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PALISADES NUCLEAR PLANT SElfIANNUAL 
RADIOACTIVE EFFLUENT RELEASE REPORT 

July - December 1991 

This report provides information relating to radioactive effluent releases and 
solid radioactive waste processing at the Palisades Nuclear Plant during the 
period of July through December 1991. The report format is detailed in Plant 
Technical Specification 6.9.3.lA. Palisades was off-line July 4 to July 8 and 
July 13 and 14. Palisades was on-line July 15 to December 9, then off-line from 
December 10 to December 15, then on-line December 16 through December 31. 

1. Supplemental Information 

A. Batch Releases 

Information relating to batch release of gaseous and liquid _ 
effluents is provided in Table HP 10.5-1. 

B. Abnormal Releases 

c . 

D. 

None 

Lower Limits of Detection (LLD's) for gaseous and liquid effluents 
is provided in Attachment 1. 

Radioactive Effluent Monitoring Instrumentation: 

1) Liquid Radwaste System (RIA 1049) 

Technical Specification 3.24.1.l(b) requires that when a 
radioactive liquid effluent monitoring instrument channel 
becomes inoperable, best efforts must be made to return the 
instrument to operable status within 30 days and if 
unsuccessful, report the incident in the next Semiannual 
Radioactive Effluent Report. Technical Specification Table 
3.24-l(la) further stipulates that radioactive effluent 
releases may continue to be made with less than the required 
amount of operable channels providing that at least two 
independent samples of the tank's contents are analyzed, and 
at least two technically qualified members of the staff 
independently verify the release rate calculations and 
discharge valve lineup, otherwise the release of radioactive 
effluent via this pathway must be suspended. On July 19, 1991 
the Liquid Discharge Monitor (RIA 1049) was declared 
inoperable due to an electronic failure of the ratemeter. The 
self-checking feature of RIA 1049 detected an electronic 
failure and displayed an error code. The I&C Technicians 
tested/troubleshot RIA 1049 using input from I&C Engineering 
and the vendor until 8/25/91. The cause of the failure was 
not found because the failure was intermittent and acted 
mechanical in nature rather than electronic. RIA 1049 was 
sent to the vendor for testing/repair on 8/26/91. The vendor 
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2) 

repaired the ratemeter on 8/29/91 and returned it with a 
failure report. This report stated that the failure of RIA 
1049 was a conditional or intermittent firmware problem which 
was due to the age ·of an EPROM or firmware. The firmware 
problem was corrected and RIA 1049 was returned to service and 
declared operational on September 11, 1991. During the period 
of inoperability, all of the Technical Specification sampling 
requirements as stated in Table 3.21-2(la) were met. 

Condenser Off Gas System (RIA 0631) 

Technical Specification 3.24.2.l(b} requires that when a 
radioactive gaseous effluent monitoring instrument channel 
becomes inoperable, best efforts must be made to return the 
instrument to operable status within 30 days and if 
unsuccessful, report the incident in the next Semiannual 
Radioactive Effluent Report. Technical Specification Table 
3.24-2(2a) further stipulates that radioactive gaseous 
effluent releases may continue provided grab samples are taken 
at least once per 12 hours and these samples are analyzed for 
gross activity within 24 hours. On September 20, 1991 the 
Condenser Off Gas Monitor (RIA 0631) was declared inoperable 
due to an error code problem similar to that of RIA 1049 
described above. The monitor was returned to the vendor where 
they replaced the main board. On October 19 (prior to the 
30-day reportability criteria) the monitor was returned to 
service for observation purposes. After seven days with no 
further problems the monitor was officially returned to 
service on October 26, 1991. During the period of 
inoperability, all of the Technical Specification sampling 
requirements as stated in Table 3.24-2(2a) were met. 

Both RIA 1049 and RIA 0631 have functioned properly since 
repaired and have not exhibited any repeat electronic 
failures. 

2. Gaseous Effluents 

Table HP 10.5-2 lists and summarizes all gaseous radioactive effluents 
released during the reporting period. The unidentified beta was 1.SE-04% 
of the total release. 

3. Liquid Effluents 

4. 

Table HP 10. 5-3 lists and summarizes all liquid radioactive effluents 
released during the reporting period. The unidentified beta was 4.2E-04% 
of the total release. 

Solid 'Waste 

There were no solid waste shipments from July 1 to December 31, 1991 . 
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s. Summary of Radiological Impact on Man 

Potential doses to individuals and populations were calculated using 
GASPAR and LADTAP computer program codes. The third and fourth quarter 
values for curies released were input for each nuclide and summarized as 
follows: 

A. The offsite air doses at the site boundary (0.48 SSE) due to noble 
gases were 2.0SE-04 millirad beta and 6.88E-05 millirad gamma for 
the third quarter; and 2.71E-03 millirad beta and 9.07E-04 gamma for 
the fourth quarter. The maximum noble gas offsite air dose to the 
nearest residence (0.5 mi S) for beta occurred during the fourth 
quarter, being 1. 93E-03 millirads beta and for gamma during the 
fourth quarter being 6.48E-04 millirads gamma. 

B. The most restrictive organ dose to an individual in an unrestricted 
area (based on identified critical receptors) from gaseous effluent 
releases (tritium, particulate and iodine) was the child bone for 
the third and fourth quarters. Doses were 1.65E-02 and 1.79E-02 
millirem, respectively. 

c. 

D. 

Integrated total body doses to the general population and average 
doses to individuals within the population from gaseous effluent 
release pathways to a distance of SO miles from the site boundary 
were: 8.36E-03 manRem and 7.93E-06 millirem for the third quarter; 
and 1.02E-02 manRem and 9.68E-06 millirem for the fourth quarter . 

The maximum total body dose to an individual in unrestricted water­
related exposure pathways was 6.20E-04 millirem (teenager) and 
4.83E-04 millirem (adult) for the third and fourth quarters, 
respectively. The maximum organ doses were 1. 02E-03 millirem 
(teenage liver) for the third quarter and 8.22E-04 millirem (teenage 
bone) for the fourth quarter. 

E. Integrated total body doses to the general population and average 
doses to individuals within the population from liquid effluent 
release pathways to a distance of 50 miles from the site boundary 
were: 1.SSE-03 manRem and 1.48E-06 millirem for the third quarter; 
and 1.91E-03 manRem and l.82E-06 millirem for the fourth quarter. 

6. Process Control Program (PCP) 

No changes were made to the Process Control Program. 

7. Offsite Dose Calculation Manual (ODCM) 

A. 

B. 

ODCM, Rev. 5 

Safety Review for this revision. 

The Offsite Dose Calculation Manual (ODCM) was revised to add an 
Appendix regarding a request to retain soil in accordance with 
10CFR20.302. This revision did not include any changes as a result 
of land use, critical receptor, or GASPAR or LADTAP data changes. 
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As a result, these changes will not reduce the accuracy or 
reliability of dose calculations or setpoint determinations. 

Supplemental Information to the Palisades Semiannual From January - June 
1991 

A revision to the Palisades Nuclear Plant Semiannual Radioactive Effluent 
Release Report for January - June 1991, Table HP 10.5-3, "Liquid Effluents 
- Summation of All Releases" is being submitted due to a mathematical 
error. In Table HP 10.5-3, Section D: Gross Alpha Radioactivity, change 
first quarter 2.54E-06 to 3.52E-07. 

In Table HP 10.5-3, "Liquid Effluents" change first quarter activities for 
Strontium-89 to 4. 2 lE-07, for Strontium-90 to 5. 29E-06 and Net 
Unidentified Beta to 4.09E-04 due to mathematical errors. Since the total 
release summation of Sr-89, Sr-90 and Unidentified Beta in Curies remained 
the same, and is input as Sr-90, these changes had no effect on the 
radiological impact on man doses as documented in the January - June 1991 
report. 

Gaseous Effluent Table 10.5-1 and 10.5-2 were also revised to correct 
quarterly header columns. Changes are marked in the right margin . 
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TABLE HP 10.5-1 

PALISADES PLANT/SEMIANNUAL RADIOACTIVE 
EFFLUENT RELEASE REPORT 

BATCH RELEASES 

July 1 to December 31, 1991 

GASEOUS Units 3rd Qtr 

Number of Releases 1 

Total Release Time Minutes 300 

Maximu_m Release Time Minutes 300 

Average Release Time Minutes 300 

Minimum Release Time Minutes 300 

LIQUID Units 3rd Qtr 

Number of Releases 1 

Total Release Time Minutes 781 

Maximum Release Time Minutes 781 

Average Release Time Minutes 781 

Minimum Release Time Minutes 781 

4th Qtr 

1 

364 

364 

364 

364 

4th Qtr 

1 

580 

580 

580 

580 
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TABLE HP 10.5-2 
PALISADES PLANT/SEMIANNUAL RADIOACTIVE 

EFFLUENT RELEASE REPORT 

• GASEOUS EFFLUENTS - SUHHATION OF RELEASES 
July 1 to December 31, 1991 

TION GASES A. FISSION AND ACTIVA 

1. Total release 

2. Average relea se rate for period 

3. Percent of an nual avg. MPC 

B. IODINES 

1. Total Iodine 

2. Average relea 

3. Percent of an 

C. PARTICULATES 

1. Particulates 

• t----2_. _A_v_e_r_a_g_e_re_l_e_a 

3. Percent of an 

4. Gross alpha r 

D. TRITIUM 

1. Total Release 

2. Average relea 

se rate for period 

nual avg MPC 

v/half-life > 8 days 

se rate for period 

nual avg MPC 

adioactivity 

se rate for period 

3. Percent of an nual avg MPC 

E. 1. Beta airdose 
due to noble 

2. Percent limit 

3. Gamma airdose 
due to noble 

4. Percent limit 

• F. 1. Maximum organ 
on critical r 

at Site Boundary 
gases (TS 3.24.5.2a) 

at Site Boundary 
gases (TS 3.24.5.2a) 

dose to public based 
eceptors (TS 3.24.5.3) 

2. Percent of li mit 

* NOTE: Data is r eported for I-131 and 

Units 3rd Qtr 

Ci 4.39EOO 

uCi/sec 5.52E-01 

% 2.63E-04 

Ci 4.99E-05 

uCi/sec 6.28E-06 

% 6.lSE-06 

Ci 5.02E-05 

uCi/sec 6.31E-06 

% 2.76E-05 

Ci 2.55E-05 

Ci 1.03EOO 

uCi/sec 1. 30E-01 

% 9.26E-05 

mRads 2.05E-04 

% 2.05E-03 

mRads 6.88E-05 

% 1. 38E-03 

mRem 1.65E-02 

% 2.20E-01 

I-133 only. 

4th Qtr 

5.80E01 

7.30EOO 

3.48E-03 

7.03E-05 

8.85E-06 

1.04E-05 

6.00E-05 

7.55E-06 

3.17E-05 

2.62E-05 

1.15EOO 

1. 45E-Ol 

1.04E-04 

2. 71E-03 

2.71E-02 

9.07E-04 

1. 81E-02 

1.79E-02 

2.39E-01 

Est Total 
Error % 

6.70 

* 

13. 27 

22.18 
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1. FISSION GASES 

Argon-41 

Krypton-85 

Krypton-85m 

Krypton-87 

Krypton-88 

Xenon-131m 

Xenon-133 

Xenon-133m 

Xenon-135 

• Xenon-135m 

Xenon-138 

Total for Period 

2. IODINES 

Iodine-131 

Iodine-132 

Iodine-133 

Iodine-134 

Iodine-135 

Total for Period 

• 

TABLE HP 10.5-2 
PALISADES PLANT/SEMIANNUAL RADIOACTIVE 

EFFLUENT RELEASE REPORT 

GASEOUS EFFLUENTS - SUKKATION OF RELEASES 
July 1 to December 31, 1991 

Units 3rd Quarter 

Ci <LLD 

Ci <LLD 

Ci <LLD 

Ci <LLD 

Ci <LLD 

Ci <LLD 

Ci 4.39EOO 

Ci <LLD 

Ci <LLD 

Ci <LLD 

Ci <LLD 

Ci 4.39EOO 

Ci 2.90E-05 

Ci <LLD 

Ci 2.09E-05 

Ci <LLD 

Ci <LLD 

Ci 4.99E-05 

4th Quarter 

<LLD 

9.97E-02 

<LLD 

<LLD 

<LLD 

<LLD 

5.79E01 

<LLD 

4.20E-05 

<LLD 

<LLD 

5.80E01 

5.34E-05 

<LLD 

1.69E-05 

<LLD 

<LLD 

7.03E-05 



TABLE HP 10.5-2 
PALISADES PLANT/SEMIANNUAL RADIOACTIVE 

EFFLUENT RELEASE REPORT 

• GASEOUS EFFLUENTS - SUMMATION OF RELEASES 
July 1 to December 31, 1991 

• 

• 

3. PARTICULATES* Units 3rd Quarter 4th Quarter 

Manganese-54 Ci <LLD <LLD 

Cobalt-58 Ci <LLD <LLD 

Iron-59 Ci <LLD <LLD 

Cobalt-60 Ci 1.87E-06 <LLD 

Zinc-65 Ci <LLD <LLD 

Strontium-89 Ci 2. 72E-06 3.50E-07 

Strontium-90 Ci 1.17E-06 5.20E-07 

Molybdenum-99 Ci <LLD <LLD 

Cesium-134 Ci <LLD <LLD 

Cesium-137 Ci <LLD <LLD 

Cerium-141 Ci <LLD <LLD 

Cerium-144 Ci <LLD <LLD 

Ru-106 Ci <LLD 7.79E-06 

Net unidentified beta Ci 4.44E-05 5 .13E-05 

Total Ci 5.02E-05 6.00E-05 

* Particulates vith half-lives > 8 days. 

** Particulates vith half-lives < 8 days; not reflected in overall isotopic 
totals . 
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A. 

TABLE HP 10.5-3 
PALISADES PLANT/SEMIANNUAL RADIOACTIVE 

EFFLUENT RELEASE REPORT 

LIQUID EFFLUENTS - SUHHATION OF RELEASES 
July 1 to December 31·, 1991 

FISSION AND ACTIVATION GASES Units 3rd Qtr 

1. Total release (not including 
tritium, gases, alpha) Ci 1.18E-03 

2. Average diluted concentration 
during period uCi/ml 3. 20E-11 

3. Percent of MPC % 1.29E-04 

B. TRITIUH 

1. Total release Ci l.19E01 

2. Average diluted concentration 
during period uCilml 3.22E-07 

'-. 

3. Percent of MPC % 1.07E-02 

C. DISSOLVED AND ENTRAINED GASES 

1. Total Release Ci 2.58E-04 

2. Average diluted concentration 
during period uCilml 7.00E-12 

3. Percent of MPC % 3.SOE-06 

D. GROSS ALPHA RADIOACTIVITY 
(Total release) Ci 2.99E-07 

E. VOLUHE OF VASTE RELEASED 
(Prior to dilution) Liters 1.99E+05 

F. VOLUHE OF DILUTION VATER USED 
DURING PERIOD Liters 3.69E+l0 

G. HAXIHUH DOSE COHHITHENT - llHOLEBODY mRem ·6. 20E-04 

Percent of TS 3.24.4.la limit % 4.13E-02 

H. HAXIHUH DOSE COHHITHENT - ORGAN mRem l.02E-03 

Percent of TS 3.24.4.la limit % 2.04E-02 

4th Qtr Est Total 
Error % 

5.49E-04 

1. 66E-ll 
6.76 

1.48E-03 

2.14E01 

6.45E-07 

2.lSE-02 4.10 

<LLD 

NIA 

NIA 15.90 

2.35E-07 

1. 96E+05 

3.31E+10 

4.83E-04 

3.22E-02 

8.22E-04 

1.64E-02 

--------~ 
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TABLE HP 10.5-3 
PALISADES PLANT/SEKIANNUAL RADIOACTIVE 

EFFLUENT RELEASE REPORT 

LIQUID EFFLUENTS 
July 1 to December 31, 1991 

NUCLIDES RELEASED Units 3rd Quarter 

Manganese-54 Ci <LLD 

Cobalt-58 Ci <LLD 

Iron-59 Ci <LLD 

Cobalt-60 Ci 8.94E-04 

Zinc-65 Ci <LLD 

Strontium-89 Ci 7.76E-07 

Strontium-90 Ci 9.55E-07 

Molybdenum-99 Ci <LLD 

Iodine-131 Ci <LLD 

Cesium-134 Ci <LLD 

Cerium-137 Ci 2.82E-04 

Cerium-141 Ci <LLD 

Cerium-144 Ci <LLD 

Net Unidentified Beta Ci <LLD 

Fission & Activation 
Product Total Ci 1.18E-03 

Tritium Ci 1.19E01 

Grand Total Ci 1.19E01 

4th Quarter 

<LLD 

<LLD 

<LLD 

1. 83E-04 

<LLD 

1. 96E-07 

3.72E-07 

<LLD 

<LLD 

<LLD 

2.24E-04 

<LLD 

<LLD 

1. 41E-04 

5.49E-04 

2.14E01 

2.14E01 
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Waste 
Class 

TABLE HP 10.5-4 

PALISADES PLANT/SEHIANNUAL RADIOACTIVE 
EFFLUENT RELEASE REPORT 

SOLID llASTE 

July l, 1991 to December 31. 1991 

Source of Solidification 
lVaste Agent 

Container 
~ 

Volume Total 
(cu ft) Curies 

Principal 
Radionuclides 

NOTE: No solid radwaste shipments from July 1, 1991 to December 31, 1991 . 

• 

• 



Attachment 1 

LOVER LIMITS OF DETECTION (LLDS) FOR PALISADES EFFLUENTS 

.Gaseous Effluents 

Nuclide LLD (uCi/cc)* 

CrSl 2.86E-13 

Mn54 6.25E-15 

Co58 3.87E-14 

Fe59 6.94E-14 

Zn65 S.47E-14 

Se75 3.75E-14 

Cs134 2.65E-14 

Cs137 2.37E-14 

Nb95 1. 88E-14 

Zr95 7.SOE-14 

Mo99 1. 82E-13 

Sbl25 9.12E-14 

Cel41 4.96E-14 

.Liquid Effluents 

Cel44 1.74E-13 

• 

Nuclide LLD (uCi/cc)** 

Co58 2.00E-7 

Mn54 1. 46E-7 

Fe59 4.40E-7 

Zn65 3.52E-7 

I131 1. 87E-7 

Mo99 1. 86E-6 

Cel41 3.54E-7 

Ce144 1. 34E-6 

* From typical stack and/or waste gas decay tank release analysis. 

** From typical liquid release analysis . 
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A. 

TABLE HP 10.5-3 (Revised) 
PALISADES PLANT/SEMIANNUAL RADIOACTIVE 

EFFLUENT RELEASE REPORT 

LIQUID EFFLUENTS - SUHHATION OF RELEASES 
January 1, 1991 to June 1, 1991 

FISSION AND ACTIVATION GASES Units 1st Qtr 

1. Total release (not including 
tritium, gases, alpha) Ci 3.00E-03 

2. Average diluted concentration 
during period uCi/ml 9. 52E-11 

3. Percent of MPC % 4.63E-03 

B. TRITIUM 

1. Total release Ci 1.55E+Ol 

2. Average diluted concentration 
during period uCilml 4.92E-07 

3. Percent of MPC % 1.64E-02 

C. DISSOLVED AND ENTRAINED GASES 

1. Total Release Ci <LLD 

2. Average diluted concentration 
during period uCilml NIA 

3. Percent of MPC % NIA 

D. GROSS ALPHA RADIOACTIVITY 
(Total release) Ci 3.52E-07 

E. VOLUHE OF VASTE RELEASED 
(Prior to dilution) Liters 3.52E+05 

F. VOLUHE OF DILUTION VATER USED 
DURING PERIOD Liters 3.15E+10 

G. HAXIHUH DOSE COHHITHENT ~ llHOLEBODY mRem 1.40E-03 

Percent of TS 3.24.4.la limit % 9.33E-02 

H. HAXIHUH DOSE COHHITHENT - ORGAN mRem 2.59E-03 

Percent of TS 3.24.4.la limit % 5.18E-02 

2nd Qtr Est Total 
Error % 

6.70E-03 

1. 97E-10 
1.25E+Ol 

1.22E-02 

6.42E+OO 

1.88E-07 

6.28E-03 4.14E+OO 

<LLD 

NIA 

NIA NIA 

3.56E-07 

1.62E+05 

3. 41E+10 

8.SlE-03 

5.67E-01 

1.37E-02 

2.74E-01 
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TABLE HP 10.5-3 (Revised) 
PALISADES PLANT/SEMIANNUAL RADIOACTIVE 

EFFLUENT RELEASE REPORT 

NUCLIDES RELEASED 

Manganese-54 

Cobalt-58 

Iron-59 

Cobalt-60 

Zinc-65 

Strontium-89 

Strontium-90 

Molybdenurn-99 

Iodine-131 

Cesium-134 

Cesiurn-137 

Ceriurn-141 

Cerium-144 

Antimony-125 

Net Unidentified Beta 

Fission & Activation 
Product Total 

Tritium 

Dissolved Gas Xenon-133 

Grand Total 

LIQUID EFFLUENTS 
January 1, 1991 to June 1, 1991 

Units 1st Quarter 

Ci <LLD 

Ci 5.03E-04 

Ci <LLD 

Ci 1.06E-03 

Ci <LLD 

Ci 4.21E-7 

Ci 5.29E-6 

Ci <LLD 

Ci <LLD 

Ci 4.63E-05 

Ci 5.58E-04 

Ci <LLD 

Ci <LLD 

Ci 4.17E-04 

Ci 4.09E-04 

Ci 3.00E-03 

Ci 1. 55E+Ol 

Ci <LLD 

Ci 1.55E+Ol 

2nd Quarter 

<LLD 

6.76E-05 

<LLD 

2.67E-04 

<LLD 

2. llE-07 

1.39E-06 

<LLD 

<LLD 

1.70E-05 

5.18E-03 

<LLD 

<LLD 

<LLD 

1.17E-03 

6.70E-03 

6.42E+OO 

<LLD 

6.43E+OO 
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TABLE HP 10.5-1 (Revised) 

PALISADES PLANT/SEMIANNUAL RADIOACTIVE 
EFFLUENT RELEASE REPORT 

BATCH RELEASES 

January 1, 1991 to June 1, 1991 

GASEOUS Units 1st Qtr 

Number of Releases 9 

Total Release Time Minutes 2.42E+03 

Maximum Release Time Minutes 6.8SE+02 

Average Release Time Minutes 2.69E+02 

Minimum Release Time Minutes 1.35E+02 

LIQUID Units 1st Qtr 

Number of Releases 2 

Total Release Time Minutes 1.16E+03 

Maximum Release Time Minutes 6.6SE+02 

Average Release Time Minutes 5.79E+02 

Minimum Release Time Minutes 4.92E+02 

2nd Qtr 

5 

8.39E+02 

2.60E+02 

1.68E+02 

5.30E+01 

2nd Qtr 

1 

6.83E+02 

6.83E+02 

6.83E+02 

6.83E+02 



• 
3. PARTICULATES* 

Chromiurn-51 

Manganese-54 

Cobalt-58 

Iron-59 

Cobalt-60 

Zinc-65 

Seleniurn-75 

Strontiurn-89 

Strontiurn-90 

• Niobiurn-95 

Zirconiurn-95 

Molybdenurn-99 

Silver-llOm 

Antimony-125 

Cesiurn-134 

Cesiurn-136 

Cesiurn-137 

Ceriurn-141 

Ceriurn-144 

Net unidentified 

Total 

TABLE HP 10.5-2 (Revised) 
PALISADES PLANT/SEMIANNUAL RADIOACTIVE 

EFFLUENT RELEASE REPORT 

GASEOUS EFFLUENTS - SUHHATION OF RELEASES 
January 1, 1991 to June 30, 1991 

Units 1st Quarter 

Ci <LLD 

Ci <LLD 

Ci 8.86E-07 

Ci <LLD 

Ci 2.49E-06 

Ci <LLD 

Ci 8. llE-07 

Ci 4.65E-07 

Ci 4.40E-07 

Ci <LLD 

Ci <LLD 

Ci <LLD 

Ci <LLD 

Ci <LLD 

Ci <LLD 

Ci <LLD 

Ci l.28E-06 

Ci <LLD 

Ci <LLD 

beta Ci 3.lOE-05 

Ci 3.74E-05 

9* Particulates with half-lives > 8 days. 

2nd.Quarter 

<LLD 

<LLD 

<LLD 

<LLD 

9. llE-06 

<LLD 

<LLD 

1. 93E-06 

4.25E-07 

<LLD 

<LLD 

<LLD 

<LLD 

<LLD 

<LLD 

<LLD 

2.43E-06 

<LLD 

<LLD 

3.70E-05 

5.09E-05 
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I• GASEOUS EFFLUENTS 

A. ALARM/TRIP SETPOINT METHOD 

Specification 3.24.5.1 requires that MPC is not exceeded when averaged 

over a period not to exceed 1 hour. Based on the definition of MPC, the 

dose rate in unrestricted areas due to gaseous effluents from the site 

shall be limited at all times to the following values: 

500 mrem/y to the total body and 3,000 mrem/y to the skin from noble 

gases. 

1,500 mrem/y to any organ from radioiodines and particulates, due to 

inhalation. 

Specification 3.24~2.l requires gaseous effluent monitors to have 

alarm/trip setpoints to ensure that offsite concentrations, when averaged 

over 1 hour, will not be greater than MPC. Thi~ section of the ODCM 

describes the methodology that will be used to determine these setpoints. 

Themethodology for determining alarm/trip setpoints is divided into two 

major parts. The first consists of calculating an allowable concentration 

for the nuclide mixture to be released. The second consists of determin­

ing monitor response to this mixture in order to establish the physical 

settings on the monitors. 

1. Allowable Concentration 

The total MPC-fraction (Rk) for each rel~ase point will be calculated 

by the relationship defined by Note l of Appendix B, 10 CFR 20: 

R(k) = (X) (F) \ 
Q . L 

( 1.1) 

i 
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where: 

MP Ci = 

R(k) = 

X/Q 

F = 

Actual or measured concentration, at ambient temperature and 

pressure of nuclide i (uCi/cc) 

The MPC of nuclide i from 10 CFR 20, Appendix B 

The total MPG-fraction for release point k 

Most conservat~ve sector site boundary dispersion 
l.40E-06 sec/m ). 

Release flow rate (83,000 cfm = 39.2 m3 /sec) for stack monitor 

considerations; variable for other monitors. 

NOTE: If a batch release is made while a continuous release or another batch 

release is in progress, the sum of all values of Rk must be less than 1.0. 

Monitor Response 

Normal radioactivity releases consist mainly of well-decayed fission 
gasses. Therefore, monitor response calibrations are performed to fission gas 
typical of normal releases (maily Xe-133). Response of monitors used to 
define fission product release rates under accident conditions may vary from 
that of Xe-133,. however. Monitor response for the two categories of monitor is 
determined as follows: 

a. Normal Releases (aged fission gasses) 

Total ·gas concent~ation (uCi/cc) at the monitor is calculated. The 
calibration curve or constant for cpm/(uCi/cc) is applied to 
determine cpm expected. The setting for monitor alarms is 
established at some factor (b) greater than 1 but less than l/Rk 
(Equation 1.1) times the measured concentration (c): 

s = b x c (1.2) 

2 
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Accident Releases 

Monitors are preset to alarm at or before precalculated offsite 

dose rates would be achieved under hypothetical accident con­

ditions. These s~tpoints are established in accordance with 

Emergency Plan requirements for defining Emergency Action Levels 

and associated actions. Emergency Implementing Procedures 

contain monitor-specific curves or calibration constants for 

conversion between cpm and µCi/cc (or R/hr and µCi/cc), depend­

ing on monitor type, for fission product mixtures as a function 

of mixture decay time. 

When these monitors are utilized for other than accident con­

ditions, either an. appropriately decayed "accident" conversion 

curve may be used, or a decayed fission gas calibration factor 

may be applied. In these cases, setpoints are established as in 

1) above • 

Setpoints of accident monitors (if set to monitor normal 

releases) are reset to the accident alarm settings at the end of 

normal release. Setpoints of other release monitors are main­

tained at the level used at the latest release (well below the 

level which would allow MPC to be exceeded at the site 

boundary), or are reset to approximately three times background 

in order to detect leakage or inadvertent releases of low level 

gases. 

B. DOSE &Ar& CALCULATIOll 

1. Dose rates are calculated for (1) noble gases and (2) iodines and 

particulates. Dose rates as defined in this section are based on 10 

CFR 50 Appendix I limits of mrem per quarter and millirem per year. 

All dose pathways of major importance in the Palisades environs are 

considered • 

MI0389-0046A-HP01 3 
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a.· Equations and assumptions for calculating doses from noble gases 

are as follows: 

1) Assumptions 

. ·~··; 

MI0389-0046A-HP01 

a) Doses to be calculated are the maximum offsite point 

in air, total body and skin. 

b) Exposure pathway is submersion within a cloud of noble 

gases. 

c) Noble gas radionuclide mix 1s based on the histor­

ically observed source term given in Table 1.1, plus 

additional nuclides. 

d) Basic radionuclide data are given in Table 1.2 • 

e) All releases are treated as ground-level. 

f) Meteorological data expressed as.joint-frequency 

distribution of wind speed, wind direction; and 

atmospheric stability for the period· resulting in 

X/Q's and D/Q's shown in Table 1.3. 

g) Raw meteorological data consists of wind speed and 

direction measurements at lOm and temperature measure­

ments at lOm and 60m • 

h) Dose is to be evaluated at. the offsite exposure points 

where maximum concentrations are expected to exist 

(overland sector site boundaries), ·and nearest res i­

dents. 

i) Potential maximum population (res~dent) exposure 

points are identified in T~ble 1.4. 

4 
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j) A semi-infinite cloud model is used. 

k) For person exposures, credit is taken for shielding by 

residence (factor of 0.7). 

1) Radioactive decay is considered for the plume. 

m) Building wake effects on effluent dispersion are 

considered. 

n) A sector-average dispersion equation is used. 

o) The wind speed classes that are used are as follows: 

Wind Speed 
Class Number Range (m/s) Mid:eoint (m/s) 

1 0.0-0.4 0.2 

2 0.4-1.5 0.95 

3 1.5-3.0 2.25 

4 3.0-5.0 4.0 

5 5.0-7.5 6.25 

6 7.5-10.0 8.75 

7 >10.0 

p) The stability classes that will be used are the 

standard A through G classifications. The stability 

classes 1-7 will correspond to A=l, 8=2, ••• , G=7. 

q) Terrain effects are not considered. 

2)_ Equations 

MI0389-0046A-HP01 

.To calculate the dose for any one of the exposure points, 

the following equations are· used • 
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For determining the air concentration of any radionuclide: 

x· 1 

j=l k=l 

(~) 1/2 
Izk u j ( 2nx/ n) 

(1/3) 

where: 

Xi = Air concentration of radionuclide i, µCi/m 3
• 

fjk = Joint relative frequency of occurrence of 

winds in wind speed class j, stability class 

k, blowing toward this exposure point, 

expressed as a fraction. 

Qi = Average release rat·e of radionuclide i, 

µCi/s. 

p 

Lzk 

= 

= 

Fraction of radionuclide remaining in plume. 

Vertical dispersion coefficient for stability 

class k (m). 

Uj 

x 

n 

= 

= 
= 

Midpoint value of wind speed class interval 

j, m/s. 

Downwind distance, m. 

Number of sectors, 16. 

Xi = Radioactive decay coefficient of radionuclide 

i, s-1. 

2nx/n = Sector width at point of interest, m. 

For determining the total body dose rate: 

where: 

DTB = L 
i 

DTB = Total body dose rate, mrem/y. 

Xi = Air concentration of radionuclide i, µCi/m 3 
• 

6 
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DFBi = Total body dose factor due to gamma radiation, 

mrem/y per µCi/m 3 (Table 1.5). 

For determining the skin dose rate: 

Ds = L Xi (DFSi + 1.11 DFYi) 

i 

( l. 5) 

where: 

Ds = Skin dose rate, mrem/y. 

Xi = Air concentration of radionuclide i, µCi/ml. 

DFSi = Skin dose factor due to beta radiation, mrem/y 

per µCi/ml (Table 1.5}. 

1.11 = The average ratio of tissue to ai.r energy 

absorption coefficients, mrem/mrad. 

DFYi = Gamma-to-air dose factor for radionuclide i, 

mrad/y per µCi/m 3 (Table 1.5).--

For determining dose rate to a point in air: 

'. 

( 1.6} 

i 

where: 

Da = Air dose rate, mrad/yr 

DFB! = Air dose factor for beta radiation (Table 

1.5 }. 

b. Equations and assumptions for calcuiating doses from radio­

iodines and particulates are as follows: 
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Assumptions 

a) Dose is to be calculated for the critical organ, 

thyroid, and the critical age groups (adult,- teen, 

child, infant), infant (milk) and child (green, leafy 

vegetables). . · 

b) Exposure pathways from iodines and particulates are 

milk ingestion, ground contamination, green leafy 

vegetables from home gardens, and inhalation. 

c) The radioiodine and particulate mix is based on the 

historically observed source term given in Table 1.1. 

d) Basic radionuclide data are given in Table 1.2. 

e) 

f) 

All releases are treated as ground-level. 

Mean annual average X/Q's for the period January 1, 

1978 - December 31, 1982 are given in Table 1.3. 

g) Raw meteorological data for ground-level releases 

consist of wind speed and direction measurements at 

lOm and temperature measurements at lOm and 60m. 

h) Dose is to be evaluated at the potential offsite 

. exposure points where maximum doses to man are expec­

ted to ezist. 

i) Real cow, goat and garden locations are considered. 

j) Potential mazimum exposure points (Table 1.4) con­

sidered are the nearest cow, goat and home garden 

locations in each sector • 

8 
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k) Terrain effects and open terrain recirculation factors 

are not considered. 

1) Building wake effects on effluent dispersion· are 

considered. 

m) Plume depletion and radioactive decay are considered 

for air-concentration calculationa. 

n) Radioactive 'decay is considered for ground­

concentration calculations~ 

o) 

p) 

Deposition is calculated based on the curves given in 

Figure 1.2. 

Milk. cows and goats obtain 100% of their food from 

pasture grass May through October of each year. Use 

default values of o.sa for cows and 0.67 for goats for 

frac.tion of year on pasture. 

q) Credit is taken for shielding by residence'(factor of 

0.7). 

2) Eguations 

MI0389-0046A-HP01 

To calculate the dose for any one of the potential 

maximum-exposure points, the following equations in Section 

1.2.2 are used. 

a) Inhalation 

Equation for calculating air concentration, Xi is the 

same as in the Noble Gas Section (Equation 1.3) • 
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For determining the organ dose rate: 

Di = lx106 L Xi DFii BR 
1 

( 1. 7) 

where: 

D· 1 

Xi 
DFii 

BR 

= Organ dose rate due to inhalation, mrem/y. 

= Air concentration of radionuclide i; µCi/m 3 

= Inhalation dose factor, mrem/pCi (Table 1.7). 

= Breathing rate 1400 m3 /y, infant; 3700 m3 /y, 
child; or 8000 m3 /y-t~en and adult~ 

lxlOS = pCi/µCi conversion factor. 

b) Ground Contamination 

For determining the ground concentration of any 

nuclide: 

7 

Gi = 3.15:d07 I 
where: 

k=l 
,_ 

= Ground concentration of radionuclide i, 

µCi/ma. 

k = Stability class. 

- fk = Joint relative frequency of occurrence of 

DR 

x 

n 

2nx/n 

winds in stability class k blowing toward 

this exposure point, expressed as a 

fraction. 

= Average release rate of radionuclide i, 

µCi/s. 

=Relative deposition rate, m-
1 

(Fig 1.2). 

= Downwind distance, m. 

= Number of sectors, 16. 

= Sector width at point of interest, m • 

10 ? ~ "/ ._-
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Radioactive decay coefficient of 

nuclide i' 
-1 

y . 
Time for buildup of radionucl ides 

ground, 15 y. 

s/y conversion factor. 
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For determining the total body or organ dose rate from 

ground contamination: 

DG = (8,760)(lxl06 )(0.7) ~ Gi DFGi. 

i 

where: 

(1. 9) 

DG = Dose rate due to ground contamination, mrem/y. 

Gi =Ground concentration of radionuclide i, 

µCi/m 2
• 

DFGi = Dose factor for standing on contaminated 

ground, mrem/h per pCi/m 2 (Table 1.8). 

8,760 =Occupation time, h/y. 

lxloa = pCi/µCi conversion factor. 

0.7 = Shieldjng factor accounting for a dis­

tance of 1.0 meter above ordinary ground, 

dimensionless • 

Milk and Vegetation Ingestion 

For determining the concentration of any nuclide 

. (except C-14 and H-3) in and on vegetation: 

7 
(r[l~ex2 (-AEite)] L. f J& g~ DR + (1.10) 

(2nxn) Yv AEi 
k=l 

Biv [ l-exp (-Ai tb) ]) ~ezp-C>.ithll] 
P Ai 

where: 

= Concentration of radionucl·i·de i in and on 

vegetation, µCi/gk. 

k = Stability class 

13 Re·1 ':: 
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= Frequency of this stability class and wind 

direction combination, expressed as a 

fraction. 

Qi =Average release rate of radionuclide i, 

DR 

x 

n 

2nx/n 

r 

µCi/s. 

=Relative deposition rage, m-
1 

(Figure 1.2). 

= Downwind distance, m. 

= Number of sectors, 16. 

= Sector width at point of interest, m. 

= Fraction of deposited activity retained on 

vegetation (l.O for iodines, 0.2 for 

particulates). 

AEi = Effective removal rate constant, AEi = Ai + 

Aw, where Ai is the radioactive decay 

coefficient, h-
1

, and Aw is a measure of 

physical loss by weathering (Aw = .0021 

h- ) • 

= Period over which,deposition occurs, 720 h •. 

=Agricultural yield, 0.7 kg/m 2
• 

Biv = Transfer factor from soil to vegetation of 

radionuclide i (Table 1.6). 

Ai = Radioactive decay coefficient of 

radionuclide i, h-
1 

tb = Time for buildup of radionuclides on the 

ground, l.Jlxlos h (15y). 

P = Effective surface density of soil, 240 

3,600 

th 

kg/m 2
• 

= s/h conversion factor. 

= Holdup time between harvest and consumption 

of food (2,160 hours for stored food) 

14 - ;:a •• 
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For determining the concentration of C-14 in vegeta-

ti on: 

CV14 = lxl0 3 Xi4 (0.11/0.16) (1.11) 

where:· 

CV14 = Concentration of C-14 in vegetation, µCi/kg. 

X14 =Air concentration of C~l4, µCi/ml. 

0.11 '= Fraction of total plant mass that is natural 

carbon. 

0.16 = Concentration of natural carbon in the 

atmosphere, g/ml. 

lxl0 3 = g/kg conversion factor. 

For determining the concentration of H-3 in vegeta-

ti on: 

CVT = lxlOl Xr (0.75)(0.5/H) (1.12) 

where: 

CVT = Concentration of H-3 in vegetatio~, µCi/ml. 

XT = Air concentration of H-3, µCi/ml. 

0.75 = Fraction of total plant mass that is water. 

0~5 = Ratio of tritium concentration in plant water 

to tritium concentration in atmospheric 

water. 

H = Absolute humidity of the atmosphere, g/ml. 

lxl0 3 = g/kg conversion factor. 

For determining the concentration of any nuclide in 

cow's or goat's milk: 

(1.13) 

15 
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where: 

CMi = Concentration of radionuclide i (including 

C-14 and H-3 ). in milk, µCi /1. 

CVi = Concentration of radionuclide 1 in and on 

vegetation, µCi/kg. 

FMi = Transfer factor from feed to milk for radio-

nuclide i, d/l (Table 1.6). 

Qf = Amount of feed consumed by the milk animal 

per day, kg/d (cow, 50 kg/d or goat 6 kg/d) • 

.\i = Radioactive decay coefficient of radionuclid.e 
. -1 
i, d 

tf = Transport time of activity from feed to milk 

to receptor, 2 days. 

For determining the organ dose rate from ingestion of 

green leafy vegetables and milk: 

D = lxlQ6 2= CMi DFi UM 

i 

(1.14) 

where: 

D = Organ dose rate due to ingestion, mrem/y. 

CMi = Concentration of radionuclide i in vegetables 

or milk, µCi/kg (or liters). 

DFi = Ingestion dose factor, mrem/pCi (Table 2.1). 

UM = Ingestion rate for milk, 330 l/y; for 

vegetables 26 kg/yr (child), no ingestion by 

infant. 

lxlQ8 = pCi/µCi conversion factor. 

d) Meat Ingestion (Beef) 

MI0389-0046A-HP01 

To calculate the concentration of a nuclide in animal 

flesh: 

16 
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(1.15) 

where: 

Cfi = Concentration of nuclide i in the animal 

flesh, pCi/kg. 

Ffi = Fraction of animal's daily intake which 

appears in each kg of flesh, days/kg (Table 

1.6). 

CVi = Concentration of radionuclide i in the 

animal's feed (Equation 1.10). 

Qf = Amount of feed consumed by the cow per day, 

50 kg/d. 

ts = Average time from slaughter to consumption, 

20 days. 

To determine the organ dose from ingestion of beef: 

Of = L Cfi Ofi Uf ' 

1 

where: 

(1.16) 

\ 

Dfi = Ingestion dose factor for age group, mrem/pCi 

(Table 2.1} for nuclide i. 

Uf = Ingestion rate of meat for age group, kg/y 
/ 

(child-41, teen-65, adult-110). 

e) Organ Dose Rates 

For determining the total body and organ dose rate 

from iodines and particulates: 

D = Dr + De + DM + Dy + DF (1.17) 

17 
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where: 

D :: Total organ dose rate, mrem/y. 

Dr :: Dose rate due to inhalation, mrem/y. 

De = Dose rate due to ground contamination, 

mrem/y. 

DH = Dose rate due to milk ingestion, mrem/y. 

Dv = Dose rate du;e to vegetable ingestion, 

mrem/y. 

DF = Dose rate due to beef ingestion, mrem/y. 

