290.5 -0.8 (
13 3.1 300.2 -1.2 t
14 3.0 304.5 -0.8 .

15 3.8 305.2 -1.3
16 4.6 324.1 -1.2 ,

17 3.3 316.4 -1.6 .

18 4.5 315.6 -1.0
'

19 3. 2 ' 310.9 0.7 '

20 3.3 298.6 -0.2
21 2.9 280.1 0.9 .

!22 2.8 275.2 2.0 '23 2.7 272.5 1.4 *24 2.4 277 9 1.4 I1 2.9 285 4 1.0 *
2 2.3 281,4 0,9
3 2.3 290.3 0.8 |
4 2.3 292.4 1.9

'

5 1.8 285.6 0.8 >

6 1.6 286.2 -1.6 }
7 2.3 286.0 -1.1 t

!8 2.0 277.4 -0.3
9 1.7 293.5 - 0, 9 {

10 2.1 289.3 -0.7 .i
11 2.1 316.1 -0.6 !
12 2.5 356.0 -1.4 I

13 3.1 5.0 -1.4
'
'

.STOP TIME JAN 8,1993 HOUR.12 MINUTE 30
i-

I

STARTING TIME JAN 8.1993 HOUR 14 MINUTE 58 '

TIME WS10 WD10 DT110 i

HOUR MPH DEG DEG C .

14 3.7 13.0 -1.4 i
'

15 4.2 20.5 -1.5
16 4.6 27.6 -1 7 i

17 4.7 26.4 -2.0 ,

18 4.8 43.5 0.3
i19 5.3 51.7 -0.3

20 5.2 31.2 -0.1 !
21 5.4 27.1 -2,2 i
22 5.5 3 8.~2 -1.1 {
23 5.6 37.5 -1.2 -t
24 4.8 17.2 -0.3 '

~

1 5.5 28.0 -1.3
2 5.2 22.3 -1,3 .

3 5.9 22.0 0.2 '
1

4 5.8 29.4 -1.0
5 5.8 27.5 -1.4 |
6 6.3 20.9 -1.0 !

7 5.4 7.4 -0.4 {
8 6.0 12.0 -1.6 !

9 5.9 12.2 -1.2
10 6.5 28.5 -1.6 1

i11 7.0 26.9 -1.6
12 7.3 17.1 -1.6

|13 6.6 11.0 -1.1
14 7.5 17.5 -1.0
15 6.6 12.9 -1 9 6

16 7.1 12.6 -1.0 i
17 7.1 4.1 -1,3 [18 6.8 3.4 1.8 .;

19 6.0 5.8 -0.8 .,

20 7.0 21.9 -0.6
21 6.5 22.2 -1.1 r

22 5.8 14.2 0.1 i
23 5.2 8.9 -0.3

*

24 4.9 356.5 -1.2 '

1 4.7 346.3 -0.2 ;

2 4.3 353.0 -0.9

J
.
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3 4.0 337.5 -0.6 .

o. 4' 4.8 335.7 -0.5 |
5 4.5 343.6 -0 3s

- 6 3.9 344.0. -0.6 ' '-
1 - 7 3.8 331.2 0.4 .

8 4.1 338.0 0.3
9 3.0 327.0 . 0. 8

10 3.6- 295.9 1.9 i

11 3.9 295.2 0.5
12 2.7 313.8 -0.9<

13 4.1 17.5 -1.0
114 2.7 307.2 -0.9

15 4.2 13.7 -2,2
"

16 3.8 30.4 -1.6
17 2.4 28.6 -0.8 *

18 1.1 5.8 0.5 '

19 1.6 37.7 0.2
20 2.8 53.7 -0.5 e

21 2.2 293.9 -0.3 +

; 22 2.7 71.4 1.0 4

', 23 1.9 245.2 -0.2 (
24 1.9 26.9 -0.1

-

1 0.9 246.1 0.6 - ;.

2 1.4 193.6 2.7
'

1 3 3.2 145.7 -0.1
4 6.5 97.2 -1.0
5 6.6 101.9 -0.5 .

'

>

STOP TIME JAN 11.1993 HOUR 4 MINUTE 8
4 ?

!.

?

I,

6

7

.
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. . RELEASE NUMBER 93002 CONTAINMENT PURGE
; STARTING TIME JAN 14,1993 HOUR 18 MINUTE 20

TIME WS10 WD10 DT110
HOUR- MPH DEG DEG C

18 1.1 2174 2 -0.2
19 '0.8 240.3 0.9
20 0.7 228.0 2.3

,

|21 1.4 188.2 1.2
-22 0.1 245.9 2.6 |23 02 117.3 2.6 I

24 0.3 190.4 4.6 ,

1 0.3 116.9 2.4 i

4

2 0.8 85.7 2.7
|3 0,4 231.0 2.2
!4 0.2 59.4 4.7 a

5 0.3 236.8 2.8
|6 0.6 192.7 1.1 '

7 2.2 98.6 1.3
;8 2.7 113,4 1.7 -

9 3.6 106.3 1.8
.,

1

STOP TIME JAN 15.1993 HOUR 8 MINUTE 34

STARTING TIME JAN 15,1993 HOUR 11 MINUTE 10
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

6

111 4.5 95.0 -0.3
|12 6.7 101.0 -0.5 >

13 5.8 113.5 -0.9
14 6.2 141.6 -0.2

STOP TIME JAN 15,1993 HOUR 13 MINUTE 45 *

O
.

VI-25
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IRELEASE NUMBER 93002 CONTAINMENT PURGE
.}

STARTING TIME JAN 15,1993 HOUR 14 MINUTE 17
f

TIME WS10 WD10 DT110 I
' HOUR MPH DEG DEG C

14 6.2 141.6' -0.2
15 8.0 160.7 -0.8 1

16 7.1 151.7 -1.7
[27 5.7 146.4 -1.2 -

18 5.1 143.2 -0.6 !

19 4.3 136.2 0.3 i20 3.7 145.3 0.2 i
21 3.5 148.9 17 '
22 3.8 126.1 0.6
23 3.8 125.5 -0.9 f24 4.2 128.5 -0.3 ?

1 4.5 158.6 -1,5
f2 4.8 182.1 -2.6
43 5.6 204.7 1.2
5

4' 5.3 179.2 0.7 I
5 5.3 181.8 -0.7 *

6 4.9 191.9 0.3 [7 6.8 204.5 0.1 '

8 5.7 199.1 0.1
.9 3.5 209.4 -1.2
10 6.3 221.0 -2.0 I

t
STOP TIME J AN 16,1993 HOUR 9 MINUTE 54

STARTING TIME JAN 16,1993 HOUR 14 MINUTE 3 *

F

' TIME WS10 WD10 DT110 !HOUR MPH DEG DEG C '

,

14 2.6 294.7 -1.6
-15 3.3 281.5 -1.6

16 3.2 264.8 -2.0
17 3.2 279.9 -0.5 i18 2.2 282.3 1.8

|19 3.6 299.7 2.2 i20 7.2 306.7 -0.4. '

21 7.7 319.5 -0.8
| 22 8.1 330.4 -1.3 I

1 23 6.9 319.8 -0.1
1 24 6.8 318.4 0.5

1 0.8 313.6 0.7
2 6.0 309.8 2.1 '

3 5.5 305.6 -1.3 I

4 4.6 306.6 1.7 '

5 4.8 310.8 -0.7 i
6 4.5 315.4 0.6 'i
7 2.9 311.4 2.5 -!

iSTOP TIME J AN 17,1993 HOUR 6 MINUTE 45 i
i

t

?

i

.

1

!
t

i

?
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s
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RELEASE NUMBER 93003 CONTAINMENT PURGE

- STARTING TIME JAN 20.1993 HOUR 21 MINUTE 2
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C. |

21 1.5 236.1 -2.8
22 0.7 331.4 -0.6

!23 1.0 295.5. -1.0
24 0.6 338.5 -0.8

1 0.3 329.3 -0.8
.

2 1.7 131.2 -1.2
3 1.5 134.3 -0.1 .
4 1.5 235.4 -0.6
5 2.4 181.8 -1.5
6 3.4 225.0 -1.9 *

7 1.2 153.8 0.4
8 1.6 192.8 -0.5 |9 4.6 140.9 -1.6

10 5.3 151.7 -1.3 ,

11 6.1 195.4 -1.1
12 7.9 198.8 -0.9 '

STOP TIME JAN- 21,1993 HOUR 11 MINUTE 46
,

STARTING TIME JAN 21.1993 HOUR 14 MINUTE 3 E

ITIME WS10 WD10 DT110 '
HOUR MPH DEG DEG C j

14 6.4 199.6 -0.8
15 7.2 190.8 -1.5 *16 6.2 226.7 -1.2 i17 5.9 239.7 -0.7

!18 3.7 253.1 -0.5
19 4.0 242.7 -0.9 ;

20 4.2 264 7 0.5
;

21 5.1 277 9 0.5
-

22 7.1 267.7 0.3 I
. 23 7.5 252.9 3.8

!24 8.4 260.7 1.2 '

I 8.5 270.5 1.2
2 6.4 269,7 1.3

a3 5,5 271.9 1.3
4 6.9 269.9 0.1 ;'
5 6.2 266.5 0.6
6 3.4 110.2 0.8

'.7 2.3 293.8 2.4 '
8 4.8 242.4 1.3
9 2.9 315.4 2.4 '

STOP TIME JAN 22.1993 HOUR 8 MINUTE 5
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~!RELEASE NUMBER 93003 CONTAINMENT PURGE '

STARTING TIME JAN 22.1993 HOUR 8 MINUTE 58
,

!
'

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

,

8. 4.8 242.4 1. 3 !
'

9 ' 2. 9 315.4 2.4 i

10 1.4 21.7 1.8
;
!11 4.1 214.3 1.8

12 14 . 7 174.1 -0.5
13 4.7 174.1 -0.6
14 10.2 166.8 -0.5

9.9 153.7 -0.8
4C 12.1 148.9 -1.3
17 13.9 143.4 -1.2 e

18 15.0 139.9 -0.1 |

19 19.9 144.4 -1.0 .i

t20 19.8 139.0 0.4
21 20.0 142.6 ' -0.4 j
22 16.9 158.8 0.2 ,

23 16.2 157.2 0.6 [
24 15.0 166.1 -0.7

1 15.7 171.3 -0.1
2 17.5 201.2 -0.5
3 15.6 222.1 1.4
4 11.5 236.7 -0.3 t,
5 10.4 255.4 -0.5 '

,

6 5.2 310.6 -0.6
7 11.2 288.0 0.3
8 11.9 291.8 0.2
9 12.8 295.8 0.9 i

510 13.6 297.4 -1.2
11 22.2 305.3 -1.7

-12 1.' . 8 305.3 -1.8
13 13.1 311.4 -1.5 }

i14 15.9 316.3 -1.2 i15 12.0 322.6 -1.3
16 10.1 323.3 -1.6
17 8.5 308.9 -0.9 i
18 10.0 306.6 0.5

;

19 10.6 315.8 -1.3 |
-20 9.0 317.2 -0.7 i

21 7.6 305.5 0.1
;

22 5.9 308.5 0.1 .

23 7.3 311.8 0.1 i
24 6.7 309.3 1.5

'

!1 6.6 310.4 -0.6
2 5.7 306.8 0.7
3 5.2 306.9 -0.7 ;

?4 5.6 299.7 0.1
5 5.2 297.8 -0.5 >

6 3.5 291.4 1.1 .j
7 2.0 290.2 0.2 t

;8 3.0 291.3 0.3
9 2.4 299.2 1.9 3

10 2.0 285.8 0.4 *

|11 4.9 234.0 -0.7
12 4.5 236.0 -1.2 i
13 4.6 226.8 -0.5 '|
14 4.0 216.6 -1.6

'

25 5.1 206.1 -1.4
16 4.2 190.5 -1.7 :

'17 3.0 223.5 -1.6
18 3.8 205.6 -0.5 :!

19 4.5 255.3 -1.3 +

!20 2.5 267.8 -0.8
21 2.0 267.6 0.7 |
22 0.8 314.7 0.9
23 2.5 309.0 2.0 i

'

24 2.0 274.0 1.3
1 0.6 222.6 2.1 i

2 0.7 !

3 0.5
'348.9 1.8
10.3 3.3 .

4 0.7 273.7 2.4 t
5 2.1 112.0 1.2 ;

6 0.9 297.9 1.2
'

7 2.7 104.8 2.1 g

STOP TIME JAN 25,1993 HOUR 6 MINUTE 33

:
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RELEASE NUMBER 93004 CONTAINMENT PURGE

iSTARTING TIME .JAN 28,1993 ' HOUR 14 MINUTE 8
TIME WS10 WD10 DT110
HOUR MPH 'DEG DEG C i

14 13.1 326.5 -1.2
15 12.1 328.7 -1.3 'i*

16 12.8 327,9 -1.1
17 11.3 333.1 -1.2
18 10.5 332.4 0.2

{19 8.8 322.3 -1.8
20 7.7 322.5. -1.4

'

21 6.2 329.1 -0.8 ;

I22 6.7 330.0 -0.4
23 4.7 310.3 -1.3 |
24 3.8 306 1 0.8

1 3.6 302.6 0.5 ?

2 2.6 292.8 -0.4
3 1.9 283.0 2.2
4 1.3 261.3 0.4
5 1.3 241.4 0.5

STOP TIME JAN 29.1993 HOUR 4 MINUTE 37
<
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RELEASE NUMBER 93005 ~ CONTAINMENT PURGE

STARTING TIME JAN 29.1993 HOUR 17 MINUTE 38
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

r17 6.5 187.8 -1.8 !18 5.3 184.6 0.6 -'

STOP TIME JAN 29,1993 HOUR 17 MINUTE 52-
i

STARTING TIME JAN 29,1993 HOUR 18 MINUTE 23 '

TIME WS10 WD10 DT110
HDUR MPH DEG DEG C *

!18 5.3 184.6 0.6
|19 5.0 166.8 1.0

20 4.7 167.0 0.6 ;

21 3.0 168.8 -0.9 1

22 3.8 235.3 -0.6 ,

23 6.4 209.8 0.6
24 8.8 190.4 0.7 ,

'
1 5.4 190.8 -0.9
2 8.3 201.1 0.4 [
3 12.1 198.7 0.7 |
4 10.8 197.4 0.1

-

5 3.8 166.4 0.1
6 5,3 127.0 -1.2 ,

7 6.4 151.6 -2.3
i

STOP TIME JAN 30,1993 HOUR 6 MINUTE 39
a
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RELEASE NUMBER 93005 CONTAINMENT. PURGE
'

STARTING TIME- JAN 30,1993 HOUR 8 MINUTE 28
TIME WS10 WD10 DT110
HOUR MPH- DEG DEG C ,

i

f8 6.7 139.0 -2.3.
9 5.7 132.7 -0.7

>

10 9.8 205.1 -0.2

!STOP TIME JAN 30,1993 HOUR 9 MINUTE 2 '

i
kSTARTING TIME JAN 30,1993 MOUh 10 MINUTE 10 '

,

TIME WS10 WD10 DT110
itOUR MPH DEG DEG C

'

10 9.8 205.1 -0.2
!11 12.7 200.5 ~1.3

12 13.0 200.8 -1.0 t

,
13 12.6 199.0 -1.5 . }' -

>

iSTOP TIME JAN 30,1993 HOUR 12 MINUTE 39
e
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RELEASE NUMBER 93005 CONTAINMENT PURGE '

/ STARTING TIME JAN 30,1993 HOUR 15 MINUTE'4h.- (
' - TIME WS10 WD10 DT110

HOUR MPH DEG DEG C
,

15 11.8 196.0 -1.5
16 11.4 195.7 -1.8 '

STOP TIME JAN 30,1993 HOUR 15 MI'.<UTE $2
r

STARTING TIME J AN 30,1993 HOUR 18 MINUTE 19 i
TIME .WSIO WD10 DT110
HOUR MPH DEG DEG C

18 8.7 221.8 -0.6
19 10.3 206.7 -1.0

!20 11.6. 200.4 0.2
21 14.8 212.1 1.0
22 10.7 218.2 1.4
23 3.8 239.1 1.1
24 5.1 238.0 1.5

1 7.1 252.7 1.2
2 36 281.3 0.3 i
3 3.8 295.6 0.3

-

-

4 3.8 297.4 2.9
55 4.8 294.7 1,7

6 3.8 286.5 2.0
7 2.8 275.4 3.2
8 2.5 288.7 49
9 2.7 288.3 2.8

10 5.3 264.5 1.1
11 9.8 282.4 0.6
12 5.4 287.6 -0.6

|13 5.4 292.8 -1.0
14 5.9 292.7 -0.3
15 4.4 292.8 0.1

>

16 4.5 299.9 -0.3
17 3.7 298.0 -0.2
18 4.1 307.2 0.7

!19 3.8 293.4 0.9 '
20 2.7 288.1 0.7 '

21 1.3 273.4 0.5
22 1.7 283.4 1.7 ,

'23 2.0 301.0 1.3
24 3.8 297.2 1.5' 3

.i1 2.7 280.4 1.5
2 2.3 278.9 1.0
3 2.3 281.4 0.5
4 1.4 321.9 1.4 ;

5 1. 2 291.2 1.6
6 2.6 286.5 2.0 '

7 1.3 295.8 2.2
8 1.5 306.8 2.4 ,

9 0.8 51.2 3.4
'10 0.8 320.0 0.8
11 1.0 243.1 0.5 e

12 1.6 245.2 -1.3
13 2.5 27.7 -1,3
14 3.4 23.3 -1.5
15 1.8 347.9 -1.2
16 2.1 22.0 -1.6
17 1.9 8.4 -1.0' 18 0.4 1.0 -1,3
19 0.2 268.6 0.7 ,

20 0.1 170.1 2.0
21 0.4 119.5 1.8 'i
22 1.1 91.9 3.8
23 1.0 115.0 2.4
24 1.0 94.1 3.9

1 1.8 104.6 2.3
|2 3.6 100.3 1.7

3 4.4 108.7 -0.2
4 3.8 99.8 2.3
5 4.9 103.7 0.9

i6 5.5 106.5 18
7 2.7 228.4 2.8 i

!STOP TIME FEB 2.1993 HOUR 6 MINUTE 6

,
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RELEASE NUMBER 93006 CONTAINMENT PURGE !

I

{ STARTING TIME FEB 5.1993 HOUR 17 MINUTE 2 i

TIME WS10 WD10 DT110 '
HOUR MPH DEG DEG C

17 3.7 223.9 -1.3
18 1.6 207.0 1,8

'

19 1.5 173.6 -0.4
20 2.2 119.9 -0.4

i

21 2.5 119.6 -0.9
22 3.2 97.5 0.9
23 1.2 204.4 1.3
24 1.1 316.3 4.2

1 1.5 218.7 3.1
|2 1.0 112.9 3.8 .;3 0.6 234.4 2.7

4 0.7 258.0 0.1
5 0.8 312.6 -1.2 '6 1.6 357.0 -0.1
7 2.4 354.7 -0.9
8 1.5 358.7 -1.0 F

9 1.3 7.3 -1.4
10 2.0 180.6 -0 6
11 2.5 340.5 -1.2
12 2.4 173.2 -1.7
13 1.4 140.9 -0.9
14 3.1 126.2 -1.5
15 4.4 118.0 -1.3 e

'16 5.2 129.5 -1.0
117 4.6 157.6 -1.0 '

18 4.6 161.7 -1.3
19 4.2 167.5 -0.7 j
20 4.5 165.0 0.1

4

f21 5.2 143.2 -1.8 '22 4.4 147.3 -0.7
23 4.0 149.3 -1.6 ,

i24 4.7 162.9 -1.3
1 4.4 150.1 -0.1

4

2 2.8 139.6 0.4 :

!3 2.3 132.5 -1.7
4- 1.3 142.2 -1.2 ,

'l5 1.6 143.3 -0.9
6 0.7 209.2 0.2
7 0.4 194.5 -1.6
8 0.1 247.2 -1.8
9 1.2 287.1 -1.2

10 2.6 309.2 -1.2 ;
611 1.9 304.0 -0.8

12 2.4 308.8 -0.6
)~13 2.9 319.4 -0.3 '

14 3.7 323.6 0.3
15 3.4 340.9 -1.3 )
16 2.6 324.7 -0.3 '17 2.6 321.6 -0,6
18 2.9 334.0 -1.0

;

19 3.9 343.7 -1.1 ,

'!20 3.4 341.1 -0.7
i21 3.4 344.7 0.1 '

22 4.0 241.0 -0.3
23 3.8 0.1 0.3
24 3.4 0.5 -0.8

1 3.7 359.4 -0.9
2 3.4 349.8 -0.9
3 3.5 355.4 -2.0
4 4.1 3.2 0.2
5 4.0 5.5 -1.2
6 3.7 10.2 -0.4

s

7 3.7 -10.3 -0.4 )
8 1.7 19.2 -0.7 1

'

9 1.2 3.50;4 -1.0
10 20 337.9 0.1
11 1.6 336.2 -1.0
12 0.9 286.0 -0.6
13 1.1 253.6 -0.5
14 2.8 80.5 -0.9
15 3.0 102.4 -2.2
16 3.7 41.0 -0.3
17 3.7 115.8 -0.8

I18 4.4 103,6 -0.5,,

iH
k
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19- 4.5 .109.7 -0,6
|-

. 20 5.5 119.1 0.3
21 4.9 127.5 0.1 >

~l22 5.7 122.3 -0.3
1- 23 6.6 136.1 -0.6

24 5.8 131.5 -0.8 :

1 3.3 145.2 -0.3 !

.2 1.6 '173.4 -0.1
3 2.1 150.2 0.7
4 2.2 144.0 -1.2

!5' 4.2 149.5 -0.6
!6 3.8 175.9 -1.0

7 4.7 178.5 -0,9 j

STOP TIME FEB 9,1993 HOUR 6 MINUTE 30 |
,
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RELEASE NUMBER'- 93007 CONTAINMENT PURGE

ki
'~

STARTING TIME FEB 11.1993 HOUR 16 MINUTE 59
>

|TIME .WS10 WD10 DT110 ~

- HOUR MPH DEG DEG C ~ *

| 16 6 .1' 5.4 -1.6 i; 17 5.9 1.7 -1.1
4 18' 5.0 347.2 -0.1

19 5.9 347.1 -0.4
-|l. 20 6.2 348.1 -1.1

| 21 5.6 345.5 -0.6 i
e22 5.5 349.4 -1.8
623 4.9 356.4 -1.9

24 4.2 341.6 -0.7 i
,

1 5.0 327.5 0.3 i'
2 4.8 330.6 -1.4

I 3 4.9 341.0 -1.9 i*
4 5.8 339.8 - 1. 7 ' '
5 -4.7 332.4 -2.3 !

,

'

6 4.7 330.0 -1.5
!s 7 5.2 328.5 0.2 i

8 5.1 334.3 -0.4
9 5.0 340.1 -1.4

,

10 4.2 334.4 -1.0
11 4.9 3?1.5 -2.4 |'2

1 12 5.6 311.8 -1.9
13 5.0 312.4 -0.7 j

14 5.0 314.3 -1.6
. ;

'

15 5.2 308.9 -1.9 k16 5.6 310.2 -1.9
17 5.4 313.5 -1.8 ;

. 18 4.7 316.4 -1.5*

19 4.5 321.7 -0,1
20 2.4 300.0 -0.3

# 21 2.5 288.5 1.2
22 3.1 297.6 -0.5 I

i 23 3.1 242.4 -0.5
24 4.0 287..I 0.1

1 '3.4 294.5 -1.5
;

3 2 3.6 289.5' -0.8
); 3 3.0 284.3 -1.9
.

4 3,5 287.0 -0.4 j4
'

5 2.9 296.5 0.4
-

.

: 6 1.9 282.4 2.4 I

7 2.0 286.3 -0.2
8 3.0 287.5 -0.4
9 3.4 289.0 -1.1

a

10 2.7 296.7 -0.8
,

,

11 2.8 266.8 -1.9 i
. 12 4.0 259.7 -2.5

!4 13 3.2 274.9 -1.8
14 4.6 273.5 -1.9
15 6.0 290.3 -1.4.

16 6.2 295.4 -0.4
; 17 7.4 306.6 -1.7 '

18 0.0 311.6 -1.5
19 5.9 307.0 -1.4
20 4.3 291.0 -1,3
21 1.5 300.4 -1.1 f

?22 3.9 305.3 -0.3
23 5.3 300.7 -0.2
24 6.3 314.3 -0.8

i1 3.6 303.2 1.4
2 2.0 284.5 -1.1'
3 3.4 318.3 0.4
4 3.2 304.4 0.5

. 5 1.9 283.5 1.1
| 6 1.5 272.3 0.8

7. 3.1 268.1 -0.9 '

8 2.9 285.6 -0.8
9 2.5 294.9 -1.2

10 4.3 304.8 -1.5
11 4.7 304.7 -1.7
12 4.4 314.4 -1.6

4 13 3.0 304.3 -1.5
4 14 2.2 295.3 ~1 4
4 15 1.7 305.6 -1.6 1

'

a 16 2.2 256.3 -1.2
17 1.0 304.2 -1.5

.

'
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!

18 1.6' 36.6 -0.5 ',

. 19 0.6 . 350.2 -0.9
20 0.4 131.9 -0.1

.
21 0.3- 244.6 1.9
22 0.4 144.1. -0.6
23 1.4 132.3 2.0
24 0,5 309.9 1.0

i 1 0.3 186.3 0.6 i3 2 0.3 315.5 -0.2 '

4 3 0.3 155.6 -0.1
} 4 1.4 343.4 --0.7

5 1.9 328.4 -0.4
6 1.1 351.3 -0.3
7 2.6 37.5 -2.3

. STOP TIME FEB 15,1993 HOUR 6 MINUTE 5',
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9'RELEASE NUMBER 93008 CONTAINMENT PURGE

STARTING TIME FEB 18,1993 HOUR 12 MINUTE 15
%

TIME WS10' WD10 DT110
HOUR. MPH DEG DEG C

12 3.5 214.2 -1.5
13 5.1 197.1 -0.8
14- 8.4 191.5 -0.1 !

?15 6.8 187.6 -0.7 '

~16 8.7 190.8 -1.3
|17 7.4 172.8 -1.4

18 5.6 148.9 -1.1 ,

19 5.2 134.2 -2.0
s

20 5.5 130.1 -0.5
.

21 8.8 163.3 -0.4
22 '6.4 158.4 -1.7 ?

b23 4.8 166.3 -1,3
24 6.3 177.4 -0.2

1 10.2 181.8 -0.1
2 10.6 178.3 0.8
3 11.5 179.3 -0.6
4 7.3 159.9 -0.5

,

5 4.7 147.1 -1.1
6 4.3 141.9 -0.8
7 4.5 143.6 -0.9 I
8 3.1 136.0 -1.5
9 3.3 160.4 -0.7

10 3.0 184.6 -1,3
11 1.6 220.4 -1.3
12 3.2 359.4 -2.4
13 3.0 27.9 -2.7.
14 4.4 27.5 -1.9
15 3.7 329.7 -1.3 *
16 3.3 312.8 -1.5
17 3.0 314.8 -1.8 .

18 2.8 306.3 -1.1
19 2.8 352.5 -1.4 ;

20 2.3 343.5 ~1.7
21 2.5 313.4 -0.7
22 2.8 299.9 -1.0

,

23 1.7 288.0 0.6 *

24 1.7 287.4 -0.8
1 1.6 290.7 -1.0

o2 1.9 294.0 -2.6
3 1.5 298.6 -0.2
4 1.9 309.0 -1.1
5 13 353.6 ~1.2 '

6 0.6 326.4 -0.4
7 0.8 33R.7 1.2
8 1.1 30.0 -0.2
9 3.9 68.6 -1.2

+10 6.0 94.5 -1.3
11 6.7 92.1 -2.1
12 6.6 85.3 -2.0
13 7.8 88.1 -1.6
14 6.5 79.4 -1.5>

15 6.2 71.2 -1.2
.

>

16 7.1 70.4 -2.0 '

17 5.6 68.8 -1.0
18 6.2 65.2 -0.8 s

19 5.0 47.0 -0.9
20 5.3 51.5 -0.7
21 5.3 50.3 -0.3
22 5.3 27.8 0.1
23 5.4 12.0 -0.2
24 5.4 2.1 -1.7

1 5.4 340.0 0.2
2 4.8 341.6 -0.6
3 4.2 328.4 0.1

!4 3.6 346.4 -1.3
5 4.8 345.6 -0.9
6 6.0 318.0' -1.5
7 7.2 319.8 0.2
8 8.4 319.6 2.0
9 9.6 315.7 -1.6

10 10.2 313.8 -1.3
11 9.0 316.0 -1.7
12 8.4 306.8 -2.1 '

13 7.8 294.6 -1.0

r'~'\-
1

( |
.
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4

.. 14 8.4 294.3 -0.9 .i
i

; 15 8.4 295.1 -1.1
'

16 9.0 299.3 -0.9 .i
17 8.4 293.0 -0.7 1

18 7.8 289.5 -1.1
19 7.2 293.7 0.3
20 8.4 287.7 -0.6
21 9.0 290.0 -0.4
22 8.6 295.9 0.2
23 7.8 294.1 0.9 1

i.24 7.8 299.3 0.9
l1 8.4 295.0 0.4 '

2 7.8- 298.4 -2.8
3 7.2 298.6 -1.0 4

i4 6.6 301.0 0.2 "I5 6.6 308.4 0.2 '
6 6.6 306.1 0.2

I7 6.6 288.0 0.3
!8 6.6 295.4- 0.3
-l9 6.0 300.6 -0.7

10 6.0 303.1 -1.0 4

l11 9.2 310.9 -2.3
r12 10.1 309.4 -1.5

13 7.4 300.5 -0.9 1
14 6.2 301.0 -1.5 i

i15 6.5 296.4 -1.5
16 7.6 309.5 -1.3

a

|17 7.0 310.7 -1.5 *18 4.9 308.8 0,3
!19' 4.4 307.9 -0.7
!20 3.5 299.3 0.9

-+

STOP TIME FEB 22,1993 HOUR 19 MINUTE 39 --
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RELEASE NUMBER 93009 CONTAINMENT PURGE 6

[ I STARTING TIME FEB ' 25.1993 HOUR 15 MINUTE 32
i _s/s ,

TIME WS10' WD10 DT110 ;

HOUR MPH DEG DEG C

15 4.7 17.7 -1.9 :
;16 3.9 26.2 -1.6 '

17 4.2 8.9 -2.2 ;
>18 5.1 3.6 -0.6

19 7.1 358.6 0.4
20 5.9 357.3 0.6
21 3.4 345.3 -1.1
22 1.5 345.3 -04

+

23 3.5 323.2 0.7
6

24 4.8 309.1 3,5 ;
v1 3.9 300.0 1.5

2 4.5 306.0 1.8
3 2.0 298.1 1.9
4 2.3 302.3 0.9
5 2.8 291.3 0.4 .

I6 3.3 296.6 1.2
l7 3.5 304.5 1.0

8 1.4 276.3 0.9 t

!9 1.9 285.2 0.4
10 2.0 289.2 1.6
11 1.9 303.2 -0.2 ;

12 0.8 319.1 -0.7
13 1.3 328.5 -0.9
14 1.8 10.2 -1.9 ,

|15 1.2 351.3 -1.8
16 1.1 316.2 -1,3 ;

17 2.0 29.8 -0.6 i
18 2.3 43.9 -0.1 ;

19 0.8 166.2 0.4 .

20 4.5 117.1 0.9 !
21 2.3 156.1 1.5 ,

'22 2.2 151.6 0.1
23 1.3 139.3 1.4
24 2.4 106.3 0.7 .

'
1 3.9 150.7 1.4
2 5.5 122.8 1.7 .

3 4.8 144.5 1.1 +

4 7.1 187.6 0.4
5 9.7 196.9 1.4
6 10.2 201.7 1.3 -f7 7.8 217.1 -0 3
8 5.1 245.9 1.2
9 1.6 274.9 -0.7 *

'

10 1.3 258.4 -1.1
11 2.7 234.1 -1.7
12 2.3 294.1 -1.9
13 2.4 273.8 -1.9
14 2.6 293.2 -1.6 .

115 1.9 300.8 -1.6
16 1.7 289.9 -0.9
17 1.9 256.0 -1.2
1B 1.4 173.9 -0.9 >

19 0.5 126.1 0.8
20 0.5 132.9 1.0 |
21 0.7 191.6 2.4 ^

;

22 1.5 106.6 1.9
23 4.7 178.2 2.1
24 4.8 168.0 1.5

1 4.9 158.1 0.8
2 11.0 202.8 1.2
3 6.3 213.1 2.1
-4 3.0 127.9 1.5 ;

5 2.2 179.0 -0.2 )
6 2.4 150.8 -0.2 ',
7 2.8 199.9 0.7
8 3.7 97.9 -0.3 '

'9 3.0 99.0 0.1
10 3.0 131.2 -0.8 ;
11 5.6 190.7 -1.0 6

i12 11.6 205.0 -1.7
13 11.7 195.9 -1.7
14 14.8 193.5 -1.2
15 16.3 196.3 -1.1
16 15.4 194.0 -0.8

VI-39,

;

f
I
i

v - + - - ,,



, . _. - - _ , -. _ . , . . . . . . . +. ...

.

't.

,

{

'i
i

!
17 15.9 196.0 -0.9 I

.- - 18 10.4 191.9- -1.4
'

19 4.8 -196.1 -0.4
;- 20 '1.1 -262.3 -0.3
-- 21 . 2.3 209.3' 1.0

'22 3.4. 205.2 -0.1
. I

.

23 '6.4 208.0 -0.4
:24 1.6 203.2 -0.5

'

1 1.8 150.4 0.6 - j
2 6.6 203.3 1.3

*

3 4.0 175.9 -0.4 |
4 2.5 100.0 0.8 1

5 2.6 121.8 1.0 i
6 2.5 195.0 1.1 . :
7 1.6 185.7 -0.2 i

STOP TIME. MAR 1,1993 HOUR 6 MINUTE 15 i
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RELEASE NUMBER 93010 CONTAINMENT PURGE '

[ STARTING TIME HAR 4,1993 HOUR 12 MINUTE 59
.\

'

'
>TIME WS10 WD10 DT110

HOUR MPH DEG DEG C
i

12' B.3 323.7 -2.0 '

13 8,2 329.5 -1,2
14 7.1 329.1 -1.7 i
15 6.3 320.1 '-0.8 '
16 7.1 316.5 -0.7 '

17 7.0 308.4 -1.0
18 5.7 305.9 -0.8
19 5.5 316.9 0.5
20 1.4 309.1 -0.3
21 1.8 300.5 1.1 t

22 1.0 284.7 -0.4
23 3.1 304.9 -0.3

e

'
24 3.1 314.5 0.2

1 2.1 304.0 1.0
?2 2.7 306.8 0.8 '

3 2.9 304.2 -1.3
4 3.9 317.9 0.1
5 5.3 323.6 0.1
6 5.1 331.2 -1.0
7 3.0 321.4 -1.8
8 2.8 301.7 -1.5
9 2.2 309.2 -1.3 1

;10 1.5 302.4 -0.6
11 2,0 290.6 -1 I [
12 2.5 221.7 -0.5

>

13 1.9 269.8 -2.3
14 2.8 225.9 -0.7
15 2.8 199.1 -1.0 6

16 3.9 223.2 -0.4 ,

17 4.4 202.5 -0.9
18' 3.0 213.0 -0.2
19 2.1 132.2 0.7
20 1.8 128.5 1.5
21 4.2 182.0 1.3 |

22 9.2 206.5 1.4
23 6.1 207.1 0.9
24 4.4 232.3 0.7

1 1.2 273.6' O.9 i

2 0.9 314.9 1.6 !

3 0.7 203.2 3.0
-

4 0.5 310.6 2.2 ,

5 0.8 179.7 2.6 :

6 0.1 332.2 0.1 !
i7 2.1 303.5 0.5

8 3.0 301.4 0.1 .

9 2.7 294,8 -0.9 |
'10 3.9 302.9 -1.6
11 6.4 305.8 -1.1 |
12 6.3 308.3 -1.3 !

13 7.8 313.1 -1.2 ,

i14 5.3 314.9 -1.3 '15 5.0 311.0 -1.9
16 4.1 308.7 -0.5
17 4.1 303.7 -1.1
18 5.4 305.4 0.5
19 4.4 298.8 -1 2
20 1.7 282.4 0.8 i
21 0.6 256.5 -0.7 i

22 0.8 274.1 1.7

STOP TIME MAR 6,1993 HOUR 21 MINUTE 10 *

STARTING TIME MAR 6,1993 HOUR 22 MINUTE 23
*

TIME WS1 WD10 DT110
i

HOUR MI DEG DEG C
.

22 0.8 274.1 1.7
23 5.8 235.5 -0.4 |
24 8.4 227.3 2.0 .;

'

1 5.5 236.6 1.8
2 4.7 243.8 1.5 ,

3 4.7 242.3 -0.3 +

I
4

VI-41

I

i

~ .
I

, . _ - - , - , . + . -= _ ,- - -



.._m_._.m __ . .. . .. _ . . . - - -__ ._. __ _. .._ _ .- > . _ _ _ . . . . . . . . . .,.

.

!

i

i
i

4 15 258.1 0.7 ,

r. '
'

5 2.0 268.8 1.9 i'

6. 1.1 267.8 0.3'

. '7 2.7 286.7 -0.6
8- 3.6 289.4 0.8

~9- 3.7 280.0 -1.1
10 4.1 286.7 -1.0 ,

11' 4.5 281 5 -1.1 !
12 3.6 287.7 -0.9 i,

13 3.8 288.4 0.1 !i- 14 4.5 278.2 -0.8 |1' 1$ 4.3 269.7 -1.1
-

16 4.0 269.0 -0.3.
'

17 4.6 276.6 0.1 I
18 2.7 280.4 0.2 .I'19 3.7 276.7 0.3
20 4.7 268.0 1. 7 - |
21 3.9 271.8 -0.1 |
22 3.8 275.1 0.4 ;7

'
23 3.6 281.9 0.5 i
24 2.5 293.1 0.7 . ';

1 2.7 297.4 0.6 .!
2 3.1 300.4 -1.1 j
3 2.5 300.6 -0.4 ,

4 2.2- 303.8 -1.2
}'5 1.9 297.4 0.9

6 1.8 278.6 0.4 t
7 2.0 281.0 0.2 j

,5

STOP TIME MAR 8,1993 HOUR 6 MINUTE 20 .?
1
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.
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RELEASE NUMBER 93011 CCETAINMENT PURGE I

)
.

.

STARTING TIME MAR 11.1993 HOUR 12 MINUTE. O
TIME WS10 WD10 DT110

. HOUR MPH DEG DEG C

12 $.0 338.7 -1.5'

13 5.5 336.2 -1.2I 14 6.0 339.2 -2.2
i

!15 5.5 335.8 -1.9
16 5.7 345.6 -2.1

$
,

17 5.3 351.0 -3,0
18 3.9 349.4 -1.1 .|
19 2.9 341.6 -0.8

~

20 2.0 327.1 -0.5 +

]21 1.0 293.1 0.4
22 0.7 206.1 0.4

-

23 0.8 188.9 1.8
24 0.4 194.0 1.6 e

1 1.9 215.4 1.2 g

2 1.5 207.8 1.9
i3 1.6 125.3 0.7

4 7.6 212.0 0.6 ,

5 7.4 247.5 0.2
3 6 7.4 288.4 0.3 '

7 8.9 304.1 -0.7
8 11.1 310.9 -1.2
9 9.8 312.3 -0.8 -|

10 10.7 319.7 -0.9 ;

11 11.7 320.1 -1.7 |
i; 12 10.2 320.8 -1.8 '

' 13 10.3 313.0 -1.2
4 14 9.8 323.0 -1.9

'

' '
15 7.6 337.3 -0.6
16 7.7 334.3 -2.4
17 8.0 337.5 0.3 6.

i 18 8.1 338.1 -1.0
| 19 7.2 334.4 0.5
| 20 6.1 336.8 -0.3

-

Ia 21 5.8 332.4 -0.7
j 22 5.5 331.6 -1.3 1

'

23 6.6 320.2 -0.9 ~i
i24 8.6 322.9 -0.4

i 1 6.9 327.5 -0.2
1 2 6.2 340.5 -0.8

&

3 4.9 337.7 -0.1 ?
34 5.7 340.0 0.1

5 5.0 343.3 0.8 ,

6 4.4 333.5 -0.12

7 5.8 325.2 0.9
'

,

9 8 6.3 325.6 0.8
i 9 6.5 324.9 0.6 i

10 5.1 324.7 -0.7
'

11 5.0 336.0 -1.1
'

12 5.7 335.2 -2.5 [
,- 13 4.4 347,6 -1.5 -i

14 4.1 340,2 -2.0
'

15 4.7 342.1 -1.5
16 3.9 347.0 -1.8 .

!17 1.7 309.4 - 1. 4
18 1.3 0.1 -1.2
19 1.6 102.3 0.5 a
20 1.7 125.7 -0.3 'l

!21 2.2 132.8 0.5
22 2.5 142.3 0.6I' |23 2.3 133.1 -0.4

I24 2.6 307.8 0.4.

1 2.1 113.8 1,1 !

!1 2 0.6 132.7 1.0
1 3 0.4 98.9 0.5 .

4 1.0 32.6 1.1 j
5 2.5 25.3 -0.9 :

6 1.7 4.2 -1.5 )
7 1.8 1.5 1.4 -;i

;8 2.8 3.5 -1.0
}9 45 12.0 -1.3.

10 4.6 15.b -2.2 :|
,- 11 3.7 3.6 -2.3

-

, 12 3.3 46.6 ~2.1 i13 2.4 23.9 -1.7
i

!
t

,
-
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,

- 14 2.2 279.0 -1.0
t15 2.7 257.5 -2,1
.

--

16 4.7 101.5 -1.2 .Ii - 17- 7.4 110.8 -1.4 *18 8.2 116.8 -2.0
19 7.1 117.0 -0.4

,

- 20; 5.2- 110.1 0.9
21 4.8 112.0 -0.1

.

i 22 8.4' 121.9 -1.3
i'

23 11.4 121.7 -0.7 :
. 24 11.7 121.4 -0.1 '

! 1 11 9 121.8 -0.6 -}
'

2 10.3. 119.6 0.6 *.

3 9.9 122.9 1.1
4 10.9 135.9 0.4 '

5 12.4 151.4 -1.3,

j STOP TIME MAR 15.1993 HOUR 4 MINUTE 57
';
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;
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i !
1

i

2 ;

I.

1a

4 - ?4 - ;

i
e - !

. I
A

i
| ?

i :
a P

|@
t
;

f
VI-44 t

t
. 1

1 )
i.

.1
h:

J !

||-

L i.

_

.



, .. -. - - .. .- , . _- ..

1

RELEASE NUMBER 93012 CONTAINMENT PURGE
I STARTING TIME MAR 18,1993 HOUR 18 MINUTE 55.k
. o TIME WS10 WD10 DT110

HOUR MPH DEG DEG C .
'

18 12.4 132.4 0.4
19 10.1 132.6 -0.7 ,

'20 9.3 .127.0 -0.4
21 9.0 129.0 -0.1
22 '7. 5 124.6 0.3 ,

23 6.7 123.7 -0.1 1

24 5.1 126.3 -1.8
1 3.8 119.7 -0.2
2 4.1 115.7 0.2 ,

3 4.6 108.8 -0.2
4 4.6 112.2 -0.6 |

~

5 4.3 115.7 -0.4
6 4,6 122.7 -0.5
7 3.1. 111.0 -0.7 '

8 4.7 136.7 -0.4
9 8.0 153.4 -1.1

10 9.6 170.0 -2.2
11 8.2 196.5 -0.8
12 6.9 205.5 -1.4
13 4.7 216.7 -1.3
14 5.7 222.6 -1.4
15 5.4 205.3 -1.2
16 4.3 218.0 -1.9
17 3.5 241.6 -1.0 ;

18 23 238.4 -0.9
19 0.6 247.7 0.6
20 0.2 1.9 0.7
21 0.6 225.6 -1.6

!22 1.0 238.9 -0.1
23 1.3 184.2 0.9 '
24 1.4 282.4 0.6

1 1.2 296.3 0.4
2 1.4 301.7 1.2 ~;
3 2.2 300.9 -0.2
4 5.1 315.9 -0.3
5 3.1 320.7 -1.1
6 4.3 309.5 -0.2 ;

7 3.8 305.3 -0.3
=

8 4.6 315.0 -0,4
*9 4.6 317.5 '-1.4 '

10 6.1 335.3 -0.9
11 5.6 336.7 -2.2
12 5.2 337.6 -1,7
13 3.7 340.2 -1.8 ,

14 3.8 335.6' -2.1 .

'

15 2. 9 . 342,3 -1.0
16 1.6 331.9 -2.4
17 3.1 204.7 -1.4
18 2.2 332 8 -1.6
19 1.2 291.2 -1.7

'

20 0.3 160.4 0.3
21 0.9 134.1 0.6
22 3.8 107.6 0.3
23 5.3 99,3 -0.1 '24 3.6 99.9 -0.2 *

1 5.5 97.4 -0.2 '
2 6.1 108.8 -1.8
3 8.5 116,5 -0.3 .

4 7.9 120.8 -0.7 |
5 9.1 122.9 -0.6
6 11.0 122.5 -0.1
7 9.8 116.1 -0.4
8 11.3 112.2 0.1
9 14,6 115.0 -1.7

10 14.8 106.4 -0.6 ' ,

11 13.8 111.9 -2.1
.

'
12 12.4 117.2 -1.4
13 9.3 109.7 -0.6 :
14 6.9 100.4 -0.1 !

15 6.7 106.0 -0.9
16 7.4 105.4 -0.4

|17 7.3 99.7 0.1
18- 6.4 98.0 -0.7
19 5.6 88.2 -0.3 j

~
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1

9

;:
.

<

20 2.2 254.2- -0.5,
' 21 1.7 41.3- -1.1

-

- 0 22 1.1 14.8 0.8 ,

(23 1.3 6.9 -1.0.
- 24 2.2 83 -0.2 +

'

1. 1.5 -8.1 -1.4 +4

,'
2 1.9 6.0 -1.6

|3 2.2 334.2 -0.8
4 4.8 335.4 -0.6 ;

>

5 5.2 337.5 -1.1
6 5.6 340.4 0.4,

*

7 6.0 341.6 0.6 1*
8 8 6.2 .338.5 -0,8 t

i

STOP TIME MAR 22,1993 HOUR 7 MINUTE 48
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lRELEASE NUMBER 93013 CONTAINMENT PURGE

7
- STARTING TIME MAR 25.1993 HOUR 21 MINUTE 7e i

1' TIME WS10 WD10 DT110 !''
HOUR MPH DEG DEG C

-f
21 1.2- 111.1 1.3 1

22 2.0 118.8 2.5
23 1.6 118.1 2.5 ;

24 1.2 98.6 3.3 '
,

1 1.4 125.4 2.7
2 3.4 120.9 2.8 '

i

3 1.7 23.9 1.0
4 1.1 40.0 0.9 ;

5 2.7 99.0 -0.1 .

6 1.8 97.0 1.3
5

7 0.8 49.9 0.4 .

8 4.9 209.1 0.6 ')
9 9.2 169.9 -1.7

10 B.3 176.5 -1.8
11 8.1 185.6 -1.8 j
12 9.0 171.0 -1.5
13 7.1 169.6 -2.0

.14 7.5 165.3 -2.3 .

15 7.8 153.9 -1.4 ;

16 7.4 153.8 -1.9
'

17 7.8 148.4 -1.7 '

18 7.4 129.0 -1.2 ;19 4.3 120.4 -0.1 '20 3.8 125.1 2.1
21 4.0 103.6 0.9 .

22 4.1 115.5 1.1
123 4.5 116.1 1.3

24 5.6 118.3 0.8 '
1 5.2 108.8 1.1
2 5.4 132.7 0.9 {
3 4.0 130.7 1.8

'

!4 3.5 138.0 3.0
5 2.9 136.5 -0.7
6 3.1 152.5 0.6 |
7 2.3 11.1 1.1 i

8 5.5 109.3 0.3g
-- 9 5.0 12.9 -0.5

'

10 7.5 108.8 -1.1
I11 8.2 117.9 -1.5

112 11.0 139.4 ~2.1
13 11.4 156.4 -2,3

'
'

14 11.4 155.2 -2.2
15 10.8 152.9 -1.5 .i-16 9.2 149.4 -1.6
17 8.8 132.2 -1.3 !

18 7.8 125.2 -1.3
19 5.1 115.7 0.3

+

20 4.3 115.3 0.6
e

}21 5.7 112.1 0.4 '22 5.9 114.3 -0.4
;23 6.5 121.5 -0.4

24- 7.7 116.3 0.5 ,

i1 7.7 116.3 1.1
2 6.5 127.4 0.2 ,

,

3 5.4 122.8 1.2
'

4 2.4 112.9 0.1
5 2.9 113.8 -0.1 ,

6 2.5 95.4 0.7
'

'

7 3.9- 95.8 1.0
8 6.7 111.4 -0.1 '

9 9.2 108.4 -1.9
10 B.4 103.2 -1.4

| 11 7.1 91.4 -1.9
12 7.9 101.1 -1.7

'

13 5.5 152.5 -1.9
-

14 7.4 '225.7 -1.2
15 1.4 91.8 -1.6
16 3.7 77.8 -1.1

'i17 2.2 112.8 -2.1
18 2.2 94.2 -1.3'

19 0.5 313.2 0.5
20 6.2 79.8 -0.8 ,

21 6.7 89.0 -1.5
22 6.5 102,7 -1.2 '.

1
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23 7.2 93.6. -1.0
,. 24. 7,5 93.4 0,1'

.

- -1 72 96.7 -0,4
!2 10,0 97.8 -1,8 ''

-

3 8.6 104.9 0,5 '
4 7,1 110,7 -0,9
5 6.0 120,5 -0,6
6 5.6 126.4 -1.2
7 5.2 124.6 -0,4

STOP TIME MAR 29,1993 HOUR 6 MINUTE 5
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1RELEASE NUMBER 93014 CONTAINMENT PURGE
)
|STARTING TIME APR 1,1993 . HOUR 14 MINUTE 20
|

' TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

. 14 8.9 336.8 -1.5
15 7.8- 341.4 -2.1
16 6.2 342.9 -1.5 ,

17 6.3 346.5 -2.4 j

18- 6.3 354.3 -2.3
<

*

19 3.2 3.0 ' -1.1
| . 20 4.4 355 0 0.1

!

!21 2.8 333.7 -0.5
22 2.1 340.6 -1.1

r

23 1.8 345.0 -0.2 '
24 2.0 340.0 -0.4

1 1.3 275.1 -0.4
2 2.0 271.0 0.2

|3 2.8 288.0 0.3
4 3.2 293.6 -0.3
5 1.9 273.7 -0.4
6 1.9 273.5 0.7

<

7 1.5 291.8 -0.3 - i
8 1.5 320.6 -1.8 ,

: !9 1.2 332.8 -1.9
10 2.3 23.8 -1.8 .

11 2.9 41.7 -1.5
|12 4.5 60.3 -2.3 i

4 ' 13 4.8 21.5 -1.6
14 4.0 257.7 -2.6
15 5.6 116.4 -2.2 '
16 6.5 84.0 -1.4 -

17 6.5 87.7 -1.7
18 5.6 89.3 -1.7
19 3.6 79.5 -1.2
20 2.5 239.9 -0.5
21 0.8 52.5 -0.8 !

:

22 1.3 53.3 -0.9
23 1.8 67.8 -0.7
24 1.8 75.0 -0.9

t 1 2.8 74.4 -0.2
.N. 2 3.3 72.5 -0.3
|3 4.2 81.4 -2.4

'.4 4.3 94.6 0.3
5 2.1 75.4 - 1.1 ' '

! 6 2.5 68.7 -0.4
7 4.4 81.0 -0.7
8 5.7 89.2 -1.3
9 5.1 103.0 -1.1 >10 3.5 77.0 -0.9

; 11 4.7 87.6 -0.9 i''

12 ' 4.9 83.7 -1.7
13 5.1 69.9 -1.2
14 4.9 67.3 -2.1
15 4.7 71.4 -2.1
16 4.5 90.5 -2.1

'

17 3.7 67.1 ~1.1 ,
-4

]18 3.8 67.2 -1.7
i19 1.5 54.1 -0.2

20 1. 7 - 62.5 -0,7
21 2.0 89.2 -0.6 ,

22 1.2 25.6 -2,2 ;
's 23 0.6 348.8 -0.4 ;

;24 0.3 191.0 -0.2
?:

1 0.7 319.9 -0.5
2 0.5 308.9 -0.9
3 0.4 289.5 -1,1
4 0.4 286.4 -0.5 ,

5 0.9 279.4 0.7 .'6 0 . 6' 284.4 1.0
?7 0.5 283.0 0.4
18 0.1 259.6 -0.3

*

!9 1.3 15.3 -0.4
10 0.6 30.9 -0.4 - |
11 2.6 62.9 -2.2
12 7.2 107.9 -2.3
13 6.5 345.4 -3.1 ''

14 6.3 -159.2 -2.2
15 - 6.3 7.2 -2.3

'

!
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16 $,6 87.9 -3.1
17 6.8 96.8 -2.3
18 6.3 283.2 -1.6
19 6.5 114.9 -1.1
20 4. 2 106.6 -1.6
21 1.8 33.3 -0.5
22 2.3 142.3 1.3
23 2.0 156.7 1.2
24 0.6 72.0 1.9

1 0.2 158.0 246
2 0.1 147.5 3.2
3 0.2 212.5 1.0

STOP TIME APR 5,1993 HOUR 2 MINUTE 16

@
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- RELEASE NUMBER 93015 CONTAINMENT PURGE

STARTING TIME APR B 1993 HOUR 14 MINUTE 32
TIME WS10 WD10 DT110

=HOUR MPH DEG DEG C '
t

! 14 7.0 321.2 -1.4 '

15 8.3 314.8 -1.6
16 6.9 316.9 -149

i

17 7.5 317.8 -1.8
18 6.4 328,1 -1.7 ;

19 2.7 344.6 -1.7 !'20 0.3 335.4 -1.5
+21 0.4 213.6 -0.1
i22 0.3 207.1 1.4 '

23 0.5 174.1 1.5
{24 2.6 109.2 4.5 -

1 1,9 109.6 2.6
2 1.8 112.0 1.8

f3 2.5 200.5 2.4
!4 3.9 185.0 0.9

5 2.8 85.9 -0.5
6 4.7 100.2 -0.8 ;

.!STOP TIME APR 9.1993 HOUR 5 MINUTE 43, '

i
'

.

STARTING TIME APR 9,1993 HOUR 5 MINUTE 46
?TIME WS10 WD10 DT110

HOUR MPH DEG DEG C }
'

5 2.8 85.9 -0.5 |
6 4.7 100.2 -0.8 .

7 4.6 109.9 1.9 *
8 1.6 137.0 2.4 i9 0.9 146.5 0.6

|10 1.5 346.0 -17
11 2.0 53.9 -1.9
12 2.4 316.4 -2.5
13 6.3 94.0 -1.8 ;

''
14 5.8 136.3 -2.3 '!15 3.5 178.4 -1.9

|16 2.4 217.1 -2.5 *

17 2.4 297.4 -2.4
518 3.2 20.0 -1.9

19 2.9 23.3 -1.2
20 2.5 48.6 -0.7 ;

121 0.9 37.2 0.4 I22 0.9 79.7 -0.9
I23 3.1 91.3 0.5

24 4.5 92.6 -1.0 .

1 3.8 79.2 -0.6 |
2 2.6 64.9 -0.6 i

3 1.7 56.8 0.2 j
4 2.6 71 5 0.3

*

5 4.2 86.6 -0.2 ~_i
!6 6.1 104.1 -1.3 '!7 5.5 99.3 -1.4 '8 4.2 100.3 -0.1
I9 7.6 102.0 -1.5
!10 9.7 132.6 -1 6

11 12.2 109.6 -1.9 .i
12 9.1 114.3 -2.0 ~)

|13 4.9 207.0 -1.6
14 1.9 325.9 -2.2 !

115 1.8 352.0 -1.7
'16 2.6 354.6 -2.2 ;

17 4.2 295.1 -1.7 '
$

18 4.3 280.8 -2.3 '

19 4.8 288.4 -1.5
20 5.6 296.9 -1.9 -)
21 4.7 278.3 -0.3

i22 3.5 266.7 0.2
23 7.3 281.5 -0.7 |
24 9.5 287.0 -0.1

*

i1 10.1 296.2 -1.0
2. 9.0 285.5 -0.9 ,

3 11.2 291.9 -1.2 |
4 10.2 290.6 -0.7 ,1

1

|
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5 9.3 290.6 --1.3
6 8.9 294.6 -0.7
7 9.9 299.5 -0.2

- 8 9,3 294.7 -0.1
|9 8.2 301.8 -0.9

10 9.1 308.7 -2.1 |

11 12.7 317.0 -2.3
12 9.3 323.2 -2.5 ' i
13 8.3 322.4 -1.9 j

-14 8.4 330.8 -2.4
-

I15 6.2 340.8 -2.6
516 6.3 354.1 -2.0

17 5.7 9.6- -2.3 :

19 ' 3.5 345.0 -2.0
*}18 5.1 357.9 -1.6
,

20 3.3 39.8 -1.9
t

'
21 3.7 62.3 -1.8

*

*

22 3.7 75.0 -0.6
i23 5.0 87.4 -0.6

24 3.2 55.8 -0.6 i
s1 2.9 59.9 -2.0
)2 3.7 48.7 -0.2 ^

3 4.8 65.0 -1.3 *

4 4.7 73.2 0.3
5 5.3 65.0 -1.3
6 6.7 107.8 0.1 *

STOP TIME APR. 12.1993 HOUR 5 MINUTE 59
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RELEASE NUMBER 93016 CONTAINMENT PURGE

STARTING TIME APR 15,1993 HOUR 18 MINUTE O -E
t' TIME WS10 WD10 DT110

HOUR MPH DEG DEG C
<

18 96 325.4 -0.5
-

r
'19 9.8 321.1 -1.2

20 9.2 321.8 -0.2 '!-
21 8.0 323.4 -0.1 |
22 5.7 328.8 -0.1 '
23 6.4 331.7 -0.2
'24 5.3 312.9 -1.1 g

1 4.0 309.9 - 1. 1
2 4.2 306.9 1.8 +

3 4.4 311.1 0.3 ^t
4 3.5 307.4 -0.1 !5 2.9 296.2 0.6
6 3.4 293.4 0.3
7 3.5 294.1 0.9

I'
T -[8 3.7 301.0 0.5

i9 4.3 304.1 -1.4
10 6.6 316.4 -2.3
11 5.5 324.3 -1.7 .-

12 6.8 326.9 -2.2 ,'

13 7.9 325.5 -2.4 '?
14 7.2 323.6 -2.5 f

5

.STOP TIME APR 16.1993 HOUR 13 MINUTE 40

'!STARTING TIME APR 16,1993 HOUR 17 MINUTE 30 1

TIME WS10 WD10 DT110
!HOUR MPH DEG DEG C
I,

17 5.2 331.9 -2.5 t
18 4.0 337.1 -1.7

'
,

19 3.2 327.3 -1.9 .

20 2.7 285.9 -0.3 t
21 2.3 271.9 0.6 <

22 1.3 180.2 2.3 ?

23 0.2 186.5 3.5 ;
24 0.3 32.2 4.9' t

1 0.3 124.3 6.5 1

2 1.1 64.1 6.3 |

STOP TIME APR 17,1993 HOUR 1 MINUTE 5
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RELEASE NUMBER 93016 CONTAINMENT PURGE
"'

STARTING TIME' APR 17.1993 HOUR 12 MINUTE 22
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C |

12 7.7 109.8 -1.4
13 11.8 142.2 -1.6 ;

14 12.4 153.0 -1.5 e

15 6.9 149.9 -1.4 !
16 5.3 154.4 -0.9
17 4.2 152.5 -1.3 ;
18 5.3 164.5 -1.4

-

19 7.2 175.0 -1.1 i

20 29 186.0 -0.8 i
21 2.0 175.7 -0.5 f

22 3.3 166.5 -0.3 I
'23 3.2 189.8 1.5

24 5.3 170.2 0.2
1 9.8 173.8 -1.3
2 12.6 177.0 0.9 i

!3 11.5 185.0 -1.0
4 11.9 184.4 -0.7
5 13.4 187 4 0.2 ,

6 12.7 179.9 -1.0 2

7 11.5 170.7 -1.1 !
8 10.8 160.4 -1.1 .,
9 13.6 169.4 -1.8 >

10 12.7 166.7 -1.7 !
+11 15.3 167.8 -1.7

12 17.4 170.0' -1.7
13 16.3 171.9 -1.7 ;
14 12.9 167.9 -1.7 !

15 12.6 167.5 -1.6
16 13.6 173.5 -1.8
17 13.0 175.3 -1.8 .

18 11.8 140.0 -1.9
19 12.4 137.8 -1.9 i
20 8.9 127.5 -0.8 j
21 10.4 145.4 -0.6 !

22 12.3 148.2 -0.7 !
23 9.9 153.8 -0.9 I'24 11.6 145.4 -2.1

1 5.9 241.8 -1.1 :
2 5~4 158.3 -0.5. t
3 2.5 196.6 0.3
4 5.5 147.5 -0.4
5 2.3 359.3 -0.2 e

6 3.6 246.5 0.4
7 0.4 244.7 -1.5 I
8 1.0 301.1 -0.2 ;
9 5.0 318,7 -0.9

10 3.9 315.1 -0.4
|'11 7.4 319.3 -2.2

12 8.7 321.9 -1.7 !
13 10.6 322.6 -0.8 I
14 10.2 324.8 -1.5 ;
15 10.6 323.2 -2.0 F

16 11.7 322.2 -147 !
17 12.1 324.3 -1.0. ,

18 12.4 327.2 -1.1 t

19 12.3 328.9 -1.1 -i
20 14 1 324.9 -1.0 '21 14 8 322.0 0.1
22 12.6 329.0' -0.4 |
23 11.3 333.2 -1.1 ,

24 12.7 334.2 -0.1 i
1 12.8 338.2 -0.4 !

'2 .13.2 337.9 -0.7.
3 12.2 333.5 -1.1 i
4 10.7 334.9 -1.4

'

5 10.2 333.2 -0.9
6 10.1 332.7 -0.8
7 11.0 333.6 0.4
8 9.6 327.2 -1.7 ;
9 10.3 329.8 -1.7 .i

~10 10.9 334.7 -1.0 !

'
STOP TIME APR 20,1993 HOUR 9 MINUTE 36
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STARTING TIME APR 20,1993 HOUR' 9 MINUTE 50
.

- TIME .WS10 WD10 DT110
HOUR MPH DEG DEG C

. . .;
9 10.3 329.8 -1.7 '1

10 10.9 334.7 -1.0 .[
11 9.4 333.6 -2.3 ,'12 9.3 343.7 -2.3
13 10.1 351.3 -1.4

>

!14 10.7 355.0 -2.2
15 8.9 347.9 -2.0 ',
16 8.1 334.9 -2.4
17 7.6 342.1 -1.6 -

18 6,1 316.3 -1.5 |
19 4.7 330.6 -12.
20 4.1 316.2 -1.2
21 1.8 291.5 0.1
22 3.1 290.6 0.9
23 3.0 298.3 -1.2
24 2.8 298.7 1.0

1 2.7 300.5 0.9
2 1.3 288.9 1.0 i
3 0.1 299.1 1.7

'

4 0. 4 317.8 0.8
5 0.4 305.1 0.2
6 1.7 279.4 -0.2
7 1.6 295.1 0.5

STOP TIME APR 21,1993 HOUR 6 MINUTE 18
+
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RELEASE NUMBER .93017 CONTAINMENT PURGE

STARTING TIME APR 22,1993- HOUR 12 MINUTE 13
' k TIME WS10 WD10 DT110

HOUR MPH DEG DEG C

12 15.3 193.5 -2.2
k13 15.1 190.2 -2.4

14 11.9 203.3 -2.0
15 11.1 208.8 -2.2 ,

16 8.7 222.2 -2.0 ,

17 6.3 240.1 -2.4 i
18 3.5 260.6 -2.0 :'
19 2.9 241.5 -1.6
20 2.6 245.6 -1.2 t
21 3.9 292.8 1.1
22 1.9 254.0 0,6
23 0.6 262.6 -0.7 4

24 0.1 238.8 2.6 .,

3 1.8 272.6 6.2 !

2 1.4 223.5 5.5
3 1.3 194.3 6.7
4 1.4 219.6 6.7
5 0.5 206.8 6.1
6 0.1 157.6 5.0 i

7 1.5 231.7 5.0
8 2.2 40.5 '3. 7
9 7.0 113.6 0.6

10- 9.7 121.5 -0.1
; 11 12.0 123.1 -1.9

STOP TIME APR 23.1993 40UR 10 MINUTE 42

STARTING TIME APR 23,1993 HOUR 12 MINUTE 11
' TIME WS10 WD10 DT110

i

HOUR MPH DEG DEG C

12 15.2 288.7 -1.9
13 14.2 124.8 -1.8
14 15.4 125.0 -1.5
15 13.1 159.4 -1.0 +

16 14.0 168.1 -1.8
'

17 13.4 168.7 -2.5
18 10.0 174.7 -1.1 .

i19 7.8 178.9 -1.520 5.7 196.5 ~1.3'

21 3.8 184.8 -1.4 |

22 6.3 183.8 0.4
23 10.1 191.3 0.9 .i

24 11.9 197.4 -0.8
1 7.0 256.8 -0.1
2 6.1 263.2 -0.5 ,

3 7.9 259.6 -0.3 t
4 10.2 245.0 0.5 I5 9.0 256.7 -1.2 '6 9.3 265.4 -1.2
7 7.2 276.6 -1.5
8- 6.6 275.7 0.4
9 10.8 295.3 -1.5

10 10.3 308.2 -2.4
11 12.2 315.1 -2.8
12 11.2 315.1 -2.6,

"

!STOP TIME APR 24,1993 HOUR 11 MINUTE 2
*
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RELEASE NUMBER 93018 CONTAINMENT PURGE

STARTING TIME APR 25.1993 HOUR 6 MINUTE 30
'

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

6 1.0 256.7 -0.8
7 0,2 251.6 0.2 i

8 0.6 299.8 -1.1
9 2.3 302.0 -0.9

10 3.9 319.6 -2.0
11 4.4 332.5 -2.5
12 6.1 312.2 -1.7 '13 4.7 324.6 -1.1
14 2.6 322.1 -1.1
15 4.7 324.9 -2.1
16 4.7 347.8 -1.3
17 4.4 331.7 -1.6
18 5.1 331.4 -1.8
19 3.7 332.4 -1.7 i
20 2.2 331.1 -1.4 ,

21 1.0 291 6 -0.3
22 2,9 282.7 0.8
23 2.3 278.0 0.5 i
24 1.7 258.8 1.2 |

'
1 2.0 268.1 1.8
2 1.7 278.1 0.2

.13 1.9 267.8 1.7
4 1.1 243.0 0.7
5 2.9 335.8 1.3
6 4.0 350.5- 0.6
7 3.2 182.0 1.1
8 3.5 160.9 -0.7
9 2.8 99.8 -0.5 ,

10 6.5 104.7 -1.1
'

11 8.1 108.6 -1.6
12 8.2 128.1 -1.2
13 9.7 120.8 -1.6 j
14 12.0 125.2 -2.4
15 13.6 149.7 -2.1

=

16 14.7 142.6 ~2.1
17 15.3 152.2 -2.0 L

18 13.5 150.6 -1.5
'

19 11.9 148.5 -1.8 7

20 9.7 137.6 -0.9 t
21 10.6 138.7 -0.3

I22 10.2 131.5 -0.5
23 9.8 126.5 -0.1 {
24 9.9 130.4 -1.2 ,

i1 12.7 144.8 -0.6
2 13.7 151.0 -1.0 .I3 14.5 154.2 -1.7

-4 16.7 166.6 -1.1 r
*

5 17.3 163.6 -1.5
6 15.3 171.2 -1.7
7 11.9 178.8 -0.2 s

*

rSTOP TIME APR 27.1993 HOUR 6 MINUTE 33
!

STARTING TIME APR 27,1993 HOUR 7 MINUTE 38
I

TIME WS10 WD10 DT110 I
HOUR MPH DEG DEG C

7 11.9 178.8 -0.2
8 10.9 165.4 -0.7
9 15.9 162.4 -1.0 i

10 17.5 168.8 -0.9
*

11 13.3 161.5 -10
12 12.8 154.2 -1.5 |
13 12.5 157.9 -2.1 i
14 -12.2 161.9 -1.0 j
15 14.7 179.2 -1.5 -

16 10.6 221.5 -2,8 |
17 5.1 322.1 -1.4 :

'18 3.8 333.9 -1.5-
19 2.9 327.3 -1.1 t

!20 0.8 314.6 -1.3
!21 1.1- 188.6 -0.6
;
.
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22 1.3 280.9 0.4
- |23 1.8 178.6 2.3

24- 2.1 264.5 1.6
!1 1.6 234.5 1.3

2 1.9 48.5 5.4 ,

3 0.6 92.5 3.2.
'

4 0.8 237.2 5.7
5 2.0 201.3 5.2
6 1.2 45.1 '.2 ,

7 1,4 247.9 3.4
8 0.4 224.3 6.5
9 0.3 168.1 3.4 |

;10 0.2 347.3 -0.3
11 4.8 143.2 -1.8 1

'

12 6.1 106.3 -2.4
13 7.8 107.3 -1.2
14 7.2 116.2- -2.2
15 5.3 224.4 -2.5 4

16 5.4 214.7 -2.1
17 2 '. 8 40.6 -1.7

!18 2.2 20.6 -2.1 !' 19 1.1 63.9 -0.7 '
20 0.6 49.2 -0.9
21 4.3 . 306.6 -0.4
22 4.6 306.7 -1.3 ;

23 3.2 298.6 1.1
24 3.0 307.2 -0.3 '

1 2.8 308.8 -1.8
2 1.7 278.1 -0.1
3 1.4 287.7 -0.7

>

4 1.1 284.2 -0.7 ,

5 0.3 266.0 -0.3
6 0.6 290.1 0.8 .

7 0.5 261.4 0.7
8 0.7 289.8 0.2
9 1.8 317.0 -1.7

10 2.3 331.0 -1.4
11 2.0 350.5 -2.0 '
12 3.4 337.3 -1.9

'13 3.3 341.1 -2.2
14 6.0 314.0 -2.2
15 5.4 305.6 -2.7
16 5.4 311.5 -2.8
17 5.3 310.6 -2.7,

18 3.1 304,9 -1.9 5

'
19 1.8 291.0 -2.0

STOP TIME APR 29,1993 HOUR 18 MINUTE 19 i
!

,

1
*

.

!

6

6
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RELEASE NUMBER 93038 CCNTAINMENT PURGE i

|

[~~ STARTING TIME APR 29.3993 HOUR 18 MINUTE 47
t

\ TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

!

18 3.1 304.9 -1.9
19 1.8 291.0 -2.0
20 0.8 223.7 -1.3
21 0.2 178.4 1.0
22 1.1 105.9 3.2
23 1.1 106.9 4.1
24 1.3 202.0 2.0

1 1.5 296 9 0.2
2 0.5 269.2 -0.4
3 0.4 168.5 0.9
4 1.3 133.1 -0.3
5 0.3 295.3 1.8
6 1.0 237.0 0.7
7 1.3 185.4 1.6
8 0.5 233.2 -0.1
9 2.6 91.4 -0.5

10 2.5 112.2 -0.7
11 4.4 159.9 -1.4
12 2.2 256.5 -1.7
13 1.7 72.2 -1.2
14 1.4 311.1 -2.1

STOP TIME APR 30.1993 HOUR 13 MINUTE 41

STARTING TIME APR 30,1993 HOUR 13 MINUTE 41
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

13 1.7 72.2 -1.2
14 1.4 311.1 -2,1

STOP TIME APR 30.1993 HOUR 13 MINUTE 58
\

b)

| VI-59
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RELEASE NUMBEk 93019 CONTAINMENT PURGE '

STARTING TIME APR 30.1993 HOUR 17 MINUTE 55
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

17 2.3 305.9 -1.1 ~

18 2.3 299.9 -1.0
19 2.2 316.0 0.1
20 0.7 311.4 -1.4
21 1.0 334.0 -0.1
22 1.9 317.3 -1.3
23 1.8 42.8 -0.9
24 2.3 50.3 -1.1

1 2.7 306.0 -1.0
2 0.7 11.1 -0.2
3 1.8 84.3 ~1.8
4 3.3 219.3 0.1

-

-!5 3.8 120.3 -0.5.
6 2.3 226.7 -0.5
7 0.9 286.0 -0.1
8 1.0 295.7 0.4
9 0.9 297.2 -0.2

10 1.0 303.7 -0.1
11 1.6 314.1 -0.7
12 3.5 309.5 -0.4
13 5.2 315.5 -1.1 . e

14 5.2 323.2 -2.0
15 4.5 329.4 -1.6 '16 4.3 328.6 -2.1
17 4.3 331.0 -1.6
18 5.2 325.4 -2.1
19 6.6 318.2 -0.9
20 7.4 320.8 -1.4
21 6.4 325.8 -1.9
22 5.5 322.1 -0.7 '23 5.7 329.6 0.9
24 5.1 338.0 -0.4

1 6.5 333.8 -1.6
2 5.7 334.9 0.4

04 3 6.9 327.8 -0.5
5.4 340.0 0.5

*

5 5.4 335.8 1.0

STOP TIME MAY 2.1993 HOUR 4 MINUTE 2
.

,

f

.|

|
,

t

z;

^
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RELEASE NUMBER 93020 CONTAINMENT PURGE
,

STARTING TIME MAY- 5.1993- HOUR 17 MINUTE 5
2,

TIME WS10 WD10 DT110
HOUR MPH. DEG DEG C |

i17 6.2 114.2 -1.9
18 5.8 122.4 -2.5

>

19 S.4 128.7 -1.8
20 5.2 124.7 -1.6
21 5.0 121.9 -1.3
22 4.8 122.9 0.1
23 8.3 122.1 -1.3
24 5.3 128.1 -1.0

1 6.5 17.8 -1.4 ,

?2 6.1 126.8 -0.8 '
3 5.1 117.0 -1.3
4 3.7 118.5 -0.2

h5 3.9 126.0 -0.9 *

6 5.1 123.9 0.1
7 3.8 123.9 -1.0
8- 4.3 115.6 -1.2
9 6.8 100.5 -1.9 '

10 9.6 123.6 -2.6
11 11.5 151.4 -1.4 *

12 14.1 153.1 -1.4
13 8.4 131.0 -2.1 .

|14 7.6 126.8 -1.7
15 6.8 139.6 -2.0
16 6.0 132.9 -1.8
17 7.0 122.5 -1.6
:18 '8.0 119.9 -2.0

19 9.0 115.2 -1.9
i

20 14.4 117.7 -1.6
21 15.9 120.5 -1.2 ,

22 14.4 121.4 -1.4
23 10.8 132.5 -0.6
24 6.7 116.7 -0.7 '

1 9.1 134.8 -0.8
2 7.8 150.7 -0.5
3 7.1 149.3 -0.7 '
4 6.2 150.7 -1.1
5 5.9 152.0 -0.8

i
STOP TIME MAY 7.1993 HOUR 4 MINUTE 7

,

s

!

i

d

.

i

i
I
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RELEASE NUMBER. 93021 CONTAINMENT PURGE
bSTARTING TIME MAY 7.1993 HOUR 14 MINUTE 13

TIME WS10 WD10 DT110 *
HOUR MPH DEG DEG C

I

14 17.2 140.1 -2.2
15 17.7 137.1 -1.9 ?,

16 19.0 145.0 -1.5
17 16.4 148.4 -2.7
18 17.6 248.9 -1.54

19 17,8 142.5 -2.2
20 19.4 144.5 -1.0 e21 15.5 147.2 -1.4
22 17.1 144.2 -0.7
23 20.2 146.0 -1.0
24 17.6 143.2 -1.4

1 18.2 139.4 -1.5
2 19.4 140.2 -1.4 .;

3 15.9 155.2 -1.0
-

4 10.6 126.0 -1.6
5 11.0 110.3 -1.2
6 4.7 191.9 -0.7
7 6.3 120.8 -2.4
8 10.9 125.9 -1.7
9 17.1 129.1 -1.1

10 12.4 129.0 -1.6
11 10.4 152.5 -2.2,

12 9.5 156.5 -1.6
13 11.1 146.7 -1.9 '

14 14.1 146.3 -2.2
15 10.4 116.0 -2.7

8

16 14.3 109.2 -1.8
17 15.0 122.0 -2.1
18 13.0 141.7 -1.3 ,

$19 10.9 161.8 -1.8,

20 9.1 141.6 -1.2;

21 10.4 135.4 -1.8
22 9.5 162.8 -1,6 ;
23 6.8 171.6 -1.4 .

i24 5.9 135.2 -1.7
1 5.8 143.3 -1.4 ;'

2 8.1 149.4 -1.1 j

3 8.6 149.1 -2.0
4 6.8 144.5 -1.4
5 6.5 143.4 -0.1 ,

6 5.7 161.5 -1.4 ,

7 5.6 168.4 -1.6
5

8 4.8 200.3 -0.9
9 1.4 288.6 -1.1

10 1.2 283.7 -1.9
11 3.2 301.3 "1.7 '

12 3.7 316.7 -2.2
13 5.4 327.6 -1.2

;

14 4.2 332.6 -1.8
15 4.6 338.5 -2.0 '';
16 4.3 334.5 -1.5
17 4.5 331.3 -2.1
18 5.1 330.7 -1.1
19 5.2 331.2 -0.6 '
20 5.9 331.2 -1.53

21 5.1 317.3 -1.6
'

22 4.5 324.0 -0.9 ,

| 23 3.4 325.3 -2.0 ?

1 ?4 4.3 323.4 -0.8
1 4.8 328.6 -1.4 :

62 4.4 339.5 -1.8
3 _t . 5 337.3 -1.3
4 4.2 322.4 -1.1 '
5 6.7 323.8 -0.6
6 6.2 124.4 -1.3

t7 10.2 3E0.0 ~0.5
8 10.0 36b.0 -0.5 1

t9 9.8 10.0 -0.5
10 9.6 20.0 -0.5 ',

.

.

STOP TIME MAY 10,1993 HOUR 9 MINUTE 8 i.
. 9

i
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.. RELEASE NUMBER 93022 CONTAINMENT PURGE
.

1STARTING TIME MAY 13,1993 HOUR 13 MINUTE 50~Y
-TIME WS10 .WD10 DT110
HOUR MPH DEG DEG C

13 20 316.1 -1.7
14 2.2 348.4 ~1.1
15 1.5 319.5 -1.5
16 1.1 276.5 -0.1
17 0.9 316.5 -0.4
18 0.1 308.2 -0.2
19 0.6 221.2 -0.4
20 0.3 197.2 -0.2
21 1.2 164.9 -1.0
22 3.0 163.9 15 ;

23 3.0 179.8 2.5
~

.24 3.0 179.7 -0.2
1 3.0 176.7 2.1 .

'

2 3.8 192.3 2.0
!3 4.6 192.9 0.8

4 5.4 209.9 0.8
5 5.4 204.9 -0.6
6 5.4 211.5 0.1
7 5.4 210.8- 0.4
8 5.8 206.0 -1.0
9 62 204.8 -1.7

10 6.6 '204.7 -1.7
11 10.2 207.7 -2.4
12 10.6 209.4 -2.1
13 9.7 203.8 -2.2
14 8.8 208.2 -2.2
15 8.3 212.6 -2.3
16 8.4 221.6 -2.3
17 6.6 280.6 -1.3
18 3.7 321.2 -1.8

'

19 7.7 349.7 ~2.0
20 3.2 353.7 -1.9
21 3.4 336.8 -1.8
22 2.3 299.7 1.3
23 0.4 290.0 1.6
24 1.7 305.4 1.7

1 3.2 273.7 2.3
2 2.0 260.1 3.1 ;

3 2.1 286.2 3.7
'

4 2.2 297.8 3.0 '

5 2.0 260,8 2.0 '
6 2.3 251.4 0.7
7 0.8 291.3 1.2
8 1.8 259.2 2.8
9 1.6 239.1 0.1

10 2.7 104.3 -0.5 <

t11 4.6 154.8 -1.0 '

12 6.2 206.9 -2.1 '-13 6.0 220.0 -1.8
',14 6.9 212.7 -2,3

15 4.2 262.2. -2.6
16 0.5 285.1 -2,2
17 3.2 258.9 -1,0
18 4.5 248.4 -1.8
19 3.9 297.2 -1.7
20 5.9 338.5 -1.4

-'

21 2.8 345.9 -1.6 ,

22 2.9 332.6 -1.2 -1
23 1.2 328.0 -2.0
24 3.0 319.1 -1.4

1 1.2 322.7 -2.4
2 1.3 297.7 - 1 . '.
3 1.6 278.5 -0.8
4 1.4 261.8 -0.4
5 1.0 282.7 0.4 ' {

,.

6 1.2 190.6 -0.7 )7 ~1.3 247.1 0.8
8 0.5 152.0 -0.5 )
9 0.7 234.0 -1.1

.

10 2.1 249.8 -1.0
-11 1.3 263.5 -1.1
12 2.0 263.2 -1,3
13 3.1 273.8 -1.9
14 3.3 287.8 +1.7
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15 3.4 290.2 -2.8
16 3.3 308.0 -2.1
17 3.0 278.1 -2.2
18 1.9 293.0 -1.7
19 1.7 286.9 -1,3
20 1.5 243.5 -1.2
21 1.4 197.1 -0.6
22 2.1 189,7 2,3
23 4.1 187.0 1.9
.24 4.2 187.3- -0.2

'

'

1 3.0 194.7 0.8
2 3.2 203.6 0.5
3 3.4 209.9 0.2
4 3.6 207.7 - 1 ~.1 .

5 4.0 201.1 0.5
6 4.4 165.7 -0.1
7 4.8 154.8 -0.5

t

STOP TIME MAY 17.1993 110UR 6 MINUTE 11

.
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RELEASE NUMBER 93023 CONTAINMENT PURGB
i

$

STARTING TIME MAY 20,1993 HOUR 16 MINUTE 15
~ TIME WS10 WD10 DT110
HOUR MPH DEG DEG C |

16 2.6 261.8 -2.0
17 1.6 311.4 -2.1

'18 2.4 334.4 -1.6
19 3.0 327.0 -2.5 i
20 2.1 349.4 -1.7

'

21 0.9 53.7 -1.5
22 2.2 33.3 -1.2 |
23 0.5 282.9 0.4

124 2.0 254.1 0.9
1 2.1 275.4 3.7

STOP TIME MAY 21.1993 HOUR 0 MINUTE 16

i
STARTING TIME MAY 21.1993 HOUR 1 MINUTE 21

TIME WS10 WD10 DT110
- )

a

HOUR MPH DEG DEG C
i

1 2.1 275.4 3.7
2 1.4 286.9 2.6
3 0.9 284.4 1.9 .

4 0.8 296.5 0.2 ,

5 0.6 288.1 -0.3 .

6 0.8 287.3 -0.3
7 1.0 276.2 1.2
8 1.6 309.6 2.1 .
9 1.0 0.4 -0.3

10 1.0 324.7 -0.5 >

11 1.7 332.2 -0.6
'

12 2.8 204.6 -0,7
13 3.0 308.2 -1.4
14 2.5 249.0 -0.8 ?

15 3.2 145.0 -1.4
16 4.4 145.9 - 1. 3
17 5.5 149.4 -1.8
18 6.6 152.3 -1.7 ' i

'

19 6.7 139.0 -1.5
20 4.9 153.9 ~1.8
21 3.8 136.3 -0.2
22 4.9 141.1 0.1
23 4.1 141.3 -0.5
24 5.1 142.1 -0.3 |

1 7.3 155.5 -1.9 !
'2 7.5 165.4 -1.3

3 7.7 163.1 -1.6
4 7.8 147.8 -1.9
5 6.0 140.6 -0.5 :
6 9.4 153.7 -1.0 - '
7 12.4 146.9 -1.6 4

8 9.6 149.6 -1,3 .)
9 6.7 150.6 -1.2 ;

10 6.5 132.7 -2.1
11 9.0 143.4 -1.8 j
12 14.9 162.5 -1.7

-

13 15.7 173.0 -2.3 >
'

14 10.1 189.0 -J.a
15 7.5 178.0 1*

. 4 ' l16 8.1 171.2
17 7.5 163.7 -2 |
18 9.8 155.1 -1,3 'l
19 10.5 163.0 -1.6 :
20 10.2 168.4 -2.1 1

l21 7.3 162.4 -0.5 '

22 3.7 146.7 -0.7
23 3.2 143.7 -1.1 -

24 2.4. 160.8 -1.4 j
1 3.1 160.6 -1.8 a
2 1.3 223.2 -1.0 -|
3 5.0 153.8 -1.6 i
4 4.7 176.3 -0.8 i

5 1.3 344.7 -1,3
6 3.4 183.3' -0.9
.7 5.2 182 6 -1.84
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8 -5.9 225.2 -0.6 |
~

9. 3.0 303.4 -1.87
- . 10 4.6 306.5 -2.2 i

. Il 5.2 316.3 -2.9
12 6.2 306.0 -2.8
13 6.0 310.7- -2.6

t14 7.1 314.8 -2,1
l15 7.2 295.9 -2.2 j16- 6.2 311.8 -2.5

17 6.1 316.5 -1.7
-

-18 5.3 -314.0 -2.1
i) .- 19 4.9 311.7 -1.4

20 5.2 309.8 -0.8
21 4.4 306.0 -0.9
22 6.8 318.2 -1.0

,
'

23 6.8 311.7 -0.3
24 5.7 297.7 -0.5

|1 6.4 290.8 -0.9 '

2 7.1 295.2 -0.5
|3 6.8 298.0 -0.7

4 8.3 289.0 -0.4
5 8.3 283.5 -0.1,

3 STOP TIME MAY 24.1993 HOUR 4 MINUTE 51 .)
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RELEASE NUMBER 93024 CONTAINMENT PURGE
N ;

STARTING TIME MAY 28.1993 HOUR 16 MINUTE 27
{

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C ,

16 6.5 42.3 -0.4
17 6.2 14.1 -0.4
18 5.9 41.3 -0.3
19 5.6 46.4 -0.2 *20 5.4 318.6 -0.2
21 4.7 320.7 +0.1
22 4.8 74.4 -0.1

' 23 4.6 78,6 -0.1 '

24 4.3 69.2. -0.1
1 5.0 74.5 -1.0
2 4.9 71.8 -1.0
3 5.2 74.3 -1.0
4 4.6 65.7 -1.0
5 6.4 83.2 -1.0
6 8.5 101.1 -1.0 ,

!7 6.3 97.6 -1.0
8 4.6 72.9 -1.0
9 6.8 93.3 -1.0

10 7.2 84.4 -1.0 .
'11 9.1 48.7 -1.0

12 10.5 117.1 -1.0 '

13 10.1 116.3 -1.0
14 11.4 118.8 -1.0
15 11.0 118.4 -1.0
16 9.5 129.9 -1.0
17 6.8 98.6 -1.0
18 5.9 80.4 -1.0

*

19 7.6 122.2 -1.0
20 9.7 132.3 -1.0
21 9.6 129.0 -1.0 '

>

22 8.3 129.8 -- 1. 0
23 7.8 137.2 -1.0 ,

t24 7.6 145.1 -1.0
1 7.9 148.5 -1.0 ,

2 7.1 157.5 -1.0
'

3 9.3 159.4- -1.0
4 8.3 169.2 -1.0
5 7.6 178.5 -1.0
6 7.2 193.9 -1.0
7 4.8 217.9 ~1,0
8 2.7 228.8 -1.0 '

9 2.5 293.4 -1.0
10 3.6 314.9 -1.0 '
11 5.2 333.8 -1.0 '

12 5.0 326.4 -1.0
13 4.8 323.0 -1.0
14 5.7 329.4 -1.0

>

15 6.9 330.7 -1.0
16 8.9 327.5 -1,0 .

17 8.7 334.0 -1.0
18 8.6 329.7 -1.0 ,

19 7. 9 332.0 -1.0
20 8.2 333.1 -1.0 '
21 8,1 331.2 ~1.0
22 6.4 335.4 -1.0
23 7.0 337.8 -1.0 s

24 5.2 334.0 -1.0 j
1 5.3 331.4 1.0

=

2 4.0 318.8 1.0
=

3 3.1 301.9 1.0
4- 3.5 302.0 1.0
5 2.2 231.3 1.0
6 1.3 249.2 -1.0 1

7 1.4 5.1 -1.0
8 2.1 313.0 -1.5 ..'
9 2.9 320.8 -1.5

-

10 4.7 337.1 -1.5
)11 5.4 337.9 .-l.5

12 5.4 339.0 -1.5
13 -5,6 334 4 -1.5

-

:)14 5.8 331 6 -1.5
15 6.4 334.7 -1.5 I

>

16 6.0 347.0 -1.5
|17 5.3- 351.1 -1.5

j

'i
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>

:
i
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!
,

18 5.3 352.7 -1.5 '

19 '5.2 346.0 1.0 i
s- 20 3.4 354.6 1.0 ;

' 21 2.0 318.9 1.0 ;
' 22 1.3 . 227.7 2.5 t

23 1.6 - 160.9 2.5
'

, 24 1.6 150.5 2.5
| 1 2.0 183.4 0.3 i

2 2.2 275.3 0.2 'i

3 1.8 156.7 0.4
4 3.8 117.7 0,4
5 4.1 124.2 0.2
6 5,6 127.8 -0.1
7 7.7 136.0 -0.1 .

!
'STOP TIME JUNE 1.1993 HOUR 6 MINUTE 23
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RELEASE NUMBER 93025 CONTAINMENT PURGE ~ f
'

. _

STARTING TIME JUNE 3,1993 HOUR 12 MINUTE 52
|

--

.. TIME WS10 WD10 DT110 ?

~ HOUR MPH DEG DEG C-
'

?

12 4.8 73.0 -1.0
,

13 4.8 70.0 -1.0
14 4.8 73.0 -1.0

6

-15 4.8 76.0 -1.0
16 4.8 80.0 -1.0
17 4.2 46.0 -1.0
18 3.6 33.0 -1.0 ,

19 3.0 10.0 -1.0 .

20 3.0 23.0 -1.0 }
'

21 3.0 37.0 -1.0
22 3.0 50.0 -1.0 i

23 3.8 30.0 -1.0 '

24 4.6 10.0 -1.0
1 5.4 360.0 -1.0

|2 5.4 13.0 -1.0
f3 5.4 27.0 -1.0 '

4 5.4 40.0 -1.0
5 5.8 27.0 -1.0 ;

6 6.2 13.0 -1.0 .

7 6.6 360.0 -1.0
8 6.2 13.0 -1.0
9 5.8 27.0 -1.0 ,

10 5.4 40.0 -1.0 '
11 5.0 53.0 -1.0
12 4.6 67.0 -1.0 i
13 4.2 80.0 -1.0

'

14 3.4 54.0 -1.0
15 2.6 27.0 -1.0
16 1.8 360.0 -1.0 .

117 1.2 31.9 -1.0
18 0.6 8.4 -1.0
19 0.6 36.9 -1.0 !'
20 0.6 22.6 -1.0
21 0.6 36.2 -1.0
22 0.6 20.5 -1.0
23 0.6 22.9 -1.0 '

24 1.2 24.5 -1.0
1 1.8 32.1 4.0
2 1.8 23.8 4.0
3 1.8 29.8 4.0
4 1.8 20.1 4.0
5 2.0 30.3 2.0
6 2.2 35.6 -0.1 [
7 2.4 23.6 -1.9 '

t

8 2.4 17.1 -1.9
9 2.4 33.7 -1.9

10 2.4 17.8 -1.9
a

11 3.6 33.8 -1.8 1

i12 4.8 32.2 -1.8
13 6.0 32.6 -1.7
14 5.8 49.0 -1.7
15 5.6 43.9 -1.7

,
'

>STOP TIME JUNE 5,1993 HOUR 14 MINUTE 0' '

s

STARTING TIME JUNE 5,1993 HOUR 14 MINUTE 25 *

iTIME WS10 WD10 DT110
HOUR MPH DEG DEG C

14 5.8 49.0 -17
15 5.6 43.9 -1.7

J16 5.4 16.3 -1.7
17 5.2 38.9 -1.6

|18 5.0 138.8 -1.6
.19 4.8 36.2 -1.5

'

20 5.0 19.0 -1.1
21 5.2 27.1 -0.8 - ;

22 5.4 8.3 -0.5 -!
23 4.8 21.1 -0.1 1

24 4.2 38.0- 0.8
l1 -3.6 23.8 1.5 '

2 3.6 24.6 1.5
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'

3.6 18.4 1.5' '. 4 3.6 15.9 1.5
: 5 :4.0 41.5 0.5

6 4.4 20.1 -0.5
7 4,8 28.9 -1.5
8 4.4 31.6 -1.5
9 4.0 16.4 -1.5

5

10 3.6 26.9 -1.5
11 3.6 27.2 -1.5 ;

12 3.6 33.4 -1.5 i

13 3.6 32.5 -1.5
14 4.4 37.7 -1.5 '

15 5.2 46.9 -1,5
16 6.0 28.7 -1.5
17 5.2 36.6 -1.5
'18 4.4 41.7 -1.5
19 3.6 24.4 -1.5
20 3.6 42.1 -1.5
21 3.6 46.4 -1.5
22 3.6 27.4 -1.5
23 42 27.1 -1.1 '

24 4.8 22.6 -0.8
-1 5.4 17.7 -0.5

2 5.2 40.7 -0.5 '
a

3 5.0 24.5 -0.5
4 4.8 16.6 -0.5

I5 5.0 31.1 -0.9 '

6 5.2 26.7- -1.3
,

STOP TIME JUNE 7,1993 HOUR S MINUTE 8
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!RELEASE NUMBER 93026 CONTAINNENT PURGB i

~. [ STARTING TIME JUNE 10,1993 HOUR 14 MINUTE 27
i

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

14' 4.5 273.7 -1.3 !

15 4.9 312.5- -1 3
'16 6.2 158.7 -1.3 [17 5.9 158.8 -1.4
18 6.6 164.7. -1,3
19 7.1 163.8 -1.0 i

20 6.0 158.2 0.4 +
'21 3.6 131.9 1.9

22 4.7 122.3 3.7 ."23 3.5 110.9 5.3
24 7.4 140.5 3.8
1. 6.3 157.0 4.5
2 7.0 182.9 4.7
3 4.6 133.3 4.5
4 2.7 40.8 4.2 '5 2.0 355.6 4.6
6 1.4 289.8 5.)
7 1.7 202.6 F.2 <

8 1.9 180.9 2.8 ,

9 2.8 56.7 0.1 ;

10 7.4 122.5 -1.1
11 9.2 319.4 -1.4
12 8.7 145.0 -1.4
13 11.5 148.0 -1.5
14 12.7 150.8 -1.6 -

15 14.4 145.0 -1.5
16 12.9 145.8 -1.3
17- 12,2 148.3 -1.0
18 7.9 153.9 -0.6

'

19 6.8 143.2 -0.6
20 12.5 165.4 -0.2
21 5.7 19.5 0.3
22 14,2 111.1 -0.7
23 8.4 79.9 0,8
24 12.1 160.9 0.8

1 8.5 135.9 1.0
2 7.9 146.0 1.4
3 7.3 140.2 0.6 -

4 7.7 145.7 0.2 ,

5 5.7 141.2 0.3
6 5.6 134.8 0.4
7 8.2 146.4 0.1
8 9.4 135.9 -0.6
9 8.8 139.6 -1.0

10 9.5 153,2 -1.0
11 12.0 158.4 -1.0
12 11.2 163.0 -0.9
13 6.6 150.4 -1.0 -

14 11.2 149.9 -0.8
15 12.4 149.8 -0.5
16 12.3 162.8 0.4 .

17 8.0 17.8 0.5 {
18 9,6 129.8 0.1

*

. 19 12.1 104.4 -0.6 y

20 11.9 128.6 -0.2 ~l
21 9.7 123.6 0.1 ,

22 9.4 122.4 O'.4 :
23 12.8 132.1 -0.2 4

-24 7.8 147.0 -0.2
1 7.7 117.4 -0.3
2 8.1 138.7 -0.1 +

3 9.3 139.9 0.3
4- 6.3 199.3 0.2

. 5 4.5 297.3 -0.2
6 6.7 177.1 1.5 .i
7 7. 6' 145.2 0.4

-

I8 3.4 289.2 0.4
9 7.8 129.8 0.8

'

10 7.3 151.5 0.8 :
11 14.9 165.4 0.2 $
12 8.6 214.1 -0.9

'

I13 3.5- 258.1 -1.0
14. 4.8 354.1 -1.0 ,

|15 5.4 336.4 -0.8
{
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16' 5.9
^

333.6' -0.7.' ' 17 5.5 332.0 -0.5
. 18 6.3 -331.8 -0.6

- 19 4.5 340.9 -0.720 3.8 334.7 -0.621 27 314.8 -0.222 3.5 320,2 0.423 3.7 308.7 1.5 - )24. 4.5 269.3 3.5 i

I1 4.6 264.6 4.2
2 4.3 231.0 5.1

'

|.3 3.9 259.7 5.1
' |4 4.0 324.8 5.5

5 4.0 277.5 5.9 |
6 4.7 285.9 4.4
7 3.6 294.6 2.3
8 5.3 351.7 -0.1

STOP TIME JUNE 14.1993 HOUR 7 MINUTE 52
I
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RELEASE NUMBER 93027 CONTAINMENT PURGE

STARTING TIME JUNE 17.1993 HOUR 13 NINUTE 23
TIME WS10 WD10 DT110
HOUR- MPH DEG DEG C

|13 9.2 250.2 -1.6
14 4.8 297.8 -1.8
15 6.4 269.2 -1.5
16 8.8 329.9. -1.8 :!

17 8.8 325.5 -1.6
18 7.1 330.8 -1.2
19 6.8 334.3 -0.8

'

20 4.4 285.5 -0.6
21 4.5 332.0 -0.5
22 5.6 337.1 -0.4
23 5.6 332.7 -0.5
24 4.0 326.9 -0.6 ,

1 3.7 337.3 -0.6
2 3.5 204.5 -0.7
3 3.8 211.5 -0.5
4 2.2 333.1 -0.4
5 2.6 357.8 -0.6 ;

6 2.9 308 8 -0.6
7 3.4 101.5 -0.5
8 5.5 103.2 -0.6
9 6.9 120.1 -0.9

10 8.b 134.2 -1.0
11 9.2 132.5 - 1. 1 ' '

-

12 7.4 133.2 -0.9
13 7.8 126.2 -1.0
14 4.9 163,6 -0.8 ;

15 3.9 39.2 -1.1
16 7,7 198.6 -0.8
17 5.6 153.5 -0.5
18 6.1 236.1 -0.4
19 6.9 203.6 -0.8 .

20 4.0 266.6 -0.9
21 2.3 302.3 -0.5
22 2.5 292.5 -0.4
23 2.9 304.7 -0.6
24 3.6 303.8 -0.7

1 3.8 308.3 -0.8
2 3.6 296.7 -0.8
3 3.6 315.6 -0.9

'

4 4.0 313 2 -0.9
5 3.3 312.2 -0.8
6 2.8 326.0 -0.7 '
7 3.0 295.2 -0.7
8 4.1 326.0 -0.8
9 6.8 332.7 -0.8 '

10 7.2 329.8 -1.0
11 5.8 328.9 -1.1
12 6.7 329.2 -1.2
13 6.3 321.1 -1,3
14 5.0 315.2 -1.3
15 3.4 295.4 -1.4
16 3.9 316.7 ~1.3
17 3.6 301.0 -1.3

'18 3.5 226.8 -1.0
19 2.8 279.2 -0.9
20 2.4 313.0 -0.8
21 1.9 306.5 -0.5 r

22 1.6 301.4 0.1 ,!' 23 1.5 287.0 1.1
24 1.6 283.2 1.4 '

1 1.6 205.9 13
2 1.6 309.2 1.4
3 '1.5 218.8 0.7

14 2.0 205.6 0.8
5 1.5 295.7 1.2

+

6 1.5 229.7 1.1
7 1.4 123.0 1.4
8 1.8 234.1 0.2
9' 2.4 172.1 -0.7

10 2.4 286.8 -1.3
11- 3.4 352.1 -1.4
12 3.8 278.7 -1,2
13- 4.3 245.7 -1.4
14 4.8 250.5 -1.4 i
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15 4.6 251.9 -1.4
'I

., . 16. 3.7 275.6 -1.4
*

- 17- 3.2 236.2 -1.2
'

' 18 3.2 243.7 -1,1 i
'19 2.7 330.'7 -1.3

20 2.4 15.7 -0.9 -

21 1.8 5.0 0.4 I
22 1.6 186.3 1.6 i
23 1.5 281.8 2.2 -I
24 2.3 148.6 2.2 !

1 2.5 111.3 2.6 i
2 2.8 116.7 2.5

~

3 1.7 90.7 2.6 <

4 1.4 128.3 3.1 >-

5 1.4 279.1 2.9
'

6 1.3 258.4 2.7 '

7 1.2 289.0 2.1 i

i STOP TIME JUNE 21,1993 HOUR 6 MINUTE 6
'

,
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RELEASE NUMBER 93028 CONTAINMENT PURGE

STARTING TIME JUNE 24,1993 HOUR 20 MINUTE 47
-- TIME WS10 WD10 DT110

HOJR MPH DEO DEG C

20 3.7 332.3 -0.6
21 1.8 278,3 1.5
22' 1.6 198.6 3.8
23 1.8 161.4- 5.0
24 2.5 129.8 5.9

1 4.2 150.8 4.9
2 3.6 134.7 4.7
3 7.2 192.4 3.8
4 8.4 210.6 3.7
5 10.7 223.3 3.1 ,

6 10.8 233.3 1.2
7 4.1 221.2 0.8
8 2.7 312.1 -0.9
9 4.2 313.3 -1.3

10 5.9 336.5 -1.2
11 6.4 333.8 -1.6 ,

12 5.2 317.9 -2.0
13 4.3 308.7 -4.8
14 6.3 253.9 -3.6 .

15 5.1 288.1 -2.0 7

16 6.2 262.8 -1.8 .

17 6.8 260.4 -1.6
18 8.7 238.3 -1.3
19 4.2 250.4 -0.8
20 4.9 243.5 -0.3

'

21 3.1 213.3 1.1 i
22 3.6 203.4 2.3 *

23 4.3 203.6 2.8
24 5.9 201.2 3.1
l' 7.9 196.4 2.7
2 4.0 279.9 1.2
3 2.1 252.7 3.2
4 7.3 242.7 1.6
5 6.1 237.5 1.6
6 6.7 237.6 1.6
7 6.5 216.5 0.9
8 7.8 203.9 -0.1
9 10.2 218.0 -1.0

4

10 11.6 226.0 -1.0
11 14.1- 219.8 -1,0
12 10.6 230.4 -1.0
13 10.5 239.4 -1.014 9.9 236.6 -1.015 6.0 252.4 -1.0
16 5.5 250.5 -1.6 *

17 4.5 217.2 -1.1
'

18 6.0 206.3 -0.719 7.7 195.9 -0.4
20 4.3 .308.9 0.2
21 5.1 224.0 10. a

22 3.1 208.2 1.5
'

23 2.8 184.6 1.2
*

24 2.2 267.7 0.5
1 2.2 246.8 1.2 !
2 1.6 292.6 2.1
3 1.7 352.6 3.8 .

4 1.7 309.4 2.6
5 2.0 354.7 2.6
6 3.5 151.8 3.5
7 3.0 315.6 3.48' 3.1 109.8 0.9
9 2.7 245.2 -1.0

)'10 3.1 29.0 -1.011- 3.7 36.5 -1.6 !12 3.5 53.4- -147 113- 6.6 173.6 -1.3 !
14 7.3 188.5 -1.4 |

15 7.8 171.2 -1.416 748 169.7 -1.3
17 6.8 156.2 -1.218 8.7 134.4 -1.2.19 9.1 136.2 -1.2
20 0.0 138.8 -0.821' 5.3 154.3 0.1

VI-75

- . .. . -
, _ . - _- _ - _ _ . _ . _ _ _ _ _ _ _ _ . _ _ _ _



,-.- . . . . . . . - . . .~ . - .. .~ . . - . .- , .- .

B ,

22 34 164.3 20

'
'

.
. 8.1 139.6 o,1

3 12.0 183.0 -0.6 - i4.9 59.7
o'3

1
5. 9.3 226.7 o* ,

6 10 4 168.0 -o,3
5

3,6 337.1 -0.2
,

STOP TIME JUNE 28,1993 HOUR 6 MINUTE 23
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RELEASE NUMBER 93029 CONTAINMENT PURGE

. . STARTING TIME JULY 1.3993 HOUR 18 MINUTE 45 '

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

'

18 2.6 137.0 2.1
19 2.4 120.0 4.0
20 3.0 130.0 4.0

-21 3.6 140.0 4.0
22 4.2 150.0 4.0
23 4.0 160.0 3.2 ._

24 3.8 170 0 2.3
- 6

1 3.6 180.0 1.5
2 3.2 154.0 1.5

STOP TIME JULY 2,1993 HOUR 1 MINUTE 21

STARTING TIME JULY 2,1993 HO'JR 12 MINUTE 32
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

12 5.0 10.0 0.3
13 6.0 20.0 -1.5
14 5.2 43.0 -1.6

. 15 4.4 66.0 -1.6
16 3.6 90.0 -1.7
17 3.2 90.0 0.2
18 2.8 90.0 2.1 1

19 2.4 90.0 4.0
. 20 2.4 90.0 4.0
21 2.4 90.0 4.0
22 2.4 90.0 4.0
23 4.0 110.0 4.0

I24 4.0 130.0 4.0
1 4.2 150.0 4.0
2 4.4 150.0 1.9
3 4.6 150.0 0.7
4 4.8 150.0 -0.5
5 5.2 153.0 -0.9
6 5.6 157.0 -1.3
7 6.0 160.0 -1.7
8 7.0 160.0' -1.6 ;
9 8.0 160.0 -1.6

-

'
10 9.0 160.0 -1.5
11 9.0 160.0 -1.5
12 9.0 160.0 -1.5
13 9.0 160.0 -1.5
14 10.0 163.0 -1.1 "15 11.0 167.0 -0.8
16 12.0 170.0 -0.5
17 11.6 163.0 -0.5
18 11.2 156.0 -0.5
19 10.8 150.0 -0.5
20 9.8 156.0 -0.5
21 8.8 163.0 -0.5
22 7.8 170,0 -0.5 *23 .8.0 173.0 -0.5
24 8.2 177.0 -0.5

1 8.4 180.0 -0.5
2 7.0 173.0 0.2

+

3 5.6 166.0 0.9
4 4.2 160.0 1.5
5 4.8 166.0- 1.5
6 5.4 173.0 1.5
7- ~ 6.0 180.0- 1.5 '
8 5.2 200.0 0.5
9 4.4 220.0 -0.6 .

'
10 3.6 240.0 -1.7
11 3.8 253.0 -1.7
12 4.0 264.7 -1.7 ' ;13 4.2 280.0 -1.7

STOP TIME JULY 4,1993 HOUR 12 MINUTE 42

.

}
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RELEASE NUMBER 93029 CONTAINMENT PURGE

STARTING TIME JULY 4.1993 HOUR 13 MINUTE 12
TIME WS10 WD10 DT110

-|HOUR MPH DEG DEG C-

13 4.2 280.0 --1.7
14 4.2 257.0 -1.7
15 4.2 233.0 -1.7
16 4.2 210.0 -1.7
17 3.8 190.0 -0.6
18 3.4 170.0 0.5 ;

19 3.0 150.0 1.5
i

20 3.2 150.0 2.3
21 3.4 150.0 3.1
22 3.6 150.0 4.0 ;

|23 3.8 150.0 4.0
24 4.0 150.0 4.0

1

~11 4.2 150.0 4.0
2 4.8 160.0 4.0
3 5.4 170.0 4.0 l

i4 6.0 180.0 4.0 '

5 5.2 197.0 3.2
6 4.4 214.0 2.3
7 3.6 230.0 1.5
8 3.6 250.0 0.4
9 3.6 270.0 -0.8

10 3.6 290.0 -1.9
, 11 3.6 284.0 -1.9
| 12 3.6 277.0 -1.9
| 13 3.6 270.0 -1.9
; 14 4.0 277.0 -1.8

15 4.4 284.0 -1.8
16 4.8 290.0 -1.7
17 4.0 284.0 -0.7
18 3.2 277.0 0.4
19 2.4 270.0 1.5
20 2.8 240.0 2.3
21 3.2 210.0 3.1
22 3.6 180.0 4.0
23 3.5 177.0 4.0
24 4.0 173.0 4.0

1 4.2 170.0 4.0
2 3.5 183.0 4.0
3 3.4 197.0 4.0
4 3.0 210.0 4.0
5 3.0 184.0 3.2
6 3.0 157.0 2.3
7 3.0 130.0 1.5

STOP TIME JULY 6.1993 HOUR 6 MINUTE 2
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RELEASE NUMBER 93030 CONTAINMENT PURGE

STARTING TIME JULY 8,1993 HOUR 18 MINUTE 26
,

p

TIME WS10 WD10 DT110
!HOUR MPH D8G DEG C
i

18 6.2 143,0 -0.8
,

.|19 7.2 140.0 -0.5 !20 7.4 150.0 0.2
21 7.6 160.0 0.9

'

!22 7.8 170.0 -1.5
23 6.2 160.0 1.5
24 4.6 150.0 1.5 i

STOP TIME JULY 8.1993 HOUR 23 MINUTE 6
."t

iSTARTING TIME JULY 9.1993 HOUR 1 MINUTE O '

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C i

1 3.0 140.0 1.5
2 3.2 157.0 1.5 '
3 3.4 174.0 1.5

|4 3.6 190.0 1.5
5 3.6 196.0 1.5

|6 3.6 203.0 1.5
7 3.6 210.0 1.5

-

|8 3.6 236.0 0.5
*9 3.6 263.0 -0.5

10 3.6 290.0 -1.5
i11 3.8 296.0 -1.6

12 4.0 303.0 -1.6 ,
~

13 4.2 310.0 -1.7
14 3.8 340.0 -1.8

*15 3.4 10.0 -1.8 f16 3.0 40.0 -1.9 '117- 2.6 46.0 -1.7 '

18 2.2 53.0 -1.7
19 1.8 60.0 1.5
20 1.8 70.0 2.3 '

21 1.8 80.0 3.2
22 1.8 90.0 4.0
23 1.8 96.0 4.2 !24 1.8 103.0 2.3 '

1 1.8 110.0 1.5
; 2 2.4 120.0 1.5

3 3.0 130.0 1.5 ,

4 3.6 140.0 1.5
65 3.6 134.0- 1.5

6 3.6 126.0 1.5
7 3.6 120.0 1.5
8 4.8 130.0 0.5 ..

!9 6.0 140.0 -0.5
10 7.2 150.0 -1.5 ;

'11 6.8 160.0 -1.5
12 6.4 170.0 -1 5 ,

?13 6.0 180.0 -1.5
14 5.6 193.0 -1.6
15 5.2 207.0 -1.6
16 4.8 220.0 -1.7

,

17 4.6 200.0 -0.7
18 4.4 180.0 0.4 i
19 4.2 160.0 1.5 '20 4.0 154.0 1.5
21 3.8 146.0 1.5 .

22 3.6 140.0 1.5 '

23 4.4 210.0 0.9
24 5.2 280.0 0.2

'i1 6.0 350.0 -0.5
'2 4.8 306.0 0.2 )3 3.6 263.0 0.9 14 2.4 220.0 1.5
5 2.4 250.0 1.5

;

6 2.4 280.0 1.5 '

7 2.4 310.0 1.5
8 4.0 320.0 0.5 i

i

9 5.6 330.0 -0.5
10 7.2 340.0 -1.5

..
I
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Il 7.0 343.0- -1.5
12 6.8 347.0 -1.5
13 6.6 350.0 -1.5

- 14 6.6 356.0 -1.6
15 6.6 3.0 -1.6
16 6.6 10.0 -1.7
17 ~5.6. 3.0 -0.6
18 4.6 356.0 0.5
19 3.6 350.0 1.5
20 3.0 350.0 2.3
21 2.4 350.0 3.1
22 1.8 350.0 4.0 '
23 2.0 350.0 3.1
24 2.2 350.0 2.3 !

1 2.4 350.0 1.5
2 2,2 30.0 1.5 :|3 2.0 17.0 1.5
4 1.8 30.0 1.5
5 2.2 43.0 1.5 *

6 2.6 57.0 1.5
7 3.0 70 0 1.5

STOP TIME JULY 12.1993 HOUR 6 MINUTE 25 '
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RELEASE NUMBER 93031 CONTAINMENT PURGE.

STARTING TIME JULY 15.1993 HOUR 14 MINUTE 25
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

14 3.8 113.0 -1.7
15 4.0 127.0 -1.7 .I

!16 4.2 140.0 -1.7 '
17 3.8 140.0 -1.3 'r18 3.4 140.0- -0.9

i19 3.0 140.0 -0.5 '

20 3.6 146.0 -0.5
21 4.2 154.0 -0.5
22 4.8 160.0 -0.5
23 4.2 147.0 -0.5
24 3.6 133.0 -0.5

1 3.0 120.0 -0.5
2 2.6 123.0 0.2 4

3 2.2 127.0 0.9 1
;4 1.8 130.0 1.5 '

5 2.4 127.0 0.9
6 3.0 123.0 0.2
7 3.6 120.0 -0.5

5

i

8 3.2 117.0 -0.8 :9 2.8 113.0 -1.2
110 2.4 110.0 -1.5 ;

11 2.6 124.0 -1.6 ,12 2.8 136.0 -1.6
!13 3.0 150.0 -1.7

14 3.6 156.0 -1.7 t
515 4.2 164.0 -1.7

16 4.8 170.0 -1.7 '?
.

17 4.0 153.0 -0.6
18 3.2 137.0 0.4 ,

.i19 2.4 120.0 1.5 ;20 2.6 110.0 1.5
L21 2.8 100.0 1.5

22 3.0 90.0 1.5 ,

23 3.2 110.0 2.3 'i
24 3.4 130.0 3.2

|1 3.6 150.0 4.0
;2 3.4 160.0 3.2

3 3.2 170.0 2.3
y

)4 3.0 180.0 1.5
|5 2.6 207.0 1.5

.i6 2.2 233.0 1.5
|7 1.8 260.0 1.5

'I8 3.2 300.0 0.4
.

9 4.6 340.0 -0.6 !
10 6.0 20.0 -1.7 *

11 5.2 10.0 -1.6
12 4.4 360.0 -1.6

>

i13 3.6 350.0 -1.5 i14 3.0 40.0 -1.7
)15 2.4 90.0 -1.7
>16 1.8 140.0 -1.9

17 2.0 197.0 -0.8 !
:

18 2.2 253.0 0.4
19 2.4 310.0 1.5
20 2.2 313.0 1.5 ,

21 2.0 317 0 1.5
y

t22 1.8 320.0 1.5 'I
23 1.8 320.0 1.5

.24 1.8 320.0 1.5 t
1 1.8 320.0 1.5

!2 2.0 320.0 0.8
3 2.2 320.0 0.2 ,

!4 2.4 320.0 -0.5 '
5 2.2 290.0 1.0
6 2.0 260.0 2.5

-7 1.8 230.0 4.0
8 2.0 253.0 2.1
9 2.2 277.0 0.2

10 2.4 300.0 -1.7
11 2.6 306.0 -1.7
12 2.8 314.0 -1.7
13 3.0 320.0 -1.7
14 3.0 303.0 -1.7 e

15 3.0 287.0 -1.7 !

;

i
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10

.' 16 3.0 270.0 -1.7
17 2.6 276.0 -0.6

--6'' '20

18 2.2 284.0 0.4
. 19- 1.8 290.0 1.5

1.8 263.0 2.3
21 1.8 237.0 3.2
22 - 1~ 8 210.0 4.0
23 2.0 210.0 3.2
24 2.0 210.0 2.3

1 2.4 210.0 1.5
2 2.4 210.0 1.5

-3 2.4 210.0 1.5
4 2.4 210.0 1.5
5 2.4 247.0 0.7
6 2.4 283.0 0.3
7 2.4 320.0 -0.5

STOP TIME JULY 19,1993 HOUR 6 MINUTE 2
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RELEASE NUMBER 93032 CCNTAINMENT PURGE
I

\ . STARTING TIME JULY 22,1993 HOUR 22 MINUTE 55
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

12 18.4 160.2 -1.1
13 21.0 165.5 -1.2
14 14.3 162.4 -1.1

'

15 8.5 34.2 -0.9
16 10.0 135.2 -1.2 .

17 9.9 132.5 -1.1 >

'18 7.4 130.5 -1.0
19 5.6 90.0 -1.0 '

20 5.8 96.0 -0.7
21 8.0 104.0 -0.7
22 8.0 110.0 -0.6
23 10.0 133.0 -0.5
24 6.3 157.0 -0.2

1 3.5 180.0 -0.3
2 3.6 183.0 -0.4
3 3.8 187.0 -0.2
4 6.7 190.0 -0.2
5 8.6 173.0 -0.6 ,
6 7.3 157.0 -0.7 .

7 8.4 140.0 -0.5 ;
8 9.9 110.'O -0.6
9 8.9 80.0 -0.5 ,

10 7.7 50.0 -0.3 ;

11 6.6 90.0 -0.5 1

12 8.9 130.0- -1.2
13 14.1 170,0 -1.3
14 12.3 170.0 -1.2

'

115 10.1 18.1 -1.2 *16 8.4 193.2 -1.1
17 6.1 177.6 -1.0
18 3,4 183.4 -0.8
19 2.2 70.0 -0.4
20 2.7 70.0 -0.4 '
21 1.4 70.0 0.4
22 1.2 70.0 1.1
23 1.3 70.0 1.6
24 1.8 70.0 2.0 .

1 1.9 266 1 1.8 |
2 1.3 215.0 1.0
3 1.9 326.5 0.5
4 1.8 287.2 0.8
5 3.2 308.3 0.3
6 5.6 201.6 0.1 i
7 12.0 209.7 -0.1
8 12.7 194.7 1,4
9 8.2 121.5 -0.1 ,

10 7.4 128.9 -0.2 '11 7.9 145.8 -1.1
12 9.6 159.7 -1.1 |

'

13 9.9 157.7 -1.0
~

14 8.3 117.4 -1.1 . !!
15 9.6 120.9 -1.0
16 8.8 128.1 -1.0

*

17 7.2 97.0 -1.0 ,

18 7.5 105.9 -0.9 ,

19 4.6 170.0 -0.7
+

20 5.5 150.0 -0.7
21 5.2 130.0 -0.5 i
22 8.4 110.0 -0.4

.k23 4.0 110.0 -0.1 ..!24 3.3 110.0 0.5
1 2.4 201.0 0.7 t
2 5.8 22.2 0.4
3 6.5 44.0 0.2
4 5.4 64.7 -0.1 1

*5 3.6 272.7 0.3
6 4.2 281.6 0.2 i
7 4.7 117.5 0.1

~

8 4.9 105.9 -0.5 ?
9 4.3 302.9 -1.2 !

10 4.6 289.9 -1.5 |
11 4.8 300.7 -1.7 .

12 6.1 308.4 -1.7
13 6.2 297.6 -1.8

6

t
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14. 5.7 299.7 -1.8 i

- > 15 5.2 318.4 -1.8
;

'

I- 16 5.4 298.0 -1.6
)17 4.0 229.5 -1.6

- 18 3.5 251.2 -1.4
' '

19 2.7 - 228.6. - -1.0,

20 3.0 241.3 -0.2
21 1.5 206.7 1.8 . i
22 3.1 205 1 2.6 '

23' 3.5 212.6- 3.1
24 2.9 161.2 3.8

1 4.0 190.0 3.8 4
'

2 4.4 190.0 4.0 . i.

3 2.4 190.0 2.0 !

4 2.0 190.0 3.0
-i

5 1.5 333.0 3.1 ;
<

6 1.9 347.0 3.7
7 1,8 360.0 4.3 i

i
STOP TIME JULY 26,1993 HOUR 6 MINUTE 44

i
'

1
4

i

i

.

,

1

i
a !

T

1

!

J

$

+

,
'
:

!
,

'

I
,

f

,

i
,

h

!

.

. .

I
;

4

i

!
;

!

'

e
i

\
VI-84 l

J

5e

%

, ,- n > - - . - - - - . --- - - - _ - - - - _ - - - - - - _



, - , ., .. . . - . .- . . . . - . . - . - - .

i
!

!

i

.

. RELEASE NUMBER 93033 CONTAINMENT PURGE

STARTING TIME JULY 29,1993 HOUR 16 MINUTE 48
:

TIME WS10 WD10 DT110
!HOUR MPH DEG DEG C
,

16 4.4 165.4 -1.2
17 4.4 183.7 -1.1
18 3.8 70.0 -1.0 .

19 4.1 85.5 -0.8
20 4.5 95.5 +0.5 t

|21 2.2 134.6 0.9
22 3.1 142.7 1.6
23 3.7 141.4 1.6
24 7.8 163.0 0.5

1 5.0 138.6 1.3 ,
;2 6.2 146.5 1.2
?3 5.9 141.4 1.1

4 6. 6 1*8.6 0.7 [
5 5.5 151.6 0.8

'

6 4.7 139.4 1.0 '
7 3.7 117.9 0.6
8 5.3 134.0 -0.1
9 7.6 128.5 -0.6

10 8.9 130.1 -0.9
11 9.1 127.1 -1.0
12 10.1 138.5 -1.0

+

13 9.6 145.9 -1.1 ,

!14 10.2 177.4 -1.1
!15 10.1 164.9 -1.1

16 9.3 164.6 -1.0 ,1
'

17 6.9 8.7 -0.8
18 7.4 148.4 -0.8 i

'19 6.7 159.5 -0.6
20 6.4 234.3 -0.3
21 5.4 32.0 0.4
22 6.0 159.8 0.9
23 7.7 161.4 0.9
24 7.8 163.0 0.5 ,

'|1 7.9 164.3 0.2
2 8.0 176.6 -0.1

'

i3 8.6 179.5 0.1
94- 10.0 186.4 0.4 i5 10.5 193.6 0.2

6 9.2 190.9 0.2 i
7 9.5 197.5 0.4

'

',8 13.8 210.7 -0.1 !9 12.2 245.2 0.4
10 6.1 258.2 -0.6 .

''
11 4.9 326.9 -1.4 ,

12 4.8 320.7 -1.6 ;
13 5.1 337.6 -1.6 ,

14 3.7 1.0 -1.3 i
15 4.4 2.0 -1.2 !

16 3.3 18.5 -1.4
17 6.1 8.7 -1.4
18 7.0 148.4 -1.3 j

['
19 6.0 159.5 ~1.1
20 5.2 234.3 -0.9
21 2.5 32.0 -0.6

.|22 2,2 350.4 -0.2
23 2.3 298.8 0.4 !

|24 1.9 308.0 0.4 i1 1,6 325.3 0.4
2 2.3 339.0 0.7
3 2.0 307.0 1.1
4 3.1 326.7 0.5

!5 2.9 309.1 0.1
6 2.7 328.0 -0.3
7 .2.6 317.2 -0.3 ;

8 ~ 3.4 158.1 -0.5 '

9 6.6 217.0 -0.9
10 6.8 275.0 -1.1 ;

11 7.1 333.5 -1.1
i12 8.1 146.1 -1.1

13 8.0 320.0 -1.1
14 8.9 320.0 -1.2- *15 7.7 320.0 -1.4
16 8.1 320.0 -1.5 .

17 8.0 314.0 -1.4 t
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18 7. 5 - 306.0 -1.1 -|
'19 5.1 300.0 -0.9

20 1.8 290.0 0.5
.

21 1.6 280.0 3.0
22 2.1 270.0 4.0
23 2.5 295.7 .3.3 :

24 - 2. 4 324.9 2.7 |
1 2.6- 331.6 2.0
2 2.1 206.9 2.4 .'3 1.9 132.2 3.0 ,

4 1.9 117.3 2.9
5 2.5 286.3 3.9 i

6 2.3 83.8 2.6 i
7 3.0 323.8 1.8 i

STOP TIME AUG 2.1993 HOUR 6 MINUTE 20
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RELEASE NUMBFc. 93034 CONTAINMENT PURGE' . i

iSTARTING TIME AUG. 5,1993 HOUR 17 MINUTE 54
!

TIME WS10 WUiG .DT110 - i"
'

HOUR MPH DEG DEG C
i

17 2.2 210.9 ' 3. 9 ~ '
18 2.0 - 217.0 4.1 ;

19 1.8 223.2 4.4 !
20 1.8 229.3 4.7 ;

{' '
21 1.8 235.3 4.9 '

3

22 1.8 241.3 5.2 ;

23 2.0 247.2 5.4
['24 2.2 253.2 5.7

1 2.4 259.0 5.9 i
2 3.0 264.8 6.1 j

i 3 3.6 270.7 6.4
4 4.2 276.3 6.6
5 4.0 282.1 6.9
6 3.8 287.7 7.1
7 3,6 293.3 7.3

!
'

8 3.6 298.9 7.6
9 3.6 304.4 7.8

10 3.6 310.0 8.0 +

11 3.6 315.5 8.2
12 3.6 321.0 8.5 |
13 J.6 ' 326.3 8.7 i

14 3.4 331.7 8.9 |
15 3.2 241.0 5.0

!16 3.0 360.0 -1.5
|17 2.6 20.0 -1.9

18 2.2 40.0 -1.8 j

20 1.6 77.0 -2.1
. I'19 1.8 60.0 -1.8

!21 1.4 93.0 -1.8
?22 1.2 110.0 -1.8

-

23 1.8 116.0 -1.1 o

24 2.4 124.0 -1.8 . i
'

1 3.0 130.0 2.0
2 3.2 127.0 2.0

!3 3.4 123.0 -1.0
}4 3.6 120.0 -1.0,

|5 3.4 120.0 -1.0
- .6 3.2 120.0 -1.0

!7 3.0 120.0 -1.0
,

'
8 3.2 130.0 -1.0 !9 3.4 140.0 -1.0

' 10 3.6 150.0 -1.0 ,

11 4.4 160.0 -1.0
I12 5.2 170.0 -1.0
!13 6.0 180.0 -1.0
!14 5.8 170.0 -1.0 '15 5.6 160.0 -1.0

16 5.4 150.0 -1.0 . {'

17 5.0 160.0 -1.0 ,

18 4.6 170.0- -1.0 l
' 19 4.2 180.0 2.0
p' 20 4.4 177.0 2.0

21 4.6 173.0 2.0
22 4.8 170.0 2.0 :
.23 5.0 167.0 2.0 t

24 5.2 163.0 2.0
l- 1 5.4 160.0 2.0

2 5.6 163.0 2.0
'

3 5.R 167.0 2.0 ,

14 6.0 170.0 2.0
5 5.0 160.0 2.0
6 4.0 150.0 2.0 {

i' 7 3.0 140.0 -1.0
i

8 4.4 146.0 -1.0
!9 5.8 154.0 -1.0

10 7.2 160.0 -1.0
11 7.2 157.0 -1.0.

12 7.2 153.0 -1.0 .

13 7.2 150.0 -1.0.
'

14 6.8 160.0 -1.0
15 6.4 170.0 -1.0
16 6.0 180.0 -1.0

r

| 17 6.2 174.0 -1.0
*

18 6.4 166.0 -1.0
J
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' i
19 6.6 160.0 2.0

'

/ 20 6.4 . 160.0 2.0'
'21 6,2 160.0 2.0

~ '22 6.0 160.0 2.0 -.

23 6.2 160.0 2.0
24 6.0' 160.0 2.0 i

1 4.8 280.0 2.0 '

.2 4.8 177.0 2.0' ,

3 4.8 173.0 2.0 !

4 4.8 170.0 -1.4
5 4.2- 176.0 -1.7 |
6 3.6 184,0 - 1.' 7 .. i

STOP TIME- AUG 9.1993 HOUR 5 MINUTL 53
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RELEASE NUMBER 93035 CONTAINMENT PURGE '

STARTING TIME AUG 12,1993. HOUR 13 MINUTE 45 ,

' TIME' WS10 WD10 DT110
HOUR MPH DEG DEG C ,-

13 2.4 334.1 -1.9
14 2.4 185.1 -2.0
15 2.4 314.4 -1.6
16 2.4 25.6 -1.6
17 2.2 109.4 -1.5
IC 2.0 99.1 -1.3 -

*19 1.8 156.6 -0.7 '20 2.4 199.5 1.0
21 3.0 312.7 2.0 6

22 3.6 297.2 1.3
23 3.2 291.2 0.8
24 2.8 309.8 0.4

t1 2.4 309.4 0.1
2 2.2 313.0 -0.1
3 2.0 301.9 -0.1
4 1.8 308.5 0.1
5 1.8 300.0 -0.2
6 1.8 308.7 -0.1
7 1.8 178.7 -0.2 ;

8 2.4 290.6 -0.4
9 3.0 94.5 -0.6

10 3.6 318.0 -0.8
11 3.4 314.3 -1.2
12 3.2 352.2 -1.2

>

13 3.0 23.1 -1.3
14 3.0 39.0 -1.7
15 3.0 3.3 -1.8
16 3.0 114.9 -1.6 r

17 2.8 133.3 -1.3 !
18 2.6 139.8 -1.1

'

19 2.4 149.3 -0.9
20 2.2 157.6 -0.2 ,

21 2.0 143.8 0.7
.!22 1.8 136.9 1.1

23 2.0 143.5 1.1
'

24 2.2 141.3 0.9
1- 2.4 124.6 0.8 ,

2 3.2 132.3 0.6
3 4.0 145.0 0.6
4 4.8 152.4 0.4 !
5 4.0 162.0 0.1 ,

6 3.2 193.9 0.1 i

7 2.4 145.3 0.1
8 3.4 156.7 -0.3
9 4.4 149.8 -0.7

10 5.4 149.8 -0.8 ,

11 5.4 161.2 -0.8 ;

12 5.4 168.0 -1,3
'

13 5.4 167.0 -1.3 f
14 5.8 172.3 -1.3 s

15 6.2 167.1 -1.3 L

16 6.6 166.9 -1.2
17 5.8 170.6 -1.0
18 5.0 167.0 -0.8 i
19 4.2 166.5 -0.5
20 4.8 165.9 0.2
21 5.4 167.2 0.9
22 6.0 166.0 0.3 1

23 6.4 162.0 0.2 1

24 6.8 167.6 0.1 1

1 7.2 168.0- -0.1 i
2 4.8 179.9 -0.1 ;

3 2.4 193.9 0.2 !

4 2.4 261.7 0.45- 1.4 321.3 1.2
6 2.8 302.9 1.0
7 4.2 11.4 -0.8 ,

8 3.6 60.0 -0.8
9 3.0 68,0 -0.9 1

10 2.4 174.7 -0.7 1
11 3.0 126.1 -0.7 1
12 3.6 130.1 -0.6
13 4.2 119.7 -0.5
14 4.0 351.5 -1.1
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3.8 122.3 -1.5
.

15 .

'

- ',
' '

' 16 3.6 194.4 -1.2-
17. - 3,0 134.7 -0.9 '

- 18 2.4 238.1 -1.2
19' 1.8 44.8- -140

-

20 2.4 341.3 -0.7
21 . 2.6 17.9 -0.7
22 3.0 353.6 -0.2 ;

,
*23 2.6 324.1 0.1<

| 24 2.4 53.9 -0.3 !

1 -- 1 1.8 26.1 0.3
2 1.2 289.4 0,9 i

3 0.6 168.5 2.2 ,

., 4 0.6 313.0 1.2
j. 5 0.6 314.3 0.5

6 1.2 337.1 -0.5
7 1.8 12.7 -0.6 ;

!STOP TIME AUG 16.1993 HOUR 6 MINUTE B
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RELEASE NUMBER 93036 CONTAINMENT PURGE

STARTING TIME. AUG 19.1993 HOUR 16 MINUTE 23
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

.26 4.2 352.4 -1.7
17 3.4 355.0 -1.7
18 2.6 0.5 -1.1
19 1.8 344.6 -0.4
20 1.2 300.9 0.3
21 0.6 271.3 1.5 *

22 0.6 275.4 1.8
i23 0.8 280 5 2.2

24 1.6 '271.8 2.3 '

,

1 2.4 274.0 2.2
2 3.0 287.9 1.1
3 3.6 284.9 1.0
4 4.2 281.7 1.4
5 3.6 322.2 0.3
6 3.0 354.3 0.1
7 2.4 271.4 0.4
8 2.4 274.4 0.4
9 2.4 356.5 -1.3

-

STOP TIME AUG 20.1993 HOUR 8 MINUTE 18

STARTING TIME AUG 20,1993 HOUR 14 MINUTE 57 '

TIME WS10 WD10 DT110 "

HOUR MPH DEG DEG C

14 4.2 4.8 -1.7
15 3.6 231.3 -3.7
16 30 232.8 ,-3.7

I17 2.6 330.2 -3.0
18 2.2 54.9 -1.3
19 1.8 66.9 -0.7
20 2.0 67.3 -0.2
21 2.2 13.7 0.5
22 2.4 283.6 1.5
23 2.6 222.2 -0.2 ''

24 2.8 216.9 0.8
1 3.0 123.2 -1.1
2 2.6 94.1 -2.3 ,

3 2.2 56.8 -3.2 '

4 1.8 19.6 -4.0
5 1.8 114.1 -0.4

'

6 1.8 145.2 0.7
-7 1.8 124.4 0.2 *

8 2.2 121.0 -0.3
-9 2.6 127.1 -0.8
10 3.0 106.8 -1.1
11 3.6 150.7 -1.2
12 4.2 146.8 -1.1
13 4.8 137.4 -1.1

i

14 4.6 142.6 -1.1
15 4.4 145.9 -1.2
16 4.2 144.5- -1.0
17 3.8 140.3 -1.1
18 3.4 131.5 -1.2
19 3.0 128.1 -1.0
20 3.2 132.6 -0.9 '

21 3.4 123.0 -0.8
22 3.0 114.0 -0.9
23 3.8 116.6 -0.8
24 4.0 130.3 -0.6

1 4.2 127.2 -0.5
2 3.8 149.8 -0,5
3 3.4 135.3 -0.3
4 3.0 29.2 -0.5
5 3.8 55.0 -0,8
6 4.6 80.0 -1.0
7 5.4 105.0 -1.3
8 5.0 130.0 -1.5
9 4.6 155.0 -2.0

10 4.2 183.3 -2,4
11 4.2 40.5 -4.6
12 4.2 116.2 -3.1 ;

k
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13 42 191.9 - -2.0
- 14 4.0 205.6 -1.6

15 3.8 198.2 -1.4'
16 3.6 202.6 -1.3
17 2.4 206.9 -0.9
18 1.2 214.7 - 1. 1
19 1.2 206.0 -0.9
20 1.2 221.5 .0.3
21 1.2 272.2 2. 5
22 1.2 271.8 3.0
23 1.2 195.0 3.3
24 2.4 140.9- 3.1

1 3.6 291.5 2.3 !
2 3.6 240.7 1.2

]3 3.6 216.0 -0.1 4

4 3.6 220.3 -0.3
5- 3.6 164.4 -1.3 I
6 3.6 231.3 0.2
7 3.6 278.4 0.8 *

. .

STOP TIME AUG 23,1993 HOUR 6 MINUTE 42 ' I.
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RELEASE NUMBER 93037 CONTAINMENT PURGE
.

OTIME
STARTING TIME AUG 26.1993 HOUR 17 MINUTE O

- WS10 WD10 DT110
HOUR MPH DEG DEG C

17 4.2 112.0 -2.8
18 3.6 105.0 -2.9
19 3.0 102.9 -2.5
20 4.6 172.9 0.4
21 6.2 161.4 1.0 I
22 7.8 166.5 0.7

- i
.

23 6.4 149.5 -0.2 '

24 5.0 106.4 -2.2 '

1 3.6 200.0 1.5
2 3.4 235.0 1.5
3 3.2 275.0 1.5
4 3.0 310.0 1.5
5 3.8 323.0 -0.5 t'
6 4.6 327.0 0,5
7 5.4 350.0 -1.5
8 5.2 340.0 -1.6
9 5.0 330.0 -1.6

10 4.8 320.0 -1.7
11 5.3 323.0 -1.7
12 5.9 327.0 -1.7
13 6.4 330.0 -1.7
14 4.9 360.0 -1.7
15 3.3 30.0 -1.7
16 1.8 60.0 -1.7
17 1.2 40.0 -0.2
18 0.6 20.0 -2.1
19 0.6 360.0 4.0
20 0.6 360.0 4.0
21 1.2 360.0 4.0
22 1.8 360.0 4.0
23 1.8 6.0 4.0
24 18 14.0 4.0

1 1.8 20.0 4.0
2 1.8 23.0 3.2
3 1.8 27.0 2.3
4 1.8 30.0 1.5
5 1.8 40.0 1.5
6 1.8 50.0 1.5 '
7 1.8 60.0 1.5
8 2.0 80.0 0.4
9 2.2 100.0 -0.6

10 2.4 120.0 -1.7
11 2.6 126.0 -1.6
12 2.8 134.0 -1.6
13 3.0 140.0 -1.5
14 2.8 130.0 -1.5
15 2.6 120.0 -1.5
16 2.4 110.0 -1.5
17 2.6 113.0 -0.5 '

18 2.8 117.0 0.5
19 3.0 120.0 1.5
20 3.6 126.0 2.3
21 4.2 134.0 3.2
22 4.8 140.0 4.0
23 3.2 153.0 3.2
24 2.3 167.0 2.3

1 3.0 180.0 1.5
2 2.8 200.0 2.3
3 2.6 220.0 3.2
4 2.4 240.0 4.0
5 3.4 220.0 3.2
6 4.4 185.0 2.3
7 5.4 160.0 1.5
8 4.2 26.9 0.4
9 3.0 26.9 -0.6

10 1.8 33.9 -1.7
11 2.6 78.1 -1.7
12 3.4 105.4 -1.7
13 4.2 9.2 -1.7
14 4.4 39.6 -1.7
15 4.6 135.5 -1.7
16 4.8 137.2 -1.7
17 4.8 136.7 -0.6
18 4.8 138.1 0.6
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19 4.8 132.2 1.5. .

20- 4.8 131.4 1.5 1- ;-

.: 21 4.8 138.8 1.5 )
.. - 22 4.8 138.4 1.5

'

- 23 4,4 132.2 -1.5
- 24 4.0 130.5 -1.5-

1 3.6 60.0 -0.3
2 4.0 40.0 -0 8
3 4.4 20.0 -0.8
4. 4.8 360.0 -0.3
5 3.6 53.0 0.4 *

6 2.4 104.0 0.2
7 1.2 160.0 0.2

|STOP TIME AUG 30,1993 HOUR 6 MINUTE 7
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RELEASE NUMBER 93038 CONTAINMENT PURGE
~

STARTING TIME SEPT 2.1993 1 HOUR 14 MINUTE 38

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

i

14 4.9 338.3 -1.0
15 5.8 339.0 -1.3
16 5.4 335.0 -0.8

i17 7.8 334.2 -0.8
!18 8.0 338.5 -0.9 '19 6.1 337.6 -0.8 l

20 3.6 336.8 0.2
21 1.7 322.4 1.5 .

'

22 3.2 327.3 1.0
23 2.8 322.7 1.3
24 2.3 314.5 1.5 i

1 3.3 320.0 0.6
2

2 2.5 330.0 0.7
*

3 4.1 340.0 0.4
4 4.8 350.0 0.1
5 3.8 320.0 0.2
6 2.5 285.0 0.4
7 2.4 320.0 0.7
8 2.6 330.0 -0.2
9 4.7 340.0 -0.8

iSTOP TIME SEPT 3.1993 HOUR 8 MINUTE 26 '

STARTING TIME SEPT 3,1993 HOUR 10 MINUTE 59
TIME WS10 WD10 DT110 i
HOUR MPH DEG DEG C ,

L

10 4.9 350.0 -1.3
11 4.7 320.0 -1.6 ,

12 4.2 285.0 -1.6 ;

13 5.0 250.0 -1.6
14 4.1 327.9 -1.6 ,

i15 3.7 314.6 -1.4
16 4.4 345 1 -1,6 ;

17 4.0 315.9 -1.4 t,

18 5.0 214.0 -1.1 i
19 4.0 211.3 -0.6 -t20 3.4 199.2 1.0
21 2.7 203.2 3.2
22 5.5 199.6 2.8 1

'
23 7.6 195.1 3.1
24 8.1 193.1 3.3

11 7.8 187.4 4.0
2 7.9 182.2 3.9
3 6.0 170.2 2.2
4 8.1 189.8 1.4
5 9.6 199.7 1.1
6 11.6 207.7 1.3 1

'

7 12.8 209.0 1.8
8 5.2 198.1 0.1
9 3.7 240.6 -1.0

10 4.3 261.6 -1.5 .

11 3.4 .314.8 -1.8
12 4.7 350.1 -1.6 .

13 5.1 348.3 -1.6
*

14 5.6 348.1 -1.4
15 5.6 4.4 -1.4 i

:16 6.3 357.4 -1.2
I17 6.2 358.7 -1.1

18 5.5 354.6 -0.8
.[19 3.4 344.4 -0.3

.20 2.3 295.2 1.1
'

'

21 2.3 278.2 2.4
22 1.9 268.5 1.8 '

23 2.2 304.5 1.8
24 2.3 285.4 1.5 '

1 2.7 291.4 1.7
2 3.4 308.8 1.1

+

I3 5.1 18.7 -0.3 !4 4.9 120.6 -0.6 '

S 4.3 306.3 -0.4 *
6 4.0 318.8 -0.5

*

!
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i7 3.9 243.4 +0.6 I
8 3.6 310.7 -0.4

!9 3.6 330.8 -0.7 ;
'

10 '3.8 14.2 -0.8 *

11 4.4 1.7 -0.9
12 5.8 56.0 -0.8

{13 4.4 39.8 -0.8 ;14 5.2 43.4 -0.9
15 6.0 '61.2 -1.0 ,

;16 4.5 -46.6 -1.1
17- 4.5 34.6 -1.1
18 4.2 31.2 -1.1

.19 3.4 8.7 -1.0 I
20 3.4 7.7 -0.6
21 1.7 228.2 -0.3 -[

'

22 1.8 264.2 0.2 'I
23 -1.9 279.8 0.6 124 2.2 292.7 1.3 '

1 2.0 295.7 2.0 '

2 2.3 294.7 1.5
3 1.3 261.4 0.8

4

4 2.3 307.8 0.7 i5 2.7 290.6 0.5 i6 1.5 282.3 0.5
7 16 277.8 0.6 I

>

8 2.0 290.7 0.9
.

STOP TIME SEPT 6.1993 HOUR 7 MINUTE 48 !
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-RELEASE NUMBER 93039 CONTAINMENT PURGE

STARTING TIME .GEPT 9.1993 HOUR 14 MINUTE 53
'

TIME WS10 WD10 DT110
HOUR MPH DEG- DEG C

-

14 10.7 336.8 -1.4 - |15 11.7 337.8 -1.5 ~ !
16 11.4- 331.7 -1,6

'

17 10.6 333.5 -1.4 :
18 10.9 336.4 -1.0 t

19- 9.8 333.9 -0.6 |
20 5.5 332.9 0.5

'

'21 2.1 333.8 1,9 '

22' 2.4 332.2 2.1
23' 3.0 325.8 1.7 |
24 2.7 327.3 1.7 g

STOP TIME SEPT 9,1993 HOUR 23 MINUTE 40 L

STARTING TIME SEPT 9,1993 HOUR 23 MINUTE 54
TIME WS10 WD10 DT110 ' l
HOUR MPH DEG DEG C

'

23 3.0 325.8 1.7
24 2.7 327.3 1.7

1 2.9 316.1 1.9
2 2.5 317.8 1.9
3 2.3 329.5 2.7 .

!4 2.1 327.5 2.3
5 1.8 307.0 2.6 ;
6 2.4 339.7 2.1

I7 3.3 351.4 2.0
8 3.1 330.4 1.0 .

9 4.7 337.4 -0.6 [
10 6.1 334.0 -1.3

'

11 6.1 350.7 -1.6 . .
12 6.7 336.6 -1.7

'

13 6.5 327.5 -1.9 -'

14 6.2 326.3 -2.0
'15 6.5 336.1 -1.9

16 5.5 321.7 -1.8 . , .

17 'd.7 344.6 -1.6 ;

18 3.3 319.9 ~1.3 ?

19 1.5 279.9 -0.4
>

20 1.6 203.4 2.7
'

21 2.1 152.3 4.5
22 2.2 112.6 5.4 : )
23 2.6 319.3 5.4 i

'24 5.7 111.8 3.6
!1 6.6 121.9 3.0

2 7.2 '132.6 1.9
3 8'5 138.9 1.2 |.

4 7.3 136.0 1.4
5 7.8 128.8 1.7 |
6 8.9 223.6 0.6

'

'7 11.6 -167.9 -0.3 ,

8 10.8 166.8 -0.4
?

9 12.2 171.4 -0.8
10 15.8 173.4 -1.1
11 18.1 181.9 -1.3
12 15.7 185.5 -1.4 |
13 17.4 190.5 -1.5

'

14 18.6 187.3 -1.5
'

15 18.7 186.1 -1.4 -

16 18.1 188.2 -1.3 )
17 17.1 189.5 -1.1 ;

18 12.1 186.3 -0.7 i

19 6.6 167.9 -0.5 }
20 5.6 142.9 0.5 : )
21 4.7 137.8- 1.5
22 6.1 139.5 1.7 ;
23 ' 7. 5 168.0 1.0 ,

24 12.2 184.6 1.3 ;

|1 13.7 196.0 1.1
2 13.6 200.7 1.3 ;

3 14.1 201.5 2.0
*

4 13.4 207.7 1.7 t

i
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5 12.3 200.9 '1.5 - 5
6 8.2 179.0 1.2
7 8.2 173.0 1.5
8 6.5 162.9 0.8 |

i9 13.4 186.3 -0.1
10 15.5 192.8 -0.9
11 17.5 195.3 -1.2 i12 18.2 188.7 -1.3
13 19.1 189.3 -1.3
14 17.8 184.6 -1.5

'15 15.5 187 9 -1.4
16 17.9 189.5 -1.2

-!
,

17 17.8 185.3 -1.0
18 16.4 185.9 -0,7
19 12.8 177.8 -0.3
20 10.7 166.0 -0.1
21 11.5 164.3 -0.1
22 13.3 160.0 -0.2
23 14.4 167.5 +0.4

-

24 14.5- 165.6 -0.5
1 15.6 168.7 -0.5
2 13.3 167.3 -0.4
3 12.4 167.2 -0.4
4 13.1 167.1 -0.4
5 10.9 198.8 -0.4

'

6 8.6 198.0 -0.2 '
7 10.6 182.2 -0.2
8 9.2 189.7 -0.1 i
9 5.7 319.4 -0.5

10 5.4 320.0 -0.8

STOP TIME SEPT 13,1993 HOUR 9 MINUTE 43 - 1'
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. RELEASE NUMBER 93040 CONTAINMENT PURGE
.

STARTING TIME SEPT 16.1993 HOUR 17 MINUTE 4 *

TIME WS10 WD10 DT110 ,

'
HOUR MPH DEG DEG C

17 9.5 164.5 -1.5 1

18 8.4 162.4 -1.3 f
i19 5.2 157.2 -0.7

20 3.1 135.3 2.3
21 4.5 121.0 3.4
22 5.6 140.6 3.4
23 6.0 151.9 2.5 ,

24 5.0 123.0 2.0 ;

1 4.0 106.8 1.8
2 3.4 91.8 1.2
3 3.5 94.9 0.8
4 3.3 98.5 0.9
5 2.6 288.2 1.7
6 1.4 246.5 2.0
7 11 175.2 2.0
8 5.0 118.4 1.2 .

9 6.2 118.0 -0.1 i

STOP TIME SEPT 17,1993 HOUR 8 MINUTE 58
,

.

STARTING TIME SEPT 17.1993 HOUR 10 MINUTE 39
$TIME WS10 WD10 DT110

HOUR MPH CEG DEG C

10 6.8 124.9 -1.1
11 7.0 177.3 -1.4

|12 5.9 148.8 -3.4 '
13 6.3 165.2 -1.3

;14 5.2 250.0 -1.1
15 4.1 329.5 -0.9 '
16 4.9 358,3 -1.3
17 4.1 2.9 -1.3 !
la 5.3 342.9 -1.2
19 5.2 352.5 -1.0 a

i20 3.0 352.8 -0.8
21 2.7 9.0 -0.7 '
22 3.1 355.2 -0.7
23 3.0 1.2 -0.8

>

'24 3.3 20.6 -0.8
'1 2.9 57.7 -0.8

2 4.0 77.5 -0.8
3 2.8 5.7 -0.7
4 3.0 41.7 -0.6

*

!5 3.6 95.9 -0.3
6 2.9 23.6 -0.3
7 2.9 22.6 -0.5
8 2.4 332.5 -0.6
9 2.8 337.1 -0.6 ,

10 4.3 74.8 -0.7 ,

11 6.8 101.8 -0.8 t

12 9.5 99.2 -1.0
13 5.7 89.0 -0.9 i

- 14 4.1 77.7 -0.9
|15 4.5 82.8 -0.9

16 6.9 97.7 -1.1 |
17 8.6 102.4 -1.0 r

i18 8.2 103.7 -0.9
19 7.3 100.9 -0.7 i
20 7.0 102.1 -0.7

*21 9.5 106.6 -0.8
!22 8.3 63.2 -0.6

23 7.1 91.0 -0.6
24 7.7 95.8 -0.6

1 4.6 31.1 -0,7 ,

2 6.7 102.9 -0.6 -1

3 9.2 110.6 -0.6 i
4 10.1 107.6 -0.6

'

I5 8.4 125.0 -0.6 !6 8.0 119.1 -0.5
7 11.7 110.7 -0.7
8 7.9 108.2 -0.7
9 5.2 127.1 -0.6. .