3) The maximum organ dose rate, maximum total body dose rate, 

and maximum skin dose rate calculated in the previous 

section (Sec 1.2.2) are used to calculate design basis 

quantities as described in Section 1.3. 

c. Design Basis Quantities 

The design basis quantity of a radionuclide emitted to the 

atmosphere is the amount of that n~clide, when released in one 

year, which would result in a dose not exceeding any of the 

following: 

l) 15 millirem to any organ of an individual from iodines and 

particulates with half-life greater than 8 days. 

2) 15 millirem to skin of an individual from noble gas. 

3). 5 millirem to the total body of an individual from noble 

gas. 

Design basis quantity (Ci) is the smallest value for each 

nuclide, calculated by dividing the dose limits (a through c 

above) by the appropriate dose calculated from the amount of 

radionuclide (Ci) used to conservatively estimate the doses of 

~ection D, as listed in Table 1.1 (or a hypothetical 1 Ci/year); 

MI0389-0046A-HP01 18 
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the result is then multiplied by the amount of radionuclide 

used. 

DBQ = DAI <cc> . Cl .• 18) 
De 

where: 

DAI = Appendix I dose limit (mrem or mrad). 

De = Calculated dose (mrem or mrad). 

Cc = Quantity of nuclide resulting in dose De (Ci). 

DBQ = Design Basis Quantity (Ci). 

The limiting values for Design Basis Quantities for radio­

nuclides released to the atmosphere are given in Table 1.9. 

The inverse of the ratio Cc/De in the above equation (ie, De/Cc) 

is a useful value, since it represents the most limiting dose 

per unit quantity of each nuclide released. Use of the De/Cc 

ratio in quarterly eva.luation of offsite dose is discussed in 

section D. Values of De/Cc are given in Table 1.9. 

d. Land Use Census and DBQ Changes 

Specifications-4.11.3 and 4.11.4 describe the requirements for 

an annual land use census and revision of the ODCM for use in 

the following calendar year. Areas of the ODCM which will be 

reviewed, ~nd changed if appropriate, are Table 1.4 (Land Use 

Census data by Sector), Table 1.48 (Critical Receptors), and 

Table 1.9 (Gaseous Design Basis Objective Annual Quantities). 

Changes will be effective on January 1 of the year following the 

year of the survey • 

MI0389-0046A-HP01 19 
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e. Gaseous Releases From the Steam Generator Blowdown Vent and 

Atmosphere Release Valves 

Releases from the steam generator blowdown vent and atmospheric 

relief valves are difficult to quantify as there are no sampling 

capabilities on these steam release systems. However, neither 

system is a normal release path. The steam generator blowdown 

vent is normally routed to the main condenser and recirculated. 

Radioactive releases will be calculated by analyzing steam 

generator blowdown liquid and assuming that 100 percent of Noble 

Gases, 10 percent of-the Iodines and 1 percent of the Particu­

lates will be released to the environment in the steam phase. 

Volumes will be released to the environment in the steam phase. 

Volumes will be calculated using water balances or alternate 

means as available. 

DESIGll OBJECTIVE QUABTITY (DBQ) LIMITS 0111 BATCH AlllD <X>llTIBUOUS 
RELEASES 

1. Batch Releases 

Prior to each batch release (waste decay tank release or containment 

purge), the quantity of each nuclide identified is sUD1Ded with the 

quantity of that.nuclide released since the first of the current 

calendar year. The cumulative total for each nuclide then is divided 

by the design objective quantity for each nuclide (from Table 1.9), 

and the resultant fractions are summed in order to assure that the 

sum fraction of all nuclides does not exceed 1.0: 

Ai <1.0 (l.19) 
(DBQ)i 

i 

MI0389-0046A-HP01 20 
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The amount in any calendar quarter should not exceed 0.5. This is 

checked by subtracting the value obtained at the end of the previous 

quarter from the value obt·ained from the cumulative total to date, 

including the batch to be released. 

2. Continuous Releases 

3. 

Low level continuous releases from the vent gas collection header and 

other low level sources are totaled on a weekly basis and summed with 

any batch releases for the week in order to establish the cumulative 

DBQ fraction from batch plus continuous released for the year-to­

date. Calculations are performed in the same manner as for batch 

releases described in c.1.0. 

Exceeding DBQ Limits 

As discussed under B.1.3, the DBQ is a very conservative estimate of 

activity which could give doses at Appendix I limits. Because 

different organs are sumned together and doses to different people 

are summed, the DBQ typically overestimates dose by about a factor of 

five. Thus, if calculations of DBQ fraction exceed 1.0 f'or year-to­

date or 0.5 for the quarter, technical specifications probably still 

would not be exceeded. However, further discretionary releases 

should be deferred until an accurate assessment of dose is made by 

use of GASPAR computer code or by analysis of appropriate release 

data via the segmented gaussian dose model used in emergency planning 

(inhalation dose, total body external dose, and boundary dose in 

air). See also Section D.1.2. 

It should be noted that Palisades Plant to date (based on review of 

semiannual effluent data) has never exceeded the'annual or quarterly 

DBQ fraction, despite its conservatism. Thus, it is not expected 

that an alternate to the DBQ method will be required unless the plant 

is in a significantly off-normal condition • 
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4. Releasing Radionuclides ~ot Listed in Table 1.9 

Table 1.9 contains all nuclides identified to date as routine consti­

tuents of gaseous releases at Palisades Plant, plus those common to 

PWRs in general, even if not previously detected at Palisades. From 

time to time, however, other nuclides may be detected. 

If the unlisted nuclide constitutes less than 10% of the MPC-fration 

for the release, and all unlisted nuclides total less than 25% of the 

MPC-fraction, the nuclide may be considered not present. 

If the unlisted nuclide constitutes greater than 10% of the MPC­

fraction, or all unlisted nuclides together constitute greater than 

25%, then each nuclide should be assigned a DBQ equal to the most 

conservative value listed for the physical form of the nuclide in- . 

valved (noble gas, halogen or particulate) • 

Should a nuclide not listed in Table 1.9 begin to appear in signifi­

cant quantities on a routine basis, revision to this ODCM should be 

made in order to include a design basis quantity specif i~ to that 

nuclide. 

D. OPTIOllAL QUAB.TEllLY DOSI CALCULATIOHS 

1. Methodology for Optional Quarterly Dose Calculations 

Thi.s option may be used in place of, or in addition to, the Design 

Ba•i•· Quantity (DBQ) fraction calculation described by Equation 1.19. 

This optional conservative calculation relates the DBQ fraction to 

the doses from which it was·originally derived.\. Use of this method 

may assist in identification of the critical dose .. pathway or charac­

teristics of the assumed 1:ritical individual (infant, child, teen 

and adult), since Table 1.9 indicates these parameters • 
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a. Simplified Conservative Approach 

This method utilizes a limiting dose concept such that the 

limiting dose for each nuclide is summed with the limiting dose 

for each other nuclide, regardless if such sum is physically 

possible. It also assumes critical pathways, such as milk and 

vegetables, are in effect even in winter when the pathway is 

absent. 

As such, the method is highly conservative and significantly 

over-estimates dose. If 11mits appear to be exceeded by this 

method, Section D.1.2 (a concise method, but requiring co~puter 

support} will be utilized. 

1. Assumptions 

a) All assumptions of Section 1.1 are utilized • 

b) Limiting doses for each gaseous nuclide are sunmed, 

regardless of limiting decay mode (gamma or beta). 

c) L"imiting doses for each particulate and iodine nuclide 

are sumned, regardless of dose point location, 

exposure pathway or organ affected. 

d) Doses are sumned for detected nuclides such that all 

nuclides which contribute greater than 10% 

individually or 25% in aggregate, to the MPC of 

released radioactivity, are included in the dose 

calculation. 

2. Equations 

For determining gaseous effluent dose: 
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(l.20) 
AiG(Dc/Cc)iG < 5 milli~ad/quarter, 10 mrad/yr 

where: 

DG = Dose from gaseous effluents (mrad). 

Aic = Quantity of gaseous nuclide i released (Ci). 

(Dc/Cc>ic = Dose per Ci factor for gaseous nuclide 1 

(mrad/Ci). 

The limit for this mixture is conservatively taken as that 

for gamma exposure (5 mrem/quarter, 10 mrem/year) although 

as indicated in Table 1.9, a majority of the gaseous 

effluents are beta-limiting and on an individual basis have 

the higher limit of 10 millirem/quarter and 20 

mil li rem/ year • 

For determining tritium, particulate and iodine dose to 

organs: 

i 
°'rPI = L: 

(1.21) 
< 7.5 mrem/q, 15 mrem/y 

where:. 

= Dose from particulates and iodines (mrem). 

= Quantity of particulate or iodine nuclide i 

released (Ci). 

Dose per Ci factor for particulate or iodine 

nuclide i (mrad/Ci). 

b. Realistic Calculation 

This methodology is to be used if the highly conservative 

calculations described in C.1.1, C.1.2 or D.1.0 yield values 

that appear to exceed applicable limits • 
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E. 

Doses for released particulates, iodines and noble gases will be 

determined by use of the NRC GASPAR computer code. The computer 

run will utilize the annual average joint frequency meteoro­

logical data based on not less than 3 years of meteorological 

measurement, and will reflect demographic and land use infor­

mation from the land use survey generated in the most recent 

prior year. Where appropriate, seasonal adjustments will be 

applied to obtain realistic dose estimates since both recrea­

tional and agricultural activities can vary greatly in relation 

to season of the year. 

An alternative to GASPAR for offsite dose calculation is the use 

of the Palisades Segmented Gaussian Plume Emergency offsite dose 

calculation program. This dose model allows evaluation of dose 

under the actual. meteorological conditions present at the time 

of release. It is anticipated that the system may be used in 

major short-term releases such as containment purges are to be 

made under conditions which depart significantly from mean 

annual conditions. 

GASEOUS RADW.ASTE TlllATMEll1' SYSTEM OPBIATIOll '· 

The gaseous radwaste treatment system (CRTS) described below shall be 

maintained and operated to keep releases AI.ARA. 

1. System Description 

A flow diagram for the CRTS is given in Figure 1-1. The system 

coniists of three waste-gas compressor packages, six gas decay tanks, 

and the associated piping, valves, and instrumentation. Gaseous 

wastes are received from the following: degassing of the reactor 

:coolant and purging of the volume control tank prior to a cold shut-

down, displacing of cover gases caused by liquid accumulation in the 

tanks connected to the vent header, and boron recycle process opera-

tion • 
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F. 

Design of the system precludes hydrogen explosion by means of 

ignition source elimination (diaphragm valves, low flow diaphragm 

compressors and system electrical grounding), and minimization of 

leakage outside the system. Explosive mixtures of hydrogen and 

oxygen have been demonstrated compatible with the system by opera­

tional experience over the past 13 years. 

2. Determination of Satisfactory Operation 

Design basis quantity fraction will be calculated for batch and 

continuous releases as described in Section I.e. These calcuiations 

will be used to ensure that the GRTS is operating as designed. 

Because the plant was designed to collect and hold for decay a vast 

majority of the high level gasses generated within the prima~y 

system, and because the 13-year operating history (to date of writing 

the initial ODCM) of the plant has demonstrated the system's consis­

tent performance well below Appendix I limits, no additional oper­

ability requirements are specified. 

RELEASE RATE FOR. OFPSITE MPC (500 mrm/yr) 

10 CFR 20.106 requires radioactive effluent releases to unrestricted areas 

be in concentrations less than the limits specified in Appendix B, Table 

II when averaged over a period not to exceed one year. (Note: there are 

no unrestricted areas anywhere within the site boundary as defined by 

Figure 1-1.). Concentrations at this level if present for one year will 

result-in a dose of 500 mrem wholebody or 1500 mrem organ or 3000 mrem 

skin due-to external exposure or inhalation depending on the nuclide(s) 

released. 10 CFR 50.36a requires that the release of radioactive 

materials be kept as low as reasonably achievable. However, the section 
\ 

further states that the licensee is permitted the flexibility of 

operation, to assure a dep.endable source of power even under unusual 

operating conditions, to release quantities of material higher than a 

small percentage of 10 CFR 20.106 limits but still within those limits • 

Appendix I to 10 CFR 50 provides the numerical guidelines 
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on limiting conditions-for operations to meet the as low as reasonably 

achievable requirement. 

The GASPAR code has been run to determine the dose due to external radia­

tion and inhalation. The source term used is listed in Table 1.1. The 

meteorology data is given in Table 1.3. Dose using annual average 

meteorology, to the most limiting organ of the person assume to be 

residing at the site boundary with highest X/Q, is 2.15E-02 mrem (for one 

year). The release rate which.would result in a dose rate equivalent to 

500 mrem/year (using the more conservative total body limit) is the 

curies/year given in Table 1.1 multiplied by 500/2.15E-02 or 1.11 Ci/sec. 

G. PARTICULATE AND IODINE SAMPLING 

Particulate and iodine samples are obtained from the continuous sample 

stream pulled from the plant stack. Samples typically are obtained to 

represent an integrated release from a gas batch (waste gas decay tank or 

containment purge, for example), or a series of samples are obtained to 

follow the course of a release. In any event, sample intervals are 

weekly, at minimum. 

Because HEPA filters are present between most source inputs to the stack 

and the sample point, releases of particulates normally are significantly 

less than pre-release calculations indicate. This provides for conserva­

tism in establishing setpoints and in estimation of pre-release design 

basis quantity fraction. However, for the sake of maintaining accurate 

releasa totals, monitor results (for gasses) and sample results (for 

particulates and iodines) utilized rather than the pre-release estimates, 

for cunulative records. 

Ganna analyt~cal results for particulate and halogen f,ilters are combined 

for determination of total activity of particulates and. halogens released. 

Beta and alpha counting also is performed on the particulate filters. 

Beta yields of the gamma isotopes detected on particulate filters are 

applied to determine "identified" beta, and.the "identified" count rate lS 
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subtracted from the observed count rate to give "unidentified" beta. The 

"unidentified" beta is assumed to be Sr-90 until results on act~al Sr-90 

(chemically separated from a quarterly composite of filters) are obtained. 

NOBLE GAS SAMPLIHC 

Noble gasses will be sampled from Waste Gas Decay Tanks prior to release 

and the Containment prior to purging. Analysis of these samples will be 

used for accountability of noble gasses. Off gas will be sampled at least 

weekly and used to calculate monthly noble gas releases. Nonroutine 

releases will be quantified from the stack noble gas monitor (RE 2326) 

which has a LLD of lE-06 µCi/cc (if RE 1815 is used because RE 2326 is out 

of service, the LLD will be 5E=05 µCi/cc). 

I. TRITIUM SAMPLIBC 

Tritium has a low dose consequence to the public because of low production 

rates. The major contributors to tritium effluents are evaporation from 

the fuel pool and reactor cavity (when flooded). Because of the low dose 

impact, gaseous tritium sampling will not be required. Tritium effluents 

will be estimated using conservative evaporation rate calculat'ions from 

the fuel pool and reactor cavity • 
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TABLE 1.1 
PALISADES GASEOUS AND LIQUID SOURCE TERMS, CURIES/YEAR (1) 

Nuclide Gaseous(2) Liguid(2) 
H-3 5.5 159 Kr-85 4 .1 NA 
Kr-85m 0.12 NA 
Kr-87 8.4E-02 NA 
Kr-88 2.lE"".'01 NA 
Ar-41 3 .lE-02 NA 
Xe-13lm 2.2 NA 
Xe-133 1493 NA 
Xe-133m 0.43 NA 
Xe-135 1.11 NA 
Xe-135m 0.3 NA 
I-131 0.025 3.21E-03 
I-132 2.91E-03 NA 
I-133 6.SE-03 4.7E-05 
I-134 4 .SE-04 NA 
I-135 l.84E-02 NA 
Na-24 l .SE-06 NA 
Cr-51 2 .5E-04 3.9E-03 
Mn-54 4. lE-04 7.BE-03 
Co-57 2 .lE-06 3.2E-05 
Co-58 8.6E-04 2.9E-02 
Fe-59 6.6E-06 -. 4. lE-04 
Co-60 l.lE-03 l.24E-02 
Se-75 3. 7E-06 NA 
Nb-95 2.4E-05 4.53E-04 
Zr-95 4. 7E-06 l.79E-04 
Mo-99 l.5E-07 NA 
Ru-103 .3E-07 .lE-05 
Sb~l27 NA 3.5E-05 
Cs-134 4.5E-05 0.7 
Cs-136 NA l.8E-06 
Cs-137 2.6E-04 l.36E-02 
Ba-140 2.SE-07 NA 
La-140 7.5E-07 l.lE-04 
Unidentified beta 3.9E-04 3.3E-03 

(1) Data derived from taking the effluents released during July-December 1978 
through January-June 1982 and dividing by 4. 

(2) Nuclide values listed as NA have not been observed at detectable levels 
in these waste streams • 
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BASIC RADIONUCLIDE DATA 

WC LIDE HALF-LIFE LAMBDA BETA 1 GA.'1ttA 1 

(days) (l/s) (MEV/DIS) (MEV /DIS) 

1 Trittum 4.49E 03 l.79E-09 S.68E-03 0.0 
2 C-14 2.09E 06 3.84E-12 4.95E-02 0.0 
3 N-13 6.94E-03 l.16E-03 4.91E-Ol l.02E 00 

.4 0-19 3.36E-04 2.39E-02 1. 02E 00 1. OSE 00 
5 F-18. 7.62E-02 l.05E-04 2.50E-Ol l.02E 00 
6 NA-24 6.33E-Ol l.27E-05 5 .. 55E-Ol 4. 12E 00 
7 P-32 1. 43E 01 S.61E-07 6.95E-Ol 0.0 
8 AR-41 7.63E-02 l.05E-04 4.64E-Ol 1. 28E 00 
9 CR-51 2.78E 01 2.89E-07 3.86E-03 3.28E-02 

lo· MN-54 3.03E 02 2.65E-08 3.80E-03 8.36E-Ol 
11 MN-56 1.07E-Ol 7.50E-05 8.29E-Ol l.69E 00 
12 FE-59 4.SOE 01 1. 78E-07 . 1. 18E-Ol 1. 19E 00 
13 C0-58 7 .13E 01 l.12E-07 3.41E-02 9.78E-Ol 
14 C0-60 1. 92E 03 4.18E-09 9.68E-02 2.50E 00 
15. ZN-69m 5.75E-Ol 1.39E-OS 2.21E-02 4.16E-Ol 
16 ZN-69 3.96E-02 2.0JE-04 3.19E-Ol 0.0 
17 BR-84 2.21E-02 3.63E-04 1.28E 00 1. 77E 00 

• 18 BR-85 2.0SE-03 3.86E-03 l.04E 00 6.60E-02 
19 KR-8Sm l.83E-Ol 4.38E-05 2.53E-Ol 1. 59E-Ol 
20 KR-85 3.93E 03 2.04E-09 2.SlE-01 2.21E-03 
21 KR-87 5.28E-02 l .52E-04 l.32E 00 7.93E-Ol 
22 KR-88 l.17E-Ol 6.86E-OS 3.61E-Ol 1. 96E 00 
23 KR-89 2.21E-03 3.63E-03 l.36E 00 l.83E · 00 
24 RB-88 1.24E-02 6.47E-04 2.06E 00 6.26E-Ol 
25 RB-89 l.07E-02 7 .50E-04 1.0lE 00 2.05E-OO 
26 SR-89 5.20E 01 l .54E-07 5.83E-Ol 8.45E-05 
27 SR-90 1.0JE 04 7.79E-10 1. 96E-Ol 0.0 
28 SR-91 4.03E-Ol l.99E-05 6.50E-Ol 6.95E-Ol 
29 SR-92 1.13!-0l 7. lOE-05 l.9SE-Ol 1.34E 00 
30 SR-93 5.56E-03 1. 44E-03 9.20E-Ol 2.24E 00 
31 Y-90 2.67E 00 3.00E-06 9.36E-Ol 0.0 
32 Y-91• 3.47E-02 2.31E-04 2.73E-02 5.30E-Ol 
33 Y-91 S.88E 01 1.36E-07 6.06!-0l 3.6IE-03 
34 Y-92 l.47E-Ol S.46E-OS 1.44E 00 2.50E-Ol 
35 Y-93 4.29E-Ol 1.87E-OS l.17E 00 8.94E-02 
36 ZR-95 6.50E 01 1. 23E-07 l.16E-Ol 7.35E-Ol 
37 NB-95111 3.75E 00 2. I4E-06 1. 81E.:-Ol 6.06E-02 
38 NB-95 3.50E 01 2.29E-07 4.44E-02 7.64E-Ol 
39 M0-99 2.79E 00 2.87E-06 3.96E-Ol l.SOE-0 I 
40 TC-99m 2.50E-Ol 3.21E-OS 1.56E-02 1. 26E-O l 
41 TC-99 7.74E 07 1. 04E-13 8.46!-02 0.0 
42 TC-104 I.25E-02 6.42E-04 I.60E 00 1. 95E 00 
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TABLE 1.2· (CONTD) 

BASIC RADIONUCLIDE DATA 

NUCLIDE HALF-LIFE LAMBDA BETA 1 GA.'·frl.:\ 1 

(days) (l/s) (MEV/DIS) (:-IBV/DIS) 

43 RU-106 3.67E 02 2. 19E-08 1. OlE-02 0.0 
44 TE-132 3.24E 00 2.48E-06 1. OOE-01 2.33E-Ol 
45 I-129 6.21E 09 l.29E-15 5.43E-02 2.46E-02 
46 I-131 8.0SE 00 9.96E-07 1. 94E-Ol 3.81E-01 
47 I-132 9.SBE-02 8.37E-05 4.89E-Ol 2.24E 00 
48 I-133 8.7SE-Ol 9.17E-06 4.0SE-01 6.0ZE-01 
49 I-134 3.61E-02 2.22E-04 6.16E-Ol 2.59E 00 
50 I-135 2.79E-Ol 2.87E-OS 3.68E-Ol I.SSE 00 
Sl XE·l3lm l.18E 01 6.SOE-07 l.43E-Ol 2.0lE,;.02 
52 XE-133m 2.26E 00 3.S5E-06 1. 90E~Ol 4. lSE-02 
53 XE-133 . S.27E 00 1.S2E-06 l.35E-Ol 4.60E-02 
54 XE-135m l.OSE-02 7.43E-04 9.58E-02 4.32E-Ol 
S5 XE-135 3.83E-Ol 2.09E-05 3.17E-Ol 2.47E-Ol 
56 XE-137 2.71E-03 2.96E-03 L77E 00 1.88E-Ol 
S7 XE-138 9.84E-03 8.15E-04 6.65E-Ol 1. lOE 00 
58 CS-134 7.48E 02 1.07E-08 1.63E-Ol 1. SSE 00 
59 CS-135 1. lOE 09 7.29E-15 5.63E-02 0.0 
60 CS-136 I.JOE 01 6.17E-07, 1.37E-Ol 2.15E 00 
61 CS-137 1. lOE 04 7.29E-10 1. 71E-Ol 5.97E-Ol 
62 CS-138· 2.24E-02 3.58E-04 1.20E 00 2.30E 00 
63 BA-139 5.76E-02 1.39E-04 8.96E-Ol 3.53E-02 
64 - BA-140 1.28E 01 .6.27E-07 3. lSE-01' 1. 71E-Ol 
65 LA-140. 1.68E 00 4. 77E-06 5.33E-Ol 2.31E 00 
66 CE-144 2.84E 02 2.82E-08 9.13E-02 1.93E-02 
67 PR-143 1.36E 01 5.90E-07 3.14E-Ol . o.o 
68 PR-144 1.20E-02 6.68E-04 1. 21E 00 3.18E 00 

lAverage energy per disintegration values were obtained from ICRP Publica· 
tion No 38, Radionuclide Transformations: Energy and Intensity of Emiss1oas 
1983 and NUREG/CR-1413 (ORNt/NURE~-70), A Radionuclide Decay Data Base -
Index and Summary Table, D C Kocher, May 1980 • 
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EH! 4.20!E-06 1.374!-06 7.413!-07 4.834E-07 2.655!-07 l.74.SE-07 1.259!-07 9.662!-0I 7.7291!-oa 6.l75E-OS 5.33lE-O! 
! 3.970!-06 1.322!-06 7.150!-07 4.649!-07 2.540!-07 l.660!-07 1.195!-07 9.146E-OS 7.29&!-08 6.00SE-0& 5.JS9E-05 

ESE .l • .l79!-06 l.123E-06 6.047!-07 .5.9.l0!-07 2.147E-07 l . .l98E-07 l.004E-07 7.659E-OS 6.099E-08 5.009E-08 4.Z13E-O& 
se 3.919!-0'- l.296E-a6 6.972!-07 4.529!-07 2.475!-01 l.614!-07 l.l60E-a7 a.a64E-oa 7.065E-oa s.ao1e-oa 4.aaaE-aa 

SS! s.'1VT!"-06 1.317!-06 7.115!-07 4.622!-07 2.524!-07 l.651!-C7 1.119!-or 9.103!-0I 7.268!-08 5.984E-08 5.044E-oa 

AHNUAl AY!RAO! CHI/Q CS!C/MET!R CUll!D) DlSTAHC! IN ~IL!S FAQlll TH! SIT! 
SECTOlil 5.000 7.500 10.00D 1.5.000 20.000 2.5.000 30.000 l.5.000 40.000 45.000 so.coo 

S 3.666E-OI 2.070!-0I 1 • .lU!-01 7.S&6E-09 5 . .512!-09 3.917E-09 S .. 057E-09 2.4SZE-09 2.072E-09 l.769E-09 1.53SE-09 
SSW .l . .l08E-OI l.&84E-OI 1.268!-0I 7.?~7E-09 4.9.59E-09 3.659!-09 2.867E-09'2.3351!-09 l.955E-09 l.67lE-09 l.456E-a9 

Sli 3.47lE-Oll l.987!-0I l.342!-0• 7.752!-09 5.272!-09 3.916!-09 .5.075!-ot 2.509!•09 2.l04E-09 l.&OlE-09 l.57lE-09 
HSH 4.06&!-0I 2.l52!-0I 1.600!-~I 9.341!-09 6.402!-09 4.714!-09 .5.776!-09 3.09.5!-09 2.604!-09 2.239!-09 l.956E-09 

Ii 5. 420!-0ll .5. l64!-0I 2. 211!•·U 1. .ll61!-0I 9 .1541!-09 6. 841!-09 5. l99!-09 4. 42.1!-09 3. 724!-09 .5. 202!-09 2. 79 7 E-09 
H:Ui 7.6991!-0I 4.4.541!-0I J.Oll!-01 l.7711!-0& l.21!11!-0i 9.0Ul!-09 7.1721!-ot !l.8791!-09 1\.9521!•09 4.2391!-09 3.722E-09 

HH &.&77E-oa 5.174!-0I J.5391!-0I 2.052!-0I l.4341!-0I l.076!-0I a . .52l!-09 7.002!-09 5.909E-09 5.090E-09 4.456E-·l9 
HHH l.O&lE-07 6.l37E-OI 4.3501!-0I 2.5721!-08 1.778E-08 l . .537E-08 l.061E-OI 8.730E-09 7.378E-09 6.l62E-09 S.57SE-09 

H l.2.l&E-07 7.259E-OI 4.990!·01 2.956E-08 2.046E-08 l.5401!-0I 1.22.SE-OI l.007E-OI 8.515E·09 7 . .l47E-09 6.44LE-09 
HPIE 5.147!-0I 2.965!-0I 2.oue-01 l.170!-0I 7.996!-09 5.964!-09 4.699!-09 3.1441!-09 l.232!-09 2.775E-09 2.422E-09 

r!E 5.757E-OI 3.226!-0I 2.1471!-0I l.2161!-08 a.167!-09 6.009!-09 4.613E-09 3.796!-09 3.166E-09 2.700E-09 2.542E-09 
Elli! 4.628!-0& 2.604!-0I 1.7.5&1!-0I 9.890!-0t 6.diU!-09 4.921!-09 l.1451!-09 3.123!•09 2.611£-09 2.230E-09 l.9l!E-09 

E 4.l43E-OI 2.425!-0& 1.609!-0I 9.086!-09 6.092E•09 4.477!-09 l.485!-09 2.523!-09 Z . .554E·09 2.006E-09 l.740E-09 
ESE 3.6llE-oa 2.006E-OI 1 • .5271!-0I 7.456!-09 4.9551!-09 3.656!-09 2.842!-09 2.2991!-09 l.915E-09 l.630E-09 l.4lZE-09 

SE 4.19.SE-OI 2 . .53SE-OI l.54&!-01 a.72.SE-09 5.S44E-09 4.292E-09 3 • .l40E-09 2.705E-09 c.255E-09 l.922E-09 l.666E-09 
SSE 4 . .l.l.lE-01 2.426E-OI 1.614!-0I 9.145!-09 6.150E-09 4.5.50!-09 3.534£-09 2.867E-Q9 2.394£-09 2.04lE-09 l.774E-09 

VEHT AND SUilDIHO PARAM!TERS• 
?.ELEASE HEIGHT CllETERS> 
OIAllETE! CMETERS> 
EXIT YELOCITY CMETEIS) 

All GROUND LEYEL RELEAS!S. 

'~ 

58.U 
o.oo 
o.ao 

~ . 
USHRC COMPUT!k ~OD! - XOQDOQ. Vl!JISIDll Z.O 

REI'. HIND H!IOHT CMETEltS> 10. 0 
llUilDINO H!IOHT CMET!ftS> 59. l 
lllDO.MIN.CRS.S!C.AftEA CSD.METEltS) 2000.0 
HEAT EJllISSIDN UT! CCAVSEC> Cl. II 

RUN DAT!• 112-~~-90 

••••• PAlISAD!S XOQDOQl2 ••••• USING Dl~OlJ'll - lZ/Sl/17 NET DATA ..... 

GROUND lEV!L RELEASE - TDP 0, CONTAINft!ln' IUILDINO 
. NO DECAY, UNDEPLETED 

CHl/Q CSEC/lil!TER CUHD> l'OI !ACM S!Glt!llT 

DIRECTION . 5-1 l-Z 2-S 
FRQlll SIT! 

S 5.&17E-07 
SSH 5.l05E-07 

SW S.2114!-07 
HSH 6 .120!-07 

H a.alu-01 
WNH l.1741!-06 

NH l.ll9!-06 
HHH 1.576!-06 

II 1.799!-06 
HHI! 7.71ll!-07 

HI! 9. 535!-07 
ENI! 7 .672!-07 

I! 7 .341!.;.07 
!S! 6 '257!-97 

SI! 7. 216 l!-07 
SS! 1 • 3.Sl!-07 

2.US!-07 
l.157!-07 
1.92011!-07 
2.1961-07 
s.usr-01 
4.177!-07 
4.705!-07 
5.'261.;.07 
6 .4041!-87 
2.&09!-07 
.5.421!-07 
2.714!-07 
2.611!-07 
2.210!-07 
2.5491! .. 07 
2.UZ!-17 

9.947!-0I 
a.ll3!-0I 
9.184!-0I 
l. 0511!-07 
l.51.5!-07 
2.aou-11 
2.271!-07 
2.744!-17 
3.126!-07 
l.J4H-07 
1~519!-17 
1.2711!-07 
1.207!-17 
1.014!-17 
1.1721!-17 
l.ZOl!-07 

S!iJMl!HT llOUNllAftI!S IN MIL!S FROM TH! SIT! 
.s-4 4-5 s-10 10-za 

di.11111!-0I 
5.475!-0I 
.5.7181!-0& 
6.6411!-0I 
9.5061!-0I 
1.2.571!"."07 
l.4l9!-07 
1.743!-07 
l.H0!-07 
1.4321!-0I 
9.617!-0I 
7.7U!-OI 
7.l.S4!-0I 
6.llll!-01 
7.1001!-0I 
7.304!-0I 

4. 269!-0I 
l.&42!-0I 
4. 026E-OI 
4.705E-OI 
6.712!-0I 
IJ.905!-0I 
1.0241!-07 
l.246!-07 
l.424!-G7 
5.9591!-0I 

. 6.720!-0I 
5.l97!-0I 
5.074!-0I 
4.225!-0I 
... 9031!-0I 
5.059!-0I 

33 

2.1201!-0I 
1. 926!-0I 
2.0lO!•OI 
2.3991!-0I 
3.4.521!-0I · 
4.5421!-0I 
5.270!-0I 
6.4491!-0I 
7.384!-GI 
.5.02151!-0I 
3.1091!-0I 
2.6'91!-0I 
2.4&11!-0I 
2.oue-oa 
2.391!-0I 
2.419!-0I 

1.0Ul!-09 
7 .441!-09 
7. 909!-09 
9.514!-09 
l.l'11!-0I 
l.I04!-0I 
2.111!-oa 
2.'14!-oa 
S.llOl!-11 
1.1921!-0I 
l.Z4.51!-0I 
l. 012!-0I 
9.llZ!-09 
7.6491!-H 
1.944!-09 
9.3611-H 

20-.sa 

3.945!-09 
.S.6141!-09 
3.9411!-09 
4.1121!-09 
6 .811!-Clt 
9.135!-09 
1.012!-0I 
1.3441!-0I 
1.5411!-0I 
6.00G!-09 
6. 0541!-09 
4.956!-09 
4.511!-09 
l.H.5!-09 
4.125!-09 
4.5'.S!-09 

.50-40 40-50 

2.490!-09 l.772E-ac; 
2 . .542!-09 l.676E-O> 
2.SUE-09 l. a 06 E-0 c; 
3 .102!-09 2.242E-O" 
4 .416!-09 l.Z07E-OS 
5.1951!-09 4.Z66E-09 
7.020!-09 5.09&E-O> 
1.752!-09 6.371E-09 
l.OlOE-01 7.JS8E-09 
.5.855!-09 2. 750E-09 
.5.809!-09 2.70SE-O<; 
5.1.54!-09 2.Zl4E-O<; 
2 .S.541!-09 Z.OllE-09 
Z.308!-09 l.6l4E-09 
2.715!-09 l. 926 E-0 9 
2.177!-09 2.047E-U 
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1
uSMltC ~UTEll~OD! - XOQDOQ, VERSION Z.O RUN DAT!• az-1t-9o 

~ 

..... PALISADES XOQDOIM2 ...._ USING 01/01/ll - lZ/31/87 KET DATA ..... 

GROUND LEVEL RELEAS! - TOP OF CONTAINl!~T IUILDIHG 
Z.Z60 DAY OECJ.Y, UND!.l'LET!ll 

ANNUAL AVERAGE CHI/Q CSEC.-METEA CUlflll DISTANC! IN MIL!S FROM TH! SIT! 
SECTOl 0.250 0.500 0.750 l.000 1.500 2.000 2.500 3.000 3.500 4.000 4.500 

s 3.ll7E-06 l.030!-06 5.613E-07 3.695E-07 Z.046E-07 1.349!-07 9.776!-05 7.514E-oa 6.017!-0S 4.96SE-oa 4.l9lE-aa 
SSH · 2.799E-06 9.092E-07 4.904E-07 3.232E-07 l.79SE-07 l.l9ZE-07 S.678!-08 6.697!-0I 5.380E-OS 4.4SZE-O& 3.76aE-O& 

SH 2.942E-06 9.476E-07 S.052E-07 3.lllE-07 1.159!-07 l.237E-07 9.0l4E-OI 6.919E-OS 5.627E-OS 4.66SE-oa l.955E-O& 
HSH l.499E-06 l.llDE-06 S.522!-07 l.5l6E-07 2.119E-07 l.41SE-07 l.04lE-07 5.0S6E-OI 6.5l4E-oa 5.4l4E-oa 4.6ZOE-aa 

H 5.029E-06 l.604E-06 l.412E-07 5.496E-07 l.040E-07 2.0llE-07 l.490E-07 l.l57E-07 9.l44E-O& 7.76SE-oa 6.60ZE-aa 
HHH 6.690E-06 2.l32E-06 1.l20E-06 7.297E-07 4.026E-07 2.690E-07 1.974!-07 1.Sll!-07 l.239E-07 l.OllE-07 &.765E-O& 

MH 7.674E-06 2.403E-06 l.255E-06 8.186!-07 4.S34E-07 3.045E-07 2.245E-07 l.750E-07 1.419E-07 l.153E-07 l.ooaE-07 
NNH 9.321!-06 2.SS4E-06 1.495!-06 9.761E-07 5.423!-07 l.659E-07 2.707!-07 2.117!-07 1.720!-07 l.43SE-07 l.227E-07 

ti l.066E-05 l.293E-06 1.705!-06 1.112!-06 6.164!-07 4.163!-07 l.084!-07 2.414!-07 l.96lE-07 l.642E-07 l.40lE-07 
HllE 4.400E-06 1.400!-06 7.445!-07 4.817!-07 2.715!-07 1.812!-07 l.327E-07 1.029!-07 1.306!-0I 6.900E-O& 5.~60E-05 

NE 5.lO&E-06 1.693E-06 9.221E-07 6.0lOl!-07 l.312E-07 2.l69E-07 l.56lE-07 l.196E-07 9.546E-05 7.854E-OS 6.615E-oa 
ENE 4.201E-06 1.J7lE-06 7.3931!-07 4.5l7E-07 2.641!-07 l.730E-07 l.24&E-07 9.555E-OI 7.629E-OI 6.ZSOE-05 5.29lE-05 

E 3.967E-06 1.320!-06 7.1331!-07 4.6351!-07 2.5281!-07 1.650!-07 1.1861!-07 9.0571!-0I 7.215!-05 5.927E-08 4.9&4E-O& 
ESE 3.376E-06 l.1211!-06 6.033!-07 l.917!-07 2.1361!•07 1.3891!-07 9.95ll!-OI 7.55ll!-OI 6.0271!-08 4.942E-08 4.l49E-OS 
S! 3. 9151!-06 1-. 294!-06 6 .956!-07 4 .515!-07 Z.4U!-07 l.6041!-07 1.151!-07 I. 7791!-0I 6. 985!-0I 5. 7 llE-08 4. al 7 E-05 

SSE l.994!-06 1.315!-06 7.10ll!•D7 4.6091!•07 z.514!-07 1.6411!•07 1.1111!•07 t.0271!•01 7.1971!-0I S.917!-0I 4.9&0E-O& 

ANNUAL AY!IAGI! CHI/Q CSl!C/N!T!R CUl!JI> DISTANCE IN NIL!S FlGR THI! SIT! 
SECTOl 5.000 7.soa 10.oao 15.000 20.00D 25.0DD 30.DDO l5.00D 40.000 45.00D 50.00Q 

S l.603E-OI 2.017!-0I l.ll71!-0I 7.492!-0t 4.9661!-09 l.6051!-09 Z.771E-09 Z.216!-0t 1.824!-09 l.534E-09 l.3l3E-09 
SSH l.246!-0I l.132!-0I l.2ZU:-OI 6.197!-ot 4.595!-ot .l.341!-ot Z.51U:-Dt 2.061!-09 1.706!-09 l.437E·09 l.232E-09 

SH l.412E-OI 1.937E-OI 1.297!-0I 7.3751!-ot 4.937!-ot l.6121!-ot Z.7941!-ot 2.247.1!-ot 1.115111!-ot l.5691!-09 1.348E-09 
HSH 3.996!-08 Z.2911!-0I 1.5451!-0I 1.8771!-0t 5.989!•09 4.4011!-0t S.4271!-0t Z.767!-0t Z.297!-09 1.9471!-09 l.67SE-09 

Ii S.7091!-0S 3.2691!-GI 2.20Z!=C: 1.262!-C: 1.4971!-0' 6.24Z!=Ct 4.C45!~Ct 3.9C5!e09 3.237!-09 Z.740E-09 2.35SE-09 
Miiii 7.5521!-08 4.352E-OI Z.939!-0I 1.692!-0ll 1.143!-0I 1.4291!-ot 6.563!-ot 5.307!-09 4.410!-09 l.743E-09 3.229E-09 

llH a. 742E-O& .5. 056!-0I l. 43lE-OI l. 990!-0I l. 3521!-08 l. 001!-0I 7 .&15!-09 6. 3351!-ot 5 .277!-09 4. 4&11E-09 3. a 79E-09 
NNH l.066E-07 6.202!-0I 4.229!-0I Z.466!-0I 1.6521!-0I 1.249!-0I 9.7841!•09 7.9511!-09 6.637!-09 5.654E-09 4.596E-09 

H 1.219!-07 7.104!-0I 4.550!-0I Z.5l4!-0I 1.936E•OI 1.4391!-0I 1.128!-0I 9.169!-09 7.657E-09 6.526E-09 5.652E-09 
N~E 5.065E-OI 2.&95!-01 1.949!-0I 1.117!•01 7.522!-0t 5.531!-0t 4.297E-09 l.461E-09 2.877E·09 2.43SE-09 2.lOOE-09 

llE 5.676E-08 3.15111!•01 2.08'!-0I 1.1651!-017.721!-09 5.606!-09 4.31U:-09 3.450!-ot 2.1421!-09 Z.393E-09 2.050E-09 
EflE 4.542E-OI 2.5311!-08 1.'731!-0I 9.343!-09 ·6.185!-09 4.415!-09 3.444!-ot 2.752E-09 Z.263E-09 l.903E-09 l.62SE-09 

E 4.271E-08 2.364!-0I 1.5551!-0I l.635E-Gt 5.693!-09 4.116!-09 3.154!-09 2.516E-Ot Z.066E-09 1.735E-09 l.483E-09 
ESE 3.SSOE-08 1.955!-0I 1.2112!-0I 7.088!-09 4.663!-0t 3.367!-09 Z.578!-119 2.055!-0t 1.687E-Ot 1.416!-09 l.210E-09 

SE 4.125E-OI 2.279!-0I 1.4951!-0I 1.3111!-09 5.451!-0t l.966!-09 l.041!-09 Z.428!-0t l.9961!-09 1.6771!-09 l.435E-09 
SSE 4.2721!-0I 2.375!-0I 1.5691!-0I 1.771!-0t 5.119!-09 4.231!-09 S.2511!-0t 2.610!-Gt Z.153!-0t 1.115!-09 l.S57E-09 

VENT MID 3UILDIHO PARAllET!"5• 
~ELEASE HEIGHT mETE!lS> 
ilIAr1ETE!l Cf:ETERS> 
EXIT VELOCITY CM!T!ISl 

~LL GROUND LEVEL RELEASES. 