I
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J

1

-I

10 7.4 155.9 -0.9 <

11 11 9 137.6 -0.8 ;

'.

12 20.4 144.8 1.1 ' g13 11.5 149.8 -1.1 -

E 14 9.6- 161.3 -0.9
15 11.8- -166.2- -1.1
16 9.2 165.8 -1.0-
17 9.1 159.7 -1.0

.

18 9.3 160.1 -1.1 i

19 9.2 162.2 -0.9 I
20 9.2 170.2 -0.7 i
21' 11.5 172.0 -0.5

. I'22 10.5 165.1 -0.5
'

23 10.4 169.5 -0.7 e

'24 11.1 188.5 -0.8 4

1 10.6 199.1 -0,7
,

2 9.0 206.6 -0.6 i
3 7.0 227.4 -0.6 ',

4 7.2 230.5 -0.3 .

5 6. 4 244.4 -0.1
6 8.0 246.3 0.1

- t
-

I

.kSTOP TIME SEPT 20,1993 liOUR 5 MINUTE 52 t
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. RELEASE NUMBER 93041 CONTAINMENT PURGE
i

[ STARTING TIME SEPT 21,1993 HOUR 16 MINUTE 20\ |
TIME WS10 WD10 DT110 ,

HOUR MPH DEG DEG C

16 13.9 164.6 -1.4
17 15.9 163.1 -1.3
18 13.8 160.5 -1.1 2

19 11.3 163.7 -0.7
20 78 157.0 -0.2 '

21 5.4 148.4 0.3
22 2.3 149.4 1.8
23 2.4 245.1 2.2 .

s24 2.6 262.6 1.8
1 4,2 24.9 1.8
2 3.4 159.5 2.1
3 '3.3 354.0 2.5
4 3.1 223.8 1.5 '
S 3.7 272.6 1.3
6 6.2 106.2 0.1
7 6.6 130.4 -0.5 's8 7.1 147.7 -0.6 I9 4.4 115.1 -0.6

10 3.9 288.8 -0,5
|11 5.1 339.6 -0.5

12 6.2 335.1 -0.6
>

13 6.4 341.5 -0.7
14 6.9 349.2 -1.1 .*

15 7.4 346.0 -1,1
16 7.3 354.0 -1.2
17 5.8 343.9 -0.6
18 4.4 339.9 -0.3
19 6.9 339.2 -0.4 *20 6.1 335.5 -0.4 *
21 5.9 328.5 -0.4 '

22 6.0 343.3 -0.6
23 5.3 346.4 -0.7
24 4.3 342,4 -0.7 i

'

1 4.8 346.6 -0.8
2 4.0 338.0 -0.8 .

3 4.1 345.5 -0.8 r

4 4.7 344.3 -0.8 *
5 3.8 330.0 -0.5

I6 3.7 320.4 -0.2
?7 3.6 318.0 -0.1

8 4.0 325.4 -0.3
c 9 5.4 346.8 -1.0 *

10 7.5 357.0 -1.4
11 7.5 1.4 -1.7
12 6.7 5.4 -1.8
13 6.0 4.2 -1.7
14 5.1 15.7 ~1.8

?15 5.4 67.1 -1.7
!16 4.6 315.9 -1.7

17 4.3 34.4 -1.6
18 3.5 69.4 -1,2 r

'19 1.8 355.4 -0.1
20 1.5 257.9 2.0

|21 1.1 253.0 2.4
22 1.0 214.2 2.0 r

:23 1.3 270.1 1.6 .',24 1.6 273.0 1.3
1 1.1 255.9 1.3

+

2 1.1 230.7 0.9
|3 1.6 295.3 0.6 '

4 1.6 224.9 0.7
5 2.3 1.9 0.6
6 2.3 265.4 0.2
7 1.7 275.3 0.4
8 2,5 12.1 -0.3 <

9 3.2 92.6 -0,7 *10 3.5 77.1 -1.0
11 4.5 127.5 -1.2
12 5.1 133.6 -1.3 ,

13 4.2 108.0 -1.5 *14 5.0 210.2 -1.6
15 3.9 99.9 -1.5
16 4.3 150.3- -1.2
17 3.2 235.9 -1.2

>
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!18 3.6 166.8 -1.0
- - 19 2.0 244.3 -0.7 !

20 2.0 323.5 -0.3
21 1.8 300.2 0.1 t
22' 2.3 312.0 0.3 '!

23 1.7 286.5 0.2
24 2.1 286.8 0.2

1 2.9 278.1 0.1
2 3.3 237.5 0.1 '

3 2.5 '210.7 0.1
4 1. 9 - 285.8 -0.1 r

5 3.5 338.2 -0.4 ,

6 4.8 337.7 -0.6 ;
7 5.2 335.7 -0.5 .

8 3.8 329.1 -0.6 '
9 3.9 340.3 -0.7

-510 2.6 2.6 -0.9
.I11 2.9 5.0 -1.1

12 4.8 340.1 -1.4 !
13 4.5 7.9 -1.6 >l

''14 4.5 0.5 -1.6
15 4.3 339.7 -1.8

'

16 4.6 338.6 -1.8
'
'17 4.4 343.1 -1.7

18 3.7 347 3 -1.3
19 1.7 296.2 0.4 ;

20 1.6 166.8 2.9
21 2.1 153.0 4.4 i
22 3.0 126.5 4.9 !

23 2.6 120.2 5.0 >

I24 2.1 103.2 3.8
1 4.6 188.2 2.8 i
2 2.8 327.7 1.9

'

3 6.2 261.1 0.6 ,

4 3.0 297.0 0.5 i
5 1.6 281.3 2.3 i
6 2.8 331.2 1.1 ,

7 5.1 327.1 0.2 i
8 9,2 330.4 -0.2

|9 11.2 331.7 -0.7
10 12.4 330.6 -1.2

'

21 12.7 329.0 -1.6 ,

12 13.1 326.3 -1.7
13 12.5 325.0 -1.9
14 12.7 325.6 -1.8
15 12.6 326.3 -1.7
16 11.6 326.1 -1.4 i

"

17 10.8 331.4 -1.2
'1 B 11.7 332.0 -1.0
19 7.8 335.8 -0.820 6.2 333.7 -0.7
21 4.6' 331.9 0.2 .j
22 3.0 337.9 1.2.23 2.4 351.2 1.7 I'24 2.2 332.5 1.5

1 1.8 308.0 1.6 1

2 1.8 301.6 2.0 .i
;3 1.8 307.5 2.5

4 1.8 315.1 2.8
'
'

5 2.2 318.5 3.0
-

6 2.6 249.4 3.0 1
f7 3.0 231.1 2.8

8 3.2 206.6 0.9
9 3.4 255.7 -0.410 3.6 218.4 -1.0 1

11 5.5 223.8 -1.4
!12 6.8 212.6 -1.413 8.4 209.7 -1.8

14 9.5 215.1 -1.7 i
'

iSTOP TIME SEPT 27.1993 HOUR 13 MINUTE 55 I
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RELEASE NUMBER 93042 CONTAINMENT PURGE
.

STARTING TIME SEPT 27,1993 HOUR 14 MINUTE 14
' TIME WS10 WD10 DT110 '

HOUR MPH DEG DEG C
!14 9.5 215.1 -1.7

15 10.9 217.2 -1.7
16 11.3 216.7 -1.6
17 11.8 229.0 -1.3
18 8.7 235.5 -0.8 ,

19 6.9 297.0 -0.2
-

20 6.3 327.8 1.0
21 3.8 329.5 2.3
22 4.9 325.3 1.4
23 6.2 326.8 1.0 .

24 4.8 325.5 1.0 k
..

1 8.4 314.7 2.0
2 8.6 313.8 2.5
3 8.8 331.0 2.3 -i

,'
STOP TIME SEPT 28.1993 HOUR 2 MINUTE 2
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RELEASE NUMBER 93043 CONTAINMENT PURGE
.

.

STARTING TIME. SEPT 28,1993 ' HOUR 2 MINUTE 42 !

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

\
2 B.6 313.8 2.5
3 8.8 331.0 2.3
4 9.0 353.7 3.1
5 7.6 349.6 2.1
6 6.2 337.5 1.5

i

STOP TIME SEPT 28,1993 HOUR 5 MINUTE 50
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RELEASE NUMBER 93044 CONTAINMENT PURGE

STARTING TIME SEPT 28.1993 HOUR 5 MINUTE 50-

.

TIME WS10 WD10 DT110.
HOUR MPH DEG DEG C

5 7.6 349.6 2.1
6 6.2 337.5 1.5
7 4.8 329.6 0.9
8 4.4 323.8 0.4
9 4.0 332.0 -0.8

10 3.6 334.7 -1.4

STOP TIME' SEPT 28,1993 HOUR 9 MINUTE.44

STARTING TIME SEPT 28,1993 HOUR 16 MINUTE 45
TIMB WS10 WD10 DT110'

'

HOUR MPH DEG DEG C

4 16 15.0 340.0 -1.5
- 17 12,7 330.0 -1.2

STOP TIME SEPT 28,1993 HOUR 16 MINUTE 45

l
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RELEASE NUMBER 93045 . CONTAINMENT PURGE '

STARTING TIME SEPT 28,1993 HOUR 16 MINUTE 45
TIME WS10 wn10 DT110
HOUR MPH DEG DEG C

16 15.0 340.0 -1.5
17 12.7 330.0 -1.2 .

18 10.3 333.0 -0.8

STOP TIME SEPT 28,1993 HOUR 17 MINUTE 18 i

t

STARTING TIME SEPT 28,1993 HOUR 17 MINUTE 43

TIME- WS10 WD10 DT110
HOUR MPH DEG DEG C

17 12.7 330.0 -1.2
18 10.3 333.0 -0.8
19 8.0 330.0 -0.5 .

20 7.4 336.0 0.2 '
'

21 6.6 344.0 0.8
22 6.0 350.0 1.5
23 5.0 320.0 2.3 ,

STOP TIME SEPT 28,1993 HOUR 22 MINUTE 27 - i
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RELEASE NUMBER 93046 CONTAINMENT PURGE

STARTING TIME SEPT 28,1993 HOUR 22 MINUTE 27 !~

TIME WS10 WD10 DT110 i
'HOUR MPH- DEG DEG C
i

22 6.0 350.0 1.5 *

23 5.0 320.0 2.3 .
- 24 4.0 290.0 3.8 .i

1 1.8 260.0 4.0 |
2 1.2 295.0 4.0 |3 0.6 325.0 4.0 i
4 0.6 360.0 4.0 {
5 0.6 3.0 4.0 t
6 1.2 7.0 4.0 (

,
7 1.8 10.0 4.0 |
8 1.8 315.0 2.2 !
9 1.8 265.0 0.3 '

10 1.8 210 ' -1.5 [

STOP TIME 19,1993 HOUR 9 MINUTE 50 I
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RELEASE NUMBER 93047 CONTAINMENT PURGE
* '

STARTING TIME SEPT 29,1993 HOUR 9 MINUTE 50
TIME WS10 WD10 DT110 ~

'

HOUR MPH DEG DEG C !

i9 1.8 265.0 0.3
10 1.8 210.0 -1.5 #;

11 2.2 190.0 -1.5
|12 2.6 170.0 -1.5
!13 3.0 150.0 -1.5 i

14 3.4 153.0 -1.6 1

15- 3.8 157.0 -1.6 '

STOP TIME SEPT 29,1993 HOUR 14 MINUTE 5
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RELEASE NUMBER 93048 CONTAINMENT PURGE- -f.
i-

! .
STARTING TIME SEPT 29,1993 HOUR 14 MINUTE 5 !

?
!

i TIME WS10 WD10 DT110 '
HOUR MPH DEG DEG C '

!

14 3.4 153.0 -1.6 '

~15 3.8 157.0 -1.6 1

16 4.2 160.0 -1.7 '!
17 3.8 157,0 -1.3

i18 3.4 153.0 -0.9
19 3.0 150.0 -0.5

. 20 3.6 147.0 0.3
| 21 4.2 143.0 0.7 t

i

22 1.5 140.0 1.5 !
.'- 23 1.5 146.0 1.5 '

~

t24 0.0 154.0 1.5 '
1 6.6 160.0 1.5

|2 6.8 163.0 0.8
3 7.0 167.0 0.2 3

-

>4 7.2 170.0 -0.5 't5 7.0 167.0 -0.5
6 6.8 163.0 -0.5

STOP TIME SEPT 30,1993 HOUR 5 MINUTE O
,
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RELEASE NUMBER 93049 CONTAINMENT PURGE-
' |'

STARTING TIME SEPT 30,1993 HOUR 5 MINUTE O
TIME WS10 WD10 DT110 ii . HOUR MPH- DEG DEG C *

,

5 7.0 167.0 -0.5
-

,

6 6.8 163.0 -0.5
!7 6.6 160.0 -0.5 *

8 12.5 166.5 -0.5
9 13.0. 163.7 -0.9

110 12.3 163.6 -1.3
11 13,8 167.2 -1.5 - '
12 14.8 168.5 -1.5

,

13 17,1 179.0 -1.7 -..|
*14 14.9 182.6 -1.6

15 17.6 188.5 -1.5 i

i; i16 15.9 192.9 -1.6
i17 12.4 215.3 -1.4
|

'

18 8.6 232.7 -1.1
!19 3.9 224.4 0.3a

;20. 1.8 107.7 4.3
21 2.5 12.9 4.2

-8

!22 2.7 306.8 4.5
- i

STOP TIME SEPT 30,1993 HOUR 21 MINUTE 35 |
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|' RELEASE NUMBER 93050 CONTAINMENT' PURGE
j

STARTING TIME SEPT 30,1993 HOUR 22 MINUTE 16
i

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

22 2.7 306.8 4.5
23 3.1 340.0 3.3
24 2.2 289.6 0.9

1 4.2 340.0 1.5
2 5.2 340.0 0.9

i3 6.2 340.0 0.3 '

4 7.2 340.0 -0.5
!5 7.4 343.0 -0.5
|"

6 7.6 347.0 -0.5
7 7.8 350.0 -0.5 ' !

18 7.4 344.0 -0.8
9 7.0 336.0 -1.2 !

10 6.6 330.0 -1.5

STOP TIME OCT 1,1993 HOUR 9 MINUTE 42
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RELEASE NUMBER 93051 CONTAINMENT PURGE
. ' '

STARTING TIME OCT- 1,1993 HOUR 9 MINUTE 42
>

TIME WS10 WD10 DT110 '
HOUR MPH DEG DEG C '

!9 7.0 336.0 -1.2
10 6.6 330.0 -1.5

'

i

11 6.6 324.0 -1.5 t

12 6.6 323.0 -1.5 i

.)13 6.6 320.0 -1.5
14 6.6 326.0 -1.5

;

15 6.6 334.0 -1.5
16 6.6 -340.0. -1.5 '

>

17 5.0 337.0 0.3
18 3.4 333.0 2.2 i

19 1.8 330.0 4.0 !
-?20 1.4 340.0 4.0

f21 1.0 350.0 4.0 r22 0.6 360.0 4.0 '

23- 2.0 360.0 10.9 '

STOP TIME OCT 1,1993 HOUR 22 MINUTE 45
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RELEASE NUMBER' 93052 CONTAINMENT PURGE
- r

STARTING TIME OCT 1,1993 HOUR 22 MINUTE 45 -
L

,

. . . TIME WS10 WD10 DT110
HOUR MPH DEG DEG

22 0.6 360.0 4.0 *

23 2.0 360.0 10.9
24 . 3. 4 360.0 10.8

1 4.8 360.0 -0.5 '

2 4.6 360.0 -0.5
|3 44 360.0 0,5
i4 4.2 360.0 -0.5 i

5 3.6 357.0 -0.5
}6 2.4 353.0 -0.5
t7 1.8 350.0 -0.5
i8 1.8 347.0 -0.8

9 1.8 343.0 -1.2 !10 1.8 340.0 -1.5
11 2.4 310.0 -1.5 I12 3.0 280.0 -1.5

-

13 3.0 250.0 -1.5 )
14 3.6 256.0 -1.5

i15 3.6 264.0 -1.5
1,

STOP TIME OCT 2,1993 HOUR 14 MINUTE 44 j
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iRELEASE NUMBFR 93053 CONTAINMENT PURGE
'

STARTING TIME OCT 3.1993 HOUR 1 MINUTE 10
TIME WS10 WD10 DT110 IHOUR MPH DEG DEG C

1 3.0 210.0 4.0
,

2 3.0 210.0 4.0
t3 3.0 .210.0 4.0 '

4 6.0 210.0 4.0
5 3.0 213.0 4.0

.

!6 3.0 217.0 4,0 '
7 3.0 220.0 4.0

STOP TIME OCT 3.1993 HOUR 6 MINUTE 3B
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RELEASE NUMBER 93054- CONTAINMENT PURGE

STARTING TIME OCT 3.1993 HOUR 14 MINUTE 14
- TIME WS10 WD10 DT110

HOUR MPH DEG DEG C

14 - 5.0 243.0 -1.5
15 5.2 257.0 -1.5

,

)16 5.4 270.0 -1.5
117 4.4 257.0 -0.5 t

3, 18 3.4 243.0 0.5
!

'

19 2.4 230.0 1.5 ;

20 2.4 227.0 1.5
|21 2.4 223.0 1.5

22 2.4 220.0 1.5 '
i

1
STOP TIME- OCT 3.1993 HOUR 21 MINUTE 15
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RELEASE NUMBER 930$$ CONTAINMENT PURGE

,

[STARTING TIME OCT 3,1993 HOUR 21 MINUTE 15
_j

- - TIME WS10 WD10 DT110 +HOUR MPH DEG DEG C '

i21 2.4 223.0 1.5
22 2.4 220,0 1.5
23 26 226.0 1.5 s

i24 2.8 234.0 1.5
1 3.0 240.0 1.5 !
2 3.0 234.0 1.5
3 3.0 226.0 1.5
4 3.0 220.0 1.5
5 3.0 250.0 1.5
6 3.0 280.0 1.5 '
7 3.0 310.0 1.5
8 4.4 324.0 0.8

;

9 5.8 336.0 0.2
10 7.2 350.0 .-0.5 ;11 5.8 356.0 -0.9
12 - 4.4 4.0 -1.3
13 3.0 10.0 -1.7
14 3.6 10.0 -1.7
15 4.2 10.0 -1.7

.

.

!16 4.8 10.0 -1.7
17 3.4 7.0 -0.6
18 2.0 3.0 0.4

619 0.6 360.0 1.5 I20 1.2 30.0 1.5
21 1.8 60.0 1.5
22 2.4 90.0 1.5

3

'

23 2.4 96.0 2.3
24 2.4 104.0 3.2 !

1 2.4 110.0 4.0 '

2 3.0 120.0 4.0 .
i

3 3.6 130.0 4.0
4 4.2 140.0 4.0 !

5 4.2 143.0 4.0
i

STOP TIME OCT 5,1993 HOUR 4 MINUTE 26
;

ISTARTING TIME OCT 5,1993 HOUR 4 MINUTE 52
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C i

4 4.2 140.0 4.0
5 4.2 143.0 4.0 .'
6 4.2 147.0 4.0 !
7 4.2 150 0 4.0
8 4.8 144.0 3.2 {
9 5.4 136.0 2.3 1

10 6.0 -130.0 1.5 1

11- 6.0 133.0 0.8 |
12 6.0 137.0 0.2 !

13 6.0 140.0 -0.5 .1
14 6.8 150.0 -0.8 ~!

.'15 7.6 160.0 -1.2 I16 8.4 170.0 -1.5
17 8.0 167.0 -1.2 l
18 7.6 163.0 -0.8 'l

19 7.2 160.0 -0.5 |*20 7.6 170.0 -0.5
j

STOP TIME OCT 5.1993 HOUR 19 MINUTE 17
|

1
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~|RELEASr NUMBER 93056 CONTAINMENT PURGE '

STARTING TIME OCT 5,1993 HOUR 19 MINUTE 17
.

'
,

TIME WS10 WD10- DT110
HOUR MPH -DEG DEC C

!19 7.2 160.0 -0.5
|20 7.6 170.0 -0.5
!21 8.0 180.0 -0.5 i22 8.4 190.0 -0.5

23 8.4 190.0 -0.5 ;

24 8.4 190.0 -0.5 !
1 84 190.0 -0.5

|2 7.4 184.0 0.2 ;
3 6.4 176.0 0.8 t4 5.4 170.0 1.5
5 5.4 180.0 1.5 !6 5.4 190.0 1.5

|7 5.4 200.0 1.5 's8 5.6 197.0 0.5 !
9 5.8 193.0 -0.5 *

10 6.0 190.0 -1.5 -!11 6.8 180.0 -1.2
a

?12 7.6 170.0 -0.8
?

13 8.4 160.0 -0.5 I

14 8.4 166.0 -0.5
.15 8.4 174.0 -0.5
!16 8.4 180.0 -0.5 4

17 7.6 177.0 -0.5 *

f
STOP TIME OCT 6,1993 HOUR 16 MINUTE 47 j
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, RELEASE NUMBER 93058 CONTAINMENT P'URGB

' [
STARTING TIME OCT 7,1993 HOUR 1 MINUTE 35

'

. TIME WS10 WD10 DT110
HOUR MPH DEG DEG C ,

.
1 7.8 190.0 -0.5
2 7.6 190.0 -0.5
3 7.4 190.0 -0.5
4 7.2 190.0 -0.5

,

5 6.8 -193.0 -0.5 '!6 6.4 197.0 -0.5 1

7 6.0 200.0 -0.5 !
8 6.0 206.0 -0.8 I
9 6.0 214.0 .-l.2 i

10 6.0 220.0 -1.5 '

11 6.2 214.0 -1.5 i12 6.4 206.0 -1.5 i13 6.6 200.0 -1.5 j
iSTOP TIME OCT 7,1993 HOUR 12 MINUTE 28 !
:
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RELEASE NUMBER 93059 CONTAINMENT PURCE
. ..

STARTING TIME OCT 7,1993 HOUR 12 MINUTE 28
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

12 6.4 206.0 -1.5
13 6.6 '200.0 -1.5
14 6.0 194.0 -1.6
15 5.4 186.0 -1.6
16 4.8 180.0 -1.7
17 ' 4.8 170.0 -1.3
18 4.8 160.0 -0.9
19 4.8 150.0 -0.520 5.0 .153.0 -0.5 t
21 5.2 157.0 -0.5
22 5.4 160.0 -0.5
23 5.4 163.0 -0.5,

24 5.4 167.0 -0,5
1 5.4 170.0 -0.5
2 4.6 l'?.0 0.2
3 3.8 163.0 0.8
4 3.0 160.0 1.5
5 3.0 146,0 1.5 ;

6 3.0 134.0 1.5
7 3.0 120.0 1.5 ,

8 3.2 126.0 0.8
9 3.4 134.0 0.2

10 3.6 140.0 -0.5
11 3.4 123.0 -0.5 .

i12 3.2 107.0 -0.5
|13 3.0 90.0 -0.5

14 4.8 66.0 -0.5

STOP TIME OCT 8,1993 HOUR 13 MINUTE 50
*

iSTARTING TIME OCT 8,1993 HOUR 14 MINUTE 20
i

TIME WS10 WD10 DT117
HOUR MPH DEG DEG 0 ,

14 4.8 66,0 -0.5
15 6.6 44.0 -0.5
16 8.4 20.0 -0.5
17 8.4 14.0 -0.5 }
18 8.4 6.0 -0.5 i

;19 8.4 360.0 -0.5
20 9.2 360.0 -0.5
21 10.0 360.0 -0.5
22 10.8 360.0 -0.5
23 11.2 3.0 -0.5
24 11.6 7.0 -0.5

1 12.0 10.0 -0.5
2 11.6 7.0 -0.5
3 11.2 3.0 -0.5

i

i4 10.8 360.0 -0.5
5 9.6 357.0 -0.5 .

!6 8.4 353.0 -0.5
7 7.2 350.0 -0.5
8 7.2 350.0 -0.5

|9 7.2 350.0 -0.5
10 7.2 350.0 -0.5
11 7.2 347.0 -0.5 |

12 7.2 343.0 -0.5 'i

13 7.2 340.0 -0.5 i

, 14 7.0 337.0 -0.8

STOP TIME OCT 9.1993 HOUR 13 MINUTE 2

. .
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RELEASE NUMBER '93060 CONTAINMENT PURGE
:

STARTING TIME OCT 9,1993 HOUR 13 MINUTE 2
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

13 7.2 340.0 -0.5
14 7.0 337.0 -0.8
15 6.8 333.0 -1.2
16 6.6 330.0 -1.5
17 5.0 336.0 0.4
18= 3.4 344.0 2.2
19 1.8 350.0 4.0

I20 2.2 347.0 4.0
121 2.6 343.0 4.0 '

22 3.0 340.0 4.0
23 2.6 354.0 1.5
24 2.2 6.0 1.3

i1 1.8 20.0 4.0
2 2.0 325.0 4.0
3 22 275.0 4.0
4 2.4 220.0 4.0

I5 2.2 226.0 4.0 '
6 2.0 234.0 4.0
7 1. 8 240.0 4.0 4

'

8 2.8 240.0 2.1
9 3.8 240.0 0.2

10 4.8 240.0 -1.7
11 4.4 240.0 -1.6
12 4.4 240.0 -1.6
13 3.6 240.0 -1.5
14 3.6 226.0 -1.5
15 3.6 214.0 -1.5
16 3.6 200.0 -1.5 t

17 3.0 210.0 -0.5
18 2.4 220.0 0.5

i19 1.8 230.0 1.5
20 2.0 236.0 1.5
21 2.2 244.0 1.5
22 2.4 250.0 1.5
23 2.6 233.0 2.3
24 2.8 217.0 3.2

1 3.0 200.0 4.0
2 3.0 206.0 4.0
3 3.0 214.0 4.0
4 3.0 220.0 4.0 .,

5 3.6 206.0 3.2
'

6 4.2 194.0 2.3 *

7 4.8 180.0 1.5
8 4.6 197.0 0.4
9 4.4 213.0 -0.6

',10 4.2 230.0 -1.7
11 4. 6 224.0 -1.3
12 5.0 216.0 -0.9
13 5.4 210.0 -0.5

.

'

STOP TIME OCT 11,1993 HOUR 12 MINUTE 27
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RELEASE NUMBER 93061 CONTAINMENT PURGB,

'
,

j STARTING TIME ocT 11,1993 HOUR 12 MINUTE 27 t

)'
TIME WS10 WD10 DT110 i
HOUR MPH DEG DEO C :

l 12 5.0 216.0 -0.9 '13 5.4 210.0 -0.5
14 5.2 220.0 -0.8

.. 15 5.0 230.0 -1.2
i- ' i

iSTOP TIME OCT 11,1993 HOUR 14 MINUTE 45 i
|

.

STARTING TIME OCT 12,1993 HOUR 1 MINUTE 25 - *
!

, TIME WS10 WD10 DT110
| HOUR MPH DEG DEG C

,

f 1 1.8 250.0 4.0
'.'

2 2.2 285.0 3.2
3 2.6 325.0 2.3 .

'i - 4 3.0 360.0 1.5 ?

?

: 5 2.8 3.0 1.5', 6 2.6 7.0 1.5
7 2.4 10.0 1.5

' Ii. 8 2.8 3.0 0.4 '

9 3.2 257.0 -0.6
f10 3.6 250.0 -1.7

11 4.0 35.0 -1.6 )
12 4.4 350.0 -1.6

'

13 4.8- 350.0 -1 5
14 4.6 360.0 -1.5 .

I 15 4.4 10.0 -1.5
'

16 4.2 20.0 -1.5 ,

;17 3.6 20.0 -0.5
18 2.8 20.0 0.5
19 2.4 20.0 1.5 ' j

' !,STOP TIME OCT 12,1993 HOUR 18 MINUTE 41
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-ERELEASE NUMBER 93062 CONTAINMENT PURGE i

STARTING TIME OCT 12,1993 HOUR 21 MINUTE $4
TIME WS10 'WD10 DT110
HOUR MPH DEG DEG C

21 2.0 45.0 3.2
22 1.8 60.0 4.0
23 2.0 74.0 4.0
24 2.2 86.0 4.0

1 2.4 100.0- 4.0 ,
2 2.8 .106.0 3.2
3 3.2 114.0 2.3
4 3.6 120.0 1.5
5 3.0 - 117.0 2.3 -

6 2.6 113.0 3.2
7 1,8 110.0 4.0

STOP TIME OCT 13,1993 HOUR 6 MINUTE 21
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.. RELEASE NUMBER 93063 CONTAINMENT PURGE

h' STARTING TIME OCT 16.1993 HOUR 2 MINUTE 25 *

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

} 2 3.2 354.0 1.5
; 3 3.4 346.0 1.5
; 4 3.6 340.0 1.5

5- 3.6 346.0 1.54

'

6 3.6 354,0 1.5
7 3.6 360.0 1.5
8 3.6 13.0 0.4
9 3.6 27.0 -0.6

i 10 3.6 40.0 -1.7
g 11 3.6 30.0 -1.7

12 3.6 20.0 -1.7
13 3.6 10.0 -1.7
14 3.6 16.0 -1.72

; ' 15 3.6 24.0 -1.7
16 3.6 30.0 -1.7' 17 3.8 24.0 -1,3
18' 4.0 16.0 -0.9
19 4.2 10.0 -0.5
20 4.0 7.0 0.2
21 3.8 3.0 0.8
22 3.6 360 0 1.5
23 3.6 357.0 1.5

1 24 3.6 353.0 1.5
1 3.6 350.0 1.5
2 3.2 350.0 2.3 ',

i
j STOP TIME OCT 17,1993 HOUR 1 MINUTE 16
!
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RELEASE NUMBER 93064 CONTAINMENT PURGE
,

STARTING TIME OCT 17.1993 HOUR 1 MINUTE 37
*

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

1 3.6 350.0 1.5
2 3.2 350.0 2.3
3 2.8 '350.0 3.2
4 2.4 350.0 4.0
5 2.2 344.0 3.2 ,

i6 2.0 336.0 2.3 i7 1.8 330.0 1.5
8 1.8 347.0 0.4
9 1.8 3.0 -0.6

10 1.8 20.0 -1.7
11 1.8 17.0 -1.7
12 1.8 13.0 -1.7
13 1.8 10.0 -1.7
14 1.4 '7 . 0 -1.7
15 1.0 3.0 -1.7
16 0.6 360.0 -1.7 ;

t17 0.6 360.0 -0.6 !18 0.6 360.0 0.4
19 0.6 360.0 15
20 1.0 50.0 2.3
21 1.4 100.0 3.2
22 1.6 150.0 4.0

STOP TIME OCT 17,1993 HOUR 21 MINUTE 7 '

STARTING TIME OCT 18.1993 HOUR 2 MINUTE 25 +

TIME WS10 WD10 DT110
. HOUR MPH DEG DEG C

.)
2 1.8 110.0 3.2
3 1.8 80.0 2.3
4 1.8 50.0 1.5
5 1.8 40.0 2.3
6 1.8 30.0 3.2
7 .1.8 20.0 1.5

-

,

r
8 1.8 30.0 0.4
9 1.8 40.0 -0.6 *

10 1.8 50.0 -1.7
|11 1.4 33.0 -1.7

12 1.0 17.0 -1.7
a

13 0.6 360.0 -1.7
14 1.2 10.0 -1.7
15 1.8 20.0 -1.7 ,

!16 2.4 30.0 -1.7
|17 1.8 20.0 -0.6 '

la 1.2 10.0 0.4 '
19 0.6 360.0 1.5
20 1.0 3.0 23 '

21 1.4 7.0 3.2
!22 1.8 10.0 4.0 '

STOP TIME OCT 18.1993 HOUR 21 MINUTE 50
I
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#RELEASE NUMBER 93065 CONTAINMENT PURCE
,

STARTING TIME OCT 18,1993 HOUR 21 MINUTE 50
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

21 - 1. 4 7.0 3.2
22 1.8 10.0 4.0

'

23 1.8 20.0 4.0
24 1.8 30.0 4,0

1 1.8 40.0 4.0
2 2.0 27.0 4.0
3 2.2 13.0 4.0
4 2.4 360.0 4.0
5 2.2 25.0 3.2
6 2.0 45.0 2.3
7 1.8 70.0 1.5
8 1.4 45.0 0.4
9 1.0 25.0 -0.6

10 0.6 360.0 -1.7
'

11 1.2 315.0 -1.7
12 1.8 265.0 -1.7 [13 2.4 220.0 -1.7 >

14 1.8 265.0 -1.8

STOP TIME OCT 19.1993 liOUR 13 MINUTE 50

,
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|RELEASE NUMBER 93066 CONTAINMENT PURGE

STARTING TIME OCT 19,1993 HOUR 13 MINUTE 50
TIME WS10 WD10 DT110
HOUR MPH DRG DEO C 3

{
13 2.4 . 220.0 -1.7 i
14 1.8 265.0 -1.8 i

15 1.2 315.0 -1.8
16 0.6 360.0 -1.9 .

17 1.2 315.0 -1.4 ;
18 1.8 265.0 -0.9

'

19 2.4 220.0 -0.5 |
20 1.8. 265.0 1.0

|21 1.2 315.0 2.5 '

22 0.6 360.0 4.0 ,

23 1.2 45.0 4.0 f
24 1.8 B5.0 4.0 |

STOP TIME OCT 19,1993 HOUR 23 MINUTE 54 |
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IRELEASE NUMBER 93067 CONTAINMENT PURGE '

STARTING TIME OCT 20.1993 HOUR 0 MINUTE 1
TIME WS10 WDIO DT110
HOUR MPH DEG DEG C

1 2.4 130.0 4.0
2 1.8 85.0 4.0 t

'

STOP TIME OCT 20.1993 HOUR 1 MINUTE 25

STARTING TIME OCT 20,1993 HOUR 1 MINUTE $4
fTIME WS10 WD10 DT110

HOUR MPH DEG DEG C g

1 2.4 130.0 4.0 i

2 1.8 85.0 4.0
3 1.2 45.0 4.0
4 0.6 360.0 4.0
5 1.2 65.0 3.2 ;

6 1.8 125.0 2.3
'

|7 2.4 190.0 1.5
8 2.6 235.0 0.4 ,

9 2.8 275.0 -0.6
'

10 3.0 320.0 -1.7 ,
'

11 4.8 317.0 -1,3
12 6.6 313.0 -0.9

-

I13 8.4 310.0 -0.5 '14 8.6 310.0 -0.5
15 8.8 310.0 -0.5

i16 9.0 310.0 -0.5 '

17 72 310.0 0.2
18 5.4 310.0 0.8 i
19 3.6 310.0 1.5 ,

20 3.6 307.0 1.5 !

21 3.6 303.0 1.5 I
22 3.6 300.0 1.5 |
23 3.2 306.0 1.5 1
24 2.8 314.0 1.5 ;

1 2.4 320.0 1.5 j

:
iSTOP TIME OCT 21,1993 HOUR 0 MINUTE 9
,
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!RELEASE NUMBER 93068 CONTAINHENT PURGE
,

. STARTING TIME OCT 21.1993 HOUR 0 MINUTE 9
',

. - TIME WS10 WD10 DT110
L- HOUR MPH DEG DEG C

.i

1 2.4 320.0 1.5
2 2.4 300.0 1.5

>

3 2.4 280.0 1.5
'

4 2.4 260.0 1.5

!'
j- 5 2.4 266.0 1.5

6 2.4 274.0 1.5
47 2.4 280.0 1.5 '

8 2.8 280.0 0.4
9 3.2 280.0 -0.6 ,

!10 3.6 280.0 -1.7 '
11 3.6 290.0 -1.7 '
12 3.6 300.0 -1.7

-!13 3.6 310.0 -1.7
14 3.2 307.0 -1.7 .;

15 2.8 303.0 -1.7
-

i 16 2.4 300.0 -1,7
17 2.2 260.0 -0.6

.a

*

1STOP TIME OCT 21,1993 HOUR 16 MINUTE 30 5
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P

RELEASE NUMBER 93069 CONTAINMENT PURGE
,

STARTING TIME OCT 21,1993 HOUR 16 MINUTE 30- 6

. TIME WS10 WD10 DT110
HOUR MPH DEG DEG C ;

16 2.4 300.0 -1.7
17 2.2 260.0 -0.6 !

'18 2.0 220.0 0.4 '

19 1.8 180.0 1.5
20 2.4 174.0 2.3
21 3.0 166.0 3.2
22 3.6 160.0 4.0 ,

23 3.8 163.0 4.0 .

24- 4.0 167.0 4.0
1 4.2 170.0 4.0
2 4.2 176.0 4.0
3 4.2 184.0 4.0
4 4.2 190.0 4.0 j
5 4.4 180.0 3.2
6 4.6 170.0 2.3 i7 4.8 160.0 1.5 i8 5.0 160.0 0.5
9 5.2 160.0 -0.5 ,

'
10 5.4 160.0 -1.5
11 .5 . 2 166.0 -1.6 t

i
STOP TIME OCT 22.1993 HOUR 10 MINUTE 24

,

STARTING TIME OCT 22,1993 HOUR 11 MINUTE 25 i
e

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

11 5.2 166.0 -1.6 i
'

12 5.0 174.0 -1.6
13 4.8 180.0 -1.7
14 4.8 180.0 -1.7
15 4.8 180.0 -1.7

-

36 4.8 180.0 -1.7
17 4.6 183.0 -1.3 'i
18 4.4 187.0 -0.9
19 4.2 190.0 -0.5
20 4.2 190.0 0.2
21 4.2 190.0 0.8
22 4.2 190.0 1.5
23 4.0 187.0 1.5 .

124 3.8 183.0 1.5 '

STOP TIME OCT 22.1993 HOUR 23 MINUTE 45 '
i
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1

RELEASE NUMBER 93069 CONTAINMENT PURGE
< j

STARTING TIME OCT 23,1993 HOUR 0 MINUTE 18
,

1

1'T2ME WS10 WD10 DT110
HOUR MPH DEG DEG C

1 3.6 180.0 1.5
2 3.8 190.0 1.5
3- 4.0 200.0 1.5
4 4.2 210.0 1.5
5 4.4 196.0 1.5
6 4.6 184.0 1.5 ;

i7 4.8 170.0 1.5
8 4.8 187.0 0.5 |

9 4.8 203.0 -0.5

STOP TIME OCT 23,1993 HOUR 8 MINUTE 5
1

a
STARTING TIME OCT 23,1993 HOUR 8 MINUTE 32

TIME WS10 WD10 DT110
iHOUR MPH DEG DEG C

8 4.8 187.0 0.5
9 4.8 203.0 -0.5

10 4.8 220.0 -1.5 ;

,

STOP TIME OCT 23,1993 HOUR 9 MINUTE 57
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RELEASE NUMBER 93070 CONTAINMENT PURGE
i

STARTING TIME OCT 23,1993 HOUR 9 MINUTE 57 |
|TIME WS10 WD10 DT110

HOUR MPH DEG DEG C ;
.

9 4.8 203.0 -0.5
10 4.8 220.0 -1.5
11 6.0 214.0 -1.2 |12 7.2 206.0 -0.8
13 8.4 200.0 -0.5
14 8.0 200.0 -0.5

-

|15 7.6 200.0 -0.5
16 7.2 200.0 -0.5
17 7.0 197.0 -0.5
18 6.8 193.0 -0.5
19 6.6 190.0 -0.5
20 6.2 193.0 -0.5

-

5

21 5.8 197.0 -0.5
i22 5.4 200.0 -0.5

STOP TIME OCT 23,1993 HOUR 21 MINUTE 36 - f
.

STARTING TIME OCT 23.1993 HOUR 22 MINUTE O
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

22 5.4 200.0 -0.5
t23 4.8 200.0 0.2

24 4.2 200.0 0.8
;

1 3.6 200.0 1.5
|2 3.8 210.0 1.5

3 4.0 220.0 1.5
,

4 4.2 230.0 1.5
5 4.4 227.0 0.8

.

6 4.6 223.0 0.2 !
1. 7 4.8 220.0 -0.5 !8 4.4 223.0 -0.9

!9 4.0 227.0 -1.3
10 3.6 230,0 -1.7
11 4.0 220.0 -1.7
12 4.4 210.0 -1.7
13 4.8 200.0 -1.7 ,

14 4.6 194.0 -1.7 '

15 - 4.4 186.0 -1.7
16 4.2 180.0 -1.7 i

17 4.2 174.0 -1,3
18 42 166.0 -0.9
19 4.2 160.0 -0.5
20 4.0 174.0 0.2
21 3.8 186.0 0.8 ;22 3.6 200.0 1.5
23 3.6 197.0 2.3 ~

24 3.6 193.0 3.2 -!
>

STOP TIME OCT 24,1993 HOUR 24 MINUTE O
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RELEASE NUMBER 93070 CONTAINMENT PURGE

STARTING TIME OCT 24.1993 HOUR 2 MINUTE 44
TIME' WS10 WD10 DT110
H' OR MPH .DEG DEG C

2 3.8 210.0 1.5
3 4.0 220.0 1.5
4 4.2 230.0 1.5, .

5 4.4 227.0 0.8
6 4.6 223.0 0.2

.7 4.8 220.0 -0.5
8 4.4 223.0 -0.9
9 4.0 227.0 -1.3 j

10 3.6 230.0 -1.7 r

11 4.0 220.0 -1.7
12 4.4 210.0 -1.7

STOP TIME OCT 24,1993 HOUR 11 MINUTE dB
>

STARTING TIME OCT 24,1993 HOUR 12 MINUTE 4
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

12 4.4 210.0 -1.7 '13 4.0 200.0 -1.7
14 4,6 194.0 -1.7
15 4.4 186.0 -1.7

'16 4.2 180.0 -1.7
17 4.2 174.0 -1,3
18 4.2 166.0 -0.9
19 4.2 160.0 -0.5
20 4.0 174.0 0.2
01 3.8 186.0 0.8 '22 3.6 200.0 1.5
23 3.6 197.0 2.3
24 3.6 193.0 3.2

1 3.6 190.0 4.0
2 4.0 190.0 3.2
3 4.4 190.0 2.3
4 4.8 190.0 1.5
5 4.8 187.0 1.5
6 4.8 183.0 1.5
7 4.8 180.0 1.5 !

STOP TIME OCT 25.1993 HOUR 6 MINUTE 20
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RELEASE NUMBER 93071 CONTAINMENT PURGE
' tSTARTING TIME OCT 25.1993 HOUR 6 MINUTE 20

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

6 4.8 183.0 1.5
.

7 4.8 18040 1.5
8 4.6 205.0 0.8
9 4.4 235.0 0.2

10 4.2 260.0 -0.5 .

11 6.0 295.0 -0.5 I
12 7.8 325.0 -0.5
13 9.6 360.0 -0.5
14 8.8 346.0 -0.8
15 8.0 334.0 -1.2
16 7.2 320.0 -1.5
17 6.4 320.0 -1.2
18 5.6 320.0 -0.8
19 4.8 320.0 -0.5
20 5.2 317.0 0.2
21 5.6 313.0 0.8
22 6.0 310.0 1.5
23 5.2 270.0 1.5 y

24 4.4 230.0 1.5
1 4.1 319.7 0.3
2 3.6 319.6 -0.1
3 7.1 327.5 -0.6
4 8.0 328.1 -0.7
5 9.4 326.2 -0.7
6 7.4 327.1 -0.7 I7 5.9 323.0 -0.7
8 4.4 318.2 -0.2
9 4.3 312.1 -0.6

10 8.5 321.4 -1.4
11 11.2 325.9 -1,6
12 11.9 330.9 -1.5
13 11.5 330.2 -1.7
14 9,8 334.5 -1.4
15 9.9 332.3 -1,5
16 11.2 337.3 -1.3
17 11.1 330.9 -1.2 .

-18 9.5 332 7 -1.0 ,

19 9.0 333.6 -0.9
20 8.8 331.0 -0.9
21 8.7 330.6 -1.0
22 8.6 331.2 -0.9
23 8.4 334.8 -1.0
24 6.1 242.4 -1.0

1 8.0 329.6 -0.9
2 7.1 332.5 -0.9
3 6.2 330.8 -0.9
4 6.4 318.7 -0.5
5 8.3 321.2 0.6

.

6 8.7 320.1 1.1 ;

7 6.8 306.2 0.3
i8 5.7 308.4 0.4 '

9 4.6 258.7 -0.1
10 4.4 314.9 -1,5 '
11 6.2 252.5 -1.8
12 7.4 253.3 -1.8

i

STOP TIME OCT 27,1993 HOUR 11 MINUTE 52
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RELEASE NUMBER 93072 CONTAINMENT PURGE i

t
STARTING TIME 'OCT 27,1993 HOUR 11 MINUTE 52 !

!TIME WS10 WD10 DT110 iHOUR MPH DEG DEG C

11 6.2 252.5 -1.8 t
'

12 7.4 253,3 -1.8
}13 7. 8 235.7 -1.9
)14 9.2 232.7 -1.8
i15 10.0 '223.1 -1.7
!16 12.4 219.7 -1.6
!17 12.7 206.8 -1.3

18 10.0 192.9 -0.9 }
t19 7.2 181.9 -0.3

20 .7.4 180.2 -0.4 (
'21 7.6 182.9 -0.5 '
22 7.8 183.0 -0.5 ,

STOP TIME OCT 27,1993 HOUR 21 MINUTE 18 'I
?
s

I
STARTING TIME OCT 27,1993 HOUR 22 MIVUTE 28 i

!TIME WS10 WD10 DT110
;HOUR MPH DEG DEG C

22 7.8 183.0 -0.5
23 7.6 184.5 -0.' ,

24 7.4 199.7 -0.3 'r
i1 7.2 210.3 -0.4 i2 6.8 211.2 -0.3

3 6.4 215.6 -0.2 t
'

4 6.0 226.7 -0.2 ;

*5 5.6 230.8 0.3
56 5.2 241.2 1.0
i7 4.8 275,0 0.5 '

8 6.6 322.3 1.0 "

9 8.4 322.6 0.4
|10 9.9 330.5 -0.8
>11 12.1 331.3 -1.4 '

12 11.4 325.5 -1.6
j

STOP TIME OCT 28,1993 HOUR 11 MINUTE 42
i
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IRELEASE NUMBER 93073 CONTAINMENT PURGE i
-f

'

STARTING TIME OCT 29,1993 HOUR 2 MINUTE 35 j
- TIME WS10 WD10 DT110 \

*HOUR MPH DEO DEG O

|I2 7. 8 315,8 -0.6
F3 7.1 318.1 -0.5

4 5.5 311.2 -0.5 . !
8

5 7.3 314.8 -0.7
{
kSTOP TIME OCT 29.1993 HOUR 4 MINUTE 45 *

i

STARTING TIME OCT 29,1993 HOUR 12 MINUTE 20
iTIME WS10 WD10 DT110 }HOUR MPH DEG DEG C *

!
12 12.9 335,9 -1.8 ' !13 12.3 331.9 -1.8 f

,

STOP TIME OCT 29,1993 NOUR 12 MINUTE 36* r
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I
i'
iRELEASE NUMBER .93073 CONTAINMENT PURGE '

;.
- STARTING TIME OCT 29.1993 HOUR 13 MINUTE-20
TIME Ws10 WD10 DT110 -!HOUR MPH DEG. DEG C

'

13 12.3 331.9 -1.B. f14 11.8 337.2 -1.8 i

STOP TIME OCT 29,1993 HOUR 13 MINUTE 30 -

i

i
STARTING TIME OCT 29,1993 HOUR 19 MINUTE 7

-TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

19 9.7 333.1 -1.2
20 8.1 333.2 -0.9

!21 9.1 328.1 -0.9
22 8.6 330.5 -1.0 :
23 8.5 327.6 -1.0 t

'

STOP TIME OCT 29,1993 HOUR 22 MINUTE 53
,
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2
iRE1. EASE NUMBER 93075 CONTAINMENT PURGE

STARTING TIME OCT 31.1993 HOUR 8 MINUTE 3 '

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C :

8 1.0 233.7 2.1
9 1.4 137.2 1.4

STOP TIME OCT 31.1993 HOUR 8 MINUTE B
i

ISTARTING TIME OCT 31,1993 llOUR 6 MINUTE 55 '

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

8 1.0 233.7 2.1 i
!9 1.4 137.2 1.4

10 1.6 164.2 -0.4 >

il 2.3 351.1 -1.8 ,

12 5.1 196.9 -1.6
13 6.3 187.6 -1.6
14 6.4 189.6 -1.7 i

15 7.2 192.4 -1,6 |
16 7.4 190.9 -1.5 }
17 7.2 185.4 -1.5
1H 7.3 174.1 -1.2 i

#19 5.7 156.4 -0.3 *

20 5.0 149.7 0.9
-21 6.3 129.7 1.5
!22 6.3 130.8 1.7
!

STOP TIME OCT 31,1993 liOUR 21 MINUTE 15 i
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RELEASE NUMBER 93076 CONTAINMENT PURGE 'i

i

STARTING TIME NOV 1,1993 HOUR 16 MINUTE 42
,

TIME WS10 WD10 DT110
HOUR MPH DEG DEG C ;

J
16 13.6 166.0 +1.3 t

117 10.8 161.1 -1.0 '

18 6.2 157.3 -0.6 ;

19- 5.4 141.0 0.1 ..

.!' 20 4.9 135.6 0.5
21 4.9 154.8 0.3

|22 6.4 181.7 -0.2
23 7.3 215.9 -0.5
24 9.8 225.4 0.3 ,

1 5.4 249.7 0.6 ;

2 2.7 298.6 -0.5 .

3 4.0 314.3 -0.0
4 3.9 316.4 -0.8
5 3.2 312.1 -0.H '
6 3,1 303.8 -0.7 !7 3.0 296.6 -0.4 '
8 5.6 287.8 -0.4

|9 3.7 310.0 -1.5

STOP TIME NOV 2,1993 HOUR 8 MINUTE 41
}'

STARTING TIME NOV 2.1993 HOUR 11 MINUTE 15 '

?TIME WS10 WD10 DT110
|HOUR MPH DEG DEG C

11 5.4 317,6 -1.8
12 4.2 305.8 -2.0 r

13 6.7 306.3 -23 ,

14 9.1 294.2 -2.3 ','15 8.0 279.2 -J.2 i16 7.7 277.1 -1.8 '' 17 7.0 276.3 -1,0 *
18 -6.4 268 7 1.0'

19 6.9 256.8 2.6
..

. 20 4.7 217.4 3.1
'

.

- 21 6.1 206.4 3.4
22 8.3 201.3 3.4 ,

23 9.7 202.5 2.0
i24 12.5 215.6 1.2*

1 13.6 212.0 0.3 .)2 14.7 219.7 0.2
3 14.8 226.3 1.0 '
4 14.5 233.6 1.0 '

S 12.3 241.7 1.8 *

6 8.7 244.8 2.6'
7 8.1 237.9 4.2 I
8 4.3 240.3 -0.2 "

9 6 7 212.7 -0.8
|10 F.7 199.7 -1.4
}

STOP TIME NOV 3,1993 HOUR 9 MINUTE 41
.
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|RELEASE NUMBER 93077 CONTAINMENT PURGE

iSTARTING TIME NOV 3,1993- HOUR 9 MINUTE 41 !

TINE WS10 WD10 DT110
HOUR MPH DEG DEG C !

9' 6.7 212.7 -0.8 i

10 8.7 199.7 -1.4 ;

11 9.7 197.4 -1.5 !
12 11.6 201.3 -1.4
13 13.7 204.2 -1.3
14 13.1 215.9 -1.4 ,

15 10.8 213.5 -1.1 .:

!-16 8.3 203.2 -0.9
17 7.5 201.0 -0.4 !
18 5.6. 196.1 0.2 ,

*

19 6.7 210.2 1.0 !
'20 9.1 197.1 1.6

21 10.7 200.5 0.7
'

22 11.5 195.3 0.4
23 12.3 196.3 0.1 i
24 12.7 201.5 -0.1

'

1 13.1 205.4 -0.3 ;

2 14,6 211.1 -0.5
'

3 14.4 212.7 -0.5
4 14.8 211.8 -0.4
5 8.6 173.6 -0.2
6 8.4 204.1 -0.5
7 9.5 276.5 0.4
8 10.5 297.1 0.4 ,

9 10.3 310.9 -0.8 ,
*10 10.4 315.8 -1.7

11 11.3 320.6 -1.9
12 11.3 320.1 -2.2
13 13.2 322.4 -2.1
14 12.8 319.2 -2.1

'

i15 11.4 312.4 -1.9
16 10.0 311.1 -1,3 2

17 10.0 293.8 -1.2 ;

18 10.5 298.2 -1.0 1

19 8.0 288.5 -1.0 .

20 7.9 289.8 -1.2
8

21 10.5 307.4 -1.3
22 12.4 312.9 -1,3 '

23 12.7 318.7 - 1. 3
24 14.2 323.4 -1.3 |

1 15.3 324.8 -1.2 |
2 15.0 324.3 -1.3 +

iSTOP TIME NOV 5,1993 HOUR 1 MINUTE O
t
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RELEASE NUMBER 93078 CONTAINMENT PURGE i,

STARTING TIME NOV 5,1993 HOUR 1 MINUTE O -|
;

- TIME- WS10 WD10' DT110
j HOUR MPH DEG DEG C
! i1 15.3 324.8- -1.2
l 2 15.0 324.3 -1.3
7 3 12.8 322.3 -1,3

'f4 16.3 327.5 -1.3
5 14.7 326,8 -1.3
6 14.6 324.3 -1.3
7 12.9 326.3 -1.3
8 12.9 325.9 -1.3'

-

9 12.8 323.1 -1.4
110 14.8 328.0 -1.4
111 12.5 323.4 -1.6 I; 12 13.3 327.9 -1.8 '

13 12.5 325.6 -1.8
,

14 12.4 328.0 -1.8 [1- -
'

15 11.0 323.2 -1.7 .

16 12,7 324.4 -1,6 I'
17 10.6 324,9 -1.4
18 10.5 329.1 -1.3
19 9.5 333.0 -1,3
20 9.1 335.1 -1,3
21 8.8 337.8 -1.3

t22 7.6 332.2 -1.2
!23 8.7 336.2 -1.2 j24 9.1 331.9 -1.3

| 1 7.8 332.6 -1.2 !

*

i
STOP TIME NOV 6,1993 HOUR 0 MINUTE 2

4

d

STARTING TIME NOV 6,1993 HOUR 1 MINUTE 30
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

1 7.8 332.6 -1.2
2 9.5 332.3 -1.3
3 9.0 325.8 -1.2 j
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RELEASE NUMBER 930B0" ' CONTAINMENT PURGE'
'

'

STARTING TIME NOV 12,1993 HOUR 1 MINUTE 30
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

1 3.8 70.0 -0.3
2 5.5 70.0 -1.2

13 6.8 70.0 -1.2
4 5.6 70.0 -0.9
5 7.0 73.0 -0.8
6 7.6 77.0 -0.7
7 8.8 80.0 -0.8
8 9.0 90.0 -0.7

|9 10.0 100.0 -0.7
>10 9.8 110.0 -0.7
i11 10.8 107.0 -0.7 *

12 12.0 10 3 . '' -0.6
13 13.9 100.0 -0.6
14 14.6 115.0 -07

-

k15 14.1 125.0 -0.5
16 12.0 140.0 -0.3
17 12.1 138.0 -0.5
la 11.3 137.4 -0.5

-19 11.0 139.5 -0.5
!20 11.0 141.2 -0.3

21 14.3 155.9 -0.6 j
22 16.2 156.6 -0.6 (

''

STOP TIME NOV 12.1993 HOUR 21 HINUTE 30
.
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- RELEASE NUMBER 93003 CONTAINMENT PURGE
'

~

STARTING TIME NOV 19,1993 HOUR 16 MINUTE 36
. TIME WS10 WD10 DT110

HOUR MPH DEG DEG C

16 7.2 310.0 -0.5
17 5.8 295.0 0.2 |
18 4.4
19 3.0

. 275.0 0.8 ~ '
4

260.0 1.5
20 2.8 266.0 2.3 {
21 2.6 274.0 3.2 i

22 2,4 280.0 4.0 ;
23 2.4 0.0 4.0 |

24 2.4 0.0 4.0
'

1 2.4 260.0 4.0
2 2.4 263.0 4.0 - l

'

STOP TIME NOV 20.1993 HOUR 1 MINUTE 19
)
1STARTING TIME NOV 20,1993 HOUR 1 MINUTE 47 !
iTIME WS10 WD10 DT110

HOUR MPH DEG DEG C

1 2.4 260.0 4.0
2 2.4 263.0 4.0
3 2.4 267.0 4.0
4 2.4 270.0 40 i

5 2.4 260.0 3.2
6 2.4 250.0 2.3
7 2.4 240.0 1.5
8 2.8 237.0 0.4
9 3.2 235.0 -0.6

10 3.6 224.1 -1.7 ,

'11 6.2 226.7 -1.5
12 11.1 216.3 -1.5
13 12.5 222.0 -1.5 '

14 12.7 214.9 -1.5
15 12.7 227.7- -1.4
16 11.5 231.6 -1.1

i,STOP TIME 'NOV 20,1993 HOUR 15 MINUTE 21 I
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RELEASE NUMBER 93083 CONTAINMENT PURGE
.

JTARTING TIME NOV 20,1993 HOUR 16 MINUTE 18
- TIME WS10 WD10 DT110

|HOUR MPH DEG DEG C
1

}16 11.5 231.6 -1.1 '
' 17 8.0 230.4 -0.5

13 8.4 220.4 0.9 ,

13 10.7 221,3 2.2
20 11.7 221.4 2.5-
21 12.4 217.5 3.0
22 11.7 212.4 2.5
23 12.7 215.3 3.2 t

24 14.9 217.4 5.1 t
'

1 15.0 215.3 3.9 ;
~

STOP TIME NOV 21,1993 HOUR 0 MINUTE 7

STARTING TIME NOV 21,1993 HOUR 4 MINUTE 10
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

,

4 13.4 220.5 3.4
5 12.9 216.6 2.4 t

6 6.5 239.1 0.7
7 2.5 240.0 -0.4 '

STOP TIME NOV 21,1993 IlOUR 6 MINUTE 35
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RELEASE NUMBER 93083 CONTAINMENT PURGE
,

STARTING TIME NOV 21,1993 HOUR 6 MINUTE 40
. !
~ ,

.. TIME WS10 KD10 DT110
HOUR MPH DEG DEG C

6 6.5 239.1 0.7
!

3''
7 2.5 240.0 -0.4

.i8 4.2 168.6 0. 4 -
I9 4.4 203.3 -0.3<

1 10 4.6 248.6 -1.1 '

STOP TIME NOV 21.1993 HOUR 9 MINUTE 11
i

- ("

STARTING TIME NOV 21,1993 HOUR 13 MINUTE 50 i
a

i TIME WS10 WD10 DT110
HOUR MPH DEG DEG C,

i.

j. 13 6.5 229.3 ~1.6
14 7.5 225.8 -1.5

-
,

15 6.9 228.2 -1.4
*

'

16 5.1 226.5 -1.2,

17 4.6 -193.0 -0.2
18 3.1 114.0 1.3,

1 19 3.0 115.6 2.0
20 2.7 179.6 4.1
21 2.4 37.2 4.4 ;

22 4.8 200.9 3.9 ' >
a

,

23 7.2 214.8 3.6,

1'
24 4.3 251.2 2.2 *

1 4.5 107.3 1.43' 2 4.0 135.1 2.6
+

j. 3 4.9 130.7 2.3 .*
; 4 5.0 120.3 3.9
1 5 5.3 123.9 2.0

6 d.n 111.7 1.5 ;4

j. 7 1.6 112.0 1.3
;

. 8 1.2 221.4 2.2 )*

9- 1.2 274.9 0.8
10 4.2 118.5 -0.5 ' ;
11 8.5 123.0 -1.1

'

12 9.0 124.9 -1.1 ,

IU- 13 10.6 104.1 -1.2
14 11.5 156.9 -1.1 - |

i. 15 8.4 150.6 -1.0 2
'j 16 7.5 141.6 -0.7

17 5.3 130.1 -0.5 i
!18 5.7 146.1 -0.4

--,

19 82 153.0 -0.5
'

*20 9.4 153.4 -0.4 '21 11.3 155.5 -0.5
2 22 10.5 159.6 -0.5 !
- 23 6.4 143.7 0.5 ,

!! 24 4.8 142.7 1.2
1 3.1 237.9 2.1

|i 2 2.5 294.0 1.2 '
j 3 3.8 300.2 0.3 24 3.5 309.0 -0.6

5 4.8 319.3 -0.8 j,

6 5.7 329.3 -0.8 4

| 7 6.1 340.4 -0.8 |

| 8 7.0 342.5 -0.9 {
5

| 810P TIME NOV 23.1993 HOUR 7 MINUTE 40
4 . .,
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PELEASE NUMBER - 93084 CONTAINMENT PURGE'
.

{#~'
STARTING TIME' NOV 24,1993 HOUR 13 MINUTE 41

\ TIME 'WS10 WD10 DT110
HOUR MPH DEG DEG C ,

I
13 8.8 317.3 -1.4 r

14 4.0 321.4 -1.5 '
'15 7. 2 322.3 -1.3

16 4.9 327.5 -1.4
17 4.1 327.0 -1,3
18 3.5 318.0 -1.3 '

'19 3.7 316.5 -1.3 !

20 3.8 316.0 -1.3 i.21 4.3 313,4 -1,3
22 5.4 307.9 -1.3
23 4.5 309.7 -1,3
24 5.0 306.5 1.3

'

1 5.4 304.6 1.4 '!
2 4.6 306.9 -1.4
3 4.4 302.4 -1.3 ;

STOP TIME NOV 25,1993 HOUR 2 MINUTE 9
,

STARTING TIME NOV 25,1993 HOUR 2 MINUTE 50
TIME WS10 WD10 DT110 ;

HOUR MPH DEG DEG C [
1

2 4.6 306.9 -1.4 !

3 4.4 302.4 -1.3
4 4.3 293.5 ~1.2 ,

5 4.3 298.6 -0.8 '
6 3.2 283.4 -0.8 ;
7 3.8 285.6 -0,6 ,

8 3.3 289.1 -0.5 ;
9 4.2 276.1 -1.0

10 3.8 279.9 -1.5 i
11 4.0 286.1 -1.8

'

12 3.9 286.4 -1,9 .

'- 13 3.4 283.0 -2.0
14 3.7 290.7 -1.9
15 4.0 292.8 -1.8

'

16 3.9 292.2 -1.5
'

'17 3.8 296.0 -0.9
18 3.6 281.0 0.1
19 4.0 278.7 0.1 1

'20 4.2 279.3 0.2
21 4.7 285.8 0.2
22 4.8 289.5 .0.6 ,

23 5.4 289.0 0.6 t

!24 6.0 285.3 1.8
1 5.9 276.8 1.0 :

"
2 5.9 274 3 0.8
3 5.8 264.3 0.8
4 5.1 246.7 1.4 ,

5 4.5 223.9 2.1
6 5.0 225.3 2.6
7 4.8 230.3 2.4
8 5.2 222.8 2.1 ,

9 5.1 222.4 0,5 i

10 4.6 231.3 -1.1 -2

11 4.0 225.8 -1.5
12 4.1 232.1 -1.6 i

13 5.0 199.0 -1.5 -;
14 4.8 197,0 -1.6 t

15 4.9 196.0 -1.5 f

16. -4.4 244.5 -1.3 n
17 4.4 228.2 -1.0 '

-

18 5.1- 228.2 -0.9
19 5.3 235.7 -0.9

'

20 5.6 239.4 -0.8
21 7.0 252.9 -0.8 1

22 7.6 264.0 -0.9
23 7.3 261.7 -0.9 )
24 5.5 265.9 -1.0 |

'
1 6.3 259.5 -0.9 |2 7.4 264.2 -0.9 '
3 6.2 259.7 -1.1

VI-145
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I
i4 6.8 251.5- -1.1 - '

- 5 -4.8 234.6 -1.0
- |

,

6 5.3 218.3 -0.61

7 7.0 199.9 -0.6
,

i/ 8- 7.6' 205.5 -0.5 I
9 7.4 211.6 -0.5

10 6.3 221.0 -0.8
11 5.3 248.2 -0.8 j12 6.4 308.3 -1.1
13 8.1 318.5 -:. 3
14 7.4' 319.6 -1.4
15 7.7 317.9 -1.3

I16 8.2 321.6 -1.2
!17 8.1 324.6 -1.1 i18 3.5 323.6 -0.9 !19 1.8 334.5 40.8 '

20 2.2 352.5 -0.4
21 5.1 315.1 -0.9 j
22 5.1 307.1 -0.9 - '.
23 5.1 298.9 -1.0
24 4.4 301.8 -1.0

1 2.7 303.8 -0.9 '
2 1.3 280.2 -0.7

-

3 0.5 209.2 -0.3 !
4 1.2 249.1 0.7 ' l5 1.2 6.5 0.8

.'6 3.6 123.9 1.6
7' 4.0 352.4 1.9
8 3.8 194.5 1.8

1

f9 4.4 124.7 -0.1
10 4.3 144.0 -0.7 3

11 5.7 201.5 -1.3 }12 4.2 242.4 -1.5
|13 5.2 273.7 -1.7 j14 4.6 283.5 -1.6 '

15 6.1 287.0 -1.2
416 6.3 297.4 -0.9
I17 4.1 299.3 -0.1

. }18 5.5 303.4 0.2

.- !19 4.8 285.2 1.1
120 6.1 286.5 1.0
{21 7.9 294.3 0.4 - i

,

22 6.4 304.6 0. 2 -
!23 5.6 304.5 0.3
*24 6.5 307.6 0.3
11 4.2 289.6 0.4 '

2 4.0 296.7 0.8
3 3.0 316.0 0.6
4 2.9 302.7 0.8 -

i5 2.6 296.4 0.9 '
a 6 2.3 306.5 1.2 '

7 2.5 298.6 1.2
8 2.7 289.0 1. 2

STOP TIME Nov 29,1993 HOUR 7 MINUTE 30 -
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FELEASE NUMBER 93085 CONTAINMENT PURGE

%

. STARTING TIME DEC 1.1993 HOUR 17 MINUTE 35
TIME WS10 WD10 DT110

- HOUR MPH DEO DEG C

17 2.9 286.3 -0.2
18 1.6 292.2 1. 2
19 1.3 316.8 1.7 *

20 0.8 300.5 2.3
21 1.2 265,0 3.0 ,

'
22 1.3 235.8 2.5
23 1.0 295.0 3.7 ,

24 1.4 352.0 3.2
1 2.0 190.9 2.9
2 2.1 193.5 2.5
3 2.7 194.1 3.5
4 4.8 291.4 3.9

STop TIME DEC 2.1993 HOUR 3 MINUTE $1
i

STARTING TIME DEC 2,1993 HOUR 4 MINUTE 47
TIME WS10 WD10 DT110
HOUR MFH DEG DEG C

4 4.8 291.4 3.9
5 2.5 315.0 0.8

|6 2.6 342.7 0.9
7 1.4 258.8 2.3 .

8 3.3 145.7 0.8
.9 2.8 131.6 0.3 '?10 2.5 208.9 -0.5

11 2,9 294.9 -1.3
12 2.9 311.6 -1.3
13 3.1 342,0 -1.1

,

:14 4.1 342.5 -1.3 '15 2.0 328.8 -1.1
16 4.2 334.0 -1.1
17 3.8 358.9 -0.6 |

18 3.4 285.7 0.4 ,

19 3.0 283.6 1.6 3

20 3.4 277.4 1.6
-

21 3.8 282.4 1.6 s
'

22 4.2 208.7 1.8
23 4.0 299.1 2.2
24 3.8 210.0 1.7

1 3.6 340.6 2.0
>2 3.8 327.3 2.1 *

3 4.0 253.8 1.8
4 4.2 270.1 1.2 .

5 4.0 311.8 1.3
'

6 3.8 40.0 1.8
7 3.6 132.0 0.9
8 3.2 143.5 0.5 ,

9 2.8 270.3 0.7
10 2. 4 203.0 0.6
11 3.2 315.3 0.8 *

12 4.0 334.4 1.0
13 4.8 336.1 -1,1
14 5.0 338.5 -1.1
15 5.6 328.5 -1.3
16 4.8 336.0 -1,1
17 5.2 323.4 -1.0
18 4.8 326.3 -0.5 '.19 4.2 323.2 -0.4
20 3.5 327.5 -0.7 .

21 4.2 328.9 -0.9
22. 4.3 333.6 -0.0
23 4.7 326.0 -0.9

' 24 3.6 321.4 -1.0
>

1 1.6 290.7 -0.5 '
2 17 310.7 0.2
3 3.2 315.9 -0.2

54 3.6 326.4 -0.8
5 2.4 318.9- -0.8
6 1.5 301.1' -0.8
7 1.3 302.1 -0.9
8 1.1 245.4- -0.9 i
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9 0.8 193.2 -0.9
30_ 1.4 250.2 1.1 ''3

. Il 2.3 287.3- 1,3 '
. .

12- 1.5 315.0 -1.3
.

j
- - 13 19 289,8 1,3 -

14 3.1 236.9 1.3 |.15 5.4 131.3- _1,3
16 8.9 126.0 -1.2
17 6.8 127,7 -0.5
18 6.1 125.9 -0.2

.19 6.7 138.0 -0.4 !20 7.5 143.3- ~0.5
21 8.7 148.0 -0.4
22 8.9 154.3 0.5
23 8.3 150.9 -0.4
24 10.6 159.4 -0.3

1 10.4 159.8 -0.6
2 10.9 161.2 -0.6
3 13.5 164.8 -0.5
4 15.5 170.2 0.6
5 14.3 168.4 -0.7
6 9.8 166.4 -0.8
7 8.1 165.9 -0.8
8 13.3 158.9 -0.6

)9 14.8 170.1 -0.8
r10 13.6 164.1 -1.1 '|11 10.3 167.8 1.1

12 8.9 206.3 -1,1 I

13 7.0 282.6 -1.3
14 9.7 290.9 -0.9
15 8.2 284.8 -0.8
16 11.7 300.0 -0.9
17 11.1 299.6 -0.9 !18 14.0 304.2 -0.8 119 13.4 299.0 -0.9 .I'

20 15.4 312.6 -0.9
21 15.8 313.2 -0.9
22 16.7 311.8 -0.9
23 15.1 315.3 -1.0 'I
24 15.3 314.5 -1.0 1

1 15.1 319.0 1,1 12 14.5 316.7 1.1 1
- 3 12.6 312.5 -1.0 |4 11.7 313.6 -0.9

5 8.9 309.6 -0.9
6 8.1 306.3 -0.9
7 7.7 307.7 0.8

STOP TIME DEC 6,1993 HOUR 6 MINUTE 3
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RELEASE NUMBER 93086 CONTAINMENT PURGE i

1. - STARTING TIME DEC 9,1993 HOUR 17 MINUTE $8 '

'. TIME WS10 wD10 DT110
HOUR MPH DEG DEG C ,

17 64 235.0 -1,2
',18 7.4 275.0 -0.8

19 8.4 310.0 -0.5 '|

20 68 304.0 0.2
21 5.2 296.0 0.8
22 3.6 290,0 1.5
23 4.0 293.0 1.5

*24 4.4 297.0 1.5
1 4.8 300.0 1.5
2 4.8 297.0 1.5 I
3 4.8 293.0 1.5
4 4.8 290.0 1.5 '
5 5.0 293.0 1.5
6 5.2 297.0 1.5 '

7 5.4 300.0 1.5
8 6.8 303.0 0.8
9 8.2 307.0 0.2

10 9.6 310.0 -0.5
i11 9.6 320.0 -0.5

12 96 330.0 -0.5
13 9.6 340.0 -0.5
14 9.2 340.0 -0.5 ,

!15 8.8 340.0 -0.5 i16 84 340.0- -0.5
17 7.6 340.0 0.2
18 6.8 340.0 0.8 i19 6.0 340.0 1.5
20 5.2 343.0 2.3
21 4.4 347.0 3.2 '
22 3.6 350.0 4.0
23 3.2 360.0 4.0 ,

24 2.8 10.0 4.0
1 2.4 20.0 4.0
2 2.6 45.0 4.0

.

3 2.8 75.0 4.0 -

STOP TIME DEC 11,1993 HOUR 2 MINUTE 54
!

STARTING TIME DEC 11,1993 HOUR 4 MINUTE 4
TIME WS10 WD10 DT110 '

i

HOUR MPH DEG DEG C I

+4 3.0 100.0 4.0
5 3.0 115.0 4.0

',6 3.0 125.0 4.0
7 3.0 140.0 4.0 ,

t8 4.0 150.0 2.2
--,9 5.0 160.0 0.3

10 6.0 170.0 -1.5 .
'

STOP TIME DEC 11,1993 HOUR 9 MINUTE 10
i
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. RELEASE NUMBER 93086. CONTAINMENT PURGE

.

-

'

STARTING TIME- 'DEC 11,1993 HOUR 11 MINUTE 25
TIME WS10 WD10 DT110- .

HOUR MPH DEG DEG C

11 6.0 170.0 -1,5
12 6.0 170.0 -1.5
13 6.0 170.0 -1.5

i'14 6.2 170.0 -1.2
15 6.4 170,0 -0.8

+16 6.6 170.0 -0.5 *

17 72 167.0 -0.5
t18 7.8 163 0 -0.5

19 8.4 160.0 -0.5
20 8.2 163.0 -0.5
21 8.0 167.0 -0.5
22 7.8 170.0 -0.5
23 7.6 170,0 -0.5 i
24 7.4 170.0- ~0.5

1 7.2 170.0 -0.5 !
2 7.0 170.0 0.2
3 6.8 170.0 0.8
4 6.6 170.0 1.5
5 7.6 170.0 0.8
6 8.6 170.0 0.2 i
7 9.6 170.0 -0.5 1

8 9.8 170,0 -0.5 ,

9 10.0 170,0 -0.5 ,

i10 10.2 170.0 -0.5 ;11 10.0 185.0 -0.5
-12 9.8 195.0 -0.5
!11 9.6 210.0 -0.5

14 9.8 205.0 -0.5
15 10.0- 200.0 -0.5
16 10.2 190.0 -0.5
17 9.2 184.0 -0.5
18 8.2 176.0 -0.5
19 7.2 170.0 -0.5
20 7.6 167.0 .-0.5 i

1

0 21 8.0 163.0 -0.5
|22 8.4 160.0 -0.5

23 7.8 160.0 -0.5
24 7.2 160.0 -0.5 1

1 6.6 160.0 -0.5
2 6.0 160.0 -0.5
3 5.4 160.0 -0.5
4 4.8 160.0 -0.5

.|5 3.4 105.0 -0.5
6 2.0 55.0 -0.5 |

7 0.6 360.0 -0.5

STOP TIME DEC 13,1993 HOUR 6 MINUTE 15
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.. RELEASE NUMBER .93087 CONTAINMENT PURGE

STARTING TIME DEC 16,1993 HOUR 21 MINUTE 45
TIME WS10 WD10 DT110
HOUH MPH DEO DEG C

21 2.6 140.0 -0.5 *
22 2.4 -150.0 -0.5
23 2.2 144.0 -0.5 '24 2.0 136.0 -0.5

1 1.8 130.0 -0.5 ,

i2 2.0 150.0 -0.5
3 2.2 170.0 -0.5
4 2.4 190.0 -0.5
5 3.0 196.0 -0.5
6 3.6 204.0' -0.5
7 4.2 210.0 -0.5
8 3.8 195.0 -0.5
9 3.4 185.0 -0.5

10 3.0 170.0 -0.5
11 3.2 185.0 -0.5 '

STOP TIME DEC 17,1993 HOUR 10 MINUTE 38

STARTING TIME DEC 17,1993 HOUR 10 MINUTE 42
TIME WS10 WD10 DT110 i
HOUR MPH DEG DEG C

t

10 3.0 170.0 -0.5
11 3.2 185.0 -0.5
12 3.4 195.0 -0.5 '13 3,6 210.0 -0.5
14 4.4 216.0 -0.5
15 5,2 224.0 -0.5 t

16 6.0 230.0 -0.5
*

17 5.6 236.0 -0.5 !

la 5,2 244.0 -0.5
19 4. 8 250.0 -0.5
20 4.6 260.0 0.2
21 4.4 270.0 0.8
22 4.2 200.0 1.5
23 4.4 290.0 0.8 ,

'24 4.6 300,0 0.2
1 4.8 310.0 -0.3 .
2 5.0 307.0 -0.3 ,

3 5.2 303.0 -0.3 ;

4 5.4 300.0 -0.3 |
5 6.0 300.0 -0.3
6 6.6 300.0 -0.3
7 7.2 300.0 -0.3 :

8 7.6 303.0 -0.3 ?

9 8.0 307.0 -0.3 !

10 8.4 310.0 -0.5
'

11 7.6 310.0 -0.5
12 6.8 310.0 -0.5
13 6.0 310.0 -0.5 ,

!14 5.2 300.0 -0.5
15 4.4 290.0 -0.5 t

16 3.6 280.0 -0.5
t

17- 3.6 277.0 -0.5 ,

18 3.6 273.0 -0.5
'

19 3.6 270.0 -0.5
' t

i
20 3.2 253.0 -0.5
21 2.8 237.0 -0.5 i
22 2.4 220.0 -0.5 -t:
23 2.8 205.0 0.2 :
24 3.2 185.0 0.8 )
,1 3.6 170.0 1.5
2 4.2 176.0 0.8
3 4.8 184.0 0.2 3

4 5.4 190.0 -0.5 |
5 5.2 190.0 -0.5
6 5.0 204.0 -0.5 >

7 4.8 210.0 -0.5 -

B 48 223.0 -0.8
9 4.8 237.0 -1.2

to 4.8 250.0 -1.5
11 5.0 270.0 -1.5

* '
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12- 5.2 290.0 --1.5
- - 13 5.4 310.0 -1.5 !

- 14 6.0 310.0 +1.2
15 6.6 310.0 -0.8 >

- 16 7.2 310.0 -0.5 ,

17 6.4 313.0 -0.5
18' 5.6 317.0 -0.5 i
19 4.8 320.0 -0.5 *

. 20 5.6 326.0 -0.5 .!
t 21 6.4 334.0 -0.5 i

.22 7.2 340.0 -O'5 '

23 6.2 315.0 0,2 ,

24 5.2 295.0 0.8 ;
I 4.2 270.0 1.5
2 5.4 285.0 0.8 1

3 6.6 295.0 0.2
4 7.8 310.0 -0.5
5 8.0 316.0 -0.5
6 8.2 324.0' -0.5 ,

|7 8.4 330.0 -0.5 (

STOP TIME DEC 20,1993 HOUR 6 MINUTE 9
,
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RELEASE NUMBER 93088. CONTAINMENT PURGE
- !

. f"*g - :

i( STARTING TIME DEC 22.1993 HOUR 18 MINUTE 2
' ' '

' TIME WS10 WD10 DT110 i.

HOUR MPH DEG DEG C '
"

-18 1.7 285.2 -0.1
19 1.0' 246.8- 0.2 '20 0.9 280.0 0.2
21 0.9 282.2 0.3 i
22 1.0 240.3 .0.3
23 0.6' 293.7 0.1
24 0.9 276.9 0.1

1 0.6 282.1 -0.1 f2 0.8 300.1 -0.1
3 0.8 144.8 -0.1 ;

4 0.9 146.5 -0.2
'

5 3.4 121.5 -0.3
6 3.3 123.7 -0.3 3

7 3.2 126.4 -0.3
+8 3.2 112.9 -0.3

9 3.6 76.3 -1.0 .

!10 4.0 249.5 -1.0
11 4.0 220.0 -1.0

412 4.0 240.0 -1.0
|13 3.3 260.0 -1.0

14 3.3 280.0 -1.0 !

15 3.0 305.0 -1.0
r16 3.9 334,0 -1.0 >17 3.8 336.6 -1.0 ~ f18 3.1 332.9 -1.0

19 2.9 323.7 -0.2
20 24 314.5 -0.1 ;

'
21 3.0 317.9 -0.1
22 2.3 314.2 -0.1 i23 2.9 319.3 -0.2 *

24 1.2 304.7 -0.1
1 0.9 293.6 0.1
2 0.7 283.4 0.1
3 0.7 347.5 0.1
4 3.5 250.4 -0.1
5 3.2 193 5 -0.2

-
- 6 4.4 203.0 -0.2 ,

7 4.3 186.1 -0.2 !
*

8 4.1 126.2 -0.3
.9 4.8 140.3 +1.0 ' l

30 5.9 177.6 -1.0
11 5.9 187.1 -1.0
12 6.2 200.5 -1.0 3

13- 7.4 217.5 -1.0
?14 7.1 236.7 -1.0

15 5.4 265.0 -1.0 [
16 5.8 311.6 -1.0

'

17 5.5 325.5 -1.0 - f
.

18 4.3 311.5 -1.0 '
19 3.8 299.8 -0.1 I20 4.2 303.9 -0.1

!21 5.6 297.0 -0.1
22 10.9 323.7 -0.1 - |
23 11.6 326.7 -0.2
24 10.9 329.6 -0.2 . i

1 9.4 325.8 -0.2 '1
!

2 7.0 328,0 -0.2 #

3 5.5 329.8 -0.2
:4 6.1 325.8 -0.2

5 5.5 322.0 -0.2
.1

,

6 5.8 330.0 -0.2
67 6.0 325.1 -0.2 s

8 5.0 323,6 -0.2
9 4.5 323.6 -1.0

10 4.8 326.2 -1.0
11 4.1 333.6 -1.0 'i
12 3.2 308.5 -1.0
13 2.6 259.3 -1.0 .

i14 3.5 217.0 -1.0 ?15 4.4 165.8 -1.0
16 5.6 127,3 -1.0
'17 5.9 133.5 -1.0
18 5.9 128.1 -1.0

-19 6.0 135.6 -0.2

|
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-20 7.8 163.6 -0.2
21' 11.6 185.9-[~ - 22- 13.9 212.0

. +0.2
-; -0.1
'\ 23 13.5 222,0 -0.1 ,

24 9.7 242.6 -0.1
1- 4.2 262.3 -0.1

'2 4.0. 263.7 -0.1
3 3.8 268.0 -0.1
4 2.6 316.7 -0.1 ,

5 3.2 302.6 -0.1
.6 3.5 353.7 -0.3

7 3.2 80.0 -0.3
'

8 3.2 80.0 -0.3 r'
9 3.5 80.0 -1.0

'

10 3.6 80.0 -1.0
11 4.2 86.0 -1.0
12- 4.9 94.0 -1.0 +

13 5.2 100.0 -1.0 e

14 5.0' 97.0 -1.0
i15 5.0 93.0 -1.0

16 5.0 90.0 -1.0 ,

17 4.0 80.0 -1.0 [
18 3.6 70.0 -1.0n

19 2.6 60.0 -0.2
20 2.4 45.0 -0.3
21 2.5 35.0 -0.3 1

122 2.1 20.0 -0.2
23 2.1 30.0 -0.3
24 2.7 40,0 -0.3

1 2.7 50.0 -0.3
2 2 -. 7 35.0 -0.3 6

3 3.0 25.0 -0.3
4 3.3 10.0 -0.3
5 3.7 13.0 -0.3 *
6 4.8 17.0 -0.3
7 4.1 20.0 -0.3 |
8 5.4 20.0 -0.3

'

9 5.3 20.0 -0.7
10 4.6 20.0 -0.7
11 4.9 35.0 -0.7 '

.
12 4.7 45.0 -0.7
13 5.0 60.0 -0.7
14 4.8 45.0 -0.7
15 4.8 35.0 -0.7
16 5.3 20.0 -0.7
17 4.8 20.0 -0.7"

18 5.0 20,0 -0.7 '!
'19 3.7 20.0 -0.3

'

20 4.5 17.0 -0.3
21 3.6 13.0 -0.3
22 3.6 10.0 -0.3 t

23 4.2 20.0 -0.3 1
24 4.3 30.0 .-0.3

1 4.2 40.0 -0.3
2 3.6 43.0 -0.3 -

3 4.2 47.0 -0.3 ,

74 3.4 50.0 -0.3
5 2.4 56.0 -0.3 ?

6 3.2 64.0 -0.3 .

7 2.9 70.0 -0.3 .!

i

STOP TIME DEC 28,1993 HOUR 6 MINUTE 15 '

T

i.

>
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4
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. RELEASE NUMBER .93001 DECAY TANK PURGE !
t

STARTING TIME FEB 16.1993 HOUR 10 MINUTE 28
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C t

'

10 6.8 317.8 -1,6
511 7.0 317.8 -1.0
'

STOP TIME FEB 16.1993 HOUR 10 MINUTE 35 t

i

i . STARTING TIME FEB 16,1993 HOUR'10 MINUTE 36
TIME WS10 WD10 DT110 >

HOUR MPH DEG DEG C

10 6.8 317.8 -1.6.

11 7.0 317.8 -1.0
12 6.9 320.3 -0.5

i
d . 13 7.0 317.0 -1,6 .

14 7.1 315.0 -1.8 |

15 7.2 312.2 -2.0
. 16 6.7 310.4 -0.8
d. 17 8.0 312.7 -1.5' ,

18 6.9 318.1 -1.6
+

| STOP TIME FEB 16,1993 HOUR 17 MINUTE IS
!

<

>

!
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.
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,. RELEASE NUMBER 93002 DECAY TANK PURGE

' -!
-

STARTING' TIME MAY 19,1993 HOUR 21 MINUTE 50
TIME WS10 WD10 DT110
HOUR MPH DEG DEG C i

,

21 2.3 343.2 -1.6 'I22 0.6 314.3 -0.8 !

23 2.1 276.0 -0.7
24 3.3 303.8 0.4 i

1 3.5 288.3 -0.1 I
2 3.5 298.5 1.3 *

3 2.6 286.5 0.2
4 2.6 290.1 1.0

i
e

STOP TIME MAY 20,1993 HOUR 3 MINUTE 15 '1

l
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. . RELEASE NUMBER 93003 DECAY TANK PURGE
. STARTING TIME OCT 6.1993 HOUR 17 MINUTE 25
' TIME WS10 WD10 DT110
HOUR MPH DEG DEG C

i
'17 7.6 177.0 -0.5

!18 6.8 173.0 -0.5
i19 6.0 170.0 -0.5

20 - 6. 6 170.0 -0.5 i
t21 7.2 170.0 -0.5 I22 7.8 170.0 -0 5
!23 7.8 176.0 -0.5

24 7.8 184.0 -0.5 i
. >

ISTOP TIME OCT 6,1993 HOUR 23 MINUTE 25
e
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lRELEASE NUMBER 93004 DECAY TANK PURGE '

i
STARTING TIME OCT 8,1993 HOUR 14 MINUTE 30

' TIME WS10 WD10 DT110
HOUR MPH DEG DEG C i

'

.!14 4.8 66.0 -0.5
15 6,6 44.0 -0.5 !

16 8.4 20.0 -0.5 .

'

17 8.4 14.0 -0.5 !.

i. 18 8.4 6.0 -0.5 j
|< '19 B.4 .360.0 -0.5' 20 9.2 360.0 -0.5 j

21 10.0 360,0 -0.5 I
.

STOP TIME OCT 8,1993 HOUR 20 MINUTE 52 |
'
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RELEASE NUMBER 93005 DECAY TANK PURGE

. STARTING TIME NOV 3,1993 HOUR 4 MINUTE 9

TIME WSIO WD10 DT110
>

HOUR MPH DEG DEG C '

4 14.5 233.6 1.0
5 12.3 241.7 1.3- |
6 8.7 244.8' 2.6 -

7 8.1 237.9 4,2 - j
8 4.3 240.3 -0.2
9 6.7 212.7 -0.8 ,

10 -8.7 199.7 -1,4
'11 9.7 197.4 -1.5

STOP TIME NOV 3,1993 HOUR 10 MINUTE 12 ,
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RELEASE NUMBER 93006 DECAY TANK PURGE
'.

STARTING TIME NOV 18,1993 HOUR 11 MINUTE 2B '

TIME WS10 WD10 DT110 iHOUR MPH DEG DEG C

11 15.5 195.8 -1.3
12 15.4 201.6 -1.2
13 13.7 198.3 -1.2

214 13.8 197.0 -1.2
15 13.5 198.4 -1.2 ,

16 10.1 200.4 -1.1
17 9.8 198,2 0.9 .

18 5.5 164.8 -0.5

STOP TIME NOV 18,1993 HOUR 17 MINUTE 46 i
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RELEASE NUMBER 93007 DECAY TANK PUROB

STARTING TIME NOV 24,1993 HOUR 22 MINUTE 21
' '' TIME WS10 WD10 DT110

HOUR MMI DEG .DEG C
!

22' 5.4 307.9 -1,3
!23 . 4. 5 309.7 -1.3
,

.
STOP TIME NOV 24,1993 HOUR 22 MINUTE 45

STARTING TIME NOV 25,1993 HOUR 0 MINUTE 50
TIME WS10 WD10 DT110 *
HOUR MPH DEG DEG C

1 5.4 304.6 -1.4
2 4.6 306.9 -1.4
3 4.4 302.4 -1.3
4 4.3 293.5 -1.2 i
5 4.3 298.6 -0.8 '
6 3.2 283.4 -0.8
7 3.8 285.6 -0.6
8 3.3 289.1 -0.5
9 4.2 276.1 -1.0

10 3.8 279.9 -1.5

STOP TIME NOV 25.1993 HOUR 9 MINUTE 50 '
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RELEASE NUMBER 93008 DECAY TANK PURGB

STARTING TIME NOV 25,1993 HOUR 14 MINUTE 51 e

!TIME WS10 WD10 DT110 iHOUR MPH DEG DEG C '

14 3.7 290.7 -1.9 f15 4.0 292.8 -1.8 4

16 3.9 292.2 -1.5 f17 3.8 296.0 -0.9 '

18 3.6 281.0 0.1
:19 4.0 278.7 0.1 !20 4.2 279.3 0.2

21 4.7 285.8 0.2
[22 4.8 289,5 0.6
>23 S.4 289.0 0.6 '

ISTOP TIME NOV 25.1993 HOUR 22 MINUTE 8
i
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|I SECTION VII i

|

POTENTIAL DOSES T0 INDIVIDUALS AND POPULATIONS |

i
!s

1

(Regulatory Guide 1.21) j

|.

January 1, 1993 - December 31, 1993 |.|
|
;

i

|
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POTENTIAL DOSES TO INDIVIDUALS AND POPULATIONS

:O 1
A. Potential Annual Doses to Individuals from Gaseous Releases |

.

. i

Total body, skin, and organ doses from ground releases were calculated-in j
millirem (mrem) to an average adult, teenager, child, infant using the |

annual configuration of the GASPAR program. Results to each receptor are ,

shown in Tables VII-A-1 through VII-A-33. Also, the doses to the same
groups, Table VII-B-1, in units of millirads (mrad), due to gamma and beta
radiation carried by air, were computed using GASPAR. In - its annual ]
configuration, GASPAR assumes that all release rates are entered in curies' |
per year (Ci/yr). !

,

The inputs to GASPAR for the annual period from January 1, 1993 through
December 31, 1993 were as follows:

(1) All gaseous effluents were as described in Section III.

(2) Entrained gases (Ar-41, Xe-131M, Xe-133M, Xe-133, Xe-135M, Xe-135,

Kr-85M, Kr-87, and Kr-88) from Liquid effluents were described in :

Section IV.
,

(3) Annual "X/Qs" at the actual receptor locations, which are corrected
for open terrain and plume depletion are calculated according to j
Regulatory Guide 1.111. Also included are annual deposition rates

|
corrected for the open terrain factor. :

i

(4) The production, intake and grazing fractions were as follows.: 1.0' ;

for leafy vegetables grown in garden of interest, 0.76 for produce
]

grown in garden of interest, 0.5 for the pasture grazing season of i

the milk animal, 1.0 for pasture grazing season of the meat animal,
3and 8 g/m for the air water (humidity) concentrations.

O
E VII-2
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!Potential Annual Doses to Individuals from Gaseous Releases (Con't)

O 1

(5) All dose factors, transport times from receptor to individual, and-
usage f actors are defined by Regulatory Guide 1.109 and NUREG-0172. :

,

(6) Site specific information, within a five. mile radius of the plant, . ,

on types of receptors located in each sector was used. That is, if
,

a cow was not present in a sector, then the milk pathway for that
sector was not considered. If it was present, then its actual

sector distance was used. :

. |
These inputs introduce a most conservative approach for the following !

jreasons:

(1) The open terrain and deposition corrections increase annual "X/Qs" :

by a factor ranging between 1.0 and 4.0. i

(2) The production, intake, and grazing fractions, as defined in'the
input definition statement, represent the environment in an

extremely conservative manner. !

,

;

B. Potential Semiannual Doses to Population from Gaseous Releases ,

i
:

The GASPAR program in its annual configuration was also used to calculate *

the ALARA integrated population dose summary for the total body, skin, and j

organ doses in manrems for all individuals within a 50 mile radius. |
Results are shown in Table VII-C-1. The population integrated dose is the )

'

summation of the dose received by all individuals and has units of man- !

thyroid-rem when applied to the summation 'of . thyroid doses. The same- :

inputs were used as in the individual case with the addition of the. |
following*

-|
\

I

(1) A total population of 760,413, based on the 1990 census, was used to j

define the sector segments within a 50 mile radius of the~ plant. |
,

(2) Production of milk, meat, and vegetation.are based on 1973 annual

-_O eate for nehreewa ae recommeeeed 81 the naC fer ese in Gasena.
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1

1

C. Potential Annual Doses to Individuals from Liquid. Releases |

O |
The body, skin, and organ mrem for. liquid releases were calculated for all i

significant liquid pathways using the' annual configuration of the LADTAP |
.

program. Dose conversion f actors used by LADTAP for ingestion and (
shoreline deposition are shown in Table VII-D-1. Results are shown in
Tables VII-D-2 through VII-D-9. ;

i

The inputs to LADTAP for the semiannual period from January 1, 1993

through December 31, 1993 were as follows: ;

,

(1) All liquid effluents were as described in Section IV, except for the
entrained gases (Ar-41, Xe-131M, Xe-133M, Xe-133, Xe-135M, Xe-135, :

Kr-85M, Kr-87, and Kr-88)
t

.

(2) A plant discharge rate of 802.0 cubic feet per second (CFS) was
utilized.

.

(3) Dilution factors (inverse of the mixing ratios) were computed based

O on Regulatory Guide 1.113 (equation 7 in Section 2.a.1 of Appendix _ ;

A) for a one-dimensional transport model.
1

(4) A drinking water transport time of 6.6 hours to the Omaha intake and
7.0 hours to the Council Bluffs intake for the ALARA doses in Table !

VII-D-2 through VII-D-5 was used. For Tables VII-D-6 through ;

VII-D-9, a transport time of 0.0 was used from the plant' to the ]
discharae site.

i

(5) A shorewidth factor of 0.2 was used. !

,

(6) All dose factors, transport times from receptor to individual, and.
usage f actors are defined by Regulatory Guide 1.109 and NUREG-0172. j

The discharge site in Tables VII-D-6 through VII-D-9 was chosen to present -
a most conservative estimate of mrem dose for-an average adult, teenager,
child, and infant. A conservative approach is also, presented by the
assumption that Omaha and Council Bluffs _ receive all drinking water-from
the Missouri River.

VII-4
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L D. Potential Annual Doses to' Population from Liquid Releases {
.

.

|- The LADTAP program in its annual configuration was also used to calculate |
! the total body and organ doses for the population of 760,413 within a 50 ;

;

|- mile radius of the plant. Results are shown in Tables VII-E-1 through j
VII-E-6. The same input was used as in the individual cases with.the ;

; addition of the following: j
L ;

(1) Dilution factors and transport times for the pathways of sportfish,
commercial fish, recreation and biota were. calculated based on a j

'

p distance of two miles downstream as approximately the distance to_
the nearest recreational facility - DeSoto Bend National Wildlife |
Refuge. !

i
'

4

4 ;

! (2) The total fish harvest for both sport and commercial purposes was :;
t

; calculated using an average commercial fish catch for Nebraska.
| '
f

| |

| E. Direct Radiation Doses to Individuals and Population .{

O ;
;

| Direct radiation doses, attributed to the gamma radiation emitted from the ;
'

containment structure, were not observed above local background at any TLD

{ sample locations for this annual period. I
; !

:

;
'

;
I )

',
1 ;

I
:

j 1

4 :

f' I

1

l

1 .

i !
->;

'

+

.

IO '
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TABLE VII-A-1

FORT CALHOUN 1 . RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION $ 1 RES,VEG

AT 4.58 MILES N

BETA AIR DOSE 6.65E-05 MILLRADS-

GAMMA AIR DOSE - 3.56E-05 MILLRADS

PATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
.-------- --------...------- --.---------- --------- .----------+----------+- -------.----------.
PLUME | 2.20E-05
----- ---.------.---,1 2.20E-05 | 2.20E-05 | 2.20E-05 | 2.20E-05 | 2.20E-05 | 2.26E-05 | 5.05E-05 |----.-- --+----------....-------,----------+---.------.. -_------.----------.
cROUND | 9.59E-08 | 9.59E-08 | 9.59E-08 | 9.59E-08 | 9.59E-08 | 9.59E-08 | 9.59E-08 | 1.128-07 !---..--_..---------+-------_--.----------.--------__.-----.-_.---_---_--.--------+-------__.|
VEGET | | | | | 1 | | |

.

I

| 1.84E-05 | 1.70E-05 | 6.02E.-_' ADULT-_-__-.--_.-------._-_-._----.------_-C6 | 1.70E-05 | 1.69E-05 | 2.17E-05 | 1.69E-05 | 1.69E-05 |- - _ . - - - - - _ - - - - . - - - - - - - - _ . - - . - - - - - _ . . - - - - - - - - _ _ . - - - _ - - - . - _ .
TEEN | 2.12E-05 | 1.958-05 | 7.50E-06 | 1.94E-05 | 1.94E-05 1 2.33E-05 | 1.93E-05 | 1.93E-05 |

---------.----- ----.----------.----------.---------.. ------- .+----------+- --------+ ---------.

----_-_--.i 3.30E-05CHILD -___------.1 3.01E-05 | 1.25E-05 | 3.01E-05 | 3.00E-05 | 3.60E-05 | 2.99E-05----_......---_-_._.--------__.----__---_.----------._----_---_.12.99E-05 |
----_-..._.

INHAL | | | | | | | | |
ADULT | 9.36E-06 | 9434E-06 | 3.01E-07 | 9.35E-06 | 9.35E-06 | 1.06E-05 | 9.37E-06 | 9.34E-06 |-------......-------+----------,----------.----------. --------....... ---.--.-------. -------...
TEEN j 9.428-06 | 9.40E-06 | 3.288-07 | 9.41E-06 | 9.41E-06 | 1.10E-05 | 9.45E-06 | 9.40E-06--_------.--------__.-----__---..---__---.-__-----_-._-_-_--_-._--_-_---_.---------.---------_.| ;

CHILD | 8.33E-06 | 8.31E-06 | 3.09E-07 | 8.32E-06 | 8.32E-06 | 9.98E-06 | 8.36E-06 | 8.31E-06 |- - - - - - - - . - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - . _ - - - - - - _ _ - , - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - .
INFANT | 4.79E-06'

---------+--- ----...l 4.782-06 | 1.27E-07 | 4.79E-06 | 4.79E-06 | 6.28E-06 | 4.81E-06 | 4.78E-06 |. . - - - . - - , . . - - - . - - - - - . - _ - - - - - - . . . . . - - - - - . . . - - - - - - - - - . - - - - . - - - - . - - - - - - - - - - .
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TABLE VII-A-2

FORT CALliOUN 1' RECEPTORS IN ALL SECTORS 02-16-94
.

SPECIAL LOCATION # 2 RES.VEG
AT 1.86 MILES NNE

BETA AIR DOSE - 4.07B-04 MILLRADS
GAMMA AIR DOSE = 2.888-04 MILLRADS

PATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY TilYROID LUNC SKIN- - - - _ - _ - - . _ - - - - - - - - . . . . . - - _ - _ _ . . - _ - - - - - - - _ + - _ . - _ - - _ _ _ - - _ _ _ - - - - , - - _ _ - - - - - . - - - - _ - - - . - _ - _ _ - - _ . .
PLUME | 1.82E-04 | 1.828-04 | 1.82E-04 | 1.82E-04 | 1.828-04 | 1.82E-04 | 1.86E-04 | 3.79E-04
-_-_--__ ._-------_...--_---_--.-___-_-___.----_-----.---_----_-.-_. _--.-_.----___---,--.-------.|
GROUND | 5.48E | 5.48E-07 [ 5 4BE-07 | 5.48E-07 | 5.48E-07_----_---._.---__-07 .

.i 5.48E-07 | 5.48E--_-----_-.---__-_-07 | 6.40E-07 |- - - . - - - - _ _ - - - - . _ - - _ - - - - - - . _ - - - _ _ - - - . - - ---.__-----_-_.
vEcET | | | | | | | | 1ADULT | 1.03E-04 | 9.52E-05 | 3.41E-05 | 9.47E-05 | 9.44E-05 | 1.22E-04 '

-- ----__._---- _---.__--_-____.---_..._--.--- -- ___.-__ ----_-.-_ ----___.1 9.42E-05 | 9.41E-05 |
..-_.-----._.---_----,

TEEN | 1.18E-04 | 1.098-04 | 4.248-05 | 1.09E-04 | 1.08E-04 | 1.31E-04 1.08E-04 1.08E-04.-_-__.---._-------_.+.-_-----._--___-__..------_--._--_-_--__.---_---__.|..---__--.|--_-------.|
CHILD | 1.85E-04 | 1.68E-04 | 7.06E-05 | 1.68E-04 | 1.688-04 | 2.022-04 | 1.67E-04 | 1.67E-04_---.-- -.---.___ --.------_---+-----_---..-- .-__---.---_---_--._-----.--- -_-----,--.-_---- ....i

INHAL | | | l. | | \ | |
'

ADU'.T | 5.23E-05 | 5.22E-05 | 1.86E-06 | 5.228-05 | 5.22E-05 | 6.01E-05 5.23E-05---------._------.-_.----__---_+_------_--.---_-_-----__-___------_---_.|____----_.15.22E-05 |
_-_----_-_.

TEEN | 5.26E
_--.1

5.25E-05
-- ----+--_____-05 j 2.03E-06

.----__ _.-_-----__-.1 5.26E-05 | 5.26E-05 | 6.21E-05 | 5.28E-05__--__---._------__-.__---___--.-_-_---___.l5.25E-05-_- --___.1
CHILD | 4.66E-05 | 4.64E-05 |-1.91E-06 | 4.65E-05 | 4.65E-05 | 5.64E-05--_-----.-_-----_...-_-_-_---.----------.-_-_-----____--.-_.-__--__--.14.67E-05 | 4.64E-05 |

. -_-__---.__ _-___--.

----__---._---_-_---.1 2.67E-05-_-_-----_.17.888-07 | 2.67E-05 | 2.67E-05 | 3.56E-05 | 2.69E-05 | 2.67E-05 |INFANT | 2.68E-05
. - _ - _ - - _ . - _ - - - - _ - . - - _ - _ - _ - - - . _ - - _ - - - _ _ . - _ - - - - _ _ _ . - - _ _ - - _ - _ - .

t

t

i
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TABLE VII-A-3 .

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
.

.I- SPECIAL LOCATION # 3 RES
j AT 1.47 MILES NE

DETA AIR DOSE - 6.18E-04.MILLRADS
GAMMA AIR DOSE - 4.53E-04 MILLRADS,

y

PATHWAY T. BODY CI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
- - - - - - - - - . - - - - - - . . . . . - - - - - - - - - - - - - - - . - - - - - . . - _ . - - . . . . - - - - - _ - - - . - - - - - - - - - . + - _ . - - - - - _ . - . - - - - - _ . .PLUME | 2.87E-04
...--,.. ...........1 2.87E-04 | 2.87E-04 | 2.87E-04 | 2.87E-04 | 2.87E-04 | 2.93E-04 | 5.91E-04....--... ...--.........-- .._--.- -.-. __..--- -... ......-----,. .... .--| g

CROUND | 7.93E-07 | 7.93E-07 { 7.93E-07 | 7.93E | 7.93E-07 | 7.93E-07 | 7.93E-07 | 9.27E-07 | .. _.._-...____..._._.-__.--_---....-_--___. ______-07
,

,

.__._---____. .-_______ ._---_-_.-_.. - _-____. e
g INHAL | | |

.| 7.82E 05 | 7.82E 05 | 7.84E-05 | 7.81E-05 |
| | | | | |'

ADULT | 7.83E 05 |-7.81E 05 | 2.858-06
--.. ... .__ ______-...._--_---+- _-_- ___.._______...-_-_ -__-.1 9.03E

_05-._.___ .__-.--__--_-__.
t;

TEEN | 7.888-05 | 7.86E-05
__-_-__ _

. _ - __. ... _--_-. -___.-_-.1 3.11E-06 | 7.87E-05 1 7.87E-05 | 9.32E-05 | 7.91E-05 1 7.86E-05 |
.- - _ _ - - - - _ . . _ . - _ _ _ _ . - - - _ - _ _ - . _ - . _ - - _ _ _ . - - - _ _ . - - _ . _ . . . . . _ _ _ _ . #CHILD | 6.97E-05 | 6.95E-05 | 2.92E-06 | 6.96E-05 | 6.96H-05 | 8.47E-05 6.99E-05 6.95-.........._.-.--.+--..------...-----......---.......---...,-......---+|----.......|....E-05 | ,

.....+
INFANT j 4.01E-05 | 4.00E-05 | 1.20E-06 | 4.00E-05 ;

.
. .--_-----....-----.-_- ... ------ -----..._.1 4.00E-05 1 5.35E-05 | 4.03E-05 ( 4.00E-05 | [......---.........--.....--......... ----... .r;
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* TABLE VII-A-4

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94 "

: SPECIAL LOCATION # 4 VEG
'AT 3.32 MILES NE

BETA AIR DOSE 1.04E-04 MILLRADS=

GAMMA AIR DOSE = 5.93E-05 MILLRADS
iPATHWAY T. BODY GI BONE LIVER KIDNEY THYROID LUNG SKIN_________.________ ..___-TRACT_______. ________.__________.__________.__________. _______ _.__________.

PLUME | 3.69E-05-| 3.69E 05 | 3.69E-05
_________ __ .._____+______ ___.._________.l 3.69E-05 | 3.69E-05 | 3.698-05 | 3.78E-05 | 8.25E-05 |

_____.____.______. . __________.__________.-_________+
.

cROUND __.|__1.142-07 |.1.14E-07 | 1.14E
_._____ ________ __________._______-07

| 1,14E-07 | 1.148___.________,_______-07 | 1.148 07 | 1.14E___,__________._______-07 | 1.33E-07 '
___.__________.ivEcET ' | | . I l | | | | |

_______ _.l 2.75E-05__________.__.____-05
ADULT - | 2.59E | 7.15E-06 | 2.582-05 | 2.58E-05 | 3.15E___.__________.__________.__________.______-05 | 2.57E-05 | 2.57E-05 |

____.__________.__________.TEEN | 3.17E-05 | 2.97E-05 i 8.90E-06 | 2.96E-05 | 2.95E 05 | 3.43E 05 | 2.95E-05 | 2.95E-05
.__________.__________.__________.__________.i - !_________.__________.__________.__________.__________ '

CHILD |
._ ______.1:
4.94E-05 4.58E-05 | 1.48E-05 1 4.598-05 | 4.57E-05 | 5.298-05 | 4.57E-05 | 4.568-05__________,__________+__ _______.______ ___ _____.____+__________.__________l_________.

.

4
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TABLE VII-A-5

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
'

SPECIAL LOCATION # 5 RES,VEG
AT 4.79 MILES- ENE

BETA AIR DOSE 5.78E-05 MILLRADS=

GAMMA AIR DOSE - 2.67E-05 MILLRADS

PATHWAY T. BODY CI-TRACT DONE LIVER KIDNEY THYROID LUNG SKIN
- _ . - _ - - _ . - - _ - _ - _ - . . _ - - - - _ _ _ . . - - _ - - - - - . _ . _ - - - - _ - - . - . . _ _ _ - _ . _ - - - - - - - . . - _ _ - _ _ _ _ - . . . - - - - - . . - - +

1.63E-05 | 1.63E-05 | 1.63E
- --_-_____.I
PLUME

---__---__._____-__- -..----_-05-_ _.i 1.638-05 | 1.63B-05 | 1.63E*

__-__-____._-__-_-_ -. ______-05-__.______-_--.1| 1.688-05 3.96E-05 |
_- --__-_-.

CROUND | 4.00E-08 | 4.00E-08
--_.---...-- ._--__.+--_-___.--.I 4.00E-08 | 4.00E-08

---._....-,.____ ---.1 4.00E-08__-_- _.. 1 4.00E-08 | 4.00E-08 | 4.67E-08 |- - - - _ - _ . - - - - - - - . - - _ . - _ - - - _ _ - _ +

VEcET | | 1 1 I I I I I
ADULT | 1.59E-05 | 1.54E-05 | 2.53E-06 | 1.53E-05 | 1.53E-05 | 1.73E-05 | 1.53E-05 | 1.53E-05 |

___-__-_-+-----_-- _+-_--__-. _..-_-__ - _.-__.-----_._ ..---_- ..._-- .._ _---_--_-. ___---____+
TEEN | 1.83E-05 |-1.76E_ - - _ . - - _ _ . - _ - - - - - - - _ .l ' _1 . 7 6 E - 0 5__----__.1 3.15E-06_---_-_-__.-_____-05| 1.75E-05 | 1.92E-05 | 1.75E-05 | 1.75E-05 |

_ -_--.-__-___-_-.-___-_--__._--_-__---.------_-_ .,

_-_-- _--.1 2.84E-05_--_ _-_-.1 2.72E-05---___-- .1 5.24E-06
cnILD | 2.72E-05 | 2.71E-05

.._---- _ ___--_-__-.._---____-.1 2.96E-05_--_-___--.--_-__--__.1 2.718-05 || 2.71E-05 *

__ ----_--.
INHAL I I |. |- | | | | 'lADULT |-8.49E-06 [ 8.47E-06 | 2.71E-07 | 8.47E-06 | 8.47E-06 | 9.59E-06 | 8.49E-06 | 8.47E------__..------___.-__---_---_-._--.--.-_.-____--.----__-_.---_-_-__..--__-_---.__--__-06 j

- --.

.--__..__.l B.54E-06 | 8.528-06 | 2.96E-07 | 8.53E-06 | 8.53E-06 | 9.89E-06 | 8.56E-06 | 8.52E-06 |TEEN
- _ .--_.-___. _-_ ._--_ .__ - ---_.--_...--_---____.--_____ _..-__------_..---__-_--.

; _ __-_---._____---_ 1 7.53E-06.--_----_ 1 2.79E-07..-_-___ -._---___-06
CHILD | 7.55E-06 | 7.54E | 7.54E-06

___._-_-- _-_-.I 9.02E-06 | 7.57E-06 [ 7.53E-06----_----..____----__..____-__-.i'

-_--_- . +_-_------_.i 4.338-06INFANT | 4.34E-06 | 1.15E-07 | 4.34E-06 1 4.34E-06
.__--_----._----_---_+_ ----- --+--_--_- -1 5.68E-06 | 4.36E-06 | 4.33E-06 |_--_----_-._--------- _-_-_----.+

. !
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TABLE VII-A-6

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION # '6 RES

.

i

AT 4.67 MILES E

BETA AIR DOSE 9.02E-05 MILLRADS-

GAMMA AIR DOSE = 4.29E-05 MILLRADS

PATHWAY T.DODY GI-TRACT BONE LIVER KIDNEY THYROID LUN3 SKIN--.----..--_.._--._.-_--_---_-._-_.. ..._.------__--+-_-----_ ... -- ----_...----___. _- ----.--.
PLUME | 2.62E
----__-_-.. ___-_-05_-.12.62E-05 1 2.62E-05...--_____.1

2.62E-05 | 2.62E-05
_--_ _-_-_._--.--.__-.1 2.62E-05 | 2.718-05 | 6.32E-05_-___-___-.__-__----..-___-_-__-.1

*
___-______

CROUND | 6.32E-08 | 6.32E-08 | 6.328-08 | 6.32E-08 | 6.32E-08 | 6.32E-08 | 6.32E-08 | 7.38E-08
..-_ ____._--__-----._--_--_---._---___.-_.---_-----_._-----_-_ ._----____ .____---_-_._-_-____--.| ,

INHAL | | | | | | | | |-ADULT | 1.31E
_ -------.-_ .-_-05'l 1.31E-05 | 4.228-07 | 1.31E-05

..._-__-----_+--_------_.--- -----.1 1.31E-05 1 1.49e-05 | 1.31E-05 | 1.318-05 |
-_-_---_-_+_ --------+_---_ ----.----_...-_.

TEEN | 1.32E-05 | 1.32E-05 | 4.61E-07 | 1.328-05 | 1.32E-05 | 1.53E-05 | 1.33E-05 | 1.32E-05 |------...... - - - - - - - - _ . . _ - - - - - - - + - - - - - - . - - - . - - - - - - - - _ , - _ - - - _ - - - - . _ - - _ _ _ - - _ _ . - - - - - - - - _ . - - _ - - _ . .
CHILD | 1.17E --_.-____-----.1 4.348-07| 1.17E-05___._---._--_--_-05 | 1.17E-05 | 1.178-05 | 1.40E-05 [ 1.17E-05 | 1.17E-_-______.____---__--.__-__----_._--_---__.-_____--__.__-_--_-05 |

-_-.
INFANT | 6.72E-06 | 6.71E-06_ - - _ - - . - - - - - _ _ - - - . - - - . - - - -- - l ' 1 . 7 9 E - 0 7| 6.72E-06 | 6.72E-06 | 8.80E-06-_--_---__._---------.----_- __-+- ___---- 1 6.76E-06 | 6.718-06 |..-----_--. ._. ......

.

'

|
i
|

|

|
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TABLE VII-A-7

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION 8 7 VEG

AT 4.92 MILES E-

. BETA AIR DOSE - 8.22E-05 MILLRADS
GAMMA AIR DOSE = 3.89E-05 MILLRADS

PATHWAY T. BODY CI-TRACT BONE LIVER K1DNEY THYROID LUNG SKIN
-------......-------.------- --.--------- ,--.-------+----------+----------,----------+----------,

---.-----.---.------.iPLUME | 2.38E-05' 2.38E-05 1 2.38E-05
- --------+----------,1 2.38E-05--- .---- 1 2.38E-05 | 2.38B-05 | 2.46E-05 | 5.74E-05 |. --- - --,----------.........--+----------.

caouNo i 5.91E-08 [ 5.91E-08 5.91E-08 1 5.91E-08 | 5.91E-08 | 5.91E-08 | 5.91E-08 | 6.91E-08 |. ....--+------.---. ---------.i.---------+----------,------ ---,----------.----------. ------- -+
vEcET | | | ! | | | | |ADULT | 2.258-05 | 2.17E-05
.--_-_-- .-----_--....------_--.1 3.73E-06 | 2.16E-05 | 2.16E-05 | 2.46E-05 | 2.16E-05

- .... .---._---_-----.--_------- . --_--___.----_-----.1 2.168-05 |
__----_--_.

TEEN | 2.59E-05 | 2.48E-05 |'4.64E-06 | 2.48E-05.---- ---.---- -----.--- --- --+----.-----+------ .. 1 2.488-05 | 2.728-05 | 2.47E-05 | 2.47E-05 (----------+--.-------,----------+----------+
CHILD | 4.02E-05 | 3.84E-05

-------- ----------..---------I 7.73E-06 | 3.84E-05 | 3.83E-05 1 4.21E-05 | 3.83E-05
----------.----------+-- -------+---- .-- .+------- ..1 3.83E-05 |

----------.

,

'

I

l

.,

|
|
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TABLE VII-A-8

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION # 8 RES.VEG

AT 4.19 MILES ESE

BETA AIR DOSE 1.57E-04 MILLRADS=

CAMMA AIR DOSE - 7.83E-05 MILLRADS
1

PATHWAY T. BODY CI BONE LIVER KIDNEY THYROID LUNG SKIN_________,__________._.__-TRACT______.-_________.__________+____.____. ___ ______.__________.__________,
PLUME | 4.81E-05-| 4.81E-05
_________._ ___.____.__________.1

4.81E-05 | 4.81E-05 1.13E
__________ ________._.1 4.81E-05__________1 4.81E-05__________.1 4.96E-05__________.i_______-04|

___.
caouND | 1.22E

___.1 1.228-07_________1 1.22E-07.________________-07_________. ______-07 | 1.22E | 1.22E-07 | 1.22E-07 | 1.228-07 | 1.438-07,

___.__________.__________.__________.__________.i
vEcET | | | |

| 4.07E-05 | | | |
___ _____.I 4.26E-05__________.1

4'.08E-05ADULT | 7.70E-06 | 4.07E-05
__________.__________ __________,1__________.1 4.68E-05____._____.1

4.06E-05 1 4.06E-052

__________+__________.i
| 4.68E-05 | 9.59E-06 | 4.65ETEEN | 4.89E

____ ____._______-05
*

.__.__________.__________.1 4.67E-05__________.1 4.66E-05_____.____.1 5.16E-05__________._______-05| 4.65E-05 |
___.__________.

CHILD | 7.60E-05 | 7.22E-05 | 1.60E-05 | 7.23E-05 | 7,22E-05 | 7.98E-05
.___._____.__________.__________.__________,_____..___ __________.__________.17.21E-05__________.17.20E-05 |

__________+
INHAL | | . . | . | |- | | | |

___.1.2.25E-05_ ________+_______-07
ADULT | 2.26E

_________ _______-05 | 7.34E | 2.25E
____ __________,1 2.56E-05__________+.______-05| 2.25E-05 i| 2.25E-05 | 2.26E___...____-05 ___+__________+

TEEN | 2.27E | 2.278-05
_________._______-05___ __.________.18.028-07______ ___.1

2.278-05 [ 2.27E-05 | 2.64E__________.__________._______-05 | 2.28E-05 | 2.26E-05 |
__ .__________.. ________.

CHILD | 2.01E | 2.00E
_________._______-05 | 7.55E-07 | 2.00E___._______-05___.________ ..______-05 | 2.00E-05 | 2.40E-05 [ 2.01E-05 | 2.00E-05 |

____.__________.__________.__________ __________.
INFANT | 1.15E | 1.15E

_________._______-05 ___.1 3.11E-07__________._______-05___._______-05 | 1.158 | 1.15E-05 | 1.51E-05 | 1.16E-05 | 1.15E___.__________.__________._________.._______-05 |
,

___.

.

e
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* TABLE VII-A-9

PORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION # 9 RES.VEG +

AT 1.68 MILES SE

| DETA AIR DOSE = 9.36E-04 MILLRADS
GAMMA AIR DOSE 6.51E-04 MILLRADS-

fPATHWAY T. BODY GI TRACT BONE LIVER KIDNEY THYROID LUNG SKIN, . _________._-_______ .__________.___-___-__.__________.__________.__________._______.__._________-. ,

PLUME | 4.118-04 | 4.11E | 4.11E_-__.____.__________._______-04 | 4.11E-04.| 4.11E-04 | 4.11E-04 | 4.19E-04 | 8.598-04___._______-04___.___---____.__________.__________.__________.__________.i
;
,

_-_______.1 1.61B-06__________.______-06| 1.61EGROUND | 1.61E-06 | 1.61E-06 | 1.61E-06 | 1.618-06-__.__________.___-_____..__-_______.-_________.1 1.61E-06 | 1.88E-06 |
________-_...__--_____. -

VEGET | | | | | | | | .

j,

ADULT | 2.438-04 | 2.21E-04 | 1.00E *

| 2.198-04 | 2.19E-04 | 2.99E-04 | 2.18E_________.__________.______.___._______-04___.____-_____.__-_..-___._________-.______-04 | 2.18E-04 |
____.____-_____.TEEN | 2.81E-04 | 2.53E-04 | 1.25E-04 | 2.52E

. ____.___-.__-__-____.--_-__-___.____--____._______-04 | 2.518-04 | 3.17E-04 | 2.50E-04 1 2.49E-04 I
__ .__________ __________._-____-___+_____-____+

CHILD | 4.39E-04 | 3.89E-04 | 2.08E-04 [ 3.90E
________..__________ __________.__-____--_+_______-04 | 3.88E 04 | 4.898-04 | 3.87E-04 | 3.86E___._____-____._.____-___.______-___.______-04 | |____.
INHAL | | | | | | | | |

ADULT | 1.21E-04-| 1.21E-04 | 4.35E-06 | 1.218-04 | 1.21E-04 | 1.39E-04 | 1.218-04 | 1 21E-04 1'

______.___ ___-______.________-_.__---_____.____-_____.______--__.___.______.__________.__________. :

TEEN | 1.22E-04 | 1.22E-04 i 4.75E-06 | 1.22E-04 | 1.22E-04 | 1.44E-04 | 1.22E-04 1 1.218-04 i
2

_________._______-__.___-- ____.__________.__________.__________.__________.__________._______ __.
CHILD 1 1.08B-04 | 1.078-04 |-4.46E-06 | 1.0BE-04 | 1.08E-04 | 1.31E-04 1 1.08E-04 | 1.07E-04 |,

_________.._______-_.-_________+__________.__________+__________._________-+_____--___. __________.
INFANT | 6.19E-05 I 6.18E-05 | 1.84E-06 | 6.19E-05 1.6.198-05 | 8.25E-05 | 6.23E-05 | 6.18E-05 |_________+________-_.________-_.___-______.__________+_-____-___ ______--__.___---_-__.___-______.

1

t

>

t

&

\
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TABLE VII-A-10

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION # 10 RBS

AT 0.88 MILES SSR

BETA AIR DOSE = 3.37E-03 MILLRADS
CAMMA AIR DOSE - 2.728-03 MILLRADS

4 *

PATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
- - - - - - - - - - - - - . - - - - - + - - - - - - - - - . - - - - - - - - - - . - - - - - - - - - . - - - - - - - . - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - .
PLUME | 1.74E-03
.--------+----- ----.1 1.74E-03..-------.11.74E-03 | 1.74E-03 | 1.74E-03 | 1.74E-03 | 1.76E-03 | 3.47E-03 |

.--------- ----------.------ .--,----------.-- ------ .----------,
cROUND | 8.41E-06 | 8.41E-06 | 8.41E-06 | 8.41E-06 | 8.41E-06 | 8.41E-06 | 8.41E-06 | 9.83E-06 |-.......----------.----------+----------. -------,-.----------+---- -- . ..... ---- ..---....--.,

INHAL | | | | | | | | |ADULT | 4.108-04 | 4.09E-04 | 1.53E-05 | 4.098-04
- -----...----------+----------.----------+ ------..1 4.098-04 | 4.75E-04 | 4.10E-04 | 4.09E-04 | 1

--- ------....----- -.----------+----------.
TEEN | 4.12E-04 | 4.11E-04 | 1.68E-05 | 4.128-04 | 4.12E-04 | 4.90E-04 1 4.148-04 | 4.11E-04 |- - - _ - _ - - . - - - - - - - _ - _ . - . - _ - _ - - - - - . - _ _ _ _ . - - - - - - - - - - - . - _ - . - _ - - - - - _ - . _ _ - _ _ _ - . .- .--___--.--__------.

--------_ ----------.1 3.64E-04-|-_-------_.----------.i
CnILD | 3.65E-04 1.57E-Os 3.64E-04 | 3.64E-04 | 4.45E-04 | 3.66E-04

_ _.---_--.-----_----.------_--..---_-----_.1 3.64E-04 |
..--_-----.'

INFANT | 2.10E-04 | 2.09E-04 | 6.488-06 | 2.098-04 | 2.09E-04 | 2.81E-04 | 2.11E-04 | 2.09E-04 |
-----.---+----------+----------.----------.------.---+----------...-------..-- -------+----------.

1

t

t

4
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b

1
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l
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|

|

i
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TABLE VII-A-11

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION 8 11 VEG *

AT 1.11 MILES SSE
- BETA AIR DOSE - 1.928-03 MILLRADS

GAMMA AIR DOSE = 1.558-03 MILLRADS

PATHWAY T.DODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
- - - . - - - - - . - - - - - - - . _ . - - - - - - - - - - . - - - . - - - . - - - - - - _ - - _ . - - - - - - - - - - . - - - - - - _ _ _ - . - - - - - - - _ - . - - - _ - - - _ - - . -

PLUME | 9.88E-04 | 9.88E-04 | 9.88E-04 | 9.88E-04 | 9.88E-04 | 9.88E-04 | 1.00E-03 | 1.97E-03 |
_ - - - . . . - - - - - - _ _ _ . - - - . - - - - - - + - - - - - - - - - _ . - - _ - - - - - - - . - - - - - - _ _ - + - - - - - - - - - - . - - - - _ _ - - - - . _ - - - - - _ _ _ _ . 7
cROUND | 4.46E-06 | 4.46E-06 | 4.468-06 | 4.46E-06 | 4.46E-06 | 4.46E-06 | 5.21E-06 |

.

---------.----------.-----_----.-----.-_--.----------1 4.468-06
--- ------.--------... -------_-+----------.

VEcET | .| | | | | | | |ADULT | 4.928-04 | 4.30E-04 | 2.768-04 | 4.26E-04--....--.------....--------------.----.----------.14.24E-04 | 6.472-04 | 4.228-04 | 4.228-04 |
----------,----------+----------+----------.

TEEN | 5.698-04 | 4.93E-04
-------... .----- -...---------1 3.438-04 | 4.89E-04

-------...------- ..1 4.86E-04 | 6.69E-04 | 4.84E-04 | 4.83E-04 |
.....-----+---------- ------- --+----------+

CHILD j 8.92E-04....--.---+----------.i 7.562-04 | 5.718-04 | 7.598-04----------+---_------.----------.1 7.53E-04 1 1.03E-03 1 7.49E-04 | 7.48E-04 |
----------+---. -----+----------+--------...

,

!

l

|

,

,
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j

i
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TABLE VII-A-12

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION 4 12 BEEP.

AT 2.51 MILES SSE'

BETA AIR' DOSE - 2.90F-04 MILLRADS
IGAMMA AIR DOSE = 2.03F:-04 MILLRADS

PATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
-----.---....-a---...----.-.----------+---------+----------.----------+----------+----------.
PLUME ! 1.29E-04 1 1.29E-04 1 1.298-04 | 1.29E-04 | 1.29E-04 | 1.29E-04 | 1.31E-04 | 2.68E-04 |---- ---+-------. -+-- ---.--+-.--.-----+--- ------.-------- -+----------,. ---.--.-------.

-------- .I 5.91E-07 | 5.91E-07 | 5.91E-07 | 5.918-07 | 5.91E-07 | 5.91E-07 | L. ~ | 6.90E-07 |GROUNO
-- -------.-------- -+-....-----.---- -----,----------...--...---.--- .----------.

MEAT | | | | | | | | 3

ADULT I 9.86E-06 | 9.71k-06 | 5.68E-07 | 9.75E-06 | 9.73E-06 | 1.33E-05 | 9.70n ' 9E-06 |-- ------+----------+----------..- .....--+----------.----------+----- ----,----- -- . . - - - - - +
TEEN | 5.88E-06 | 5.79E-06 | 3.76E-07---------.---_-----....--_-_.---.--_---.15.83E-06 | 5.81E 06 | 8.42E-06 | 5.79E-06 3.78R-06 |'

_-- _--_ -._-__--_---.-_--------.---_------.-__--_--_..
CHILD .| 7.11E-06 | 6.99E-06
-------+ - -------+----------.1 5.05E-07 | 7.05E-06 | 7.02E-06 | 1.10E-05

----.----.- --------,----------.----------.1 6.99E-06 | 6.98E-06 [ ;--

----------.-- -------.

.

i

'

4

e

i

,

*

l

t
i
|

|-

i
, u

VII-17

..

.

_-wA a _ e V w-mumm >re2 Et se wev eW e *WW4*s- -V#' hewms& free.- %- hi %ppar-1 _e wT*a-.- -r ms-re--m'vme* - w7 - * - _ __4- - _ m. r- mi w a - m-- --_ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ __ _ _ _s
___.



.

4

..

-

4

TABLE VII-A-13
J FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94

SPECIAL LOCATION # 13 RES,VLU
AT 0.72 MILES S '

BETA AIR DOSE - 4.552-03 MILLRADS
GAMMA AIR DOSE - 3.54E-03 MILLRADS

PATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
_____-___.__________+___.______+__________+__________.__________.__________ __________ __________.
PLUME | 2.25E-03 | 2.25E-03 | 2.25E-03 | 2.25E | 2.25E-03 | 2.25E-03 | 2.29E-03 | 4.55E_______._.__________.__________.__________._______-03___.__________.__________.__________._______-03 |,

___.'
cROUND | 6.558 | 6.55E-06 | 6.55E
____ ____.___.___-06___.__________1 6.55E-06__________+_______-06| 6.55E-06 | 6.55E-06 | 6.55E-06 | 7.66E-06 |

___.__________,__________.__________.__________.
vEcET | | | | | | | | |
ADULT | 1.12E 03 | 1.03E | 4.06E-04 | 1.02E-03 | 1.028 03 1.02E-03 | 1.02E-03 |____.____.__________+.__.___-03___.__________.__________..._________.1 1.35E-03-|

__________.__________,__________.

_________.1
1.29E-03TEEN | 1.18E-03 | 5.05E | 1.17E-03 | 1.17E-03 | 1.44E-03 | 1.16E-03 | 1.16B__________.__,_______._______-04___.__________.__________.__________._____ ____.___.____-03_ _ _ .1

CHILD | 2.018 | 1.81E_________.-______-03_ .._______-03 i 8.41E-04 | 1.82E-03 | 1.81E-03 | 2.22E-03 | 1.80E__-+_._______.+__________.__________._______.__.1 1.80E-03__________+_______-03|
___.

INHAL | | | | | | | | |

_________.I
5.64E-04ADULT

_____ ____.________._.1 2.13E-05__________.1 5.638-04__________.1 5.64E-04_________.16.53E-04| 5.63E-04
__________.__________.__________.i

| 5.65E-04 | 5.63E-04

TEEN | 5.68E-04 | 5.668 04
________.__________.__________.1

2.338-05 | 5.67E-04 | 5.67E-04 | 6.74E-04 | 5.708 ,

__________.__________.__________.__________ _______-04 | 5.66E-04 |
_ ___.__________.

_________.15.02E-04__________+____.__-04| 2.19E-05 | 5.01E-04 | 5.01E-04 | 6.13E-04 | 5.04E-04 | 5.01E-04 |CHILD | 5.01E
-__.__________.__________.__________.__________.__________+______-___+

INFANT | 2.89E-04 | 2.88E-04 | 9.018-06 | 2.88E
_________._______.__.__________ __________._______-04 | 2.888-04

___.__________.1
3.878-04 | 2.90E-04 | 2.88E

__ -______.__________._______-04 |
___.

:
,

t

!

|
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TABLE VII-A-14

FORT CALHOUN 1 RECDPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION # 14 BEEF

AT 1.98 MILES S

BETA AIR DOSE 4.26E-04 MILLRADS-

GAMMA AIR DOSE - 3.00E-04 MILLRADS
PATHWAY T. BODY GT-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN

-_____.__._____-____.__________.._______-_.________-_.__________.___-_____-._---_____ .__ _______.
PLUME | 1.90E-04 | 1,90E-04 | 1.90E-04 | 1.90E-04 | 1.90E-04 | 1.90E-04 | 1.94E-04 |_______.__-___-___._______-__.-_--__-___._______-__.__-_--__.________-___.._-__,13.95E-04_____-____.
GROUND | 5.05E-07
-_-______._-____.___.1 5.052-07_.-_______.__________._-____-_-_,_-________._-__-____ ____._____.____-_____+1

| 5.05E-07 | 5.05E-07 j 5.05E-07 | 5.05E-07 | 5.0$E-07 | 5.90E-07
MEAT | | | j | | | | |ADULT | 1.43E
_.________.___-___-05

| 1.428
___.__-____-05 | 4.85E-07 | 1.42E-05 | 1.42E-05 | 1.73E-05 | 1.42E-05 | 1.42E-05 |____.____-_____.-___-_-___._____-__._.-_ _____-_.__-_______.______ -__.

TEEN | 8.54E-06 | 8.46E-06 | 3.218-07 | 8.49E-06 | 8.48E-06 | 1.07E-05 | 8.45B-_______- ___-___-__.____.-____.-________,.__________.__________.__________.l 8.46E-06__________.___-___-06|
___.

CHILD | 1.03E-05 | 1.02E-05 | 4.32E-07 | 1.03E-05 | 1.36E-05 | 1.02E-05 | 1.02E-05_______._.__________+._________.___-______.__ ____--_.l 1.02E-05__________..________.._________. _-____-_-.t_

.
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TABLE VII-A-15

. FORT CALHOUN'1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION 8 15 COW

AT 2.74 MILES S

HETA AIR DOSE 2.028-04 MILLRADS-

!GAMMA AIR DOSE = 1.24E-04 MILLRADS
PATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG--_-_---.....------.--..---_..---------_--------+-------.----_-----.-.-----_--.--_ SKIN.------.[ PLUME [ 7.79E-05 | 7.79E-05 | 7.79E-05 | 7.798-05 | 7.79E-05 | 7.79E-05 7.97E-05 |_- ___--_._---___-_-.- ._----_-.----__ __..__... _- -.-__ ----_..-_------.--.|----_-----.|-1.70E-04 t

-----.--.GROUND | 2.382-07 | 2.38E-07 | 2.38E | 2.38H-07 | 2.38E-07 | 2.38E-07-_--_- _ ... --_--__.-_... .----. _---__-07_ -._---------.------_ --.--_--__ -_.1 2.38E-07- __-----.1 2 77E-07 1
---___ ---.

COW MILK | | | . | | | | | |ADULT I 1.68E-05 | 1.668-05 | 7.31E-07 | 1.68E-05 | 1.67E-05 | 3.68E-05 1.66E-05 1
---------+------- ...----_ ---- ----------.- --------+------- --+----------.|--_----_--|--.66E-05 |

------..TEEN I 2.19E-05 | 2.16E-05 | 1.09E-06 | 2.198-05 | 5.368-05 | 2.168-05 | 2.16E-05_.--- ---+-_--------.-----_----.----------.- --------.1 2.182-05----------...--_----_+---------..--_--- --.i
- -_-----.I 3.46E-05cnILD 1 3.41E-05 | 3.47E-05 | 3.45E-05 | 9.74E-05 | 3.41E-05...-------+----------.12.012-06-------_ -.----_ ----.--- ... -.---_----.....--------.1 3.41E-05 |

------ - .INFANT | 5.24E-05 1 5.18E-05 | 2.5BE-065-

---_-----.- ---_-__-.--_---_--- -------_--.I 5.30E-05 1 5.25E-05 5.18E-05--_-_-----+-------_--.1 2.052-04--------_.i.__----__-.1 5.17E-05 |
------ _-_.

!

i

f

i

4

4
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TABLE VII-A-16

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION # 16 RBS

AT 0.63 MILES SSW

BETA AIR DOSE 2.95E-03 MILLRADS=

GAMMA AIR DOSE - 2.40E-03 MILLRADS

PATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIh !- - - - - - - - - + - - - - - - - . . . . - - - - . . . . . . . - - - - - - - - . - - - - - - - . . . . . . - - - - - - . . . - - - . . . . . . - - - - - - - - - , - - - . . - - - -.
PLUME
-_ ------.I 1.53E-03---_.-----1 1.53E-03 | 1.53E-03 | 1.53E-03

--_ ----__.-,._---_---.---_------.1 1.53E-03 | 1.53E-03 | 1.56E-03
. _--_-- ..--___--._._---___--_.1 3.06E-03--------_-.i

| 2.718-07 | 2.71E-07 | 2.71E-07 | 2 71R-07 | 2.'1E-07 | 2.71E-07 | 2.71E-07 3.17E-07CROUND-_---_--.----_----...-.-----.---------..---------.---_-_-_.-----____.----_----.|.-__--__-,|
INHAL | | | | | | | | |ADULT | 3.58E-04
---------.... .-----.1 3.57E-04........--.1 1.37E-05---- -----.I 3.57E-04----...---.1 3.57E-04------- ..1 4.15E-04.. -----.1 3.58E-04----------.13.57E-04 |

--------...

--------.I 3.60E-04------...-.13.59E-04 | 1.50E-05 | 3.59E-04 | 3.60E-04 | 4.29E-04 | 3.61E-04 1 3.59E-04 |TEEN
- - - - - - - - - - . - - - - - - - - - - . - . . - - - - - - + - - - - - - - - - - + - - - - - - - - - - . - - - - - - - . . + - - - - - - - - .

CHILD | 3.18E-04 1 3.17E-04 | 1.41E-05
....--.--....---- --+--- ---.. .----------1 3.18E-04-- -------.1

3.18E-04 | 3.898-04----- ----,--- -.... 1 3.19E-04 | 3.17E-04 |, .---------.----------.' INFANT | 1.83E-04
--- -----. .---.----.1 1.83E-04 | 5.79E-06 | 1.83E-04 | 1.83E-04 | 2.46E-04 | 1.84E-04 | 1.82E-04 |

----------.-------- -.----------.----------... ..--- ..---------.------ --.+

i

,

!

,

!

!

1
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TABLE VII-A-17

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94 '

SPECIAL liOCATION # 17 VEG
AT 1.14 MILES SSW

e

BETA AIR DOSE 8.22E-04 MILLRADS-

GAMMA AIR DOSE 6.30E-04 MILLRADS=

PATHWAY T.DODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
i, . - - . - - - . - . + - - - . - - - - - - + - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - . . . . . - - - - - , - - - - - - - - - - . - - - - - - - - - - - - - - - - - .

PLUME | 4.018-04. | 4.01E-04 | 4.01H-04 | 4.01E-04 1 4.01E-04 | 4.01E-04 | 4.08E-04 | 8.13E-04 |
- - - - - - . - - . - - - - - - - - - - . - - - - - . . . . . . . - - - - - - - - - . - - - - - . - - + - - - - - - - - . - - - - - - - - - - . - - - - - - - - - - + - - - - - - - - - - .

i cROUND ] 3.16E-07--.....--....-------.1 3.16E-07 | 3.16E-07
-------- -.----------.1 3.16E-07 | 3.16E-07 | 3.16E-07 | 3.16E-07 | 3.69E-07 |

---------- ----------...---- --.-----...--... --- --.
VEcET I I i | | | | 1 |ADULT | 1.89E-04 | 1.85E-04 | 1.96E----_-_-_.----------.------.___.------_-05 | 1.85E-04 | 1.85E-04 | 2.00E-04 | 1.84E-04 | 1 848-04 |

- _ _ . - - . . . _ - - - . - - _ - _ - - - - - . - - - _ _ _ - - - _ . _ - - - - - - - - . - _ - - _ - - - - - .

_----__..1 2.17E-04 1 2.12E-04 | 2.44E-05 | 2.12E-04 | 2.11E-04 | 2.24E-04 | 2.11E-04 | 2.11E-04 |TEEN
- - - - - - - - - - + - - - - - - - - - - . - - - _ - _ - - - . . . . - - - - - _ . . . - - - - _ - - - _ . . . - - - - - _ _ _ . - - - _ - - - - - - . - - - - - - _ - - .'

---------I 3.37E-04 1 3.27E-04 4.06E-05CHILD ---.------+----------1----------,1 3.288-04----------.1 3.27E-04----- ----1 3.478-04----------,I3.27E-04 1 3.27E-04 |
----------+----------,

t

%

h

h
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TABLE VII-A-18

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LDCATION # 18 BEEP

AT 1.99 MILES SSW

BETA AIR DOSE 2.14E-04 MILLRADS=

GAMMA AIR DOSE - 1.498-04 MILLRADS
PATHWAY T.DODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG____--__._----_--._--___---_.--_--_-_-__-----.-_--_____-.--____---.-__--____-.-_ SKIN_ -----.PLUME ] 9.45E-05 | 9.45E-05 | 9.45E-05 | 9.45E-05 | 9.45E-05 9.45E-05 | 9.63E-05 | 1.97E-04 |.- _--- -+--_--- --.----------.-- -------+------__ -+---- ----+|

--.95E-07 | 2.95E-07
_ -_--- ----_-- --+----_ .---.GROUND | 2.95E-07 | 2.95E-07

-- -.. _,-_---- --.----------.1 2.95E-07.__-_-.+----------+-.--------._.-__....-+----------,13.45E-07 |1 2.95E-07 | 2.958-07 | 2
_--.-_---_.MBAT | | | | | | | | |ADULT | 7.24E-06 1 7.168-06 | 2.84E-07 7.19E-06 | 7.17E-06 | 8.98E-06 1 7.16E-06--------- ------ _--+----------+-------_--.i-_--------. _----._--+----------+----------,1 7.16E-06 |
-_--__....+THEN | 4.32E-06 | 4.27E-06 | 1.888-07 | 4.29E-06 1 5.59E-06 | 4.27E-06---------+----------.----------+--- ------+-_----- --.1 4.28E-06----- ----+--_. .-_-.----------.1 4.27E-06 |
....------.

CHILD | 5.22E-06 | 5.16E-06 | 2.538-07 | 5.198-06 | 5.178-06 | 7.15E-06 5.16E-06_-----_-.-__----_--.---__--_.-_---_---.-------.._---_--._---.--_-_.|.--__-__.15.16E-06 |
.-_--_---_.

4

i
i

,
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TABLE VII-A-19

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION # 19 RES

AT 0.72 MILES SW

BETA AIR DOSE - 2.09E-03 MILLRADS
GAMMA AIR DOSE - 1.748-03 MILLRADS

PATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN3

------- -.- ------....--. .- -..----------+---.------.----------.----------.. ..------..---------.
PLUME I 1.118-03 | 1.11E-03 | 1.11E-03 | 1.11E-03
---- -- .+------.- -.....--- --+---------...... ----.1 1.11E-03 1 1.11E-03 | 1.13E-03'

---------.+----------.----- ----.I 2.20E-03- --------.1cROuMD | 5.61E-07
----- ---.- ------ -.1 5.61E-07--- ------.I s.61E-07----------.15.61E-07 | 5.61E-07-----.----.----------1 5.61E-07

---- -----+----------.1 6.55E-07 |I 5.61E-07,

---------..INHAL | | | | | | | \ |ADULT | 2.50E-04 | 2.50E-04 | 9.49E-06 | 2.50E-04 | 2.50E-04--.------.-.------ -+------. --.------- - ----------.--------- 1 2.91E-04 | 2.51E-04 1 2.50E-04 |.--------- ----------+----- . --+

----- ---.1 2.52E-04THEN | 2.51E-04 | 1.04E-05 | 2.52E-04
----------+------- -- --- ..----.----------.1 2.52E-04 | 3.00E-04----------+-----.----.1 2.53E-04 | 2.518-04 |

.. -------.------ ---.CHILD | 2.23E-04 | 2.22E-04
----_-- -.- -----_-.-- .-----.1 9.73E-06- -----_.1

2.22E-04; | 2.22E-04--------_-.---_------.8 2.728-04 | 2.24E-04 | 2.22E-04 |
-----. .. ----_ ..-------_-..INFANT | 1.28E-04 | 1.28E-04

.---- ---.--- ----...------- --.1
4.01E-06 | 1.28E-04 | 1.28E-04--------...--------.-+.---------.I 1.72E-04 | 1.29E-04

- - - - - - - - - - . - - - . - - - - - . .I .1 . 2 8 8 - 0 4 |..--------.

4

4
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TABLE VII-A-20i

i
;'

FORT CALitOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
i SPECIAL LOCATION # 20 BEEP
j. AT 0.82 MILES SW ,

! (
' BETA AIR DOSE - 1.56E-03 MILLRADS IGAMMA AIR DOSE = 1.'27E-03 MILLRADS
I PATHWAY T. BODY . CI-TRACT BONE LIVER KIDNEY THYROID LUNG

.

! _ _______.__________. _________.__________.__________.__________.__________.__________.___ SKIN_______.
i

_ _ _ _ _ _. _ _ _ .I 8 .13 E - 0 4__________.1 8.13E-04_--_______.I 8.138-04__________.______-04
tPLUME . | 8.13H | 8.13E | 8.138___.______-04____._._____-04 | 8.262

___.____..__-04 | 1.62E-03 |<

___.__________.| 2.36E-06 ;;. caouND. | 2.368-06 1 2.36E
. _________.__________._______-06___.__________.1 2.36E-06 | 2.36E-06 | 2.36E-06 | 2.36E-06 | 2.758-06 |__________ __________._____.___..__________.__________.
i MEAT | | | | '| | | l' I [i

.________.I 4.948-05_. ______________-__+.______-06_ _ _ .i
ADULT 1 4.88E 05 1 2.25E 4.90E-05 | 4.898______.___._______-05 | 6.32E

___._______-05 1 4.88H
___ _______-05___.14.87E-05 |1

* _______-__.TEEN | 2.958-05 | 2.91E
___.1 1.498-06__.______...._____-05.________ __________.___-___-05 | 2.93E | 2.928 | 3.96E___._______-05 1 2.91E-05___._______-05___+__._______.12.91E-05._________.i |

___._____.I 3.568-05. _.___-__13.52E-05__________.1 2.00E-06__________.1 3.548-05__________.1 3.53E-05___._____.._______-05_ _ _ .i
CHILD | 5.108 3.518

_______-05___13.51E-05 |
__________.

a

,

t

P

1

,

-

s

h
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!

,

I

a
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TABLE VII-A-21

PORT CALHOUN 1 . RECEPTORS IN ALL SECTORS. 02-16-94
SPECIAL LOCATION # 21 VEG

AT 2.35 MILES SW '

BETA AIR DOSE 1.348-04 MILLRADS !=

GAMMA AIR DOSE'- 9.24E-05 MILLRADS 5

PATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
.-

__-_---__.---__----_.__-_____--.__-_-__-__.- _.-_____.--__.__-__-.--_______-.____-.____._-____-___.PLUME | 5.84E-05-_-_____.._._- -_-_ 1 5.84E-05__-._-_-_._-_.--____.--____---,.+.-_______.15.84E-05| 5.84E-05 | 5.848-05 | 5.84E-05 | 5.95E-05 | 1.228
-__-____-_ ___--.-___+._-_-__-04 |

___.cROUND | 9.39E | 9.39E-09_--...._-._______-09 ------___._-___--___._---____.._-_-__-_.__-_-__-09| 9.39E-09 | 9.39E-09 | 9.39E-09 | 9.39E | 9.39E-09 | 1.10E-__.-____.--__.-__-___-08 |__-.-
__-+vecET I I | | | . 1 I I i

___-_____.l 3.15E-05____-___..--_____-05
ADULT | 3.14E | 5.84E-07 [ 3.14E-05 | 3.14E-05___.-_-_______._-------__.-___-____-.l 3.18E-05 | 3.13E-05 | 3.13E-05

__-_- ____.__________.___-.-____.1
__ _-__.-.l 3.61E-05---_____--.1

3.59E-05TEEN | 7.27E-07
. ________.__________.1

3.59E-05 | 3.59E 1 3.63E-05 | 3.59E-05 | 3.59E-05____-___.______-05__-_.-_-_____-_.-____ -_ .-___--__--.i, -_

CHILD | 5.598-05
_.___---_.__-__ -___.1_5.56E-05 | 1.21E-06

___--___- __________I 5.56E-05
.--___.I 5.56E-05-_____-_--.--__-__-05| 5.62E

___1
5.56E-05 | 5.56E-05_______--_.___-______1_-__

.

4

h

e

k

.

-.!
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TABLE VII-A-22

PORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION 5 22 RES

AT 1.05 MILES WSW
s

BETA AIR DOSE - 7.22E-04 MILLRADS
GAMMA AIR DOSE 5.87E-04 MILLRADS=

PATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY TIIYROID LUNG------_--.__-------.---._--__----------_,---__--_..___---_--.___-_-_--,-------_.._-_ SKIN
.- ----_,

--------_.I 3.75E-04PLUME | 3.75E-04 1 3.75E-04 | 3.75E-04 | 3.75E-04 | 3.75E-04--_ .--_--+_--- -----+--_---_ --....-------.---__-----+----------.13.81E-04------ --.17.47E-04 |
-_-- _----.

| 2.79E-08 | 2.79E-08 | 2.79E-08 | 2.79E-08 | 2.79E-08 2.79E-08 2cnOUND
_________._---_--__-.-_-_----__.---------_.-----_--_.---_-_-_-_.|----__-___.|-__.79E-08___ __-.i 3.26E-08 |-_-__ ____.INHAL | | | | | | | | |

7'

_------_-.I 8.76E-05ADULT | 8.74E-05 | 3.26E-06 | 8.75E-05 | 8.75E-05 | 1.02E-04 !

-___--_--_.____-_---_..._---_--_.-_--_______-_-.._-_----_---___.I8.77E-05 | 8.74E-05
----_- ___.--___ -_--.1 y

TEEN | 8.82E-05---_--_--+-_----_---I 8,80E-05 | 3.57E-06 | 8.81E-05 | 8.81E-05 | 1.05E-04 | 8.85E-05 8.79E-05
__------__.-_---_---_.--__-_-- -+__--------.---------- ----- .. ..|.---------.| t

CHILo .I 7.80E-05 I 7.78E-05 | 3.35H-06 | 7.79E-05
- --_-- .._--------_.__-_------+--- ---- ...--_-- -_.1 7.79E-05 | 9.51E-05 [ 7.82E

.--_------+ --_ -----+-----._-05_--.1 7.788-05 |
...--_-_ -.

INFANT | 4.48E-05 | 4.47E-05 | 1.38E-06 | 4.48E-05 | 4.48E-05 | 6.01E----_--._---------._--_---_-_.---_--_-_.--_-_-----._---__--._-_---_-05 [ 4.51E-05
-_-.-__--- _--.1 4.47E-05 |,

-------_--.

1

I

#

'f1

.

!

t

I
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TABLE VII-A-23 *

PORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION 8 23 VEG

AT 1.23 MILES WSW

BETA AIR DOSE 4.88E-04 MILLRADS=

GAMMA AIR DOSE = 3.82E-04 MILLRADS

PATHWAY T.DODY GI-TRACT JONE LIVER KIDNEY THYROID LUNG SKIN
--------- ---------- ------- -- --- ------.-- -------.....------.----------.----------.. - ----- . ,

PLUME- | 2.438-04 | 2.438-04 | 2.43E-04 | 2.438-04..-------.-----.----+----------.---.------+----------.l'2.43E-04 | 2.43E-04 | 2.47E-04
----------.--------. .----------.1 4.90E-04 |

-- -------.

--------.1 1.03E-07' GROUND l'1.03E-07 | 1.03E-07 | 1.03E-07 | 1.03E-07 | 1.03E-07 | 1.03E-07 1 1.218-07
..------ -+---------- ----.-----+----------+----------.----------.--.-------+--- ----- .|

VEGET | | | | 1 |
| 1.08E-04 | |ADULT | 1.108-04 | 1.09E-04 | 6.39E-06 | 1.09E-04

-.-------,------ .--+----------+---- -----.----------.1 1.08E-04 | 1.14E-04 [ | 1.08E-04 | i
------ ---.----- ----+--.-------+--------- .

TEEN | 1.268-04 | 1.24E-04 | 7.96E-06 | 1.24E-04 | 1.24E-04
.

-------- .--------- .----------.----------.-- -------.----- ----.1 1.28E-04 | 1.24E-04 ] 1.24E-04 | *

----------.----------+----------.
CHILD 1 1.968-04 | 1.92E-04 | 1.33E-05 | 1.938-04 | 1.92E-04 | 1.99E-04 | 1.92E-04-----.1 1.928-04 |- - - . - - - - - . - - - - - - - - - - . . . - - - - - - - . - - - - - - - - . - - - - - - - - - . - - - - - - - - - - . - - - - - - - - - . . . - - ----------,
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ITABLE VII-A-24

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
ISPECIAL LOCATION # 24 BEEP IAT 2.45 MILES WSW
}

BETA AIR DOSE = 9.67E-05 MILLRADS
GAMMA AIR DOSE = 6.44B-05 MILLRADS ,

.

[PATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG S i.--- ----,- --.-----+--- ..----+----------.---------- --- .-----+----------+-- -------.--- KIN------. v

----- --.I 4.06E-05------.---.1.4.06E-05
rLUME | 4.06E-05----------.----------1 4.06E-05----------,1 4.06E-05-----.----,14.06E-05 | 4.14E-05 | 8.60E-05 | !

-

----------...,.------.----------,

.--- -....i----------+---------+---------+------------------..---------.----------+|----------,|1.25E-07 | 1.25E-07 | 1.252-07 | 1.25E-07 | 1.25E-07 | 1.25E-07 | 1.25E-07 1.46E-07
GROUND

MEAT | . | | \ | 1 ] l 1 [---.-----.IADULT .
- --------1 3.298-063.328-06 | 1.20E-07 | 3.30E-06----------...--.-----+----- --- 1 3.29E-06....------.1 4.06E-06 1 3.39E-06 | 3.29E-06 |

----------+--.-------,-- ------->
TEEN | 1.988-06 | 1.968-u6 | 7.948-08 | 1.97E-06 | 1.97E-06 | 2.52E-06 1.96E-06-------....--------.------.........------.----------.---------...------.-.|----------,|-1.96E-06 1

-------,

I 2.408-06 | 2.37E-06 1 1.07E-07CHILD --------+-----.----+---.------.1 2.3sE-os | 2.38B-06 | 3.21E-06 1 2.37E-06
---- -----+--- ------,----------+-----.----.1 2.37E-os 1-------.. --

----------+

.

t

i . .i
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TABLE V11-A-25
FORT CALHOUN 1 RRCEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION 8 25 RES

AT 1.17 MILES W t
'

BETA AIR DOSE 6.32E-04'MILLRADS-

GAMMA AIR DOSE - 4.65E-04 MILLRADS
PATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID SKIN---------,.---------.-- -- ---- - ---- ---.- --------.--------...........--.---LUNG-- ---.-------- -.PLUME | 2.95E-04 | 2.95E-04 | 2.95E-04 | 2.95E-04 | 2.95E-04 2.95E-04 | 6.06E-04 |--------- --- .----- -- ---- --+- -- ----... -------.---------..|.. .--- -,{.3.00E-04---------,.------- -.

GROUND | 1.11E-06 | 1.11E-06 | 1.11E-06 | 1.11E-06 | 1.11E-06 1.118-06 1. | 1.30E-06 |---------.-- -------+----.----- ------ ---.----------..-------...|---------..|---11E-06 1;------.------ ---+INHAL | | |
{ 7.988-05

l l | 1 |ADULT | 8.00E-05 1 7.98E-05 | 2.92E-06 | 7.99E-05 9.22E-0---------.--.-------.- ---- --.----...---+----------.----------.|-- ---- 5g

-.1 8.00E-05----------t7.978-05 |------ ---.TEEN | 8.05E-05 1 8.03E-05 | 3.19E-06 | 8.04E-05 | 8.04E-05 9.52E-05 8---_-----.-------_-.---------.-_----_.---------.------.-_-+|-------__.|--_.07E-05 | 8.02E-05---_---.- ---- -_ ICHILD
-.I

7.12E-05 | 7.10E-05
--- -- -- . ----.----.1 3.002-06 | 7.10E-05 | 7.11E-05

-- .-- -- ..---------._--_--.---.1 8.65E-05-_ -_----.i 7.14E-05_-----_---17.10E-05 |_-__...-

_----__- _.INFANT | 4.09E-05 1 4.08E-05 | 1.23E-06----- .--.--... ..--+------. --.- -------i 4.09E-05 | 4.09E-05 | 5.46E-05 | 4.11E-05 | 4.08E-05 |- - - - . - - - - - . - - - - - - - - - - . - - - - - - - - - - . - - - - - - - - - - . - - - - - - - - .
;
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TABLE VII-A-26

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL 1.OCATION # 26 VEG

AT 1.20 MILES W

BRTA AIR DOSE 6.52E-04 MILLRADS=

GAMMA AIR DOSE - 5.26E-04 MILLRADS
PATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG
---.-----....----.--+----------..---------.-----...--.-------- - ----------.-----.---- -- SKIN---.----

PLUME---------.1 3.35E-04---_ --.1
3.35E-04 | 3.35E-04 | 3.35E-04 | 3.35E-04 | 3.35E-04

-- ----------.------u-_.--_-_-_--._----_---.-_--------.13.41E-04 | 6.70E-04 |
---_-____-+--_-----__.GROUND | 1 11E-06 | 1.11E-06 | 1.11E | 1.11E-06 | 1.11E-06 | 1.11E-06 | 1.11E-06 | 1.30E-06 | -e-_-- _---.-----_-- -+-_-_-_---_.------_-06-_-.-------_--.. ---_-._-._-----_---.___-------.---_---__-.VEcET 1 | | | | | t i IADULT | 1.60E-04 | 1.45E-04 i 6.86E-05 | 1.44E-04 1.44E-04 1.99E-04 1.43E-04 | 1.43E-04 |...------+--------. .----------+---------.+------.---.|----_-----.|....--- -+j
------ --+----------.THEN | 1.85E-04 | 1.668-04 | 8.548-05 | 1.65E-04 | 1.64H-04 2.10E-04 1.64---.---- ..---------.---- .. --+----------+------- -- --------...|..--------+|--.- E-04 | 1.64E-04 |

- ---.- .------.cu1LD | 2.89E-04 2.55E-04 | 1.428-04 | 2.56E-04 | 2.55E-04 | 3.24E-04 2.54E-04 | 2.538-04 |-.--.....,---.------i----------... --- --.....-------.---------.. ------.--.i '
. --------.----------.

.

1

A.
1
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t

i
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TABLE VII-A-27

PORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
SPECIAL LOCATION 4 27 BERP

AT 2,06 MILES W

BETA AIR DOSE = 1.79E-04 MILLRADS
GAMMA AIR DOSE - 1.31E-04 MILLRADS

PATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
. ----- ...---...-- ----------+---------...---------.----------.-------- -.----- ---- ----------.
PLUME | 8.29E-05 | 8.29B-05 | 8.29E-05 | 8.29E-05 | 8.292-05 | 8.29E-05 | 8.458-05 1.71E-04..---_---.----------.----------.--------....--------.-----__---.----------.---_------.|_--------_.{
cROUND

- . - ----- .l . 2. 7 3 8- 0 7 | 2.73E-07 | 2.73E-07-------_--.-----_----._---------.1 2.73E-07 | 2.73E-07 | 2.73E-07 | 2.73E-07 | 3.192-07 | '
_ - - . - - - - - - . - - - - _ - - _ - - . _ - - - - - - - - . - - - - - - - . . . _ - - - - - - _ - - .

;MEAT | | | | | | | | | '
ADULT | 5.97E-06 | 5.90E-06 | 2.62E-07 | 5.92E-06 | 5.91E-06 | 7.58E-06 5.90E-06 5.89E-06--------+---------+----------.----------,---...--+----------.--------.|...--.----.|----------.i '

TEEN | 3.56E-06 | 3.52E-06 | 1.73E-07 | 3.54E-06 1 3.53E-06
. -------.--------.-+----------.--------- ...--------+-------.--.1 4.738-06 | 3.52E-06

------- -.--.- -.---,1 3.528-06 |
----------. >

CHILD | 4.31E-06 | 4.25E-06 | 2.33E-07 | 4.282-06
-------.----------+----------....-- ----.----------.1 4.26E-06---------.I 6.09E-06 | 4.25E-06

---- ----- ----------.1 4.25E-06 |
----------.

.

a

L

+
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TABLE VII-A-28

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94 *SPECIAL LOCATION 8 28 RES VEG
AT 2.04 MILES WNW -[

'

4
.

MILLRADS i

'

BETA AIR DOSE - 3.29E-04
GAMMA AIR DOSE = 2.40E-04 MILLRADS ;

'

PATHitAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SK
_________.__________.__________.._..________.__________.-_________.__________. .________.______IN !

____. ;

._________.I
PLUME 1.528 | 1.52E-04 | 1.52E-04 | 1.52E-04 | 1.52E_____._-04 | 1.52E-04 1.55E-04 | 3.14E-04 |_. .__._______.__________.___.___.__ _______-04___.__._______.i __________.__________. -
cRouMD | 5.28E-07 I 5.28E-07
_________.__,.___ ___.__________.15.28E-07__________.I

5.28E-07 | 5.28E-07 | 5.28E__________.__________._______-07___.I 5.28E-07__________.16.17E-07 |
__________.VEGET ] | ] | | | | | |ADULT | 8.36E

_________._______-05 | 7.63E
___.1

3.288-05___._______-05 | 7.58E 05 | 1.02E______-___.__________.l 7.56E-05__________._______-04| 7.54E-05 | 7.53E-05 |
___.-_-_______.__________.TEEN | 9.65E 05 I 8.74E-05 | 4.08E 05 | 8.70E-05 | 8.66E-05 | 1.08E-04

_________.__________+__-_______._._-_____..______.___.__________.__________.1 8.63E-05 | 8.62E-05 |
.__________.__________.

_________.1
1.51E-04CHILD 1 1.34E a

___.______+_______-04.1 6.80E-05
|__1.35E-04________.1 1.34E-04__________.11.67E-04 1 1.34E._________.1 1.34E-04__________+-______-04_ . _ ,1__ +__________

- INHAL | -{ | | | |
} 4.19E-05 { {ADULT |.4418E 05 | 1.48E

_________.______ ___.1 4.17E-05__________._______-06| 4.18E-05
_ ___ ______,___.1 4.18E-05_________1 4.81E-05

___.___ __.__________.1 4.17E-05 |g

__________.TEEN | 4.21E-05 | 4.20E-05 | 1.61E-06 .__._____...__________.__________.__________.1 4.20E-05__________.1 4.21E-05__________.i4.97E-05 | 4.22E-05 | 4.20E-05 |
__________.__________.__________.

CHILD | 3.72E-05 | 3.71E-05 | 1.52E-06 | 3.72E-05 1 3.72E-05 | 3.74E_________.____._____.__________.__________.__________.__________.l4.51E-05__________.._____-05___.13.71E-05 |
__________.

INFANT | 2.14E-05 l'2.14E-05 | 6.25E-05 *
2.14k 05 | 2.14E 1 2.858-05 | 2.14E,____._____.____.__-05___.__________.1 2.15E-05_______...._______-05_ _ _ .i_ _ _ _ _ _ _ _ _ , _ _ . _ _ _ _ _ - _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ .

,

I c

|
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TABLE VII-A-29

FORT CALHOUN 1 RECEPTORS IN ALI. SE.M.RS O2-16-94
SPECIAL LOCATION 8 29 BEEP

AT 2.74 MILES WNW

1.74E-04 MILLRADS fBETA AIR DOSE -

GAMMA AIR DOSE - 1.198-04 MILLRADS i

PATHWAY T. BODY GI BONE LIVER KIDNEY THYROID LUNG SKIN.________.__________..___-TRACT
L

______.__._______,__________.__________.__________+__________.________... :PLUME | 7.518-05
_________.__________.l

7.51E-05 | 7.51E-05 | 7.51E
__________._____ ____.l7.51E-05.1 7.51E-05_______.___.__________.______-05 | 7.66E-05 | 1.5BE-04 |

___.__________._________ .
_________.l.2.678-07
GROUND | 2.67E-07 | 2.678-07 | 2.67E-07 | 2.67E-07 | 2.67E-07 | 2.67E-07__________.__________. _________+ _____ _._.__________+_____ ____.__________1 3.12E-07 (

__________.
MEAT | | | | | | | | |ADULT | 5.93E-06 | 5.868-06 | 2.578 | 5.88H-06 | 5.87E-06_________.__________.__________._______-07___.________._.__________.1

7.50E-06 | 5.85E 06 | 5.85E
__________.__________._______-06 (

___.TEEN | 3.54E
___.1

3.50E-06
_________._______-06 | 1.70E-07 | 3.518-06 | 3.50E-06 | 4.69E-06 ] 3.49E-06 3.49E-06 |__________.__________.__________.__________.__________.__________.i;

__________.
CHILD | 4.27E | 4.22E-06 | 2.29E-07 | 4.25E-06 | 4.23E-06 | 6.02E-06 | 4.22E-06 | 4.22E-06_______._ _______-06___+__________.__________.___ ______.__________.__________,_______.__.____._____.|

.k
1

1

s

y

!

|

|
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TABLE VII-A-30 -1

PORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94
-SPECIAL LOCATION # 30 RES,VEG

AT 2.43 MILES NW

BETA AIR DOSE = 2.74E-04 MILLRADS
GAMMA AIR DOSE - 1.90E-04 MILLRADS

,

PATHWAY T. BODY CI-TRACT BONE LIVER KIDNEY THYROID LUNG ' SKIN
--------...- .------. ..-----....---------.----------+-----.--.-+----------.---------- ----------.
PLUME | 1.208-04 | 1.20E-04 | 1.20E-04 | 1.20E-04 | 1.20E-04 | 1.20E-04 | 1.22E-04 2.51E-04--.....-.----------,.-----..--+----.....,----------.----------...--------........---.|--------..,|.

-- - -- _ _ -- .1. 4 .14 E- 0 7
MOUND | 4.14E-07 | 4.14E-07 | 4.14E-07 | 4.14E

--.-------.--....--_-.-- -----_-.-------__-.------_-07 | 4.14E-07 | 4.14E-07 | 4.83E-07 |
---..--_ - _ ..--_--_-_--.----------. ,

VEcET | | | | | | | | |
ADULT | 7.05E-05 | 6.478-05 | 2.58E-05 | 6.448-05 | 6.42E-05 | 8.49E-05 | 6.40E-05 6.40E-05---.----+---.------.---..-------------......--.--.....-----...----.----.......--..|-----.----.| I
TEEN | 8.13E-05 | 7.422-05 | 3.21E-05 | 7.38E-05 | 7.35E-05 | 9.06E-05 | 7433E-05 7.338-05--------- --------_...---------+----------.----------.------ ---.----------..---------.|----------.|
CHILD | 1.27E-04 | 1.14E-04 | 5.34E-05 | 1.14E-04 | 1.14E-04 | 1.40E-04 1.14E-04 1.13E-04.-------+----...-.-+----------.....-----+...............-----+----------+|--.------,|----------.|

INHAL | | | | | | | | |: ADULT | 3.55E-05 | 3.55E-05 | 1.23E-06 | 3.55E-05 | 3.55E-05 | 4.08E-05 | 3.56E-05 | 3.54E-05____-.-----._-----.___------.__-__.----._------_.------_---.--__---_-_+----_----.---___....|
TEEN | 3.58E-05 | 3.57E-05 | 1.35E-06 | 3.57E-05 | 3.57E-05 | 4.21B-05 3.59E-05-.-----------------+----------.----------..-------....--.-----.----------.|----------.13.57E-05 |

----------.

CHILD | 3.16E-05 | 3.16E-05 | 1.26E-06 | 3.16E-05 | 3.16E-05 | 3.82E-05 3.17E-05------- -+----------.--...-----..... ..---.......----.----.---......-------,| .. -- -..1 3.15E-05 |
.------,--,

InrANT | 1.82E-05 |-1.81E-05 | 5.21B-07 | 1.82E_..--.---....------.-----_----.----------._----_-05 | 1.82E-05 | 2.41k-05 | 1.83B-05 | 1.81E-05 |
- - - . - - - - - - _ - _ _ . - - - - - - - - - _ . - - _ - _ - - - - _ . - - - _ _ - - _ .

.
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TABLE VII-A-31
!~ FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94

SPECIAL LOCATION 5 31 COW, PORK, BEEP ;

AT 3.47 MILES NW

1.30E-04 MILLRADS ii BETA AIR DOSE =

GAMMA AIR DOSE - 8.28E-05 MILLRADS ,

iPATHWAY T. BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SK----......----------.-_--------+----------.--- ------.------.....--------_..--------...-----IN ~ {
,

!
----.PLUME

--- _- --.I 5.20E-05--_.------.1
5.20E-05 | 5.20E-05 | 5.20E-05 | 5.208-05 ,

._----_ --..------_... ---------.----------.1 5.20E-05 [ 5.31E-05-| 1.12E-04 | - ;, -_--- ----._----...--.--_------..

--------- --------.-..------ __.--...-- ...------.....----------.----------+|----------.|.--- E-07-----.i
,'

'

GROUND | 1.76E-07 | 1.76E-07 | 1.76E-07 | 1.76E-07 | 1.76E-07 | 1.76E-07 1.76E-07 2.05

MEAT | | 1 | | | I I i iADULT I 4 54E-06
.. -_ ---.----------.1 4.50E-06 | 1.70E-07 4.50E-06

------ --.--_------.1 4.51E-06---_ ----.i--------_-.1- --------_.1 4.49E-065.588-06 | 4.49E-06 !-----.__--.. -----. ..i tTEEN | 2.718-06 | 2.682-06 | 1.12E-07 | 2.69E-06 | 2.69E-06 | 3.47E-06 [ 2.68E-06
....-----+----------.------- --....--_ ---...--_-----+--.---_--..-- --_----....._------.1 2.68E-06 |

!.----------.

--- - ---.I 3.278-06CHILD | 3.248-06 | 1.51E-07 | 3.26E-06..--------...-.-_----__....------..l3.25E-06-_ ----_--.1 4.43E-06 | 3.24E-06
----------._--- ----.I 3.248-06 |

;_---.-----.Cow MILK | 1 I I I I I I I
.ADULT | 1.07E-05 | 1.06E

_ _ . . . - - - - - - - . .l ' .1. 0 7 8 - 0 5
| 5.41E-07---_-----.----------+-__---_-05 | 1.07E-05

. -------.-----_---_.1 2.55E-05 | 1.06E-05 | 1.05E-05-_--------._------_--.-------- -.i )
:TEEN I 1.40E-05 | 1.38E-05 | 8.04E-07 | 1.40E-05 | 1.398-05 | 3.758-05 | 1.3BE-05---_-----+---- ---_.+------- --+----------...--------.....------.----- ---... ----..- 1 1.37E-05 | 1, ,------..--.

CHILD | 2.21E-05 | 2.17E-05 | 1.498-06
--------....-------.--------__.-----.-- -.1

2.21E-05 | 2.20E-05 | 6.85B-05
- - - - - - - - . . . . . . - - - - - . - - - . - - . . .1 2 . 17 E - 0 5- --------.12.17E-05 |

[_

.---------.
INFANT l.3.34E-05 | 3.30E-05 | 1.91E-06 | 3.388-05 1 3.35E-05 | 1.47E-04

---.-----+--....----. ---------+----.--- ..------.-- +----------+--- _.---.1 3.30E-05.... ----.13.29E-05 | [----_-----.
,

.,
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TABLE VII-A-32 !

, FORT CALHOUN 1 RECEPTORS IN ALL SECTORS 02-16-94 !
!

j SPECIAL LOCATION 8 32 RES
AT 2.02 MILES NNW ,

!

j BETA AIR DOSE = 3.60E-04 MILLRADS
GAMMA AIR DOSE = 2.49E-04 MILLRADS . ;,

j PATHWAY T. BODY GI BONE LIVER KIDNEY THYROID LUNG SKIM- _________ __________. __-TRACT ,_______...________ ____ .____.__________+__________. ___ _____.__________.
PLUME
_________.I

1.57E-04 | 1.57E-04 | 1.57E-04 | 1.578-04.| 1.57E-04 | 1.578-04 | 1.60E-04 3.298 04
__________.__________.__________.__________.__________.____._____.__________.|__________.| ,

,

______.__.I 6.648 _07_______ __.1 6.64E-07__________.16.64E-07________.1
6.64E-07cROUND | 6.64E 07 | 7.75E i

_ __________.__________.I 6.64E-07__________.1 6.64E-07__________._______-07_.,
__

INHAL l. .I | | | | | | |4

ADULT | 4.68E-05 | 4.67E-05 | 1.66E-06 | 4.67E-05 | 4.67E-05 | 5.37E-05 | 4.68E-05 4.66E-05 i_____..__.__________.__________ __._______.__________.__________.__________.__________.|__________.|,

TEEN | 4.71E 05 | 4.70E-05
____.____.__________+__________.1

1.81E-06 | 4.70E-05 | 4.70E-05 | 5.54E-05 | 4.72E-05______-___._________..__________._____.____+__________.1 4.698-05 |
____.__ __.

CHILD | 4.16E-05.| 4.15E-05 | 1.70E-06 | 4.16E-05 1 4.16E-05 | 5.04E-05_._______.__________.__________.__________.__________.__________ __________,1 4.18E-05_ _ _ _ _ _ _ _ _ _ .1. 4 .15 E - 0 5 | g,

__________.

INFANT | 2.39E-05 | 2.39E-05 | 7.01E-07 | 2.398-05 I 2.398-05 l 3.18E-05 | 2.41E-05 | 2.39E-05 |a ._________.__________.__________.__________.__.________.__________.____.______.__________.__________. . '

!
,
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' TABLE VII-A-33

FORT CALHOUN 1 RECEPTORS IN ALL SECTORS O2-16+94 .

SPECIAL LOCATION # 33 VEG
AT 4.14 MILES NNW

BETA AIR DOSE = 7.87E-05 MILLRADS
GAMMA AIR DOSE 4.48E-05 MILLRADS-

PATHWAY T. BODY GI-TRACT BONE 1,IVER KIDNEY THYROID LUNG-----....+.--...--...-...--.......---............--,--...--........---..+.......--..-SKIN
..--....

_ ------..I.2.78E-05PLUME | 2.7sE-05
..-- .--..... --- ..1 2.78E-05.----_-_-_.1 2.78E-05-- ...-- 1 2.78E-05...--__-1 2.78E-05--. -.._..1 2.86E-05._. .-..-_.16.24E-05 |

. .__.. __. ;GROUND | 1.25E-07 | 1.25E-07
- -----....--....--.--...-----.1 1.25E-07 ] 1.25E-07 | 1.25E-07 | 1.25E-07-------...------.....--......-...--....--.11.25E-07 | 1.45E-07 |

........--.---.----..+ ;vecET I I | | | | | | 1-ADULT | 2.16E-05 | 1.98E-05
.....----...------....---... --1 7.81E-06 | 1.978-05 | 1.97E-05 1.96E-05 | 1.96E-05 |---- ...--...----.....-- --- .--.1 2.59E-05.--------.i.-- ...--..----------.TEEN | 2.49E-05 | 2.27E-05 | 9.73E-06 | 2.26E-05
.............--......--. -~.---, ----...... ......--.1 2.25E-05 i 2.77 E-05 | 2.25E-05

..........+--..... ..1 2.25E-05-------- .+....---...ICHILD | 3.89E-05 1 3.50E-05 | 1.62E-05---.----.........................--......13.51E+05.-----.-- 1 3.49E-05..........1 4.27E-05..........13.48E-05 | 3.48E-05 |
....-- -...--.........

,
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TABLE VII-B-1
,

FORT CALHOUN 1 DOSE CONTRIBUTIONS FROM GASEOUS EFFLUENTS
UNRESTRICTED AREA BOUNDARY

REQUIRED BY TECIINICAL SPECIFICATION 5.9.4.a.

. ANNUAL FOR JANUARY 1, 1993 TO DECEMBER 31, 1993

MAXIMUM SITE BOUNDARY GAMMA AIR DOSE - 2.31E-03 MILLIRAD
MAKIMUM SITE BOUNDARY BETA AIR DOSE 2.74E-03 MILLIRAD-

r

,
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TABLE VII-C-1

j

PORT.CALHOUN SEMIANNUAL 01/93-12/93 TRI-EX TOWER DATA 02-05-94
ALARA INTEGRATED POPULATION DOSE SUMMARY (MANREM)

PATHWAY T. BODY GI-TRACT DONE LIVER KIDNEY THYROID LUNG SKIN- - - - - - - - - . - - - - - - - - - - + - - - - - - - - - - . . . . . . - - - - , - - - - - - - - - - . - - - . - - - - - - . - - - - - - - - - - . . . - - - . . . . . - - - - - - - - . .
PLUME I 1.028-03 | 1.02E-03 | 1.02E-03 | 1.02E-03 | 1.02E-03 | 1.02E-03 | 1.08E-03 | 3.07E-03 || 32.004 | 32.73% | 75.45% | 32.71%----_----._---------.-------_-_.---_-_--__.------__--.i 32.74% | 24.85%---_------.__-__-_--_.i 33.90% | 59.36% |

.__------_.___--_---_.
GROUND | 5.56E-06 | 5.56E-06 | 5.56E-06 | 5.562-06 | 5.56E-06 | 5.56E-06 | 5.568-06 | 6.49E-06 || 0.17% | 0.18% | 0.41% 0.18% | 0.18% 1 0.13% | 0.17% | 0.13% |----.----.----.-----+-------- -..---_-----.1----------._-- -----+----------.----------.----------.
INHAL | 8.27E-04 | 8.26E-04 | 2.37E-05 | 8.26E-04 | 8.26E-04 I 9.36E-04 | 8.288-04 | 8.25E-04 |

| 25.82% | 26.37% | 1.75% i 26.35%------ --+.---------.- -------+----------+--- ----- .i 26.38% | 22.70% 26.04% | 15.98% i...... --- ----------.i ----- ... ------ --.
VEGET | 9.328-04 | 8.67E-04 | 2.86E-04 | 8.668-04 | 8.64E-04 | 1.43E-03 | 8.60E-04 | 8.60E-04 |

| 29.11%---- __--. -__-- _--.i 27.68% | 21.08% [ 27.63%._-----_--.-----_--_-._-- -_----.i --------__.___ ------.i27.60% | -34.70% 27.05% | 16.64% |
.___------.-_ ----__-.

' COW MILK | 2.17E-04 | 2.14E-04 | 1.10E-05 | 2.178-04 | 2.16E-04 | 4.88E-04 | 2.14E-04 1 2.14E-04 || 6.78% 1 6.84% i 0.81%---------+----.-----+- -------+----------.i 6.92% | 6.90% | 11.83% | 6.74% 4.14% |
--- -----_.----------+---- -----+----------.! ----------.

MEAT | 1.96E-04 | 1.94E-04 | 6.78E-06 | 1 958-04 | 1.94E-04 | 2.39E-04 | 1.94E-04 | 1.94E-04 |
| 6.11% | 6.20% | 0.50%.----____.-----._-_._----_----.--_------.i 6.21% | 6.21% | 5.79% | 6.104 | 3.75%------_-_-.--_---___.------_--_.-_--__--_.-_-----__,i

* TOTAL * | 3.20E-03 | 3.13E-03 |-1.36E-03 | 3.13E-03 | 3.13E-03
---.--.--.---------- ----------+----------.----------+----.-----.1 4.12E-03 | 3.18E-03 [ 5.16E-03 1

---- -----...-_-- ---+----------+
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TABLE VII-D-1

FT. CALHOUN SEMIANNUAL RELEASES FOR JAN 1993 TO DEC 1993 02-05-93 RETS

DISCHARGE-8.02E+02 CFS SOURCE TERN MULTIPLIER-1.00E+00
50-MILE FOPULATION=7.60E+05 FRACTION --- ADULT-0.66

TEENAGER-0.14
CHILD =0.20

FRESHWATER SITE
FT. CALHOUN S. TEPMS01/93-12/93

NO RECONCENTRATION OF NUCLIDES
* * * ADULT DOSE FACTORS * * *

INGESTION DOSE FACTORS SHORELINE(MREM /PCI INTAKE) (HREM/HR) / ( PCI /M* * 2 )
| NUCLIDE CURIE /YR BONE LIVER TOTAL BODY ' THYROID KIDNEY LUNG GI-LLI SKIN TOTAL BODY RECON47AG 110M 4.46E-03 1.60E-07 1.48E-07 8.79E-08 0.00E+00 2.91E-07 0.00E+00 6.04E-05 2.10E-08 1.80E-08 1.00E+0056BA 140 1.63E-04 2.03E-05 2.55E-08 1.33E-06 0.00E+00 8.67E-09 1.46E-08 4.188-05 2.40E-09 2.10E-09 1.00E+004BE 7 7.94E-05 2.74E-09 6.21E-09 3.05E-09 0.00E+00 6.56E-09 0.00E+00 1.08E-06 0.00E+00 0.00E*00 1.00E+006C 14 1.71E+01 2.84E-06 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.688-07 5.688-07 0.00E+00 0.00E+00 1.00E+0058CE 141 1.10E-04 9.36E-09 6.33E-09 7.18E-10 0.00E+00 2.94E-09 0.00E+00 2.42E-05 6.20E-10 5.50E-10 1.00E+0058CE 144 1.86E-04 4.88E-07 2.04E-07 2.62E-08 0.00E+00 1.21E-07 0.00E+00 1.65E-04 3.70E-10 3.20E-10 1.00E+0027CO 57 1.73E-04 0.00E+00 1.75E-07 2.91E-07 0.00E+00 0.00E+00 0.00E+00 4.44E-06 1.00E-09 9.10E-10 1.00E+0027CO 58 1.218-01 0.00E+00 7.45E-07 1.67E-06 0.00E+00 0.00E*00 0.00E+00 1.51E-05 8.20E-09 7.00E-09 1.00E+0027CO 60 6.01E-03 0.00E+00 2.14E-06 4.72E-06 0.00E+00 0.00E+00 0.00E+00 4.02E-05 2.00E-08 1.70E-08 1.00E+0024CR 51 1.46E-02 0.00E+00 0.00E+00 2.66E-09 1.59E-09 5.86E-10 3.53E-09 6.69E-07 2.60E-10 2.208-10 1.00E*00SSCS 134 1.298-03 6.22B-05 1.48E-04 1.21E-04 0.00E*00 4.792-05 1.598-05 2.59E-06 1.402-08 1.20E-08 1.00E+0055CS 137 6.32E-03 7.978-05 1.098-04 7.14E-05 0.00B+00 3.70E-05 1.23E-05 2.11E-06 4.90E-09 4.20E-09 1.00E+0026FE 55 1.79E-01 2.75E-06 1.90E-06 4.43E-07 0.00E+00 0.00E+00 1.06E-06 1.09E-06 0.00E+00 0.00E+00 1.00E+0026FE 59 2.36E-04 4.34E-06 1.028-05 3.91E-06 0.00B+00 0.00E+00 2.858-06 3.40E-05 9.40E-09 8.00E-09 1.00E+001H 3 2.17E+02 0.00E+00 1.0tB-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07 0.00E+00 0.00E+00 1.00B+0072HF 181 4.82E-05 4.70E-09 2.56E-08 2.088-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.00E+0053I 129 6.27E-05 3.27E-06 2.81E-06 9.21E-06 7.23B-03 6.048-06 0.00E+00 4.44E-07 7.50E-10 4.50E-10 1.00E+0053I 131 7.90E-03 4.16B-06 5.95E-06 3.41E-D6 1.95E-03 1.02E-05 0.00E+00 1.57E-06 3.40E-09 2.80E-09 1.00E+0053I 332 2.06E-05 2.03E-07 5.438-07 1.90E-07 1.90E-05 8.65E-07 0.00E+00 1.02E-07 2.00E-08 1.70E-08 1.00E+0053I 133 2.388-04 1.42E-06 2.47E-06 7.538-07 3.63E-04 4.31E-06 0.00E+00 2.228-06 4.50E-09 3.70E-09 1.00E+0057LA 140 8.88E-04 2.50E-09 1.26E-09 3.33E-10 0.00E+00 0.00E+00 0.00E+00 9.258-05 1.70E-08 1.50E-08 1.00E+0057LA lil 4.528-05 3.19E-10 9.90E-11 1.62E-11 0.00E+00 0.00E+00 0.00E+00 1.188-05 2.80E-10 2.50E-10 1.00E+0025MN 54 8.46E-04 0.00E+00 4.57E-06 8.72E-07 0.00E*00 1.36E-06 0.00E+00 1.40E-05 6.80E-09-5.80E-09 1.00E+0043MO 99 3.27B-05 0.00B+00 4.31E-06 8.20E-07 0.00E+00 9.768-06 0.00E+00 9.998-06 2.20E-09 1.90E-09 1.00E+0041NB 95 6.03E-03 6.22E-09 3.468-09 1.86E-09 0.00E+00 3.42E-09 0.00E*00 2.10E-05 6.00E-09 5.10E-09 1.00E+0028NI 63 3.68E-04 1.308-04 9.01E-06 4.36E-06 0.00E+00 0.00E+00 0.00E+00 1.88E-06 0.00H+00 0.00E+00 1.00E+00ISP 32 9.37E-06 1.93E-04 1.20E-05 7.46E-06 0.00E+00 0.00E+00 0.00B+00 2.17B-05 0 00E+00 0.00E+00 1.00E+00 t59PR 144 1.86E-04 4.88E-07 2.04E-07 2.62E-08 0.00E400 1.21E-07 0.00E+00 1.65E-04 3.70E-10 3.20E-10 1.00B+00 '

45RH 103M 2.77E-04 1.85E-07 0.00E+00 7.97E-08 0.00E+00 7.068-07 0.00E+00 2. lee-05 4.20E-09 3.60E-09 1.00E+0044RU 103 2.77E-04 1.858-07 0.00E+00 7.97E-08 0.00E+00 7.06B-07 0.00E+00 2.168-05 4.20E-09 3.60E-09 1.00E+0045RH 106 1.06E-04 2.75B-06 0.00E+00 3.48E-07 0.00E+00 5.31E-06 0.00E+00 1.78E-04 1.80E-09 1.50E-09 1.00E+0044RU 106 1.06E-04 2.75E-06 0.00E+00 3.48E-07 0.00E+00 5.31E-06 0.00B+00 1.78E-04 1.808-09 1.50E-09 1.00E+0051SB 122 2.95E-04 2.25E-07 4.41E-09 6.55E-08 3.16E-09 0.00E+00 1.17E-07 6.598-05 0.00E+00 0.00E+00 1.00E+00SiSD 124 1.88E-02 2.80E-06 5.29E-08 1.11E-06 6.79E-09 0.00E+00 2.18E-06 7.95E-05 1.50E-08 1.30E-08 1.00E+0051SB 125 8.06E-02 1.798-06 2.00E-08 4.26E-07 1.828-09 0.00E+00 1.38E-06 1.97B-05 3.50E-09 3.10E-09 1.00E+00 ,

$1SB 126 4.65E-04 1.15B-06 2.34E-08 4.15B-07 7.04E-09 0.00E+00 7.05B-07 9.40E-05 1.00E-08 8.90E-09 1.00E+0034SE 75 1.01E-03 0.00E+00 4.90E-06 1.91E-06 0.00E+00 7.15E-06 0.00E+00 7.158-07 0.00E+00 0.00E+00 1.00E+0050SH 113 2.08E-04 7.91E-06 2.18E-07 4.538-07 1.29E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00B+00 1.00E+0038SR. 89 4.898-04 3.08E-04 0.00E+00 8.84E-06 0.00E+00 0.00E+00 0.00E+00 4.94E-05 6.50E-13 5.60E-13 1.00E+0038SR -90 7.51E-04 7.58E-03 0.00E+00 1.86E-03 0.00B+00 0.00E+00 0.00E+00 2.19E-04 0.00E+00 0.00E+00 1.00E+0043TC 99M 3.27E-05 2.47E-10 6.988-10 8.89E-09 0.00E+00 1.06E-08 3.42E-10 4.13E-07 1.10E-09 9.60E-10 1.00E+0052TE 132 2.11B-05 2.52E-05 1.63E-06 1.53E-06 1.80E-06 1.57E-05 0.00E+00 7.71E-05 2.00E-09 1.708-09 1.00E+0039Y 90 7.71E-05 9.62E-09 0.00E+00 2.58E-10 0.00E+00 0.00E+00 0.00E+00 1.028-04 2.60E-12 2.20E-12 1.00E+0030ZN 65 4.078-05 4.84E-06 1.54E-05 6.968-06 0.00E+00 1.03E-05 0.00E+00 9.708-06 4.60E-09 4.00E-09 1.00E+0040ZR 95 3.93E-03 3.048-08 9.75E-09 6.608-09 0.00E+00 1.53E-08 0.00E+00 3.09E-05 5.80E-09 5.00E-09 1.00B+00
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TABLE VII-D-1 *

* * * TEENAGER DOSE FACTOR 1 * * + I

INGESTION DOSE FACTORS SHORELINE
(MREM /PCI INTAKE) (MREM /HR) / ( PCI /M* * 2) *

NUCLIDE CURIE /YR BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI SKIN TOTAL BODY RECON
47AG 110M 4.46E-03 2.05E-07 1.94B-07 1.188-07 0.00E+00 3.70E-07 0.00E+00 5.45E-05
56BA 140- 1.63E-04 2.84E-05 3.48E-08 1.83E-06 0.00E+00 1.18E-08 2.34E-08 4.388-05

4BE 7 7.94E-05 3.928-09 8.79E-09 4.358-09 0.00E+00 9.37E-09 0.00E+00 1.08E-06
6C 14 1.71E+01 4.06E-06 8.12E-07 8.12E-07 8.12E-07 8.12E-07 8.12E-07 8.122-07

58CE.141 1.108-04 1.33E-08 8.88E-09 1.02E-09 0.00E+00 4.18E-09 0.00E+00 2.54E-05
58CE 144 1.86E-04 6.96E-07 2.88E-07 3.74E-08 0.00E*00 1;728-07 0.00E+00 1.75E-04
27CO 58 1.21E-01 0.00E+00 9.72E-07 2.24E-06 0.00E+00 0.00E+00-0.00E+00 1.34E-05
27CO 60 6.01E-03 0.00E+00 2.81E-06 6.33E-06 0.00E+00 0.00E+00 0.00E+00 3.668-05
55CS 134 1.29E-03 8.37E-05 1.978-04 9.148-05 0.00E+00 6.26E-05 2.39E-05 2.45E-06
55CS 137- 6.32E-03 1.12E-04 1.49E-04 5.19E-05 0.00E+00 5.07E-05 1.97E-05 2.12E-06-

1H 3 2.17E+02 0.00E+00 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.068-07
72HF 181 4.828-05 6.72E-09 3.63E-08 2.97E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00
53I 129 6.27E-05 4.66E-06 3.92E-06 6.548-06 4.77E-03 7.01E-06 0.00E*00 4.57E-07
53I 131 7. 9 0 E -0 3 5.85E-06 8.19E-06 4.40E-06 2.39E-03 1.41E-05 0.00E+00 1.62E-06
531 133 2.388-04 2.01E-06 3.41E-06 1.04E-06 4.768-04 5.98E-06 0.00E+00 2.58B-06
57LA 140 8.88E-04 .3.48E-09 1.718-09 4.558-10 0.00E+00 0.00E+00 0.00E*00 9.82E-05
41NB 95 6.03E-03 8.22E-09 4.56E-09 2.51E-09 0.00B+00 4.42E-09 0.00E+00 1.95E-05
59PR 144 1.86E-04 6.96E-07 2.8BE-07 3.74E-08 0.00E+00 1.728-07 0.00E+00 1.75E-04
45EH 103M 2.77E-04 2.55E-07 0.00B+00 1.098-07 0.00E+00 8.99E-07 0.00E+00 2.13E-05
44RU 103 2.77E-04 2.55E-07 0.00E+00 1.09E-07 0.00E+00 B.99E-07 0.00E+00 2.13E-05
45RH 106 1.06E-04.3.92E 06 0.00E+00 4.94E-07 0.00E+00 7.56E-06 0.00E+00 1.88E-04
44RU 106 1.068-04 3.92E-06 0.00E+00 4.94E-07 0.00E+00 7.56E-06.0.00E+00 1.888-04
51SB 122 2.95E-04 3.21E-07 6.24E-09 9.35E-08 4.22E-09 0.00E+00 2.02B-07 6.91E-05
34SE 75 1.01E-03 0.00E+00 6.95E-06 2.74E-06 0.00E+00,1.02E-05 0.00E+00 7.15B-07
50SN 113 2.08E-04 1.13E-05 3.08E-07'6.48E-07 1.72E-07 0.00E+00'O.00E+00 0.00E+00
38SR 89 4.898-04.4.40E-04 0.00E+00 1.26E-05 0.00E+00 0.00E+00 0.00E+00 5.24E-05
38SR 90 7.51E-04 8.308-03 0.00E+00 2.05E-03 0.00E+00 0.00E+00 0.00E+00 2.33E-04 e
52TE 132 2.11E-05 3.49E-06 2.21E-06 2.08E-06 2.33E-06 2.12E-05 0.00B+00 7.00E-05 i

39Y 90 7.71E-05 1.37E-08 0.00E+00 3.69E-10 0.00E+00 0.00E+00 0.00E+00 1.13E-04
40ZR 95 3.938-03 4.12E-08 1.30E-08 8.94E-09 0.00E+00-1.91E-08 0.00E+00 3.00E-05
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TABLE VII-D-1

* * + CHILD DOSE FACTORS * * *

INGESTION DOSE FACTORS SHORELINE
(MMEM/PCI INTAKE) (MREM /HR) / ( PC1/M * * 2)

NUCL1DE CURIE /YR BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI SKIN TOTAL BODY RECON
47AG 110M 4.46E-03 5.39E-07 3.64E-07 2.91E-07 0.00E+00 6.78B-07 0.00E+00 4.33E-05
56BA 140 1.638-04 8.31E-05 7.28E-08 4.858-06 0.00E+00 2.37E-08 4.34E-08 4.21E-05

4BE 7 7.94E-05 1.17E-08 1.99E-08 1.30E-08 0.00H+00 1.97E-08 0.00E+00 1.12E-06 .6C 14 1.71E+01 1.21E-05 2.428-06 2.42E-06 2.428-06 2.42E-06 2.42E-06 2.42E-06 *

58CE *41 1.10E-04 3.97E-08 1.988-08 2.94E-09 0.00E+00 8.68E-09 0.00B+00 2.47E-05
58CE i44 1.86E-04-2.08E-06 6.52E-07 1.11E-07 0.00E+00 3.61E-07 0.00B+00 1.70E-04
27CO 58 1.21E-01 0.00E+00 1.80E-06 5.51E-06 0.00E+00 0.00E+00 0.00E+00 1.05E-05
27CO 60 6.01E-03 0.00E+00 5.29E-06 1.56E-05 0.00E+00 0.00E+00 0.00E+00 2.93E-05
55CS 134 1.29E-03 2.34E-04 3.84E-04 8.10E-05 0.00E+00 1.19E-04 4.27E-05 2.078-06
55CS 137 6.32E-03 3.27E-04 3.13E-04 4.62E-05 0.00E+00 1.02E-04 3.67E-05 1.96E-06

1H 3 2.17E+02 0.00E+00 2.03E-07 2.03E-07 2.03E-07 2.038-07 2.03E-07 2.03E-07
72HF 181 4.82E-05 2.01E-08 8.22E-08 8.88E-09 0.00E+00 0.00E+00 0.00E+00 0.00B+00 .,

F53I 129 6.27E-05 1.39E-05 8.53E-06 7.62E-06 5.58E-03 1.44E-05 0.00E+00 4.29E-07
53I .131 ^7.90E-03 1.72E-05 1.73E-05 9.838-06 5.728-03 2.84E-05 0.00E+00 1.54E-06 ;53I 133 2.38B-04 5.92E-06 7.32E-06 2.77E-06 1.36E-03 1.228-05 0.00E+00 2.95E-06
57LA 140 8.8BE-04 1.018-08 3.538-09 1.19E-09 0.00E+00 0.00E+00 0.00E+00 9.84B-05
41NB 95 6.03E-03 2.25E-08 8.768-09 6.26E-09 0.00E+00 8.23E-09 0.00E+00 1.62E-05
59PR 144 1.86B-04 2.088-06 6.52B-07 1.11E-07 0.00E*00 3.618-07 0.00E+00 1.70E-04 ,
45RH 103M 2.77E-04 7.31E-07 0.00E+00 2.81E-07 0.00E+00 1.84E-06 0.00E+00 1.89E-05 I44RU 103 2.77E-04 7.31E-07 0.00E+00 2.81E'07 0.00E+00 1.84E-06 0.00E+00 1.89E-05
45HH 106 1.06H-04 1.17E-05 0.00E+00 1.46E-06 0.00E+00 1.58E-05 0.00E+00 1.82E-04*
44RU 106 1.068-04 1.17E-05 0.00E+00 1.468-06 0.00E+00 1.58E-05 0.00E+00 1.82E-04
51SB 122 2.95E-04 9.608-07 1.41E-08 2.79E-07 1.27E-08 0.00E+00 3.91E-07 7.55E-05

>34SE 75 1.018-03 0.00E+00 1.57E-05 8.17E-06 0.00E+00 2.14E-05 0.00E+00 7.37E-07 ,50SN 113 2.08E-04 3.388-05 6.98E-07 1.94E-06 5.15E-07 0.00E+00 0.00H+00 0.00E+00 '

38SR 89 4.89E-04 1.328-03 0.00E+00 3.77E-05 0.00E+00 0.00E+00 0.00E+00 5.11E-052

t

38SR 90 7.518-04 1.70E-02 0.00E+00 4.31E-03 0.00E+00 0.00E+00 0.00E+00 2.298-04
52TE 132 2.11E-05 1.01E-05 4.47E-06 5.40E-06 6.51E-06 4.15E-05 0.00E+00 4.50E-05
39Y 90 7.71B-05 4.11E-08 0.00E+00 1.10E-09 0.00E+00 0.00E+00 0.00E+00 1.17E-04 r
40ZR 95 3.93E-03 1.168-07 2.55E-08 2.27E-08 0.00E+00 3.65E-08 0.00E+00 2.66H-05

e

i

>

!
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TABLE VII-D-1

* * * INFANT DOSE FACTORS * * *

INGESTION DOSE FACTORS SHORELINE
(MREM /PCI INTAKE) (MREM /HR)/(PC1/M**2)

' I'NUCLIDE CURIE /YR BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI SKIN TOTAL BODY RECON,

47AG 110M 4.46E-03 9.96E-07 7.278-07 4.81E-07 0.00E+00 1.04E-06 0.00E+00 3.77E-05
56BA 140 1.63E-04 1.71E-04 1.71E-07 8.81E-06 0.00E+00 4.06E-08 1.05E-07 4.20E-05 1

4BE 7 7.94E-05 2.25E-08 4.70E-08 2.53E-08 0.00E+00 3.34E-08 0.00B+00 1.11E-06 ?

6C 14 1.71E+01 2.378-05 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06 !58CE 141 1.10E-04 7.87E-08 4.80E-08 5.65E-09 0.00E+00 1.48E-08 0.00E+00 2.48E-05
58CE 144 1486E-04 2.98E-06 1.228-06 1.678-07 0.00E+00 4.93E-07 0.00E+00 1.71E-04 i

'

27CO 58 1.21E-01 0.00E+00 3.60E-06 8.98E-06 0.00E+00 0.00E+00 0.00E+00 8.97E-06 6

27CO ~60 6.01E-03 0.00E+00 1.088-05 2.55E-05 0.00E+00 0.00E+00 0.00E+00 2.57E-05
55CS 134 1.29E-03 3.77E-04 7.03E-04 7.10E-05 0.00E+00 1.81E-04 7.42E-05 1.91E-06
55CS 137 6.322-03 5.22E-04 6.112-04 4.33E-05 0.00E+00 1.64E-04 6.64E-05 1.91E-06

1H 3 2.17E+02 0.00E+00 3.08E-07 3.08E-07 3.08E-07 3.08E-07 3.08E-07 3.08E-07
i 72HF 181 4.82E-05 3.92E-08 1.97E-07'1.74E-08 0.00E+00 0.00B+00.0.00E*00 0.00E+00

53I 129 6.27E-05 2.86E-05 2.128-05 1.55E-05 1.36E-02 2.51E-05 0.00E+00 4.248-07
531 131 7.90E-03 3.598-05 4.23r.-05 1.86E-05 1.39E-02 4.94E-05 0.00E+00 1.51E-06
531 -131 2.38E-04 1.25E-05 1.827 05 5.33E-06 3.31E-03 2.14E-05 0.00E+00 3.08E-06
57LA 140 8.888-04 2.11E-08 8.32. 09 2.14E-09 0.00E+00 0.00E+00 0.00E+00 9.77E-05
41NB -95 6.03E-03 4.20E-08 1.73E-08.1.00E-08 0.00E+00 1.24E-08 0.00E+00 1.46E-05
59PR 144 1.86E-04 2.98E-06 1.228-06 1.67E-07 0.00E+00 4.93E-07 0.00E+00 1.71E-04
45RH 103M '2.77E-04 1.48E-06 0.00E+00 4.95E-07 0.00E+00 3 08E-06 0.00E+00 1.80E-05 ,

44RU 103 2.77E-04 1.48E-06 0.00E+00 4.95E-07 0.00E+00 3.08E-06 0.00E+00 1.80E-05
- 45RH 106 1.06E-04.2.41E-05 0.00E+00'3.01E-06 0.00E+00 2.85E-05 0.00B+00 1.83E-04
44RU 106 1.068-04 2.41E-05 0.00B+00 3.01E-06 0.00E+00 2.85E-05 0.00B+00 1.838-04
51SB 122 2.95E-04 2.03E-06 3.72E-08 5.92E-07 3.15B-08 0.00E+00 1.06E-06 7.65E-05
34SE 75 1.018-03 0.00E+00 3.96E-05 1.70E-05 0.00B+00 3.83E-05 0.00E+00 7.34E-07
50SN 113 2.088-04 6.39E-05 1.65E-06 3.898-06 1.158-06 0.00E+00 0.00B+00 0.00E+00
38SR 89 4.89E-04'2.51E-03 0.00E+00 7.20E-05 0.00E+00 0.00E+00 0.00E+00 5.16E-05
36SR 90 7.51E-04 1.85E-02 0.00E+00 4.71E-03 0.00E+00 0.00E+00 0.00E+00 2.31E-04
52TE 132 2.11E-05 2.08E-05 1.03E-05 9.61E-06 1.52E-05 6.44E-05 0.00E+00 3.81E-05
39Y 90 7.71E-05 8.69E-08 0.00E+00 2.33E-09 0.00E+00 0.00E+00 0.00E+00 1.20E-04
40ZR 95 3.93E-03 2.06E-07 5.02E-08 3.56E-08 0.00E*00 5.41B-08 0.00E+00 2.50E-05

4

*
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TABLE VII-D-2

* * * AS LOW AS REASONABLY ACHIEVADLE * * *

ADU LT DOSES

DOSE (MREM PER YR INTAKE)
PATHWAY

~

SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI
FISit 9.02E-01 1.86E-01 1.84E-01 1.80E-01 1.82E-01 1.80E-01 1,95E-01
DRINKING 1.84E-03 1.12E-03 1.15E-03 1.57E-03 1.098-03 1.098-03 1.28E-03i

| SilORELINE 3.17E-05 2.75E-05 2.75E-05 2.75E-05 2.75E-05 2.75E-05 2.75E*05 2.75E-05' SWIMMING 0.00E+00 1.00E-06 1.00E-06 1.00E-06 1.00E-06 1.00E-06 1.00E-06 1.00E-06-
BOATING 0.00E+00 5.00E-07 5.00E-07 5.00E-07 5.00E-07 5.00E-07 5.00E-07 5.00E-07
TOTAL 3.17E-05 9.04E-01 1.88E-01 1.86E-01 1.82E-01 1.83E-01 1.81E-01 1.96E-01

1

USAGE (RG/YR,HR/YR) DILUTION TIME (HR) SilOREWIDTH FACTOR-0.2
FISH 21.0 7.3 24.00
DRINKING 730.0 30.8 18.60
SHORELINR 12.0 7.3 0.00

.

SWIMMING 12.0 7.3 0.00 |
BOATING 12.0 7.3 0.00

* * * ISOTOPE CONTRIBUTION * * *

PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI
FISH C 14 99% C 14 96% C 14 97% C 14 99% C 14 98% C 14 99% C 14 91%

CS 137 2% CS 137 1% CS 137 1% NB 95 7%

DRINKING C 14 87% C 14 28% C 14 27% C 14 20% C 14 29% C 14 29% C 14 25%
SR 90 10% CS 137 2% CS 137 1% H 3 48% H 3 69% H 3 69% CO 58 4%

FE 55 1% H 3 65% I 131 30% H 3 58%
H 3 67% SR 90 4% SB 124 3%,

SB 125 4%

SHORELINE AG 110M 3% AG 110M. 3%
CO 59 10% CO 58 9%
CO 60 28% CO 60 27%
CS 134 1% CS 134 1%
CS 137 14% CS 137 13%
SB 124 2% SB 124 2%
SB 125 39% SB 125 39%

SWIMMING AG 110M 5%
CO 58 49%
CO 60 6%
CS 137 1%
I 131 1%
NB 95 1%
SB 124 15%
SB 125 14%
ZR 95 1%

l
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TABLE VII-D-3 .[
* * * AS LOW AS REASONABLY ACHIEVABLE * * *

TEE NAGER DOS ES
;.,

DOSE (MREM PER YR INTAKE)
PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI

! FISH 9.82E-01 2.03E-01 1.988-01 1.96E-01 1.988-01 1.96E-01 2.06E-01DRINKING 1.798-03 8.92E-04 9.09E-04 1.27E-03 8.64E-04 8.64E-04 9.92E-04SHORELINE 1.77E-04 1.53E-04 1.53E-04 1.538-04 1.53E-04 1.53E-04 1.53E-04 1.53E-04SWIMMING 0.00E+00 5.582-06 5.58E-06 5.588-06 5.588-06 5.58E-06 5.58E-06 54588-06BOATING 0.00E+00 2.798-06 2.79E-06 2.79E-06 2.7!E-06 2 79E-06 2.79E-06 2.79E-06TOTAL 1.77E-04 9.84E-01 2.048-01 1.998-01 1.918-01 1.99E-01 1.97E-01 2.07E-01

USAGE (KG/YR,HR/YR) DILUTION TIME (HR) SHOREWIDTH FACTOR-0.2
FISH 16.0- 7.3 24.00
DRINKING 510.0 30.8 18.60
SHORELINE 67.0 7.3 0.00
SW1MMING 67.0 7.3 0.00
BOATING 67.0 7.3 0.00

e

* * * ISOTOPE CONTRIBUTION * * *

PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLIFISH C 14 99% C 14 96% C 14 98% C 14 99% C 14 98% C 14 99% C 14 94%
CS 137 2% CS 137 1% NB 95 5%

DRINKING C 14 89% C 14 35% C 14 354 C 14 25% C 14 37% C 14 37% C 14 32%
SR 90 8% CS 137 2% H 3 58% H 3 41% H 3 61% H 3 61% CO 58- 34

H 3 59% SR 90 3% I 131 32% H 3 53%
SB 124 3%
SB 125 -3%

SHORELINE AG 110M 3% AG 110M 3%
CO 58 10% CO 58 9%
CO 60 28% CO 60 27%
CS 134 1% CS 134 1%
CS 137 14% CS 137 13%
SB 124 2% SB 124 2%
SB 125 39% SB 125 39%

SWIMMING AG 110M 5%
CO 58 49% I

CO 60 6%
CS 137 1%
I 131 1%

i

NB 95 1%
SB 124 15%
SB 125 14% '

ZR 95 1%
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TABLE VII-D-4

+ * * AS LOW AS REASONABLY ACHIEVABLE * * *

CH ILD D0S ES

DOSE (MREM PER YR INTAKE) ,.

PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI
FISH 1.26E+00 2.57E-01 2.52E-01 2.52E-01 2.53E-01 2.52B-01 2.55E-01,

DRINKING 5.16B-03 2.05E-03 2.088-03 2.96E-03 2.00E-03 1.99E-03 2.10E-03
SHORELINE 3.70E-05 3.20E-05 3.20E-05 3.20E-05 3.20E-05 3.20E-05 3.20E-05 3.20E-05
SWIMMING 0.00E+00 1.17E-06 1.178-06 1.17E-06 1.17E-06 1.17E-06 1.17E-06 1.17E-06
BOATING 0.00E*00 5.83E-07 5.83E-07 5.83E-07 5.83E-07 5.83E-07 5.83E-07 5.83E-07
TOTAL 3.70E-05 1.27E+00 2.59E-01 2.54E-01 2.55E-01 2.558-01 2.54E-01 2.57E-01

USAGE (KG/YR.HR/YR) DILUTION TIME (HR) SHOREWIDTH FACTOR-0.2
- FISH 6.9 7.3 24.00
DRINKING 510.0 30.8 18.60

. SHORELINE 14.0 7.3 0.00
SWIMMING 14.0 7 ,. 3 0.00
BOATING 14.0 7.3 .0.00

* * * ISOTOPE CONTRIBUTION * * *

PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI
FISH C 14 99% C 14 97% C 14 99% C 14 99% C 14 99% C 14 99% C 14 98% ,

CS 137 2% HB 95 1%
~

. DRINKING C 14 92% C 14 46% C 14 45% C 14 32% C 14 47% C 14 48% C 14 45%
SR 90 5% CS 137 2% H 3 48% H 3 34% H 3 50% H 3 51% CO 58 1%

H 3 49% SR 90 3% I 131 32% H 3 48%
SD 124 1%
SB 125 1% i

'
*SHORELINE AG 110M 3% AG 110M 3%

CO 58 10% CO 58 9%*

CO 60- 28% CO 60 27%
CS 134 1% CS 134 1%
CS 137 14% CS 137 13%
SB 124 2% SB 124 2%
SB 125 39% SB 125 39%

SWIMMING AG 110M 5%
CO 58 49%
CO 60 6%
CS 137 1%
I 131 1%
NB 95 1% !
SB 124 15%
SB 125 14%
ZR 95 1% '

l-

o

e

f
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TABLE VII-D-5

* * * AS LOW AF REASONABLY ACHIEVABLE * * *

I N.P A N T D0SES !

DOSE (MREM PER YR INTAKE)
PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KlDNEY LUNG GI-LLI
FISH 0.00E+00 0.00E+00 0.00B+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
DRINKING 6.35E-03 2.38E-03 2.378-03 3.85E-03 2.32E-03 2.308-03 2.37E-03-
SHORELINE 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TOTAL 0.00E+00 6.358-03 2.38E-03 2.37E-03 3.85E-03 2.32E-03 2.30E-03 2.37E-03

USAGE (KG/YR.HR/YR) DILUTION TIME (HR) SHOREWIDTH FACTOR-0.2
FISH 0.0 7.3 24.00
DRINKING 330.0 30.8 18.60

* * * ISOTOPE CONTRIBUTION * * *

PATHWAY SKIN BONE LIVER TOTAL BODY TH.*ROID KIDNEY LUNG GI-LLI..
DRINKING C 14 95% C 14 54% C 14 54% C 14 33% C 14 55% C 14 56% C 14 54%

SR 90 3% CS 137 2% H 3 42% H 3 25% H 3 43% H 3 43% H 3 42%
H 3 41% SR 90 2% 1 131 39% SD 125 1%

<

.b

i t

t

I

;
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TABI.E VII-D-6

* * *
'hSELECTED LOCATION * * *

j ~ LOCATION IS SITE DISCHG.
y

ADULT DOS ES

DOSE (MREM PER YR INTAKE)PATHWAY SKIN DONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLIFISH 6.58E+00 1.368+00 1.35E+00 1.31E+00 1.33E+00 '1.31E+00 1.42E+00
,

DRINKING 5.678-02 3 453-02 3.55E-02 4.86E-02 3.35E-02 3.35E-02 3.95E-02SHORELINE 2.31E-04 2.00E-04 2.008-04 2.00E-04 2.00E-04 2.00E-04 2.00E-04 2.00E-04SWIMMING 0.00E*00 7.30E-06 7.30E-06 7.30E-06 7.30E-06 7.308-06 7.30E-06 7.30E-06BOATING 0.00E+00 3.65E-06 3.65E-06 3.65E-06 3.65E-06 3.65E-06 3.65E-06 3.65E-06TOTAL 2.318-04 6.64E+00 1.40E+00 1.38E+00 1.36E*00 1.36E+00 1.35E+00 1.46E+00-:

.

USAGE (KG/YR,HR/YR) DILUTION TIME (H R) SHOREWIDTH FACTOR =0.2 :FISH 21.0 1.0 24.00 'DRINKING 730.0 1.0 12.00
SHORELINE 12.0 1.0 0.00

.

5SWIMMING 12.0 1.0 0.00 '
BOATING 12.0 1.0 0.00

* * * ISOTOPE CONTRIBUTION * * *

PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLIFISH C 14 99% C 14 96% C 14 97% C 14 99% C 14 98% C 14 99% C 14 91%CS 137 2% CS 137 1% CS 137 1% NB 95 7%
DRINKING C 14 87% C 14 28% C 14 27% C 14 20% C 14 29% C 14 29% C 14 24%SR 90 10% CS 137 2% CS 137 1% H 3 47% H 3 69% H 3 69% CO 58 4%FE 55 1% H 3 65% I 131 30% H 3 58%

H 3 67% SR 90 4% SB 124 3%
SB 125 4%

SHORELINE AG 110M 3% AG 110M 3%
tCO 58 10% CO 58 9%

CO 60 28% CO 60 27%
CS 134 1% CS 134 1%s

' CS 137 14% CS 137 13%
SB 124 2% SB 124 2%
SB 125 39% SB 125 39%

SWIMMING AG 110M 5%
CO 58 49%
CO 60 6%

,

CS 137 1%
I 131 1%
NB 95 1%
SB 124 15%
SB 125 14%
ZR 95 1%

i

[
i

!
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TABLE VII-D-7

* * * SELECTED LOCATION * * *

LOCATION IS SITE DISCHG.

TEENAGHR DOS ES

DOSE (MREM PER YR INTAKE)
PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLIFISH 7.17E+00 1.48E+00 1.45E+00 1.43E+00 1.44E+00 1.43E+00 1.51E+00DRINKING 5.51E-02 2.75E-02 2.80E-02 3.94B-02 2.66E-02 2.66E-02 3.06E-02SHORELINE 1.29E-03 1.12E-03 1.12E-03 1.12E-03 1.12E-03 1.128-03 1.12E-03 1.12E-03SWIMMING 0.00E+00 4.08E-05 4.088-05 4.08E-05 4.08E-05 4.08E-05 4.088-05 4.08E-05BOATING 0.00E+00 2.04E-05 2.04E-05 2.04E-05 2.04E-05 2.04E-05 2.04E-05 2.04E-05TOTAL 1.29E-03 7.22E+00 1.51E+00 1.48E+00 1.47E+00 1.47E+00 1.46E+00 l.54E+00

USAGE (KG/YR.HR/YR) DILUTION TIME (HR) SHOREWIDTH PACTOR-0.2
FISH 16.0 1.0 24.00
DRINKING 510.0 1.0 12.00
SHORELINE 67.0 1.0 0.00
SWIMMING 67.0 1.0 0.00
DOATING 67.0 1.0 0.00

* * * ISOTOPE CONTRIBUTION * * *

PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI I
FISH C 14 99% C 14 964 C 14 98% C 14 99% C 14 98% C 14 99% C 14 94%-

CS 137 2% CS 137 1% NB 95 5%

DRINKING C 14 89% C 14 35% C 14 35% C 14 25% C 14 37% C 14 37% C 14 32%SR 90 8% Cs 137 2% H 3 58% H 3 41% H 3 61% H 3 61% CO 58 3%
H 3 59% SR 90 3% I 131 32% H 3 53%

SB 124 3%
SD 125 3%-

SHORELINE AG 110M 3% AG 110M 3%
CO 58 10% CO 58 9% '

CO 60 28% CO 60 274
6

CS 134 1% CS 134 1%
CS 137 14% CS 137 13%

i SB 124 2% SB 124 2%
SB 125 39% SB 125 39%

SWIMMING AG 110M 5%4
CO 58 49%
CO 60 6%
CS 137 1%
I 131 1%
NB 95 1%
SB 124 15%
SB 125 14%
ZR 95 1%
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TABLE VII-D-8

* * * SELECTED LOCATION * * *
P

LOCATION IS SITE DISCHG.

CH I LD D0S ES

DOSE (MREM PER YR INTAKE)
PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLIFISH 9.20E+00 1.88E+00 1.84B+00 1.84E+00 1.85B+00 1.84E+00 1-86E+00DRINKING 1.598-01 6.31E-02 6.41E-02 9.20E-02 6.15E-02 6.12E-02 6.48E-02 .

.

SHORELINE 2.70E-04 2.34E-04 2.34E-04 2.34E-04 2.34E-04 2.34E-04 2.34E-04 2.34E-04 !
SWIMMING 0.00E+00 8.52E-06 8.52E-06 8.52E-06 8.52E-06 8.528-06 8.52E-06 8.52E-06BOATING 0.00E+00 4.26E-06 4.26E-06 4.26E-06 4.26E-06 4.26E-06 4.26E-06 4.26E-06 #

TOTAL 2.70E-04 9.36E+00 1.94E+00 1.90E+00 1.93E+00 1.91E+00 1.90E+00. 1.93E+00
'

USAGE (KG/YR.HR/YR) DILUTION TIME (HR) SHOREWIDTH FACTOR-0.2
FISH 6.9 1.0 24.00'
DRINKING 510.0 1.0 12.00
SHORELINE 14.0 1.0 0.00
SWIMMING 14.0 1.0 0.00
DOATING 14.0 1.0 0.00

* * * ISOTOPE CONTRIBUTION * * *
_ ;

PATHWAY SKIN DONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI I
FISH C 14 99% C 14 97% C 14 99% C 14 99% C 14 99% C 14 99% C -14 98%

CS 137 2% NB 95 1%

DRINKING C 14 92% C 14 46% C 14 45% C 14 31% C 14 47% C 14 48% C 14 45%
SR 90 5% CS 137 24 H 3 48% H 3 34% H 3 50% H 3 51% CO 58 1%

H 3 49% SR 90 3% I 131 33% H 3 48% i

SB 124 1%
SB 125 1%

SHORELINE AG 110M 3% AG 110M 3%
CO 58 10% CO 58 9%
CO 60 28% CO 60 27%
CS 134 .1% CS 134 1%
CS 137 14% CS 137 13%
SB 124 2% 58 124 2%
SB 125 39% 'SB 125 39%

SWIMMING AG 110M 5%
CO 58 49%
CO 60 6% i
CS 137 1%
I 131 1%
NB 95 14
SB 124 15%
SB 125 14%
. ZR 95 1%

4
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TABLE VII-D-9

* * * SELECTED LOCATION * * *

LOCATION IS SITE DISCitG.

4 INFANT DOSES

DOSE (MREM PER YR INTAKE)
PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLIFISH 0.00E+00 0.00E+00 0.00E+00 J.00E+00 0.00E+00 0.00E+00 0.00E+00DRINKING 1.968-01 7.33E-02 7.31E-02 1.20E-01 7.13E-02 7.10E-02 7.30E-02SHORELINE 0.00E+00 0.00B+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00TOTAL 0.00B*00 1.96E-01 7.33E-02 7.31E-02 1.20E-01 7.13E-02 7.10E-02 7.30E-02

USAGE (KG/YR,HR/YR) DILUTION TIME (HR) SHOREWIDTH FACTOR-0.2
FISH 0.0 1.0 24.00
DRINKING 330.0 1.0 12.00

* * * ISOTOPE CONTRIBUTION * * *
s

PATHWAY SKIN BONE LIVER TOTAL BODY TilYROID K!DNEY LUNG GI-LLIDRINKING C 14 95% C 14 54% C 14 54% C 14 33% C 14 55% C 14 56% C 14 54%
, SR 90 3% CS 137 2% li 3 42% H 3 25% H 3 43% H 3 43% H -3 42%* H 3 41% SR 90 2% I 131 40% SB 125 1%

3
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TABLE VII-E-1

* * * FISH CONSUMPTION POPULATION DOSES * * *
'

MAN-REM
i

' SPORTFISH HARVEST

________________________----DOSE (MAN-REM)----------------------------
PATHWAY AGE GROUP USAGE BONE LIVER TOTAL BODY THYROID KIDNEY LUNC GI-LLI
FISH ADULT 5.81E+04 2.45E+00 5.07E-01 5.01E-01 4.89E-01 4.)48-01 4.90E-01 5.25E-01
FISH TEENAGER 9.29R+03 5.60E-01 1.16E-01 1.13E-01 1.128-01 1.13E-01 1.12E-01 1.17E-01
FISH CHILD 5.61E+03 1.01E+00 2.06B-01 2.028-01 2.018-01 2.02E-01 2.01E-01 2.03E-01

: FISH TOTAL 7.30E+04 4.028 00 8.29E-01 8.16E-01 8.01E-01 8.092-01 8.03E-01 8.46E-01

DILUTION CATCH TIME (HR)-INCLUDES FOOD PROCESSING TIME OF 1.68E+02 HR POPULATION-1.28E*04
7.30E+00 7.30E+04 1.69E+02

AVERAGE INDIVIDML CONSUMPTION (KG/YR) ADULT =6.90E+00 TEEN-5.20E+00 CHILD =2.20E+00

* . * * -ISOTOPE CONTRIBUTION * * *

AGE GROUP BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI:

! ADULT
C 14 99% C 14 96% C 14 97% C 14 99% C 14 98% C 14 99% C 14 92%

CS 137 2% CS 137 1% CS 137 1% NB 95 6%

TEENAGER
C 14 99% C 14 96% C 14 98% C 14 99% C 14 98% C 14 99% C 14 95%

CS 137 2% CS 137 1% NB 95 4%

' CHILD
C 14 99% C 14 97% C 14 99% C 14 99% C 14 99% C 14 99% C 14 98%

CS 137 2% NB 95 1%

>
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TABLE VII-E-2

* * * FISH CONSUMPTION POPULATION DOSES * * *
MAN-REM

COMMERCIAL HARVEST

________.___________.____.____. DOSE (MAN-REM)----------------------------
PATHWAY J.GE GROUP USAGE BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLIFISH ADULT 3.46E+06 2.42E-01 5.01E-02 4.96E-02 4.83E-02 4.888-02 4.84E-02 5.18E-02FISH TEENAGER 5.54E+05 5.54E-02 1.14E-02 1.12E-02 1.10E-02 1.12E-02 1.11E-02 1.15E-02FISH CHILD 3.35E+05 9.97E-02 2.04E-02 1.992-02 1.99E-02 2.00E-02 1.99E-02 2.01E-02
FISif TOTAL 4.35E+06 3.98E-01 8.19E-02 8.07E-02 7.92E-02 8.00E-02 7.94E-02 8.34E-02

DILUTION CATCH TIME (HR)-INCLUDES FOOD PROCESSING TIME OF 2.40E+02 HR POPULATION-7.60E+05
7.30E*00 7.30E+04 2.41E+02

L

AVERAGE INDIVIDUAL CONSUMPTION (KG/YR) ADULT-6.90E+00 TEEN =5.20E+00 CHILD-2.20E+00
* * * ISOTOPE CONTRIBUTION * * *

AGE GROUP BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLIADULT
C 14 99% C 14 96% C 14 97% C 14 99% C 14 98% C 14 99% C 14 93%

CS 137 2% CS 137 1%- CS 137 1% NB 95 6%

TEENAGER,

C 14 99% C 14 96% C 14 98% C 14 99% C 14 98% C 14 99% C 14 95%
CS 137 2% CS 137 1% ND 95 4%

CHILD
C 14 99% C 14 97% C 11 99% C 14 99% C 14 99% C 14 99%- C 14 98%

CS 137 2% NB 95 1%

NEPA DOSES

NOTE--TOTAL NEPA DOSE MUST INCLUDE SPORT CATCH. DOSES DELOW ARE FOR COMMERCIAL CATCH ONLY

----------------------------DOSE (MAN-REM)----------------------------

PATHWAY AGE GROUP USAGE BONE LIVER TOTAL BODY THYROID KIDNEY. LUNG GI-LLIFISH ADULT 5.81B+04 2.45E+00 5.07E-01 5.01E-01 4.89E-01 4.948-01 4.90E-01 5.23E-01FISH TEENAGER 9.29E+03 5.60E-01 1.16E-01 1.13E-01 1.12E-01 1.13E-01 1.12E-01 1.17E-01FISH CHILD 5.61E+03 1.01E+00 2.06E-01 2.02E-01 2.012-01 2.02E-01 2.01E-01 2.03E-01 *

FISH TOTAL 7.30E+04 4.02E+00 8.29E-01 8.16E-01 8.01E-01 8.098-01 8.03E-01 8.43E-01
t

'

.f
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TABLE VII-E-3

* * * POPULATION WATER CONSUMPTION DOSES * * *

---------------------- -----DOSE (MAN-REM)-----------------~~ --------

PATHWAY AGE GROUP USAGE BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLIDRINKING ADULT 1.298+08 3.268-01 1.98E-01 2.04E-01 2.74E-01 1.92E-01 1.938-01 2.27E-01DRINKING TEENAGER 1.93E+07 6.75E-02 3.37E-02 3.43E-02 4.728-02 3.26E-02 3.26E-02 3.74E-02DRINKING CHILD 2.75E+07 2.788-01 1.10E-01 1.12E-01 1.57E-01 1.08E-01 1.07E-01 1.13E-01DRINKING TOTAL 1.76E+08 6.72E-01 3.42E-01 3.51E-01 4.78E-01 3.33E-01 3.33E-01 3.78E-01

POPULATION-5.29E+05 DILUTION-3.08E+01 TRANSIT TIME-3.06E+01 HR (INCLUDING 24 HR FOR TREATMENT FACILITY)
AVERAGE INDIVIDUAL CONSUMPTION (L/YR) ADULT-3.70E+02 TEEM-2.60E+02 CHILD-2.60E+02

* * * ISOTOPE CONTRIBUTION * * *

AGE GROUP BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI
ADULT

5

C 14 87% C 14 28% C 14 27% C 14 20% C 14 29% C 14 29% C 14 25%SR 90 10% CS 137 2% CS 137 1% H 3 48% H 3 69% H 3 69% CO 58 4% =

FE 55 1% H 3 65% I 131 29% H 3 58%
H 3 67% SR 90 4% SB 124 3% +

SB 125 4%TEENAGPP
c 14 89% C 14 35% C 14 35% C 14 25% C 14 37% C 14 37% C 14 32%SR 90 8% CS 137 2% H 3 58% H 3 42% H 3 61% H 3 61% CO 58 3%

H 3 59% SR 90 3% I 131 31% H 3 53%
,

FB 124 3% !CHILD
C 14 92% C 14 46% C 14 45% C 14 32% C 14 47% C 14 48% C 14 45%SR 90 5% CS 137 2% H '3 48% H 3 34% H 3 50% H 3 51% CO 58 1%

H 3 49% SR 90 3% I 131 32% H 3 48%
SB 124 1% i

.

i
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. TABLE VII-E-4.

* * * POPULATION WATER CONSUMPTION DOSES * * *

_____.._._____ __.----------DOSE (MAN-REM)----------------------------

PATHWAY AGE GROUP USAGE BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLIDRINKING ADULT 2.12E+07 5.28E-02 3.21H-02 3.30E-02 4.43E-02 3.11E-02 3.12E-02 3.67E-02DRINKING TEENAGER 3.17E+06 1.09E-02 5.45E-03 5.558-03 7.64E-03 5.28H-03 5.28E-03 6.06E-03DRINKING CHILD 4.52E+06 4.50E-02 1.79E-02 1.82E-02 2.55E-02 1.74E-02 1.73E-02 1.83E-02DRIN%ING TOTAL 2.89E*07 1.09E-01 5.542-02 5.67E-02 7.748-02 5.38E-02 5.388-02 6.11E-02

POPULATION-8.70E*04 DILUTION =3.13E+01 TRANSIT TIME =3.10E+01 HR (INCLUDING 24 HR FOR TREATMENT FACILITY)
AVERAGE INDIVIDUAL CONSUMPTION (L/YR) ADULT-3.70E+02 TEEN =2.60E+02 CHILD =2.60E*02

* * * ISOTOPE CONTRIBUTION * * *

AGE GROUP BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI

ADULT r
'

C 14 87% C 14 28% C 14 27% C 14 20% C 14 29% C 14 29% C 14 25%
SR 90 10% CS 137 2% CS 137 1% H 3 48% H 3 69% H 3 69% CO 58 4%

I'E 55 1% H 3 .65% I 131 29% H 3 58%
H 3 67% SR 90 4% SB 124 3%

SB 125 44
3 TEENAGER

C 14 89% C 14 35% C 14 35% C 14 25% C 14 37% C 14 37% C 14 32%
SR 90 8% CS 137 2% H 3 58% H 3 42% H 3 61% H 3 61% CO 58 3%

H 3 59% SR 90 3% I 131 31% H 3 53%,

, SB 124 3%CHILD
C 14 92% C 14 46% C 14 45% C 14 2% C 14 47% C 14 48% C 14 45%SR 90 5% CS 137 2% H 3 48% H 3 34% H 3 50% H 3 51% CO 58 1%

!H 3 49% SR 90 3% I 131 32% H 3 48% '

SB 124 1%
i

-----CUMULATIVE TOTAL-----

PATHWAY AGE GROUP USAGE BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLIDRINKING CUMUL TOTAL 2.05E+08 7.80E-01 3.98E-01 4.07E-01 5.56E-01 3.86E-01 3.86E-01 4.39E-01

HYDROSPHERE TRITIUM DOSE

PATHWAY AGE GROUP USAGE BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI
| WATER TOTAL 2.20E+00 3.66B-08 3.66E-08 3.66E-08 3.66B-08 3.66E-08 3.66E-08 3.66E-08

,

6
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TABLE VII-E-5
l * * * RECREATION POPULATION DOSES * * *

DOSE (MAN-REM)
PATHWAY AGE GROUP USAGE SKIN TOTAL BODY THYkOID
SHORELINE TCrrAL POPUL 4.10E*07 1.088-01 9.3BE-02 9.388-02

LOCATION- DOWN STREAM

DILUTION-0.73E+01 TRANSIT TIME-0.67E*00 HR SWF=0.2

* * * ISOTOPE CONTRIBUTION * * *

AGE GROUP SKIN TOTAL BODY

ADULT,

AG 110M 3% AG 110M 3%
CO 58 10% CO 58 9%
CO 60 28% CO 60 27%
CS 134 1% CS 134 1%
CS 137 14% CS 137 13%
SB 124 2% SB 124 24
SB 125 39% SB 125 39%

DOSR(MAN-REM)
PATHWAY AGE GROUP USAGE SKIN TOTAL BODY THYROID
SWIMMING TOTAL POPUL 4.10B+07 0.00E*00 3.428-03 3.42E-03

LOCATION- DOWN STREAM

DILUTION-0.73B+01 TRANSIT TIMEa0.67E+00 HR

* * * ISOTOPE CONTRIBUTION * * *

AGE GROUP SKIN TOTAL BODY

ADULT
AG 110M 5%
CO 58 49%
CO 60 6%
CS 137 1%
I 131 1%
NB 95 1%

. SB 124 15%
! SB 125 14%

%R 95 In

DOSE (MAN-REM)
PATHWAY AGE GROUP USAGE SKIN TOTAL BODY TYYROID
BOATING TOTAL POPUL 4.10E+07 0.00B+00 1.71E-03 1.71E-03
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TABLE VII-E-6

LOCATION- DOWN STREAM

DILUTION-0.73E+01 TRANSIT TIME-0.67E+00 HR

_

* * * DOSE TO BIOTA * * *

MRADS PER YR

DILUTION = 1.00H+00 TRANSIT TIME- 0.00E+00 HR

INTERNAL EXTERNAL TOTAL
FISH 1.03E+02 7.37E-01 1.04E+02
INVERTEDHATE 2.04E+02 1.47E+00 2.05E+02

,ALGAM 1.04E+02 5.33E-03 1.04E+02
MUSKHAT 1.63E+02 4.90E-01 1.63E+02
RACCOON 5.28E+01 3.66E-01 5.31E*01
HERON 2.11E+02 4.99E-01 2.12E+02
DUCK 1.63E+02 7.34E-01 1.64E+02

* * * ISOTOPE CONTRIBUTION * * *

PATHWAY UODY

FISH C 14 99%

INVERTEBRATE C 14 99%

ALGAE C 14 98%
i

MUSKRAT C 14 97%
SR 90 1%

RACCOON C 14 99%

HERON C 14 98%
CS 137 1%

DUCK C 14 97%
SR 90 1%
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-

.

1.0 IFTRODUCTION

The OFFSITE DOSE' CALCULATION MAhJUAL-(ODCM)"is the controlling
document for the Fort Calhoun Station's (FCS) Radiological Effluent '

and Environmental Monitoring programs. The programs are necessary e

to ensure the requirements set forth in 10 CFR 20, 10 CFR 50.34a, 10
,

CFR 50.36a, and 10 CFR 50, Appendix.I. The docV1ent is subdivided '
.

into four sections as outlined below:

Part I, Introduction - consists of information necessary for the
,

effective use of the ODCM.

Part II, Radiological' Effluent Controls - consists of 5 separate
sections including:

Secticn 1 Radiological Effluent Release Limits

Section 2 Radiological Effluent Release Requirements
-i

Section 3 Radiological Effluent Sampling and Analysis
Requirements

Section 4 Radiological Effluent Reporting Requirements I

Section 5 Radiological Environmental Monitoring Requirements

Together these sections provide the controls used to' permit() radioactive material releases from the Fort Calhoun Station. '

Part III, Radiological Effluent Radiation Monitor Calculation -
provides radiation monitor setpoint calculations for the liquid and
gaseous release pathways.

Part IV, Radiological Effluent Monitoring U ticulations - provides
the methodology necessary to calculate doses to individuals as a
result of radioactive gaseous and liquid releases from Fort Calhoun.

:

The ODCM has been prepared in accordance with the guidance of
3

Nuclear Regulatory Commissions Reg. Guide 1.109, Rev. 1.

The Radiological Effluent Controls Program consists of the following
sections in the Radiological Effluent Controls:

A. Radiological Effluent Release Limits - All Sections '

B. Radiological Effluent Release Requirements - All Sections
,

-

r
'

C. Radiological Effluent Sampling and Analysis Requirements - All ;

Sections >

i
D. Radiological Effluent Reporting Requirements - Sections 4.1,

4.2, 4.3 and 4.6 i

'

FC/CH-ODCM R0
'

.

. - - - - -- .- - . - . .- - - - - - .



. - . - - - - - - . . . .. .
,

i
FORT CALHOUN' STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 10 OF 125

2.0 ADMINISTRATIVE !
.

-. . . . - *
~

The Radiological" Environmental Mon 1~toring ~ Program consists of the
following sections in the Radiological Effluent Controls:'

A. Radiological Effluent Reporting Requirements - Sections 4.4
and 4.5

B. Radiological Environmental Monitoring Requirements - All
Sections

t

2.1 Responsibilities

2.1.1 Nuclear Operation Division Chemistry Department is |
responsible for the implementation and maintenance of
the ODCM.

i

;

2.1.2 Nuclear Operation Division Operation Department is .;
responsible for the compliance with the ODCM in.the !

operation of Fort Calhoun Station.

2.2 Chance Mechanism [

The ODCM is the controlling document for all radioactive
effluent releases. It is defined as a procedure under the
guidance of Technical Specification 5.8. It wi).1 be revised() and reviewed by the Plant Review Committee and approved by the
Plant Manager in accordance with Technical Specification 5.17.
All changes to the

'

.

i

ODCM will be forwarded to the Nuclear Regulatory Commission j
during the next reporting period for the Annual Reportnin |

accordance with the requirements of Technical |,

Specification 5.17. i

..

,
I
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3.0 METEOROLOGICAL DATA
-

_

The Annual Average x/Q is utilized to- determine the concentrations
of radionuclides at the site boundary. This dispersion factor
coincides with the highest calculated annual average value for the '

Fort Calhoun Station. It is based on 3 years of Onsite
Meteorological data and the MESODIF II plume trajectory mode.'. This
model conforms with the Nuclear Regulatory Commissions Regulatory
Guide 1.111. The model employs the sector averaged equations that
are utilized for long-term releases. This type of release (long
term) is not dependent solely on atmospheric conditions for
complying with 10 CFR 20 concentration limits at the site boundary.

Real time meteorological data will be utilized in the preparation'of
the Annual Report. This data is used to calculate the joint
frequency table and the dispersion coefficients and deposition
factors in all 16 sectors. These are used in the calculation of
doses to individuals in unrestricted areas as a result of the
operation of Fort Calhoun Station. The models used, GASPAR and
LADTA?, conform with the Nuclear Regulatory Commissions Reg.
Guide 1.109 and 1.21 for the reporting of doses due to routine
radioactive effluent releases.

.

I

t

|
L

I

b
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i

4.0 DEFINITIONS

O, ._ -.. -

Channel Check - ^ ~ - - -~ - -

,

A qualitative determination of acceptable operability by observation
of channel behavior during normal plant operation. This
determination shall, where feasible, include comparison of the !
channel with other independent channels measuring the same variable.

,

Channel Function Test

Injection of a simulated signal into the channel to verify that it
is operable, including any alarm and/or trip initiating action.

Operable - Onerability

A system, subsystem, train, component or device shall be OPERABLE or
have OPERABILITY when it is capable of performing its specified
function (s). Implicit in this definition shall be the assumption
that all necessary attendant instrumentation, controls, normal and
emergency electrical power sources, cooling or seal water,
lubrication, or other auxiliary equipment that are required for the
system, subsystem,-train, component, or device to perform its
function (s) are also capable of performing their related support
function (s).

Purce-Purging
,

A means for the removal and replacement of gases within the
containment building.'

Source Check

Verification of channel response when the channel sensor is exposed
to a radioactive source.

Venting

A means for the reduction of pressure greater than atmospheric
within the containment structure. -

Unrestricted Area

Any area at or bevond the site boundary access to which is not
controlled by the licensee for purposes of protection of individuals
from exposure to radiation and radioactive materials.

O:

FC/CH-ODCM -RO
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'5.0 REFERENCES

. O' ^ Regulatory Guide 1.10[; ReN 1 Cal'Culation of Annual Dose to man
from Routine Releases of Reactor Effluents for the purpose of
evaluation. compliance with 10 CFR 50, Appendix I

Regulatory Guide 1.111, Rev. 1- Methods for Estimating Atmospheric
Transport and Dispersion of Gaseous Effluents in Routine Releases
from Light-Water-Cooled Reactors.

i

Regulatory Guide 1.113, Rev. 1 Estimating Aquatic Dispersion of-

Effluents from Accidental and Routine Releases for the purpose of
Implementing Appendix I.

Nureg-0133 - Preparation of Radiological Effluent Technical
Specifications for Nuclear Power Plants.

.

Nureg-0472, Rev. 3- Draft Radiological Effluent Technical
Specifications for PWRs.'

.

Regulatory Guide 1.21, Rev. 1 - Measuring, Evaluating, and
Reporting Radioactivity is solid wastes and Releases of
Radioactivity Materials in Liquid and Gaseous Effluents from -

Light-Water-Cooled Nuclear Power Plants.

Code of Federal Regulations, Title 10, Part 20

Code of Federal Regulations, Ti tle 10, Part 50
~

Fort Calhoun Revised Environmental Report (Unit No. 1)-1972
,

Fort Calhoun Technical Specifications (Unit No.1)

Updated Safety Analysia Report

Commitment Documents:
,

5

IMPLEMENTING COMMITMENT SOURCE ,

STEP NUMBER (CID) DOCUMENT

Part II, 2.2.3.1 C.2 920102/01 FC-0133-92

;

;

!

i

2

+

O
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1.0 RADIOACTIVE EFFLUENTS RELEASE LIMITS

0~ The limits and ronditions for the controlled release of radioactive !
'

material in liquid and gaseous effluents stated in this Section are
to ensure that these releases result in concentrations of
radioactive materials in liquid and gaseous effluents released to
unrestricted areas that are within the limits specified in 10 CFR 20
and to ensure that the release of radioactive material to the
environment be as low as reasonably achievable in conformance with
10 CFR_50.34a and 50.36a. To meet these criteria, the following
requirements must be met for all radioactive liquid and gaseous
effluents from FCS:

1.1 Liquid Effluents

1.1.1 The release rate of radioactive material in liquid
effluents shall be controlled such that the
instantaneous concentrations for radionuclides, other
than dissolved or entrained noble gases, do not exceed
the values specified in 10 CFR 20 for liquid effluents.
in unrestricted areas. For dissolved or entrained noble
gases, the concentration shall be limited to 2.0 E-04
pCi/nd , total activity.

When the concentration of radioactive material released
ito unrestricted areas exceeds the above limits,

appropriate corrective' actions shall be taken

-O immediately to restore concentrations within the above
limits.

1.1.2 Annual Design Objectives
,

1.1.2.1 The dose or dose commitment to an individual in
unrestricted areas from radioactive materials
in liquid effluents during any calendar year *

shall not exceed a millirems to the total body.

1.1.2.2 The dose or dose commitment to'an individual in
unrestricted areas from radioactive materials
in liquid effluents during any calendar year
shall not exceed la millirems to any oroan.

t

1

,

?

>
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1.0 RADIOACTIVE EFFLUENTS RELEASE LIMITS (Continued) !

0~ 1.172.3 The habiation dose contributions from
radioactive materials in. liquid effluents )

^

released to unrestricted areas shall be !
determined, in accordance with Part IV, !
Section 2.1, on a quarterly basis. If the dose
contribution, due to the cumulative release of'
liquid effluents averaged over a calendar
quarter, exceeds one-half of the annual design
objectives, the following course of actions
shall be taken:

A. Make an investigation to identify the causes
for such releases.

B. Define and initiate a program of action to '

reduce such releases to the design levels.

C. Submit a special report, pursuant to
Technical Specification 5.16, within 30 days
from the end of the quarter during-which the
release (s) occurred, identifying.the causes
and describing the proposed program of
action to reduce such releases to the design-
levels. '!

.

1.2 Gaseous Effluents
'

1.2.1 The release rate of radioactive material in gaseous
'

effluents shall be controlled such that the ,

instantaneous concentrations for these radionuclides do
not exceed the values specified in 10 CFR 20 for gaseous
effluents in unrestricted areas at and beyond the site
boundary. -

When the concentration of radioactive material released i

to unrestricted areas exceeds the above limits, !

appropriate corrective actions shall be taken
immediately to restore concentrations within the above
limits.

.

!

1.2.2 Annual Design Objectives I

1.2.2.1 The gamma air dose in unrestricted areas due to
the release of noble gases in gaseous effluents
shall not exceed 10 millirads during any >

calendar year;
i

1.2.2.2 The beta air dose in unrestricted areas due to
the release of noble gases in gaseous effluents-
shall not exceed 20 millirads during any

,

calendar year; and '

FC/CH-ODCM R0
1
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1.0 RADIOACTIVE EFFLUENTS RELEASE LIMITS (Continued) l

O T5e dhse to an--individual-or dose-commitment to1. 2:2 . 3 I

any organ of an individual in unrestricted
-

areas due to the release of I-131,. Tritium, and 2

radioactive materials in particulate form with I

half-lives greater .than eight days - (excluding
noble gases) in gaseous effluents shall not j
exceed 15 millirema from all exposure pathways
during any calendar year.

|
1.2.2.4 The radiation dose contributions from j

radioactive materials in gaseous effluents i

shall be determined, in accordance with the
Part.IV, section 2.2, on a quarterly basis. If
the dose contribution, due to the cumulative

i

release of gaseous effluents averaged over a- I

calendar quarter exceeds one-half of the annual
design objectives, the following course of .

actions shall be taken:

A. Make an investigation to identify the cause
for such release rates.

B. Define and initiate a program of action to
reduce such releases to design levels.

O C. Submit a special report, pursuant . tx) !
Technical Specification 5.16, within 30 days
from the end of the quarter during which the
release (s) occurred, identifying the causes ,

and describing the proposed program of '

action to reduce dose contributions. ,

i

1.3 The dose to any real individual from uranium fuel cycle
sources shall be limited to s 25 mrem to'the total body or any ,

organ ( except the thyroid, which shall be limited to
,

s 75 mrem ) during each calendar year. ,

,

t

b

O
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'

__ _ _ ._ __ _ _ , ,,



. .- .__ -. . .__ ._ _ _- _ _

;

FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 18 OF 125 ;

2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS
_-_ __ . ._ r~

The requirements for~the~ release of radioactive liquid and gaseous
'

effluents from FCS stated in this Section are to ensure that the ;

limits of Section 1 will be met, as well as to allow for operational ;
flexibility. When any of the requirements for release of :

radioactive effluents cannot be complied with, the release shall not
be permitted to occur or it shall be immediately terminated, if it i

'
is in progress.

2.1 Licuid Effluent Releases (
!

The equipment or subsystem (s) of the liquid radwaste treatment ;

system as identified in the Part III, secticn 2.1,-shall be '

operable. If the radioactive liquid effluents were discharged
without treatment by one or more of the pieces of equipment-or :
subsystem (s) identified in that section and it is confirmed
that one-half of the annual dose objective will be exceeded ,

during the calendar quarter, a special report, pursuant to I

Technical Specification 5.16, shall be prepared and submitted r

to the Nuclear Regulatory Commission within 30 days of the end i

of the quarter during which the equipment or subsystem (s) were ;

inoperable. This report shall include the following ;

information:
|

4 A. Identification of equipment or subsystem (s) not operable
and reasons for inoperability. .

!
B. Action (s) taken to restore the inoperable equipment to 1

operable status.

C. Summary description of action (s) taken to prevent a
recurrence. i

;

|

!

1

!

|
,

I

!
I

T

.
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2.0 EPDIOACTIVE EFFLUENT RELEASE REOUIREMENTS '(Continued)

O 2.1.1 Monitor and motel Wkste-Tanks - - -

During release of radioactive liquid effluents, the
following conditions shall be met:

2.1.1.1 There shall be sufficient dilution flow so
that, at site discharge:"

n ;

{ C /mpc s1f 3 ;
2-1

where:

concentration of the i*Ci- .

radionuclide in the liquid effluent
at site discharge.

,

!

mpci = 10 CFR 20, Appendix B,-Table 2, |
Column 2 limits.

2.1.1.2 The overboard header effluent radiation monitor i
shall be set in accordance with Part III to
alarm and automatically close the_ discharge.

O valve prior to exceeding 10 CFR 20 limits at
discharge.

2.1.1.3 The liquid effluent radioactivity shall be
continuously monitored during the release. If
the effluent radiation monitor is inoperable,
effluent releases may continue provided that:
(prior to initiating a release) ;

A. At least two independent samples are i

analyzed in accordance with applicable
chemistry procedures.

B. At least two qualified individuals j
independently verify the release rate *

calculations. j

2.1.1.4 The liquid effluent radioactivity shall be
continuously recorded during the release. If ,

'

the process radiation monitor chart recorder is
inoperable and the process radiation monitor is |
operable then effluent releases may continue '

provided that the radioactivity level is
recorded manually at least once per four hours'

during actual release.

FC/CH-ODCM R0
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued) '

O 2.171.5~ The~ liquid ef fluent flow rate shal1 be
continuously monitored and recorded during the
release. If the flow rate recorder is
inoperable, effluent releases may continue
provided the flow rate is determined at least i

once per four hours during actual release. i-

2.1.2 Steam Generator

During the release of steam generator blowdown to the
discharge tunnel, the following' conditions shall be met:

2.1.2.1 There shall be sufficient dilution flow so
that, at site discharge:

n

[ C /mpc,11 ;i

2=1
,

where:
,

Ci- concentration of the ith
radionuclide in the liquid effluent
at site discharge.

() 10 CFR 20, Appendix B', Table 2,mpc5 =

Column 1 limit.
,

2.1.2.2 The steam generator blowdown radiation monitors
shall be set in accordance with Part III to
alarm and automatically close the blowdown [
isolation valves prior to exceeding 10.CFR 20
limits at dishcarge.

2.1.2.3 The radioactivity for each blowdown line shall
be continuously monitored by the blowdown
radiation monitors and recorded. ;

:

A. If one of the two radiation monitors is
inoperable, the activity for both blowdown ,

lines shall be monitored by the_ operable !
radiation monitor within 2 hours of the !

discovery of the inoperability.
!

i

,

I

i
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)
O. Ubothradiationmonitorsare-inoperable,V 2 .1M . 3 -' B .

steam generator liquid releases'may continue -

provided grab samples are analyzed for
principal gamma emitters at a sensitivity of ,

5.0E-07 pCi/ml and recorded at least daily I

when the specific activity of Steam <

Generator Blowdown is less than or equal to
0.01 pCi/ gram dose equivalent I-131 and at i

least once per 12 hours when the specific
activity of the secondary coolant is greater
than 0.01 pCi/ gram dose equivalent I-131.

,

!

2.1.2.4 The radioactivity for each blowdown line shall
be continuously recorded. If the process
radiation monitor chart recorder is not
operational, Steam Generator releases may

,

continue provided that the radioactivity level |
is recorded manually at least once per four
hours during actual release.

2.2 Gaseous Effluent Releases '

f

The equipment or subsystem (s) of the gaseous radwaste
treatment system as identified in Part III, Section 2.2, shall

,

be operable. If the radioactive gaseous-effluents were

O discharged without treatment by one or more of the equipment
';

or subsystems (s) identified in that section and it is
confirmed that one-half of the annual dose objective will be '

exceeded during the calendar quarter, a special report,
.

'
pursuant to Technical Specification 5.16, shall be prepared'
and submitted to the Nuclear Regulatory Commission within '

30 days of the end of the quarter during which the equipment |
or subsystem (s) were. inoperable. This report-shall include
the following information:

i

A. Identification of equipment or subsystem (s) not operable >

and reason for inoperability.
'

B. Action (s) taken to restore the inoperable equipment to ;
operable status, i

C. Summary description of action (s) taken to prevent a '

recurrence. )
:

1

|

2
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)
3

2.2.1 Gaseous A iliary Buildintt Exhaust-Stack -
_

The Auxiliary Building Exhaust Stack noble. gas monitor,
particulate sampler, or iodine sampler may be inoperable
provided that:

A. Whenever the Auxiliary Building Exhaust Stack
noble gas monitor is inoperable, releases from
the containment pressure relief line and the .

containment purge line are to be secured in the
most expeditious manner. Ventilation of the
auxiliary building via the Auxiliary Building
Exhaust stack may continue provided grab-
samples are taken once per 8 hours (+25% >

maximum extension) and analyzed for principal
,

gamma emitters (See Table 2) .
P

B. Whenever the Auxiliary Building Exhaust Stack
iodine or particulate sampler (s) is/are
inoperable, ventilation of the auxiliary
building and releases from the gaseous waste
discharge header, containmnet pressure relief
line or the containment purge line may continue
through the Auxiliary Building Exhaust Stack
provided sample collection using auxiliary() sample collection equipment is initiated within
2 hours of the discovery of the inoperability '

in accordance with Table 2.

2.2.1.1 During release of gaseous radioactive effluents
from containment pressure relief line to the
Auxiliary Building Exhaust Stack, the following
conditions shall be met-

,

A. The Auxiliary Building Exhaust Stack noble
gas monitor, iodine sampler and particulate
sampler shall be operational.

;

B. The Auxiliary Building Exhaust Stack noble
gas radiation monitor-shall be set in ;

accordance with Part III to alarm and
automatically terminate the release prior to

,

exceeding 10 CFR 20 limits at site boundary
(see Part III, Figure 1).

C. At least one Auxiliary Building exhaust fan
shall be in operation. -

O
1
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2.0 . RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)
.

[ 2.2-1.1~ D. T[1h Auxiliary" Building Exhaust- Stack gaseous
radioactivity shall be monitored and
recorded during the release. If the process
radiation monitor chart recorder is
inoperable and the process radiation monitor
is operable then releases from containment
may continue provided that the gaseous
radioactivity level is recorded manually at
least once per four hours during the actual
release.

E. The containment flow rate shall be monitored
and automatically recorded during the
release. If the flow rate monitor or
recorder is inoperable, releases from the
containment may continue provided the flow
rate is determined and recorded manually at
least once per four hours during actual ,

release.

2.2.1.2 During the release of gaseous radioactive
effluents from the containment purge line:

A. The conditions set forth in Section 2.2.1.1
shall be met.

;

B. A noble gas monitor shall monitor'the '

containment building atmosphere.

2.2.1.3 During the release of. gaseous effluents from
the gaseous waste discharge header:

A. The Auxiliary Building Exhaust Stack noble
gas monitor, iodine sampler and particulate
sampler shall be operational.

B. The Auxiliary Building Exhaust Stack noble
gas radiation monitor shall be set in ;

accordance with Part III to alarm and 1

automatically terminate the release prior to
exceeding 10 CFR 20 limits at site boundary

,

(see Part III, Figure 1).

I

;

i

i
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. 2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)
'

2. 271. 3 - C. -If the uxiliary Building Exhaust Stack '

radiation monitor is inoperable, effluent
releases may continue provided that (prior
to release):

;

1) At least two independent samples are |
analyzed in accordance with the
applicable chemistry procedure.

2) At least two qualified individuals
independently verify the release rate
calculations.

D. At least one Auxiliary Building exhaust fan
shall be in operation.

E. The Auxiliary Building exhaust stack gaseous
radioactivity shall be monitored and
recorded during the release. If the process
radiation monitor chart recorder is
inoperable and the process radiation monitor
is operable then releases from waste gas
decay tanks may continue provided that the
gaseous radioactivity level is recorded '

manually at least once per four hours during

O ;

the actual release.

F. The waste gas discharge header flow rate
shall be monitored and automatically
recorded during releases. 'If the flow' rate
monitor or recorder is inoperable, releases
may_ continue provided the flow rate is-
determined and recorded manually at least
once per four hours during actual release.

2.2.2 Condenser Offcas

2.2.2.1 During power operation, the condenser air
ejector discharge shall be monitored for gross 1

radioactivity. If this monitor is inoperable,
grab samples shall be taken once per 24. hours
(+25% maximum extension) and analyzed for
principal gamma emitters. (See Table 2)

'
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued) [

. O~ 2.2;3 Laboratorv and' Radioactive' Waste-Processina Buildin.g
Stack r

2.2.3.1 During the release of gaseous effluents from
the Laboratory and Radioactive Waste Processing

.

Building (LRWPB) the following' conditions shall I

be met.
:

A. The LRWPB noble gas monitor, iodine sampler :
!and particulate sampler shall be

operational.

i
B. The LRWPB noble gas radiation monitor shall -

be set in accordance with Part III to alarm '

at its predetermined setpoints. {
C. The Laboratory and Radioactive Waste

,

Processing Building (LRWPB) Stack noble gas i

monitor, particulate sampler or iodine j
sampler may be inoperable and effluents via i

this pathway may continue provided: '

1) If the noble gas monitor is
inoperable, grab samples will be.taken

,

once per 24 hours and an_alyzed forO principal gamma emitters. *

,

[2)] If the iodine or particulate ;

sampler (s) is/are inoperable,
ventilation of the LRWPB may continue '

via the LRWPB. Stack provided. sample ,

collection using auxiliary sample
:

collection equipment is initiated i

within 2 hours of the discovery of the |
inoperability in accordance with |
Table 2.

|

D. The LRWPB Stack flow rate shall be monitored
and recorded during ventilation of the
LRWPB. If the flow rate monitor or recorder ;

is inoperable, ventilation may continue i
*

provided the flow rate is determined and
'

recorded manually at least once per four
hours. |

f

() i
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3.0 RADIOLOGICAL EFFLUENT SAMPLING AND ANALYSIS REOUIREMENTS |

The sampling and~analysib requirements' stated ~in this-Section will -

provide reasonable assurance that radioactive materials present in
the liquid and gaseous effluents will be properly identified and

Iaccurately quantified. This information will serve as the basis for,

detemmining doses to individuals as a result of radioactive
effluents from FCS.

,

Records shall be maintained and reports of the sampling and results e

of analyses shall be submitted to the Nuclear Regulatory Commission ;

in accordance with Section 4 of these Controls. Sampling, analysis |
and operability testing will typically be documented on Surveillance i
Tests or on Release Permits or Sunmaries. I

*

!

3.1 Liouid Effluents '

4

3.1.1 Radioactive liquid effluent sampling and activity 4

analyses shall be performed in accordance with Table 1. !

The results of these analyses shall be used with the
calculational methods in Part IV of this manual to !

assure that the concentration at the point of release is +

limited to 10 CFR 20 limits for unrestricted areas. ,

3.1.2 Prior to release of each batch of liquid effluent, the
batch shall be mixed, sampled, and analyzed for '

principal gamma emitters. When operational or other
'

-( ) limitations preclude specific gamma radionuclide i

analysis of each batch: '

3.1.2.1 Gross radioactivity measurements shall be made
,

to estimate the quantity and concentrations of
radioactive materials released in the batch.

3.1.2.2 A weekly sample composite from proportional
,

aliquots from each batch released during the '

week shall be analyzed for the principal |

'

gamma-emitting radionuclides.
]
,

3.1.3 Records shall be maintained of the radioactive' I

concentrations and volume before dilution of each batch j

of liquid effluent released and of the average dilution-

i

flow and length of time over which each discharge !
occurred. Analytical results shall be submitted to the I

Commission in accordance with Section 4 of Part II.
3.1.4 The radiation monitors for liquid effluents shall have |

their operability tested in accordance with the
|requirements in Table 3, Item A. ;

'

,

l
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;

-3.0 RADIOLOGICAL EFFLUENT SAMPLING AND ANALYSIS REOUIREMENTS ,

- (Continued) - - - -,

3.2 Gaseous Effluents ;

3.2.1 Radioactive gaseous effluent sampling and activity '

analyses shall be performed in accordance with Table 2. i

The results of these analyses shall be used with the
calculational methods in Part IV of this manual to
assure that the concentration of radioactive materials ;

is limited to 10 CFR 20 limits for unrestricted areas. !

3.2.2 The radiation monitors for gaseous effluents shall have
their operability tested in accordance with the !

requirements in Table 3, Item B.

3.3 Lower Limit of Detection (LLD) *

The lower limit of detection (LLD) for liquid and gaseous fdischarges, referenced in Tables 1 and 2 of the Radiological
Effluent Controls (Part II), is defined as the smallest
concentration of radioactive material in a sample that will

,

yield a net count, above system background, that will be
detected with 95 percent probability with only 5 percent
probability of falsely concluding that a blank observation
represents a "real" signal. :

() For a particular measurement system, which may include
radiochemical separation:

4.66 * s
|3LLD =

E * V * D * Y * exp (-Aa t) '

Where: '

LLD = the lower limit of detection as defined above, in either i

picoCuries or microcuries, per unit mass or volume as a
function of the value of D

Sb = the standard deviation of the background counting rate
or of the counting rate of a blank sample, as
appropriate, as counts per minute

E = the counting efficiency, as counts per disintegration

V = the sample size in units of mass or volume

D = 2.22E+06 of disintegrations per minute per microcurie or
|2.22 disintegrations per minute per picocurie ;

|
,

C) !
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!
3.0 RADIOLOGICAL EFFLUENT SAMPLING AND ANALYSIS REOUIREMENTS i

(Continued) - - -

3.3 Y = the fractional radiochemical yield, when applicable
,

i
A = the radioactive decay constant for the particular {

radionuclide

At the elapsed time for the plant effluent between the
midpoint of sample collection and time of counting |

Appropriate values of E, V, Y and At should be used in the |
calculation. {

i

It should be recognized that the'LLD is defined as an A Priori
'

limit representing the capability of a measurement system and i

not as a limit for a particular measurement. !

!.

LLD verifications will be performed on a periodic basis. This j
determination is to ensure that the counting system is able to !

detect levels of radiation at the LLD values for the specific. |
type of analysis required by Tables 1 and 2. They will be ;

performed with a blank (non-radioactive) sample in the same i
counting geometry as the actual sample. !

t

4.0 RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS

0 The reporting requirements for radioactive effluents stated in this |,

Section are to provide assurance that the limits set forth in- :
Section 1 are complied with. These reports will meet the
requirements for documentation of radioactive effluents contained in |
10 CFR 50.36a; Reg. Guide 1.21, Rev. 1; Reg. Guide 4.8, Table 1; and

,

Reg. Guide 1.109, Rev. 1. t

i
4.1 Annual Radioactive Effluent Release Report ;

i

A report covering the operation of the Fort Calhoun Station ;

during the previous calender year shall be submitted within ;

90 days after January 1 of each year per the requirements of |
10CFR 50.36a. !

:

The radioactive effluent release report shall include a |
summary of the quantities of radioactive liquid and gaseous i
effluents and solid waste released from the plant as outlined i

in Regulatory Guide 1.21, Revision 1. ,

!

The radioactive effluent release report shall include a '|
summary of the meteorological conditions concurrent with the- ;

release of gaseous effluents during each quarter as outlined |
in Regulatory Guide 1.21, Revision 1. !

:

(1) |
i

FC/CH-ODCM RO |
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4.0 RADIOACTIVE EFFLUENT REPORTIhG REOUIREMENTS (Continued)
. .

~

. 4.1 The' radioactive effluenc release report-shall include an
assessment of radiatir.n doses from the radioactive' liquid and
gaseous effluents-released from the unit during each calendar

3

quarter as outlined in Regulatory Guide 1.21, Revision 1. The >

assessment of radiation doses shall be performed in accordance
with calculational methodology of the Regulatory Guide 1.109,

,

Revision 1.,

,

The radioactive effluent release report shall include any
.

changes to the Process Control Program (PCP) or to the Offsite |
Dose Calculation Manual ( DCM) made during the reportingO '

period. Each change shall be identified by markings in the
margin of the affected pages clearly indicating the area of

! the page that was changed and shall indicate the date the
'
.

change was implemented.

4.2 Annual Radioloolcal Environmental Ooeratina Report

The Annual Radiological Environmental-Operating Report for the
previous one year of operation shall be submitted prior to
May 1 of each year. This report contains the data gathered
from the radiological environmental monitoring program. The
content of the report shall include:

4.2.1 Summarized and tabulated results of the radiological() environmental sampling / analysis activities following the
format of Regulatory Guide 4.8, Table 1. In.the event
that some results are not available, the report shall be
submitted noting and explaining the reasons for the
missing results. The missing data shall be submitted as
soon as possible in a supplementary report. j

4.2.2 Interpretations and statistical evaluation of the
,'

results, including an assessment of the observed impacts
of the plant operation and environment.

4.2.3 The results of participation in a NRC approved
Interlaboratory Comparison Program.

4.2.4 The results of land use survey required by Part II,
Section 5.4. .

i

3

b

9

(:) .
.

;
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4.0 RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS (Continued)

~0' 4.2.5 The results of ~ specific activity analysis -in which the
primary coolant exceeded the limits of Technical
Specification 2.1.3. The following information shall be ,

included:

4.2.5.1 Reactor power history starting 48 hours prior
to the first sample in which the limit was
exceeded;

A. Results of the last isotopic analysis for
radiciodine performed prior to exceeding the ,

limit, results of analysis while. limit was ;

exceeded and results of one analysis after
'

the radiciodine activity was reduced to less
than the limit. Each result should include
date and time of sampling and the
radiciodine concentrations; ,

B. Purification system flow history starting
48 hours prior to the first sample in which |
the limit was exceeded;

C. Graph of the I-131 concentration and one
. other radiciodine isotope concentration in

micro-curies per gram as a function of time

O for the duration of the specific activity
above the steadystate level; and

D. The time duration when the specific activity
of the primary coolant exceeded the
radiciodine limit., j

4.3 Non-Routine Report
,

If a confirmed measured radionuclide concentration in an
environmental sampling medium averaged over any calendar
quarter sampling period exceeds the reporting level referenced
in Table 7, and if the radioactivity is attributable to plant
operation, a written report shall be submitted to the Nuclear
Regulatory Commission within 30 days from the end of the
quarter.

The report shall include an evaluation of any release
conditions, environmental factors, or other aspects necessary
to explain the anomalous result.

O
k
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4.0 RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS (Continued) |

_0~ EPA'40CFR'190~R$o0rtinoReandrements-~ -

{4.4

1

With the calculated dose from the release of radioactive
naterials in liquid or gaseous effluents exceeding twice the
limits of Part II, sections 1.1.2, 1.1.3, 1.2.2, 1.2.3, or
1.2.4, based on quarterly and annual calculations, prepare and
submit a special report to the Commission within 30 days.and i

limit the subsequent releases such that the dose to any real '

individual from uranium fuel cycle sources is limited to
s 25 mrem to the total body or any organ (except thyroid,
which is limited to s 75 mrem) over the calendar year. This -

special rr. port shall include an analysis which demonstrates
that radiation exposures to any member of the public from i

uranium fuel cycle sources (including all effluent pathways
and direct radiation) are less than the 40 CFR 190 standard.
Otherwise, obtain a variance from the Commission to permit

,

releases which exceed the 40 CFR 190 standard. The submittal |

of the report is to be considered a timely request and a
variance is granted pending the final action on the variance

,

request from the Commission. '

,

<

.

!

|

|
"

,
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5.0 RADIOLOGICAL ENVIRONMENTAL MONITORING REOUIREMENTS

The requirements set"forth'in this Se^ction will provide reasonable i
assurance that radioactive liquid and gaseous effluent releases to
the environment in and around Fort Calhoun Station are monitored and
that any deviation of radiation levels above background will be :
identified. !

!
5.1 Radiological environmental monitoring shall be conducted i

according to Table 4. Analytical results of this program and |
deviations from the sampling schedule shall be reported to the !

'Nuclear Regulatory Commission in the Annual Radiological
Environmental Operating Report (Part II, Section 4.4). !

5.2 If the level of radioactivity, from calculated doses, in the
Annual Radiological Effluent Release Report leads to a higher ,

'

exposure pathway to individuals, this pathway shall be added
to the Radiological Environmental Monitoring Program. !

!

'5.3 If the level of radioactivity in an environmental sampling
medium exceeds the reporting level specified in Table 7, a
Non-routine Report shall be prepared and submitted to the
Nuclear Regulatory Commission (Part II, Section 4.5). The i

detection capabilities of the equipment used for the analysis !
of Environmental Samples must meet the requirements.of Table 6 i

for Lower Level of Detection (LLD). i

'

5.4 A land use survey shall be conducted once per 24 months
between the dates of June 1 and October 1. This survey shall i

identify the location of the nearest milk animal, nearest meat .i
animal, nearest vegetable garden, and the nearest residence in
each of the 16 cardinal sectors within a distance of five -.

miles. The results of the land use survey shall be submitted '

to the Nuclear Regulatory Commission in the Annual :,

Radiological Environmental Operating Report (Part II, '

Section 4.4). The survey shall be conducted under the
following conditions.

,

:
'

5.4.1 Within a one-mile radius from the plant site,
enumeration by door-to-door or equivalent counting i
techniques.

!

5.4.2 Within a five-mile radius, enumeration by using i

referenced information from county agricultural agents i

or other reliable sources. '

1
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5.O RADIOLOGICAL ENVIRONMENTAL MONITORING REOUIREMENTS

5.4.3 If it is~b earned from tt11B survey that milk animals are
present at a location which yields a calculated dose
greater than from previously sampled location (s), the '

new location (s) shall be added to the monitoring ;

program. The sampling location (s) having the lowest
calculated dose may then be dropped from the monitoring
program at the end of the grazing and/or growing season
during which the survey was conducted _and the new
location is then added to the monitoring program. Also, r

any location (s) from which milk can no longer be
obtained may be dropped and replaced if practicable from
the monitoring program and the Nuclear Regulatory
Commission shall be notified in the Annual Radiological
Environmental Operating Report (Part II, Section 4.4).

5.4.4 Radiological Environmental Sampling lpcations and the
media that is utilized for analysis are presented in
Table 5. Details of the emergency TLD locations are
contained in Emergency Preparedness Implementing
Procedures.

5.5 Analyses shall be performed on radioactive materials as part i

of an Interlaboratory Comparison Program that has been
approved by the Nuclear Regulatory Commission. The results of
these analyses shall be included in the Annual Radiological() Environmental Operating Report.

.

5.6 Deviations from the monitoring program, presented in this
section and detailed in Table 4, are permitted if specimens -

are unobtainable due to hazardous conditions, seasonal
unavailability, malfunction of equipment, or if a person
discontinues participation in the program and other legitimate
reasons. If the equipment malfunctions, corrective actions
will be complete as soon as practicable. If a person no
longer supplies samples, a replacement will be made. All
deviations from the sampling schedule will be described in the
Annual Radiological Environmental Operating Report, pursuant
to Part II, Section 4.4.

,

O
,

r
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i

TABLE 1
'

Radioactive ' Ldctdid ~ Waste Samolino 'and Analysis

4

i

A. Monitor & Hotel Waste Tanks Releases |

b

Lower Limit of
Type of Detection (LLD)

Sampling Frequency Activity Analysis (pCi/ml) (1) j

!

Each Batch Principal Gamma !
Emitters (2 ) (3 ) 5.0 E-07

'

I-131(2) 1.0 E-06 I

Monthly From Dissolved Noble |
One Batch Gases (2) (Gamma 1.0 E-05

Emitters)

Monthly Composite (7) H-3 1.0 E-05 |

i
'

Gross a 1.0 E-07

Quarterly Composite (7) Sr-89, Sr-90 5.0 E-08 i

C:)
'

;
,

B. Steam Generator Blowdown

Lower Limit of
Type of Detection (LLD)

Sampling Frequency Activity Analysis (gCi/ml) (1) !

,

Weekly Composite (7) Principal Garna
Emitters (3 ) 5.0 E-07

I-131(5) 1.0 E-06

Monthly Dissolved Noble
Gases (Gamma 1.0 E-05

'

Emitters)
r

Monthly Composite (7) H-3 1.0 E-05

Gross a 1.0 E-07 !

Quarterly Composite (7) Sr-89, Sr-90 5.0.E-08 !

1
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.

TABLE 2

Radioactive ~ Gaseour kiaste Samolina and Analysis

A. Gas Decay Tank Releases '

Lower Limit of
Type of Detection JLLD) .

Sampling Frequency Activity Analysis (pCi/ml) 11)

Prior to each Principal Gamma ,

release Emitters (4) 1.0 E-04

B. Containment Purge Releases or Containment

Pressure Relief Line Releases

Lower Limit of
Type of Detection (LLD) ,

Sampling Frequency Activity Analysis (pCi/ml) (1)

Prior to each Principal Gamma
release Emitters (4) 1.0 E-04

Prior to each
release H-3 1.0 E _06

C. Condenser Air Ejector Releases

Lower Limit of
Type of Detection (LLD)

Sampling Frequency Activity Analysis (uCi/ml) (1)

Monthly (6) Tritium (H-3) 1.0 E-06

Monthly Principal Gamma
Emitters (4) 1.0 E-04

!

,
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TABLE 2
(Continued)O, _ _ _- ,_

_ _ . ._

D. Auxiliary Building Exhaust Stack an'd
Laboratory and Radwaste Building Exhaust Stack

Lower Limit of
Type of Detection (LLD)

Sampling Frequency Activity Analysis (pCi/ml) (1) !

Weekly
(Charcoal Sample) I-131 1.0 E-12

Weekly Principal Gamma
(Particulates) Emitters (4 ) , I-131 1.0 E-11

and Particulates
with half-lives
> eight days.

Monthly Composite Gross a 1.0 E-11

Quarterly Composite
,

(Particulates) Sr-89, Sr-90 1.0 E-11 '

:

O ~

;

4

i

l

i

i

O
.
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TABLES 1 and 2
~ dContinued) ;

.
-

NOTES: - "~ " -" " - - - -

9 ,

(1) LLD is defined in Part II, Section 3.3.
;

(2) Gross Radioactivity is defined as the determination of radioactivity
levels without regard to specific radionuclide identification and
individual isotopic quantification.

,

(3) The principal gamma emitters for which the LLD specification applies !

exclusively are the following radionuclides: Mn-54, Fe-59, Co-58,
Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, and Ce-144. i

|

(4) The principal gamma emitters for which the LLD specification applies
exclusively are the following radionuclides: Kr-87, Kr-88, Xe-133, i

Xe-133m, Xe-135, and Xe-138 for gaseous emissions and Mn-54, Fe-59,
Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, Ce-144 for
particulate emissions.

;

(5) A weekly grab sample and analyses program including gamma isotopic
identification will be initiated for the turbine building sump
effluent when the steam generator blowdown water composite analysis
indicates the I-131 concentration is greater than 1.0 E-06
microcurie / milliliter.

Required only when steam generator blowdown radioactivity for

()(6) tritium (Table 1, Item B) exceeds 3.0 E-03 microcurie / milliliter.
,

(7) To be representative of the average quantit'ies and concentrations of I

radioactive materials in liquid effluents, samples should be
collected in proportion to the rate of flow of the effluent stream. '

Prior to analyses, all samples taken for the composite should be !

mixed in order for the composite sample to be representative of the !
"average effluent release.

!

!

:

!
s

'

O
I
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TABLE 3
%

}- ~ ~~ Radiation'and Environmental Monitors ' ~' coe~rebility Test RecEireinents
>

Daily Monthly Quarterly Source Check
'

Channel Source Channel Refueling Prior to
A. Liquid Monitors Check Check Func. Test Calibration Release

RM-054 A/B X(2) X X X -

t

RM-055/55A - - X X X

Daily Monthly Quarterly Source Check
Channel Source Channel Refueling Prior to

B. Gaseous Monitors Check check Func. Test Calibration Release

RM-043 X X X X -

RM-057 X X X X -

RM-062/51(1) X X X X X

RM-041/42 Sarnpler X - - x .

RM-060 Sampler
Flow Rate X - - X -

Monthly Annual
Operations Air Flow

C. Envirrantl. Monitors Check Calibration
i

RM 035 - 039 X X ,

NOTES:

(1) RM-051 will be substituted for RM-062 when it is sanpling the Auxiliary Building ventilation Stack.

(2) visual flowcheck daily

|
|

|
|
!

I
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TABLE 4

g _ Radiologi_ cal Environmental Monitoring Pr.ogram _
_

*

Exposure Pathway
and/or Sample Cottection Site (1) Types of Analysis (2) Frequency

1. Direct Radiation A. Ten TLD indicator stations, Gama dose Quarterly
one control station, total
of 11.

B. An inner-ring of 16 stations, Gamma dose during site Replaced
one in each meteorological Area and General Emer- Annually
sector in the general area of gencies only.
the site boundary and within
2.5 miles.

C. An outer-ring of 16 stations, Gama dose during site Replaced
1 in each meteorological Area and General Emer- Annually
sector located outside of the gencies only,
inner ring, but no more dis-
tant th pproximately
5 miles

2. Air Monitoring A. Indicator Stations 1)Filteg)forGross Weekly
Beta (

1. 3 stations in the general
area of the Site Boundary. 2) Charcoal for I-131 Weekly

2. City of Blair 3) Filter for Gamma Quarterly
Isotopic composite of

wkly. fitrs.
B. One background station Same as A. above

,

3. Water A. Missouri River at nearest Garinna Isotopic, H 3 Monthly com-
downstream drinking water posite for
intake. Gamma Isoto-

pic Analysis

B. Missouri River downstream Quarterly
near the mixing zone. composite

fo.- H 3
Analpis i

C. Missouri River upstream of
plant intake (background).

|

4. Milk (') A. Neorest family cow when Gama Isotopic and I-131 Semimonthly ,

available or one dairy farm grating sea-
,

within 5 miles, son (May to j
october) -i

B. One dairy farm between 5 )miles and 18.75 miles.
(Background)

5. Fish A. Four fish samples within Gama isotopic Once per
vicinity of plant discharge. season (May

to October)
B. One background sanple up-

stream of plant discharge.

6. Sedimmt One sample from downstream area Gama Isotopic Semiannually I
on the station side of the
Missouri River.

\
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TABLE 4
-. . {ont,_, M )(

,
_

Radiological Environmental Monit'ErIng Pr'ogram ~ ~
~ ^ -

t

Exposure Pathway
and/or Sample Collection Site (l) Types of Analysis (2) Frequency

7. Vegetables or A. One sanple outside of 5 Genma Isotopic Once per
f ood ProdJcts miles. (Background) season (May

to October)
B. One sanple in the highest

exposure pathway.

.

r

Notes:

(1) See Table 6 for required detection limits.

(2) The Lower Limit of Detection (LLD) for analysis is defined in the ODCM in accordance with the wording of WUREG*
0472, Rev. 3, Draft 7.

(3) When a gross beta count indicates radioactivity greater than 1E-12 ACl/ml or 1 pCl/m', a gamma spectral analysis
will be performed.

(4) When milk sanples are not available, a broad leaf vegetation or pasture grass sanple shall be collected, when
available.

(5) Details of the Emergency TLD Stations are contained in Emergency Preparedness Inplementing Procedures.

m
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|

| TABLE 5
i

(
| Radiolonical Environmental Sacolina Locations and Media
,

I

| Distance From Direction
Location Location FCS Reactor Bldg. (Degrees from Airborne Airborne Surface Fresh Bottomi '

Nurnber Description (miles) (north) iPart culate lodine TLD Water Milk Sediment Fish Vegetation

1 Onsite Station No. 1,
i
- 110-meter weather tower 0.5 293* x x x

2 onsite Station No. 2,
!adjacent to old plant 0.6 208' x x x 5-

i- access road

3 Of f site Station No. 3, ,

intersection of Hwy. 75 0.8 145* x x x I,
and farm access road j i

i*

4 Blair OPPD office 3.0 303' x x x i

5 EOF Building, North Omaha {I

Power Station 17.5 157' x x x
,

6 Fort Calhoun City Hall 4.8 149' x j

7 Fence around intake gate,

|
Desoto Wildlife Refuge 2.0 101' x

'
8 Entrance to Plant Site i

from Hwy. 75 0.6 180' x i

9 NW of Plant 1.0 310* x
.

-10 WSW of Plant 0.7 250' x j

11 SE of Plant 0.9 130* x

12 Met. Utilities Dist.,
Florence Treatment Plant 17.0 156' x'

North Omaha, NE

'
13 West bank Missouri River,

t
downstream from reactor. 0.5 106' x x
building

f

14 125' upstream from intake |bldg., west bank of river 0.1 345* x x ;

|

FC/CH-00CM RO
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1

TABLE 5
(Continued)

|
' Radiological Envircrvnental Saccling Locations and Media

Distance Frcm Direction
' Location Location FCS Reactor Bldg. (Degrees from Airborne Airborne Well Fresh Bottom

Nwber Description (miles) (north) Particulate lodine TLD Water Milk Sediment Fish Vegetation

15 Smith Farm (1) 1.9 133' x

16 OPPD Onsite Well(1) 0.1 154' x

17 Heackparters Bldg.,(1) !

Desoto Wildlife Refuge 3.1 53' x

18 Miller Farm (3) 0.8 206'
(Discontinued Milk) x

19 Flynn Dairy (2) 3.4 31D* x 3

20 Mehr Dalry(1)(2)(3) 7,9 337 x x j ;
,

21 Japp Dairy (2) 6.3 219' x
4

22 Fish Sanpling Area - R.M. j
Missouri River 645.0 - x

23 Fish Sanpling Area - R.M.
|Missouri River 666.0 - x .

I

24 Legenhausen Farm 0.7 207'
(Discontinued)

25 Seltz Farm (2) 2.7 168* x

26 Vegetation (3)
(High Expos. Pthwy. for Veg.) x 4

27 Vegetation (3)
(Background) x

*

i

Notes:

(1) Sanpling not required for pathway modeling, collections performed for additional information only.

(2) When a milk sapple is not available at a location, a broad leaf vegetation sapple will be collected at that location as a substitute.,

(3) Yegetation sites chosen based on Land Use Survey and Semiannual Radioactive Ef fluent Release Repert.

FC/CH-0DCM RO
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TABLE 6
r

Detection Capabilities for Environmental Sample Analysis (1)(2M3) [
Lower Limit of Detection (LLD) .

Gross
Sarcle Units Beta M .3 Mn-54 Fe-59 Co-58. 60 2n-65 Zr-95 Nb-95 t-131 Cs-134 Cs-137 Ba-140 .i3

(Water pCi/L -- 2.0E+03 1.5E+01 3.0E+01 1.5E+01 3.0E+01 1.5E+01 1.5E+01 1.0E+00 1.5E+01 1.8E+01 1.5E+01

Fish pCi/kg -- - - - 1.3E+02 2.6E+02 1.3E+02 2.6E+02 -- -- -- 1.3E+02 1.5E+02 --

(wet)

Milk pCi/L -- -- -- -- -- -- -- -- 1.0E+00 1.5E+01 1.8E+01 1.5E+01
!

3Air pCl/m 1.0E-02 -- -- -- -- -- -- -- 7.0E-02 -- -- ->

Particu-
tate or '

Gases I

1
Sediment pCi/kg -- -- -- -- -- -- -- -- -- 1.5E+02 1.8E+02 --

'

(dry)'

IrGrass or pCi/kg -- -- -- -- - -- -- -- 6.0E+01 6.0E+01 8.0E+01 -- t

Broad Leaf (wet)
*Vegetation /

Vegetsbles !

!
. .

!

.

I
(1) This list does not mean that only these nuclides are to be considered. Other peaks that are identifiable as plant effluents,'together sith those,

of the above nuclides, shall also be anatyred and reported in the Annual Radiolcgical Environmental SurY9illance Report pursuant to Part !!,
Section 5.1. '

;

(2) Required detection capabilities for thermaltsninescent dosimeters used for envirorvnental measurements shall be.in accordance with the recommenda-
tions of Regulatorv "uide 4.13.

(3) The LLD is defined, for purposes of these specifications, as the smattest concentration or radioactive material in a sanple that will yletd a net
count, above system background, that will be detected with 95% probability with only 5% probability of falsely concluding that a blank observation
represents a "real" signal.

For a particular measurement system, which may include radiochemical separation:
i

4.66 sb
LLD =

Y - exp(-AA t )E - V - 2.22E+06 a

FC/CH-00CM RO
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i TABLE 7

Reportino tevels for Radioactivity Concentrations in Environmental Sanctesill

Sarole Units H-3 Mn-54 Fe-59 Co-58 Co-60 2n-65 Zr-95 46-95 I-131 Cs-134 Cs-137 8a-140

Water pCf/L 2.0E+04 1.0E+03 4.0E+02 1.0E+03 3.0E+02 3.0E+02 4.0E+02 4.0E+02 2.0E+00 3.0E+01 5.0E+01 2.0E+02

Fish pCi/kg -- 3.0E+04 1.0E+04 3.0E+04 1.0E+04 2.0E+04 -- -- -- 1.0E+03 2.0E+03 --

(wet)

Milk pcl/L -- -- -- -- -- -- - -- 3.0E+00 6.0E+01 7.0E+01 3.0E+02 |
3Air pCi/m -- -- -- -- -* -- -- - - - 9.0E-01 -- -- -- *

Particulate
t

or Gases i

Grass or pCi/kg -- -- -- -- -- -- -- -- 1.0E+02 1.0E+03 2.0E+03 --

Broad Leaf (wet) !
Vegetation /

;Vegetables j
.

!

<

|
'

j, .

,

4

'

1

|

'(1) A Non-routine report shall be sutnitted when more than one of the radionuclides listed above are detected in the sappling medium and:-

,

Concentration (1) + Concentration (2) + - - - - - 1 1.0
Reporting Level (1) Reporting Level (2)

When radionuclides other than those listed above are detected and are the result of plant effluents, this report shall be sutnitted if he poten-
tial annual dose to a member of the general public is equal to or greater than the dose objectives of Part II, Section 1.1 and 1.2. This report
is not required if the measured level of radioactivity was not the result of plant effluents; however, in such an event, the condition shall t'e
reported and described in the Annual Radiological Environmental Operating Report.

t

|

|

| FC/CH 00CM R0
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PART III
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RADIOLOGICAL EFFLUENT RADIATION MONITOR CALCULATIONS
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1.0 EFFLUENT MONITOR SETPOINTS |

. O'
__ __ _

1.1 Licuid Ef fltients ~ ~~~ - -~ ~ ~ "~

.

There are two liquid discharge pathways to the Missouri River.
These pathways originate with the radioactive liquid waste ;

processing system (monitor or hotel tanks) and the steam :
generator blowdown system. Both of these pathways empty into I

the circulating water system which discharges to the Missouri i

River (see Figure 1) . Figure 2 depicts the liquid discharge
pathways and associated radiation monitors. Figure 3 depicts
the methods of liquid effluent treatment. A detailed discussion
of the liquid effluent treatment system is presented in
Section 2.1.

The flowrate for dilution water varies with the number of
circulating water pumps in service and with the operation of the
warm water recirculation. Some warm water from the condenser
outlet is diverted from the circulating water discharge to
upstream of the intake structure to help prevent ice from
forming on the circulating water pump intakes during winter
months. The varying dilution flowrate is accounted for in the
dilution calculations for monitor tank and stream generation
releases.

Alarm setpoints shall be established for the liquid effluent
monitoring instrumentation to ensure that the concentration of
radioactive material released in liquid effluents'to
unrestricted areas shall be less than the concentrations
specified in 10 CFR 20, Appendix B, Table 2, Column 2.

Cs-137 is the most abundant radionuclide in liquid effluent
streams and is used to calibrate the liquid effluent monitors.

O
FC/ODCM R0
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)
'

1.2 Liouid Effluent Radkat[on Monitors--- "- - -

-

.

1.2.1 Steam Generator Blowdown Monitors (RM-054A and B) !

These process radiation detectors. monitor the flow through
the steam generator blowdown lines and automatically close. 1

the blowdown isolation valves if the monitor high alarm
,

setpoint is reached. The high alarm setpoint calculations
are based on controlling the discharge-at 10 CFR 20 limits
of 1.0E-07 pCi/ml for unrestricted areas.

,

The following calculations for maximum concentration and
alarm setpoints are valid when steam generator blowdown is ,

the only liquid release pathway. For simultaneous
radioactive liquid releases of steam generator blowdown and
monitor tank discharge, refer to Section 1.5.1.

1

The maximum allowable concentration in the blowdown line is I

calculated as follows:
!

(1.0E-07 pCi/ml) (X ) !o.A, = >

,
,

f

- Where:
~

!

1.0E-07 mci /ml - 10 CFR 20 Limit for unidentified radionuclides at
site discharge (I-129, Ra-226 and Ra-228 are not !

present).

Total dilution flow in the discharge tunnelX -
:o

(gpm). (Normal flow is based on 1 circulating '

water pump at 120,000 gpm. Other flowrates may
be used, as required.)

Blowdown flow rate (gpm). (Normal blowdown flowYo =

rate is based on 2 transfer pumps with a design-
flow of 135 gpm'each, 270 gpm total. Other flow
rates may be used, as required.)

<

76 - Maximum allowable blowdown concentration
(#Ci/ml). )

|

!

i

l

i
,

FC/ODCM R0
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1.0 EFFLUENT MONITOR SETPOINTS (Continued) ,

p[. -- . . . _
'

(,, 1.2.1 The ' high ~ alarm setpoint -(CPM) - -

.

.85 [ (S ) (A,) + B-] [f

Where:
,

.85 = Correction factor for instrument meter
error.

,

Detector sensitivity factor (CPM /pCi/ml).Sr =
,

(Sensitivity based en Cs-137).
|

Maximum allowable blowdown line activityAo
'-

(pCi/ml) . -

B Background (CPM).=
,

Setpoints may be recalculated based on adjusted
dilution flow and adjusted blowdown flow.

An alert setpoint will be chosen at a value below the
alarm setpoint so that significant increases in '

activity will be identified prior to automatic
actuation of-the blowdown isolation valves.

1.2.2 Overboard Discharge Header Monitor (RM-055 or RM-055A)
:

This process radiation monitor provides control of the
-

a
waste monitor tank effluent by monitoring the' overboard
header prior to its discharge into the circulating water
discharge tunnel. The concentration of activity at ;

discharge is controlled below the 10 CFR 20 limit of
1.0E-07 pCi/ml for unrestricted areas for unidentified
isotopes by the high alarm setpoint which closes'the i

overboard flow control valve.
I

The following calculations for maximum concentration and
alarm setpoints are valid when Monitor Tank discharge is
the only liquid release pathway. For simultaneous
radioactive liquid releases of monitor tank discharge and *

'

steam generator blowdown, refer to Section 1.5.1'.

t

i

I

!
,

O
FC/ODCM RO
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!
1.0 EFFLUENT MONITOR SETPOINTS (Continued) ;

.:-..--. ;

O~ 1.2.2 'The maximum" allowable con ~ centration-in the overboard |
discharge header is:

'
~

( 2 . OE-07 Ci/ml) (X,)
A, = ;7O

!

Where:
s

1.0E-07 mci /ml= 10 CFR 20 Limit for unidentified !

radionuclides at site discharge-(I-229, :

Ra-226 and Ra-228 are not_present). >

k

X, = Total dilution flow in the discharge tunnel I

(gpm). (Normal flow is based on
'

1 circulating water _ pump at 120,000 gpm. ;

Other flowrates may be used, as required.) ;
'

Maximum monitor tank discharge flow-rate IYo =

(gpm). (Normal monitor tank maximum flow
is 50 gpm. Other flow rates may be used,

,

as required.)
.i

Maximum allowable activity in dischargeA =o
header (pCi/ml). ,

:

!

!

!

!

i

!

!

I
;

O :

;
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~ 1 '. 0 EFFLUENT MONITOR SETPOINTS (Continued)
~

. O~ 1.2.2 ~The high alarm ~setpoi$t (CPM)~= - - - !
;
1

.85 [ (S ) (A,) +B] '

f
!

!
:

Where: .i
-!

.85 - Correction factor for instrument meter i
error. ,

Detector sensitivity factor (CPM /pCi/ml).Sr -
,

(Sensitivity based on Cs-137).

Maximum allowable concentration inAo -

discharge header (pCi/ml). |
i

B Background (CPM).=

An alert setpoint will be chosen at a value below the alarm
setpoint so that significant increases in activity will be' .

identified, prior to automatic actuation of the overboard
,

flow control valve.

i

.

t

i

I

i

!

|

|

|

l

'1

1

'

.

;
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;

1.0 EFFLUENT MONITOR SETPOINTS (Continued)

0' 1.3 Gaseous Effl'uents -
-- -~ -

,

The gaseous effluent monitoring instrumentation forLcontrolling
and monitoring normal radioactive material releases in accordance ;

with 10 CFR 20, Appendix B, Table 2, Column 1 limits for
~

unrestricted creas (see Figure 1), are summarized as follows: ,

!
A. Auxiliary Buildino - The Auxiliary Building Exhaust

,

'

Stack receives discharges from the waste gas decay .

tanks, containment purge, containment vent systems and !
the auxiliary building ventilation system. Effluents ;

are monitored by RM-062, a noble gas activity monitor.
Additionally, noble gas activity monitor, RM-051, |

provides redundant back-up monitoring capabilities to *

the RM-062 monitor. Iodine monitoring and sampling ;

capabilities are provided by RM-060. Particulate i

monitoring is provided by RM-061. Redundant >

particulate monitoring is provided by RM-050. ~!

Ventilation Isolation Actuation Signal (VIAS) is !

actuated by exceeding a monitor's alarm setpoint. ;

Actuation of VIAS will isolate releases from !

containment and waste gas decay tanks. The Auxiliary
Building Exhaust fans will remain in operation.

() .
B. Laboratory and Radioactive Waste Process-ing Buildina

(LRWPB) - Noble gas, iodine, and particulate |
monitoring is provided by Radiation Monitors RM-043, !

RM-042, and RM-041, respectively. These radiation
monitors do'not serve a control function. i

;

C. Condenser Off-Gas Monitors - Noble gas activity is
monitored by RM-057. The condenser off-gas is ,

discharged directly to the environment. Exceeding the ;

high alarm setpoint on RM-057 will activate isolation
,

of main steam to the Auxiliary Steam System. :

A gaseous radioactive waste flow diagram with the applicable,
associated radiation monitoring instrumentation and controls is

;
presented as Figure 4. The gaseous waste disposal system is. i

presented in Figure 5. A detailed discussion of the gaseous- ;

effluent treatment system is presented in Section 2.2. '

!.

!

l
r

,
,

FC/ODCM 'R0
^
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:
_1.0' EFFLUENT MONITOR SETPOINTS (Continued)

_ 1.4 Gaseous Effluent'Radi tion Monitors- -
-

,
'

1.4.1 Auxiliary Building Exhaust Stack Particulate Activity
,

Monitor (RM-061/RM-050) '

:

Either of these monitors may be used to measure airborne
particulate activity in the exhaust stack. The detector is
located adjacent to a section of moveable filter paper on a

,

capstan drive. The monitor alarm setpoint;is based on 10
CFR 20 limits of 1.0 E-10 mci /cc at the site boundary.

The following calculations for maximum release rate and
alarm setpoint are valid when the. Auxiliary Building i

Exhaust Stack is the only gaseous release pathway. For
simultaneous gaseous releases from Auxiliary Building
Exhaust Stack, condenser off-gas, and the LRWPB Exhaust
Stack, refer to Section 1.5.2. The maximum allowable
release-rate for stack particulates is calculated as
follows:

(1. 0E-10 pCi/cc) (1. 0E+06 cc/m ) = 2. 0E+01 pCi/sec3

(5.0E-06 sec/m )3

- Where:
_

1.0E-10 Ci/cc = 10 CFR 20 Limit at site
boundary for unidentified
isotopes.

5.0E-06 sec/m8 Annual average dispersion=

factor at the site boundary.

1.0E+06 cc/m* Constant of unit conversion.=

The high alarm setpoint (CPM):

( 2 . 0 E+ 01 ) (S,.) (F,) ( T)Setpoinc = .85 [ +B1(F )y

O
FC/ODCM R0
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,

1.0 EFFLUENT MONITOR SETPOINTS (Continued)

O, _ . _ _ ._.

1.4.1 Wherer - ~-~ - -- '-
-

'
,

Correction for instrument meter error..85 =

.

'

Detector sensitivity factor (CPM /pCi).Sr -

(Sensitivity based on Cs-137). ;
i

Monitor sample flow rate (SCFM) .F. =

Effective monitor response time (sec).T =

Auxiliary Building Exhaust stack flow rateF '
=y

(SCFM). (Default maximum flow rate is '

122500 cfm for 3 Auxiliary Building exhaust
fans and 2 containment purge fans in
operation- Other flow rates may be used,

,

as requirud.) ,

Background (CPM). ;B =

An alert setpoint will be chosen at a value below the alarm
setpoint so that significant increases i.n activity will be
identified, prior to exceeding the alarn setpoint.

-
.

,

!

!
i

.

.

>

O
FC/ODCM R0
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i

1.0 EFFLUENT MONITOR SETPOINTS _(Continued) !

D. ;

1.4.2 ' Auxiliary Building Exhaust' Stack ~ Gaseous Activity Monitor i

(RM-062/RM-051)

Either of these monitors may be used to measure gaseous
activity in the exhaust stack. The gas is monitored after ;

passing through a particulate filter. The-monitor controls !
gaseous activity releases so that the 10 CFR 20 limit for- j
the unrestricted areas of 3.0E-07 pCi/cc, based upon i

Xe-133, is not exceeded. The Ventilation Isolation
Actuation Signal is initiated when the high alarm setpoint. ;

is reached. t

'

The following calculations for maximum release rate and
alarm setpoint are valid when Auxiliary Building Exhaust *

Stack is the only gaseous release pathway. For
simultaneous gaseous releases from Auxiliary Building
Exhaust Stack, condenser off-gas and the LRWPB Exhaust
Stack, refer to Section 1.5.2. j

ite maximum allowable release rate for stack gaseous
activity is calculated as follows: j

l
(3. 0E-07 pCi/cc) 3x (1. 0E+06 cc/m ) = 6. 0E+04 pCi/sec

3(5.0E-06 sec/m )

Where:
7

i
3.0E-07 pCi/cc = 10 CFR 20 Limit at site boundary [

(based upon Xe-133). !

!

5.0E-06 sec/m8 Annual average dispersion factor at ;-

the site boundary.

1.0E+06 cc/m* Constant of unit conversion.
,

=

t

The high alarm setpoint (CPM):

(6 . 00E+ 04 ) (S ) (60)p ..

Se tpoin t = . 8 5 [ +B] *

( F,) (28317)
;

;

!

'

!

:

FC/ODCM R0
:

!
. - _ _ . - - _ . - _ _ _ . _ _ , _ _ _ _ __ -



- . . - . _ - = . - - - - _ -- - , . .
,

!

!
FORT CALHOUN STATION CH-ODCM-0001 I
CHEMISTRY PROCEDURE PAGE 55 OF 125 !

!
1.0 EFFLUENT MONITOR SETPOINTS (Continued) !

_. __ _ _ . ._. ,

1.4.2 Wheret- - ^- ~' ~ ~ - - ~

'
i
I

.85 - Correction for instrument meter error. [
i

Sr Detector sensitivity factor (CPM / pCi/cc).=

(Sensitivity based on Xe-133) .;

60 = Conversion (seconds to minutes). !
!

28317 - Conversion factor (ft* to cc). '

!

Auxiliary Building Exhaust stack flow rateFv =

(SCFM). (Default maximum flow rate is
122500 cfm for 3 Auxiliary Building exhaust '

fans and 2 containment purge fans in !
operation. Other flow rates may be used,

'

,

as required.) |
!B= Background (CPM). :

!

An alarm setpoint will be-chosen at a value below the alarm- !
setpoint so that significant increases in activity will be i

identified, prior to actuation of VIAS. i

!
I1.4.3 Auxiliary Building Exhaust Stack Iodine Activity Monitor

(RM-060)

RM-060 monitors the gaseous waste discharged from the !
exhaust stack for Iodine-131 activity by continuously j
counting a charcoal' cartridge and pre-filter through which - !

a sample of exhaust stack air is passing at a known rate.
,

The monitor alarm setpoint is based on the 10 CFR'20 limit [
for Iodine-131 at the site boundary. |

!
The following calculations for maximum release rate and !

alarm setpoint are valid when Auxiliary Building Exhaust i

Stack is the only gaseous release pathway. For '

simultaneous gaseous releases from Auxiliary Building |
. Exhaust Stack, condenser off-gas and the LRWPB Exhaust ;
*

Stack, refer to Section 1.5.2. ;

!
'

.

.

.

!

: C)
.
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1.0 EFFLUENT MONITOR SETPOINTS- (Continued) :

0~"

1.4.3 The maximum allowable relTase rate-for stack-iodine is
calculated as follows:

*

(1.0E-10 Ci/cc) 3x (1. 0E+ 06 cc/m ) = 2 . 0E+ 01 p Ci/sec
3(5. 0E-06 sec/m )

i

Where: j
1.0E-10 pCi/cc = 10 CFR 20 Limit at site boundary f

(based upon I-131).
!
;

Annual average ' dispersion factor at5.0E-06 sec/m2 =

site boundary.

1.0E+06 cc/m' Constant of unit conversion. |=

'"

The high alarm setpoint (CPM):

. (2 . 0E+ 01) (S ) (F,) (T) (E) !g
Setpoint = . 85 [ +B] !

(F ) ;v
!
!

|
Where: !

() .85 = Correction for instrument meter error.2

Detector sensitivity factor (CPM /pCi).Sp =
4

; (Sensitivity based on I-131)
,

Monitor sample flow rate (SCFM). |F. -

Effective monitor response time (sec).T =

Auxiliary Building Exhaust stack. flow rate fF -y

(SCFM). (Default maximum flow rate is. j
122500 cfm for 3 Auxiliary. Building exhaust
fans and 2 containment purge fans in
operation. Other flow rates may be used,
as required.)