58.10 
o.ao 
o.ao 

USNRC COMPUT!ll COD! - XOQDQQ, Yl!ltSIDll z.a 

REP. HIND H!IOHT CM!T!ltS) lG. a 
BUILDING HEIGHT CM!T!ltS> 58.1 
ILDG.MIH.CIS.S!C.AR!A CSQ.M!T!llS) 2DDO.D 
N!AT OIJISSIDll UT! CCAVS!C> 0. D 

RUN llAT!t 02-05-90 

••••• PALISADES xoeooe12 ..... USING 01/Dl/IJ - 12151,17 M!T DATA ..... 

. GROUHD LEVEL RELEASE - TOI' OF CONTAllltl!llT·IUILDING 
Z.Z60 DAY DECAY, UHDEPL!T!D 

CHI/e CSECIMl!Tl!I CUl!JI) l'Dl 1!ACH S!Gfl!llT· 
S!Olt!HT IDUNDAlI!S IN MILES l'ltllM TH! SIT! 

DIRECTION 
FROl'I SITE 

.5-1 1-z Z•J l-4 4-5 5-11 10-211 

s 5 .~02!-07 Z.USl!-07 9.aue-aa 6. 044!-oa 4.2031!-0ll Z.067!-0I 7.675!-ot 
SSH 5.091!-07 1.147!-07 1.751!-0I 5.403!-0I l. 7771!-0I 1.8751!-0I 7 .055!-ot 

SH 5.271!-07 1.910!•07 9.lDH•OI 5.6.50!-0I l.964!-0I 1.HO!•OI 7.5351!•09 
WSW '.104E-07 2.1ur-01 1.041!•07 6.551!•01 4.630!-0I 2.119!-oa. t.055!-Dt 

H 5.8UE-o7 3.131!-07 1.5111!-07 9.379!-0I 6.'171!-0I 3.337!-0I 1.2H!-OI 
WHH l .171E-06 4.159!-07 1.919!•07 1.244!-07 1.713!-0I 4.442!-0I 1.725!-0I 

tlli l.JU!-06 4.684!•07 z.2ue-17 - 1.424!-07 1.010!-07 5.1.54!•01 Z.OZ7!-0I 
NNH 1.5731!-06 5.603!-07 Z.725!•07 l.7ZH•07 1.230!-07 6.316!-0I 2.510!-0I 

N 1. 793!-06 '. 377!-07 l.1114!•17 1.970!-07 1.405!-07 7.23Z!•U Z.llll!-11 
NN! 7.7651!.,.07 2.796!-07 1. 337!-07 1.331!-0I .5.874!-0I 2.957!-0I 1.140!-0I 

N! 9.5Ul-07 l.401!-07 1.571!-07 9.592!-0I 6.U4!-0I l.24U:-OI 1.195!-0I 
EH! 7.6.52!-07 2.720!-07 1.259!•07 7 .H5!-0I S.306!-0I 2.5961!-0I 9.5111!-lt 

! 7 .l7U:•l7 Z.HH-17 1.191!•07 1 .2nr-oa 4.H9!-0I 2.421!-0I l.H.H-H 
ES! 6.243!-07 2.200!•07 1.00H-17 6.051!-ll 4 .1'2!-0I Z.011!-0I 7.2141!-lt 

SI! 7.2110!-17 2.537!-07 1.163!-17 7.DZll!-01 4.132!-0I 2.S4Z!-OI 1.535!-lt 
SS! 7.331!-17 2.592!•17 1.uzr-11 1.2su-11 4.nsr-oa Z.4Sll•U 1.tt1e-1t 

34 

I 

za-10 

l.634!-ot 
3.373!-ot 
3.US!-09 
4.437!-09 
6.215!-ot 
1.4114!-09 
1.DD7!-0I 
1.25'1!-0I 
1.447!-0I 
5.561!-09 
.5.Uze:-ot 
4.5221!-ot 
4.152!-ot 
J.397!-H 
4.Htr-ot 
4.UJl•lt 

30-40 

2.225E-09 
z. 077E-09 
2.255E·09 
2. 777E-09 
3.919!-09 
5.324E-09 
6.355!-09 
7.974E-09 
9.195!-0t 
3.479E-09 
3.'i'4E-09 
Z.7UE-09 
2.527E-09 
Z.064!-09 
Z.431!-ot 
2.uu:-at 
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40-50 

l. 533E-c 
1. 441 E-c 
l. 57 3E-C 
l. 951E-C 
2.746E-G 
3.7SOE-c 
4.496E-Ci 
5.664E-o 
6 . .537E-c 
Z.443E-c 
2.399E-c 
1. 90SE-c· 
l.740E-c 
1. 4ZOE-O 
l.6&2E-o 
l.U9E-o 



~A31~ 1.3 (Con~'d) 

I 
USHRC COMPUTER'"tOD! - XOQDOQ, V!JtSION 2.0 RUN DAT!• 02-U:.-90 

~ ••• .. PALISADfS XOQDOIKZ ••••• USIHO Ol/Ol/ll - 1~31/17 "fT DATA ••••• 

GROUND LEV!L RELEAS! - TO, OF CONTAINMEICT BUILDIHO 
a. 000 DAY DECAY, DE1'L ET!D 

ANNUAL AV!RAQ! CHI/Q CS!Cl"ET!~ CUl!Dl DISTAHC! IN "ll!S F~OM TH! SITE 
SECTO~ O.Z50 a.sag 0.750 1.000 1.500 Z.000 Z.500 3.000 3.500 4.000 4.500 

s 2.952E-06 9.4ZOE-07 5.0llE-07 3.242E-07 l.744E-07 l.123E-07 7.96&!-0I 6.0l3E-oa 4.736E-oa 3.a49E-Oa 3.ZOSE-oa 
SSH Z.650E-06 &.ll4E-07 4.37&E-07 2.537E-07 l.533E-07 9.925E-08 7.07&E-05 .5.363E-05 4.ZlSE-05 l.4SSE-OS z.aa4E-aa 

SH 2.7S6E-06 5.664E-07 4.!llE-07 2.924!-07 l.554E-07 l.030E-07 7.363E-OI S.593E-05 4.429E-05 l.616E-05 l.JZlE-Ja 
HSH 3.lllE-06 l.015E-06 5.l95E-07 3.349E-07 l.507E-07 l.150E-07 S.4&4E-OI 6.472E-OS 5.l44E-05 4.Zl4E-O& l.5llE-O! 

H 4.76lE-06 l.467E-06 7.511E-07 4.524!-07 2.593E-07 l.691E-07 1.215!-07 9.265!-0& 7.l62E-oa 6.029E-05 5.JSlE-oa 
HHH 6.llSE-06 l.949E·06 9.992!·07 6.402!•07 3.430!·07 2.237E•07 1.608!•07 l.226E•07 9.74lE·05 7.95lE-05 6.691E-05 

Nii 7.267E·06 2.197E•06 l.1201!:•06 7.1121!:·07 3.163!·07 2.5llE·07 l.SZIE-07 1.400!·07 l.ll6E·07 9.163E-05 7.699E-OS 
HHH 5.S32E-06 2.636E-06 l.334E-06 a.56ZE-07 4.620E-07 3.042E-07 2.204E-07 l.692E-07 l.l52E-07 l.ll3E-07 9.l6iE-05 

II l.OlOE-05 3.0lOE-06 l..524E•06 9.7.571!:•07 5.2.52!·07 3.462E-07 2.5UE-07 l.929E-07 l..543E-07 l.271E-07 l.070E-07 
HNE 4.l67E-06 l.230E-06 6.646!-07 4.28&!-07 2.314!-07 l . .507E-07 l.OalE-07 a.233E-08 6.534E-08 5.346E-05 4.477E-05 

NE 4.537E-06 l.547E-06 &.Z30E•07 5.289!•07 2.&21E-07 l.&03E•07 l.272E-07 9 . .559E-O& 7.502E-08 6.079E-0& 5.047E-05 
EH! 3.979!·06 1.254!-06 6.601E•07 4.227!•07 2.251!•07 1.440!•07 1.0171!:•07 7.6501!:•08 6.009!•08 4.57lE·05 4.049E-05 

E l.7.56E-06 l.207E-06 6.368!-07 4.066!-07 2.l.55!-07 1.372!-07 9.661!-0I 7.245!-0I .5.676!-oa 4 . .59lE-05 l.509E-05 
ESE 3.197E-06 1.025!-06 5.315!-07 J.437!-07 l.&Zl!-07 1.156!-07 l.lll!-01 6.067!-0I 4.743!-08 l.SlOE-05 3.171E~05 

SE 3.70SE-06 l.1&3!-06 6.209E-07 3.961!-07 2.099!-07 1.334!-07 9.377!-0I 7.022!-0I 5.495!-oa 4.442E-0& J.65DE-05 
SSE 3.782!-06 l.ZOZE-06 6.337E-07 4.043E-07 2.141!-07 l.365E-07 9.613!-0I 7.Zl4E-OI 5.656E-OI 4.579!-0I 3.5DOE-D8 

AHflUAL AVEIUO! CHI.IQ CSEC'M!T!R CUl!ll> 
SECTOR 5.000 7.500 lo.ODO 15. ODO 

DISTANCE IN MILES FICIM THE SITE 
20.000 ZS.ODO 30.000 35.000 40.000 45.000 50.000 

S 2.7191!:-0I 1.448!•01 9.205E•09 4.530!•09 3.041!•09 2.114!-0t 1 • .565!•09 1.210!•09 9.659!•10 7.900!·10 6.5!7E-10 
SSW 2.453!·08 l.ll7E•O& 1.424!•09 4.459!-09 2.&23!•09 l.971E-09 1.465!-09 1.136!•09 9.090E-10 7.4.51E-l0 6.225E-10 

S!i 2.575E•08 1.391!-0I 1.927!•09 4.751!•09 3.020!·09 2.1151!•09 1.576!-ot 1.225!-09 9.825!-lD 8.069E-10 6.753E·l0 
HSl1 3.017!-0S l.646!•01 l.064E•OI 5.723E-Ot 3.666!•09 2.5&4!•09 1.934!-0t l.510E-Ot·l.215E•09 l.0021!:-09 S.407E·l0 

Ii 4. 314E-OI 2. 352!•01 l .520E-O& I .169!·09 5.221!-0t 3.682!-0t 2. 755E-Ot 2.14'!•09 1. 729!·09 l. 423E-09 l. l 94E·09 
Hfiii 5. 714E·OB .3.119E-08 2.0UE•Oi l.Oi7E•lili 6.9&if•iit 4.9151!-ot 3.613!•09 2.8711!•09 2.318!·09 l.911!-09 1.605E·09 

llH 6.5UE·08 3.623!-0I 2.3571!:-0I l.271!•01 1.232!-09 5.SZIE-09 4.31GE-09 3.430!-09 2.7691!:-09 2.ZS7E·09 l.924E-D9 
NHW 5.027e-oa 4.440!-0S 2.899!-0I 1.580!-0I 1.022!-0I 7.252!-09 5.462!-0t 4.216!-09 3.4651!:-09 2.S67E-09 2.415E-D9 

H 9.l7SE-OI 5;0S6E-08 3.3Z.5E-01 l.&16!-01 l.176E-OI 8.3.54!-09 6.298!-0t 4.945E-09 4.000E-09 l.311E-09 Z.790E-09 
NHE 3.819E·OI 2.0761!:·01 1.339!-0I 7.177!•09 4.517!-09 3.227!-0t 2.413!•09 l.182E-09 l.5llE-09 l.246E·09 l.045E-09 

II[;: 4.274!-08 2.zue-oa l.430!-0& 7.467!-09 4.691E-ot 3.257!-09 2.409!-09 l.&62!-09 l.416E-09 l.215E-09 l.Ol3E-09 
EllE 3.431E-08 1.a21e-01 l.l.5.5E-oa 6.047!-09 3.807!-09 2.647!-09 1.960!-09 1.516!-09 l.21DE-09 9.S98E-10 5.254E-l0 

E 3.22ZE-08 1.697!-0I l.070!•01 5.566E-09 3.486!•09 Z.415E•Ot 1.713E•09 1.375!-09 1.0961!:•09 &.947E•l0 7.449E·l0 
ESE 2.679E-OI 1.404!•01 &.824E-09 4 • .567!•09 2.854E•09 1.973!-Dt 1.455!-09 1.121!•09 S.924!•10 7.282!•10 6.0S9E·l0 

SE 3.lllE-01 l.635E•OI 1.0301!•01 5.347!-09 3.341!•09 2.3191!•09 1.7121!•09 1.321!•09 1.053!-09 l.601E·l0 7.l64E-l0 
SSE 3.217£-01 l.700E•OI 1.075!-0I 5.611!-09 3.5S41!•09 2.457!-0t 1.119!-0t l.401!-ot 1.125£-09 9.206£-10 7.653E·l0 

• 

VENT AND llUILDIHO PARAMETERS• 
?.ELEASE HEIGHT CMETERSl 
or.:.::ETE!t CflETERSl 
EXIT VELOCITY CMETERSl 

58.10 
o.oo 
o.ao 

REP. WIHD H!IOHT CM!T!KS> 10. D 
llUILDIHO HEIGHT Cl'l!T!ltS> 58 .1 
BLDO.MIH.CIS.S!C.AREA cse.M!T!KS> 2000.0 
Hl!AT EMISSION ltAT! CCAVSl!C> 0. 0 

ALL GROUND LEVEL RELEASES. 

l 
USNRC COMPUTER CODE - XOQD09. VERSIOll 2.0 RUN DAT!• 02•05•90 , 

••••• PALISAD!S XOQDOQl2 ••••• USING 01/11/IS - 12'31/17 MrT DATA ..... 

GROUND LEVEL R!LEAS! - TOP 0, CONTAINMlllT IUILDING 
5.000 DAY DECAY. DEPLETED 

CHI/Q CSECl'M!TEA CUIEDJ FGa EACH S!OM!llT 
S!Oft!llT BOUNDARIES IN MIL!S FllCPI TH! SITE 

DIP.ECTIOtl .5-1 1-2 2-s 3-4 4-5 5-10 10-ZO 
FROM SIT! 

s 5.204!-07 1.aur-11 8.056!-0I 4.7631!-0I 3.2161!:-0I l.496!-0I 5.007!-ot 
SSH 4 . .56SE•07 l.512E-07 7 .151!-0I 4.2611!:-0I 2.193!-0I 1.359!•01 4.613!-ot 

SH 4. 729!-07 l.UH:-07 7 .4371!-0I 4.4521!-0I 3.033!-0I 1.432!-0I 4.909!-ot 
HSW 5.471!-07 l.&711!-07 1.51541!-0I 5 .1'91!-0I 3.544!-0I l.6921!-0I 5.902E-Ot 

H 7. 907!-07 Z.611!•17 1.2271!-07 7.391!-0I 5.069!-0I 2.411!-0I a.425!-ot 
HllH 1. 051!-06 3.5601!-07 l.'23!-97 9.791!-0I 6.712!-0I S.206!-0I 2.12111-01 

llH l. llll!-06 4.009!-07 l.&45E-07 1.121!-07 7.7211!-0I 3.7191!-0I 1.315!-0I 
llHH l.411!-06 4.795E-li7 2.2zu-11 1.358!-07. 9.393!-oa 4.552!•01 l.'251!•01 

fl l.61lE-06 5.457!-07 2.532!-17 1.550!•07 1.073!-07 5.212E-OI l.1671!-0I 
NHE 6.965!-07 Z.394!-07 1.092!-07 6.5'7!-0I 4.4911!-0I 2.uH-11 7.406!-ot 

HE 8.533E-07 ·2.917!•07 1.217!-07 7.547E-OI 5.0'7!•01 2 • .s.nE-01 7.753!-ot 
EH! 6.&65!-07 2.330E•07 1.029!-07 6.0Ul!•OI 4.0'4!-0I 1.112!-0I 6.273!-ot 

! 6 .'12!-07 2.ZSZ!-07 9.771!-0I 5.712!-0I 3.azu-oa l. 7571!-0I 5.713!•09 
ESE 5.,001!-17 1.814!-07 1.212!•01 4,77S!•OI l.U4!-0I 1.4551!•01 4.75ZE-H 
S! 6.451!-07 Z.1731!•17 9.4931!-0I 5.UD!•OI 3.'95!-0I l.6t4!-DI 5.559!-tt 

SSE 6.!&11!-07 2.2191!-07 9.721!-0I !.'911!-ll 3.115!-0I 1.75H-ll !.Ul!-H 

• 35 

20-so 

2.142!-09 
l .99'!-09 
2.141!-09 
2.612E-09 
3.723!-09 
4.97111-09 
5.HOl!-09 
7 .3271!-ot 
1.4.St!-ot 
.S.Z'4E-ot 
3.30D!•09 
2.HZE-ot 
2.441!-0t 
2.Dlll!•lt 
Z.351!•19 
2.4191-lt 

30•40 40-.50 

I.2U!-Ot 7.935E·l0 
1.143!·09 7.4SlE·lO 
l.233£-09 S.l02E·l0 
l.519!-09 l.OOSE-09 
2.162!-09 l. 4Z9E-09 
2.1951!•09 1. 9laE-09 
3.4491!-09 Z.Z9.5E·09 
4.3091!-09 2.877E-09 
4.972!-Gt l.322E·09 
1.193!-09 l. ZSlE-09 
l. 575!-09 l.220E-09 
1. .526E-09 9.94ZE·l0 
l.la.5!•09 a .987E-l0 
1.129!-0t 7.315E·l0 
l. 3lll!•Ot S.64DE-l0 
1.4171!:-09 9.246E-l0 

Rev 5 
8-1-91 



• 

• 

.-=)...2~~ 1. ~ (Cont'd.) 

I ,..... 
USNllC CO..,.UTl!:A COD! - XOQDOQ, VERSION 2.0 

~ 

RUN DAT!• 02-05-90 

•HU ,ALISADD XOQDOMZ WDH USIHO Ol/Ol/U • lZ/31/17 MfT DATA H•D 

GROUND LEV!L R!L!AS! - TO~ O~ COHTAIHM!NT !UILDINO 
. ••••••••••••••••••~ RELATIVE DEPOSITION ~!R UNIT AR!A CM••-Zl AT FIXfD ,OINTS IY DCWHNIND SECTORS ••••••••••••••••••• 

·~ 

DIRECTION DISTANCES IN MILES 
FROM SITE 0.25 o.so 0.75 l.00 l.SD 2.0D 2.SO J.00 3.50 4.00 

S 2.394E-OI 8.096E-09 4.l57E-09 2.552!-09 l.273E-09 7.718!-10 5.211!-lD J.781E-10 2.S75E•lD 2.265E-l0 
SSH l.7J6E-OI 5.S71E-09 3.014!-09 l.851E-09 9.221!-10 5.596E-10 3.784!-10 2.742E-10 z.oa5!-1D l.64JE-10 

SH l.56SE•OI 5.640E-09 2.&96!•09 l.77SE-09 l.S65E-10 5.377!-10 3.635!-10 2.634E-10 2.00JE-10 l.57SE-10 
HSH l.:2aE-OS 6.lSJE-09 l.175!-09 1.949!-09 9.711!-10 5.194!-10 l.985!-10 z.a8aE-lD Z.196!-10 1.730!-10 

H Z.941E-08 9.946E-09 5.107E-09 l.ll6E•09 l.563E-09 9.481E-10 6.410E-l0 4.645E-10 l.SJ2E-l0 Z.78lE-lO 
HNH 4.SSJE-08 l.540E-O& 7.905!-09 4.&54!-09 2.420E-09 l.468E-09 9.923!-10 7.l91E-10 5.468E-l0 4.Joae-10 

NH 4.577E-OS l.548E-OI 7.947E-09 4.S80E-09 2.4JJE•09 l.475E-09 9.976E-10 7.229E-10 S.497E-1D ·4.3JOE-10 
HHH S.346E-OI l.IOIE-01 9.Z12E-09 5.700!-09 2.141E-09 l.723E-09 l.165E-09 &.44lE-10 6.420E-10 s.osaE-10 

H S.246E-OI l.774E-OI 9.lOSE-09 5.593!-09 2.1aaE-09 l.&91!-09 l.14JE-09 8.215E-10 6.300!-10 4.96JE-10 
flrlE 2.52JE-OI l.530E-09 4.310E-09 2.6UE-09 l.341!-09 a.t32E-10 5.498E-lD 3.9841!-10 l.029!-10 2.317!-10 

HE 4.823E-OI l.6llE-08 8.374!-09 5.142E•09 2.564E-09 l.S55E•09 l.051E-09 7.617E-10 5.79ZE-10 4.563E-10 
ENE 3.710E-OI l.ZSSE-08 6.442!-09 J.956!•09 1.9721!•09 l.196E-09 8.017E•l0 5.1601!-10 4.456E•lD 3.510E-10 

E 4.01se-01 l.31ae-01 1.076E-09 4.J45!-09 z.166e-ov l.Jl4E-o9 1.812E-10 6.4J7E-10 4.&94E-10 J.as6E-10 
ESE l.630E-OI 1.221!-0I 6.J03E-09 3.170!-09 l.929E•09 l.l70E-09 7.912E-10 5.733E-10 4.359E-10 J.4J4E-10 

SE 4.4J4E•OI l.499E-OI 7.691E•09 4.7271!•09 2.357E•09 l.429E•09 9.664E•l0 7.DOJE-10 5.325E-10 4.195E-10 
SSE 4.416E-OI l.493E-OI 7.661E-09 4.709!•09 2.347!-09 l.424E•09 9.626E•l0 6.975E•l0 5.J04E-10 4.179E•lD 

DISTANCES IM "ILES 

4.50 
l .!54E-l0 
l.JJOE-iO 
l .Z77E-lJ 
l.400E-lJ 
Z.Z53E-iJ 
3.4&7E-10 
3.506E-l0 
4.095E-10 
4.0llE-10 
l.93ZE-10 
3.694E-l0 
2.~42E-10 
J.lZZE-lO 
Z.780E-10 
3.396E-10 
3.l&JE-10 

Dil!ECTIDN 
FR01'4 SITE 

s 
SSH 

5.00 7.50 10.0D 15.0D 20.00 25.00 l0.00 35.00 40.00 45.00 so.oo 
1.517!-lO 7.434E•ll 4.664E•ll 2.357!•11 l.427E-ll 9.567!•12 6.855!•12 5.147!•12 4.0DZE-12 l.197E-12 Z.6lOE-12 
l.lOOE-10 5.390E•ll J.J82E•ll l.710E•ll 1.035!•11 6.937E•l2 4.971E-12 J.733!•12 2.902E-12 2.31SE-12 1.592E-l2 
l.OS7E•l0 S.l79E•ll 3.2491!•11 l.642E•ll 9.940E·l2 6.665E•l2 4.776!·12 3.516E•l2 2.718!•12 2.227E-l2 l.515E-lZ 
l.151E•l0 5.6771!•11 3.5621!-11 l.IOOE•ll 1.090E·ll 7.3o6E•lZ 5.235E•1Z 3.931E-1Z l.056!-12 2.442E-12 l.993E-l2 
l.86JE-l0 9.l32E·ll 5.730E•ll 2.1961!-ll l.753E·ll l.175E•ll 1.421!•12 6.3241!•12 4.917!•12 3.928!-12 3 .. Z06E-1Z 
2.115E•l0 l.414E•l0 8.870E•ll 4.413E•ll Z.713E•ll l.819E•ll 1.304!•11 9.719E-12 7.611!•12 6.0IOE-12 4.96ZE-1Z 
2.900E•l0 l.421E-10 1.917!-ll 4.5D7E-11 2.728!·11 l.129E•ll l.311!·11 9.141E-1Z 7.651E-12 6.112E·l2 4.959E-12 
J.387E-l0 l.6&0E•l0 l.041E•l0 5.264E•ll 3.l16E-ll 2.136!-ll l.531E-ll l.l49E-ll &.937E-1Z 7.139E•l2 5.127E-1Z 
3.324E-l0 1.6291!-lD l.022E-10 5.165E-ll 3.lZ6E-ll 2.096!·11 l.50ZE-ll l.1ZIE-ll-8.769E•12 7.D05E-12 5.718E-12 
l.59SE-l0 7.532!-ll 4.914!-ll 2.414!-ll l.503E-ll l.OOIE-11 7.223!-12 5.424E-12 4.217E-12 3.3691!-12 2.749E-1Z 
3.0S6E-10 l.49SE-l0 9.396E-ll 4.7491!-ll 2.174E-ll 1.9271!-ll 1.3111!-11 l.037E-ll 8.0631!-lZ 6.441!-tz 5.2~7E-iZ 
Z.3511!-10 1.1521!•10 7.221!•11 3.6531!-ll 2.2111!·11 l.413E•l1 1.062E·ll 7.9771!·12 6.ZOZE-12 4.955E-12 4.044E-l2 
Z.5&2E•l0 l.265E•l0 7.939!•11 4.0l3E-11 2.429E•ll l.621E•ll 1.167E•ll l.762E-12 6.&13E•l2 5.44ZE-1Z 4.442E-12 
Z.JOOE-10 l.127E-10 7.0721!•11 3.574!•11 Z.163E•ll l.451E•ll 1.039E-ll 7.105E-12 6.061E•l2 4.147E•l2 3.9S7E-1Z 
Z.109E-l0 1.3771!-10 a.,31!-11 4.J6,E-11 2.,42E-11 1.772!-11 1.270E-11 9.5J3E-12 7.412E-1Z 5.921E-12 4.S33E-lZ 
2.791E-10 1.J71E•10 l.,G4E•11 4.349E-11 Z.6JZE-11 1.7651!•11 l.265E-11 9.495E·l2 7.313E·l2 5.191!·12 4.Sl4E-12 

SH 
HSH 

H 
Hfl!of 

tl~i 
HHH 

11 
NllE 

NE 
ENE 

E 
ESE 

SE 
SSE 

• • .. 
;,;USllRC COMPUTER CODE - XCQDOQ, V!lSIOll Z.O 1tu11 DATE• oz-v2-9o 

••111 PALISADES XCQDOlllZ ••• .. USING 01/0l/IS - 12/Sl/17 "!T DATA ..... 

GROUND LEVEL RELEASE - TOP OP COMTlIHfl!ln' IUILDING 

........................ lELATIVE DEPOSITION ~!It UNIT Al!A <,..••2J IY DC»GINIMD S!CTClS ........................ 
· · SEOl'l!llT IOUNDAU!S IN l'IIL!S 

DIP.ECTION .5-1 1-Z z-s .S-4 4•5 5-lD 10-20 za-.so 30-40 40-50 
FR0:1 SITE 

s 4 .3HE-09 1.3S4!-ot 5.llOE-10 Z.902E-10 1.144!-10 7 .9ZZ!-ll 2.456!•11 9.7l&E-1Z 5. l99E-12 3.ZltE-12 
SSH 3.l32E-09 9.67'E-1D J.150E-lD 2.1ou-10 l.J37E-10 5.744E-ll 1. 711E-11 7. O&OE•l2 3.770E-12 2.JJ4E-1Z 

SH 3. 009E-09 9.2"E-lD 3.6991-10 2. 021!•10· l. 215E-10 5.519E-11 1. 711E-11 6. 7UE-12 3.622!-12 2.242E-12 
HSH 3 .Z91E-09 1.DUE-09· 4.0.95!-10 2.216E·l0 l. 401E-l0 6.050!-ll l.176!-ll 7 .435E-1Z 3.970E-12 Z.43~E-1Z 

H S.3D&E•09 1.UH-ot 6.523!-10 3.565E-l0 2.266E·l0 9. 7321-11 3.011!-ll 1.19'!-11 6.Ja7E•l2 3.9SJE-12 
Hf!H l.214E-09 2.n11-H 1. DlOE-09 5.5UE•U 3.507!-10 1.5061-U 4.671!-ll 1.UlE-11 9.la?E-12 6.lZOE-12 

mi ~.2.57E•09 Z.551!-H 1.015!-ot 5.547E-10 3.52'E-10 1.514!-11 4.69'!-ll 1.HlE-11 9.939!-lZ 6.l5ZE-lZ 
NNH 9.644E-09 Z.910!-lt 1.116!-0t 6.479!-10 4.lUE-10 1.7691-11 5.4'51-11 Z.174!-ll 1.UlE-11 7.1"6E-12 

II 9. l\64E-09 2.9Z4E-ot 1.lU!-H 6.lSIE-10 4.041E-1D l.73U•10 5.31Z!-ll Z.1l3E-ll l.139E-11 7.0SlE-lZ 
NllE 4 . .5,51E-09 1.406!-Gt 5.595E-10 3. 057E-lll 1.943!-10 1.347E-11 Z.5HE-ll 1.026!-U 5.4781!-12 3.391E-12 

HI! S.701E-09 Z.6HE-ot 1. 070!-H 5.8451-10 3.7l5E-10 l.5961-11 4.94tl!•U 1.961!-ll 1.0471!-ll 6.48JE-ll 
EH! 6 .69lE-09 2.061E•09 l.2ZH-11 4.4'7E-10 Z.451E•10 1.2211-11 3.I071!-U 1.n91•11 l.057E-12 4. 947E-ll 

E 7 .3521-09 Z.271E·09· 9.Gl91-11 4.9St1!•10 3.1391-10 1.341!•111 4.1111-11 l.U7E-U 1.150!•12 5. 47&E-1Z 
ESE 6.5491-09 Z.023E•H l.051E-ll 4.3991-10 2.79'1!•l0 l .ZOll!-11 3.7Z4E-U l.4761-11 7.IUE•lZ 4.&79E-ll 

SE 7.9991-09 Z.471E-ot 9.1341-11 5.374!-10 l.4UE-10 1.4'7E-11 4.549!-U 1.IUE-U 9.'29E-12 5.960E-12 
SSI! 7 .S'7E•Gt Z.4'Z!-lt 9.7951•11 5,uu-11 3.40ZE-11 l.4'11-11· 4.ssu-u 1.7Hl-U 9.591!-lZ 5.936E-1Z. 

REP. HIND HEIGHT C"fT!ltS> 10.0 
IUILDINO HEIGHT C"fTEltSJ 51.l 

Vl!JIT AflD DUILDillO PAJtAr.:!Tl!llS I 
RELEASE H!IOHT Cl'l!T!JlS> 
DUl'll!TU CM!Tl!ltS> 

• 

EXIT VELOCITY CMl!TIU) 

ALL GlOUND Ll!V!L l!L!AHS. 

51.10 
O.OI 
a.OD ILDO.MIN.ClS.Sl!C.All!A csa.MfTEllSJ ZOOl.D 

HEAT !MISSION RATE CCAL/Sl!C> D.O 
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• TABLE 1.4 

1990 PALISADES LAND USE CENSUS I 
TABLE 10.11-1 

Distance to the nearest residence, garden, dairy/beef cattle and goat in each 
sector. 

SECTOR RESIDENCE GARDEN BEEF CATTLE DAIRY COW GOAT 
N >5 m1 >5 mi >5 mi >5 mi >5 mi 

NNE 1.6 mi 3.8 mi >5 mi >5 mi >5 mi 

NE 1.8 mi 1.8 mi >5 mi >5 mi >5 mi 

ENE 1.3 m1 2.9 mi 2.5 mi 4.0 m1 3.8 mi 

E 1.0 m1 1.1 mi 3.5 mi >5 mi >5 mi 

ESE 1.0 mi 1.0 mi >5 mi >5 mi >5 mi 

SE .9 mi 1.1 mi 3.8 mi 4.3 mi >5 mi 

• SSE • 75 mi 1.5 mi >5 mi >5 mi >5 mi 

s .• 5 1.5 mi >5 mi >5 mi >5 mi 

SSW .75 mi 1.5 mi >5 mi· >5 mi >5 mi 

37 
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• TABLE l .4a 

1990 PALISADES LAND USE CENSUS 

TABLE 10 .11-3 

Critical Receptor Items 

Distance 
Sector (Miles) Location/Description Item *X/Q (sec/m 3

) 

I SSE 0.48 Site Boundary N/A l.40E-06 

s o.so Residence, Palisades Park; Residence/ l.OOE-06 
3/4 mile West of 29th Garden 
Avenue and Blue Star 
intersection. 

ENE 2.50 Robinson, 18800 M-140 Beef l.30E-07 
Covert (West side of road) Cattle 

• ENE 4.00 Cecil Hodge, 16971 72nd Dairy 6.40E-08 
Street, 3/8 mile South of 
16th Avenue and 72nd Street 
intersection (West side of 
72nd Street). 

ENE 3.80 Barlett, . 19487 72nd Street Goat 6.90E-08 
i mile South of 72nd Street 
CR 380 intersection. 

NOTE: 

*Based on Palisades 5-year composite meteorological data, 1983-1987. 

• 38 
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TABLE 1.5 

DOSE FACTORS FOR SUBMERSION IN NOBLE GASES1'~ 

DFR 1 DFY2 DFS 1 DFB 2 

Kr-85m 1.17(+3) 3 1.23(+3) 1. 46( +3) 1.97(+3) 

KR-85 1.61(+1) 1.72(+1) 1.34(+3) 1.95(+3) 

Kr-87 5.92(+3) 6.17(+3) 9.73(+3) 1. 03 ( +4) 

Kr-88 1.47(+4) 1.52(+4) 2.-37(+3) 2.93(+3) 

Kr-89 1. 66( +4) 1. 73(+4) 1. 01 (+4) 1. 06( +4) 

Xe-13lm 9.15(+1) 1.56(+2) 4.76(+2) 1.11(+3) 

Xe-133m 2.51(+2) 3.27(+2) 9.94(+2) 1. 48 ( +3) 

Xe-133 2.94(+2) 3.53(+2) 3.06(+2) 1. OS ( +3) 

Xe-135m 3.12(+3) 3.36(+3) 7 .11(+2) 7.39(+3) 

Xe-135 1.81(+3) 1.92(+3) 1. 86(+3) 2.46(+3)' 

Xe-137 1.42(+3) 1.51(+3) 1.22(+4) 1.27(+4) 

Xe-138 8.83(+3) 9.21(+3) '4.13(+3) 4.75(+3) 

Ar-41 8.84(+3) 9.30(+3) 2.69(+3) 3.28(+3) 

l. mrem/y per µCi/m3 
2. mrad/y per µCi/m3 
3. 1.17(+3) = l.17x103 

*Dose factors for exposure to a semi-infinite cloud of noble gases. Values 
were obtained from USNRC Regulatory Guide 1.109, Revision 1 (October 197?) 
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• TABLE 1.6 

STABLE ELEMENT TRANSFER DATA 

F - HILK (COW) F - HILK (GOAT) F - HEAT B. 
ELEMENT m (DAYS/L) m (DAYS/L) (bAYS/KG) (VEG/S8IL) 

H 1. OE-02 1. 7E-01 1. 2E-02 4.BE-00 
c l.2E-02 l.OE-01 3. lE-02 5.SE-00 
Na 4.0E-02 4.0E-02 3.0E-02 5.2E-02 
p 2.SE-02' · 2.SE-01 4.6E-02 l.lE-00 
Cr 2.2E-03 2.2E-03 2.4E-03 2.SE-04 
Mn 2.SE-04 2.SE-04 8.0E-04 2.9E-02 
Fe 1.2E-03 1.3E-04 4.0E-02 6.6E-04 
Co l.OE-03 l.OE-03 l.3E-02 9.4E-03 
Ni 6.?E-03 6.7E-03 S.3E-02 l.9E-02 
Cu l.4E-02 l.3E-02 8.0E-03 l.2E-Ol 
Zn 3.9E-02 3.9E-02 3.0E-02 4.0E-01 
Rb 3.0E-02 3.0E-02 3. lE-02 l.3E-Ol 
Sr 8.0E-04 1.4E-02 6.0E-04 l.7E-02 

• y l.OE-05 l.OE-05 4.6E-03 2.6E-03 
Zr S.OE-06 S.OE-06 3.4E-02 1. 7E-04 
Nb 2.SE-03 2.SE-03 2.SE-01 9.4E-03 
Mo 7.SE-03 7.SE-03 8.0E-03 1.2E-Ol 
Tc: 2.SE-02 2.SE-02 4.0E-01 2.SE-01 
Ru l.OE-06 l.OE-06 4.0E-01 S.OE-02 
Rh l.OE-02 l.OE-02 1.SE-03 1.3E+Ol 
Ag S.OE-02 S.OE-02 ·1. 7E-02 l.SE-01 
Te l.OE-03 l.OE-03 7.7E-02 1. 3E-OO 
I 6.0E-03 6.0E-02 2.9E-03 2.0E-02 
Cs l.2E-02 3.0E-01 4.0E-03. l.OE-02 
Ba 4.0E-04 4.0E-04 3.2E:-03 5.0E-03 
La S.OE-06 S.OE-06 2.0E-04 2.SE-03 
Ce l.OE-04 1.0E-04 1. 2E-03 2.SE-03 
Pr S.OE-06 S.OE-06 4.7E-03 2.SE-03 
Nd s.oE-06 S.OE-06 3.3E-03 2.4E-03 
w S.OE-04 S.OE-04 l.3E-03 1. 8E•02 
Np S.OE-06 S.OE-06 2.0E-04 2.SE-03 
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TABLE 1.7 

NFA~T tN~A~ATIO~ oosr. COMM{TMENT FACTOQS(M~f.M/SOY PE~ PCI I~HALEO I~ 
SOTOP~ dO~E LIVE~ TOTAL AOOV THYROin KID~EY LU~G 
,.;3* n, 4.62·E-07 4.62E-07 4.E2.E-07 4.62E-07 4,62E-07 
8El0 ~.~~E-0~ l.2~E-04 ?.bS~-0~ o. o. lo49E•OJ 
Cl4 1.~~E-nS ~.79E-Ob J.7qE-Ob J.19E-n6 J,f9E-Ob J.f~E-06 
Nl3 ~.3qE·O~ 4.39(·0~ 4e39F·O~ 4e]9E·O~ 4,J9F-OA 4.J~E-0~ 
Fl8 ~.q2E-Ob n, 3.JJE-07 o. o. o. 
NA22 7.JTE-0~ 7,37~-os 7.37E-05 7.J7f.·O~ 7,37E-C5 7.37~-ns 
NA24 1.s~E-06 1,;4E-Ob 7.54f•Ob 7.~4l-oo 7.54E·O~ 7.54E-Oo 
P32 l.4SE•03 a.OJE-05 s.SJE-n~ o. o. o. 
AR39 (I. o. o. o. o. i.ooE-08 
AR4l O. o. (l, Q, O. 3.14E·118 
CA41 7,4~E·OS n. ~.16E·06 O. o. 6,94E•C2 
SC46 Je75E•04 Se4lE•04 le69E·04 o. 3.S~F-~4 o. 
CRSl n. o. 6.J9E-oa 41llE-08 q.45E-09 9.17E-~6 
~N,4 o. l.~lE•OS 3.S~E-06 Oe 3.S~E·O~ 7.14E.-04 
~N56 ~. lelOE•09 le~SF.•10 Oe 7.A6£•10 8195~·06 
FESS le4l~·OS ~.39E•06 2.38£•06 o. o. 6.21E-n~ 
FE59 ~.~~E-06 \.68E•05 6,f7E-06 o. o. 7e?.5~~o~ 
COS7 o. 4.~sE-07 4e5AF-o7 o. o. 2.11~-o~ 
COSB Cle ~.71E•07 le.30F.•Ob u. o. 5.~!:IF.·04 
CO"iO o. S.7JE•06 8e4H•06 o. o. 3e22E•OJ 
~IS9 l.AlE-05 Se44E•06 3.1nr-o~ o. n. 5.4~E-0~ 
Nl63 ~.4~E·O~ le46E•OS A.29E·O~ Oe n. l.4qF.·04 
Nl65 1.11E·O~ 2.oJc-10 e.79E•ll o. o. 5.HOE-n6 
CU~4 o. le34E•09 S.SJE•lO o. ?..A4E·09 b.~4E-nb 
ZN65 leJAE•OS 4.~1E•05 2·22~·05 Oe 2.~2E•OS 4e62e•J4 
ZN69~•0 ~.9BE-09 1,A4E•Od 1.67£•09 o. 7.4SF.·09 1.~l~-0~ 
ZN69 3.ssE-ll 6.9ll•ll 5el3E·l~ o. 2.s7E-ll i.osE-~6 
SE79 o. ?..2Sc-06 4.coE-07 o. ?.47E-06 2e99E·~~ 
9~82 o. n. 9,49E·06 o. o. o. 
9R83•CJ Oe Oe 2.72£•07 Oe O. Oe 
!3R84 o. n. ?..8bE•01 o. o. o. 
BR85 o. O. l,46f•08 Oe o. O, 
~R83M o. o. o. o. o. 2.soE-~9 
i<R85M O. o. O. Oe o. l.JlE·O~ 
!C.1(85 Oe Oe Oe Oe O, lel6f.·C8 
l(R87 !'. n. o. o. o. 6,59E-na 
~R88•D o. o. Oe Oe n. leJ8l·07 
~~89 o. Oe O. o. o. A.~1E-08 
~886 o. le36E•n4 · ~.JOE•OS o. o. o. 
~887 o. .7.llE•OS 2e64F.•OS o. o. O. 
~eea o. J.9aE-o7 2.osE-07 o. n. o. 
~B89•0 o. ~.29E•07 le47F.•07 Oe o. o. 
SR89•C> 2.8t+E•04 n. 8.lSE-06 o. n. l.4~E-03 
SR90•0 2.92E-C2 o. 1.ssE-03 o. o. R.OJE-~3 
SR91•0 ~.8JE•08 o. 2e47E•09 o. o. J,7bE-~S 
SR92•D 7.50E•09 o. 2e79E•l0 Oe o. le70E•OS 

:ncludes a SOS increase to account for percutaneous transpiration. 