Charcoal filter collection efficiency.E =

Background (CPM).B =

An alert setpoint will be chosen at a value below the
alarm setpoint so that significant increases in,

activity will be identified.

O.

FC/ODCM R0

|
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1 1.0 EFFLUENT MONITOR SETPOINTS (Continued) |
, _

. _ _ _ _ . . '[___

. s 1.4.4 Condenser-~ Air 1jector Monitor (RM-057) - '

This monitor is located in the turbine building and
monitors the condenser off-gas. The purpose of this .!monitor is to monitor the condenser off-gas discharges so |
that the 10 CFR 20 limit'for unrestricted areas of I

3.0E-07 pCi/cc, based upon Xe-133, is not exceeded. j
i

The following calculations for maximum release rate and ;

alarm setpoint are valid when condenser off-gas is the only j
gaseous release pathway. For simultaneous gaseous releases '.

from condenser off-gas, Auxiliary Building Exhaust Stack,
,

and the LRWPB Exhaust Stack, refer to Section 1.5.2.

The maximum allowable release rate for condenser air
ejector monitor is as follows: ,

(3.0E-07 pCi/cc) 3x (1. 0E+06 cc/m ) = 6. 0E+04 p Ci/sec
3(5.0E-06 sec/m )

!
Where:

.-

3.0E-07 pCi/cc 10 CFR 20 Limit at site=

boundary (based upon Xe-133). |

5.0E-06 sec/m> Annual average dispersion=

factor at the site boundary.

1.0E+06 cc/m2 Constant of unit conversion.=

The high alarm setpoint (CPM): 1

(6 . 00 E+ 04 ) (S,.) (60)
Se tpoin t = . 85 l +B ] I(F ) (28317)y

.|*

1

i

!

;

'

O
4
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1.0 EFFLUENT MONITOR SETPOINTS (Continued) :

O'
f

1.4.4 Wherer -
~ ~ ~ ~ ~ ~ - ~ "-

.-

;

.85 Correction for instrument meter error.-
.

t

Sr Detector sensitivity factor [
-

(CPM /9Ci/cc). (Sensitivity based on
_

Xe-133) ' '

60 Conversion (seconds to minutes). !
=

i
28317 Conversion factor (ft' to cc).=

,

Vent stack flow rate (SCFM). Default !Fy =

maximum flow rate is 4755 scfm (3
vacuum pumps in hogging mode. Other- - ['
flow rates may be used, as required.)

B Background (CPM).=

;

'
An alert setpoint will be chosen at a value below the alarm
setpoint so that significant increases in activity will be ..

. identified, allowing time for corrective actions prior to !
'

exceeding the alarm setpoint and tripping of the auxiliary
steam supply valve, RCV-978.

: O ~

>
.

-

N

'

1

!
I'

.

p

!

O i

FC/ODCM R0
'
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;

1.0 EFFLUENT MONITOR SETPOINTS (Continued) '|
. . - . . . . _ . . . .

~

1.4.5 LaboratoryTand'11adioactive Waste' Processing- Buildingr
(LRWPB) Exhaust Stack Particulate Activity Monitor (RM-041)

i

This monitor is used to measure airborne particulate .|
activity in the LRWPB exhaust stack. The detector is !
located adjacent to a removable filter paper. The monitor- .

alarm setpoint is based on 10 CFR 20 limits of
1.0E-10 pCi/cc at the site boundary. |

The following calculations for maximum release rate and
alarm setpoint are valid when LRWPB Exhaust Stack is the i
only gaseous release pathway. For simultaneous gaseous- .!
releases from Auxiliary Building Exhaust Stack, condenser. !

off-gas, and the LRWPB Exhaust Stack, refer to '

Section 1.5.2.
i

The maximum allowable release rate for stack particulates
is calculated as follows:

I
(1.0E-10 pCi/cc) 3x (1. 0E+06 cc/m ) = 2 . 0E+01 p Ci/sec
(5. 0E-06 sec/m )3

.

!

.
Where:

,

1.0E-10 mci /cc = 10 CFR 20 Limits at site j
boundary for unidentified ;

'
isotopes. |

5.0E-06 sec/m* = Annual average dispersion
factor at the site boundary. |

'
,

1.0E+06 cc/m* Constant of unit conversion.
~

=

The high alarm setpoint (CPM):
- |!

t

(2 . 0E+ 01) (S,.) (F) (T)Se tpoin c = . 85 [ +B] ,

(F )y
,

!
t

:
i

i

O :
.

FC/ODCM RO I
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)
. . . _ _ __ _

1.4.5 Wherer - - - -~ - -- -

.

.85 Correction for instrument meter error.-

! Sr Detector sensitivity factor (CPM /pCi).=

(Sensitivity based on Cs-137).

Monitor sample flow rate (SCFM).F. -

T Effective monitor response time (sec).=

,

F LRWPB Exhaust stack flow rate (SCFM) .=y

(Default maximum flow rate is 28700
cfm. Other flow rates may be used, if '

required.) '

,

B Background (CPM).=

An alert setpoint will be chosen at a value below the alarm ;

setpoint so that significant increases in activity will be
identified, prior to exceeding the alarm setpoint.

'!This monitor alarms in the Control Room. There are no
automatic control functions associated with the actuation
of the alarm. '

,

i
i

L

!

a

i

!

!

|
1

'

f

.

i

.FC/ODCM RO |

|
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1
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

-0' Laboratoryandkadioactive-Waste" Processing-Building1.4.6 ;

Exhaust Stack Iodine Activity Monitor (RM-042)

RM-042 monitors the gaseous waste discharged from the LRWPB
for Iodine-131 activity by continuously counting a charcoal

ifilter cartridge through which a sample of LRWPB exhaust !
air is passing at a known rate. The monitor alarm setpoint !is based on the 10 CFR 20 limit for Iodine-131 at the site ;

boundary.
j
.

The following calculations for maximum release rate and
alarm setpoint are valid when LRWPB Exhaust Stack.is the ,

only gaseous release pathway. For_ simultaneous gaseous
releases from Auxiliary Building Exhaust Stack, condenser

,

off-gas, and the LRWPB Exhaust Stack, refer to
Section 1.5.2.

'.
The maximum allowable release rate for stack iodine is
calculated as follows:

(1. 0E-10 pCi/cc) x (1. 0B+06 cc/m ) = 2. 0E+01 pCi/sec3 '

(5. 0E-06 sec/m )3 '

Where:
-

1.0E-10 pCi/cc = 10 CFR 20 Limit at site
boundary (based upon I-131). ;

.,

35.0E-06 sec/m Annual average dispersion I-

factor at the site boundary.

31.0E+06 cc/m Constant of unit conversion.-

The high alarm setpoint (CPM):

(2 . 0E+ 01) (S,.) (F) - ( T) (E).

Se tpoin t = . 85 [ +B) |(F ) 9y

i

O
.

FC/ODCM R0

i
i
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1.0 EFFLUENT MONITOR SETPOINTS (Continued) '

~

1.4.6 WhereT" ' ~~~ ~^ " - - -

|

.85 - Correction for instrument meter error.

Detector sensitivity factor-(CPM /pCi).Sr =

(Sensitivity based on I-131)

Monitor sample flow rate (SCFM). ;F. =

Effective monitor response time (sec). !T =

LRWPB Exhaust stack flow rt.te (SCFM).Fy =

(Default flow rate is 28700 cfm. Other
flow rates may be used, if required.)

Charcoal filter collection efficiency. ;E =

D Background (CPM).=
.

An alert setpoint will be chosen at a value below the alarm
setpoint so that significant increases in activity will be
identified.

r

This monitor alarms in the Control Room. There are no :
automatic control functions associated with the actuation !

( of the alarm. .

:

1.4.7 Laboratory and Radioactive Waste Processing Building *

Exhaust Stack Gaseous Activity Monitor (RM-043)
.

RM-043 is located in the Radwaste Building and samples the
LRWPB Exhaust Stack. The monitor alarm setpoint is based
on the 10 CFR 20 limit for Xe-133 at the site boundary. ;

|
The following calculations for maximum rF ase rate and I
alarm setpoint are valid when the LRWPB-Exnaust Stack is
the only gaseous release pathway. For simultaneous gaseous |
releases from condenser off-gas, Auxiliary Building Exhaust
Stack, and the LRWPB Exhaust Stack, refer to Section 1.5.2. !

The maximum allowable release rate for RM-043 is'as
follows-

r

(3. 0E-07 p Cl/cc) ^
3x (1.0E+06 cc/m ) = 6.0E+04 pCl/sec

( 5. 0E-06. sec/m3 )

.

O
FC/ODCM. 'R0 ,
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

O_.
- ~ . .

1.4. 7 Wherer -
~ ~ - " - -- ' - -

3.0E-07 pCi/cc = 10 CFR 20 Limit at site
boundary (based upon Xe-133).

5.0E-06 sec/m* = Annual average dispersion
factor at the site boundary.

1.0E+06 cc/m' Constant of unit conversion.=

The high alarm setpoint (CPM):

. ( 6 . 0 0E+ 04 ) (S ) (60)y
Setpoin t = . 85 [ +B](F ) (28317)y

Where:

.65 = Correction for instrument meter error.

Detector sensitivity factor (CFM/yCi/cc).Sr =

(Sensitivity based on XE-133)

Conversion (seconds to minut'es).60 -

28317 = Conversion factor (ft* to cc).

Fy LRWPB Exhaust stack flow rate , (SCFM) .=

(Default flow rate is 28700 cfm. Other flow
rates may be used if required.

Background (CPM).B =

An alert setpoint will be chosen at a value.below the alarm
setpoint so that significant increases in activity will be
identified.

This monitor alarms in the Control Room. There are no
automatic control functions associated with the actuation
of the alarm.

O
FC/ODCM R0
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t

1.0 EFFLUENT MONITOR SETPOINTS (Continued)
-

Simultaneous-ReleasbPathways1.5 ~ ~ ~ ' -
-

~

1.5.1 Liquid Release Pathways

The liquid radiation monitors (RM054A and B, RM055, and
RM055A) control liquid releases so that 10 CFR 20 limits of
~1.0E-07 pCi/nd for unidentified isotopes in unrestricted.
areas are'not exceeded. There are two liquid release
pathways that contribute to the concentration at discharge
to unrestricted areas. These are Steam Generator Blowdown
and Monitor Tank Overboard Discharge Header. When more
than one pathway is utilized for radioactive releases,.it i

is-necessary to adjust the alerm setpoints given in
Section 1.2 so that unrestricted area' concentration limits
are not exceeded.

,

The calculations for the alarm setpoints for the liquid
effluent monitors will be adjusted as follows:

A,= K A +KAo o 1 1

K (1. 0E-07 pCi/ml) (X ) K (1. 0E-07 pCi/ml) (X )
'

_ 1o o o,

Y Yo 1

Where:

A, = Sum of individual maximum allowable ;

concentrations for Steam Generator and Monitor
Tank prior to dilution for simultaneous liquid
releases - (pCi/ml)

'

Maximum allowable concentration in SteamAo =

Generator blowdown Line (pCi/ml)

3 Maximum allowable concentration in MonitorA =

Tank Discharge Line (pCi/ml)
;

Proportionality constantLfor Steam GeneratorKo -
.,

(See Table 1) |

Kt Proportionality constant for Monitor Tank (See=

Table 1)
,

Total dilution flow in Discharge Tunnel (GEM) .Xo

|i
-

!
'

;

FC/ODCM R0 - |
!
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)
-

1. 5.1 ~ Wherer - --- - - -

Yo - Steam Generator Blowdown flowrate (GPM)

Yi = Monitor Tank Discharge flowrate (GPM)

The High Alann Setpoint for Steam Generator Blowdown
monitors, RM054A and B, will then be:

Alarm Setpoint (CPM) = . 65 ( K 5,., A +B)o o o

The High Alarm Setpoint for Monitor Tank Discharge
monitors, RM055 and SSA, will then be:

Alarm Setpoint (CPM) = . 85 [K S A +B]1 n 1 1

Where:

Detector Sensitivity factor for RM054A/B,Sro =

CPM / (pCi/ml) , based on Cs-137.

Detector Sensitivity factor for RM055/55A,Sri =

CPM / (pCi/ml) , based on Cs-13.7.

Maximum allowable concentration inAo =

SG Blowdown line. (pCi/ml)
1

Maximum allowable concentration inAi =

MT Discharge line. (pCi/ml)

RM054 A or B background countrate. (CPM)Bo =

.

Bi RM055 or 55A background countrate. (CPM)'=

Where:

K, K3 Proportionality constants. See Table 1.-

O.

4

i'

FC/ODCM R0'
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

. 0 1.5.2 ' Gaseous Rele$se 5bthway -- --
-

The gaseous radiation monitors (RM041, RM042, RM043, RM057,
RM060, RM061, and RM062) control gaseous releases so that

|10 CFR 20 limits of 3.0E-07 pCi/cc .for gases and 1.0E-10 t

Ci/cc for iodines and particulates in unrestricted areas j
are not exceeded. There are three pathways that contribute
to the concentration at site boundary. These are the
Auxiliary Building Exhaust Stack, Condenser Off-gas, and
the LRWPB Exhaust Stack. When more than one pathway is
utilized for radioactive releases, it is necessary to

,

.

adjust the alarm setpointo given in-Section 1.4 to ensure
,

that unrestricted area concentration limits are not- '

exceeded. i

The calculations for the alarm setpoints for the gaseous :
effluent monitors will be adjusted as follows:

:

The maximum allowable release rates for simultaneous
releases is:

.

Conc'M x. Release Ra te = } KR =} Ka >1 1 g
X|01.o 2-o

0 _

Where:

RM061/RM050 release rate ( Ci/sec)R =o

R3 RM062/RM051 release rate (pCi/sec)-

R2 RM060 release rate (pCi/sec)-

RM057 release rate (pCi/sec)R3 =

R4 RM041 release rate (pCi/sec)=

R5 RM042 release rate (pCi/sec) i
-

R6 RM043 release rate (pCi/sec) |
=

.|

Ko - K6= Proportionality constants. See Table 1.

1

Conci = Radionuclide concentration for the monitor of |,

interest. !

I
i
>

)

FC/ODCM R0
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)
~

1.5.2 The maximum release rate-is thenr - -

, .

K (1. 0E-10 pCi/cc) K (3. 0E-07 Ci/cc) K (1.0E-10 pCi/cc)o 1 2[ . '

5. 0E-06 sec/m' 5. 0E-06 sec/m' 5. 0E-06 sec/m3

K (3.0E-07 pCi/cc) K (1. 0E-10 pCi/cc) K (1. 0E-10 - pci/ cc)3 4 s.

5. 0E-06 sec/m3 5. 0E-06 sec/m3 35. 0E-06 sec/m

K, (3. OE-07 pCi/cc)
x. Release Rate=

-

5.0E-06 sec/m3
a

The alarm setpoints for the gaseous effluent monitors
will then be:

( +01) (S ) (?,) (T).

RM061/5 0 = . 8 5 [ K, +B}7

F} $005*
' RM062/51 = . 85 [K +331 F (28317)

~

v

(2. 0 E+01) (S ) (F,) (T) (E)7RM06 0 = . 85 [ K2

(6. 0 B+04 ) (S ) (60)7RM057 = . 85 [ K3 (P ) (28317)v

01) (S ) (F,) (T). yRM041 = . 85 [ K,
(F )v

01) (S ) (F,) (T) (E). p 'RM042 = . 85 [ K +B]5 (7 )
|

|

' 0 ") ( r) (00) I
RM043 = . 8 5 [ K, +33(P ) (28317) jy

i
!

FC/ODCM RO
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

O, - . . , . __

1.5.2 Wherei- ~ ' ~ '- -" "~ ~ ~

Correction factor for instrument meter.85 -

error.

Proportionality contents. SeeKo * K =6
,

Table 1. -

Detector sensitivity factor.Sr -

Monitor sample flow rate.Fs -

Effective monitor response time.T =

Charcoal filter collection efficiency.E -

,

Fv Vent stack flowrate. (Condenser !=

off-gas flowrate for RM057, LRWPB
Exhaust stack flow rate for
RM041/42/43, Auxiliary Building .
Exhaust Stack flow rate for RM061/50,
62/51 and 60).

Monitor background count rate.B =

Constant of unit conversion60 -

(60 sec/ min). !

,

V

P

5

,

p

O |
,

4

FC/ODCM RO
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TABLE 1

Proportionally Constants for' Simultaneous Release Pathways-
~

,

a. Liquid Effluents Ko + Ki 51

Ko = .30 RM054A/B

Ki .70 RM055/55A=

b. Gaseous Effluents St Ki s1

Ko = .05 RM061/50

Ki .40 RM062/51=

K2 .35 RM060=

K3 .05 RM057=

K4 .05 RM041=

K5 .05 RM042=

K6 .05 RM043=

The constants are based on prior knowledge and may be updated as
ONOTE:necessary to provide for plant operations.

-

,

s

s

'

<

3

O.

z
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2.0 - RADIOACTIVE WASTE TREATMENT SYSTEM

2.1 Lfauid Radwaste' Treatment Shstem~~ ~
-

'

The major equipment or subsystem (s) of the liquid radwaste
treatment system are comprised of the waste filters, monitor
tanks,'and evaporator. This equipment, including associated
pumps, valves and piping, is used in different combinations on an
as-needed basis to process the liquid effluent to provide
compliance with the as low as is reasonably achievable philosophy
and the applicable section of 10 CFR Part 20. The liquid
radwaste treatment system is described in Section 11.1.2 of the
USAR. For effluent release points and monitor locations refer to
P&ID's 11405 M-100, M-9 and M-8.

A filtratisn/lon exchange (FIX) system may be utilized for
processing liquid radwaste in_the event the waste evaporator is
not in service. The system consists of a booster pump, charcoal
pretreatment filter, and pressure vessels containing
organic / inorganic resins, which can be configured for optimum
performance. The effluent from the FIX system is directed to the
monitor tanks for release.

Waste filters (WD-17A and WD-17B) are used only on those
occasions when considered necessary, otherwise the' flows from the
low activity fluids may bypass the filters. No credit for
decontamination factors (iodines, Cs, Rb, others) _ as taken forw() these filters during the Appendix I dose design objective
evaluation; therefore, the inoperability of these filters does-
not affect the dose contributions to any individual in the
unrestricted areas via liquid pathways. The inoperability of
waste filters will not be considered a reportable event in
accordance with Part II, Section 2.1.

Every effort will be made to process all liquid waste, except
from the hotel waste tanks, through the evaporator or FIX before |

entering the monitor tanks. If the radioactive liquid waste is
discharged without processing and it appears that 1/2 of the
annual objective will be exceeded during the calendar quarter, a
special report shall be submitted to the Commission pursuant to
Part II, Section 2.1.

The quantity of radioactive material contained in each
unprotected outdoor liquid holdup tank shall not exceed :
10 curies, excluding tritium and dissolved or entrained noble
gases.

!

FC/ODCM kg
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2.0 RADIOACTIVE WASTE TREATMENT SYSTEM |
t

2.2 Gaseous Radwaste~ Treatment System ~ -~ -

The waste gases at Fort Calhoun Station are collected in the vent
header where the gas compressors take suction, compress the gas
and deliver it to one of the four-gas decay tanks. The waste
gases are treated in these gas decay tanks by holding the gases.
for radioactive decay prior to final controlled release to the
environs. In order to provide conformance with the dose design
objectives, gas decay tanks are normally stored for approximately
30 days, with earlier release allowed to support plant operation
only, and thus achieve decay of short half-life radioactive
materials, e.g., I-131, Xe-133. If the radioactive gaseous
wastes from the gas decay tanks are discharged without processing
in accordance with the above conditions, a special report
shall be submitted to the Commission pursuant to Part II,
Section 2.2.

The radioactive effluents from the controlled access area of the
auxiliary building are filtered by the HEPA filters in the
auxiliary building ventilation system. If the radioactive
gaseous wastes are discharged without the HEPA filters, a special
report shall be submitted to the NRC pursuant to Part II,
Section 2.2.

The discharge from the gas decay tanks is routed through charcoal
.O and HEPA filter unit VA-82. No credit was taken for the

operation of hydrogen purge filters during the Appendix I dose
design evaluation and doses through the gaseous pathways were
well below the design objectives. The unavailabilitylof hydrogen
purge filters will not be considered a reportable event as per
Part II, Section 2.2.

The containment air is processed through at least one of the
redundant containment HEPA and charcoal filters in the
Containment air Cooling and Filtering Units prior to purging. If
the containment purges are made without processing through one of
the Containment Air Cooling and Filtering Units, a special report
shall be submitted to the Commission pursuant to Part II,
Section 2.2.

The gaseous radwaste treatment system is described in
Section 11.1.3 of the USAR. For effluent release points and
monitor locations refer to P&ID's 11405-M-1 and M-261.

.

O

FC/ODCM R0
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Figure 1
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m m,vn ,

AUXILIARY SYSTEM ~~ REACTOR CDOLANT'~ JiOTEL ~ WASTE
PROCESS WASTE WASTE

Floor Drains CVCS Bleedoff Laundry Waste
Sump Flows Equipment Drains Shower Drains

RC Loop Drains

)? )[ ) f

mo. . n,
,

Spent (Regenerant '
; Waste

Hot elHoldupm TanksTanks
(' ') ^ Tanks: 1000 Gal ~ .5.330 Gal.

,, _J , ,

45,600 Gal.
|-

_
,

!
#

\f f

,
Waste Filters \/
50 Microns

/]
|

Demineralizer
Vessels

"

000'00'
30 GPM

==
w

Charcoal '

Filter
69 Cu. ft.
(optional) )f

'nq
Monitor ='

Tanks
6770 Gal. i

..

|
i

11

Overboard
Header

(To River)
O
V LIQUID RADIOACTIVE WASTE DISPOSAL SYSTEM

1
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RM-041 Particulate
RM-042 lodine
RM-043 Noble Gas

,

<

LRWPB Laboratory

LABORATORY AND RADI0 ACTIVE WASTE PROCESSING BUILDING

N
t

RM-060 lodine Monitor and
Sarnpler

RM-061,050* Particulate MonitorO and Sampler (Moving)
RM - 062,051 * Noble Gas Monitor

h |
x . :

i

|

O au--o87 x die o e i

|
.,

-|
,

CONDENSER OFFGAS AUXILLARY BUILDING EXHAUST STACK
Condenser Auxiliary Building Containment

Ventilation Building Ventilation

* Can be used for either containment or plant monitoring.

O cassous anotoicrivs oiscannas enraways
1
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Figure 5
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I"I"'
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Recirculation E Purge
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Filters
-

"*Fuel I!andling4 HEPAAreas - Filter
CM Fans Safety 1 -

-

y[fg[Q~~J > > Injection : : y |f >Roll
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_

,
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,

6 72,500 SCFMOther _~
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~
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GASEOUS RADIOACTIVE WASTE DISPOSAL SYSTEM
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PART IV
^
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RADIOLOGICAL EFFLUENT MONITORING CALCULATIONS !
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1.0 EFFLUENT CONCENTRATIONS

O~ 1.1 Licuid Effluent ~ Concentrations ~ ~ -
'"

The concentration of radioactive material in liquid effluents
(after dilution in the-Circulating Water System) will be limited
to the concentrations as specified in Appendix B, Table 2,
Column 2. For batch releases (Monitor and Hotel Waste Tanks and
Steam Generators) and for continuous releases (Steam Generator- -

Blowdown), the analyses will be performed in accordance with
Part II, Table 1, and the concentration of each radionuclide at
the point of discharge will be calculated, based on the following'

equation:

Radionuclide concentration at Site Discharge: '

a, f
A3= F+f

fag / MPC3 s1and
1=1 '

,

Where: !

O i

concentration at the point of discharge forA, -
,

radionuclide, i, in pCi/ml.
.

a, concentration of radionuclide, i, in the undiluted=

effluent in pCi/ml.
i

f undiluted effluent flowrate, in gpm.=

'

total diluted effluent flowrate in gpm.F =

MPCi maximum permissible concentration for radionuclide,=

i, per 10 CFR 20, Appendix B, Table 2, Column 2.

i

*
'

|

.

O
:

FC/ODCM R0
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1.0 EFFLUENT CONCENTRATIONS

. NOTE: In additi'on to the above def171ed method, Notes 1 through 4 of
10 CFR Part 20, Appendix B, will also be applicable.

1.2 Gas Effluent Concentrations

The concentration at the site boundary, due to noble gas
releases, will be limited to less than Appendix B, Table 2, <

Column 1, values for unrestricted areas. Radiation monitor alarm '

setpoints are established to ensure that these release limits are
not exceeded. In the event a gaseous release from the station
result in an alarm setpoint being exceeded, an evaluation of the >

site boundary concentration resulting from the release will be
performed: ,

To determine the concentration and MPC fraction summation at site
boundary, the following equations will be used: '

(x/0)A, = K, 03

andf A /MPC, s 1
i

v1

Where:
~

q

Ai Concentration of radionuclide, i,.at site boundary=
,

3Constant of unit conversion. (1E-6m /cc)Ko =

Maximum permissible concentration (10 CFR 20,
|

MPC, =

Appendix B, Table 2, Column 1 value for
radionuclide, 1)

Qi The release rate of radionuclides i, in gaseous=

effluents from all vent releases (in pCi/sec.)

3(x/Q) SE-6 sec/m . For all. vent releases. The highest. I
=

calculated annual average relative concentration !

for any area at or beyond the unrestricted area
boundary

:

As appropriate, simultaneous. releases from the Auxiliary Building-
Ventilation Stack, Laboratory and Radwaste Building Stack and
condenser off gas will be considered in evaluating compliance
with the release rate limits of 10 CFR 20. Monitor indications
(readings) may be averaged over a time period not to exceed
15 minutes when determining noble gas release rate based on
correlation of the monitor reading and monitor sensitivity.

O Historical annual average dispersion parameters, as presented in
Table 3, may be used for. evaluating the gaseous effluent dose

,

rate.

FC/ODCM RO
4

-j
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1.0 EFFLUENT CONCENTRATIONS
~

For administrative purposes, more conservative alarmNOTE:
setpoints than those as prescribed above may be imposed.
However, conditions exceeding those more limiting alarm setpoints
do not necessarily indicate radioactive material release rates

,

exceeding 10 CFR 20 limits. Provided actual releases do not
result in radiation monitor indications exceeding alarm setpoint
values based upon the above criteria, no further analyses are ,

required for demonstrating compliance with 10 CFR 20.

'2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS

2.1 Licuid EffJuent Dose Calculations

Three pathways for human exposure to liquid releases from FCS to
'

the Missouri River exists: 1) fish, 2) drinking water, and 3)
Shoreline deposition. Fish are considered to be taken from the
vicinity of the plant discharge. The drinking water for Omaha is
located 19 miles downstream from FCS. The dilution factors for
these pathways are derived from the Revised Environmental Report
for FCS, (1974), (page 4-29 and 4-31). This report states that
during Low-Low river conditions, the concentration at Omaha's
water intake will be s14% of the concentration at discharge from
FCS and will average 3%. This equates to a dilution factor of
7.14, which is used to calculate the maximum dose to an
individual from liquid pathways and a dilution factor of 3? 33,

O for calculating the average dose. All pathways combine to give
the dose to an individual in unrestricted areas. ,

10 CFR 50, App. I restricts the dose to individuals in the
unrestricted areas from radioactive materials in liquid' effluents
from the Fort Calhoun Station to the following limits:

during any calendar quartero
s1.5 mrem to total body
55.0 mrem to any organ and

e during any calendar year
s 3.0 mrem to total body ;

s 10.0 mrem to any organ

i

6

0
.

FC/ODCM R0 ;
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- 2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

O~ Thefollowingcalcul'atkonalmethodsshallbeusedfordetermining2.1
the dose or dose commitment from liquid effluents.

Doses from Liouid Effluent Pathways

A. POTABLE WATER

'f' 2-1 0 D,,pyexp(-k t)R,py= 1100 3 3 p

Where:
,

:

is the total annual dose to organ, j, of individuals ofR,p) -

age group, a, from all of the radionuclides, i, in
pathway, p, in mrem /yr. l

!

is a usage factor that specifies the intake rate for anU,p
'

-

individual of age groep, a, associated with pathway, p, j
in (/yr. Table 5

|

is the mixing ratio (reciprocal of the dilution factor) ;t4 =p

at the point of withdrawal of drinking water, '

dimensionless. Table 3 |

() f
~

3is the flow rate of the liquid effluent, in f t / sec.F =

is the annual release ste of radionuclide, i, in'Ci/yr.Qi -

;

D,;pj is the dose factor cpecific to a given age group, ag !
radionuclide, i, pathway, p, and organ, j, which can be

j used to calculate the radiation dose from an intake of ;

a radionuclide, in mrem /pCi. Tables 12-15 |
!.

4
Ai is the radiological decay constant of radionuclide, i, !=

in hr'. |
'

'
t

is the average transit time required for radionuclides to jt =p,

reach the point of exposure. For internal dose, t is the !, p
total time elapsed between release of the radionuclides,

;

and ingestion of water, in hours. Table 16 '
,

!
i 1100 Constant (pCi * yr * f t?/Ci * eec * L) d-

!
>

i >

?
*

! :

.

1

:

1 ,
,

FC/ODCM R0
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

O, --- . . - . - -.

2.1 B. AQUATIC ~ FOODS ~-'~ ~
~' " - ~ t

' P Oj jpD,jpyexp(-X t)R,py= 1100 B i
3 p

2-1 j
r

Where: '

'

is the total annual dose to organ, j, of individuals ofR,p; =

age group, a, from all of the radionuclides, i, in
pathway, p, in mrem /yr. '

is a usage factor that specifies the intake rate for an iU,p -

individual of age group, a, associated with pathway, p, ;

in kg/yr. Table 5 i

is the mixing ratio (reciprocal of the dilution factor)M -p ';
at the point of harvest of aquatic f nd, dimensionless. ;

Table 3 -i

;

3is the fl.w rate o- the liquid effluent, in f t /sec. fF =

;
'

is the annual release rate of radionuclide, i, in Ci/yr.05 =

t
Bip is the equilibrium bicaccumulation factor for !=

O radionuclide, i, in pathway, p, expressed as the rat!.o of :
the concentration in biota (in pCi/kg) to the j
radionuclide concentration in water (in pCi/ liter), ic ;

(pC1/kg) / (pCi/ liter) . Table 2 ,

t

Iis the dose factor specific to a given age group, a,D,ip) =

radionuclide, i, pathway, p, and organ, j, which can be
used to calculate the radiation dose from an intake of
a radionuclide, in mrem /pC1. Tables 12-15

:

the radiological decay constant of radionuclide, i, inA =i .

1nr
|

p is the average transit time required for radionuclides to |t =

reach the point of exposure. For internal dose, t is thep ,

total time elapsed between release of the radionuclides .

and ingestion of food, in hours. Table 16 !

3Constant (pCi * yr * f t /Ci * sec * L)1100 -

!

:
.

i
'

|- ;

-

|

FC/ODCM R0 t
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!

2.0 RADIOACTIVE EFFLUENT DOSE CALCQhATIONS (Continued) !

2.1 C. SHORELINE DEPOSITS - --
-

.

* #R,py = 110 , 0 0 0 OjT D,jpj [exp (-l t ) ) [1-exp (-l t ) ) !yp jp j3
2*1

. Where: !

is the total annual dose to organ, j, of individuals of iR,pj =

age group, a, from all of the radionuclides, i, in I
pathway, p, in mrem /yr.

t

is a usage factor that specifies the exposure time for anU,p -

individual of age group, a, associated with pathway,.p,
in hr/yr. Table 5 -i

is the mixing ratio (reciprocal of the dilution factor)b4 -

at the point of exposure, dimensionless. Table 3 |
t

is the shore-width factor, dimensionless. -Table 16
,

W -

!

3is the flow rate of the liquid effluent, in f t /sec.F = *

is the annual release rate of radionuclide, i, in Ci/yr. !Qi -

O Tip is the radioactive half life of radionuclide, i, in days. I
-

is the dose factor specific radionuclide, i, which canD,ip; -

be used to ca?culate the radiation dose from exposure
to a given concentration of a radionu-clide in- *

sediment, expressed as a ratio of the dose rate '

(in' mrem /hr) and the areal radionuclide concentration-

2(in pCi/m ) . Table 7 i

;

i is the radiological decay constant of radionuclide, i, inA -

hr'1 '

!

is the average transit time required for radionuclides tot -p
reach the point of exposure, in hours. Table 16 i

i
is the period of time for which sediment or soil istu> -

exposed to the contaminu.c water, in hours. Table 16

3110,000 - Constant [ (100 * pCi * yr * f t ) / (Ci * sec * L)) .
,

L

i

i

<

1
;

'

FC/ODCM RO
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20 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) |

O~ 2.2 Gaseous Effluent ~ Dose Calcukati~ons - -
--

2.2.1 Noble Gas ,

10 CFR 50, App. I, restricts the dose to individuals in the i

unrestricted areas from radioactive materials in gaseous
,

effluents from the Fort Calhoun Station to the following !
limits:

* During any calendar quarter |
55 mrad-gamma air dose !
s10 mrad-beta air dose ;

and ,

,

During any calendar yeare
$10 mrad-gamma air dose
s20 mrad-beta air dose !

The following general equations shall be used to '

calculate the gamma-air and beta-air doses:

i

,

C:)
'

1

&

'

t

I

I

FC/ODCM RO -

.



._ _ . . _ _. - _ - . _ _ _ _ . . . _ - _ . . _ _ .

i

FORT CALHOUN STATION CH-ODCM-0001 ;

~ CHEMISTRY PROCEDURE PAGE 85 OF 125 ;

-2.0 RADIOACTIVE EFFLUE?TT DOSE CALCULATIONS (Continued) .

;
;

}L .

Doses f rom Gaseous Effluent"Pathwavr -
-

i

I

' -
-

- ;

2.2 A. Annual Gamma / Beta Air Dose from All Other Noble Gas !Releases !

!
or D (r,9) = 3.17 x 10' Oj [x/O] D(r,9) (DF} or D ) IDY(r,9) E

2-1 ;
i

Where: j

DFj , DFT are the gamma and beta air dose factors for a uniform -!=

semi-infinite cloud of radionuclide, i, in- I

3mrad-m /pCi-yr. Table 1 :

TD (r,e) are the annual gamma and beta air doses at=
i

or distance r, in the sector at angle e, from the !
bD (r,e) discharge point, in mrad /yr.

is the annual release rate of radionuclide, i, !Qi -

in Ci/yr. |
!

[x/Q] D (r,e) is the annual average gaseous dispersion factor {
=

3at distance r, in the sector at angle 0, in sec/m . ]
Table 3O |

3.17x10' is the number of_pci per ci divided by the number of=

seconds per year. ;

i

B. Annual Total Body Dose from All Other Noble Gas Releases

D{(r,6) = S,. x3 (r,6) DFB,

\Where:
|
t

DFB is the total body dose factor for a semi-infinite cloud i=i
of the radionuclide, i, which includes the attenuation i

2 3of 5 g/cm of tissue, in mrem-m /pCi-yr. Table 1 {

D!(r,e) is the annual total body dose due to immersion in a )=

semi-infinite cloud at distance r, in the sector at i
angle e, in mrem /yr.

xi ( r, e) is the annual average ground-level concentration of=

radionuclide, i, at distance r, in the sector at angle
3e, in pCi/m. Table 3

S, Shielding Factor. Table 16=

FC/ODCM R0-

1

|
_
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i

2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
,

.

2.2 C. Annual Skin Ddse from All Other Noble Gas Releases

n n i

D[(r,6) = 1.11 S,. { xj (r,6) DF} + { xj (r,9) DFS,
2*2 j=1

Where:

D[(r,0) is the annual skin dose due to immersion in a=

semi-infinite cloud at distance r, in the
sector at angle e, in mrem /yr. ;

is the beta skin dose factor for aDFS =

semiinfinite cloud of radionuclide, 1, in
3mrem-m /pCi-yr. Table 1

is the average ratio of tissue to air energy
.

1.11 =

'absorption coefficients.

2.2.2 Radiciodine, Tritium, and Particulates

10 CFR 50, App. I, restricts the dose to individuals in the |unrestricted areas from radioactive materials in gaseous '

O effluents from the Fort Calhoun Station to:
,

o During any calendar quarter
s7.5 mrem to any organ

,

and i

e During any calendar year !

s15 mrem.to any organ

The dose to an individual from radiciodines, radioactive
materials in particulate form, and radionuclides other than
noble gases with half-lives greater than 8 days in gaseous
effluents released to unrestricted areas (See Part III,
Figure 1) should be determined by the following
expressicas:

,

,

s

?

O
:

FC/ODCM R0
;
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

2.2 NOTE: In al'1 case |~f r releases ~ of tritium, use the dispersion
parameter for inhalation (x/Q) .

A. Annual Organ Dose from External Irradiation from
Radioactivity Deposited on the Ground Plane

A.1 The ground plane concentration of radionuclide, i, at-
distance r, in the sector at angle 0, with respect to-
the release point, may be determined by:

g) _ [1. oxio") lo (r,0) o,1s (- ))

Where:

Cl is the ground plane concentration of the-

radionuclide, i, at distance r, in the
sector at angle 6, from the release

2point, in pCi/m ,

Qi is the annual release rats of-=

radionuclide, i, to.the. atmosphere, in
Ci/yr.

- ()
~

is the time period over which thetb =

accumulation is evaluated, which is
assumed to be 15 years (mid-point of
plant operating life). Table 161

6, ( r, 0 ) is the annual average relative deposition=

of radionuclide, i, at distance r, in the
sector at angle 0, considering depletion
of the plume by deposition during
transport, in m-2 Table 3

is the radiological decay constant forA i =

radionuclide, i, in yrd.

12 is the number of pCi per Ci1.0x10 =

O
.

.FC/ODCM R0
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,

2. 0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

2.2 A.2 ~ The annual ~~ organ dose is Th'en calculated using the
'following equation:

n

Df(r,6) = 8760 S,. [ f(r,6)DFGy
.-t

,

Where:

Cl(r,0) is the ground plane concentration of radionuclide, '-

i, at distance r, in the sector at angle 9, in
2pCi/m ,

is the open field ground plane dose conversionDFGy -

factor for organ, j, from radionuclide, i,
2in rcrem-m /pCi-hr. Table 7

Dj(r,0) is the annual dose to the organ,_j, at distance r,=

in the sector at angle 0, in mrem /yr.

is the shielding factor that accounts for the doseSr =

reduction due to shielding provided by residential
. structures during occupancy, dimensionless.

Table 16

is the number of hours in a year8760 =

C

O

FC/ODCM R0
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2.0 RADIOACTIVE EFFLUENT DOSE' CALCULATIONS (Continued)
.-

2.2 B.
,

Annuat Dose from" Inhalation"of Radionuclides in-Air
:

B.1 The annual average airborne concentration of
radionuclide, i, at distance r, in the sector at angle
O, with respect to the release point, may be determined

.

'

as: *

xj(r,0) = 3.17 x 10 Oj [x/OJ "(r,0)d
i

,

Where:

Oi is the annual release rate of-

radionuclide, i, to the
atmosphere, in Ci/yr. '

is the annual average ground-level' |xi ( r , 0 ) -

concentration of radionuclide, i,. '

in air at distance r, in the '

sector at. angle 0, in pCi/m .3 ;

[x/o]D(r,0) istheannualaverageatmosphere-

dispersion factor, in sec/m (see- !

R.G. 1.111). -This includes
depletion (for radi'oiodines and j
particulates) and radiological :O decay of the plume. Table 3 '

,

3 .17x10' is the number of pCi/Ci divided by--

the number of sec/yr.
,

B.2 The annual dose associated with inhalation of all
radionuclides to organ, j, of an individual in age ,

group, a, is then: !

Dfg (r,6) = R, x, (r,0) DFAjy ;
J-1

Where:
!

Dh (r,0) is the annual dose to organ, j, of an i-

individual in the age group, a, at
distance r, in the sector at angle 0, due
to inhalation, in mrem /yr. i,

is the annual air intake for indiOiduals.R. -

3in the age group, a, in m /yr. Table 5 j

is the inhalation dose factor forDFA pi -
iO radionuclide, 1, organ, j, and age group, ,

a, in mrem /pCi. Tables 8-11
*

i

FC/ODCM 'R0

*
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RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)2.0
.

;

2.2 C. Concentrations ~of-Radionuclides in' Foods and- Vegetation
from Atmospheric Releases-

C.1 Parameters for Calculating Concentrations in Forage,
Produce, and Leafy Vegetables, excluding Carbon-14 and-
Tritium

|
.

f

1~* # #"1~* i^C[(r,0) = d (r,0) 'i ' d
j exp (-1,t )+

3

,

Where: ,

;

Cl(r,0) is the concentration of radionuclide, i,-

in and on vegetation at distance r, in
the sector at angle 9, in pCi/kg.

d (r,0) is the deposition rate of radionuclide,i -

i, at distance r, in the sector at angle
26, in pCi/m hr.

The deposition rate from the plume is defined by:
(Reg. Guide 1.109, Rev. 1, Page 1.109-26, Equa. C-6) t

8d (r,0) = 1.1 x 10 5 (r,0) 0, ij j

O ,

Where;
j

d (r,0) is the deposition rate ofi -

radionuclide, i.

6 (r,0) is the relative deposition ofi -

radionuclide, i considering depletion
and-decay, in m-2, (see Regulatory
Guide 1.111). Table 3 r

1.1x10s is the number of pCi/Ci (1012) divided by=

the number of hours per year (8760). ;

is the annual release rate ofQi
*

=

radionuclide, i, to the atmosphere,
in Ci/yr. '

i

.

s

FC/ODCM R0
. |

|
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2.0 Eb' ACTIVE EFFLUENT DOSE-CALCULATIONS (Continued)
-

. . _ . . . __ . _ i~

For radiciodines7 the' model considers only-the elemental fraction [2.2
'

of the effluent: ;

7 !di (r3 0) - 5.5 x 10 6 (r, 0) oii
Where: '

di (r3 0) The deposition rate of radiciodine, i. !-

The number of pCi/Ci (1012) divided by the number !75.5 x 10 =

of hours per year (8760), then multiplied:by the
amount of radiciodine emissions considered to be
nonelemental (0.5). '

6i (r, 0) The relative deposition of radiciodine, i,' -

f considering depletion and decay, in m'2 Table 3. ;

i
The total (elemental and nonelemental) radiciodine,Qi -

,

i, emission rate.
;

is the fraction of deposited activity retained onr -

crops, dimensionless. Table 16

iis the effective removal rate constant forhi -

radionuclide, i, from crops, in hrd.

O !8. - x , >.
~

tA. - 0-.0021/hr. Table 16
i

is the time period that crops are. exposed to !t, -

contamination during the growing' season, in hours. !

Table 16 I

is the agricultural productivity (yield) in kg (wet ;Yv -

2weight)/m. Table 16
t

is the concentration factor for uptake ofBiy =

radionuclide, i, from soil by edible parts of
crops, in pCi/ kg (wet weight) per pCi/kg dry soil.
Table 4

is the radiological decay constant of radionuclide,Ai -

i, in hr"

is the period of time for which sediment or soil istb =

exposed to the contaminated water, in hours (mid-
point of plant life). Table 16

is the effective " surface density" for soi], in kgP =

2 -

(dry soil)/m . Table 16-

is the holdup time that represents the time ;. th -

interval between harvest and consumption of the-
food, in hours. Table 16

FC/ODCM RO

.- . _ _ .
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
. O,.

_ . - _
,

2.2 Dif ferent values"for~the parameters to,' Yv, and th,,may' be used to i

allow the use of the Equation for different purposes: estimating,

concentrations in produce consumed by man; in leafy vegetables
consumed by man; in forage consumed directly as pasture grass by-

dairy cows, beef cattle, or goats; and in forage consumed as
stored feed by dairy cows, beef cattle or goats. See Table 16

,

C.2 Parameters for Calculating Radionuclide Concentration in '

Milk, excluding Carbon-14 and Tritium "

,

C.2.1 Parameters for Calculating the Concentration of
Radionuclide, i, in the Animal's Feed (Milk Cow,
Beef Cow, and Goat)

|
Cf(r,6) = f f,Cf(r,6) + (1 - f ) Cf(r,6) f (1 - f,) Cf(r,9)+p p p

i

Where: |
1qV(r,0) is the concentration of=
.

radionuclide, i, in the animal's '

feed, in pCi/kg.

is the concentration of |q"(r,0) =

). radionuclide, i, on pasture grass !

(calculated using Equation C.2.1
with t =0) , in pCi/kg. !h

.
SQ (r,0) is the concentration of=

'

radionuclide, i, in stored feeds
(calculated using Equation C.2.1
with t =90 days) , in pCi/kg. ;h

,

p is the fraction of the year thatf -

animals graze on pasture.
Table 16

is the fraction of daily feed thatf. =

is pasture grass while the animal
grazes on pasture. Table 16 '

,

i

0

,

.

:
;

FC/ODCM R0
t

%
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) ;
c- - .-

,

. 2.2 ' C . 2 . 2- Parameters for Calculating- Radionuclide~ !

Concentration in Cow and Goat Milk

Cf(r,9) = F Cf(r,9) Og exp(-AjC) ff

I
!

fWhere:

QM(r,0) is the concentration of radionuclide,=

i, in milk, in pCi/ liter.

qV(r,0) is the concentration of radionuclide,=

i, in the animal's feed, in pCi/kg.

is the average fraction of theF. =

animal's daily intake of
radionuclide, i, which appears in
each liter of milk, in days / liter.
Table 4 t

,

is the amount of feed consumed by theOr -

animal per day, in kg/ day. Table 6
i

is the average transport time of thetv =

O radionuclide, i, from the feed to the' '

milk and to the receptor (a value of
2 days is assumed). Table 16',

{is the radiological decay constant of'Ai -

radionuclide, i, in days-1
;

i

|

i

?

I

'
>

1

i

a

([) !
:

FC/ODCM RO
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
-

'

2.2 C.3 ' Parameters ~ for~ Calculating Radionuclide Concentration in.

Cow Meat, excluding Carbon-14 and Tritium

(r,6) = F Cf(r,6) 0,, exp (- Aj e )f f

.

Where:
r

q'(r,0) is the concentration of radionuclide, i, in- -

meat, in pCi/ liter.

is the average fraction of the animal's dailyFy -

intake of radionuclide, i which appears in :,

each kilogram of flesh, in days / kilogram '
.

Table 4
,

is the average time from slaughter tot, -
,

consumption. Table 16
*

>

f

O ~

!
.

?

-.

,

1 )

I

i

[
>

4

o ;
.

FC/ODCM RO
,
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i
2.0 RADIOACTIyE EFFLUENT DOSE CALCULATIONS (Continued) |

O 2.2

I

C.4 ' Parameters' for Calculating' the Carbon-14 Concentrations in
Vegetation

|

Carbon-14.is assumed to be released in oxide form.(CO or
COj) . The concentration of Carbon-14 in vegetation is ,

calculated by-assuming that its ratio to the natural carbon +

in vegetation is the same as the ratio of Carbon-14 to
natural carbon in the atmosphere surrounding the
vegetation. Also, in the case of intermittent releases,
such as from gaseous waste decay tanks, the parameter p is
employed to account for the fractional equilibrium ratio. i
achie.ved. The parameter, p, is defined as the ratio of the !
total annual release time (for. Carbon-14 atmospheric !
releases) to the total annual time during which i

photosynthesis occurs (taken to be 4400 hrs), under the
condition that the value of p should never exceed unity.
For continuous Carbon-14 releases, p is taken to be unity. ;

- These considerations yield the following relationship: ,

c 5 (r,0) = 3.17 x 10 po lx/o] (r,9) 0.11/0.167
1 u ,

!

= 2.2 x 10 ppu l%/0) (r,9) |
7

'

,'Where:

Ch (r,0) is the concentration of Carbon-14 in- -

vegetation grown at distance r, in the
sector at angle 6, in pCi/kg. !

Qu is the annual release rate of Carbon 14, in=
,

Ci/yr.
|

[x/0) (r,0) is the atmospheric dispersion factor, in-

3 ;

sec/m. Table 3
,

is the fractional equilibrium ratio,p I-

dimensionless. P-1 (Reg. Guide 1.109, Rev. 1,
pg. 26). ;

;

is the fraction of total plant mass that is0.11 =

natural carbon, dimensionless.
t

is equal to the concentration of natural
.

0.16 a

3carbon in the atmosphere, in g/m . j

7 is equal to (1.0 x 10"pci/ci) (1.0 x 10 g/kg)33.17x10 =

7(3.15 x 10 sec/yr).

a-

'FC/ODCM RO
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2.0 BhDIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

C.5 Parameters f$r'Calcu[ating Tritium Concentrations in |

'

2.2
..

Vegetation ;

.

The concentration of tritium in vegetation is calculated
from its concentration in the air surrounding the
vegetation. *

C[(r,9) = 3.17 x 10 0r[X/O] (r,6) (0.7 5 ) ( 0. 5/H)7 *

i

'= 1.2 x 10 0rIX/0) (r,6) /H7

,

Where:
,

<

CI(r,0) is the concentration of Tritium in vegetation I-
'

grown at distance r, in the sector at angle 0,
in pCi/kg.

is the absolute humidity of the atmosphere atH =

distance r, in the sector at angle 9,.in g/m .3
,

H-8 gm/kg.
t

is the annual release rate of Tritium,' Qt
'

-
,

in Ci/yr.

[x/Q) (r,0) is the atmospheric dispersion factor,=

3in sec/m. Table 3

is the ratio of tritium concentration in plant0.5 = '

water to tritium concentration in atmospheric '

water, dimensionless.
,

f

is the fraction of total plant mass that is0.75 =

water, dimensionless.
t

.

|
i

O u
!

FC/ODCM' RO-
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

O, _

-. -
,

---

2.2 D. Annual-Dose from' Atmospherically" Released Radionuclides in_ '

Foods
:

D.1 The total annual dose to organ, j, of an individual in !

age group, a, resulting from ingestion of all >

radionuclides in produce, milk, and leafy vegetables is :
given by:

v[,(1,0) -ypri,3(u!r,,cht,0) + (c7(r,0) +u[c[(r,0) +uit,c[(r,0)]. ,

Where:

D] (r,0) is the annual dose to organ, j, of an I=

individual in age group, a, from dietary
intake of atmospherically released
radionuclides, in mrem /yr.

is the dose conversion factor for theDFIg. = '

ingestion of radionuclide, i, . organ, j,
and age group, a, in mrem /pci.
Tables 12-15.

U!,U*, are the ingestion rates of. produce-

(non-leafy vegetables, fruits, and
grains); milk, meat, and leafy U'.,U( ;

vegetables, respectively for individuals
in age group, a. Table 5.

,

Values of F, and ft are 0.76 and 1.0, respectively.
4

1

3

h

4

,

2

.

"4

O< .

FC/ODCM R0 !'

: !,
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) '

O"~ 'Ca[culatingthe-IngestedDosefromLeafyand2.2 DT1.1~~'
Non-Leafy (produce) Vegetation for
Radionuclide, i, to Each Organ, j, and Age
Group, a

D[,(r,0) - orIu, (uit,cI(1,0) + uJt,cJ(r,0)] {
'Where:

D], ( r ,0 ) is the annual dose from the-

ingestion of radionuclide, i,
to organ, j, of.an individual
in age group, a, from dietary.
intake of atmospherically.
released radionuclides in
vegetation, in mrem /yr.

is the dose conversion-DFIg. =

factor for the
ingestion of
radionuclide, i,
organ, j, and age
group, a, in mrem /pci.
Tables 12-15

. Uh, U! are the inges' tion rates of-

leafy vegetables and produce-
,

(non-leafy vegetables, '

fruits, and grains), for i

individuals in age group, a, |

in kg/yr. Table 5

Cj is the concentration of-

radionuclide, i, in.and on
leafy vegetation, in pCi/kg.

Ci is the concentration of-

radionuclide, i, in and on
produce, in pCi/kg.

i

l

1

1

d

.

FC/ODCM R0

1
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
~

2.2 D 172 ~ Calculation Determining the Ingested Dose from
Cow Milk for Radionuclide, i, Organ,~j, and Age
Group, a.

of, t z ,0) w |Q(r,O)}- Drz

Where:

D]. ( r ,0 ) is the annual dose from the- 1

ingestion of radionuclide, i,
organ, j, of an individual in ,

age group, a, from dietary
intake of atmospherically
released radionuclides in cow
milk, in mrem /yr.

is the dose conversion factorDFIq. '-

for-the ingestion of
radionuclide, i, organ, j,
and age group,-a, in
mrem /pCi. Tables 12-15

U". is the ingestion rate of cow milk-

for individuals in age group, a,

.( ) in f/yr. Table 5

C1 is the radionuclide-
'

concentration in cow milk, in
pCi/kg. Equation C.2.2

<
,

t

F

F

,

FC/ODCM R0
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
' '

..- . - - -

2.2 D.173 '~Calcul~ation Determining the Ingested Dose from
'

Meat for Radionuclide, i, to Organ, j, and Age
Group, a.

of,(r,0) - orr , %c{(r.0)]y

Where:

DD ,(r,0) is the annual dose from the=j
ingestion of radionuclide, i,

-

organ, j, of an individual in
age group, a, from dietary
intake of atmospherically
released radionuclides in
meat, in mrem /yr.

is the dose conversion factorDFI j,i =

for the ingestion of
radionuclide, i, organ, j, -

and age group, a, in
mrem /pCi. Tables 12-15

U', . is the ingestion rate of meat=

for individuals in. age group,() a.in kg/yr. Table 5

C'$ is the radionuclide, i,=

concentration in meat,
in pCi/ kg.

1

4

i

!

()

FC/ODCM R0
1
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TABLE 1

o. - - -. .
.

DOSE FACTORS FOR EXPOSURE TO A SEMI-INFINITE CLOUD OF NOBLE GASES
,

Fuclide B- air * (DFil B-Skin **(DFS l 7-Air *(DF l 1-Bodv**(DFB lC
i i i ;

KR-83m 2.88E-04 -- 1.93E-05 7.56E-08

KR-85m 1.97E-03 1.46E-03 1.23E-03 1.17E-03
,

KR-85 1.95E-03 1.34E-03 1.72E-05 1.61E-05

KR-87 1.03E-02 9.73E-33 6.17E-03 5.92E-03 ,

KR-88 2.93E-03 2.37E-03 1.52E-02 1.47E-02

KR-89 1.06E-02 1.01E-02 1.73E-02 1.66E-02
.

!

KR-90 7.83E-03 7.29E-03 1.63E-02 1.56E-02

Xe-131m 1.11E-03 4.76E-04 1.56E-04 9.15E-05

Xe-133m 1.48E-03 9.94E-04 3.27E-04 2.51E-04

Xe-133 1.05E-03 3.06E-04 3.53E-04 2.94E-04

Xe-135m 7.39E-04 7.11E-04 3.36E-03 3.12E-03 '

Xe-135 2.46E-03 1.86E-03 1.92E-03 1.81E-03

O Xe-137 1.27E-02 1.22E-02 1.51E-03 1.42E-03

Xe-138 4.75E-03 4.13E-03 9.21E-03 8.83E-03

Ar-41 3.28E-03 2.69E-03 9.30E-03 8.84E-03

f

1

3* mrad-m
pCl-yr

3*- * mrem-m
pCi-yr

* * * 2.88E-04 - 2. 8 8 x 10'' k
.e
-)

ha >

O

FC/ODCM RO
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TABLE 2

- BIOACCUMULATION FACTORS'
(pCi/kg per pCi/ liter)

FRESHWATER

Element Fish Invertebrate

H 9.0E-01 9.0E-01
C 4.6E+03 9.1E+03
NA 1.0E+02 2.0E4 G1
P 1.0E+05 2.0E+04
CR 2.0E+02 2.0E+03
MN 4.0E+02 9.0E+04
FE 1.0E+02 3.2E+03
CO 5.0E+01 2.0E+02
NI 1.0E+02 1.0E+02
CU 5.0E+01 4.0E+02
ZN 2.0E+03 1.0E+04
BR 4.2E+02 3.3E+02
RB 2.0E+03 1.0E+03
SR 3.0E+01 1.0E+02
Y 2.5E+01 1.0E+03
ZR 3.3E+00 6.7E+00
NB 3.0E+04 1.0E+02

O MO 1.0E+01 1.0E+01
TC 1.5E+01 5.0E+00
RU 1.0E+01 3.0E+02
RH 1.0E+01 3.0E+02
TE 4.0E+02 6.1E+03
I 1.5E+01 5.0E+00
CS 2.0E+03 1.0E+03
BA 4.0E+00 2.0E+02
LA 2.5E+01 1.0E+03
CE 1.0E+00 1.0E+03
PR 2.5E+01 1.0E+03
ND 2.5E+01 1.0E+03
W 1.2E+03 1.0E401
NP 1.0E+01 4.0E+02

|

1

i

|

i

O
1

fl
FC/ODCM R0 1
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TABLE 3

i
~

CONTROLbING LOCAk' IONS,~ PATHWAYS AND --4

-

ATMOSPHERIC DISPERSION FOR DOSE CALCULATIONS
~

Atmospheric Disnersion
x/Q D/Q

Controlling (x/Q (r,e) )
(6 (r,3)e))

Location Pathway (s) Ace Group (sec/m )3 (1/m

Site Noble Gases N/A 5.0E-06 N/A
Boundary Direct

Exposure

Site Inhalation Child 5.0E-06 N/A
Boundary

Site Gamma-Air N/A 5.0E-06 N/A
Boundary Beta-Air

.

'

Miller Farm * milk, ground Child 5.0E-06 1.6E-08
0.8 miles plane, meat,
SSW inhalation,

and vegetation

Site Liquid N/A Mixing 7.14
Boundary Ratio, Mp

M.U.D. Liquid N/A Mixing 30.8
Intake Ratio, Mp

* Location is subject to change depending on the results of the Land Use
survey performed annually in accordance with Part II, Section 5.4

I

l

(
!

FC/ODCM RO J
l
l
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_

TABLE 4
^

STABLE' ELEMENT TRANSFER DATA -
~~-

B, F. (Cow) F,h
Element Veg/ Soil Milk (d/A) Meat (d/ko)

H 4.8E+00 1.0E-02 1.2E-02 ,

C 5.5E+00 1.2E-02 3.1E-02 i

Na 5.2E-02 4.0E-02 3.0E-02
P 1.1E+00 2.5E-02 4.6E-02
Cr 2.5E-04 2.2E-03 2.4E-03
Mn 2.9E-02 2.5E-04 '8.0E-04
Fe 6.6E-04 1.2E-03 4.0E-02 |
Co 9.4E-03 1.0E-03 1.3E-02
Ni 1.9E-02 6.7E-03 5.3E-02
Cu 1.2E-01 1.4E-02 8.0E-03
Zn 4.0E-01 3.9E-02 3.0E-02
Rb 1.3E-01 3.0E-02 3.1E-02
Sr 1.7E-02 8.0E-04 6.0E-04
Y 2.6E-03 1.0E-05 4.6E-03
Zr 1.7E-04 5.0E-06 3.4E-02
Nb 9.4E-03 2.5E-03 2.8E-01
Mo 1.2E-01 7.5E-03 8.0E-03
Tc 2.5E-01 2.5E-02 4.0E-01
Ru 5.0E-02 1.0E-06 4.0E-01
Rh 1.3E+01 1.0E-02 1,.5E-03

O Ag 1.5E-01 5.0E-02 1.7E-02 -

Te 1.3E+00 1.0E-03 7.7E-02
I 2.0E-02 6.0E-03 2.9E-03
Cs 1.0E-02 1.2E-02 4.0E-03
Ba 5.0E-03 4.0E-04 3.2E-03
La 2.5E-03 5.0E-06 2.0E-04
Ce 2.5E-03 1.0E-04 1.2E-03
Pr 2.5E-03 5.0E-06 4.7E-03
Nd 2.4E-03 5.0E-06 3.3E-03
W 1.8E-02 5.0E-04 1.3E-03
Np 2.5E-03 5.0E-06 2.0E-04

a
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FORT CALHOUN STATION CH-ODCM-0001
'

-CHEMISTRY PROCEDURE .PAGE 105 OF 125

..
..

TABLE 5-
O'
-Q~ RECOMMENDEDVALUESkOR~UhhOBEUSED~FOR-THEMAXIMUMEXPOSED

.

INDIVIDUAL IN LIEU OF SITE SPECIFIC DATA
,

Pathwa_y Infant Child Teen Adult

Fruits, vegetables, & -

grain - (kg/yr) - 520 630 520

Leafy vegetables
.(kg/yr) - 26 42 64

Milk (f/yr) 330 330 400 310 |

Meat & poultry
(kg/yr) - 41 65 110

Fish-(fresh.or salt) |

(kg/yr) - 6.9 16 21

Other Seafood (kg/yr) - 1.7 3.8 5

Drinking water (t/yr) 330 510 510 730
|

Shoreline recreation |

(t (hr/yr) - 14 67 ~12,

-Inh &lation (ud/yr) 1400 3700 8000 8000

.

TABLE 6
|

1

' ANIMAL CONSUMPTION RATES

OF CAW
Feed or Forage Water

Animal IKa/ day (wet we.igh) 1 (t/ day)

Milk Cow 50 60

Beef Cattle 50 50

Goats 6 8

LFC/ODCM- RO1

,
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 106 OF 125

TABLE 7
---. - -- Page 1 of 2

EXTERNAL DOSE FACTORS FOR STANDING ON CONTAMINATED-GROUNDs'
2(mrem /hr per pCi/m )

ELEMENT TOTAL BODY SKIN
H-3 0.0 0.0
C-14 0.0 0.0
NA-24' 2.50E-08 2.90E-08
.P-32 0.0 0.0
Cr-51 2.20E-10 2.60E-10
Mm-54 5.80E-09 6.80E-09
Mn-56 1.10E-08 1.30E-08
Fe-55 0.3 0.0
Fe-59 8.00E-09 9.40E-09
Co-58 7.00E-09 8.20E-09
Co-60 1.70E-08 2.00E-08
Ni-63 0.0 0.O
Nr-65 3.70E-09 4.30E-09
Cu-64 1.50E-09 1.70E-09
Zn-65 4.00E-09 4.60E-09
Zn-69 0.0 0.0
Br-83 6.40E-11 9.30E-11
Br-84 1.20E-08 1.40E-08
Br-85 0.0 0.0
Rb-86 6.30E-10 7.20E-10
Rb-88 3.50E-09 4.00E-09

O Rb-89 1.50E-08 1.80E-08
_

Sr-89 5.60E-13 6.50E-13
Sr-91 7.10E-09 8.30E-09
Sr-92 9.00E-09 1.00E-08
Y-90 2.20E-12 2.60E-12
Y-91M 3.80E-09 4.40E-09
Y-91 2.40E-11 2.70E-11
Y-92 1.60E-09 1.90E-09
Y-93 5.70E-10 7.80E-10
Zr-95 5.00E-09 5.80E-09
Zr-97 5.50E-09 6.40E-09
Nb-95 5.10E-09 6.00E-09
Mo-99 1.90E-09 2.20E-09
Tc-99M 9.60E-10 1.10E-09
Tc-101 2.70E-09 3.00E-09
Ru-103 3.60E-09 4.20E-09
Ru-105 4.50E-09 5.10E-09
Ru-106 1.50E-09 1.80E-09
Ag-110M 1.80E-08 2.10E-08
Te-125M 3.50E-11 4.80E-11
Te-127M 1.10E-11 1.30E-12
Te-127 1.00E-11 1.10E-11
Te-129M 7.70E-10 9.00E-10
Te-129 7.10E-10 8.40E-10
Te-131M 8.40E-09 9.90E-09

O Te-131 2.20E-09 2.60E-06
Te-132 1.70E-09 2.00E-09
I-130 1.40E-08 1.70E-08

FC/ODCM R0
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 107.OF 125

i

TABLE 7
- _

I

O, __
_ .,- __ __. - ( Continued)

- Page 2 of 2
- . _ .

EXTERNAL DOSE FACTORS FOR STANDING ON CONTAMINATED GROUND
2(mrem /hr per pCi/m )

,

ELEMENT TOTAL BODY SKIN |
'

I-131 2.80E-09 3.40E-09
I-132 1.70E-08 2.00E-08 |

I-133 3.70E-09 4.50E-09
i

I-134 1.60E-08 1.90E-08
,

I-135 1.20E-08 1.40E-08 |

Cs-134 1.20E-08 1.40E-08
Cs-136 1.50E-08 1.70E-08 !

Cs-137 4.20E-09 4.90E-09 !

Cs-138 2.10E-08 2.40E-08
Ba-139 2.40E-09 2.70E-09
Ba-140 2.10E-09 2.40E-09 :

'

Ba-141 4.30E-09 4.90E-09
Ba-142 7.90E-09 9.00E-09 ,

La-140 1.50E-08 1.70E-08
La-142 1.50E-08 1.80E-08
Ce-141 5.50E-10 6.20E-10
Ce-143 2.20E-09 2.50E-09
Ce-144 3.20E-10 3.70E-10 >

Pr-143 0.0 0.0
Pr-144 2.00E-10 2.30E-10

O Nd-147 1.00E-09 1.20E-09
,

W-187 3.10E-09 3.60E-09
Np-239 9.50E-10 1.10E-09

:

!

i

r

&

'O
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 108 OF 125

TABLE 8
,_ INHALATION DOSE. FACTORS FOR ADULT

- (mrem per pCi 7nbaled)- - -

Page 1 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

H 3 - 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07
C 14 2.27E-06 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07
NA 24 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06

P 32 1.65E-04 9.64E-06 6.26E-06 - - - 1.08E-05
CR 51 - - 1.25E-08 7.44E-09 2.85E-09 1.80E-06 4.15E-07 -

MN 54 - 4.95E-06 7.87E-07 - 1.23E-06 1.75E-Ot. 9.67E-06
,

MN 56 - 1. !iS E- 10 2.29E-11 - 1.63E-10 1.18E-06 2.53E-06
FE 55 3.07E-06 2. :.2E- 06 4.93E-07 - - 9.01E-06 7.54E-07
FE 59 1.47E-06 3.47E-06 1.32E-06 - - 1.27E-04 2.35E-05 |

CO 58 - 1.98E-07 2.59E-07 - - 1.16E-04 1.33E-05 ,

CO 60 - 1.44E-06 1.85E-06 - - 7.46E-04 3.56E-05
NI 63 5.40E-05 3.93E-06 1.81E-06 - - 2.23E-05 1.67E-06

NI 65 1.92E-10 2.62E-11 1.14E-11 - - 7.00E-07 1.54E-06
CU 64 - 1.83E-10 7.69E-11 - 5.78E-10 8.48E-07 6.12E-06
ZN 65 4.05E-06 1.29E-05 5.82E-06 - 8.62E-06 1.08E-04 6.68E-06

y 69 4.23E-12 8.14E-12 5.65E-13 - 5.27E-12 l'.15E-07 2.04E-09 ,

sR 83 - - 3.01E-08 - - - 2.90E-08
BR 84 - - 3.91E-08 - - - 2.05E-13 '

BR 85 - - 1.60E-09 - - - LT E-24
RB 86 - 1.69E-05 7.37E-06 - - - 2.08E-06 '

RB 88 - 4.84E-08 2.41E-08 - - - 4.18E-19

RB 89 - 3.20E-08 2.12E-08 - - - 1.16E-21 $

SR 89 3.80E-05 - 1.09E-06 - - 1.75E-04 4.37E-05
SR 90 1.24E-02 - 7.62E-04 - - 1.20E-03 9.02E-05

SR 91 7.74E-09 - 3.13E-30 - - 4.56E-06 2.39E-05
SR 92 8.43E-10 - 3.64E-11 - - 2.06E-06 5.38E-06 ;

Y 90 2.61E-07 - 7.01E-09 - - 2.12E-05 6.32E-05
t

Y 91M 3.26E-11 - 1.27E-12 - - 2.40E-07 1.66E-10 ;

Y 91 5.78E-05 - 1.55E-06 - - 2.13E-04 4.81E-05 i

Y 92 1.29E-09 - 3.77E-11 - - 1.96E-06 9.19E-06 .

I
4

Y 93 1.18E-08 - 3.26E-10 - - 6.06E-06 5.27E-05 !
ZR 95 1.34E-05 4.30E-06 2.91E-06 - 6.77E-06 2.21E-04 1.88E-05 ,

ZR 97 1.21E-08 2.45E-09 1.13E-09 - 3.71E-09 9.84E-06 6.54E-05

NB 95 1.76E-06 9.77E-07 5.26E-07 - 9.67E-07 6.31E-05 1.30E-05

"j99 - 1.51E-08 2.87E-09 - 3.64E-08 1.14E-05 3.10E-05
99M 1.29E-13 3.64E-13 4.63E-12 - 5.52E-12 9.55E-08 5.20E-07 !

FC/ODCM RO
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 109 OF 125 '

TABLE 8

.
O~ -

~ -(mrem per pCi ~ Inhaled)- - - -

INHALATION. DOSE FACTORS FOR ADULT
-

Page 2 of 2

Fuclide Bone Liver -T. Body Thyroid Kidney Luna GI-LLI |
,

TC 101 5.22E-15 7.52E-15 7.38E-14 - 1.35E-13 4.99E-08 1.36E-21 i

RU 103 1.91E-07 - 8.23E-08 - 7.29E-07 6.31E-05 1.38E-05 !RU 105 9.88E-11 - 3.89E-11 - 1.27E-10 1.37E-06 6.02E-06 i

RU 106 8.64E-06 - 1.09E-06 - 1.67E-05 1.17E-03 1.14E-04
AG 110M 1.35E-06 1.25E-06 7.43E-07 - 2.46E-06 5.79E-04 3.78E-05 |
TE 125M 4.27E-07 1.98E-07 5.84E-08 1.31E-07 1.55E-06 3.92E-05 8.83E-06

i

TE 127M 1.58E-06 7.21E-07 1.96E-07 4.11E-07 5.72E-06 1.20E-04 1.87E-05 l
TE 127 1.75E-10 8.03E-11 3.87E-11 1.32E-10 6.37E-10 8.14E-07 7.17E-06
TE 129M 1.22E-06 5.84E-07 1.98E-07 4.30E-07 4.57E-06 1.45E-04 4.79E-05 :

TE 129 6.22E-12 2.99E-12 1.55E-12 4.87E-12 2.34E-11 2.42E-07 1.96E-08 ;

TE 131M 8.74E-09 5.45E-09 3.63E-09 6.88E-09 3.86E-08 1.82E-05 6.95E-05 |
TE 131 1.39E-12 7.44E-13 4.49E-13 1.17E-12 5.46E-12 1.74E-07 -2.30E-09

1

,

TE 132 3.25E-08 2.69E-08 2.02E-08 2.37E-08 1.82E-07 3.60E-05 6.37E-05 ;
I 130 5.72E-07 1.68E-06 6.60E-07 1.42E-04 2.61E-06 9.61E-07- !

-

| I 131 3.15E-06 4.47E-06 2.56E-06 1.49E-03 7.66E-06 - 7.85E-07 |

132 1.45E-07 4.07E-07 1.45E-07 1.43E-05 6.48E-07
~

5.08E-08 |
-

133 1.08E-06 1.85E-06 5.65E-07 2.69E-04 3.23E-06 - 1.11E-06
I 134 8.05E-08 2.16E-07 7.69E-08 3.73E-06 3.44E-07 - 1.26E-10

I 135 3.35E-07 8.73E-07 3.21E-07 5.60E-05 1.39E-06 - 6.56E-07 ,

CS 134 4.66E-05 1.06E-04 9.10E-05 - 3.59E-05 1.22E-05 1.30E-06
i CS 136 4.88E-06 1.83E-05 1.38E-05 - 1.07E-05 1.50E-06 1.46E-06

CS 137 5.98E-05 7.76E-05 5.35E-05 - 2.78E-05 9.40E-06 1.05E-06 i
CS 138 4.14E-08 7.76E-08 4.05E-08 - 6.00E-08 6.07E-09 2.33E-13 !BA 139 1.17E-10 8.32E-14 3.42E-12 - 7.78E-14 4.70E-07 1.12E-07

i BA 140 4.88E-06 6.13E-09 3.21E-07 - 2.09E-09 1.59E-04 2.73E-05 ,

i BA 141 1.25E-11 9.41E-15 4.20E-13 - 8.75E-15 2.42E-07 1.45E-17
BA 142 3.29E-12 3.38E-15 2.07E-13 - 2.86E-15 1.49E-07 1.96E-26

i

LA 140 4.30E-08 2.17E-08 5.73E-09 - - 1.70E-05 5.73E-05
'

LA 142 8.54E-11 3.88E-11 9.65E-12 - - 7.91E-07 2.64E-07
*

! CE 141 2.49E-06 1.69E-06 1.91E-07 - 7.83E-07 4.52E-05 1.50E-05 :
:

CE 143 2.33E-08 1.72E-08 1.91E-09 - 7.60E-09 9.97E-06 2.83E-05 [CE 144 4.29E-04 1.79E-04 2.30E-05 - 1.06E-04 9.72E-04 1.02E-04
'

PR 143 1.17E-06 4.69E-07 5.80E-08 - 2.70E-07 3.51E-05 2.50E-05 !
;

PR 144 3.76E-12 1.56E-12 1.91E-13 - 8.81E-13 1.27E-07 2.69E-18 i

147 6.59E-07 7.62E-07 4.56E-08 - 4.45E-07 2.76E-05 2.16E-05 !
' +

187 1.06E-09 8.85E-10 3.10E-10 - - 3.63E-06 1.94E-05
NP 239 2.87E-08 2.82E-09 1.55E-09 - 8.75E-09 4.70E-06 1.49E-05

.

i

FC/ODCM R0
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FORT CALHOUN STATION CH-ODCM-0001 |
CHEMISTRY PROCEDURE PAGE 110 OF 125

TABLE 9
INHALATION DOSE FACTORS FOR TEENAGER

- ~ ~(mrem per pCi inhaled)- - -

Page 1 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

H 3 - 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07
C 14 3.25E-06 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07
NA 24 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06

P 32 2.36E-04 1.37E-05 8.95E-06 - - - 1.16E-05
CR 51 - - 1.69E-08 9.37E-09 3.84E-09 2.62E-06 3.75E-07
MN 54 - 6.39E-06 1.05E-06 - 1.59E-06 2.48E-04 8.35E-06

MN 56 - 2.12E-10 3.15E-11 - 2.24E-10 1.90E-06 7.18E-06 )
FE 55 4.18E-06 2.98E-06 6.93E-07 - - 1.55E-05 7.99E-07
FE 59 1.99E-06 4.62E-06 1.79E-06 - - 1.91E-04 2.23E-05

'CO 58 - 2.59E-07 3.47E-07 - - 1.68E-04 1.19E-05
CO 60 - 1.89E-06 2.48E-06 - - 1.09E-03 3.24E-05
NI 63 7.25F-05 5.43E-06 2.47E-06 - - 3.84E-05 1.77E-06

' NI 65 2.73E-10 3.66E-11 1.59E-11 - - 1.17E-06 4.59E-06
CU 64 - 2.54E-10 1.06E-10 - 8.01E-10 1.39E-06 7.68E-06

)ZN 65 4.82E-06 1.67E-05 7.80E-06 - 1.08E-05 1.55E-04 5.83E-06
~

J 69 6.04E-12 1.15E-11 8.07E-13 - 7.53E-12 1.98E-07 3.56E-08
sk 83 - - 4.30E-08 - - - LT E-24
BR 84 - - 5.41E-08 - - - LT E-24

BR 85 - - 2.29E-09 - - - LT E-24 .

RB 86 - 2.38E-05 1.05E-05 - - - 2.21E-06 I
RB 88 - 6.82E-08 3.40E-08 - - - 3.65E-15

RB 89 - 4.40E-08 2.91E-08 - - - 4.22E-17
SR 89 5.43E-05 - 1.56E-06 - - 3.02E-04 4.64E-05 )

SR 90 1.35E-02 - 8.35E-04 - - 2.06E-03 9.56E-05

SR 91 1.10E-08 - 4.39E-10 - - 7.59E-06 3.24E-05
SR 92 1.19E-09 - 5.08E-11 - - 3.43E-06 1.49E-05
Y 90 3.73E-07 - 1.00E-08 - - 3.66E-05 6.99E-05

Y 91M 4.63E-11 - 1.77E-12 - - 4.00E-07 3.77E-09
Y 91 8.26E-05 - 2.21E-06 - - 3.67E-04 5.11E-05
Y 92 1.84E-09 - 5.36E-11 - - 3.35E-06 2.06E-05

Y 93 1.69E-08 - 4.65E-10 - - 1.04E-05 7.24E-05
ZR 95 1.82E-05 5.73E-06 3.94E-06 - 8.42E-06 3.36E-04 1.86E-05
ZR 97 1.72E-08 3.40E-09 1.57E-09 - 5.35E-09 1.62E-05 7.88E-05

NB 95 2.32E-06 1.29E-06 7.08E-07 - 1.25E-06 9.39E-05 1.21E-05

0 99M
- 2.11E-08 4.03E-09 - 5.14E-08 1.92E-05 3.36E-0599

1.73E-13 4.83E-14 6.24E-12 - 7.20E-12 1.44E-07 7.66E-07

FC/ODCM R0
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FORT CALHOUN STATION CH-ODCM-0001 |
CHEMISTRY PROCEDURE PAGE 111 OF 125 !

' iTABLE 9 '

; INHALATION DOSE. FACTORS FOR TEENAGER
> -

'(mrem per pCi Inhaled)-.

Page 2 of 2 |

Nuclidg Bone Liver T. Body Thyroid _Eisiney Luno GI-LLI

TC 101 7.40E-15 1.05E-14 1.03E-13 - 2.30E-13 8.34E-08 1.09E-16 I
RU 103 2.63E-07 - 1.12E-07 - 9.29E-07 9.79E-05 1.36E-05 i

RU 105 1.40E-10 - 5.42E-11 - 1.76E-10 2.27E-06 1.13E-05

RU 106 1.23E-05 - 1.55E-06 - 2.38E-05 2.01E-03 1.20E-04
AG 110M 1.73E-06 1.64E-06 9.99E-07 - 3.13E-06 8.44E-04 3.41E-05 ,

TE 125M 6.10E-07 2.80E-07 8.34E- 08 1.75E-07 - 6.70E-05 9.38E-06

TE 127M 2.25E-06 1.02E-06 2.73E-07 5.48E-07 8.17E-06 2.07E-04 1.99E-05
TE 127 2.51E-10 1.14E-10 5.52E-11 1.77E-10 9.10E-10 1.40E-06 1.01E-05
TE 129M 1.74E-06 8.23E-07 2.81E-07 5.72E-07 6.49E-06 2.47E-04 5.06E-05

TE 129 8.87E-12 4.22E-12 2.20E-12 6.48E-12 3.32E-11 4.12E-07 2.02E-07 J

TE 131M 1.23E-08 7.51E-09 5.03E-09 9.06E-09 5.49E-08 2.97E-05 7.76E-05
iTE 131 1.97E-12 1.04E-12 6.30E-13 1.55E-12 7.72E-12 2.92E-07 1.89U-09 !
i

TE 132 4.50E-08 3.63E-08 2.74E-08 3.07E-08 2.44E-07 5.61E-05 5.79E-05
I 130 7.80E-07 2.24E-06 8.96E-07 1.86E-04 3.44E-06 - 1.14E-06
I 131 4.43E-06 6.14E-06 3.30E-06 1.83E-03 1.05E-05 - 8.11E-07-

!132 1.99E-07 5.47E-07 1.97E-07 1.89E-05 8.65E-07 - 1.59E-07
'

133 1.52E-06 2.56E-06 7.78E-07 3.65E-04 4.49E-06 - 1.29E-06
I 134 1.11E-07 2.90E-07 1.05E-07 4.94E-06 4.58E-07 - 2.55E-09 !

I 135 4.62E-07 1.18E-06 4.36E-07 7.76E-05 1.86E-06 - 8.69E-07
'CS 134 6.28E-05 1.41E-04 6.86E-05 - 4.69E-05 1.83E-05 1.22E-06

CS 136 6.44E-06 2.42E-05 1.71E-05 - 1.38E-05 2.22E-06 1.36E-06

CS 137 8.38E-05 1.06E-04 3.89E-05 - 3.80E-05 1.51E-05 1.06E-06
CS 138 5.82E-08 1.07E-07 5.58E-08 - 8.28E-08 9.84E-09 3.38E-11 ,

BA 139 1.67E-10 1.18E-13 4.87E-12 - 1.11E-13 8.08E-07 8.06E-07
'

BA 140 6.84E-06 8.38E-09 4.40E-07 - 2.85E-09 2.54E-04 2.86E-05 |
BA 141 1.78E-11 1.32E-14 5.93E-13 - 1.23E-14 4.11E-07 9.33E-14
BA 142 4.62E-12 4.63E-15 2.84E-13 - 3.92E-15 2.39E-07 5.99E-20

<

LA 140 5.99E-08 2.95E-08 7.82E-09 - - 2.68E-05 6.09E-05 j
LA 142 1.20E-10 5.31E-11 1.32E-11 - - 1.27E-06 1.50E-06
CE 141 3.55E-06 2.37E-06 2.71E-07 - 1.11E-06 7.67E-05 1.58E-05 |

CE 143 3.32E-08 2.42E-08 2.70E-09 - 1.08E-08 1.63E-05 3.19E-05
CE 144 6.11E-04 2.53E-04 3.28E-05 - 1.51E-04 1.67E-03 1.08E-04 <

PR 143 1.67E-06 6.64E-07 8.28E-08 - 3.86E-07 6.04E-05 2.67E-05

PR 144 5.37E-12 2.20E-12 2.72E-13 - 1.26E-12 2.19E-07 2.94E-14

0 187
147 9.83E-07 1.07E-06 6.41E-08 - 6.28E-07 4.65E-05 2.28E-05 '

1.50E-09 1.22E-09 4.29E-10 - - 5.92E-06 2.21E-05
NP 239 4.23E-08 3.99E-09 2.21E-09 - 1.25E-08 8.11E-06 1.65E-05

FC/CDCM R0
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 112 OF 125

TABLE 10

O, -- '(mrem per pCi 7nhaled)' -

INHALATION DOSE FACTORS FOR CHILD

Page 1 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI-

H 3 - 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07
C 14 9.70E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06
NA 24 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06

P 32 7.04E-04 3.09E-05 2.67E-05 - - - 1.14E-05
CR 51 - - 4.17E-08 2.31E-08 6.57E-09 4.59E-06 2.93E-07
MN 54 - 1.16E-05 2.57E-06 - 2.71E-06 4.26E-04 6.19E-06

MN 56 - 4.48E-10 8.43E-11 - 4.52E-10 3.55E-06 3.33E-05
FE 55 1.28E-05 6.80E-06 2.10E-06 - - 3.00E-05 7.75E-07
FE 59 5.59E-06 9.04E-06 4.51E-06 - - 3.43E-04 1.91E-05 -

CO 58 - 4.79E-07 8.55E-07 - - 2.99E-04 9.29E-06
' CO 60 - 3.55E-06 6.12E-06 - - 1.91E-03 2 60E-05

NI 63 2.22E-04 1.25E-05 7.56E-06 - - 7.43E-05 1.71E-06

NI 65 8.08E-10 7.99E-11 4.44E-11 - - 2.21E-06 2.27E-05
*

CU 64 - 5.39E-10 2.90E-10 - 1.63E-09 2.59E-06 9.92E-06
ZN 65 1.15E-05 3.06E-05 1.90E-05 - 1.93E C5 2.69E-04 4.41E-06

/ 69 1.81E-11 2.61E-11 2.41E-12 - 1.58E-11 3'.84E-07 2.75E-06
wR 83 - - 1.28E-07 - - - LT E-24
BR 84 - - 1.48E-07 - - - LT E-24

BR 85 - - 6.84E-09 - - - LT E-24
RB 86 - 5.36E-05 3.09E-05 - - - 2.16E-06
RB 88 - 1.52E-07 9.90E-08 - - - 4.66E-09

RB 89 - 9.33E-08 7.85E-08 - - - 5.11E-10
SR 89 1.62E-04 - 4.66E-06 - - 5.83E-04 4.52E-05
SR 90 2.73E-02 - 1.74E-03 - - 3.99E-03 9.28E-05

SR 91 3.28E-08 - 1.24E-09 - - 1.44E-05 4.70E-05
SR 92 3.54E-09 - 1.42E-10 - - 6.49E-06 6.55E-05
Y 90 1.11E-06 - 2.99E-08 - - 7.07E-05 7.24E-05

*

Y 91M 1.37E-10 - 4.98E-12 - - 7.60E-07 4.64E-07
t Y 91 2.47E-04 - 6.59E-06 - - 7.10E-04 4.97E-05

Y 92 5.50E-09 - 1.57E-10 - - 6.46E-06 6.46E-05

Y 93 5.04E-08 1.38E-09 - - 2.01E-05 1.05E-04-

ZR 95 5.13E-05 1.13E-05 1.00E-05 - 1.61E-05 6.03E-04 1.65E-05
ZR 97 5.07E-08 7.34E-09 4.32E-09 - 1.05E-08 3.06E-05 9.49E-05

NB 95 6.35E-06 2.48E-06 1.77E-06 - 2.33E-06 1.66E-04 1.00E-05

0 99
- 4.66E-08 1.15E-08 - 1.06E-07 3.66E-05 3.42E-05

99M 4.81E-13 9.41E-13 1.56E-11 - 1.37E-11 2.57E-07 1.30E-06

FC/ODCM R0
1
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FORT CALHOUN STATION CH-ODCM-0001 ;

CHEMISTRY PROCEDURE PAGE 113 OF 125 '

TABLE 10 i

INHALATION DOSE _ FACTORS FOR CHILDO -(meen per pCi -Inhaled)' - -
-

Page 2 of 2
,

Nuclide Bone Liver T. Body Thyroid Kidney Luna GI-LLI i

TC 101 2.19E-14 2.30E-14 2.91E-13 - 3.92E-13 1.58E-07 4.41E-09
RU 103 7.55E-07 - 2.90E-07 - 1.90E-06 1.79E-04 1.21E-05
RU 105 4.13E-10 - 1.50E-10 - 3.63E-10 4.30E-06 2.69E-05 :

RU 106 3.68E-05 - 4.57E-06 - 4.97F-05 3.87E-03 1.16E-04
'

AG 110M 4.56E-06 3.08E-06 2.47E-06 - 5.74*d-06 1.48E-03 2.71E-05 ,

TE 125M 1.82E-06 6.29E-07 2.47E-07 5.20E-07 - 1.29E-04 9.13E-06

TE 127M 6.72E-06 2.31E-06 8.16E-07 1.64E-06 1.72E-05 4.00E-04 1.93E-05
TE 127 7.49E-10 2.57E-10 1.65E-10 5.30E-10 1.91E-09 2.71E-06 1.52E-05
TE 129M 5.19E-06 1.85E-06 8.22E-07 1.71E-06 1.36E-05 4.76E-04 4.91E-05

,

TE 129 2.64E-11 9.45E-12 6.44E-12 1.93E-11 6.94E-11 7.93E-07 6.89E-06
'

TE 131M 3.63E-08 1.60E-08 1.37E-08 2.64E-08 1.08E-07 5.56E-05 8.32E-05
'

TE 131 5.87E-12 2.28E-12 1.78E-12 4.59E-12 1.59E-11 5.55E-07 3.60E-07

TE 132 1.30E-07 7.36E-08 7.12E-08 8.58E-08 4.79E-07 1.02E-04 3.72E-05
I 130 2.21E-06 4.43E-06 2.28E-06 4.99E-04 6.61E-06 - 1.38E-06 .

I 131 1.30E-05 1.30E-05 7.37E-06 4.39E-03 2.13E-05 - 7.68E-07 |
,

132 5.72E-07 1.10E-06 5.07E-07 S.23E-05 1.69E-06
~

8.65E-07- '

N 133 4.48E-06 5.49E-06 2.08E-06 1.04E-03 9.13E-06 - 1.48E-06ss
,

I 134 3.17E-07 5.84E-07 2.69E-07 1.37E-05 8.92E-07 - 2.58E-07

I 135 1.33E-06 2.36E-06 1.12E-06 2.14E-04 3.62E-06 - 1.20E-06 t

CS 134 1.76E-04 2.74E-04 6.07E-05 - 8.93E-05 3.27E-05 1.04E-06 ;
CS 136 1.76E-05 4.62E-05 3.14E-05 - 2.58E-05 3.93E-06 1.13E-06

;

CS 137 2.45E-04 2.23E-04 3.47E-05 - 7.63E-05 2.81E-05 9.78E-07
CS 138 1.71E-07 2.27E-07 1.50E-07 - 1.68E-07 1.84E-08 7.29E-08
BA 139 4.98E-10 2.66E-13 1.45E-11 - 2.33E-13 1.56E-06 1.56E-05 ,

-r

BA 140 2.00E-05 1.75E-08 1.17E-06 - 5.71E-09 4.71E-04 2.75E-05
BA 141 5.29E-11 2.95E-14 1.72E-12 - 2.56E-14 7.89E-07 7.44E-08
BA 142 1.35E-11 9.73E-15 7.54E-13 - 7.87E-15 4.44E-07 7.41E-10-

LA 140 1.74E-07 6.08E-08 2.04E-08 - - 4.94E-05 6.20E-05
IJi 142 3.50E-10 1.11E-10 3.499-11 - - 2.35E-06 2.05E-05
CE 141 1.06E-05 5.28E-06 7 . e .t 3-07 - 2.31E-06 1.47E-04 1.53E-05

'CE 143 9.89E-08 5.37E-08 7.77E-09 - 2.26E-08 3.12E-05 3.44E-05
CE 144 1.83E-03 5.72E-04 9.77E-05 - 3.17E-04 3.23E-03 1.05E-04
PR 143 4.99E-06 1.50E-06 2.47E-07 - 8.11E-07 1.17E-04 2.63E-05 i

PR 144 1.61E-11 4.99E-12 8.10E-13 - 2.64E-12 4.23E-07 5.32E-08

O187
147 2.92E-06 2.36E-06 1.84E-07 - 1.30E-06 8.87E-05 2.22E-05 -

4.41E-09 2.61E-09 1.17E-09 - - 1.11E-05 2.46E-05
NP 239 1.26E-07 9.04E-09 6.35E-09 - 2.63E-08 1.57E-05 1.73E-05

1

FC/ODCM- R0 |
|
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FORT CALHOUN STATION- CH-ODCM-0001 -

CHEMISTRY PROCEDURE PAGE 114 OF 125

TABLE 11

_O'~ - ~ ~ - (mrem ' per pCi -Tnhaled) - '

INHALATION DOSE FACTORS FOR INFAh"I
~

Page 1 of-2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI ,

H 3 - 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07
C 14 1.89E-05 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06"

NA 24 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06
'

P 32 1.45E-03 8.03E-05 5.53E-05 - - - 1.15E-05 :
CR 51 - - 6.39E-08 4.11E-08 9.45E-09 9.17E-06 2.55E-07
MN 54 - 1.81E-05 3.56E-06 - 3.56E-06 7.14E-04 5.04E-06

,

MN 56 - 1.10E-09 1.58E-10 - 7.86E-10 8.95E'06 5.12E-05
FE 55 1.41E-05 8.39E-06 2.38E-06 - - 6.21E-05 7.82E-07

'

FE 59 9.69E-06 1.68E-05 6.77E-06 - - 7.25E-04 1.77E-05
tCO 58 - 8.71E-07 1.30E-06 - - 5.55E-04 7.95E-06

CO 60 - 5.73E-06 8.41E-06 3.22E-03 2.28E-05 i
- -

NI 63 2.42E-04 1.46E-05 8.29E-06 - - 1.49E-04 1.73E-06 ;

NI 65 1.71E-09 2.03E-10 8.79E-11 - - 5.80E-06 3.58E-05
CU 64 - 1.34E-09 5.53E-10 - 2.84E-09 6.64E-06 1.07E-05' .

ZN 65 1.38E-05 4.47E-05 2.22E-05 - 2.32E-05 4.62E-04 3.67E-05- |

QR83 - - 2.72E-07
N 69 3.85E-11 6.91E-11 5.13E-12 - 2.87E-11 1.05E-06 9.44E-06

~

- - - LT E-24 ,

BR 84 - - 2.86E-07 - - - LT E-24
,

'

BR 85 - - 1.46E-08 - - - LT E-24
RB 86 - 1.36E-04 6.30E-05 - - - 2.17E-06
RB 88 - 3.98E-07 2.05E-07 - - - 2.42E-07

i

RB 89 - 2.29E-07 1.47E-07 - - - 4.87E-08 [SR 89 2.84E-04 - 8.15E-06 - - 1.45E-03 4.57E-05
SR 90 2.92E-02 - 1.85E-03 - - 8.03E-03 9.36E-05

,

SR 91 6.83E-08 - 2.47E-09 - - 3.76E-05 5.24E-05
SR 92 7.50E-09 - 2.79E-10 - - 1.70E-05 1.00E-04
Y 90 2.35E-06 - 6.30E-08 - - 1.92E-04 7.43E-05

i
Y 91M 2.91E-10 - 9.90E-12 - - 1.99E-06 1.68E-06
Y 91 4.20E-04 - 1.12E-05 - - 1.75E-03 5.02E-05
Y- 92 1.17E-08 - 3.29E-10 - - 1.75E-05 9.04E-05 i

Y 93 1.07E-07 - 2.91E-09 - - 5.46E-05 1.19E-04
ZR 95 8.24E-05 1.99E-05 1.45E-05 - 2.22E-05 1.25E-03 1.55E-05 :

ZR 97 1.07E-07 1.83E-08 8.36E-09 - 1.85E-08 7.88E-05 1.00E-04

NB 95 1.12E-05 4.59E-06 2.70E-06 - 3.37E-06 3.42E-04 9.05E-06
99 - 1.18E-07 2.31E-08 - 1.89E-07 9.63E-05 3.48E-05
99M 9.98E-13 2.06E-12 2.66E-11 - 2.22E-11 5.79E-07 1.45E-06

t

i

FC/ODCM R0
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 115 OF 125

t

TABLE 11

O,' -- '(mrem per pCi -Inhaled)- -- -

:

INHALATION DOSE FACTORS FOR' INFANT *

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI
:

TC 101 4.65E-14 5.88E-14 5.80E-13 - 6.99E-13 4.17E-07 6.03E-07
RU 103 1.44E-06 - 4.85E-07 - 3.03E-06 3.94E-04 1.15E-05 !

RU 105 8.74E-10 - 2.93E-10 - 6.42E-10 1.12E-05 3.46E-05 ;

RU 106 6.20E-05 - 7.77E-06 - 7.61E-05 8.26E-03 1.17E-04 .

AG 110M 7.13E-06 5.16E-06 3.57E-06 - 7.80E-06 2.62E-03 2.36E-05
'

TE 125M 3.40E-06 1.42E-06 4.70E-07 1.16E-06 - 3.19E-04 9.22E-06 !

TE 127M 1.19E-05 4.93E-06 1.48E-06 3.48E-06 2.68E-05 9.37E-04 1.95E-05 |
TE 127 1.59E-09 6.81E-10 3.40E-10 1.32E-09 3.47E-09 7.39E-06 1.74E-05 :

TE 129M 1.01E-05 4.35E-06 1.59E-06 3.91E-06 2.27E-05 1.20E-03 4.93E-05 i

TE 129 5.63E-11 2.48E-11 1.34E-11 4.82E-11 1.25E-10 2.14E-06 1.88E-05 !,

TE 131M 7.62E-08 3.93E-08 2.59E-08 6.38E-08 1.89E-07 1.42E-04 8.51E-05 >

TE 131 1.24E-11 5.87E-12 3.57E-12 1.13E-11 2.85E-11 1.47E-06 5.87E-06 i

!
TE 132 2.66E-07 1.69E-07 1.26E-07 1.99E-07 7.39E-07 2.43E-04 3.15E-05 i

I 130 4.54E-06 9.91E-06 3.98E-06 1.14E-03 1.09E-05 - 1.42E-06 |
I 131 2.71E-05 3.17E-05 1.40E-05 1.06E-02 3.70E-05 - 7.56E-07 |

132 1.21E-06 2.53E-06 8.99E-07 1.21E-04 2.82E-06
~

1.36E-06-

133 9.46E-06 1.37E-05 4.00E-06 2.54E-03 1.60E-05 - 1.54E-06 *

I 134 6.58E-07 1.34E-06 4.75E-07 3.18E-05 1.49E-06 - 9.21E-07 1

I 135 2.76E-06 5.43E-06 1.98E-06 4.97E-04 6.05E-06 - 1.31E-06 I
CS 134 2.83E-04 5.02E-04 5.32E-05 - 1.36E-04 5.69E-05 9.53E-07 i
CS 136 3.45E-05 9.61E-05 3.78E-05 - 4.03E-05 8.40E-06 1.02E-06 :

!

CS 137 3.92E-04 4.37E-04 3.25E-05 - 1.23E-04 5.09E-05 9.53E-07 |
CS 138 3.61E-07 5.58E-07 2.84E-07 - 2.93E-07 4.67E-08 6.26E-07 i
BA 139 1.06E-09 7.03E-13 3.07E-11 - 4.23E-13 4.25E-06 3.64E-05,

i

!

BA 140 4.00E-05 4.00E-08 2.07E-06 - 9.59E-09 1.14E-03 2.74E-05
BA 141 1.12E-10 7.70E-14 3.55E-12 - 4.64E-14 2.12E-06 3.39E-06
BA 142 2.84E-11 2.36E-14 1.40E-12 - 1.36E-14 1.11E-06 4.95E-07 I

'

LA 140 3.61E-07 1.43E-07 3.68E-08 - - 1.20E-04 6.06E-05
LA 142 7.36E-10 2.69E-10 6.46E-11 - - 5.87E-06 4.25E-05

'

CE 141 1.98E-05 1.19E-05 1.42E-06 - 3.75E-06 3.69E-04 1.54E-05

CE 143 2.09E-07 1.38E-07 1.58E-08 - 4.03E-08 8.30E-05 3.55E-05
CE 144 2.28E-03 8.65E-04 1.26E-04 - 3.84E-04 7.03E-03 1.06E-04 '

PR 143 1.00E-05 3.74E-06 4.99E-07 - 1.41E-06 3.09E-04 2.66E-05
1

PR 144 3.42E-11 1.32E-11 1.72E-12 - 4.80E-12 1.15E-06 3.06E-06 .
i

. 147 5.67E-06 5.81E-06 3.57E-07 - 2.25E-06 2.30E-04 2.23E-05 i

| 187 9.26E-09 6.44E-09 2.23E-09 - - 2.83E-05 2.54E-05 I
'

NP.239 2.65E-07 2.37E-08 1.34E-08 - 4.73E-08 4.25E-05 1.78E-05

|
4

FC/ODCM RO
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 116 OF 125

.

T.WLE 12 '

.

, INGESTION DOSE FACTORS FOR ADULT
- . ~(mrem per pCi Ingested) - -

-

Page 1 of 2 ;

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

H 3 - 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07
C 14 2.84E-06 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07 ,
NA 24 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 '

'P 32 1.93E-04 1.20E-05 7.46E-06 - - - 2.17E-05
CR 51 - - 2.66E-09 1.59E-09 5.86E-10 3.53E-09 6.69E-07 '

MN 54 - 4.57E-06 8.723-07 - 1.36E-06 - 1.40E-05

MN 56 - 1.15E-07 2.04E-08 - 1.46E-07 - 3.67E-06
FE 55 2.75E-06 1.90E-06 4.43E-07 - - 1.06E-06 1.09E-06
FE 59 4.34E-06 1.02E-05 3.91E-06 - - 2.85E-06 3.40E-05 ;

CO 58 - 7.45E-07 1.67E-06 - - - 1.51E-05
CO 60 - 2.14E-06 4.72E-06 - - - 4.02E-05 I
NI 63 1.30E-04 9.01E-06 4.36E-06 - - - 1.88E-06

NI 65 5.28E-07 6.86E-08 3.13E-08 - - - 1.74E-06
CU 64 - 8.33E-08 3.91E-08 - 2.10E-07 - 7.10E-06
ZN 65 4.84E-06 1.54E-05 6.96E-06 - 1.03E-05 - 9.70E-06

(BR83
7 69 1.03E-08 1.97E-08 1.37E-09 - 1.28E-08

~

- 2.96E-09
- - 4.02E-08 - - - 5.79E-08 i

BR 84 - - 5.21E-08 - - - 4.09E-13

BR 85 - - 2.14E-09 - - - LT E-24
*

RB 86 - 2.11E-05 9.83E-06 - - - 4.16E-06
RB 88 - 6.05E-08 3.21E-08 - - - 8.36E-19 |

|RB 89 - 4.01E-08 2.82E-08 - - - 2.33E-21 |SR 89 3.08E-04 - 8.84E-06 - - - 4.94E-05 <

SR 90 7.58E-03 - 1.86E-03 - - - 2.19E-04- |
SR 91 5.67E-06 - 2.29E-07 - - - 2.70E-05
SR 92 2.15E-06 - 9.30E-08 - - - 4.26E-05 s

Y 90 9.62E-09 - 2.58E-10 - - - 1.02E-04
'

Y 91M 9.09E-11 - 3.52E-12 - - - 2.67E-10
Y 91 1.41E-07 - 3.77E-09 - - - 7.76E-05

; Y 92 8.45E-10 - 2.47E-11 - - - 1.48E-05

Y 93 2.68E-09 - 7.40E-11 - - - 8.50E-05
ZR 95 3.04E-08 9.75E-09 6.60E-09 - 1.53E-08 - 3.09E-05
ZR 97 1.68E-09 3.39E-10 1.55E-10 - 5.12E-10 - 1.05E-04

NB 95 6.22E-09 3.46E-09 1.86E-09 - 3.42E-09 - 2.10E-05

0 99
- 4.31E-06 8.20E-07 - 9.76E-06 - 9.99E-06 i

99M 2.47E-10 6.98E-10 8.89E-09 - 1.06E-08 3.42E-10 4.13E-07 |

FC/ODCM R0

. - - .
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 117 OF 125

TABLE 12

O, ~ -
INGESTION DOSE FACTORS FOR ADULT

(mrem per pCi Ingested)- -

_

~ Page 2 of 2

Nuclide Bcne Liver T. Body Thyroid Kidney Luno GI-LLI

TC 101 2.54E-10 3.66E-10 3.59E-09 - 6.59E-09 1.87E-10 1.10E-21
RU 103 1.85E-07 - 7.97E-08 - 7.06E-07 - 2.16E-05
RU 105 1.54E-08 - 6.08E-09 - 1.99E-07 - 9.42E-06

RU 106 2.75E-06 - 3.48E-07 - 5.31E-06 - 1.78E-04
AG 110M 1.60E-07 1.48E-07 8.79E-08 - 2.91E-07 - 6.04E-05
TE 125M 2.68E-06 9.71E-07 3.59E-07 8.06E-07 . 09E-05 - 1.07E-05

*

TE 127M 6.77E-06 2.42E-06 8.25E-07 1.73E-06 2.75E-05 - 2.27E-05
TE 127 1.10E-07 3.95E-08 2.38E-08 8.15E-08 4.48E-07 - 8.68E-06
TE 129M 1.15E-05 4.29E-06 1.82E-06 3.95E-06 4.80E-05 - 5.79E-05

TE 129 3.14E-08 1.18E-08 7.65E-09 2.41E-08 1.32E-07 - 2.37E-08
TE 131M 1.73E-06 8.46E-07 7.05E-07 1.34E-06 8.57E-06 - 8.40E-05
TE 131 1.97E-08 8.23E-09 6.22E-09 1.62E-08 8.63E-08 - 2.79E-09

TE 132 2.52E-06 1.63E-06 1.53E-06 1.80E-06 1.57E-05 - 7.71E-05
I 130 7.56E-07 2.23E-06 8.80E-07 1.89E-04 3.48E-06 - 1.92E-06
I 131 4.16E-06 5.95E-06 3.41E-06 1.95E-03 1.02E-05 1.57E-06-

O132 2.03E-07 5.43E-07 1.90E-07 1.90E-05 8.65E-07 - 1.02E-07
133 1.42E-06 2.47E-06 7.53E-07 3.63E-04 4.31E-06 - 2.22E-06

I 134 1.06E-07 2.88E-07 1.03E-07 4.99E-06 4.58E-07 - 2.51E-10

I 135 4.43E-07 1.16E-06 4.28E-07 7.65E-05 1.86E-06 - 1.31E-06-
CS 134 6.22E-05 1.48E-04 1.21E-04 - 4.79E-05 1.59E-05 2.59E-06
CS 136 6.51E-06 2.57E-05 1.85E-05 - 1.43E-05 1.96E-06 2.92E-06

CS 137 7.97E-05 1.09E-04 7.14E-05 - 3.70E-05 1.23E-05 2.11E-06
CS 138 5.52E-08 1.09E-07 5.40E-08 - 8.01E-08 7.91E-09 4.65E-13
BA 139 9.70E-08 6.91E-11 2.84E-09 - 6.46E-11 3.92E-11 1.72E-07

BA 140 2.03E-05 2.55E-08 1.33E-06 - 8.67E-09 1.46E-08 4.18E-05
BA 141 4.71E-08 3.56E-11 1.59E-09 - 3.31E-11 2.02E-11 2.22E-17
BA 142 2.13E-08 2.19E-11 1.34E-09 - 1.85E-11 1.24E-11 3.00E-26

LA 140 2.50E-09 1.26E-09 3.33E-10 - - - 9.25E-05
LA 142 1.28E-10 5.82E-11 1.45E-11 - - - 4.25E-07
CE 141 9.36E-09 6.33E-09 7.18E-10 - 2.94E-09 - 2.42E-05

CE 143 1.65E-09 1.22E-06 1.35E-10 - 5.37E-10 - 4.56E-05
CE 144 4.88E-07 2.04E-07 2.62E-08 - 1.21E-07 - 1.65E-04
PR 143 9.20E-09 3.69E-09 4.56E-10 - 2.13E-09 - 4.03E-05

PR 144 3.01E-11 1.25E-11 1.53E-12 - 7.05E-12 - 4.33E-18

0 147
6.29E-09 7.27E-09 4.35E-10 - 4.25E-09 - 3.49E-05

187 1.03E-07 8.61E-08 3.01E-08 - - - 2.82E-05
NP 239 1.19E-09 1.17E-10 6.45E-11 - 3.65E-10 - 2.40E-05

|
FC/ODCM R0
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FORT CALHOUN STATION CH-ODCM-0001
' CHEMISTRY PROCEDURE- PAGE 118 OF 125 >

TABLE 13
INGESTION DOSE FACTORS FOR TEENAGERO - '(mrem per pCi " Inhaled)- -

~ Page 1 of 2
i

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

H 3 - 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07 i

C 14 4.06E-06 8.12E-07 8.12E-07 8.12E-07 8.12E-07 8.12E-07 8.12E-07
NA 24 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 *

P 32 2.76E-04 1.71E-05 1.07E-05 - - - 2.32E-05
CR 51 - - 3.60E-09 2.00E-09 7.89E-10 5.14E-09 6.05E-07
MN 54 - 5.90E-06 1.17E-06 - 1.76E-06 - 1.21E-05

MN 56 - 1.58E-07 2.81E-08 - 2.00E-07 - 1.04E-05
FE 55 3.78E-06 2.68E-06 6.25E-07 - - 1.70E-06 1.16E-06
FE 59 5.87E-06 1.37E-05 5.29E-06 - - 4.32E-06 3.24E-05

CO 58 - 9.72E-07 2.24E-06 - - - 1.34E-05
CO 60 - 2.81E-06 6.33E-06 - - - 3.66E-05
NI 63 1.77E-04 1.25E-05 6.00E-06 - - - 1.99E-06

!

NI 65 7.49E-07 9.57E-08 4.36E-08 - - - 5.19E-06
CU 64 - 1.15E-07 5.41E-08 - 2.91E-07 - 8.92E-06
ZN 65 5.76E-06 2.00E-05 9.33E-06 - 1.28E-05 - 8.47E-06

i

69 1.47E-08 2.80E-08 1.96E-09 - 1.83E-08 - 5.16E-08
u- 83 - - 5.74E-08 - - - LT E-24
BR 84 - - 7.22E-08 - - - LT E-24

IBR 85 - - 3.05E-09 - - - LT E-24
RB 86 - 2.98E-05 1.40E-05 - - - 4.41E-06
RB 88 - 8.52E-08 4.54E-08 - - - 7.30E-15

RB 89 - 5.50E-08 3.89E-08 - - - 8.43E-17
SR 89 4.40E-04 - 1.26E-05 - - - 5.24E-05
SR 90 8.30E-03 - 2.05E-03 - - - 2.33E-04

SR 91 8.07E-06 - 3.21E-07 - - - 3.66E-05 ,

SR 92 3.05E-06 - 1.30E-07 - - - 7.77E-05 i

Y 90 1.37E-08 - 3.69E-10 - - - 1.13E-04

Y 91M 1.29E-10 - 4.93E-12 - - - 6.09E-09
Y 91 2.01E-07 - 5.39E-09 - - - 8.24E-05 ,

Y 92 1.21E-09 - 3.50E-11 - - - 3.32E-05
,

Y 93 3.83E-09 - 1.05E-10 - - - 1.17E-04
ZR 95 4.12E-08 1.30E-08 8.94E-09 - 1.91E-08 - 3.00E-05
ZR 97 2.37E-09 4.69E-10 2.16E-10 - 7.11E-10 - 1.27E-04 |
NB 95 8.22E-09 4.56E-09 2.51E-09 - 4.42E-09 - 1.95E-05 {

O99M
- 6.03E-06 1.15E-06 - 1.38E-05 - 1.08E-0599

3.32E-10 9.26E-10 1.20E-08 - 1.38E-08 5.14E-10 6.08E-07

FC/ODCM R0

A- -_._______________________a _____m _. -- r---w - i -
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FORT CALHOUN STATION CH-CDCM-0001
CHEMISTRY PROCEDURE PAGE 119 OF 125

TABLE 13

O, INGESTION DOSE FACTORS FOR TEENAGER
-(mrem per pCi inhaled)~ - -

-

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

TC 101 3.60E-10 5.12E-10 5.03E-09 - 9.26E-09 3.12E-10 8.75E-17 ,

RU 103 2.55E-07 - 1.09E-07 - 8.99E-07 - 2.13E-05
RU 105 2.18E-08 - 8.46E-09 - 2.75E-07 - 1.76E-05

RU 106 3.92E-06 - 4.94E-07 - 7.56E-06 - 1.88E-04
AG 110M 2.05E-07 1.94E-07 1.18E-07 - 3.70E-07 - 5.45E-05
TE 125M 3.83E-06 1.38E-06 5.12E-07 1.07E-06 - - 1.13E-05

TE 127M 9.67E-06 3.43E-06 1.15E-06 2.30E-06 3.92E-05 - 2.41E-05
TE 127 1.58E-07 5.60E-08 3.40E-08 1.09E-07 6.40E-07 - 1.22E-05
TE 129M 1.63E-05 6.05E-06 2.58E-06 5.26E-06 6.82E-05 - 6.12E-05

TE 129 4.48E-08 1.67E-08 1.09E-08 3.20E-08 1.88E-07 - 2.45E-07
TE 131M 2.44E-06 1.17E-06 9.76E-07 1.76E-06 1.22E-05 - 9.39E-05
TE 131 2.79E-08 1.15E-08 8.72E-09 2.15E-08 1.22E-07 - 2.29E-09

;

TE 132 3.49E-06 2.21E-06 2.08E-06 2.33E-06 2.12E-05 - 7.00E-05
I 130 1.03E-06 2.98E-06 1.19E-06 2.43E-04 4.59E-06 - 2.29E-06
I 131 5.85E-06 8.19E-06 4.40E-06 2.39E-03 1.41E-05 - 1.62E-06 >

'

132 2.79E-07 7.30E-07 2.62E-07 2.46E-05 1.15E-06
-

3.18E-07-

133 2.01E-06 3.41E-06 1.04E-06 4.76E-04 5.98E-06 - 2.58E-06
I 134 1.46E-07 3.87E-07 1.39E-07 6.45E-06 6.10E-07 - 5.10E-09 |

I 135 6.10E-07 1.57E-06 5.82E-07 1.01E-04 2.48E-06 - 1.74E-06 '

CS 134 8.37E-05 1.97E-04 9.14E-05 - 6.26E-05 2.39E-05 2.45E-06
CS 136 8.59E-06 3.38E-05 2.27E-05 - 1.84E-05 2.90E-06 2.72E-06 ,

CS 137 1.12E-04 1.49E-04 5.19E-05 - 5.07E-05 1.97E-05 2.12E-06
CS 138 7.76E-08 1.49E-07 7.45E-08 - 1.10E-07 1.28E-08 4.76E-11
BA 139 1.39E-07 9.78E-11 4.05E-09 - 9.22E-11 6.74E-11 1.24E-06

BA 140 2.84E-05 3.48E-08 1.83E-06 - 1.18E-08 2.34E-08 4.38E-05
BA 141 6.71E-08 5.01E-11 2.24E-09 - 4.65E-11 3.43E-11 1.43E-13
BA 142 2.99E-08 2.99E-11 1.84E-09 - 2.53E-11 1.99E-11 9.18E-20

LA 140 3.48E-09 1.71E-09 4.55E-10 - - - 9.2BE-05
LA 142 1.79E-10 7.95E-11 1.98E-11 - - - 2.42E-06
CE 141 1.33E-08 8.88E-09 1.02E-09 - 4.18E-09 - 2.54E-05

CE'143 2.35E-09 1.71E-06 1.91E-10 - 7.67E-10 - 5.14E-05
CE 144 6.96E-07 2.88E-07 3.74E-08 - 1.72E-07 - 1.75E-04
PR 143 1.31E-08 5.23E-09 6.52E-10 - 3.04E-09 - 4.31E-05

PR 144 4.30E-11 1.76E-11 2.18E-12 - 1.01E-11 - 4.74E-14

0 147
9.38E-09 1.02E-08 6.11E-10 - 5.99E-09 - 3.68E-05

187 1.46E-07 1.19E-07 4.17E-08 - - - 3.22E-05

NP,239 1.76E-09 1.66E-10 9.22E-11 - 5.21E-10 - 2.67E-05

FC/ODCM R0
:
i
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 120 OF 125

1

TABLE 14 I

O~ - (mrem per pCi Ingested) - -

'INGESTION DOSE FACTORS FOR CHILD

Page 1 of 2

Juclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

H 3 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07-

C 14 1.21E-05 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06 i

NA 24 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 l

P 32 8.25E-04 3.86E-05 3.18E-05 - - - 2.28E-05'
CR 51 - - 8.90E-09 4.94E-09 1.35E-09 9.02E-09 4.72E-07
MN 54 - 1.07E-05 2.85E-06 - 3.00E-06 - 8.98E-06 j

:

MN 56 - 3.34E-07 7.54E-08 - 4.04E-07 - 4.84E-05 )
FE 55 1.15E-05 6.10E-06 1.89E-06 - - 3.45E-06 1.13E-06 i

FE 59 1.65E-05 2.67E-05 1.33E-05 - - 7.74E-06 2.78E-05 1

t

CO 58 - 1.80E-06 5.51E-06 - - - 1.05E-05
CO 60 - 5.29E-06 1.56E-05 - - - 2.93E-05

'

NI 63 5.38E-04 2.88E-05 1.83E-05 - - - 1.94E-06
'

NI 65 2.22E-06 2.09E-07 1.22E-07 - - - 2.56E-05
CU 64 - 2.45E-07 1.48E-07 - 5.92E-07 - 1.15E-05
ZN 65 1.37E-05 3.65E-05 2.27E-05 - 2.30E-05 - 6.41E-06 -

69 4.38E-08 6.33E-08 5.85E-09 - 3.84E-08
~

3.99E-06-

wo 83 - - 1.71E-07 - - - LT E-24
BR 84 - - 1.98E-07 - - - LT E-24

'

i
BR 85 - - 9.12E-09 - - - LT E-24

'

RB 86 - 6.70E-05 4.12E-05 - - - 4.31E-06
RB 88 - 1.90E-07 1.32E-07 - - - 9.32E-09 :

RB 89 - 1.17E-07 1.04E-07 - - - 1.02E-09
SR 89 1.32E-03 - 3.77E-05 - - - 5.11E-05
SR 90 1.70E-02 - 4.31E-03 - - - .2.29E-04

SR 91 2.40E-05 - 9.06E-07 - - - 5.30E-05
SR 92 9.03E-06 - 3.62E-07 - - - 1.71E-04
Y 90 4.11E-08 - 1.10E-09 - - - 1.17E-04 ;

!

Y 91M 3.82E-10 - 1.39E-11 - - - 7.48E-07
Y 91 6.02E-07 - 1.61E-08 - - - 8.02E-05
Y 92 3.60E-09 - 1.03E-10 - - - 1.04E-04 ,

;
Y 93 1.14E-08 - 3.13E-10 - - - 1.70E-04

'

ZR 95 1.16E-07 2.55E-08 2.27E-08 - 3.65E-08 - 2.66E-05
ZR 97 6.99E-09 1.01E-09 5.96E-10 - 1.45E-09 - 1.53E-04 |

'

NB 95 2.25E-08 8.76E-09 6.26E-09 - 8.23E-09 - 1.62E-05 :

03
- 1.33E-05 3.29E-06 - 2.84E-05 - 1.10E-05 |99-

99M 9.23E-10 1.81E-09 3.00E-08 - 2.63E-08 9.19E-10 1.03E-06 |
i

!

FC/ODCM RO
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 121 OF 125

TABLE 14
~, INGESTION DOSE FACTORS FOR CHILD

s -- ~ barem per pCi Ingested)
Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

TC 101 1.07E-09 1.12E-09 1.42E-08 - 1.91E-08 5.92E-10 3.56E-09
RU 103 7.31E-07 - 2.81E-07 - 1.84E-06 - 1.89E-05
RU 105 6.45E-08 - 2.34E-08 - 5.67E-07 - 4.21E-05

RU 106 1.17E-05 - 1.46E-06 - 1.58E-05 - 1.82E-04
AG 110M 5.39E-07 3.64E-07 2.91E-07 - 6.78E-07 - 4.33E-05
TE 125M 1.14E-05 3.09E-06 1.52E-06 3.20E-06 - - 1.10E-05

TE 127M 2.89E-05 7.78E-06 3.43E-06 6.91E-06 8.24E-05 - 2.34E-05
TE 127 4.71E-07 1.27E-07 1.01E-07 3.26E-07 1.34E-06 - 1.84E-05
TE 129M 4.87E-05 1.36E-05 7.56E-06 1.57E-05 1.43E-04 - 5.94E-05

TE 129 1.34E-07 3.74E-08 3.18E-08 9.56E-08 3.92E-07 - 8.34E-06
TE 131M 7.20E-06 2.49E-06 2.65E-06 5.12E-06 2.41E-05 - 1.01E-04
TE 131 8.30E-08 2.53E-08 2.47E-08 6.35E-08 2.51E-07 - 4.36E-07

TE 132 1.01E-05 4.47E-06 5.40E-06 6.51E-06 4.15E-05 - 4.50E-05
I 130 2.92E-06 5.90E-06 3.04E-06 6.50E-04 8.82E-06 - 2.76E-06
I 131 1.72E-05 1.73E-05 9.83E-06 5.72E-03 2.84E-05 - 1.54E-06

132 8.00E-07 1.47E-06 6.76E-07 6.82E-05 2.25E-06 - 1.73E-06
133 5.92E-06 7.32E-06 2.77E-06 1.36E-03 1.22E-05 - 2.95E-06

I 134 4.19E-07 7.78E-07 3.58E-07 1.79E-05 1.19E-06 - 5.16E-07

I 135 1.75E-06 3.15E-06 1.49E-06 2.79E-04 4.83E-06 - 2.40E-06
CS 134 2.34E-04 3.84E-04 8.10E-05 - 1.19E-04 4.27E-05 2.07E-06
CS 136 2.35E-05 6.46E-05 4.18E-05 - 3.44E-05 5.13E-06 2.27E-06

CS 137 3.27E-04 3.13E-04 4.62E-05 - 1.02E-04 3.67E-05 1.96E-06
CS 138 2.28E-07 3.17E-07 2.01E-07 - 2.23E-07 2.40E-08 1.46E-07
BA 139 4.14E-07 2.21E-10 1.20E-08 - 1.93E-10 1.30E-10 2.39E-05

BA 140 8.31E-05 7.28E-08 4.85E-06 - 2.37E-08 4.34E-08 4.21E-05
BA 141 2.00E-07 1.12E-10 6.51E-09 - 9.69E-11 6.58E-10 1.14E-07
BA 142 8.74E-08 6.29E-11 4.88E-09 - 5.09E-11 3.70E-11 1.14E-09

LA 140 1.01E-08 3.53E-09 1.19E-09 - - - 9.84E-05
LA 142 5.24E-10 1.67E-10 5.23E-11 - - - 3.31E-05
CE 141 3.97E-08 1.98E-08 2.94E-09 - 8.68E-09 - 2.47E-05

CE 143 6.99E-09 3.79E-06 5.49E-10 - 1.59E-09 - 5.55E-05
CE 144 2.08E-06 6.52E-07 1.11E-07 - 3.61E-07 - 1.70E-04
PR 143 3.93E-08 1.18E-08 1.95E-09 - 6.39E-09 - 4.24E-05

PR 144 1.29E-10 3.99E-11 6.49E-12 - 2.11E-11 - 8.59E-08
. 147 2.79E-08 2.26E-08 1.75E-09 - 1.24E-08 - 3.58E-05

187 4.29E-07 2.54E-07 1.14E-07 - - - 3.57E-05
NP 239 5.25E-09 3.77E-10 2.65E-10 - 1.09E-09 - 2.79E-05

FC/ODCM R0
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 122 OF 125

TABLE 15

O, -

'(mrem per pCi . Ingested)- -

INGESTION DOSE FACTORS FOR INFANT

Page 1 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luna GI-LLI

H 3 - 3.08E-07 3.08E-07 3.08E-07 3 08E-07 3.08E-07 3.08E-07
C 14 2.37E-05 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06 - 5.06E-06
NA 24 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05

P 32 1.70E-03 1.00E-04 6.59E-05 - - - 2.30E-05
CR 51 - - 1.41E-08 9.20E-09 2.01E-09 1.79E-08 4.11E-07
MN 54 - 1.99E-05 4.51E-06 - 4.41E-06 - 7.31E-06

MN 56 - 8.18E-07 1.41E-07 - 7.03E-07 - 7.43E-05
FE 55 1.39E-05 8.98E-06 2.40E-06 - - 4.36E-06 1.14E-06
FE 59 3.08E-05 5.38E-05 2.12E-05 - - 1.59E-05 2.57E-05

CO 58 - 3.60E-06 8.98E-06 - - - 8.97E-06
^

CO 60 - 1.08E-05 2.55E-05 - - - 2.57E-05
NI 63 6.34E-04 3.92E-05 2.20E-05 - - - 1.95E-06

NI 65 4.70E-06 5.32E-07 2.42E-07 - - - 4.05E-05
CU 64 - 6.09E-07 2.82E-07 - 1.03E-06 - 1.25E-05
ZN 65 1.84E-05 6.31E-05 2.91E-05 - 3.06E-05 - 5.33E-05

69 9.33E-08 1.68E-07 1.25E-08 - 6.98E-08
~

1.37E-05-

83 - - 3.63E-07 - - - LT E-24
BR 84 - - 3.82E-07 - - - LT E-24

BR 85 - - 1.94E-08 - - - LT E-24
RB 86 - 1.70E-04 8.40E-05 - - - 4.35E-06
RB 88 - 4.98E-07 2.73E-07 - - - 4.85E-07

RB 89 - 2.86E-07 1.97E-07 - - - 9.74E-08
SR 89 2.51E-03 - 7.20E-05 - - - 5.16E-05 :
SR 90 1.85E-02 - 4.71E-03 - - - 2.31E-04

SR 91 5.00E-05 - 1.81E-06 - - - 5.92E-05
SR 92 1.92E-05 - 7.13E-07 - - - 2.07E-04
Y 90 8.69E-08 - 2.33E-09 - - - 1.20E-04

Y 91M 8.10E-10 - 2.76E-11 - - - 2.70E-06
Y 91 1.13E-06 - 3.01E-08 - - - 8.10E-05 i
Y 92 7.65E-09 - 2.15E-10 - - - 1.46E-04

Y 93 2.43E-08 - 6.62E-10 - - - 1.92E-04
ZR 95 2.06E-07 5.02E-08 3.56E-08 - 5.41E-08 - 2.50E-05
ZR 97 1.48E-08 2.54E-09 1.16E-09 - 2.56E-09 - 1.62E-04

NB 95 4.20E-08 1.73E-08 1.00E-08 - 1.24E-08 - 1.46E-05

Oi 99
- 3.40E-05 6.63E-06 - 5.08E-05 - 1.12E-05 |

99M 1.92E-09 3.96E-09 5.10E-08 - 4.26E-08 2.07E-09 1.15E-06 |

FC/ODCM R0 I
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TABLE 15
INGESTION DOSE FACTORS FOR INFANTO' - - (mrem per pCi Ingested)-

'

Page 2 of 2

Euclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI
'

TC 101 2.27E-09 2.86E-09 2.83E-08 - 3.40E-08 1.56E-09 4.86E-07
RU 103 1.48E-06 - 4.95E-07 - 3.08E-06 - 1.80E-05
RU 105 1.36E-07 - 4.58E-08 - 1.00E-06 - 5.41E-05

RU 106 2.41E-05 - 3.01E-06 - 2.85E-05 - 1.83E-04
AG 110M 9.96E-07 7.27E-07 4.81E-07 - 1.04E-06 - 3.77E-05
TE 125M 2.33E-05 7.79E-06 3.15E-06 7.84E-06 - - 1.11E-05

s

TE 127M 5.85E-05 1.94E-05 7.08E-06 1.69E-05 1.44E-04 - 2.36E-05
TE 127 1.00E-06 3.35E-07 2.15E-07 8.14E-07 2.44E-06 - 2.10E-05 i
TE 129M 1.00E-04 3.43E-05 1.54E-05 3.84E-05 2.50E-04 - 5.97E-05

TE 129 2.84E-07 9.79E-08 6.63E-08 2.38E-07 7.07E-07 - 2.27E-05
TE 131M 1.52E-05 6.12E-06 5.05E-06 1.24E-05 4.21E-05 - 1.03E-04
TE 131 1.76E-07 6.50E-08 4.94E-08 1.57E-07 4.50E-07 - 7.11E-06

TE 132 2.08E-05 1.03E-05 9.61E-06 1.52E-05 6.44E-05 - 3.81E-05
'

I 130 6.00E-06 1.32E-05 5.30E-06 1.48E-03 1.45E-05 - 2.83E-06
I 131 3.59E-05 4.23E-05 1.86E-05 1.39E-02 4.94E-05 - 1.51E-06

O 133
132 1.66E-06 3.37E-06 1.20E-06 1.58E-04 3.76E-06

~

2.73E-06-

1.25E-05 1.82E-05 5.33E-06 3.31E-03 2.14E-05 - 3.08E-06
I 134 8.69E-07 1.78E-06 6.33E-07 4.15E-05 1.99E-06 - 1.84E-06

I 135 3.64E-06 7.24E-06 2.64E-06 6.49E-04 8.07E-06 - 2.62E-06
CS 134 3.77E-04 7.03E-04 7.10E-05 - 1.81E-04 7.42E-05 1.91E-06
CS 136 4.59E-05 1.35E-04 5.04E-05 - 5.38E-05 1.10E-05 2.05E-06

CS 137 5.22E-04 6.11E-04 4.33E-05 - 1.64E-04 6.64E-05 1.91E-06
CS 138 4.81E-07 7.82E-07 3.79E-07 - 3.90E-07 6.09E-08 1.25E-06
BA 139 8.81E-07 5.84E-10 2.55E-08 - 3.51E-10 3.54E-10 5.58E-05

BA 140 1.71E-04 1.71E-07 8.81E-06 - 4.06E-08 1.05E-07 4.20E-05
BA 141 4.25E-07 2.91E-10 1.34E-08 - 1.75E-10 1.77E-10 5.19E-06 '

BA 142 1.84E-07 1.53E-10 9.06E-09 - 8.81E-11 9.26E-11 7.59E-07

LA 140 2.11E-08 8.32E-09 2.14E-09 - - - 9.77E-05
LA 142 1.10E-09 4.04E-10 9.67E-11 - - - 6.86E-05
CE 141 7.87E-08 4.80E-08 5.65E-09 - 1.48E-08 - 2.48E-05

CE 143 1.48E-08 9.82E-06 1.12E-09 - 2.86E-09 - 5.73E-05
CE 144 2.98E-06 1.22E-06 1.67E-07 - 4.93E-07 - 1.71E-04
PR 143 8.13E-08 3.04E-08 4.03E-09 - 1.13E-08 - 4.29E-05

PR 144 2.74E-10 1.06E-10 1.38E-11 - 3.84E-11 - 4.93E-06

O*187
147 5.53E-08 5.68E-08 3.48E-09 - 2.19E-08 - 3.60E-05

9.03E-07 6.28E-07 2.17E-07 - - - 3.69E-05
NP 239 1.11E-08 9.93E-10 5.61E-10 - 1.98E-09 - 2.87E-05

|

FC/ODCM R0
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*

TABLE 16
RECO]OIENDED VALUES FOR OTHER PARAMETERS

. |O, ~ ' ^ ~ ~ ~ ~ ~ '- ~- "~
- Page 1 of 2

,

Parameter
Symbol Definition Values' ;

i

f, Fraction of produce ingested grown in garden 0.76
of interest ~.

,

i

fe Fraction of leafy vegetables grown in garden 1.0 |

of interest.
L

!
P Effective surface density of soil (assumes a 240 kg/m j2

15 cm plow layer, expressed in dry weight)

Fraction of deposited activity retained on 0.25r
crops, leafy vegetables, or pasture grass. 1.0 (for iodines) ;

0.2 (for other ,

particulates) ?

Sr Attenuation factor accounting for shielding 0.7 (for maximum
provided by residential structures. individuals)

0.5 (for general !
population) f

5Period of long-term buildup for activity in 1.31 x 10 hr
.

( ) to sediment or soil (nominally 15 yr). !

9

t. Period of crop, leafy vegetable, or pasture 720 hrs (30 days,
grass exposure during growing season. for grass-cow-

milk-man path- -

way)
1440 hrs (60 days L

for crop /
vegetation-man
pathway)

,

t, Transport time from animal feed-milk-man 2 days (for max.
provided by residential structures. individual)

4 days (for gen.
population)

Time delay between harvest of vegetation ;th
or crops and ingestion.
i) For ingestion of forage by animals Zero (for pasture

grass)
2160 hr (90 days

for stored
feed)

O
,

FC/ODCM RO

- - --
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TABLE 16

O, _. _ . _ _ _ . _ . - ~ -
-- Page 2 of 2

RECOMMENDED VALUES POR OTHER PARAMETERS

Parameter
Symbol Definition Values t

ii) For ingestion of' crops by man 24 hr (1 day, for
leafy vege-
tables & max. ,

individual)
feed)

1440 hr'(60 days
for produce &
maximum in-
dividual) -

336 hr (14 days
for general
population)

t Environmental transit time, release to 12 hr (for max.p
,

receptor (add time from release to exposure '

individual) point to minimums shown for 24 hr (for gen.
distribution) population)

24 hr (for max.
individual)() ~168 hr (7 days
for population

,

sport fish
doses)

240 hr (10 days . '

for population i
commercial
fish doses) |

to Average time from slaughter of meat animal to 20 days
consumption.

2
Yv Agricultural producitivity by unit area 0.7 kg/m (for

(measured in wet weight) grass-cow-milk
man pathway)

22.0 kg/m (for
produce or
leafy vegeta-
bles ingested
by man)

W Shore-width factor for river shoreline 0.2

A Rate constant for removal of activity on plant 0.0021 hr'1u
- or leaf surfaces by weathering (corresponds to

,

|
!t

. a 14-day half-life)

!

FC/ODCM R0 1
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1.0 INTRODUCTION

ATkbN MA RJATTODCM)'is' the cont. rollingThe OFFSITE DOSE CALC
document for the Fort Calhoun Station's (FCS) Radiological Effluent |
and Environmental Monitoring prograns. The programs are necessary |

to ensure the requirements set forth in 10 CFR 20, 10 CFR 50.34a, 10
CFR 50.36a, and 10 CFR 50, Appendix I. The document is subdivided
into four sections as outlined below:

|
;

Part I, Introduction - consists of information necessary for the
effective use of the ODCM. '

Part II, Radiological Effluent Controls - consists of 5 separate
sections including:

.

Section 1 Radiological Effluent Release Limits-

Section 2 Radiological Effluent Release Requirements

Section 3 Radiological Effluent Sampling and Analysis
Requirements

.

Section 4 Radiological Effluent Reporting Requirements :
!

Section 5 Radiological Environmental Monitoring Requirements

Together these sections provide the controls used to permit() radioactive material releases from the Fort Calhoun Station.
Part III, Radiological Effluent Radiation Monitor Calculation -
provides radiation monitor setpoint calculations for the liquid and 7/93|
airborne release pathways.

| |
|

Part IV, Radiological Effluent Monitoring Calculations - provides
the methodology necessary to calculate doses to individuals as a 7/93

|
result of-radioactive airborne and liquid releases from Fort [lCalhoun.

.i

The ODCM has been prepared in accordance with the guidance of
,

Nuclear Regulatory Commissions Reg. Guide 1.109, Rev. 1.

The Radiological Effluent Controls Program consists of the following i
sections in the Radiological Effluent Controls. -

!
A. Radiological Effluent Release Limits - All Sections '

P

B. Radiological Effluent Release Requirements - All Sections
,

C. Radiological Effluent Sampling and Analysis Requirements - All '

Sections :

7/93!
D. Radiological Effluent Reporting Requirements Sections 4.1

and 4.4

FC/CH-ODCM R1 *
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|

2.0 ADMINISTRATIVE
;

O~ The Radiologicat Environmental Monitoring Program consists of the
following sections in the Radiological Effluent Controls: i

7/93;
A. Radiological Effluent Reporting Requirements - Sections 4.2

and 4.3

B. Radiological Environmental Monitoring Requirements - All
Sections

2.1 Responsibilities

2.1.1 Nuclear Operation Division Chemistry Department is
responsible for the implementation and maintenance of
the ODCM.

2.1.2 Nuclear Operation Division Operation Department is
;

responsible for the compliance with the ODCM in the
^

operation of Fort Calhoun Station.
,

2.2 Change Mechanism
,

The ODCM is the controlling document for all radioactive *

effluent releases. It is defined as a procedure under the
guidance of Technical Specification 5.8. It will be revised -() and reviewed by the Plant Review Committee and' approved by_the
Plant Manager in accordance with Technical Specification 5.17. '

All changes to the ODCM will be forwarded to the Nuclear
Regulatory Commission during the next reporting period for the
Annual Report in accordance with the requirements of Technical :

Specification 5.17.
,

i

;

}

I
:

.i

t

!
,

t

i
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3

3.0 METEOROLOGICAL DATA $

0,~ The Annual Average k/h i~s Allized'~to~ determine the ' concentrations 7/93[of radionuclides at the unrestricted area boundary. This~ dispersion | [factor coincides with the highest calculated annual average value b

for the Fort Calhoun Station. It is based on 3 years of Onsite-
Meteorological data and the MESODIF II plume trajectory model. This i

model conforms with the Nuclear Regulatory Commissions Regulatory '

Guide 1.111. The model employs the sector averaged equations that
,

are utilized for long-term releases. This type of release (long *

term) is not dependent solely on atmospheric conditions for 7/93|
complying with 10 CFR 20 concentration limits at the unrestricted i
area boundary.,

Real time meteorological data will be utilized in the preparation of
the Annual Report. This data is used to calculate the joint
frequency table and the dispersion coefficients and deposition ;
factors in all 16 sectors. These are used in the calculation of *

doses to individuals in unrestricted areas as a result of the
operation of Fort Calhoun Station. The models used, GASPAR and :LADTAP, conform with the Nuclear Regulatory Commissions Reg.
Guide 1.109 and 1.21 for the reporting of doses due to routine !
radioactive effluent releases. |

|

O
!

,

,

,

t

,

!
!

.

:

i
t

-

a

,

L

.
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4.0 DEFINITIONS

O 7/93'._. _

Air Effluent Concentration-fAEC) -

;
- "-

Radionuclide limits listed in 10 CFR 20, Appendix B, Table 2,
Column 1.

Channel Check

A qualitative determination of acceptable operability by observation i

of channel behavior during normal plant operation. This
determination shall, where feasible, include comparison of the
channel with other independent channels measuring the same variable.

;

fhannel Function Test

Injection of a simulated signal into the channel to-verify that it
is operable, including any alarm and/or trip initiating action.

Operable - Onerability
I

A system, subsystem, train, component or device shall be OPERABLE or
have OPERABILITY when it is capable of performing its specified' function (s). Implicit in this definition shall be the assumption - !

that all necessary attendant instrumentation, controls, normal and
emergency electrical power sources, cooling or seal water,

;

lubrication, or other auxiliary equipment that are required for the :() system, subsystem, train, component, or device to perform its
function (s) are also capable of performing their related support.

function (s).
Purce-Purcing

|

A means for the removal and replacement of gases within the .

containment building.

Source Check
.

t

verification of channel response when the channel sensor is exposed
to a radioactive source.

~

Ventina

A means for the reduction of pressure greater than atmospheric
within the containment structure. i

i Unrestricted Area '

-7/931
Means an area, access to which is neither limited or controlled by

,

licensee. ;

7/93
Water Effluent Concentration (WFS1

Radionuclide limits listed.in 10 CFR 20, Appendix B,- Table 2,
Column 2. ;

FC/CH-ODCM R1
:
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5.0 REFERENCES
|_ _ _ . _ . _ _

( Regulatory Guide' 1.1097er 1 '- Cal'culation of Annual Dose to man '

from Routine Releases of Reactor Effluents for the purpose of
evaluation compliance with 10 CFR 50, Appendix I

.

Regulatory Guide 1.111, Rev. 1 Methods for Estimating Atmospheric-

Transport and Dispersion of Gaseous Effluents in Routine Releases
from Light-Water-Cooled Reactors.

,

Regulatory Guide 1.113, Rev. 1 - Estimating Aquatic Dispersion of
'

Effluents from Accidental and Routine Releases for the purpose of
Implementing Appendix I.

Nureg-0133 - Preparation of Radiological Effluent Technical
Specifications for Nuclear Power Plants.

;

Nureg-0472, Rev. 3- Draft Radiological Effluent Technical
Specifications for PWRs.

Regulatory Guide 1.21, Rev. 1 - Measuring, Evaluating, and
Reporting Radioactivity is solid wastes and Releases of ;
Radioactivity Materials in Liquid and Gaseous Effluents from i
Light-Water-Cooled Nuclear Power Plants. '

(
Code of Federal Regulations, Title 10, Part 20

() Code of Federal Regulations, Title 10, Part 50
'

|

Tort Calhoun Revised Environmental Report (Unit No. 1)-1972

F6rt Calhoun Technical Specifications (Unit N6. 1).

Updated Safety Analysis Report

Commitment Documents:

IMPLEMENTING COMMITMENT SOURCE <

STEP NUMBER (CID_l DOCUMENT
,

Part II, 2.2.3.1 C.2 920102/01 FC-0133-92

I

:
!

Z

i

O
.

i
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PART II
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!

RADIOLOGICAL EFFLUENT CONTROLS r
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.

I

!
!

;

I
1

1

,

e
'

?

r

. h

,

e

b

t

;

i
,

"
f

i

!
!

FC/CH-ODCM R1 :
!

.

-% y = e--T +-ae a a-yu-ee e- we-s 9 +----k + . -aw e e = 4's we Tr v



-.. -- . . _ . . - . ..

& !

FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 15 OF 122 [

1.0 RADIOACTIVE EFFLUENTS RELEASE LIMITS

The limits' and tondihiobh for the dbntroll'ed ' release of radioactive 7/93!
material in liquid and airborne effluents are to ensure that these
releases result in concentrations that are within the limits
specified in 10 CFR 20, and to ensure that releases of radioactive

,

material to the environment be as low as reasonably achievable in
conformance with 10 CFR 50.34a and 50.36a. To meet these criteria, . :
the following requirements must be met for all radioactive liquid '

and airborne effluents from FCS:
| {

'1.1 Licuid Effluenta

1.1.1 The release rate of radioactive material in liquid
.,

effluents shall be controlled such that the '

instantaneous concentrations for radionuclides, other
than dissolved or entrained noble gases, do not exceed :

the values specified in 10 CFR 20 for liquid effluents 7/93{
at site discharge. For dissolved or entrained noble |

i

gases, the concentration shall be limited to 2.0 E-04 '

pCi/ml, total activity. !

:

When the concentration of radioactive material released 7/93!
at site discharge exceeds the above limits, appropriate

| [
corrective actions shall be taken immediately to restore !
concentrations within the above limits.

~

!

()' 1.1.2 Annual Design Objectives
'

'1.1.2.1 The dose or dose commitment to an individual in
unrestricted areas from radioactive materials !
in liquid effluents during any calendar year !

! shall not exceed 1 millirems to the total body.
;i

1.1.2.2 Tne dose or dose commitment to an individual in !
unrestricted areas from radioactive materials |

in liquid effluents during any calendar year
'

shall not exceed la millirems to any oraan.
;

I
r

!
!

~

t

|
'i

A

C:) !
,

FC/CH-ODCM R1
!

!
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1.0 RADIOACTIVE EFFLUENTS RELEASE LIMITS (Continued)

( 1.172.3~hbe hadiation tose contributions from
radioactive materials in liquid efflu~ents 7/93i

,

released at site . discharge shall be determined,
| ,

in accordance with Part IV, Section 2.1, on a >

quarterly basis. If the dose contribution, due
to the cumulative release of liquid effluents
averaged over a calendar quarter, . exceeds

,

one-half of the annual design objectives, the
following course of actions shall be taken:

A. Make an investigation to identify the causes
for such releases.

,

,

B. Define and initiate a program of action to
reduce such releases to the design levels.

7

C. Submit a special report, pursuant to
Technical Specification 5.16, within 30 days
from the end of the quarter during which the
release (s) occurred, identifying the causes
and describing the proposed program of
action to reduce such releases to the design
levels.

7/93;
1.2 Airborne Effluents

|'

7/93{1.2.1 The release rate of radioactive material in airborne |effluents shall be controlled such that the
instantaneous concentrations for these radionuclides do !
not exceed the values specified in 10 CFR 20 for 7/93!
airborne effluents at the unrestricted area boundary. |

When the concentration of radioactive material released
to unrestricted areas exceeds the above limits, ,

appropriate corrective actions shall be taken
immediately to restore concentrations'within the above
limits. '

1.2.2 Annual Design Objectives '

1.2.2.1 The gamma air dose in unrestricted areas due to 7/93
the release of noble gases in airborne

|effluents shall not. exceed 10 millirads during
any calendar year;

1.2.2.2 The beta air dose in unrestricted areas-due to 7/93
the release of noble gases in airborne

-|effluents shall not exceed 20 millirads during
any calendar year; and

O
FC/CH-ODCM R1
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1.0 RADIOACTIVE EFFLUENTS RELEASE LLKIIS (Continued) ,

.g
'

1.2-2.3'The dose to an-individual or dose-commitment to i

_ ___._ _ ,

V
any organ of an individual in unrestricted !

areas due to the release of I-131, Tritium, and ;

radioactive materials in particulate form with !

half-lives greater than eight days (excluding 7/93:
noble gases) in airborne effluents shall not

| |
exceed 15 millirems from all exposure pathways
during any calendar year. ;

1.2.2.4 The radiation dose contributions from 7/93!
radioactive materials in airborne effluents [-shall be determined, in accordance with the
Part IV, section 2.2, on a' quarterly basis. If'
the dose contribution, due to the cumulative 7/93 ;t

release of airborne effluents averaged over a
| !

calendar quarter exceeds one-half of the annual
design objectives, the following course of i

actions shall be taken:

A. Make an investigation to identify the cause- |
for such release rates.

B. Define and initiate a program of action'to ,

reduce such releases to design levels.

() C. Submit a special report, pursuant to
Technical Specification 5.16, within 30 days
from the end of the quarter during which the .

release (s) occurred, identifying the causes
and describing the proposed program of !
action to reduce dose contributions. !

1.3 The dose to any real individual from uranium fuel cycle
sources shall be limited to s 25 mrem to the total body or any
organ ( except the thyroid, which shall be limited to +

s 75 mrem ) during each calendar year.
3

;

i
t

9

.j

|

-I
!

,

k
FC/CH ODCM R1
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,

2.0 EADIOACTIVE EFFLUENT RELEASE REOUIREMENTS
7/93!

Therequirements-forbereleaseofradioactiveliquidandairborne
| ,

effluents from FCS stated in this Section are to ensure that.the !

limits of Section 1 will be met, as well.as to allow for operational i

flexibility. When any of the requirements for release of
radioactive effluents cannot be complied with, the release shall not e

be permitted to occur or it shall be immediately terminated, if it !
is in progress. '

2.1 Licuid Effluent Releases i

The equipment or subsystem (s) of the liquid radwaste treatment
system as identified in the Part III, section 2.1, shall be

_ ,

operable. If the radioactive liquid effluents were discharged
without treatment by one or more of the pieces of equipment.or
subsystem (s) identified in that section and it is confirmed '

that one-half of the annual dose objective will be exceeded' t

during the calendar quarter, a special report, pursuant to
Technical Specification 5.16, shall be prepared and submitted
to the Nuclear Regulatory Commission within 30 days of the end
of the quarter during which the equipment or subsystem (s) were !
inoperable. This report shall include the following ;

information:
,

A. Identification of equipment or subsystem (s)' not operable i

and reasons for inoperability.4

O _

B. Action (s) taken to restore the inoperable equipment to
operable status. 1

C. Summary description of action (s) taken to prevent a
recurrence.

.

!

e

s

;

,

I

|

|

:

;l

FC/CH-ODCM R1
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued) I

2.1.~1 Monitor ~anddtel Wast 4~ Tanks "~ -

_

During release of radioactive liquid effluents, the
following conditions shall be met:

2.1.1.1 There shall be sufficient dilution flow so ;

that, at site discharge: '

7/93

n

[ C,/wec, s1
1-1

where:

C, - concentration of the i* i

radionuclide in the liquid effluent
at site discharge.

7/93'
weci = 10 CFR 20, Appendix B, Table 2, | -!

Column 2 limits. .

2.1.1.2 The overboard header effluent radiation monitor i

shall be set in acccrdance with Part III to
alarm and automatically close the. discharge-

,

'

-() valve prior to exceeding 10 CFR 20 limits at 7/932
site discharge. [

2.1.1.3 The liquid effluent radioactivity shall be. [
continuously monitored during.the release. If '

the effluent radiation monitor is inoperable,
,

effluent releases may continue provided.that:
(prior to initiating a release)

A. At least two independent samples are-
,

analyzed in accordance with applicable ;

chemistry procedures.
,

''B. At least two qualified individuals.
independently verify the release rate
calculations.

2.1.1.4 The liquid effluent radioactivity shall be
continuously recorded during the release. If.
the process radiation monitor chart. recorder is
inoperable and the process radiation monitor is
operable then effluent' releases may continue '

provided that the radioactivity level is
recorded manually at least once per four hours
during actual release.

FC/CH-ODCM R1
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)

2.1n.S~Tbe~1iquid ef f%ent flow' rate shal-1 be\

continuously monitored and recorded during the
release. If the flow rate recorder is
inoperable, effluent releases may continue
provided the flow rate is determined at least
once per four hours during actual release.

,

2.1.2 Steam Generator

During the release of steam generator blowdown to the
discharge tunnel, the following conditions shall be met:

2.1.2.1 There shall be sufficient dilution flow so
that, at site discharge: 7/93

n
'

[ C /wec, s13
2-1

where:
,

Ci- concentration of the ith
radionuclide in the liquid effluent
at site discharge.

7/93:() weci - 10 CFR 20, Appendix B', Table 2,
Column 2 limit.

2.1.2.2 The steam generator blowdown radiation monitors '

shall be set in accordance with Part III to
alarm and automatically close the blowdown

7/93!isolation valves prior to exceeding 10 CFR 20
limits at site dishcarge.

|

2.1.2.3 The radioactivity for each blowdown line shall
be continuously monitored by the blowdown
radiation monitors and recorded.

A. If one of the two radiation monitors is
inoperable, the activity for both blowdown
lines shall be monitored by the operable
radiation monitor within 2 hours of the. 7/931
declaration, by Shift Supervisor, of
inoperability.

O
FC/CH-ODCM R1
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)
,

.
-- .-

2.17. 3 ~'B T ~"If'toth rad ~la~ tion ' monitors are- inoperable,
steam generator liquid releases may continue i

provided grab samples are analyzed for
principal gamma emitters at a sensitivity of
5.0E-07 pCi/nd and recorded at least daily
when the specific activity of Steam
Generator-Blowdown is less than or equal to,

0.01 Ci/ gram dose equivalent I-131 and at
least once per 12 hours when the specific
activity of the secondary coolant is greater
than 0.01 pCi/ gram dose equivalent I-131.

;

2.1.2.4 The radioactivity for each blowdown line shall
be continuously recorded. If the process
radiation monitor chart recorder is not
operational, Steam Generator releases may
continue provided that the radioactivity level
is recorded manually at least once per four
hours during actual release.

j

2.2 Airborne Effluent Releases

The equipment or subsystem (s) of the gaseous radwaste
treatment system as identified in Part III, Section 2.2, shall
be operable. If the radioactive airborne effluents were

Us discharged without treatment by one or more of the equipment 7/93
or subsystems (s) identified in that section and it is

|confirmed that one-half of the annual dose objective will be
,

exceeded during the calendar quarter, a special report, q

pursuant to Technical Specification 5.16, shall be prepared 7/93 1
and submitted to the Nuclear Regulatory Commission within-

| i

30 days of the end of the quarter during which the equipment
,

or subsystem (s) were inoperable. This report shall. include i

the following information: l

A. Identification of equipment or subsystem (s) not operable I
and reason for inoperability. I

B. Action (s) taken to restore the inoperable equipment to
operable status.

C. Summary description of action (s) taken to prevent a |
recurrence.

|

I

.

O
!

FC/CH-ODCM R1 |
1

|
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2.0 EADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)
(~% _ _ - - -

(f 2.2.1 Auxiliary Buildinct Exhaust-Stack- -

7/93:
2.2.1.1 During the ventilation of airborne effluents

from the Auxiliary Building through the
Auxiliary Building Exhaust Stack, the following
conditions shall be met:

A. The Auxiliary Building Exhaust Stack Noble
Gas Monitors, iodine sampler and particulate
sampler, shall be operational, OR:

1) If the Auxiliary Building Exhaust Stack
noble gas monitor is inoperable,
releases from the containment pressure
relief line and the containment purge
line are to be secured in the most
expeditious manner. Ventilation of the
auxiliary building via the Auxiliary
Building Exhaust stack may continue
provided grab samples are taken once per
8 hours (+25% maximum extension) and
analyzed for principal gamma emitters
(See Table 2).

() ~

2) If the Auxiliary Building Exhaust Stack
1

iodine or particulate sampler (s) is/are
'

inoperable, ventilation of the auxiliary |
building and releases from the gaseous i

waste discharge header, containment l
pressure relief line or the containment '

purge line may continue through the |

Auxiliary Building Exhaust Stack |
provided sample collection using |

auxiliary sample collection equipment is !
initiated within 2 hours of the 7/93'
declaration, by the Shift Supervisor, of
inoperability in accordance with
Table 2. I

7/931
B. The Auxiliary Building Exhaust Stack Noble |

Gas Radiation Monitor shall be set in i

accordance with Part III to alarm and
'

automatically terminate the release prior to
exceeding 10 CFR 20 limits at the
unrestricted area boundary (see Part III,
Figure 1).

O
FC/CH-ODCM R1
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued) . .

7/93|_ _ _ . . . _ _ _ _ . _

2.2n.1~C7~The~ AuxiliW13uilding Exhaust- Stack
.

airborne radioactivity shall be monitored |
and recorded during the release. If the
process. radiation monitor chart recorder is .

inoperable and the noble gas monitor is
operable then releases from the Auxiliary

,

Building may continue provided that the-
,

radioactivity level is recorded manually at
least once per four hours during the actual
release. !

!D. The Auxiliary' Building Exhaust Stack
flowrate shall be monitored and recorded i

during ventilation of the Auxiliary
Building. If the flowrate monitor.or
recorder is inoperable, ventilation may s

continue provided the flowrate is determined
and recorded manually at least once per four-
hours. !

a

2.2.1.2 During release of airborne effluents from }
containment pressure relief line to the j
Auxiliary Building Exhaust Stack, the following ;
conditions shall be met: ~

A. The Auxiliary Building Exhaust Stack noble f])
gas monitor, iodine sampler and particulate
sampler shall be operational. '

B. The Auxiliary Building Exhaust Stack noble
gas radiation monitor shall be set in :

accordance with Part III to alarm and :

automatically terminate the release prior to
exceeding 10 CFR 20 limits at the 7/93j
unrestricted area boundary (see Part III, | ;

Figure 1).
,

;

C. At least one Auxiliary Building exhaust fan !
shall be in operation. j

!
<

|

|

;

FC/CH-ODCM R1 :
,
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)

O beAuxiliKry"Buil'dingExhaust-Stack 7/93)2 . 2 1.~ 2~ D
airborne radioactivity shall be m'onitored

|and recorded during the release. If the
process radiation monitor chart recorder is 7/93;
inoperable and the noble gas monitor is |operable then releases from containment may - |/93!7
continue provided that the radioactivity

| 1level is recorded manually at least once per ;

four hours during the actual release. :
t

E. The containment flow rate shall be monitored
and automatically recorded during the
release. If the flow rate monitor or
recorder is inoperable, releases from the
containment may continue provided the flow
rate is determined and recorded manually at
least once per four hours during actual' '

release.
7/93(

2.2.1.3 During the release of airborne effluents from
| ,

the containment purge line: *

A. The conditions set forth in Section 2.2.1.2 ,

shall be met.
,

.O
e

~

B. A noble gas monitor shall monitor the
containment building atmosphere.

7/93:
2.2.1.4 During the release of airborne effluents from

|the gaseous waste discharge header:
s

iA. The Auxiliary Building Exhaust Stack noble'
gas monitor, iodine sampler and particulate
sampler shall be operational, OR:

.

7/93;

1) If the Auxiliary Building Exhaust _ Stack
noble gas monitor is inoperable,- '

effluent releases may continue provided
that (prior to release) :

,

a) At least.two independent samples are
analyzed in accordance with the '

applicable chemistry procedure.
.

b) At least two qualified individuals
~

'

independently verify the release
;

rate calculations.
7

,

O
.

'

FC/CH-ODCM R1
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued) ,

_ _ _ . _ _ _ _
'

~~

2.2n.3 B.- The~ AuxiliaT7'Buil' ding Exhaust ~ Stack noble
gas radiation monitor shall be set in
accordance with Part III to alarm and
automatically terminate the release prior to
exceeding 10 CFR 20 limits at the 7/93;
unrestricted area boundary (see Part III,

|Figure 1).

C. At least one Auxiliary Building exhaust fan
shall be in operation.

D. The Auxiliary Building Exhaust Stack 7/93!
airborne radioactivity shall be monitored

| ''and recorded during the release. If the-
process radiation monitor chart recorder.is '7/93!
inoperable and the noble gas monitor is

|operable then releases from waste gas decay
tanks may continue provided that the gaseous
radioactivity level is recorded manually at
least once per four hours during the actual
release.

E. The waste gas discharge header flow rate
shall be monitored and automatically
recorded during releases. If the flow rate() monitor or recorder is inoperable, releases

~

may continue provided the flow rate is
determined and recorded manually at least
once per four hours during actual release.

2.2.2 Condenser Offaas

2.2.2.1 During power operation, the condenser air
ejector discharge shall be monitored for gross

.

1

radioactivity. If this monitor is inoperable,
grab samples shall be taken once per 24 hours
(+25% maximum extension) and analyzed for
principal gamma emitters. (See Table _2)

;

h

!

O
FC/CH-ODCM R1
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)
- 2.2 3 LabtratorV"MYid kadioact"1ve' Waste ~ Processing Building

Stack
7/93!

2.2.3.1 During the release of airborne effluents from
|the Laboratory and Radioactive Waste Processing

,

Building (LRWPB) the following conditions shall
'

be met:

A. The LRWPB noble gas monitor, iodine sampler
and particulate sampler shall be-

'

operational, OR: ',

1) If the noble gas monitor is 7/93i
inoperable, ventilation of the-LRWPB
may continue via the LRWPB stack.
provided grab samples will be taken-

,

once per 24 hours and analyzed for i
principal gamma emitters.

'

[2)] If the iodine or particulate
sampler (s) is/are inoperable,
ventilation of the LRWPB may continue
via the LRWPB Stack provided sample >

collection using auxiliary sample
collection equipment is initiated 7/93!

- () within 2 hours of the declaration, by. -

the Shift Supervisor,.of
inoperability in accordance with
Table 2. ,

B. The LRWPB noble gas radiation monitor shall
be set in accordance with Part III to alarm
at its predetermined setpoints. :

C. The LRWPB Stack flow rate shall be monitored ,|
and recorded during ventilation of the -

LRWPB, 'If the flow rate monitor or recorder ;

is inoperable, ventilation may continue |
provided the flow rate is determined and '

recorded manually at least once per four ?
hours.

,

!

.!
!

h

i
,

O
,
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3.0 RADIOLOGICAL EFFLUENT SAMPLING AND ANALYSIS REOUIREMENTS
t

The sampling ant analysis hequirem&'ht's stated-in this-Section will
.

provide reasonable assurance that radioactive materials p" resent in 7/93!
the liquid and airborne effluents will be properly identified and |accurately quantified. This information will serve as the basis for
determining doses to individuals as a result of radioactive
effluents from FCS.

Records shall be maintained and reports of the sampling and results
of analyses shall be submitted to the Nuclear Regulatory Commission
in accordance with Section 4 of these Controls. Sampling, analysis
and operability testing will typically be documented on_ Surveillance

,

Tests or on Release Permits or Summaries.

3.1 Licuid Effluents

3.1.1 Radioactive liquid effluent sampling and activity ,

analyses shall be performed in accordance with Table 1.
The results of these analyses shall be used with the
calculational methods in Part IV of this manual to f

assure that the concentration at the point'of release is
limited to 10 CFR 20 limits for unrestricted areas. ,

3.1.2 Prior to release of each batch of liquid effluent, the' -

batch shall be mixed, sampled, and analyzed for |
principal gamma emitters. When operational or other

O limitations preclude specific gamma radionuclide
analysis of each batch:

.

3.1.2.1 Gross radioactivity measurements shall be made
,

to estimate the quantity and concentrations of '

. radioactive materials released in the batch.
:

3.1.2.2 A weekly sample composite-from proportional |
aliquots from each batch released during the
week shall be analyzed for the principal !
gamma-emitting radionuclides, i

3.1.3 Records shall be maintained of the radioactive '

concentrations and volume before dilution of each batch !
of liquid effluent released and of the average dilution !
flow and length of time over which each discharge

7/93|occurred. Analytical results shall be submitted to the ;

Commission in accordance with Part II, Section 4.
|

I3.1.4 The radiation monitors for liquid effluents shall have
their operability tested in accordance with the i

requirements in Table 3, Item A. I

>

P

:
:

FC/CH-ODCM R1
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3.0 RADIOLOGICAL EFFLUENT SAMPLING AND ANALYSIS REOUIREMENTS

O - .__ . - _ - - -

_ _ . _ _. 7j93

(Continued) - .-

3.2 Airborne Effluents ~

/93!3.2.1 Radioactive airborne effluent sampling and activity
|analyses shall be performed in accordance with Table 2.

The results of these analyses shall be used with the
calculational methods in Part IV of this manual to
assure that the concentration of radioactive materials 7/93i
is limited to 10 CFR 20 limits at the unrestricted area
boundary.

7/93!
3.2.2 The radiation monitors / samplers for airborne effluents

|shall have their operability tested in accordance with
the requirements in Table 3, Item B.

3.3 Lower Limit of Detection (LLD)
7/93;

The lower limit of detection (LLD) for liquid and airborne
effluent discharges, referenced in Part II, Tables 1 and 2, is
defined as the smallest concentration of radioactive material
in a sample that will yield a net count, above system
background, that will be detected with 95 percent probability
with only 5 percent probability of falsely concluding that a
blank observation represents a "real" signal.

() For a particular measurement system, which may include
radiochemical separation: '

4.66 * s3LLD =
E * V * D * Y * exp ( - Aa t) !

Where: -

LLD = the lower limit of detection as defined above, in either
picoCuries or microCuries, per unit mass or volume as a
function of the value of D

Sb = the standard deviation of the background counting rate
or of the counting rate of a blank sample, as
appropriate, as counts per minute

'E = the counting efficiency, as counts per disintegration

V = the sample size in units of mass or volume

'

D = 2.22E+06 of disintegrations per minute per microcurie or
2.22 disintegrations per minute per picocurie :

.
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3.0 RADIOLOGICAL EFFLUENT SAMPLING AND ANALYSIS REOUIREMENTS

O (Continued) - - _ _ - -

3.3 Y = the fractional radiochemical yield, when applicable

the radioactive decay constant for the particularA =

radionuclide

the elapsed time for the plant effluent between theAt -

midpoint of sample collection and time of counting

Appropriate values of E, V, Y and at should be used in the
calculation.

It should be recognized chat the LLD is defined as an A Priori
limit representing the capability of a measurement system and
not as a limit for a particular measurement.

LLD verifications will be performed on a periodic basis. This
determination is to ensure that the counting system is able to
detect levels of radiation at the LLD values for the specific
type of analysis required by Tables 1 and 2. They will be ;

performed with a blank (non-radioactive) sample in the same
counting geometry as the actual sample. |

4.0 RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS

I) The reporting requirements for radioactive effluents stated in this
Section are to provide assurance that the limits set forth in
Section 1 are complied with. These reports will meet the
requirements for documentation of radioactive effluents contained in -

10 CFR 50.36a; Reg. Guide 1.21, Rev. 1; Reg. Guide 4.8, Table 1; and
Reg. Guide 1.109, Rev. 1.

4.1 Annual Radioactive Effluent Release ReDort
t

A report covering the operation of the Fort Calhoun. Station
during the previous calender year shall be submitted within
90 days after January 1 of each year per the requirements of
10CFR 50.36a. !

The radioactive effluent release report shall include a 7/93
summary of the quantities of radioactive liquid and airborne
effluents and solid waste released from the plant as outlined
in Regulatory Guide 1.21, Revision 1.

The radioactive effluent release report shall include a !
U93 -summary of.the meteorological conditions concurrent with the

release of airborne effluents during each quarter-as outlined | +

in Regulatory Guide 1.21, Revision 1.

.

FC/CH-ODCM R1 .
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.

4.0 RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS (Continued)

?O'
_ _ _ _ _ _ . _ i

4.1 The~radicactive effitrent releaEfe' rep' ort ~shall ' include an
,

assessment of radiation doses from the radioactive liquid and 7/93;
airborne effluents released from the unit during each calendar

|quarter as outlined in Regulatory Guide 1.21, Revision 1. The
assessment of radiation doses shall be performed in accordance
with calculational methodology of the Regulatory Guide 1.109, i

Revision 1.

The radioactive effluent release report shall include any
changes to the Process Control Program (PCP) or to the Offsite
Dose Calculation Manual (ODCM) made during the reporting
period. Each change shall be identified by markings in the

.

margin of the affected pages clearly indicating the area of
the page that was changed and shall indicate the date the
change was implemented.

;

4.2 annnp1 Radiolooical Environmental Operatino Renort

The Annual Radiological Environmental Operating Report;for.the
previous one year of operation shall_be submitted prior to
May 1 of each year. This report contains the data gathered
from the radiological environmental monitoring program. The
content of the report shall include:

4.2.1 Summarized and tabulated-results of the radiological() environmental sampling / analysis activities following the
format of Regulatory Guide 4.8, Table 1. In the event-
that some results are not available, the report shall be
submitted noting and explaining the-reasons for the
missing results. The missing data shall be submitted as
soon as possible in a supplementary report.

4.2.2 Interpretations and statistical evaluation of the
results, including an assessment of the observed impacts
of the plant operation and environment.

4.2.3 The results of participation in a NRC approved
Interlaboratory Comparison Program.

4.2.4 The results of land use survey required by Part II,
'

Section 5.4.

O
FC/CH-ODCM R1
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4.0 RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS (Continued)
("1 __ _ |

V 4.2 75 The7esult~s-of1pecific activity ~ analysis -in which the
primary coolant exceeded the limits of Technical
Specification 2.1.3. The following information shall be

,

included:

4.2.5.1 Reactor power history starting 48 hours prior
to the first sample in which the limit was
exceeded.

4.2.5.2 Results of the last isotopic analysis for
radiciodine performed prior to exceeding the
limit, results of analysis while limit was
exceeded and results of one analysis after the
radiciodine activity was reduced to less than
the limit. Each result should include date and
time of sampling and the radiciodine
concentrations.

4.2.5.3 Purification system flow history starting ,

48 hours prior to the first sample in which the
limit was exceeded.

4.2.5.4 Graph of the I-131 concentration and one other
radiciodine isotope concentration in
micro-curies per gram as a functi.on of time forO the duration of the specific activity above the
steadystate level, AND

4.2.5.5 The time duration when the specific activity of
the primary coolant exceeded the radioiodine
limit.-

4.3 Non-Routine Report

If a confirmed measured radionuclide concentration in an
environmental sampling medium averaged over any calendar
quarter sampling period exceeds the reporting level referenced
in Table 7, and if the radioactivity is attributable to plant
operation, a written report shall be submitted to the Nuclear

,

Regulatory Commission within 30 days from the end of the
quarter.

The report shall include an evaluation of any release
conditions, environmental factors, or other aspects necessary
to explain the anomalous result.

O
.
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4.0 RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS (Continued) +

4.4 EPA-' 40 CFR 190'R~eD~0rtina Recti 12'ements-- ~

With the calculated dose from the release of radioactive
materials in liquid or gaseous effluents exceeding twice the 7/93|limits of Part II, Sections 1.1.2, 1.2.2, or 1.3, based on

|quarterly and annual calculations, prepare and submit a
special report to the Commission within 30 days and limit the
subsequent releases such that the dose to any real individual
from uranium fuel cycle sources is limited to s 25 mrem to the
total body or any organ (except thyroid, which is limited to
s 75 mrem) over the calendar year. This special report shall
include an analysis which demonstrates that radiation ,

exposures to any member of the public from uranium fuel cycle
sources (including all effluent pathways and direct radiation)
are less than the 40 CFR 190 standard. Otherwise, obtain a
variance from the Commission to permit releases which exceed
the 40 CFR 190 standard. The submittal of the report is.to be
considered a timely request and a variance is granted pending
the final action on the variance request from the Commission.

'

t

!
:

!

|

() i

|
1

FC/CH-ODCM R1

.



- _. . _ _ - . . _ .__ . ._ - _. . _ _

FORT CALHOUN STATION CH-ODCM-0001 !CHEMISTRY PROCEDURE PAGE 33 OF 122 j

5.0 RADIOLOGICAL ENVIRONMENTAL MONITORING REOUIREMENTS

The requirements setkorthin this7e~ction"wil'1 provide reasonable 7/93
assurance that radioactive liquid and airborne effluent releases to

|
:

the environment in and around Fort Calhoun Station are monitored and
that any deviation of radiation levels above background will be
identified.

5.1 Radiological environmental monitoring shall be conducted
according to Table 4. Analytical results of this program and
deviations from the sampling schedule shall be reported to the
Nuclear Regulatory Commission in the Annual Radiological 7/93:,
Environmental Operating Report (Part II, Section 4.2).

| 7

5.2 If the level of radioactivity, from calculated doses, in the
Annual Radiological Effluent Release Report leads to a higher
exposure pathway to individuals, this pathway shall be added
to the Radiological Environmental Monitoring Program.

5.3 If the level of radioactivity in an environmental sampling
medium exceeds the reporting level specified in Table 7, a
Non-routine Report shall be prepared and submitted to the 7/93:
Nuclear Regulatory Commission (Part II, Section 4.3). The |detection capabilities of the equipment used for the analysis
of Environmental Samples must meet the requirements of Table 6
for Lower Level of Detection (LLD).

( 5.4 A land use survey shall be conducted once per 24 months
~

i

between the dates of June 1 and October 1. This survey shall
identify the location of the nearest milk animal, nearest meat
animal, nearest vegetable garden, and the nearest residence in
each of the 16 cardinal sectors within a distance of five
miles. The results of the land use survey shall be submitted
to the Nuclear Regulatory Commission in the Annual
Radiological Environmental Operating Report (Part II, 7/93
Section 4.2). The survey shall be conducted under the

|following conditions:

5.4.1 Within a one-mile radius from the plant site,
enumeration by door-to-door or equivalent counting.
techniques.

5.4.2 Within a five-mile radius, enumeration by using
referenced information from county agricultural agents
or other reliable sources.

;

O
.
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. 5. 0 RADIOLOGICAL ENVIRONMENTAL. MONITORING REOUIREMENTS

5.4;3 If -it isdearnId fr$m thi's survey that milk animals are h
present at a location which yields a calculated dose

~

greater than from previously sampled location (s), the i

new location (s) shall be added to the monitoring
program. The sampling location (s) having the lowest
calculated dose may then be dropped from the monitoring *

program at the end of the grazing and/or growing season
during which the survey was conducted and the new
location is then added to the monitoring program. Also,
any location (s) from which milk can no longer be ' '

obtained may be dropped and. replaced if practicable from
the monitoring program and the Nuclear Regulatory
Commission shall be notified in the Annual Radiological 7/93~
Environmental Operating Report (Part II, Section 4.2).

|

5.4.4 Radiological Environmental Sampling locations and the
,

media that is utilized for analysis are presented in
Table 5. Details of the emergency TLD locations are
contained in Emergency Preparedness Implementing
Procedures.

5.5 Analyses shall be performed on radioactive materials as part
of an Interlaboratory Comparison Program that has been
approved by the Nuclear Regulatory Commission. The results of
these analyses shall be included in the Annual Radiological

{) Environmental Operating Report.

5.6 Deviations from the monitoring program, presented in this
section and detailed in Table 4, are permitted if specimens

.

are unobtainable due to hazardous conditions, seasonal
unavailability, malfunction of equipment, or if a person-
discontinues participation in the program and other legitimate
reasons. If the equipment malfunctions, corrective actions
will be complete as soon as practicable. If a person no
longer supplies samples, a replacement will be made. All
deviations from the sampling schedule will be described in the
Annual Radiological Environmental Operating Report, pursuant 7/93
to Part II, Section 4.2.

|

O
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'

TABLE 1
7/93|_ ..__. _ ._

1 Radioactive Liquid Ef fluent Samolinq and Analysis
| |

A. Monitor & Hotel Waste Tanks Releases

Lower Limit of
Type of Detection jLLD)

Sampling Frequency Activity Analysis (pCi/ml) ll)
.

Each Batch Principal Gamma
Emitters (2) (3 ) 5.0 E-07

I-131(2) 1.0 E-06

Monthly From Dissolved Noble
One Batch Gases (2 ) (Gamma 1.0 E-05

Emitters)

Montbly Composite (7) H-3 1.0 E-05
,

Gross a 1.0 E-07

Quarterly Composite (7) Sr-89, Sr-90 5.01E _08 |

.

1

B. Steam Generator Blowdown

Lower Limit of
Type of Detection (LLD)

Sampling Frequency Activity Analysis (pCi/ml) (1) |

Weekly Composite (7) Principal Gamma
Emitters (3 ) 5.0 E-07

I-131(5) 1.0 E-06

Monthly Dissolved Noble
,

Gases (Gamma 1.0 E-05
Emitters)

Monthly Composite (7) H-3 1.0 E-05

Gross a 1.0 E-07

Quarterly Composite (7) Sr-89, Sr-90 5.0 E-08
'

FC/CH-ODCM R1'
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|
ITABLE 2

p[ _ _ . . _ _ _ . . 7/93i(_ Radioactive Ai'rborne^Tffluent Sampling and Analysis
|

A. Gas Decay Tank Releases
,

|
,

Lower Limit of
Type of Detection LLD) i

Sampling Frequency Activity Analysis (pCi/ml) ((1)

Prior to each Principal Gamma
'

release Emitters (4) 1.0 E-04 i

!

B. Containment Purge Releases or Containment

f.Pressure Relief Line Releases

I
. Lower Limit of i

Type of Detection jLLD)
Sampling Frequency Activity Analysis (pCi/ml)ll)

.

'

:

Prior to each Principal Gamma i

release Emitters (4) 1.0 E-04

Prior to each .

release H-3 1.0 E-06 |

C. Condenser Air Ejector Releases

Lower Limit of :.,

Type of Detection (LLD) .

Sampling Frequency Activity Analysis (pCi/ml) (1)
,

Monthly (6) Tritium (H-3) 1.0 E-06 I

,

Monthly Principal Gamma |
Emitters (4) 1.0 E-04 |

,

;

!

!
t

!

O
;
i
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TABLE 2
- 4 Coutinued)

- - - - - .. .--_
.

D. Auxiliary Building Exhaust Stack and
Laboratory and Radwaste Building Exhaust Stack

Lower Limit of
Type of Detection {LLD)

Sampling Frequency Activity Analysis (9Ci/ml) (1) !

Weekly -[
'

(Charcoal Sample) I-131 1.0 E-12

Weekly Principal Gamma
(Particulates) Emitters (4), I-131 1.0 E-11

and Particulates
with half-lives
> eight days. !

7/93i
Weekly (Noble Gases) Principal Gamma 1.0 E-11

Emitters (4)
,

Monthly Composite Gross a 1.0 E-11
,

Quarterly Composite '

(Particulates) Sr-89, Sr-90 1.0 E-11
*

O
;

.

k

>

1

>

s

[

,

O >
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TABLES 1 and 2
- --- -4 Continued) j

- NOTES: - ~ ~ ~ ~ ""-~ ~ ^
- - -

(1) LLD is defined in Part II, Section 3.3.

(2) Gross Radioactivity is defined as the determination of radioactivity
levels without regard to specific radionuclide identification and i

individual isotopic quantification.
i

(3) The principal gamma emitters for which the LLD specification applies
exclusively are the following' radionuclides: Mn-54, Fe-59, Co-58,

|
Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, and Ce-144. ;

(4) The principal gamma emitters for which the L'LD specification applies :

exclusively are the following radionuclides: Kr-87, Kr-88, Xe-133,
Xe-133m, Xe-135, and Xe-138 for gaseous emissions and Mn-54, Fe-59,
Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, Ce-144 for i

particulate emissions.
|

(5) A weekly grab sample and analyses program including gamma isotopic
identification will be initiated for the turbine building sump
effluent when the steam generator blowdown water composite analysis
indicates the I-131 concentration is greater than 1.0 E-06
microcurie / milliliter.

( )(6)
Required only when steam generator blowdown radioactiyity for
tritium (Table 1, Item B) exceeds 3.0 E-03 microcurie / milliliter.

(7) To be representative of the average quantities and concentrations of
radioactive materials in liquid effluents, samples should be -

collected in proportion to the rate of flow of the effluent stream.
Prior to analyses, all samples taken for the composite should be
mixed in order for the composite sample to be representative of the
average effluent release.

!

4

.

.-

O
.
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TABLE 3

,_ ,R5diatio';}nd 'EnvirorvreteLMonitors,_ ,
_ _.

s

ngL/
._ __

Operability Test Recuirements

t

| Daily Monthly Quarterly Source Check
'

Channet Source Channet keiueling Prior to
A. LiqJid Monitors Check Check func. Test Calibration Release

RM-054 A/B x(2) x x y .

RM-055/55A - - x x x

;

Daily Monthly Quarterly Source Check
Channel source Channel Refueling Prior to

B. Gaseous Mcriitors Check Check Func. Test Calibration Release

RM-043 x x x x -

RM-057 x x x x -

RM-062/51(1) x x x x x

RM-041/42 sampler x - - x -

RM-060 sanpler
Flow Rate x * - x -

i

Monthly Annual
Operations Air flow

C. Erwirrentl. Monitors Check Calibration
_

RM-035 - 039 x x%

7/93J

|NOTES:

I(1) RM-051 will be substituted for RM-062 when it is sanpling the Auxiliary Building Exhaust Stock. !

l

(2) visual flowcheck daily

1

|
|

I

1

O
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TABLE 4
..

\ RadioI6gica,1~E.nvironmental Monitoring Program _
_

~

Exposure Pathway
and/or Sa yle Collection siteCII Types of Analysis (2) Frequency

1. Direct Radiation A. Ten TLD indicator stations, Gama dose Quarterly
one contro! station, total ,

of 11,

.

B. An inner-ring of 16 stations, Gama dos e during site Replaced i

one in each meteorological Area and General Emer- Annually 7/93!sector in the general area of gencies only.
the unrestricted area boundary

.

and within 2.5 miles. ..

C. An outer-ring of 16 stations, Gamma dose during site Replaced
1 in each meteorological Area and General Emer- Annually fsector located outside of the gencies only.
inner-ring, but no more dis-

,
tant th pproximately >

5 miles

7/93!2. Air Manitoring A. Indicator Stations 1)Filteg)forGross Weekty
Betai

1. 3 stations in the general

area of the unrestricted 2) Charcoal for 1-131 Weekly ,

area boundary i

2. City of Blair 3) Filter for Gama Quarterly '

Isotopic composite of
wkly. fitr_s. >

B. One background station Same as A. above

3. Water A. Missouri River at nt est Gama Isotopic, H-3 Monthly com- ;

downstream drinkinc ter posite for
intake. Gama Isoto-

pic Analysis

B. Missouri River downstream Quarterly
near the mixing zone. conposite

for H-3 1

Analysis
C. Missouri River upstream of

plant intake (background).

4. Mill (') A. Nearest family cow when Gamma Isotopic and 1-131 Semimonthly
available or one dairy farm grazing sea-
within 5 miles. son (May to

October) *

B. One dairy farm between 5
miles and 18.75 miles.
(Background)

,

5. Fish A. Four fish samples within Gama Isotopic Once per
vicinity of plant discharge. season (May

,

to October)
B. One background sample up-

stream of plant discharge.

6. Sediment one sample from downstream ares Gama Isotopic Semiannually
on the station side of the
Missouri River.

FC/CH-ODCM R1
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|

TABLE 4 -

. - - (Continued)-

"

~ Radi515giE l E'nvironmental Ionlt'o' ring Pr'ogram ~ ^
~'

r

Exposure Pathway
and/or Sample Collection SiteCl) Types of Analysis (2) Frequency

7. Vegetables or A. One sample outside of 5 Ganma Isotopic once per
Food Prodets miles. (Background) season (May :

to October) i
B. One sample in the highest

,

exposure pathway. !

:
i

.

!
,

!

,

%

i

!

e

t

Notes: '

(1) See Table 6 for required det-etion limits.
,

(2) The Lower Limit of Detection (LLD) for analysis is defined in the ODCM in accordance with the wording of WUREG-
D472, Rev. 3, Draft 7.

(3) When a gross beta count indicates radioactivity greater than 1E-12 gCi/ml or 1 pC1/m', a ganna spectral analysis
will be performed.

(4) When milk samples are not available, a broad leaf vegetation or pasture grass sample shall be collected, when
available.

>

(5) Details of the Emergency TLD Stations are contained in Emergency Preparedness Inplementing Procedures.
t

,

FC/CH-ODCM R1 -
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TABLE 5

Radiotegical Environmental Samplinn Locations and MMia
e

IDistance Frcm Direction
Location location FCS Reactor Bldg. (Degrees from Airborne Airborne surface Fresh Bottom

Number Description (miles) (north) Particulate lodine TLD Water Mith Sedimnt Fish Vegetation

1 Onsite Station No. 1,
110-meter weather tower 0.5 293* x x x

-

2 Onsite Station No. 2, ,
adjacent to old plant 0.6 208' x x x f

access road

3 Offsite Station No. 3,
intersection of Hwy. 75 0.8 145' x x x <

and farm access road t'
1

'
4 Blair OPPD office 3.0 303' x x x

15 EOF Building, North Omaha
Power Station 17.5 157' x x x ,

6 Fort Calhoun City Hall 4.8 149' x !

7 Fence around intake gate,

f
Desoto Wildlife Refuge 2.0 101' x

8 Entrance to Plant Site ,1

from Hwy. 75 0.6 180* x t

9 NV of Plant 1.0 310' x

10 WSW of Plant 0.7 250' x

'
11 SE of Plant 0.9 130' x

12 Met. Utilities Dist.,
Florence Treatment Plant 17.0 156* x
North Onahe, NE

13 West bank Missouri River,
downstream from reactor 0.5 106' x x
building

14 125' upstream from intake
bldg., west bank of river 0.1 345* x x

FC/CH 00CM R1

.-- _ _ - _ __ __ __



, _

FORT THOUM STATION f.d ODCM-0001
CHEMISTRf PROCEDURE PAGE 44 OF 120

TABLE 5
(Continued)

Radiotonical Environmental Samoting t v ations and Media

_

Distance From Direction
Location Location FCS Reactor Bldg. (Degrees from Airborne Airborne Well Fresh Bottom
Ptmber Description (miles) (north) Particulate Iodine TLD Water Milk Sediment Fish Vegetation

15 Smith Farm (1) 1.9 133' x

16 OPPD Onsite Well(l) 0.1 154* x

17 Headquarters Bldg.,(1) |
Desoto Wildlife Refuge 3.1 53' x

18 Miller Farm (3) 0.8 206* i
|;(Discontinued Milk) x
i>

19 Flym Dairy (2) 3.4 310' x ||
20 Mohr Dairy (1)(2)(3) 7,9 187' x x if,

21 Japp Dairy (2) 6.3 219' x ;
i
~

22 Fish Sanpling Area * R.M.
| ,

Missouri River 645.0 - x

23 Fish Sanpling Area - R.M. |
Missouri River 666.0 - x

r

24 Legenhausen Farm 0.7 207' j
-(Discontinued)

25 Seltz Farm (2) 2.7 168* x [

26 Vegetation (3I
:

(High Expos. Pthwy. for Veg.) x +

27 VegetationC3)
(Backgromd) x

'

( i
.t,-

,

wates: >

!
' (1) Sanpling not required for pathway modeling, collections performed for additional information only. >

(2) When a milk sample is not available at a location, a broad leaf vegetation sancte will be collected at that location as a substitute.

(3) Vegetation sites chosen based on Land Use Survey and Semiannual Radioactive Effluent Release Report.

i

|
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TABLE 6

Detection Capabilities for Envirorwental Samte Analysis (I)(2)(3)
Lower Limit of Detection (LLD)

Gross
Samte Units Bets !! .3 Mn-54 Fe-59 Co-58. 60 2n-65 2r-95 Nb-95 1-131 Cs-134 Cs-137 Ba-1403

L

Water pCi/L -- 2.0E+03 1.5E+01 3.0E+01 1.5E+01 3.0E+01 1.5E+01 1.5E+01 1.0E+00 1.5E+01 1.8E+01 1.5E+01

Fish pCl/kg -- -- 1.3E+02 2.6E+02 1.3E+02 2.6E+02 -- -- -- 1.3E+02 1.5E+02 --

(wet)

Mitk pCi/L -- -- -- -- -- -- -- -- 1.0E'00 1.5E+01 1.8E+01 1.5E+01
|

3Air pCi/m 1.0E-02 -- -- -- -- -- -- -- 7.0E-02 -- - --

Particu-
late or '

Gases f
1

Sediment pCi/kg -- -- -- -- -- -- -- -- -- 1.5E+02 1.BE+02 --

|
(dry)

.

Grass or pCi/kg -- -- -- -- -- -- -- -- 6.0E+01 6.0E+01 8.0E+01 -- I|I

Broad Leaf (wet) ;

Vegetation /
vegetables i

,

i

{

'-

f
(1) This list does not mean that only these nuctit% et t be considered. Other peaks that are identifiable as plant effluents, *otether with those

of the above nuclides, shalt also be analyzed a. * recor ed in the Annual Radiological Environmental Surveillance Report purs;mt to Part II,
Section 5.1.

(2) Required detection capabilities for thermaltsninescent dosimeters used for envirorvnental measurements shall be in accordance with the recomenda-
tions of Regulatory Guide 4.13.

(3) The LLD is defined, for purposes of these specifications, as the smattest concentration or radioactive materlat in a sa g te that will yield a net
count, above system background, that will be detected with 95% probability with only 5% probability of f alsely concitsding that a blank observation
represents a "reat" signal.

For a particular measurement system, which may include radiochemical separation:

4.66 sb
LLD "

V - 2.22E+06 - Y - expt-AA t )E -

FC/CH-00CM R1
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! TABLE 7

i

l' Reportina Levels for Radioactivity Concentrations in Envirorvental Servlesil)
l
,

Servie Units H3 Mn-54 Fe-59 Co-58 Co-60 zn-65 Zr-95 Nb-95 I-131 Cs-134 Cs-137 Ba-140

Water pcl/L 2.0E+04 1.0E+03 4.0E+02 1.0E+03 3.0E+02 3.0E+02 4.0E+02 4.0E+02 2.0E+00 3.0E+01 5.0E+01 2.0E+02

Fish pCl/kg -- 3.0E+04 1.0E+04 3.0E+04 1.0E+04 2.0E+04 -- -- -- 1.0E+03 2.0E+03 --

(wet)

Milk pCl/L -- -- -- -- -- -- -- -- 3.0E+00 6.0E+01 7.0E+01 3.0E+02 | ,

Air pCf/d -- -- -- -- -- -- -- -- 9.0E-01 -- -- --

Particulate i
or Gases |

Grass or pCi/kg -- -- -- -- -- -- -- -- 1.0E+02 1.0E+03 2.0E+03 --

Broad Leaf (wet)-
Vegetation / i i
Vegetables {|

|

|

|
1
f

,

5

(1) A Non-routine report shall be submitted when more than one of the radionuclides listed above are detected in the sanpling medium and:
I

Concentration (1) + Concentration (2) + - - - - - 1 1.0
Reporting Level (1) Reporting Level (2)

'

r

When radionuclides other than those listed above are detected and are the result of plant effluents, this report shall be submitted if the poten-
tial annual dose to a metter of the general public is equal to or greater than the dose objectives of Part II, Section 1.1 and 1.2. This report
is not required if the measured level of radioactivity was not the result of plant ef fluents; however, in such an event, the condition shall be
reported and described in the Annual Radiological Enviroreental Operating Report.

FC/CH*0DCM R1
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i

;

!

|

i

I
,

,

PART III
;

RADIOLOGICAL EFFLUENT RADIATION MONITOR CALCULATIONS !

!
<

!

O -

|

|
!

|

|

|

|

!
!
;

I

i

O
.

FC/ODCM R1
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1.0 EFFLUENT MONITOR SETPOINTS >

0 . - - - ..

1.1 J;icuid' Ef fluents ~ - - -- ~
-

-

There are two liquid discharge pathways to the Missouri River.
These pathways originate with the radioactive liquid waste
processing system (monitor or hotel tanks) and the. steam
generator blowdown' system. Both of these pathways empty into-
the circulating water system which discharges to the Missouri
River (see Figure 1). Figure 2 depicts the liquid discharge
pathways and associated radiation monitors. Figure 3 depicts
the methods of liquid effluent treatment. A detailed discussion
of the liquid effluent treatment system is presented in
Section 2.1. ,

The flowrate for dilution water varies with the number of i

circulating water pumps in service and with the operation of the
warm water recirculation. Some warm water from the condenser
outlet is diverted from the circulating water discharge to
upstream of the intake structure to help prevent ice from

.

'

forming on the circulating water pump intakes during winter
months. The varying dilution flowrate is accounted for in the i

dilution calculations for monitor tank and stream generation
releases.

,
'

Alarm setpoints shall be established for the liquid effluent
monitoring instrumentation to ensure that the concentration of 7/93

'O radioactive material released in liquid effluents at site
discharge shall be less than the concentrations specified in
10 CFR 20, Appendix B, Table 2, Column 2.

Cs-137 is the most abundant radionuclide in liquid effluent
streams and is used to calibrate the liquid effluent monitors.

O
FC/ODCM R1
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)
y - . - - . -

1.2 Liould Effluent-Radiati~on MonirDrs-
-

-- -

1.2.1 Steam Generator Blowdown Monitors (RM-054A and B)

These process radiation detectors monitor the flow through
,

the steam generator blowdown lines and automatically close- :

the blowdown isolation valves if the monitor high alarm
setpoint is reached. The high alarm setpoint calculations
are based on controlling the discharge at 10 CFR 20 limits 7/93;
of 1.0E-06 pCi/ml at site discharge. |'
The following calculations for maximum concentration and-
alarm setpoints are valid when steam generator blowdown is
the only liquid release pathway. For simultaneous
radioactive liquid releases of steam generator blowdown
and monitor tank discharge, refer to Section 1.5.1.

The maximum allowable concentration in the blowdown line
is calculated as follows:

7/93;

(1.0E-06 pCi/ml) (X )oA, =
,O

O Where:
~

7/93{
1.0E-06 mci /nd = 10 CFR 20 Limit for unidentified radionuclides

at site discharge (10 CFR 20, Appendix B,
Note 2).

|

Total dilution flow in the discharge tunnelXo -

(gpm). (: Normal flow is based on 1 circulating
water pump at 120,000 gpm. Other flowrates may ,

be used, as required.)

Blowdown flow rate (gpm) . (Normal blowdown flowYo =

rate is based on 2 transfer pumps with a design
flow of 135 gpm each, 270 gpm total. Other flow
rates may be used, as required.)

M ximum allowable blowdown concentrationA a=o
(pCi/ml).

;

1

O
FC/ODCM R1
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

The highalarm setpdint'-(CPM)~ -- -

f1.2.1'

.85 [ (S ) (A ) +B)f o

Where:

.85 = Correction factor for instrument meter ;

error.
.

}

Detector sensitivity factor (CPM /pCi/ml).Sr =

(Sensitivity based on Cs-137).

Maximum allowable blowdown line activityAo' =

(pCi/ml).
.

t

Background (CPM).B =

'

Setpoints may be recalculated based on adjusted
dilution flow and adjusted blowdown flow. ,

An alert setpoint will be chosen at a value below the
alarm setpoint so that significant increases in
activity will be identified prior to automatic*

i

actuation of the blowdown isolation valves. *

O 1.2.2 Overboard Discharge Header Monitor (RM-055 or RM-055A)

This process radiation monitor provides control of the
waste monitor tank effluent by monitoring the overboard

,

header prior to its discharge into the circulating water ,

discharge tunnel. The concentration of activity at ;

discharge is controlled below the 10 CFR 20 limit of 7/93;
1.0E-06 pCi/ml at site discharge for unidentified isotopes |by the high alarm setpoint which closes the overboard flow
control valve.

The following calculations for maximum concentration and
alarm setpoints are valid when Monitor Tank discharge is
the only liquid release pathway. For simultaneous
radioactive liquid releases of monitor tank discharge and
steam generator blowdown, refer to Section 1.5.1.

|
:

,

!

:
FC/ODCM R1 |
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~0 EFFLUENT MONITOR SETPOINTS (Continued)1.

.- Q ' _ _ . _ _ _ _ _ _ .

gj 1.2.2 'The maximum ~anowable contentrationdn the overboard
discharge header is:

7/93
(1.0E-06 pCl/ml) (X,)

A ;=
o y

.

Where: '

7/93[1.0E-06 mci /ml= 10 CFR 20' Limit for unidentified ,

radionuclides at site discharge (10 CFR !

20, Appendix B, Note 2).
-|

X= Total dilution flow in the discharge |
tunnel (gpm). -(Normal flow is based on i

i circulating water pump at 120,000 gpm.
|

Other flowrates may be used, as required.)
,

Maximum monitor tank discharge flow rate !Yo =

(gpm). (Normal monitor tank maximum flow. !

is 50 gpm. Other flow rates may be used, '

as required.)
{
.

Maximum allowable activity i_n dischargeA !-

-O..
o

. header ( Ci/rul) .

I

!

!

!

i

i

O ;
.

.

FC/ODCM R1 |
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)
,

_ _ _ . . . _ _ _ . . _ _ .j 1.2.2 ~The high alarm setpoint TCPM) = - ;' - -

.85 [ (Sg (A )- + B)o

:

Where: |

.85 = Correction factor for instrument meter {
error. '

;
h

Sr Detector sensitivity factor (CPM /pCi/ml).-
;

(Sensitivity based on Cs-137). '

Maximum allowable concentration inA, =

discharge header (pCi/ml) .

B Background (CPM).=
i

An alert setpoint will be chosen at a value below the
alarm setpoint so that significant increases in activity ;

will be identified, prior to automatic actuation of the
overboard flow control valve.

,

O -

:

,

.

(

O
:

FC/ODCM R1
.
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)
-

Q _ _ _ . . . _ _ . . . _ _- 7/93;
- 1.3 Airborne Ef fluents -

7|/93i
- -- * - - - -

;

The airborne effluent monitoring instrumentation for controlling '|
*

and monitoring normal radioactive material releases in
accordance with 10 CFR 20, Appendix B, Table 2, Column 1 limits 7/93!
at the unrestricted area boundary (see Figure 1), are summarized

| i

as follows:
,

,

A. Auxiliary Buildina - The Auxiliary Building Exhaust '

Stack receives discharges from the waste gas decay
tanks, containment purge, containment vent systems i
and the auxiliary building ventilation system. |
Effluents are monitored by RM-062. a noble gas :
activity monitor. Additionally; noble gas activity
monitor, RM-051, provides redundant back-up 7/93j
monitoring capabilities to'the RM-062 monitor. '

Iodine and particulate sampling capabilities are
provided by RM-060. Ventilation Isolation Actuation
Signal (VIAS) is actuated by exceeding a monitor's
alarm setpoint. Actuation of VIAS will isolate ;

releases from containment and waste gas decay tanks.
The Auxiliary Building Exhaust fans will remain in
operation. '

B. Laboratory and Radioactive Waste Process-ing Building 7/93:() (LRWPB) - Noble gas, iodine, and particulate
~

|
monitoring and sampling is provided by Radiation /93[
Monitors RM-043, RM-042, and RM-041, respectively. |' |
These radiation monitors / samplers do not serve a i

control function.

C. Condenser Off-Gas Monitors - Noble gas activity is
monitored by RM-057. The condenser off-gas is
discharged directly to the environment. Exceeding
the high alarm setpoint on RM-057 will activate

,

isolation of main steam to the Auxiliary Steam 7/93
System.

'/93:
An airborne radioactive waste flow diagram with the applicable, :
associated radiation monitoring instrumentation and controls is
presented as Figure 4. The airborne waste disposal system is "

presented in Figure 5. A detailed discussion of the airborne
effluent treatment system is presented in Section 2.2. !

O
.

FC/ODCM R1
7
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1.0 EFFLUENT MONITOR SETPOINTS (Continued) :

7/93_ _ _ _ . _ _ _ _.

1.4 - Airborne Ef flugnt~ Radiation ' Monitors - -

1.4.1 Auxiliary Building Exhaust Stack Noble Gas Activity .

Monitor (RM-062/RM-051)
,

Either of these monitors may be used to measure the noble,

gas activity in the exhaust stack. The noble gas is
monitored after passing through a particulate filter. The ;

monitor controls airborne releases so that the 10 CFR 20 ,

limit at the unrestricted area boundary of 5.0E-07 Ci/cc, r

based.upon Xe-133, is not exceeded. The Ventilation
Isolation Actuation Signal is initiated when the high
alarm setpoint is reached.

The following calculations for maximum release rate and
alarm setpoint are valid when Auxiliary Building Exhaust-
Stack is the only airborne release pathway. For ,

simultaneous airborne releases from Auxiliary Building
Exhaust Stack, Condenser Off-gas and the LRWPB Exhaust
Stack, refer to Section 1.5.2.

\

The maximum allowable release rate for stack airborne
activity is calculated as follows:

,

-

(5.0E-07 pCi/cc) 3 1.0E+05 pci/secx (1.0E+06 cc/m ) =
3(5. 0E-06 sec/m )

Where:
i

5.0E-07 yCi/cc = 10 CFR 20 Limit at the unrestricted'
area boundary (based upon Xe-133).

Annual average dispersion factor at !5.0E-06 sec/m* =

the unrestricted area boundary.

Constant of unit conversion. |1.0E+06 cc/m* =

i

The high alarm setpoint (CPM) : >

|

(1.0E+05) (S ) (60) :p.

Se tpoint = . 85 l +B] -

(F ) (28317) |y

O
.

FC/ODCM R1
,
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

O-
- - - ~ ~ . _ - i

1,4 ,1. Wherer ~ ~~-- - - - - - - -
*

.85 = Correction for instrument meter error.

Sr Detector sensitivity factor (CPM / pCi/cc).-

];(Sensitivity based on Xe-133)

60 = Conversion (seconds to minutes).

28317 = Conversion factor (ft* to cc). '

!
'

Auxiliary Building Exhaust stack flow rateFv =

(SCFM). (Default maximum flow rate is
122500 cfm.for 3 Auxiliary Building
exhaust fans and 2 containment purge fans
in operation. Other flow rates may be
used, as required.)

B= Background (CPM).
,

'

,

An alarm setpoint will be chosen at a value below the
'

alarm setpoint so that significant increases in activity
will be identified, prior to actuation of VIAS.

i

O - :
'

.

|

|
1

1

O
FC/ODCM R1
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

O -_. . . - - . . - _ .

1.4.2 Condenser ~ Air'Ej ector' Monitor - (RM-057) -

'

This monitor is located in the turbine building and
monitors the condenser off-gas. The purpose of this
monitor is to monitor the condenser off-gas discharges so 7/93i
that the 10 CFR 20 limit at the unrestricted area boundary
of 5.0E-07 pCi/cc, based upon Xe-133, is not exceeded.

The following calculations for maximum release rate and ;

alarm setpoint are valid when - condenser off-gas is the 7/93!
only airborne release pathway. For simultaneous airborne !

releases from condenser off-gas, Auxiliary Building
Exhaust Stack, and the LRWPB Exhaust Stack, refer to
Section 1.5.2.

The maximum allowable release rate for condenser air. ,

ejector monitor is as follows: 7/93[
,

(5. 0E-07 pCi/cc) 3x (1. 0E+06 cc/m ) = 1. 0E+05 pCi/sec
3(5. 0E-06 sec/m )

.

Where: ,

'

(|-
5.0E-07 pCi/cc 10 CFR 20 Limit at the'=

^

unrestricted area boundary !
(based upon Xe-133).

5.0E-06 sec/m* Annual average dispersion i=

factor at the unrestricted
area boundary. !

1.0E+06 cc/m8 Constant of unit conversion.=
,

i

-!

The high alarm setpoint.(CPM):

(1.0E+05) (S ) (60) '
r,

Se tpoin t = . 8 5 l +B ](F ) (28317)y i

(
,

O

I

|

O
FC/ODCM R1
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

O..
. - -...- -

1. 4.2 WhereT -- -

- - -
~-- -

..

'
.85 Correction for instrument meter=

error. t

,

Sr Detector sensitivity factor-
;

(CPM /pCi/cc). (Sensitivity based on *

Xe-133)

60 Conversion (seconds to minutes).=
,

i

28317 Conversion factor (ft* to cc). |
=

Fv Vent stack flow rate (SCFM). Default=

maximum flow rate is 4755 scfm (3 ,

vacuum pumps in hogging mode. Other i

flow rates may be used, as required.)
,

B Background (CPM). -=

An alert setpoint will be chosen at a value below the
alarm setpoint so that significant increases in activity
will be identified, allowing time for corrective actions
prior to exceeding the alarm setpoint and tripping of the ,

'

auxiliary steam supply valve, RCV-978.
.

,O ;

1

i.

!

:

>

i

.

-e

O
FC/ODCM R1 I
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1.0 EFFLUENT MONITOR SETPOINTS (Continued) 7/93

k
~

1.4.3 -Laboratory 'a[d Radioactive Waste-Processing-Building
Exhaust Stack Noble Gas Activity Monitor (RM-043)

RM-043 is located in the Radwaste Building and samples.the
LRWPB Exhaust Stack. The monitor alarm setpoint is based 7/93'
on the 10 CFR 20 limit for Xe-133 at the-unrestricted area |

'

boundary.
.

The following calculations for maximum release rate and
alarm setpoint are valid when the LRWPB Exhaust Stack is 7/.93 !
the only airborne release pathway. For simultaneous
airborne releases from condenser off-gas, Auxiliary

.

Building Exhaust Stack, and the LRWPB Exhaust Stack, refer 1

to Section 1.5.2.
>

The maximum allowable release rate for RM-043 is as '

follows:
7/93;

(5. 0E-07 pCi/cc) x (1. 0E+06 cc/m ) = 1. 0E+05 pCi/sec i
3

3(5.0E-06 sec/m )

,

Where:
7/93!

. 5.0E-07 pCi/cc = 10 CFR 20 Limi~t at the
"

unrestricted area boundary
(based upon Xe-133).

5.0E-06 sec/m' = Annual average dispersion . !

factor at the unrestricted
area boundary. ,

1.0E+06 cc/m8 Constant of unit conversion.-

.

.b

O
FC/ODCM R1
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1.0 EFFLUENT MONITOR SETPOINTS (Continued) 7/93[

O _ _ - _

1.4.3 The high alarnt~setpoint MPMh -

- -

_

7/93i
(1.0E+05) (S ) (60)y,

Se tpoint = . 85 [ +B)(F ) (28317)y

Where:

.85 = Correction for instrument meter error

Sr Detector sensitivity factor (CPM /yCi/cc).-

(Sensitivity based on XE-133)

60 Conversion (seconds to minutes).=

L

28317 = Conversion factor (ft* to cc).

Fy LRWPB Exhaust stack flow rate (SCFM).=

(Default flow rate is 28700 cfm. Other i
flow rates may be used if required.

Background (CPM).B = ;

() An alert setpoint will be chosen at a value'below the
alarm setpoint so that significant increases in activity
will be identified.

This monitor alarms in the Control Room. There are no i

automatic control functions associated with the actuation
of the alarm. *

i

,

,

FC/ODCM R1,
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.1.0 EFFLUENT MONITOR SETPOINTS (Continued)
.

=) 1.5 Simultaneous-Release thwahs - - -

1.5.1 Liquid Release Pathways

The liquid radiation monitors (RM054A and B, RM055, and 7/93
RM055A) control liquid releases so that 10 CFR 20 limit of
1.0E-06 pCi/ml for unidentified isotopes at site discharge
is not exceeded. There are two-liquid release pathways
that contribute to the concentration at site discharge.
These are Steam Generator Blowdown and Monitor Tank
Overboard Discharge Header. When more than one pathway is
utilized for radioactive releases, it is necessary to
adjust the alarm setpoints given in Section 1.2 so that
unrestricted area concentration limits are not exceeded.

The calculations for the alarm setpoints for the liquid-
effluent monitors will be adjusted as follows: '

'

A, = K, A, + K A1 1

7/93:

K, (1. 0E-06 pCi/ml) (X,) K (1. 0E-06 Ci/ml) (X,)1A, = +
Y Yo 1

0 ~

Where:

A, = Sum of individual maximum allowable
concentrations for Steam Generator and

'

Monitor Tank prior to dilution for
simultaneous liquid releases ( Ci/ml)

Maximum allowable concentration in SteamA =o

Generator blowdown Line ( Ci/ml)

A3 Maximum allowable concentration in Monitor=

Tank Discharge Line (pCi/ml)
'

Proportionality constant for Steam Generator IKo =

(See Table 1)-
|

K1 Proportionality constant for Monitor Tank- )=

(See Table 1)

X, - Total dilution flow in Discharge Tunnel (GPM) i

!
-|

O
FC/ODCM ~R1
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)
_ _ , _

..

1. 5.1 ~Wherer ~ ~~~ ~ -- -~~ ' ~

_

Y = Steam Generator Blowdown flowrate - (GPM)o

Yi - Monitor Tank Discharge flowrate (GPM)

The High Alarm Setpoint for Steam Generator Blowdown
monitors, RM054A and B, will then be:

Alarm Setpoint (CPM) =.85 (K S., A +B]o r o o

The High Alarm Setpoint for Monitor Tank Discharge
monitors, RM055 and 55A, will then be:

Alarm Setpoint (CPM) =.85 [K S,., A +B]1 1 1

Where:

Sr. - Detector Sensitivity factor for RM054A/B,
CPM / (pCi/ml) , based on Cs-137.

Sri = Detector Sensitivity factor for RM055/55A,
CPM / (pCi/ml) , based on Cs-13_7.O
Maximum allowable concentration inA =

SG Blowdown line. (pCi/ml)

Maximum allowable concentration in |A3 -

MT Discharge line. (pCi/ml) :

1

Bo RM054 A or B background countrate. (CPM) |=

B3 RM055 or 55A background countrate. (CPM)-

Where:
,

K, Ki= Proportionality constants. See Table 1.-
|

!

,

I

|

O
FC/ODCM R1
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)
r\
V. 1. 5.2 ~ Airborne Re1~ esse' Pathway -

~ *--

7/93
The noble gas radiation monitors (RM043, RM057, and RM062)
control airborne releases so that 10 CFR 20 limits of
5.0E-07 pCi/cc for noble gases at the. unrestricted area
boundary is not exceeded. There are three pathways that
contribute to the concentration at the unrestricted area
boundary. These are the Auxiliary Building Exhaust Stack,
Condenser Off-gas, and the LRWPB Exhaust Stack. When more
than one pathway is utilized f radioactive releases, it
is necessary to adjust the alal setpoints given in '

Section 1.4 to ensure that unrestricted area concentration
limits are not exceeded.

7/93
The calculations for the alarm setpoints for the airborne

|effluent monitors will be adjusted as follows:
,

The maximum allowable release rates for simultaneous
releases is:

7/93;

'Max. Release Ra te = KRjg= K3 X/O2.o 2.o

() Where:
'

7/93
RM061/RM050 release rate (pCi/sec)Ro =

R1 RM062/RM051 release rate (pCi/sec)=

R2 RM057 release rate (pCi/sec)=

R3 RM043 release rate (pCi/sec)=

R4 RM041/42 releaserate (pCi/sec)--

Ko * Ki = Proportionality constants. See Table 1.

Conci = Radionuclide concentration for the monitor of
interest.

!

C) :
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1.0 EFFLUENT MONITOR SETPOINTS (Continued) [
_ _ . . _ .

, 1.5.2 The ntaximum~ release rate 75'thenY--- - -

_

K (5.0E-07 pCi/cc) K (5.0E-07 pCi/cc)1 3[
,

+ +
3 35.0E-06 sec/m 5. 0E-06 sec/m -

,

,

K, (5. OE-07 pCi/cc) :

] 1.OE+06 cc = Max. Release Rate c

5. 0E-06 sec/m3 3m

The alarm setpoints for the noble gas monitors will then !

be:
1

(1.0 E+05) (Sy) (60)
RM062/51 = . 85 l K +B]3 F (28317)y

.

(1.0 E+05) (S ) (60)7RM057 = . 85 lK +B}1 (F ) (28317)y ,

!

I

i- (1.0 E+05)- (S ) (60)7>
'

RM043 = . 85 lK +B]
'

. 2 +(F ) (28317)y

;
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1.0 EFFLUENT MONlTOR SETPOINTS (Continued)- f
,

_ _ _.._ ._ _
.

.
-- -- -

|1. 5 2 - Where- ~ ' - - -

Correction factor for instrument I.85 =

meter error. :

7/93!
'

Proportionality contents. See |
K - Kf, =o

Table 1.
:

Detector sensitivity factor. 7/93!Sr =

Vent stack flowrate. (CondenserFy -

off-gas flowrate for RM057, LRWPB
Exhaust stack flow rate for RM043, .

Auxiliary Building Exhaust Stack flow
t

rate for RM62/51). ~

Monitor background count rate.B =

60 Constant of unit conversion !-
'(60 sec/ min).
,

O - ;
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TABLE 1
|

~

. 'Proportionhlly" Constants-f or Simultaneous 11elease-Pathways -
|
,

a. Liquid' Effluents Ko + Ki 51

Ko = . 3 0 RM054A/B >

i
.70 RM055/55A IKi =

;

b. Gaseous Effluents Si Ki 51 -

7/93|
Ko = .10 RM061/50 !

.70 RM062/51 (when RM051 is in theKi =
,

'
Auxiliary Building Exhaust'
Stack Position) :

i
K2 .05 RM057=

K3 .05 RM043=

i

.10 RM041/42 |K4 =

.

NOTE: The constants are based on prior knowledge and may be updated as
necessary to provide for plant operations.

.
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;

2.0 RADIOACTIVE WASTE TREATMENT SYSTEM -

2.1 Licuid Radwaste-Treatment System ~ ^
- -

1

The major equipment or subsystem (s) of the liquid radwaste
treatment system are comprised of the waste filters, monitor .

tanks, and evaporator. This equipment, including associated }
pumps, valves and piping, is used in different combinations on ?

an'as-needed basis to process the liquid effluent to provide i

compliance with the as low as is reasonably achievable
philosophy and the applicable section of 10 CFR Part 20. The ,

liquid radwaste treatment system is described in Section 11.1.2 |
of the USAR. For effluent release points and monitor locations [
refer to P&ID's 11405-M-100, M-9 and M-8. -

A filtration / ion exchange (FIX) system may be utilized for i
processing liquid radwaste in the event the vaste evaporator'is i
not in service. The system consists of'a booster pump, charcoal i
pretreatment filter, and pressure vessels containing |
organic / inorganic resins, which can be configured for optimum j
performance. The effluent from the FIX system is directed to i

the monitor tanks for release. j
,

Waste filters (WD-17A and WD-17B) are used only on those
occasions when considered recessary, otherwise the flows from

,

the low activity fluids may bypass the filters. No credit for - i
decontamination factors (iodines, Cs, Rb, others) was taken for 7/93i() these filters during the 10 CFR 50 Appendix I dose design |

~

objective evaluation; therefore, the inoperability of these >

filters does not affect the dose contributions to any individual ,

in the unrestricted areas via liquid pathways. The !

inoperability of waste filters will not be considered a !

reportable event in accordance with Part II, Section 2.1. [
:

Every effort will be made to process all liquid waste, except |
from the hotel waste tanks, through the evaporator or FIX before ,

!entering the monitor tanks. If the radioactive liquid waste.is
discharged without processing and it appears that 1/2~of the ;

annual objective will be exceeded during the calendar quarter, a !
special report shall be submitted to the Commission pursuant to i

Part II, Section 2.1. 1

i The quantity of radioactive material contained in each !
unprotected outdoor liquid holdup tank shall not exceed :
10 curies, excluding tritium and dissolved or entrained noble '

gases.

!
:

()
.

FC/ODCM R1 -i
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2.0 RADIOACTIVE WASTE TREATMENT SYSTEM ;

O, _ _ _ _ _

,

2.2 Airborne Radwaste~Tfdatment System ~ ~

- -
4

!

' The waste airborne radioactive material at Fort Calhoun Station ,

is collected in the vent header where the gas compressors take {suction, compress the gas and deliver it to one of the four gas 7/93!
decay tanks. The waste airborne radioactive material is treated |:ba these gas decay tanks by holding for radioactive decay prior
to final controlled release to the environs. In order to '

provide conformance with the dose design objectives, gas decay
,

tanks are normally stored for approximately 30 days, with .!earlier release allowed to support plant operation only, and i

thus achieve decay of short half-life radioactive materials, 7/93!
e.g., I-131, Xe-133. If the radioactive airborne wastes from |.1the gas decay tanks are discharged without processing in

,

accordance with the above conditions, a special report shall be '

submitted to the Commission pursuant to Part II, Section 2.2. !

The radioactive effluents from the controlled access area of the
auxiliary building are filtered by the HEPA filters in the
auxiliary building ventilation system. If the radioactive 7/93|
effluents are discharged without the HEPA filters, a special

|
I

report shall be submitted to the NRC pursuant to Part II,
Section 2.2.

The discharge from the gas decay tanks is routed through() charcoal and HEPA filter unit VA-82. No credit was taken for 7/93!
the operation of hydrogen purge filters during the 10 CFR 50,
Appendix I dose design evaluation and doses through the airborne -

ef fluent pat hways were well below the design objectives.
The unavailability of hydrogen purge filters will not
be considered a reportable event as per Part II, Section 2.2.

,

,

The containment air is processed through at least one of the
redundant containment HEPA and charcoal filters in the
Containment air Cooling and Filtering Units prior to purging. !
If the containment purges are made without processing through i

one of the Containment Air Cooling and Filtering Units, a !

special report shall be submitted to the Commission pursuant to ;

Part II, Section 2.2.

7/93{
The airborne radwaste treatment system is described in

|
'

Section 11.1.3 of the USAR. For effluent release points and
monitor locations refer to P&ID's 11405-M-1 and M-261. [

>

,

O
,
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Figure 1 ,
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riguen 2
(*% ~ . . - _ . . _

'VI AUXIIJARY SYSTEMT7EACTOR COOLANT--'' ~ HOTEL WA9TE
PROCESS WASTE WASTE

Floor Drains CVCS Bleedoff Laundrv Waste
Sump Flows Equipment Drains Shower' Drains

RC Loop Drains

f Y f
-

Spent ( I Waste
Regenerant - 1) HotelHoldupm. 'TanksTanks ^

5530 Gal. ( ) Te.nks,

1200 Gal.45.800 Gal. I-

_

lf if

Y'O '
-

Waste Filters '\/
50 Microns |/\ /\uu

Deminerahzer
Vessels

30 Cu. Ft
30 GPM ,

b
v

Charcoal
Filter

69 Cu. ft.
(optional) )(

m. -

Monitor
Tanks

6770 Gal.
vv

Overboard
Header

(To River) .

O LIQUID RADIOACTIVE WASTE DISPOSAL SYSTEM

FC/ODCM R1
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vi em en a

.,
_ . - . ~ _

RM-041 Particulate Sampler
RM-042 lodine Sarnpler
RM-043 Noble Gas Monitor

,

<

LRWPB Laboratory

LABORATORY AND RADIOACTIVE WASTE PROCESSING BUILDING

A

RM-06C lodine & Particulate
Sampigr

R M-062,051 * Noble Gas Monitor

N
=:

,

RM-057 Noble Gas
Monitor

CONDENSER OFFGAS AUXILIAPY BUILDING EXHAUST STACK
Condenser Auxiliary Building Containment

Ventilation Building Ventilation

|
* Can be used for either containment or auxiliary building

'

exhaust stack monitoring.

O aianoaxe eretueur oiscarace erraways |

|
!

|
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Figure 5
,
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RADIOLOGICAL EFFLUENT MONITORING CALCULATIONS
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1

EFFLUENT CONCENTRATIONS f

O_-1.O
_ - _ _ . . _ . _

1.1 Licuid' Effluent ~ Concentrations ~ ~ -- -
;

The concentration of radioactive material in liquid effluents
(after dilution in the Circulating Water System) will be limited 7/93
to the concentrations as specified in 10 CFR 20, Appendix B, |

1

Table 2, Column 2. For batch releases (Monitor and Hotel Waste ,'Tanks and Steam Generators) and for continuous releases (Steam
Generator Blowdown), the analyses will be performed in.
accordance with Part II, Table 1, and the concentration of each 7/93:
radionuclide at site discharge will be calculated, based on the

|-following equation:
.

Radionuclide concentration at site discharge:

|

ai [
A' = F+f

7/93',

and f A, / weci s1
;-1

Where: >

7/93I

O A, concentration at site discharge for' |
=

radionuclide, i, in pCi/ml.
|

concentration of radionuclide, i, in the undiluteda, =

effluent in pCi/ml.
:

undiluted effluent flowrate, in gpm.f =

total diluted effluent flowrate in gpm. !F =

7/93!
water effluent concentration limit for-weci =

,

radionuclide, i, per 10 CFR 20, Appendix B, ,

Table 2, Column 2.

t

b

t

b

O ,

FC/ODCM R1 - '
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.
1.O EFFLUENT CONCENTRATIONS

) NOTE: In addition to"the above deffned' methods Notes l'through 4 of
10 CFR Part 20, Appendix B, will also be applicable.

7/93|
1.2' Airborne Ef fluent Concentrations |

7/93i
The concentration at the unrestricted area boundary, due to
airborne effluent releases, will be limited to less than i

Appendix B, Table 2, Column 1, values. Radiation monitor alarm ;

setpoints are established to ensure that these release limits.
are not exceeded. In the event an airborne effluent release |from the station result in an alarm setpoint being exceeded, an 7 93
evaluation of the unrestricted area boundary concentration '

resulting from the release will be performed:
7/93-

To determine the concentration and air effluent concentration
(aec) fraction summation at the unrestricted area boundary, the
following equations will be used:

(x/0)A, = K, 03
,

7/93i
.

f A,/aec, s 1and
v.1 ;

Where:
7/93!

Concentration of radionuclide, i, at theAi =

unrestricted area boundary

3Constant of unit conversion. (1E-6m /cc)Ko -
,

7/931
_ Air effluent concentration limit (10 CFR 20,

'| |aec5 =

Appendix B, Table 2, Column 1 value for
radionuclide, i)

7/93'
The release rate of radionuclides i, in airborne

|Qi =
,

effluents from all vent releases (in pCi/sec.)

3(x/Q) EE-6 sec/m . For all vent releases. The highest'=

calculated annual average relative concentration
for any area at or beyond the unrestricted area j
boundary j

1

O

FC/ODCM R1
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.

EFFLUENT CONCENTRATIONS1.0

As-' appropriate, simultaneous releases from the Auxiliary
Building Ventilation Stack, Laboratory and Radwaste Building
Stack and condenser off gas will be considered in evaluating
compliance with the release rate limits of 10 CFR 20. Monitor
indications (readings) may be averaged over a time period not to
exceed 15 minutes when determining noble gas release rate based
on correlation of the monitor reading and monitor sensitivity.
Historical annual average dispersion parameters, as presented in 7/935
Table 3, may be used for evaluating the airborne effluent dose

|rate.

NOTE: For administrative purposes, more conservative alarm
setpoints than those as prescribed above may be imposed.
However, conditions exceeding those more limiting alarm
setpoints do not necessarily indicate radioactive material
release rates exceeding 10 CFR 20 limits. Provided actual
releases do not result in radiation monitor indications
exceeding alarm setpoint values based upon the above criteria,
no further analyses are required for demonstrating compliance
with 10 CFR 20.

2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS

2.1 Liauid Effluent Dose Calculations

O Three pathways for human exposure to liquid releases from FCS to
the Missouri River exists: 1) fish, 2) drinking water, and 3)
Shoreline deposition. Fish are considered to be taken from the
vicinity of the plant discharge. The drinking water for Omaha ,

is located 19 miles downstream from FCS. The dilution factors
for these pathways are derived from the Revised Environmental
Report for FCS, (1974), (page 4-29 and 4-31). This report
states that during Low-Low river conditions, the concentration
at Omaha's water intake will be s14% of the concentration at
discharge from FCS and will average 3%. This equates to a
dilution factor of 7.14, which is used to calculate the maximum
dose to an individual fror liquid pathways and a dilution factor
of 33.33, for calculating the average dose. All pathways
combine to give the dose to an individual in unrestricted areas.

10 CFR 50, App. I restricts the dose to individuals in the
unrestricted areas from radioactive materials in liquid
effluents from the Fort Calhoun Station to the following limits:

!
e during any calendar quarter :

s1.5 mrem to total body
,

15.0 mrem to any organ and

ie during any calendar year -i

O-
s 3.0 mrem to total body I
s 10.0 mrem to any organ !

-

FC/ODCM R1
i
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

O The- following calcIbat5cnal methods shal-1- be used -for2.1
determining the dose or dose commitment from liquid' effluents.

Doses from Licuid Effluent Pathw3_yE

A. POTABLE WATER

* PR,p3 = 1100 0 D,jpjexp ( -A t )3 sp
2-1

Where:

is the total annual dose to organ, j, of individuals'ofR pj =

age group, a, from all of the radionuclides, i, in
pathway, p, in mrem /yr.

is a usage factor that specifies the intake rate for anUp -

individual of age group, a, associated with pathway, p,
in t/yr. Table 5

is the-mixing ratio (reciprocal of the dilution factor)M =p

at the point of withdrawal of drinking water,
dimensionless. Table 3

() '

3is the flow rate of the liquid effluent, in f t / sec.F =

is the annual release rate of radionuclide, i, in Ci/yr.Qi -

is the dose factor specific to a given age group, a,D.ipj =
;

radionuclide, i, pathway, p, and organ, j, which can
'

be used to calculate the radiation dose from an intake
of a radionuclide, in mrem /pCi. Tables 12-15

is the radiological decay constant of radionuclide, i,h -

in hr i.

is the average transit time required for radionuclidest =p

to reach the point of exposure. For internal dose, t isp
the total time elapsed between release of the
radionuclides and ingestion of water, in hours.
Table 16

31100 Constant (pCi * yr * ' f t /Ci * sec * L)-

i

($)

l

FC/ODCM R1
|
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

O - - . - - - .-

2.1 B. - AQUATIC -FOODS-- - - - -

U,pMpR,p, = 1100 3 jpD,jpyexp(-k t,)'0B i
2*1

Where:

is the total annual dose to organ, j, of_ individuals ofR,pj =

age group, a, from all of the radionuclides, 1, in
pathway, p, in mrem /yr.

is a usage factor.that specifies the intake rate for_anU,p =

individual of age group, a, associated with pathway, p,-
in kg/yr. Table 5

is the mixing ratio (reciprocal of the dilution factor)M6 =

at the point of harvest of aquatic food, dimensionless.,

Table 3

3is the flow rate of the liquid effluent, in f t /sec.F =

is the annual release rate of radionuclide, i, in Ci/yr.Qi =

'

Bip is the equilibrium bioaccumulation factor for=() radionuclide, i, in pathway, p, expressed as the ratio
of the concentration in biota (in pCi/kg) to the
radionuclide concentration in water (in pCi/ liter), in
(pCi/kg) / (pCi/ liter) . Table 2

'

is the dose factor specific to a given age group, a,D,ipj =

radionuclide, i, pathway, p, and organ, j, which.can
be used to calculate the radiation' dose from an intake
of a radionuclide, in mrem /pCi. Tables 12-15

'

is the radiologica' decay constant of radionuclide, i,Ai -
,

in hr'1

is the average transit time required _for radionuclidest =p
to reach the point of exposure. For internal-dose, t isp ,

the total time elapsed between release of the -

radionuclides and ingestion of food, in hours. Table 16

3Constant (pCi * yr * f t /Ci * .sec * L)1100 =

O

FC/ODCM R1
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
T -_ - _ . _ _

2.1 C. ' SHORELINE DEPOSITS - ~~ - - -

U,pMWp D,jpy [exp (-A t ) ] [1-exp (-A t ) ]R,py = 110 , 0 0 0 OjTjp jy j3
2=1 *

Where:

is the total annual dose to organ, j, of individuals ofR,p; -

age group, a, from all of the radionuclides, i, in
pathway, p, in mrem /yr.

is a usage factor that specifies the exposure time forU,p =

an individual of age group, a, associated with pathway,
p, in hr/yr. Table 5

is the mixing ratio (reciprocal of the dilution factor)Nh =

at the point of exposure, dimensionless. Table 3

is the shore-width factor, dimensionless. Table 16W =

3is the flow rate of the liquid effluent, in f t /sec.F =

is the annual release rate of radionuclide, i, in Ci/yr.Qi -

Tip is the radioactive half life of radionuclide, i, in=

days.

is the dose factor specific radionuclide, i, which canD,ipj =

be used to calculate the radiation dose from exposure
,

to a given concentration of a radionu-clide in
sediment, expressed as a ratio of the dose rate
(in mrem /hr) and the areal radionuclide concentration

2(in pCi/m ) . Table 7

is the radiological decay constant of radionuclide, i,Ai =

in hr-1

is the average transit time required for radionuclidest -p

to reach the point of exposure, in hours. Table 16

tb is the period of time for which sediment or soil is=

exposed to the contaminated water, in hours. Table 16

3130,000 = Constant [(100 * pCi * yr * f t ) / (Ci * sec * L)]

O

FC/ODCM R1
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

O.
----- - 7/93'

2.2 Airborne Ef fluent'' Dose Talculat%ns'
-

-~ -

|

2.2.1 Noble Gas

10 CFR 50, App. I, restricts the dose to individuals in 7/93
the unrestricted areas from noble gases in airborne

|effluents from the Fort Calhoun Station to the following
limits:

* During any calendar quarter
s5 mrad-gamma air dose
s10 mrad-beta air dose

and

e During any calendar year
5 0 mrad-gamma air dose1
s20 mrad-beta air dose

The following general equations shall be used to
calculate the gamma-air and beta-air doses:

O

FC/ODCM R1
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20 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) j

|O, -- ___.- -. 7/93i
. Doses from' Noble Gases ~ ~ ~ -~ ^

- - -

|
t

.

2. 2 - A. Annual Gamma / Beta Air Dose from.All Other Noble Gas
Releases '

!

Oj [x/O] D(r,6) (DF} or DFjb )DY (r,6) or D (r,6) = 3.17 x 10'E

3

Where:
|!

DFI, DFI are the gamma and beta air dose factors for a uniform=

semi-infinite cloud of radionuclide, i, in '

3mrad-m /pCi-yr. Table 1
,

ID (r,e) are the annual gamma and beta air doses at j=

or distance r, in the sector at angle e, from the ibD (r,e) discharge point, in mrad /yr. t
,

is-the annual release rate of radionuclide, i,Qi =
,

in Ci/yr.
;

is the annual average gaseous dispersion factor |[x/Q]D(r,e) =

3at distance r, in the sector at angle 0, in sec/m . :
-

Table 3 . |

3 .17x10' is the number of pei per ci divided by the number of i
=

seconds per year.

:

B. Annual Total Body Dose from All Other Noble Gas Releases

!
D{(r,6) =S x3 (r,6) DFB $y i

2-1
,

I

Where: |

is the total body dose factor for.a semi-infinite lDFBi =

cloud of the radionuclide, i, which includes the i
2 3attenuation of 5 g/cm of tissue, .in mrem-m /pCi-yr.

Table 1

Di(r,0) is the annual total body dose due to immersion in a=

semi-infinite cloud at distance r, in the sector-at- |
angle e, in mrem /yr. i

xi (r, e) is the annual average ground-level concentration of '=

radionuclide, i, at distance r, in the sector at angle i

3e, in pC1/m. Table 3 i

Shielding Factor. Table 16Sr =

-

FC/ODCM R1 - |
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

t 2.2 C. ~ Annuai- Skin Doshirom All-Other Noble Gas Releases

D[(r,6) xj (I,9) DF} + xj(r,6)DFS i= 1.11 S .f j

2-1 2-1
,

s

Where:

Di(r,e) is the annual skin dose due to immersion in a=

semi-infini te cloud at distance r, in the
sector at angle e, in mrem /yr. ,

is the beta skin dose factor for aDFS =

semiinfinite cloud of radionuclide, 1, in
3mrem-m /pCi-yr. Table 1

is the average ratio of tissue to air energy1.11 =

absorption coefficients.
,

2.2.2 Radioiodine, Tritium, and Particulates

10 CFR 50, App. I, restricts the dose to individuals in
the unrestricted areas from radioactive materials in 7/93;() gaseous airborne from the Fort Calhoun Station to:

|
* During any calendar quarter

s7.5 mrem to any organ ,

and

e During any calendar year
s15 mrem to any organ :

-The dose to an individual from radiciodines, radioactive ,

materials in particulate form, and radionuclides other 7/93;

than noble gases with half-lives greater than 8 days in |airborne effluents released to unrestricted areas (See
Part III, Figure 1) should be determined by the following
expressions:

,

O

FC/ODCM 'R1
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

2.2 NOTE: - In al-1 cases hfor releases of tritium, use -the dispersion
parameter for inhalation (x/Q) . '

A. Annual Organ Dose from External Irradiation from !

Radioactivity Deposited on the Ground Plane'

A.1 The ground plane concentration of radionuclide, i, at.
distance r, in the sector at angle 9, with respect to i

the release point, may be determined by:

221 tof r,0) og]g) _ II.ox10 t
(_7; g ) )h

i

Where:

Ci is the ground plane concentration of the=

radionuclide, i, at distance r, in the '

sector at angle 0, from the release i
2point, in pCi/m

i

is the annual release rate ofQi =
,

radionuclide, i, to the atmosphere, in |
Ci/yr. '

() is the time period over w'ich the !tb = h
accumulation is evaluated, which is

i

assumed to be 15 years (mid-point of
plant operating life). Table 16 ;

6, (r, 0 ) is the annual average relative- -

deposition of radionuclide, i, at |
distance r, in the sector at angle 0, i

considering depletion of the plume by i

deposition during transport, in m'2 .

Table 3
7

is tha radiological decay constant forA, =
;

radionuclide, i, in yr~1
,

12 is the number of pCi per Ci1.0x10 -

;

,

:

>

i

i

!
i

FC/ODCM R1
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) $

The annual organ"bose is7 hen calculated using the2.2 A.2
following equation: 1

n

Df(r,6) = 8760 S,, { Cf(r,6)DFGy
2-1

14here: -

,

Cj(r,0) is the ground plane concentration of radionuclide,=

i, at distance r, in the sector at angle 0, in
2pCi/m ,

is the open field ground plane dose conversionDFGy =

factor for organ, j, from radionuclide, i,
2in mrem-m /pCi-hr. Table 7

!

Dj(r,0) is the annual dose to the organ, j, at distance r,=
,

in the sector at angle 9, in mrem /yr. -:

is the shielding factor that accounts for the doseSr =

reduction due to shielding provided by residential
structures during occupancy, dimensionless.

O Table 16

is the number of hours in a year8760 =

,

9

,

P

.
-

>

p

i

- i

e

O !

i

FC/ODCM R1
'

-

oy e



.. _

;
4

FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 85 OF 120

,

2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

2.2 B. ~ Annual-Dose romb nhlalati w of Radionuclides in Air
,

B.1 The annual average airborne concentration of
radionuclide, i, at. distance r, in the sector at angle
0, with respect to the release point, may be
determined as:

xj(r,0) = 3.17 x 10 0 Ix/0)D(r,0)8
3

Where:

:

Qi is the annual release rate of-

radionuclide, i, to the
;

atmosphere, in Ci/yr. '

xi (r ,0 ) is the annual average: ground--

level concentration of
radionuclide, i, in air at
distance r, in the sector at
angle 0, in pCi/m .3

[x/o]D(r,0) istheannualaverageatmosphere=

dispersion' factor, in sec/m (see
R.G. 1.111). This includes

fg depletion--(for radiciodines and
Q particulates) and radiological

decay of-the plume. Table 3 >

3 .17x10' is the number of pCi/Ci divided-

by the number of sec/yr.

B.2 The annual dose associated with inhalation of all '

radionuclides to organ, j, of an individual in age ,

group, a, is then:

Dfg(r6) = R, x3 (r,0) DFAo y,
2=1

Where:

I

D), ( r ,0 ) is the annual dose to organ, j, of an-

individual in the age group, a, at
distance r, in the sector at' angle 0,
due to inhalation, in mrem /yr. [

r

is the annual air intake for individualsR. =

in the age group, a, in nd/yr. Table 5
,

O DFA j, is the inhalation dose factor fori =

radionuclide, i, organ, j, and age
group, a, in mrem /pC1. Tables 8-11

:

FC/ODCM R1
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.2.0 R_ADJ_OACTIVE EFFLUENT DOSE CALCULATIONS (Continued) ;
. _ _ _ _ . . . _ _ ;

2.2 C. " Concentrations ~of RadiontTclides iTr Foods and-Vegetation I

from Atmospheric Releases
~

C.1 Parameters for Calculating Concentrations in Forage,
,

Produce, and Leafy Vegetables, excluding Carbon-14 and |
Tritium 1

I

# ~* 8'#* I "l' ~* ~l# IIc[(r,0) = dj(r,0) 6 exp(-1,e)+
3

Where:

Cl(r,0) is the concentration of radionuclide, i, !-

in and on vegetation at distance r, in- .|
the sector at. angle 9, in pCi/kg. "

d (r,0) is the deposition rate of radionuclide,i -

i, at distance r, in the sector at angle ;

20, in pCi/m hr. ;

|

The deposition rate from the plume is defined by: )
(Reg. Guide 1.109, Rev. 1, Page 1.109-26, Equa. C-6)

8d (r,0) = 1.1 x 10 5 (r,0) 0j 3 3

O ~

Where:

d (r,0) is the deposition rate ofi -

radionuclide, i.

E (r,0) is the relative deposition of-i
radionuclide, i, considering depletion
and decay, in m'2 (see Regulatory )
Guide 1.111). Table 3

;
8 is the number of pCi/Ci (1012) divided i1.1x10 =

'

by the number of hours per year (8760).

is the annual release rate ofQi -

radionuclide, i, to the atmosphere,
in Ci/yr. i

j

i

;

|

O !
|

|

FC/ODCM- R1
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

For radiciodines'~the $odel considers only-the elementalQ~ 2.2 ,

fraction of the effluent: '

di (r, 0) 75.s x 10 si (ri 0) oi=

Where:

di (r3 0) The deposition rate of radioiodine, i.=

7 The number of pCi/Ci (1012) divided by the number5.5 x 10 =

of hours per year (8760), then multiplied by the
amount of radiciodine emissions considered to be
nonelemental (0.5).

Si (r, 0) The relative deposition of radiciodine, i,-

considering depletion and decay, in m-2 Table 3.

Qi The total (elemental and nonelemental) - '-

radiciodine, i, emission rate.

is the-fraction of deposited activity retained onr -

crops, dimensionless. Table 16

is the effective removal rate constant forA, -g

radionuclide, i, from crops, in hr'' .

A -Ai + A, :gi

0.0021/hr. Table 161, =

is the time period that crops are exposed tot, -
,

contamination during the growing season, in hours.
Table 16

.

Yy is the agricultural productivity (yield) in kg-

2(wet weight)/m . Table 16

is the concentration factor for uptake ofB,h =

radionuclide, i, from soil by edible parts of
crops, in pCi/ kg (wet weight) per pCi/kg dry ,

soil. Table 4 '

is the radiological decay constant ofA -i

radionuclide, i, in hr-1

is the period of time for which sediment or soilto =

is exposed to the contaminated water, in hours
(mid-point _of plant _ life). Table 16

!
P is the effective " surface density" for. soil, in kg 1

=

z(dry soil)/m. Table 16 i

() is the holdup time that_ represents the timetn -

interval between harvest and consumption of the i

food, in hours. . Table 16
;

FC/ODCM R1
.
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
' O' 2.2 Dif ferent values"for~5[[e paEameters~ t ,-Y;, and t ,-may be usedh

to allow the use of the Equation for different purposes:
estimating concentrations in produce consumed by man; in leafy
vegetables consumed by man;-in forage consumed directly as
pasture grass by dairy cows, beef cattle, or goats; and in
forage consumed as stored feed by dairy cows, beef cattle or
goats. See Table 16

C.2 Parameters for Calculating Radionuclide Concentration in
Milk, excluding Carbon-14 and Tritium

C.2.1 Parameters for Calculating the Concentration of
Radionuclide, i, in the Animal's Feed (Milk Cow,
Beef Cow, and Goat)

Cf(r,9) = f f,Cf(r,9) + (1 - f ) Cy(r,e) 1, < 1 - t,> Ci < r , e>p y

Where: -

VQ (r,0) is the concentration of=

radionuclide, i, in the animal's
feed, in pCi/kg.

o Pt Q(r,0) is the concentrati~on of-

radionuclide, i, on pasture grass
(calculated using Equation C.2.1
with t =0) , in pCi/kg.h

SQ(r,0) is the concentration of=

radionuclide, i, in stored feeds
(calculated using Equation C.2.1
with t =90 days) , in pCi/kg.h

is the fraction of the_ year thatf =p

animals graze on pasture.
Table 16

is the fraction of daily feedf. -

that is pasture grass while the
animal grazes on pasture.
Table 16'

;

I

FC/ODCM R1
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

ParbekersforCalculating-Radionucl-ide
|

~

2.2 *C.2.2--
Concentration in Cow and Goat Milk '

F,,,Cf(r,6) 0,. exp (- Aj e )(r,6) =
f

i
|

Where: |

1

qM(r,0) is the concentration of |
=

radionuclide, i, in milk,
in pCi/ liter. |

l

Q(r,0)V ''is the concentration of=

radionuclide, i, in the animal's
feed, in pCi/kg. ,

F. is the average fraction of the=

animal's daily intake of
radionuclide, i, which appears in
each liter of milk, in days / liter.
Table 4

is the amount of feed consumed byQ, =

the animal per day, in kg/ day.O Table 6

is the average transport time of thet, =

radionuclide, i, from the feed to
the milk and to the receptor (a
value of 2 days is assumed).
Table 16

is the radiological decay constantA =
5

,

of radionuclide, i, in days".

.

-

O

FC/ODCM R1
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

.O !_ . _ _ _ . . _ . _

2.2 C.3 Parameters'~for CalculatiritJ Radionuclide Concentration in i

Cow Meat, excluding Carbon-14 and Tritium

Cf(r,6) = F Cf(r,6) O . exp (-Aj e ) if f f

!

Where:
,

q'(r,0) is the concentration of radionuclide, i, in=

meat, in pCi/ liter.

is the average fraction of the animal's dailyFf
'

=

intake of radionuclide, i, which appears in
each kilogram of flesh, in days / kilogram.,

;. Table 4

is the average time from slaughter tot, =

consumption. Table 16

O ~

|

l
1

,

O

FC/ODCM R1
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) '

O. C.4 ' Parameters b bbiculatirlg the Carbon-14 Concentrations in2.2
Vegetation i

Carbon-14 is assumed to be released in oxide form (CO or
CO ) . The concentration of Carbon-14 in vegetation is2

6 calculated by assuming that its ratio to the natural
carbon in vegetation is the same as the ratio of Carbon-14
to natural carbon in the atmosphere surrounding the
vegetation. Also, in the case of intermittent releases,
such as from gaseous waste decay tanks, the parameter p is
employed to account for the fractional equilibrium ratio
achieved. The parameter, p, is defined as the ratio of
the total annual release time (for Carbon-14 atmospheric '!

releases) to the total annual time during which ;

photosynthesis occurs (taken to be 4400 hrs),.under the
condition that the value of p should never exceed unity. i

For continuous Carbon-14 releases, p is taken to be unity. '

These considerations yield the following relationship:

C } (r,6) = 3.17 x 10'ppu [x/O] (r,6) 0.11/0.161
!
t

,

= 2.2 x 10 po [%/O] (r,6)7
u .

Where:

Ci4 (r,0) is the concentration of Carbon-14 in= -

vegetation grown at distance r, in the #

sector at angle 0, in pci/kg.
!

is the annual release rate of Carbon 14, inQi4 =

Ci/yr.

[x/Q] (r,0) is the atmospheric dispersion factor, in=

3sec/m. Table 3 |

is the fractional equilibrium ratio,p =
idimensionless. P=1 (Reg. Guide 1.109, |Rev. 1, pg. 26).

is the fraction of total plant mass that is0.11 =

natural carbon, dimensionless. }
'

,

( 0.16 is equal to the concentration of natural=
' .

3carbon in the atmosphere, in g/m. |'

|
7 12 33.17x10 is equa.L to (1.0 x 10 pci/ci) (1.0 x 10 g/kg) [

=

7(3.15 x 10 sec/yr).. 5

i
i

FC/ODCM R1
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
!

C.5 Parameters ~~for balculatiWTrititim Concentrations in !2.2
Vegetation !

-t
.The concentration of tritium in vegetation is calculated :
from its concentration in the air surrounding the i
vegetation.

C[(r,9) = 3.17 x 10 0r[x/O] (r,9) (0.7 5) (0. 5/H)7

|

= 1.2 x 10'OrIX/O] (r,9) /H
!
!

Where:
:

is the concentration of Tritium in vegetation .fCI(r,0) =

grown at distance r, in the sector at
angle 0, in pCi/kg. |

:

is the absolute humidity of the atmosphere at iH =

distance r, in the sector at angle 8, in ,
3g/m. H=8 gm/kg.

is the annual release rate of Tritium,Or -

in Ci/yr.
:

[x/Q) (r,0) is the atmospheric dispersion factor, ;=

3in sec/m. Table 3
;

is the ratio of tritium concentration in |0.5 =

plant water to tritium concentration in
atmospheric water, dimensionless. ;

is the fraction of total plant mass that is0.75 =

water, dimensionless.
t

i

,

,

,

r

O i
.
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

2.2 D._ 'Annuai-Dose fro NAtmo$pherically-Released' Radionuclides in
Foods

D.1 The total annual dose to organ, j, of an individual in !

age group, a, resulting from ingestion of all !
radionuclides in produce, milk, and leafy vegetables }
is given by:

|

of,(r,6) - { DFJy, fU[f,C[(x,0) + f(Cy(r,0) + U[Cf(r 0) + I(f,Cf(r,6))

Where: !

D]. ( r,0 ) is the annual dose to organ, j, of an '
-

individual in age group, a, from dietary i
intake of atmospherically released
radionuclides, in mrem /yr. j

is the dose conversion factor for the !DFIg. =

ingestion of radionuclide, i, organ, j,
and age group, a, in mrem /pCi. t

Tables 12-15.

U; ,1T. , are the ingestion rates of, produce-

.O (non-leafy vegetables, fruits, and
- grains); milk, meat, and leafy U'.,'Ui

,

vegetables, respectively for individuals !
in age group, a. Table 5.

Values of F, and fe are 0.76 and 1.0, respectively.
;

;

;

:

r
4

1

|

O
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

V 2.2~ ~ D-1;1---Ca[$u[ating7he-Ingested Dose f rom Leafy and ;

Non-Leafy (produce) Vegetation for |Radionuclide, i, to Each Organ, j, and Age
Group, a

D[,(r,0) f,h(r,0) + U,"f,C[(r,6))= DFJm
,

Where:

D], (r,0 ) is the annual dose from the=

ingestion of radionuclide,
i, to organ, j, of an
individual in age group, a,
from dietary intake of
atmospherically released-
radionuclides in vegetation,
in mrem /yr.

is the doseDFIj.i a

conversion factor for
the ingestion of
radionuclide, i,
organ, j, and age
group, a,

,'in mrem /pci. Tables.() 12-15

U(, U! are the ingestion rates of I=

leafy vegetables and produce
(non-leafy vegetables,
fruits, and grains), for
individuals in age group, a,
in kg/yr. Table 5

,

C) is the. concentration of '=

radionuclide, i, in and on
leafy vegetation, in pCi/kg.

Ci is the concentration of :=

radionuclide, i, in and on |
produce, in pCi/kg. ,

FC/ODCM R1
:
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

0~ '

2.2 - D.172 -' Cal'Culation Determining the Ingested Dose from
Cow Milk for Radionuclide, i, Organ'"j, and Age,

Group, a.
,

Df,(r,6)=DFIy, {O|O}(x,6)] |

Where:

Dj, (r,0 ) is the annual dose from the=

ingestion of radionuclide,
.

i, organ, j, of an :

.

individual in age group, a,
from dietary intake of
atmospherically released !
radionuclides in cow milk, !
in mrem /yr. '

is the dose conversion :DFIg. =

factor for the ingestion of
radionuclide, i, organ, j, ;

and age group, a, in ,

mrem /pCi. Tables 12-15'
;

U$ is the ingestion rate of cow milk=() for individuals in age group, a,-
,

in f/yr. Table 5

Ci Lis the radionuclide '=

concentration in cow milk, ;

in pCi/kg. Equation C.2.2 :

!
,

>

I

5

.

.

FC/ODCM R1 +

t
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!

2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) <

'~'Carc~hatonDeterminingtheIngestedDosefrom2.2 ~ D.1M u
Meat for Radionuclide, i, to Organ, j~, and Age
Group, a. '

of,(r,0) -Drr,[tr,"cj(re)Jy

:

Where: i
!

D@, ( r ,0 ) is the annual dose from the !=

ingestion of radionuclide,
i, organ, j, of an.
individual in age group, a, *

from dietary intake of
atmospherically released-
radionuclides in meat, in

,

mrem /yr.
.

is the dose conversionDFIya =

factor for the ingestion of |
radionuclide, i, organ, j, !
and age group, a, in ''

mrem /pCi. Tables 12-15

is the ingestion rate of |U', =() meat for individuals in age
,

group, a in kg/yr. Table 5 |
r

C$ is the radionuclide, i,=

concentration in meat, ;

in pCi/ kg. j

r

i

I

O
FC/ODCM R1
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TABLE 1
,

- . .- -. -
'f

DOSE FACTORS FOR EXPOSURE TO A SEMI-INFINITE CLOUD OF NOBLE GASES

\
Nuclide B-air * (DFil B-Skin * * (DFS l y- Air * (DF*il y-Bodv**(DFB li i ,

KR-83m 2.88E-04 - - 1.93E-05 7.56E-08
KR-85m 1.97E-03 1.46E-03 1.23E-03 1.17E-03

KR-85 1.95E-03 1.34E-03 1.72E-05 1.61E-05
KR-87 1.03E-02 9.73E-03 6.17E-03 5.92E-03
KR-88 2.93E-03 2.37E-03 1.52E-02 1.47E-02 i

KR-89 1.06E-02 1.01E-02 1.73E-02 1.66E-02

KR-90 7.83E-03 7.29E-03 1.63E-02 1.56E-02 I

Xe-131m 1.11E-03 4.76E-04 1.56E-04 9.15E-05

Xe-133m 1.48E-03 9.94E-04 3.27E-04 2.51E-04
Xe-133 1.05E-03 3.06E-04 3.53E-04 2.94E-04

,

Xe-135m 7.39E-04 7.11E-04 3.36E-03 3.12E-03

Xe-135 2.46E-03 1.86E-03 1.92E-03 1.81E-03 '

O Xe-137 1.27E-02 1.22E-02 1.51E-03 1.42E-03

Xe-138 4.75E-03 4.13E-03 9.21E-03 8.83E-03 .

Ar-41 3.28E-03 2.69E-03 9.30E-03 8.84E-03

!,

:

3* mrad-m
pCi-yr

3** mrem-m
pCi-yr r

*** 2.88E-04 = 2. 8 8 x 10''

O

FC/ODCM R1
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TABLE 2
4 _ _ _ _ . . _ _ _ . . . _ _

/ ~ BIOACCUMULATION' FACTORS ~~- -
~

(pCi/kg per pCi/ liter)

FRESHWATER

Element Fish Invertebrate

H 9.0E-01 9.0E-01
C 4.6E+03 9.1E+03
NA 1.0E+02 2.0E+02

!P 1.0E+05 2.0E+04
CR 2.0E+02 2.0E+03
MN 4.0E+02 9.0E+04
FE 1.0E+02 3.2E+03
CO 5.0E+01 2.0E+02
NI 1.0E+02 1.0E+02
CU 5.0E+01 4.0E+02
ZN 2.0E+03 1.0E+04
BR 4.2E+02 3.3E+02
RB 2.0E+03 1.0E+03
SR 3.0E+01 1.0E+02
Y 2.5E+01 1.0E+03 !

ZR 3.3E+00 6.7E+00
NB 3.0E+04 1.0E+02

O MO 1.0E+01 1.0E+01
TC 1.5E+01 5.0E+00
RU 1.0E+01 -3.0E+02
RH 1.0E+01 3.0E+02
TE 4.0E+02 6.1E+03
I 1.5E+01 5.0E+00

'
CS 2.0E+03 1.0E+03
BA 4.0E+00 2.0E+02
LA 2.5E+01 1.0E+03
CE 1.0E+00 1.0E+03
PR 2.5E+01 1.0E+03
ND 2.5E+01 1.0E+03
W 1.2E+03 1.0E+01
NP 1.0E+01 4.0E+02

i

!

|

O

FC/ODCM R1
|
)
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_. TABLE 3
[\.

-

CONTROLLIbb LOCATIONS 7 PATHWAYS-AND -V
ATMOSPHERIC DISPERSION FOR DOSE CALCULATIONS

Atmospheric Dispersion
x/Q D/Q

Controlling (x/Q (r, e) )
(6 (r,3)e))

3Location Pathway (s) Ace Groun (sec/m ) (1/m
7/93.

Unrestricted Noble Gases N/A 5.0E-06 N/A-
Area Boundary Direct

Exposure
7/93

Unrestricted Inhalation Child 5.0E-06 N/A
Area Boundary

Unrestricted Ganna- Air N/A 5.0E-06 N/A
Area Boundary Beta Air

Miller Farm * milk, ground Child 5.0E-06 1.6E-08
0.8 miles plane, meat,
SSW inhalation,

and vegetation

Site Liquid N/A Mixing 7,14 7/93
Discharge Ratio, M

|O p

M.U.D. Liquid N/A Mixing 30.8
Intake Ratio, b(

Location is subject to change depending on the results of the Land Use*

survey performed annually in accordance with Part II, Section 5.4
|

.

I

i i

W

O

FC/ODCM R1
'
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TABLE 4

0 - - - - - . - -

- STABLE ~ ELEMENT TRANSFER DATA- -

Bg F. (Cow) F,i

Element Vec/ Soil Milk (C/A) Meat (d/kg)

H 4.8E+00 1.0E-02 1.2E-02
C 5.5E+00 1.2E-02 3.1E-02
Na 5.2E-02 4.0E-02 3.0E-02
P 1.1E+00 2.5E-02 4.6E-02
Cr 2.5E-04 2.2E-03 2.4E-03
Mn 2.9E-02 2.5E-04 8.0E-04
Fe 6.6E-04 1.2E-03 4.0E-02
Co 9.4E-03 1.0E-03 1.3E-02
Ni 1.9E-02 6.7E-03 5.3E-02
Cu 1.2E-01 1.4E-02 8.0E-03
Zn 4.0E-01 3.9E-02 3.0E-02
Rb 1.3E-01 3.0E-02 3.1E-02
Sr 1.7E-02 8.0E-04 6.0E-04
Y 2.6E-03 1.0E-05 4.6E-03
Zr 1.7E-04 5.0E-06 3.4E-02
Nb 9.4E-03 2.5E-03 2.8E-01
Mo 1.2E-01 7.5E-03 8.0E-03
Tc 2.5E-01 2.5E-02 4.0E-01
Ru 5.0E-02 1.0E-06 4.0E-01
Rh 1.3E+01 1.0E-02 1.5E-03() ~

Ag 1.5E-01 5.0E-02 1.7E-02 ,

Te 1.3E+00 1.0E-03 7.7E-02
I 2.0E-02 6.0E-03 2.9E-03
Cs 1.0E-02 1.2E-02 4.0E-03
Ba 5.0E-03 4.0E-04 3.2E-03
La 2.5E-03 5.0E-06 2.0E-04
Ce 2.5E-03 1.0E-04 1.2E-03
Pr 2.5E-03 5.0E-06 4.7E-03
Nd 2.4E-03 5.0E-06 3.3E-03
W 1.8E-02 5.0E-04 1.3E-03
Np 2.5E-03 5.0E-06 2.0E-04

O

FC/ODCM R1

.
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TABLE 5

RECOMMENDED VALUES PbbU Tb BE USED FOR'THE MAXIMUM-EXPOSED
INDIVIDUAL IN LIEU OF SITE SPECIFIC DATA

Pathway Infant Child Teen Adult

Fruits, vegetables, &
grain (kg/yr) - 520 630 520

'
Leafy vegetables
(kg/yr) - 26 42 64

Milk ( t/yr) 330 330 400 310

Meat & poultry |

(kg/yr) - 41 65 110

Fish (fresh or salt)
(kg/yr) - 6.9 16 21

Other Seafood (kg/yr) - 1.7 3.8 5

Drinking water (t /yr) 330 510 510 730
]

Shoreline recreation
(hr/yr) - 14 67 12

~

3Inhalation (m /yr) 1400 3700 8000 8000 ;

TABLE 6

ANIMAL CONSUMPTION RATES

or Om
Feed or Forage Water

Animal IKo/ day (wet weich)1 (t/ day)

Milk Cow 50 60
i

Beef Cattle 50 50 |

Goats E 8

|

O

FC/ODCM R1
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TABLE 7
A - ---. - _. Page 1 of 2G EXTERNAL DOSE FACTORS ~FOR STANDING'ON CONTAMINATED-GROUND

2(mrem /hr per pCi/m ) '

ELEMENT TOTAL BODY SKIN
H-3 0.0 0.0
C-14 0.0 0.0
NA-24 2.50E-08 2.90E-08
P-32 0.0 0.0
Cr-51 2.20E-10 2.60E-10
Mn-54 5.80E-09 6.80E-09
Mn-56 1.10E-08 1.30E-08
Fe-55 0.0 0.0
Fe-59 8.00E-09 9.40E-09
Co-58 7.00E-09 8.20E-09
Co-60 1.70E-08 2.00E-08
Ni-63 0.0 0.0
Nr-65 3.70E-09 4.30E-09
Cu-64 1.50E-09 1.70E-09
Zn-65 4.00E-09 4.60E-09
Zn-69 0.0 0.0 ,

Br-83 6.40E-11 9.30E-11
Br-84 1.20E-08 1.40E-08
Br-85 0.0 0.0
Rb-86 6.30E-10 7.20E-10
Rb-88 3.50E-09 4.00E-09

.

O. Rb-89 1.50E-08 1.80E-08
Sr-89 5.60E-13 6.50E-13
Sr-91 7.10E-09 8.30E-09
Sr-92 9.00E-09 1.00E-08
Y-90 2.20E-12 2.60E-12 |

Y-91M 3.80E-09 4.40E-09
Y-91 2.40E-11 2.70E-11
Y-92 1.60E-09 1.90E-09
Y-93 5.70E-10 7.80E-10
Zr-95 5.00E-09 5.80E-09
Zr-97 5.50E-09 6.40E-09
Nb-95 5.10E-09 6.00E-09
Mo-99 1.90E-09 2.20E-09
Tc-99M 9.60E-10 1.10E-09
Tc-101 2.70E-09 3.00E-09
Ru-103 3.60E-09 4.20E-09
Ru-105 4.50E-09 5.10E-09

,

Ru-106 1.50E-09 1.80E-09
Ag-110M 1.80E-08 2.10E-08 |
Te-125M 3.50E-11 4.80E-11 )
Te-127M 1.10E-12 1.30E-12 i

Te-127 1.00E-11 1.10E-11
Te-129M 7.70E-10 9.00E-10
Te-129 7.10E-10 8-.40E-10
Te-131M 8.40E-09 9.90E-09 |

O Te-131 2.20E-09 2.60E-06
Te-132 1.70E-09 2.00E-09
I-130 1.40E-08 1.70E-08

FC/ODCM R1
i

_ __ _ _ ._
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TABLE 7
n _..._ _ -4 Continued)f _. . __ .. - - Page 2 of 2

EXTERNAL DOSE FACTORS FOR STANDING ON CONTAMINATED GROUND
2(mrem /hr per pCi/m )

ELEMENT TOTAL BODY SKIN
I-131 2.80E-09 3.40E-09 ,

I-132 1.70E-08 2.00E-08
I-133 3.70E-09 4.50E-09
I-134 1.60E-08 1.90E-08
I-135 1.20E-08 1.40E-08
Cs-134 1.20E-08 1.40E-08
Cs-136 1.50E-08 1.70E-08
Cs-137 4.20E-09 4.90E-09
Cs-138 2.10E-08 2.40E-08
Ba-139 2.40E-09 2.70E-09
Ba-140 2.10E-09 2.40E-09
Ba-141 4.30E-09 4.90E-09
Ba-142 7.90E-09 9.00E-09
La-140 1.50E-08 1.70E-08
La-142 1.50E-08 1.80E-08
Ce-141 5.50E-10 6.20E-10
Ce-143 2.20E-09 2.50E-09
Ce-144 3.20E-10 3.70E-10
Pr-143 0.0 0.0
Pr-144 2.00E-10 2.30E-10

O Nd-147 1.00E-09 1.20E-09
_

W-187 3.10E-09 3.60E-09
Np-239 9.50E-10 1.10E-09

i

[

,

4

FC/ODCM R1
i
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TABLE 8
, INHALATION-DOSE-FACTORS FOR ADULT

-

~~(mtem 'per pCi 7nhaled) --
--

Page 1 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H 3 - 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07 ,

C 14 2.27E-06 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07
NA 24 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06

P 32 1.65E-04 9.64E-06 6.26E-06 - - - 1.08E-05
CR 51 - - 1.25E-08 7.44E-09 2.85E-09 1.80E-06 4.15E-( 7
MN 54 - 4.95E-06 7.87E-07 - 1.23E-06 1.75E-04 9.67E-06

MN 56 - 1.55E-10 2.29E-11 - 1.63E-10 1.18E-06 2.53E-06
FE 55 3.07E-06 2.12E-06 4.93E-07 - - 9.01E-06 7.54E-07
FE 59 1.47E-06 3.47E-06 1.32E-06 - - 1.27E-04 2.35E-05

CO 58 - 1.98E-07 2.59E-07 - - 1.16E-04 1.33E-05
CO 60 - 1.44E-06 1.85E-06 - - 7.46E-04 3.56E-05 i
NI 63 5.40E-05 3.93E-06 1.81E-06 - - 2.23E-05 1.67E-06

NI 65 1.92E-10 2.62E-11 1.14E-11 - - 7.00E-07 1.54E-06
CU 64 - 1.83E-10 7.69E-11 - 5.78E-10 8.48E-07 6.12E-06
ZN 65 4.05E-06 1.29E-05 5.82E-06 - 8.62E-06 1.08E-04 6.68E-06 i

(dR83
4 69 4.23E-12 8.14E-12 5.65E-13 - 5.27E-12 1.15E-07 2.04E-09 i

~

''
- - 3.01E-08 - - - 2.90E-08

BR 84 - - 3.91E-08 - - - 2.05E-13

BR 85 - - 1.60E-09 - - - LT E-24
'RB 86 - 1.69E-05 7.37E-06 - - - 2.08E-06

RB 88 - 4.84E-08 2.41E-08 - - - 4.18E-19 ;

RB 89 - 3.20E-08 2.12E-08 - - - 1.16E-21
SR 89 3.80E-05 - 1.09E-06 - - 1.75E-04 4.37E-05 |SR 90 1.24E-02 - 7.62E-04 - - 1.20E-03 9.02E-05 ,

SR 91 7.74E-09 - 3.13E-10 - - 4.56E-06 2.39E-05
SR 92 8.43E-10 - 3.64E-11 - - 2.06E-06 5.38E-06
Y 90 2.61E-07 - 7.01E-09 - - 2.12E-05 6.32E-05 I

Y 91M 3.26E-11 - 1.27E-12 - - 2.40E-07 1.66E-10
'Y 91 5.78E-05 - 1.55E-06 - - 2.13E-04 4.81E-05
Y 92 1.29E-09 - 3.77E-11 - - 1.96E-06 9.19E-06

Y 93 1.18E-08 - 3.26E-10 - - 6.06E-06 5.27E-05
ZR 95 1.34E-05 4.30E-06 2.91E-06 - 6.77E-06 2.21E-04 1.88E-05
ZR 97 1.21E-08 2.45E-09 1.13E-09 - 3.71E-09 9.84E-06 6.54E-05

NB 95 1.76E-06 9.77E-07 5.26E-07 - 9.67E-07 6.31E-05 1.30E-05' )
} 99 - 1.51E-08 2.87E-09 - 3.64E-08 1.14E-05 3.10E-05
C 99M 1.29E-13 3.64E-13 4.63E-12 - 5.52E-12 9.55E-08 5.20E-07

FC/ODCM R1
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TABLE 8
_ INHALATION _ DOSE _ FACTORS FOR ADULT ,

- '(mrem per pCi -Inhaled)--- -

'

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

TC 101 5.22E-15 7.52E-15 7.38E-14 - 1.35E-13 4.99E-08 1.36E-21
RU 103 1.91E-07 - 8.23E-08 - 7.29E-07 6.31E-05 1.38E-05
RU 105 9.88E-11 - 3.89E-11 - 1.27E-10 1.37E-06 6.02E-06

RU 106 8.64E-06 - 1.09E-06 - 1.67E-05 1.17E-03 1.14E-04
AG 110M 1.35E-06 1.25E-06 7.43E-07 - 2.46E-06 5.79E-04 3.78E-05
TE 125M 4.27E-07 J.98E-07 5.84E-08 1.31E-07 1.55E-06 3.92E-05 8.83E-06

TE 127M 1.58E-06 7.21E-07 1.96E-07 4.11E-07 5.72E-06 1.20E-04 1.87E-05
TE 127 1.75E-10 8.03E-11 3.87E-11 1.32E-10 6.37E-10 8.14E-07 7.17E-06
TE 129M 1.22E-06 5.84E-07 1.98E-07 4.30E-07 4.57E-06 1.45E-04 4.79E-05

TE 129 6.22E-12 2.99E-12 1.55E-12 4.87E-12 2.34E-11 2.42E-07 1.96E-08
TE 131M 8.74E-09 5.45E-09 3.63E-09 6.88E-09 3.86E-08 1.82E-05 6.95E-05
TE 131 1.39E-12 7.44E-13 4.49E-13 1.17E-12 5.46E-12 1.74E-07 2.30E-09

TE 132 3.25E-08 2.69E-08 2.02E-08 2.37E-08 1.82E-07 3.60E-05 6.37E-05
I 130 5.72E-07 1.68E-06 6.60E-07 1.42E-04 2.61E-06 - 9.61E-07
I 131 3.15E-06 4.47E-06 2.56E-06 1.49E-03 7.66E-06 - 7.85E-07

132 1.45E-07 4.07E-07 1.45E-07 1.43E-05 6.48E-07
~

5.08E-08-

133 1.08E-06 1.85E-06 5.65E-07 2.69E-04 3.23E-06 - 1.11E-06
I 134 8.05E-08 2.16E-07 7.69E-08 3.73E-06 3.44E-07 - 1.26E-10

,

I 135 3.35E-07 8.73E-07 3.21E-07 5.60E-05 1.39E-06 - 6.56E-07
CS 134 4.66E-05 1.06E-04 9.10E-05 - 3.59E-05 1.22E-05 1.30E-06

'

CS 136 4.88E-06 1.83E-05 1.38E-05 - 1.07E-05 1.50E-06 1.46E-06
,

CS 137 5.98E-05 7.76E-05 5.35E-05 2.78E-05 9.40E-06 1.05E-06-

CS 138 4.14E-08 7.76E-08 4.05E-08 - 6.00E-08 6.07E-09 2.33E-13
BA 139 1.17E-10 8.32E-14 3.42E-12 - 7.78E-14 4.70E-07 1.12E-07

,

BA 140 4.88E-06 6.13E-09 3.21E-07 - 2.09E-09 1.59E-04 2.73E-05
BA 141 1.25E-11 9.41E-15 4.20E-13 - 8.75E-15 2.42E-07 1.45E-17
BA 142 3.29E-12 3.38E-15 2.07E-13 - 2.86E-15 1.49E-07 1.96E-26

LA 140 4.30E-08 2.17E-08 5.73E-09 - -
'1.70E-05 5.73E-05

LA 142 8.54E-11 3.88E-11 9.65E-12 7.91E-07 2.64E-07- -

CE 141 2.49E-06 1.69E-06 1.91E-07 - 7.83E-07 4.52E-05 1.50E-05

CE 143 2.33E-08 1.72E-08 1.91E-09 - 7.60E-09 9.97E-06 2.83E-05
CE 144 4.29E-04 1.79E-04 2.30E-05 - 1.06E-04 9.72E-04 1.02E-04
PR 143 1.17E-06 4.69E-07 5.80E-08 - 2.70E-07 3.51E-05 2.50E-05

PR 144 3.76E-12 1.56E-12 1.91E-13 - 8.81E-13 1.27E-07 2.69E-18

On
147 6.59E-07 7.62E-07 4.56E-08 - 4.45E-07 2.76E-05 2.16E-05
187 1.06E-09 8.85E-10 3.10E-10 - - 3.63E-06 1.94E-05

NP 239 2.87E-08 2.82E-09 1.55E-09 - 8.75E-09 4.70E-06 1.49E-05

FC/ODCM R1
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TABLE 9
N INHALATION DOSE _. FACTORS FOR TEENAGER(d - ~~(mrem per pCi -Inhaled) - - -

Page 1 of 2

Euclide Bone Liver T. Body Thyroid _ Kidney Lung GI-LLI

H 3 - 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07
C 14 3.25E-06 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07
NA 24 1.72E-06 1.72E-06 1.7?E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06

P 32 2.36E-04 1.37E-05 8.95E-06 - - - 1.16E-05
CR 51 - - 1.69E-08 9.37E-09 3.84E-09 2.62E-06 3.75E-07 -

MN 54 - 6.39E-06 1.05E-06 - 1.59E-06 2.48E-04 8.35E-06

MN 56 - 2.12E-10 3.15E-11 - 2.24E-10 1.90E-06 7.18E-06
FE 55 4.18E-06 2.98E-06 6.93E-07 - - 1.55E-05 7.99E-07
FE 59 1.99E-06 4.62E-06 1.79E-06 - - 1.91E-04 2.23E-05

CO 58 - 2.59E-07 3.47E-07 - - 1.68E-04 1.19E-05
CO 60 - 1.89E-06 2.48E-06 - - 1.09E-03 3.24E-05
NI 63 7.25E-05 5.43E-06 2.47E-06 - - 3.84E-05 1.77E-06

NI 65 2.73E-10 3.66E-11 1.59E-11 - - 1.17E-06 4.59E-06
CU 64 - 2.54E-10 1.06E-10 - 8.01E-10 1.39E-06 7.68E-06
ZN 65 4.82E-06 1.67E-05 7.80E-06 - 1.08E-05 1.55E-04 5.83E-06

69 6.04E-12 1.15E-11 8.07E-13 - 7.53E-12 1.98E-07 3.56E-08
~

eR 83 - - 4.30E-08 - - - LT E-24
BR 84 - - 5.41E-08 - - - LT E-24

,

BR 85 - - 2.29E-09 - - - LT E-24
RB 86 - 2.38E-05 1.05E-05 - - - 2.21E-06
RB 88 - 6.82E-08 3.40E-08 - - - 3.65E-15

RB 89 - 4.40E-08 2.91E-08 - - - 4.22E-17
SR 89 5.43E-05 - 1.56E-06 - - 3.02E-04 4.64E-05
SR 90 1.35E-02 8.35E-04 - - 2.06E-03 9.56E-05-

SR 91 1.10E-08 - 4.39E-10 - - 7.59E-06 3.24E-05
SR 92 1.19E-09 - 5.08E-11 - - 3.43E-06 1.49E-05
Y 90 3.73E-07 - 1.00E-08 - - 3.66E-05 6.99E-05 I

Y 91M 4.63E-11 - 1.77E-12 - - 4.00E-07 3.77E-09 4

Y 91 8.26E-05 - 2.21E-06 - - 3.67E-04 5.11E-05 |
Y 92 1.84E-09 - 5.36E-11 - - 3.35E-06 2.06E-05 I

Y 93 1.69E-08 - 4.65E-10 - - 1.04E-05 7.24E-05
ZR 95 1.82E-05 5.73E-06 3.94E-06 - 8.42E-06 3.36E-04 1.86E-05
ZR 97 1.72E-08 3.40E-09 1.57E-09 - 5.15E-09 1.62E-05 7.88E-05

NB 95 2.32E-06 1.29E-06 7.08E-07 - 1.25E-06 9.39E-05 1.21E-05

099
- 2.11E-08 4.03E-09 - 5.14E-08 1.92E-05 3.36E-05

99M 1.73E-13 4.83E-13 6.24E-12 - 7.20E-12 1.44E-07 7.66E-07

FC/ODCM R1



FORT CALHOUN STATION CH-ODCM- 0 001
CHEMISTRY PROCEDURE PAGE 108 OF 120

TABLE 9

O -- ~(mrem per pCi Inhaled) - - - *

INHALATION DOSE _ FACTORS FOR TEENAGER
~

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

TC 101 7.40E-15 1.05E-14 1.03E-13 - 1.90E-13 8.34E-08 1.09E-16
RU 103 2.63E-07 - 1.12E-07 - 9.29E-07 9.79E-05 1.36E-05
RU 105 1.40E-10 - 5.42E-11 - 1.76E-10 2.27E-06 1.13E-05

RU 106 1.23E-05 - 1.55E-06 - 2.38E-05 2.01E-03 1.20E-04
AG 110M 1.73E-06 1.64E-06 9.99E-07 - 3.13E-06 8.44E-04 3.41E-05
TE 125M 6.10E-07 2.80E-07 8.34E-08 1.75E-07 - 6.70E-05 9.38E-06

TE 127M 2.25E-06 1.02E-06 2.73E-07 5.48E-07 8.17E-06 2.07E-04 1.99E-05
TE 127 2.51E-10 1.14E-10 5.52E-11 1.77E-10 9.10E-10 1.40E-06 1.01E-05
TE 129M 1.74E-06 8.23E-07 2.81E-07 5.72E-07 6.49E-06 2.47E-04 5.06E-05

TE 129 8.87E-12 4.22E-12 2.20E-12 6.48E-12 3.32E-11 4.12E-07 2.02E-07
TE 131M 1.23E-08 7.51E-09 5.03E-09 9.06E-09 5.49E-08 2.97E-05 7.76E-05
TE 131 1.97E-12 1.04E-12 6.30E-13 1.55E-12 7.72E-12 2.92E-07 1.89E-09

TE 132 4.50E-08 3.63E-08 2.74E-08 3.07E-08 2.44E-07 5.61E-05 5.79E-05
I 130 7.80E-07 2.24E-06 8.96E-07 1.86E-04 3.44E-06 1.14E-06-

I 131 4.43E-06 6.14E-06 3.30E-06 1.83E-03 1.05E-05 - 8.11E-07

132 1.99E-07 5.47E-07 1.97E-07 1.89E-05 8.65E-07
~

1.59E-07-

\ 133 1.52E-06 2.56E-06 7.78E-07 3.65E-04 4.49E-06 - 1.29E-06 r

I 134 1.11E-07 2.90E-07 1.05E-07 4.94E-06 4.58E-07 - 2.55E-09

I 135 4.62E-07 1.18E-06 4.36E-07 7.76E-05 1.86E-06 - 8.69E-07
CS 134 6.28E-05 1.41E-04 6.86E-05 - 4.69E-05 1.83E-05 1.22E-06

'

CS 136 6.44E-06 2.42E-05 1.71E-05 - 1.38E-05 2.22E-06 1.36E-06 '

CS 137 8.38E-05 1.06E-04 3.89E-05 - 3.80E-05 1.51E-05 1.06E-06
CS 138 5.82E-08 1.07E-07 5.58E-08 - 8.28E-08 9.84E-09 3.38E-11

'

BA 139 1.67E-10 1.18E-13 4.07E-12 - 1.11E-13 8.08E-07 8.06E-07

BA 140 6.84E-06 8.38E-09 4.40E-07 - 2.85E-09 2.54E-04 2.86E-05
BA 141 1.78E-11 1.32E-14 5.93E-13 - 1.23E-14 4.11E-07 9.33E-14
BA 142 4.62E-12 4.63E-15 2.84E-13 - 3.92E-15 2.39E-07 5.99E-20

LA 140 5.99E-08 2.95E-08 7.82E-09 - - 2.68E-05 6.09E-05
LA 142 1.20E-10 5.31E-11 1.32E-11 - - 1.27E-06 1.50E-06
CE 141 3.55E-06 2.37E-06 2.71E-07 - 1.11E-06 7.67E-05 1.58E-05

CE 143 3.32E-08 2.42E-08 2.70E-09 - 1.08E-08 1.63E-05 3.19E-05
CE 144 6.11E-04 2.53E-04 3.28E-05 - 1.51E-04 1.67E-03 1.08E-04
PR 143 1.67E-06 6.64E-07 8.28E-08 - 3.86E-07 6.04E-05 2.67E-05

!
PR 144 5.37E-12 2.20E-12 2.72E-13 - 1.26E-12 2.19E-07 2.94E-14
'p 147 9.83E-07 1.07E-06 6.41E-08 - 6.28E-07 4.65E-05 2.28E-05

187 1.50E-09 1.22E-09 4.29E-10 - - 5.92E-06 2.21E-05
NP 239 4.23E-08 3.99E-09 2.21E-09 - 1.25E-08 8.11E-06 1.65E-05

FC/ODCM R1
i
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 109 OF 120 ,

'

TABLE 10
Q INHALATION DOSE -FACTORS FOR CHILD
Q - ~~(mrem per pCi 7nhaled) -

-

Page 1 of 2

Nuclide Bone Liver T . Be . ,- Thyroid Kidney Lung GI-LLI
,

H 3 - 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07 '

C 14 9.70E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-O'6
NA 24 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06

P 32 7.04E-04 3.09E-05 2.67E-05 - - - 1.14E-05
CR 51 - - 4.17E-08 2.31E-08 6.57E-09 4.59E-06 2.93E-07
MN 54 - 1.16E-05 2.57E-06 - 2.71E-06 4.26E-04 6.19E-06

MN 56 - 4.48E-10 8.43E-11 - 4.52E-10 3.55E-06 3.33E-05 ,

FE 5S 1.28E-05 6.80E-06 2.10E-06 - - 3.00E-05 7.75E-07
FE 59 5.59E-06 9.04E-06 4.51E-06 - - 3.43E-04 1.91E-05

CO 58 - 4.79E-07 8.55E-07 - - 2.99E-04 9.29E-06
CO 60 - 3.55E-06 6.12E-06 - - 1.91E-03 2.60E-05
NI 63 2.22E-04 1.25E-05 7.56E-06 - - 7.43E-05 1.71E-06

NI 65 8.08E-10 7.99E-11 4.44E-11 - - 2.21E-06 2.27E-05
CU 64 - 5.39E-10 2.90E-10 - 1.63E-09 2.59E-06 9.92E-06
ZN 65 1.15E-05 3.06E-05 1.90E-05 - 1.93E-05 2.69E-04 4.41E-06

~

g 69 1.81E-11 2.61E-11 2.41E-12 - 1.58E-11 3.84E-07 2.75E-06 ;
'dR 83 - - 1.28E-07 - - - LT E-24

BR 84 - - 1.48E-07 - - - LT E-24

BR 85 - - 6.84E-09 - - - LT E-24 :
RB 86 - 5.36E-05 3.09E-05 - - - 2.16E-06 '

RB 88 - 1.52E-07 9.90E-08 - - - 4.66E-09

RB 89 - 9.33E-08 7.85E-08 - - - 5.11E-10
SR 89 1.62E-04 - 4.66E-06 - - 5.83E-04 4.52E-05 s

SR 90 2.73E-02 - 1.74E-03 - - 3.99E-03 9.28E-05
!

SR 91 3.28E-08 - 1.24E-09 - - 1.44E-05 4.70E-05
'

SR 92 3.54E-09 - 1.42E-10 - - 6.49E-06 6.55E-05
Y 90 1.11E-06 - 2.99E-08 - - 7.07E-05 7.24E-05 |

Y 91M 1.37E-10 - 4.98E-12 - - 7.60E-07 4.64E-07 |
Y 91 2.47E-04 - 6.59E-06 - - 7.10E-04 4.97E-05
Y 92 5.50E-09 - 1.57E-10 - - 6.46E-06 6.46E-05

Y 93 5.04E-08 - 1.38E-09 - - 2.01E-05 1.05E-04
ZR 95 5.13E-05 1.13E-05 1.00E-05 - 1.61E-05 6.03E-04 1.65E-05
ZR 97 5.07E-08 7.34E-09 4.32E-09 - 1.05E-08 3.06E-05 9.49E-05

NB 95 6.35E-06 2.48E-06 1.77E-06 - 2.33E-06 1.66E-04 1.00E-05
(~'O 99 - 4.66E-08 1.15E-08 - 1.06E-07 3.66E-05 3.42E-05
(_,D 99M 4.81E-13 9.41E-13 1.56E-11 - 1.37E-11 2.57E-07 1.30E-06

FC/ODCM R1
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FORT CALHOUN STATION CH-OD2M-0001
CHEMISTRY' PROCEDURE PAGE 110 OF 120

TABLE 10

O - ~(mrem per pCi ~ Inhaled)- -

INHALATION-DOSE FACTORS FOR CHILD

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

TC 101 2.19E-14 2.30E-14 2.91E-13 - 3.92E-13 1.58E-07 4.41E-09
RU 103 7.55E-07 - 2.90E-07 - 1.90E-06 1.79E-04 1.21E-05
RU 105 4.13E-10 - 1.50E-10 - 3.63E-10 4.30E-06 2.69E-05

RU 106 3.68E-05 - 4.57E-06 - 4.97E-05 3.87E-03 1.16E-04 i

AG 110M 4.56E-06 3.08E-06 2.47E-06 - 5.74E-06 1.48E-03 2.71E-05 |
TE 125M 1.82E-06 6.29E-07 2.47E-07 5.20E-07 - 1.29E-04 9.13E-06

TE 127M 6.72E-06 2.31E-06 8.16E-07 1.64E-06 1.72E-05 4.00E-04 1.93E-05
TE 127 7.49E-10 2.57E-10 1.65E-10 5.30E-10 1.91E-09 2.71E-06 1.52E-05

TM3 129M 5.19E-06 1.85E-06 8.22E-07 1.71E-06 1.36E-05 4.76E-04 4.91E-05 ,

TE 129 2.64E-11 9.45E-12 6.44E-12 1.93E-11 6.94E-11 7.93E-07 6.89E-06
TE 131M 3.63E-08 1.60E-08 1.37E-08 2.64E-08 1.08E-07 5.56E-05 8.32E-05
TE 131 5.87E-12 2.28E-12 1.78E-12 4.59E-12 1.59E-11 5.55E-07 3.60E-07

TE 132 1.30E-07 7.36E-08 7.12E-08 8.58E-08 4.79E-07 1.02E-04 3.72E-05
I 130 2.21E-06 4.43E-06 2.28E-06 4.99E-04 6.61E-06 - 1.38E-06

'

'

I 131 1.30E-05 1.30E-05 7.37E-06 4.39E-03 2.13E-05 - 7.68E-07

132 5.72E-07 1.10E-06 5.07E-07 5.23E-05 1.69E-06
~

8.65E-07-

-133 4.48E-06 5.49E-06 2.08E-06 1.04E-03 9.13E-06 - 1.48E-06
I 134 3.17E-07 5.84E-07 2.69E-07 1.37E-05 8.92E-07 - 2.58E-07

I 135 1.33E-06 2.36E-06 1.12E-06 2.14E-04 3.62E-06 - 1.20E-06
CS 134 1.76E-04 2.74E-04 6.07E-05 - 8.93E-05 3.27E-05 1.04E-06
CS 136 1.76E-05 4.62E-05 3.14E-05 - 2.58E-05 3.93E-06 1.13E-06

CS 137 2.45E-04 2.23E-04 3.47E-05 - 7.63E-05 2.81E-05 9.78E-07
CS 138 1.71E-07 2.27E-07 1.50E-07 - 1.68E-07 1.84E-08 7.29E-08 i

BA 139 4.98E-10 2.66E-13 1.45E-11 - 2.33E-13 1.56E-06 1.56E-05

BA 140 2.00E-05 1.75E-08 1.17E-06 5.71E-09 4.71E-04 2.75E-05-

BA 141 5.29E-11 2.95E-14 1.72E-12 - 2.56E-14 7.89E-07 7.44E-08
BA 142 1.35E-11 9.73E-15 7.54E-13 - 7.87E-15 4.44E-07 7.41E-10

LA 140 1.74E-07 6.08E-08 2.04E-08 - - 4.94E-05 6.10E-05
LA 142 3.50E-10 1.11E-10 3.49E-11 - - 2.35E-06 2.05E-05
CE 141 1.06E-05 5.28E-06 7.83E-07 - 2.31E-06 1.47E-04 1.53E-05

CE 143 9.89E-08 5.37E-08 7.77E-09 - 2.26E-08 3.12E-05 3.44E-05
CE 144 1.83E-03 5.72E-04 9.77E-05 - 3.17E-04 3.23E-03 1.05E-04-
PR 143 4.99E-06 1.50E-06 2.47E-07 - 8.11E-07 1.17E-04 2.63E-05

PR 144 1.61E-11 4.99E-12 8.10E-13 - 2.64E-12 4.23E-07 5.32E-08

O'147
2.92E-06 2.36E-06 1.84E-07 - 1.30E-06 8.87E-05 2.22E-05

187 4.41E-09 2.61E-09 1.17E-09 - - 1.11E-05 2.46E-05
NP 239 1.26E-07 9.04E-09 6.35E-09 2.63E-08 1.57E-05 1.73E-05-

FC/ODCM R1



_ _

F

FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 111 OF 120

TABLE 11
. INHALATION DOSE FACTORS FOR INFANT

- '(mrem per pCi Inhaled)T- - -

Page 1 of 2 ]

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

H 3 - 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07 !

C 14 1.89E-05 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06 i

NA 24 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06
i

P 32 1.45E-03 8.03E-05 5.53E-05 - - - 1.15E-05
CR 51 - - 6.39E-08 4.11E-08 9.45E-09 9.17E-06 2.55E-07
MN 54 - 1.81E-05 3.56E-06 - 3.56E-06 7.14E-04 5.04E-06 ;

|MN 56 - 1.10E-09 1.58E-10 - 7.86E-10 8.95E-06 5.12E-05 !
FE 55 1.41E-05 8.39E-06 2.38E-06 - - 6.21E-05 7.82E-07 !

FE 59 9.69E-06 1.68E-05 6.77E-06 - - 7.25E-04 1.77E-05

CO 58 - 8.71E-07 1,30E-06 - - 5.55E-04 7.95E-06
CO 60 - 5.73E-06 8.41E-06 - - 3.22E-03 2.28E-05 j
NI 63 2.42E-04 1.46E-05 8.29E-06 - - 1.49E-04 1.73E-06 |

1

NI 65 1.71E-09 2.03E-10 8.79E-11 - - 5.80E-06 3.58E-05
CU 64 - 1.34E-09 5.53E-10 - 2.84E-09 6.64E-06 1.07E-05 J

ZN 65 1.38E-05 4.47E-05 2.22E-05 - 2.32E-05 4.62E-04 3.67E-05

(dR83)M69
~

3.85E-11 6.91E-11 5.13E-12 - 2.87E-11 1.05E-06 9.44E-06
- - 2.72E-07 - - - LT E-24

BR 84 - - 2.86E-07 - - - LT E-24

BR 85 - - 1.46E-08 - - - LT E-24
RB 86 - 1.36E-04 6.30E-05 - - - 2.17E-06
RB 88 - 3.98E-07 2.05E-07 - - - 2.42E-07

RB 89 - 2.29E-07 1.47E-07 - - - 4.87E-08
SR 89 2.84E-04 - 8.15E-06 - - 1.45E-03 4.57E-05 !

SR 90 2.92E-02 - 1.85E-03 - - 8.03E-03 9.36E-05

SR 91 6.83E-08 - 2.47E-09 - - 3.76E-05 5.24E-05
SR 92 7.50E-09 - 2.79E-10 - - 1.70E-05 1.00E-04
Y 90 2.35E-06 - 6.30E-08 - - 1.92E-04 7.43E-05 I

Y 91M 2.91E-10 - 9.90E-12 - - 1.99E-06 1.68E-06
Y 91 4.20E-04 - 1.12E-05 - - 1.75E-03 5.02E-05
Y 92 1.17E-08 - 3.29E-10 - - 1.75E-05 9.04E-05

Y 93 1.07E-07 - 2.91E-09 - - 5.46E-05 1.19E-04
ZR 95 8.24E-05 1.99E-05 1.45E-05 - 2.22E-05 1.25E-03 1.55E-05
ZR 97 1.07E-07 1.83E-08 8.36E-09 - 1.85E-08 7.88E-05 1.00E-04

NB 95 1.12E-05 4.59E-06 2.70E-06 - 3.37E-06 3.42E-04 9.05E-06
99 - 1.18E-07 2.31E-08 - 1.89E-07 9.63E-05 3.48E-05
99M 9.98E-13 2.06E-12 2.66E-11 - 2.22E-11 5.79E-07 1.45E-06

FC/ODCM R1
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 112 OF 120 l

!

TABLE 11

' O' ~ - -tmrem per pCi Inhaled) - -

INHALATION DOSE FACTORS FOR INFANT

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

TC 101 4.65E-14 5.88E-14 5.80E-13 - 6.99E-13 4.17E-07 6.03E-07
,

RU 103 1.44E-06 - 4.85E-07 - 3.03E-06 3.94E-04 1.15E-05
RU 105 8.74E-10 - 2.93E-10 - 6.42E-10 1.12E-05 3.46E-05

i

RU 106 6.20E-05 - 7.77E-06 - 7.61E-05 8.26E-03 1.17E-04
AG 110M 7.13E-06 5.16E-06 3.57E-06 - 7.80E-06 2.62E-03 2.36E-05 i
TE 125M 3.40E-06 1.42E-06 4. 70E- 07 1.16E-06 - 3.19E-04 9.22E-06 4

:

TE 127M 1.19E-05 4.93E-06 1.48E-06 3.48E-06 2.68E-05 9.37E-04 1.95E-05
TE 127 1.59E-09 6.81E-10 3.40E-10 1.32E-09 3.47E-09 7.39E-06 1.74E-05 ;

; TE 129M 1.01E-05 4.35E-06 1.59E-06 3.91E-06 2.27E-05 1.20E-03 4.93E-05 e

*TE 129 5.63E-11 2.48E-11 1.34E-11 4.82E-11 1.25E-10 2.14E-06 1.88E-05
TE 131M 7.62E-08 3.93E-08 2.59E-08 6.38E-08 1.89E-07 1.42E-04 8.51E-05 ,

TE 131 1.24E-11 5.87E-.12 3.57E-12 1.13E-11 2.85E-11 1.47E-06 5.87E-06 ;

,

TE 132 2.66E-07 1.69E-07 1.26E-07 1.99E-07 7.39E-07 2.43E-04 3.15E-05
I 130 4.54E-06 9.91E-06 3.98E-06 1.14E-03 1.09E-05 - 1.42E-06
I 131 2.71E-05 3.17E-05 1.40E-05 1.06E-02 3.70E-05 - 7.56E-07

132 1.21E-06 2.53E-06 8.99E-07 1.21E-04 2.82E-06
~

1.36E-06-

133 9.46E-06 1.37E-05 '4.00E-06 2.54E-03 1.60E-05 - 1.54E-06
I 134 6.58E-07 1.34E-06 4.75E-07 3.18E-05 1.49E-06 - 9.21E-07

,

'

I 135 2.76E-06 5.43E-06 1.98E-06 4.97E-04 6.05E-06 - 1.31E-06
CS 134 2.83E-04 5.02E-04 5.32E-05 - 1.36E-04 5.69E-05 9.53E-07
CS 136 3.45E-05 9.61E-05 3.78E-05 - 4.03E-05 8.40E-06 1.02E-06

5CS 137 3.92E-04 4.37E-04 3.25E-05 - 1.23E-04 5.09E-05 9.53E-07 !CS 138 3.61E-07 5.58E-07 2.84E-07 - 2.93E-07 4.67E-08 6.26E-07 !

BA 139 1.06E-09 7.03E-13 3.07E-11 - 4.23E-13 4.25E-06 3.64E-05 '

BA 140 4.00E-05 4.00E-08 2.07E-06 - 9.59E-09 1.14E-03 2.74E-05 '

BA 141 1.12E-10 7.70E-14 3.55E-12 - 4.64E-14 2.12E-06 3.39E-06
BA 142 2.84E-11 2.36E-14 1.40E-12 - 1.36E-14 1.11E-06 4.95E-07 !

LA 140 3.61E-07 1.43E-07 3.68E-08 - - 1.20E-04 6.06E-05
LA 142 7.36E-10 2.69E-10 6.46E-11 - - 5.87E-06 4.25E-05 <

CE 141 1.98E-05 1.19E-05 1.42E-06 - 3.75E-06 3.69E-04 1.54E-05 '

.

CE 143 2.09E-07 1.38E-07 1.58E-08 - 4.03E-08 8.30E-05 3.55E-05 :
CE 144 2.28E-03 8.65E-04 1.26E-04 - 3.84E-04 7.03E-03 1.06E-04
PR 143 1.00E-05 3.74E-06 4.99E-07 - 1.41E-06 3.09E-04 2.66E-05

PR 144 3.42E-11 1.32E-11 1.72E-12 - 4.80E-12 1.15E-06 3.06E-06

O 187
147 5.67E-06 5.81E-06 3.57E-07 - 2.25E-06 2.30E-04 2.23E-05 *

9.26E-09 6.44E-09 2.23E-09 - - 2.83E-05 2.54E-05
NP 239 2.65E-07 2.37E-08 1.34E-08 - 4.73E-08 4.25E-05 1.78E-05

FC/ODCM R1

t
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FORT CALHOUN STATION CH-ODCM-0001-
CHEMISTRY PROCEDURE PAGE 113 OF 120

TABLE 12 f

/~N INGESTION. DOSE FACTORS FOR ADULT ,

- (mrem per pCi Ingested) -- -
'-

Page 1 of 2
;

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

H 3 - 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07
C 14 2.84E-06 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07
NA 24 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 i

P 32 1.93E-04 1.20E-05 7.46E-06 - - - 2.17E-Oi
CR 51 - - 2.66E-09 1.59E-09 5.86E-10 3.53E-09 6.69E-07 ,

MN 54 - 4.57E-06 8.72E-07 - 1.36E-06 - 1.40E-05

MN 56 - 1.15E-07 2.04E-08 - 1.46E-07 - 3.67E-06
FE 55 2.75E-06 1.90E-06 4.43E-07 - - 1.06E-06 1.09E-06

,

FE 59 4.34E-06 1.02E-05 3.91E-06 - - 2.85E-06 3.40E-05 ,

!

CO 58 - 7.45E-07 1.67E-06 - - - 1.51E-05
CO 60 - 2.14E-06 4.72E-06 - - - 4.02E-05
NI 63 1.30E-04 9.01E-06 4.36E-06 - - - 1.88E-06

NI 65 5.28E-07 6.86E-08 3.13E-08 - - - 1.74E-06
CU 64 - 8.33E-08 3.91E-08 - 2.10E-07 - 7.10E-06
ZN 65 4.84E-06 1.54E-05 6.96E-06 - 1.03E-05 - 9.70E-06.

h 69 1.03E-08 1.97E-08 1.37E-09 - 1.28E-08
~

2.96E-09/ -

bur 83 - - 4.02E-08 - - - 5.79E-08
BR 84 - - 5.21E-08 - - - 4.09E-13

BR 85 - - 2.14E-09 - - - LT E-24
RB 86 - 2.11E-05 9.83E-06 - - - 4.16E-06
RB 88 - 6.05E-08 3.21E-08 - - - 8.36E-19

RB 89 - 4.01E-08 2.82E-08 - - - 2.33E-21
SR 89 3.08E-04 - 8.84E-06 - - - 4.94E-05
SR 90 7.58E-03 - 1.86E-03 - - - 2.19E-04 '

SR 91 5.67E-06 - 2.29E-07 - - - 2.70E-05
SR 92 2.15E-06 - 9.30E-08 - - - 4.26E-05
Y 90 9.62E-09 - 2.58E-10 - - - 1.02E-04

Y 91M 9.09E-11 - 3.52E-12 - - - 2.67E-10
Y 91 1.41E-07 - 3.77E-09 - - - 7.76E-05
Y 92 8.45E-10 - 2.47E-11 - - - 1.48E-05

Y 93 2.68E-09 - 7.40E-11 - - - 8.50E-05
ZR 95 3.04E-08 9.75E-09 6.60E-09 - 1.53E-08 - 3.09E-05
ZR 97 1.68E-09 3.39E-10 1.55E-10 - 5.12E-10 - 1.05E-04

NB 95 6.22E-09 3.46E-09 1.86E-09 - 3.42E-09 - 2.10E-05

099M
- 4.31E-06 8.20E-07 - 9.76E-06 - 9.99E-0699

2.47E-10 6.98E-10 8.89E-09 - 1.06E-08 3.42E-10 4.13E-07

FC/ODCM R1

_ _
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 114 OF 120

TABLE 12
INGESTION. DOSE FACTORS FOR ADULT

- '(mrem per pCi Ingested) -
-

Page 2 of 2

Nuclide Bone Liver T. Body 7hyroid Kidney Luna GI-LLI

TC 101 2.54E-10 3.66E-10 3.59E-09 - 6.59E-09 1.87E-10 1.10E-21
RU 103 1.85E-07 - 7.97E-08 - 7.06E-07 - 2.16E-05
RU 105 1.54E-08 - 6.08E-09 - 1.99E-07 - 9.42E-06

RU 106 2.75E-06 - 3.48E-07 - 5.31E-06 - 1.78E-04
AG 110M 1.60E-07 1.48E-07 8.79E-08 - 2.91E-07 - 6.04E-05
TE 125M 2.68E-06 9.71E-07 3.59E-07 8.06E-07 1.09E-05 - 1.07E-05

TE 127M 6.77E-06 2.42E-06 8.25E-07 1.73E-06 2.75E-02 - 2.27E-05
TE 127 1.10E-07 3.95E-08 2.38E-08 8.15E-08 4.48E-01 - 8.68E-06 '

TE 129M 1.15E-05 4.29E-06 1.82E-06 3.95E-06 4.80E-0E - 5.79E-05

TE 129 3.14E-08 1.18E-08 7.65E-09 2.41E-08 1.32E-07 - 2.37E-08
TE 131M 1.73E-06 8.46E-07 7.05E-07 1.34E-06 8.57E-06 - 8.40E-05
TE 131 1.97E-08 8.23E-09 6.22E-09 1.62E-08 8.63E-08 - 2.79E-09

TE 132 2.52E-06 1.63E-06 1.53E-06 1.80E-06 1.57E-05 - 7.71E-05
I 130 7.56E-07 2.23E-06 8.80E-07 1.89E-04 3.48E-06 - 1.92E-06
I 131 4.16E-06 5.95E-06 3.41E-06 1.95E-03 1.02E-05 - 1.57E-06

O133132 2.03E-07 5.43E-07 1.90E-07 1.90E-05 8.65E-07
'

1.02E-07 i-

1 42E-06 2.47E-06 7.53E-07 3.63E-04 4.31E-06 - 2.22E-06 :
I 134 1.06E-07 2.88E-07 1.03E-07 4.99E-06 4.58E-07 - 2.51E-10 ;

I 135 4.43E-07 1.16E-06 4.28E-07 7.65E-05 1.86E-06 - 1.31E-06
CS 134 6.22E-05 1.48E-04 1.21E-04 - 4.79E-05 1.59E-05 2.59E-06
CS 136 6.51E-06 2.57E-05 1.85E-05 - 1.43E-05 1.96E-06 2.92E-06 |

CS 137 7.97E-05 1.09E-04 7.14E-05 - 3.70E-05 1.23E-05 2.11E-06
CS 138 5.52E-08 1.09E-07 5.40E-08 - 8.01E-08 7.91E-09 4.65E-13 '

BA 139 9.70E-08 6.91E-11 2.84E-09 - 6.46E-11 3.92E-11 1.72E-07

BA 140 2.03E-05 2.55E-08 1.33E-06 - 8.67E-09 1.46E-08 4.18E-05 '

BA 141 4.71E-08 3.56E-11 1.59E-09 - 3.31E-11 2.02E-11 2.22E-17
BA 142 2.13E-08 2.19E-11 1.34E-09 - 1.85E-11 1.24E-11 3.00E-26

LA 140 2.50E-09 1.26E-09 3.33E-10 - - - 9.25E-05,

LA 142 1.28E-10 5.82E-11 1.45E-11 - - - 4.25E-07 {
CE 141 9.36E-09 6.33E-09 7.18E-10 - 2.94E-09 - 2.42E-05

CE 143 1.65E-09 1.22E-06 1.35E-10 - 5.37E-10 - 4.56E-05
CE 144 4.88E-07 2.04E-07 2.62E-08 - 1.21E-07 - 1.65E-04
PR 143 9.20E-09 3.69E-09 4.56E-10 - 2.13E-09 - 4.03E-05

PR 144 3.01E-11 1.25E-11 1.53E-12 - 7.05E-12 - 4.33E-18

O147
6.29E-09 7.27E-09 4.35E-10 - 4.25E-09 3.49E-05

187 1.03E-07 8.61E-08 3.01E-08 - - 2.82E-05
NP 239 1.19E-09 1.17E-10 6.45E-11 - 3.65E-10 - 2.40E-05

FC/ODCM R1 |
I
:
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 115 OF 120

TABLE 13
,q INGESTION-DOSE FACTORS FOR TEENAGER,

V, ' - -(arem per pCi Inhaled)--- -

Page 1 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H 3 - 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07
C 14 4.06E-06 8.12E-07 8.12E-07 8.12E-07 8.12E-07 8.12E-07 8.12E-07
NA 24 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06

P 32 2.76E-04 1.71E-05 1.07E-05 - - - 2.32E-05
CR 51 - - 3.60E-09 2.00E-09 7.89E-10 5.14E-09 6.05E-07,.