FY~ST YRl 

GI·LU 
<1.62E-07 
l,71F-l)r; 
1.79F-tifo 
4.JQE"-1'18 
f<t,\nE-117 
7,37F:-1)5 
7.541:·0~ 

1.lSF•OS 
o. 
o. 
?,96~·117 

?..19F-05 
?.55f-117 
~.fl4F-r.o 

s.12F.-r,s 
7.82F-07 
l. 77F. -os 
3,47F-Q6 
7.9~F.:-06 

?.2~E-r.~ 
~.J4E:-07 
l.71F'~Of:i 

1.5AF'•05 
1.n7F.-o5 
~.67F'-o~ 
?.,q2E'-n5 
9,44E'-06 
3e4bF•06 
o. 
n, 
o. 
I'). 

n. 
o. 
o. 
o. 
o. 
n. 
?,\7E-Ob 
?..99E-n7 
i"e42E•Cl7 
4,87E-n8 
4,57E-n5 
9.J6E"·OS 
~.21+~-os 
1.oor.-04 
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TABLE 1.7 (Contd) 

• 
NF'ANT lNHA;_ATl0'.1 UCJSE COMMITMENT FACTORSl~~~M/~OY PER ?Cl INHALEU LN FI PST ..,.~, 

SOTQf.J~ oO...,E LI Vt:R TOTAL BOUY THY~OllJ 1<IONEY LUNG GI·LLI 
1132 l.21E•06 Z.!::IJE-06 a.9QE-O 7 le21E.•Olt 2.82E•06 o. l.36E-06 
Il33•U ~.46E•Ob l.J7E.-05 4.0oE•Ob 2e54E•OJ le60E'•OS 0 I . l.54E•06 
I lJt+ 5.S!H.-07 i.J4E:.•06 4.lSE•OI Jel8E•OS le49E'•06 o. 9,21E-07 
I 1J5 • Ll 2.7~E·Ob ~.43E·06 le'YAE•06 4."i7C.-0'+ 6.0SE-06 o. l13lf.-06 
XE131M o. o. 0. (J • o. 6177E.-09 0. 
XE13JM o. o. 0. o. 01 818'1E•O" 0. 
XE13J o. 01 o. o. 01 7.411:.-09 01 
X!::l3SM o. 01 o. 01 o. a1o~E-09 01 
X~l3~ o. n. o. o. 01 l180E•OCI o. 
Xl:.137 o. o. o. 01 o. s.Jo~-o~ 01 
Xt.138•0 01 01 01 o. 01 9.78E•Ob 01 
CSl34M•O l132E•07 2110E•07 l1llE•07 o. ~.SOE•OS 21oot.-oa l .16E•07 
CS134 2.aJt.-01.t S102E•04 S132f'•0!) 01 l136E•04- S.6"it.•OS 9,SJE•07 
CSlJ~ l.OoE-04- R166l•<J5 4173E-CJ6 o. 21saE-os l10lt.•OS 21l8E'-07 
CSlJti 31'+~t:-Ci5 'i161£·0~ J.l8E·05 01 4.0JE•OS 81401:.-06 l102E•06 
CSJ37•0 J19~E·04- 4.37E.·Oc. 3125F'·O~ 01 l123E•Olt 5109t.-os 9,SJF-07 
CS13A 316lE•IH ~.S~E-07 21C14E-O/ o. 2193E•07 .:.. 6 7t.•OCI 6126E.-o7 
<.:5139•0 2132E•O/ J.UJE-07 l122E•O/ o. l165E-07 21SJE.•08 l133E•08 
8Al39 1106£-09 710JE•lJ J107E•ll 01 '-123E•l3 4125E.·06 3164E•OS 
8Al40•0 ~.OOE•OS 4100E•08 2107E•06 01 9.59£-09 1.141:.•0J 2174E•OS 
8Al4l•O l1llE•lO '170E•l4 31SSE•l2 o. 4.6~E'-14 2.12e.-06 31J9E•06 

• E:IA1'+2•0 Z18c.E-11 2136E•l4 l1t+OE•l2 o. le36E•l'+ le llE•06 4.9SE·07 
LAl'+O J,61E•07 l143E•O., 3eb8E•Ott (JI o. l120E•Olt 6106E•OS 
LA141 C.195E•09 l140E•09 2e4SE•l0 01 o. 1122£-05 S196E·05 
LAlt+2 7.3bE•lO 2e6q£•10 6146£-11 01 01 518 7E•06 4e25E•OS 
Cf 141 l.9~E·O~ J,19E•05 l 142E•06 01 3.75£·06 J.691::•04 le54E•OS 
CElt+3•0 210'iE-07 l138t.-07 l1S8E-08 o. 4103E•08 8e30E•OS 31SSE'·OS 
CE. l t+4•Cl 2.2~£-0J a165E.·04 l126E•04 o. 3184£-04 7103f•03 1106£•04 
PRl'+J 11ooc.-os 117'+E•Ob ,..~9t-o7 o. l14-lE•06 J,09E•Ot+ 2166E•OS 
PRlt.4 3.ttcE•ll l132E•ll l 1 72f-12 01 4,80E•12 1,l!:;E•06 3106E•06 
NL>l47•0 S,67E•06 S18lE•06 3157E-07 01 2125E•06 21Jot:-04 2e23E·O~ 

PM147 ·3191£-04 3107E•OS le56E•OS 01 4193E•05 4155E.•Ott S175E•06 
PMlt+~M•O ;,ooe.-os l124E•OS 9,CJ4E·06 01 l145E•OS l122E•OJ 31J7E•OS 
PM1'+8 31J'+E•06 4e82E•O' 2144£-07 01 S176E•07 J120E•Ot+ 6104E'•OS 
P""l49 311oe-01 410BE•Ol:f l17E:IE'-08 o. 4,96E•08 61SOE•OS 3101E•05 
PM151 7152E•08 1110£•08 515SE-o9 o. l130E•08 312!:iE•OS 2.seE-OS 
SMlSl J.38E•04 6145E•05 l 16JE•OS o. S124E•OS 2,98£-0t+ 3146E•06 
SMlSJ le53E•07 lel8E•07 9106£-09 01 2147E•08 31 ·roE-os l193E•OSI 
EU152 7 •SJ! •Ott 1.77f•04 1~72£-04 01 5191tE•04 l148t.•03 9.88E•06 
EU154 2196!.•03 J.tt6E•04 2145£•04 o. l1l4f•Ol J1ost.-0J 2,A4E•05 
EUlS!:» 5197E•04 Se72E•O!t 3146£-05 o. l158E•04 S120E•Olt S,19F.•05 
E.Ul56 1.seE•OS '#e59E•06 l154E•06 o. 4,48£-06 6112E•Olt 41l4E•OS 
Tl:H60 lel2E•Oet 01 1140£•05 01 3.20E•OS l 111~·03 2el4E•OS 
i-tO l 6"M le4St.•OJ 3107E•04 2e5lf.•04 01 4122E•Olt 21osE-oJ l16SE·OS 
1111l8 l 4e8bE.•08 l14bE•08 l167E•O'l Cl 1 01 l1Jlt:-os ·2163E•07 
11185 l.57E•06 tt.8JE•07 51SHF.•08 o. o. 4-148[•04 l112E•OS 
•187 ;12bE•U9 6144E•09 21~3£-0fj o. U1 218JE•OS 2154-E•05 

• 
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TABLE 1.7 (Contd) 

INF"OH T"J~A-_.\T IC'l'll DOSF CCJ"1~lT'"'E°NT F~CTURS ("l~E'"4/50Y 
lSOTOP~ ~O~E LIV~~ TJT4L BOOY lH~ROlr 
P~210•~ ~.A2E·0~ ?,02£-0? 1.~Jf-03 o. 
er21r•n n. 1.JJr-0~ i.1~r-oh u. 
~0210 2.91'1E-03 c:;,E-Jr-03 7,l?f-04 '" 
~~I 2 2? • D 0 • 0 • 0 • 0 • 
~A2?3•D 1.5~~-~3 ~.?~L-06 J.12f-04 c. 
~A224•0 l.77E-~4 4,0CE-07 J,54E-GS n. 
~A??~+n ?.57E-03 ?.~~E-Ob S.lJf-04 o. 
RA?2b•D ~.4A~·Dl J.4ht·O~ 2.osF-01 v. 
~A228•D l.~oE-01 7,nJ~-o~ 1.~nF-Ol o. 
AC22' 1.6~E-nJ 4,72E-n3 ?.4~[-04 o. 
AC;.t27•f".l 5.?~c•!•O 8.7bE•(Jl 3.~AE•Cll O. 
TH?27•n J.~iF•O] J,0)~·05 5,24E·05 o. 
T~?2A•r !.4~~·01 l.lOE-02 ?.~nF-C2 o. 
T~22~ leJ4t•Ol l.R2E•Ol 6.n?F.-Oi o. 
T~?3~ ],46E•DO le79l•Ol 9.bS~·Oi o. 
T~23?•n 3.86E+OO 1.5)E•Ol ?.2YF·Ol o. 
T~234 le33E•C5 7,17f-07 3.A4E'·07 0. 
PA?Jl•D ~.JOE•CO i.oof-01 J.b2F·Ol o. 
PA233 ~.R~E·Ob l.J?~·Ob 1.l9E·O~ o. 
lJ?32•iJ ? • 5 7E·•ll o. ?. • l 3F." ·02 o • 
L•23J•£.> 5,44E•02 o. .1.8.'JE'·l'.IJ o. 
U?34 5.2/E•O~ o. 1e75f·OJ o. 
U?35•D 5.0lE•02 O, J.5~~-03 O. 
u?3~ ;.01~-oz n. i.h~E-oJ o. 
U237 3.zs~-01 o. A.65E-08 o. 
U238•D ~.7~~·02 o. J.~q~·03 0• 
NP?37•0 J,OJE•OO ?..JiE•Ol 1.2~E·Ol o. 
NP~J~ ~.67E•Ob ~.7J~-~A 4el6~-0~ Oe 
NP2JQ ?.~SE•07 ?..~7E•OR le34F.•OH o. 
PU2'3fl S.Oi?~••.!O f\.3JE•Ol 1.27E.•Ol O. 
PU~39 ~.soE•O~ ~.72E-~l 1.J4F•Ol o. 
PU240 ;.4~E•OO ~.71E•Ol le34~·01 o. 
PU241•0 J.S5E•Ol ~.&qE•OJ JellE-03 O. 
PU24? 3.0~E•OO ~.47E•Ol le~9F•Ol o. 
PU?44 ;.~~E•OC 7.40E·Oi l,4RE·Ol O. 
A~241 le94E•CO He44E~Ol ].JJE-01 o. 
AM?4?M 1.9oE•~o A.24E-ol t.J~F-01 o. 
AM24J i.s2E•OD A.lOE•Ol 1~21F-01 a. 
CM242 ~.s~E-02 1.44E-02 ~.10E-0J o. 
CM243 J.71E•OO 7.94~·01 l.O~F-01 o. 
CM?44 J.4JE•OO 7.04E•Ol 8.8qf-Ol o. 
CM?.4~ ~.2bE•OO R.~OE•Ol leJ6E•Ol O• 
CM?4~ ~.24l•OO R,79~·01 1.36E·Ol O. 
CM247•0 ?..l~E•OO A.~~E-01 l.JJE•Ol O. 
CM248 !e82E•Ol 7el?E•OO lelOF.•00 o. 
cr2s2 4e26E•OO O. leOlF.•01 O • 
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PE~ PC I I 1-.HALCD IN 
KI lJNE V LIJNf, 
~.85F·02 1.7~~-01 
J,,Jf-04 Y,96E-rJ 
J.30c•02 ?e4Uf·01 
o. 9.~Bt-06 
4.l~r-os 2.?~r-01 
7,JOF•Ob 7.91E-~~ 
~.JJE-n~ 2,57E-Ol 
2.94f•U4 1.83~-~l 
l.SJE-04 J,OY~•OO 
~.49F.-04 1.9~~-01 
J.86E·Ol 1.62~·~0 
l.lJE-04 3.2fE·Ol 
S.bl~·Oe 4,65~•00 
8,Q9E·Ol l.22l•~l 
~.82~·01 2.lHE•OO 
7,~4E•Ol 2.0~~·00 
2.70F.·0~ l.62t-03 
le62~•QO 3.B~E-01 
J,68~·06 2,lQE-04 
?,40F•02 l.4~E•OO 
J.09f•02 J,SbE-01. 
l.07f-02 J.49~-01 
l.OlF.•02 J,28F.•Ol 
le03f·O~ J,J5f·Ol 
A,08E•07 9,lJE•OS 
9e40E•03 J.o6E·Ol 
7,e9F•Ol J,49E•Ol 
l.47E-o7 9.t9E-ns 
4.7JE•08 4.~~f-05 
4.64f•Ol 9,0JE•Ol 
4,~5E'•Ol 8.47E•Ol 
4,94f•Ol 8,47t•Ol 
lel5F·OZ 7.62E•04 
4,77E•Ol A.JSF.•'l 
S,4~F-Ol Q.JJE•Ol 
7.~4E•Ol 4.06l-Ql 
Be03F•Ol 1.64~·01 
7,7~E-Ol J,HSE-01 
J.~9F•02 2,Q7E·Ol 
1.91E•Ol 4.?.4f•Ol 
J,?.lE•Ol 4.eOBE-01 
S.?.JE•Ol J,92E·Ol 
~.~JF•Ol J.99~·01 
s.1sr-01 J.92E-01 
4..?4E•OO J.~JE•OO 
"• le37E•OO 

Fl~5T '!'t.ll 

r.r-u .. r 
), 7q~-ns 
1,?7F-n5 
4,Jof-tl5 
0. 
3,04F-C1'+ 
~.4?.F-04 

e,~7F-04 

.l.OSE.-04 
S.l9E.-05 
?.71F-n4 
s.?n-nc:; 
3.c:;3F-Ot. 
3,62E·04 
1.?.qF.('H ... 
3,A7F.-OS 
3,29F-OS 
7.40E·05 
'••61E-('t; 
Q,04F"-n~ 

4.JbF-05 
4,0JF-05 
),QSF-05 
5,02F-OS 
3,71F·flS 
J.31E·OS 
3.54E·O~ 
s.1nc-05 
?.5Af-05 
l.7~E'-05 
4.6qE-05 
4,28F'•OS 
4,36E'·OS 
A,97E-07 
4.20E'•OS 
6,2bE'·05 
4.,78E-05 
n,OlE'-OC:, 
c:;,60F•OS 
s.1or-os 
S.02F.·05 
4,SbE-os 
4.,5JE•OS 
4,45E-05 
c;,BSE-05 
9,4JE.-nte 
1.asE-04 
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TABLE 1.7 (Contd) 

CHILD !NHAL~TIO~ DOSE COMMITMf~T rACTOU~(MRFM/SOY 

ISOTOF"t 
1-0* 
BElO 
Cl4 
N13 
Fl~ 
NAZ2 
NAf.'4 
PJ?. 
AR39 
AR41 
CA41 
SC46 
CRSl 
MN54 
M~56 

FESS 
F'E59 
~Q_S] -
COSR 
C060 
NI59 
Nl6) 
Nil'>S 
Cll6'+ 
ZN65 
ZN69,,..0 
ZN69 
SE79 
BR82 
BRAJ•O 
8RA4 
BR85 
KR83fot 
KRASr-t 
t<R85 
l<R87 
l(i;88•0 
t<R89 
RB8,, 
R887 
RB88 
RBA9•CJ 
SR89•0 
5~90•0 
SR9l•D 
S~92•0 

~O~E 

0. 
8.41f-04 
9.7oc.-o~ 
?..:UE·O~ 
J.B~E-06 
4.41E•05 
c..3'5E•06 
7.0<+E•O'+ 
o. 
o. 
7.0l!:iE•OS 
t.97E-n4 
n. 
o. 
o. 
1.2eE-OS 
3.S~E-06 

-- _Q_~_ 
o. 
o. 
lebbE•'IS 
2e22E•f'l'+ 
q.oAE•lO 
o. 
1.1;E-05 
~.2bE•09 
leAlE•ll 
o. 
n. 
o. 
n. 
o. 
o. 
o. 
I\. 
o. 
o. 
o. 
n. 
o. 
o. 

. n • 
l.ttiE•04 
?.7JE•02 
3e21:5E•OtJ 
J.S4E•09 

LIVER 
3.04E-07 
q.~JE·O~ 

l eAl?F.:•06 
2e)J£•08 
n • 
c..41E•OS 
4e35E·06 
3.0liE·OS 
n. 
o. 
o. 
2.70E•04 
n. 
1.lnE-05 
4.48E•l0 
-,cSOl!-06 
~.04E•Ob 
2e44E•07 
-4-;79E~(p 

J.t;SE•06 
4.o7E•06 
le2SE•05 
7.q9E-ll 
c;.J9E-l0 
1.0~E-05 
1.2ae:-09 
.?.6lE•ll 
le23E•06 
o. 
o. 
n. 
n. 
o. 
o. 
n. 
n. 
o. 
o. 
S.36E•05 
3el6E•OS 
t.S2E•07 
9e33~·n8 

0• 
o. 
o. 
o. 

TOTAl. ~OlJY 

3.04E-07 
2.lZE-05 
letPE•Ob 
2 •. :nE-0~ 
1.&'5E-07 
4,:.1F.:-o~ 
4. Js~:-o~ 
2.67F.'-05 
o. 
o. 
7 • ·10E-Ob 
l.O'+E-04 
4el7F.:-Ob 
2.57F.:-Of, 
8. 't JE • 11 
i!e!OE-06 
4.:,1E-06 
2eCl8E-07 
~r. ssFr~cfr 
6.12r::-06 
i!.dJE-06 
7.!;f:IF..-06 
4e'+4E•ll 
t'.9N~-l0 
le90f'•05 
8e59E·l0 
i!e'+lE-12 
2.60E•07 
Se66F•Ob 
1.2eF.-01 
le48E·ll7 
6e84E•09 
o. 
o. 
o. 
o. 
o. 
o. 
3e09E·O~ 
1 .• 37f'-05 
9.91)E'-08 
7.AJE•08 
4.~flE•Ob 
le 74E•03 
l .-Zt.E-01.iJ 
l.42E•l0 

TH"f'~OIO 

3.04E-07 
u. 
le8cE.•06 
ee33E•l'l8 
o. 
4o4lE•05 
4.35E•C16 
o. 
n. 
o. 
o. 
o. 
2e31E·ll~ 
o. 
o. 
Oe 
o. 
o. 
!}-.~ 

o. 
(J. 

o. 
I) • 

o. 
o. 
o. 
o. 
o. 
a. ,, . 
o. 
o. 
o. 
o. 
o. 
(). 

o. 
o. 
(I • 

a. 
o. 
o. 
o. 
o. 
o. 
o. 

~ER PCI IN1'1ALEu I~ J:"IPST 'f~l 
KIUNFV LlJ~u GI·LLI 
3.04E-07 3.04E-07 3.04E-07 
o. 7.41E-o~ l.7?.f-05 
leR2f•O~ lo82E•06 lo~2f•06 
2.JJE-oe 2133~-0H 2.13f·O~ 
o. o. J,J7E-07 
4e4lE-05 4.41~-ns 4,41~-ns 
4e35~-0~ 4,J3E·O~ 4,JSE·O~ 
n, O. 1.l4E·OS 
o. 4.A9E·O~ o. 
n. i.o~E-08 o. 
o. 7.21E·02 2,94f·07 
?.J9E-O'+ o. ?,4'5~-os 
6.S7c-o9 4,59~-06 ?.,9JE-n7 
?.71E•Ob 4,26E•04 ~.l~F-Oo 
4.~2E•l0 J.SSE-06 J,JJF.-05 
o, J.ooE-o~ 7.75F-n7 
o. J,4JE-04 l.lilf-05 
n. 2.31~-01+ J,58~-06 
o-;- - - - - ----i-~q9e:~-o-1+ - -,.,;-29E-i_,-,,--
o. i.111e-03 2,nnF-ns 
o. 2.73f.·05 &.29E-o7 
n. 7,43E·05 J,71E•l'l6 
n. 2.21l-n6 ?..21~-os 
l.6JE•09 2.S9E-n6 9,92E·06 
1.qJF.-OS 2.6~~-n4 4,41~·06 
'+e?.2£-09 7.J~c-nb 2.71E-ns 
1.saE-11 3.~'+E-01 2.75E-o~ 
1.11E•06 1.~9E·04 1,41F.·06 
o. o. o.· 
o. n. n. 
o. o. o. 
o. n. n. 
n. i.22~-09 n. 
o. 6.SBE-09 o. 
n. S.66E•09 o. 
o. 3.J~E-08 o. 
o. 6.~9E•Ob o. 
n. 4.ss~-o~ o. 
o. o. ?.,lf,E-06 
o. o. 2.96f.-07 
o. o. 4.b~E-09 
o. o. s.11~-10 
n. s.aJE·O~ 4.S2E-os 
n. J.9~E-OJ 9.2~E-05 
n. 1.44~-os 4,7of-o5 
o. 6.4~E-n6 ~.sse:-os 

* Includes a SOS increase to account for percutaneous transpiration . 
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TABLE 1.7 (Contd) 

• Cl'HLO lNHA~ATlON OOSE COMMITMENT FACTORS(MREM/50Y PER PCI INHALED IN rIRST YR) 
ISOTOPE BONE LIVER• TOTAL SOOY THYROID KIDNEY LUNG Gl•LLI 

Y90 l1llE•06 o. 2e99E·08 o. o. 1.on~-os 7,24E·05 
Y91M•O l,J7E•l0 o. 4e98E·l2 o. o. 7,60E.•07 4,64E•07 
Y91 ·?,c.7E•04 o. 6159E·06 o. o. 7.lOE.•Ot.t 4,97E-05 
Y92 s.soE-o9 o. le57E•l0 o. o. 6,t+6E.•Ob 6,46E·OS 
Y93 S,04E•08 o. le3BE·09 o. o. 2.011:.-os l,05E•OO. 
ZR93•0 2,07E•Ot+ 7.80E•05 s.ssE-os o. J,OOE•Ot+ 7.1 OE.•04 l,47E·OS 
ZR95•0 S.lJE•OS lel3E•OS 1.ooE-os o. le61E•OS 6.0Jt.•04 l,6SE•05 
Z~97•0 s.o7E•OB 7,J4E•09 4e32E•O<j o. 1.osE-08 J,06E•OS 9,49E·05 
Nt:t9JM l e27E•Olt 3e17E•OS le04E·OS o. J,44E•OS le04t.•04 2,4SE•06 
Nt195 6.JSE•06 2e48E•06 le77E•06 o. 2.JJE-06 l166t.•Ot+ l,OOE•OS 
N897 lel6E.•10 2. 08£.•ll 9,74E•l2 o. 2.JlE•ll 9,2JE•07 7,S2E•06 
"4093 o. Je76E•06 le35E·07 o. le06E•06 le70E.•04 · J,78E·06 
fll099•0 o. 4e66£•08 lelSE•OB o. le06E•07 J,66t.-os J,42E•OS 
TC99M tt.81E•lJ 9eltl£•13 1. 56E•ll o. le 37E•ll z.s1E-01 l.JCE•06 
TC99 1.J4E•07 lelt9E•07 s.Jsc-oe; o. 1.;sE•06 J,J7E.•Ot+. 7,7SE·06 
TClOl Zel9E•li+ 2e30E•14 2e91E·l3 (le J,92E•l3 1.saE-01 t+,41E·O~ 

RU103•0 1.ssE-01 o. 2.~0E•Of o. le90E•06 1.7~E-Ot+ le21E•OS 
RUlOS•O ltelJE•lU o. 1.soE-10 o. 3e63E•l0 4,JOE.•06 2,69E•OS 
RU106•0 . 3. 68E•05 o. 4e57E·06 o. 4,97E•OS J,87E.-03 lel6E·O~ 

RMlOS J.91E•09 2e10E•O'i l179E•09 o. Se39E•09 7e82E•06 1.JJE-05 
PD107 o. 216SE•07 2e5»1E·08 o. le97E•Ob Jelbt:.•O:. 7.26E•07 

• POlO'i o • le48t:.•09 4e'i5E•10 o. 7,0f>E•09 6e lbE•06 2e59E•OS 
AGll0,. ... 0 ,. .• 5t)f •06 J.OHE•Of> 2e47E·06 o. ~.74E•06 l e4ttt:.•OJ 2.71E·OS 
AGll l le81E•07 Se6BE•08 3e75E•08 o. le71E•07 7,7JE•OS 2e98E'•05 
COll JM o. 4e93E•04 2112E·05 o. 5.1JE•04 6e94t£•04 l,6JE•OS 
COllSM o. 7e88t:·O~ Je39E•06 o. Se93E•OS S,86E•04 4,97E•OS 
SN123 1.2~E-04 2el4E•06 4e l 9E•Ob Z127E•06 o. 9.!»9t.•04 4e:05E·OS 
SN125•0 1te95E•06 9e94£•08 2.~SE•07 le03E•07 o. 2.1+Jt.•04 7,17E•05 
SN126•0 !te2JE•04 leOltE•OS 2e36E•OS 2·84t.•06 o. JeOC!t::•OJ 1,6JE•OS 
56124 1.ssE-OS 2.ooE-07 Se41E•06 3e41E•08 o. 8e76E•Ot+ 4.43E•OS 
SE:f 125•0 2,66E•OS 2.osE-01 Se59E·06 2146E•08 o. 6.27E•Olt 1,09E•OS 
58126 . le 7lE•06 2e62E•08 6el6E•07 leOOE•Ott o. 2e86t.•Ott S,67E•OS 
58127 l1Jbl•07 2e09E•09 4e70E•Ott 1·51E•09 o. 6.17E.·05 J,82E•OS 
TE125M le82E•06 6e29E•07 2e47E•07 !:le20E•07 o. le29f:.•04 9,JJf•Ob 
Tf.127M•D ~.7C!E•06 2ellE•06 8el6E•07 le64E•06 le72E•OS 4,oot.-04 l.93E•OS 
TE127 7.4'iE•lO 2e57E•l0 l16SE•lO SelOE•lO le91E•O'i 2e71E.•06 1.S2E•OS 
Tf.l29M•U Sel'iE•06 le8SE•06 8e2ZE-07 l • 7U::•06 le36E•O!:I 4,76~·04 4,91E•OS 
TF.129 2e64E•11 9.45E•li 6e44E•l2 l • 9JE•ll 6e94E•ll 7,9Jt.-07 6,89E•Ob 
TElJlfi,..D 3e6l£•0ts le60E•08 h37E•Ott 2e64E•08 le08E•07 S,S6E·O~ 8,32E•OS 
Tt.131•0 ;,f'7E•l2 2e2t1E•12 1. ·reE-1 ~ 4e59E•1Z 1. 59E• l l ~.S~E-07 J.60E'•07 
TE.13?.•0 le30f•07 7e36E•08 7.J2F.-08 8e58E·O~ 4,79E•07 1.02t:-01t J,72E•05 
TE13Jfl4•0 2.93!•11 leSlE•ll l 1SOF'•ll 2e32E•ll 1.0lE•lO 1.60~-06 4,77E·O~ 

TE134•0 leSJE•ll 8e81£•12 'ie40E•l2 l •24E•11 S.71E•ll le23E•06 1t.en:-01 
1129 1.osE-os 6.40£•06 5e71E•06 tte28E•OJ le08E•05 o. 2. lSE.•07 
1130 le2lE•06 4e43E•Ob ?e28l•Ob 4te99£-o.;. 6e61E•06 o. l,J8E'•06 
Illl •O leJOE•OS lelOE•OS 7e37t.•Ob 4el'iE•O.J 2el3E·O~ o. 7,68E•07 

• 
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TABLE 1. 7 (Contd) 

• ; 1 LO IN~A~~Tt~~ OOSE COM~ITMt~T ~ACTO~S(MMEM/SOY PER PCI lNHAL.EO lN F'IRST Y~l 

;OTOPt. 30~€ LI VfR TOTAL BODY THYROID KIDNEY LUNG GI-LL I 
1132 S.72E•07 l.lOE•06 i:;.011:.-01 =·23E•05 l.69E·06 o. 8,6Sf ·07 
tl33•U C+,4dE•Ob S,49E.•06 2.oaE-06 le04E•03 "'•13E•06 o. l,48E·06 
[134 3.llE.-07 5,84E.•07 2.o9E-07 l137E·O~ 8,92E•OI o. 2.saE-01 
[\35•0 l 1 3JE•Oo d.36t.•Ob lol2f•Ob 2ol4E•04 3,b2E•Ob o. 1.20E-06 
<U31M o. o. o. o. u. 3,JOE·O~ 0. 
(El33M o. o. o. o. o. 4.3~E.-0"' 0. 
<!:.133 o. o. o. 0. o. 3.66E.-09 o. 
<E.1 JSM o. o. o. (). o. 4,4ijE•09 o. 
<f.13!:-i o. o. o. o. o. 9. 01.iE.•O<j o. 
(E.137 o. o. 0. o. o. '+.on.-o~ o. 
(fl 3b•D o. o. o. o. o. s .111:.-or:s o. 
:s l J4M•() ~.JJE.-08 R.92E•08 bel2E·08 o. 4,94E•08 8.JSE•09 7,92E•08 
:s134 le7bE•04 2,74E•O'+ 6e07E·OS o. 8,9JE•OS 3e27E:.•OS l.O'+E•06 
:s 135 !1.2JE.•05 4elJf.•05 4e45E•06 (i. l .~JE•OS s.221::-06 2,17E-fJ7 
:s136 lQ76E•05 4.62E•05 3.l4E•OS o. 2.ssE-o·s 3.931:.•0b l.13E•06 
:5137•0 2. t+:;E.-0 Ct 2e23E•04 J,47E•05 o. "l,6JE•05 2e81E•05 9,7SE=07 
:5138 le71E•07 2.27E•Of le:.OE•O/ CJ • l,68E•07 le84E.•O& 7.29E.-08 
:5139•0 l.09E•07 lel5E•07 s.~oE-oa o. 9,08E•OS 9,)6~-0'i 7.23E·l2 
I Al 39 4,9'3E•l0 2.66E.•l3 1. 45£-11 o. 2,JJE•lJ l.56t.-06 1,56E·O= 
IAlt+O•O 2.ooE•OS le75E•08 lel7E•Ob o. ~. 71E•09 417lt:•04 2.75E.-05 
1Alt+l•O :;. 2CoiE.•l l 2e95E•l4 le72E•l2 o. 2,SbE•l4 7,89E•07 7,44E'•C8 

• 
1Al42•0 l e35E'•ll 9,73E•l5 1, !;.4E•l 3 o. 7,87E•lS 41441::-07 7.41E•l0 
.Alt+O le7t+E•07 ft,08E•08 2eU4f•Od o. o. 4e94E•05 6.10E-os 
Al4l 2.2ttE•09 5,JlE•lO lelSE•lO o. o. 4,48E•06 4,J7E-os 
Al42 3e50E•l0 lellE•lO 3e49E·ll o. o. 2e3Sf.·06 2.osE~OS 

:~lt+l le06E•OS 5.28t.•06 7.~JE•07 o. 2131E•06 l e4 7E•04 1,SJE•OS 
Elc.J•O 9,8'"'E•08 S,37i•Ob 7e77E.·O'i o. 2126E•08 3.121:.-os J,c.4E-os 
El44•0 le83E•03 5.72~·{14 9e77E•OS o. J,17E•04 le23E•OJ leOSE•04 
Rl43 c..9~E.-06 l,SOE•06 2,i+7E·01 o. 8,l1E'•07 lel7E·O- 2,6JE-05 
·~144 le61E•l1 4,99E•l2 8elOE•ll o. 2164£.•12 4e23E•07 S.32E•08 
0147•0 Z.92E•06 2e36E•U6 l e84E•O I· o. le30E•06 Se87E•05 2.22E•OS 
~1'+7 3e52E•04 ~.52E•O" le 36E·05 o. 4,4SE•05 2.2ot.-01t S,70E·06 
"4lt+8M•O 3,JlE•OS 6,5SE•06 6.3SE•06 o. 'le 74E•06 s.12~-o,. J,SBE•OS 
"4148 le61E•06 l,94E•07 le2SE•07 o. J,JOE•07 le24t:•04 6,0lE•05 
"1149 let+TE•07 le56E•08 8145£·09 o. 2175£•08 2.1+ot.-os 2,92E-os 
"1151 J,S7E•08 4,JJE•Oq 2e!2E•09 o. 7135E•09 le24E.•OS 2,soE.-os 
"41s1 J,lttE•Olt 4,7SE•05 le49F.•05 o. 4,89E•05 le48E•Olt J,43E•06 
Ml53 7.2ct£•08 41SU.•Oi 4.JSE•Oll o. l.37E•08 le37t.•OS 1.a1E:-os 
Ul52 7,ttcE•04 le37E•04 l16lE·04 o. 5.73£•04 9.00E•04 l.l'+E•OS 
Ul54 ?,74E•OJ 2e'+'iE•04 2~·21E•04 o. 1,09E•Ol le66t.•Ol 2,98E·OS 
UlSS s.60£-0• ... ose:-os 3el8E•05 u. J,51E•04 2.1~t.-04 5,J9E·OS 
Ul56 7,89E•06 t+,2JE•Oet 8.7SE•07 o. 2,72E•06 21St+E•Ot+ 4e2'+E•OS 
11160 7,79£•05 o. 9eb7E•06 o. 2.32E•OS 5.34£•0'+ 2.2eE-os 
Ol66M lelC.E•Ol 2.81E•04 2e.37E•04 o. 4,0lE•04 lel3E•Ol le63E•05 
181 2e6bE•08 6,52l•09 8,99E•l0 o. o. S.71E•06 2e61E•07 
185 Se31E•07 2.oeE-01 2e91E•08 o. o. le8bE.•O .. l.llE•OS 
187 4e41E..•09 2e61E•09 lel7E·09 o. o. 1.111:.-os 2,t+bf•OS 
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TABLE 1.7 (Contd) 

CHILD I~HALATION DOS[ co~~lTM~~T FACTO~~(MWEM/SOY 
ISOTOP~ 30~~ LIVf~ TOTAL ~OLY THY~OID 
PH2l~•D ~.03E•02 t.@SE-02 3.l~F-03 o. 
PI210•D ~. 5.llE-06 5.b~E-OT o. 
PC21V I.70E•OJ ?.7~E-r.3 4.09E·O~ o. 
Rt\;?22•[) O. n. O. u. 
~A?.23•0 7.~~E-C4 A,S9E-n7 J,54f-04 o. 
~A?24•D ~.44E•05 l.5JE-07 J.6~E-05 Q. 
~A?2~•0 l.2~E-03 lel4E·Ob 2.~~E·O~ O. 
~A?2~·~ ?.34t•Cl 7.~~r-Ob l.~?f·Ol O. 
PA?2~•1> l.4~E·Cl J,Q4C"•06 l.M~f-01 O. 
AC?2~ J.81E•OJ l.e7E•03 le21F•04 o. 
AC227•0 4.96E•OO ~.osE-Ol 1.07E-Ol o. 
TH227•n ;.?4E·O~ l.?bF.-05 2eb7E-05 o. 
T~~2A•O Q,QbE•Ol le04E•02 2.7?~·02 Oe 
1~229 t.2~E~Ol J.7~E-Ol ~o3lE·Ol Oe 
TH230 3.~0E•OO J.73f.•Ol 9e20E·02 Oe 
TH232•0 3.68E+OO J,47f--Ol l•2~E-01 c. 
T~234 S.94E•Oh 1.CIE-07 2.onE-07 o. 
PA2JJ•n ~.~?.E•OO 2.~~l-01 J.4~E-Ol o. 
P~?JJ 4.l4E•Ob ~.48~·07 7.2~E-07 o. 
U?32•U ~.l9f-r1 o. i.~oE-02 o. 
U233•D 4.64E·O~ n. 2.s2E-OJ o. 
U?34 4e46E-~2 o. 2.7~E-OJ o. 
U235•0 4,27~·02 o. ?,59E·03 o. 
U23b 4+27E•02 o. 2.~~E-OJ o. 
U?37 le57E•07 n. 4el7F•Ob 0• 
UiJB•J 4.0~E·O~ o. ?..~2E·03 o. 
N?237•0 2e8dE•OO 2+21E•Ol 1.1qF.•Ol O• 
N??J~ 1,?bE•Cb ?..S~E·O& le97E•OH O. 
NP?J9 1·2~E-07 9.0~E·09 6.3~~-0~ Oe 
PU23~ ~.7/E•OO ~.o~E-01 le2lf•Ol o. 
PLl?3C1 ;,24E•IJO ~.44E•Ol le2HE•OJ O. 
PU~40 ~.?.JE•OO 6e43E•Ol le~7f•-Ol o. 
PU?4l•O J,46E•Ol ~.33E•03 ~.91f•OJ O• 
PU24?. ~.~Sf•OO ~.2UE•Ol l.23E•Ol O. 
P~?44 ;.~7E•no 7.lOE•Ol t.4lf-nl o. 
AM?41 1+74E•OO 7.8~E-Ol lel4f•Ol Oe 
AM242M t.79f•OO 7.~SE•Ol J,27E•Ol Oe 
A~?43 1+72E•OO 7.53E•Ol .1.~or-01 o. 
C~24i ~.33E•02 ~.~4E•02 4,20£•03 o. 
CM?4~ le61E•OO 7eJJE•Ol 9e9~F.-02 Oe 
CM?.44 le33E•OO 6.4~E-Ol ij.J1E-oc o. 
CM245 ?..14E•OO ~.lbf•OJ t.2AE·Ol Oe 
C~246 ?.\~(•OQ ~.1~~·01 le2BE•Ol o. 
CM247•0 ?e07E•OO ~.02E•Ol t.2~E-Ol O+ 
CM~48 1.7?E•Ol ~.61E•OO le04E•OO O. 
crzs2 3.92E•oo o. 9.JJE-02 o. 

48 
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PE~ PCI l~~ALEU lN FIPST Y~l 
)'!. lDNF'f 
~.31F.•Oi? 
S,7bE•OS 
~.ASE-03 
n. 
2.36F·05 
4,0~r-Ob 

3,n2E-OS 
?.03E•04 
l.04f'•04 
l.99f-04 
t.77E'•Ol 
6,67F.-CJS 
S.41E•02 
A .. '-~f'-01 
8,!;2f.•Ol 
7,?.8E•Ol 
l.t-2E•06 
t.56(•00 
2.JBE-06 
l.67E•02 
7.62~-03 
7,47E-n3 
7,0lE-03 
7.l,,E'-03 
4,5JE•07 
"'•55f•03 
7e4lE•Ol 
A.l~E-OA 
2e63E•OH 
.t..,47E•Ol 
4,78£-01 
4,77E•Ol 
lelOF•02 
4,tiOE•Ol 
5.27E•Ol 
7.63E•Ol 
7,71f'•Ol 
7,t+2F.'•Ol 
l.34E•02 
3+74E•Ol 
J,OfiE•Ol 
S.03E•Ol 
S.C\JE•Ol 
4.9SE•Ol 
4,08E•OO 
o • 

LUNG 
8.7t..t::-02 
3.70F:.-03 
i.os~-01 
4.82E-11b 
8,4cH:.•02 
2e92E-P2 
9,7'+t:-n2 
J.90E.•Ol 
5,37E•Ol 
7.37E.-02 
a.o4t::-01 
le26E•Ol 
J,J4t::•OO 
le04E:.•Ol 
l.BSE•OO 
le77E+OQ 
6.JlE:.-04 
le92E-Ol 
9.77E-05 
7e4?.t:.•Ol 
le77E·Ol 
le74E•Ql 
1.63~-0l 
l167E•Ol 
J,40E•OS 
1,;JE-n1 
le74E•Ol 
·J.J9t:·l1~ 
1.cs1t::-os 
f,,08E·'H 
S.72E-til 
Se71E•Ol 
s.06E-01+ 
s.soE-01 
6e30E•O! 
?e02E•Ol 
8,14E•02 
le92E·l'l 
le31E•Ol 
2el0t:.•Ol 
2e02E•Ol 
1+95E-nl 
l. li9t:-<' l 
le95E•Ol 
le61E•OO 
6e62E•Ol 

GI•LLI 
1.7~E-r.' 
3.21F.·0~ 
t...32~-n' 
0. 
1.oor:-0· 
3.34E·0' 
2.~4F·0' 

~.02f.•0' 
5,\t..E-0'. 
fl,67F-o• 
s.22~-o: 
:l,49r-o' 
3.~9r-o' 
1,.27E'·O• 
J.84F.•O'. 
3.27F•O' 
7,32E-r.· 
4.sn-o: 
~.95E•O· 
4,J3E:•0 1 

4,00E·O' 
'le92E·n~ 
4,9AE"-n' 
3,67E'-n~ 
t.2~F-cir 
3,SIE-or 
S.06f·O~ 
2.SOF·O~ 
l.73E·O~ 
4.~SF-n: 
4,24F·O~ 
4,31E-o: 
a.9of"-o-
4. l6E-o' 
6.20F·<i: 
4,73F·O~ 
S,96E•O:' 
s.ssF-o: 
5,06E·O~ 
4,9AE·o~ 
4e82E·O~ 
4.49F.>-o~ 
4.41E'-(I: 
5,BOE'·O~ 
9.JSF·O' 
l.S'+E•O'-
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rEEN I~~ALATlO~ DO~F. 