MN 54 - 5.90E-06 1.17E-06 - 1.76E-06 - 1.21E-05 '

MN 56 - 1.58E-07 2.81E-08 - 2.00E-07 - 1.04E-05
FE 55 3.78E-06 2.68E-06 6.25E-07 - - 1.70E-06 1.16E-06
FE 59 5.87E-06 1.37E-05 5.29E-06 - - 4.32E-06 3.24E-05

CO 58 - 9.72E-07 2.24E-06 - - - 1.34E-05
CO 60 - 2.81E-06 6.33E-06 - - - 3.66E-05
NI 63 1.77E-04 1.25E-05 6.00E-06 - - - 1.99E-06 '

NI 65 7.49E-07 9.57E-08 4.36E-08 - - - 5.19E-06
CU 64 - 1.15E-07 5.41E-08 - 2.91E-07 - 8.92E-06 ,

ZN 65 5.76E-06 2.00E-05 9.33E-06 - 1.28E-05 - 8.47E-06

I 4 69 1.47E-08 2.80E-08 1.96E-09 - 1.83E-08
~

5.16E-08-

'~dk 83 - - 5.74E-08 - - - LT E-24
BR 84 - - 7.22E-08 - - - LT E-24

"

BR 85 - - 3.05E-09 - - - LT E-24
RB 86 - 2.98E-05 1.40E-05 - - - 4.41E-06
RB 88 - 8.52E-08 4.54E-08 - - - 7.30E-15

RB 89 - 5.50E-08 3.89E-08 - - - 8.43E-17 ,

SR 89 4.40E-04 - 1.26E-05 - - - 5.24E-05
SR 90 8.30E-03 - 2.05E-03 - - - 2.33E-04

SR 91 8.07E-06 - 3.21E-07 - - - 3.66E-05 '

SR 92 3.05E-06 - 1.30E-07 - - - 7.77E-05
Y 90 1.37E-08 - 3.69E-10 - - - 1.13E-04

Y 91M 1.29E-10 - 4.93E-12 - - - f.09E-09
Y 91 2.01E-07 - 5.39E-09 - - - 8.24E-05
Y 92 1.21E-09 - 3.50E-11 - - - 3.32E-05

Y 93 3.83E-09 - 1.05E-10 - - - 1.17E-04 ,

ZR 95 4.12E-08 1.30E-08 8.94E-09 - 1.91E-08 - 3.00E-05
ZR 97 2.37E-09 4.69E-10 2.16E-10 - 7.11E-10 - 1.27E-04

NB 95 8.22E-09 4.56E-09 2.51E-09 - 4.42E-09 - 1.95E-05
7 99 - 6.03E-06 1.15E-06 - 1.38E-05 - 1.08E-05

99M 3.32E-10 9.26E-10 1.20E-08 - 1.38E-08 5.14E-10 6.08E-07,

:

FC/ODCM R1
:
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FORT CALHOUN STATION CH-ODCM-0001 |

CHEMISTRY PROCEDURE PAGE 116 OF 120 |

TABLE 13
INGESTION DOSE FACTORS FOR TEENAGER

- '(mrem per pCi inhaledP - -

Page 2 of 2
|

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

TC 101 3.60E-10 5.12E-10 5.03E-09 - 9.26E-09 3.12E-10 8.75E-17
RU 103 2.55E-07 - 1.09E-07 - 8.99E-07 - 2.13E-05
RU 105 2.18E-08 - 8.46E-09 - 2.75E-07 - 1.76E-05

'

RU 106 3.92E-06 - 4.94E-07 - 7.56E-06 - 1.88E-04 i

AG 110M 2.05E-07 1.94E-07 1.18E-07 - 3.70E 07 - 5.45E-05
TE 125M 3.83E-06 1.38E-06 5.12E-07 1.07E-06 - - 1.13E-05

TE 127M 9.67E-06 3.43E-06 1.15E-06 2.30E-06 3.92E-00 - 2.41E-05
TE 127 1.58E-07 5.60E-08 3.40E-08 1.09E-07 6.40E-07 - 1.22E-05
TE 129M 1.63E-05 6.05E-06 2.58E-06 5.26E-06 6.82E-05 - 6.12E-05

TE 129 4.48E-08 1.67E-08 1.09E-08 3.20E-08 1.88E-07 - 2.45E-07
TE 131M 2.44E-06 1.17E-06 9.76E-07 1.76E-06 1.22E-05 - 9.39E-05 ,

TE 131 2.79E-08 1.15E-08 8.72E-09 2.15E-08 1.22E-07 - 2.29E-09

TE 132 3.49E-06 2.21E-06 2.08E-06 2.33E-06 2.12E-05 - 7.00E-05
I 130 1.03E-06 2.98E-06 1.19E-06 2.43E-04 4.59E-06 - 2.29E-06
I 131 5.85E-06 8.19E-06 4.40E-06 2.39E-03 1.41E-05 - 1.62E-06

132 2.79E-07 7.30E-07 2.62E-07 2.46E-05 1.15E-06 - 3.18E-07
133 2.01E-06 3.41E-06 1.04E-06 4.76E-04 5.98E-06 - 2.58E-06

I 134 1.46E-07 3.87E-07 1.39E-07 6.45E-06 6.10E-07 - 5.10E-09-

I 135 6.10E-07 1.57E-06 5.82E-07 1.01E-04 2.48E-06 - 1.74E-06
CS 134 8.37E-05 1.97E-04 9.14E-05 - 6.26E-05 2.39E-05 2.45E-06
CS 136 8.59E-06 3.38E-05 2.27E-05 - 1.84E-05 2.90E-06 2.72E-06

CS 137 1.12E-04 1.49E-04 5.19E-05 - 5.07E-05 1.97E-05 2.12E-06
CS 138 7.76E-08 1.49E-07 7.45E-08 - 1.10E-07 1.28E-08 4.76E-11
BA 139 1.39E-07 9.78E-11 4.05E-09 - 9.22E-11 6.74E-11 1.24E-06

BA 140 2.84E-05 3.48E-08 1.83E-06 - 1.18E-08 2.34E-08 4.38E-05
BA 141 6.71E-08 5.01E-11 2.24E-09 - 4.65E-11 3.43E-11 1.43E-13
BA 142 2.99E-08 2.99E-11 1.84E-09 - 2.53E-11 1.99E-11 9.18E-20

,

LA 140 3.48E-09 1.71E-09 4.55E-10 - - - 9.28E-05
LA 142 1.79E-10 7.95E-11 1.98E-11 - - - 2.42E-06 !

CE 141 1.33E-08 8.88E-09 1.02E-09 - 4.18E-09 - 2'.54E-05

CE 143 2.35E-09 1.71E-06 1.91E-10 - 7.67E-10 - 5.14E-05
CE 144 6.96E-07 2.88E-07 3.74E-08 - 1.72E-07 - 1.75E-04
PR 143 1.31E-08 5.23E-09 6.52E-10 - 3.04E-09 - 4.31E-05

PR 144 4.30E-11 1.76E-11 2.18E-12 - 1.01E-11 - 4.74E-14

0 147
9.38E-09 1.02E-08 6.11E-10 - 5.99E-09 - 3.68E-05

187 1.46E-07 1.19E-07 4.17E-08 - - - 3.22E-05

NP.239 1.76E-09 1.66E-10 9.22E-11 - 5.21E-10 - 2.67E-05
,

FC/ODCM R1
_
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FORT CALHOUN STATION- CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 117 OF 120

TABLE 14

O~' - ~(mrem per pCi Ingested)- -

INGESTION DOSE FACTORS FOR CHILD

Page 1 Of 2

Upclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

H 3 - 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07
C 14 1.21E-05 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06
NA 24 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06

P 32 8.25E-04 3.86E-05 3.18E-05 - - - 2.28E-05
CR 51 - - 8.90E-09 4.94E-09 1.35E-09 9.02E-09 4.72E-07
MN 54 - 1.07E-05 2.85E-06 - 3.00E-06 - 8.98E-06

MN 56 - 3.34E-07 7.54E-08 - 4.04E-07 - 4.84E-05
FE 55 1.15E-05 6.10E-06 1.89E-06 - - 3.45E-06 1.13E-06
FE 59 1.65E-05 2.67E-05 1.33E-05 - - 7.74E-06 2.78E-05

CO 58 - 1.80E-06 5.51E-06 - - - 1.05E-05
CO 60 - 5.29E-06 1.56E-05 - - - 2.93E-05 i
NI 63 5.38E-04 2.88E-05 1.83E-05 - - - 1.94E-06

NI 65 2.22E-06 2.09E-07 1.22E-07 - - - 2.56E-05
CU 64 - 2.45E-07 1.48E-07 - 5.92E-07 - 1.15E-05
ZN 65 1.37E-05 3.65E-05 2.27E-05 - 2.30E-05 - 6.41E-06

#
)469 4.38E-08 6.33E-08 5.85E-09 - 3.84E-08

~

3.99E-06-

-dR 83 - - 1.71E-07 - - - LT E-24
BR 84 - - 1.98E-07 - - - LT E-24

BR 85 - - 9.12E-09 - - - LT E-24
RB 86 - 6.70E-05 4.12E-05 - - - 4.31E-06
RB 88 - 1.90E-07 1.32E-07 - - - 9.32E-09

RB 89 - 1.17E-07 1.04E-07 - - - 1.02E-09
SR 89 1.32E-03 - 3.77E-05 - - - 5.11E-05

' SR 90 1.70E-02 - 4.31E-03 - - - 2.29E-04

SR 91 2.40E-05 - 9.06E-07 - - - 5.30E-05
SR 92 9.03E-06 - 3.62E-07 - - - 1.71E-04
Y 90 4.11E-08 - 1.10E-09 - - - 1.17E-04

Y 91M 3.82E-10 - 1.39E-11 - - - 7.48E-07
Y 91 6.02E-07 - 1.61E-08 - - - 8.02E-05
Y 92 3.60E-09 - 1.03E-10 - - - 1.04E-04

Y 93 1.14E-08 - 3.13E-10 - - - 1.70E-04
ZR 95 1.16E-07 2.55E-08 2.27E-08 - 3.65E-08 - 2.66E-05
ZR 97 6.99E-09 1.01E-09 5.96E-10 - 1.45E-09 - 1.53E-04

NB 95 2.25E-08 8.76E-09 6.26E-09 8.23E-09 - 1.62E-05-

7 99 - 1.33E-05 3.29E-06 - 2.84E-05 - 1.10E-05
99M 9.23E-10 1.81E-09 3.00E-08 - 2.63E-08 9.19E-10 1.03E-06

FC/ODCM R1
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 118 OF 120

TABLE 14
/~N INGESTION. DOSE FACTORS FOR CHILD
Q~ - (mrem per pCi Ingested)- -

!
<

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI
|
'

TC 101 1.07E-09 1.12E-09 1.42E-08 - 1.91E-08 5.92E-10 3.56E-09
RU 103 7.31E-07 - 2.81E-07 - 1.84E-06 1.89E-05-

RU 105 6.45E-08 - 2.34E-08 - 5.67E-07 - 4.21E-05

RU 106 1.17E-05 - 1.46E-06 - 1.58E-05 - 1.82E-04
AG 110M 5.39E-07 3.64E-07 2.91E-07 - 6.78E-07 - 4.33E-05
TE 125M 1.14E-05 3.09E-06 1.52E-06 3.20E-06 - - 1.10E-05

TE 127M 2.89E-05 7.78E-06 3.43E-06 6.91E-06 8.24E-05 - 2.34E-05 !

TE 127 4.71E-07 1.27E-07 1.01E-07 3.26E-07 1.34E-06 - 1.84E-05
TE 129M 4.87E-05 1.36E-05 7.56E-06 1.57E-05 1.43E-04 - 5.94E-05

!

TE 129 1.34E-07 3.74E-08 3.18E-08 9.56E-08 3.92E-07 - 8.34E-06
TE 131M 7.20E-06 2.49E-06 2.65E-06 5.12E-06 2.41E-05 - 1.01E-04

3

TE 131 8.30E-08 2.53E-08 2.47E-08 6.35E-08 2.51E-07 - 4.36E-07
'.

TE 132 1.01E-05 4.47E-06 5.40E-06 6.51E-06 4.15E-05 - 4.50E-05 '

I 130 2.92E-06 5.90E-06 3.04E-06 6.50E-04 8.82E-06 - 2.76E-06 i

I 131 1.72E-05 1.73E-05 9.83E-06 5.72E-03 2.84E-05 - 1.54E-06

132 8.00E-07 1.4 /E- 06 6.76E-07 6.82E-05 2.25E-06
~

1.73E-06-

133 5.92E-06 7.32E-06 2.77E-06 1.36E-03 1.22E-05 - 2.95E-06--

I 134 4.19E-07 7.78E-07 3.58E-07 1.79E-05 1.19E-06 - 5.16E-07
,

I 135 1.75E-06 3.15E-06 1.49E-06 2.79E-04 4.83E-06 - 2.40E-06
CS 134 2.34E-04 3.84E-04 8.10E-05 - 1.19E-04 4.27E-05 2.07E-06-
CS 136 2.35E-05 6.46E-05 4.18E-05 - 3.44E-05 5.13E-06 2.27E-06

CS 137 3.27E-04 3.13E-04 4.62E-05 - 1.02E-04 3.67E-05 1.96E-06
CS 138 2.28E-07 3.17E-07 2.01E-07 - 2.23E-07 2.40E-08 1.46E-07 i

BA 139 4.14E-07 2.21E-10 1.20E-08 - 1.93E-10 1.30E-10 2.39E-05

BA 140 8.31E-05 7.28E-08 4.85E-06 - 2.37E-08 4.34E-08 4.21E-05
BA 141 2.00E-07 1.12E-10 6.51E-09 - 9.69E-11 6.58E-10 1.14E-07
BA 142 8.74E-08 6.29E-11 4.88E-09 - 5.09E-11 3.70E-11 1.14E-09

!

LA 140 1.01E-08 3.53E-09 1.19E-09 - - - 9.84E-05
LA 142 5.24E-10 1.67E-10 5.23E-11 - - - 3.31E-05

,

CE 141 3.97E-08 1.98E-08 2.94E-09 - 8.68E-09 - 2.47E-05
|

CE 143 6.99E-09 3.79E-06 5.49E-10 - 1.59E-09 - 5.55E-05 -|

CE 144 2.08E-06 6.52E-07 1.11E-07 - 3.61E-07 - 1.70E-04
PR 143 3.93E-08 1.18E-08 1.95E-09 - 6.39E-09 - 4.24E-05

PR 144 1.29E-10 3.99E-11 6.49E-12 - 2.11E-11 - 8.59E-08 i

"Q 147 2.79E-08 2.26E-08 1.75E-09 - 1.24E-08 - 3.58E-05 '

.) 187 4.29E-07 2.54E-07 1.14E-07 - - - 3.57E-05
NP 239 5.25E-09 3.77E-10 2.65E-10 - 1.09E-09 - 2.79E-05 |

|
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TABLE 15
INGESTION. DOSE FACTORS FOR INFANT i

O~ -- ~(mrem per pCi Ingested) - - -
'

Page 1 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI
:

H 3 - 3.08E-07 3.08E-07 3.08E-07 3.08E-07 3.08E-07 3.08E-07
C 14 2.37E-05 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06
NA 24 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05

P 32 1.70E-03 1.00E-04 6.59E-05 - - - 2.30E-05 !
CR 51 - - 1.41E-08 9.20E-09 2.01E-09 1.79E-08 4.11E-07
MN 54 - 1.99E-05 4.51E-06 - 4.41E-06 - 7.31E-06

MN 56 - 8.18E-07 1.41E-07 - 7.03E-07 7.43E-05-

FE 55 1.39E-05 8.98E-06 2.40E-06 - - 4.36E-06 1.14E-06
FE 59 3.08E-05 5.38E-05 2.12E-05 - - 1.59E-05 2.57E-05

CO 58 - 3.60E-06 8.98E-06 - - - 8.97E-06
CO 60 - 1.08E-05 2.55E-05 - - - 2.57E-05 +

NI 63 6.34E-04 3.92E-05 2.20E-05 - - - 1.95E-06 ;

NI 65 4.70E-06 5.32E-07 2.42E-07 - - - 4.05E-05
CU 64 - 6.09E-07 2.82E-07 - 1.03E-06 - 1.25E-05-

ZN 65 1.84E-05 6.31E-05 2.91E-05 - 3.06E-05 - 5.33E-05

g 69 9.33E-08 1.68E-07 1.25E-08 - 6.98E-08
~

1.37E-05-

eR 83 - - 3.63E-07 - - - LT E-24
BR 84 - - 3.82E-07 - - - LT E-24

BR 85 - - 1.94E-08 - - - LT E-24
RB 86 - 1.70E-04 8.40E-05 - - - 4.35E-06
RB 88 - 4.98E-07 2.73E-07 - - - 4.85E-07

RB 89 2.86E-07 1.97E-07 - - - 9.74E-08-

SR 89 2.51E-03 - 7.20E-OF - - - 5.16E-05
SR 90 1.85E-02 - 4.71E-03 - - - 2.31E-04

SR 91 5.00E-05 - 1.81E-06 - - - 5.92E-05
SR 92 1.92E-05 - 7.13E-07 - - - 2.07E-04
Y 90 8.69E-08 - 2.33E-09 - - - 1.20E-04

=Y 91M 8.10E-10 - 2.76E-11 - - - 2.70E-06
Y 91 1.13E-06 - 3.01E-08 - - -- 8.10E-05
Y 92 7.65E-09 - 2.15E-10 - - - 1.46E-04

Y 93 2.43E-08 - 6.62E-10 - - - 1.92E-04
ZR 95 2.06E-07 5.02E-08 3.56E-08 - 5.41E-08 - 2.50E-05 ,

ZR 97 1.48E-08 2.54E-09 1.16E-09 - 2.56E-09 - 1.62E-04

NB 95 4.20E-08 1.73E-08 1.00E-08 - 1.24E-08 - 1.46E-05
99 - 3.40E-05 6.63E-06 - 5.08E-05 - 1.12E-05

| 99M 1.92E-09 3.96E-09 5.10E-08 - 4.26E-08 2.07E-09 1.15E-06
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i

TABLE 15

O' INGESTION DOSE FACTORS FOR INFANT
''(mrem per pCi Ingested) ~~ - !

-

Page 2 of 2 .

i

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI j

TC 101 2.27E-09 2.86E-09 2.83E-08 - 3.40E-08 1.56E-09 4.86E-07 :
RU 103 1.48E-06 - 4.95E-07 - 3.08E-06 - 1.80E-05 i
RU 105 1.36E-07 - 4.58E-08 - 1.00E-06 - 5.41E-05

,

RU 106 2.41E-05 - 3 . 0' ' - 2.85E-05 - 1.83E-04
AG 110M 9.96E-07 7.27E-07 4.8. - 1.04E-06 - 3.77E-05 r

TE 125M 2.33E-05 7.79E-06 3.15E -. 7.84E-06 - - 1.11E-05 !

!

TE 127M 5.85E-05 1.94E-05 7.08E-06 1.69E-05 1.44E-04 - 2.36E-05 '

TE 127 1.00E-06 3.35E-07 2.15E-07 8.14E-07 2.44E-06 - 2.10E-05 i

TE 129M 1.00E-04 3.43E-05 1.54E-05 3.84E-05 2.50E-04 - 5.97E-05

TE 129 2.84E-07 9.79E-08 6.63E-08 2.3f 7.07E-07 - 2.27E-05
'

TE 131M 1.52E-05 6.12E-06 5.05E-06 1.24m _s 4.21E-05 - 1.03E-04
TE 131 1.76E-07 6.50E-08 4.94E-08 1.57E-07 4.50E-07 - 7.11E-06 ,

TE 132 2.08E-05 1.03E-0E 9.61E-06 1.52E-05 6.44E-05 - 3.81E-05
I 130 6.00E-06 1.32E-05 5.30E-06 1.48E-03 1.45E-05 - 2.83E-06
I 131 3.59E-05 4.23E-05 1.86E-05 1.39E-02 4.94E-05 - 1.51E-06

|

132 1.66E-06 3.37E-06 1.20E-06 1.5AE-04 3.76E-06
~

2.73E-06 |
-

133 1.25E-05 1.82E-05 5.33E-06 3. 03 2.14E-05 - 3.08E-06 ,

I 134 8.69E-07 1.78E-06 6.33E-07 4 .1. 05 1.99E-06 - 1.84E-06 .

I 135 3.64E-06 7.24E-06 2.64E-06 6.49E-04 8.07E-06 - 2.62E-06
CS 134 3.77E-04 7.03E-04 7.10E-05 - 1.81E-04 7.42E-05 1.91E-06 '

CS 136 4.59E-05 1.35E-04 5.04E-05 - 5.38E-05 1.10E-05 2.05E-06

CS 137 5.22E-04 6.11E-04 4.33E-05 - 1.64E-04 6.64E-05 1.91E-06 '

CS 138 4.81E-07 7.82E-07 3.79E-07 - 3.90E-07 6.09E-08 1.25E-06
'

BA 139 8.81E-07 5.84E-10 2.55E-08 - 3.51E-10 3.54E-10 5.58E-05 !

BA 140 1.71E-04 1.71E-07 8.81E-06 - 4.06E-08 1.05E-07 4.20E-05
BA .1 4.25E-07 2.91E-10 1.34E-08 - 1.75E-10 1.77E-10 5.19E-06

'

BA 142 1.84E-07 1.53E-10 9.06E-09 - 8.81E-11 9.26E-11 7.59E-07 ;

LA 140 2.11E-08 8.32E-09 2.14E-09 - - - 9.77E-05 I
LA 142 1.10E-09 4.04E-10 9.67E-11 - - - 6.86E-05 {CE 141 7.87E-08 4.80E-08 5.65E-09 - 1.48E-08 - 2.48E-05 1

-

CE 143 1.48E-08 9.82E-06 1.12E-09 - 2.86E-09 - 5.73E-05 ,

CE 144 2.98E-06 1.22E-06 1.67E-07 - 4.93E-07 - 1.71E-04 |PR 143 8.13E-08 3.04E-08 4.03E-09 - 1.13E-08 - 4.29E-05 i

PR 144 2.74E-10 1.06E-10 1.38E-11 - 3.84E-11 - 4.93E-06

0 147
5.53E-08 5.68E-08 3.48E-09 - 2.19E-08 - 3.60E-05

187 9.03E-07 6.28E-07 2.17E-07 - - - 3.69E-05
NP 239 1.11E-08 9.93E-10 5.61E-10 - 1.98E-09 - 2.87E-05

FC/ODCM R1
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TABLE 16
RECOMMENDED VALUES FOR OTHER PARAMETERS

__ _ _ _ _ _ _ _. -- ~ - Page 1 of 2

Parameter
Symbol Definition Values

f, Fraction of produce ingested grown in garden 0.76
of interest.

fe Fraction of leafy vegetables grown in garden 1.0
of interest.

2P Effective surface density of soil (assumes a 240 kg/m
15 cm plow layer, expressed in dry weight)

r Fraction of deposited activity retained on 0.25
crops, leafy vegetables, or pasture grass. 1.0 (for iodines)

0.2 (for other
particulates)

St Attenuation factor accounting for shielding 0.7 (for maximum
provided by residential structures. individuals)

0.5 (for general
population)

5t Period of long-term buildup for activity in 1.31 x 10 hrOe sediment or soil (nominally 15 yr) .

t. Period of crop, leafy vegetable, or pasture 720 hrs (30 days,
grass exposure during growing season. for grass-cow-

milk-nan path-
way)

1440 hrs (60 days
for crop /
vegetation-man
pathway)

tg Transport time from animal feed-milk-man 2 days (for max.
provided by residential structures. individual)

4 days (for gen.
population)

tn Time delay between harvest of vegetation
or crops and ingestion.
i) For ingestion of forage by animals Zero (for pasture

grass)
2160 hr (90 days

for stored
feed)

O
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TABLE 16

O, _ _-- ,_ _ _ . .._ _ _ - Page 2 of 2
RECOMMENDED VALUES.FOR OTHER PARAMETERS ,

Parameter

|
Symbol Definition Values

ii) For ingestion of crops by man 24 hr (1 day, for
leafy vege-

,

tables & max.
individual)
feed)

1440 hr (60 days
for produce & <

'maximum in-
dividual) ,

336 hr (14. days
for general
population)

t Environmental transit time, release to 12 hr (for max.p ,

receptor (add time from release to exposure '

individual) point to minimums shown for 24 hr (for gen.
distribution) population) ;

-t

24 hr (for max.
,

individual)' >() 168 hr (7 days |
for population -!
sport fish
doses) !

240 hr (10 days ;

for population
~

commercial
,

fish doses) *

P

t. Average time from slaughter of meat animal to 20 days- |
consumption.

!

2Yv Agricultural producitivity by unit area 0.7 kg/m (for
(measured in wet weight) grass-cow-milk i

'

man pathway)

22.0 kg/m (for
produce or ;

leafy-vegeta- !

bles ingested !
by man)

,

W Shore-width factor for river shoreline 0.2 :

A -Rate constant for removal of activity on plant 0.0021 hr~1'

O or leaf surfaces by weathering (corresponds to |
a 14-day half-life)

,

FC/ODCM R1 i
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1.0 INTRODUCTION

The OFFSITE DOSE CALCUMTION MANUAL'(ODCM)"is -the controlling
document for the Fort Calhoun Station's (FCS) Radiological Effluent
and Environmental Monitoring-programs. The programs are necessary
to ensure the requirements set forth in 10 CFR 20, 10 CFR 50.34a,
10 CFR 50.36a, and 10 CFR 50, Appendix I. The document is '

subdivided into four sections as outlined below:

Part I, Introduction - consists of information necessary for the
effective use of the ODCM.

Part II, Radiological Effluent Controls - consists of 5 separate
sections including:

Section 1 Radiological Effluent Release Limits

Section 2 Radiological Effluent Release Requirements

Section 3 Radiological Effluent Sampling and Analysis
'

Requirements 4
,

Section 4 Radiological Effluent Reporting Requirements

Section 5 Radiological Environmental Monitoring Requirements

Together these sections provide the controls used to permit() radioactive material releases from the Fort Calhoun Station.
Part III, Radiological Effluent Radiation Monitor Calculation -4

provides radiation monitor setpoint calculations for the liquid and
airborne release pathways.

Part IV, Radiological Effluent Monitoring Calculations - provides
the methodology necessary to calculate doses to individuals as a i

result of radioactive airborne and liquid releases.from Fort-
Calhoun. '

The ODCM has been prepared in accordance with the guidance'of
Nuclear Regulatory Commissions Reg. Guide 1.109, Rev. 1.

The Radiological Effluent Controls Program consists of the following
sections in the Radiological Effluent Controls:

A. Radiological Effluent Release Limits - All Sections

B. Radiological Effluent Release Requirements - All Sections

C. Radiological Effluent Sampling and Analysis Requirements - All
,

|

Sections

D. Radiological Effluent Reporting Requirements - Sections 4.1
and 4.4

,

FC/CH-ODCM R2
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2.0 ADMINISTRATIVE

- The Radiologicat Environmental Monitoring Program consists of the
following sections in the Radiological Effluent Controls:

A. Radiological Effluent Reporting Requirements - Sections 4.2
and 4.3

B. Radiological Environmental Monitoring Requirements - All i

Sections
'

2.1 Responsibilities

2.1.1 Nuclear Operation Division Chemistry Department is
responsible for the implementation and maintenance of
the ODCM.

2.1.2 Nuclear Operation Division Operation Department is
responsible for the compliance with the ODCM in the
operation of Fort Calhoun Station.

2.2 Chance Mechanism

The ODCM is the controlling document for all radioactive
effluent releases. It is defined as a procedure under the
guidance of Technical Specification 5.8. It will be revised() and reviewed by the Plant Review Committee and approved by the |
Plant Manager in accordance with Technical Specification 5.17.
All changes to the ODCM will be forwarded to the Nuclear
Regulatory Commission during the next' reporting period for the i

Annual Report in accordance with the requirements.of Technical
Specification 5.17.'

!

!

|
>

;

i
.

FC/CH-ODCM R2
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3.0 METEOROLOGICAL DATA

" f"' - '

- The Annual Average y/Q 18 utilized 7Crdetermine the concentrations
of radionuclides at the unrestricted area boundary. This' dispersion
factor coincides with the highest calculated annual average value
for the Fort Calhoun Station. It is based on 3 years of Onsite
Meteorological data and the MESODIF II plume trajectory model. This
model conforms with the Nuclear Regulatory Commissions Regulatory
Guide 1.111. .The model employs the sector averaged equations that
are utilized for long-term releases. This type of release (long -
term) is not dependent solely on atmospheric conditions for
complying with 10 CFR 20 concentration limits at the. unrestricted
area boundary.

Real time meteorological data will be utilized in the preparation of
the Annual Report. This data is used to calculate the joint
frequency table and the dispersion coefficients and deposition
factors in all 16 sectors. These are used in the calculation of
doses to individuals in unrestricted areas as a result of the
operation of Fort Calhoun Station. The models used, GASPAR and
LADTAP, conform with the Nuclear Regulatory Commissions Reg. >

Guide 1.109 and 1.21 for the reporting of doses due to routine
radioactive effluent releases. !

|

!

-|
l

|

|
|

'

l

|

O-
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4.0 DEFINITIONS
- - _ _ _ _

,

Air Effluent Concentration-(AEC) -- -- -
- |

.

Radionuclide limits listed in 10 CFR 20, Appendix B, Table 2,
Column 1.

Channel Check '

A qualitative determination of acceptable operability by observation
of channel behavior during nornal plant operation. This
determination shall, where feasible, include comparison of the
channel with other independent channels measuring the same variable.

Channel Function Test

Injection of a simulated signal into the channel to verify that it $
is operable, including any alarm and/or trip initiating action.

Ooerable - Operability

A system, subsystem, train, component or device shall be OPERABLE or
1

have OPERABILITY when it is capable of performing its specified
function (s). Implicit in this definition shall be the assumption
that all necessary attendant instrumentation, controls, normal and
emergency electrical power sources, cooling or seal water,
lubrication, or other auxiliary equipment that are required for the() system, subsystem, train, component, or device to perform its
function (s) are also capable of performing their related support ;

function (s). -

Purce-Puraino

A means for the removal and replacement of gases within the I
containment building.

Source Check
.

Verification of channel response when the channel sensor is exposed
to a radioactive source.

'

Venting

A means for the reduction of pressure greater than atmospheric
within the containment structure. ;

Unrestricted Area
i

Means an area, access to which is neither limited or controlled by
licensee.

Water Effluent Concentration (WEC) ;

Radionuclide limits listed in 10 CFR 20, Appendix B, Table 2,
Column 2.

i

FC/CH-ODCM R2
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6
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5.0 REFERENCES

Q) Regula tory Guide 1.109, ~Rev. 1 - Ca1~culation of Annual Dose to man
from Routine Releases of Reactor Effluents for the purpos'e of
evaluation compliance with 10 CFR 50, Appendix I

Regulatory Guide 1.111, Rev. 1 - Methods for Estimating Atmospheric
Transport and Dispersion of Gaseous Effluents in Routine Releases
from Light-Water-Cooled Reactors.

Regulatory Guide 1.113, Rev. 1 - Estimating Aquatic Dispersion of
Effluents from Accidental and Routine Releases for the purpose of
Implementing Appendix I.

Nureg-0133 - Preparation of Radiological Effluent Technical
Specifications for Nuclear Power Plants.

Nureg-0472, Rev. 3- Draft Radiological Effluent Technical
Specifications for PWRs.

Regula tory Guide 1.21, Rev. 1 - Measuring, Evaluating, and
Reporting Radioactivity is solid wastes and Releases of
Radioactivity Materials in Liquid and Gaseous Effluents from
Light-Water-Cooled Nuclear Power Plants.

Code of Federal Regulations, Title 10, Part 20

Code of Federal Regulations, Title 10, Part 50

Fort Calhoun Revised Environment.al Report (Unit No. 1)-1972

Fort Calhoun Technical Specifications (Uni t No. 1)

Updated Safety Analysia Report

Commitment Documents:

IMPLEMENTING COMMITMENT SOURCE
STEP NUMBER (CID) DOCUMENT

Part II, 2.2.3.1 C.2 920102/01 FC-0133-92

(~h
(_/
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i

e

:
1

I

i

!

,

PART II

RADIOLOGICAL EFFLUENT CONTROLS '

O :

.

4

I

s

O :
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1.0 RADIOACTIVE EFFLUENTS RELEASE LIMITS

0 ThelimitsandconditibMforthecDntrolled~releaseofradioactive !

material in liquid and airborne effluents are to ensure that these '

releases result in concentrations that are within the limits
specified in 10 CFR 20, and to ensure that releases of radioactive
material to the environment be as low as reasonably achievable in -

conformance with 10 CFR 50.34a and 50.36a. To meet these criteria,
the following requirements must be met for all radioactive liquid
and airborne effluents from FCS:

1.1 Licuid Effluents
.

1.1.1 The release rate of radioactive material in liquid i
effluents shall be controlled such that the
instantaneous concentrations for radionuclides, other '

than dissolved or entrained noble gases, do not exceed :
the values specified in 10 CFR 20 for liquid effluents
at site discharge. For dissolved or entrained noble
gases, the concentration shall be limited to
2.0 E-04 pCi/ml, total activity. '

When the concentration of radioactive material released !
at site discharge exceeds the above limits, appropriate '

corrective actions shall be taken immediately to restore i

concentrations within the above limits.
,

() 1.1.2 Annual Design Objectives
~

f

1.1.2.1 The dose or dose commitment to an individual in
unrestricted areas from radioactive materials
in liquid effluents during any calendar year ;

shall not exceed 1 millirems to the total body. ,

1.1.2.2 The dose or dose commitment to an' individual in
unrestricted areas from radioactive materials

,

in liquid effluents during any calendar year
,

shall not exceed 1R millirems to any orcan. ;

|
i !

:

,

!

'!
i

!

,

i

,
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i

l '. 0 RADIOACTIVE EFFLUENTS RELEASE LIMITS (Continued)
_ _ _.... _ _ _ _

_ J 1.17.'3~The~ radiation t!ose' contributions from
radioactive materials in liquid effluents
released at site discharge shall be determined,

'

in accordance with Part IV, Section 2.1, on a i

quarterly basis. If the. dose contribution, due
to the cumulative release of liquid effluents |
averaged over a calendar. quarter, exceeds
one-half of the annual design objectives, the >

following course of actions shall be taken: ;

A. Make an investigation to identify the causes i

for such releases.

B. Define and initiate a program of action to
reduce such releases to the design levels.

:

C. Submit a special report, pursuant to
Technical Specification 5.16, within 30 days
from the end of the quarter during which the
release (s) occurred, identifying.the causes=
and describing the proposed program of ,

action to reduce such releases to the design
levels.

'

1.2 Airborne Effluents

1.2.1 The release rate of radioactive material in airborne
effluents shall be controlled such that the '

instantaneous concentrations for these radionuclides do
not exceed the values specified in 10 CFR 20 for !

airborne effluents at the unrestricted area boundary.

When the concentration of radioactive material released
to unrestricted areas exceeds the above limits,.
appropriate corrective actions shall be taken '

immediately to restore. concentrations within the above
limits.

1.2.2 Annual Design Objectives

1.2.2.1 The gamma air dose in unrestricted areas due to- *

the release of noble gases in airborne. !

effluents shall not exceed 10-millirads.during
any calendar year;

1.2.2.2 The beta air dose in unrestricted areas due to
the release of noble gases in airborne

. ,

effluents shall not exceed 20 millirads during |
any calendar year; and - ;

i

FC/CH-ODCM R2
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|

,
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1.0 RADIOACTIVE EFFLUENTS RELEASE LIMITS (Continued) !

_ . _ _
. ,

1.2T2.3 - The-dose to an-individual -or dose-commitment to :
''

any organ of an individual in unrestr'icted
areas due to the release of I-131, Tritium, and |
radioactive materials in particulate form with ;

half-lives greater than eight days (excluding !
noble gases) in airborne effluents shall not !
exceed 15 millirems from all exposure pathways

'

during any calendar year. ;

1.2.2.4 The radiation-dose contributions from t

radioactive materials in airborne effluents i
shall be determined, in accordance with the

,

Part IV, section 2.2, on a quarterly' basis. If
the dose contribution, due to the cumulative
release of airborne effluents averaged over a i

calendar quarter exceeds one-half of the annual. i

design objectives, the following course of '

actions shall be taken: '

A. Make an investigation to identify the cause '

for such release rates.

B. Define and initiate a program of action to |
'

reduce such releases to design levels.

()' fC. Submit a special report, pursuant to4

Technical Specification 5.16, within 30 days !

from the end of the quarter during which the ;

release (s) occurred, identifying the causes
,

and describing the proposed program of
action to reduce dose contributions.

t

1.3 The dose to any real individual from uranium fuel cycle -

sources shall be limited'to s 25 mrem to the total body or any
organ ( except the thyroid, which shall be limited to
s 75 mrem ) during each calendar year. 1

!

-!
1

;

;

.

-;
;

i
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:
'2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS '

O~ The requirements-for the' release of radioactive liquid and airborne
effluents from FCS stated in this Section are to ensure'that the
limits of Section 1 will be met, as well as to allow for operational
flexibility. When any of the requirements for release of
radioactive effluents cannot be complied with, the release shall not ',

be permitted to occur or it shall be immediately terminated, if it
is in progress.

2.1 Licuid Effluent Releases

The equipment or subsystem (s) of the liquid radwaste treatment
system as identified in the Part III, section 2.1, shall be ,

operable. If the radioactive liquid effluents were discharged
without treatment by one or more of the pieces of equipment or
subsystem (s) identified in that section and it is confirmed
that one-half of the annual dose objective will be exceeded
during the calendar quarter, a special report, pursuant to '

Technical Specification 5.16, shall be prepared and submitted
to the Nuclear Regulatory Commission within 30 days of the end
of the quarter during which the equipment or subsystem (s) were
inoperable. This report shall include the following
information:

!
A. Identification of equipment or subsystem (s) not operable

and reasons for inoperability.

O .

B. Action (s) taken to restore the inoperable equipment to |
operable status.

C. Summary description of action (s) taken to prevent a
recurrence. ;

-

,

!

9

,

P

|

O
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)

O.
- - - - -

2.171 Monitor andlotel WastrTanks " ' ~-- -

During release of radioactive liquid effluents, the
following conditions shall be met:

P

2.1.1.1 There shall be sufficient dilution flow so
that, at site discharge:

n

}} C /wec, s13
J-1

where:

C, = concentration of the i*
radionuclide in the liquid effluent
at site discharge.

wec, = 10 CFR 20, Appendix B, Table 2,
Column 2 limits.

2.1.1.2 The overboard header effluent radiation monitor !

shall be set in accordance with Part III to
alarm and automatically close the discharge() valve prior to exceeding 10 CFR 2'O limits at

'

site discharge. '

2.1.1.3 The liquid effluent radioactivity shall be
continuously monitored during the release. If
the effluent radiation monitor is inoperable,
effluent releases may continue provided that:
(prior to initiating a release)

A. At least two independent samples-are
analyzed in accordance with applicable
chemistry procedures.

B. At least two qualified individuals
independently verify the release rate
calculations.

2.1.1.4 The liquid effluent radioactivity shall be >

continuously recorded during the release. If-

the process radiation monitor. chart recorder is
inoperable and the process radiation monitor is-
operable then effluent releases may continue-
provided that'the radioactivity level is
recorded manually at least once per four hours
during actual release.

O
FC/CH-ODCM R2
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-

20 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued).

_ _ _ . . . _ _ . . _ . _

2.1 1. 5"The~11guid ef f1 tent flow rate shal-1 be
continuously monitored and recorded ~during the
release. If the flow rate recorder is
inoperable, effluent releases may continue
provided the flow rate is determined at least

,

once per four hours during actual release.

2.1.2 Steam Generator

During the release of steam generator blowdown to the
discharge tunnel, the following conditions shall be met:

'

2.1.2.1 There shall be sufficient dilution flow so '

that, at site discharge:
$

n >

}[ C /wec, s13
2-1

where: >

concentration of the i*Ci-
radionuclide in the liquid effluent
at site discharge.

O'- weci = 10 CFR 20, Appendix B', Table 2, |
Column 2 limit. -

2.1.2.2 The steam generator blowdown radiation monitors !

shall be set in accordance with Part III to !

alarm and automatically close the blowdown
isolation valves prior to exceeding.10 CFR 20
limits at site dishcarge.

i

2.1.2.3 The radioactivity for each blowdown line shall |

be continuously monitored by the blowdown
radiation monitors and recorded.

i

A. If one of the two radiation monitors is
inoperable, the activity for both blowdown ~ l

lines shall be monitored by the operable
radiation monitor within 2 hours of the i
declaration, by Shift Supervisor, of |
inoperability.

1

|

|

1

O
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)

_O~
., .- .-

2.1% . 3"B.- ~Tf'both radiation monitors are- inoperable,
steam generator liquid releases nsy continue
provided grab samples are analyzed for
principal gamma emitters at a sensitivity of

T 5.0E-07 pCi/ml and recorded at least daily
when the specific activity of Steam i

Generator Blowdown is less than or equal to
0.01 pCi/ gram dose equivalent I-131 and at-
least once per 12 hours when the specific
activity of the secondary coolant is greater
than 0.01 pCi/ gram dose equivalent I-131. ,

2.1.2.4 The radioactivity for each blowdown line shall
be continuously recorded. If the process
radiation monitor chart recorder is not
operational, Steam Generator releases may
continue provided that the radioactivity level
is recorded manually at least once per four

,

hours during actual release.

2.2 Airborne Effluent Releases

The equipment or subsystem (s) of the gaseous radwaste
treatment system as identified in Part III, Section 2.2, shall
be operable. If the radioactive airborne effluents were() discharged without treatment by one or more of 'the equipment i

or subsystems (s) identified in that section and it is >

confirmed that one-half of the annual dose objective will be
exceeded during the calendar quarter, a special report, ,

pursuant to Technical Specification 5.16, shall be prepared
end submitted to the Nuclear Regulatory Commission within
30 days of the end of the quarter during which the equipment :
or subsystem (s) were inoperable. This report shall include '

the following information: ,

A. Identification of equipment or subsystem (s) not operable
and reason for inoperability.

B. Action (s) taken to restore the inoperable equipment to
operable status.

C. Summary description of action (s) taken to prevent a
recurrence.

,

P

.

O
.
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)

O' - - - . - - - . . -

2.2.'1 Auxiliary Buildino ExhMust Stack' -

2.2.1.1 During the ventilation of airborne effluents
from the Auxiliary Building through the
Auxiliary Building Exhaust Stack, the following
conditions shall be met:

A. The Auxiliary Building Exhaust Stack Noble
.

Gas Monitors, iodice sampler and particulate !
sampler, shall be operational, OR:

,

1) If the Auxiliary Building Exhaust Stack
noble gas monitor is inoperable,
releases from the containment pressure
relief line and the containment purge -

line are to be secured in the most
expeditious manner. Ventilation of the
auxiliary building via the Auxiliary '

Building Exhaust stack may continue '

.

provided grab samples are taken once per
8 hours (+25% maximum extension) and
analyzed for principal gamma emitters '

-(See Table 2).

'O
,

2) If the Auxiliary Building' Exhaust Stack
iodine or particulate sampler (s) is/are
inoperable, ventilation of the auxiliary
building and releases from the gaseous -

waste discharge header, containment
pressure relief line or the containment
purge line may continue through the :
Auxiliary Building Exhaust Stack
provided sample collection using
auxiliary sample collection equipment is
initiated within 2 hours of the *

declaration, by the Shift Supervisor, of
inoperability in accordance with
Table 2.

B. The Auxiliary Building Exhaust Stack Noble
Gas Radiation Monitor shall.be set in
accordance with Part III to alarm and
automatically terminate the release prior to
exceeding 10 CFR 20 limits at the
unrestricted area boundary (see Part III,
Figure 1).

'

FC/CH-ODCM R2'

.

,m-



- -- - _ - . _

FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 23 OF 123

2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)

2.2M.1~'CbT[1E Auxiliary ~ Building Exhaust Stack
airborne radioactivity shall be m'onitored
and recorded during the release. If the
process radiation monitor chart recorder is
inoperable and the noble gas monitor is
operable then releases from the Auxiliary i

Building may continue provided that the
radioactivity level is. recorded manually at
least once per four hours during the actual
release.

D. The Auxiliary Building Exhaust Stack
flowrate shall be monitored and recorded
during ventilation of the Auxiliary
Building. If the flowrate monitor or
recorder is inoperable, ventilation may
continue provided the flowrate is determined
and recorded manually at least once per four
hours.

2.2.1.2 During release of airborne effluents from
containment pressure relief line to the
Auxiliary Building Exhaust Stack, the following
conditions shall be met:

O A. The Auxiliary Building Exhaus't Stack noble
gas monitor, iodine sampler and particulate
sampler shall be operational.

B. The Auxiliary Building Exhaust Stack noble
gas radiation monitor shall be set in
accordance with Part III to alarm and
automatically terminate the release prior to
exceeding 10 CFR 20 limits at the
unrestricted area boundary (see Part III,
Figure 1).

C. At least one Auxiliary Building exhaust fan
shall be in operation.

|
|
1

FC/CH-ODCM R2 I
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)
9 '

2.2 1.2 ~ D -''The Auxilia'ry -Building Exhaust Stack
.

.. - -

airborne radioactivity shall be m'onitored
and recorded during the release. If the
process radiation monitor chart recorder is
inoperable and the noble gas monitor is
operable then releases from containment may
continue provided that the radioactivity
level is recorded manually at least once per
four hours during the actual release.

E. The containment flow rate shall be monitored
and automatically recorded during the
release. If the flow rate monitor or
recorder is inoperable, releases from the
containment may continue provided the flow
rate is dctarmined and recorded manually at
least once per four hours during actual
release.

8/30
2.2.1.3 During release of gaseous radioactive effluent

from Containment Penetration M72 or M74
(Integrated Leak Rate Test Depressuri=ation
Vent Patn) to the Auxiliary Buildj uj Stack:

A. The conditions set forth in Section 2.2.1.2

[~J) shall be met.
L

B. Automatic release termination capability is
not required provided manual isolation can
be accomplished in accordance with the
requirements of SS-ST-ILRT-0001,

2.2.1.4 During the release of airborne effluents from
the containment purge line:

A. The conditions set forth in Section 2.2.1.2
shall be met.

B. A noble gas monitor shall monitor the
containment building atmosphere.

FC/CH-ODCM R2
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I2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS '(Continued)

2.2M.5~Dhrinh5e relUase of airborne effluents from
the gaseous waste discharge header-

i

A. The Auxiliary ~ Building Exhaust Stack noble f
gas monitor, iodine sampler and particulate |
sampler shall be operational, OR:

1) If the Auxiliary Building Exhaust Stack ;

noble gas monitor is inoperable, -)
effluent releases may continue provided !
that (prior to release): j
a) At least two independent samples are

analyzed in accordance with the
,

applicable chemistry procedure.
i

b) At least two qualified individuals ;

independently verify the release i

rate calculations.
,

B. The Auxiliary Building Exhaust Stack noble I
gas radiation monitor shall be set in !
accordance with Part III to alarm and C

*automatically terminate the release prior to
exceeding 10 CFR 20 limits at the |

'O unrestricted area boundary (see Part III, f

Figure 1).

C. At least one Auxiliary Building exhaust fan _i
shall be in operation. ;

;

D. The Auxiliary Building Exhaust Stack |
airborne radioactivity shall be monitored '

|;
and recorded during the release. If the
process radiation monitor chart recorder is
inoperable and the-noble gas _ monitor is
operable then releases from waste gas decay !
tanks may continue provided that the gaseous ;

radioactivity level is recorded manually at :
least once per four hours during the actual :

release. ,

!

E. The waste gas discharge header. flow rate
,

shall be monitored and automatically !

recorded during releases. If the flow rate i_

monitor or recorder is inoperable, releases
may continue provided the flow rate is-
determined and recorded manually at least 1
once per four hours during actual release. ,

,

FC/CH-ODCM R2
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS' (Continued) .

-

*
_ . . _ - __

; 2.2;2 Condenser Offgas -- - - -

2.2.2.1 During power operation, the condenser air
ejector discharge shall be monitored for gross :
radioactivity. If this monitor is inoperable, ;

grab samples shall be taken once per 24 hours '

(+25% maximum extension) and analyzed for -

principal gamma emitters. (See Table 2) i

2.2.3 Laboratory and Radioactive Waste Processing Building
Stack

,

2.2.3.1 During the release of airborne effluents from '

the Laboratory and Radioactive Waste Processing i

Building (LRWPB) the following conditions shall ,

be met:

A. The LRWPB noble gas monitor, iodine sampler 5

and particulate sampler shall be
operational, OR:

1) If the noble gas monitor is
inoperable, ventilation of the LRWPB !
may continue via the LRWPB stack -

,

provided grab samples _wil:. be taken !() once per 24 hours and analyzed for |
principal gamma emitters.

;

[2)] If the iodine or particulate i

sampler (s) is/are inoperable,
ventilation of the LRWPB may continue
via the LRWPB Stack provided sample
collection using auxiliary sample
collection equipment is initiated

,

within 2 hours of-the declaration, by i
the Shift Supervisor, of
inoperability'in accordance with '

Table 2. ;

;

B. The LRWPB noble gas radiation monitor shall
be set in accordance with Part III to alarm
at its predetermined setpoints. -

;

C. The LRWPB Stack flow rate shall be monitored
and recorded during ventilation of the
LRWPB. If the flow rate monitor or recorder
is inoperable, ventilation may continue
provided'the flow rate is determined and :
recorded manually at least once per four
hours. -

FC/CH-ODCM R2
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.

3.0 RADIOLOGICAL-EFFLUENT SAMPLING AND ANALYSIS REOUIREMENTS |~s(d The sampling and analysib requiremGut's" stated -in this -Section will

'

provide reasonable assurance that radioactive materials present in~

the liquid and airborne effluents will be properly identified and
accurately quantified. This information will serve as the basis for
determining doses to individuals as a result of radioactive
effluents from FCS.

i

Records shall be maintained and reports of the sampling and results i

of analyses shall be submitted to the Nuclear Regulatory Commission -

in accordance with Section 4 of these Controls. Sampling, analysis i

and operability testing will typically be documented on Surveillance
Tests or on Release Permits or Summaries.

!

3.1 Liouid Effluents i
f

3.1.1 Radioactive liquid effluent sampling and activity
analyses shall be performed in accordance with Table 1.
The results of these analyses shall be used with the
calculational methods in Part IV of this manual to
assure that the concentration at the point of release is '

limited to 10 CFR 20 limits for unrestricted areas.
3.1.2 Prior to release of each batch of liquid effluent, the !

batch shall be mixed, sampled, and analyzed for
principal gamma emitters. When operational or other

O limitations preclude specific ganna radionuclide i

analysis of each batch:
,

3.1.2.1 Gross radioactivity measurements shall be made
to estimate the quantity and concentrations ofr

radioactive materials released in the batch.
i

3.1.2.2 A weekly sample composite from proportional
aliquots from each batch released during the ,

week shall be analyzed for the principal i

gamma-emitting radionuclides.

3.1.3 Records shall be maintained of the radioactive
concentrations and volume before dilution of each batch
of liquid effluent released and of the average dilution
flow and length of time over which each discharge
occurred. Analytical results shall be submitted to the
Commission in accordance with Part II, Section 4. I

!

3.1.4 The radiation monitors for liquid effluents shall have i

their operability tested in accordance with the
;requirements in Table 3, Item A.
i

- '
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3.0 RADIOLOGICAL-EFFLUENT' SAMPLING AND ANALYSIS REOUIREMENTS
-(Continued) - --

.

3.2 Airborne Effluents
~

>

3.2.1 Radioactive airborne effluent sampling and activity f
~

analyses shall be performed in.accordance with Table 2. i

The results of these analyses shall be used with the !

calculational methods in Part IV of this manual to
assure that the concentration of radioactive materials -

is limited to 10 CFR 20 limits at the unrestricted area !
boundary. :

3.2.2 The-radiation monitors / samplers for airborce effluents i

shall have their operability tested in accordance with
the requirements in Table 3, Item B.

3.3 Lower Limit of Detection (LLD) '

s

The lower limit of detection (LLD) for liquid and airborne '

effluent discharges, referenced in Part II, Tables 1 and 2, is !
defined as the smallest concentration of radioactive material
in a sample that will yield a net count, above system ;

background, that will be detected with 95 percent probability
;

with only 5 percent probability of falsely concluding that a
blank observation represents a "real" signal.

O ~

For a particular measurement system, which may include ,

radiochemical separation: i

P

'

4.66 * sbLLD=
E * V * D * Y * exp ( - A A C)-

;

Where:
.,

LLD = the le,er limit of detection as defined above, in either
picoCuries or microCuries, per unit mass or volume as a ;
function of the value of D '

Sb = the standard deviation of the background counting rate
or of the counting rate of a blank sample, as
appropriate, as counts per minute ,

E = the counting efficiency, as counts per disintegration

V = the sample size in units of mass or volume |

D = 2.22E+06 of disintegrations per minute per microcurie or
2.22 disintegrations per minute per picocurie

!

I

'.
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3.0 RADIOLOGICAL EFFLUENT SAMPLING AND ANALYSIS REOUIREMENTS !

O, _ _ _ _ - ~ . . _ [(Continued)

!the fractional radiochemical yield, when applicable3.3 Y -

;

A = the radioactive decay constant for the particular
'

radionuclide
f

the elapsed time for the plant effluent between the !at =,

midpoint of sample collection and time of counting !

'
Appropriate values of E, V, Y and at should be used in the
calculation. *

It should be recognized that the LLD is defined as an A Priori '

limit representing the capability of a measurement system and '

not as a limit for a particular measurement.

LLD verifications will be performed on a periodic basis. This
determination is to ensure that the counting system is able to :
detect levels of radiation at the LLD values for the specific :

type of analysis required by Tables 1 and 2. They will be ,

performed with a blank (non-radioactive) sample in the same
;

counting geometry as the actual sample. '

4.O RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS

() The reporting requirements for radioactive effluents stated in this
'

Section are to provide assurance that the limits set forth in
Section 1 are complied with. These reports will meet the ;

requirements for documentation of radioactive effluents contained in i
10 CFR 50.36a; Reg. Guide 1.21, Rev. 1; Reg. Guide 4.8, Table 1; and i
Reg. Guide 1.109, Rev. 1.

4.1 Annual Radioactive Effluent Release ReDort
,

A report covering the operation of the Fort Calhoun Station
during the previous calender year shall be submitted within !

90 days after January 1 of each year per the requirements of !

10CFR 50.36a.

The radioactive effluent release report shall include a ,

summary of the quantities of radioactive liquid and airborne '

effluents and solid waste released from the plant as outlined
in Regulatory Guide 1.21, Revision 1.

The radioactive effluent' release report shall include a
summary of the meteorological conditions concurrent with the
release of airborne effluents during each quarter as outlined
in Regulatory Guide 1.21, Revision 1.

.
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4.0 RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS (Continued)

The~ radioactive effb[ent release report shall include an~\ 4.1
assessment of radiation doses from the radioactive liquid and -

airborne effluents released from the unit during each calendar '

quarter as outlined in Regulatory Guide 1.21, Revision 1. The i

assessment of radiation doses shall be performed in accordance
with calculational methodology of the Regulatory Guide 1.109, |

Revision 1. "

The' radioactive effluent release report shall include any
changes to the Process Control Program (PCP) or to the Offsite !

Dose Calculation Manual (ODCM) made during the reporting r

period. Each change shall be identified by markf.ngs in the
margin of the affected pages clearly indicating the area of
the page that was changed and shall indicate the date the
change was implemented. "

!

4.2 Annual Radiological Environmental Operating Report

The Annual Radiological Environmental Operating Report for the -

previous one year of operation shall be submitted prior to '

May 1 of each year. This report contains the data gathered
from the radiological environmental monitoring program. The
content of the report shall include:

4.2.1 Summarized and tabulated results of the radiological() environmental sampling / analysis activitie's following the |
format of Regulatory Guide 4.8, Table 1. In the event
that some results are not available, the report shall be
submitted noting and explaining the reasons for the
missing results. The missing data shall be submitted as i
soon as possible in a supplementary report. '

4.2.2 Interpretations and statistical evaluation of the
results, including an assessment of the observed impacts
of the plant operation and environment.

,

4.2.3 The results of participation in a NRC approved
Interlaboratory Comparison Program.

!4.2.4 The results of land use survey required by Part II,
Section 5.4.

,

&
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,

4.0 RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS (Continued)
~

4.2';5 The resul h oU Epecific activity analysis--in which the ,

primary coolant exceeded the limits of Techni~ cal
Specification 2.1.3. The following information shall be
included: ,

4.2.5.1 Reactor power history starting 48 hours prior
to the first sample in which the limit was '

exceeded.
,

.

4.2.5.2 Results of the last isotopic analysis for
radiciodine performed prior to exceeding the :
limit, results of analysis while limit was !

exceeded and results of one analysis after the i

radiciodine activity was reduced to less than
the limit. Each result should include date and
time of sampling and the radiciodine
concentrations. ;

I

4.2.5.3 Purification system flow history starting
,

48 hours prior to the first sample in which the !
limit was exceeded. ;

4.2.5.4 Graph of the I-131 concentration and one other :

radiciodine isotope concentration in !

- micro-curies per gram as a function of time for
the duration of the specific activity above the
steadystate level, AND

4.2.5.5 The time duration when the specific activity of i

<the primary coolant exceeded the radiciodine
limit.

i

4.3 Non-Routine Reoort j
If a confirmed measured radionuclide concentration in an :

environmental sampling medium averaged over any calendar J

quarter sampling period exceeds the reporting level referenced
|in Table 7, and if the radioactivity is attributable to plant ,

operation, a written report shall be submitted to the Nuclear |]
Regulatory Commission within 30 days from the end of the i

quarter.

The report shall include an evaluation of any release
conditions, environmental factors, or other aspects necessary
to explain the anomalous result.

O
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;

4.0 RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS (Continued)
/, _ _ . . . _ . _

4.4 EPA ~~40 CFR 190' Reporting Recutrements ~- -

I

With the calculated dose from the release of radioactive
materials in liquid or gaseous effluents exceeding twice the
limits of Part II, Sections 1.1.2, 1.2.2, or 1.3, based on
quarterly and annual calculations, prepare and submit a
special report to the Commission within 30 days and limit the
subsequent releases such that the dose to any real individual
from uranium fuel cycle sources is. limited to s 25 mrem to the
total body or any organ (except thyroid, which is limited to
s 75 mrem) over the calendar year. This special report shall
include an analysis which demonstrates that radiation ;

exposures to any member of the public from uranium fuel cycle
sources (including all effluent pathways and direct radiation)
are less than the 40 CFR 190 standard. Otherwise, obtain a
variance from the Commission to permit releases which exceed i

the 40 CFR 190 standard. The submittal of the report is to be :
considered a timely request and a variance is granted pending
the final action on the variance request from the Commission.

1

O

O
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.i
5.0 RADIOLOGICAL ENVIRONMENTAL MONITORING REOUIREMENTS !

0 The' requirements set ~forth in this Section will provide reasonable ,

assurance that radioactive liquid and airborne effluent.r'eleases to
the environment in and around Fort Calhoun Station are monitored and
that any deviation of radiation levels above background will be :
identified.

,

5.1 Radiological environmental monitoring shall be conducted
according to Table 4. Analytical'results of this program and #

deviations from the sampling schedule shall be reported to the |
Nuclear Regulatory Commission in the Annual Radiological '

Environmental Operating Report (Part II, Section 4.2).

5.2 If the level of radioactivity, from calculated doses, in the
Annual Radiological Effluent Release Report leads to a higher
exposure pathway to individuals, this pathway shall be added i

to the Radiological Environmental Monitoring Program.
,

5.3 If the level of radioactivity in an environmental sampling
medium exceeds the reporting level specified in Table 7, a
Non-routine Report shall be prepared and submitted to the

.

Nuclear Regulatory Commission (Part II, Section 4.3). The
,

,

detection capabilities of the equipment used for the analysis
of Environmental Samples must meet the requirements of Table 6 [
for Lower Level of Detection (LLD). -

(
~

5.4 A land use survey shall be conducted once per 24 months
between the dates of June 1 and October 1. This survey shall "

identify the location of the nearest milk animal, nearest meat
animal, nearest vegetable garden, and the nearest residence in ;

each of the 16 cardinal sectors within a distance of five '

miles. The results of the land use survey shall be submitted ;

to the Nuclear Regulatory Commission in the Annual
Radiological Environmental Operating Report . (Part II, - '

Section 4.2). The survey shall be conducted under the
following conditions:

,

'

5.4.1 Within a one-mile radius from the plant site,
enumeration by door-to-door or equivalent counting :
techniques. !

5.4.2 Within a five-mile radius, enumeration by using
referenced information from county agricultural agents
or other reliable sources.

,

>

>

0
FC/CH-ODCM R2

.-. . . . . _ . . -- __ _. - _ _ _ _ - _ _



- .. - _ - . . - .

FORT CALHOUN STATION CH-ODCM-0001 :

CHEMISTRY PROCEDURE PAGE 34 OF 123

5.0 RADIOLOGICAL ENVIRONMENTAL MONITORING REOUIREMENTS

5.473 If 1.t iskehrn$d f rom this survey that milk animals are
present at a location which yields-a calculat'ed dose
greater than f rom previously sampled location (s) , the
new location (s) shall be added to the monitoring
program. The sampling location (s) having the lowest
calculated dose may then be dropped from the monitoring
program at the end of the grazing and/or growing season -

during which the survey was conducted and the new ;

location is then added to the monitoring program. Also,
'

any location (s) from which milk can no longer be
obtained may be dropped and replaced if practicable from -

the monitoring program and the Nuclear Regulatory
Commission shall be notified in the Annual Radiological
Environmental Operating Report (Part II, Section 4.2).

5.4.4 Radiological Environmental Sampling locations and the
media that is utilized for analysis are presented in
Table 5. Details of the emergency TLD locations are '

contained in Emergency Preparedness Implementing
Procedures.

5.5 Analyses shall be performed on radioactive materials as part
of an Inte7. laboratory Comparison Program that has been
approved b;r the Nuclear Regulatory Commission. The results of
these analyses shall be included in the Annual Radiological() Environmental Operating Report.

5.6 Deviations from the monitoring program, presented in this
section and detailed in Table 4, are permitted if specimens
are unobtainable due to hazardous conditions, seasonal
unavailability, malfunction of equipment, or if a person -

discontinues participation in the program and other legitimate
reasons. If the equipment malfunctions, corrective actions
will be complete as soon as practicable. If a person no
longer supplies samples, a replacement will be made. All
deviations from the sampling schedu2e will be described in the
Annual Radiological Environmental Operating Report, pursuant
to Part II, Section 4.2.

,

4
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TABLE 1
,

(_ I Radioactive Liquid Ef fluhnt-Samolina and Analysis

A. Monitor & Hotel Waste Tanks Releases

Lower Limit of
Type of Detection (LLD)

Sampling Frequency Acti ity Analysis (pCi/nd) (1)
'

Each Batch Principal Gamma
Emitters (2) (3) 5.0 E-07

I-131(2) 1.0 E-06

Monthly From Dissolved Noble
One Batch Gases (2) (Gamma 1.0 E-05

Emitters) i

Monthly Composite (7) H-3 1.0 E-05

Gross a 1.0 E-07

Quarterly Composite (7) Sr-89, Sr-90 5.0 E ,08

,

4

B. Stemm Generator Blowdown

Lower Limit of
DetectionTypc of

(pCi/ml) ((1)
LLD)

Sampling Frequency Activity Analysis

Weekly Composite (7) Principal Gamma
Emitters (3 ) 5.0 E-07 *

I-131(5) 1.0 E-06

Monthly Dissolved Noble
Gases (Gamma 1.0 E-05 ,

Emitters) !

Monthly Composite (7) H-3 1.0 E-05 l

Gross a 1.0 E-07

Quarterly Composite (7) Sr-89, Sr-90 5.0 E-08

i
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TABLE 2 1

,

t

'd Radioactive Airh$orne Ef fluent-Samolinr7 and Analysis
;

A. Gas Decay Tank Releases

Lower Limit of ,

Type of Detection (LLD)
Sampling Frequency Activity Analysis (pCi/ml) (1) |

Prior to each Principal Gamma
release Emitters (4) 1.0 E-04

B. Containment Purge Releases or Containment

Pressure Relief Line Releases

Lower Limit of
Type of Detection (LLD) ,

Sampling Frequency Activity Analysis (pCi/ml) (1)

Prior to each Principal Gamma
release Emitters (4) 1.0 E-04

..

Prior to each
release H-3 1.0 E-06

C. Condenser Air Ejector Releases
:

Lower Limit of
Type of Detection (LLD)

Sampling Frequency Activity Analysis (pCi/ml)(1)

Monthly (6) Tritium (H-3) 1.0 E-06

Monthly Principal Gamma
Emitters (4 ) 1.0 E-04 ,

i

9

;
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TABLE 2
/'' -- dContinued)
| _

D. Auxiliary Building Exhaust Stack and
Laboratory and Radwaste Building Exhaust Stack

Lower Limit of
Type of Detection LLD)

Sampling Frequency Activity Analysis (pCi/ml) ((1)

Weekly
' Charcoal Sample) I-131 1.0 E-12

Weekly Principal Gamma
(Particulates) Emitters (4 ) , I-131 1.0 E-11

and Particulates
with half-lives
> eight days.

Weekly (Noble Gases) Principal Gamma 1.0 E-11
Emitters (4)

Monthly Composite Gross a 1.0 E-11
-

Quarterly Composite
(Particulates) Sr-89, Sr-90 1.0 E-11

O
FC/CH-ODCM R2
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1

ITABLES 1 and 2
-. -(Continued)

NOTES: ' - ~ ^ ~ ~ ~ ~ " ~^ "' - -

.

(1) LLD is defined in Part II, Section 3.3.

(2) Gross Radioactivity is defined as the determination of radioactivity
levels without regard to specific radionuclide identification and '

individual isotopic quantification.

I(3) The principal gamma emitters for which the LLD specification applies
exclusively are the following radionuclides: Mn-54, Fe-59, Co-58,.
Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, and Ce-144.

(4) The principal gamma emitters for which the LLD specification applies I

exclusively are the following radionuclides: Kr-87, Kr-88, Xe-133,
Xe-133m, Xe-135, and Xe-138 for gaseous emissions and Mn-54, Fe-59,
Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, Ce-144 for
particulate emissions.

,

(5) A weekly grab sample and analyses program including gamma isotopic
identification will be initiated for the turbine building sump !

effluent when the steam generator blowdown water composite analysis
indicates the I-131 concentration is greater than 1.0 E-06
microcurie / milliliter.

Required only when steam generator blowdown radioactivity for

( )(6) tritium (Table 1, Item B) exceeds 3.0 E-03 microcurie / milliliter. 1

(7) To be representative _of the average quantities and concentrations of
radioactive materials in liquid effluents, samples should be
collected in proportion to the rate of flow of the effluent stream.
Prior to analyses, all samples taken for the composite should be '

mixed in order for the composite sample to be representative of the
average effluent release.

,

i

*

O
,

FC/CH-ODCM R2

r
__ .



_ ___ __

FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 39 OF 123

TABLE 3 *

I
-

Radiation' and Environmental Monitors'' - ' ~~ ~

OperabilitYTestReEirements

Daily Monthly Quarterly Source Check
Chamel Source Channel Refueling Prior to

A. LigJid Monitors Check Check Func. Test Calibration Release

RM-054 A/B X(2) X X X. -

RM-055/55A - - X X X

,

Daily Monthly Quarterly Source Check
Channel Source Channel Refueling Prior to

B. Gaseous Monitors Check Check func. Test Calibration Release
,

RM-043 X X X X -

RM-057 X X X X -

RM-062/51(1) X X X X X

RM 041/42 Sanpler X - - X -

RM-060 Sanpler
Flow Rate X - - X -

Monthly Annual
Operations Air Flow

C. Envirtanti. Monitors Check Calibration
i

~

V RM 035 - 039 X X

NOTES:

(1) RM-051 will be substituted for RM-062 when it ir sanpling the Auxiliary Building Exhaust Stack.

(2) visual flowcheck daily

h
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TABLE 4

- Radiologicat~Enyfr6nmental JLonit.oring Program_

-

Exposure Pathway
and/or Sample Collection Site (l) Types of Analysis (2) Frequency

1. Direct Radiation A. Ten TLD indicator stations, Gama dose Quarterly
one control station, total
of 11.

B. An inner-ring of 16 stations, Gamma dose during site Replaced
one in each meteorological Area and General Emer- Annually
sector in the general area of gencies only,
the unrestricted area boundary
and within 2.5 miles.

C. An outer ring of 16 stations, Gamma dose during site Reptsced
1 in each meteorological Area and General Emer- Annustly
sector located outside of the gencies only.
Inner-ring, but no more dis-
tant th pproximately
5 miles

2. Air Monitoring A. Indicator Stations 1)FiltegI for Gross Weekly
Betei

1. 3 stations in the general
area of the unrestricted 2) Charcoal for I-131 Weekly
area boundary

2. City of Blair 3) Filter for Game. Quarterly
Isotopic conposite of

wkly. fitrp.
B. One background station Same as A. above-

3. Water A. Missouri River at nearest Gama Isotopic, H-3 Monthly com*
downstream drinking water posite for
intake. Gamma Isoto-

pic Analysis

B. Missouri River downstream Quarterly
near the mixing zone. conposite

for H 3
Analysis

C. Missouri River upstream of '

plant intake (background). '

4. Milk (') A. Nearest family cow when Ganma Isotopic and 1-131 Semimonthly
available or one dairy farm grazing ses-
within 5 miles. son (May to

October)
B. One dairy farm between 5

miles and 18.75 miles.
(Background)

5. Fish A. Four fish sanples within Gama Isotopic Once per #

vicinity of plant discharge. season (May

to October)
B. One background sample up-

stream of plant discharge.

6. Sediment One sample from downstream area Gama Isotopic semiannually
on the station side of the
Missouri River.

FC/CH-ODCM R2
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TABLE 4
(Continued)

$ RadEl6giTa~l E5f rorynental Monitoring Prdgram ' -
' ~

Exposure Pathway
and/or Sanple Collection Sitefl) Types of Analysis (2) Frequency

7. Vegetables or A. One sample outside of 5 Gamma Isotopic Once per
Food Proriacts miles. (Background) season (May .

to October)
B. One sample in the highest

exposure pathway,

m

totes:

(1) See Table 6 for required detection limits.

(2) The Lower Limit of Detection (LLD) for analysis is defined in the ODCM in acepedance with the wording of NUREG-
0472, Rev. 3, Draft 7.

(3) When a gross beta count irsticates radioactivity greater than 1E-12 scl/ml or 1 pCl/m , a gamma spectral analysis
will be performed.

(4) When milk samples are not available, a broad leaf vegetation or pasture grass sanple shall be collected, when
available.

(5) Details of the Emergency TLD Stations are contained in Emergency Preparedness Inplementing Procedures.

t

E

%
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TABLF 5

Radiological Envirornental Samling Locations and Media

Distance From Direction
Location Location FCS Reactor Bldg. (Degrees from Airborne Airborne Surface Fresh Bottom

NL.mber Description (elles) (north) Particulate lodine TLD Water Milk Sediment Fish Vegetation

1 Onsite Station No. 1,
110-meter weather tower 0.5 293* x x x

2 Onsite Station No. 2,
|adjacent to old plant 0.6 208' x x x

access road

3 Offsite Station No. 3, |
intersection of Hwy. 75 0.8 145' x x x !,,

and farm access road jj

4 Blair OPPD office 3.0 303* ' x x x I

I',
5 EOF Building, North Omaha

Power Station 17.5 157' X X X

6 Fort Calhom City Hall 4.8 149' x {

7 Fence around intake gate,
Desoto Wildlife Refuge 2.0 101' x

|
8 Entrance to Plant Site f

from Hwy. 75 0.6 180* x i

9 NW of Plant 1.0 310' x

10 WSW of Plant 0.7 250* x ,

11 SE of Plant 0.9 130' x

12 Met. Utilities Dist.,
Florence Treatment Plant 17.0 156* x
North Omaha, NE

13 West bank Missouri River, '

downstream from reactor 0.5 106' x x
';

building

14 1258 upstream from intake
bldg., west bank of river 0.1 345' x x

FC/CM-0DCM R2
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TABLE 5
(Continued)

Radiological Envirorvnental Samling Locations and Media

Distance From Direction,

Location Location FCS Reactor Bldg. (Degrees from Airborne Airborne Well Fresh Bottoml

Ntrber Description (miles) (north) Particulate Icdine TLD Water Milk Sediment Fish Vegetationi

15 Smith Farm (1) 1.9 133' x

16 OPPD onsite Well(1) 0.1 154* x
I

17 HeackpJerters Bldg.,II) f
Desoto Wildlife Refuge 3.1 53' x

18 Miller Farm (3) 0.8 206* i

(Discontinued Milk) x

19 Flym Dalry(2) 3.4 310' x
}

20 Mohr Dairy (1)(2)(3) 7,9 337 x x ,t
i,-

!- 21 Japp Dalry(2) 6.3 219" x
,

22 Fish Sanpling Area - R.M. i
'Missouri River 645.0 - x

23 Fish Sanpling Area - R.M. |
Missouri River 666.0 - x !

, i

| 24 Legenhausen Farm 0.7 207* I

(Discontinued)'

25 Seltz Farm (2) 2.7 168* x [
26 Vegetation (3) |

j (High Expos. Pthwy. for Veg.) x '

! 27 Vegetation (3)
(Background) x

|

| 1

Notes:

(1) Sanpling not required for pathway modeling, collections performed for additional information only.

(2) When a milk sanple is not available at a location, a broad leaf vegetation sanple will be collected at that location as a substitute.

(3) Vegetation sites chosen based on Land use Survey and Semiamual Radioactive Effluent Release Report.

I

L

FC/CH-CDCM R2
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"
TABLE 6

Detection capabilities for Environmental Sancte AnatYsis(1H2M3)
Lower Limit of Detection (LLD)

Gross
Sarple Units Beta H-3 Pn-54 Fe-59 Co-58. 60 2n-65 Zr-95 Nb-95 1-131 Cs-134 Cs-137 Ba-140

Water pCi/L -- 2.0E+03 1.5E+01 3.0E+01 1.5E+01 3.0E+01 1.5E+01 1.5E+01 1.0E+00 1.5E+01 1.BE+01 1.5E+01

Fish pCl/kg -- -- 1.3E+02 2.6E+02 1.3E+02 2.6E+02 -- - -- 1.3E+02 1.5E+02 -

*(wet)

Milk pCi/L -- -- -- - -- -- -- -- 1.0E+00 1.5E+01 1.8E+01 1.5E+01

Air pCi/M 1.0E-02 -- -- -- -- -- -- -- 7.0E-02 -- -- -

Particu- ,

late or j
Gases e

! i
Sediment pCf/kg ** -- -- -- -- -- ~ ~ -- 1.5E+02 1.8E+02 -- |

(dry) '

Grass or pCi/kg -- - -- - -- -- -- -- 6.0E+01 6.0E+01 8.0E+01 -- f
3 - Broad Leaf (wet)

Vegetation /
Vegetables j

.!
e

J

*

(1) This list does not mean that only these nuclides are to be considered. Other peaks that are identifiable as plant effluents, together with those
of the above nuclides, shall also be anatyred and reported in the Annual Radiological Environmental Surveillance Report pursuant to Part 11,
Section 5.1. '

1

(2) Required detection capabilities for thermoltninescent dosimeters used for environmental measurements shalt be in accordance with the reconsnenda-
tions of Regulatory Guide 4.13.

(3) The LLD is defined, for purposes of these specifications, as the smallest concentration or radioactive materlat in a sanple that will yletd a net
count, above system background, that will be detected with 95% probability with only 5% probability of f alsely concluding that a blank observation
represents a "real" signal.

For a particular measurement system, which may include radiochemical separation:

4.66 sb
LLD =

Y .exp(-AAt)v - 2.22E+06E * -

i

FC/CH-00CM R2 ,
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TABLE 7

Reportina Levels for Radioactivity Concentrations in Environmental SanctesEl) '

Sarole Units H-3 Mn-54 Fe-59 Co-SS Co-60 Zn-65 Zr-95 Nb-95 I-131 Cs-134 Cs-137 Ba-140
>

Water pCi/L 2.0E+04 1.0E+03 f 0E+02 1.0E+03 3.0E+02 3.0E+02 4.0E+02 4.0E+02 2.0E+00 3.0E+01 5.0E+01 2.0E+02

Fish pCl/kg -- 3.0E+04 1.0E+04 3.0E+04 1.0E+04 2.0E+04 -- -- -- 1.0E+03 2.0E+03 --

(wet)

Mitk pCi/L -- -- -- -- -- -- -- -- 3.0E+00 6.0E+01 7.0E+01 3.0E+02
|

3Air pCi/m -- -- -- -- -- -- -- -- 9.0E-01 -- -- --

Particulate
[or Gases j

t

Crass or pCi/kg -- -- -- -- -- -- -- -- 1.0E+02 1.0E+03 2.0E+03 --

f|Brced Leaf (wet)
Vegetation /

,

Vegetables |{
i

|

|
$,

T

b
'

(1) A Non-routine report shall be submitted when more than one of the radionuclides listed above are detected in the sanpting meditsn and:

Concentration (1) + Concentration (21 + - - - - 1 1.0_

Reporting Level (1) Reporting Level (2)

'

l
When radionuclides other than those listed above are detected and are the result of plant effluents, this report shall be submitted if the poten-
tial annual dose to a mesber of the general public is equal to or greater than the dose objectives of Part II, Section 1.1 and 1.2. This report
is not required if the measured level of radioactivity was not the result of plant effluents; however, in such an event, the conditfori shall be
reported and described in the Annual Radiological Environmental Operating Report.

,

t

FC/CH-00CM R2
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,
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PART III ,

:

RADIOLOGICAL EFFLUENT RADIATION MONITOR CALCULATIONS

1
>

h

1

|

.

4

i

+
i

I

[

O
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| - ,1. 0
__ __ - _ . -

' EFFLUENT MONITOR SETPOINTS

1.1 Licuid Effluents ~ ~ - -^ - -- -

.

There are two liquid discharge pathways to the Missouri River.
These pathways originate with the radioactive liquid waste
processing system (monitor or hotel tanks) and the steam
generator blowdown system. Both of these pathways empty into
the circulating water system which discharges to the Missouri
River (see Figure 1). Figure 2 depicts the liquid discharge
pathways and associated radiation monitors. Figure 3 depicts
the methods of liquid effluent treatment. A detailed discussion
of the liquid effluent treatment system is presented in
Section 2.1.

The flowrate for dilution water varies with the number of
circulating water pumps in service and with the operation of the
warm water recirculation. Some warm water from the condenser
outlet is diverted from the circulating water discharge to
upstream of the intake structure to help prevent ice from
forming on the circulating water pump intakes during winter
months. The varying dilution flowrate is accounted for in the
dilution calculations for monitor tank and stream generation
releases.

Alarm setpoints shall be established for the liquid effluent
monitoring instrumentation to ensure that the concentration of

'() radioactive material released in liquid effluents at site
~

discharge shall be less than the concentrations specified in
10 CFR 20, Appendix B, Table 2, Column 2.

Cs-137 is the most abundant radionuclide in liquid effluent
streams and is used to calibrate the liquid effluent monitors.

O
FC/ODCM R2

.
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

0~ 1.2 Licuid Efflaent-Radiation Monitors - -- -

~

,

1.2.1' Steam Generator Blowdown Monitors (RM-054A and B)

These process radiation detectors monitor-the flow
through the steam generator blowdown lines and
automatically close the blowdown isolation valves if the
monitor high alarm setpoint is reached. The high alarm
setpoint calculations are based on controlling the
discharge at 10 CFR 20 limits of 1.0E-06 pCi/ml at site
discharge.

;

The following calculations for maximum concentration and
alarm setpoints are valid when steam generator blowdown
is the only liquid release pathway. For simultaneous
radioactive liquid releases of steam generator blowdown
and monitor tank discharge, refer to Section 1.5.1.

.

The maximum allowable concentration in the blowdown line
is calculated as follows:

(1. 0E-06 pCi/ml) (X,)
A, =

7O

O .

Where:

1.0E-06 mci /ml = 10 CFR 20 Limit for unidentified radionuclides
at site discharge (10 CFR 20, Appendix B,
Note 2).

Total dilution flow in the discharge tunnelXo -

(gpm). (Normal flow is based on 1 circulating
water pump at 120,000 gpm. Other flowrates may
be used, as required.)

'

Blowdown flow rate (gpm). (Normal-blowdownYo =

flow rate is based on 2 transfer pumps with a
design flow of 135 gpm each, 270 gpm total.
Other flow rates may be used, as required.)

14 = Maximum allowable blowdown concentration
(pCi/ml) .

.

,

FC/ODCM R2
>
>

9
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1.0 EFFLUENT MONITOR-SETPOINTS (Continued)

0 The higbalarm s$tpoint"(CPM) - -1.2.1
_

.85 [ (S ) (A,) +B]f

Where:

.85 - Correction factor for instrument meter
error.

,

Sr Detector sensitivity factor (CPM /pCi/ml).=

(Sensitivity based on Cs-137).

Maximum allowable blowdown line activityAo = .

(gCi/ml).

Background (CPM).B =

Setpoints may be recalculated based on adjusted
dilution flow and adjusted blowdown flow.

An alert setpoint will be chosen at a value below
the alarm setpoint so that significant increases in
activity will be identified prior to automatic
actuation of the blowdown isolation valves.

() 1.2.2 Overboard Discharge Header Monitor (RM-055 or RM-055A)

This process radiation monitor provides control of the
waste monitor tank effluent by monitoring the overboard
header prior to its discharge into the circulating water
discharge tunnel. The concentration of activity at~ i
discharge is controlled below the 10'CFR 20-limit of
1.0E-06 pCi/ml at site discharge for unidentified
isotopes by the high alarm setpoint which closes the
overboard flow control valve.

The following calculations for maximum concentration and
alarm setpoints are valid when Monitor Tank discharge is
the only liquid release pathway. For simultaneous
radioactive liquid releases of monitor tank discharge ar.d
steam generator blowdown, refer to Section 1.5.1.

,

r

.

FC/ODCM R2
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1.0. EFFLUENT MONITOR SETPOINTS (Continued)
(- 1.2.'2 'The maximum allowable contentration in the overboards

discharge header is:
,

(1.0E-06 pCi/ml) (X,)
,

* Y,

Where: '

1.0E-06 mci /ml= 10 CFR 20 Limit for unidentified
radionuclides at site discharge
(10 CFR 20, Appendix B, Note 2).

X, - Total dilution flow in the discharge
tunnel (gpm). (Normal flow is based on
1 circulating water pump at 120,000 gpm.
Other flowrates may be used, as
required.)

Maximum monitor tank discharge flow rateYo -

(gpm). (Normal monitor tank maximum flow
is 50 gpm. Other flow rates _may be used,

.O as required.)
,

Maximum allowable activity in dischargeA -o

header (pCi/ml).

,

7

O
FC/ODCM R2 )
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|
1.0 EFFLUENT MONITOR SETPOINTS (Continued) '

- 1.2.'2 'The high alarsetpoint CCPM) = -' " ~ "

.85 [ (S, (Ao) + B]

?,

Where:

:
.85 = Correction factor for instrument meter i

error.

Detector sensitivity factor (CPM /pCi/ml).Sr. =

(Sensitivity based on Cs-137). :

Maximum allowable concentration inAo -

discharge header (pCi/ml) .
;

Background (CPM). |B =

.

An alert setpoint will be chosen at a value below the
alarm setpoint so that significant increases in activity |
will be identified,. prior to automatic actuar4nn of the ;

overboard flow control valve. j
t

I
,

,

)

e

h

-i

:

!

i
6

|

1
!
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

O.~
_ _ __

1.3 Airborne Ef f-luents- - -
-- ^ - ~

_

The airborne effluent monitoring instrumentation for
controlling and monitoring normal radioactive material releases
in accordance with 10 CFR 20, Appendix B, Table 2, Column 1
limits at the unrestricted area boundary (see Figure 1), are
summarized as follows:

A. Auxiliary Building - The Auxiliary Building Exhaust
Stack receives discharges from the waste gas decay
tanks, containment purge, containment vent systems
and the auxiliary building ventilation system.
Effluents are monitored by RM-062, a noble gas
activity monitor. Additionally, noble gas activity
monitor, RM-051, provides redundant back-up
monitoring capabilities to the RM-062 monitor.
Iodine and particulate sampling capabilities are
provided by RM-060. Ventilation Isolation Actuation
Signal (VIAS) is actuated by exceeding a monitor's
alarm setpoint. Actuation of VIAS will isolate
releases from containment and waste gas decay tanks. ,

The Auxiliary Building Exhaust fans will remain in
operation.

B. Laboratory and Radioactive Waste Process-ino

O. Building (LRWPB) - Noble gas, iodine, and
particulate monitoring and sampling is provided by
Radiation Monitors RM-043, RM-042, and RM-041,
respectively. These radiation monitors / samplers do
not serve a control function.

C. Condenser Off-Gas Monitors - Noble gas activity is
monitored by RM-057. The condenser off-gas is
discharged directly to the environment. Exceeding
the high alarm setpoint on RM-057 will activate ~ )
isolation of main steam to the Auxiliary Steam |
System.

I

An airborne radioactive waste flow' diagram with the applicable,
associated radiation monitoring instrumentation and controls is
presented as Figure 4. The airborne waste disposal system is
presented in Figure 5. A detailed discussion'of the airborne
effluent treatment system is presented in Section 2.2.

O
t

FC/ODCM R2
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

1.4 Airborne Ef f-luent~ Radiati$n Monttors "- - - !
.

1.4.1 Auxiliary Building Exhaust Stack Noble Gas Activity
Monitor (RM-062/RM-051)

'

Either of these monitors may be used to measure the noble
gas activity in the exhaust stack. The noble gas is
monitored after passing through a particulate filter. ;

The monitor controls airborne releases so that the
10 CFR 20 limit at the unrestricted area boundary of
5.0E-07 pCi/cc, based upon Xe-133, is not exceeded. The
Ventilation Isolation Actuation Signal is initiated when
the high alarm setpoint is reached.

The following calculations for maximum release rate and i
alarm setpoint are valid when Auxiliary Building Exhaust '

Stack is the only airborne release pathway. For
simultaneous airborne releases from Auxiliary Building
Exhaust Stack, Condenser Off-gas and the LRWPB Exhaust
Stack, refer to Section 1.5.2.

|

The maximum allowable release rate for stack airborne ;

activity is calculated as follows:
i

(5. 0E-07 pCl/cc) x (1. 0E+06 cc/m ) = 1. 0E+05 pCi/sec h3

(5. 0E-06 sec/m ) i
3

;
'

Where:
?

5.0E-07 pCi/cc = 10 CFR 20 Limit at the unrestricted 1
area boundary (based upon Xe-133).

!

5.0E-06 sec/m2 Annual average dispersion factor at :
-

the unrestricted area boundary,

1.0E+06 cc/m* Constant of unit conversion.=

!
The high alarm setpoint (CPM):

:

, (1. 0E+ 0 5 ) ( S,.) (60)
Se tpoin t = . 85 [ +B}(F ) (28317) ;y

i

,

-.

FC/ODCM R2 I
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,

1.0 EFFLUENT MONITOR SETPOINTS (Continued)
- . . . - . . _

J- 1.4.1 Wherei- " " ~ ~ - - - - ' - " - - - --

.85 = Correction for instrument meter error.

Detector sensitivity factor (CPM /S, =

pCi/cc). (Sensitivity based on Xe-133)

60 = Conversion (seconds to minutes).

28317 = Conversion factor (ft' to cc).

Auxiliary Building Exhaust stack flowF, =

rate (SCFM). (Default maximum flow rate
is 122500 cfm for 3 Auxiliary Building I

'
exhaust _ fans and 2 containment purge fans
in operation. Other flow rates may be '

used, as required.) i

:

B= Background (CPM). !

IAn alarm setpoint will be chosen at a value below the
alarm setpoint so that significant increases in activity
will be identified, prior to actuation of VIAS.

>

O
~

.

.

I A

t

i

>

'

,

i

b

;

>

f

-i
i

<

O '

'
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'

_ . _ . . . __. _ _ ,



_ . __ .- - .. . . ,

,

;

' FORT CALHOUN STATION CH-ODCM-0001 |
CHEMISTRY PROCEDURE PAGE 56 OF 120 '

1.0 EFFLUENT MONITOR SETPOINTS (Continued) i.

O~ 1.4.2 ; Condenser Air''Ej ector-Monitor (RM-057) ~ -
_

This monitor is located in the turbine building and |
monitors the condenser off-gas. The purpose of this

'

,

monitor is to monitor the condenser.off-gas discharges so i
that the 10 CFR 20 limit at the unrestricted area
boundary of 5.0E-07 pCi/cc, based upon Xe-133, _is not ;

exceeded. |
,

The following calculations for maximum release rate and !
alarm setpoint are valid when condenser off-gas is-the j
only airborne release pathway. For simultaneous airborne j
releases from condenser off-gas, Auxiliary Building '

Exhaust Stack, and the LRWPB Exhaust Stack,-refer to
Section 1.5.2.

!

The maximum allowable release rate for condenser air i
ejector monitor is as follows:

1
(5.0E-07 pCi/CC) .

3x (1. 0E+06 cc/m ) = 1. 0E+05 pCi/sec
3(5. 0E-06 sec/m )

Where:
.

5.0E-07 pCi/cc 10 CFR 20 Limit at the i=

unrestricted area boundary
.

(based upon Xe-133).

5.0E-06 sec/m2 Annual average' dispersion-

factor at the unrestricted .;
area boundary. ;

Constant of unit !1.0E+06 cc/m* =

conversion ~ !.

>

The high alarm setpoint (CPM): ,|

'(1.0E+05) (S,.) (60)
Se tpoin t = . 85 ( +B ]

.

(F ) (28317) }y

.i
!

e

a

O :

FC/ODCM R2
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1.0 EFFLUENT MONITOR SETPOINTS (Continued) !

. 0
_ . . .._ __

1. 4. 2 ' Wherer - - - - - -"- ' - - - -

.85 Correction for instrument meter-

error.
:

|Sr Detector sensitivity factor
.

!

=

(CPM /pCi/cc). (Sensitivity based on
Xe-133)

60 Conversion-(seconds to minutes). ;
-

Conversion factor (ft* to cc). ]28317 =

F, Vent stack flow rate-(SCFM).=

Default maximum flow rate is
4755 scfm (3. vacuum pumps in hogging
mode. Other flow-rates may be used,
as required.)

B Background (CPM).=

i

An alert setpoint will be chosen at a value below the
'

alarm setpoint so that significant increases in activity
will be identified, allowing time for corrective actions '

prior to exceeding the alarm setpoint ud tripping of the ,

auxiliary steam supply valve, RCV-978.
;

f

,

e

t

b

:

i
?

|,

t

;
i
[

>

v

!

;

'

i

t
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!

1.0 EFFLUENT MONITOR SETPOINTS (Continued) i

j 1.4'.3 ~ Laboratory ~andkad[oactive~ Waste" Processing -Building .

Exhaust Stack Noble Gas Activity Monitor (RM-043)
.

RM-043 is located in the Radwaste Building and samples
the LRWPB Exhaust Stack. The monitor alarm setpoint is
based cn1 the 10 CFR 20 limit for Xe-133 at the
unrestricted area boundary.

.

The following calculations for maximum release rate and
,

alarm setpoint are valid when the LRWPB Exhaust Stack is
!

the only airborne release pathway. For simultaneous '

airborne releases.from condenser off-gas, Auxiliary ,

Building Exhaust Stack, and the LRWPB Exhaust Stack, '

refer to Section 1.5.2.

The maximum allowable release rate for RM-043 is as '

follows:

(5.0E-07 pci/cc) 3x (1. 0E+06 cc/m ) = 1. 0E+05 p Ci/sec
3(5. 0E-06 sec/m )

~

4

Where: )

() 5.0E-07 pCi/cc = 10 CFR-20 Limit at the
~

unrestricted area boundary '

'

(based upon Xe-133). ;

t-

5.0E-06 sec/m* = Annual average dispersion ;

factor at the unrestricted ;

area boundary. |

1.0E+06 cc/m* Constant of unit '-

conversion. '

s

k

.

!

l

|

()
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)
,

O 1.4.3 "The high alarmdtpoint tCPM): - - -

,

(1. 0E+ 05 ) (S,.) (60) i
.Se tpoin t = . 8 5 [ +B1 .)

(F ) (28317) iy

!

Where: ,

t

.85 = Correction for' instrument meter error. '

Detector sensitivity factor ~ (CPM /pCi/cc) .Sr =
,

(Sensitivity based on XE-133)
,

!

Conversion (seconds to minutes). ;60 =

,

28317 = Conversion factor (ft8 to cc).
r

LRWPB Exhaust stack flow rate (SCFM). !Fy =

(Default flow rate is 28700 cfm. Other
flow rates may be used if required. |

!

Background (CPM).B =
;

i

O
~

An alert setpoint will be chosen at a value below the
alarm setpoint so that significant increases in activity
will be identified.

|

|This monitor alarms in the Control Room. There are no
automatic control functions associated with the actuation '

of the alarm, j
+

.\
.

!

i,

:

O l

FC/ODCM R2
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t

1.0 EFFLUENT MONITOR SETPOINTS (Continued)
__ _ -_

1.5 Simultaneous- Release-Pathways -
-- - -

1.5.1 Liquid Release Pathways ,

The liquid radiaticn monitors (RM054A and B, RM055, and |
RM055A) control lignid releases so that 10 CFR 20 limit '

of 1.0E-06 pCi/ml fer unidentified isotopes at site ;

discharge is not exceeded. There are two liquid release-
pathways that contribute to the-concentration at site
discharge. These are Steam Generator Blowdown and Monitor
Tank Overboard Discharge Header. - When more than one '

pathway is utilized for radioactive releases, it is
necessary to adjust the alarm setpoints given in
Section 1.2 so that unrestricted area concentration
limits are not exceeded.

The calculations for the alarm setpoints for the liquid ,

effluent monitors will be adjusted as follows:

A, = K A +KA io o 1 1

K (1.0E-06 pCi/ml) (X ) K (1.0E-06 pCi/ml) (X )o o 1 o,
' Y Yo 1

Where: '

'A, - Sum of individual maximum allowable
concentrations for Steam Generator and
Monitor Tank prior to dilution for *

simultaneous liquid releases (pCi/ml)
,

16 - Maximum allowable concentration in Steam ,

Generator blowdown Line (pCi/ml)

Ai Maximum allowable concentration in Monitor= -

Tank Discharge Line (pCi/ml)

Proportionality constant for SteamKo =

Generator (See Table 1)

K3 Proportionality constant for Monitor Tank=

(See Table 1)
|

Total dilution flow in Discharge TunnelXo =

(GPM) t

FC/ODCM R2 >
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1

1.0 EFFLUENT MONITOR SETPOINTS (Continued)
~

1. 5.1 ~ Wherer "- -- --
-

,

Yo = Steam Generator Blowdown flowrate (GPM)

Y3 - Monitor Tank Discharge flowrate'(GPM)

i
The High Alarm Setpoint for Steam Generator Blowdown
monitors, RM054A and B, will then be:

Alarm Setpoint (CPM) = . 8 5 (K S ., A +B]o p o_ o

,

The High Alarm Setpoint for Monitor Tank Discharge {
monitors, RM055 and 55A, will then be.

.

Alarm Setpoint (CPM) = . 85 [K S A +B)1 n 1 1

i

Where: *

Detector Sensitivity factor for RM054A/B,
'

Sro '=

CPM / (yCi/ml) , based.on Cs-137.

Sri = Detector Sensitivity factor for
RM055/55A, CPM / (pCi/ml) , based on Cs-137.

Maximum allowable concentration inA -o

SG Blowdown line. (pCi/ml)

Maximum allowable concentration inAt =

MT Discharge'line. (pCi/ml)

RM054 A or B background countrate. (CPM)B =o

RM055 or 55A background countrate. (CPM)-Bi =

Where:

Ko, Ki= Proportionality constants. See Table ~1.-

O
FC/ODCM R2
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~

1.0 EFFLUENT MONITOR SETPOINTS (Continued)
|

1.5.2 ' Airborne Releksehathway-~ "- -

The noble gas radiation monitors (RM043, RM057, and
RM062) control airborne releases so that 10 CFR 20 limits '

of 5.0E-07 pCi/cc for noble gases at the unrestricted-
area boundary is not exceeded. There are three pathways
that contribute to the concentration at the unrestricted
area boundary. These are the Auxiliary Building Exhaust
Stack, Condenser Off-gas, and the LRWPB Exhaust Stack.
When more than one pathway is utilized for radioactive-
releases, it is necessary to adjust the alarm setpoints
given in Section 1.4 to ensure that unrestricted area

,

concentration limits-are not exceeded.

The calculations for the alarm setpoints for the airborne
effluent monitors will be adjusted as follows:

The maximum allowable release rates for simultaneous ,

releases is:

:

ConciMax. Release Rate u. KRj3= K
i X|0 ;1o 1.o

:

() Where:
~

RM061/RM050 release rate (pCi/sec)Ro =
.

Rt RM062/RM051 release rate (pCi/sec) :=

'
R2 RM057 release rate (pCi/sec)-

RM043 release rate (pCi/sec)R3 -

R4 RM041/42 releaserate (pCi/sec) i
-

K= Proportionality constants. See Table 1.Ko * 4

Conci - Radionuclide concentration for the monitor of '

interest. - '

4

I
,

|
1

I

)

I
i

|

;

FC/ODCM R2
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!

1.0 . EFFLUENT MONITOR SETPOINTS (Continued) [

.O_
- - . . . - . - - .

c

1.5.2 The maximum' release rate-is~ then':- - - ?

e

K (5. 0E-07 pCi/cc) K (5.0E-07 pCi/cc)1 3[
,

+ +
35. 0E-06 sec/m 5.0E-06 sec/m3 i

!

!

;

I

K (5.0E-07 pCi/cc) cce ] 1.0E+06 - Max. Release Ra te
5. 0E-06 sec/m3 3m

The alarm setpoints for the noble gas monitors will then i
'be-
t

(1. 0 E+05) (S ) (60) '

RM062/51 = . 85 [ K +B]7

F (28317) -
y

|

~

i
,

!

(1.0 E+05) (S ) (60) '

7RM057 = . 8 5 [K B} i+
1 (F ) (28317) ;y

i
i
!
t
.

t

T

[ K (1.0 E+05) (S ) (60)7 B}RM043 = . 85 +
2 (P ) (28317)v ,

'f

!
1

i

O :
F

.
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)
_ _ _ . _ ,_ _

1.5.2 Wherer ~ ~ - ~ - ~~~ " - - - -

.

Correction factor for instrument.85 =

meter error.,

Proportionality contents. 'SeeK, * K4 =

Table 1.

Sr Detector sensitivity factor.-

Fy Vent stack flowrate. (Condenser=

off-gas flowrate for RM057,
,

LRWPB Exhaust stack flow rate for
RM043, Auxiliary Building Exhaust
Stack flow rate for RM62/51).
Monitor background count rate.B '=

60 Constant of unit conversion=

(60 sec/ min).

,

O ~

.

[

+

t

h
;

e

O
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'

TABLE-1

Proportionally Constants'for''$ multaneous' Release Pathways
-

a. Liquid Effluents Ko + Ki 51

Ko = .30 RM054A/B

.70 RM055/55AK =i

b. Gaseous Effluents Si Ki 51

Ko = .10 RM061/50

.70 RM062/51 (when RM051 is in theKi =

Auxiliary Building Exhaust-
Stack Position)

K2 .05 RM057=

K3 .05 RM043=

.10 RM041/42K =4

NOTE: The constants are based on prior knowledge and may be updated as
necessary to provide for plant operations.

O ~

t

9

h

,

'

b

1

O

FC/ODCM R2
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-2. 0 RADIOACTIVE WASTE TREATMENT SYSTEM

Liouid Radwaste b eatNent Uystem"2.1 - - -

The major equipment or subsystem (s) of the liquid radwaste t

treatment system are comprised of the waste filters, monitor
tanks, and evaporator. This equipment, including associated
pumps, valves and piping, is used.in different combinations on
an as-needed basis to process the liquid effluent to provide
compliance with the as low as is reasonably achievable
philosophy and the applicable section of 10 CFR Part 20. The
liquid radwaste treatment system is described in
Section 11.1.2 of the USAR. For effluent release points and
monitor locations refer to P&ID's 11405-M-100, M-9 and M-8.

A filtration / ion exchange (FIX) system may be utilized for
processing liquid radwaste in the event the waste evaporator
is not in service. The system consists of a booster pump,
charcoal pretreatment filter, and pressure vessels containing i

organic / inorganic resins, which can be configured for optimum
performance. The effluent from the FIX system is directed to
the monitor tanks for release. '

Waste filters (WD-17A and WD-17B) are used only on those
occasions when considered necessary, otherwise the flows from
the low activity fluids may bypass the filters. No credit for
decontamination factors (iodines, Cs, Rb, others) was taken

O for these filters during the 10 CFR 50 Appendix I dose design
objective evaluation; therefore, the inoperability of these

!filters does not affect the dose contributions to any
individual in the unrestricted areas via liquid pathways. The
inoperability of waste filters will not be considered a
reportable event'in accordance with Part II, Section 2.1.

Every effort will be made to process all liquid waste, except
from the hotel waste tanks, through the evaporator or FIX
before entering the monitor tanks. If the radioactive liquid
waste is discharged without processing and it appears-that
1/2 of the annual objective will be exceeded during the
calendar quarter, a special report shall be submitted to
the Commission pursuant to Part II,-Section 2.1.

The quantity of radioactive material contained in each
unprotected outdoor liquid holdup tank shall not exceed
10 curies, excluding tritium and dissolved or entrained noble

,

gases.
;

FC/ODCM R2
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2.0 RADIOACTIVE WASTE TREATMENT SYSTEM

O~ 2.2 Airborne Radwaste Treatment System --
- I

The waste airborne radioactive material at Fort Calhoun ;

Station is collected in the vent header where the gas
compressors take suction, compress the gas and deliver it to !
one of the four gas decay tanks. The waste airborne

,

radioactive material is treated in these gas decay tanks by 1

holding for radioactive decay prior to final controlled
release to the environs. In order to provide conformance with-
the dose design objectives, gas decay tanks are normally
stored for approximately 30 days, with earlier release allowed
to support plant operation only, and thus achieve decay cf
short half-life radioactive materials, e.g., I-131, Xe-133.
If the radioactive airborne wastes from the gas decay tanks
are discharged without processing in accordance with the above
conditions, a special report shall be submitted to the >

Commission pursuant to Part II, Section 2.2.

The radioactive effluents from the controlled access area of
the auxiliary building are filtered by the HEPA filters in the '

auxiliary building ventilation system. If the radioactive
effluents are discharged withe.C the HEPA filters, a special
report shall be submitted to the NRC pursuant to Part II,
Section 2.2.

O The discharge from the gas decay tanks is routed through
-

~

|
charcoal and HEPA filter unit VA-82. No credit was taken for ~

the operation of hydrogen purge filters during the 10 CFR 50,
Appendix I dose design evaluation and' doses through the
airborne effluent pathways were well below the design
objectives. The unavailability of hydrogen purge filters will
not be considered a reportable event as per'Part II,
Section 2.2.

The containment air is processed through at least one of the
redundant containment HEPA and charcoal filters in the
Containment air Cooling and Filtering Units prior to purging.
If the containment purges are made without processing through
one of the Containment Air Cooling and Filtering Units, a ,

special report shall be submitted to the Commission pursuant '

to Part II, Section 2.2.

The airborne radwaste treatment system is described in
Section 11.1.3 of the USAR. For effluent release points and
monitor locations refer to P&ID's 11405-M-1 and M-261.

>

|

'

!
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Figure 1
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Figure 2
~
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v 4 cm vo a

f%). AUXILIARY SYSTEMh PbACTOR COOLANT ~~'~ ~ HOTEL WASTE(
PROCESS WASTE WASTE

Floor Drains CVCS Bleedoff Laundry Weste
Sump Flows Equipment Drains Shower Drains

RC I. cop Drains

I f ?

mee em
Regenerant ( )Spent Yaste HotelHoldupm TanksTanks Tanks^

1200 Gal.5530 Gal. 45,800 Gal.
vvv ov

f f

Waste Filters
50 Microns

Demineralizer
Vessels

>
v

Charcoal
filter

69 Cu. Ft.
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mm

Monitor
Tanks

6770 Gal.
vv

Overboard
1Header i

(To River)

LIOUID RADIOACTIVE WASTE DISPOSAL SYSTEM I

i
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v4 mivo a

,
- . .

) (

RM-041 Particulate Sampler
RM-042 Iodine Sampler
RM-043 Noble Gas Monitor

I

LRWPB Laboratory

LABORATORY AND RADIOACTIVE WASTE PROCESSING BUILDING

) (

RM-060 Iodine & Particulate
Sampler

O '

Ru-Oe2.054 Nebie ces uenster

hl
<

RM-057 Noble Gas
Monitor

:

CONDENSER OFFGAS AUXILIARY BUILDING EXHAUST STACK |

Condenser Auxiliary Building Containment
Ventilation Building Ventilation

,

* Can be used for either containment or auxiliary building
exhaust stack monitoring.

O iineonus sertusar niscuinos earnwivs :

)
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:

Figure 5
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PART IV

O RADIOLOGICAL EFFLUENT MONITORING CALCULATIONS ,

,

'

!

,

h

'

t

i

O
,

3

FC/ODCM. R2

!
, . .- - _ _ __ __



. - - . . . - - - .-

FORT CALHOUN STATION CH-ODCM-0001- !
CHEMISTRY PROCEDURE PAGE 74 OF 120

,

1.0 EFFLUENT CONCENTRATIONS
A _ _ _ _ _ _ . _ _ . :V 1.1 Liauid Eff111ent~ Concentrations- ~

" ~-~ -

The concentration of radioactive material in liquid effluents .

(after dilution in the Circulating Water System) will be ,

limited to the concentrations as specified in 10 CFR 20,
'

Appendix B, Table 2, Column 2. For batch releases (Monitor ;

and Hotel Waste Tanks and Steam Generators) and for continuous
releases (Steam Generator Blowdown), the analyses will be '

performed in accordance.with Part II, Table 1, and the
concentration of each radionuclide at site discharge will be '

calculated, based on the following equation:

Radionuclide concentration at site discharge:

a, f
A3= F+f

f A, / wec, s1and .

2=1

i

,

Where:

concentration at site discharge for.A, =

radionuclide, i, in pCi/ml.

a, concentration of radionuclide, i, in the=

undiluted effluent in pCi/ml.

f undiluted effluent flowrate, in gpm. j
=

total diluted effluent flowrate in gpm.F =
;

water effluent concentration limit forweci =
,

radionuclide, i, per 10 CFR 20, Appendix B, ;

Table 2, Column 2. ;

i

a

.

FC/ODCM R2
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1.0 EFFLUENT CONCENTRATIONS :

.0~
_ ...__ - _ ;

NOTE: In' addition ~to the above defined method, Notes-1 through 4 |
of 10 CFR Part 20, Appendix B, will also be applicable.

~

1

1.2 Airborne Effluent Concentrations
.

'

The concentration at the unrescricted area boundary, due to
airborne effluent releases, will be limited to less than

,_

Appendix B, Table 2, Column 1, values. Radiation monitor i

alarm setpoints are established to ensure that these release ,

limits are not exceeded. In the event an airborne effluent
release from the station result in an alarm setpoint being
exceeded, an evaluation of the unrestricted area boundary
concentration resulting from the release will be performed:

To determine the concentration and air effluent concentration
(aec) fraction summation at the unrestricted area boundary, i

the following equations will be used:

(x/0)A3 = K, 03

.

O ~ '

hn

and }} A /aec, s 1j

l=1

Where:

Concentration of radionuclide, i, at theAi =

unrestricted area boundary

3Constant of unit conversion. (1E-6m /cc) _ ;Ko =

Air effluent goncentration limit (10 CFR 20,aeci *-

Appendix B, Table 2, Column 1 value for
radionuclide, 1)

|
The release rate of radionuclides i, in airborne-Qi -

.

effluents from all vent releases (in pCi/sec.)
,

'

5E-6 sec/md. For all vent releases. The(x/Q) =

highest calculated annual average relative
concentration for any area at or beyond the ;

unrestricted area boundary ,

FC/ODCM R2 '
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1.0 EFFLUENT CONCENTRATIONS

As ' appropriate, ~sbHH1baneous fEilbases ' f rom the Auxiliary
Building Ventilation Stack, Laboratory and Radwaste Building
Stack and condenser off gas will be considered in evaluating
compliance with the release rate limits of 10 CFR 20. Monitor
indications (readings) may be averaged over a time period not
to exceed 15 minutes when determining noble gas release rate
based on correlation of the monitor reading and monitor
sensitivity. Historical annual average dispersion parameters,
as presented in Table 3, may be used for evaluating the
airborne effluent dose rate.

NOTE: For administrative purposes, more conservative alarm
setpoints than those as prescribed above may be imposed.
However, conditions exceeding those more limiting alarm
setpoints do not necessarily indicate radioactive material
release rates exceeding 10 CFR 20 limits. Provided actual
releases do not result in radiation monitor indications
exceeding alarm setpoint values based upon the above criteria,
no further analyses are required for demonstrating compliance '

with 10 CFR 20.

2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS

2.1 Liouid Effluent Dose Calculations
.

*

Three pathways for human exposure to liquid releases from FCS
to the Missouri River exists: 1) fish, 2) drinking water,
and 3) Shoreline deposition. Fish are considered to be taken
from the vicinity of the plant discharge. The drinking water
for Omaha is located 19 miles downstream from FCS. The
dilution factors for these pathways are derived from the
Revised Environmental Report for FCS, (1974), (page 4-29 and
4-31) This report states that during Low-Low river
conditions, the concentration at Omaha's water intake will be
s14% of the concentration at discharge from FCS and will
average 3%. This equates to a dilution factor of 7.14, which
is used to calculate the maximum dose to an individual from
liquid pathways and a dilution factor of 33.33, for
calculating the average dose. All pathways combine to give
the dose to an individual in unrestricted areas.

10 CFR 50, App. I restricts the dose to individuals in the
unrestricted areas from radioactive materiale in liquid
effluents from the Fort Calhoun Station to the following
limits:

e during any calendar quarter
s1.5 mrem to total body
s5.0 mrem to any organ and

e during any calendar year
s 3.0 mrem to total body
s 10.0 mrem to any organ

FC/ODCM R2
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
(_,' 2.1 The following calculaUdonal methods shall' be used-for

determining the dose or dose commitment from liquid effluents.
Doses from Licuid Effluent Pathways

A. POTABLE WATER

' #'R,g = 1100 0;D,jgexp(-l t)j y
;-1

Where:
>

is the total annual dose to organ, j, of individualsR.opj =

of age group, a, from all of the radionuclides, i, in
pathway, p, in mrem /yr.

is a usage factor that specifies the intake rate forUp -

an individual of age group, a, associated with
pathway, p, in f/yr. Table 5

is the mixing ratio (reciprocal of the dilutionb( =

factor) at the point of withdrawal of drinking water,
- dimensionless. Table 3

3is the flow rate of the liquid effluent, in f t / sec.F =

is the annual release rate of radionuclide, i, inQi =

Ci/yr.

is the dose factor specific to a given age group, a,D,ipj =

radionuclide, i, pathway, p, and organ, j, which can
be used to calculate the radiation dose from an intake -

of a radionuclide, in mrem /pCi. Tables 12-15

is the radiological decay constant of radionuclide, 1,A =i
in hr'.

is the average transit time required for radionuclidest =p

to reach the point of exposure. For internal dose, tp
is the total time elapsed between release of the
radionuclides and ingestion of water, in hours.
Table 16

'

1100 3Constant (pCi * yr * f t /Ci * sec * L)-

O

FC/ODCM R2-
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
_ _ _ . . __ _.

2.1 B. AQ'UATI& FOODS--' - -- -
--

R,p3 = 1100 *fP 3 3pD,jpyexp(-1 t)0B 3 y
J=1

Where:

is the total annual dose to organ, j, of individuals ;R,pj =

of age group, a, from all of the radionuclides, i, in
pathway, p, in mrem /yr.

is a usage factor that specifies the intake rate forUp =

an individual of age group, a, associated with
pathway, p, in kg/yr. Table 5

is the mixing ratio (reciprocal of the dilutionM, =

factor) at the point of harvest of aquatic food,
dimensionless. Table 3

3is the flow rate of the liquid effluent, in f t /sec.F =

is the annual release rate of radionuclide, i, inQi -

Ci/yr.
,

Bip is the equilibrium bioaccumulation factor for=

radionuclide, i, in pathway, p, expressed as the ratio
of the concentration in biota (in pCi/kg) to the
radionuclide concentration in water (in pCi/ liter) , in
(pCi/kg)/(pCi/ liter). Table 2 ;

is the dose factor specific to a given age group, a,D ip; '=

radionuclide, i, pathway, p, and organ, j, which can
be used to calculate the radiation dose from an intake
of a radionuclide, in mrem /pC1. Tables 12-15

is the radiological decay constant of radionuclide, i,Ai - '

in hr-1

is the average transit time required for radionuclidest =p
to reach the point of exposure. For internal dose, tp
is the total time elapsed-between release of the
radionuclides and ingestion of food, in hours.
Table 16

3Constant (pCi * yr * f t /Ci * sec * L)
'

1100 '=

O
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

- s
. . . _ _ _ _ _ .y

2.1 C. SHORELINE DEPOSITS'~~ ~~ ' - - - -

-

|

* #R,g = 110, 0 0 0 OjT f,jg [exp (-l t ) ] [1-exp (-l e ) )j jy j3
fal

Where:

is the total annual dose to organ, j, of individualsR,p; =

of age group, a, from all of the radionuclides, i, in
pathway, p, in mrem /yr.

is a usage factor that specifies the exposure time forU,p -

an individual of age group, a, associated with
pathway, p, in hr/yr. Table 5

is the mixing ratio (reciprocal of the dilution ;My -

factor) at the point of exposure, dimensionless.
Table 3

is the shore-width factor, dimensionless. Table 16W =

3is the flow rate of the liquid effluent, in f t /sec.F =

() Qi
~

is the annual release rate of radionuclide, i, in=

Ci/yr.

Tip is the radioactive half life of radionuclide, i, in=

days.

is the dose factor specific radionuclide, i, which canD,ip) =

be used to calculate the radiation dose from exposure
to a given concentration of a radionu-c.'.ide in -

sediment, expressed as a ratio of the dose rate
(in mrem /hr) and the areal radionuclide concentration

2(in pCi/m ) . Table ?

is the radiological decay constant of radionuclide, i,Ai =

in hrd,

p is the average transit time required for radionuclidest =

to reach the point of exposure, in hours. Table 16

is the period of time for which sediment or soil istb =

exposed to the contaminated water, in hours. Table if

3 '110,000 - Constant [(100 * pCi * yr * f t ) / (Ci' * sec * L)]

(-s I

U
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

' 0 2.2 Airborne Effluent Dash Calculations -
-

,

2.2.1 Noble Gas

10 CFR 50, App. I, restricts the dose to individuals in
the unrestricted areas from noble gases in airborne
effluents from the Fort Calhoun Station to the following
limits:

.

During any calendar quartere
55 mrad-gamma air dose
510 mrad-beta air dose

and

e During any calendar year
s10 mrad-gamma air dose
s20 mrad-beta air dose

The following general equations shall be used to
calculate the gamma-air'and beta-air doses:

.

f

P

J

.

FC/ODCM R2
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) t

r*%

V Doses f rom Nobre Gaggh ~ ~ ~ ~ '- -

|

2.2 A. Annual Gamma / Beta Air Dose from All Other Noble Gas
Releases

t

DY (r,9) or DE(r,9) = 3 .17 x 10' Oj [x/O]"(r,9) (DF} or D ) i

Where:

DFI, DFT are the gamma and beta air dose factors for a=

uniform semi-infinite cloud of radionuclide, i, in
3mrad-m /pCi-yr. Table 1

ID (r,e) are the annual gamma and beta air doses at=

or distance r, in the sector at angle e, from the
bD (r,e) discharge point, in mrad /yr.

is the annual release rate of radionuclide, i,Qi =

in Ci/yr.

[x/Q)D(r,e) is the annual average gaseous dispersion factor=

3at distance r, in the sector at angle 9, in sec/m.
Table 3

O
_

3 .17x10' is the number of pci per ci divided by the number of {
=

seconds per year.

B. Annual Total Body Dose from All Other Noble Gas Releases

D{(r,9) = S,, x3 (r,9) DFB,
1=1

Where:

is the total body dose factor for a semi-infiniteDFBi =

cloud of the radionuclide, i, which includes the
2 3attenuation of 5 g/cm of tissue, in mrem-m /pCi-yr.

Table 1

D[(r,e) is the annual total body dose due to immersion in a=

semi-infinite cloud at distance r, in the sector at
angle e, in mrem /yr.

xi(r,e) is the annual average ground-level concentration of=

'

radionuclide, i, at distance r, in the sector at
3angle e, in pCi/m . Table 3 >

Shielding Factor. Table 16Sr -

FC/ODCM R2
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
O,

AnnualSkinbaseiromAltOther'NobleGasReleasesV 2.2 C.

|
|

xj (r,6) DF} + xj(r,6)DFSD,(r,9) = 1.11 Sr j

J=1 2*1

Where:

1Di(r,e) is the annual skin dose due to immersion in-

a semi-infinite cloud at distance r, in the
sector at angle e, in mrem /yr.

is the beta skin dose factor for aDFS =

semiinfinite cloud of radionuclide, i, in
3mrem-m /pCi-yr. Table 1

is the average ratio of tissue to air1.11 =
,

energy absorption coefficients.
i

2.2.2 Radiciodine, Tritium, and Particulates
,

10 CFR 50, App. I, restricts the dose to individuals in r

the unrestricted areas from radioactive materials in ;

gaseous airborne from the Fort Calhoun Station to:

* During any calendar quarter i
17.5 mrem to any organ '

and

* During any calendar year
s15 mrem to any organ :

t

The dose to an individual from radiciodines, radioactive
materials in particulate form, and radionuclides other ,

than noble gases with half-lives greater than 8 days in
,

airborne effluents released to unrestricted areas (See
Part III, Figure 1) should be determined by the
following expressions:

.

I

'{.

O

FC/ODCM R2
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

0~ In all ca[es7 for rbleases- of tritium, use-the !2.2 NOTE:
dispersion parameter for inhalation (x/Q).

~

A. Annual Organ Dose from External Irradiation from
Radioactivity Deposited on the Ground Plane

A.1 The ground plane concentration'of radionuclide, i, i
at distance r, in the sector at angle 0, with
respect to the release point, may be determined by:

221 lo (r,0) of)g) _ [1.ox10 s [1-exp (~A t ) 3jb

i

Where:
}

Cj is the ground plane concentration of=
,

'

the radionuclide, i, at distance r, in
the sector at angle 6, from the '

2release point, in pCi/m .

is the annual release rate ofQi =

radionuclide, i, to the atmosphere, in
Ci/yr.

is the time period over which thetb -

accumulation is evaluated, which is
assumed to be 15 years (mid-point of '

plant operating life). Table 16 '

;

6, ( r, 0 ) is the annual average relative-

deposition of radionuclide, i, at ,

distance r, in the sector at angle 6,
,

considering depletion of the plume by
deposition during transport, in m-2,
Table 3 i

1

is the radiological decay constant for |A =i
radionuclide, i, in yr''. I

12 is the number of pCi per Ci i
'

1.0x10 =

-

FC/ODCM R2
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) ,

.J 2.2 A.2 ~ The annual organ-doske isrthen calculated using the
following equation:

-
1

D (r,6) = 87 6 0 S,. Cf(r,6)DFGy
2*1

,

!

Where:

Cj(r,0) is the ground plane concentration of
'

=

radionuclide, i, at distance r, in the sector at
2angle 6, in pCi/m .

is the open field ground plane dose conversion .DFGy -

factor for organ, j, from radionuclide, i, !

2in mrem-m /pCi-hr. Table 7 ;

i

Dj(r,0) is the annual dose to the organ, j, at distance=

r, in the sector at angle 0, in mrem /yr.
1

is the shielding factor that accounts for theSr -

dose reduction due to shielding provided by
residential structures during occupancy,

O dimensionless. Table 16

is the number of hours in a year8760 =

t

I

>

t

i

i

,

FC/ODCM R2' i
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) 3

-O.
;

2.2 B. ~AnnualDosefrohInhalation'ofRadionuclidesinAir
B.1 The annual average airborne concentration of' -i

radionuclide, i, at distance r, in the sector at I

angle 6, with respect to the release point, may be
determined as:

,

i

xj(r,0) = 3.17 x 10*p [X/p]"(r,0) !j

!

Where:

Os is the annual release rate of=

radionuclide, i, to the l

atmosphere, in Ci/yr.

xi ( r,0 ) is the annual average ground-level :=

concentration of radionuclide,.1, [
in air at distance r, in the :
sector at angle 0, in pC1/m . 1

5

;

is the annual average atmosphere f
D[x/01 (r,0) =

dispersion factor, in'sec/d (see |R.G. 1.111). This includes o

()' depletion (for radiciodines'and
'

particulates) and radiological
decay of the plume. Table 3 ;

3.17x10' is the number of pCi/Ci divided by=

the number of sec/yr.

B.2 The annual dose associated with inhalation of all !
radionuclides to organ, j, of an individual in age i

group, a, is then: |
I

Dfg(r,6) = R, x3 (r,0) DFA33,
2-1

5
Where: :

D),( r,0 ) is the annual dose to organ, j, of an=

individual in the age group, a, at !
distance r, in the sector at angle 0, I
due to inhalation, in mrem /yr. !

-|
is the annual air intake for !R. =

individuals in the age group, a, in
3m /yr. Table 5

O.

FC/ODCM R2
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t
. !

is the inhalation dose factor for !DFAy, =

..7
.

- ~ . --. radionuclide , . i, organ, j, and age .

- --- -- groupra~,"in mrem /pci . Tables 8-11 !
1

I

i
-

f

- f

!
t
i

~

i
<

h

!

!
t

>

,

t

?

t

I

f

!
o

-

i

f
!

.|

i f
;

!
;

f

i

i
.

.

!
i

- !
!

t
i

i

!

I
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

2.2 C. " Concentrations of Radionuclides ^-in Foods and Vegetation
from Atmospheric Releases

~

,

,

C.1 Parameters for Calculating Concentrations in
Forage, Produce, and Leafy Vegetables, excluding
Carbon-14 and Tritium .

~* '' #* + d '' -* #C[(r,0) = d (r,0) i6 exp(-1 t )j 3 3

Where: ;

i

Cj(r,0) is the concentration of radionuclide,=

i, in and on vegetation at distance r,4

in the sector at angle 6, in pCi/kg.

d (r,0) is the deposition rate ofi =

radionuclide, i, at distance r, in the ;
2sector at angle.0, in pCi/m hr.

.

The deposition rate from the plume is defined by:
(Reg. Guide 1.109, Rev. 1, Page 1.209-26, Equa. C-6) t

d,(r,0) = 1.1 x 10 5 (r,0) 08
3 3

,

Where:

d (r,0) is the deposition rate ofi =

radionuclide, i. !

6 (r,0) is the relative deposition of '=i
radionuclide, i, considering !
depletion and decay, in m'2 (see '

Regulatory Guide 1.111). Table 3

8 is the number of pCi/Ci (1012) divided
,

1.1x10 =

by the number of hours per year !

(8760).

is the annual release rate of lQi =

radionuclide, i, to the atmosphere,
,Lin Ci/yr.

;

FC/ODCM R2
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) ;

- . . . . . - t

2.2 For radioiodines~,"~the'model considers'only the elemental
fraction of the effluent:

~

7di (r, 0) 5.5 x 10 si (r3 0) oi=

Where:

di (ri 0) = The deposition rate offradiciodine, i.
|

75.5 x 10 - The number of pCi/Ci.(1012) divided by the number
of hours per year-(8760), then multiplied by the
amount of radiciodine emissions considered to be
nonelemental (0.5).

(r, 0) = The relative deposition of radiciodine, i, |Si
considering depletion and decay, in m'2 Table 3. ,

t

Oi - The total (elemental and nonelemental)
,

radiciodine, i, emission rate.
i

r - is the fraction of deposited activity retained on
crops, dimensionless. Table 16

As = is the effective removal rate constant fore ,

radionuclide, i, from crops, in hrd.
,

AEi Ai+A"
w

0.0021/hr. Table 16A =w

t, - is the time period that crops are exposed to '

contamination during the growing season,'in hours. ,

Table 16 ;
i
'

Yv = is the agricultural productivity (yield) in kg
2(wet weight)/m . Table.16 [

Bv = is the concentration factor for uptake of :i
radionuclide, i, from soil by edible parts of. -|
crops, in pCi/ kg (wet weight) per pCi/kg dry
soil. Table 4

,

Ai - is the radiological decay constant of
j radionuclide, i, in hrd :

te = is the period of time for which sediment or soil
,

is exposed to the contaminated water, in hours )

(mid-point of plant life). Table 16 ,

P = is the effective " surface density" for soil, in kg !
2(dry soil)/m . Table 16

() tn - is the holdup time that represents the time .;
interval between harvest and consumption of the
food, in hours. Table 16

i

FC/ODCM R2 ,
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2.0 RADIOACTIVE EFFLUENT DOSE-CALCULATIONS (Continued)

Different values forl51e parameters t;'; -Yg, and tg,- may be used2.2
to allow the use of the Equation for different purposes:

4estimating concentrations in produce consumed by man; in leafy >

vegetables consumed by man; in forage consumed directly as
pasture grass by dairy cows, beef cattle, or goats; and in
forage consumed as stored feed by. dairy cows, beef cattle or
goats. See Table 16

C.2 Parameters for Calculating Radionuclide Concentration in
Milk, excluding Carbon-14 and Tritium

C.2.1 Parameters for Calculating the Concentration of
Radionuclide, i, in the Animal's Feed (Milk Cow,
Beef Cow, and Goat)

Cf(r,9) = f,f,Cf(r,6) + (1 - f,) Cf(r,6) + f,(1 - f,) Cf(r,6)

I

Where:

VQ (r,0) is the concentration of |=

!radionuclide, i, in the
animal's feed, in pCi/kg.

O Q"( r,0 ) is the concentration of=

radionuclide, i, on pasture
grass (calculated using |

Equation C.2.1 with t =0) , in -;h

pCi/kg.

Qs( r,0 ) is the concentration of=

radionuclide, i, in. stored
feeds (calculated using

,

Equation C.2.1 with '

t =90. days) , in pCi/kg.h

is the fraction of the yearf -p
that animals graze on pasture.

,

Table 16 '

is the fraction of daily feedf. =

that is pasture grass while the
animal grazes on pasture.
Table 16

O

FC/ODCM R2
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

O~
_. . . . . . _ . _ |

2.2 C.2.2 Parameters for Cal ~culating'Radionuclide
Concentration in Cow and Goat Milk !

Cf(r,8) F,c[(r,9) e, exp (-A,c )=
:f

Where: 5
r

q"(r,0) is the concentration of i-

radionuclide, i, in milk, [
in pCi/ liter.

VQ (r,0) is the concentration of-

radionuclide, i, in the animal's
feed, in pCi/kg. s

is the average fraction of.theF. = >

animal's daily intake of- i

radionuclide, i, which appears in '

each liter of milk, in days / liter. '

Table 4
|

is the amount of feed consumed byOr '-

the animal per day, in kg/ day.() Table 6

is the average transport time oft, -

the radionuclide, i, from the feed
,

!

to the milk and to the receptor (a
value of 2 days is assumed). ;

Table 16 '

is the radiological decay constantAi -

of radionuclide, i, in days", t

.

i

I

e

.

FC/ODCM R2
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

C.3 ~ Parameterskor Calculat171g~Radionuclide Concentration ins j~ 2.2
Cow Meat, excluding Carbon-14 and Tritium

(r,9) = F Cf(r,6) 0,. exp (- A ef)t,
f j

Where:

q'(r,0) is the concentration of radionuclide, 1, in=

meat, in pCi/ liter. ;

is the average fraction of the animal'sFy =

daily intake of radionuclide,-1, which
appears in each kilogram of flesh, in
days / kilogram. Table 4

is the average time from slaughter tot, =

consumption. Table 16

O
~

'

.

k

I

O
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.

.2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
. ( __ _ __

L 2.2 -C.4 Parameters for Calculating ~'the Carbon-14 Conce".trations
in Vegetation

Carbon-14 is assumed to be released in oxide form (CO or
CO ) . The concentration of Carbon-14 in vegetation is2

calculated by assuming that its ratio to the natural
carbon in vegetation is the same as the ratio of
Carbon-14 to natural carbon in the atmosphere ;

surrounding the vegetation. Also, in the case _of ;

intermittent releases, such as from gaseous waste decay
tanks, the parameter p is employed to account for the
fractional equilibrium ratio achieved. The parameter, ,

p, is defined as the ratio of the total annual release
time (for Carbon-14 atmospheric releases) to the total
annual time during which photosynthesis occurs (taken to
be 4400 hrs), under the condition that.the value of p
should never exceed unity. For continuous Carbon-14 !
releases, p is taken to be unity. These considerations
yield the following relationship:

c "4 (r,6) = 3.17 x lo'pp1, [x/o) (r,0) 0.11/o .16
|1

'

= 2.2 x 10 pO ,[x/O] (r,6) -7
1

IDlCIA:
i

Ci4 ( r,0 ) is the concentration of Carbon-14 in=

vegetation. grown at distance r, in the
sector at angle 0, in pCi/kg.

is the annual release rate of Carbon 14, inQu =

Ci/yr.
>

[x/Q] (r,0) is the atmospheric dispersion factor, in=

3sec/m Table 3.

4

is the fractional equilibrium ratio,p =

dimensionless. P=1 (Reg. Guide 1.109,
Rev. 1, pg. 26).

is the fraction of total plant mass that is0.11 -

natural carbon, dimensionless.

is equal to the concentration of natural0.16 =

carbon in the atmosphere, in g/nd.
7

O' is equal to3.17x10 =

2 3(1.0 x 10 pci/ci) (1.0 x 10 g/kg)
(3.15 x 10 sec/yr).

FC/ODCM R2
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2'.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) :

(J'
- ~ - - ~ '

2.2 C.5~ Parameters ~ for CalculatiTig Tritium Concentrations in
Vegetation '

.

The concentration of tritium in vegetation'is calculated
from its concentration in the air surrounding the ;

vegetation.

Cy(r,6) = 3.17 x 10 0rl%/D] (r,0) (0.7 5) (0. 5/H) {
7

,

= 1.2 x 10 0 {x/0) (r,6) /H7
7 .

t

Where:

Ci(r,0) is the concentration of Tritium in-
,

vegetation grown at distance r, in the
.

'

sector at angle 0, in pCi/kg. !

is the absolute humidity of the atmosphere iH =

at distance r, in the sector at angle 6, in
3g/m. H=8 gm/kg. |

is the annual release rate of' Tritium,
'

Or -

in Ci/yr.^

,

[x/Q] (r,0) is the atmospheric dispersion factor,=

3in sec/m . Table 3 .

0.5 is the ratio of tritium concentration in= '
,

plant water to tritium concentration in
atmospheric water, dimensionless. -

i

is the fraction of total plant mass that is0.75 -

water, dimensionless.

!

.i
i

.

O -

,

I

FC/ODCM R2
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2.0 . RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
q ---,;-.. - -i

2.2 D. " Annual Dose-from-Atmospherically' Released Radionuclides i
in Foods '

1

D.1 The total annual dose to organ, j, of an individual
in age-group, a, resulting from ingestion of all |
radionuclides in produce, milk, and leafy vegetables i
is given-by:

|
:

of,(r,0) - [ og (u!f,cI(r,0) + (c7(r,0) + u[c[(r.0) +zft,cf(r,0)) f
'

i

!
Where:

.

DD ,(r,0) is the annual' dose to organ,.j, of an-

individual in age group, a,-from i

dietary intake of atmospherically ;

released radionuclides, in mrem /yr. ,'
is the dose conversion factor'for theDFI j.i -

ingestion of radionuclide, i,. organ,
j, and age group, a, in mrem /pCi.
Tables 12-15.

'

U! , U",' , are the ingestion rates o_f produce=

. (non-leafy vegetables, fruits, and
grains); milk, meat, and leafy U',U!
vegetables, respectively for
individuals in age group, a. Table 5. ;

!

Values of F, and fe are 0.76 and 1.0, respectively.
!

,

I

I

i
t

>

,

i

.

O
.
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) i

0 dabc[lating the Ingested Dose-from Leafy2.2 - D.1.1
and Non-Leafy (produce) Vegetatioh for
Radionuclide, i, to~Each Organ, j, and Age
Group, a-

D[,(r,0) - Drr ,[dt.cI(r.0) + U!f,cI(r,0)]u
.

Where:
-

,

D], (r ,0 ) is the annual dose from=

the ingestion of
radionuclide, i, to organ,
j' of an individual in age,

group, a, from dietary
intake of atmospherically
released radionuclides in
vegetation, in mrem /yr.

DFIg. is the dose=
,

conversion factor
for the ingestion !

of radionuclide, i,
organ, j, and age
group, a, ;
in mr_em/pci.() Tables 12-15 ;

Uh, U! are the ingestion rates of=

leafy vegetables and
produce (non-leafy
vegetables, fruits, and
grains), for individuals
in age group, a, in kg/yr.
Table 5

C\ is the concentration of=

radionuclide, i, in and on
<

1eafy vegetation, in
pCi/kg. '

Ci is the concentration of=

radionuclide, i, in and on -

produce, in pCi/kg.

!
;
T

FC/ODCM R2
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. 1

2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) ,

-
_____._2 *

.

- Q 2.2 -- D .1- 2 Calculation Determining the Ingested Dose
from Cow Milk for Radionuclide, i,'O~rgan, j, ;

and Age Group, a. ;

i

D[,(r,0) = DFJ , fh(r,6)]g

I

Where: I'

D$, (r,0 ) is the annual dose from-

the ingestion of
radionuclide, i, organ, j,
of an individual in age
group, a, from dietary ,

intake of atmospherically
released radionuclides in
cow milk, in mrem /yr.

is the dose conversion IDFlj,i -

factor for the ingestion "

of radionuclide, i, organ,
j, and age group, a, in
mrem /pCi. Tables 12-15

O M is the ingestion rate of-cow -U, =

milk for individuals in age t

group, a, in f/yr. Table 5 !

.

C1 is the radionuclide=

concentration in cow milk, -

in pCi/kg. Equation C.2.2
,

i
t

!

-i

e

4
.

-

g

FC/ODCM R2
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'

,

~2.0 RADIOACTIVE EFFLUENT' DOSE CALCULATIONS (Continued)

b$1cubationDeterminingtheIngestedDose2.2 ~ D .17 3 '
~

,

from Meat for Radionuclide, i, to Organ, j,
and Age Group, a.

r[,(r,0) 3, %f(x,0))pr2

Where:
,

D], (r,0 ) = is the annual dose from the |
ingestion of radionuclide, 1,
organ, j, of an individual in
age group, a, from dietary-
intake of atmospherically
released radionuclides in meat,
in mrem /yr.,

DFIy, = is the dose conversion factor [
for the ingestion of i

radionuclide, i, organ, j, and i
age group, a, in mrem /pci. |
Tables 12-15 !

!

U', = is the ingestion rate of meat :
. for individuals in age group, a '

.

in kg/yr. Table 5.

C$ = is the radionuclide, i,
concentration in-meat, '

!in pCi/ kg.

:

I

i

:
a

i

;

!

!

.

FC/ODCM R2
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TABLE 1

e _
,.T 1 ~ ~ _ . , u.__ .. _ _ i

D0SE FACTORS FOR EXPOSURE TO A SEMI-INFINITE CLOUD OF NOBLE GASES |

bNuclide B-air *(DF l B-Skin * * (DFS,1 7- Air * (DF*il 7-Bodv* * (DFB li i

KR-83m 2.88E-04 -- 1.93E-05 7.56E-08

Ya- 85m 1.97E-03 1.46E-03 1.23E-03 1 17E-03

KR-85 1.95E-03 1.34E-03 1.72E-05 1.61E-05 i

KR-87 1.03E-02 9.73E-03 6.17E-03 5.92E-03

KR-88 2.93E-03 2.37E-03 1.52E-02 1.47E-02

KR-89 1.06E-02 1.01E-02 1.73E-02 1.66E.02
KR-90 7.83E-03 7.29E-03 1.63E-02 1.56E-02'

Xe-131m 1.11E-03 4.76E-04 1.56E-04 9.15E-05

Xe-133m 1.48E-03 9.94E-04 3.27E-04 2.51E-04

Xe-133 1.05E-03 3.06E-04 3.53E-04 2.94E-04

Xe-135m 7.39E-04 7.11E-04 3.36E-03 3.12E-03

Xe-135 2.46E-03 1.86E-03 1.92E-03 1.81E-03

Xe-137 1.27E-02 1.22E-02 1.51E-03 1.42E-03

Xe-138 4.75E-03 4.13E-03 9.21E-03 8.83E-03 .

Ar-41 3.28E-03 2.69E-03 9.30E-03 8.84E-03

,

.

3* mrad-m
;

pCi-yr
d

3** mrem-m
pCi-yr

,

4*** 2.88E-04 = 2.88 x 10

,

'

O

FC/ODCM R2
3
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,

e

.
TABLE 2 !

n . . - - . . .. .-

L' -

~ BIOACCUMULATIO2rFACTORS -

(pCi/kg per pCi/ liter)
!
.

FRESHWATER i

Element Fish Invertebrate

H 9.0E-01 9.0E-01
C 4.6E+03 9.1E+03
NA 1.0E+02 2.0E+02
P 1.0E+05 2.0E+04 '

CR 2.0E+02 2.0E+03
MN 4.0E+02 9.0E+04
FE 1.0E+02 3.2E+03
CO 5.0E+01 2.0E+02 -

NI 1.0E+02 1.0E+02
CU 5.0E+01 4.0E+02
ZN 2.CE+03 1.0E+04
BR 4.2E+02 3.3E+02
RB 2.0E+03 1.0E+03
SR 3.0E+01 1.0E+02
Y 2.5E+01 1.0E+03 ,

ZR 3.3E+00 6.7E+00 '

NB 3.0E+04 1.0E+02

O .

MO 1.0E+01 1.0E+01
TC 1.5E+01 5.0E+00
RU 1.0E+01 3.0E+02
RH 1.0E+01 3.0E+02 ;

TE 4.0E+02 6.1E+03 i-

I 1.5E+01 5.0E+00
CS 2.0E+03 1.0E+03
BA 4.0E+00 2.0E+02 -

LA 2.5E+01 1.0E+03
CE 1.0E+00 1.0E+03
PR 2.5E+01 1.0E+03 '

ND 2.5E+01 1.0E+03
W 1.2E+03 1.0E+01
NP 1.0E+01 4.0E+02

'

i

t

()
:

FC/ODCM R2
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TABLE 3
3(y- CONTROLLING LbbATIONS's -PATHWAYS AND -

;
,

ATMOSPHERIC DISPERSION FOR DOSE CALCULATIONS
,

7

Atmospheric Discersion
x/Q D/Q

Controlling (x/Q (r, e) )
(6 (. ,3)r e))

3Location Pathway (s) Ace Grouc Jsec/m ) (1/m

Unrestricted Noble Gases N/A 5.0E-06 N/A
Area Boundary Direct

Exposure

Unrestricted Inhalation Child 5.0E-06 N/A
Area Boundary

Unrestricted Gamma-Air N/A 5.0E-06 N/A
Area Boundary Beta-Air

Miller Farm * milk, ground Child 5.0E-06 1.6E-08
0.8 miles plane, meat,
SSW inhalation,

and vegetation

Site Liquid N/A Mixing 7.14
Discharge Ratio, Nb

M.U.D. Liquid N/A Mixing 30.8
Intake Ratio, M '

Location is subject to change depending on the results of the Lanc Use*

survey performed annually in accordance with Part II, Section 5.4

0
.

FC/ODCM R2
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TABLE 4
.

~

STABk[E'TLEMENT TRANSFER DATA -
-

Bv Fm (Cow) F,i
Element Veo/ Soil Milk (d/A) Meat (d/ko)

H 4.8E+00 1.0E-02 1.2E-02 '

C 5.5E+00 1.2E-02 3.1E-02
Na 5.2E-02 4.0E-02 3.0E-02
P 1.1E+00 2.5E-02 4.6E-02
Cr 2.5E-04 2.2E-03 2.4E-03
Mn 2.9E-02 2.5E-04 8.0E-04
Fe 6.6E-04 1.2E-03 4.0E-02
Co 9.4E-03 1.0E-03 1.3E-02
Ni 1.9E-02 6.7E-03 5.3E-02
Cu 1.2E-01 1.4E-02 8.0E-03
Zn 4.0E-01 3.9E-02 3.0E-02
Rb 1.3E-01 3.0E-02 3.1E-02 .

Sr 1.7E-02 8.0E-04 6.0E-04
Y 2.6E-03 1.0E-05 4.6E-03
Zr 1.7E-04 5.0E-06 3.4E-02

*

Nb 9.4E-03 2.5E-03 2.8E-01
Mo 1.2E-01 7.5E-03 8.0E-03
Tc 2.5E-01 2.5E-02 4.0E-01
Ru 5.0E-02 1.0E-06 4.0E-01
Rh 1.3E+01 1.0E-02 1;.5E-03
Ag 1.5E-01 5.0E-02 1.7E-02
Te 1.3E+00 1.0E-03 7.7E-02'-

I 2.0E-02 6.0E-03 2.9E-03
Cs 1.0E-02 1.2E-02 4.0E-03
Ba 5.0E-03 4.0E-04 3.2E-03
La 2.5E-03 5.0E-06 2.0E-04
Ce 2.5E-03 1.0E-34 1.2E-03
Pr 2.5E-03 5.0E-06 4.7E-03
Nd 2.4E-03 5.0E-06 3.3E-03

'W 1.8E-02 5.0E-04 1.3E-03
Np 2.5E-03 5.0E-06 2.0E-04

|

|

!
:

I

[
l

;
i

FC/ODCM R2
\
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TABLE 5

RECOMMENDED VALUES FOR~ UhO BE USED FOR ~ THE - MAXIMUM--EXPOSED
INDIVIDUAL IN LIEU OF SITE SPECIFIC DATA

Pathway Infant Child Teen Adult

Fruits, vegetables, &
grain (kg/yr) - 520 630 520

Leafy vegetables
(kg/yr)

'

26 42 64-

Milk ( t /yr) 330 330 400 310

Meat & poultry
(kg/yr) - 41 65 110

,

Fish (fresh or salt)
(kg/yr) - 6.9 16 21

Other Seafood (kg/yr) - 1.7 3.8 5

Drinking water (t/yr) 330 510 510 730

Shoreline recreation
(hr/yr) - 14 67

~ '

12

3Inhalation (m /yr) 1400 3700 8000 8000 -

TABLE 6

ANIMAL CONSUMPTION RATES

'

Or QAw
Feed or Forage Water

Animal IKo/ day (wet weich)1 (t/dav) :

Milk Cow 50 60

Beef Cattle 50 50

Goats 6 8

O

FC/ODCM R2
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,

TABLE 7
% _- - - - . -- Page 1 of 2

EXTERNAL DOSE ~ FACTORS ~FOR STANDING ~ON CONTAMINATED-GROUND
2'

(mrem /hr per pCi/m)
-

ELEMENT TOTAL BODY SKIN
H-3 0.0 0.0
C-14 0.0 0.0 ,

NA-24 2.50E-08 2.90E-08
P-32 0.0 0.0
Cr-51 2.20E-10 2.60E-10
Mn-54 5.80E-09 6.80E-09
Mn-56 1.10E-08 1.30E-08
Fe-55 0.0 0.0
Fe-59 8.00E-09 9.40E-09
Co-58 7.00E-09 8.20E-09
Co-60 1.70E-00 2.00E-08
Ni-63 0.0 0.0
Nr-65 3.70E-09 4.30E-09
Cu-64 1.50E-09 1.70E-09
Zn-65 4.00E-09 4.60E-09
Zn-69 0.0 0.0
Br-83 6.40E-11 9.30E-11 *

Br-84 1.20E-08 1.40E-08
Br-85 0.0 0.0
Rb-86 6.30E-10 7.20E-10
Rb-88 3.50E-09 4.00E-09

_O Rb-89 1.50E-08 1.80E-08
Sr-89 5.60E-13 6.50E-13
Sr-91 7.10E-09 8.30E-09
Sr-92 9.00E-09 1.00E-08
Y-90 2.20E-12 2.60E-12

Y-91M 3.80E-09 4.40E-09
Y-91 2.40E-11 2.70E-11
Y-92 1.60E-09 1.90E-09
Y-93 5.70E-10 7.80E-10
Zr-95 5.00E-09 5.80E-09
Zr-97. 5.50E-09 6.40E-09
Nb-95 5.10E-09 6.00E-09
Mo-99 1.90E-09 2.20E-09
Tc-99M 9.60E-10 1.10E-09

'

Tc-101 2.70E-09 3.00E-09
Ru-103 3.60E-09 4.20E-09
Ru-105 4.50E-09 5.10E-09
Ru-106 1.50E-09 1.80E-09 '

Ag-110M 1.80E-08 2.10E-08
Te-125M 3.50E-11 4.80E-11
Te-127M 1.10E-12 1.30E-12
Te-127 1.00E-11 1.10E-11

Te-129M 7.70E-10 9.00E-10 '

Te-129 7.10E-10 8.40E-10
Te-131M 8.40E-09 9.90E-09

O Te-131 2.20E-09 2.60E-06
Te-132 1.70E-09 2.00E-09
I-130 1.40E-08 1.70E-08

FC/ODCM R2

._ _ _ _ _ __ _



FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 105 OF 120

TABLE 7
/ .. - 4 Continued)

- - - - - __ . _ . . . ~ ~
~ P e 2 of 2

EXTERNAL DOSE FACTORS FOR STANDING ON CONTAMINATED GROUND
2(mrem /hr per pCi/m )

ELEMENT TOTAL BODY SKIN
I-131 2.80E-09 3.40E-09
I-132 1.70E-08 2.00E-08
I-133 3.70E-09 4.50E-09
I-134 1.60E-08 1.90E-08
I-135 1.20E-08 1.40E-08
Cs-134 1.20E-08 1.40E-08
Cs-136 1.50E-08 1.70E-08
Cs-137 4.20E-09 4.90E-09
Cs-138 2.10E-08 2.40E-08
Ba-139 2.40E-09 2.70E-09
Ba-140 2.10E-09 2.40E-09
Ba-141 4.30E-09 4.90E-09
Ba-142 7.90E-09 9.00E-09
La-140 1.50E-08 1.70E-08
La-142 1.50E-08 1.80E-08
Ce-141 5.50E-10 6.20E-10
Ce-143 2.20E-09 2.50E-09
Ce-144 3.20E-10 3.70E-10
Pr-143 0.0 0.0
Pr-144 2.00E-10 2.30E-10

O Nd-147 1.00E-09 1.20E-09
,

W-187 3.10E-09 3.60E-09
Np-239 9.50E-10 1.10E-09

O

FC/ODCM R2
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TABLE 8

O - ~'(mrem per pCi Tnhaled)- -
-

INHALATION DOSE FACTORS FOR ADULT ;

Page 1 of 2

Uuclide Bone Liver T. Body Thyroid Kidney Luna GI-LLI

H 3 - 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07-
C 14 2.27E-06 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07
NA 24 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06

P 32 1.65E-04 9.64E-06 6.26E-06 - - - 1.08E-05
CR 51 - - 1.25E-08 7.44E-09 2.85E-09 1.80E-06 4.15E-07
MN 54 - 4.95E-06 7.87E-07 - 1.23E-06 1.75E-04 9.67E-06 <

MN 56 - 1.55E-10 2.29E-11 - 1.63E-10 1.18E-06 2.53E-06
FE 55 3.07E-06 2.12E-06 4.93E-07 - - 9.01E-06 7.54E-07
FE 59 1.47E-06 3.47E-06 1.32E-06 - - 1.27E-04 2.35E-05

CO 58 - 1.98E-07 2.59E-07 - - 1.16E-04 1.33E-05
CO 60 - 1.44E-06 1.85E-06 - - 7.46E-04 3.56E-05
NI 63 5.40E-05 3.93E-06 1.81E-06 - - 2.23E-05 1.67E-06

NI 65 1.92E-10 2.62E-11 1.14E-11 - - 7.00E-07 1.54E-06
CU 64 - 1.83E-10 7.69E-11 - 5.78E-10 8.48E-07 6.12E-06
ZN 65 4.05E-06 1.29E-05 5.82E-06 - 8.62E-06 1.08E-04 6.68E-06

J 69 4.23E-12 8.14E-12 5.65E-13 - 5.27E-12 l'.15E-07 2.04E-09
uA 83 - - 3.01E-08 - - - 2.90E-08
BR 84 - - 3.91E-08 - - - 2.05E-13

BR 85 - - 1.60E-09 - - - LT E-24
RB 86 - 1.69E-05 7.37E-06 - - - 2.08E-06
RB 88 - 4.84E-08 2.41E-08 - - - 4.18E-19 ,

RB 89 - 3.20E-08 2.12E-08 - - - 1.16E-21
SR 89 3.80E-05 - 1.09E-06 - - 1.75E-04 4.37E-05
SR 90 1.24E-02 - 7.62E-04 - - 1.20E-03 9.02E-05

SR 91 7.74E-09 - 3.13E-10 - - 4.56E-06 2.39E-05
SR 92 8.43E-10 - 3.64E-11 - - 2.06E-06 5.38E-06
Y 90 2.61E-07 - 7.01E-09 - - 2.12E-05 6.32E-05

Y 91M 3.26E-11 - 1.27E-12 - - 2.40E-07 1.66E-10
Y 91 5.78E-05 - 1.55E-06 - - 2.13E-04 4.81E-05
Y 92 1 29E-09 - 3.77E-11 - - 1.96E-06 9.19E-06

Y 93 1.18E-08 - 3.26E-10 - - 6.06E-06 5.27E-05
ZR 95 1.34E-05 4.30E-06 2.91E-06 - 6.77E-06 2.21E-04 1.88E-05
ZR 97 1.21E-08 2.45E-09 1.13E-09 - 3.71E-09 9.84E-06 6.54E-05

NB 95 1.76E-06 9.77E-07 5.26E-07 - 9.67E-07 6.31E-05 1.30E-05
99 - 1.51E-08 2.87E-09 - 3.64E-08 1.14E-05 3.10E-05

/ 99M 1.29E-13 3.64E-13 4.63E-12 - 5.52E-12 9.55E-08 5.20E-07

FC/ODCM R2
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TABLE 8 !''

INHALATION DOSE. FACTORS FOR ADULT,

- (mrem per pCi -Inhaled)- -
-

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI
'

TC 101 5.22E-15 7.52E-15 7.38E-14 - 1.35E-13 4.99E-08 1.36E-21
RU 103 1.91E-07 - 8.23E-08 7.29E-07 6.31E-05 1.38E-05-

RU 105 9.88E-11 - 3.89E-11 - 1.27E-10 1.37E-06 6.02E-06.

RU 106 8.64E-06 - 1.09E-06 - 1.67E-05 1.17E-03 1.14E-04
AG 110M 1.35E-06 1.25E-06 7.43E-07 - 2.46E-06 5.79E-04 3.78E-05
TE 125M 4.27E-07 1.98E-07 5.84E-08 1.31E-07 1.55E-06 3.92E-05 8.83E-06

TE 127M 1.58E-06 7.21E-07 1.96E-07 4.11E-07 5.72E-06 1.20E-04 1.87E-05
TE 127 1.75E-10 8.03E-11 3.87E-11 1.32E-10 6.37E-10 8.14E-07 7.17E-06
TE 129M 1.22E-06 5.84E-07 1.98E-07 4.30E-07 4.57E-06 1.45E-04 4.79E-05 !

TE 129 6.22E-12 2.99E-12 1.55E-12 4.87E-12 2.34E-11 2.42E-07 1.96E-08
TE 131M 8.74E-09 5.45E-09 3.63E-09 6.88E-09 3.86E-08 1.82E-05 6.95E-05
TE 131 1.39E-12 7.44E-13 4.49E-13 1.17E-12 5.46E-12 1.74E-07 2.30E-09

TE 132 3.25E-08 2.69E-08 2.02E-08 2.37E-08 1.82E-07 3.60E-05 6.37E-05
I 130 5.72E-07 1.68E-06 6.60E-07 1.42E-04 2.61E-06 - 9.61E-07
I 131 3.15E-06 4.47E-06 2.56E-06 1.49E-03 7.66E-06 - 7.85E-07

132 1.45E-07 4.07E-07 1.45E-07 1.43E-05 6.48E-07
-

5.08E-08-

133 1.08E-06 1.85E-06 5.65E-07 2.69E-04. 3.23E-06 - 1.11E-06
I 134 8.05E-08 2.16E-07 7.69E-08 3.73E-06 3.44E-07 - 1.26E-10

I 135 3.35E-07 8.73E-07 3.21E-07 5.60E-05 1.39E-06 - 6.56E-07
CS 134 4.66E-05 1.06E-04 9.10E-05 - 3.59E-05 1.22E-05 1.30E-06
CS 136 4.88E-06 1.83E-05 1.38E-05 - 1.07E-05 1.50E-06 1.46E-06

CS 137 5.98E-05 7.76E-05 5.35E-05 - 2.78E-05 9.40E-06 1.05E-06
CS 138 4.14E-08 7.76E-08 4.05E-08 - 6.00E-08 6.07E-09 2.33E-13
BA 139 1.17E-10 8.32E-14 3.42E-12 - 7.78E-14 4.70E-07 1.12E-07

.

BA 140 4.88E-06 6.13E-09 3.21E-07 - 2.09E-09 1.59E-04 2.73E-05
i

BA 141 1.25E-11 9.41E-15 4.20E-13 - 8.75E-15 2.42E-07 1.45E-17 '

BA 142 3.29E-12 3.38E-15 2.07E-13 - 2.86E-15 1.49E-07 1.96E-26 |

LA 140 4.30E-08 2.17E-08 5.73E-09 - - 1.70E-05 5.73E-05
LA 142 8.54E-11 3.88E-11 9.65E-12 - - 7.91E-07 2.64E-07
CE 141 2.49E-06 1.69E-06 1.91E-07 - 7.83E-07 4.52E-05 1.50E-05

CE 143 2.33E-08 1.72E-08 1.91E-09 - 7.60E-09 9.97E-06 2.83E-05
CE 144 4.29E-04 1.79E-04 2.30E-05 - 1.06E-04 9.72E-04 1.02E-04
PR 143 1.17E-06 4.69E-07 5.80E-08 - 2.70E-07 3.51E-05 2.50E-05

PR 144 3.76E-12 1.56E-12 1.91E-13 - 8.81E-13 1.27E-07 2.69E-18

0 147
6.59E-07 7.62E-07 4.56E-08 - 4.45E-07 2.76E-05 2.16E-05

187 1.06E-09 8.85E-10 3.10E-10 - - 3.63E-06 1.94E-05,

NP 239 2.87E-08 2.82E-09 1.55E-09 - 8.75E-09 4.70E-06 1.49E-05

FC/ODCM R2
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FORT CALHOUN STATION CH-ODCM-0001 ;

CHEMISTRY PROCEDURE PAGE 108 OF 120

TABLE 9

O - - (mrem per pCi -Inhaled)- -

INHALATION DOSE. FACTORS FOR TEENAGER

Page 1 of 2>

,

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H 3 - 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07
C 14 3.25E-06 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07
NA 24 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06

P 32 2.36E-04 1.37E-05 8.95E-06 - - -- 1.16E-05
CR 51 - - 1.69E-08 9.37E-09 3.84E-09 2.62E-06 3.75E-07
MN 54 - 6.39E-06 1.05E-06 - 1.59E-06 2.48E-04 8.35E-06

r

MN 56 - 2.12E-10 3.15E-11 - 2.24E-10 1.90E-06 7.18E-06
FE 55 4.18E-06 2.98E-06 6.93E-07 - - 1.55E-05 7.99E-07
FE 59 1.99E-06 4.62E-06 1.79E-06 - - 1.91E-04 2.23E-05 >

,

CO 58 - 2.59E-07 3.47E-07 - - 1.68E-04 1.19E-05
CO 60 - 1.89E-06 2.48E-06 - - 1.09E-03 3.24E-05 '

NI 63 7.25E-05 5.43E-06 2.47E-06 - - 3.84E-05 1.77E-06
'

NI 65 2.73E-10 3.66E-11 1.59E-11 - - 1.17E-06 4.59E-06
CU 64 - 2.54E-10 1.06E-10 - 8.01E-10 1.39E-06 7.68E-06

'

ZN 65 s.S2E-06 1.67E-05' 7.80E-06 - 1.08E-05 1.55E-04 5.83E-06 -

~

69 6.04E-12 1.15E-11 8.07E-13 - 7.53E-12 1.98E-07 3.56E-08
8 83 - - 4.30E-08 - - - LT E-24
BR 84 - - 5.41E-08 - - - LT E-24

BR 85 - - 2.29E-09 - - - LT E-24
RB 86 - 2.38E-05 1.05E-05 - - - 2.21E-06
RB 88 - 6.82E-08 3.40E-08 - - - 3.65E-15 '

RB 89 - 4.40E-08 2.91E-08 - - - 4.22E-17
SR 89 5.43E-05 - 1.56E-06 - - 3.02E-04 4.64E-05 '

,

SR 90 1.35E-02 - 8.35E-04 - - 2.06E-03 9.56E-05 t

SR 91 1.10E-08 - 4.39E-10 - - 7.59E-06 3.24E-05
SR 92 1.19E-09 - 5.08E-11 - - 3.43E-06 1.49E-05
Y 90 3.73E-07 - 1.00E-08 - - 3.66E-05 6.99E-05 ;

Y 91M 4.63E-11 - 1.77E-12 - - 4.00E-07 3.77E-09
Y 91 8.26E-05 - 2.21E-06 - - 3.67E-04 5.11E-05 I

Y 92 1.84E-09 - 5.36E-11 - - 3.35E-06 2.06E-05
i

Y 93 1.69E-08 - 4.65E-10 - - 1.04E-05 7.24E-05
ZR 95 1.82E-05 5.73E-06 3.94E-06 - 8.42E-06 3.36E-04 1.86E-05 .,

ZR 97 1.72E-08 3.40E-09 1.57E-09 - 5.15E-09 1.62E-05 7.88E-05 '!

NB 95 2.32E-06 1.29E-06 7.08E-07 - 1.25E-06 9.39E-05 1.21E-05 [

0 * 99
- 2.11E-08 4.03E-09 - 5.14E-08' 1.92E-05 3.36E-05- -

99M 1.73E-13 4.83E-13 6.24E-12 - 7.20E-12 1.44E-07 7.66E-07 ;

*

FC/ODCM R2 ,
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 109 OF 120

|

TABLE 9

O, - "(mrem per pCi ' Inhaled)- -

INHALATION DOSE _ FACTORS FOR TEENAGER

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI i

TC 101 7.40E-15 1.05E-14 1.03E-13 - 1.90E-13 8.34E-08 1.09E-16 ',RU 103 2.63E-07 - 1.12E-07 - 9.29E-07 9.79E-05 1.36E-05
RU 105 1.40E-10 - 5.42E-11 - 1.76E-10 2.27E-06 1.13E-05

'

RU 106 1.23E-05 - 1.55E-06 - 2.38E-05 2.01E-03 1.20E-04
AG 110M 1.73E-06 1.64E-06 9.99E-07 - 3.13E-06 8.44E-04 3.41E-05 :TE 125M 6.10F-07 2.80E-07 8.34E-08 1.75E-07 - 6.70E-05 9.38E-06

TE 127M 2.25E-06 1.02E-06 2.73E-07 5.48E-07 8.17E-06 2.07E-04 1.99E-05
TE 127 2.51E-10 1.14E-10 5.52E-11 1.77E-10 9.10E-10 1.40E-06 1.01E-05
TE 129M 1.74E-06 8.23E-07 2.81E-07 5.72E-07 6.49E-06 2.47E-04 5.06E-05

TE 129 8.87E-12 4.22E-12 2.20E-12 6.48E-12 3.32E-11 4.12E-07 2.02E-0/
TE 131M 1.23E-08 7.51E-09 5.03E-09 9.06E-09 5.49E-08 2.97E-05 7.76E-05'
TE 131 1.97E-12 1.04E-12 6.30E-13 1.55E-12 7.72E-12 2.92E-07 1.89E-09

TE 132 4.50E-08 3.63E-08 2.74E-08 3.07E-08 2.44E-07 5.61E-05 5.79E-05 I
I 130 7.80E-07 2.24E-06 8.96E-07 1.86E-04 3.44E-06 - 1.14E-06
I 131 4.43E-06 6.14E-06 3.30E-06 1.83E-03 1.05E-05 - 8.11E-07 >

132 1.99E-07 5.47E-07 1.97E-07 1.89E-05 8.65E-07
~

1.59E-07- i

133 1.52E-06 2.56E-06 7.78E-07 3.65E-04 4.49E-06 - 1.29E-06
'

I 134 1.11E-07 2.90E-07 1.05E-07 4.94E-06 4.58E-07 - 2.55E-09
'

I 135 4.62E-07 1.18E-06 4.36E-07 7.76E-05 1.86E-06 - 8.69E-07
CS 134 6.28E-05 1.41E-04 6.86E-05 - 4.69E-05 1.83E-05 1.22E-06
CS 136 6.44E-06 2.42E-05 1.71E-05 - 1.38E-05 2'.22E-06 1.36E-06

'

CS 137 8.38E-05 1.06E-04 3.89E-05 - 3.80E-05 1.51E-05 1.06E-06
CS 138 5.82E-08 1.07E-07 5.58E-08 - 8.28E-08 9.84E-09 3.38E-11 :
BA 139 1.67E-10 1.18E-13 4.87E-12 - 1.11E-13 8.08E-07 8.06E-07

BA 140 6.84E-06 8.38E-09 4.40E-07 - 2.85E-09 2.54E-04 2.86E-05
BA 141 1.78E-11 1.32E-14 5.93E-13 - 1.23E-14 4.11E-07 9.33E-14 |

BA 142- 4.62E-12 4.63E-15 2.84E-13 - 3.92E-15 2.39E-07 5.99E-20

LA 140 5.99E-08 2.95E-08 7.82E-09 - - 2.68E-05 6.09E-05- -

LA 142 1.20E-10 5.31E-11 1.32E-11 - - 1.27E-06 1.50E-06
CE 141 3.55E-06 2.37E-06 2.71E-07 - 1.11E-06 7.67E-05 1.58E-05 !

|

CE 143 3.32E-08 2.42E-08 2.70E-09 - 1.08E-08 1.63E-05 3.19E-05 |
CE 144 6.11E-04 2.53E-04 3.28E-05 - 1.51E-04 1.67E-03 1.08E-04 |

PR 143 1.67E-06 6.64E-07 8.28E-08 - 3.86E-07 6.04E-05 2.67E-05

PR 144 5.37E-12 2.20E-12 2.72E-13 1.26E-12 2.19E-07 2.94E-14 !
-

O 147
9.83E-07 1.07E-06 6.41E-08 6.28E-07 4.65E-05 2.28E-05 :-

187 1.50E-09 1.22E-09 4.29E-10 '- - 5.92E-06 2.21E-05,

NP 239 4.23E-08 3.99E-09 2.21E-09 - 1.25E-08 8.11E-06 1.65E-05

FC/ODCM R2
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 110 OF 120

TABLE 10

O, ~ - (mrem per pCi 7nhaled)~ ~
-

INHALATION DOSE FACTORS FOR CHILD
'

Page 1 of 2

Nuclide Bone Liver _T. Body Thyroid Kidney Luno GI-LLI
i

H 3 - 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07
C 14 9.70E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06
NA 24 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06

P 32 7.04E-04 3.09E-05 2.67E-05 - - - 1.14E-05
CR 51 - - 4.17E-08 2.31E-08 6.57E-09 4.59E-06 2.93E-07-
MN 54 - 1.16E-05 2.57E-06 - 2.71E-06 4.26E-04 6.19E-06

MN 56 - 4.48E-10 8.43E-11 - 4.52E-10 3.55E-06 3.33E-05
FE 55 1.28E-05 6.80E-06 2.10E-06 - - 3.00E-05 7.75E-07
FE 59 5.59E-06 9.04E-06 4.51E-06 - - 3.43E-04 1.91E-05

CO 58 - 4.79E-07 8.55E-07 - - 2.99E-04 9.29E-06
,

CO 60 - 3.55E-06 6.12E-06 - - 1.91E-03 2.60E-05
NI 63 2.22E-04 1.25E-05 7.56E-06 - - 7.43E-05 1.71E-06

NI 65 8.08E-10 7.99E-11 4.44E-11 - - 2.21E-06 2.27E-05-
CU 64 - 5.39E-10 2.90E-10 - 1.63E-09 2.59E-06 9.92E-06
ZN 65 1.15E-05 3.06E-05 1.90E-05 - 1.93E-05 2.69E-04 4.41E-06

~

69 1.81E-11 2.61E-11 2.41E-12 - 1.58E-11 3.84E-07 2.75E-06
d 83 - - 1.28E-07 - - - LT E-24
BR 84 - - 1.48E-07 - - - LT E-24

BR 85 - - 6.84E-09 - - - LT E-24
RB 86 - 5.36E-05 3.09E-05 - - - 2.16E-06
RB 88 - 1.52E-07 9.90E-08 - - - 4.66E-09

RB 89 - 9.33E-08 7.85E-08 - - - 5.11E-10
SR 89 1.62E-04 - 4.66E-06 - - 5.83E-04 4.52E-05 r

SR 90 2.73E-02 - 1.74E-03 - - 3.99E-03 9.28E-05

SR 91 3.28E-08 - 1.24E-09 - - 1.44E-05 4.70E-05
SR 92 3.54E-09 - 1.42E-10 - - 6.49E-06 6.55E-05
Y 90 1.11E-06 - 2.99E-08 - - 7.07E-05 7.24E-05 '

Y 91M 1.37E-10 - 4.98E-12 - - 7.60E-07 4.64E-07
Y 91 2.47E-04 - 6.59E-06 - - 7.10E-04 4.97E-05
Y 92 5.50E-09 - 1.57E-10 - - 6.46E-06 6.46E-05 *

Y 93 5.04E-08 - 1.38E-09 - - 2.01E-05 1.05E-04
ZR 95 5.13E-05 1.13E-05 1.00E-05 - 1.61E-05 6.03E-04 1.65E-05 ,

ZR 97 5.07E-08 7.34E-09 4.32E-09 - 1.05E-08 3.06E-05 9.49E-05.

NB 95 6.35E-06 2.48E-06 1.77E-06 2.33E-06 1 66E-04 1.00E-05-

099
- 4.66E-08 1.15E-08 - 1.06E-07 3.66E-05 3.42E-05

99M 4.81E-13 9.41E-13 1.56E-11 - 1.37E-11 2.57E-07 1.30E-06

FC/ODCM R2
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 111 OF 120

TABLE 10

O^ - (mrem per pCi Inhaled)- --

INHALATION DOSE FACTORS FOR CHILD

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luna GI-LLI

TC 101 2.19E-14 2.30E-14 2.91E-13 - 3.92E-13 1.58E-07 4.41E-09
RU 103 7.55E-07 - 2.90E-07 - 1.90E-06 1.79E-04 1.21E-05
RU 105 4.13E-10 - 1.50E-10 - 3.63E-10 4.30E-06 2.69E-05

RU 106 3.68E-05 - 4.57E-06 - 4.97E-05 3.87E-03 1.16E-04
AG 110M 4.56E-06 3.08E-06 2.47E-06 - 5.74E-06 1.48E-03 2.71E-05
TE 125M 1.82E-06 6.29E-07 2.47E-07 5.20E-07 - 1.29E-04 9.13E-06

TE 127M 6.72E-06 2.31E-06 8.16E-07 1.64E-06 1.72E-05 4.00E-04 1.93E-05
TE 127 7.49E-10 2.57E-10 1.65E-10 5.30E-10 1.91E-09 2.71E-06 1.52E-05
TE 129M 5.19E-06 1.85E-06 8.22E-07 1.71E-06 1.36E-05 4.76E-04 4.91E-05

TE 129 2.64E-11 9.45E-12 6.44E-12 1.93E-11 6.94E-11 7.93E-07 6.89E-06
TE 131M 3.63E-08 1.60E-08 1.37E-08 2.64E-08 1.08E-07 5.56E-05 8.32E-05
TE 131 5.87E-12 2.28E-12 1.78E-12 4.59E-12 1.59E-11 5.55E-07 3.60E-07

TE 132 1.30E-07 7.36E-08 7.12E-08 8.58E-08 4.79E-07 1.02E-04 3.72E-05
I 130 2.21E-06 4.43E-06 2.28E-06 4.99E-04 6.61E-06 - 1.38E-06
I 131 1.30E-05 1.30E-05 7.37E-06 4.39E-03 2.13E-05 - 7.68E-07

132 5.72E-07 1.10E-06 5.07E-07 5.23E-05 1.69E-06 - 8.65E-07
133 4.48E-06 5.49E-06 2.08E-06 1.04E-03 9.13E-06 - 1.48E-06

,

I 134 3.17E-07 5.84E-07 2.69E-07 1.37E-05 8.92E-07 - 2.58E-07

I 135 1.33E-06 2.36E-06 1.12E-06 2.14E-04 3.62E-06 - 1.20E-06
CS 134 1.76E-04 2.74E-04 6.07E-05 - 8.93E-05 3.27E-05 1.04E-06
CS 136 1.76E-05 4.62E-05 3.14E-05 - 2.58E-05 3.93E-06 1.13E-06

CS 137 2.45E-04 2.23E-04 3.47E-05 - 7.63E-05 2.81E-05 9.78E-07
CS 138 1.71E-07 2.27E-07 1.50E-07 - 1.68E-07 1.84E-08 7.29E-08 i
BA 139 4.98E-10 2.66E-13 1.45E-11 - 2.33E-13 1.56E-06 1.56E-05

BA 140 2.00E-05 1.75E-08 1.17E-06 - 5.71E-09 4.71E-04 2.75E-05
BA 141 5.29E-11 2.95E-14 1.72E-12 - 2.56E-14 7.89E-07 7.44E-08
BA 142 1.35E-11 9.73E-15 7.54E-13 - 7.87E-15 4.44E-07 7.41E-10 '

LA 140 1.74E-07 6.08E-08 2.04E-08 - - 4.94E-05 6.10E-05
LA 142 3.50E-10 1.11E-10 3.49E-11 - - 2.35E-06 2.05E-05
CE 141 1.06E-05 5.28E-06 7.83E-07 - 2.31E-06 1.47E-04 1.53E-05

CE 143 9.89E-08 5.37E-08 7.77E-09 - 2.26E-08 3.12E-05 3.44E-05 *

CE 144 1.83E-03 5.72E-04 9.77E-05 - 3.17E-04 3.23E-03 1.05E-04
PR 143 4.99E-06 1.50E-06 2.47E-07 - 8.11E-07 1.17E-04 2.63E-05

'

PR 144 1.61E-11 4.998-12 8.10E-13 - 2.64E-12 4.23E-07 5.32E-08

O187
147 2.92E-06 2.36E-06 1.84E-07 - 1.30E-06 8.87E-05 2.22E-05

1

4.41E-09 2.61E-09 1.17E-09 - - 1.11E-05 2.46E-05
NP 239 1.26E-07 9.04E-09 6.35E-09 - 2.63E-08 1.57E-05 1.73E-05

FC/ODCM R2



FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 112 OF 120

TABLE 11
INHALATION DOSE FACTORS FOR INFANT

x - - '(mrem per pci Tnhaled) ~ -

Page 1 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H 3 - 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07
C 14 1.89E-05 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06
NA 24 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06

P 32 1.45E-03 8.03E-05 5.53E-05 - - - 1.15E-05
CR 51 - - 6.39E-08 4.11E-08 9.45E-09 9.17E-06 2.55E-07
MN 54 - 1.81E-05 3.56E-06 - 3.56E-06 7.14E-04 5.04E-06

MN 56 - 1.10E-09 1.58E-10 - 7.86E-10 8.95E-06 5.12E-05
FE 55 1.41E-05 8.39E-06 2.38E-06 - - 6.21E-05 7.82E-07
FE 59 9.69E-06 1.68E-05 6.77E-06 - - 7.25E-04 1.77E-05

CO 58 - 8.71E-07 1.30E-06 - - 5.55E-04 7.95E-06
CO 60 - 5.73E-06 8.41E-06 - - 3.22E-03 2.28E-05
NI 63 2.42E-04 1.46E-05 8.29E-06 - - 1.49E-04 1.73E-06

NI 65 1.71E-09 2.03E-10 8.79E-11 - - 5.80E-06 3.58E-05
CU 64 - 1.34E-09 5.53E-10 - 2.84E-09 6.64E-06 1.07E-05
ZN 65 1.38E-05 4.47E-05 2.22E-05 - 2.32E-05 4.62E-04 3.67E-05

("%
( J 69 3.85E-11 6.91E-11 5.13E-12 - 2.87E-11 1.05E-06 9.44E-06k eR 83 - - 2.72E-07 - - - LT E-24
BR 84 - - 2.86E-07 - - - LT E-24

BR 85 - - 1.46E-08 - - - LT E-24
RB 86 - 1.36E-04 6.30E-05 - - - 2.17E-06
RB 88 - 3.98E-07 2.05E-07 - - - 2.42E-07

RB 89 - 2.29E-07 1.47E-07 - - - 4.87E-08
SR 89 2.84E-04 - 8.15E-06 - - 1.45E-03 4.57E-05
SR 90 2.92E-02 - 1.85E-03 - - 8.03E-03 9.36E-05

SR 91 6.83E-08 2.47E-09 - - 3.76E-05 5.24E-05
SR 92 7.50E-09 2.79E-10 - - 1.70E-05 1.00E-04-

Y 90 2.35E-06 6.30E-08 - - 1.92E-04 7.43E-05

Y 91M 2.91E-10 - 9.90E-12 - - 1.99E-06 1.68E-06
Y 91 4.20E-04 - 1.12E-05 - - 1.75E-03 5.02E-05
Y 92 1.17E-08 - 3.29E-10 - - 1.75E-05 9.04E-05

Y 93 1.07E-07 - 2.91E-09 - - 5.46E-05 1.19E-04
ZR 95 8.24E-05 1.99E-05 1.45E-05 - 2.22E-05 1.25E-03 1.55E-05
ZR 97 1.07E-07 1.83E-08 8.36E-09 - 1.85E-08 7.88E-05 1.00E-04

NB 95 1.12E-05 4.59E-06 2.70E-06 - 3.37E-06 3.42E-04 9.05E-06
19W 99 - 1.18E-07 2.31E-08 - 1.89E-07 9.63E-05 3.48E-05
**si 99M 9.98E-13 2.06E-12 2.66E-11 - 2.22E-11 5.79E-07 1.45E-06

FC/ODCM R2
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 113 OF 120

TABLE 11

O, - 1 mrem per pCi -Inhaled) -

INHALATION DOSE FACTORS FOR INFANT

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

TC 101 4.65E-14 5.88E-14 5.80E-13 - 6.99E-13 4.17E-07 6.03E-07 +

RU 103 1.44E-06 - 4.85E-07 - 3.03E-06 3.94E-04 1.15E-05
*

RU 105 8.74E-10 - 2.93E-10 - 6.42E-10 1.12E-05 3.46E-05

RU 106 6.20E-05 - 7.77E-06 - 7.61E-05 8.26E-03 1.17E-04 .

AG 110M 7.13E-06 5.16E-06 3.57E-06 - 7.80E-06 2.62E-03 2.36E-05 |
TE 125M 3.40E-06 1.42E-06 4.70E-07 1.16E-06 - 3.19E-04 9.22E-06

,

TE 127M 1.19E-05 4.93E-06 1.48E-06 3.48E-06 2.68E-05 9.37E-04 1.95E-05
TE 127 1.59E-09 6.81E-10 3.40E-10 1.32E-09 3.47E-09 7.39E-06 1.74E-05 '

TE 129M 1.01E-05 4.35E-06 1.59E-06 3.91E-06 2.27E-05 1.20E-03 4.93E-05 '

TE 129 5.63E-11 2.48E-11 1.34E-11 4.82E-11 1.25E-10 2.14E-06 1.88E-05 !
TE 131M 7.62E-08 3.93E-08 2.59E-08 6.38E-08 1.89E-07 1.42E-04 8.51E-05
TE 131 1.24E-11 5.87E-12 3.57E-12 1.13E-11 2.85E-11 1.47E-06 5.87E-06

TE 132 2.66E-07 1.69E-07 1.26E-07 1.99E-07 7.39E-07 2.43E-04 3.15E-05
I 130 4.54E-06 9.91E-06 3.98E-06 1.14E-03 1.09E-05 - 1.42E-06
I 131 2.71E-05 3.17E-05 1.40E-05 1.06E-02 3.70E-05 - 7.56E-074

132 1.21E-06 2.53E-06 8.99E-07 1.21E-04 2.82E-06
~

3.36E-06-

133 9.46E-06 1.37E-05 4.00E-06 2.54E-03 1.60E-05 - 1.54E-06
I 134 6.58E-07 1.34E-06 4.75E-07 3.18E-05 1.49E-06 - 9.21E-07

I 135 2.76E-06 5.43E-06 1.98E-06 4.97E-04 6.05E-06 - 1.31E-06
CS 134 2.83E-04 5.02E-04 5.32E-05 - 1.36E-04 5.69E-05 9.53E-07
CS 136 3.45E-05 9.61E-05 3.78E-05 - 4.03E-05 8.40E-06 1.02E-06

,

CS 137 3.92E-04 4.37E-04 3.25E-05 - 1.23E-04 5.09E-05 9.53E-07 ;

CS 138 3.61E-07 5.58E-07 2.84E-07 - -2.93E-07 4.67E-08 6.26E-07
^

,

BA 139 1.06E-09 7.03E-13 3.07E-11 - 4.23E-13 4.25E-06 3.64E-05

BA 140 4.00E-05 4.00E-08 2.07E-06 - 9.59E-09 1.14E-03 2.74E-05
BA 141 1.12E-10 7.70E-14 3.55E-12 - 4.64E-14 2.12E-06 3.39E-06 ,

BA 142 2.84E-11 2.36E-14 1.40E-12 - 1.36E-14 1.11E-06 4.95E-07 ;

LA 140 3.61E-07 1.43E-07 3.68E-08 - - 1.20E-04 6.06E-05 !
LA 142 7.36E-10 2.69E-10 6.46E-11 - - 5.87E-06 4.25E-05 !

CE 141 1.98E-05 1.19E-05 1.42E-06 - 3.75E-06 3.69E-04 1.54E-05 -

CE 143 2.09E-07 1.38E-07 1.58E-08 - 4.03E-08 8.30E-05 3.55E-05
CE 144 2.28E-03 8.65E-04 1.26E-04 - 3.84E-04 7.03E-03 1.06E-04

"

PR 143 1.00E-05 3.74E-06 4.99E-07 - 1.41E-06 3.09E-04 2.66E-05

PR 144 3.42E-11 1.32E-11 1.72E-12 - 4.80E-12 1.15E-06 3.06E-06

0 147
5.67E-06 5.81E-06 3.57E-07 - 2.25E-06 2.30E-04 2.23E-05

187 9.26E-09 6.44E-09 2.23E-09 - - 2.83E-05 2.54E-05
NP 239 2.65E-07 2.37E-08 1.34E-08 - 4.73E-08 4.25E-05 1.78E-05

FC/ODCM R2

.. - _.
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDUEE PAGE 114 OF 120

TABLE 12
,

O. ~ - ~(mrem per pCi Ingested)- --

INGESTION DOSE FACTORS FOR ADULT

Page 1 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H 3 - 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07
C 14 2.84E-06 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07 'NA 24 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06

P 32 1.93E-04 1.20E-05 7.46E-06 - - - 2.17E-05
CR 51 - - 2.66E-09 1.59E-09 5.86E-10 3.53E-09 6.69E-07 .

MN 54 4.57E-06 8.72E-07 - 1.36E-06 - 1.40E-05

MN 56 - 1.15E-07 2.04E-08 - 1.46E-07 - 3.67E-06
,

FE 55 2.75E-06 1.90E-06 4.43E-07 - - 1.06E-06 1.09E-06
FE 59 4.34E-06 1.02E-05 3.91E-06 - - 2.85E-06 3.40E-05

CO 58 - 7.45E-07 1.67E-06 - - - 1.51E-05
CO 60 - 2.14E-06 4.72E-06 - - - 4.02E-05
NI 63 1.30E-04 9.01E-06 4.36E-06 - - - 1.88E-06

NI 65 5.28E-07 6.86E-08 3.13E-08 - - - 1.74E-06
CU 64 - 8.33E-08 3.91E-08 - 2.10E-07 - 7.10E-06
ZN 65 4.84E-06 1.54E-05 6.96E-06 - 1.03E-05 - 9.70E-06

/ 69 1.03E-08 1.97E-08 1.37E-09 - 1.28E-08
-

2.96E-09-

dR 83 - - 4.02E-08 - - - 5.79E-08
BR 84 - - 5.21E-08 - - - 4.09E-13

'
,

BR 85 - - 2.14E-09 - - - LT E-24
RB 86 - 2.11E-05 9.83E-06 - - - 4.16E-06
RB 88 - 6.05E-08 3.21E-08 - - - 8.36E-19

RB 89 - 4.01E-08 2.82E-08 - - - 2.33E-21
SR 89 3.08E-04 - 8.84E-06 - - - 4.94E-05
SR 90 7.58E-03 - 1.86E-03 - - - 2.19E-04 ,

SR 91 5.67E-06 - 2.29E-07 - - - 2.70E-05
SR 92 2.15E-06 - 9.30E-08 - - - 4.26E-05
Y 90 9.62E-09 - 2.58E-10 - - - 1.02E-04

;

Y 91M 9.09E-11 - 3.52E-12 - - - 2.67E-10 '

Y 91 1.41E-07 - 3.77E-09 - - - 7.76E-05
Y 92 8.45E-10 - 2.47E-11 - - - 1.48E-05

'

Y 93 2.68E-09 - 7.40E-11 - - - 8.50E-05 .

ZR 95 3.04E-08 9.75E-09 6.60E-09 - 1.53E-08 - 3.09E-05
ZR 97 1.68E-09 3.39E-10 1.55E-10 - 5.12E-10 - 1.05E-04- >

NB 95 6.22E-09 3.46E-09 1.86E-09 - 3.42E-09 - 2.10E-05

0 99M
- 4.31E-06 8.20E-07 - 9.76E-06 - 9.99E-0699 -

2.47E-10 6.98E-10 8.89E-09 - 1.06E-08 3.42E-10 4.13E-07

>

FC/ODCM R2
,
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 115 OF 120

TABLE 12

O - ' (mrem per pCi Ingested) -
INGESTION DOSE FACTORS FOR ADULT

Page 2 of 2
1

Nuclidg Bone Liver T. Body Thyroid Kidney Luna GI-LLI

TC 101 2.54E-10 3.66E-10 3.59E-09 - 6.59E-09 1.87E-10 1.10E-21
RU-103 1.85E-07 - 7.97E-08 - 7.06E-07 - 2.16E-05
RU 105 1.54E-08 - 6.08E-09 - 1.99E-07 - 9.42E-06

RU 106 2.75E-06 - 3.48E-07 - 5.31E-06 - 1.78E-04
AG 110M 1.60E-07 1.48E-07 8.79E-08 - 2.91E-07 6.04E-05-

TE 125M 2.68E-06 9.71E-07 3.59E-07 8.06E-07 1.09E-05 - 1.07E-05
'

TE 127M 6.77E-06 2.42E-06 8.25E-07 1.73E-06 2.75E-05 2.27E-05-

TE 127 1.10E-07 3.95E-08 2.38E-08 8.15E-08 4.48E-07 8.68E-06-

TE 129M 1.15E-05 4.29E-06 1.82E-06 3.95E-06 4.80E-05 - .5.79E-05

TE 129 3.14E-08 1.18E-08 7.65E-09 2.41E-0B 1.32E-07 - 2.37E-08 i

TE 131M 1.73E-06 8.46E-07 7.05E-07 1.34E-06 8.57E-06 - 8.40E-05 >

TE 131 1.97E-08 8.23E-09 6.22E-09 1.62E-08 8.63E-08 - 2.79E-09

TE 132 2.52E-06 1.63E-06 1.53E-06 1.80E-06 1.57E-05 - 7.71E-05
I 130 7.56E-07 2.23E-06 8.80E-07 1.89E-04 3.48E-06 - 1.92E-06
I 131 4.16E-06 5.95E-06 3.41E-06 1.95E-03 1.02E-05 - 1.57E-06

132 2.03E-07 5.43E-07 1.90E-07 1.90E-05 8.65E-07
~

1.02E-07-

133 1.42E-06 2.47E-06 7.53E-07 3.63E-04 4.31E-06 - 2.22E-06 j
-

I 134 1.06E-07 2.88E-07 1.03E-07 4.99E-06 4.58E-07 - 2.51E-10

I 135 4.43E-07 1.16E-06 4.28E-07 7.65E-05 1.86E-06 - 1.31E-06
CS 134 6.22E-05 1.48E-04 1.21E-04 - 4.79E-05 1.59E-05 2.59E-06
CS 136 6.51E-06 2.57E-05 1.85E-05 - 1.43E-05 1.96E-06 2.92E-06 ,

CS 137 7.97E-05 1.09E-04 7.14E-05 - 3.70E-05 1.23E-05 2.11E-06
CS 138 5.52E-08 1.09E-07 5.40E-08 - 8.01E-08 7.91E-09 4.65E-13
BA 139 9.70E-08 6.91E-11 2.84E-09 - 6.46E-11 3.92E-11 1.72E-07 '

BA 140 2.03E-05 2.55E-08 1.33E-06 - 8.67E-09 1.46E-08 4.18E-05
BA 141 4.71E-08 3.56E-11- 1.59E-09 3.31E-11 2.02E-11 -2.22E-17-

BA 142 2.13E-08 2.19E-11 1.34E-09 - 1.85E-11 1.24E-11 3.00E-26
'

LA 140 2.50E-09. 1.26E-09 3.33E-10 - - - 9.25E-05
LA 142 1.28E-10 5.82E-11 1.45E-11 - - - 4.25E-07 >

CE 141 9.36E-09 6.33E-09 7.18E-10 - 2.94E-09 - 2.42E-05. ;

i
CE 143 1.65E-09 1.22E-06 1.35E-10 - 5.37E-10 - 4.56E-05
CE 144 4.88E-07 2.04E-07 2.62E-08 - 1.21E-07 - 1.65E-04
PR 143 9.20E-09 3.69E-09 4.56E-10 - 2.13E-09 - 4.03E-05

PR 144 3.01E-11 1.25E-11 1.53E-12 - 7.05E-12 - 4.33E-18

Ox
147 6.29E-09 7.27E-09 4.35E-10 - 4.25E-09 - 3.49E-05
187 1.03E-07 8.61E-08 3.01E-08 - - - 2.82E-05

NP 239 1.19E-09 1.17E-10 6.45E-11 - 3.65E-10 - 2.40E-05 ,

FC/ODCM R2

i
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 116 OF 120

TABLE 13

O, - '(mrem per pCi Inhaled) -- -

INGESTION DOSE FACTORS FOR TEENAGER

Page 1 of 2

Nuclidg Bone Liver T. Body Thyroid Kidney Luno GI-LLI

H 3 - 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07
C 14 4.06E-06 8.12E-07 8.12E-07 8.12E-07 8.12E-07 8.12E-07 8.12E-07
NA 24 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06

P 32 2.76E-04 1.71E-05 1.07E-05 - - - 2.32E-05
CR 51 - - 3.60E-09 2.00E-09 7.89E-10 5.14E-09 6.05E-07 :
MN 54 - 5.90E-06 1.17E-06 - 1.76E-06 - 1.21E-05

MN 56 - 1.58E-07 2.81E-08 - 2.00E-07 - 1.04E-05
FE 55 3.78E-06 2.68E-06 6.25E-07 - - 1.70E-06 1.16E-06
FE 59 5.87E-06 1.37E-05 5.29E-06 - - 4.32E-06 3.24E-05

CO 58 - 9.72E-07 2.24E-06 - - - 1.34E-05
CO 60 - 2.81E-06 6.33E-06 - - - 3.66E-05 ,

NI 63 1.77E-04 1.25E-05 6.00E-06 - - - 1.99E-06

NI 65 7.49E-07 9.57E-08 4.36E-08 - - - 5.19E-06
CU 64 - 1.15E-07 5.41E-08 - 2.91E-07 - 8.92E-06
ZN 65 5.76E-06 2.00E-05 9.33E-06 - 1.28E-05 - 8.47E-06

69 1.47E-08 2.80E-08 1.96E-09 - 1.83E-08
~

5.16E-08-

ans 83 - - 5.74E-08 - - - LT E-24
BR 84 - - 7.22E-08 - - - LT E-24

BR 85 - - 3.05E-09 - - - LT E-24
RB 86 - 2.98E-05 1.40E-05 - - - 4.41E-06
RB 88 - 8.52E-08 4.54E-08 - - - 7.30E-15

RB 89 - 5.50E-08 3.89E-08 - - - 8.43E-17
SR 89 4.40E-04 - 1.26E-05 - - - 5.24E-05
SR 90 8.30E-03 - 2.05E-03 - - - 2.33E-04

SR 91 8.07E-06 - 3.21E-07 - - - 3.66E-05
SR 92 3.05E-06 - 1.30E-07 - - - 7.77E-05
Y 90 1.37E-08 - 3.69E-10 - - - 1.13E-04

Y 91M 1.29E-10 - 4.93E-12 - - - 6.09E-09
Y 91 2.01E-07 - 5.39E-09 - - - 8.24E-05
Y 92 1.21E-09 - 3.50E-11 - - - 3.32E-05

Y 93 3.83E-09 - 1.05E-10 - - - 1.17E-04
ZR 95 4.12E-08 1.30E-08 8.94E-09 - 1.91E-08 - 3.00E-05
ZR 97 2.37E-09 4.69E-10 2.16E-10 - 7.11E-10 - 1.27E-04

NB 95 8.22E-09 4.56E-09 2.51E-09 - 4.42E-09 - 1.95E-05

099 6.03E-06 1.15E-06 - 1.38E-05 - 1.08E-05 i
-

99M 3.32E-10 9.26E-10 1.20E-08 - 1.38E-08 5.14E-10 6.08E-07

FC/ODCM R2
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 117 OF 120

f

TABLE 13

O, - ~ (mrem per pCi Tnhaled)- -

;

INGESTION DOSE. FACTORS FOR TEENAGER

i

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

TC 101 3.60E-10 5.12E-10 5.03E-09 - 9.26E-09 3.12E-10 8.75E-17
'

RU 103 2.55E-07 - 1.09E-07 - 8.99E-07 - 2.13E-05
RU 105 2.18E-08 - 8.46E-09 - 2.75E-07 - 1.76E-05

1

RU 106 3.92E-06 - 4.94E-07 - 7.56E-06 - 1.88E-04
AG 110M 2.05E-07 1.94E-07 1.18E-07 - 3.70E-07 - 5.45E-05
TE 125M 3.83E-06 1.38E-06 5.12E-07 1.07E-06 - - 1.13E-05 i

TE 127M 9.67E-06 3.43E-06 1.15E-06 2.30E-06 3.92E-05 - 2.41E-05 ;

TE 127 1.58E-07 5.60E-08 3.40E-08 1.09E-07 6.40E-07 - 1.22E-05
'

TE 129M 1.63E-05 6.05E-06 2.58E-06 5.26E-06 6.82E-05 - 6.12E-05 ;
,

TE 129 4.48E-08 1.67E-08 1.09E-08 3.20E-08 1.88E-07 - 2.45E-07 |
TE 131M 2.44E-06 1.17E-06 9.76E-07 1.76E-06 1.22E-05 - 9.39E-05

'

TE 131 2.79E-08 1.15E-08 8.72E-09 2.15E-08 1.22E-07 - 2.29E-09 ,

TE 132 3.49E-06 2.21E-06 2.08E-06 2.33E-06 2.12E-05 - 7.00E-05 ;
I 130 1.03E-06 2.98E-06 1.19E-06 2.43E-04 4.59E-06 - 2.29E-06
I 131 5.85E-06 8.19E-06 4.40E-06 2.39E-03 1.41E-05 - 1.62E-06 i

132 2.79E-07 7.30E-07 2.62E-07 2.46E-05 1.15E-06 - 3.18E-07
\- 133 2.01E-06 3.41E-06 1.04E-06 4.76E-04 5.98E-06 - 2.58E-06 :

I 134 1.46E-07 3.87E-07 1.39E-07 6.45E-06 6.10E-07 5.10E-09 ;
-

I 135 6.10E-07 1.57E-06 5.82E-07 1.01E-04 2.48E-06 - 1.74E-06 I
CS 134 8.37E-05 1.97E-04 9.14E-05 - 6.26E-05 2.39E-05 2.45E-06 i

CS 136 8.59E-06 3.38E-05 2.27E-05 - 1.84E-05 2.90E-06 2.72E-06
i

CS 137 1.12E-04 1.49E-04 5.19E-05 - 5.07E-05 1.97E-05 2.12E-06 j
CS 138 7.76E-08 1.49E-07 7.45E-08 - 1.10E-07 1.28E-08 4.76E-11 !

BA 139 1.39E-07 9.78E-11 4.05E-09 - 9.22E-11 6.74E-11 1.24E-06
*

t

BA 140 2.84E-05 3.48E-08 1.83E-06 - 1.18E-08 2.34E-08 4.38E-05
BA 141 6.71E-08 5.01E-11 2.24E-09 - 4.65E-11 3.43E-11 1.43E-13
BA 142 2.99E-08 2.99E-11 1.84E-09 - 2.53E-11 1.99E-11 9.18E-20 I

i
LA 140 3.48E-09 1.71E-09 4.55E-10 - - - 9.28E-05

^

LA 142 1.79E-10 7.95E-11 1.98E-11 - - - 2.42E-06 ,

CE 141 1.33E-08 8.88E-09 1.02E-09 - 4.18E-09 - 2.54E-05
~

CE 143 2.35E-09 1.71E-06 1.91E-10 - 7.67E-10 - 5.14E-05 4

CE 144 6.96E-07 2.88E-07 3.74E-08 - 1.72E-07 - 1.75E-04 r

,
PR 143 1.31E-08 5.23E-09 6.52E-10 - 3.04E-09 - 4.31E-05

1PR 144 4.30E-11 1.76E-11 2.18E-12 - 1.01E-11 - 4.74E-14

O.'147
9.38E-09 1.02E-08 6.31E-10 - 5.99E-09 - 3.68E-05 .

187 1.46E-07 1.19E-07 4.17E-08 - - - 3.22E-05

NP 239 1.76E-09 1.66E-10 9.22E-11 5.21E-10 - 2.67E-05-

FC/ODCM R2
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 118 OF 120

TABLE 14
g, INGESTION DOSE FACTORS FOR CHILD

~(mrem per pCi Ingested)~ -
-

Page 1 of 2 ,

Nuclide Bone Liver T. Body _ Thyroid Kidney Lung GI-LLI

H 3 - 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07
C 14 1.21E-05 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06
NA 24 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06

P 32 8.25E-04 3.86E-05 3.18E-05 - - - 2.28E-05 :

CR 51 - - 8.90E-09 4.94E-09 1.35E-09 9.02E-09 4.72E-07 -

MN 54 - 1.07E-05 2.85E-06 - 3.00E-06 - 8.98E-0G
,

MN 56 - 3.34E-07 7.54E-08 - 4.04E-07 - 4.84E-05
FE 55 1.15E-05 6.10E-06 1.89E-06 - - 3.45E-06 1.13E-06
FE 59 1.65E-05 2.67E-05 1.33E-05 - - 7.74E-06 2.78E-05 ;

CO 58 - 1.80E-06 5.51E-06 - - - 1.05E-05
CO 60 - 5.29E-06 1.56E-05 - - - 2.93E-05
NI 63 5.38E-04 2.88E-05 1.83E-05 - - - 1.94E-06

'

NI 65 2.22E-06 2.09E-07 1.22E-07 - - - 2.56E-05
CU 64 - 2.45E-07 1.48E-07 - 5.92E-07 - 1.15E-05
ZN 65 1.37E-05 3.65E-05 2.27E-05 - 2.30E-05 - 6.41E-06

69 4.38E-08 6.33E-08 5.85E-09 - 3.84E-08 - 3.99E-06 .

uR 83 - - 1.71E-07 - - - LT E-24
BR 84- - - 1.98E-07 - - - LT E-24

BR 85 - - 9.12E-09 - - - LT E-24 i

RB 86 - 6.70E-05 4.12E-05 - - - 4.31E-06 '

RB 88 - 1.90E-07 1.32E-07 - - - 9.32E-09 i

,

RB 89 - 1.17E- 07 1.04E-07 - - - 1.02E-09- :
SR 89 1.32E-03 - 3.77E-05 - - - 5.11E-05 '

SR 90 1.70E-02 - 4.31E-03 - - - 2.29E-04 .

SR 91 2.40E-05 - 9.06E-07 - - - 5.30E-05
SR 92 9.03E-06 - 3.62E-07 - - - 1.71E-04
Y 90 4.11E-08 - 1.10E-09 - - - 1.17E-04

Y 91M 3. e T 3- 10 - 1.39E-11 - - - 7.48E-07
Y 91 6.| .- 07 - 1.61E-08 - - - 8.02E-05- ,

Y 92 3.60E-09 - 1.03E-10 - - - 1.04E-04
>

Y 93 1.14E-08 - 3.13E-10 - - - 1.70E-04
ZR 95 1.16E-07 2.55E-08 2.27E-08 - 3.65E-08 - 2.66E-05
ZR 97 6.99E-09 1.01E-09 5.96E-10 - 1.45E-09 - 1.53E-04 ;

i

NB 95 2.25E-08 8.76E-09 6.26E-09 - 8.23E-09 - 1.62E-05 ,

O' 99
- 1.33E-05 3.29E-06 - 2.84E-05 - 1.10E-05

99M 9.23E-10 -1.81E-09 3.00E-08 - 2.63E-08 9.19E-10 1.03E-06 i

|

FC/ODCM R2
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TABLE 14
. INGESTION DOSE F. ACTORS FOR CHILDs

- (mrem per pCi Ingested)- -

Page 2 of 2

Fuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

TC 101 1.07E-09 1.12E-09 1.42E-08 - 1.91E-08 5.92E-10 3.56E-09
RU 103 7.31E-07 - 2.81E-07 - 1.84E-06 - 1.89E-05
RU 105 6.45E-08 - 2.34E-08 - 5.67E-07 - 4.21E-05

RU 106 1.17E-05 - 1.46E-06 - 1.58E-05 - 1.82E-04
AG 110M 5.39E-07 3.64E-07 2.91E-07 - 6.78E-07 - 4.33E-05
TE 125M 1.14E-05 3.09E-06 1.52E-06 3.20E-06 - - 1.10E-05

TE 127M 2.89E-05 7.78E-06 3.43E-06 6.91E-06 8.24E-05 - 2.34E-05
TE 127 4.71E-07 1.27E-07 1.01E-07 3.26E-07 1.34E-06 - 1.84E-05
TE 129M 4.87E-05 1.36E-05 7.56E-06 1.57E-05 1.43E-04 - 5.94E-05

TE 129 1.34E-07 3.74E-08 3.18E-08 9.56E-08 3.92E-07 - 8.34E-06
TE 131M 7.20E-06 2.49E-06 2.65E-06 5.12E-06 2.41E-05 - 1.01E-04 '

TE 131 8.30E-08 2.53E-08 2.47E-08 6.35E-08 2.51E-07 - 4.36E-07

TE 132 1.01E-05 4.47E-06 5.40E-06 6.51E-06 4.15E-05 - 4.50E-05
I 130 2.92E-06 5.90E-06 3.04E-06 6.50E-04 8.82E-06 - 2.76E-06
I 131 1.72E-05 1.73E-05 9.83E-06 5.72E-03 2.84E-05 - 1.54E-06

132 8.00E-07 1.47E-06 6.76E-07 6.82E-05 2.25E-06
'

1.73E-06-

N. 133 5.92E-06 7.32E-06 2.77E-06 1.36E-03 1.22E-05 - 2.95E-06 *

I 134 4.19E-07 7.78E-07 3.58E-07 1.79E-05 1.19E-06 - 5.16E-07

I 135 1.75E-06 3.15E-06 1.49E-06 2.79E-04 4.83E-06 - 2.40E-06
CS 134 2.34E-04 3.84E-04 8.10E-05 - 1.19E-04 4.27E-05 2.07E-06
CS 136 2.35E-05 6.46E-05 4.18E-05 - 3.44E-05 5.13E-06 2.27E-06

CS 137 3.27E-04 3.13E-04 4.62E-05 - 1.02E-04 3.67E-05 1.96E-06
CS 138 2.28E-07 3.17E-07 2.01E-07 - 2.23E-07 2.40E-08 1.46E-07
BA 139 4.14E-07 2.21E-10 1.20E-08 - 1.93E-10 1.30E-10 2.39E-05

BA 140 8.31E-05 7.28E-08 4.85E-06 - 2.37E-08 4.34E-08 4.21E-05
BA 141 2.00E-07 1.12E-10 6.51E-09 - 9.69E-11 6.58E-10 1.14E-07
BA 142 8.74E-08 6.29E-11 4.88E-09 - 5.09E-11 3.70E-11 1.14E-09

LA 140 1.01E-08 3.53E-09 1.19E-09 - - - 9.84E-05
LA 142 5.24E-10 1.67E-10 5.23E-11 - - - 3.31E-05
CE 141 3.97E-08 1.98E-08 2.94E-09 - 8.68E-09 - 2.47E-05

CE 143 6.99E-09 3.79E-06 5.49E-10 - 1.59E-09 - 5.55E-05
CE 144 2.08E-06 6.52E-07 1.11E-07 - 3.61E-07 - 1.70E-04
PR 143 3.93E-08 1.18E-08 1.95E-09 - 6.39E-09 - 4.24E-05

PR 144 1.29E-10 3.99E-11 6.49E-12 - 2.11E-11 - 8.59E-08

O'187
147 2.79E-08 2.26E-08 1.75E-09 - 1.24E-08 - 3.58E-05

4.29E-07 2.54E-07 1.14E-07 - - - 3.57E-05
NP 239 5.25E-09 3.77E-10 2.65E-10 - 1.09E-09 - 2.79E-05

FC/ODCM R2
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TABLE 15
INGESTION DOSE. FACTORS FOR INFANT

O~ - (mrem per pCi Ingested) -

Page 1 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luna GI-LLI

H 3 - 3.08E-07 3.08E-07 3.08E-07 3.08E-07 3.08E-07 3.08E-07
C 14 2.37E-05 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06
NA 24 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05

P 32 1.70E-03 1.00E-04 6.59E-05 - - - 2.30E-05
CR 51 - - 1.41E-08 9.20E-09 2.01E-09 1.79E-08 4.11E-07
MN 54 - 1.99E-05 4.51E-06 - 4.41E-06 - 7.31E-06

MN 56 - 8.18E-07 1.41n-07 - 7.03E-07 - 7.43E-05
FE 55 1.39E-05 8.98E-06 2.40E-06 - - 4.36E-06 1.14E-06
FE 59 3.08E-05 5.38E-05 2.12E-05 - - 1.59E-05 2.57E-05

i

CO 58 - 3.60E-06 8.98E-06 - - - 8.97E-06
CO 60 - 1.08E-05 2.55E-05 - - - 2.57E-05
NI 63 6.34E-04 3.92E-05 2.20E-05 - - - 1.95E-06

NI 65 4.70E-06 5.32E-07 2.42E-07 - - - 4.05E-05
CU 64 - 6.09E-07 2.82E-07 - 1.03E-06 - 1.25E-05
ZN 65 1.84E-05 6.31E-05 2.91E-05 - 3.06E-05 - 5.33E-05

O 69 9.33E-08 1.68E-07 1.25E-08 - 6.98E-08 - 1.37E-05f( R 83 - - 3.63E-07 - - - LT E-24
BR 84 - - 3.82E-07 - - - LT E-24

i

BR 85 - - 1.94E-08 - - - LT E-24
RB 86 - 1.70E-04 8.40E-05 - - - 4.35E-06
RB 88 - 4.98E-07 2.73E-07 - - - 4.85E-07

RB 89 - 2.86E-07 1.97E-07 - - - 9.74E-08 iSR 89 2.51E-03 - 7.20E-05 - - - 5.16E-05 ;

SR 90 1.85E-02 - 4.71E-03 - - - 2.31E-04

SR 91 5.00E-05 - 1.81E-06 - - - 5.92E-05 >

SR 92 1.92E-05 - 7.13E-07 - - - 2.07E-04
Y 90 8.69E-08 - 2.33E-09 - - - 1.20E-04

Y 91M 8.10E-10 - 2.76E-11 - - - 2.70E-06 ,

Y 91 1.13E-06 - 3.01E-08 - - - 8.10E-05
Y 92 7.65E-09 - 2.15E-10 - - - 1.46E-04

.

Y 93 2.43E-08 - 6.62E-10 - - - 1.92E-04
ZR 95 2.06E-07 5.02E-08 3.56E-08 - 5.41E-08 - 2.50E-05
ZR 97 1.48E-08 2.54E-09 1.16E-09 - 2.56E-09 - 1.62E-04

NB 95 4.20E-08 1.73E-08 1.00E-08 - 1.24E-08 - 1.46E-05

O'99
- 3.40E-05 6.63E-06 - 5.08E-05 1.12E-05-

99M 1.92E-09 3.96E-09 5.10E-08 - 4.26E-08 2.07E-09 1.15E-06

~
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'

-. ._ ._____________________________2



,

FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 121 OF 120

,

TABLE 15
INGESTION DOSE _ FACTORS FOR INFANTO, - -(mrem per pCi Ingested) ~ -

.

'Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luna _QJ-LLI

TC 101 2.27E-09 2.86E-09 2.83E-08 - 3.40E-08 1.56E-09 4.86E-07
RU 103 1.48E-06 - 4.95E-07 - 3.08E-06 - 1.80E-05
RU 105 1.36E-07 - 4.58E-08 - 1.00E-06 - 5.41E-05

RU 106 2.41E-05 - 3.01E-06 - 2.85E-05 - 1.83E-04
AG 110M 9.96E-07 7.27E-07 4.81E-07 - 1.04E-06 - 3.77E-05
TE 125M 2.33E-05 7.79E-06 3.15E-06 7.84E-06 - - 1.11E-05

t

TE 127M 5.85E-05 1.94E-05 7.08E-06 1.69E-05 1.44E-04 - 2.36E-05
TE 127 1.00E-06 3.35E-07 2.15E-07 8.14E-07 2.44E-06 - 2.10E-05
TE 129M 1.00E-04 3.43E-05 1.54E-05 3.84E-05 2.50E-04 - 5.97E-05

TE 129 2.84E-07 9.79E-08 6.63E-08 2.38E-07 7.07E-07 - 2.27E-05
.TE 131M 1.52E-05 6.12E-06 5.05E-06 1.24E-05 4.21E-05 - 1.03E-04
TE 131 1.76E-07 6.50E-08 4.94E-08 1.57E-07 4.50E-07 - 7.11E-06

TE 132 2.08E-05 1.03E-05 9.61E-06 1.52E-05 6.44E-05 - 3.81E-05
I 130 6.00E-06 1.32E-05 5.30E-06 1.48E-03 1.45E-05 - 2.83E-06
I 131 3.59E-05 4.23E-05 1.86E-05 1.39E-02 4.94E-05 - 1.51E-06

O133132 1.66E-06 3.37E-06 1.20E-06 1.58E-04 3.76E-06
~

2.73E-06-

1.25E-05 1.82E-05 5.33E-06 3.31E-03 2.14E-05 - 3.08E-06
I 134 8.69E-07 1.78E-06 6.33E-07 4.15E-05 1.99E-06 - 1.84E-06

'

'
I 135 3.64E-06 7.24E-06 2.64E-06 6.49E-04 8.07E-06 - 2.62E-06
CS 134 3.77E-04 7.03E-04 7.10E-05 - 1.81E-04 7.42E-05 1.91E-06-
CS 136 4.59E-05 1.35E-04 5.04E-05 - 5.38E-05 1.10E-05 2.05E-06 |

CS 137 5.22E-04 6.11E-04 4.33E-05 - 1.64E-04 6.64E-05 1.91E-06
CS 138 4.81E-07 7.82E-07 3.79E-07 3.90E-07 6.09E-08 1.25E-06-

BA 139 8.81E-07 5.84E-10 2.55E-08 - 3.51E-10 3.54E-10 5.58E-05
,

BA 140 1.71E-04 1.71E-07 8.81E-06 - 4.06E-08 1.05E-07 4.20E-05 ,

BA 141 4.25E-07 2.91E-10 1.34E-08 - 1.75E-10 1.77E-10 5.19E-06
BA 142 1.84E-07 1.53E-10 9.06E-09 - 8.81E-11 9.26E-11 7.59E-07

'

LA 140 2.11E-08 8.32E-09 2.14E-09 - - - 9.77E-05
LA 142 1.10 E 'J 9 4.04E-10 9.67E-11 - - - 6.86E-05
CE 141 7.87E-08 4.80E-08 5.65E-09 - 1.48E-08 - 2.48E-05 :

CE 143- 1.48E-08 9.82E-06 1.12E-09 - 2.86E-09 - 5.73E-05
CE 144 2.98E-06 1.22E-06 1.67E-07 - 4.93E-07 - 1.71E-04
PR 143 8.13E-08 3.04E-08 4.03E-09 - 1.13E-08 - 4.29E-05

PR 144 2.74E-10 1.06E-10 1.38E-11 - 3.84E-11 - 4.93E-06

0147
5.53E-08 5.68E-08 3.48E-09 - 2.19E-08 - 3.60E-05

187 9.03E-07 6.28E-07 2.17E-07 - - - 3.69E-05
NP 239 1.11E-08 9.93E-10 5.61E-10 - 1.98E-09 - 2.87E-05

:

FC/ODCM R2
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TABLE 16 '

-

- RECOMMENDED VALUES FOR OTHER PARAMETERS
.__. .,__ _ _

. - - - ~
- Page 1 of 2 !

Parameter
Symbol Definition Values

f Fraction of produce ingested grown in garden 0.76g

of interest.

f Fraction of leafy vegetables grown in garden 1.0t

of interest.

2P Effective surface density of soil (assumes a 240 kg/m
15 cm plow layer, expressed in dry weight)

r Fraction of deposited activity retained on 0.25.
crops, leafy vegetables, or pasture grass. 1.0 (for iodines)

0.2 (for other
particulates)

Sr Attenuation factor accounting for shielding 0.7 (for maximum
provided by residential structures, individuals)

0.5 (for general
population)

Period of long-term buildup for activity in 1.31'x 10 hr51)t b

sediment or soil (nominally 15 yr) .
i

t, Period of crop, leafy vegetable, or pasture 720 hrs (30 days,
grass exposure during growing season. for grass-cow-

milk-man path- ;

way) -

1440 hrs (60 days
for crop /
vegetation-man
pathway)

tf Transport time from animal feed-milk-man 2 days (for max.
provided by residential structures. individual) ,

4 days (for gen.
population)

tn Time delay between harvest of vegetation -

-

or crops and ingestion. >

i) For ingestion of forage by animals Zero (for pasture
grass)

. ,

2160 hr-(90 days
for stored
feed)

O
.

FC/ODCM R2
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TABLE 16

O. RECOMMENDED VALUES FOR OTHER PARAME'IERS
_ . - . . . _ . . _ ._ . . _ .~ ~ -- Page 2 of 2 i

Parameter
Symbol Definition Values

ii) For ingestion of crops by man 24 hr (1 day, for
leafy-vege-
tables & max. .

individual) !

feed) >

1440 hr (60 days
for produce i
maximum in-
dividual)

336 hr (14 days ;

for general
population)

t Environmental transit time, release to 12 hr (for max,p

receptor (add time from release to exposure
individual) point to minimums shown for 24 hr (for gen.
distribution) population) .

24 hr (for max.
individual)() 168 hr (7 days

,

for population !
sport fish-
doses)

l240 hr (10 days
for population !

'commercial
fish doses) i

I

t. Average time from slaughter of meat animal to 20 days
consumption.

2Yy Agricultural producitivity by unit area 0.7'kg/m (for
(measured in wet weight) grass-cow-milk !

man pathway) l

22.0 kg/m (for
produce or

i

leafy vegeta-
bles ingested
by man)

W Shore-width factor for river shoreline 0.2

dA Rate constant for removal of activity on plant 0.0021 hrO. or leaf surfaces by weathering (corresponds to
a 14-day half-life)

FC/ODCM R2
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!

1.0 INTRODUCTION g

The OFFSITE DO$E CALCUl1 TION MANUAY (ODCM)~'is'the c'ontrolling
document for the Fort Calhoun Station's (FCS) Radiological Effluent
and Environmental Monitoring programs. The programs are necessary

.to ensure the requirements set forth in 10 CFR 20, 10 CFR 50.34a, '

10 CFR 50.36a, and 10 CFR 50, Appendix I. The document is i

subdivided into four sections as outlined below:- .

Part I, Introduction - consists of information necessary for the
effective use of the ODCM. .

Part II, Radiological Effluent Controls - consists of 5 separate
sections including: i

,

Section 1 Radiological Effluent Release Limits

Section 2 Radiological Effluent Release Requirements
i

Section 3 Radiological Effluent Sampling and Analysis
Requirements

Section 4 Radiological Effluent Reporting Requirements

Section 5 Radiological Environmental Monitoring Requirements
.

Together these sections provide the controls used to permitO radioactive material releases from the Fort Calhoun Station.
;

Part III, Radiological Effluent Radiation Monitor Calculation -
provides radiation monitor setpoint calculations.for the liquid and -

airborne release pathways.

Part IV, Radiological Effluent Monitoring Calculations - provides
the methodology necessary to calculate doses to individuals as a
result of radioactive airborne and liquid releases from Fort |
Calhoun. |

|
The ODCM has been prepared in accordance with the guidance of
Nuclear Regulatory Commissions Reg. Guide 1.109, Rev. 1.

The Radiological Effluent Controls Program consists'of the following |
sections in the Radiological Effluent Controls: '

A. Radiological Effluent Release Limits - All Sections

B. Radiological Effluent Release Requirements - All Sections

C. Radiological Effluent Sampling and Analysis Requirements - All
Sections

D. Radiological Effluent Reporting Requirements - Sections 4.1

(} and 4.4

FC/CH-ODCM R3
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2.0 ADMINISTRATIVE *

The Radiological Envir6n~ mental Mo6It6 ring ~ Program consists of the'

following sections in the Radiological Effluent Controls:

A. Radiological Effluent Reporting Requirements - Sections 4.2
and 4.3

B. Radiological Environmental Monitoring-Requirements - All
Sections

2.1 Responsibilities

2.1.1 Nuclear Operation Division Chemistry Department is
responsible for the implementation and maintenance of
the ODCM.

2.1.2 Nuclear Operation Division Operation Department is
responsible for the compliance with the ODCM in the
operation of Fort Calhoun Station.

2.2 Chance Mechanism

The ODCM is the controlling document for all radioactive ,

effluent releases. It is defined as a procedure under the '

guidance of Technical Specification 5.8. It will be revisedO and reviewed by the Plant Review Committee and approved by the
-

Plant Manager in accordance with Technical Specification 5.17.
All changes to the ODCM will be forwarded to the Nuclear

,

Regulatory Commission during the next reporting period for the '

Annual Report in accordance with the requirements of Technical
Specification 5.17. '

f

I

r

1

|
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3.0 METEOROLOGICAL DATA

Nl The Annual AveFage ~i/o' ~T's 6tilized e6 ' determine the cbncentrations^

of radionuclides at the unrestricted area boundary. This dispersion
factor coincides with the highest calculated annual average value
for the Fort Calhoun Station. It is based on 3 years of Onsite-
Meteorological data and the MESODIF II plume trajectory model. This
model conforms with the Nuclear Regulatory Commissions Regulatory
Guide 1.111. The model employs the sector averaged equations that
are utilized for long-term releases. This type of release (long
term) is not dependent solely on atmospheric conditions for
complying with 10 CFR 20 concentration limits at the unrestricted
area boundary.

Real time meteorological data will be utilized in the preparation of
the Annual Report. This data is used to calculate the joint
frequency table and the dispersion coefficients and deposition
factors in all 16 sectors. These are used in the calculation of
doses to individuals in unrestricted areas as a result of the
operation of Fort Calhoun Station. The models used, GASPAR and
LADTAP, conform with the Nuclear Regulatory Commissions Reg.
Guide 1.109 and 1.21 for the reporting of doses due to routine
radioactive effluent releases.

-

_

;

r

'!

O
,

1
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4.0 DEFINITIONS ;
. .

Air Effluent Concent'rstEon~(AEC)
~ ~ ~ ~ " ~' ~ ' ~

;

i

Radionuclide limits listed in 10 CFR 20, Appendix B, Table 2, 1
Column 1. j

!

Channel Check
|

A qualitative determination of acceptable operability by observation
of channel behavior during normal plant operation. This !

determination shall, where feasible, include comparison of the ,

channel with other independent channels measuring the same' variable. !

Channel Function Test ;

Injection of a simulated signal into the channel to verify that it
'

is operable, including any alarm and/or trip initiating action. |

91L9Jable - Onerability ;

;

A system, subsystem, train, component or device shall be OPERABLE or '

have OPERABILITY when it is capable of performing its specified
function (s). Implicit in this definition shall be the assumption
that all necessary attendant instrumentation, controls, normal and +

emergency electrical power sources, cooling or seal water, !
lubrication, or other auxiliary equipment that are required for theO :

system, subsystem, train, component, or device to perform its +

function (s) are also capable of performing their related support
function (s).

:

Purce-Puraina

A means for the remaval and replacement of gases within the ;

containment buj.Tding, j
.

Source Check
,

Verification of channel response when the channel sensor is exposed r

to a radioactive source.

Venting ;4

i

A means for the reduction of pressure greater than atmospheric
within the containment structure.

!

Unrestricted _ Area }
!

Means an area, access to which is neither limited or controlled by
licensee. i

"

. Water Effluent Concentration (WEC)

Radionuclide limits listed in 10 CFR 20, Appendix B, Table 2, |

Column 2. [

i

FC/CH-ODCM R3
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5.0 REFERENCES

Regulatory Guide 1.109,''Rev. 1'

Talculation'of Anhusl Dose to man- '

from Routine Releases of Reactor Effluents for the purpose of
evaluation compliance with 10 CFR 50, Appendix I

Regulatory Guide 1.lll, Rev. 1 - Methods for Estimating Atmospheric
Transport and Dispersion of Gaseous Effluents in Routine Releases
from Light-Water-Cooled Reactors. '

Regulatory Guide 1.113, Rev. 1 - Estimating Aquatic Dispersion of .i
Effluents from Accidental and Routine Releases for the purpose'of
Implementing-Appendix I.

Nureg-0133 - Preparation of Radiological Effluent Technical
Specifications for Nuclear Power Plants.

,

'
Nureg-0472, Rev. 3 - Draft Radiological Effluent Technical
Specifications for PWRs.

.

Regulatory Guide 1.21, Rev. 1 - Measuring, Evaluating, and I

Reporting Radioactivity is solid wastes and Releases of
Radioactivity Materials in Liquid and Gaseous Effluents from
Light-Water-Cooled Nuclear Power Plants.

Code of Federal Regulations, Title 10, Part 20
~

Code of Federal Regulations, Title 10, Part 50 i

Fort Calhoun Revised Environmental Report (Unit No. 1)-1972

Fort Calhoun Technical Specifications (Unit No. 1)

Updated Safety Analysis Report

Commitment Documents:

IMPLEMENTING COMMITMENT SOURCE
STEP NUMBER (CID) DOCUMENT

Part II, 2.2.3.1 C.2 920102/01 FC-0133-92 |

!

,

6
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-

,

1.0 RADIOACTIVE EFFLUENTS RELEASE LIMITS

O The limits and'conditi6n's for the'cohtrolled releash of radioactive
material in liquid and airborne effluents are to ensure that.these :

releases result in concentrations that are within the limits !

specified in 10 CFR 20, and to ensure that releases of radioactive
material to the environment be as low as reasonably achievable in

.'conformance with 10 CFR 50.34a and 50.36a. To meet these criteria,
the following requirements must be met for all radioactive liquid
and airborne effluents from FCS:

1.1 Licuid Effluents '

>

1.1.1 The release rate of radioactive material in liquid
effluents shall be controlled such that the >

instantaneous concentrations for radionuclides, other
than dissolved or entrained noble gases, do not exceed
the values specified in 10 CFR 20 for liquid effluents !

at site discharge. For dissolved or entrained noble
gases, the concentration shall be limited to
2.0 E-04 4Ci/ml, total activity.

'

When the concentration of radioactive material released
at site discharge exceeds the above limits, appropriate i

corrective actions shall be taken immediately to restore '

concentrations witt..n the above limits.. ,

() 1.1.2 Annual Design Objectives
~

1.1.2.1 The dose or dose commitment to an individual in ,

unrestricted areas from radioactive materials
in liquid effluents during any calendar year
shall not exceed 2 millirems to the total body.

1.1.2.2 The dose or dose commitment to an individual in
unrestricted areas from radioactive materials
in liquid effluents during any calendar year r

shall not exceed 10 millirems to any oroan.

.

.

i
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1.0 -RADIOACTIVE EFFLUENTS RELEASE LIMITS (Continued)

1. f'. 2 . 3 ~The' radiation' dose cont'ributions'from
~

radioactive materials in liquid effluents
released at site discharge shall be determined, ,

in accordance with Part IV,.Section 2.1, on a -
quarterly basis. If the dose contribution, due ;

to the cumulative release of liquid effluents
averaged over a calendar quarter, exceeds ,

one-half of the annual design objectives, the
'following course of actions shall be~taken:

A. Make an investigation to identify the causes
for such releases.

B. Define and initiate a program of action to
reduce such releases to the design levels. !

C. Submit a special report, pursuant to
,

Technical Specification 5.16, within 30 days
from the end of the quarter during which the
release (s) occurred, identifying the causes ;

and describing the proposed program of
action to reduce such releases to the design
levels. '

f

1.2 A.irborne Effluents _

1.2.1 The release rate of radioactive material in airborne
effluents shall be controlled such that the

'

instantaneous concentrations for these radionuclides do
not exceed the values specified in 10 CFR 20 for
airborne effluents at the unrestricted area boundary.

When the concentration of radioactive material released
to unrestricted areas exceeds the above limits,
appropriate corrective actions shall be taken
immediately to restore concentrations within the above
limits.

1.2.2 Annual Design Objectives

1.2.2.1 The gamma air dose in unrestricted areas due to
the release of noble gases in airborne
effluents shall not exceed 10 millirads during
any calendar year;

,

1.2.2.2 The beta air dose in unrestricted areas due to
the release of noble gases in airborne
effluents shall not exceed 20 millirads during
any calendar year; and

FC/CH-ODCM R3 '
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'
1.0 RADIOACTIVE EFFLUENTS RELEASE LIMITS (Continued)

1.E.2.3'The dose to an iiidividual or do'se commitment to $
- ~ ~

any organ of an individual in unrestricted '

areas due to the release of I-131, Tritium, and :

radioactive materials in particulate form with 't

half-lives greater than eight days (excluding '

noble gases) in airborne' effluents shall not
exceed 15 millirems from all exposure pathways ;

during any calendar year.

1.2.2.4 The radiation dose contributions from
radioactive materials in airborne effluents
shall be determined, in accordance with the
Part IV, section 2.2, on a quarterly basis. If
the dose contribution, due to the cumulative
release of airborne effluents averaged over a ,

calendar quarter exceeds one-half of the annual
design objectives, the following course of
actions shall be taken:

A. Make an investigation to identify the cause-
1

for such release rates.

B. Define and initiate a program of action to |

reduce such releases to design levels.

O ~

C. Submit a special report, pursuant to
Technical Specification 5.16, within 30 days
from the end of the quarter during which the

'
release (s) occurred, identifying the causes
and describing the proposed program of
action to reduce dose contributions.

1.3 The dose to any real individual from uranium fuel cycle
sources shall be limited to 5 25 mrem to the total body or any
organ ( except the thyroid, which shall be limited to
5 75 mrem ) during each calendar year. :

,

3

9

i |
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS
0-
ls / The requiremenfs for tie ~ release 6f'fadioactive lighiB and airborne

effluents from FCS stated in this Section are to ensure that the
limits of Section 1 will be met, as well as to allow for operational
flexibility. When any of the requirements for release of ,

radioactive effluents cannot be complied with, the release shall not '

be permitted to occur or it shall be immediately terminated, if it
is in progress.

,

2.1 Licuid Effluent Releases
;
,

The equipment or subsystem (s) of the liquid radwaste treatment-

system as identified in the Part Ill, section 2.1, shall be
operable. If the radioactive liquid effluents were discharged
without treatment by one or more of the pieces of equipment or
subsystem (s) identified in that section and it is confirmed
that one-half of the annual dose objective will be exceeded
during the calendar quarter, a special report, pursuant to
Technical Specification 5.16, shall be prepared and submitted
to the Nuclear Regulatory Commission within 30 days of the end
of the quarter during which the equipment or subsystem (s) were i

inoperable. This report shall include the following .

information:

A. Identification of equipment or subsystem (s) not operable
and reasons for inoperability. _

B. Action (s) taken to restore the inoperable equipment to
operable status.

C. Summary description of action (s) taken to prevent a
recurrence.

i

t

>
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1

2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued) ;

' s_/~ 2.1'.1 Monitor and" Hotel Wasfe~ Tanks "
~ ~

,

!

During release of radioactive liquid effluents, the
following conditions shall be met-

|

2.1.1.1 There shall be sufficient dilution flow so
that, at site discharge:

n

}] C /wec s1j j

2-1

where:

C, = concentration of the i* radionuclide
in the liquid effluent at site
discharge.

wec;= 10 CFR 20, Appendix B, Table 2,
Column 2 limits.

2.1.1.2 The overboard header effluent radiation monitor s

shall be set in accordance with Part III to
alarm and automatically close the discharge

O valve prior to exceeding 10 CFR 20 limits at
site discharge.

2.1.1.3 The liquid effluent radioactivity shall be
continuously monitored during the release. If
the effluent radiation monitor is inoperable,
effluent releases may continue provided that:
(prior to initiating a release)

A. At least two independent samples are
analyzed in accordance with applicable
chemistry procedures.

B. At least two qualified individuals
independently verify the release rate
calculations.

2.1.1.4 The liquid effluent radioactivity shall be
continuously recorded during the release. If
the process radiation monitor chart recorder is
inoperable and the process radiation monitor is
operable then effluent releases may continue
provided that the radioactivity level is
recorded manually at least once per four hours

'

during actual release.

FC/CH-ODCM R3
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)
.

,
.. -

2.f.1.5 Th~e' liquid effldant flow ~ rate shall be ~

_s

continuously monitored and recorded during the-
release. If the flow rate recorder is
inoperable, effluent releases may continue i

provided the flow rate is determined at least
once per four hours during actual release.

2.1.2 Steam Generator

During the release of steam generator blowdown to the
discharge tunnel, the following conditions shall be met:

2.1.2.1 There shall be sufficient dilution flow so !

that, at site discharge: '

n

}} C,/wec, s1
2-1 ;

e

where:

C, = concentration of the i* radionuclide
in the liquid effluent at site
discharge.

() '

wec,= 10 CFR 20, Appendix B, Table 2,
Column 2 limit. ;

2.1.2.2 The steam generator blowdown radiation monitors !
'

shall be set in accordance with'Part III to
alarm and automatically close the blowdown
isolation valves prior to exceeding 10 CFR 20
limits at site dishcarge.

2.1.2.3 The radioactivity for each blowdown line shall
be continuously monitored by the blowdown'
radiation monitors and recorded.

A. If one of the two radiation monitors is ;

inoperable, the activity for both blowdown
lines shall be monitored by the operable
radiation monitor within 2 hours of the
declaration, by Shift Supervisor, of
inoperability.

.

O
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'

2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)

2.T.2.3~~ B.~If both rs3iEt' ion' ' monitors 'arb inoperable,
,

steam generator liquid releases may continue
provided grab samples are. analyzed for
principal gamma emitters at a sensitivity of
5.0E-07 #Ci/ml and recorded at least daily
when the specific activity of Steam >

Generator Blowdown is less than or equal to
0.01 #Ci/ gram dose equivalent I-131 and at
least once per 12 hours when the specific
activity of the secondary coolant is greater
than 0.01 pCi/ gram dose equivalent'I-131.

2.1.2.4 The radioactivity for each blowdown line shall
be continuously recorded. If the process i

radiation monitor chart recorder is not
operational,' Steam. Generator releases may ,

continue provided that the radioactivity level
is recorded manually at least once per four '

hours during actual release.

2.2 Airborne Effluent Releases
,

The equipment.or subsystem (s) of the gaseous radwaste
treatment system as identified in Part III, Section 2.2, shall
be operable. If the radioactive. airborne effluents were !

O. discharged without treatment by one or more of the equipment '

or subsystems (s) identified in that section and it is
confirmed that one-half of the annual dose objective will be
exceeded during the calendar quarter, a special report,
pursuant to Technical Specification 5.16, shall be prepared
and submitted to the Nuclear Regulatory Commission within
30 days of the end of the quarter during which the equipment
or subsystem (s)-were inoperable. This report shall include
the following information:

A. Identification of equipment or subsystem (s) not operable
and reason for inoperability.

B. Action (s) taken to restore the inoperable equipment to
operable status.

C. Summary description of action (s) taken to prevent a
recurrence.

,

:

r
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)

2.2.1 AuEiliarv'Bu'ildinc'Exhauist Stack ' ~-
~

2.2.1.1 During the ventilation of airborne effluents
from the Auxiliary Building through the
Auxiliary Building Exhaust Stack,'the following
conditions shall be met:

,

iA. The Auxiliary Building Exhaust Stack Noble 10/9;
Gas Monitor, iodine sampler and particulate

|sampler, shall be operational, OR:

1) If the Auxiliary Building Exhaust Stack
noble gas monitor is inoperable,
releases from the containment pressure
relief line and the containment purge
line are to be secured in the most
expeditious manner. Ventilation of the
auxiliary building via the Auxiliary i

Building Exhaust stack.may continue
provided grab samples are taken once per
8 hours (+25% maximum extension) and
analyzed for principal gamma emitters
(See Table 2).

O ~

2) If the Auxiliary Building Exhaust Stack
iodine or. particulate sampler (s) is/are
inoperable, ventilation of the auxiliary
building and releases from the gaseous
waste discharge header, containment
pressure relief line or the containment
purge line may continue through the
Auxiliary Building Exhaust Stack i

provided sample collection using
auxiliary sample collection equipment is
initiated within 2 hours of the
declaration, by the Shift Supervisor, of
inoperability in accordance with
Table 2.

B. The Auxiliary Building Exhaust Stack Noble
Gas Radiation Monitor shall be set in
accordance with Part III to alarr. and
automatically terminate the release prior to
exceeding'10 CFR 20, limits at the
unrestricted area boundary (see Part III,
Figure 1).

,

O
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)G
2 . 2 .1.1~ ~ C . The AuxiliaFy" Building Exhaust Stack

airborne radioactivity shall be monitored
and recorded during the release. If the
process radiation monitor chart recorder is
inoperable and the noble gas monitor is '

operable then releases from the Auxiliary
Building may continue provided that the
radioactivity level is recorded manually at-
least once per four hours during the actual
release.

D. The Auxiliary Luilding Exhaust Stack
flowrate shall be monitored and recorded
during ventilation of the Auxiliary
Building. If the flowrate monitor or
recorder is inoperable, ventilation may
continue provided the flowrate is determined
and recorded manually at least once per four
hours.

2.2.1.2 During release of airborne effluents from
containment pressure relief line to the
Auxiliary Building Exhaust Stack, the following
conditions shall be met:

O-
_ 10/93

A. The conditions set forth in Section 2.2.1.1
shall be met.

B. The Auxiliary Building Exhaust Stack noble i
gas radiation monitor shall be set in
accordance with Part III to alarm and
automatically terminate the release prior to
exceeding 10 CFR 20 limits at the
unrestricted area boundary (see Part III,
Figure 1).

C. At least one Auxiliary Building exhaust fan
shall be in operation. i

O
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2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)

2.f.1.2^D. "T e Auxiliai-[~ Bull' ding Exha'ust Stack
airborne radioactivity shall be monitored
and recorded during the release. If the

,

process radiation monitor chart recorder is
inoperable and the noble gas monitor is ;

operable then releases from containment may
continue provided that the radioactivity
level is recorded manually at least once per
four hours during the actual release. !

,

E. The containment flow rate shall be monitored
and automatically recorded during the
release. If the flow rate monitor or

_

recorder is inoperable, releases from the
containment may continue provided the flow
rate is determined and recorded manually at '

least once per four hours during actual
'

release.

2.2.1.3 During release of gaseous radioactive effluent
from Containment Penetration M72 or M74
(Integrated Leak Rate Test Depressurization
Vent Path) to the Auxiliary Building Stack:

10/93!
A. The conditions set forth in Section 2.2.1.1 |O shall be met.

B. Automatic release termination capability is
not required provided manual isolation can
be accomplished in accordance with the
requirements of SS-ST-ILRT-0001.

2.2.1.4 During the release of airborne effluents from
,

the containment purge line:
10/93

A. The conditions set forth in Section 2.2.1.1 |shall be met.

B. A noble gas monitor shall monitor the
containment building atmosphere.

i

,
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2.0 RADIOACTIVE EFFLUENT RELEASE REQUIREMENTS (Continued) !

O' 2.2.1.5 = During the release of" airborne ' effluents from -

the gaseous waste discharge header:

A. The Auxiliary' Building Exhaust Stack noble
gas monitor, iodine sampler and particulate !

sampler shall be operational, OR; !

1) If the Auxiliary Building Exhaust Stack
noble gas monitor is inoperable,
effluent releases may continue provided
that (prior to release):

i

a) At least two independent samples are '

analyzed in accordance with the
applicable chemistry procedure.

b) At least two' qualified individuals I

independently verify the release i

rate calculations.
.

B. The Auxiliary Building Exhaust Stack noble i

gas radiation monitor shall be set in
* accordance with Part III to alarm and

automatically terminate the release prior to
exceeding 10 CFR 20 limits at the() unrestricted area boundary (see Part III,

,

.

Figure 1).
|

C. At least one Auxiliary Building exhaust fan .

shall be in operation.

D. The Auxiliary Building Exhaust Stack
airborne radioactivity shall be monitored >

and recorded during the release. If the
process radiation monitor chart recorder is-
inoperable and the noble gas monitor is

'operable then releases from waste gas decay
tanks may continue provided.that the gaseous |
radioactivity level is recorded manually at '

least once per four hours during the actual i

release.

E. The waste gas discharge header flow rate
shall be monitored and automatically
recorded during releases. If the flow rate
monitor or recorder is inoperable, releases
may continue provided the flow rate is '

determined and recorded manually at'least-
once per four hours during actual release.

O
FC/CH-ODCM R3

'
._ _



~ .

FORT CALHOUN STATION CH-ODCM-0001 J

CHEMISTRY PROCEDURE PAGE 26 iOF 120

2.0 RADIOACTIVE EFFLUENT RELEASE REOUIREMENTS (Continued)A _

~ " '"2.2.2 Co'ndenser 6ffaas

2.2.2.1 During power operation, the condenser air
ejector discharge shall be monitored for gross
radioactivity. If this monitor is inoperable,
grab samples shall be taken once per 24 hours
(+25% maximum extension) and analyzed for i

principal gamma emitters. (See Table 2)
i

2.2.3 Laboratory and Radioactive Waste Processina Buildino
Stack

2.2.3.1 During the release of airborne effluents from
the Laboratory and Radioactive Waste Processing- t

'
Building (LRWPB). the following conditions shall
be met:

,

A. The LRWPB noble gas monitor, iodine sampler
and particulate sampler shall be
operational, OR:

1) If the noble gas monitor is
inoperable, ventilation of the LRWPB
may continue via the LRWPB stack
provided grab samples will be taken

O ,

once per 24 hours and analyzed for
principal gamma emitters. ,

[2)] If the iodine or particulate
sampler (s) is/are inoperable,-
ventilation of the LRWPB may continue t

via the LRWPB Stack provided sample
collection using auxiliary sampla
collection equipment is initiated
within 2 hours of the declaration, by -

the Shift Supervisor, of
inoperability in accordance with
Table 2.

B. The LRWPB noble gas radiation monitor shall
be set in accordance with Part III to alarm
at its predetermined setpoints.

C. The LRWPB Stack flow rate shall be monitored
and recorde'd during ventilation of the
LRWPB. If the flow rate monitor or recorder
is inoperable, ventilation may continue
provided the flow rate is determined and '

recorded manually at least once per four |
hours.

FC/CH-ODCM R3
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3.0 RADIOLOGICAL EFFLUENT-SAMPLING AND ANALYSIS REOUIREMENTS

The sampling and analysts'requiremTnfs' stated'in this Section will
provide reasonable assurance that radioactive materials present.in
the liquid and airborne effluents will be properly identified and -

accurately quantified. This information will serve as the basis for
determining doses to individuals as a result of radioactive
effluents from FCS.

Records shall be maintained and reports of-the sampling and results |

of analyses shall be submitted to the Nuclear Regulatory Commission
in accordance with Section 4 of these Controls. Sampling, analysis
and operability testing will typically be documented on Surveillance
Tests or on Release Permits or Summaries. '

3.1 Liauid Effluents
.

3.1.1 Radioactive liquid effluent sampling and activity
analyses shall be performed in accordance with Table 1.
The results of these analyses shall be used with the
calculational methods in Part IV of this manual to
assure that the concentration at the point of release is
limited to 10 CFR 20 limits for unrestricted areas.

3.1.2 Prior to release of each batch of liquid effluent, the ,

batch shall be mixed, sampled, and analyzed for
principal gamma emitters. When operational or otherO limitations preclude specific gamma radionuclide ;

analysis of each batch:

3.1.2.1 Gross radioactivity measurements shall be made
to estimate the quantity and concentrations of q
radioactive materials released in the batch.

3.1.2.2 A weekly sample composite from proportional
aliquots from each batch released during the
week shall be analyzed for the principal
gamma-emitting radionuclides.

3.1.3 Records shall be maintained of the radioactive
concentrations and volume before dilution of each batch
of liquid effluent released and of the average dilution
flow and length of time over which each discharge
occurred. Analytical results shall be submitted to the
Commission in accordance with Part II, Section 4.

3.1.4 The radiation monitors for liquid effluents shall have
their operability tested in accordance with the
requirements in Table 3, Item A.

10/93
3.1.5 Steam Generator blowdown effluent flowrates shall have

their operability tested in accordance with.the

(} requirement in Table 3, Item D.

FC/CH-ODCM R3
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3. 0- RADIOLOGICAL EFFLUENT SAMPLING AND ANALYSIS REOUIREMENTS
(Continued) ;_ ; -

, _ ,

3.2 Airborne Effluents

3.2.1 Radioactive airborne effluent sampling and activity
analyses shall be performed in accordance with Table 2.
The results of these analyses shall be used with the
calculational methods in Part IV of this manual to
assure that the concentration of radioactive materials
is limited to 10 CFR 20 limits at the unrestricted area
boundary.

3.2.2 The radiation monitors / samplers for airborne effluents
shall have their operability tested in accordance with
the requirements in Table 3, Item B. j

10/9)
3.2.3 The Auxiliary Building Exhaust and the Laboratory

Radioactive Waste Processing Building Exhaust Stack
flowrates shall have their operability tested in
accordance with the requirements in Table 3, Item D.

3.3 Lower Limit of Detection (LLD)
The lower limit of detection (LLD) for liquid and airborne
effluent discharges, referenced in Part II,' Tables 1 and 2, is
defined as the smallest concentration of radioactive materialO in a sample that will yield a net count, above system
background, that will be detected with 95 percent probability
with only 5 percent probability of falsely concluding that a
blank observation represents a "real" signal.

For a particular measurement system, which may include
radiochemical separation:

4.66 * s3LLD =
E * V * D * Y * exp (- Aa t)

Where:

LLD = the lower limit of detection as defined above, in either
picocuries or microcuries, per unit mass or volume as a
function of the value of D

Sb = the standard deviation of the background counting rate
or of the counting rate of a blank sample, as
appropriate, as counts per minute

E = the counting efficiency, as counts per disintegration

V = the sample size in units of mass or volume

() D = 2.22E+06 of disintegrations per minute per microcurie or
2.22 disintegrations per minute per picocurie

FC/CH-ODCM R3

_ __ . _ _ _ _ _ _ _ _ _ _ . _ . _



- . .

'FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY' PROCEDURE PAGE 29 OF 120

3.0 RADIOLOGICAL EFFLUENT SAMPLING AND ANALYSIS REOUIREMENTS |

[ (Continued) -- -

,

3.3 Y = the fractional radiochemical yield, when applicable

the radioactive decay constant for the particular1 =

radionuclide

the elapsed time for the plant effluent betveen theAt =

midpoint of sample collection and time of counting

Appropriate values of E, V, Y and At should be used in the
calculation. '

It should be recognized that the LLD is defined as an A Priori
limit representing the capability of a measurement system.and
not as a limit for a particular measurement.

LLD verifications will be performed on a periodic basis. This
determination is to ensure that the counting system is able.to
detect levels of radiation at the LLD values for the specific
type of analysis required by Tables 1 and 2. They will be
performed with a blank (non-radioactive) sample in the same
counting geometry as the actual sample. ,

4.0 RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS

O The reporting requirements for radioactive effluents" stated in this
Section are to provide assurance that the limits set forth in

'

Section 1 are complied with. These reports will meet the
requirements for documentation of radioactive effluents contained in
10 CFR 50.36a;. Reg. Guide.l.21, Rev. 1; Reg. Guide 4.8, Table 1; and
Reg. Guide 1.109, Rev. 1.

,

4.1 Annual Radioactive Effluent Release Report

A report covering the operation of the Fort Calhoun Station s

during the previous calender year shall be submitted within
90 days after January 1 of each year per'the requirements of
10CFR 50.36a. .

The radioactive effluent release report shall include a
summary of the quantities of radioactive liquid and airborne
effluents and solid waste released from the plant as outlined
in Regulatory Guide 1.21, Revision 1.

The radioactive effluent release report shall include a
summary of the meteorological conditions concurrent with the-
release of airborne effluents during each quarter as outlined
in Regulatory Guide 1.21, Revision 1.

O
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,
4.0 RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS (Continued)

'

4.1 The radioactive effluent relWF refoit shall' iiiclude an
assessment of radiation doses from the radioactive liquid and
airborne effluents released from the unit during each calendar
quarter as outlined in Regulatory Guide 1.21, Revision 1. The
assessment of radiation doses shall be performed in accordance
with calculational methodology of the Regulatory Guide 1.109,
Revision 1.

The radioactive effluent release report shall include any
changes to the Process Control Program (PCP) or to the Offsite
Dose Calculation Manual (ODCM) made during the reporting
period. Each change shall be identified by markings in the
margin of the affected pages clearly indicating the area of
the page that was changed and shall indicate the date the
change was implemented.

4.2 Annual Radiolocical Environmental Operatino Report

The Annual Radiological Environmental Operating Report for the
previous one year of operation shall be submitted prior to
May 1 of each year. This report contains the data gathered
from the radiological environmental monitoring program. The
content of the report shall include:

4.2.1 Summarized and tabulated results of the radiological

O environmental sampling / analysis activities following the
format of Regulatory Guide 4.8, Table 1. In the event
that some results are not available, the report shall be
submitted noting and explaining the reasons for the '

missing results. The missing data shall be submitted as
soon as possible in a supplementary report.

4.2.2 Interpretations and statistical evaluation of the
results, including an assessment of the observed impacts
of the plant operation and environment.

4.2.3 The results of participation in a NRC approved
Interlaboratory Comparison Program.

4.2.4 The results of land use survey required by Part II,
Section 5.4.

,
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. i

4.0 ' RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS (Continued) .

4.2.5 The resulti~of1specifi'E'5ctivit~y analysls~in which the
primary coolant exceeded the limits of Technical
Specification 2.1.3. The following information shall be
included: ;

i
4.2.5.1 Reactor power history starting 48' hours. prior '

to the first sample in which the limit was ;

exceeded. i,

,

4.2.5.2 Results of the last isotopic analysis for |
radiciodine performed. prior to exceeding the '

limit, resultu of analysis while limit was .

exceeded and results of one analysis after the
,

radiciodine activity was reduced to'less than !

the limit. Each result should include date and
time of sampling and the radiciodine i

concentrations.
,
.

4.2.5.3 Purification system flow history starting
48 hours prior to the first sample in which the ;

]limit was exceeded..

4.2.5.4 Graph of the I-131 concentration and one other i

radiciodine isotope concentration in
.

*

g-- micro-curies per gram as a function of time for
;

the duration of the specific activity above the
steadystate level, AND

4.2.5.5 The time duration when the specific activity of
the primary coolant exceeded the.radiciodine
limit.

4.3 Non-Routine Report'

t

If a confirmed measured radionuclido concentration in an
environmental sampling medium averaged over any calendar- |
quarter sampling period exceeds the reporting level referenced i
in Table 7, and if the radioactivity is attributable to plant J

operation, a written report shall be submitted to the Nuclear
Regulatory Commission within 30 days from the end of the
quarter.

The report shall include an evaluation of any release-
conditions, environmental factors, or other aspects necessary i

to explain the anomalous result. j
,

o
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4.0 RADIOACTIVE EFFLUENT REPORTING REOUIREMENTS' (Continued)
(%() 4.4 ' EPA 40 CpR 190 R6p~ortino Re6uiEements'~

"-

'

With the calculated dose from the release of radioactive
materials in liquid or gaseous effluents exceeding twice the
limits of Part II, Sections 1.1.2, 1.2.2, or 1.3, based on
quarterly and annual calculations, prepare and submit a .

'
special report to the Commission within 30 days and limit the
subsequent releases cuch that the dose to any real individual t

from uranium fuel cycle sources is limited to 1 25 mrem to the i

total body or any organ (except thyroid, which is limited to
S 75_ mrem) over the calendar year. -This special report shall
include an . analysis which demonstrates that radiation
exposures to any member of the public from uranium fuel cycle
sources (including all effluent pathways and direct radiation)
are less than the 40 CFR 190 standard. Otherwise, obtain a
variance from the Commission to permit releases which exceed
the 40 CFR 190 standard. The submittal of the report is to be
considered a timely request and a variance is granted pending
the final action on the variance request from the Commission. '

,

C:)
-

;

s

.

[

,

,
.
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5.0 ~ RADIOLOGICAL ENVIRONMENTAL MONITORING REOUIREMENTS ,_

The requiremenfs seti foYth~in this~SectioW will provi~de reasonable
assurance that radioactive liquid and airborne effluent releases to
the environment in and around Fort Calhoun Station are monitored and
that any deviation of radiation levels above background will be
identified.

5.1 Radiological environmental monitoring shall be conducted
according to Table 4. Analytical results of this program and
deviations from the sampling schedule shall be reported to the
Nuclear Regulatory Commission in the Annual Radiological
Environmental Operating Report (Part II, Section 4.2).

5.2 If the level of radioactivity, from calculated doses, in the
Annual Radiological Effluent Release Report leads to a higher
exposure pathway to individuals, this pathway shall be added
to the Radiological Environmental Monitoring Program. .

5.3 If the level of radioactivity in an environmental sampling
medium exceeds the reporting level specified in Table 7, a
Non-routine Report shall be prepared and submitted to the
Nuclear Regulatory Commission (Part II, Section 4.3). The
detection capabilities of the equipment used for the analysis
of Environmental Samples must meet the requirements of Table 6
for Lower Level of Detection (LLD).

~

5.4 A land use survey shall be conducted once per 24 months i
between the dates of June 1 and October 1. This survey shall
identify the location of the nearest milk. animal, nearest meat ,

animal, nearest vegetable garden, and the nearest residence in
each of the 16 cardinal sectors within a distance of five
miles. The results of the land use survey shall be submitted
to the' Nuclear Regulatory Commission in the Annual
Radiological Environmental Operating Report'(Part II,
Section 4.2). The survey shall be conducted under the
following conditions:

5.4.1 Within a one-mile radius from the plant site,
enumeration by door-to-door or equivalent counting1

techniques.

5.4.2 Within a five-mile radius, enumeration by using
referenced information from county agricultural agents
or other reliable sources.

'

,
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5.0 RADIOLOGICAL ENVIRONMENTAL MONITORING REOUIREMENTS
'

\-s/ 5.4.3 If~'it is lisrned from'Ehls' survey' that milk animals are
present at a location which yields a calculated dose
greater than from previously sampled location (s), the
new location (s) shall be added to the monitoring
program. The sampling location (s) having the: lowest
calculated dose may then be dropped from the monitoring
program at the end of the grazing and/or growing season
during which the survey was conducted and the new
location is then added to the monitoring program. Also,
any location (s) from which milk can no longer be

,

obtained may be dropped and. replaced if practicable from
the monitoring program and the Nuclear Regulatory
Commission shall be notified in the Annual Radiological i

Environmental Operating Report (Part II, Section 4.2).

5.4.4 Radiological Environmental Sampling locations and the
media that is utilized for analysis are presented in
Table 5. Details of the emergency TLD locations are '

contained in Emergency Preparedness Implementing
Procedures.

5.5 Analyses shall be performed on radioactive materials as part
,

of an Interlaboratory Comparison Program that has been
a1 proved by the Nuclear Regulatory Commission. The results of

p) taese analyses shall be included in the Annual _ Radiological
\, Environmental Operating Report.

5.6 Deviations from the monitoring program, presented in this
section and detailed in Table 4, are permitted if specimens
are unobtainable due to hazardous conditions, seasonal
unavailability, malfunction of equipment, or if a person
discontinues participation in the program and other legitimate
reasons. If the equipment malfunctions, corrective actions
will be complete as soon as practicable. If a person no
longer supplies samples, a replacement will be made. All
deviations from the sampling schedule will be described in the
Annual Radiological Environmental Operating Report, pursuant
to Part II, Section 4.2.

,

t

O
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TABLE I
( .. ._-

Radioac~f'ive~ ~Li'aiii~d' Ef fluent S5mp1ina and Analysis

A. Monitor & Hotel Waste Tanks Releases

Lower Limit of
Type of Detection (LLD)

Sampling Frequency Activity Analysis (gCi/ml) (1)
,

,

Each Batch Principal Gamma
Emitters (2)(3) 5.0 E-07

:

I-131(2) 1.0 E-06 i

Monthly From Dissolved Noble
One Batch Gases (2) (Gamma 1.0 E-05

Emitters)
Monthly Composite (7) H-3 1.0 E-05

Gross a 1.0 E-07

Quarterly Composite (7) Sr-89, Sr-90 5.0 E.-08O

B. Steam Generator Blowdown 1

>

Lower Limit of
Type of Detection (LLD)

Sampling Frequency Activity Analysis (gCi/ml) (1)

Weekly Composite (7) Principal Gamma
Emitters (3) 5.0 E-07

I-131(5) 1.0 E-06

Monthly Dissolved Noble
Gases (Gamma 1.0 E-05 :

Emitters)
Monthly Composite (7) H-3 1.0 E-05

Gross a 1.0 E-07

Quarterly Composite (7) Sr-89, Sr-90 5.0 E-08 |

FC/CH-ODCM R3
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TABLE 2

Radioactive Airb6~r~ne' Effluent 55mulih6'and AnblVsis

A. Gas Decay Tank Releases

Lower Limit of
Type of Detection (LLD)

Sampling Frequency Activity Analysis (gCi/ml) (1)

Prior to each Principal Gamma ;

release Emitters (4) 1.0 E-04
i

B. Containment Purge Releases or Containment

Pressure Relief Line Releases

Lower Limit of
' Type of Detection (LLD)

Sampling Frequency Activity Analysis (gCi/ml) (1)

Prior to each Principal Gamma
release Emitters (4) 1.0 E-04

Prior to each
release H-3 1.0 E-06O _

C. Condenser Air Ejector Releases

Lower Limit of
Type of Detection (LLD)

Sampling Frequency Activity Analysis (gCi/ml) (1)

Monthly (6) Tritium (H-3) 1.0 E-06

Monthly Principal Gamma
Emitters (4) 1.0 E-04

O
*
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TABLE 2
-(Continued)-

, ,_

D. Auxiliary Building Exhaust Stack and
Laboratory and Radwaste Building Exhaust Stack

Lower Limit of
Type of Detection (LLD)

Sampling Frequency Activity Analysis (pCi/ml) (1)

Weekly
(Charcoal Sample) I-131 1.0 E-12

Weekly Principal Gamma '

(Particulates) Emitters (4), I-131 1.0 E-11
and Particulates
with half-lives
> eight days.

Weekly (Noble Gases) Principal Gamma 1.0 E-11 ,

Emitters (4)

Monthly Composite Gross a 1.0 E-11

Quarterly Composite
(Particulates) Sr-89, Sr-90 1.0 E-11

.
'

.

)

r

O
.
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TABLES 1 and 2 |

'(Continued)(
.

' '' ' ~ ~
NOTES:

~

(1) LLD is defined in Part II, Section 3.3.

(2) Gross Radioactivity is defined as the determination of radioactivity
levels without regard to speci.fic radionuclide identification and
individual isotopic quantification. |

.

(3) The principal gamma emitters for which the LLD specification applies
exclusively are the following radionuclides: Mn-54, Fe-59, Co-58,
Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, and Ce-144. ;

(4) The principal gamma emitters for which the LLD specification applies
exclusively are the following radionuclides: Kr-87, Kr-88, Xe-133,
Xe-133m, Xe-135, and Xe-138 for gaseous emissions and Mn-54, Fe-59,
Co-58, Co-60, 2n-65, Mo-99, Cs-134, Cs-137, Ce-141, Ce-144 for
particulate emissions.

(5) A weekly grab sample and analyses program including gamma isotopic
identification will be initiated for the turbine building sump
effluent when the steam generator blowdown water composite analysis
indicates the I-131 concentration is greater than 1.0 E-06
microcurie / milliliter.

Required only when steam generator blowdown radioactivity for

O (6) tritium (Table 1, Item B) exceeds 3.0 E-03 microcurie / milliliter.

(7) To be representative of the average quantities and concentrations of
radioactive materials in liquid effluents, samples should be
collected in proportion to the rate of flow of the effluent stream. ;
Prior to analyses, all samples taken for the composite should be

'
mixed in order for the composite sample to be representative of the
average effluent release.

,

!

,

I

i

O
:
.
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TABLE 3
10/93:

,, Radiological.Ef fluent and Environmerttal InstrLanentation . "
'

Operability Test RecNirements

Daily Monthly Quarterly Source Check
Channel Source. Channel Refueling Prior to

A. LigJid Mcriitors ~ Check Check Func. Test Calibration Release

RM 054 A/B. x(2) x x x .

RM 055/55A - - x x x

i

Daily Monthly Quarterly Source Check
Channel Source Channel Refueling Prior to

S. Gaseous Monitors Check Check func. Test Calibration Release

RM-043 x x x x -

RM 057 x x x x -

10/93;
RM-062/62A(1) x x x x x

.

RM 041/42 Samler
Flow Rate X - - X -

RM-060 Samler
flow Rate x - * x *

Monthly Annual
Operations Air Flow

C. Envirroritt. Monitors Check Calibration

RM 035 - 039 x x
~

g.

D. Effluent Flowrotes Daily Channel Check Refueling Calibration

Steam Generator Blowdown Flowrate x x

Auxiliary Building Exhaust Stack X X

Flowrote

Laboratory and Radioactive Waste x x
Processing Building Exhaust Stack
Flowrate ,

NOTES:

(1) RM 062A will be substituted for RM-062 when it is sampling the Auxiliary Building Exhaust Stack.

(2) visual flowcheck daily

1

FC/CH-ODCM R3
1

. . _ . _ - _ __ _ _ _ _ _ _ _ _ . _ _ _ . _ . _ __



FORT CALHOUN STATION Cli-ODCM-0001
CHEMISTRY PROCEDURE PAGE 40 OF 120

TABLE 4
D .,

Radiolo.gi ca l I Env i rorrnent a 1,Jonit or i ng Prog ram ,"
. ,

,,
.

Exposure Pathway
ard/or Sanple Collection Site (l) Types of Analysis (2) Frequency

1. Direct andletion A. Ten TLD indicator stations, Gama dose Quarterly
one control station, total
of 11.

B. An inner-ring of 16 stations, Gamma dose during site Replaced
one in each meteorological Area and Ger,eral Emer- Annualty
sector in the general area of gencies only.
the unrestricted area boundary
and within 2.5 miles.

C. An outer-ring of 16 stations, Ganma dose during site Replaced
1 in each meteorological Area and General Emer- Annually
sector located outside of the gencies on'y.
inner-ring, but no more dis-

.

tantthg)approximately ,

5 miles

2. Air Monitoring A. Indicator Stations 1)Filtyg3 for Gross Weekly
deta'

1. 3 stations in the general

area of tF arestricted 2) Charcoal f or 1-131 weekly
area bou w /

2. city of Blair 3) Filter f or Ganrna Quarterly
isotopic conposite of

B. One background station Same as A. above
-.

3. Water A. Missouri River as nearest Gama Isotopic, M 3 Monthly com-
downstream drinsing water posite for
intake. Canrna isoto-

plc Analysis

B. Missouri River downstream Quarterly
near the mixing gone. composite

for M-3
Analysis

C. Missouri River upstream of
plant intake (background).

4. Milk (EI A. Nearest family cow when Gama Isotopic and 1 131 Semimonthly
available or one dairy farm grazing sea-
within 5 miles. son (May to

October)
8. One dairy farm between 5

miles and 18.75 miles.
(Background)

5. Tish A. Four fish samples within Gama Isotopic Once per
vicinity of plant discharge. season (May

to October)
8. One background sanple up-

stream of plant discharge.

6. Sediamt One sample from downstream area Gamma 1sotopic Semiannually
on the station side of the
Missouri River.

N

FC/CH-ODCM R3
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TABLE 4

C~
, (Continued)

Radiological Envirorenental Monitoring Program' ~
>

i

Exposure Pathway .,

and/or Sanple Collection SiteII) Types of Analysis (2) Frequency '

7. Vegetables or ' A. One sanple outside of $ Cansna Isotopic Once per
food Products miles. (Background) season (May

to October)
B. One sanple in the highest j

exposure pathway. ;
;
;

j

i

.

_

o

teotes:

(1) See table 6 for required detection limits. i

.

(2) The Lower Limit of Detection (LLD) for analysis is defined in the ODCM in accordance with the wording of NUREG-
0472, new. 3, Draft 7.

;

(3) When a gross beta count indicates radioactivity greater than 1E-12 sci /ml or 1 pci/m', a gansna spectral analysis ,

will be performed. .

.

(4) When milk samples are not available, a broad leaf vegetation or pasture grass sample shall be collected, when-
available,

,

(5) Details of the Emergency TLD Stations are contained in Emergency Preparedness Implementing Procedures. |

|

%

|

I

FC/CH-ODCM R3 [
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TABLE 5

Padiological Environmental Saeeting locations and Media

Distance from Direction
Location Location FCS Reactor Bldg. (Degrees from Airborne Airborne Surface Fresh Bottom
Nts+er Description (mites) (north) Particulate Iodine TLD Water Milk Sediment Fish Vegetation i

1 Onsite Station No. 1,
110-meter i.eather tower 0.5 293* x x x

2 Onsite Station No. 2,
Iadjacent to old plant 0.6 208' x x x

access road

3 Offsite Station No. 3
intersection of Hwy. 75 0.8 145' x x x '

and farm access road ;,

|4 Blair OPPD office 3.0 303' x x x

5 EOF Building, North Omaha '

Power Station 17.5 157* x x x

"

6 Fort Calhoun City Hall 4.8 149' x
J

7 Fence aroted intake gate,
Desoto Wildlife Refuge 2.0 101' x

[_
E Entrance to Plant Site i

from Hwy. 75 0.6 180* x i

9 NW of Plant 1.0 310' x

10 WSW of Ptant 0.7 250' xi

11 SE of Plant 0.9 130' x i

| 12 Met. Utilities Dist.,
; Florence Treatment Plant 17.0 156' x
[ North Omaha, NE

[ 13 West bank Missouri River,
,

'

downstream from reactor 0.5 106' x x, '
building g

i

14 125' upstream from intake
|

btdg., west bank of river 0.1 345* x x

|
:

I

!

FC/CH-0DCM g3

i

___. __ .. ____ _m. _ _ _ _ -. . . . . _ _ . . , . . _ . _ , . . . _ . , _ , . . . . , . _ , _ . . . , _ . , . , ,. . . . . . , . .



FORT CALH038 STAfl0N CH-00C54-0001
CMEMISTRY PROCEDURE PAGE 43 0F 120

TABLE 5
(Continued)

Radiological Environmental Smolino Locations and Media

Distance From Direct ion
Location Location FCS Reactor Stdg. (Degrees from Airborne Airborne Well Fresh Bottom

Number Description (mites) (north) Particulate lodine TLD Water Milk Sediment Fish Vegetation

15 Smith Farm (1) 19 133* X

16 OPPD Onsite Well(1) 0.1 154* x

17 Headquarters 8tdg.,(1) *

Desoto Wildt tf e Ref uge 3.1 53* x

18 Mit ter Fartn(3) 0.8 206"
(Discontinued Milk) x

19 Flynn Dairyf2) 3.4 310' x ,

,

20 Mohr Dairy (1)(2)(3) 7,9 137 x x

21 Japp Dairy (2) 6.3 219' x

22 Fish Sanpting Area - R.M.
Missouri River 645.0 - x i

23 F ish Sanpt ing A rea - R.M.
Missouri River 666.0 - x j

24 Legenhausen Farm 0.7 207* r,

(Discontinued)

25 Setta Farm (2) 2.7 168* x

26 Vegetation (3)
(High Expos. Pthwy. for Veg.) x

27 Vegetation (3)
(Background) x

i

'
,

Notes: '
j

(1) Sampling not required f or pathway modeling, collections perf ormed for acMitional inf ormation only.

(2) When a milk sanple is not available at a tocation, a broad tenf vegetation sanple uitt be collected at that location as a substitute.

; (3) Vegetation sites chosen based on Land Use Survey and Semiannual Radioactive Ef fluent Release Report.
I

i

|
|

!.
'

i

FC/CH-00CM R3
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,

1ABLE 6

Detection Capebilities for Environmentet Sarole Analysis (Il(23(33
Lower Limit of Detection (LLD)

Gross
Sanct e Units Beta !L-J Mn-54 Fe-59 Co-58. 60 Zn 65 Zr-95 wb-95 |-131 Cs-134 Cs-137 Ba-140

Water pcl/L -- 2.0E+03 1.5E+01 3.0E+01 1.5E+01 3.0E+01 1.5E+01 1.5E*01 1.0E+00 1.5E+01 1.BE+01 1.5E+01

Fish pCf/kg -- -- 1.3E+02 2.6E+02 1.3E+02 2.6E+02 -- -- -- 1.3E+02 1.5E+02 -

(wet)

Milk pCl/L -- -- -- - -- -- -- -- 1.0E+00 1.5E+01 1.8E+01 1.5E+01 y

3Air til/m 1.0E-02 - -- -- -- -- -- -- 7.0E 02 -- -- --

Particu-
late or

| Cases '

,i

Sediment pCi/kg -- -- -- -- -- -- -- -- -- 1.5E+02 1.8E+02 --

%j ,(dry) '

'

Grass or pCi/kg - - -- -- - -- -- - 6.0E+01 6.0E+01 8.0E+01 -

Broad Leaf (wet)
Yegetation/
Vegetables

1

s

:
f

(1) This list does not mean that only these nuclides are to be considered. Other peaks that are identifiable as plant effluents, together with those
of the above nuclides, shalt also be analyzed and reported in the Annual Radiological Envirorvnental Survelttance Report pursuant to Part. II,
Section 5.1.

,

(2) Required detection capabilities for thermoluminescent dosimeters used for environmental measurements shall be in accordance with the recocinenda-
tions of Regulatory Guide 4.13.-

(3) The LLD is defined, for purposes of these specifications, as the smattest concentration or radioactive materiet in a sanple that will yield a net'

count, above system background, that will be detected with 95% probability with only 5% probability of f alsely concluding that a blank observation
represents a "reata signal. ; ,

1
For a particular measurement system, which may include radiochemical separation:

4.66 sb
LLD =

exp(-lat)2.22E+06 + f +E + V +

FC/CH-0DCM p3
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TABLE 7

Reportirq Levels for Radioactivity Concentrations in Envirementet saretes(II

Sarole Units H3 Mn-54 Fe-59 Co-58 Co 60 Zn-65 Zr-95 tb-95 t-131 Cs-134 Cs-137 Ba-140

Water pCi/L 2.0E+04 1.0E+03 4.0E+02 1.0E+03 3.0E+02 3.0E+02 6.0E+02 4.0E+02 2.0E+00 3.0E+01 5.0E+01 2.0E+02

Fish pCi/kg -- 3.0E+04 1.0E+04 3.0E+04 1.0E+04 2.0E+04 -- -- -- 1.0E+03 2.0E+03- --

(wet)

Mitk pCI/t -- -- -- -- -- -- - -- 3.CE+00 6.0E+01 7.0E+01 3.0E+02 I

3Air pCi/m -- -- -- -- -- -- -- -- 9.0E-01 -- -- --

Particulate ii

er Gases t .i

Grass or pCl/kg -- -- -- -- -- -- -- -- 1.0E+02 1.0E+03 2.0E+03 --
a

Broad Leaf (wet) i'

vegetation / 1

Vegetables i
,

>

t

I
)

. .

1

I
4.

(1) A Non-routine report shatl be Submitted when more than one of the radionuclides listed above are detected in the sancting medlun and:
1

Concentration (1) + Concentration (2) + - - - - - > 1.0
Reporting Levet (1) Reporting Levet (2)

When radionuclides other than those listed above are detected and are the result of plant ef fluents, this report shall be sutrnitted if t e poten-
tial annual dose to a menter of the general public is equal to or greater than the dose objectives of Part II, Section 1.1 and 1.2. Thii report
is not required if the measured.tevet of radicactivity was not the result of plant effluents; however, in such an event, the condition shall be
reported and described in the Annual Radiotocical Environmental Operating Report.

I

FC/CH-ODCM. R3
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PART III j

RADIOLOGICAL EFFLUENT RADIATION MONITOR CALCULATIONS '

i

!

!

' ,

[

[

!
i

I

.

1

1

!

l

I
i

' '
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1.0 EFFLUENT MONITOR SETPOINTS !

1.1 Liould Ef flIaentis }
~ ~ ~'

.

There are two liquid discharge pathways to the Missouri River. }
These pathways originate with the radioactive liquid waste '

processing system (monitor or-hotel tanks) and the steam
generator blowdown system. Both of these pathways empty into ,

'the circulating water system which discharges to the Missouri
River (see Figure 1). Figure 2 depicts the liquid discharge :

pathways and associated radiation monitors. Figure 3 depicts |
the methods of liquid effluent treatment. A detailed discussion )
of the liquid effluent treatment system is presented in
Section 2.1.

The flowrate for dilution water varies with the number of 10/93
circulating water pumps in service, the number of raw water .

pumps in service, and with the operation of:the warm water
recirculation. Some warm water from the condenser outlet is

,

diverted from the circulating water discharge to upstream of the
,

intake structure to help prevent ice from forming on the.
,

circulating water pump intakes during winter months. The 10/93!
varying dilution flowrate and utilization of warm water .,

recirculation is accounted for in the dilution calculations for
~

monitor tank and stream generation releases.

Alarm setpoints shall be established for the liquid effluentO ;

monitoring instrumentation to ensure that the concentration of ;

radioactive material released in liquid effluents at site '

discharge shall be less than the concentrations specified in
10 CFR 20, Appendix B, Table 2, Column 2. r

Cs-137 is the most abundant radionuclide in liquid effluent-
..

streams and is used to calibrate the liquid effluent' monitors. I

<

U

I

b

,

O
'

FC/ODCM R3
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

O' ^

1.2 Licuid Effluent Radiation Monitors
~

r

1.2.1 Steam Generator Blowdown Monitors (RM-054A and B)
These process radiation detectors monitor the flow
through the steam. generator blowdown lines and
automatically close the blowdown isolation valves if the

'

monitor high alarm setpoint is reached. The high alarm
setpoint calculations are based on controlling the
discharge at 10 CFR 20 limits of 1.0E-06 4Ci/ml'at site i
discharge.

The following calculations for maximum concentration and
alarm setpoints are valid when steam generator blowdown
is the only liquid release pathway. For simultaneous
radioactive liquid releases of steam generator blowdown
and monitor tank discharge, refer to Section 1.5.1.

The maximum allowable concentration in the blowdown line
is calculated as follows:

,

(1. 0E-06 pCi/ml) (X,)
A* = Yo

_

Where:

1.0E-06 pCi/ml = 10 CFR 20 Limit for unidentified radionuclides
'

at site discharge (10 CFR 20, Appendix B,
Note 2).

X, = Total dilution flow in the discharge tunnel i

(gpm). (Normal flow is based on 1 circulating
water pump at 120,000 gpm. 'Other flowrates may
be used, as required.)

Blowdown flow rate (gpm). (Normal blowdownY =
o

flow rate is based on 2 transfer pumps.with a
design flow of 135 gpm each, 270 gpm total.
Other flow rates may be used, as required.)

Maximum allowable blowdown concentrationA =
o

(gCi/ml).

t
:

3

I

FC/ODCM R3 |
1

|
|

__
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

1.2.1 the high'51 arm setp6Tn't'(CPM)~ =~ ~~

.85 [ (S ) (A,) B]4
f

Where: -

.85 = Correction factor for instrument meter.
error.

,

,

Detector sensitivity factor (CPM /yCi/ml).Sp =

(Sensitivity based on Cs-137).

Maximum allowable blowdown line activity;A, =

(pCi/ml).

Background (CPM).B = '

Setpoints may be recalculated based on adjusted
dilution flow and adjusted blowdown flow.

An alert setpoint will be chosen at a value below
the alarm setpoint so that significant increases in
activity will be identified prior to automatic
actuation of the blowdown isolation valves.

'

1.2.2 Overboard Discharge Header Monitor (RM-055 or RM-055A)

This process radiation monitor provides control of the :
waste monitor tank effluent by monitoring the overboard |

header prior to its discharge into the circulating water
discharge tunnel. The concentration of activity at
discharge is controlled below the 10 CFR 20 limit of '

1.0E-06 pCi/ml at site discharge for unidentified
'

isotopes by the high alarm setpoint which closes the
overboard flow control valve.

The following calculations for maximum concentration and
alarm setpoints are valid when Monitor Tank discharge is
the only liquid release pathway. For simultaneous
radioactive liquid releases of monitor tank discharge and
steam generator blowdown, refer to Section 1.5.1.

:

i

i

FC/ODCM R3
.

4
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

1.2.2' The fiaximum' allowable c67ic6ntration'in th5 6verboard i

discharge header is: i

(1. 0E-06 pCi/ml) (X,)
A, = ,

O <

!

Where: '

1.0E-06 pCi/ml= 10 CFR 20 Limit for unidentified
,

radionuclides at site discharge
(10 CFR 20, Appendix B, Note 2).

3

X, = Total dilution flow in the discharge
tunnel (gpm). (Normal flow is based on !

I circulating water pump at 120,000 gpm. 10/93!
Other flowrates such as raw water pump (s) |,'
may be used, as required.-)

'

Y, = Maximum monitor tank discharge' flow rate f
(gpm). (Normal monitor tank maximum flow. - 10/93!

O is 50 gpm. Other flow rates such as raw
water pump (s) may be used, as required.)

-

A, = Maximum allowable activity in discharge ;

header (4Ci/ml).

i

i

e

1

F

v

P

|

|'

?

JO
'

FC/ODCM R3 ;
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

\ 1.2.2 The liigh ~ alar'm'setpo nt TCPM) '~~' '"=

10/93!
.85 [ (S ) (A,) + B) |'r

Where: ;

.85 = Correction factor for instrument meter
error.

Detector sensitivity factor (CPM /pCi/ml) .S =p

(Sensitivity based on Cs-137).

Maximum allowable concentrat'.on in :A, =

discharge header (gCi/ml). ;

Background (CPM). jB =

An alert setpoint will be chosen at a value below the -

alarm setpoint so that significant increases in activity
will be identified, prior to automatic actuation of the
overboard flow control valve.

O -

.

6

,

O
FC/ODCM R3
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1.0 EFFLUENT MONITOR'SETPOINTS (Continued) !

;- _ . --

1.3 Airborne Ef'fluents' ~~ ~ |
~~ ''' ~

The airborne effluent monitoring instrumentation.for
controlling and monitoring normal radioactive material releases
in accordance with 10 CFR 20, Appendix B, Table 2, Column 1 i

limits at the unrestricted area boundary (see Figure 1), are
,

summarized as follows:

A. Auxiliary Buildina - The Auxiliary Building Exhaust. -

Stack receives discharges from the waste gas decay
tanks, containment purge, containment vent systems

,

and the auxiliary building ventilation systen. 10/93:Radiation Monitor RM-062 provides noble gas '

monitoring and iodine and particulate sampling for
the Auxiliary Building Exhaust Stack. Backup noble
gas monitoring is provided by RM-062A and backup
iodine and particulate sampling is provided by
RM-060. Ventilation Isolation Actuation Signal
(VIAS) is actuated by exceeding a monitor's alarm
setpoint. Actuation of VIAS will isolate releases
from containment and waste gas decay tanks. The
Auxiliary Building Exhaust fans will remain in '

operation.

B. Laboratory and Radioactive Waste Process-ina 10/93

. O Buildina (LRWPB) - Noble gas monitoring is provided
,

by Radiation Monitor RM-043. Particulate and Iodine
sampling is provided by RM-041 and RM-042,
respectively. These radiation monitors / samplers do
not serve a control-function.

'

,

C. Condenser Off-Gas Monitors - Noble gas activity is
monitored by RM-057. The condenser off-gas is
discharged directly to'the environment. Exceeding
the high alarm setpoint on RM-057 will activate
isolation of main steam to the Auxiliary. Steam
System.

An airborne radioactive waste flow diagram with the applicable, I
.

associated radiation monitoring instrumentation and controls is ;

presented as Figure 4. The airborne waste disposal system is
presented in Figure 5. A detailed discussion of the airborne
effluent treatment system is presented in Section 2.2. -

;

O
FC/ODCM R3
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)
..

1.4 Airborne Ef~ fluent' Radiation Monifors '~

l.4.1 Auxiliary Building Exhaust Stack Noble Gas Activity' 10/93
Monitor (RM-062/RM-062A) |-

Either of these monitors may be used to measure the noble
gas activity in the exhaust stack. The noble gas is
monitored after passing through a particulate filter. *

The monitor controls airborne releases so that the ,

10 CFR 20 limit at the unrestricted area boundary of ,

5.0E-07 pCi/cc, based upon Xe-133, is not exceeded. The
'

Ventilation Isolation Actuation Signal is initiated when
the high alarm setpoint is reached. '

The following calculations for maximum release rate and i

alarm setpoint are valid when Auxiliary Building Exhaust
Stack is the only airborne release pathway. For
simultaneous airborne releases from Auxiliary Building
Exhaust Stack, Condenser Off-gas and the LRWPB Exhaust
Stack, refer to Section 1.5.2. ;

1

The maximum allowable release rate for stack airborne i

activity is calculated as follows:

I

(5. 0E-07 pCi/cc) x (1. 0E+06 cc/m ) = 1. 0E+ 05 p Ci/sec !3

3(5.0E-06 sec/m ) ;

Where:
,

,

5.0E-07 pCi/cc = 10 CFR 20 Limit at the unrestricted *

area boundary (based upon Xe-133).

3 Annual average dispersion factor at5.0E-06 sec/m =

the unrestricted area boundary.

3 Constant of unit conversion. j1.0E+06 cc/m =

'

The high alarm setpoint (CPM):

'(1.0E+05) (S ) (60)rSe tpo2n t = . 8 5 [ +B}.

(F ) (28317)y
,

p

i

FC/ODCM R3 j

1

;
, . . . . .- - _. .- .



. _ _ . _ . ,. . - _ - _ _ - _ - - . _ -. --_ - . .-_ - .. _.
,

i

FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE'54 OF 120

<

1 EFFLUENT MONITOR SETPOINTS (Continued)
O

.0

- .- - - - .. . -, (. ,g., ,

.85 = Correction for instrument meter error. !
1

Detector sensitivity factor (CPM / !S =p

pCi/cc). (Sensitivity based on Xe-133) !

60 = Conversion (seconds to minutes). +

28317 = Conversion factor (ft3 to cc).
Auxiliary Building Exhaust stack flowF, =

rate (SCFM). (Default maximum flow rate
is 122500 cfm for 3 Auxiliary Building
exhaust fans and 2 containment purge fans
in operation. Other flow rates may be
used, as required.)

B= Background (CPM).
.

An alarm setpoint will be chosen at a value below the
alarm setpoint so'that significant increases in activity _ i

will be identified, prior to actuation of VIAS.

,

i

t

,

FC/ODCM R3
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EFFLUENT MONITOR SETPOINTS (Continued)
O

1. 0

1.4.2' Condenser Ali ~Ejhctor Monifo'r (RM O57) ' =i

This monitor is located in the turbine building and
monitors the condenser off-gas. The purpose of'this
monitor is to monitor the condenser off-gas discharges so
that the 10 CFR 20 limit at the unrestricted area
boundary of 5.0E-07 pCi/cc, based upon Xe-133, is not
exceeded. '

The following calculations for maximum release rate and
alarm setpoint are valid when condenser off-gas is the
only airborne release pathway. For simultaneous airborne +

releases from condenser off-gas, Auxiliary Building
Exhaust Stack, and the LRWPB Exhaust Stack, refer to
Section 1.5.2.

The maximum allowable release rate for condenser air-
ejector monitor is as follows:

(5. 0E-07 pCi/cc) 1. 0E+05 pCi/sec I3x (1. 0E+06 cc/m ) =
3(5. 0E-06 sec/m )

- Where: . :

5.0E-07 pCi/cc 10 CFR 20 Limit at the=

unrestricted area-boundary
? (based upon Xe-133).

3 Annual average dispersion5.0E-06 sec/m =

factor.at the unrestricted
area. boundary.

1.0E+06 cc/m3 Constant of unit= '

conversion.

The high alarm setpoint (CPM):

I

. (1.0E+65) (S.) (60) !
fSe tpoin t = . 8 5 \ +B 1

*

(F ) (28317) jv
.

,

O
FC/ODCM R3
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|

1.0 EFFLUENT MONITOR SETPOINTS (Continued) i

1.4.2 Wher6: ~ ~^ ^~

i

Correction for instrument meter.85 =

error.

r Detector sensitivity factorS =

(CPM /pCi/cc). (Sensitivity based on
Xe-133)

Conversion (seconds to minutes).60 =

Conversion factor (ft3 to cc).28317 =

Vent stack flow rate (SCFM). .iF, =

Default maximum flow rate is -

4755 scfm (3 vacuum pumps in hogging i

mode. Other flow rates may be used,
as required.)

Background (CPM).B =

An alert setpoint will be chosen at a value below the (

alarm setpoint so that significant increases in activity
will be identified, allowing time for corrective actions

.,

prior to exceeding the alarm setpoint and tripping of the
,

. auxiliary steam supply valve, RCV-978.

.

3

FC/ODCM R3
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

1. 4. 3'' Laboratory ariY Radioacti7e' Waste" Processing" Building
Exhaust Stack Noble Gas Activity Monitor (RM-043)

'

:

RM-043 is located in the Radwaste Building and samples
the LRWPB Exhaust Stack. The monitor alarm setpoint is
based on the 10 CFR 20 limit for Xe-133 at the
unrestricted area boundary.

..

The following calculations for maximum release rate and
alarm setpoint are valid when the LRWPB Exhaust Stack is
the only airborne release pathway. For simultaneous
airborne releases from condenser off-gas, Auxiliary
Building Exhaust Stack, and the LRWPB Exhaust Stack,
refer to Section 1.5.2.

The maximum allowable release rate for RM-043 is as
follows:

(5. 0E-07. p Ci/cc) 3x (1. 0E+06 cc/m ) = 1. 0E+05 p Ci/sec
(5. 0E-06 sec/m )3

Where:

() 5.0E-07 pCi/cc = 10 CFR 20 Limit at the
unrestricted area boundary
(based upon Xe-133).

Annual average dispersion35.0E-06 sec/m =

factor at the unrestricted
area boundary.

3 Constant of unit1.0E+06 cc/m =

conversion.

,

F

W

FC/ODCM R3
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

(~/- 1. 4 . 3 ' Th e h. . h , ~ T.T .-.. ~I .-alarm setpoint'TCPM): -

~

ig

(1.0E+05) (S ) (60)y
Se tpoin c = . 85 ( +B}(F ) (28317)y

i

Where:

.85 = Correction for instrument meter error.

Detector sensitivity factor (CPM /pCi/cc). ;Sp =

(Sensitivity based on XE-133)

Conversion (seconds to minutes)60 =

,

28317 = Conversion factor (ft3 to cc).
i

LRWPB Exhaust stack flow rate (SCFM).F, =

(Default flow rate is 28700 cfm..Other
flow rates may be used if required. |

Background (CPM).B =
,

i

() An alert setpoint will be chosen at a value below the.
alarm setpoint so that significant increases in activity
will be identified.

.

1

This monitor alarms in the Control Room. There are no
automatic control functions associated with the actuation ;

of the alarm.

i
,

1

O
*

FC/ODCM R3

,
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i _
1.0 EFFLUENT MONITOR SETPOINTS (Continued)

Simul'taneod3 Rel^ ase' Pathways ''''
~

''1.5 e

1.5.1 Liquid Release Pathways ,

The liquid radiation monitors (RM054A and B, RM055, and >

RM055A) control liquid releases so that.10 CFR 20 limit
of.1.0E-06 pCi/ml for unidentified. isotopes at site

'
discharge is not exceeded. There are two liquid release
pathways that contribute to the concentration at site
discharge. These are Steam Generator Blowdown and Monitor
Tank overboard Discharge Header. When more than one
pathway is utilized for radioactive releases, it is.
necessary to adjust the alarm setpoints given in i

Section 1.2 so that unrestricted area concentration
limits are not exceeded.

The calculations for the alarm setpoints for the liquid i

effluent monitors will be adjusted as follows:

A, = K, A, + K A1 1

s . K, (1. 0E-06 Ci/ml) (X,) K (1. 0E-06 pCi/ml) (X,)3.

Y, Y *

1

<

Where: '

A, = Sum of individual maximum allowable
concentrations for Steam Generator and
Monitor Tank prior to dilution for
simultaneous liquid releases (4Ci/ml)

A, = Maximum allowable concentration in Steam
Generator blowdown Line (gCi/ml)

Ai= Maximum allowable concentration in Monitor
Tank Discharge Line (pCi/ml)

K, = Proportionality constant for Steam
Generator (See Table 1)

Ki= Proportionality constant for Monitor Ta:sk
(See Table 1) ;

X, = Total' dilution flow in Discharge Tunnel
,

(GPM)

FC/ODCM -R3 +
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)
~

~ ^~~ ' '-1. 5.1' Wherb':

Y, = Steam Generator Blowdown flowrate (GPM)

Yi= Monitor Tank Discharge flowrate (GPM)

The High Alarm Setpoint for Steam Generator Blowdown
monitors, RM054A and B, will then be:

Alarm Setpoint (CPM) = . 85 [K S,, A, + B }o o

The High Alarm Setpoint for Monitor Tank Discharge
monitors, RM055 and 55A, will then be:

,

Alarm Setpoint (CPM) = . 85 ( K S,., A +B]1 1 1

'
Where:

'

Detector Sensitivity factor __for RM054A/B,
-

S =ro
CPM /(pCi/ml), based on Cs-137.

Sri = Detector Sensitivity factor for
RM055/55A, CPM /(pCi/ml), based on Cs-137.

Maximum allowable concentration inA, =

SG Blowdown line. (pCi/ml)

Maximum allowable concentration in-A =
i

MT Discharge line. (gCi/ml)

RM054 A or B background countrate. (CPM)B, =

'

RM055 or 55A background countrate. (CPM)B =

Where: |

K. , Ki= Proportionality constants. See Table 1.

:

O
FC/ODCM R3
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)

1.5.2~~ Airb6rne Release ~ Pathway" ' '
-

~

10/93 ;
The noble gas radiation monitors (RM043, RM057, and

~

RM062/RM062A) control airborna releases so that 10 CFR 20
limits of 5.0E-07 pCi/cc for noble gases at the
unrestricted area boundary is not exceeded. There are
three pathways that contribute to the concentration at
the unrestricted area boundary. These are the Auxiliary

'

Building Exhaust Stack, Condenser Off-gas, and the LRWPB
Exhaust Stack. When more than one pathway is utilized
for radioactive releases, it is necessary to adjust the
alarm setpoints given in Section 1.4 to ensure that
unrestricted area concentration limits are not exceeded.

The calculations for the alarm setpoints for the airborne
effluent monitors will be adjusted as follows:

The maximum allowable release rates for simultaneous
releases is:

10/93

conc,
Max. Release Ra te = ; } K'iKR = -jg ,

X/4-1 2 -2

() Where:
'

10/ 3:
RM062/RM062A release rate (pCi/sec)R =

i

RM057 release rate (pCi/sec) 10/ 3|R =
2

RM043 release rate (pCi/sec)R =
3

K - Kp= Proportionality. constants. See Table 1.i

Conci= Radionuclide concentration for the monitor of
'

interest. i

4

1

!

C:)
|

FC/ODCM R3'
I
:
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1.0 EFFLUENT MONITOR SETPOINTS (Continued)
~ 1.5.2~ The fiaximum r'elease rate"~id then: - ' -

K (5. 0E-07 pCi/cc) K (5.0E-07 pCi/cc)
3 2

5. 0E-06 sec/m3 5.0E-06 sec/m3
,

|

,

,

d

K (5. 0E-07 pCi/cc) cc3 ' ' #
5. 0E-06 sec/m' 5"'

The alarm setpoints for the noble gas monitors will then
be:

7) (6 0).

RN062/62A = . 85 [K1 F (28317)y

O ;

* ! +RM057 = . 85 l K +B]2 ( Fy) (28317) <
,

,

.

0)
_

. 7RM043 = .85 [K .B]3 ( Fy) (28317)

.

3

O 4.

.

FC/ODCM- 33
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\

1.0 EFFLUENT MONITOR SETPOINTS (Continued)
, . -

;
_ .~ ,- - . _ . .g , . _

,

.85 Correction factor for instrument=

meter error.
10/93 -

K ' Proportionality constants. See
|

K~ =i 3

Table 1.

Detector sensitivity factor.S =p

i
Fy Vent stack flowrate. (Condenser |

=

off-gas flowrate for RM057,
LRWPB Exhaust stack flow rate for
RM043, Auxiliary Building Exhaust 10/93[
Stack flow rate for RM62/62A). |.

(
,

Monitor background count rate.B =

60 Constant of unit conversion )=

(60 sec/ min).

,

}

|

|

t

i

a

t

9

,

0

)

i

'

FC/ODCM R3
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10/93
TABLE 1

NOTE: The Fort Calhoun Stit'ioh is capTble of'peiforming simultaneous-

airborne releases given that the sum of the Unrestricted Area Fraction
Sum for all airborne releases remains less than or equal to 1.0.

A. Proportionally Constants for Simultaneous Airborne Releases.

1. Auxiliary Building Exhaust Stack

Total 0.80
P

K Noble Gases 0.70 RM-062 or 062Ai
Iodine / Particulate / Tritium 0.10

Contributing Pathways:

'
a) Auxiliary Building 0.10
b) Containment Building 0.65'

c) Waste Gas Decay Tanks 0.05

2. Condenser / Air Ejector Total 0.10
:

K Noble Gases 0.05 RM-0572

Tritium 0.05

Contributing Pathways: _

l

a) Condenser Off Gas 0.10

3. Laboratory and Radioactive
Waste Building Exhaust
Stack Total 0.10

,

K Noble Gases 0.05 RM-0433

Iodine / Particulate 0.05
,

Contributing Pathways:
,

a) Laboratory and Radioactive
Waste Building Exhaust Stack O.10

t

Airborne Release Total 1.00

NOTE: The Fort Calhoun Station is capable of performing
simultaneous liquid releases given that the sum of the Unrestricted
Area Fraction Sum for all liquid releases remains less than or
equal to 1.0.

a

B. Proportionally Constants for Simultaneous Liquid Releases..

1. Ko Steam Generator Releases 0.30 RM-054A/054B
O'

2. K Waste Liquid Releases 0.70 RM-055A I4

Liquid Release Total 1.00

FC/ODCM R3

-
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RADIOACTIVE WASTE TREATMENT SYSTEM

O.2.0
3

2.1 Licuid Rad ~ waste Treatment System' -
"' '

i

The major equipment or subsystem (s) of the liquid radwaste
treatment system are comprised of the waste filters, monitor i

tanks, and evaporator. This equipment, including associated
pumps, valves and piping, is used in different combinations on

,I
an as-needed basis to process the liquid effluent to provide
compliance with the as low as is reasonably achievable
philosophy and the applicable section of 10 CFR Part 20. The
liquid radwaste treatment system is described in
Section 11.1.2 of the USAR. For effluent release points and
monitor locations refer to P&ID's 11405-M-100, M-9 and M-8.

A filtration / ion exchange (FIX) system may be utilized for
processing liquid radwaste in the event the waste evaporator i

is not in service. The system consists of a booster pump,
'

charcoal pretreatment filter, and pressure vessels containing
organic / inorganic resins, which can be configured for optimum
performance. The effluent from the FIX system is directed to
the monitor tanks for release.

Waste filters (WD-17A and WD-17B) are used only on those
occasions when considered necessary, otherwise the flows from
the low activity fluids may bypass the filters. No credit for
decontamination factors (iodines, Cs, Rb, othersj was taken

O- for these filters during the 10 CFR 50 Appendix I dose design
objective evaluation; therefore, the inoperability of these
filters does not affect the dose contributions to any
individual in the unrestricted areas via liquid pathways. The
inoperability of waste filters will not be considered a
reportable event in accordance with Part II, Section 2.1.

Every effort will be made to process all liquid waste, except .

from the hotel waste tanks, through the evaporator or.FIX
before entering the monitor tanks. If the radioactive liquid '

waste is discharged without processing and it appears'that
1/2 of the annual objective will be exceeded during the .i
calendar quarter, a special report shall be' submitted to
the Commission pursuant-to Part II, Section 2.1.

The quantity of radioactive material contained in each !
iunprotected outdoor liquid holdup tank shall not exceed

10 curies,' excluding tritium and dissolved or entrained noble
gases.

,

- O
.

f

FC/ODCM R3
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2 RADIOACTIVE WASTE TREATMENT SYSTEM00 2.2 Airborne R'adwaste Tieatment System -

The waste airborne radioactive material at Fort Calhoun ;

Station is collected in the vent header where the gas
compressors take suction, compress the gas and deliver it to
one of the four gas decay tanks. The waste airborne
radioactive material is treated in these gas decay tanks by
holding for radioactive decay prior to final controlled
release to the environs. In order to provide conformance with !

the dose design objectives, gas decay tanks are-normally
stored for approximately 30 days, with earlier release allowed '

to support plant operation only, and thus achieve decay of
short half-life radioactive materials, e.g., I-131, Xe-133. ;
If the radioactive airborne wastes from the gas decay tanks -

are discharged without processing in accordance with the above
conditions, a special report shall be submitted to the :

Commission pursuant to Part II, Section 2.2. i

The radioactive effluents-from the controlled access area of
the auxiliary building are filtered by the HEPA filters in the .;auxiliary building ventilation system. If the radioactive ,

effluents are discharged without the HEPA filters, a special .

report shall be submitted to the NRC pursuant to Part II,
,

Section 2.2.
.

The discharge from the gas decay tanks is routed through
4

charcoal and HEPA filter unit VA-82. No credit was taken for "

the operation of hydrogen purge filters'during the 10 CFR 50, ;

Appendix I dose design evaluation and doses through the j

airborne effluent pathways were well below the design
.

!

|

objectives. The unavailability of hydrogen purge filters will
not be considered a reportable event as per Part II, i

Section 2.2. '

The containment air is processed through at least one of the
redundant containment HEPA and charcoal filters in the
Containment air Cooling and Filtering Units prior to purging.
If the containment purges are made without processing.through
.one of the Containment Air Cooling and Filtering Units, a i

special report shall be submitted to the Commission pursuant
to Part II, Section 2.2.

,

The airborne radwaste treatment system is described in
Section 11.1.3 of the USAR. For effluent release points and
monitor locations refer to P&ID's 11405-M-1 and M-261.

,

s

|

|
|

!

O
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Figure 1
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Figure 2

TANKS
--

S/G S/G RAW
'

HOTEL
A B WATER

! BLOWDOWN BLOWDOWN
V h

AL
MONITOR @ @
TANKS

=
<

-c

@
>

._

If lf
OUTFALL l;

/

CIRCULATING
WATER 1

lc \/-

%
WARM WATER RECIRCULATION f93

7

RIVER y RIVER y

P$- Y Ybhb%
M &; $,w;e:s s,v$ x, ,w $,s,s,s,$, mnx, ,,nm , n/

@ RM-054A
@ PM-0548
@ RM-055 AND RM-OSSA

l_lQUID RADIOACTIVE DISCHARGE PATHWAYS

Figure 2 CH8915E

,

FC/OprM R3

. _ _ _ _ _ _. ._.



FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 69 OF 120

,
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Figure 5
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)
1.0 EFFLUENT CONCENTRATIONS

1.1 Licuid Effluent Concentrations'' "
|

|
4

The concentration of radioactive material in liquid effluents |
.,

(after dilution in the Circulating Water System) will be l

limited-to the concentrations as specified in 10 CFR 20, |
Appendix B, Table 2, Column 2. For batch releases (Monitor I

and Hotel Waste Tanks and Steam Generators) and for continuous
releases (Steam Generator Blowdown), the analyses will be

.'

performed in accordance with Part II, Table 1, and the I

concentration of each radionuclide at site discharge will be
calculated, based on the following equation:

1

Radionuclido concentration at site discharge:

,

'

a f
iA =

1 F+f *

i

n ,

3 / wec, s1 .iand }} A
2-1

,

,

.

|

1

Where:

concentration at site discharge forA =
'

radionuclide, i, in pCi/ml. ;

concentration of radionuclide, 1, in the' a =
'

undiluted effluent in pCi/ml. ,

undiluted effluent flowrate, in gpm. !f =

total diluted effluent flowrate in gpm.F ?=

water effluent concentration limit for iwec =
i

radionuclide, i, per 10 CFR 20, Appendix B, ;
'Table 2, Column 2.

.

j

i

|

FC/ODCM R3 |
|
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,

1.0 EFFLUENT CONCENTRATIONS !

NOTE: In addition'to t'6e'above d'"~fihed method, Not'es~ 1 through 4e
of 10 CFR Part 20, Appendix B, will also be applicable.

,

1.2 Airborne Effluent Concentrations

The concentration at the unrestricted area boundary, due to i

airborne effluent releases, will be limited to;less than
'

Appendix B, Table 2, Column 1, values. Radiation monitor -

alarm setpoints are established to ensure that these release '

limits are not exceeded. In the event an airborne effluent i

release from the station result in an alarm setpoint being
exceeded, an evaluation cf the unrestricted area boundary
concentration resulting from the release will be performed:

To determine the concentration and air effluent concentration-
(aec) fraction summation at the unrestricted area boundary,
the following equations will be used:

,

t

1

K,Q, (x/0)A =
3

,

_

f A /acc, s 1and j

22 ,

P

P

T

Where:
,

Concentration of radionuclide, i, at theA, =

unrestricted area boundary

Constant of unit conversion. (1E-6m' /cc)K, =

a cc, Air effluent concentration limit (10 CFR 20, !=

Appendix.B, Table 2, Column 1 value for
radionuclide, i)

The release rate of radionuclides i, in airborne ;Q, =
,

effluents from all vent releases (in gCi/sec.)
i

O SE-6 sec/m. For all vent releases. The I3(x/Q) =

highest calculated annual average relative ;

concentration for any' area at or beyond the ;

unrestricted area boundary '

.FC/ODCM R3 !
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1.0 EFFLUENT CONCENTRATIONS

As appropfiate, siiniiltaneous TeTeases~from the 'AQ' iliary
~

x
Building Ventilation Stack, Laboratory and Radwaste Building
Stack and condenser off gas will be considered in evaluating
compliance with the release rate limits of 10 CFR 20. Monitor
indications (readings) may be averaged over a time period not
to exceed 15 minutes when determining noble gas release rate
based on correlation of the monitor reading and monitor
sensitivity. Historical annual average dispersion parameters,.
as presented in Table 3, may be used for evaluating the
airborne effluent dose rate.

NOTE: For administrative purposes, more conservative alarm
setpoints than those as prescribed above may be imposed.
However, conditions exceeding those more limiting alarm
setpoints do not necessarily indicate radioactive material
release rates exceeding 10 CFR 20 limits. Provided actual ,

releases do not result in radiation monitor indications
exceeding alarm setpoint values based upon the above criteria,
no further analyses are required for demonstrating compliance
with 10 CFR 20.

2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS

2.1 Licuid Effluent Dose G31culations
_

Three pathways for human exposure to liquid releases from FCS
to the Missouri River exists: 1) fish, 2) drinking water,
and 3) Shoreline deposition. Fish are considered to be taken
from the vicinity of the plant discharge. The drinking water
for Omaha is located 19 miles downstream from FCS. The
dilution factors for these pathways are derived from the
Revised Environmental Report for FCS, (1974), (page 4-29 and
4-31). This report states that during Low-Low river i

conditions, the concentration at Omaha's water intake will be
,

$14% of the concentration at discharge from FCS and will ,

average 3%. This equates to a dilution factor of 7.14, which
is used to calculate the maximum dose to an individual from
liquid pathways and a dilution factor of 33.33, for

,

calculating the average dose. All pathways combine to give i

the dose to an individual in unrestricted areas.
'

,

10 CFR 50, App. I restricts the dose to individuals in the
unrestricted areas from radioactive materials in liquid
effluents from the Fort Calhoun Station to the following
limits:

i

during any calendar quartere

$1.5 mrem to total body
$5.0 mrem to any organ and

O during any calendar yeare

5 3.0 mrem to total body
'5 10.0 mrem to any organ

FC/ODCM R3 y
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) :

^
~2.1 The following "calcu'lational meEh'ods shs11 be usecT for i

determining the dose or dose commitment from liquid effluents.
Doses from Licuid Effluent Pathways

,

A. POTABLE WATER
,

'f' 2 *10 D,jpjexp(-X t,)R,,,= 1100 3 3

'

Where:

is the total annual dose to organ, j, of individualsR,, =

of age group, a, from all of the radionuclides, i, in
pathway, p, in mrem /yr. >

is a usage factor that specifies the intake rate forU, =

an individual of age group, a, associated with
,

'

pathway, p, in f/yr. Table 5'

= 1 the mixing ratio (reciprocal of the dilutionM,
tor) at the point of withdrawal of drinking water,

aimensionless. Table 3 _

2is the flow rate of the liquid effluent, in f t / sec.F =

is the annual release rate of radionuclide, i, inQ =
,

Ci/yr.

D, is the dose factor specific to a given age group, a,=

radionuclide, i, pathway, p, and organ, j, which can be
used to calculate the radiation dose from an intake of a ;

~

'

i radionuclide, in mren/pC1. Tables 12-15

is the radiological decay constant of radionuclide, i,A, =

in hr ' .

t, is the average transit time required for radionuclides i=

to reach the point of exposure. For internal dose, t,
is the total time elapsed between release of the
radionuclides and ingestion of water, in hours.
Table 16

3Constant (pCi * yr * f t /Ci * sec * L)
,

1100 =

s
,

i

FC/ODCM R3
,
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>

2 RADIOACTIVE EFFi Mr DOSE CALCULATIONS (Continued)

O
.0

2.1 B. AQUATIC FOODS '~ ' ~
~ ~ ~ '

R,py = 1100 *fP 3 3pD,3pyexp (-1 t )0B 3 p
v1 .

'Where:

is the total annual dose to organ, j, of individualsR,; =

of age group, a, from all of the radionuclides, i, in
pathway, p, in mrem /yr.