[SOTOPF. '30"-IE 
'"'3* 0. 
~Elo ?.7~E-04 
Cl4 i.2SE·O~ 
~13 Q.~~E·O~ 

Fle ~.ScE-07 
P.1 6 t' 2 1 • 7 ti E • n S 
~AZ4 l.72i·O~ 
P32 ?.3oE•04 
AR39 n. 
AR4l o. 
CA4l ~.o~E-05 
SC4~ 7,24E•OS 
CRc;l o. 
~Nc;4 Ce 
... N56 0 • 
FE~S ~.lUE•Ob 
FES9 t.9qE·06 
coc;1 n. 
case o. 
C060 o. 
NIS9 5,44£•06 
~163 7.2~E·OS 
Nl~S 2.7~E·l0 
CUfl4 O. 
7~65 ~.~~E-06 
Z~o~M•O l.4~~·09 
Z~~9 ~.04E•l2 
SE79 ~. 
BR82 (), 
H~BJ•D o. 
8~AC. o. 
B~RS o. 
l(R8J~ Cle 
t<~F!S~ Cl. 
K~BS n. 
1<~87 I'\. 
l(l"AB•D n 1 

K~RQ O, 
?886 o. 
RA&7 01 
R~BB ~1 
R8£'9•0 U1 
SRR9•0 ;,c.JE-~5 
5~90•0 l13SE-n2 
s~9l•O 11\0E-nR 
S~9?•0 \,\9E•09 

TABLE 1.7 (Contd) 

CO~MITMfNr FACTO~~(MMt~/SOY 

LIVE~ roTAL BODY T~YROl~ 

1.59E-07 1.59E-07 1.59E-07 
4o33~·05 7.09r.-n6 o. 
"-109E-1"17 6.n9E"·07 ~.11~f-c7 
~.65[-0Q 8.~~F-c~ ~.~s~-09 

o. 7o1M:-of o. 
t .·76E.•05 I• 71'1~-0~ l • 7f1E"•OS 
l172E•06 l.7?E·06 l172E·C~ 
l137E•OS R,9~E·Ob o. 
o. o. o. 
n. 
o. 
l14lf.•<'4 
o. 
Fi,J9E•06 
'?112~·10 
2e98E•Of, 
4162~-Q(J 

lil~E-07 
i?1S9E•O/ 
t.8~E-Ob 
?.02£-0h 
S143E•C\b 
~1M1E•l l 
?..54E•l0 
l1f!7E•05 
J13'1E·O~ 
l1lSE•ll 
514JE•0 1 
01 
n. 
,, I 

n1 
n1 
01 
111 
01 
01 
n1 
?1J8E-os 
l1ttoE-os 
61f.!2E•C\8 
1•14-0f-08 
o. 
01 
n1 
t) I 

o. 
4.Jl-IF.·Ob 
41lat-os 
l.6~f"-OR 
11osE-06 
3 .1!:'E•11 
f.1~3E•07 
1. 79~-o~ 
lil~F:-07 
'3,47E-07 
?.14t'E•Of\ 
9.24E·07 
2147E-06 
J.~qf-11 

· l • o fiF. • l n 
7.~oE-Ob 
JellE·lO 
Re07E•l3 
€'1 flF.•OH 
2e2AE•06 
4130E•Ott 
S141E-08 

·2129f-0Cj 
01 
n1 
01 
o. 
o. 
Cl • 
l10SE-05 
41S8E-06 
3140E·08 
2191E·OB 
1156~' ·06 
P.JSE-04 
4·.J9E·l0 
S10SE-11 

o. 
01 
01 
9.37E•0'1 
01 
01 
U1 
01 
(J. 

(i • 

01 
(J • 

01 
01 
(Ii 

o. 
01 
01 
01 
01 
01 
01 
o. 
01 
01 
n1 
o. 
01 
o. 
01 
o. 
01 
01 
01 
J1 
01 
01 

PE~ µCI INHALED IN FlQ5T YQl 
KllJNtY 
1.59E-07 
I'). 

ie..oYE•07 
A,o5E•09 
o. 
l.7hi:=-o5 
l. 72£-:-06 
01 
01 
('I I 

n. 
t.JSE"·O~ 
1.El4F.:•09 
l159F.-06 
? • 24F•.l 0 
01 
01 

" I o. 
01 
01 
n1 
1'11 
s1ou::-10 
1. Ot:lf.·O~ 
21 Oflf.•O':i 
7153E•l2 
A113E'•07 
01 
01 
n1 
(\. 

n1 
01 
01 
01 
n. 
t'l 1 

n1 
1'11 
01 
01 
01 
n1 
01 ,, . 

LIJNG 

1.59E-07 
J.R~c-C• 
6.0~f-07 

~ae5~· 11 9 
0. 
\.7nt.-ns 
i.72E-no 
o. 
4.00E·O~ 
l.441:.-0~ 

leOlE.-01 
01 
~.c2F.-l'lo 

l14AE.·04 
le 'lOF..•Of', 
l 1 r;:,c.-os 
l191E-ti~ 
11 :nF.-ns 
l1b~E-U4 
}.ll9E•OJ 
l.t+lE·i15 
31d4l·OS 
l.17E-o6 
l 1 J~f".-06 
1.ssF.-04 
J .... 92E-n6 
(1c;Mt.-r7 
7e71F.·OS 
01 
o. 
01 
01 
9.971::-10 
S14bt.·C'~ 
4163E-09 
2182E·O!:t 
S.l:HE·'d~ 
31FJ~E-Od 
01 
01 
o. 
01 
J.02E•04 
210oE-nJ 
7.S"if•l'b 
J.4JE•4'b 

GI-LLI 
1. 59E-07 
1.1n .. o~ 
1..09F.:-07 
~.651'.-09 
J.89!'."-l'I~ 

J. 7Fo!f-1'15 
l.7?E'·O~ 
1.1,,F.:~OS 
o. 
o. 
3e01F-rl7 
,,qAF"-(1~ 

J,7SF-07 
A,JSF·O"' 
71\P.~-""' 
7199f.-n7 
?.2JE-nS 
11Q3F-n6 
l.19F-os 
J,?.4F.-1'5 
6.4'3F'-07 
1,77F-ot-t 
4. s QF_'.-('11'1 

7.6BF·06 
c;.BJE•Ofl 
2.l4E•05 
:1.SflF-08 
3.SJE•n." 
o~ 

01 
(I • ,, . 
o. 
o. 
01 
n1 
01 
o. 
?..21E'-n6 
310C,F-07 
3,ft5E·lS 
4.22F.'·l 7 
4164F.-ns 
q,5t,E-05 
J,241'.·0S 
1.1+qe:-os 

* Includes a 50% increase to account for percutaneous transpiration . 
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TABLE 1.7 (Contd) 

• TEE~ INHAt.ATlON OOSC: COMMITMENT rACTORS(M~E.M/SOY Pt:R PCI INHA~EO IN rIRST YR) 
ISOTOPE BONE LIVEM TOTAL BODY THYROID KI ONEY LUNG GI·LLI 

Y90 3.73E•07 o. 1.ooE-01:1 o. o. J.66E.•05 ~.99E•O 

Y91 "4•0 c..63E•ll o. 1.77E•l2 o. o. 4.ooe.-01 J.11e.-o 
Y91 B.26E·05 o. 2.21E·06 o. o. J,67E•04 s.11E-o 
Y92 l.8c.E•O'I o. s.J6E'-ll o. Cl • J.J:,E.-06 2,06E·O 
Y9J le 6'1E•Ot:t o. 4.65E·l0 o. o. l.01tE.•OS 7.24E-O 
ZR93•0 6.8JE•05 3e38E•OS le84E .. 05 o. l.16E-04 31671:.-04 l160E.•O 
ZR95•0 le82E•OS S.7JE•06 3e94E•06 o. 13.42E•06 J.36f.•04 l,86E•O 
ZR97•U 1.72E•08 3e40E•09 l .57E·09 o. s.1sE-09 l.62E•OS 7.88E•O 
Nl:i9JM 4el4E•OS le36E•05 J.41E•06 o. l.59E•OS Se36E•05 2.52E•O 
NS95 21Ji:!E•06 le29E•06 7.0SE•07 o. l.2SE•06 9.J9E•05 l.21E·O 
N897 J.92E.•ll 9e72E•l2 3.SSE·l~ o. 1.14E•ll 4e91E•07 2, 71E·O 
"4093 o. l.66E•06 4.52£-08 o. Se06E•07 e.e1E-OS J.99E·O 
M099•0 o. 2e llE•08 4.0JE•09 o. Sel4E•08 J,921:.•0S J.J6E•O 
TC99M l.7JE•l3 4e83E•ll 6e24E•l2 o. 7e20E•l2 le4'+E•07 7,66E·O 
TC99 4elt~E-t>B 6eSdE·O~ le79E•08 Oc a. 351:::. .. 01 l • 7 41::>· 04+ 7.99E·O 
TClOl 7.ttOE•lS 1.05£•14 l10JE•lJ o. l.90E•13 8e34f::.•Ot:t l.09E·l 
~UlOJ•O 2.63E•07 o. lel2E•07 o. 9.29E•07 9e79E:.•05 l.36E·O 
RU105•0 l.40E•l0 o. 5.42E•ll o. 1,76E•l0 2127E•Ob l.13E•O 
~Ul06•0 1.2JE•OS o. i.ssE-o& o. 2e38E•05 2.01£.-0J l.20E·O 
RH105 l.32E•09 9e48E•l0 6,24E•l0 o. 4e04E-09 4eO'iE:.•06 1. 23E•O 
P0107 n. 1.11£.-07 8e39f•Oli o. 9.J9E•07 le63E•05 7.'+9E•O 

• P0109 o • 6.56£•10 l.66E·l0 o. J.36E•09 3el9t.•06 l,96E•O 
AGllOM•O le7JE•06 1.64f.•06 9,<:i9E•07 o. 3el3E•06 8e44E•04 3.'+lE•O 
AGl 11 6e07E•08 i!152E•08 1.26£-08 o. 8.17E•08 4.oot.-os J,OOE•O 
CD113~ o. 2•17E•04 1.10£-06 o. 2.4JE•04 Je5i,JE•04 le6BE'•O 
CD115M o. J,48E•OS lel4E•06 o. z.e2E-OS J,OJE•04 S,lOE•O 
SN123 C.eJlE•OS 9e44E•07 le40E•06 7.SSE•07 o. 4e96E•04 ~.16r•O 

SN125•0 le66E•06 4142E•08 9e99E•08 l•4SE•OS o. 1.26E•04 7,2'7E•O 
SN126•0 2.11n:-oc. Se39E•O#J 8.Z4E·06 l•42E•06 o. l172E•Ol le68E•O 
58124 s.3s£-o6 9e92E•08 21lOE•06 1·22E•08 o. c..81£.•04 4,98F•O 
51:1125•0 9.2JE•06 1·01E•07 2. rsE-06 e.80E.•O'i o. J.42E•04 1.24E·O 
Sl:H26 6el9E•07 le27E•08 2eZJE•01 J.SOE•OCI o. leSSE:.•04 6,0lE·O· 
58127 1t.61t£•OH 1h92E•l0 1e75E•08 !t•21E:.•l0 o. J. 311:.•05 J.9'+E•O' 
Tf.125M 6elOE•07 2.eoE.-07 8e34E'•Od le7~E-07 o. 6.7ot.-os 9e38E•O 
TE127M•O 2e25E•06 i.02E•06 2.7JE•07 S.48E.•07 B.17E•06 2e07t.•O't },99F.'•O 
n.121 2e51E•10 1.l4E•l0 S.S2E•ll 1.77E•l0 «ielOE•lO le40E.•06 l .OlE•O' 
TE129•h0 le74E•Ob 8e23E•07 2.s1E-07 s.12e.-01 6e49E·06 2e41E•I)'+ S,06E'•O' 
TE129 8e87E•12 lte2ZE•lZ 2.20£-12 ~h48E•lZ 3e32E•ll 4el2E•07 2102E·o· 
TE131M•O l.?JE•OH 1.su.-09 5e03E·O~ ~.06E·O~ !,e49E•08 2e97E.•OS 7.76E•Or 
TElll•D 1.~7E•12 le04l•12 6e30E•JJ 1.ssE-12 7.72E-12 2192E•07 1.89E•O' 
TE132•0 tt.SOE•08 le63E.•08 2e74f•08 J.07E•Ott 2e44E•07 Se61E·O~ 51 79E•O' 
TE133M•O 1.01E•ll 7.JJE•l2 s.11e-12 ~.18E•l2 s.01r-11 e.1u.-01 l123E·o· 
TE134•0 S.J1E•lZ 4e3SE•l2 3e64E.•12 4.46E•l2 2.9U•ll 6e7St:•07 1,J7E•CI' 
1129 J.SJE•Ott 2e94E•06 4efi.OE~06 3e66t.•OJ s.26£-06 o. 2.29E·o· 
1130 . 7.BOE•O"/ Ze2'+E•06 8e9f!E•O'/ 1.86E•O,. le44E•06 o. lel4E'•01 
1131•0 4.4JE•06 6e lltl•06 J.JOE•06 1.8JE•OJ 1.osE-0!:» o • AellE•O 

• 
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TABLE 1.7 (Contd) 

• ·~EN lNMA~AT!CN DOS~ COMMITME~T FAtTORSCM~t~/SOY PtR PCT INMALED IN ~I~ST Y~l 

:soTOPt ~0114E LIVE~ TOTAL RCJUY THY~OIO KIDNEY LU Nu GJ•LLI 
1132 l.9YE-01 S.47E.•07 l197E-07 1181.Jt:·O~ 8,6SE•07 o. l,59E·01 
113J•!J l152E•Ob 21SbE•06 7,78E•Of J.6~E-04 414CJE•06 o. l .29E·0" 
I 13 '+ i.1u:-or 2.90E.-01 leUSE-07 4e94E•06 t+,S8E•07 o. 2.55E·09 
1135•0 4.62E•07 lel8E·06 '+.36E•07 f,7bE.·O~ l1t:l6E•06 (JI 8,69E·07 
XC.l31M o. o. (J. c. o. 2.101:::-09 0. 
XE133M o. o. 01 o. 0. J,S'it.•0'1 o. 
~ElJJ o. o. o. o. o. 2199E·Of1 0. 
XE135M o. 01 o. 01 o. 3,aae:-o"i 01 
Xf 135 01 01 01 (l. o. 7,55C.•09 0. 
XC.137 Cl. 01 0. o. o, 31JJE.-08 o. 
XE13tc•O o. o. u. o. o. 4,Jl:tE•Ot:I 01 
CS134M•O 2,20E-08 4135E•Ot:I ?.e.l~E-OA (J • 2e54E•0ij 4e56t•09 .2.02E•08 
CS134 ~. ?.t:!E.•05 l14lE•04 6,86E·05 01 416~E-05 i.sJt:.-os l.22E·06 
CS135 2.o~E-OS l.&2E•05 c.,c+7E•Ob I.) • 7.30£•06 2e70E•06 2.23E•07 
CSlJ~ ~ect4E•06 ? , 4cf:.•O!:) le71E·O~ o. l1J8E·O~ 2.22f.-06 l.36F.-06 
CS1J7•U 9,JdE•05 1.06t.•04 J,89E-o:, o. J,80E•05 leSH.•05 lell6E'•Of, 
CS138 s.ece.-oa l107E·07 ~1S8E•Ol:t Utt 8,28E•08 91841::•09 3138£•11 
CS139•D J,6'3E•08 '5112E•Ot:I l.~7E·08 o. 4134E•Ol:t 4.86E•09 l166E•23 
BA139 116/E.•lO l118E.•13 41d7E•12 o. l111E•l3 a.oaE-o7 8,.06E·O·f 
8Alt+O•O !118etE•06 813~E·O~ 41'•0E•07 o. 2,85E·O~ 2. 54t:.•04 21S6E•OS 
BAl"l•O l 1 7tSE.•l l l132E•l'+ i;.~JE'-13 U1 l123E•ltt 4ellt.•07 9,JJE·l" 

• BAlC.2•0 C.162E•l2 '+163E.-l':i 2ed4E•l3 \) . J,92E•lS 2e39E•07 5199E•20 
LA140 Se99E•OS 2.9St.•08 7,H2E•Uli o. 01 2et18E•OS 6,09E•OS 
Lll41 7.63E•l0 ?..3SE•l0 J,87E•ll (J. o. 2e3lt.•06 l,S4E•IJ5 
LAlt+2 l120E•l0 Se31E•ll 1132E•ll o. o. l127E•06 l1SOE•06 
Cf 141 31SSE.•06 2.J7E.•06 2171E•07 o. l11lE•06 7167l•OS l.58E•05 
CE143•0 3132E•08 2e42E•l>B 2170E-09 I). l108E•08 l163E•OS J1\9E•05 
Cl:':l44•0 ~. llE•Olt 2e53E•O'+ 312se:-os o. 1,SlE•Olt l167E.-03 l ... OBE•O'+ 
P~l43 l 1 f. 7E•06 6e64E•OI 8e28E·08 01 J,~6E•07 6104t.•OS 2.67E•05 
P~l44 5131E•l2 .?e20t.•12 2172E•il o. le26E•l2 2119t.•07 219'+E•l'+ 
NOlt+7•n 9e8JE•l>7 le07E•06 6141E•Oet o. 6128E·07 4e65E•OS 2e28E-OS 
PM1t+7 l1l:iE•01t 11 lOE•O'!» 4e~OE•06 o. 2elOE•O!t le 141::•04 s.e7E•06 
Fl'~ l 48M•ll l132E•OS J,JSE•06 2ef>2E•06 a. s.01E-06 3120t.•Olt 41lOF.•OS 
~Ml48 :i11+t+E•07 8188E•Otl 4e48E•08 a. l160E•07 61521:.·0~ 6,\4E•OS 
PM149 1te91E•08 6e89E•09 2e84E•O" o. le31E•08 l124t.•OS 2,79E·05 
PM151 le20E•08 le99E·O~ 11oa.-o~ o. J,57E•O'I 61S6E•06 2e27E•05 
SM151 le07E•OC. 2.1oe:-os '+186E•06 a. 2127E.•05 7.68E•OS J,S3E•IJ6 
5"1153 2e43E•08 2eOlE•08 le47E-O'i o. 6.~6E•09 1, 1 H.•06 l177E•OS 
EU152 2,9bE.•Olt 71lQE.·O~ 6e3ClE•OS o. 3e34E•04 l5101E•04 l135E·O~ 

EU154 9143E•Olt le23E•04 8160t:•OS o. !>144E•O'+ 9112E•04 3134E•OS 
~UlSS 2.00~-0lt le96E•OS l121E·O~ o. 7.6SE•OS leSlt.•03 S,97E•OS 
EU156 2170E•06 2eOJE•06 3130£-07 o. leJ6E•06 le37E.•Olt 41S6E•OS 
T~l60 J,04E•OS o. J,19E•Ob o. l120E•OS 2,971:.•04 2160£•05 
H0166"' 4e4UE•04 lel6E•04t Ch87E-OS o. 2.ooE-04 612ctf-04 l168E-OS 
Wl81 · 8,90E.·O~ 2188E·O~ 3e01E•l0 o. 01 2e9!:iE•06 2169E•07 
Wl85 2.7~E·01 9el7E•OS 91 73E·09 o. o. 9.60E•OS l1l'+E•OS 
wl87 leSOE•09 l122E•09 4129E•l0 o. o. 5192t.•06 2.21E·O~ 

• 
MI0389-0046A-HP01 51 

Rev 5 
8-1-91 



• TEEN IN~ALAllO~ DOSE 
I SOTOPt. 3:)'-jF 

P8?.10•D 3.09E•02 
BI210•~ o. 
pn?lO 5.b~(-~4 

R~?2?•n :'I. 
RA2?~•n ?.~7E•t4 
RA224•Q ?.~3t•0; 
RAi?~·n ~.2HF.-o• 
RA22~•n le33E•Ol 
~A22~•n 5.14E-~2 
AC~?~ ~.04E•04 
AC227•~ ?e49E•OO 
TM?27•0 3.09E•04 
TM22P•r. ,.~nE•Ol 
l~22q ~.ObE•OO 
T~230 ?.J~E•OO 
lM232•0 2.61E+OO 
lM?.34 ?.32E·O~ 
FA?3J•D 5e32E•OO 
PAl33 le6~E-Ub 
U232•D 7.31E•02 
U?.33•0 J.SSE·O~ 

• 

U234 l. 4SE •02 
U235•~ J.42f·O~ 
U236 l.42f•Oi 
U237 5e25~·08 
U238•u l.~6E·02 
NP237•n 1.77E•OO 
NP23~ ~.23E•07 
NP2Jq 4e?3E•08 
PY23P ?.~~E•OO 
PU?JQ 3.31E•OO 
PU?40 3e31E•no 
PU24l•n ~.97E•02 
PU242 3.07E•OO 
PU244 3.59E•OO 
A~?.41 leObE•OO 
AM242M le07E+OO 
AM243 l.n~~·oo 
CM24? ?el2E•02 
CM243 ~.4~E-Ol 
CM244 6.46E•Ol 
CM245 1.J2E•OO 
CM246 le11E+OO 
CM247•0 1.2~E•OO 
CM248 le06E+Ol 
CF252 J.29E•OC 

• 
MI0389-0046A-HP01 

TABLE 1.7 (Contd) 

co~~IT~E~T ~ACTORS(M~~M/SOY 

LIV~Q TOTAL ~ODY lHY~Ol~ 
~.?~~-03 J.07f-03 o. 
2.2b~·Ob l.~9F-07 O. 
le??.f•03 le37E-04 Oe 
n. 
3.cnF-C7 
t .• 1n-o~ 
~.04E-o7 
~.)t\E.•Ob 

.1. 74E•IH> 
~.?5£-04 
J.~11E·Ol 
5.SbE.·06 
4e37E·03 
le3bf.•Ol 
!o34E-n} 
lel4t•lll 
le3SE-07 
2.ooE-01 
3.24E•07 
o. 
o. 
'l • 
o. 
o. 
o. 
o. 
1.54E·Ol 
lel3E·08 
le9QE·O~ 

4eObE•Ol 
4eSOE•Ol 
4.49E•Ol 
1e57E•OJ 
4.33E•Ol 
4e'i6E•Ol 
4e07E•Ol 
i.93E•Ol 
31a92E•Ol 
?.el'+E-02 
3.CiOE•Ol 
3 .... 0JE•o l 
4. llE•Ol 
4.llE•Ol 
4.04E•Ol 
3e33E•OO 
n • 

o. o. 
~.l4f-05 (,. 
S.6~E-Ob o. 
e.s~f-os o. 
9.87f-02 o. 
5 • t.H~~-0 2 C • 
4.0~E-05 o. 
lo4ME•Ol o. 
~ • q 3 t:: - {16 0 • 
8.7~F.:-CJ3 o. 
4e45E:-Ol o. 
fle4'ill•(J2 Oe 
q.?lF·O?. ll• 
f,• 71f·OM ·· o. 
2.07E-Ol O• 
iJ.89f-07 o. 
~.23f-03 o. 
9.42E-04 o. 
9.2JE-04 o • 
~.67f-04 o. 
~.~t-iE-04 o. 
l.40E-OB o. 
flelOf-04 .o. 
7.21E•02 "U• 
6.S9f-OQ o. 
?..Zlf •09 u. 
7.22E-02 o. 
e.osE-02 o. 
Fle04f.•02 O. 
le40E•03 o. 
7.7SF.-OZ o. 
A.aeE'-02 o. 
1elOF_•02 0• 
1.1sr-02 o. 
6.9SE·02 o. 
l .41E-03 o. 
s.ooE-02 o. 
3eAE'E•02 o. 
7.53E•02 o. 
7.S2E•02 o •. 
7.41E·O? o. 
6.11£-01 o. 
3e07E·02 o. 

52 

P[? PCl l~~AL~D lN f IRST YQ) 
KlONt.Y LUNG r,l•Ll l 
?.9SF·02 4.~2E-nc ~.87f-OS 
?e74f•OS le9l~·OJ ~.19E-OS 
1t.21F-OJ 5.41(-nz 4.•SE-os 
o. J.94t::·Oc n. 
1.12E.·0~ 4e39E·02 1.04f-04 
J.93f·O~ le5lE•02 3.29E-04 
l.44f·O~ S.04E-02 ?189F-04 
91b7E·05 2e02[·01 3,llE-n4 
4.97E-n5 Z.7BE-Ol ~.30F~os 
9e47E·O~ J181E-~2 ~.70f-04 
le07f-01 4ol6E•Ol 5.38F-~S 
J,18F·O~ b.So~-n2 1.S7F.-04 
?.4Sf-02 le69E•OO J.70f·04 
6.67E•OJ. ~.05~•00 . 3.36E-04 
6.S~E-~l ~.Qel-01 3.9SE-o5 
s.~or-01 R.6of.-n1 3.36E-os 
7.73f-07 3e2bE•04 7.49f-OS 
J.1?.E•O~ 9.91E-~2 4.71F·O~ 
le22f-06 ~.39E-OS i.ooF-05 
7.94f•03 3.84E•Ol 4.46E·OS 
3,63E·03 9.lBE-02 4el2f·OS 
3.SSE-03 8.99E•C2 4.04F-OS 
3e34E·03 8.44E•02 5.13E•OS 
3,4lf•03 8.62£-02 3,7Qf•OS 
2el6E-07 t.76E-os 1.29E-o5 
3el2E'•03 7e@9f•02 3.62f•OS 
5.JSE•Ol 8.99E•02 S.22E·05 
3.A~E-OH l1a7SE•05 2.38f-OS 
le?SE•OM 8.llE•Ob le6Sf•OS 
3.lOE•Ol 3.12E•Ol 4.79E-~5 
Je44E•Ol Ze93E·Ol 4e37E-OS 
J.43£-01 2e93l•Ol 4e46E-OS 
6.47E•03 2.60l•04 9.17f-07 
3.31E•Ol 2.A2E•Ol 4.29E-OS 
3.79f·Ol 3.23E•Ol 6.JQF.•05 
~.32E•Ol leOSE•Ol 4.AAE•OS 
~.30E•Ol 4e21E•02 6.l4F•OS 
s.21£-01 9.91E-OZ ~.72E-o5 
6e40E•03 6.76E•02 S.21E•OS 
2e34E-Ol le09E·Ol S.13f-OS 
i.a1r-01 leOSE•Ol 4e96E-os 
3.52E•Ol leOlE•Ol 4e63E•OS 
3.SlE•Ol leOll•Ol 4.S•E•OS 
~.•6E-nl leOlE•Ol S.97E-05 
2.~SE•OO 8e32E•Ol 9.63E-04 
O. 3e43[•01 leR9~·04 
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• 

• 

• 

[SOTOPe 
t-13* 
8 El 0 
Cl4 
f'j 1 .3 
rlB 
NAe2 
~Ael+ 

P3? 
A~39 
A~l+l 

CA41 
SC4,, 
CR51 
MN54 
MNS6 
F'ESS 
F~S9 
C0'57 
CO'SB 
COE-0 
Nl59 
Nl6J 
NI65 
CU64 
ZN65 
ZN69~•0 
ZNl'J9 
SE79 
B~E'2 
8RRJ•O 
£olR84 
9R85 
l<RBJM 
l<~ASM 
1(~85 

Kr.i87 
KR~B•C• 
l<?.R9 
R886 
RBA7 
RB88 
R889•0 
SRA9•0 
SR9(\•0 
SRt;I•O 
SR9?•0 

{1 • 

1.~·F.·04 
?.21~-n6 
~.27E·O'-' 
c..71E'·07 
l.JciE•OS 
1.21H::•t16 
1.6SE•04 
c. 
~. 

:1. fl:lE•OS 
s.s1E-n:; 
('I. 

" . (I • 

~.07E·06 
t.47E·O~ 
o. ,, . 
(I • 

t+.O~E-Ott 

5.'+0~·0S 
J.92E•l0 
c. 
:..osE-ll6 
leO?E·09 
c..2JE•l2 
o. 
o. 
o. 
o. 
(J • 

o. 
o. 
o. 
o. 
" . I'). ,, . 
~. 
n. 
o. 
3.aoE-os 
l.2'+E•02 
7.74E·O~ 
a.1+JE•lO 

TABLE 1.7 (Contd) 

LIV~~ TOTAL ~ODY 

1.SSE-07 1.SSE-07 
~.~~F--05 4.96f-06 
4 • ? ~ ~ - 1) 7 4 • 2 ~ F. - 0 7 
~.27E·09 ~.~7F.-09 
l'l. 5.lqF-08 
t.10~-os t.1nF-os 
t.?.8E•Qn l.2~E-06 
q.64E•Ob n.26E·O~ 
n. 
o. 
0. 
l.07E-n4 
n. 
'+.95E-Ob 
1.sse:-10 
~.l2E·06 
1et+7E•MJ 
ia.f-~E-0!'! 

t.9i:iE•07 
le44E·O~ 
l.'+6E•Ob 
'1.9JE•06 
~.,,2E•ll 
t.~JE•lO 
t.29E•OS 
;t.4'5E·O~ 

I"• l '+E • l ~ 
~.BJE•07 
o. 
n. 
o. 
n. 
o. 
o. 
o. 
o. 
Cl. ,, . 
lef.9E•OS 
9eAbE•06 
4eR4E•08 
1e20E•OB 
o. 
o. 
n. 
o. 

o. 
o. 
'+.l3E•06 
J.llE•OS 
l.~SE·O~ 
7.87E-07 
2. 2~E-l l 
4.~3F.:-07 
\,J2f•06 
A.J9F.·08 
2.sq~-01 

l .Hc;E-<l!') 
~. f7F..·O 7 
l .HlF.:•Ob 
lel'+E•ll 
7.~qE•l l 
5.~2E'·C6 
?.24E•l0 
5.oSE•lJ 
6.09(-ci& 
l.b9E•06 
JeOlE'·OEt 
J.91E·08 
lebOE'•09 
o. 
o. 
n. 
o. 
o. 
o. 
7.J7f'·OC., 
Je21E·06 
2.41E·O~ 
2.12E·O~ 
le09E·06 
7.6~E-04 
J.lJE'-10 
J.64E·ll 

Tl-1YROID 

1.SSE-07 
0. 
4,,t.:'()E•07 
f.ec7E•Ot.J 
o. 
1. :ini:.::-nr; 
le28E:•Ob 
o. 
(lo 

o. 
o. 
o. 
7e't4E•09 
o. 
o. 
o. 
o. 
n. 
o. 
f)o 

o. 
o. 
o. 
ll e 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
n. 
o. 
o. 
o. 
(). 

o. 
o. 
o. 
o. 
o. 
l• • 
(J. 

o. 
o. 
o. 

K ION~ Y 

1.58E-07 
(I • 

4.2fiF·07 
~.27E·O"l 
I'). 

l .JClF'-O:i 
1.?AF.•Of'i 
o. 
o. 
n. 
o. 
~.9q~-os 

2.85E•09 
1 • .?.JE•0.6 
1.6JE•10 
o. 
o. 
o. 
a. 
n. 
n. 
o. 
". 5. 78E•l0 
8,6?.E•06 
l.4~~-09 
c;. 27f'.• 12 
5.69F•07 
Cl. 
o. ,, . 
n. 
o. 
o. 
n. 
o.· 
o. 
o. 
o. 
". n. 
n. 
o. 
o. 
o. 
o. 

LU~G 
1. 58E-07 
d.Zcf.·04 
'+.?6f:.-07 
6.27!::-09 
o. 
l.10E-<'5 
1. 2"'E•f'.lb 
o. 
2.oaE-01i1 
He06E·O~ 
3.~Jt.-Ob 
o. 
i.~oE-n~ 
l.7SE·04 
l.l~E-Oo 
9.0lE·Ub 
t.27E•04 
4,6?E·O~ 

1 • 1 or:· l'" 
., • 4nt::- ·) '+ 

~ • .20E•Ob 
2.2JE-ns 
1.oot:-·H 
a • .:.~E-l'J7 
1.o~E-1)1+ 
2eJHE•Ob 
l.l~E.-07 
1+.1+1E.-ns 
I). 

o. 
o. 
o. 
S.19E•l0 
~.'HE-09 
?..'+1E·09 
1.sJE.-ns 
J.1JE-C18 
2.13E·08 
o. 
o. 
o. 
I). 

le75E·04 
l.2oc:-03 
1t.!;,6E·06 
2.ooE-06 

r.z-u.r 
1. 58E-07 
l.1'17F:-oc; 
t..2t-F-07 
f.. .27F-:-(IQ 
'1.24E-0C1 
i.10~·-ns 

1.2iaF'-r.~ 

1. OAF-:-05 
0. 
0. 
?..~~F.:-07 

3.23F.'-05 
4,lSF.:·07 
q,67F-O~ 

2.5JE'·O~ 
7.S~F-07 
?..3SF-n5 
3.9.1F-rib 
1.331='-05 
J.5,,F:-05 
t'-,l1E-n7 
l.b7F'·O~ 
1.s~~-.,6 
,, • l ZF'•Ofl 
~.68E-O,_ 

I.llF'·O~ 
?.04F'-n9 
:J.JJF•O'-' 
l .JOF.'•Ot­
i?.90E'·OA 
~.05F'-13 
n. 
o. 
o. 
o. 
o. 
IJ • 
o. 
2.0BF-06 
?.BRE-07 
4.lBF.'·19 
1.l~F.-21 
4.J7F.-ns 
~.02F•05 
?.39E•OS 
S.JBF•Ob 

Includes a sr::: .;~c.-~.ase to account for percutaneous transpiration . 

53 
MI0389-0046A-HP01 Rev 5 

8-1-91 



---~-------------

• TAB L E 1 • 7 ( C o n t d ) 

---i 
! 

ADULT I~rlALATlO~ DOS~ COMMITMENT fACTO~S(MMEM/50Y PER PCl IN~ALEO lN FlR$T YR) 
lSUTOPt ~O~E LIV(~ TOTAL ~OUY THYROID KIDNEY 

Y90 2.6lE-07 O. 7.0lE-09 o. o. 
Y9l~•D 3.2bE•ll o. le27E•l2 O. o. 
Y91 s.7~E-OS o. l.~sE-Ob o. o. 
Y92 l.2~l·09 O. 3e77E•ll Oe O. 
Y93 leldE•OS o. 3e26E•l0 01 o. 
ZM93•D S.22E•05 2.92~·06 le37E•06 o. lellE•OS 
ZR95•0 l.J~E-05 ~.JOE•Ob 2191E•06 01 6.77E•06 
Z~97•D 1.21E•08 2e4SE•09 l113E•09 o. 3e71E•09 
N~93~ 3.lOE•05 ·l10lE•OS 2e49E•06 o. l1l6E•OS 
NB95 1.76E•06 9e77l•07 ~.26[•07 01 9.67E•07 
N897 · z.78E•ll 7.0JE•12 2.~6~·12 01 8,l8E•12 
M093 o. lel7E•06 3.17£•08 o. 3,SSE•07 
M099•0 Oe leSlE•Ob 2.87E•09 o. 3e64E•08 
TC99~ 1.29E-13 J,64E•13 4.63E•12 o. s.s2E-12· 
TC99 J.lJE-08 4164E·o~ l125F.-08 o. s.esE~07 
TClOl S.22E•l5 7.52E·l5 7,JAE-14 o. le3SE•l3 
RUlOJ•D le91E•07 O, 8123E•08 01 7,29£•07 
RUlOS•O 7.SHE•ll o, 3e89E·ll o. le27E•l0 
RU106•0 Be64E•06 o. l109E•06 o. le67~-o~ 
RMlOS 7,24E•l0 6,73E•l0 4143E•l0 o. 2e86E•09 
PD107 o. A,27E•08 Se87E·09 o. 6e57E•07 

•
P0109 o. 4,6Jl•l0 lel6E•l0 o. 2.3SE•09 
AGllO~•O l13SE•06 le2Sl•06 7,4JE•07 o, ~.46E•06 
A~lll ~~2sE-08 1.78E-08 B.87E·O~ o. s.74~·08 

• 

CDllJM o. leS4E•04 4e97E•06 01 le71E•04 
CD115M O. ?.e46E•OS 7.9SE•07 Oe l198E•OS 
5Nl23 3e02E•OS 6e67f•07 9e82E•07 ~.67E•07 O, 
5Nl2S•D lelbE•Ob J.12E·O~ 7.03£-08 ee59l•08 o. 
5~126•0 le5HE•04 4el8E•06 6.00E•Ob 1·23~·06 o. 
58124 J,9oE-06 7.36E-oa 1.ssE-06 9e44E·O~ o. 
SH125•0 6.67E-06 7.44E•08 le58E-Ob 6e7SE-09 o. 
~8126 ~~SOE-07 9.llE-09 le62E-07 2e75E·O~ o. 
58127 3130~·08 7e?.2E•10 le27E•08 3e97E•10 o. 
Tll25M 4e21E•07 le98l•07 5e84E•08 le31E•07 le55E•06 
TE127M•O l.5dE•06 7,21E•07 le96E•07 ~.lll•07 S,72E•06 
Tl127 l175E•l0 8e03E•ll J.87E•ll le32E•10 6,37E•10 
TE129M•D le22E•O~ 5e84~·07 l198E•07 4e30l•07 4.57F•06 
TE129 6.22t•l2 2.9~E-12 1.ssE-12 4e87E-1Z 2,J4E•ll 
Tll31M•U &,74E•09 5,45E·O~ J.b)E·O~ be8~E·O~ le86E•08 
TE131•0 le39E•12 7e44E•l3 4e4Qf-13 lel7E•l2 S.46E•l2 
TE132•0 3.25E•08 2e69E•08- 2.02£-08 2el7l•08 1.82f•07 
TE133M•O 7.24E•ll 5.40E-12 4el7E-12 6e27E-12 3.74E•ll 
TE134•0 3.84E•l2 le22E•12 le57E•l2 le44E•l2- 2el8E•ll 
1129 2e46E•06 2.11E-Ob 6e91E-06 Se54E•OJ •.SJE-06 
1130 5.72E-07 le68E-06 6e60f-07 le42E•04 2.61E-06 
J13l•U 3.lSE-06 4.47E-Ob 2e5bf-06 le49l•03 7,66E•06 
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LUNG Gl•LLI 
2el2£•0S 6.32E•OS 
2e40E~07 l.66E·10 
2.13l-04 4.e1~-os 
},9b~·Ob 9,19E·06 
6e0bE•06 S.27E•OS 
2.13E•OS l1SlE·06 
2e2ll•04 l.BBE-05 
9,84l•Ob 6e54E•OS 
lelll•OS 2.3BE·06 
6e3ll•OS l.30c-OS 
J.oot-01 J.02E-oe 
s.11~-os J,79f-o~ 
lel4l•OS ·J.lOE-05 
9e55f•08 S.20E•07 
leOlEeO~ 7.S~E-0~ 
4e99E•08 1.J6E•21 
6e31E•05 le38E·05 
le37E•06 6.02E•Ot 
lel7E•03 l.14E-04 
2e41E•06 1.09E-05 
9.47l•06 7.06f.-07 
le8SE-06 1.S2E·OS 
s,79l-04 J.7af-os 
2e33~·05 2.7~E-05 
2eOHE•04 le59f•OS 
le76l•04 4e80E•05 
2e88l•04 3.92F•OS 
7.37E·O~ 6.81E·O~ 
lel7l•03 1.59E·05 
3elOE•04 S.OSE•OS 
2el8~·04 le26E-05 
9e57E•05 6.0lE•OS 
2.osE-05 3.77E-OS 
J,92E•05 8,83E·O~ 
le20t•04 1.87E-05 
8el4f•07 7.17E·O~ 
le4S~·04 4.79E•OS 
2.42£-01 1.96E-oe 
le82t•OS 6.9SF•OS 
le74l•07 2.30l·O~ 
3e60E·O~ 6.J7E-05 
s.s1t-01 s.•9E-oe 
4el4l•07 2.97F-11 
o. 2.22E•07 
o. 9.61E•07 
o. 7.~Sf-07 
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TABLE 1. 7 (Contd) 

• \DUL T I/Jli 4L. 4 i I O!>.J oust CO~M11Mt.~r FACTOMSlM~EM/~OY Pt.R Pr.I I NHALt::L) L"' FIRST YRl 

[ SOTOPf~ ~Ol\IE LlVE~ TUT AL ~~O(JY THY~OlU KIDNEY LUNG GI-LLI 
I 1.3~ l.'+SE-07 4,on.-01 t.'+5f-u7 l143E•05 ~.48E•07 0. s.oaE -oB 
Il33•U l,OBt:.•01:1 l18:>E•Ob s.os~-01 2o69E.•04 J,2JE·06 o. i.1u:-oo 
I 13'+ 9.0~E-OJ; 2ol6E•07 7.69F-oi; J.7Jt:.-06 J,44E•07 o. l.26E·ll1 
Il35•D 3,3:;£-07 8. 731:::-01 J.21E·Ol 5.60E•05 l,J9E•06 o. 6,S6E-07 
XE.131M o. o. 0. (J • o. 1140!::·0~ 0. 