U, is a usage factor that specifies the intake rate'for=

an individual of age group, a, associated with
pathway, p, in kg/yr. Table 5

is the mixing ratio (reciprocal of the dilutionM, =

factor) at the point of harvest of aquatic food,
dimensionless. Table 3

3is the flow rate of the liquid effluent, in ft /sec.F =

is the annual release rate of radionuclide, i, _in *

Q, =

Ci/yr. _

>

is the equilibrium bicaccumulation factor forB, =
'

radionuclide, i, in pathway, p, expressed as the ratio
of the concentration in biota-(in pCi/kg) to the ,

radionuclide concentration in water (in pCi/ liter), ini

-(pCi/kg)/(pci/ liter). Table 2

is the dose factor specific to a given age group, a,D =g
radionuclide, i, pathway, p, and organ, j, which can be t

used to calculate the radiation dose from an intake of a
radionuclide, in mrem /pC1. Tables 12-15

is the radiological decay constant of radionuclide, i,A, =

in hr'' .

is the average transit time required for radionuclidest, =

to reach the point of exposure. For internal dose, t,
is the total time elapsed between release of the
radionuclides and ingestion of food, in hours. !

Table 16

3Constant (pCi yr * f t /Ci * sec * L)1100 *=

J

FC/ODCM R3
,
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

2.1 C. SHOREL'INE'DEPOS TS
'~~" ' "

.

U,pMWp T D,jpy [exp (-l t ) ] [1-exp (-l r ) ]R,pj = 110,000 Oj jp jy je
,

2-1

Where: j

is the total annual dose to organ, j, of individuals |R,p; =

of age group, a, from all of the radionuclides, 1, in
pathway, p, in mrem /yr.

is a usage factor that specifies the exposure time for
'

U,, =

an individual of age group, a, associated with
pathway, p, in hr/yr. Table 5 t

is the mixing ratio (reciprocal of the dilution ;M, =

factor) at the point of exposure, dimensionless.
Table 3

is the shore-width factor, dimensionless. Table 16W =

e
3is the flow rate of the liquid effluent, in f t /sec. |F =

() Q, is the annual release rate of radionucli5e, i, in=

Ci/yr. i

is the radioactive half life of radionuclide, i, inT, =
4

days.
|

D, is the dose factor specific radionuclide, i, which can be !=

used to calculate the radiation dose from exposure to a !
given concentration of a radionu-clide in sediment,
expressed as a ratio of the dose rate (in mrem /hr) and the

2areal radionuclide concentration (in pCi/m ) . Table 7-

i

is the radiological decay constant of radionuclide, i,A, =

in hr'3 ;

~

t, is the average transit time required for radionuclides=

to reach the point of exposure, in hours. Table 16

is the period of time for which sediment or soil ist, =
*

exposed to the contaminated water, in hours. Table 16

pCi * yr * f t') / ( * sec * L) ] |110,000 = . Constant [(100 * -

.

O
;

.1
4

FC/ODCM R3

;
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2.0 RADIOACTIVE EFFLUENT-DOSE CALCULATIONS (Continued)N, . . .

2.2 Airborne E'ffluent'b'ose Calculations ~ ~

2.2.1 Noble Gas

10 CFR 50, App. I, restricts the dose to individuals in
the unrestricted areas from noble gases in airborne
effluents from the Fort Calhoun Station to the following
limits:

During any calendar quarter* '

55 mrad-gamma air dose
$10 mrad-beta air dose

'and
i

During any calendar year*

$10 mrad-gamma air dose
$20 mrad-beta air dose

The following general equa1 ions shall be used to i

calculate the gamma-air and beta-air doses:

O

;

O

FC/ODCM R3 |
!
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued),

\ p_oses from Noble Gases" ~ ~' ' ' ~

2.2 A. Annual Gamma / Beta Air Dose from All Other Noble Gas
Releases

,

p,[x/0)"(r,0) (or] or DFj)DT (r,9) or D (r,8)E 3.17 x lo'-

Where:

DFJ, DFf
'

are the gamma and beta air dcse factors for a=

uniform semi-infinite cloud of radionuclide, i, in
3mrad-m /pCi-yr. Table 1

iD (r,e) are the annual gamma and beta air doses at=
,

or distance r, in the sector at angle e, from the
#D (r,e) discharge point, in mrad /yr.

is the annual release rate of radionuclide, i,Q, =

in Ci/yr. !

[x/Q]D(r,e) is the annual average gaseous dispersion factor=

at distance r, in the sector at angle 9, in sec/m.3

Table 3 -

3 .17 x10' is the number of poi per ci divided by the number of=

seconds per year.

IB. Annual Total Body Dose from All Other Noble Gas Releases

D{(r,6) = S, x3 ( r,6) DFB,
,

2-1

Where:
,

is the total body dose factor for a semi-infiniteDFB =
3

cloud of the radionuclide, i, which includes the
attenuation of 5 g/cm of tissue, in mrem-m /pCi-yr. }

2 3

'Table 1

DL (r,e) is the annual total body dose due to immersion in a=

semi-infinite cloud at distance r, in the sector at
angle e, in mrem /yr.

,

is the annual average ground-level concentration ofx;(r , e) =

radionuclide, i, at distance r,-in the sector at

'O 3angle e, in pCi/m. Table 3 |

Shielding Factor. Table 16-S, =

1

|
FC/ODCM R3_ ;
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
.

2.2 C. Anniial Skin Dose from AYOtheiNcible Gas Releases
,

n n

D[(r,6) = 1.11 S . [ xj (r,6) DF} + { xj (r,9) DFSf j

281 Ja1

Where:

DL (r,e) is the annual skin dose due to' immersion in=

a semi-infinite cloud at distance'r, in the
sector at angle e, in mrem /yr.

is the beta skin dose factor for aDFG =

semiinfinite cloud of radionuclide, 1, in ,

3mrem-m /pCi-yr. Table 1

is the average ratio of tissue to air1.11 =

energy absorption coefficients.

2.2.2 Radiciodine, Tritium, and Particulates

10 CFR 50, App. I, restricts the dose to. individuals in

O the unrestricted areas from radioactive materials in
gaseous airborne from the Fort Calhoun Station to:

During any calendar quarter*

$7.5 mrom to any organ

and

During any calendar year*

$15 mrem to any organ

The dose to an individual from radioiodines, radioactive
materials in particulate form, and. radionuclides other
than noble gases with half-lives greater than 8 days in
airborne effluents released to unrestricted areas (See ,

Part III, Figure 1) should be determined by the
following expressions:

i

O

.FC/ODCM R3
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. RADIOACTIVE EFFLUENT DOSE CALCULATIONS' (Continued)Q __ 2.0 -- - - ;.

/ 2. 2 ~ NOTE: In all cases, for releases of tritium, dsE the
dispersion parameter for inhalation (x/Q).

A. Annual Organ Dose from External ~ Irradiation from *

Radioactivity Deposited on the Ground Plane

A.1 The ground plane concentration of radionuclide, i,
at distance r, in the sector at angle 0, with
respect to the release point, may be determined by:

,

t 1. oxio22 ) [6,(r,G)o'' [1-exp ( A, c,) )

'
;

Where:

C? is the ground plane concentration of=
'the radionuclide, i, at distance r, in

the sector at angle 9, from the
2release point, in pC1/m.

,

is the annual release rate ofQ, =

radionuclide, i, to the atmosphere, in

O Ci/yr. .
,

is the time period'over which the
'

t,
' =

accumulation is evaluated, which is
assumed to be 15 years (mid-point of
plant operating life). Table 16

!

6,( r ,0 ) is the annual average relative=

deposition of radionuclide, i, at
distance r, in the sector at angle 0,
considering depletion of'the plume by
deposition during transport, in m'2,

; Table 3

is the radiological decay constant forA, =

radionuclide, 1, in yr-' .

1.0x10" is the number of pCi per Ci=

i

,

j
,

'

FC/ODCM R3
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
d 2.2 A.2 The' annual'irgais dose iTiihen calenlated'using the

following equation: '

Df(r,6) = 87 6 0 S,. ((r,6)DFGjj
i .,

l

i

Where:
,

C (r,0) is the ground plane concentration of=

radionuclide, 1, at distance r, in the sector at
angle 9, in pCi/m.2

is the open field ground plane dose conversionDFG =
y

factor for organ, j, from radionuclide, 1,
2in mrem-m /pci-br. Table 7 '

Dy(r,0) is the annual dose to the organ, j, at distance=
,

r, in the sector at angle 9, in mrem /yr.

is the shielding factor that accounts!for theS =r
dose reduction due to shielding provided.by
residential structures during occupancy,O dimensionless. Table 16

is the number of hours in a year8760 =

i

|

|

|

R3FC/ODCM .
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2.0 RADIOACTIVE' EFFLUENT DOSE-QALCULATIONS '(Continued) 4

'
,

2.2 B. Annual Dose iho~m InhalaTidn'of' Radionuclides in Air
1

B.1 The annual average airborne-concentration of i

radionuclide, i, at distance r, in the sector at
angle 6, with respect to the release point, may be
determined as:

x,(r,0) = 3.17 x 104p [X/0)"(r,0)j

Where:

is the annual release rate ofQ, =

radionuclide, i, to the
atmosphere, in Ci/yr.

x;( r ,0 ) is the annual-average ground-level=

concentration of radionuclide, i,
in air at distance r, in the
sector at anglc 6, in pCi/m'. ;

[x/Q)D(r,0) is the annual average. atmosphere=

dispersion factor, in sec/m (see
R.G. 1.111). This includesO depletion (for radiciodines and
particulates) and radiological >

decay of the plume. Table 3

3.17x10' is the number of-pCi/Ci divided by=

the number of sec/yr.

B.2 The annual doce associated with inhalation of all
radionuclides to organ, j, of an individual in age
group, a, is then: :

Dfa #' 6) " #a %1 (r,0) DFAI g,
21

Where:

D^3 ( r ,0 ) is the annual dose to organ, j, of an=

individual in.the age group, a, at
distance r, in the sector at angle 9,
due to inhalation, in-mrem /yr.

is the annual air intake forR, =

individuals in the age group, a, in
3m /yr. Table 5

is the inhalation dose factor forDFA;3 =

radionuclide, i, organ, j, and age
group, a, in mrem /pCi. Tables 8-11

1

FC/ODCM R3
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

2.2 C. Con 6entratio'n's of RadioTudl' ides.in Foods'and Vegetation
from Atmospheric Releases

C.1 Parameters for Calculating Concentrations in .

Forage, Produce, and Leafy Vegetables, excluding
Carbon-14 and Tritium

i
I1~* '' #* #' I~* ~ '#6c[(x,0) = d (r,0)j exp (- A e3)+

j

Where: !

Ci(r ,0) is the concentration of radionuclide,= -

1, in and on vegetation at distance r,
in the sector at angle 0, in pCi/kg. ;

d (r,0) is the deposition rate of=
i

radionuclide, i, at distance r, in the
sector at angle 0, in pCi/m hr.2

The deposition rate from the plume is defined by:
(Reg. Guide 1.109, Rev. 1, Page 1.109-26, Equa. C-6)

d,(r,0) = 1.1 x 10*b (r,0) O,
,

i
-

Where:

d;( r ,0 ) is the deposition rate of=

radionuclide, i.

6;(r,0) is the relative deposition of=

radionuclide, 1, considering
depletion and decay, in m2 (see
Regulatory Guide 1.111). Table 3

1.1x10' is the number of pCi/Ci (10:2) divided=

; by the number of hours per year
(8760).

is the annual release rate ofQ, =

radionuclide, i, to the atmosphere,
in Ci/yr.

;

.

.:

"
FC/ODCM R3
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2 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
- O

.0

2.2 For radioi'odines Ne~model cEis'iders'~dnly the ' elemental
fraction of the effluent:

d (r, 0) 75.5 x 10 6, (r, 0) o,=
i

Where:
!

d (r,0) = The deposition rate of radiciodine, i. ii

75.5 x 10 = The number of pCi/Ci (1032 ) divided by the number
of hours per year (8760), then multiplied by the
amount of radioiodine emissions considered to be
nonelemental (0.5). j

6 (r, 0) = The relative deposition of radiciodine, i,4

considering depletion and decay, in m2 Table 3.

Q, = The total (elemental and nonelemental)
radioiodine, i, emission rate.

r = is the fraction of deposited activity retained on ;

crops, dimensionless. Table 16

A = is the effective removal rate constant forg
' d

.
radionuclide, i, from crops, in hr .

~

A = A + A,g g

0.0021/hr. Table 16-A, =

t, = is the time period that crops are exposed to
contamination during the growing season, in hours.
Table 16

Y, = is the agricultural productivity (yield) in kg
2(wet weight)/m. Table'16 i

B, = is the concentration factor for uptake of '

radionuclide, i, from soil by edible parts of
crops, in pCi/ kg (wet weight) per pCi/kg dry
soil. Table 4

A = is the radiological decay constant of
3 ,

radionuclide, i, in hrd

t, = is the period of time for which sediment or soil- ;

is exposed to the contaminated water, in hours
(mid-point of plant life). Table 16-

P = is the effective " surface density" for soil, in kg
2(dry soil)/m . Table 16

t, = is the holdup time that represents the time
interval between harvest and consumption of the
food, in hours. Table 16

FC/ODCM R3 ,
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2.01 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
. . ~ . . .._ _

2.2 D'ifferent values for the parameters t72;, and tG may be used~

to allow the use of the Equation for different purposes:
estimating concentrations in produce consumed by man; in leafy
vegetables consumed by man; in forage consumed directly as' ,

pasture grass by dairy cows, beef cattle, or goats; and in
forage consumed as stored feed by dairy cows, beeficattle or
goats. See Table 16

C.2 Parameters for Calculating Radionuclide Concentration in
Milk, excluding Carbon-14 and Tritium

C.2.1 Parameters for Calculating the Concentration of
Radionuclide, i, in the Animal's Feed (Milk Cow,
Beef Cow, and Goat)

Cf(r,9) = f f,Cf(r,9) + (1 - f ) d(r,9) + f,(1 - f,) d(r, e>p y

Where:

qlr,0) is the concentration of=

radionuclide, i, in the
animal's feed, in pCi/kg.

^

gtr,0) is the concentrat1on of=

radionuclide, i, on pasture
grass-(calculated using
Equation C.2.1 with t =0) , 'ins
pCi/kg.

Gir,0) is the concentration of=

radionuclide, i, in stored
feeds (calculated using
Equation C.2.1 with
t,=9 0 days) , in pCi/kg.

is the fraction of'the yearf, =

that animals graze on pasture.,

Table 16,

t

is the fraction of daily feedf, =

that is pasture grass while the
animal grazes on pasture.
Table 16

'

O
.

FC/ODCM R3
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

2.2 C.272 3 ara ~m~eders forYaiculatiing ~ Radio'nuc~lide
Concentration in Cow and Goat Milk

(r,6) = F,Cf(r,6) Dr OXP ( - A C )1 f

Where:

CN r,0 ) is the concentration of=

radionuclide, i, in milk,
'

in pai/ liter.
,

glr,0) is t1m concentration of=

radionuclide, i, in the animal's
feed, in pCi/kg. |

i

is the average fraction of theF, =

animal's daily intake of
radionuclide, i, which appears in
each liter of milk, in days / liter.
Table 4

'

is the amount of feed consumed byo =r
the animal per day, in kg/ day.O Table 6

,

is the average transport time oftr =

the radionuclide, i,.from the feed
to the milk and to the receptor (a r

value of 2 days is assumed).-

Table 16
,

is the radiological decay constantA, =

of radionuc'lide, i, in days'.

!

.|

:

'
<

1

.I

!

|

|

|

FC/ODCM R3
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
2.2 C3 ParEmeters"f or 'Dalculat3fRadic35ticlide doHcentration in

Cow Meat, excluding Carbon-14 and Tritium

((r,9) = F Cf(r,9) 0,, exp (-l cf)f j

Where:

QTr,0) is the concentration of radionuclide, i, in=

meat, in pCi/ liter,

t
is the average fraction of the animal'sF, =

daily intake of radionuclide, i, which
appears in each kilogram of flesh, in '

days / kilogram. Table 4

is the average time from slaughter tot, =

consumption. Table 16

O

B

1

i

O ;
,

i

FC/ODCM R3
|
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
''

2.2 C.4 Parnmeters'f8r'CalculatInd the' Carbon-14'C6ncentrations
in Vegetation

Carbon-14 is assumed to be released.in oxide form (CO or .

CO ) . The concentration of Carbon-14 in vegetation is'
'

2

calculated by assuming that its ratio to the natural
carbon in vegetation is the same as the ratio of
Carbon-14 to natural carbon in the atmosphere
surrounding the vegetation. Also, in the case of
intermittent releases, such as from gaseous waste decay !
tanks, the parameter p is employed to account for the ''

fractional equilibrium rntio achieved. The parameter,
p, is defined as the ratio of the total annual release
time (for Carbon-14 atmospheric releases) to the total'
annual time during which photosynthesis occurs (taken to '

be 4400 hrs), under the condition that the value of p
should never exceed unity. For continuous Carbon-14
releases, p is taken to be unity. These considerations

'

yield the following relationship:

Vy4(r,8) 3.17 x 10'po [x/o] (r,e> 0.11,0.1eC - u

i

2. 2 x 10 ppu [x/O] (r,6) ~72

i

'

Where: |

'CL(r,0) is the concentration of Carbon-14 in=

vegetation grown at distance r, in_the
sector at angle 0, in pCi/kg. ;

is the annual release rate of Carbon 14, inQu =

Ci/yr.

[x/Q] (r,0) is the atmospheric dispersion factor, in=

sec/m). Table 3

is the fractional equilibrium ratio, :p =

dimensionless. P=1 (Reg. Guide 1.109, !

Rev. 1, pg. 26).

is the fraction of total plant mass that is I0.11 =

natural carbon, dimensionless.

is equal to the concentration of natural0.16 =

3carbon in the atmosphere, in g/m.
, I

is equal to j7'

3.17x10 =

2 3
(1.0 x 10 ci/ci) (1.0 x 10 g/kg) |
(3.15 x 10 sec/yr).

FC/d!!C'( R3
1
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O., 2.O
- RADIOACTIVE' EFFLUENT DOSE CALCULATIONS (Continued)'

'2.2 C.5 Parh~metefs'fEr'Calculat'Ini' Tritium' Concentrations in
~

-

Vegetation

The concentration of tritium in vegetation is calculated
from its concentration in the air surrounding the
vegetation.

C[(r,6) = 3.17 x 10 0r[x/0) (1,6) .. . 7 5 ) ( 0 . 5 /H)7

= 1. 2 x 10 0rl%/0) (r,6) /H7

Where:

C} (r ,0 ) is the concentration of Tritium in=

vegetation grown at distance r, in the
sector at angle 0, in pCi/kg.

is the absolute humidity of the atmosphereH =

at distance r, in the sector at angle 0, in
3g/m. H=8 gm/kg.

D) is the annual release rate oE Tritium,q_ Q7 =
,_

in Ci/yr.

[x/Q](r,0) is the atmospheric dispersion factor,=

3in sec/m. Table 3
x.

is the ratio of tritium concentration in0.5 =

plant water to tritium concentration in
atmospheric water, dimensionless.

is the fraction of total plant mass that is0.75 =

water, dimensionless.

,

FC/09CM R3

t.
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FORT CALHOUN STATION CH-ODCM-0001
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)
;.

2.2 D. Ann 6al Dose from Atmosphericall ' Released Radionuclides
in Foods

;

D.1 The total annual dose to organ, j, of an individual
'

in age group, a, resulting from ingestion of all
radionuclides in produce, milk, and leafy vegetables
is given by:

opr.e> - Y on,,. [vp,cpr.e> . v;@r.e> . @pr.e> . @,41.e>] |

Where:
i

D$(r,0) is the annual dose to organ, j, of an i=

individual in age group, a, from ,

dietary intt.ce of atmospherically
released radionuclides, in mrem /yr. '

is the dose conversion factor for theDFI, *=
g

ingestion of radionuclide, i, organ,
;

j, and age group, a, in mrem /pci. i

Tables 12-15.

U;, lC, are the ingestion rates of produce=

(non-leafy vegetables, fruits, and .

grains); milk, meat, and leafy U[,UI ,

'

vegetables, respectively for
individuals in age group, a. Table 5. I

!

Values of F, and ft are 0.76 and 1.0, respectively. >

i

i
t

i

!

t

i

|

:
.,

6

FC/ODCM R3
,
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued)

ss/ 2.2 D.1.1 Calculating the Ingested Do'si~from Leafy
~~ ~

and Non-Leafy (produce) Vegetation for
Radionuclide, i, to Each Organ, j, and Age
Group, a

,

ny, u .e> - on,,. [&,+z.e> . uy,cpz.e> } |

Where: '

D$(r,0) is the annual dose from t=

the ingestion of
radionuclide, i, to organ,
j, of an individual in age
group, a, from dietary
intake of atmospherically
released radionuclides in
vegetation, in mrem /yr. |

is the dose conversion iDFI;, =

factor for the ingestion :
'of radionuclide, i, organ,

j, and age group, a,
in mrem /pci. Tables 12-15

,

t

U!, LG are the ingestion rates of ;O
=

leafy vegetables and t

produce (non-leafy !

vegetables, fruits, and |

grains), for individuals ;
in age group, a, in kg/yr.
Table 5

i

C[ is the concentration of= ;
'radionuclide,.1, in and on

leafy vegetation, in
pCi/kg.

is the concentration ofC7 =

radionuclide, i, in and on
produce, in pCi/kg. |

!

.

f

|

|
i

:
i

FC/ODCM R3
i
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!
2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) !

,
._ . _ ;

2.2 D71.2 Calculation DeteEminiEg~the In'gEsted Dose
from Cow Milk for Radionuclide, i, Organ, j, j
and Age Group, a. t

Df(1,6) |(r,9)]= DF149

Where: !

D,(r 9)D is the annual dose from=

the ingestion of
radionuclide, i, organ, j,
of an individual in age
group, a, from dietary
intake of atmospherically :
released radionuclides in
cow milk, in mrem /yr. ,

is the dose conversionDFI,, =

factor for the ingestion
of radionuclide, i, organ, '

j, and age group, a, in i

mrem /pci. Tables 12-15

Uj is the ingestion rate of=

cow milk for individuals
i

in age group, a, in f/yr. ;
Table 5 i

CT is the radionuclide=

concentration in cow milk, i

in pCi/kg. Equation C.2.2-

;

I

:

i

1

FC/ODCM R3

l
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'



.. .- _ . _ _ _.

2

FORT CALHOUN STATION CH-ODCM-0001
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2.0 RADIOACTIVE EFFLUENT DOSE CALCULATIONS (Continued) ;

- 2.2 D.'1.3 ~ 'CaicEIlation EtE miniEg~the Ingested Dose 'I
~

from Meat for Radionuclide, i, to Organ, j, ;

and Age Group, a. i

Df,' (r,6) y, (fflt,6)]= DFI

!

!
Where:

D,(r,0)D is the annual dose from the=

ingestion of radionuclide, i, .;
organ, j, of an individual in -

age group, a, from dietary
,

intake of atmospherically
released radionuclides in meat,
in mrem /yr.

t

is the dose conversion factorDFI, =
g ;

for the ingestion of
radionuclide, i, organ, j, and
age group, a, in mrem /pci.
Tables 12-15

i
U,F = is the ingestion rate of meat

O for individuals in age group, a .

in kg/yr. Table 5

C[ = is the radionuclide, i, l

concentration in meat,
in pCi/ kg. !

|
!

,

|

O'

FC/ODCM R3
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- TABLE 1
~~~,c '~'

.
a ,.

. ._

DOSE FACTORS FOR EXPOSURE TO A SEMI-INFINITE CLOUD OF NOBLE GASES

8Nuclide B-air *(DF1 B-Skin **(DFS1 y-Air *(DFQ 2-Bodv**(DFB1 ;

KR-83m 2.88E-04 1.93E-05 7.56E-08--

KR-85m 1.97E-03 1.46E-03 1.23E-03 1.17E-03

KR-85 1.95E-03 1.34E-03 1.72E-05 1.61E-05

KR-87 1.03E-02 9.73E-03 6.17E-03 5.92E-03

KR-88 2.93E-03 2.37E-03 1.52E-02 1.47E-02

KR-89 1.06E-02 1.01E-02 1.73E-02 1.66E-02

KR-90 7.83E-03 7.29E-03 1.63E-02 1.56E-02

Xe-131m 1.11E-03 4.76E-04 1.56E-04 9.15E-05

Xe-133m 1.48E-03 9.94E-04 3.27E-04 2.51E-04

Xe-133 1.05E-03 3.06E-04 3.53E-04 2.94E-04

Xe-135m 7.39E-04 7.11E-04 3.36E-03 3.12E-03

Xe-135 2.46E-03 1.86E-03 1.92E-03 1.81E-03 '

Xe-137 1.27E-02 1.22E-02 1.51E-03 1.42E-03 ;

Xe-138 4.75E-03 4.13E-03 9.21E-03 8.83E-03

Ar-41 3.28E-03 2.69E-03 9.30E-03 8.84E-03

7

h

a

;

* mrad-m |3

|pCi-yr

3 |** mrem-m
pCi-yr i

.I

d*** 2.88E-04 = 2.88 x 10 i

O
,

FC/ODCM R3
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TABLE 2
'l -

'
~BIOACCUMULATIOT 5' ACTORS' ' "'

(pCi/kg per pCi/ liter)

FRESHWATER

Element Fish Invertebrate
,

H 9.0E-01 9.0E-01
C 4.6E+03 9.1E+03
NA 1.0E+02 2.0E+02
P 1.0E+05 2.0E+04
CR 2.0E+02 2.0E+03
MN 4.0E+02 9.0E+04
FE 1.0E+02 3.2E+03
CO 5.0E+01 2.0E+02 |
NI 1.0E+02 1.0E+02
CU 5.0E+01 4.0E+02
ZN 2.0E+03 1.0E+04
BR 4.2E+02 3.3E+02
RB 2.0E+03 1.0E+03
SR 3.0E+01 1.0E+02
'l 2.5E+01 1.0E+03

,

ZR 3.3E+00 6.7E+00 r

NB 3.0E+04 1,. 0 E + 0 2

-O MO 1.0E+01 1.0E+01
TC 1.5E+01 5.0E+00
RU 1.0E+01 3.0E+02
RH 1.0E+01 3.0E+02
TE 4.0E+02 6.1E+03
I 1.5E+01 5.0E+00
CS 2.0E+03 1.0E+03
BA 4.0E+00 2.0E+02
LA 2.5E+01 1.0E+03
CE 1.0E+00 1.0E+03
PR 2.5E+01 1.0E+03
ND 2.5E+01 1.0E+03,

W 1.2E+03 1.0E+01
NP 1.0E+01 4.0E+02

.

O

FC/ODCM R3
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TABLE 3 '

r

~~CONTRO ING LOCATIOfS,' PATHWAYS AND
~ ' ~~

'

ATMOSPHERIC DISPERSION FOR DOSE CALCULATIONS

Atmospheric Dispersion !

x/Q D/Q
Controlling (x/Q(r,e)) (6(r,e)) |

Location Pathway (s) Ace Group (sec/m ) (1/m )3 3

Unrestricted Noble Gases N/A 5.0E-06 N/A !
Area Boundary Direct

Exposure
.

Unrestricted Inhalation Child 5.0E-06 N/A
Area Boundary

,

Unrestricted Gamma-Air N/A 5.0E-06 N/A
Area Boundary Beta-Air

Miller Farm * milk, ground Child 5.0E-06 1.6E-08
0.8 miles plane, meat,
SSW inhalation,

and vegetation

Site Liquid N/A Mixing 7.14 |
Discharge Ratio, M,

M.U.D. Liquid N/A Mixing 30.8
Intake Ratio, M,

Location is subject to change depending on the results of the Land Use*

survey performed annually in accordance with Part II, Section 5.4
;

i

b '

s

.! s

o

:

FC/ODCM R3 '
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|
TABLE 4

\ STABL'E ELEMENT 'f5UUTSFER '' DATA ~
~

^

i

B,, . F. (Cow) F, !
Element Veo/ Soil Milk (d/A) Meat (d/ko) <

!

H 4.8E+00 1.0E-02 1.2E-02
C 5.5E+00 1.2E-02 3.1E-02
Na 5.2E-02 4.0E-02 3.0E-02
P 1.1E+00 2.5E-02 4.6E-02
Cr 2.5E-04 2.2E-03 2.4E-03
Mn 2.9E-02 2.5E-04 8.0E-04 '

Fe 6.6E-04 1.2E-03 4.0E-02
Co 9.4E-03 1.0E-03 1.3E-02
Ni 1.9E-02 6.7E-03 5.3E-02 -

Cu 1.2E-01 1.4E-02 8.0E-03
Zn 4.0E-01 3.9E-02 3.0E-02
Rb 1.3E-01 3.0E-02 3.1E-02
Sr 1.7E-02 8.0E-04 6.0E-04 i
Y 2.6E-03 1.0E-05 4.6E-03
Zr 1.7E-04 5.0E-06 3.4E-02
Nb 9.4E-03 2.5E-03 2.8E-01
Mo 1.2E-01 7.5E-03 8.0E-03
Tc 2.5E-01 2.5E-02 4.0E-01
Ru 5.0E-02 1.0E-06 4.0E-01
Rh 1.3E+01 1.OE-02 1.SE-03O ,

Ag 1.5E-01 5.0E-02 1.7E-02 .;
Te 1.3E+00 1.0E-03 7.7E-02 '

I 2.0E-02 6.0E-03 2.9E-03
Cs 1.0E-02 1.2E-02 4.0E-03
Ba 5.OE-03 4.OE-04 3.2E-03
La 2.5E-03 5.0E-06 2.0E-04 ,

Ce 2.5E-03 1.0E-04 1.2E-03
'

Pr 2.5E-03 5.0E-06 4.7E-03
Nd 2.4E-03 5.0E-06 3.3E-03
W 1.BE-02 5.0E-04 1.3E-03
Np 2.5E-03 5.0E-06 2.0E-04

!
t

i

i

,

O -

:

FC/ODCM R3
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,
'

TABLE 5

RECOMMENDED V'ALUES'FOR U TO BE USE'D FOR'THE MAXISUM EXPOSED
~

INDIVIDUAL IN LIEU OF SITE SPECIFIC DATA

Pathway Infant Child Teen Adult

Fruits, vegetables, & '

grain (kg/yr) - 520 630 520
,

Leafy vegetables ;

(kg/yr) - 26 42 64 -

Milk (t/yr) 330 330 400 310 ;

i
;Meat & poultry

(kg/yr) - 41 65 110

Fish (fresh or salt) '

6.9 16 21 !(kg/yr) -

!

Other Seafood (kg/yr) - 1.7 3.8 5

Drinking water (f /yr) 330 510 510 730 |

OShorelinerecreation - 14 67 12 :(hr/yr)
_ ;

.

3Inhalation (m /yr) 1400 3700 8000 8000
1

!

!
TABLE 6 (

)

ANIMAL CONSUMPTION RATES -,

i

O OAwf

Feed or Forage Water 'i

Animal fKc/ day (wet weich)1 ((/ day) ;

Milk Cow 50 60 |
:

|Beef Cattle 50 50

i
Goats 6 8 '

!
|

O

FC/ODCM R3
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t
TABLE 7

.

- - - -

,
page 1 of 2

EXTERNAL DOSE FACTORS FOR STANDING ON CONTAMINATED ~ GROUND "

2(mrem /hr per pCi/m)

ELEMENT TOTAL BODY SKIN |
H-3 0.0 0.0
C-14 0.0 0.0

NA-24 2.50E-08 2.90E-08
P-32 0.0 0.0 i
Cr-51 2.20E-10 2.60E-10
Mn-54 5.80E-09 6.80E-09
Mn-56 1.10E-08 1.30E-08
Fe-55 0.0 0.0 '

Fe-59 8.00E-09 9.40E-09
Co-58 7.00E-09 8.20E-09
Co-60 1.70E-08 2.00E-08
Ni-63 0.0 0.0
Nr-65 3.70E-09 4.30E-09

'
Cu-64 1.50E-09 1.70E-09
Zn-65 4.00E-09 4.60E-09
Zn-69 0.0 0.0 ;

Br-83 6.40E-11 9.30E-11
Br-84 1.20E-08 1.40E-08 i

Br-85 0.0 0.0 -

Rb-86 6.30E-10 7.20E-10

0 _ ;
Rb-88 3.50E-09 4.00E-09
Rb-89 1.50E-08 1.80E-08
Sr-89 5.60E-13 6.50E-13
Sr-91 7.10E-09 8.30E-09
Sr-92 9.00E-09 1.00E-08
Y-90 2.20E-12 2.60E-12

Y-91M 3.80E-09 4.40E-09
Y-91 2.40E-11 2.70E-11
Y-92 1.60E-09 1.90E-09 '

Y-93 5.70E-10 7.80E-10
Zr-95 5.00E-09 5.80E-09 '

Zr-97 5.50E-09 6.40E-09
Nb-95 5.10E-09 6.00E-09 ,

Mo-99 1.90E-09 2.20E-09
Tc-99M 9.60E'-10 1.10E-09
Tc-101 2.70E-09 3.00E-09
Ru-103 3.60E-09 4.20E-09
Ru-105 4.50E-09 5.10E-09

'Ru-106 1.50E-09 1.80E-09
Ag-110M 1.80E-08 2.10E-08
Te-125M 3.50E-11 4.80E-11
Te-127M 1.10E-12 1.30E-12
Te-127 1.00E-11 1.10E-11
Te-129M 7.70E-10 9.00E-10
Te-129 7.10E-10 8.40E-10
Te-131M 8.40E-09 9.90E-09
Te-131 2.20E-09 2.60E-06
Te-132 1.70E-09 2.00E-09
I-130 1.40E-08 1.70E-08

,

FC/ODCM R3
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TABLE 7

O* ~T-,1(Continued)
,

Page 2 of 2
.,

EXTERNAL DOSE FACTORS FOR STANDING ON CONTAMINATED GROUND
2(mrem /hr per pCi/m)

ELEMENT TOTAL BODY SKIN
I-131 2.80E-09 3.40E-09
I-132 1.70E-08 2.00E-08
I-133 3.70E-09 4.50E-09
I-134 1.60E-08 1.90E-08
I-135 1.20E-08 1.40E-08

'

Cs-134 1.20E-08 1.40E-08
Cs-136 1.50E-08 1.70E-08 +

Cs-137 4.20E-09 4.90E-09
Cs-138 2.10E-08 2.40E-08
Ba-139 2.40E-09 2.70E-09
Ba-140 2.10E-09 2.40E-09
Ba-141 4.30E-09 4.90E-09
Ba-142 7.90E-09 9.00E-09
La-140 1.50E-08 1.70E-08
La-142 1.50E-08 1.80E-08.

Ce-141 5.50E-10 6.20E-10
Ce-143 2.20E-09 2.50E-09 ;

Ce-144 3.20E-10 3.70E-10 '

Pr-143 0.0 0.0

O.
_

Pr-144 2.00E-10 2.30E-10
Nd-147 1.00E-09 1.20E-09
W-187 3.10E-09 3.60E-09
Np-239 9.50E-10 1.10E-09

i

j

|.

.I
!
l

|
|

O

FC/ODCM R3
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TABLE 8

O. INHALATION-DOBE-FACTORS FOR ADULT^ (mrem per pCi'Irihaled) "

Page 1 of 2

Nuclide Bone Liver T. Body Thyroid Kidnev Luno GI-LLI

H 3 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07-

C 14 2.27E-06 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07
NA 24 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06

P 32 1.65E-04 9.64E-06 6.26E-06 - - - 1.08E-05
CR 51 - - 1.2SE-08 7.44E-09 2.85E-09 1.80E-06 4.15E-07
MN 54 - 4.95E-06 7.87E-07 - 1.23E-06 1.75E-04 9.67E-06

,

MN 56 - 1.55E-10 2.29E-11 - 1.63E-10 1.18E-06 2.53E-06
FE 55 3.07E-06 2.12E-06 4.93E-07 - - 9.01E-06 7.54E-07
FE 59 1.47E-06 3.47E-06 1.32E-06 - - 1.27E-04 2.35E-05

CO 58 - 1.98E-07 2.59E-07 - - 1.16E-04 1.33E-05
,

CO 60 - 1.44E-06 1.85E-06 - - 7.46E-04 3.56E-05
NI 63 5.40E-05 3.93E-06 1.81E-06 - - 2.23E-05 1.67E-06

NI 65 1.92E-10 2.62E-11 1.14E-11 - - 7.00E-07 1.54E-06
CU 64 - 1.83E-10 7.69E-11 5.78E-10 8.48E-07 6.12E-06-

ZN 65 4.05E-06 1.29E-05 5.82E-06 - 8.62E-06 1.08E-04 6.68E-06

N 69 4.23E-12 8.14E-12 5.65E-13 - 5.27E-12 5.15E-07 2.04E-09
BR-83 - - 3.01E-08 - - - 2.90E-08
BR 84 - - 3.91E-08 - - - 2.05E-13

BR 85 - - 1.60E-09 - - - LT E-24
RB 86 - 1.69E-05 7.37E-06 - - - .2.08E-06
RB 88 - 4.84E-08 2.41E-08 - - - 4.18E-19

RB 89 - 3.20E-08 2.12E-08 - - - 1.16E-21
SR 89 3.80E-05 - 1.09E-06 - - 1.75E-04 4.37E-05 ,

SR 90 1.24E-02 - 7.62E-04 - - 1.20E-03 9.02E-05
,

SR 91 7.74E-09 - 3.13E-10 - - 4.56E-06 2.39E-05
SR 92 8.43E-10 - 3.64E-11 - - 2.06E-06 5.38E-06
Y 90 2.61E-07 - 7.01E-09 - - 2.12E-05 6.32E-05

Y 91M 3.26E-11 - 1.27E-12 - - 2.40E-07 1.66E-10
Y 91 5.78E-05 - 1.55E-06 - - 2.13E-04 4.81E-05
Y 92 1.29E-09 3.77E-11 - - 1.96E-06 9.19E-06-

Y 93 1.18E-08 - 3.26E-10 - - 6.06E-06 5.27E-05
ZR 95 1.34E-05 4.30E-06 2.91E-06 - 6.77E-06 2.21E-04 1.88E-05
ZR 97 1.21E-08 2.45E-09 1.13E-09 3.71E-09 9.84E-06 6.54E-05-

[-qB95 - 1.51E-08 2.87E-09 - 3.64E-08 1.14E-05 3.10E-05
1.76E-06 9.77E-07 5.26E-07 - 9.67E-07 6.31E-05 1.30E-05

,0 99
N-TC 99M 1.29E-13 3.64E-13 4.63E-12 - 5.52E-12 9.55E-08 5.20E-07

FC/ODCM R3
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FORT CALHOUN STATION CH-ODCM-0001
,CHEMISTRY PROCEDURE PAGE 104 OF 120 ;

TABLE 8

O. INHALATION-DOSE-FACTORS FOR ADULT
' (mFem'per pCi' Inhaled) 1

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luna GI-LLI t

TC 101 5.22E-15 7.52E-15 7.38E-14 - 1.35E-13 4.99E-08 1.36E-21
RU 103 1.91E-07 - 8.23E-08 - 7.29E-07 6.31E-05 1.38E-05
RU 105 9.88E-11 - 3.89E-11 1.27E-10 1.37E-06 6.02E-06 ;

-

RU 106 8.64E-06 - 1.09E-06 - 1.67E-05 1.17E-03 1.14E-04
AG 110M 1.35E-06 1.25E-06 7.43E-07 2.46E-06 5.79E-04 3.78E-05-

TE 125M 4.27E-07 1.98E 07 5.34E-08 1.31E-07 1.55E-06 3.92E-05 8.83E-06

TE 127M 1.58E-06 7.21E-07 1.96E-07 4.11E-07 5.72E-06 1.20E-04 1.87E-05
TE 127 1.75E-10 8.03E-11 3.87E-11 1.32E-10 6.37E-10 8.14E-07 7.17E-06
TE 129M 1.22E-06 5.84E-07 1.98E-07 4.30E-07 4.57E-06 1.45E-04 4.79E-05

TE 129 6.22E-12 2.99E-12 1.55E-12 4.87E-12 2.34E-11 2.42E-07 1.96E-08
TE 131M 8.74E-09 5.45E-09 3.63E-09 6.88E-09 3.86E-08 1.82E-05 6.95E-05
TE 131 1.39E-12 7.44E-13 4.49E-13 1.17E-12 5.46E-12 1.74E-07 2.30E-09

TE 132 3.25E-08 2.69E-08 2.02E-08 2.37E-08 1.82E-07 3.60E-05 6.37E-051

'

I 130 5.72E-07 1.68E-06 6.60E-07 1.42E-04 2.61E-06 - 9.61E-07
I 131 3.15E-06 4.47E-06 2.56E-06 1.49E-03 7.66E-06 - 7.85E-07

O 132
~

1.45E-07 4.07E-07 1.45E-07 1.43E-05 6.48E-07 5.08E-08-

I 133 1.08E-06 1.85E-06 5.65E-07 2.69E-04 3.23E-06 - 1.11E-06
I 134 8.05E-08 2.16E-07 7.69E-08 3.73E-06 3.44E-07 - 1.26E-10~ -

I 135 3.35E-07 8.73E-07 3.21E-07 5.60E-05 1.39E-06 - 6.56E-07
CS 134 4.66E-05 1.06E-04 9.10E-05 - 3.59E-05 1.22E-05 1.30E-06
CS 136 4.88E-06 1.83E-05 1.38E-05 - 1.07E-05 1.50E-06 1.46E-06

CS 137 5.98E-05 7.76E-05 5.35E-05 2.78E-05 9.40E-06 1.05E-06- '

CS 138 4.14E-08 7.76E-08 4.05E-08 - 6.00E-08 6.07E-09 2.33E-13
!BA 139 1.17E-10 8.32E-14 3.42E-12 - 7.78E-14 4.70E-07 1.12E-07

BA 140 4.88E-06 6.13E-09 3.21E-07 - 2.09E-09 1.59E-04 2.73E-05
BA 141 1.25E-11 9.41E-15 4.20E-13 - 8.75E-15 2.42E-07 1.45E-17 !

BA 142 3.29E-12 3.38E-15 2.07E-13 - 2.86E-15 1.49E-07 1.96E-26

LA 140 4.30E-08 2.17E-08 5.73E-09 1.70E-05 5.73E-05- -

LA 142 8.54E-11 3.88E-11 9.65E-12 7.91E-07 2.64E-07- -

CE 141 2.49E-06 1.69E-06 1.91E-07 - 7.83E-07 4.52E-05 1.50E-05

CE 143 2.33E-08 1.72E-08 1.91E-09 - 7.60E-09 9.97E-06 2.83E-05
CE 144 4.29E-04 1.79E-04 2.30E-05 1.06E-04 9.72E-04 1.02E-04-

PR 143 1.17E-06 4.69E-07 5.80E-08 - 2.70E-07 3.51E-05 2.50E-05

R 144 3.76E-12 1.56E-12 1.91E-13 - 8.81E-13 1.27E-07- 2.69E-18
147 6.59E-07 7.62E-07 4.56E-08 - 4.45E-07 2.76E-05 2.16E-05

' 187 1.06E-09 8.85E-10 3.10E-10 - - 3.63E-06 1.94E-05.

NP 239 2.87E-08 2.82E-09 1.55E-09 - 8.75E-09 4.70E-06 1.49E-05

FC/ODCM R3 *
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 105 OF 120 !

TABLE 9
I,NHALATION, DOSE FACTO,_RS,FOR TEENAGER

_

. ..

(mrem per pCi Inhaled)
. ,

Page 1 of 2

Nuclide Bone Liver T. Body Thyroid _ Kidney Luna GI-LLI

H 3 - 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07
C 14 3.25E-06 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07
NA 24 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 i

P 32 2.36E-04 1.37E-05 8.95E-06 - - - 1.16E-05
CR 51 - - 1.69E-08 9.37E-09 3.84E-09 2.62E-06 3.75E-07
MN 54 - 6.39E-06 1.05E-06 - 1.59E-06 2.48E-04 8.35E-06 .

!

MN 56 - 2.12E-10 3.15E-11 - 2.24E-10 1.90E-06 7.18E-06
FE 55 4.18E-06 2.98E-06 6.93E-07 - - 1.55E-05 7.99E-07
FE 59 1.99E-06 4.62E-06 1.79E-06 - - 1.91E-04 2.23E-05

'

CO 58 - 2.59E-07 3.47E-07 - - 1.68E-04 1.19E-05
CO 60 - 1.89E-06 2.48E-06 - - 1.09E-03 3.24E-05 i
NI 63 7.25E-05 5.43E-06 2.47E-06 - - 3.84E-05 1.77E-06

NI 65 2.73E-10 3.66E-11 1.59E-11 - - 1.17E-06 4.59E-06 ,

'CU 64 - 2.54E-10 1.06E-10 - 8.01E-10 1.39E-06 7.68E-06
ZN 65 4.82E-06 1.67E-05 7.80E-06 - 1.08E-05 1.55E-04 5.83E-06

N 69 6.04E-12 1.15E-11 8.07E-13 - 7.53E-12 1.98E-07 3.56E-08
BR 83 - - 4.30E-08 - - - LT E-24 ,

BR 84 - - 5.41E-08 - - - LT E-24 ;

BR 85 - - 2.29E-09 - - - LT E-24
RB 86 2.38E-05 1.05E-05 - - - 2.21E-06-

|
RB 88 - 6.82E-08 3.40E-08 - - - 3.65E-15

;RB 89 4.40E-08 2.91E-08 - - - 4.22E-17-

SR 89 5.43E-05 1.56E-06 - - 3.02E-04 4.64E-05-

SR 90 1.35E-02 - 8.35E-04 - - 2.06E-03 9.56E-05

SR 91 1.10E-08 - 4.39E-10 - - 7.59E-06 3.24E-05 4

SR 92 1.19E-09 - 5.08E-11 3.43E-06 1.49E-05- -

Y 90 3.73E-07 1.00E-08 - - 3.66E-05 6.99E-05-

Y 91M 4.63E-11 - 1.77E-12 - - 4.00E-07 3.77E-09
Y 91 8.26E-05 - 2.21E-06 - - 3.67E-04 5.11E-05 )
Y 92 1.84E-09 - 5.36E-11 - - 3.35E-06 2.06E-05 ,

!
Y 93 1.69E-08 - 4.65E-10 - - 1.04E-05 7.24E-05
ZR 95 1.82E-05 5.73E-06 3.94E-06 - 8.42E-06 3.36E-04 1.86E-05
ZR 97 1.72E-08 3.40E-09 1.57E-09 5.15E-09 1.62E-05 7.88E-05-

1

l

t{B95 2.32E-06 1.29E-06 7.08E-07 - 1.2SE-06 9.39E-05 1.21E-05
jO 99 2.11E-08 4.03E-09 - 5.14E-09 1.92E-05 3.36E-05-

IC 99M 1.73E-13 4.83E-13 6.24E-12 - 7.20E-12 1.44E-07 7.66E-07
I

i

FC/ODCM R3
i
)
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 106 OF 120

TABLE 9 |

O- INHALATION DOSE FACTORS FOR TEENAGER '

(mrem per pCi~ Inhaled)" '~
'

Page 2 of 2 '

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI
!

TC 101 7.40E-15 1.05E-14 1.03E-13 - 1.90E-13 8.34E-08 1.09E-16
RU 103 2.63E-07 - 1.12E-07 - 9.29E-07 9.79E-05 1.36E-05 [
RU 105 1.40E-10 - 5.42E-11 - 1.76E-10 2.27E-06 1.13E-05 !

!

!RU 106 1.23E-05 - 1.55E-06 - 2.38E-05 2.01E-03 1.20E-04
AG 110M 1.73E-06 1.64E-06 9.99E-07 - 3.13E-06 8.44E-04 3.41E-05 !

TE 125M 6.10E-07 2.80E-07 8.34E-08 1.75E-07 6.70E-05 9.38E-06
|

-

TE 127M 2.25E-06 1.02E-06 2.73E-07 5.48E-07 8.17E-06 2.07E-04 1.99E-05
TE 127 2.51E-10 1.14E-10 5.52E-11 1.77E-10 9.10E-10 1.40E-06 1.01E-05 i

TE 129M 1.74E-06 8.23E-07 2.81E-07 5.72E-07 6.49E-06 2.47E-04 5.06E-05 !

TE 129 8.87E-12 4.22E-12 2.20E-12 6.48E-12 3.32E-11 4.12E-07 2.02E-07
ITE 131M 1.23E-08 7.51E-09 5.03E-09 9.06E-09 5.49E-08 2.97E-05 7.76E-05

TE 131 1.97E-12 1.04E-12 6.30E-13 1.55E-12 7.72E-12 2.92E-07 '1.89E-09 j
;

TE 132 4.50E-08 3.63E-08 2.74E-08 3.07E-08 2.44E-07 5.61E-05 5.79E-05
I 130 7.80E-07 2.24E-06 8.96E-07 1.86E-04 3.44E-06 - 1.14E-06
I 131 4.43E-06 6.14E-06 3.30E-06 1.83E-03 1.05E-05 - 8.11E-07

132 1.99E-07 5.47E-07 1.97E-07 1.89E-05 8.65E-07 1.59E-07-

I 133 1.52E-06 2.56E-06 7.78E-07 3.65E-04 4.49E-06 1.29E-06 ;-

I 134 1.11E-07 2.90E-07 1.05E-07 4.94E-06 4.58E-07 2.55E-09 *-

I 135 4.62E-07 1.18E-06 4.36E-07 7.76E-05 1.86E-06 8.69E-07-

CS 134 6.28E-05 1.41E-04 6.86E-05 - 4.69E-05 1.83E-05 1.22E-06 i
CS 136 6.44E-06 2.42E-05 1.71E-05 - 1.38E-05 2.22E-06 1.36E-06 *

CS 137 8.38E-05 1.06E-04 3.89E-05 - 3.80E-05 '1.51E-05 1.06E-06
CS 138 5.82E-08 1.07E-07 5.58E-08 - 8.28E-08 9.84E-09 3.38E-11
BA 139 1.67E-10 1.18E-13 4.87E-12 - 1.11E-13 8.08E-07 8.06E-07

BA 140 6.84E-06 8.38E-09 4.40E-07 - 2.85E-09 2.54E-04 2.86E-05
BA 141 1.78E-11 1.32E-14 5.93E-13 - 1.23E-14 4.11E-07 9.33E-14
BA 142 4.62E-12 4.63E-15 2.84E-13 - 3.92E-15 2.39E-07 5.99E-20

LA 140 5.99E-08 2.95E-08 7.82E-09 - - 2.68E-05 6.09E-05
LA 142 1.20E-10 5.31E-11 1.32E-11 - - 1.27E-06 1.50E-06 ,

CE 141 3.55E-06 2.37E-06 2.71E-07 - 1.11E-06 7.67E-05 1.58E-05

CE 143 3.32E-08 2.42E-08 2.70E-09 - 1.08E-08 1.63E-05 3.19E-05.
CE 144 6.11E-04 2.53E-04 3.28E-05 - 1.51E-04 1.67E-03 1.08E-04
PR 143 1.67E-06 6.64E-07 8.28E-08 - 3.86E-07 6.04E-05 2.67E-05

R 144 5.37E-12 2.20E-12 2.72E-13 - 1.26E-12 2.19E-07 2.94E-14 I
D 147 9.83E-07 1.07E-06 6.41E-08 - 6.28E-07 4.65E-05 2.28E-05f

187 1.50E-09 1.22E-09 4.29E-10 - - 5.92E-06 2.21E-05
NP 239 4.23E-08 3.99E-09 2.21E-09 - 1.25E-08 8.11E-06 1.65E-05

,

FC/ODCM R3
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'FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 107 OF 120

TABLE 10 i

iINEALATION-DOSE' FACTORS FOR CHILD
' ~~

.

' ~ (dred'per pCi~i6 haled)' ~~

Page 1 of 2
i

Nuclide Bone Liver T. Body Thyroid Kidney Lunc GI-LLI
,

H 3 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07-

C 14 9.70E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06
NA 24 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06

P 32 7.04E-04 3.09E-05 2.67E-05 - - - 1.14E-05
CR 51 - - 4.17E-08 2.31E-08 6.57E-09 4.59E-06 2.93E-07
MN 54 1.16E-05 2.57E-06 - 2.71E-06 4.26E-04 6.19E-06 i

-

MN 56 - 4.48E-10 8.43E-11 - 4.52E-10 3.55E-06 3.33E-05
FE 55 1.28E-05 6.80E-06 2.10E-06 - - 3.00E-05 '7.75E-07 ,

FE 59 5.59E-06 9.04E-06 4.51E-06 - - 3.43E-04 1.91E-05

: CO 58 - 4.79E-07 8.55E-07 - - 2.99E-04 9.29E-06 i
CO 60 - 3.55E-06 6.12E-06 - - 1.91E-03 2.60E-05
NI 63 2.22E-04 1.25E-05 7.56E-06 - - 7.43E-05 1.71E-06

|

NI 65 8.08E-10 7.99E-11 4.44E-11 - - 2.21E-06 ~2.27E-05 |
CU 64 - 5.39E-10 2.90E-10 - 1.63E-09 2.59E-06 9.92E-06 |
ZN 65 1.15E-05 3.06E-05 1.90E-05 - 1.93E-05 2.69E-04 4.41E-06

( N 69 1.81E-11 2.61E-11 2.41E-12 - 1.58E-11 3.84E-07 2.75E-06
BR 83 - - 1.28E-07 - - - LT E-24
BR 84 - - 1.48E-07 - - - LT E-24 ,

|
BR 85 - - 6.84E-09 - - - LT E-24 i

RB 86 - 5.36E-05 3.09E-05 - - - 2.16E-06
RB 88 - 1.52E-07 9.90E-08 - - - 4.66E-09

l

RB 89 - 9.33E-08 7.85E-08 - - - 5.11E-10 '

SR 89 1.62E-04 - 4.66E-06 - - 5.83E-04- 4.52E-05
SR 90 2.73E-02 - 1.74E-03 - - 3.99E-03 9.28E-05

SR 91 3.28E-08 - 1.24E-09 - - 1.44E-05 4.70E-05
SR 92 3.54E-09 1.42E-10 - - 6.49E-06 6.55E-05-

Y 90 1.11E-06 - 2.99E-08 - - 7.07E-05 7.24E-05

Y 91M 1.37E-10 - 4.98E-12 - - 7.60E-07 4.64E-07
Y 91 2.47E-04 - 6.59E-06 - - 7.10E-04 4.97E-05
Y 92 5.50E-09 - 1.57E-10 - - 6.46E-06 6.46E-05

Y 93 5.04E-08 - 1.38E-09 - - 2.01E-05 1.05E-04
ZR 95 5.13E-05 1.13E-05 1.00E-05 - 1.61E-05 6.03E-04 1.65E-05
ZR 97 5.07E-08 7.34E-09 4.32E-09 1.05E-08 3.06E-05 9.49E-05-

RB 95 6.35E-06 2.48E-06 1.77E-06 - 2.33E-06 1.66E-04 1.00E-05

)O'99 4.66E-08 1.15E-08 - 1.0GE-07 3.66E-05 3.42E-05-

FC 99M 4.81E-13 9.41E-13 1.56E-11 - 1.37E-11 2.57E-07 1.30E-06

|
1

FC/ODCM R3 |
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 108 OF 120 |

t

TABLE 10 !

O- INHALATION DOSE FACTORS FOR CHILD~' (miem~per pCi'Ihhaled)' ' " !

Page 2 of 2
,

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

iTC 101 2.19E-14 2.30E-14 2.91E-13 3.92E-13 1.58E-07 4.41E-09-

RU 103 7.55E-07 - 2.90E-07 1.90E-06 1.79E-04 1.21E-05-

RU 105 4.13E-10 - 1.50E-10 - 3.63E-10 4.30E-06 2.69E-05 i

.

RU 106 3.68E-05 - 4.57E-06 - 4.97E-05 3.87E-03 1.16E-04
AG 110M 4.56E-06 3.08E-06 2.47E-06 - 5.74E-06 1.48E-03 2.71E-05
TE 125M 1.82E-06 6.29E-07 2.47E-07 5.20E-07 - 1.29E-04 9.13E-06

TE 127M 6.72E-06 2.31E-06 8.16E-07 1.64E-06 1.72E-05 4.00E-04 1.93E-05
TE 127 7.49E-10 2.57E-10 1.65E-10 5.30E-10 1.91E-09 2.71E-06 1.52E-05 ;

TE 129M 5.19E-06 1.85E-06 8.22E-07 1.71E-06 1.36E-05 4.76E-04 4.91E-05 ;
;

TE 129 2.64E-11 9.45E-12 6.44E-12 1.93E-11 6.94E-11 7.93E-07 6.89E-06
TE 131M 3.63E-08 1.60E-08 1.37E-08 2.64E-08 1.08E-07 5.56E-05 8.32E-05 |
TE 131 5.87E-12 2.28E-12 1.78E-12 4.59E-12 1.59E-11 5.55E-07 3.60E-07 {
TE 132 1.30E-07 7.36E-08 7.12E-08 8.58E-08 4.79E-07 1.02E-04 3.72E-05
I 130 2.21E-06 4.43E-06 2.28E-06 4.99E-04 6.61E-06 - 1.38E-06 '

I 131 1.30E-05 1.30E-05 7.37E-06 4.39E-03 2.13E-05 7.68E-07 '-

k 132 5.72E-07 1.10E-06 5.07E-07 5.23E-05 1.69E-06- - 8.65E-07
~

I 133 4.48E-06 5.49E-06 2.08E-06 1.04E-03 9.13E-06 - 1.48E-06
I 134 3.17E-07 5.84E-07 2.69E-07 1.37E-05 8.92E-07 2.58E-07 ',-

I 135 1.33E-06 2.36E-06 1.12E-06 2.14E-04 3.62E-06 1.20E-06-

CS 134 1.76E-04 2.74E-04 6.07E-05 - 8.93E-05 3.27E-05 1.04E-06
CS 136 1.76E-05 4.62E-05 3.14E-05 - 2.58E-05 3.93E-06 1.13E-06

CS 137 2.45E-04 2.23E-04 3.47E-05 - 7.63E-05 2.81E-05 9.78E-07 |
CS 138 1.71E-07 2.27E-07 1.50E-07 - 1.68E-07 1.84E-08 7.29E-08
BA 139 4.98E-10 2.66E-13 1.45E-11 2.33E-13 1.56E-06 1.56E-05-

BA 140 2.00E-05 1.75E-08 1.17E-06 - 5.71E-09 4.71E-04 2.75E-05 |
BA 141 5.29E-11 2.95E-14 1.72E-12 - 2.56E-14 7.89E-07 7.44E-08 )
BA 142 1.35E-11 9.73E-15 7.54E-13 - 7.87E-15 4.44E-07 7.41E-10 |

i
''

LA 140 1.74E-07 6.08E-08 2.04E-08 - - 4.94E-05 6.10E-05
LA 142 3.50E-10 1.11E-10 3.49E-11 - - 2.35E-06 2.05E-05

I CE 141 1.06E-05 5.28E-06 7.83E-07 - 2.31E-06 1.47E-04 1.53E-05

CE 143 9.89E-08 5.37E-08 7.77E-09 2.26E-08 3.12E-05 3.44E-05-

CE 144 1.83E-03 5.72E-04 9.77E-05 - 3.17E-04 3.23E-03 1.05E-04
PR 143 4.99E-06 1.50E-06 2.47E-07 8.11E-07 1.17E-04 2.63E-05--

$ R 144 1.61E-11 4.99E-12 8.10E-13 - 2.64E-12 4.23E-07 5.32E-08
D 147 2.92E-06 2.36E-06 1.84E-07 - 1.30E-06 8.87E-05 2.22E-05

187 4.41E-09 2.61E-09 1.17E-09 - - 1.11E-05 2.46E-05
NP 239 1.26E-07 9.04E-09 6.35E-09 - 2.63E-08 1.57E-05 1.73E-05

FC/ODCM R3
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FORT CALHOUN STATION CH-ODCM-0001 |
CHEMISTRY PROCEDURE PAGE 109 OF 120

]
TABLE 11 ~!

INHALATION -DOSE-FACTORS FOR INFANT.
' (mreni" per pCi'Ishaled) ~ ' ~

Page 1 of 2 |

Nuclide Bone Liver T. Body Thyroid Kidney Luna GI-LLI
,

H 3 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07-

C 14 1.89E-05 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06-
NA 24 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 1

P 32 1.45E-03 8.03E-05 5.53E-05 - - - 1.15E-05
CR 51 - - 6.39E-08 4.11E-08 9.45E-09 9.17E-06 2.55E-07
MN 54 - 1.81E-05 3.56E-06 3.56E-06 7.14E-04 5.04E-06-

'

MN 56 1.10E-09 1.58E-10 - 7.86E-10 8.95E-06 5.12E-05-

FE 55 1.41E-05 8.39E-06 2.38E-06 - - 6.21E-05 7.82E-07
,

FE 59 9.69E-06 1.68E-05 6.77E-06 - - 7.25E-04 1.77E-05 ;

;

CO 58 8.71E-07 1.30E-06 - - 5.55E-04 7.95E-06 '-
,

CO 60 - 5.73E-06 8.41E-06 - - 3.22E-03 2.28E-05
NI 63 2.42E-04 1.46E-05 8.29E-06 - - 1.49E-04 1.73E-06

NI 65 1.71E-09 2.03E-10 8.79E-11 - - 5.80E-06 3.58E-05
CU 64 1.34E-09 5.53E-10 - 2.84E-09 6.64E-06 1.07E-05-

ZN 65 1.38E-05 4.47E-05 2.22E-05 - 2.32E-05 4.62E-04 3.67E-05

( BR 83
~

JN 69 3.85E-11 6.91E-11 5.13E-12 - 2.87E-11 1.05E-06 9.44E-06
- - 2.72E-07 - - - LT E-24

BR 84 - - 2.86E-07 LT E-24:- - -
i

BR 85 - - 1.46E-08 - - - LT E-24
RB 86 - 1.36E-04 6.30E-05 - - - 2.17E-06

iRB 88 3.98E-07 2.05E-07 - - - 2.42E-07-

i

RB 89 2.29E-07 1.47E-07 - - - 4.87E-08-

SR 89 2.84E-04 8.15E-06 - - 1.45E-03 4.57E-05- !
-

SR 90 2.92E-02 - 1.85E-03 - - 8.03E-03 9.36E-05
1

SR 91 6.83E-08 - 2.47E-09 - - 3.76E-05 5.24E-05
SR 92 7.50E-09 - 2.79E-10 - - 1.70E-05 1.00E-04 !

Y 90 2.35E-06 - 6.30E-08 - - 1.92E-04 7.43E-05 !

Y 91M 2.91E-10 - 9.90E-12 - - 1.99E-06 1.68E-06
Y 91 4.20E-04 - 1.12E-05 - - 1.75E-03 5.02E-05 -

Y 92 1.17E-08 - 3.29E-10 - - 1.75E-05 9.04E-05

Y 93 1.07E-07 - 2.91E-09 - - 5.46E-05 1.19E-04 r
ZR 95 8.24E-05 1.99E-05 1.45E-05 2.22E-05 1.25E-03 1.55E-05-

ZR 97 1.07E-07 1.83E-08 8.36E-09 - 1.85E-08 7.88E-05 1.00E-04

NB 95 1.12E-05 4.59E-06 2.70E-06 - 3.37E-06 3.42E-04 9.05E-06
;O 99 - 1.18E-07 2.31E-08 1.89E-07 9.63E-05 3.48E-05-

'C 99M 9.98E-13 2.06E-12 2.66E-11 - 2.22E-11 5.79E-07 1.45E-06-

t

FC/ODCM R3 I
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 110 OF 120

TABLE 11

O. INHALATION DOSE-FACTORS FOR INFANT !
' (drbs~per pCi'in~ haled)~~ ' ~

,

Page 2 of 2 ,

,

Nuclide Bone Liver T. Body Thyroid Kidney Luna GI-LLI :

L

TC 101 4.65E-14 5.88E-14 5.80E-13 - 6.99E-13 4.17E-07 6.03E-07 ,

RU 103 1.44E-06 - 4.85E-07 - 3.03E-06 3.94E-04 1.15E-05 |

RU 105 8.74E-10 - 2.93E-10 - 6.42E-10 1.12E-05 3.46E-05 |

RU 106 6.20E-05 - 7.77E-06 7.61E-05 8.26E-03 1.17E-04-
,

AG 110M 7.13E-06 5.16E-06 3.57E-06 - 7.80E-06 2.62E-03 2.36E-05
'

TE 125M 3.40E-06 1.42E-06 4.70E-07 1.16E-05 - 3.19E-04 9.22E-06 i
>

TE 127M 1.19E-05 4.93E-06 1.48E-06 3.48E-06 2.68E-05 9.37E-04 1.95E-05 i
'TE 127 1.59E-09 6.81E-10 3.40E-10 1.32E-09 3.47E-09 7.39E-06 1.74E-05

TE 129M 1.01E-05 4.35E-06 1.59E-06 3.91E-06 2.27E-05 1.20E-03 4.93E-05
!

TE 129 5.63E-11 2.48E-11 1.34E-11 4.82E-11 1.25E-10 2.14E-06 1.88E-05 !
TE 131M 7.62E-08 3.93E-08 2.59E-08 6.38E-08 1.89E-07 1.42E-04 8.51E-05 !
TE 131 1.24E-11 5.87E-12 3.57E-12 1.13E-11 2.85E-11 1.47E-06 5.87E-06 ;

!
TE 132 2.66E-07 1.69E-07 1.26E-07 1.99E-07 7.39E-07 2.43E-04 3.15E-05

'I 130 4.54E-06 9.91E-06 3.98E-06 1.14E-03 1.09E-05 - 1.42E-06
'

I 131 2.71E-05 3.17E-05 1.40E-05 1.06E-02 3.70E-05 7.56E-07-

O 132
~

1.21E-06 2.53E-06 8.99E-07 1.21E-04 2.82E-06 - 1.36E-06
I 133 9.46E-06 1.37E-05 4.00E-06 2.54E-03 1.60E-05 '

1.54E-06-

'
I 134 6.58E-07 1.34E-06 4.75E-07 3.18E-05 1.49E-06 - 9.21E-07

I 135 2.76E-06 5.43E-06 1.98E-06 4.97E-04 6.05E-06 1.31E-06 ;
-

CS 134 2.83E-04 5.02E-04 5.32E-05 - 1.36E-04 5.69E-05 9.53E-07
CS 136 3.45E-05 9.61E-05 3.78E-05 - 4.03E-05 8.40E-06 1.02E-06

iCS 137 3.92E-04 4.37E-04 3.25E-05 - 1.23E-04 5.09E-05 9.53E-07
CS 138 3.61E-07 5.58E-07 2.84E-07 - 2.93E-07 4.67E-08 6.26E-07
BA 139 1.06E-09 7.03E-13 3.07E-11 - 4.23E-13 4.25E-06 3.64E-05 >

BA 140 4.00E-05 4.00E-08 2.07E-06 - 9.59E-09 1.14E-03 2.74E-05 -

'
BA 141 1.12E-10 7.70E-14 3.55E-12 - 4.64E-14 2.12E-06 3.39E-06
BA 142 2.84E-11 2.36E-14 1.40E-12 - 1.36E-14 1.11E-06 4.95E-07

3

LA 140 3.61E-07 1.43E-07 3.68E-08 - - 1.20E-04 6.06E-05
LA 142 7.36E-10 2.69E-10 6.46E-11 - - 5.87E-06 4.25E-05
CE 141 1.98E-05 1.19E-05 1.42E-06 3.75E-06 3.69E-04 1.54E-05-

CE 143 2.09E-07 1.38E-07 1.58E-08 - 4.03E-08 8.30E-05 3.55E-05
CE 144 2.28E-03 8.65E-04 1.26E-04 - 3.84E-04 7.03E-03 1.06E-04
PR 143 1.00E-05 3.74E-06 4.99E-07 - 1.41E-06 3.09E-04 2.66E-05

JR 144 3.42E-11 1.32E-11 1.72E-12 - 4.80E-12 1.15E-06 3.06E-06

fD 147 5.67E-06 5.81E-06 3.57E-07 - 2.25E-06 2.30E-04 2.23E-05
W 187 9.26E-09 6.44E-09 2.23E-09 - - 2.83E-05 2.54E-05
NP 239 2.65E-07 2.37E-08 1.34E-08 - 4.73E-08 4.25E-05 1.78E-05

FC/ODCM R3

.
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CHEMISTRY PROCEDURE PAGE 111 OF 120

t

TABLE 12
,_ INGESTION -DOSE -FACTORS FOR ADULT

-s/ (mrem per pCi Ingested) _, _ ,

Page 1 of 2 ;

Nuclide Bone Liver T. Body Thyroid Kidney Luna GI-LLI

H 3 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07-

C 14 2.84E-06 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07
NA 24 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 '

P 32 1.93E-04 1.20E-05 7.46E-06 - - - 2.17E-05 '

CR 51 - - 2.66E-09 1.59E-09 5.86E-10 3.53E-09 6.69E-07 '

MN 54 - 4.57E-06 8.72E-07 - 1.36E-06 - 1.40E-05

MN 56 - 1.15E-07 2.04E-08 - 1.46E-07 3.67E-06 .

-

FE 55 2.75E-06 1.90E-06 4.43E-07 '- - 1.06E-06 1.09E-06
FE 59 4.34E-06 1.02E-05 3.91E-06 - - 2.85E-06 3.40E-05 ,

CO 58 7.45E-07 1.67E-06 - - - 1.51E-05-

CO 60 '2.14E-06 4.72E-06 - - - 4.02E-05-

NI 63 1.30E-04 9.01E-06 4.36E-06 - - - 1.88E-06 ,

NI 65 5.28E-07 6.86E-08 3.13E-08 - - - 1.74E-06 '

CU 64 - 8.33E-08 3.91E-08 - 2.10E-07 7.10E-06 '-

ZN 65 4.84E-06 1.54E-05 6.96E-06 - 1.03E-05 - 9.70E-06
'

N 69 1.03E-08 1.97E-08 1.37E-09 1.28E-08 - 2.96E-09-

BR 83 - - 4.02E-08 - - - 5.79E-08
BR 84 - - 5.21E-08 - - - 4.09E-13

BR 85 - - 2.14E-09 - - - LT E-24
RB 86 - 2.11E-05 9.83E-06 - - - 4.16E-06
RB 88 6.05E-08 3.21E-08 - - - 8.36E-19-

RB 89 - 4.01E-08 2.82E-08 - - - 2.33E-21 - i
SR 89 3.08E-04 - 8.84E-06 - - - 4.94E-05
SR 90 7.58E-03 - 1.86E-03 - - - 2.19E-04

,

SR 91 5.67E-06 - 2.29E-07 - - - 2.70E-05
SR 92 2.15E-06 - 9.30E-08 - - - 4.26E-05
Y 90 9.62E-09 - 2.58E-10 - - - 1.02E-04

Y 91M 9.09E-11 3.52E-12 - - - 2.67E-10-

Y 91 1.41E-07 - 3.77E-09 - - - '7.76E-05
,

Y 92 8.45E-10 - 2.47E-11 - - - 1.48E-05
~

Y 93 2.68E-09 7.40E-11 - - - 8.50E-05-

ZR 95 3.04E-08 9.75E-09 6.60E-09 - 1.53E-08 - 3.09E-05
ZR 97 1.68E-09 3.39E-10 1.55E-10 - 5.12E-10 - 1.05E-04

IB 95 6.22E-09 3.46E-09 1.86E-09 - 3.42E-09 - 2.10E-05 i
\0 99 - 4.31E-06 8.20E-07 - 9.76E-06 - 9.99E-06 {
C 99M 2.47E-10 6.98E-10 8.89E-09 - 1.06E-08 3.42E-10 4.13E-07

1

|
1

FC/ODCM R3
,
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FORT CALHOUN STATION CH-ODCM-0001 '

CHEMISTRY PROCEDURE PAGE 112 OF 120

TABLE 12

O\. INGESTION DOSE ~ FACTORS FOR ADULT
^ ~

(mrem per pCi''Injested)^ ~

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

TC 101 2.54E-10 3.66E-10 3.59E-09 - 6.59E-09 1.87E-10 1.10E-21 ,

RU 103 1.85E-07 - 7.97E-08 - 7.06E-07 2.16E-05-

RU 105 1.54E-08 - 6.08E-09 - 1.99E-07 - 9.42E-06 ;

RU 106 2.75E-06 - 3.48E-07 - 5.31E-06 - 1.78E-04 ,

AG 110M 1.60E-07 1.48E-07 8.79E-08 - 2.91E-07 - 6.04E-05
TE 125M 2.68E-06 9.71E-07 3.59E-07 8.06E-07 1.09E-05 - 1.07E-05

!

TE 127M 6.77E-06 2.42E-06 8.25E-07 1.73E-06 2.75E-05 - 2.27E-05
TE 127 1.10E-07 3.95E-08 2.38E-08 8.15E-08 4.48E-07 - 8.68E-06
TE 129M 1.15E-05 4.29E-06 1.82E-06 3.95E-06 4.80E-05 - 5.79E-05

TE 129 3.14E-08 1.18E-08 7.65E-09 2.41E-08 1.32E-07 - 2.37E-08 ,

TE 131M 1.73E-06 8.46E-07 7.05E-07 1.34E-06 8.57E-06 - 8.40E-05

f
TE 131 1.97E-08 8.23E-09 6.22E-09 1.62E-08 8.63E-08 - 2.79E-09

TE 132 2.52E-06 1.63E-06 1.53E-06 1.80E-06 1.57E-05 - 7.71E-05
I 130 7.56E-07 2.23E-06 8.80E-07 1.89E-04 3.48E-06 - 1.92E-06
I 131 4.16E-06 5.95E-06 3.41E-06 1.95E-03 1.02E-05 - 1.57E-06 ,

() '

132 2.03E-07 5.43E-07 1.90E-07 1.90E-05 8.65E-07 - 1.02E-07
I 133 1.42E-06 2.47E-06 7.53E-07 3.63E-04 4.31E-06 - 2.22E-06 ;

I 134 1.06E-07 2.88E-07 1.03E-07 4.S9E-06 4.58E-07 - 2.51E-10 ;

:

I 135 4.43E-07 1.16E-06 4.28E-07 7.65E-05 1.86E-06 - 1.31E-06 f
CS 134 6.22E-05 1.48E-04 1.21E-04 - 4.79E-05 1.59E-05 2.59E-06 ;

CS 136 6.51E-06 2.57E-05 1.85E-05 - 1.43E-05 1.96E-06 2.92E-06

iCS 137 7.97E-05 1.09E-04 7.14E-05 - 3.70E-05 1.23E-05 2.11E-06 i

CS 138 5.52E-08 1.09E-07 5.40E-08 - 8.01E-08 7.91E-09 4.65E-13 |BA 139 9.70E-08 6.91E-11 2.84E-09 - 6.46E-11 3.92E-11 1.72E-07 |

|

BA 140 2.03E-05 2.55E-08 1.33E-06 - 8.67E-09 1.46E-08 4.18E-05
BA 141 4.71E-08 3.56E-11 1.59E-09 - 3.31E-11 2.02E-11 2.22E-17 ,

BA 142 2.13E-08 2.19E-11 1.34E-09 - 1.85E-11 1.24E-11- 3.00E-26
;

LA 140 2.50E-09 1.26E-09 3.33E-10 - - -
'

9.25E-05
LA 142 1.28E-10 5.82E-11 1.45E-11 - - - 4.25E-07 ,

CE 141 9.36E-09 6.33E-09 7.18E-10 - 2.94E-09 - 2.42E-05 |

!

CE 143 1.65E-09 1.22E-06 1.35E-10 - 5.37E-10 - 4.56E-05 [
CE 144 4.88E-07 2.04E-07 2.62E-08 - 1.21E-07 - 1.65E-04 ;
PR 143 9.20E-09 3.69E-09 4.56E-10 - 2.13E-09 4.03E-05 *-

,

-({jD147
R 144 3.01E-11 1.25E-11 1.53E-12 - 7.05E-12 - 4.33E-18 |

6.29E-09 7.27E-09 4.35E-10 - 4.25E-09 3.49E-05 |
-

W 187 1.03E-07 8.61E-08 3.01E-08 - - - 2.82E-05
.

NP 239 1.19E-09 1.17E-10 6.45E-11 - 3.65E-10 - 2.40E-05 :

,

FC/ODCM R3
1
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FORT CALHOUN STATION CH-ODCM-0001
CHEMISTRY PROCEDURE PAGE 113 OF 120

TABLE 13
O INGESTION DOSE- FACTORS FOR TEENAGERd (mrism^per pCi~Inlaled) ~

'~ ~ ~~ '

Page l'of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luna GI-LLI

H 3 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07-

C 14 4.06E-06 8.12E-07 8.12E-07 8.12E-07 8.12E-07 8.12E-07 8.12E-07.
NA 24 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06

'

IP 32 2.76E-04 1.71E-05 1.07E-05 2.32E-05- - -

CR 51 - - 3.60E-09 2.00E-09 7.89E-10 5.14E-09 6.05E-07 '

MN 54 5.90E-06 1.17E-06 - 1.76E-06 - 1.21E-05-

MN 56 1.58E-07 2.81E-08 2.00E-07 1.04E-05- - -

'FE 55 3.78E-06 2.68E-06 6.25E-07 - - 1.70E-06 1.16E-06
FE 59 5.87E-06 1.37E-05 5.29E-06 - - 4.32E-06 3.24E-05 >

CO 58 - 9.72E-07 2.24E-06 - - - 1.34E-05
CO 60 2.81E-06 6.33E-06 - - - 3.66E-05-

NI 63 1.77E-04 1.25E-05 6.00E-06 - - - 1.99E-06

NI 65 7.49E-07 9.57E-08 4.36E-08 - - - 5.19E-06
CU 64 - 1.15E-07 5.41E-08 2.91E-07 - 8.92E-06-

ZN 65 5.76E-06 2.00E-05 9.33E-06 - 1.28E-05 8.47E-06-
,

( hN 69
'

1.47E-08 2.80E-08 1.96E-09 - 1.83E-08 5.16E-08-

BR 83 5.74E-08 - - - LT E-24- -

BR 84 - - 7.22E-08 - - - LT E-24

BR 85 - - 3.05E-09 - - - LT E-24
RB 86 - 2.98E-05 1.40E-05 - - - 4.41E-06 |
RB 88 - 8.52E-08 4.54E-08 - - - 7.30E-15 !

RB 89 - 5.50E-08 3.89E-08 - - - 8.43E-17 |

SR 89 4.40E-04 - 1.26E-05 - - - 5.24E-05 i
- - - 2.33E-04 |SR 90 8.30E-03 - 2.05E-03

|

SR 91 8.07E-06 - 3.21E-07 - - - 3.66E-05 |
SR 92 3.05E-06 - 1.30E-07 - - - 7.77E-05

'

Y 90 1.37E-08 - 3.69E-10 - - - 1.13E-04

Y 91M 1.29E-10 - 4.93E-12 - - - 6.09E-09
Y 91 2.01E-07 - 5.39E-09 - - - 8.24E-05
Y 92 1.21E-09 3.50E-11 - - - 3.32E-05-

1

Y 93 3.83E-09 - 1.05E-10 - - - 1.17E-04
ZR 95 4.12E-08 1.30E-08 8.94E-09 - 1.91E-08 - 3.00E-05
ZR 97 2.37E-09 4.69E-10 2.16E-10 - 7.11E-10 - 1.27E-04

.NB 95 8.22E-09 4.56E-09 2.51E-09 - 4.42E-09 1.95E-05-

\0 99 - 6.03E-06 1.15E-06 - 1.38E-05 - 1.08E-05
C 99M 3.32E-10 9.26E-10 1.20E-08 - 1.38E-08 5.14E-10 6.08E-07

FC/ODCM R3

_ _
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CHEMISTRY PROCEDURE PAGE 114 OF 120

'

TABLE 13
.(~}, INGESTION DOSE- FACTORS, FOR TEENAGER

,

(,,/ (nrem^per pCi Inhaled)
Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLl_ <

TC 101 3.60E-10 5.12E-10 5.03E-09 - 9.26E-09 3.12E-10 8.75E-17 |
RU 103 2.55E-07 - 1.09E-07 - 8.99E-07 - 2.13E-05
RU 105 2.18E-08 - 8.46E-09 - 2.75E-07 - 1.76E-05 ,

i

RU 106 3.92E-06 - 4.94E-07 - 7.56E-06 - 1.88E-04
AG 110M 2.05E-07 1.94E-07 1.18E-07 - 3.70E-07 - 5.45E-05
TE 125M 3.83E-06 1.3BE-06 5.12E-07 1.07E-06 - - 1.13E-05

TE 127M 9.67E-06 3.43E-06 1.15E-06 2.30E-06 3.92E-05 - 2.41E-05
TE 127 1.58E-07 5.60E-08 3.40E-08 1.09E-07 6.40E-07 - 1.22E-05
TE 129M 1.63E-05 6.05E-06 2.58E-06 5.26E-06 6.82E-05 6.12E-05-

TE 129 4.48E-08 1.67E-08 1.09E-08 3.20E-08 1.88E-07 - 2.45E-07
TE 131M 2.44E-06 1.17E-06 9.76E-07 1.76E-06 1.22E-05 9.39E-05-

.

TE 131 2.79E-08 1.15E-08 8.72E-09 2.15E-08 1.22E-07 - 2.29E-09

TE 132 3.49E-06 2.21E-06 2.08E-06 2.33E-06 2.12E-05 - 7.00E-05 )
I 130 1.03E-06 2.98E-06 1.19E-06 2.43E-04 4.59E-06 - 2.29E-06
I 131 5.85E-06 8.19E-06 4.40E-06 2.39E-03 1.41E-05 - 1.62E-06

O 132
~

2.79E-07 7.30E-07 2.62E-07 2.46E-05 1.15E-06 - 3.18E-07
*

I 133 2.01E-06 3.41E-06 1.04E-06 4.76E-04 5.98E-06 - 2.58E-06
I 134 1.46E-07 3.87E-07 1.39E-07 6.45E-06 6.10E-07 - 5.10E-09

I 135 6.10E-07 1.57E-06 5.82E-07 1.01E-04 2.48E-06 - 1.74E-06
CS 134 8.37E-05 1.97E-04 9.14E-05 - 6.26E-05 2.39E-05 2.45E-06
CS 136 8.59E-06 3.38E-05 2.27E-05 - 1.84E-05 2.90E-06 2.72E-06

CS 137 1.12E-04 1.49E-04 5.19E-05 - 5.07E-05 1.97E-05 2.12E-06
'

CS 138 7.76E-08 1.49E-07 7.45E-08 - 1.10E-07 1.28E-08 4.76E-11
BA 139 1.39E-07 9.78E-11 4.05E-09 - 9.22E-11 6.74E-11 1.24E-06

BA 140 2.84E-05 3.48E-08 1.83E-06 - 1.18E-08 2.34E-08 4.38E-05
BA 141 6.71E-08 5.01E-11 2.24E-09 4.65E-11 3.43E-11 1.43E-13-

BA 142 2.99E-08 2.99E-11 1.84E-09 - 2.53E-11 1.99E-11 9.18E-20

LA 140 3.48E-09 1.71E-09 4.55E-10 - - - 9.28E-05
LA 142 1.79E-10 7.95E-11 1.98E-11 - - - 2.42E-06
CE 141 1.33E-08 8.88E-09 1.02E-09 - 4.18E-09 2.54E-05-

CE 143 2.35E-09 1.71E-06 1.91E-10 - 7.67E-10 - 5.14E-05
CE 144 6.96E-07 2.88E-07 3.74E-08 - 1.72E-07 - 1.75E-04
PR 143 1.31E-08 5.23E-09 6.52E-10 - 3.04E-09 - 4.31E-05

R 144 4.30E-11 1.76E-11 2.18E-12 - 1.01E-11 - 4.74E-14
,D 147 9.38E-09 1.02E-08 6.11E-10 - 5.99E-09 - 3.68E-05
A .187 1.46E-07 1.19E-07 4.17E-08 - - - 3.22E-05

NP 239 1.76E-09 1.66E-10 9.22E-11 - 5.21E-10 - 2.67E-05

FC/ODCM R3
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TABLE 14 |

' O. ,. INGESTION DOSE-FACTORS FOR CHILD
^~ '(mfem~per pCi'inhested)~ ~

Page 1 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Lunc _GI-LLI
H 3 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07-

<

C 14 1.21E-05 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06
NA 24 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06

P 32 8.2SE-04 3.86E-05 3.18E-05 - - - 2.28E-05 ;

CR 51 - - 8.90E-09 4.94E-09 1.35E-09 9.02E-09 4.72E-07 *

MN 54 - 1.07E-05 2.85E-06 - 3.00E-06 - 8.98E-06

MN 56 - 3.34E-07 7.54E-08 - 4.04E-07 - 4.84E-05 i

FE 55 1.15E-05 6.10E-06 1.89E-06 - - 3.45E-06 1.13E-06
FE 59 1.65E-05 2.67E-05 1.33E-05 - - 7.74E-06 2.78E-05

CO 58 - 1.80E-06 5.51E-06 - - - 1.05E-05
CO 60 - 5.29E-06 1.56E-05 - - - 2.93E-05 ;

.

NI 63 5.38E-04 2.88E-05 1.83E-05 - - - 1.94E-06 '

NI 65 2.22E-06 2.09E-07 1.22E-07 - - - 2.56E-05
CU 64 - 2.45E-07 1.48E-07 - 5.92E-07 - 1.15E-05
ZN 65 1.37E-05 3.65E-05 2.27E-05 - 2.30E-05 - 6.41E-06 .

ON 69
~

4.38E-08 6.33E-08 5.85E-09 - 3.84E-08 - 3.99E-06
BR 83 - - 1.71E-07 - - - LT E-24
BR 84 - - 1.98E-07 - - - LT E-24

.

BR 85 - - 9.12E-09 - - - LT E-24 '

RB 86 - 6.70E-05 4.12E-05 - - - 4.31E-06
RB 88 - 1.90E-07 1.32E-07 - - - 9.32E-09

,

RB 89 - 1.17E-07 1.04E-07 - - - 1.02E-09
SR 89 1.32E-03 - 3.77E-05 - - - 5.11E-05 *

SR 90 1.70E-02 - 4.31E-03 - - - 2.29E-04
,

SR 91 2.40E-05 - 9.06E-07 - - - 5.30E-05
,

SR 92 9.03E-06 - 3.62E-07 - - - 1.71E-04
Y 90 4.11E-08 - 1.10E-09 - - - 1.17E-04

Y 91M- 3.82E-10 - 1.39E-11 - - - 7.48E-07
Y 91 6.02E-07 - 1.61E-08 - - - 8.02E-05 {
Y 92 3.60E-09 - 1.03E-10 - - - 1.04E-04

'

Y 93 1.14E-08 3.13E-10 - - - 1.70E-04-

ZR.95 1.16E-07 2.55E-08 2.27E-08 - 3.65E-08 - 2.66E-05
ZR 97 6.99E-09 1.01E-09 5.96E-10 - 1.45E-09 - 1.53E-04 '

NB 95 2.25E-08 8.76E-09 6.26E-09 - 8.23E-09 - 1.62E-05
- O 99 1.33E-05 3.29E-06 - 2.84E-05 - 1.10E-05-

'-fC 99M 9.23E-10 1.81E-09 3.00E-08 - 2.63E-08 9.19E-10 1.03E-06

.

FC/ODCM R3
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CHEMISTRY PROCEDURE PAGE 116 OF 120
- TABLE 14

O_ INGESTION DOSE -FACTORS FOR CHILD
^ - (mfem'per pCi' ingested) ~ ~ ~

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

TC 101 1.07E-09 1.12E-09 1.42E-08 - 1.91E-08 5.92E-10 3.56E-09
RU 103 7.31E-07 - 2.81E-07 - 1.84E-06 - 1.89E-05
RU 105 6.45E-08 - 2.34E-08 5.67E-07 - 4.21E-05-

RU 106 1.17E-05 1.46E-06 - 1.58E-05 1.82E-04 i
- -

AG 110M 5.39E-07 3.64E-07 2.91E-07 - 6.78E-07 - 4.33E-05
TE 125M 1.14E-05 3.09E-06 1.52E-06 3.20E-06 - - 1.10E-05

TE 127M 2.89E-05 7.78E-06 3.43E-06 6.91E-06 8.24E-05 - 2.34E-05
TE 127 4.71E-07 1.27E-07 1.01E-07 3.26E-07 1.34E-06 - 1.84E-05
TE 129M 4.87E-05 1.36E-05 7.56E-06 1.57E-05 1.43E-04 - 5.94E-05

TE 129 1.34E-07 3.74E-08 3.18E-08 9.56E-08 3.92E-07 - 8.34E-06
TE 131M 7.20E-06 2.49E-06 2.65E-06 5.12E-06 2.41E-05 1.01E-04 ;

--

TE 131 8.30E-08 2.53E-08 2.47E-08 6.35E-08 2.51E-07 - 4.36E-07 '

'
TE 132 1.01E-05 4.47E-06 5.40E-06 6.51E-06 4.15E-05 - 4.50E-05
I 130 2.92E-06 5.90E-06 3.04E-06 6.50E-04 8.82E-06 - 2.76E-06
I 131 1.72E-05 1.73E-05 9.83E-06 5.72E-03 2.84E-05 - 1.54E-06

( ~ '

132 8.00E-07 1.47E-06 6.76E-07 6.82E-05 2.25E-06 - 1.73E-06
I 133 5.92E-06 7.32E-06 2.77E-06 1.36E-03 1.22E-05 2.95E-06 |

-

I 134 4.19E-07 7.78E-07 3.58E-07 1.79E-05 1.19E-06 - 5.16E-07

I 135 1.75E-06 3.15E-06 1.49E-06 2.79E-04 4.83E-06 - 2.40E-06
CS 134 2.34E-04 3.84E-04 8.10E-05 - 1.19E-04 4.27E-05 2.07E-06 i

CS 136 2.35E-05 6.46E-05 4.18E-05 3.44E-05 5.13E-06 2.27E-06-

CS 137 3.27E-04 3.13E-04 4.62E-05 1.02E-04 3.67E-05 1.96E-06-

CS 138 2.28E-07 3.17E-07 2.01E-07 2.23E-07 2.40E-08 1.46E-07-

BA 139 4.14E-07 2.21E-10 1.20E-08 1.93E-10 1.30E-10 -2.39E-05-

BA 140 8.31E-05 7.28E-08 4.85E-06 - 2.37E-08 4.34E-08 4.21E-05
BA 141 2.00E-07 1.12E-10 6.51E-09 - 9.69E-11 6.58E-10 1.14E-07
BA 142 8.74E-08 6.29E-11 4.88E-09 5.09E-11 3.70E-11 1.14E-09-

LA 140 1.01E-08 3.53E-09 1.19E-09 - - - 9.84E-05
LA 142 5.24E-10 1.67E-10 5.23E-11 - - - 3.31E-05 '

CE 141 3.97E-08 1.98E-08 2.94E-09 - 8.68E-09 2.47E-05-

CE 143 6.99E-09 3.79E-06 5.49E-10 1.59E-09 5.55E-05- -

CE 144 2.08E-06 6.52E-07 1.11E-07 - 3.61E-07 - 1.70E-04
PR 143 3.93E-08 1.18E-08 1.95E-09 - 6.39E-09 - 4.24E-05 |

i

R 144 1.29E-10 3.99E-11 6.49E-12 - 2.11E-11 8.59E-08 ;-

C D 147 2.79E-08 2.26E-08 1.75E-09 - 1.24E-08 - 3.58E-05
3.57E-05187 4.29E-07 2.54E-07 1.14E-07 - - -

NP 239 5.25E-09 3.77E-10 2.65E-10 - 1.09E-09 - 2.79E-05

FC/ODCM R3 )
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TABLE 15
/ m. INGESTION DOSE FACTORS FOR INFANT '

' (mrim'per pCi'~fngestedf '~ ~

Page 1 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

H 3 - 3.08E-07 3.08E-07 3.08E-07 3.08E-07 3.08E-07 3.08E-07 '

C 14 2.37E-05 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06
NA 24 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05

P 32 1.70E-03 1.00E-04 6.59E-05 - - - 2.30E-05
CR 51 - - 1.41E-08 9.20E-09 2.01E-09 1.79E-08 4.11E-07-
MN 54 - 1.99E-05 4.51E-06 - 4.41E-06 ~.31E-06-

MN 56 - 8.18E-07 1.41E-07 - 7.03E-07 - 7.43E-05
FE 55 1.39E-05 8.98E-06 2.40E-06 - - 4.36E-06 1.14E-06
FE 59 3.08E-05 5.38E-05 2.12E-05 - - 1.59E-05 2.57E-05

CO 58 - 3.60E-06 8.98E-06 - - - 8.97E-06
CO 60 1.08E-05 2.55E-05 - - - 2.57E-05-

NI 63 6.34E-04 3.92E-05 2.20E-05 - - - 1.95E-06

NI 65 4.70E-06 5.32E-07 2.42E-07 - - - 4.05E-05
CU 64 - 6.09E-07 2.82E-07 - 1.03E-06 - 1.25E-05
-ZN 65 1.84E-05 6.31E-05 2.91E-05 - 3.06E-05 - 5.33E-05

ON69 9.33E-08 1.68E-07 1.25E-08 - 6.98E-08 - 1.37E-05
BR 83 - - 3.63E-07 - - - LT E-24
BR 84 - - 3.82E-07 - - - LT E-24

.

BR 85 - - 1.94E-08 - - - LT E-24
RB 86 1.70E-04 8.40E-05 - - - 4.35E-06 i-

RB 88 - 4.98E-07 2.73E-07 - - - 4.85E-07

RB 89 - 2.86E-07 1.97E-07 - - - 9.74E-08 '

SR 89 2.51E-03 - 7.20E-05 - - - 5.16E-05
SR 90 1.85E-02 4.71E-03 - - - 2.31E-04-

,

1

SR 91 5.00E-05 - 1.81E-06 - - - 5.92E-05-
SR 92 1.92E-05 - 7.13E-07 - - - 2.07E-04
Y 90 8.69E-08 - 2.33E-09 - - - 1.20E-04

Y 91M 8.10E-10 - 2.76E-11 - - - 2.70E-06
Y 91 1.13E-06 - 3.01E-08 - - - 8.10E-05
Y 92 7.65E-09 2.15E-10 1.46E-04- - - -

Y 93 2.43E-08 6.62E-10 - - - 1.92E-04-

ZR 95 2.06E-07 5.02E-08 3.56E-08 5.41E-08 2.50E-05'- -

ZR 97 1.48E-08 2.54E-09 1.16E-09 - 2.56E-09 - 1.62E-04

IB 95 4.20E-08 1.73E-08 1.00E-08 - 1.24E-08 - 1.46E-05\0 99 3.40E-05 6.63E-06 - 5.08E-05 - 1.12E-05-

C 99M 1.92E-09 3.96E-09 5.10E-08 - 4.26E-08 2.07E-09 1.15E-06

FC/ODCM R3
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TABLE 15
_INGESTIO,N, DOSE FACTORS FOR INFANT..

-

(mrem per pCi Ingested)
, _

_ m

Page 2 of 2

Nuclide Bone Liver T. Body Thyroid Kidney Luno GI-LLI

TC 101 2.27E-09 2.86E-09 2.83E-08 3.40E-08 1.56E-09 4.86E-07-

RU 103 1.48E-06 4.95E-07 - 3.08E-06 - 1.80E-05 |
-

RU 105 1.36E-07 - 4.58E-08 - 1.00E-06 - 5.41E-05 ;

RU 106 2.41E-05 - 3.01E-06 - 2.85E-05 - 1.83E-04
AG 110M 9.96E-07 7.27E-07 4.81E-07 - 1.04E-06 - 3.77E-05
TE 125M 2.33E-05 7.79E-06 3.15E-06 7.84E-06 - - 1.11E-05

TE 127M 5.85E-05 1.94E-05 7.08E-06 1.69E-05 1.44E-04 - 2.36E-05
TE 127 1.00E-06 3.35E-07 2.15E-07 8.14E-07 2.44E-06 - 2.10E-05
TE 199M 1.00E-04 3.43E-05 1.54E-05 3.84E-05 2.50E-04 5.97E-05-

'
TE 129 2.84E-07 9.79E-08 6.63E-08 2.38E-07 7.07E-07 2.27E-05-

TE 131M 1.52E-05 6.12E-06 5.05E-06 1.24E-05 4.21E-05 1.03E-04-

TE 131 1.76E-07 6.50E-08 4.94E-08 1.57E-07 4.50E-07 - 7.11E-06

TE 132 2.08E-05 1.03E-05 9.61E-06 1.52E-05 6. 4 4 E-05 - 3.81E-05
I 130 6.00E-06 1.32E-05 5.30E-06 1.48E-03 1.45E-05 - 2.83E-06
I 131 3.59E-05 4.23E-05 1.86E-05 1.39E-02 4.94E-05 - 1.51E-06

'

132 1.66E-06 3.37E-06 1.20E-06 1.58E-04 3.76E-06 - 2.73E-06
I 133 1.25E-05 1.82E-05 5.33E-06 3.31E-03 2.14E-05 - 3.08E-06
I 134 8.69E-07 1.78E-06 6.33E-07 4.15E-05 1.99E-06 - 1.84E-06

I 135 3.64E-06 7.24E-06 2.64E-06 6.49E-04 8.07E-06 - 2.62E-06
CS 134 3.77E-04 7.03E-04 7.10E-05 - 1.81E-04 7.42E-05 1.91E-06
CS 136 4.59E-05 1.35E-04 5.04E-05 - 5.38E-05 1.10E-05 2.05E-06

CS 137 5.22E-04 6.11E-04 4.33E-05 - 1.64E-04 6.64E-05 1.91E-06 '

CS 138 4.81E-07 7.82E-07 3.79E-07 3.90E-07 6.09E-08 1.25E-06-

BA 139 8.81E-07 5.84E-10 2.55E-08 3.51E-10 3.54E-10 5.58E-05-

BA 140 1.71E-04 1.71E-07 8.81E-06 - 4.06E-08 1.05E-07 4.20E-05
BA 141 4.25E-07 2.91E-10 1.34E-08 - 1.75E-10 1.77E-10 5.19E-06 ;

BA 142 1.84E-07 1.53E-10 9.06E-09 - 8.81E-11 9.26E-11 7.59E-07
'

LA 140 2.11E-08 8.32E-09 2.14E-09 - - - 9.77E-05
LA 142 1.10E-09 4.04E-10 9.67E-11 - - - 6.86E-05
CE 141 7.87E-08 4.80E-08 5.65E-09 - 1.48E-08 - 2.48E-05

CE 143 1.48E-08 9.82E-06 1.12E-09 - 2.86E-09 5.73E-05-

CE 144 2.98E-06 1.22E-06 1.67E-07 - 4.93E-07 - 1.71E-04
PR 143 8.13E-08 3.04E-08 4.03E-09 - 1.13E-08 4.29E-05-

R 144 2.74E-10 1.06E-10 1.38E-11 3.84E-11 4.93E-06- -

3D 147 5.53E-08 5.68E-08 3.48E-09 - 2.19E-08 - 3.60E-05
J 187 9.03E-07 6.28E-07 2.17E-07 - - - 3.69E-05
NP 239 1.11E-08 9.93E-10 5.61E-10 - 1.98E-09 2.87E-05-

FC/ODCM R3
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i

TABLE 16
N - RECOMMENDED VALUES'FOR OTHER PARAMETERS

Page 1 of 2

Parameter
Symbol Definition Values

f, Fraction of produce ingested grown in garden 0.76
of interest.

,

f, Fraction of leafy vegetables grown in garden 1.0
of interest.

P Effective surface density of soil (assumes a 240 kg/m2

15 cm plow layer, expressed in dry weight)

r Fraction of deposited activity retained on 0.25
crops, leafy vegetables, or pasture grass. 1.0 (for iodines)

0.2 (for other !

particulates)

S Attenuation factor accounting for shielding 0.7 (for maximum |r
provided by residential structures. individuals) !

0.5 (for general
population)

t, Period of long-term buildup for activity in 1.31 x 10 hr !5

sediment or soil (nominally 15 yr),

t, Period of crop, leafy vegetable, or pasture 720 hrs (30 days,
grass exposure during growing season. for grass-cow-

milk-man path-
way)

1440 hrs (60 days i

for crop /
vegetation-man
pathway)

tr Transport time from animal feed-milk-rian 2 days (for max. |
provided by residential structures. individual)

4 days (for gen. i

population)
i

tg Time delay between harvest of vegetation
,

or crops and ingestion. |
i) For ingestion of forage by animals Zero (for pasture i

grass) -|
2160.hr (90 days

'

;

for stored
,

feed)

|

I

FC/ODCM R3
]
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:
'TABLE 16

RECOMMENDED VALUES- FOR OTHER P_ARAMETERS, _,,

Parameter

f
Symbol Definition Values

!li) For ingestion of crops by man 24 hr (1 day, for
leafy vege-
tables & max.
individual) i

feed)
1440 hr (60 days

'|
'

for produce &
maximum in-
dividual)

336 hr (14 days
for general
population)

t, Environmental transit time, release to 12 hr (for max.
receptor (add time from release to exposure
individual) point to minimums shown for 24 hr (for gen.
distribution) population) ;

24 hr (for max.

() ' individual)
168 lur (7 days

for population
sport fish

,

doses)
240 hr (10 days

for population ;

commercial ;

fish doses) !

t, Average time from slaugnter of meat animal to 20 days ,

consumption. ;

!

2Yv Agricultural produci t ;vf_t ' by unit area 0.7 kg/m (for
; (measured in wet we. M.) grass-cow-milk

| man pathway) ;

22.0 kg/m (for
produce or ;

leafy vegeta- !

bles ingested
by man)

W Shore-width factor for river shoreline 0.2

A ,. Rate constant for removal of activity on plant 0.0021 hr''() or leaf surfaces by weathering (corresponds to
a 14-day half-life) *

|

',
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PROCESS CONTROL PROGRAM [

1.0 PURPOSE - ~~- -~ ~ -

,

To provide guidance and boundary conditions for preparation
of specific procedures for processing, sampling, analyzing, j

packaging and shipping solid radioactive waste in j
accordance with State and Federal regulatory requirements
and the Fort Calhoun Station Unit No. 1 Radiological
Effluent Technical Specifications. !

'
This program is applicable to the Fort Calhoun Station Unit
No. 1 solid radwaste system. Wastes considered in this
program are primary and radwaste liquid processing resins,
oil and filters. Dry Active Waste is only included as it
applies to assurance that packaged waste is suitable for
shipment and burial in accordance with applicable State and i

Federal regulations. Concentrates and aqueous liquids are
not considered due to the present decisions not to utilize
the waste evaporator as a means for processing liquid
wastes. !

2.0 RESPONSIBILITIES |

2.1 The Radioactive Waste Operations Supervisor is i

responsible for: |

() 2.1.1 Maintenance of and compliance with this |
Process Control Program;

2.1.2 Record keeping and document control of (
shipping and processing data; and |

,

2.1.3 Assuring Radwaste Personnel are +

appropriately trained and qualified to
'

,

perform waste processing and packaging ;

activities. '

i

2.2 The Operations Supervisor is responsible for: '

2.2.1 Providing trained personnel to operate !
appropriate radwaste process equipment; and i

2.2.2 Defining those Operations positions which ;
require training. i

'

2.3 The Manager Training is responsible for:
!

2.3.1 Development and implementation of '

performance-based training for designated i

personnel-in accordance with Training.
Division procedures.

;

:
i

FC/RW R2
:
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.

. 2.4 All OPPD and OPPD contract petsonnel are responsible !

for: - - - - -
,

2.4.1 Implementation of procedures and g6od
practices so as to provide Quality
Assurance and maintain exposures ALARA.-

2.5 The Nuclear Quality Assurance Department is '

responsible for:

2.5.1 Establishment of a Quality Assurance
Program addressing Radwaste processing and ;

packaging; and

2.5.2 Performing audits of-activities associated
with this Process Control Program to assure

'

compliance with the Quality Assurance Plan.
;

2.6 The Plant Review Committee is responsible for:
'

2.6.1 Reviewing and approving changes to this '

Process Control Program prior to '

implementation of the changes; and

2.6.2 Reviewing and approving engineering and
safety evaluations performed in support of ;

changes to this Process Control Program.

2.7 The Station Engineering Manager is responsible for:

2.7.1 Ensuring engineering and safety evaluations
are performed for changes made to this

,

Process Control Program; and

2.7.2 Submitting these evaluations to the Plant ,

Review Committee for review and approval ;
prior to implementation of the changes

j
evaluated.

l
3.0 DEFINITIONS .)

3.1 Batch - An isolated quantity of feed waste to be
processed ~having essentially constant physical and
chemical characteristics. For the purpose of resin-
type wastes a' batch is defined as the volume of
resins.in the Spent Resin Storage Tank or in a
vendor supplied system intended to process a
quantity of feed waste.

1
i

O
FC/RW R2
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3.2 Operable - A system, subsystem, train, component or
O, -

device saall be-OPERABLE or have OPERABILITY when it
is tapabTe 6f performing 1ts specified function (s), ,

and when all necessary attendant instrumentafion, ;

controls, elcatrical power, cooling or seal water,
,

lubrication or other auxiliary equipment that.are
required for the system, subsystem, train, component,
or device to perform its function (s) are also -

capable of performing their related support
,

function (s). :

3.3 Processing - Changing, modifying, and/or packaging '

plant generated radioactive waste into a form that
is acceptable to a disposal facility.

3.4 Quality Assurance / Quality Control - As used in this
document, " quality assurance" comprises those
planned and systematic actions necessary to provide

;

adequate confidence that a structure, system, or ,

component will perform satisfactorily in service. '

Quality assurance includes quality control, which
:

comprises those quality assurance actions related to
.

the physical characteristics of a material,. '

structure, component, or system which provide a ,

means to control the quality of the material, i
structure, component, or system to predetermined ;

requirements.
.

3.5 Sampling Plan - A sampling program implemented to
ensure that representative samples from the feed >

waste and the final waste form are obtained and i
tested for conformance with parameters stated in the '

Process Control Program and waste form acceptance ;

criteria.
5

3.6 Low-Level Radioactive Waste (LLW) - Those low-A? vel -j
radioactive wastes containing source, special '

nuclear, or by-product material that are acceptable i
for disposal in a land disposal facility. -For the :
purposes of this definition, 1cw-level radioactive i
waste has the same meaning as in the Low-Level Waste i
policy Act, that is radioactive waste not classified |
as high-level radioactive waste, transuranic waste, '

spent nuclear fuel, or by-product material as
,

defined in Section 11e. (2) of the Atomic Energy Act j

(uranium or thorium tailings and waste) . ;

3.7 Waste Container - A vessel of any shape, size, and
;composition used to contain the final processed
]waste. '

,

3.8 Waste Form - Waste in a waste container' acceptable 1

for disposal at a licensed disposal facility.

:

FC/RW R2
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3.9 Stability - As used in this program, STABILITY means !

O. stiuctural- stability. Stability requires that the
waste form maintain' its structural- integrity under !

the expected disposal conditions.
' ~ '

-

3.10 Chelating Agent - For the purpose of this program *

CHELATING AGENTS are amine polycarboxylic acids
(e.g., EDTA, DTPA), hydroxy-carboxylic acids, and

,

polycarboxylic acids (e.g., citric acid, carbolic '

acid, picolanic acid and gluconic acid ) as defined
in 10CFR61.2.

;

4.0 APPARATUS I

6

4.1 None.
,

5.0 PREREOUISITES

5.1 All personnel performing ' activities under the '

-control of and described by this Process control
,

Program shall have been successfully trained and
qualified to perform the described activities before ,

actually perforning the activities.
,

5.2 Procedures shall have been developed for |
implementation of this Process Control Progr'm and '

shall be reviewed and approved by the Plant iewe

O Committee prior to performing activities dest ibed
and required by this Process Control Program.

6.0 PRECAUTIONS

6.1 None.

7.0 PROCEDURE

7.1 WASTE TYPES

7.1.1 Primary Pesin

A. The contaminated waste product'
generated as a result of reactor water
purification and demineralization,
catien ion exchange, deborating ion
exchange and spent fuel pool
demineralization.

B. Waste consists of contaminated bead ion
exchange resins at varying degrees of
exhaustion, small concentrations of
various solids, activated and non-

/~ activated corrosion products and
fission products.

FC/RW i R2
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7.1.2 Radwaste Licuid Processino Resin
_._ _ _ _ _ j

- - 'AT The contamiriated waste product i

generated as a result of processing
radwaste liquids using a
demineralization system. This system !.

may be vendor supplied.
,

B. Waste consists of contaminated bead ion
exchange resins at varying degrees of
exhaustion, small concentrations of
various solids, activated and non-

,

activated corrosion products and
fissien products.

|

7-.1.3 Filters
'

2/93
A. The contaminated waste product i

generated as a result of liquid- i

processing activities and the removal ,

of cartridge elements from the i
processing systems.

B. Waste consists of contaminated
mechanical filtration cartridges
containing various amounts of .

particulate solids, corrosiop products,() activation and fission products.

7.1.4 Qil
b

A. The contaminated waste product-
generated as a result of leakage or

.

intentional drainage and replacement of |
various plant component' lubricating i

and/or control fluids. !

B. Waste consists of contaminated oils and '

greases of various grades both
synthetic and natural, in free form or
containing various amounts of solid
material.

7.1.5 Drv Active Waste
!

A. The contaminated waste product |
generated as a result of plant *

maintenance and repair and routine-
;

plant operations. -

?

O
,

FC/RW R2
i
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7.1.5 B. Waste generally consists of

O - ~ ~ plastics,7 apers, wood, steel- and cloth
-- contaminated trash in the form of

items with varying concentration ~s of
corrosion, activation and fission
products.

7.1.6 Non-Standard Wastes

A. The contaminated waste product
generated as a result of non-routine
plant operation, maintenance and or
repair activities.

B. Waste consists of plant components, '

irradiated hardware and other specialty
items contaminated with varying
concentrations of corrosion, activation
and fission products. The waste may

'

also be those items which have become e

activated with contamination being a i

minimal fraction of the total ,

radioactivity.

7.2 PROCESS DESCRIPTION !

!

7.2.1 Primary Resin
_

A. Primary resins are obtained from the j
demineralizer filtration system, '

purification ion exchangers, the cation
ion exchanger, the deborating ion
exchanger and the spent fuel storage
pool demineralizer.

B. The resins from the demineralizer
Ifiltration system are sluiced into a

container for processing and shipment
from the plant.

;

C. The resins from other sources and their ;

sluice water are collected in the spent
resin storage tank.

D. The contents of the spent resin storage
i

tank are recirculated with sufficient |

liquid to keep resin flowing. Nitrogen |
gas is used to break up solid chunks :

during this recirculation process. '

1

E. The contents of~the tank are pumped
into a disposable container within a |

O shielded shipping cask or process I

shield after which the contents are :

processed and shipped from the plant. j
FC/RW R2
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7.2.1 F. Due to the infrequent need to dispose

O. -- ~ ~ ~ ~ ~
--- of-spent primary resins (approximately

every 2-3 years) the most efficient
method of disposal is to use a vendor
supplied processing system. A NRC
approved container (e.g. high Integrity
Container or HIC) or solidification
process shall provide the required
stability.

7.2.2 Radwaste Liquid Processing Resin

A. Radwaste liquids are processed using a
demineralization system in lieu of L

using the installed plant evaporator '

system.

B. Radioactive liquids are normally
transferred from the waste holdup tanks
to the demineralization system using
the waste holdup transfer pumps.
Specific maintenance and/or
decontamination activities may require '

the use of portable transfer pumps and
'hoses.

C. The processed liquids are directed to() the monitor tanks to be analyzed and
discharged to the Missouri River
through the overboard discharge piping.

D. The depleted resins in the
demineralization system vessels are
sluiced from the demineralizer vessels ,

into a container which will provide the |
required stability either through .

design (HIC) or by solidification.
'

M ltiple sluices may be performed toE. 'u
fill the container.

F. Once the container is filled, processed
and stabilized; the waste will be
shipped for disposal. |

L

7.2.3 Filters 2/93-

A. Used filter cartridges originate from
|

'

the purification filters, the waste -

filters, the spent fuel pool cooling
system filter, ultrasonic cleaning i
unit, laundry machines and various -;

( other decontamination equipment.

.

FC/RW R2
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7.2.3 B. Filters are removed from their 2

- respective system and permitted to
~~~-

drain excEsrliquids -from the elements.-

C. The filters are then transferred in a
container for disposal. 2/93 .

(1) When stabilization is required,
(i.e. Class-B or C) the filters *

shall be disposed of in a HIC or
,

shall be solidified. '

7.2.4 Q11

A. Oil generated during operation and
maintenance is collected in containers
in appropriate approved areas of the
plant. ,

B. The filled and labeled containers are l

sealed and moved to available areas for
temporary storage.

2/93
C. Oils may be shipped off site to a

contracted and licensed vendor for ,

processing or incineration. i

() 7.2.5 Drv Active Waste
"

;
.

A. Dry Active Wastes are collected from t

radiologically controlled areas
throughout the plant.

i
2/93-

B. The waste is sorted to remove reusable '

and wet items.

C. The contaminated waste material is then *

either compacted into metal 55 gallon 2/93 *

drums in the waste baler, packaged in >

metal boxes, or placed.into a seal / land *

container for shipment to a process-
facility. Contaminated waste will be
disposed of by an approved burial site
or processed (e.g.-incinerated, etc.)
by an approved vendor.

7.2.6 Non-Standard Waste

A. Reactor components and irradiated
hardware are waste which are not
routinely generated *

-

,

.

FC/RW R2
:
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B. These types of non-standard waste will
s -- be handled on a case-by-case basis

- ~ ~~ ~ through the implementation 'of special
procedures approved by the Plant Review

~

Committee.

7.3 PROCESS CONTROL

7.3.1 Radioactive waste processing j
instrumentation and equipment shall be
subject to formal calibration and
preventative maintenance programs.

7.3.2 Primary and Radwaste Licuid Processing
Resin i

A. Primary resins will be transferred into j
containers for processing using plant .

installed and vendor supplied
'

equipment.
,

1
B. Radwaste Liquid Processing will be :

performed using a vendor supplied I

system with transfer of depleted resins I
from the demineralizer vessels into a |
processing container by means of !
sluicing.

(:)
~ |

C. Primary and Radwaste Liquid Processing
Resin-dewatering will be performed
using an NRC and PRC approved Process
Control Program.

D. Referenced Radwaste Procedures
controlling the. processing, transfer
and dewatering activities shall be
observed.

E. The Process Control Program which
specifically controls processing of the
waste (i.e. the vendors PCP) shall
identify the mechanisms and frequency
of test / measurements-used to verify
stability and free standing liquid
requirements are satisfied.

F. Successful completion of applicable !

portions of the vendor Process Control
Program shall serve as an indicator of
system operability.

O
FC/RW R2
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7.3.2 G. Containers used for dewatering and

O ~ - ^ ~~

disposal facility shall be approved for
- - packaging for disposal at_the Barnwell

use and disposal by the South Carolina
Department of Health _and Environmental
Control.

!
'H. The vendor supplied system shall be

operated in accordance with the system
operating procedures and applicable
station Radwaste Procedures.

I. Station to vendor interfacing is
addressed in the Safety Evaluation for
the processing and dewatering
operations.

7.3.3 Filters
t

A. Filter processing is controlled by '

referenced Radwaste Procedures.

B. Filters requiring stability are
packaged as described in Section 7.2.3.

2/93The containers and/or process used
shall be approved by the South Caro 41na
Department of Health and Control.

O 7.3.4 Qil '

A. Processing of oil shall be performed in j

accordance with referenced Radwaste |
Procedures and applicable vendor !

procedures and-topical reports for the
methodology applied to the processing
activity. j

7.3.5 Drv Active Waste

A. Dry Active Waste is processed in
accordance with referenced Radwaste
Procedures.

7.3.6 Non-Standard Waste

A. Non-Standard Waste is processed in
accordance with special Radwaste
Procedures germane to the specific '

non-standard waste being processed.

O
FC/RW R2
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'7.4 PRODUCT CONTROL

-hsample from7ach batch of waste- shall be) 7 . 4-~1
analyzed quantitatively for activity and

~

isotopic identity as required in station
procedures. If radionuclide distributions
are shown to be consistent between similar i

batches, consideration may be given to
decreasing the frequency of routine
measurements. Frequency of sampling is as
described in Radiation Protection
Procedure RW-221, "10CFR61 Sampling". This
constitutes the sampling plan. |

7.4.2 Scaling factors for nuclides which are hard
to identify are established for waste |
streams by using analyses performed and
provided by an off-site vendor.

7.4.3 This frequency of sampling shall be raised
or lowered based upon consideration of
waste stream or radionuclide
characteristics. Factors which would
influence this consideration include the
frequency of process vessel changeout or ,

waste shipment, the difficulty (e.g. Costs, '

occupational exposures) in obtaining a '

O representative sample of a particular waste
- stream, the variability of the radionuclide

distribution within the waste stream over
time, and the availability of analytical
capability for particular radionuclides.
If radionuclide distributions are shown to i
be consistent between similar batches, i

consideration may be given to decreasing |
the frequency of routine measurements. If
onsite samples show a variation from
presently used scaling factors by more than
a factor of 10, samples will be sent

|
offsite for analysis to establish new
scaling factors.

|

7.4.4 Radionuclide concentrations and |

classification of future waste shipments
are expected to be similar to those of

,iprevious shipments for each specific waste
stream. Values are available from shipment |

manifest forms.

7.4.5 Administrative controls for preventing
unsatisfactory waste forms fro:m being

3

released for shipment are described in j
referenced station procedures. '

FC/RW R2
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I

7.4.6 Referenced Radwaste Procedures ensure
f-' , wastes.shall have no detectable free

-

~ " standing liquiti!r." No~ detectable -f ree
standing liquid is defined as low as~
practical but not more than 1% of the
volume of the waste when the waste is in a
disposable container. designed to ensure
stability or not more than 0.5% of the
volume of the waste for waste processed in
any other container.

7.4.7 Processed resin shall be sampled in
accordance with regulatory guidance and
referenced station procedures to verify ,

that the free liquid content of the
packaged product is within limits
established by applicable regulatory
agencies. Sampling and measurement of free
liquid content shall be performed whenever
process changes occur that may
significantly alter system performance,
until compliance with moisture content
limits under these conditions can be ,

demonstrated.

7.4.8 Each waste shipment shall be accompanied by
a shipping manifest giving a physical

O description of the waste, the volume, the
radionuclide identity and quantity, the
total radioactivity, the principal chemical

,

form and waste class, based on 10CFR61.55. >

7.4.9 Sufficient analysis shall be performed to
verify that the quality of-waste forms
prepared for disposal by vendor's onsite ,

processing shall be similar to vendor's
,

test results.

7.5 TRAINING

7.5.1 Processing of solid radioactive waste shall
,

be performed by qualified and trained
personnel.

|
7.5.2 Training records of processing personnel

shall be maintained by the Training '

Division.

(:) !

FC/RW R2
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7.5.3 Training and qualification records for-

' Gg, -- ~~shall'be maintained by--the Radioactive
'

operatorsaof mobile vendor processing units

Waste Operations Supervisor while'the
vendor is active on site. These records
shall be sent to the Nuclear Records
Management System after the vendor has
completed work on site.

7.6 PROCEDURE CONTROL

7.6.1 On site processing of. radioactive waste
shall be performed in accordance with
approved station procedures.

7.6.2 Processing of radioactive waste by onsite
vendors shall be performed in accordance
with applicable Process Control Programs,
procedures and applicable NRC guidance.

7.6.3 Procedures for proceasing, containerization
and transport of wastes shall ensure that
specific DOT, 10CFR and burial site
requirements are satisfied.

7.6.4 Process Control Programs for specific
radwaste systems supplied by vendors for on

O site processing shall be presented to the
Plant Review Committee for review and
approval prior to use of the system.

7.7 RECORDS

7.7.1 Waste classification records, waste form
records and other records. required for the
preparation of the Fort Calhoun Station
Unit No. 1 Semiannual Radioactive Effluent
Release Report shall be prepared.and
retained in accordance with the
requirements of 10CFR20, 10CFR71,
49CFR170-178 and the Fort Calhoun Station
Technical Specifications.

7.7.2 Records of processing data, test and
analysis results and results of training,
inspection and audits are retained in
accordance with the Fort Calhoun Station
Quality-Assurance Plan and applicable
station Administrative Procedures.

O
FC/RW R2
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O_.
7.7.3 All certificates of compliance, licenses,

criteria.and regulations pertaining to
- ~~"pr6 cessing, pcTek~agingrshipment and

disposal of radioactive materials
controlled under this Process Control
Program shall be maintained in the most
current status. OPPD,. Fort Calhoun Station
Unit No. 1 shall be currently registered,
as necessary, to use applicable packagings.

,

.

7.7.4 Sufficient documentation shall be
maintained to demonstrate compliance of
solid radwaste processing with this Process *

Control Program. '

7.8 QUALITY ASSURANCE !

7.8.1 Quality Assurance shall be maintained as
defined by the Fort Calhoun Station Quality ;

Assurance Plan, Section 11. !

i

7.8.2 The QA Plan shall ensure compliance with
,

NRC and burial site criteria for waste !
classification and waste form. j

1

7.8.3 Audits shall be conducted in accordance I
with NQA Audit Section Instructions. j

O-
7.8.4 The Topical' Reports of vendor supplied |

radwaste processing systems shall undergo
review either by the Radioactive Waste
Operations Supervisor or the
Supervisor-Radiation Protection. The
review shall ensure the vendor supplied i
system will be compatible with plant |
operations and that the Topical report has
been submitted to the-NRC for review. The
review shall be documented by a memo
addressed to file.

7.8.5 Audits of a sampling of implementing
procedures shall be performed at least-once
every 24 months. Procedures should be
reviewed to ensure continual compliance
with the requirements and process
parameters of this Process Control Program. i

7.8.6 Radioactive wastes not described within
this document must be evaluated and
approved for inclusion in this Process
Control Program or in a vendor Process

,

Control Program prior to processing. '

O
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7.9 REVISIONS

-kha'gesormodificationsmadeto-design7. 9% 'n
and/or operation of radioactive waste
processing, treatment and/or packaging i

systems or activities, as described within
;

this Process Control Program, shall require +

formal engineering evaluation and ;

performance of a safety evaluation in |

accordance with 10CFR50.59 and USNRC IE 2/93
'

Circular No. 80-18. |
t

7.9.2 Changes made to this Process Control
Program and supporting engineering and
safety evaluations shall be reviewed and
approved by the Plant review Committee. !
prior to implementing the changes. >

7.9.3 Changes to the Process Control Program i

approved by the Plant Review Committee
shall be submitted to the Nuclear :

Engineer-In-Charge of Licensing, for input ,

to the Semi-Annual Radioactive Effluent '

Release Report.
r

8.0 REFERENCES
'
,

)l 8.1 Radiation Protection Procedure RW-201, " Control of
Containers" !

8.2 Radiation Protection Procedure RW-202,
" Collection / Sorting / Segregation of Dry Active |

Waste (DAW) "
[

8.3 Radiation Protection Procedure RW-203, " Compacting ;
Dry Active Waste (DAW) " ;

'

8.4 Radiation Protection Procedure RW-204, " Packaging.
Non-Compactable Dry Active Waste"

8.5 Radiation Protection Procedure RW-206, " Transfer of
Spent Primary Resin to Disposal Containers"

8.6 Radiation Protection Procedure RW-207, " Operation of : |

the Fix Radwaste Liquid Processing System"
;

8.7 Radiation Protection Procedure RW-208, " Transfer of
Spent.Fix System Resin to Disposal Containers"

8.8 Radiation Protection Procedure RW-209, " Dewatering
Spent Radwaste Liquid Processing Resin and Primary
Resin In Disposal Containers"

FC/RW R2
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2/93 |
8.9 Radiation Protection Procedure RW-211 " Storage of

|
'

O Filters From Radwaste Systems"
2/93 -

8.10 Radiation Protection Procedure RW-212, " Loading HIC
Overpacks" '

I

8.11 Radiation Protection Procedure RW-214, " Collection
Of Oils"

,

'

!

8.12 Radiation Protection Procedure RW-215, " Processing I
of Contaminated Oils" !

,

8.13 Radiation Protection Procedure RW-216, " Testing of
Sorbent Materials"

8.14 Radiation Protection Procedure RW-218, !

"10CFR61 Classification"

8.15 Radiation Protection Procedure RW-221, i
"10CFR61 Sampling"

8.16 49CFR Parts 170 through 178
|

8.17 10CFR Parts 20, 50, 61, and 71
'
,

8.18 USNRC IE Circular No. 80-18 2/93 -

8.19 USNRC Low Level Waste Licensing Branch; Technical 2 93 !
Position on Radioactive Waste Classification, !
Current Revision

,

8.20 USNRC Low Level Waste Licensing Branch; Technical 2/93
Position on Waste Form, Current Revision

i
8.21 South Carolina Department of Health and

.

Environmental Control Radioactive Material License $

2/|93jNo. 097, Current Revision

!

8.22 Barnwell Special Nuclear Material License -

No. 12-13536-01, issued to Chem-Nuclear Systems, i;
Inc. 4

8.23 Barnwell Site Disposal Criteria, (Chem-Nuclear
Systems, Inc.) November 1982 2/93 ;

8.24 Current Vendor Processing Topical Report
I

8.25 Current Vendor Operating Procedures as referenced in
RW-207 '

2/93
I !8.26 FCS Quality Assurance Plan, Section 11.1 and 11.2 i

i

-O
.

8.27 Fort Calhoun Station Unit No. 1, Updated Safety ;
Analysis Report j

!

FC/RW R2 -
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8.28 ' Fort Calhoun Station Unit No. 1 Technical !

-
-

Specifications _ Sections 2.9.2, 3.12.2, and 5.9.4
,

_ -~_ _ . _ ...__ _

9.0 ATTACHMENTS i

'None
i

!

!

!

|

|

').

i
,

.,

W

$
'

I

)

.i

|
;

)
1

j

|
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|

PROCESS CONTROL PROGRAM !

^

1.0 PURPOSE
~ ~' ~ ' -

!

To provide guidance and boundary conditions for preparation |of specific procedures for processing, sampling, analyzing,
packaging and shipping solid radioactive waste in
accordance with State and Federal regulatory requirements. 7/93

This program is applicable to the Fort Calhoun Station Unit
No. 1 solid radwaste system. Wastes considered in this
program are primary and radwaste liquid processing resins, |
oil and filters. Dry Active Waste is only included as it |
applies to assurance that packaged waste is suitable for '

shipment and burial in accordance with applicable State and
Federal regulations. Concentrates and aqueous liquids are
not considered due to the present decisions not to utilize
the waste evaporator as a means for processing liquid

,

wastes.

2.0 RESPONSIBILITIES

2.1 The Radioactive Waste Operations Supervisor is
responsible for:

2.1.1 Maintenance of and compliance with this
Process Control Program;

Ek
_ ;

2.1.2 Record keeping and document control of
shipping and processing data; and

;

2.1.3 Assuring Radwaste Personnel are
appropriately trained and qualified to
perform waste processing and packaging
activities. i

2.2 The Operations Supervisor is responsible.for: '

2.2.1 Providing trained personnel to operate ,

appropriate radwaste process equipment; and

2.2.2 Defining those Operations positions which
require training.

2.3 The Manager Training is responsible for:

2.3.1 Development and. implementation of .;
_

'

performance-based training for designated ,

personnel in accordance with Training
Division procedures.

;

FC/RW R3
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2.4 All OPPD and OPPD contract personnel are responsible
for: - - -

_, __ ,_

2.4.1 Implementation of procedures and good
.

practices so as to provide Quality !
Assurance and maintain exposures ALARA.

2.5 The Nuclear Quality Assurance Department is !

responsible for:

2.5.1 Establishment of a Quality Assurance
Program-addressing Radwaste processing and <

packaging; and :

2.5.2 Performing audits of activities associated
with this Process Control Program to assure
compliance with the Quality Assurance Plan.

2.6 The Plant Review Committee is responsible for:

2.6.1 Reviewing and approving changes to this
Process Control Program prior to
implementation of the changes; and

1

2.6.2 Reviewing and approving engineering and
safety evaluations performed in support of

,

changes to this Process Control. Program. !

2.7 The Station Engineering Manager is responsible'for:
-;

2.7.1 Ensuring engineering and safety evaluations ',are performed for changes made to this
Process Control Program; and ;

;

2.7.2 Submitting these evaluations'to the Plant j
Review Committee for review and approval !

prior to implementation of the changes i

evaluated. ,

,

3.0 DEFINITIONS
t

3.1 Batch - An isolated quantity of feed waste to be- ',

processed having essentially constant physical and
chemical characteristics. For the purpose of resin
type wastes a batch is defined as the volume of v

resins in the Spent Resin Storage Tank or in a 1

vendor supplied system intended to process a i

quantity of feed waste.
,

!

.

FC/RW R3
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3.2 Operable - A system, subsystem, train, component or
'

device shall be OPERABLE or have OPERABILITY when it. '

is^capabl~e'6f" performing ~its 'specified Tuhetion(s),
and when all necessary attendant instrumentation,
controls, electrical power, cooling or seal water,
lubrication or other auxiliary equipment that are

,required for the system, subsystem, train, component, .i
or device to perform its function (s) are also
capable of performing their related support
function (s).

3.3 Processing - Changing, modifying, and/or packaging .

plant generated radioactive waste into a form that
is acceptable to a disposal facility.

3.4 Quality Assurance / Quality Control - As used in'this o

document, " quality assurance" comprises those
planned and systematic actions necessary to provide
adequate confidence that a structure, system, or
component will perform satisfactorily in service. |
Quality assurance includes quality control, which
comprises those quality assurance actions related to ;
the physical characteristics of a material,
structure, component, or system which provide a !

means to control the quality of the material, ,

structure, component, or system to predetermined
requirements.

!

3.5 Sampling Plan - A sampling program implemented to -

ensure that representative samples from the feed
waste and the final waste form are_obtained and 1

tested for conformance with parameters stated in the
Process Control Program and waste form acceptance
criteria. .

3.6 Low-Level Radioactive Waste (LLW) - Those low-level .

radioactive wastes containing source, special
nuclear, or by-product material that are acceptable +

for disposal in a land disposal facility. For the
purposes of this definition, low-level radioactive
waste has the same meaning as in the Low-Level Waste !

policy Act, that is radioactive waste not classified
as high-level radioactive waste, transuranic waste, i

spent nuclear fuel, or-by-product material as :
defined in Section 11e.(2) of the Atomic Energy Act
(uranium or thorium tailings and waste). |;

3.7 . Waste Container - A vessel of any shape, size, and
composition used to contain the final processed }
waste. +

3.8 Waste Form - Waste in a waste container acceptable
for disposal at a licensed disposal facility.

,

FC/RW R3 )
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3.9 Stability - As used in this program, STABILITY means ,

'N structural stability.. Stability requires that the
waste form'Eaintain ifs ' structural inte'grity.under
the expected disposal conditions.

3.10 Chelating Agent - For the purpose of this program
CHELATING AGENTS are amine polycarboxylic acids
(e.g., EDTA, DTPA), hydroxy-carboxylic acids, and
polycarboxylic acids (e.g., citric acid, carbolic
acid, picolanic acid and gluconic acid ) as defined
in 10CFR61.2.

4.0 APPARATUS

None

5.0 PREREOUISITES
,

5.1 All personnel performing activities under the
control of and described by this Process Control
Program shall have been successfully trained and
qualified to perform the described activities before
actually performing the activities.

5.2 Procedures shall have been developed for
implementation of this Process Control Program and

i

shall be reviewed and approved by the Plant Review |O Committee prior to performing activities described
and required by this Process Control Program.

6.0 PRECAUTIONS
!

None |
|

7.0 PROCEDURE |

7.1 WASTE TYPES

7.1.1 Primary Resin

A. The contaminated waste product 1

generated as a result of reactor water |
purification'and demineralization,
cation-ion exchange, deborating ion
exchange and spent fuel pool
domineralization.

B. Waste consists of contaminated bead ion
exchange resins at varying degrees of
exhaustion, small concentrations of
various solids, activated and non-
activated corrosion products and

( { fission products.

FC/RW R3
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7.1.2 Radwaste Liauid Processina Resin
. _ , . _ - __

,

\ A7 The cont 6minated waste pro'du~ct"

generated as a result of processing
radwaste liquids using a
demineralization system. This system
may be vendor supplied.

B. Waste consists of contaminated bead ion
exchange resins at varying degrees of

,

exhaustion, small concentrations of
various solids, activated and non-
activated corrosion products and
fission products.

7.1.3 Filters

A. The contaminated waste product
generated as a result of liquid
processing activities and the removal
of cartridge elements from the
processing systems.

B. Waste consists of contaminated
mechanical filtration cartridges
containing various' amounts of.
particulate solids, corrosion products,

.O activation and fission products.

7.1.4 Oil

A. The contaminated waste product
generated as a result of leakage or
intentional drainage and replacement of
various plant component lubricating
and/or control fluids.

B. Waste consists of contaminated oils and
greases of various grades both
synthetic and natural, in freeuform or
containing various amounts of solid'
material.

O
FC/RW R3
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7.1.5 Drv Active Waste
s .

k_ A.' The contaEinated waste product^ ~

generated as a result of plant
maintenance and repair and routine
plant operations.

'

B. Waste generally consists of
contaminated trash in the form of
plastics, papers, wood, steel and cloth
items with varying concentrations of
corrosion, activation and fission
products.

7.1.6 Non-Standard Wastes

A. The contaminated waste product
generated as a result of non-routine
plant operation, maintenance and or
repair activities.

B. Waste consists of plant components,
irradiated hardware and other specialty
items contaminated with varying
concentrations of corrosion, activation
and fission products. The waste may
also be those items which have become() activated with contamination being a
minimal fraction of the total
radioactivity.

7.2 PROCESS DESCRIPTION

7.2.1 Primary Resin
,

,

A. Primary resins are obtained from the
demineralizer filtration system,
purification ion exchangers, the cation
ion exchanger, the deborating ion
exchanger and the spent fuel storage
pool demineralizer.

B. The resins from the demineralizer
filtration system are sluiced into a
container for processing and shipment
from the plant.

_

C. The resins from other sources and their
sluice water are collected in the spent
resin storage tank.

FC/RW R3 |
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7.2.1 D. The contents of the spent resin storageS - tank-are recirculated with sufficientu
. ''" liquid t6 k'eep resin'flowi'nf. Nitrogen

" ^

'

gas is used to break up solid chunks
during this recirculation process.

E. The contents of the tank are pumped
into a disposable container within a
shjelded shipping cask or process
shield after which the contents are
processed and shipped from the plant.

F. Due to the infrequent need to dispose
of spent primary resins (approximately
every 2-3 years) the most efficient
method of disposal is to use a vendor
supplied processing system. A NRC
approved container (e.g. high Integrity
Container or HIC) or solidification
process shall provide the required
stability.

7.2.2 Radwaste Licuid Processino Resin

A. Radwaste liquids are processed using a
demineralization system in lieu of
using the installed plant eyaporator i

O system.

B. Radioactive liquids are normally
transferred from the waste holdup canks
to the demineralization system using
the war,te holdup transfer pumps.
Specific maintenance and/or
decontamination activities may require
the use of portable transfer pumps and
hoses.

C. The processed liquids are directed to '.;
the monitor tanks to be analyzed and -

discharged to the Missouri River
through the overboard discharge piping.

D. The depleted resins in the
demineralization system vessels are
sluiced from the demineralizer vessels. *

into a container which will provide the
required stability either through
design (HIC) or by solidification.

I,
'

[.

'

FC/RW R3 !
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7.2.2 E. Multiple sluices may be performed to '

p
- ~ fill the container.

i

F. Once the container is filled, processed
and stabilized; the waste will be
shipped for disposal.

,

7.2.3 Filters ,

t

A. Used filter cartridges originate from ,

the purification filters, the waste I

filters, the spent fuel pool cooling :

system filter, ultrasonic cleaning )

unit, laundry machines and various ;

other decontamination equipment. '

B. Filters are removed from their !

respective system and permitted to
,

drain excess liquids from the elements.

C. The filters are then transferred in a
'

container for disposal. !

(1) When stabilization is required, j

(i.e. Class B or C) the filters
shall be disposed of in a HIC or i,

shall be solidified,

i 7.2.4 Oil {
i

A. Oil generated during operation and 1

maintenance is collected in containers j

in appropriate approved areas of the '!
plant. |

!

B. The filled and labeled containers are
sealed and moved to available areas for >

temporary storage.

C. Oils may be shipped off site to a ;

contracted and licensed vendor for
processing or incineration.

7.2.5 Drv Active Waste
i

A. Dry Active Wastes are collected from |
radiologically controlled areas ,'

throughout the plant. {
l

B. The waste is sorted to remove reusable i

and wet items. |

,

FC/RW R3 i
|

1
!

J



r

FORT CALHOUN STATION RW-200 !
RADIATION PROTECTION PROCEDURE PAGE 9 OF 17 ,

7.2.5 C. The contaminated waste material is then !
,O. -- either compacted into metal 55 gallon *

^ ~ ~ ~

drums in Thel waste ~~ baler, packaged in
metal boxes, or placed into a seal / land !

container for shipment to a process
,

facility. Contaminated waste will be
disposed of by an approved burial site

,

!or processed (e.g. incinerated, etc.)
'by an approved vendor.

7.2.6 Non-Standard Waste i

A. Reactor components and irradiated
hardware are waste which are not i
routinely generated. !

,

B. These types of non-standard waste will
be handled on a case-by-case basis ,

through the implementation of special-
procedures approved by the Plant Review
Committee. !

7.3 PROCESS CONTROL i

7.3.1 Radioactive waste processing
instrumentation and equipment shall be i

subject to formal calibration andO
,

preventative maintenance programs. j

7.3.2 Primary and Radwaste Liouid Processinq
!

Resin
'

A. Primary resins will be transferred into '

containers for processing using plant
installed and vendor supplied
equipment.

B. I ~ waste Liquid Processing will be i

j rformed using a vendor supplied i

ystem with transfer of depleted resins
from the demineralizer vessels into a :

processing container by means of |
sluicing. <

C. Primary and Radwaste Liquid Processing '

Resin dewatering will be performed. !

using an NRC and PRC approved Process (

Control Program. '

D. Referenced Radwaste Procedures
controlling the processing, transfer I
and dewatering activities shall be

() observed.

,

I

FC/RW R3 {
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7.3.2 E. The Process Control Program which |
~specifically controls processing of the

'

.
-

( . ~ ''~ saste ( i Te'. the VE~nd~ ors PCPF shall
~

;

identify the mechanisms and frequency *

of test / measurements used to verify
stability and free standing liquid |
requirements are satisfied. ;

!

F. Successful completion of applicable
portions of the vendor Process Control |
Program shall serve as an i'idicator of
system operability. >

G. Containers used for dewatering and
packaging for disposal at ':he Barnwell' ;

disposal facility shall br, approved for
use and disposal by the South Carolina
Department of Health and Environmental !
Control.

|

H. The vendor supplied system shall be ;

operated in accordance with the system !
operating procedures and applicable
station Radwaste Procedures.

;

I. Station to vendor interfacing is [
addressed in the Safety Evaluation for

- () the processing and dewatering {

.

operations. !
,

7.3.3 Filters !

L

'

A. Filter processing is controlled by
referenced Radwaste Procedures.

!

B. Filters requiring stability are ;
packaged as described in Section 7.2.3. !
The containers and/or process used
shall be approved by the South Carolina
Department of Health and Control.

,

7.3.4 Oil
i

i A. Processing of oil shall be performed in
accordance with referenced Radwaste
Procedures and applicable vendor
procedures and topical reports for the
methodology applied to the processing
activity.

1

|

,

FC/RW R3
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7.3.5 Drv Active Waste (
'

-. .- - ._

~ ~ ~A'' Dry Acti 'e Waste ~ is processett in" v.

accordance with referenced Radwaste .
'

Procedures.

7.3.6 Non-Standard Waste
!

A. Non-Standard Waste is processed in
accordance with special Radwaste i

Procedtres germane to the specific
,

non-standard waste being processed.

7.4 PRODUCT CONTROL

7.4.1 A sample from each batch of waste shall be ;

analyzed quantitatively for activity and
'

isotopic identity as required in station
procedures. If radionuclide distributions
are shown to be consistent between similar
batches, consideration may be given to '

'decreasing the frequency of routine
measurements. Frequency of sampling is as i

described in Radiation Protection
Procedure RW-221, "10CFR61 Sampling". This
constitutes the sampling plan. ;

() 7.4.2 Scaling factors for nuclides wh'ich are hard
,

to identify are established for waste
streams by using analyses performed and ,

provided by an off-site vendor.

7.4.3 This frequency of sampling shall be raised
or lowered based upon consideration of
waste stream or radionuclide
characteristics. Factors which would
influence this consideration include the
frequency of process vessel changeout or
waste shipment, the difficulty (e.g. Costs, ,

occupational exposures) in obtaining a
.

*representative sample of a particular waste-
stream, the variability of the radionuclide >

distribution within the waste stream over
time, and the availability of analytical *

capability for particular radionuclides, y

If radionuclide distributions are shown to
be consistent between similar batches, ,

consideration may be given to decreasing ,

'the frequency of routine measurements. If
onsite samples show a variation from :

presently used scaling factors by more than
a factor of 10, samples will be sent i

O offsite for analysis to establish new
scaling factors. ;

FC/RW R3
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s
7.4.4 Radionuclide concentrations and j

-classification of future waste shipments !,

^~
fe ekpected'ho'be similar to those of !s a

previous shipments for each specific waste
,

stream. Values are available from shipment i

manifest forms.
,

7.4.5 Administrative controls for preventing ;

unsatisfactory waste forms from-being
released for shipment are described in
referenced station procedures, j

7.4.6 Referenced Radwaste Procedures ensure I,
wastes shall have no detectable free ,

standing liquids. No detectable free !

standing liquid is defined as low as
,

practical but not more than 1% of the ;

volume of the waste when the waste is in a !

disposable container designed to ensure j
stability or not more than 0.5% of the |
volume of the waste for waste processed in i
any other container. '

,

7.4.7 Processed resin shall be sampled in *

accordance with regulatory guidance and i
referenced station procedures to verify i

that the free liquid content of_the

O packaged product is within limits
established by applicable regulatory *

,

agencies. Sampling and measurement of free ;

liquid contert shall be performed whenever
process changes occur that may
significantly alter system performance, '

until compliance with moisture content j
limits under these conditions can be i

demonstrated. I

7.4.8 Each waste shipment shall be accompanied by
a shipping manifest giving a physical ;

description of the waste, the volume, the ~!
radienuclide identity and quantity, the !
total radioactivity, the principal chemical
form and waste class, based on 10CFR61.55. *

7.4.9 Sufficient analysis shall be performed to ;

verify that the quality of waste forms [
prepared for disposal by vendor's onsite

'

processing shall be similar to vendor's
test results. |

!

I

:
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,

7.5 TRAINING

7.1.1 Prlce'ssing o Isolid i;a'di~oactive waste shall
be performed by qualified and trained
personnel.

7.5.2 Training records of processing personnel
shall be maintained by the Training ;

Division.
,

7.5.3 Training and qualification records for
operators of mobile vendor processing units i

shall be maintained by the Radioactive i
Waste Operations Supervisor while the ;

vendor is active on site. These records '

shall be sent to the Nuclear Records
Management System after the vendor has ;

completed work on site. -

7.6 PROCEDURE CONTROL i

!
7.6.1 On site processing of radioactive waste '

,

shall be performed in accordance with
approved station procedures.

7.6.2 Processing of radioactive waste by onsite
vendors shall be performed in agcordance() with applicable Process Control Programs, ,

procedures and applicable NRC guidance.
t

7.6.3 Procedures for processing, containerization
and transport of wastes shall ensure that -

specific DOT, 10CFR and burial site
,

requirements are satisfied.
,

7.6.4 Process Control Programs for specific
radwaste systems supplied by vendors for on ;

site processing shall be presented to the ;

Plant Review Committee for review and ;

approval prior to use of the system. ;

'
,

;

r

'
|
'
s

,
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.1

7.7 RECORDS
r~%

<

\

7 .3 .1
~~

Waste cla'sif3E5Eion~Yecords, wa'ste-forms
records and other records required for the 1

preparation of the Fort Calhoun Station 7/93 |
Unit No. 1 Annual Radioactive Effluent |tRelease Report shall be prepared and
retained in accordance with the
requirements of 10CFR20, 10CFR71,
49CFR170-178 and the Fort Calhoun Station
Technical Specifications.

,

7.7.2 Records of processing data, test and
analysis results and results of training, )
inspection and audits are retained in !

accordance with the Fort Calhoun Station
Quality Assurance Plan and applicable

i
station Administrative Procedures. '

t

7.7.3 All certificates of compliance, licenses,
criteria and regulations pertaining to i

processing, packaging, shipment and |
disposal of radioactive materials
controlled under this Process Control i
Program shall be maintained in the most
current status. OPPD, Fort Calhoun Station
Unit No. 1 shall be currently registered, !

O as necessary, to use applicable packagings.

7.7.4 Sufficient documentation shall be
maintained to demonstrate compliance of
solid radwaste processing with this Process
Control Program.

7.8 QUALITY ASSURANCE ;

7.8.1 Quality Assurance shall be maintained as
'

defined by the Fort Calhoun Station Quality-
Assurance Plan, Section 11.

7.8.2 The QA Plan shall ensure compliance with
NRC and burial site criteria for waste
classification and waste form.

'7.8.3 Audits shall be conducted in accordance
with NQA Audit'Section Instructions. ,

,

O
P
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7.8.4 The Topical Reports of vendor supplied
(~'s

~

\>
'

radwaste processing systems shall undergo
review either by the ioacti'e~ Wastev
Operations Supervisor the
Supervisor-Radiation Prutection. The
review shall ensure the vendor supplied
system will be compatible with plant
operations and that the Topical report has
been submitted to the NRC for review. The
review shall be documented by a memo
addressed to file.

7.8.5 Audits of a sampling of implementing
procedures shall be performed at least once
every 24 months. Procedures should be
reviewed to ensure continual compliance
with the requirements and process
parameters of this Process Control Program.

7.8.6 Radioactive wastes not described within
this document must be evaluated and
approved for inclusion in this Process
Control Program or in a vendor Process
Control Program prior to processing.

7.9 REVISIONS

() '"47.9.1 Changes or mos cations made to design
and/or operation of radioactive waste
processing, treatment and/or packaging
systems or activities, as described within
this Process Control Program, shall require
formal engineering evaluation and
performance of a safety evaluation in
accordance with 10CFR50.59 and USNRC IE
Circular No. 80-18.

7.9.2 Changes made to this Process Control
Program and supporting engineering and
safety evaluations shall be reviewed and
approved by the Plant review Committee
prior to implementing the changes.

7.9.3 Changes to the Process Control Program
approved by the Plant Review Committee
shall be submitted to the Nuclear
Engineer-In-Charge of Licensing, for input 7/93
to the Annual Radioactive Effluent Release |4
Report.

FC/RW R3
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8.0 REFERENCES
O

~ Radiatii: Pro cti n Procedure.RV-201,'" Control ofV 8.1
Containers"

8.2 Radiation Protection Procedure RW-202,
" Collection / Sorting / Segregation of Dry Active I

Waste (DAW)"

8.3 Radiation Protection Procedure RW-203, " Compacting f
Dry Active Waste (DAW)" :

i

8.4 Radiation Protection Procedure RW-204, " Packaging |
Non-Compactable Dry Active Waste" '

8.5 Radiation Protection Procedure RW-206, " Transfer of
Spent Primary Resin to Disposal Containers"

,

8.6 Radiation Protection Procedure RW-207, " Operation of
the Fix Radwaste Liquid Processing System"

8.7 Radiation Protection Procedure RW-208, " Transfer of
Spent Fix System Resin to Disposal Containers"

8.8 Radiation Protection Procedure RW-209, " Dewatering
Spent Radwaste Liquid Processing Resin and Primary
Resin In Disposal Containers"

,

8.9 Radiation Protection Procedure RW-211, " Storage of
Filters From Radwaste Systems"

8.10 Radiation Protection Procedure RW-212, " Loading HIC
Overpacks"

8.11 Radiation Protection Procedure RW-214, " Collection
Of Oils"

'

8.12 Radiation Protection Procedure RW-215, " Processing
of Contaminated Oils"

8.13 Radiation Protection Procedure RW-216, " Testing of
Sorbent Materials" ,

8.14 Radiation Protection Procedure RW-218,
"10CFR61 Classification"

8.15 Radiation Protection Procedure RW-221, j
"10CFR61 Sampling"

8.16 49CFR Parts 170 through 178

8.17 10CFR Parts 20, 50, 61, and 71

8.18 USNRC IE Circular No. 80-18 i
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38.19 USNRC Low Level Waste Licensing Branch; Technical
,

. Position-on Radioactive Waste Classification,
|

I*

Cufrent Repision " ' " ~ ~ - " ' ~
~

{

'3.20 USNRC Low Level Waste Licensing Branch; Technical- '

Position on Waste Form, Current Revision ;

|
8.21 South Carolina Department of Health and

'

Environmental Control Radioactive Material License !

No. 097, Current Revision !

8.22 Barnwell Special Nuclear Material License
No. 12-13536-01, issued to Chem-Nuclear Systems,
Inc.

8.23 Barnwell Site Disposal Criteria, (Chem-Nuclear ;

Systems, Inc.) November 1982 ,

i
8.7 Current Vendor Processing Topical Report

''

'"

8. 5 Current Vendor Operating Procedures as referenced in
RW-207 '

,

!
'

8.26 FCS Quality Assurance Plan, Section 11.1 and 11.2
F

'

8.27 Fort Calhoun Station Unit No. 1, Updated Safety
Analysis Report

.

8.28 Fort Calhoun Station Unit No. 1 Technical
'

Specifications Sections 5.18 and 5.9.4

9.0 ATTACHMENTS

None
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