XE133M o. o. o. o. o. l 181jf:.·O~ 0. 
Xf.133 o. o. o. o. o. i .sn.-o~ o. 
XE.135"'1 o. o. o. o. o. 2e22E•09 o. 
XE135 (). o. I) • o. o. 4,05E•09 o. 
xi:: 137 o. o. o. o. n. l 1 ·74t:,•08 o. 
XC.13b•D 0. o. o. 0. o. 2e44t.-oa o. 
CS134M•CJ l.S~E·O~ 3.20E.•08 l, l2E•iJ1'J o. l.BJE•OB 2.93E•09 7,92E•09 
CS134 1+.60E•O::i l106E•04 91lOF•05 I) • J,59E·OS l122E•05 l,JOE•06 
CS135 J.46E•OS le29E·C1~ 5,9QE•Oo o. S.11E•06 1.sn.-oei 2ollE•07 
C5l36 '+eB~t:.·06 leBJE~os i .:rne.-os o. l.07E'-ll5 i.sot:.-06 l ,46F.•06 
CS137•0 5.91:1E•OS ., • 76E·O~ 5.JSE·O~ o. 2,78E•OS 9,40t::-06 l.OSF.•06 
CSlJH '+el«+E•OS 7176E•08 4,05E'·O~ 01 6,00E•Otl 6107t.-09 2.JJE•lJ 
CS139•0 2.SbE-08 J.63E•08 l.39E•Oti 01 J,OSE-08 2184E·O~ S,49E-Jl 

. BA 139 l1lfE•lO ~.32E•l4 3142E'·l~ o. 7,78f-14 't170E.-07 l112E•07 
eAl40•0 4.8~E·06 ~113E•09 3.21~-07 01 2e09E•09 l159E•04 2173E•OS 
8All+l•O l12~E-11 CJ141E•l5 4120E•13 o. 81 75E·l~. 214t2E•O 1 l14SE•l7 

• 
~Al42•0 3129E•l2 3138E•l5 2107E"-13 01 2,86E•l5 l,49f.-07 1.96E.-2'6 
LAl40 !+e3UE•08 2117E•08 517JE•OIJ o. 01 l170E·05 S17JE•OS 
LA141 S.34E•l0 l166E•lCJ 2171E•ll 01 o. l1J~t:-Ob 7,JlE•06 
LA142 B154E•ll 3188E.•ll 916SE•lZ 01 o. 7191E•07 2.64E•07 
C~l41 214~E·06 l169E•06 l1~1E•07 U1 7183£-07 _4152E·05 l1SOE'•OS 
CE14J•O 2.JJE•OS 2.12~-oa l191F'-09 01 7160E•09 9197E.•06 2,AJE•OS 
CE 11+4•0 e+,21iE•04 t.79E.•04 2.Jot.-os o. 1.06£-04 9,72E·O• l.02E•04 
P~l43 l1lTE•06 41~9E.-07 S1ttoE'-ott o. 2,70E•07 JeSU:.•05 2.soE-os 
PQ144 3176£•12 le56E•l2 l19lf•ll 01 a1e1E-ll l 127E•07 2.69E•18 
N0147•0 615"iE.•07 7.62£-07 41!::»6£-08 o. '+e45E•07 2176E•OS 2,16E•OS 
PM147 9,31e.•05 71EHE•06 3119£-06 o. 1149£-05 6160t.•OS S1S'+E•06 
P"4148M•O 9,82E•06 21S'+E•06 l194E•Ob U1 318SE'•06 2el4E•Ott 4,ldE•OS 
P"'l48 J,8t+E•07 6.J7E•08 3120E'-08 o. l,20E•07 3191E.•05 s.aoE-os 
PM149 31'+4E•08 4.87E•OCJ l199E·O~ 01 9119E•09 7121E•06 2.soE-os 
?"4151 8,50E.•OCJ l142E•09 7121E•l0 01 2,S!tE•09 3e94E•06 2.00E•OS 
SMlSl B159E•OS l1lt8E•OS 3e!::ISE'•06 01 l166E•OS 414SE•05 J.25E•06 
SMlSJ l170E•Oi 1142£-0& l104E·O~ o. 4,S9E•O" 4114£.-06 1.seE-OS 
1:.Ul52 213dE.•04 5e4!C:•O!:t 1+17"E•OS 01 3135£•04 l14Jt.•O• 1,S9E•OS 
EulSI+ 7.40£•04 91lOE•OS 611+8£.•0S 01 4,36E•04 Se84E•04 J,l+OE.•05 
f.UlSS l101E•04 l143E•O'S 91ZlE•Ob 01 6159£-05 9.tt6t.-os S19SE•06 
£Ul56 l19JE•06 l11tdE•06 21'+0E•O T o. 9e95E•07 8.56E•O!t '+1SOE•OS 
Tt:tl 60 2.21E•OS 01 2175F.•06 01 !i,lOE•06 },92t.•04 2.68E•OS 
H0166M J,37E•Ott 1.osr.-01t s100E-as 01 l157E•Olt 319ttE•04 l,S9E•OS 
11111a1 ~.2JE•09 2103E•09 2el7E•10 C1 01 11 71£-06 2153£•07 
1d~S 1. ~~f-01 6147E•OH 01Slt:-0CJ 01 01 515 7f.·0~ le07E'•OS 
11rl87 1106£·0~ 8185E•l0 31lOE•lO 01 01 3163&:;•06 l19'+E•OS 

• 
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TABLE 1.7 (Contd) 

.&DULT IN~AL4TIO~ O~SE CO~MlT~E~T FACTO~~(M~EMl~Of 

• I SOTO~~- qo~E I.IVER TOTAL BODY THYROID 
PBt'!O•rJ 2.~'+E•O:? h.73E-03 P..37F'-04 o. 
PI2lO•f1 1. l.S9E-o~ l .32f'-07 o. 
P0210 3.97E•Oi.t ~. bC'tE •0'• 9.58E·OS (J • 

RN22?•D 1. n. o. 0. 
RA223•D 1.~o!:-04 2.77E-07 3.~or-oc; o. 
RA 224 •0 l 1 9HE•05 4.78E-Ob :l.96E-Ob 0. 
RA2Z5•D :\.OOC.•04 3.56£-07 S.99E-o5 o. 
RA226•D ~.2SE•Ol 2.39E-06 ~.14E-02 0. 
RAZ28•0 1+141E•O?. 1.2JE·O~ 4.78E-02 lJ • 

AC225 !t1?3E•04 s.e2c.-o"' 2eh4F.-o5 o. 
AC2?7•fl ?e3C\E•OO 1.0SE•Cl l.Jf>F.-01 o. 
TH227+f'\ '· ! 7E•O'+ 3.92E·n~ F.-.2SF'·Ob o. 
TM22h•O ~.ooi:-01 J.39E·03 6.77E-CIJ Cl • 

T"4?29 ~.AHE•O(t l.JJE•Cl c..Je,E-01 Ci • 
TH2Jr ?.LJ9E.•0(' 1.JlE•(\l 6.JE-E•Ot> o. 
T"'232•D 2.56E+OO 1. t 2E•<H 9.04F.-02 o. 
THl34 1 e63E•r1b 9.156E•nH 4.7oE'-oa (J • • 
PA23l+D ~.o~E•C'O 1.91E•f\l l.9'5f·Ol o. 
PA?.33 l·21E-o6 ?.42E-o7 2~09r ... 01 \I • 
U232•LI 5.11tE-n2 " . 3.&6E·C13 o. 
U23J•O i.o~E-Cl2 n. 6.~nE-C\4 (l • 

U"34 l·ll"E•c2 n. 6ect6F•(l4 o. 
U2JS+D i.ooe:-02 o. 6.07E·04 o. 
lJ236 !.OOE·02 r. 6e?Of-04 o. 
lJ237 3.67t•08 o. 9. 1 n· -o9 o. 
Lr238•0 9.SSE•03 n. 5.b7E-O'+ o. 

-~·P237•0 J.69E•OO le47E•Ol n.a1r-02 o. 
l\.P23@ z,96E•07 !:l.OOE•09 4eblf •09 o. 
~1 P239 ?.81t·08 ?.82E-09 l.SSf-09 o. 
PU23f! ?e74E•OO l.R7E•Ol 6.~0f •Cl o. 
PU?39 3el9E•OO t..JlE-Ol 7.7SE·02 o. 
PU240 3.1~E·r·o 4.30E•Ol 7.7JE·02 o. 
Pl1241 •0 ~.4JE•Ci2 3.?.HE'•f'>J l e29E·03 o. 
PU24? ?,9Sf•OO 4.lSE•Ol 7.4ftE'.•O? o. 
PU244 ).4SE•OO 4e76E-nl ~.S4E'·02 o. 
AM24l t.OlE•Co· 3.59£-01 6.71E•02 u. 
AM24;.'M 1.oZE•OO °'•46E•Ol ,,.7JE•OZ o. 
A ... 243 l•OlE•OO 3 .• 47£-0l be57E'•02 o. 
ca.i242 J.4t1E~02 leSlE•02 Q.84£-1)4 I). 

CM2t+3 7.SbE•Ol ?.97E•Ol 4e61E·ll2 Ci. 
CM244 5e90E•Ol 2e54E•Ol J.SJE'•02 o. 
C"4?4S \.26E•OO 1.S9E•01 7. l<+E-02 Ci. 
C14?4b Je25E•no '.\eS9E•Ol 7el1E·ll2 o. 
CM247•0 1.?2E•OO 3.SJE•Ol 7.0JE-02 o. 
CM.?t+b i.olf:•Ol 2e9lE.•OO S.79F:·Ol o. 
CF'2S2 ~.7J;SC:•Ol I). 2 .·3JE •02 o. 
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PER PCI HiHALED IN F'H~c;T Y~) 

KIONE"Y 
2.12E-o?. 
l.92E-OS 
2.9SE-03 
ll • 
7.~SE-Ob 
1. 3SE•Ob. 
l.OlE•OS 
6.77F•05 
3.48E•OS 
6.t'IJE-05 
9.B2E•02 
2.22£-05 
l.89f•02 
6.52f•Ol 
n.40E-Ol 
S.47E•Ol 
S.CtlE•07 
l.07E'•OO 
9.JSE-07 
s.S6E•03 
?.54£-03 
2e49E•03 
2.34f•03 
?.e39E•03 
l. 51 E•O ·1 
2.lBF•OJ 
SelOE•Ol 
2.7t.Jf•08 
R.7Sf•09 
2.96E•Ol 
3e30E•Ol 
3.?9E•Ol 
S,9JE•03 
J.1n:-01 
J.&4E•Ol 
S.04E•Ol 
c;.01£-0l 
4.95E•Ol 
4.48E•03 
2.lSF.•01 
1.64£•01 
3.33E•Ol 
3e33F.•Ol 
~.2BE•<'l 
2.70f•OO 
o • 

LIJN(, \.I-Lt.I 
2. 621:.-02 ~.6SF-05 
le l n:-03 2.9SF.-OS 
3.l'+E-n2 4.lqF.:-05 
2.osE-06- o. 
2.SSE-02 2.84F-04 
8.77E•OJ 3.0lF-04 
2.92E•02-:. 2.71E-04 
l.17E•Ol 2.94E•O'+ 
1.611::·01 ~.OOE'-05 
2.211~-(12 2.s2F-04 
2.4lE•Ol 5.0Rf ·()S 
3.77E-nz 3.3'+E•04 
l.OlE•OO. :'.\e49F-04 
J.49E•oo· J.17F•04 
6.21E·01 3.73F•OS 
S.96E·Ol 3.17f'-OS 
1.89E-n .. 7.DJF:•OS 
S.7SE•02 4e44E"•OS 
3.S2E·t'S 1•02F.•OS 
2.22£-t>l 4.za.:-os 
S.32E•<'2 3.89f•OS 
S.22E•02 J.a1r-os 
4-.90f.•02 4.84F'-OS 
s.ooE-02 3.57E•05 
le02E•OS 1.2or-os 
4.SBE•02 J.41E•OS 
s.22E•02 4e92F.•OS 
1·02E•OS 2el3E•OS 
4.70E•06 l .49E·OS 
lef'2E•Ol 4e52E•OS 
l.72E•Ol 4.l3E•05 
1.72E•Ol 4.21F•05 
l e52E•04 A.6SE•07 
l.6SE-n1 4.0SE-05 
le89E·Ol b.OJE·OS 
6.06E•02 4.60E•OS 
2e44E•02 S.79F'·OS 
s.7SE•02 5e'+OE•05 
J.92E•f)2 4.91E•OS 
6.31E•02 4.84f-05 
6.06E•02 4.68£-05 
s.asE-02 4.36f·05 
s.9&£-02 4.29£-05 
s.esE-02 5.6Jf.'•OS 
4.82£-01 9.09E·04 
le99E•Dl 1. 78£-04 
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• TABLE 1.8 

EXTERNAL DOSE FACTORS FOR STANDING ON CONTAMINATED GROUND (DFG.) 
i-

(mrem/hr per pci/m2) 

ELEMENT TOTAL BODY SKIN 

H-3 0.0 0.0 
C-14 0.0 a.a 
Na-24 2.SaE-08 2.90E-08 
P-32 0.0 0.0 
Cr-51 2.2aE-IO 2.60E-IO 
Mn-54 5 .80E-09. 6.SOE-09 
Mn-56 l.IaE-08 I.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 I.70E-08 2.00E-08 
Ni-63 0.0 0.0 
Ni-65 3.70E-09 4.30E-09 
Cu-64 I .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 I.20E-08 1.40E-08 
Br-85 0.0 0.0 
Rb-86 6.JOE-10 7.20E-10 
Rb-88 3.SOE-09 4.00E-09 
Rb-89 1.50E-08 1.SOE-08 
Sr-89 S.60E-13 6.50E-13 
Sr-91 7.lOE-09 8.30E-09 
Sr-92 9.00E-09 l.OOE-08 
Y-90 2.20E-12 2.60E-12 
Y-9lm 3.80E-09 4.40E-Q.9 
Y-91 · 2.40E-11 2.70E-ll 
Y-92 l.60E-09 I. 90E.-09 
Y-93 5.7DE-10 7.80E-10 
Zr-95 5.00E-09 5.BOE-09 
Zr-97 5.SOE-09 6.40E-09 
Nb-95 5. lOE-09 6.00E-09 
Mo-99 l.90E-09 2.20E-09 
Tc-99m 9.60E-10 l.lOE-09 
Tc-101 2.70E-09 3.00E-09 
Ru-103 3.60E-09 4.20E-09 
Ru-105 4.SOE-09 S.lOE-09 
Ru-106 l.SOE-09 1.BOE-09 
Ag-llOM l.SOE-08 2. IOE-08 
Te-125m 3 .SOE-11 l}.SOE-11 

• 
Te-127m I.IaE-12 I. 30E-12 
Te-127 I.aOE-11 I. lOE-11 
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• 
ELEMENT 

Te-129m 
Te-129 
Te-13lm 
Te-131 
Te-132 
I-130 
I-131 
I-132 
I-133 
I-134 
I-135 
Cs-134 
Cs-136 
Cs-137 
Cs-138 
Ba-139 
Ba-140 
Ba-141 

• Ba-142 
La-140 
La-142 
Ce-141 
Ce-143 
Ce-144 
Pr-143 
Pr-144 
Nd-147 
W-187 
Np-239 

• 
MI0389-0046A-HP01 

TABLE 1.8 (Contd) 

TOTAL BODY 

7. 70E-10 
7.lOE-10 
8.40E-09 
2.20E-09 
1.70E-09 
1. 40E-08 
2.BOE-09 
1.70E-08 
3.70E-09 
1.60E-08 
1.20E-08 
1.20E~08. 

1.50E-08 
4.20E-09 
2.lOE-08 
2.40E-09 
2.IOE-09 
4.30E-09 
7.90E-09 
l.50E-08 
1.SOE-08 
5.50E-10 
2.20E-09 
3.20E-10 
0.0 
2.00E-10 
l.OOE-09 
3.lOE-09 
9.SOE-10 

58 

SKIN 

9.00E-10 
8.40E-10 
9.90E-09 
2.60E-06 
2.00E-09 
l.70E-08 
3.40E-09 
2.00E-08 
4.50E-09 
1.90E-08 
1.40E-08 
I. 40E-08 
1.70E-08 
4.90E-09 
2.40E-08 
2.70E-09 
2.40E-09 
4.90E-09 
9.00E-09 
l.70E-08 
l.80E-08 
6.20E-10 
2.SOE-09 
3.70E-10 
o.o 
2.30E-10 
I.20E-09 
3.60E-09 
l.lOE-09 
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• TABLE 1.9 

1991 PALISADES GASEOUS DESIGN 

OBJECTIVE ANNUAL QUANTITIES 

Design Objective 
Dose Factor Annual Quantity 

Nuclide Organ mrem/Ci (Ci) 
Ag-llOm GI Tract-T l.05E+OO l.43E+Ol 
Ar-41 Total Body 2.75E-04 l.82E+04 
Ba-139 GI Tract-C 2. 38E-03 6.30E+03 
Ba-140 Lung-C 7.18E-02 2.09E+02 
Br-82 Total Body-I l.16E-03 4.31E+03 
C-14 Bone-C l.07E-Ol l.40E+02 
Ce-141 GI Tract-T l.15E-Ol l.30E+02 
Ce-144 GI Tract-T 3.06E+OO 4.90E+OO 
Co-57 GI Tract-T 7. 74E-02 l.94E+02 
Co-58 GI Tract-T l.37E-Ol l.09E+02 
Co-60 GI Tract-T 7.83E-Ol l.92E+Ol 
Cr-51 GI Tract-A,T 2.14E-03 7.0lE+OJ 
Cs-134 Liver-C 6.29E+OO 2.38E+OO 
Cs-136 Total Body-I 4.68E-02 l.07E+02 
Cs-137 Bone-C 6.15E+OO 2.44E+OO 
Cs-138 Total Body-I l.64E-05 J.05E+05 

• Fe-55 Bone-C l.88E-Ol 7.98E+Ol 
Fe-59 GI Tract-T 2.19E-Ol 6.85E+Ol 
H-3 Total Body-C l.23E-04 4.07E+04 
I-131 Thyroid-I 4.68E+OO 3.21E+OO 
I-132 Thyroid-C 8.28E-03 l.81E+03 
I-133 Thyroid-C l.65E-Ol 9.09E+Ol 
I-134 Thyroid-C 2.17E-03 6.91E+03 
I-135 Thyroid-C 3.39E-02 4.42E+02 
Kr-83m Skin 6.66E-07 2.25E+07 
Kr-85 Skin 6.0lE-05 2.50E+05 
Kr-85m Total Body l.09E-04 4.59E+04 
Kr-87 Skin 6.45E-04 2.33E+04 
Kr-88 Total Body 4.57E-04 l.09E+04 
Kr-89 Total Body 5.16E-04 9.69E+03 
La-140 GI Tract-T 2.0lE-02 7.46E+02 
Mn-54 GI Tract-T 2.21E-Ol 6.79E+Ol 
Mn-56 GI Tract-C 5.0SE-03 2.95E+03 
Mo-99 GI Tract-T l. llE-02 l.35E+03 
N-13 Total Body-C 2.67E-50 l.87E+50 
Na-24 Total Body-C 6.63E-04 7.54E+03 
Nb-95 GI Tract-A l.OlE-01 l.49E+02 
Ni-65 GI Tract-C 3.46E-03 4.34E+03 
Np-239 GI Tract-T 5.44E-03 2.76E+03 
Rb-88 Total Body-C l.51E-05 3.31E+05 
Ru-103 GI Tract-A 1. 61E-Ol 9.32E+Ol 
Sb-124 GI Tract-T 7 .04E-Ol 2.13E+Ol 

• Sb-125 GI Tract-T 3.97E-Ol 3.78E+Ol 
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• TABLE 1.9 (Cont'd) 

1991 PALISADES GASEOUS DESIGN 

OBJECTIVE ANNUAL QUANTITIES (Contd) 

Nuclide Organ 
Dose Factor 

Mrem/Ci 
Sr-89 Bone-C 8.26E+OO 
Sr-90 Bone-C 3.40E+02 
Sr-91 Bone-I l.68E+OO 
Sr-92 GI Tract-C 9.99E-03 
Tc-99m GI Tract-T 2.53E-04 
Tc-101 GI Tract-I 3.48E-05 
Te-127 GI Tract-T 3.33E-03 
Xe-13lm Skin 2.65E-05 
Xe-133 Total Body 9.13E-06 
Xe-133m Skin 5.54E-05 
Xe-135 Total Body 5.62E-05 
Xe-135m Total Body 9.69E-05 
Xe-137 Skin 5.94E-04 
Xe-138 Total Body 2.74E-04 
Zn-65 Total Body-C 4.16E-Ol 

• Zr-95 GI Tract-T 2.89E-Ol 

• 60 

IC0-1290-0001W-HP05 

Design Objective 
Annual Quantity 

(Ci) 
l.82E+OO 
4.41E-02 
8.93E+OO 
l.50E+03 
5.93E+04 
4.31E+05 
4.50E+03 
5.66E+05 
5.48E+05 
2.71E+05 
8.90E+04 
5.16E+04 
2.53E+04 
1.82E+04 
l.20E+Ol 
5.19E+Ol 
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II. LIQUID EFFLUENTS 

A. CONCENTRATION 

1. Rets Requirements 

2 • 

Specification 3.24.3.2 of the Radiological Effluent Technical Speci­

fications (RETS) requires that the concentration of radioactive 

material released at any time from the site to unrestricted areas 

shall be limited to the Maximum Permissible Concentration (MPC) 

specified in 10 CFR 20, Appendix B, Table II, Column 2 for nuclides 

other than dissolved or entrained noble gases. For dissolved or 

entrained noble gases, the concentration shall be limited to 2E-04 

µCi/ml total activity. To ensure compliance, the following approach 

will be used for each release. 

Prerelease Analysis 

Most tanks will be recirculated through two volume changes prior to 

sampling for release to the environment to ensure that a represen­

tative sample is obtained. The appropriate recirculation time for 

those tanks too large to provide two volume changes will be the time 

that the suspended particulate concentration reaches steady state. 

Either a one-time test, or prior sampling data, may be used to deter­

mine appropriate recirculation time. 

Prior to release, a grab sample will be analyzed for each release, 

and the concentration.of each radionuclide determined. 

n 

c = I: (2.1) 

i=l 
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where: 

C Total concentration in the liquid effluent at the release 

point, µCi/ml. 

Ci = Concentration of a single radionuclide i, µCi/ml. 

3. Maximum Permissible Concentration (MPC) - Sum of the Ratios 

The Total MPG-Fraction (Rj) for each release point will be calculated 

by the relationship defined by Note I of Appendix B, 10 GFR 20: 

R· J 

where: 

(2.2) 
i 

Ci = Effluent concentration of radionuclide i, µCi/ml 

MPCi = 

R· = J 

The MPC of radionuclide i, as specified in Section 2.1.1, 

µCi/ml. 

The Total MPG-Fraction for the release point. 

The sum of the ratios at the discharge to the lake must be ~ l due to 

the releases from any or all concurrent releases. The following 

relationship will assure this criterion is met: 

where: 

F 

MI0389-0046A-HP01 

(2.3) 

= The effluent flow rate (gallons/minute) for the 

respective releases, determined by plant personnel. 

= The Total MPG-Fractions for the respective releases as 

determined by Equation 2.2. 

= Minimum required dilution flow rate. Normally, a 

conservatively high dilution flow rate is used, that is, 

flow rate used = (bi)(F) where bi is a conservative 

factor greater than 1.0 • 

62 
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B. INSTRUMENT SETPOINTS 

1. Setpoint Determination 

The setpoint for each liquid effluent monitor will be established 

using plant instructions. Concentration, flow rate, dilution, 

principal gamma emitter, geometry and detector efficiency are com­

bined to give an equivalent setpoint in counts per minute (cpm). The 

identification number for each liquid effluent radiation detector is 

contained in Figure 2-2. 

The respective alarm/trip setpoints at each release point will be set 

such that the sum of the ratios at each point, as calculated by 

Equation 2.2, will not be exceeded. The value of R is directly 

related to the total concentration calculated by Equation 2.1. An 

increase in the concentration would indicate an increase in the value 

of R. A large increase would cause the limits specified in Section 

2.1.1 to be·exceeded. The minimum alarm/trip setpoint value is equal 

to the release concentration, but for ease of operation it may be 

desired that the setpoint (S) be set above the effluent concentration 

(C) by the same factor (b) utilized in setting dilution flow. That 

is: 

s = b x c (2.4) 

Liquid effluent flow paths and release points are indicated in Figure 

2.1. 

2. Composite Samplers 

Effluent pathways, Turbine Sump and Service Water, are equipped with 

continuous compositors to meet the requirements of Technical Specif i­

cation Table 4.24-3. These compositors are adjustable and normally 

set in a time mode and collect a 30 mL sample directly from the 

effluent every 10 minutes, 24 hours a day. A representative sample 
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c. 

is collected daily from the compositor and saved for the weekly, 

monthly analysis requirements of Technical Specification Table 

4.24-3. In the event that a compositor is not operational, effluent 

releases via this pathway may continue provided that grab ~amples are 

collected and analyzed for gross radioactivity at least once per 24 

hours per Technical Specification Table 3.24-1, action 30. 

3. Post-Release Analysis 

DOSE 

A post-release analysis will be done using actual release data to 

ensure that the limits specified in Section 1 were not exceeded. 

A composite list of concentrations (Ci), by isotope, will be used 

with the actual liquid radwaste (f) and dilution (F) flow rates (or 

vol wnes) during the release. The data wi 11 be substituted in.to 

Equation 2.3 to demonstrate compliance with the limits in Section 1. 

This data and setpoints will be recorded in auditable records by 

plant personnel. 

1. RETS Requirement 

Specification 3.24.4.1 the Radiological Effluent Technical Specifica­

tion (RETS) requires that the quantity of radionuclides released by 

limited such that the dose or dose conmitment to an individual from 

radioactive materials in liquid effluents released to unrestricted 

areas from the reactor (see Figure 2-1) will not exceed: 

a. During any calendar quarter, 1.5 mrem to the total body and 5 

mrem to any organ, and 

b. During any calendar year, 3 mrem to the total body and 10 mrem 

to any organ • 
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To ensure compliance, quantities of activity of each radionuclide 

released will be summed for each release and accumulated for each 

quarter as follows in Section 2. 

2. Release Analysis 

Calculations shall be performed for each batch release, and weekly 

for continuous releases according to the formula: 

(2.5) 
l 

where: 

Ai = Cumulative quarterly activity of nuclide i identified in 

liquid release (Ci)• 

Ci = Design objective annual quantity of radionuclide i from Table 

2.2 • 

Radionuclides may be omitted from the summation if they fall under 

the criteria of allowed omission specified by Note 5 to Appendix B, 
10 CFR 20. 

The design basis quantities are derived in such a conservative manner 

that doses may be greatly overestimated by this technique. As a 

consequence of this conservatism, and in light of historically con­

sistent operations with releases well below annual design basis 

quantities, the Palisades Pl.ant Technical Specific.ations do not 

require monthly dose projections. Instead, if at any time, calcula­

tions by Equation (2.5) results in values greater than 0.5 for a 

given quarter or 1.0 for year-to-date, the NRC LADTAP code will be 

run to ensure that Specification 3.24.4.1 has been met. 

Values for the design basis quantities (Ci), and the dose per Curie 

(Dc/Cc)i for each nuclide i shown in Table 2.2, were calculated as 

(allnws in Sections 2.1 and 2.2 • 
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a• Water Ingestion 

The dose to an individual from ingestion of radioactivity from 

any source as described by the following equation: 

D· J 

1 

i=l 

where: 

D· J 

J 

(DCF)ij 

(2.6) 

= Dose for the jth organ from radionuclides releases, 

mrem. 

= The organ of interest. 

= Ingestion dose conmitment factor for the jth organ 

from the ith radionuclide mrem/pCi, see Table 2.1. 

= Activity ingested of the ith radionuclide, pCi • 

Ii is described by: 

. where: 

(Ai)(V)(365) .(1E06) 
(looo)(d) 

( 2. 7) 

365 = Days per year. 

v 

d 

1000 

= Annual activity released of ith radionuclide, µCi. 

= Average rate of water consumption (2000 ml/d -

adult, 1400 ml/d - teen and child, 900 ml/d -

infant, ICRP 23, p. 358). 

= Dilution water flow for year, ml 

= Dispersion factor from discharge to nearest 

drinking water supply 

1E06 = Conversion µCi to pCi 
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The dose equation then becomes: 

i 
Dj = (3.65!05)(V) [ 

i=l 

b. Fish Ingestion 

(DCF)ij x Ai mrem (2.8) 

The dose to an individual from the consumption of fish is 

described by Equation 2.10. In this case the activity ingested 

of the ith radionuclide (Ii) is described by: 

Ii = AiBiF(lE09) = pCi 
15d 

(2.9) 

where: 

Ai 

s· 1 

F 

15 

d 

= 
= 

= 

= 
= 

Annual released of ith radionuclide, µCi. 

Fish concentration factor of ith radionuclide µCi/gm 
(see Table 2.0 µCi/ml 

Amount of fish eaten per year (21 kg adult, 16 kg teen, 

6.9 kg child, none infant) 

Dispersion factor from discharge to fish exposure point. 

Dilution water flow for year, ml 
· 1E09 = Conversion of µCi and Kgm to gross 

Substitution of Equation 2.9 into Equation 2.6 gives: 

D· J = (6.7E07)F 
d 

c. Annual Analysis 

i 

I Ai x Bi x DCFi mrem 

i=l 

(2.10) 

A complete analysis utilizing the NRC computer code LADTAP with 

the total sourcP. release will be done annually in conjunction 

with the annual environmental report. This analysis will 
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provide estimates of dose to the total body and various organs 

in addition. to the dose limiting organs considered in the method 

of Section 2. The following approach is utilized on LADTAP. 

The dose to the jth organ from m radioriuclides, Dj, is·desc~ibed 
by: 

m 

D· J =L Dij mrem (2.11) 

i=l 

m 

-L (DCF}ij x I. 
J mrem (2.12) 

i=l 

where:-

Dij = Dose to the jth organ from the ith radionuclide, 

j 

(DCF}ij 

mrem. 

The organ of interest (bone, GI tract, thyroid, 

liver, kidney, lung or total. body). 

= Adult ingestion dose conmitment factor for the jth 

organ from the ith radionuclide, mrem/pCi, see 

Table 2.1. 

=:Activity ingested of the ith radionuclide, µCi. 

Ii for water ingestion is d~scribed by: 

Ii = A· 

' VI µCi (2.13) 
vd 

and for fish ingestion I· 1 is described by: 

Ii = Ai Bi FI µCi 
v d 
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where: 

A· l = 

v = 

T = 
v = 

d = 
Bi = 

·th . Activity release of J radionuclide during the year, 

µCi. 

Average rate of water consumption (2000 ml/d) .. 

Number of days during the year (365 d). 

Dispersion factor from point of discharge to point of 

exposure. 

Dilution water volume (ml). 

Fish concentration factor of the ith radionuclide, 

µCi/gm. 
µCi/ml 

F = Amount of fish eaten per day (57.5 gm/d) 

D. OPERABILITY OF LIQUID RADWASTE EQUIPMEJIT 

The Palisades liquid radwaste system is designed to reduce the radioactive 

materials in liquid wastes prior to their discharge (by recycle or ship­

ment for disposal) so that radioactivity in liquid effluent releases to 

unrestricted areas (see Figure 2-1) will not exceed Specification 

3.24.4.1. Maintaining the cumulative fraction if allowable release for 

each batch release and weekly for continuous releases assures ,compliance 

with this requirement. In addition, 13 years of operating experience (to 

the date this ODCM was first adopted) has shown that design basis quanti­

ties never have been exceeded •. 

E. RELEASE RA'D FOil OFPSITB MPC (500 rlJJlm/yr) 

10 CFll 20.106 requires radioactive effluent releases to unrestricted areas 

. be less than the limits specified i~ Appendix B, Table II when averaged 

over a period not to exceed one year. Concentrations at this level, if· 

ingested for_one year, will result in a dose of 500 millirem to the total 

body or its equivalent to internal organs. In addition, 10 CFR 50.36a 

requires that the release of radioactive materials be kept as low as is 

reasonably achievable. Appendix I to 10 CFR 50 provides the numerical 
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guidelines on limiting conditions for operations to meet the as low as is 

reasonably achievable requirement. 

The LADTAP code has been run to determine the dose due to drinking water 

at plant discharge concentration (1,000 x nearest drinking water intake 

concentration).. The source term used is given in Table 1.1. Dose to the 

most limiting organ of the person hypothetically drinking this water lS 

3.SSE-03 mrem. The release rate which would result in a dose rate 

equivalent to 500 mrem/year (using the more conservative total body limit) 

is the curies/year given ln Table 1.1 (162) times S00/3.88E-03 or 2.1E07 

Ci/yr = 0.661 Ci/sec. 

III. URAHIUM FUEL CYCLE DOSE 

A. SPECIFICATIOH 

In accordance with Specification 3.24.8.1, if either liquid or gaseous 

quarterly releases exceed the quantity which would cause offsite doses 

more than twice the limit of Specifications 3.24.4.1, 3.24.5.2 or 

3.24.5.3, then the cumulative dose contributions from combined release 

plus direct radiation sources (from the reactor unit and radwaste storage 

tanks) shall be calculated. The dose is to be determined for the member 

of the public protected to be the most highly exposed to these combined 

sources. 

B. ASSUMPTIOllS 

1. The full time resident determined to be maximally exposed individual 

(excluding infant) is assumed also to be a fisherman. This 

individual is assumed to drink water and ingest local fish at the 

rates specified in Sections II C.2.1 and II C.2.2~· 

2. Amount of shore line fishing (at accessible shoreline adjacent to 

site security fence) is conservatively assumed as 4~ hours per 

quarter {average of approximately t hour per day ~~ch day of the 
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quarter) for the second and third quarters of the year, 36 hours for 

the fourth quarter and 16 hours for the first quarter. 

C. DOSE CALCULATION 

Maximum doses to the total body and internal organs of an individual shall 

be determined by use of LADTAP and GASPAR computer codes, and doses to 

like organs and total body summed. Added to this sum will be a mean dose 

rate, calculated or measured for the shoreline due to plant present curing 

the quarter in question, times the assumed fishing time. 

D40 = De + Dr. + (RT)(T) (2.15) 

where: 

D4o = 40 CFR 190 dose (mrem) 

De = Limiting dose to an individual from gaseous source term 

(mrem) 

Dr. = Limiting dose to an individual from liquid source term 

(mrem) 

RT = Mean dose rate calculated to be applicable to Lake 

Michigan shoreline adjacent to plant site (mrem/hr) 

T = As.sumed shoreline fishing time for the quarter in 

questions (hours). 

IV. RADWASTE SYSTEM MODIFICATIOHS 

A. DEFillITIOll or MA.JOR BADWASTE SYSTEM MODIFICATIOll 

1. Purpose 

The purP.OSe of this definition is to assure ~hat }'echnical Specifica­

tion 6.20 will be satisfied under clearly identifiable circumstances, 

and with the objective that current radwaste system capabilities are 

not jeopardized • 
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2. Definition 

A major radwaste system modification is a modification which would 

~emove (either by bypassing or physical removal) or replace with less 

efficient equipment, any components of the radwaste system: 

a. Letdown filters or demineralizers 

b. Vacuum degassifier 

c. Miscellaneous or clean waste evaporators 

d. The present waste gas compressor/decay tank system 

e. Fuel pool filters/demineralizers 

£. Radwaste polishing demineralizers 

g. Radwaste solidification system 

Improvements or additions to improve efficiency will not lie con~ 

sidered major modifications unless a complete substitution of equip­

ment or systems is made with equipment ~f unrelated design. Examples 

would be, 1) repl•cement of mechanical degassifier with steam, jet 

degassifier, 2) replacement of waste gas system with cryogenic 

system, 3) replacement of asphalt solidification with cement system, 

and 4) change from deep bed resins to Powdex, etc • 
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• TABLE 2.0 

BIOACCUMULATION FACTORS 
µCi/gm per µCi/ml 

FRESHWATER 
ELEMENT FISH 

H 9.0E-01 
c 4.6E 03 
NA 1. OE 02 
p l.OE 05 
CR 2.0E 02 
MN 4.0E 02 
FE LOE 02 
co 5.0E 01 
NI l.OE 02 
cu 5.0E 01 
ZN 2.0E 03 
BR 4.2E 02 
RB 2.0E 03 
SR 3.0E 01 
y 2.5E 01 
ZR 3.3E 00 

• NB 3.0E 04 
MO . 1.0E 01 
TC l.5E 01 
RU l.OE 01 
RH l.OE 01 
TE 4.0E 02 
I l.SE 01 
cs 2.0E 03 
BA 4.0E 00 
LA 2.5E 01 
CE l.OE 00 
PR 2.SE 01 
ND 2.5E 01 
w / l.2E 03 
NP l.OE 01 
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Table 2.1 

• I~FANT INGE5TIO~ DCSE COMMITM~NT FACTU"~<~REM/SOY 
rsoroµ~ ~O~E LIV~R TOTAL RODY THV~OID 

H3 n. 1.0AE•C7 1.0~E-Of J.08~·07 
BElO 1.11E-o; ?.4QE•06 ~.l~E-07 o. 
CI4 ?.37E-o~ ~.o~E-c~ s.obe-06 s.06~·06 
Nl3 s.A~E-OA ~.A5~·08 s.ASF·O~ ~.HS~-n~ 
F'lB ;.l9E•O" n. 4e'+'3E•07 o. 
NA?.2 ~.BJE-n; q.~1E·O~ 9.~Jf.-05 ~.flJ~-o~ 
NA24 J.~lE•OS t.~lE·OS leOlE-05 l·OlE•OS 
P32 le7'1E•0'.3 !ell0E•n4 6.~9E'-C'.'5 o. 
A~39 O. O. O. Oe 
AR41 ~. O. O. Oe 
CA41 3.74E•04 n. 4.0~E-OS o. 
SC46 3.7SF.•08 ~.41E•OH l.69E•08 O• 
CRSl o. ~. le4lF·OR ~.20E•09 
MN54 o. l.9~E-05 4e~lf•06 n. 
MN56 O. R..1RE•07 t.41F.-07 O. 
FE55 1.J9E-os ~.9~E-06 2e40F-06 u. 
Ff59 3.oaE-os ~a18E-o5 2.12~-os o. 
COS7 o. l.15E•06 le87F·O~ o. 
C058 o. 3.~0F•Cb ~ •. 9bE•Ob o. 
co~o ~. 1.oe~-os 2.ssE-0~ o. 
NIS9 ~.73E•OS J.4SE•OS 8.J7F.·06 o. 
NI6J ~.34E•04 ~.92E·OS ?e20E·OS o. 
Nl~S 4.70E·O~ ~.32E•07 2e4?.F.-07 ~. 

• CU64 o. ~.09~·07 2eti?F-07 o. 
Z~6:t t.fl4E•OS 11-.JlE-115 ?.91F'-o5 ·•• 
ZN~9M•n l.50E·O~ 1.o~E-0~ ?.79F-07 o. 
lN69 9.3JE•OA l.68E•07 l.~~~·08 o. 
SE79 o. ?.lOE•OS 1.90E·06 o. 
B~A2 o. n. t.27F·05 o. 
8~~1•U o. o. 3eb3F-U7 O. 
BR~'+ o. n. J.82E•07 o. 
BR85 o. o. le94f·08 O. 
KRBJM Oe ~. n. Oe 
!<RBS~ o. "• n. O. 
1<~85 o. ~. o. o. 
K~87 C. n. Oe O. 
Kw8B•D n. o. o. o. 
KRR9 O. "• Oe O. 
R~86 o. 1.70E•04 8e40E·OS Oe 
~887 n. ~.88E-oS ~.52F.-OS o. 
RB88 o. 4e9BE•07 ?.7Jt•07 Oe 
R889•0 n. 2.A6E•07 l.97t•07 o. 
5~R9•0 ~.SlE-03 o. 7.2nF.-OS o. 
5~9('!•0 leRSE•02 n. ~.7IF.•Ol o. 
5~91•0 s.ooE-os o. 1.e1F.-06 o. 
S~92•0 le92E·05 o. 7.llE-07 o. 

• 
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µER ~Ct INGE~T~O IN 
KtrJNfY LllNG 
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n. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
n. 
o. 
n. 
"· o. 

F'I~ST YQJ 
GI•LLI 
1.0RE'-07 
?..7~F.'-n5 
c:;. 06E"•Oft 
5.c-c:;F'-0~ 

l.2eF'•Ob 
Q.81!'.-05 
t .OH·O~ 
2.JnF-05 
n • 
o. 
l.91F.'-n7 
3.5:JF-ns 
t... t lf.-07 
7.JlE·O~ 
7.4:JF'•OS 
lel4F'•Ob 
2.s7r-ns 
3.9?s:"-06 
~.97F-06 
;>. c.;7F" -o~ 
7.l,,F•n7 
l.9SE-06 
1... oc;~·-o~ 

l.25F'-05 
~.33F-o5 
4.24F-'•05 
1.37E'-05 
~.SRF-n7 

0. 
n. 
n. 
n. 
I). 

o. 
n. 
n. 
c. 
n. 
t..JSF'-06 
5.9~f.-07 
t...~5E·07 
"'·74F'-08 
c:;.1~r:-os 
?.Jli:'.-04 
5.92F.-ns 
?.on:-ott 
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Table 2.1 (Contd) 

• INF'A~T INGESTION OOSE co~~ITMENT F'ACTORS(~~~M/SOY 

ISOTOPE BONE LIVER TOTAL BODY Tl'iYROIO 
Y90 9e6'ilE•08 o. 2e33E·O~ o. 
Y91M•O 9.lOE•lO o. 2e76E•ll u. 
Y91 lelJE•Ob o. J.OlE·O~ o. 
Y92 7.t,;SE•09 o. Z. l SE• l 0 o. 
Y93 2e43E•O& o. 6.62E•l0 o. 
.ZR93•D le9JE•07 9.18E•08 5.54£·0~ o. 
ZR95•0 2.06f.•07 5e02E•Ob J.56E'-08 ". ZR97•0 le4dE•08 2e54E•09 lel6E'•l)9 o. 
N~93M leC'3E•07 J.JJE•Ob le04E•08 o. 
Ntl95 <+e20E•08 le73E•08 1.ooE-os o. 
N897 4.SIJE•lO 9. 79E•l1 3.SJE-11 o. 
M093 o. S.6SE•OS le82E-06 o. 
M099•0 o. J.40E·O~ 6e63E•06 o. 
TC99M le92E•09 J.96E•O'I SelOE•08 (,;. 

TC99 1.o~E·06 l e46E•06 4.SSE•07 o. 
TClOl 2e27E•09 2e86f.·O~ 2e83E•08 Ye 
RU!OJ•O lel+SE•06 o. 4.9~E-07 o. 
NUlOS•O le36E•07 o. 4.SBE•Ott o. 
RU106•0 2e1tlE•OS o. 3e01E·06 o. 
Rl"flOS le09E•06 7el3E•07 4.79E•07 o. 
P0107 o. lel9E•06 1:5e4SE•08 o. 
P0109 o. le50E•06 3e62E•07 o. 

i • 
AullOM•O ie96E•07 7.27E•07 4etllE•07 a. 
AGl 11 ;.20E•07 2e02f•OI le07E•07 o. 
COllJM o. 1. 77E·O~ · 6.52E•07 o. 
CDll SM o. le42E•05 1te9JE•07 o. 
SN123 2elt'i'E•Olt J.89E•06 61SOE•06 3e91E•06 
SN125•0 7ettlE•OS lel8l•06 J.29£-06 le36E•06 
SN126•0 s.sJE•04 7e26t:•06 1.eoE-0!» le91E•06 
58124 2el4E•OS 3el5E•07 6.6JE•06 s.68E•Otl 
SS12S•O le2JE•OS le 19t:•07 2e53E•06 l•54E•Otl 
59126 9e06E•06 le58E•07 2e91E•06 6·19E•08 
58127 2e23E.•06 3e98E•08 6e90E•07 2e81tl•08 
Tt.12SM 2e33E•OS 7e79E•06 lelSE•06 7.84E•06 
TE127M•O Se8SE•05 le94E•OS 1.oeE-06 le69E.•OS 
TE127 1.00E•D6 J.3SE•07 2el5E•07 8el4E•07 
TE129M•D 1.ooE-Oct J.43E•OS le54E•OS le84E•05 
Tf 129 2.B4E•07 9e79E•08 6,6JE•08 2e38E•07 
TElJlM•O l e52E•05 6el2E•06 s.osE-oe. le24E•OS 
TE131•0 le7bE•07 6e50E•08 4e94E•°'8 l e57E•O"I 
TE132•D 2e08E•05 leOlE•OS 9.61£-06 l•52E•OS 
TE.1 JJM•O 3.9a:-01 le79E•07 le71E•07 3e45E•07 
TE134•0 2ef.7E•07 lel4E•07 lel8E•07 2e39E•07 
1129 2e86E•OS 2el2E•OS 1.ssE-O!t le36E•02 
1130 &.ooE-06 le32E•OS s.JoE-06 le48E•OJ 
Illl•D leS'iE•OS 4e23E•OS le86E·OS le39E•02 

• 
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PER PCI lN~ESTt::U IN FIRST Y~> 
KIDNEY 
o. 
o. 
o. 
o. 
o. 
2. 71E•07 
Se41E•OB 
2e56E•09 
3e25E·O~ 
le24E'•08 
7.6SE•ll 
lel3E•U5 
s.oeE-o5 
1te26E•08 
le23E•OS 
J.40E·O~ 
3e08E•06 
1.ooE-06 
2e85E·O~ 
le98E•06 
6.79E•06 
s.S1E•06 
le04E•06 
4e22E•07 
lel4E•05 
7.41£•06 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
l e44E•04 
2,44E•06 
2.soE-04 
1.01£-01 
4e21E•05 
4e50E•07 
6.44E•OS 
le22E•06 
9.03£•07 
2.SlE•OS 
le45E•OS 
4e94E•OS 

LUNG Gt•LLI 
o. l.20E·04 
o. 2.70E•06 
o. 8.lOE-05 
o. l .'+6E•04 
o. l.92E·04 
o. 2.J9E-OS 
o. 2.SOE·OS 
o. l.62E·04 
o. 3.98f.·O~ 
o. l.46E'•OS 
o. 3.09E·OS 
o. le21E•OE: 
o. l.12E•OS 
2.07E-09 1.lSE·O~ 
l .42E-07 6.JlE·O~ 
l.56E-09 4.86E•07 
o. l.SOE-05 
o. S.41~·05 
o. 1.8JE•04 
o. l.77E·O~ 
o. 9.tt6E•07 
o. 3.68F•05 
o • J.77E·O~ 
o. 4e82E•05 
o. 2.66E•05 
o. 8.09E'-05 
I). 6.SBE-o: 
o. 1. 11 E·04 
o. 2152E·O~ 
1.34£-05 6.60E·O~ 
7.72E-06 le64f·O~ 

5.0iE-06 • B.JSE•OS 
1. l SE-06 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

S.91E•OS 
l. llE•OS 
2.J6E•O: 
2.lOE•OS 
S.97E•05 
2.27E•05 
l10JE•OCt 
7.llE•Of 
J,AlE•OS 
1. 9JE-os 
J.06E•Ot 
4,24E•Oi 
2.8JE•OE 
le51E•OE 
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Table 2.1 (Contd) 

• INFA"T ING~STI0N OOSE COM~ITM~~t fACTORSCMREM/~OY PE~ PCI lNGESTt.U JN F'IRST Y~) 

ISOTOf.IE. BO~E LIVER TOTAL AOOY TP1Yr.l01U KIDNEY LUNG Gl•LLl 
1132 l166E•Oft 3e37E•06 le20E·06 le58E.•04 J.76E•06 o. 2.7JF•06 
llJJ•U 1.2:;E-OS 1.ei2e.-o~ S.JJE-06 l•JlE.•OJ 2 e l4E•OS o. 3.0SE-06 
I l Jft ~.b9E:•07 le78E•06 6 • .1JE-07 4el5t.•OS le99E•06 o. l.Bt.E•Ob 
1135•0 J,6t+E•Ob 7,21tE•06 2eb4f •Ob 6.49£•0,. s.01F.-06 o. ?,62E•06 
Xf.lJlM o. o. o. o. o. o. o. 
Xfl33M o. o. o. o. o. o. o. 
XE.133 o. o. o. o. o. o. o. 
H.lJSM o. o. o. o. o. o. o. 
XEJJ~ o. I). o. o. o. o. o. 
)'f.137 0. o. n. o. o. o. o. 
XElJt!•O o. o. o. o. o. o. o. 
CSlJ4M•O 1.7bE•07 2e93E•07 1.c.se:-01 o. l.13E•07 2e60E·O~ 2e32E•07 
CSl34 3.77E•Olt 7,0JE•04 7,loE-05 o. l.tHE•04 7e42E•OS le91E•06 
CS1J5 l13JE·0'+ le21E•U4 6eJOE•Ob 01 3e44E•OS l1JlE.•OS 4e37E•07 
CS136 ft,SliE•05 1,JSE•04 SeOi+f•O~ o. s~JeE-05 le l OE:.•05 2,0SE'•06 
CS1J7•0 :'= 22E"'O"- 6ellE•04 c.,33~·-o~ o. l,64E•04 6.6c.t.-os J,CllE•06 
CSlJS c..~lE•07 7.82E•07 3.'19E•07 o. 3.90E•07 6,or;E-08 l.2SE•06 
C.5139•0 3.lOE•07 4u!4E•07 l.b2E•07 o. 2.19E'-07 J.Jot.-08 2e6bE•08 
BA1J9 ~.t.HE•07 5,84E•l0 2.ssE-ot5 o. J.SllE•lO 3.54E-10 s.ssE-os 
BAl40•D l1llf.•O'+ 1.71E·07 a.s1E-06 o. 4106E•08 1. OSE-07 . 4e20E•OS 
8Alftl•D C.,25E•07 2.91E•l0 1.34E•Ott o. l,7SE•l0 1. 77E-10 5,19E·06 

••1•2•0 le8CtE•07 l.5JE•l0 9.06E·09 u. Be81E•ll 9.26E-ll 7.S9E'-07 
Al4C' 2e llE·Od 8132E·O~ le hE-09 o. o, o. 9,77f'•OS 
A 1ft1 2.e~E-Oli 8,JSE•lO le46E•l0 o. o. o. 9,61E:•OS 

I,. Al '+2 l.toE-09 4,04E.•10 f:il,67E-11 · o. o. o. 6,~6E•OS 
c l:.l ft 1 1. a n:-oa 4,80E•08 SebSE·Oll o. le48E•O& o. 2e'+8E•OS 
CE.lt+J•D l.t+~E-OE:I 9,82E•06 1.12F-09 o. 2e86F.·09 o. s.7JE-os 
CElt+4•0 ?.98E.•06 1.22E.-06 l .b7E··07 o. 4,9Jf •07 o. l.71E•04 
?~143 BelJE.•08 J,04C.•08 4,0JE•09 o. lel3E•Od o. 4e29E•OS 
PRl44 2e74E•l0 l1CbE•lO l e38E·ll o. 3.84£-11 o. 4,93E•06 
NDlft7•0· S.SJE•08 s,68E•08 3e48E•09 U• 2119E•08 o. J,60E•OS 
PM147 3.81:5E•07 J,27E•OH l1~9E·08 o. 4,88E·08 o. 9.27E•06 
PM148M•0 l16:iE:-07 4el8E•08 J.28E-08 o. 1+,aoE-08 o. S,44f•OS 
PMl'+EI 6.J~C.-08 9,lJE·O~ 4,60E•O'J o. l,OfiE-08 o. 9e74F•OS 
PMlit9 l.J~t::-08 1.BlE•O!.il 7,90E•l0 o. 2,20E•O'i o. 4e86E•05 
PMl Sl 6el8E•O!.il 910lE•lO 4156E•10 o. l107E'·09 o. 4.17E•05 
SM151 2e90E•07 6,67E•08 l144E·08 o. 4,SJE•OB o. s.seE-06 
SM153 7.72E•OCJ S,97E•09 4158E•l0 o. 1.2SE•09 o. 3.12E•OS 
EUlS.2 6.74E•07 1.79E.-07 le~lE•07 o. c;.02e.-01 o. l,59E•05 
~Ul54 Z.6'+E•06 J,67E•07 2.20£-07 o. 9.9SE'•07 o. 4e58E•OS 
C.UlS~ S142E•07 6125E•08 3123E•08 o. le40E•07 o. 8,J7E•OS 
EU156 1·1CtE•07 7,06E•08 lel2E•08 o. J,26E•08 o. 6,67E-05 
T~160 2e59E•07 o. J.24E'-08 o. 7.37E•08 o. J,45E•OS 
'10 l 66M le2~E·06 Z169E•07 2113E·07 o. J ,S-fE•07 o. o. 
•181 e.asE-oe 2172E•08 3e04E•O'J o. o. o. 3e82E•07 
•IS~ 3e6?E.•Ob lellE•06 l.~9E•07 o. o. o. l,62E•OS 
•187 9.0JE•07 6.28E•07 2el7E•07 o. o • o. 'l,69E•OS 

• 
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Table 2.1 (Contd) 

• 
INFA"-11 J"IGf::~TION ooc;~· COMMlTMENT ~ACTO~S(M~fM/SOY P~.R PCl IM1ESTE'n IN F'B~ST YRl 
l ~OT OPE 30""E LIVE.R 1 OTAL ~OC' Y' Tt-iY~r>lD KI [)NE' Y' LUNG GJ•LLI 
PH?.tn•D :;.2AE•O? J.42E•02 ?..J~f.-03 0. 4.JJF.'•Oc o. c;. 62E'-nc: 
PI21C•D c..lbE-06 2.~.~f-nS J.~Br-01 o. 2 • OAE -0'+ o. c;.211=:-os 
P02lC J.toE-nJ 5.93~-oJ 7e4lF-04 o. 1.?fiE-02 o. f,.61F·O~ 

RN222•f' o. o. o. o. o. o. 0. 
RA2Z:?•l) ... 41£-0? ~.42E:-05 ~.ozr-03 o. J.17E'•OJ o. :J.41F"-l"t. 
~A?.24•!'> J.4~E-Oi' 3.?."IE•OS ?.1i1n·-03 o. ~.ooF-04 o. 3.AE-£•0'-
RAi?2~•n S.7~E-02 fi.52~-05 l.15f-02 (I• 1.19E-03 o. .1.24E'-(H, 
~A?2f.•0 ~.20E•CJ1 4 .1,;e.-os S.l4E•Ol o. A.71F'•04 o. 1 0 4'-tF·O'-
RA22f'•O i..32E•l'l ?..5HE.·O~ 4.BfiE'·Ol o. 4.73F•O'+ o. S.86E·O~ 
AC2i?~ J.92r•O!:> c;.03E•05 ?.t·JE-06 o. J.69E-06 o. 4.36E'-0' 
AC227•0 c..4~E-03 7.67E•04 2.7Qf-04 o. 1.56E•O'+ o. ~.sor-o~ 
TM??7•n 1 • ?OE•Cl4 ?..OlE-06 3.'+SF.'·06 o. ·7.41E•Of. o. 5 0 7nf-('\L 
TM?26•1) 2.47E•03 ~.JHE•OS fl. 3flf'-OS o. 1.SAE-04 o. 5.R4f-OL 
TH.:!2Q J .4~E-r·? le9'+E•04 7.2~F-04 o. 9.2qE-04 o. s.31F·o' 
T~231'1 ~.BoE-03 1.QOE•n4 l.Ofif .. 0'+ c. 9.12E-04 o. 6.24F.'·O' 
"i'~?3?.•0 4.24E-03 t.~Jf-04 l.t:i~E-04 o. 1.1qe:-04 o. s.311:-0~ 
THt'34 ~.92E•O'f .'.'. 77£-0f; ?.oor-oa o. l.39F..-07 o. lel9F·0' 
PA231•0 1.57E-Oj 2.soE-04 3e02E-04 o. 1.34F.-03 o. 7.44F·O~ 
PA?.33 ~.llE•OF. ~.09E•09 ~.43E-OQ o. l.67E'-08 o. l .46f -('I~ 
U232•0 ~.4~~-c' o. 2.1H:-03 o. 2.37E-03 o. 7.0'+E·O~ 
U2~3•0 5.CBE-OJ ,, . J.fi7(-04 (J. i.osE-03 o • ~.SlF·CI~ 

• L12·34 4. F.oo~E.-!i3 ,, . J.~oE"-04 o. J.06E•03 o. 6.37f·CI~ 

' U235•1J c..~7E-CJ o. 3.~f.f'.-04 Cl • 9.93E•04 o. R.lOF'·O~ 
lJ2~6 ,. • 6 7E.-n3 n. 3eb4f.•0.4 o. 1.0JE·Cl3 o. S.9BF·CI~ 

U237 c..9SE•07 n. t.32E-07 o. 1.?JE•Ob o. 2.llf-r.' 
U?J~hU c..tt7E·03 ,, . J. :ni::-01+ o. 9.2"E-04 o. s.11r.-oc 
NP;?J?•n ?eSJE•OJ le93E•04 leO'iF.•04 o. 6e34F•O'+ o. ~.23E'•O' 

NF'23& J.e4E•07 3.J2E·O~ J .92F .• n9 o. ~.81E·09 o. 4. l 7F-C't 1 

NP239 1.llE•Ot' 9.9JE•l0 S,bJE-10 o. 1.9BE•09 o. ?..87F·CI~ 
Pll23e le3'+E•03 lebr;E-04 3e'+OE'·OS o. le2lf.•04 o. 1.c;TF.-O~ 

PU23~ l.4~E-OJ 1. 1n.-01t Je5ttl•05 o. 1.?~E:-04 . o. ~.9lf·O~ 
PU24CI le45E•OJ J.77E•04 J,54E"•OS o. 1.?.8f•04 o. 7.04E·O~ 
PlJ24 J •0 c..J~E-05 J.90E•Ob A.St'E•O 7 o. 3. l 7E'.-06 o. J,4SE·Of 
PU24? J,JSE·03 le'70E•04 3.-.1E-os o. 1.23E'-04 o. 6. 77F..-n~ 
PU244 1.s 1E•03 leQl;,E•04 J,Q}E•OS o. l141E·04 o. 1.0lF•O' 
AM?Ctl 1.SJE•OJ 7,)8~-04 1.oqf.04 o. fie!:t'SE-04 o. 7.70E'·O~ 

AM?.4C?M t.S!:IE•Ol 1.c2£-04 1.1Jf-04 o. Ei.64E•O-. o. 9.69E·O~ 

AM?4J 1e51E•03 f.,f58E•04 lell6F.•04 o. 6.Jf>E'•04 o. 9. t>JE•O' 
CM?42 1.37£-0'i- l e24E'•01t 9elOE•Oft o. ?,62E·OS o. 8. 23E•O! 
C"4243 J,4SE•03 ,,,HBE•Olt A.98E-05 o. 3.27E-04 o. F.1.lOE'-0! 
C~244 J • ?.2E •03 ~.16E•04 7.S9E-OS o. ~.71E·04 o. 7.84f•O! 
CH;»c.~ 1. A9E•OJ 7.49E•04 J.11E•04 o. 4e32E•04 o. 7.JOF-0! 
C~246 1.87£-03 7e49E•04 lel3E•Olt o. 4.JlE•Olt o. 7.17f'•O' 
C~l47•n 1·~2E•03 7.J6E•04 J.lJF.-04 o. 4.24F-04 o. 9.43E·O~ 

CM~ltA le51E•02 6. on.-oJ c...tbE-n4 o. J.SOE•Ol o. 1.~2F.-o· 

cr2s2 le24E•03 o. 2.95E-OS o. n • o. z.99E-n· 

• 
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Table 2.1 (Contd) 

• CHILD lNGESTIC'~ oosi:: CO~MITME::NT FACTO~SIM~~~/50Y 

lSOTOPf:. '3n"E L l Vf.." TOTAL BODY THY~OlO 

... ~ o. 2.0Je.-n1 2.0]F.'-07 z.oJE-07 
~E 11> 1. 3:iE·f1·5 1. s 7F.:-06 3.J':iE-07 o. 
Cl4 le2H•O!:> 2e42E•06 2e4?E' .. Ob i!e~2E•06 

Nll J.luE .. (18 JelOE•OH J.101::-oa JelOE•08 
Fl8 2~4YE•06 o. 2,47F.•OI o. 
NA22 ; • A1!E .. 0:, S.BP.E•OS c;.t;.wF.-05 ~ • .Q;;t:-n~ 
NA24 5.80E•ll~• s.~01::-0" S.Hr.F·fJ~ 5e/:'CIE-Of> 
P32 !l.2SE'•04 J,ti6E.-05 31lHE·O~ o. 
ARJ9 ('l. o. o. o. 
jR41 o. o, I). o. 
CA41 3.41E•C'+ o. 1, 7~F-O~ u. 
SC4~ i .91E.-Ofl 7, 70~.-0"4 le04E·O~ o. 
CRSl o. r. H.c;nE-09 c.. c;4F.:•09 
MN54 " . 1. C' 7E-05 2.BSf•Ob I.I. 
~N56 o. 3e34E·O"f 7,:;c+E-08 o. 
FE.55 l1lSE•l'S 1:1.10E•Ob le!i9E'•06 o. 
FES9 l.6~E-05 2.fl7E·05 1.JJE·OS o. 
C057 o. 4.9:4E•0'7 ~.9~F.-0'7 o. 
case 0. 1.eaoE-0., 51!-ilE•Of.i o. 
C060 o. 5.2qf-Ob l.!:>hE'•O!i o. 
Nl59 !+.02E•O'; 1.01e:-c5 6.82£-0b ei. 
~I63 S.3F.4E-ot. -'•~HE·O~ leBJE-05 o. 

• NI !)5 ?..2~E-Ob 7.0'iE-07 l.2?F•07 o. 
CU64 0. 2.t.SE-07 le4Af•07 o. 
ZN65 l.37E•05 .J.E-~E:.-OS 2.27E'-OS (I• 

ZP1J,r,9P.-•O 7.lOE•O"/ 1.21f'-(\(, l e43E-07 o. 
z~~9 !6 •. 1t3E·O~ ~.JJf-08 5.ssE-o'i o. 
SE'79 o. ~.t.JE•06 t.B7E•O" ". 
R~82 c. o. 7,SSE•Ob o. 
B~8J•!J C' • o. l.71E-07 o. 
8?84 (I. o. l .~RF•O 7 o. 
8'-85 (I • 0. 9 .12£-0·~ o. 
1<R8JM o. o. o. o. 
1<~8~M o. o. o. o. 
KR85 o. o. o. o. 
1<~87 c: • o. o. o. 
l<R88•0 o. n. o. o. 
l(R@9 o. (). o. o. 
RB86 o. 6e70E•05 '+.l2F.-os o. 
k887 o. 3.9SE•05 1.SJE·O~ o. 
R888 o. l.90~-07 t.J2E-n7 o. 
R889•0 o. 1.17E•07 le04E'•07 u. 
5~89•0 le32E•OJ ,, . 3.11e:-os o. 
SR90•D 1.70E•02 n. 4.JlE·lll o. 
SR91•0 ~.40E•OS I). 9.0llE-07 o. 
SR92•0 9.01E•fl6 o. . l. 6?.E•O 1 o. 
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Pt:.~ ~CI INGESTED IN F'I~ST YR> 
1<101-JE'Y 
2 • n :~E-0 7 
l.llE .. o~ 
7.421:.•0b 
'3elUF.•OM 
n. 
s.A8f-n~ 
5, BC·E•O" 
0• 
o. 
n. 
o. 
?.J')f-n~ 
l.JSE•O'i 
J, OOE"•OEI 
4e04E-07 

"· o. 
o. 
o. 
o. 
o. 
n. 
Cl • 
s.?c?E'-07 
2.Jnc-os 
l.01E'-07 
3.B'+f.•08 
1.37F•OS 
I) •. 
o. 
n. 
o. 
o. 
o. 
o. 
ci. 
o. 
o. 
o. 
o. 
n. 
o. 
o. 
o. 
o • 
u • 

LU~G GI •LL I 
2.oJF.-07 ?.OJF.•07 
o. ?.7SF::-n5 
2.1.t~E-Ob ?..42F.'•06 
J1lOt.•Od J.toF.:-n~ 
o. (,.74F.-07 
s.~ei:-n~ r;.~AF-os 
5,B(lf .. OE! i:;.~OF-'l6 
o. ~.2~F'-05" 
o. r. • 
o. n. 
o. 1.9r.f .. n7 
o. 3.95E-n5 
9.C2E•09 4. 7?.f--07 
o. ~.9R~-nf, 

o. 4,A4F.'·CI~ 
:;,4Sf.•C'b l.l.3f·O~ 
7.74E•Ot> 2.18r-ns 
o. 4.0c.F'-0~ 

o. 1. os~ ~os 
n. ?.QJF•05 
o. 7.lOF-07 
I). 1.q4E-nf, 
o. ?..r;"i::-o; 
o. l.15F"-il5 
o. 6.t+lF.:-nit, 
o. 3,9.:.E-05 
o. 3. 99F-nl't 
o. s.c;J~-01 
l). ('\. 

o. r. • 
o. o. 
o. o. 
o. ('I • 

o. Ii • 
o. n, 
I). n. 
n. n. 
o. o. 
o. 4.JlE'·('I~ 
o. c;.91'~·-01 

o. Q,J?.E•09 
o. l.02E•09 
o. c:;.11r::-os 
o. 2 • 29F-OC. 
o. S.30E•OI!; 
I). 1. 71E•O'e. 
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Table 2.1 (Contd) 

• CHILD INGESTIO~ DOSE COMMlTMENT FACTORS<M~tMISOY 

ISOTOPE BO~E. LIVER .TOT AL BODY THYROID 
Y90 '+•llE-08 o. l.lOE•O'il o. 
Y91~•1.) J.SlE•lO o. l.39E·ll o. 
Y91 6.02E-07 o. l.olE-01:1 o. 
'f 'i2 J.6oE.-09 o. le03E•l0 o. 
Y93 lel'+E.•OB o. 3elJE•lO o. 
ZR93•1J J.6TE-07 6e2SE•08 4e45E·OB o. 
ZR95•L> lel6E•07 2.SSE·O~ 2e27E-08 o. 
ZR97•0 6.9~E-09 leOlE-09 S.96E·l0 o. 
N893M i.o:,E-07 ~.62E•08 8. blE"-09 o. 
Na9s 2.2sE-08 A.76E·O~ f>e26E•Oll o. 
N897 2elfE•lO Je92E•ll l ed3E•ll o. 
'4093 o. 2e41E•OS 8e65E•07 o. 
M099•0 o. le33E•OS J.29E·06 o. 
TC99M 9e23E•l0 leE:llE-09 JeOOE•OH o. 
TC99 S.J~E-07 S.96E:•07 2e l4E-07 " . 
TClOl l.07E•O'i lel2E·O~ le42E·Ol:I o. 
RUl0.3•0 7.31E•07 o. 2ei:Hf•07 o. 
Ru1os~o &.t.SE•Oii o. 2e34E·08 (le 
RU106•0 l • l 7E•OS o. le46E·Ob o. 
RHlOS Sel4E•07 2e76E•07 2e36f •07 ". PD107 a. 4.72E•07 4e0lf.•Ots o. 
P0109 o. S.6.fE•Of 1. "/Of •0 7 o. 
AGllOM•U ~.J"E-07 3e64E•07 2.~n-01 o. 

• AGl 11 2.c.ac.-01 7.76E•08 Sel2E•Ots o. 
COllJM o. i.02e.-os 4e34t."•07 o. 
CDll SM o. s.B9E•06 2.~1E-07 o. 
SN1?3 le3JE•04 le65E•06 le24E•06 le7!;E•06 
SN125•0 J.S:iE·OS S.35E•07 le54iE•06 !:»e55E•07 
SNl26•0 J.3JE•04 4el5E•06 9e46E"•Ob lel4E•Ob 
58124 1 .11 E.•05 le44f.•07 J,ts9E•06 2e45E•08 
St:H 25•0 7elbE•06 s.52E-os leSOE•06 6e63E•09 
SB126 fte40E•06 6e73E•08 1.5eE-o6 2eSRE•08 
SB127 le06E•06 leb4E•08 3e68E•07 lel8E•08 
TE125M lel'+E•05 Je09E•06 le52E•06 3e20E•Ob 
TE127M•O 2e89E•05 7e78E•06 Je'+JE-06 61~lE•06 
Tt.127 <+e71E•07 le27E•07 le0lE•07 3e26E•07 
TE129M•O tt.87£-05 le36E•OS 7e56E•06 le57t:-os 
TE129 le31tE•07 3e71tE•08 3el8f•Ots 9e56E•08 
Tf.131M•D 7e20E•06 2elt9£•0b 2•65E•06 5el2E.•Ob 
TElJl•O Be30E•08 2.SJE•OS 2e47E•Of::i be3SE•08 
Tf 132•0 leOlE•OS 4.47£-06 s.4oE-Ob beSlE•06 
TE 133.M•O t.87E-07 7e56E•08 9e37E·08 l e45E•O f 
TE134•0 le29E•07 s.eoE-oa 7e74E•08 le02E•07 
Il29 leJ'iE•OS 8e53E•06 7e62E-06 s.seE-ol 
1130 2e92E•06 S.90E•06 J.04E·06 be50E•04 
1131•0 le72E•OS le73E•05 9e83E·06 Se 72t:•Ol 

• 
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Pt.R PCI I NC,ES T ELJ IN ~IRST YR) 
KIDNEY 
o. 
o. 
o. 
o. 
o. 
2.42E•07 
3.bSE•08 
le4SE•09 
?.83E•08 
8e23E•09 
4e35E•ll 
6.JSE•Ob 
2.84E•051 
2.63E•08 
7.02E•06 
le91E•Ot3 
le84E•Oc 
S.67E•07 
1.SBE•OS 
l.10E•06 
J.95£-06 
J.04f•06 
6, 78f•O"f 
2e34E•07 
i.osE-os 
4e3BE•06 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
f:5.24E•OS 
le34E•06 
le43E•04 
J,92E•07 
2e41E•05 
2eSlE•07 
4el5E•05 
7,18E•07 
S,J7E•07 
le44E•OS 
s.a2E-06 
2e84E•OS 

LUNu GI·LLI 
o. l.17E-04 
o. 7.41::!E-07 
o. B.02E-OS 
o. l.O'+F•O'+ 
o. l.70E·04 
o. 2.37E-os 
o. 2.6M.•05 
o. l.53E.-04 
o. 3,9!::iE•Ob 
o. l,62F-05 
o. l.21E•OS 
o. 1.22E·O~ 
o. l,lOE-05 
9elf1E•l0 l.03E•Ob 
s.2n-os 6,25E-Ot:> 
5e92E•l0 J,S6F-09 
o. l,89E•OS 
o. 4,21E-OS 
o. l.82E.-04 
o. l.71E-OS 
o. Q.37E.-07 
o. J,JSE-05 
o. 4e33E•OS 
o • 4,75E·05 
o. 2.63E-OS 
o. 8,0lE•05 
o. 6,52E•O: 
o. 1.lOE•CI' 
o. 2.soE-OS 
6el6E•Cl6 6,94E-OS 
J.99t•06 },71E•OS 
2elOE•06 B.R7E-05 
4,60E•07 s.97E-o~ 
o. l.IOE·O= 
o. ?.e3'+E·O~ 
o. 1, 8'+-E ·O~ 
o. S,94E·O~ 
o. 8.J'+E•Of 
o. leOlE•O' 
o. 4.36E·o· 
o. 4.SOE·O~ 
o. 5,77E•Of 
o. s.EWE·o· 
o. 4.29E·o· 
o. 2,76E•OI 
o. l.S4E•Ot 
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Table 2.1 (Contd) 

• COMMITM~Nl FACTO~SCMWl:.M/~OY Pt:.~ PCI INGC.STE.LJ CHILD Ir-.1GE:.STIO~ JOSC: lN F"IRST YRl 
ISOTOPE:. :iO~E. LIVER roTAL RODY TMYROilJ KiuNEY LUNG GI-LL I 
IlJ2 ~.ooE-07 le47E-Ot> b • 1,..E.-0 I 6 • El2E.-O!:I 2.2~e:-06 o. l.7JE-06 
IlJ3•D S.92E.·0~ "7.32C.-06 ?..77E·06 l1J6E.•OJ 1.22~-os 01 2195E•06 
IlJ4 ~.l~E-07 7. "/!:H::-o I 3e58E·Of l • 1~1:.-0~ l,19E·06 01 S,16E·ll7 
llJS•D I.7~E-Ob 3.ISE-06 l • ·+9E-06 2.79E.•0'+ c..83E•Ob o. 2,40E·06 
Xt:lJlM 0. o. o. 01 o. 01 01 
Xl:.1J3M I) I n. o. o~ o. 01 0. 
XElJJ o. o. o. 01 o. 0 I o. 
Xt:.lJSM 01 o. o. o. o. o. o. 
Xf:.135 o. o. o. o. o. o. o. 
Xl:.137 0. o. 0. o. o. 01 01 
XElJa•D o. 01 o. 01 o. 01 01 
CSlJ4M•U 9,44E•O!:S licSE-07 del6E•Cii:t 01 6159E•08 l10~E.-os 1.saE-01 
CS13" 2.:lr+E•04 J,84E•04 ~.10E-o:, 01 l119E•04 4127E·05 2.07E•06 
CS135 8 .JOE•O:, S178E•05 511i!JE'-06 o. 2104E•OS 6e8U:.-Oo 4,3JE•07 
CSlJb 2.J~E.·OS f)146E•o5 4el@E-o:i u. 3e4'+E·O~ S.13E•Cl6 2.27E•O& 
CS1J7•11 312lE•l)'t 3.13E•04 4162E-OS o. l.02f.•04 J.67t.·0~ l,96E·Ob 
CSlJEI 2.2~c.-01 3.J7f:.-07 2101E-07 o. 2123E•07 2e'+OE•Od le46E•07 
CS139•D l14:tE•07 J.61E•07 7114E•08 o. l.21E•07 le22t:•Od l.4SE•ll 
BA139 4.l'+E•07 2121E•l0 l12ot:.-oa o. l,9JE•l0 11301:.•10 2,J9E•OS 
BAlt+O•D eleJlE•OS 7e28E•08 4.~sE.-06 o. 2,J7E•Ot:I 413'+1::•08 '+e21E•OS 
BAlitl•D 21ooe.-01 l112E·l0 6e51E•09 01 9,69E•ll b158E.•l0 l • l '+E •O 7 
E:1Al42•D S17'tE•Oti 6.291::•11 4eHHE•O'>I o. 5,09E•ll J, 70E•ll l.14E•09 

• LAl40 1101~·08 J.53E•09 1el9t•O'I o. n • o. 9,84E-os 
LAlt+l l1J~E-09 J.1n.-1CJ ir,.aeiE-11 o. o. o. 7,0SE'•OS 
LA1'+2 :,.2'+E.•10 l.67E•l0 5e23E•ll o. o. o. 3.JlE'-05 
CC.141 J.97E-08 le98E•08 2e94E-O'>I o. ~.613E'-09 o. 2147E-os 
CE.14J•U 6 I 9"ilt.•09 J,79E•06 S,49E•l0 o. l.SCJE-09 o. S1SSE·OS 
C~lt+4•1J ?.CibC.-06 b.:,2t:-07 l1llE·OI o. J,61E•O-, o. le 70E•04 
PR143 J,9JE•08 lel8E.•08 le9SE•09 o. 6,39E•09 o. 4,24E•OS 
PMl44 l.29E•l0 J,99E•ll 6,49E•l2 o. 2.llE•ll o. 8,S9E'•08 
ND147•0 217'>+E•08 2e2bE•08 le75E·09 o •. le24E•08 o. 31SBE-os 
P~l47 3.t~E-07 2'e27E•08 l122E•08 o. 4,0lF.•Ots o. 'l,19E•06 
P~li+8M•D leOJE.•07 2.0SE•08 2e05E·O~ o. 3,04E'•08 o. s.78E-os 
PM1'+8 3.0~C.-Oi:t J.63E•09 2eJSE·Oli o. 6,17E•09 o. 9170E•OS 
PMlC.9 5149E.•09 ~.90E•l0 3e74E•l0 o. l.22E•09 o. 4,71E•OS 
PM151 C?.9~E·09 J.SSC.•10 2e31E•l0 u. 6,02E•l0 o. 4,0JE•OS 
SMl:,l 2e56E•07 JetHE•Ott le20f•08 o. J.94E•08 Cl • S,SJE•06 
5Ml53 3165E·09 2.21E.-09 2el9E·l0 (J. b,91E•l0 o. 3e02E•05 
tUlS2 ~.1SE•07 lel2E.•07 le33E•07 o. 4,7JE•07 o. l18'+E•OS 
EUl:,4 2.JOE•06 2.01£-0., le89E·07 o. 9,09E•07 o. 4,8H:.•05 
tUlS:, ~.t:12E.-07 J.47£-08 2.12t::-08 o. 1,J\.IE•07 o. 8,69E•OS 
EU15f- 5.6~E·08 3.01£-08 6e2Jf•09 o. l,94E•08 o. 6.BJE-ns 
T~l60 l .6bE•07 o. 2.06E-08 o. 4,94E•O& 0 •. 3.68E•05 
HOlbbM l108E•06 2e26E•07 le91E·Of o. J.22E•07 o. o. 
WlBl ~.2JE•Ob le04E·O~ l•'+3E·0" o. o. o. 3179E·07 
Wl85 le7JE•06 4.32E•07 6e05E·08 o. o. o. 116lE•OS 
llfHH 4e21iE.•07 2eS'+E.•07 le l'+E•O 7 o. o. o. J,S7E•05 

• 
MI0389-0046A-HP01 82 Rev 5 

8-1-91 

----



Table 2.1 (Contd) 

• CHILO INGESTI('l\j onsE. C0'4Ml HH~NT ~ACTO~SIMME~/SOY 

ISOTOPf '::!O~E Ll VE~ TOTAL e.oo~· T~Y~Oll' 

PHi'lO•n ~.75t•O? J.t'2E·02 i'e ll'-#f .;.03 o. 
e121n•ri ~ ~ 1HE-o~ 1.021:.-os l.b~F"-07 o. 
PO?ll' J .S?E-n~i ?.4'.Jl:-03 1.~7~-f14 ll • 

R~2??•0 ,, .. o. o. o. 
FIA223•11 ?.l~E.-r'I" ?.4~~ -o!i 4. ~'·f -n:l o. 
f.lA224•1' ~,. R'7E·t'J l.?.~E.-n5 l.Jr\F'-Ol o. 
~112?~•0 ?.QnE-n?. ~. C,OE-1'!'5 ;.59E-OJ c;. 
~A??t.•f) :;.75E•OJ ].r4'4f•05 4.7?(-0l o. 
~A22F.o() J.~~F.-01 9.Q'1t-OP.> 4.3;.>E-Ol o. 
AC?.25 }."4~t:-05 1 • q.a:-o5 1•2~.E-Ob o. 
AC~27•D '+el?E-03 t=l.6Jf-04 ?.5~t.-04 o. 
T~?27•D S.F45E•O!:> 7.9nE•07 l eb''f-Ob o. 
Tfol22fh["I ?.07E•03 ~.~~E·OS 7.ClfJF•OS o. 
T~229 l • .3~E.-~2 t.~lf-i'14 t..bf!E'-04 o. 
TH?30 3.55E-~3 1. 71!4E.-04 9.~lF-CIS o. 
T""f?32•0 3.96E-03 1 • S?F. •04 3.c1i:-04 o. 
T'"4234 '.'.42F.:-07 1.s1t::-C\8 9.~~f-fJ'- (I • 

PA231•D ;.orr--o:-. ?.J4:•n4 2.e-1F--04 o. 
PA?.3:1 l.tllF~·OE'.! ;:i.~2c-nq J.l~E-Of; o. 
lJ232•U !.7~E-02 o. J.2~f-OJ ('I. 

lJ?.33•0 3.72E.-03 o. ? • 2'5E ·04 (I• 

U234 3.!;7E~o3 n. ti.2H•04 o. 
.lJ235•l.I 3. 4 e1E •fJ 3 o. 2.07E•04 (!. 

l/~36 J.42f.-l;J o. r • l ?F. • ll 4 o. 
lJ?37 ~.,~E-C\7 n. f\ • ?n· •Ot:I. (I • 

Ut'38•U 1.2fE-C\] n. le94f•04 Cl. 

tll,.,237•D ::?.JflE•('l3 J.Rll•04 9.79E-O!S (I• 

~P23~ 5 • A3E. •t"1F.I lel8E'•Oli 9.oe~-ro o. 
N??3'" :;.25E.·(I~ J.77C:-10 i! .b~~ -10 o. 
PU23A \. ?.::t:.-(13 1.s;,:.-04 ].JFiE·OS c. 
PIJ239 leJbE.•03 J .f)5f::•C\4 3e3lf ·OS o. 
PU240 J. '3_,E.-03 1 .~St:.•Oct J.31F-0S c. 
PU?.4) •r. ~.onF.-05 1. 72E.•(·~ ~. 04f -07 o. 
PU24? le2bE•C13 J .r:;9E•C4 3elCif•05 o. 
PU244 J.41E'-03 1.a~F..-04 J.bSf':-o~ o. 
A.,_.241 le43£•0J ~.40£•04 leO;.>f-04 o. 
A"124?M l.47E.•03 ~.25E·04 l.04E•0'+ o. 
A~24~ l·41E•03 6 e} 1+E.-04 Ci.l'l:u:-os o. 
CM242 s.~oE-n~ fote7'3E•05 Se84f •Ob o. 
CM24J l.JJE•OJ ~.OJC:•04 l4ec4E•05 o. 
CM~44 1.11r-0J c:;.J~E-04 l-i."i3f·O~ o. 
Clot24S \.7bE-nJ f't. b4C.·O~ i.oc,F-oi+ o. 
CM?.4~ t.74E•f'.\3 ~.f:.4E·C!~ i.nc;F-04 o. 
CM?.47•0 1. 101:.-r, ~ ,,.53E•04 l.CJE'-04 o. 
CM24~ leC.lf:•02 ~. 38E•0.4 s.~?E•C4 o. 
CF'?S? J.OIE·OJ n • 2.54£-05 o. 

• 
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Pt~ PCT INf,ESTED 
Kl ONEY LlJ~c; 

3.67F•02 o. 
1.lSf-04 o. 
7.S~F'-03 o. 
l"I. o. 
fl.5of-04 o. 
1.3lf-04 o. 
~-~2J.-04 o. 
4.E:'.qf.Q't n. 
~.~c;E-04 o. 
2.0 7£-0b o. 
l.4-:iF:-04 I) • 

4.22E"•Of'l o. 
l.38E•04 o. 
8.@.:.F-04 o. 
B.67E-04 o. 
7.4JF.'-04 o. 
~.OlF.:·08 o. 
l.2~E-OJ o. 
1.04(·0~ o. 
1.34f.-03 o. 
6.lof-04 o. 
s. r:-n~f-04 o. 
s.t-11:-04 o. 
~.73f-04 o. 
6.~lt:-07 o. 
s.?4E•04 o. 
~.0~£-04 o. 
3.76£-09 o. 
i.o9i::-o9 o. 
l.lSF-04 o. 
l.?2E·04 o. 
J.i-J?E•04 ·o. 
;>.9~E-Ob o. 
l.17E•04 o. 
l. 35F. ·04 o. 
6.23E•O'- o. 
6.3oe·-o .. o. 
6.0hf.-04 o. 
i. 1H~-os o. 
3.0RE•04 o. 
?..54F.-04 o. 
4ellE•O-+ o. 
4.JoE-04 o. 
4.(J4f.•04 o. 
1.J~f.-03 o. 
o. o. 

I"' F?R5T Y~J 

r;J-Ll.I 
c;.~71:-1"15 
S.lH-n:, 
~.ss~-os 
(l • 

3.J~F-o~ 

~. 78£- -04 
1.21~-04 
3.41F-04 
s.SlE-oS 
ti.JlF-04 
~.43f.·OS 
S.~3E·04 
;.79E'•04 
S.27F.-C'4 
6.19E'-05' 
'5.271'.-05 
l.18f-04 
7.J7F-OIJ3 
l.44F•(l5 
~.9AF-05 
6.4SF.-0'5 
~.Jt.>E'-05 
E'.OJF-05 
s.92f .. n; 
?.O~f-05 
S.6ttf-OS 
R.l~E-0.S 
4e0'+F-OS 
?.79E·05 
7.SOE-05 
~.A'->E-n5 
6.9~F-n~ 
l.44F.-Of. 
Fi. 7lf-05 
i.oof-04 
7.64E·Cl~ 
Q.f\1f-IJ5 
~.95F-os 
8.16F-Oc; 
A.OJE'•OS 
7.77F-f'S 
7.24f-05 
7. l lf-05 
9.JSE-05 
l.SlF.•03 
?.9~E-o4 

Rev 5 
8-l-91 



Table 2.1 (Contd) 

• TE'EN INGESTION DOSE COM~ITME~r·r~CTO~S(M~~M/~~y P~R PCt JNr,F~TED r~ fIR~T YR) 
ISOTOPE 3C'l"IE 

HJ ') • 
BElO 4e4AE·~~ 
Cl4 ~.OhE·O~ 
NlJ lel5E·O~ 
fl A q.b4E•07 
NA?.2 ~.J~E-05 
NA24 2·30E•O& 
PJ2 ?.76£•04 
AR39 O. 
AR4l n. 
CA4l J.97E•04 
SC46 7.24f·O~ 
CRSl ~. 
MMl.54 n • 
MN56 Oe 
FESS 3e7RE·06 
FE59 5.87E·O~ 
C057 n. 
case o. 
C060 o. 
NI59 le32E·O~ 

• 
NI63 J.77F.•04 
NinS 7.49E·07 
CU6C. n. 
7~~5 S.76E·06 
Z~&9~•0 ?.c.oE-o7 
ZN69 J.47E•08 
SE.79 o. 
8~82 o. 
BR8J•D rr. 
e~ac. o. 
8R85 Cl. 
K~H3"4 n. 
tc:R85M 0 • 
KR85 O. 
KR87 O. 
f<RBB•ll "• 
l<R89 il • 
R"A6 O. 
~tt87 o. 
R888 o. 
R8~9•0 O. 
SR89•U ~.40E•04 
SR90•D 8.3oE-v3 
SR91•0 9e07E•06 
SR92•D 3.0SE-06 

• 
MI0389-0046A-HP01 

LIVE~ T0T~L ~onv T~Y~OI~ KID~F.Y LUNG GI-LLI 
le06F.-07 1.o~E-07 l~C6E•07 l.06f-07 i.o~~-07 ].O~F-07 
~.94E-o7 lel1E-07 o. 5.JoF-07 o. ?..84F-ns 
A.12E-OT s.12E-07 a.12F-07 ~.12f.-07 H.12E-07 A.J2E-n7 
1.15E·OA l·l~F-o~ 1·15E·O~ l.15F-OB 1.1sE-08 lel5f•OR 
o. ~.47E'-OEI o. n. n. 7.78E.-()H 
~.34E·OS ?134E'-OS ?.e34E•05 ~.J4r•05 2e34F.-n5 ?,34r·O~ 
?.Juf-Ob 2.JvE-06 2.JoE.·o~ ?.JOE·O~ 2.Jo~-06 ~.JnE-o~ 
1.11E~os i.J7E-os o. o. o. 2.J~~-os 
o. o. o. o. o. o. 
n. o. o. o. o. o. 
o. ?.lJE-o~ o. o. o. 1.9SF-n7 
le4lE·O~ 4,lAf.·09 o. le35E•OH o. 4.~0E·O~ 
n. 3.6oE-09 ?yoo~-o9 1.~9E•lO s.l4f-n9 6.o~F-07 
l:i.9~E-n~ lel7f·O~ o. l.7~E-O~ o. l.~lf·O~ 
le58f.•07 2.a1c-O~ o. 2o00Fe07 o. 1.04~-n5 
2.68E-06 6.2~E-~7 o. o. i.1ot-o~ 1.16F-nb 
le37E·O~ 5,2QF.-06 o. o. 4,32E-Ob 3.24F-OS 
?,JaE-o7 J.~9~·07 u. n. o. 4.44~-o~ 
9.72E-07 2ee4f.·0~ o. o. o. t .34F·t'.15 
~.81~-06 ~.JJc-06 o. o. o. 1.66f-n5 
4,~6E•06 2.~4E-06 o. o, n. 7.31~·07 
1.?5E-n5 6.ooE-06 o. o. o. I.99E-o~ 
q.57E•OH 4,J6E·09 o. o. o. ~.lYE-r.6 
1.1sE-n7 5e41F·O~ n. 2.91E-07· o. 8,Y?E-n~ 
?.OOE•OS Q.JJE·O~ o. l.2AE·O~ O, 8.47f•06 
5.66E•07 s.1qF..08 o. 1,44E-07 o. 3,llf-05 
?.~o~-OA l.9~E-u9 u. l.BJF-08 o. 5.16f-n~ 
~.7JE-Ob ~.27E-07 o. ~.~oE-06 o. 5.70F-n7 
n. 3eC4E-O& u. o. o. n, 
o. s.74E-o8 o. o. o. n. 
o. 7.c?E'-os o. o. o. n. 
n. J.C5E-o9 u. o. · o. o. 
o. o. o. o. o. o. 
o. o. {\, o. o. o. 
n, o. o. n, o. n. 
n. 
n. 
n. 
2.9~E-o5 
1. 7~~-05 
A,52E•08 
5,l:iOE·O~ 
n. 
o. 
o. 
o. 

n. 
o. 
o. 
\,40f-05 
6.llF-Ob 
4.~4E-08 
J.8~E-OI:\ 
l.26E-05 
2e05E-03 
J.21E-07 
leJOE'-07 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
Oe 
o. 
o. 
o. 
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n. 
o. 
n. 
n, 
o. 
o. 
o. 
" . n. 
o. 
o • 

o. 
o. 
o. 
o. 
\). 

o. 
o. 
o. 
o. 
o. 
o. 

r; • 
o. 
n. 
4,4lt•Oti 
f,.lJE-07 
7.JnE-15 
R.4JE•l7 
S,24F-or, 
?..3JE-n4 
i.6or-or:; 
7.77E-OS 
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Table 2.1 (Contd) 

• TEEN INGESTION DOSE COMMITMENT fACTORSC~R~M/SOY PER PCI INGESTED I~ F'IRST Y~l 

ISOTOPE. 601'1E LIVER 
Y90 l e31E·08 o. 
Ylil"1•0 le2'iE·lO o. 
Y91 ?.eOlf.•07 o. 
Y"i2 l.21E•09 o. 
Y93 ),8Jt.•09 o. 
ZW~3•0 5.SJE•08 2.7JE•08 
ZR95•U '+•liE-08 le30E•08 
ZR97•D 2e37E.•09 4.69E•10 
Nl:t9JM J,4ctE•OS lelJE•Od 
Nt;9S '3,22E.•O'i 4.SoE•09 
~897 7,J7E•ll l.83E•ll 
M093 o. le06E•OS 
... 099•0 o. f.l,OJE•06 
TC99M 3132E•l0 9126E•l0 
TC99 l.7~£-07 2e63E•07 
TClOl 3.60E•l0 S.12E·10 
RUlOJ•D 2.ssE-01 o, 
RUlOS•D 2el8E•08 o. 
RUlOb•O J.92f.-06 o. 
Rti!lOS l,7JE•07 le25t•07 
P0107 o. 2.oaE-07 
POlO'l o. 2.s1e.-01 

• AGllOM•O 2.osE-01 1,9c.E•07 
AGlll 8.2~E-08 J,44E•Ob 
COllJM o. 4.51E•06 
COllSM o. 2,60E•06 
SN123 4144E•OS 7,29E•07 
SN125•D lelliE•OS 2e37E•07 
SN126•0 l.l6E•04 21 l6E•06 
StH24 3.87E•06 7.1JE•08 
S812S•D 2.1taE.-06 2.7lE•08 
58126 le59E.•06 3125£-08 
Sf:H27 J,6JE•07 7,76E•09 
TE125M J,8JE•06 l,38E•06 
TE127M•O 9,67E•06 J,1tJE•06 
TE127 1.seE-01 S.f.IOE•08 
Tt.129M•O l16lE•OS 6,0SE•06 
T£.129 4,4SE•08 1.67£•08 
TElllM•O 2,4ttE•06 lel7E•06 
TElll•O l,79E•08 1.1SE•08 
TE 132•0· J,49E•06 2e21E•06 
TE133M•O 6.4ttE•08 J,66E•08 
TE134•0 4e47E-08 2.87E•08 
1129 4e66E·06 J,92E•06 
1130 1.0JE•06 2,98E•06 
llll•D S,BSE•06 8,19E•06 

• 
MI0389-0046A-HP01 

TOTAL BODY Tl"iY~OID t<IONEY 
J.6~E-l0 o. o. 
4,9JE·l~ o. o. 
S,J9f.°•O'J o. o. 
J.~oE-11 o. o. 
1.osE-10 o. o. 
l 149E•08 o. 9,bSE•OH 
A.9c.E-09 o. J,91E·08 
2.loE-10 o. 7,llE•lO 
2e83E•O'J o. l.32E•08 
2eSlE·O~ o. 4,42E•09 
6e6c3E•l2 o. 2, l4E•ll 
2190E•O"f o. 3.04E•06 
1.1s£-06 u. l.38E•05 
i.20E-oa o. l,J8E•08 
7,l7E•OS o. J,34E•06 
SeOJE-Oli o. q,26E'·O~ 

l.09E-07 o. a,99t:-o7 
8,46E•09 o. 2,7SE•07 
4.941::-07 ". 7,S6E·06 
~.20E·O~ o. ~.31E•07 
le34f'•Ots o. l.88E•06 
S.70f•08 o. l145E•06 
l.18E•07 o. J, 70F.•07 
le73f•08 o. lel2E•07 
l.4~f-07 o. 4,99£-06 
8,39E•Ol:S o. 2.oeE-06 
i.oeE-ob ~.84E•07 o. 
S.37E-07 l•t:ScE•07 o. 
J,JOE-06 ~.69E.•07 o. 
l1SlE•06 8178E•Oli o. 
s.eoE.-01 z, 37E•09 o. 
s.11F.-01 s,99E•09 o. 
l,J7E•07 tt.08E•09 o. 
s.12E-o.1 l107E•06 o. 
1.1sE-06 2•30E•06 J,92E•05 
3e40E•08 l109E•07 6,40E•07 
2.saE-06 ~.26E•06 6,82E•OS 
le09E•08 J,20E•OS 1,eeE-07 
9,76E:-07 l•76E•06 l.2~E-05 
s.12£-o'J 2•1St.•08 1.22E•07 
z.oeE-06 z,JJE•Ob 2el2E•OS 
J,56E•Ots Se llE.•08 J,62E•07 
3,ooE-oa 3e67E•08 2,74E•07 
6,54E•06 4e77E•OJ 7.0lE•06 
lel9E•06 i14lt.•04 4,59E•06 
4,40E·06 2•39E•OJ l141E·O~ 
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LUNG 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
5.14E•l0 
2e72E.•Ob 
J.12t.•10 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o, 
J,Jaf:-06 
2.1at.-06 

· l114E•06 
2e47t.•07 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

Gl•LLI 
l .13E·O~ 
6.0~E-09 
A.?.4E•Ot; 
3.32E-o:, 
1.1 7E'•04 
2,58E·05 
J.OOF.•OS 
l.27E•04 
4.07E-06 
i.qsE-ns 
4.37E-07 
1.29€.-0f, 
2.oaf-os 
E>.oeE-01 
6,44E'•06 
a. 7SE·l 7 
2.13E·0'5 
l.76E·05 
l,88E-04 
l,59E-05 
9,M>E-07 
2. SJE. -ns 
S,45f.•05 
4,80E•OS 
2.11e:-os 
8,t,>JE•OS 
6,71E•OS 
lel2E."•04 
2,SBE'•OS 
7,80E•OS 
l,93E•OS 
9,41E•OS 
6.16E-os 
1,~-os 
2,4,E•OS 
1.22, •OS 
6.12E-os 
2,<tSE-07 
9,J9E•OS 
2,29E·09 
7,00E•OS 
l.48E'·07 
1. 66E·09 
4.S7E"•07 
2,29E•06 
l.62E.-06 
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Table 2.1 (Contd) 

• 
TEEN INGESTION uos~ COMMITMENT ,ACTO~S(M~~M/~OY Pf~ PCI INbfSTED IN FIRST YR) 
ISOTOPE:. 30\JE LIVER TOTAL BOl>Y lHYROlD KIDNEY LU Nu GI•LLI 

1132 ?e79E·07 7~30t:-07 2.02~-o 1 2e46E·O~ l.lSE•Ob o. 3.lBE-07 
Il3J•L> 2.01E-06 3et+lE.•06 le 04E.•Ob ~.7bE•04 S.9HE•Ob o. 2.SBE-06 
1134 l.4bE•07 3.87E•07 1.39E-O7 fl.45E:.•06 ti.lOE-07 o. 5.lOE-09 
1135•() ~.1oe.-01 1.57~·06 ':>e82E-Of leOll:.•04" 2.48E•Ob o. l.7'+E•06 
XC.131M 0. o. o. o. o. o. o. 
XE.133M (l. o. o. o. o. o. o. 
XE133 o. o. o. o. o. o. o. 
Xf.l35M o. o. o. o. o. o. o. 
Xf.lJ:i o. o. o. o. o. o. o. 
XE 13.1 o. "· a• o. o. o. o. 
Xf:l38•0 o. o. o. o. o. o. o. 
CS134M•D ~.94E•08 t>.09E•08 3.lJE'-08 o. 3.39E·08 S.95t:·O~ 4.0SE'·O~ 

CS134 9.JfE•OS l.97E:.•04 ~.l'+E·O~ (j • 6.26f-05 2e39E·O~ 2.4SE-06 
cs13:; 2.·r~c.-os 2.ssE-0:; 5.~6E·Ob o. ~.73E.=06 J.S2t:.•06 4.46E·07 
(;Sl3b s.s1.1E-06 3.3i:tE•05 2e27E-OS o. leB4E•O!:I 2e90E•06 2.72E•OE-
CS1J7+D lel2E.•0'+ J.49E•O'+ 5el9f-O!:I o. S.07E'•OS le97E•05 2.12E'-06 
CS13~ 7.7bE•08 ]e'+9E.•07 7.4~E.-08 u. lelOE•07 le28E•08 6e76E·ll 
CS139•D c..1HE•08 7.17E•08 2eb3E.•08 o. S.79E·08 6.34~·09 3.JJE-23 
8Al39 l.J~l!.-07 9e78E•ll 4eOSE·09 o. 9, 22E • 11 6,74E•ll le24E-06 
E:!Al40•D 2e84E•05 J,48E•Ob le8JE•Ob o. lelBE•Otl 2e34C:•08 4.38E-OS 

• BAl4l•D 5.71E•08 s.01E.-11 2e24E·O~ o. 4.65E•ll J.4Jf.-ll l.43E•l3 
t:!Alt+2•D 2e911E•08 2.99t:-ll le84E·09 o. z,SJE•ll 1.99~·11 l.J,18E•20 
LAl'+O 3.'+~E-09 le71E•09 4e!:>5E•l0 o. o. o. 9.82E•OS 
LAlt+l c..ssE-10 le40E•10 2e3lE·U o. o. o. 2.48E•OS 
LAl42 l.7~E·l0 7.9SE•ll l • 9Rf •ll o. o. o. 2.42E•06 
CE.lt+l l.33E•08 ~.a~t::.-09 le02E•09 o. 4,lBE-09 o. 2,54E•05 
CE143•D 2135E.•0" l • 71E•Ob le91E·l0 o. 7,67E•l0 o. S, l4E'•OS 
CE.lt+4•0 6.96E-07 2.88E•07 J,74E-08 (le l.72E•07 o. l.7SE.•04 
Pl-ll43 . le31E•08 Se23E.·09 6,52E•l0 u. 3,04E•Oli o .• 4,31E•05 
PRlt+4 4.JOE•ll le76E•ll 2el8E•l2 u. leOlE•ll o. 4,74E•let 
NDlc.7•0 9.Jt!E.•09 1.02t::-08 6ellE•lO (J. 5,99E•09. o. J.6BE-os 
P"1l 47 l.05E•07 9,96E·09 4e06F:•0'1 o. l,90E·OB o. 9,47E•06 
P"'l4AM•IJ c..1c.E-08 i.osc.-oa 8.clE-09 o. l,59E•08 o. 6.61E-os 
P"1lt+8 l.O~E-08 le66E•09 8e36E•l0 o. J.OOE•09 o. 9,9oE-os 
PM1'+9 2.17E•C9 J,OSE•lO 1.2se.-10 o. 5,81E•l0 o. 4.49E·OS 
PM151 =J.87E.-10 l.63E•10 a.2sE-11 o. 2.93E•l0 o. 3.66E·05 
SM151 9.7JE•08 J.68E.-08 J,94E•09 o. l.84E.-08 o. S,70F.•Ob 
5"1153. le22E•09 leOlf.•09 7 ,4jf.-ll o. 3.JOE•lO o. 2.esE-OS 
EU1S2 ~.t..5E•07 Se90t:•08 S.20E•08 o. 2.74E•07 o. 2.17E•OS 
E Ul 54 7.91E.•07 le02E•07 7.l9F.-08 o. c.,56E-07 o. S,39E·05 
E.UlSS 1.74E•07 le6BE•08 le04E•08 o. 6,57E·Od o. 9.63E·OS 
EUl~b le92E•OB le44E•OB 2.Jst:-o'i o. 9.b?E-09 o. 7,J6E•OS 
T~l60 6.t+7E•08 o. a.01E-09 o. 2.56E•OB o. 4,19E-OS 
H0l66M 3e51E•07 lelOE•07 7,96E·08 o. le61E•07 o. o. 
~181 l.42E•08 4,S8E•09 4,79E·l0 o. o. o. 3.90E-07 
~11185 :;,1.,c.-01 le91E•07 2e02E•O!:S o. o. o. l.6SE•OS 

• •187 le4bE•07 lel9E•07 4el7E•08 o. o. o. J,22E•OS 
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• Table 2. 1 (Contd) 

TEt.~ JNGEC.~i:1'.J UOSE.. co~~JTM[NT "FAC10~~,~~~M/50Y µfR PCI ING~ sn.o 11'11 f"l~ST YR) 
lSU"OPI:. ~C'l'IE. Llvt~ TOTAL RODY TriVMOl(' ~ llJNf. Y LUNG C1I-LLI 
PE-?l!"•f) 1.1-11!="-0~ S.44[-03 7.0lf-04 o. l.72E-Oc 0. s.74f-o5 
e121o•n c, • r; YE - 0 7 4.sa·-o~ S.bt:i(-~8 o. S.4~f-0~ o. S.lSF-05 
POi?ll' 3.uqE-0'+ t. n n.-oJ 1. 2 '.lf-('\4 o. :\.t:OE-03 o. f).7'-;E-05 
R""ll2•f'l ,, . n. o. o. o. o. o. 
R.\223•D 7.llE-01 i .rtH.-oc; le42f•OJ 0. 3.lOE-04 o. '.'.43f-04 
RAr.z ... n ? • ') l ~· .. 0 3 i:;. 52~ -r.~ 4,61f-04 o. 1 ,513f-04 o. 3.71F.-t)4 
R,\?2'=i•') '.1.~7E-n] 1.1M::-n:, 1.b7f-I)] o. 3. l SE'.-04 i'). 1.27E-04 
J;tA?Z~•r'.I 3.??~-Cl RelJE·O~ :? • 3 9f - l) l (I • ?.32F.-04 o. 3,SlF-04 
i;;>.\22).i•!) lo37E•Ol 4o4iE-n~ l.~Jf-lll o. 1.2~F.-04 o. s.Qt1F-ns 
~C225 'i.?~E-06 R.59E•Oh 4.??f-07 ll • Q.RSF-07 o. 4.3~F-n4 
~C227•D 2.osE-oJ ~.03E.·04 l1?2F-ll4 (J • a.BlE-05 o. 8.6AF-ni; 
T.,.227•!'"1 1.9cE-os ~.52E·07 S.t:>c;E-07 0. ?.OlE•Of-1 o. .S.7Sf·04 
l~?2P•D s.~nE•G4 1. J 4E.-r.S ?.Jo~-o~ o. b.4\f-05 o. r;.97E-04 
lH22t1 ~.3·.n-n3 l.2t:1E-n.c+ 4.llf"-04 () . 6.JOE-04 o. ~.43E-1')4 
T~i23n ::>.]6!.-03 le23E.•04 f-.On~-os li • ~.Q~f'-04 o. fl.18f·O~ 
Tt-423? • i) 2.42E-03 1.o~~-04 l.o1E-O'+ (I. 5.llE-0'+ o. '5.43E-fl5 
Tl-f?34 lel41:.•(\7 ri.,_AE-OY ~. 3H·O~ o. 3.AlE.·O~ o. 1.211:-04 
PL231•n ~.11~-u3 l. 62E·C4 le6AF•(''+ 0. Q.\Of-n4 o. 7,60E-'lS 
F>A23:1 7,JJE-::JQ l.41~-09 le2flf-oq o. ~.32E-09 o. l,blE-ClS 
U232•L' 5.B~E-03 o. 4.21f-04 o. f,.JAE-Oc. o. 1.19F:-ns 
U233• l> J.2''+E•OJ n. 7,!::14[·0~ o. 2.90f-04 o • fl.65F-05 

• U234 lelQf.-nl o. 7.3GF.:-05 o. 2e8SE-04 o. f).i::ilE'•OS 
U23S•U 1.11.+E.•03 o. ~.~4f-o:, (1. 2.b7f-04 o. ~.28E-OS 
U236 l. 1 c.t.-03 o. 1.or;f-0~ (). ~.73f-04 o. f-.llf-05 
LJ237 7.8.,E•OB o. ?.!Of•OH o. J.24E-07 o. ?.091:-0S 
U23S•D l.09E•03 o. f\,'+9f-OS u. ?.~OE-04 o. S.B'.'3F-05 
~P237•r. le44E•03 1. 25E·04 5.~sE-oS o. 4.33f-0C. 0. e.c.1E-ns 
NP?.JP le9'iE-09 c;.?2E·l0 J.04[-10 n. l.79E-09 o. 3.131E-OS 
"'?239 l. 7flE.-09 l.6AE-10 ~.22E•ll u. 5.21F•l0 i). ?.67F-OS 
PU23f.I 7.?U::-~c. 1.02E•04 l .~2E-or, o. 7.~0E-05 o. 7.73f-05 
PU239 ~.?.7E-o4 1·12E-04 2.01E-OS o. "·57E·O~ o. 7.06E'-OS 
PU240 ~.?6E•O'+ 1.12£-04 2.0\F•OS o. ~.c;6E•05 i). 7.19E-05 
PU24l•n t.Bc.E-05 q.c.2E•07 3.oqt:-o 7 o. l.71E•06 o. l.4RE-nf. 
PU24? 7.~()E-o.+ le08E•04 leY4f-05 o. ~.2SE·OS o. h.92E·OI!> 
Pll?C.4 ~.9SE-l':. l.~JE-04 2.2?t:-oc; o. 9.c.i;f-05 o. l.03f'-04 
A~2C.l i?o. ~2t:•04 i.?9E•04 15.7C,f-OS u. 4.JlE•04 o. 7.87[-05 
A~l42~ ~.7oE-o.+ 'l.l"E•O,. ~.oof-o~ o. 4e30E•04 o. 9.90f-OS 
A'-1243 ~.~oe.-oc. '3.] lt::-04 S."?f ·05 c. 4.22£-04 o. 9.23E"-OS 
CM2t+2 · ~.i;4f-or:; ?e97E·O~ le9SE-Ob c. R.R9E·06 o. 8.40F'-05 
CM243 !.>.9iE-O'+ ?..£lb~-04 4. 09f' ·O~ o. 1.91E·Oi+ o. 8.2BE-OS 
CM244 ;;.J?.E•Oit ~.49E•f\4 J.l9F-~5 o. l.491:::-04 o. A.OOE'-05 
CM2~5 leC7E•OJ ~.33E-04 6.l~~-05 Ci. 2.BSE•04 o. 7.4flF.:-Cl5 
CM?<t~ l. ObE-O:• 3.32E•04 6.09F-Cl~ o. 2,84E•04 o. 7,33F'.-OS 
CM?47•0 J.CIJE-03 3eC'7E•O'+ fieOOf.-05 ,,. ?.80E•04 o. Q.6JE-05 
CM?.48 ~.6CIE•O) ?..f.9E"-03 4.9Sf•04 o. 2.Jlf-03 o. l.SSf•OJ 
Cf ?52 3.SlE-04 o • 8.37E•Ob o. o. o. J.n.sF.-01+ 
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• 
~DULT lNGESTlO~ OOSE 
I SO TOPE. i:IO'~E 
HJ n • 
8Elo 3.tME-o6 
Cl4 ?184E•O~ 
~11 ~.36E·O~ 
FlR b124E•07 
NA22 ]174E•05 
NA24 l170E•r.6 
P32 l.9Jf.•04 
AR39 01 
AR41 O. 
CA41 t.~Jc•OS 
SC46 51SlE•OY 
C~Sl o. 
MN54 01 
MN56 01 
~E55 ?.75E·O~ 
fE59 ~.~4E·O~ 
COS7 o. 
COSB o. 
C060 o. 
~159 ;.76E·O~ 

• 
NI63 le30E•04 
NI65 5.28E•07 
CU64 o. 
Z~"'S 4184E•06 
Z~69M•D l170c•07 
ZN69 l103E·OB 
SE79 O • 
9~82 o. 
BRRJ•D n 1 

BRA4 o. 
BR85 O. 
l<R~JP-1 01 
l<RBSM 01 
KR85 O. 
l<R87 o. 
l<RA8•0 01 
KRR9 01 
RB86 o. 
RB87 n. 
RE488 O. 
R9~9•0 '.11 
5~~9•0 J.OBE·O~ 
5R90•D 7.58E•03 
SR91•0 S.67E•06 
SR92•0 21lSE•06 

• 

Table 2.1 (Contd) 

COMMlrMENT fACTO~S(~~EM/SOY 
LIVEQ TOTAL BOUY THYROID 
1.nsE-07 1.osF.:-01 1.osE-OT 
4e91E-01 7.94F-08 o. 
5.b8~-0I s.oHE-07 S168E-07 
H.36~·09 8.J~E-09 8.J~E-09 
o. 6.92f-08 o. 
t.74E-05 lef4E-05 le74E·O~ 
le70E•06 l170f•06 le70E•06 
le20E•OS 7.4~F.·Ob o. 
o. o. o. 
n. 
o. 
le07E-08 
o. 
4.S7E•Oh 
t.15Eg07 
l190E•Ob 
t.02E•OS 
t.75E•07 
7.45E•07 
?. • l 4E •t'6 
'l.JSE·O~ 
9.0lE-06 
6.86E•08 
A.JJE-08 
leS'iE•OS 
4.0BE•07 
t.97E-Otl 
2.flJE-06 
n. 
o. 
o. 
n. 
n. 
n. 
o. 
n. 
n. 
n. 
2.llE-05 
le23E•05 
6.0SF.•08 
4.01e:-oa 
n. 
I). 

o. 
n • 

n. 
?..OOE-05 
3ellf•09 

o. 
o. 

? .l'll'iE·09 
8e72E-07 
2104£•08 
4e43E-o7 
J.9IE•06 
2e91E•07 
l.67E•06 
4e72E•06 
t.oJE-06 
4136E•06 
3.lJE-08 u. 
3e9IE'·08. o. 
6e96E·Ob 

0 •. 
l.S9E·O~ 
o. 
o. 
o. 

. 0. 
o. 
o. 
o. 
o • 
o. 

o. 
J • "7 Jf ·M~ 
le37F-09 
4.JQE-t'7 
2.26E-06 
4e02E·O~ 
s.21E-08 
2.14E-09 
o. 
o. 
o. 
o. 
o. 
n. 
9.SJE'-06 
4e28E·06 
3.21F.-08 
?..82E·OB 
a.~4E·06 
l.Bf,f•OJ 
2.29F:-07 
9.JOE·08 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
(j. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
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PE~ PCJ INGESTED IN FIRST YRJ 
~JDNEY LUNG GI•LLI 
t.05E-07 1.osE-~7 l.OSE-07 
~.71E-07 o. ?.6Af-OS 
S.68E-07 S.68E·07 S.bAF.·07 
B.J~F.-09 8136~-0~ ~.J~E-09 
O. O. l.ASF.•08 
l174E-OS le74E-~5 t.74F.-OS 
l.70E•06 1.70~-06 t.70E•06 
o. o. ?.17F·05. 
n. o. n. 
o. o. o. 
o. o. l1A4F-07 
9.Q9F.-09 o. s.21F-ns 
~.86E•l0 3.53E·O~ ~.69F-07 
le36E·06 o. I.4or-os 
l.46E•07 o. J.67F-n6 
o. 1.06E•06 I.09F-06 
o. 2.85E•Ob 1.40F.·05 
o. o. 4.44f-06 
o. o. l.SlF•OS 
o. o. 4.02F.-05 
o. o. ~.90E-n7 
o. o. 1.ABF.:•06 
o. o. l.74F.-06 
?..lOE-01 o. 7.lOE-n6 
l.OJE-OS O. 9.70f•06 
2.47E•O-T o. ~.49F.·05 
1128E-OS o. ?..96~·09 
4155E'-06 o. 5.J~F-07 
o. o. ?.59~-o~ 
o. Oe ~.79E-OR 
n. o. 4.09f-13 
o. o. o. 
o. o. o. 
I). 

o. 
n. 
o. 
n. 
o. 
o. 
o. 
n. 
n. 
o. 
o. 
o. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

o. 
o. 
,., . 
o. 
n. 
4.l6F.-06 
s.7hF-o7 
e.J~F-19 
2.JJF.:-21 
4.94E·OS 
2.l9F:-04 
2.70E•OS 
4.261!-05 
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Table 2.1 (Contd) 

• ADULT INGESTION DOSE CO~MITM~NT ~ACTORS(M~~M/SOY PER PCI lNGESTt:L> lN Fl~ST VRl 
ISOTOPl: BO'llE LIVER TOTAL BODY TrtY~OIO Kl ONEY LUNG GI-LL I 

Y90 9.6~E-O'i o. 2e5AE-10 o. o. o. l.02f-04 
Y91"4•D 9.0~E-11 o. 3e52E-12 o. o. o. 2.67E-10 
Y~l l.t+H.•07 o. 3.77E·O~ o. o. o. 7,7f.>f-OS 
Y92 9.4~E-10 o. 2.47E•ll o. o. o. l,48f-OS 
Y93 2.6~E-09 o. "fet+OE-11 o. o. o. B.SOE-05 
ZR93•0 4,1BE•08 2e34E·O~ le09E·O~ o. 8.tJ7E·O~ o. 2.4JE'-06 
Z~95•0 3.0r+E.•08 9.7SE-09 f,,f>OE-09 o. l.SJE-0~ o. 3,09E-OS 
ZR97•D le6dE-09 3.JCJE-10 l.SSE-10 o. 5 .12~ -10 o. l.OSE.-04 
NB93M 2.S:>E-OB 8e32E-09 2.osE-09 o. 9.57E'-09 o. J,At+E-06 
Ntt95 !>.22E•09 J.46~-09 leBbE-o~ o. 3e42E-U9 o. 2.lOE-05 
N897 S.2i?E-ll l.32E-ll 4e82E-12 o. 1. ~4E-ll o. 4.87E-08 
M093 o. 7.SlE•Ob 2.0JE-07 o. 2.13E•Ot> o. le22E-06 
M099•0 o. 4e3lE•06_ B.20E•07 o. 9.76E•Ob o. _9. 99f-Ob 
TC99M 2.t+7E•l0 6e98E•l0 8eS9E·09 o. l.06E•08 3e42E.•10 4.13~-07 
TC99 le25E•07 le86E•OI s.o?E-ob o. ?.e34E•06 l.Sst:-08 6,0BE-06 
TClOl 2e54E•l0 3e66E•l0 J.~9E-09 o. 6.59E•09 le87f.•10 l.lOE·?l 
RlJ!OJ•ll lw8:>E=07 o. 7.97[-0t; o. 7, 06E:•O f o. 2.1!-E•OS 
RUlOS•D 1.541:.-08 o. b,OBE-09 o. l,9'iE•07 o. 9,t+2E·06 
RU106•0 2.75(-06 o. J,48E.-07 o. S.JIE•Ob o. l,78E.-04 
RHlO~ le21E•07 e.asE-08 5,E:IJE•OB o. J,76E•07 o. l.41E·05 
P0107 o. le4"fE•07 9.4C\E-09 o. J,32E•06 o. 9,llE-07 
PLll09 o. 1.77£-07 J.99E-OH o. leOlE-06 o. 1.96E-os 

.A(;llOM•O le60E•07 le48E•07 8,79E-OS o. 2.~lf-01 o. 6eO'+E•OS 
AGlll s.e1E-otJ 2e43E.•Ots i .2n:-os o. 7,R4E•OB o. '+.46E-os 
C0113M o. 3el8E•06 le02E-07 o. 3e50E•06 o. 2,S6E·OS 
COllSM o. le84f.•06 S.87f •Ots o. J,4bE•06 o. 7.7'+E.•OS 
SN123 3ellE·O~ ~.lSE-07 7.59E-07 4e38E•07 o. o. 6,JJE•OS 
SNl 25•£"1 8,JJE•06 le68E•07 3.7AE-07 le39E•07 o. o. leO'+E'-04 
S''H26•0 9,4SE•OS le67E•06 2e40E·Ob 4e92E•07 o. o. 2,43E-OS 
58124 2.aoE-06 Se29E•08 lellE•06 6e79E•O" o. 21l8E•06 7.9SE•OS 
S8125•0 1,79E•06 2.ooE-08 4e26E•07 le82E•09 o. le38E•06 l,97E-OS 
58126 lel5E•06 2e34E•OtS 4elSE-07 7e04E•09 o. 7.0SE•07 9,40E-os 
SfJ127 2.saE-01 5e6SE•09 9.~oE-08 3elOE•09 o. le53l•07 s,90E-os 
TE12SM 2,68E•06 9e71E•07 J,59E-07 8.06t.•07 le09E•DS o. 1.07E•OS 
TE127M•O 6.77£-06 2e42E•06 8e25E•07 1.7Jt:•06 2.7SE•OS o. 2,27E-o5 
TE.127 lelOE•07 3e9SE•OS 2e38E•OfJ 8elSE•Ot5 4,48E•07 o. 8,68E•06. 
TE129M•O lelSE•OS 4e29E•06 le82E•06 3e9SE•06 4e80E•OS o. S,79E•OS 
Tf 129 J,1c.E•08 lel8E•OfJ 7.6SE·09 2e41E•08 le32E•07 o. 2.J7E-n8 
TE131M•O 1.73E•06 8e46E•07 7.0SE-07 l•34E•06 s.s1E-06 o. 8,40E•OS 
TElll•D le97E•08 8e23E•09 6e22E'•09 le62E•08 8,6JE•Ot; o. -;,79E·09 
TE132•D 2e52E•06 l e63E•06- l e53E•06 1•80E•06 le57E•OS o. 7,71E·05 
TE133M•D 4e62E•08 2.70E•08 2e60E·08 le91E•08 2e67E•07 o. 6,64E•08 
TE134•0 l.24E•08 2.12E.;.oe le30E•08 le83E•08 2eOSE~07 .• o. J,S9E·11 
1129 3e27E•06 2e81E•06 9e21E•06 7e23E•Ol 6,04E•06 o. 4,44E•07 
1130 7.56E•07 2.2JE•06 e.aoE-01 leB9E•Olt le48E•06 o. le92E•06 
1131•0 1tel6E•06 5e95E•06 3e41E•06 le,SE•OJ le02E•OS o. le57E•06 

• 
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Table 2.1 (Contd) 

• .CULT lN~ESTlOlll DOSE. COMMITMt:t-.iT FACTORSIM~~M/~OY Pt:.R PCI l"4GESTEU IN FIRST YR> 
SOTOPf. BO"-'E. LIVER TOTAL ~ODY THYMOID KIDNEY LUNG Gl•LLI 
I 132 2.0JE-07 S.4JE.•07 l.90F.·Of le90E.•OS a.65E•07 o. l.02E-o7 
1133•0 l,4C:?E•06 2,47E•Ob 7.SJF.-07 J,bJE-04 4.Jlf-06 o. 2.22E·Ob 
1134 I.ObE-07 !'.88E-07 l • 0 3 E.- (\ ., 4el79E•06 4,58E•07 o. 2eSlE'·10 
Il35•lJ C.,4JE•OI l • lbC.·Ob '••28E·07 7.n5E-o:, l.86E•06 o. l.JlE·OE! 
XE131M o. o. o. o. o. u. 0. 
Xf.lJJM o. o. o. o. o. o. o. 
XElJJ o. o. o. o. o. o. 0. 
)(ElJSM o. o. o. o. o. o. o. 
)'C.13!; o. o. o. o. o. o. o. 
X!::l37 o. o. o. o. o. o. 0. 
Xt:.138•0 o. o. o. o. o. o. o. 
CS134M•O 2,JJE•Ott 4e48E•08 2e29E-OH o. 2.43E•OB 3e83E-09 le58E-08 
CS134 5.C'lE·OS t.48E•04+ l.21E•04 o. 4,79E•05 l.Sl:it.·0!:) 2.S9E.-06 
CS135 le9:>E•05 I.8oE•O!; 1.i;9f-06 o. 6.81E•Ob 2.oc.t:-06 4.2IE'•07 
CS136 5,SlE-06 2.sn-0~ l .8!:>F•05 (J • l ,43E•OS i.96l•Ob 2.9i:?E·06 
CSl37•CJ 7.9TE•05 t.09E•04 ·1 e lctE·C\~ o. J,70E•OS l•23E•OS 2.llE-06 
CS138 :,.s2c.-os l.09t.-07 S.40E•08 o. 8,0lE•O& 7.91E•09 4,6SE•lJ 
CS139•0 3.41E•08 s.o&e:-oa i.~st:-ott o. 4,07E•08 J.7ot-o9 l.lOE-JO 
~Al39 ~.70E.•OH 6.91C.-ll 2 • 84E•O'J o. 6,46E•.Ll J.92E•ll l.7t!E•07 
BA14C+D 2e03E•OS 2.ssE-oa l133E•Ob o. 8.67E·09 le46E•08 4,18E·05 
8Al4l•D 4,71E·O~ 3,56E•ll l.S9E·O~ o. J,31E•ll 2.02t::.-l l 2.22E•l7 

• 
8Al42•D 2'·13E•Ott ?..l9E•ll l.34E·09 o. l .~SE•ll lec'+t:•ll 3.00E•.?b 
LAl'+O 2.scE-09 l126C:•09 3.JJE·lU u. o. o. 9,2SE·O~ 
LA14l J,19E•l0 9e90E-1J l.b2E"•ll o. o. o. l.18E·OS 
LA142 l12t:JE•l0 S,82E•ll l e45E•ll o. o. o. 4,25E·07 
CE141 ;,JbE-09 6133E·09 1.1aF-10 o. 2. 94( .q.9:. ·41. 2e42E•OS 
t:f:.143•0 l16:iE•Oli J.22E•06 l.JSE'•lO o. 5, 37E"-IO· : .a .. 4,56E•OS 
CE.144•0 4,8ttE•07 2.04E.•07 2.62e·-01:5 o. J ,21E-07 a. l.6SE•04 
PR143 Ye20E•09 J,69E·O" 4.56E-10 o. 2.lJE·O" a. 4,0JE-05 
PR144 3e01E•ll l e25E•ll l1S3E•12 o. 7,0SE-12 o. 4,JJE-18 
N0147•0 ~.2~E-09 7.27E•09 4.35£-10 o. 4.25E•09 o. J.49E-o5 
PM147 7.S<+E-08 7.09t·09 2e&7E•O" 0 •. l,J4E•Ots o. S,93E•06 
PMJ48M+0 3.on-os 7,9SE•Olil 6,08E•09 o. l .20E•08 o. 6e74E•OS 
PM148 7.17E-09 l.19E·O~ S1'19E•lU o. 2.2SE-09 o. 9,3SE•OS 
PM149 l.s2e::-09 2.lSE•lO 8,7SE:•ll o. 1+.06E•lO o. 4.0JE-05 
PMl Sl 6,97E·l0 l.17E•l0 S,91E•ll o. 2.09E•l0 o. J,22E•OS 
5"'151 6190E·08 lel9E•08 2.asE-09 o. l.JJE-08 o. s.2sE-06 
SM153 B.S7E•l0 71lSE•lO s.22F.-11 o. 2.JlE•lO o. 2.ssE-OS 
EU152 l.9SE•07 4144E•08 3e90E•08 o. 2.7SE•07 o. 2,S6E·OS 
E.Ul54 !>.151::-07 7.SbE•08 s.JeE-oa o. 3.6~£-07 o. S.48E.•05 
E.UlSS 9e60E•08 le22E•08 7,b7C•Uli' o. S,6JE•08 o. 9,60£-06 
EUlS~ 1.J7E•08 l1Cl6E•08 1. 71 E•O" (It 7,08E•09 o. 7,26E'-05 
Tl:l l bO 4e70E•08 o. 5e86E·O" o. le94E•08 o. 4,JJE-05 
H0166M 2.70E•07 s.1+Je.-oe 6.40£-08 o. l126E•07 o. o. 
wl81 ~.91E·09 J.23E•09 J,46E•l0 o. o. o. 3.68E·07 
Wl85 c..osE-o7 J.JSE-07 le42E'•08 o. o. o. l.S6E•OS 
wl87 l.OJE•07 S.61E•08 310lf•08 o. o. o. 2.a2E-o~ 

• 
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Table 2. 1 (Contd) 

4tu INGEST JON OO~E ro~MJT114i:.~T fACTOR5CM~E~/50Y 

ISO TOP~ ~O'JE LIVE.R Tr>T Al. FCOOV lHV~OlD 

PBi?lC'•D 1.53E-O? 4.37E-03 5.t.4f-04 ll. 

s121o•n 4.f.lE-07 .'.\.lBE:.•06 3.9f-E-O~ o • 
F'0?.10 3.SE-E-0'+ 7.56E•C4 B.59F-05 o. 
RN?.?2•D (I. n. o. o. 
RA223•D 4.Q1E-01 7.t';SE-06 9.94E-04 o. 
RA?24+0 1 • b 1 E·l'] , • 90t::-('!h :1.23E-04 o. 
RA2?5•D S.SbE.•03 1.1aE-on 1.3JE-OJ o. 
RA22~•D 3.0?E-01 c;.74E:.-06 2.2of-Ol o. 
RA228•0 lel2E•Ol 1.12E-06 le21E-Ol c. 
AC225 <..40E•Oh. ~.Of!E .. 06 ?..96E-o7 o. 
AC227•f'l l.87E•OJ ?.481:.-0"+ f.l lf-04 o. 
TH227+0 l.17E·05 ?.48E-l'.l7 3.qSF-07 o. 
TH2?8•[1 4 .• 9bE·0'~ H.1+0E-n6 l.bHE-o:, ll • 
TH22Q l.9~E.-03 J.19E-U4 3.':t]f".-04 () . 
TH230 ?-.ObE•03 1.17E.-04 ~.70t·O~ o. 
TH232+n 2.30E-03 1.00E-04 l.SoE-04 o. 
TH?34 ~eOlE-OB 4. 71E ... O<f 2.31F-09 o. 
PA23l•P 4.loE-03 1•54E-~•4 l.SqF-04 ll • 
PA233 5.?.~E.-09 J.OoE-09 9.12E-10 u. 
U232•D 4.13E-03 n • 2.95E-o~ u. 
U233•D El.71E'-04 o. s.2J1r-o5 0. 
U234 ~.3bE•04 o. ~.17f-05 0. 

tlr° ~.OlE-04 ,, . 4.~oE-05 o. 
8.0lE.-fl4 0 I 4.96E-05 o. 
s.s2E-oa (I • le47F-08 o. 

U23~•D 7.67E·04 o. 4.54f-OS o. 
NP?37•D l.37E-03 1.19E-(14 S.54f..-05 o. 
NP238 le31E·0"3 3.69f-)() 2.13E-10 o. 
NP239 J.l~E-09 t.17E-1Cl 6. 4';,E'-11 o. 
PU2J8 ~.BOE-04 9.58t:, .. (1S l. ·11 E-05 () . 
PU239 7.~7E-04 l.O~E-04 1."llE.-05 o. 
PU240 7.EISE-f,4 t.OoE-04 l.9lt:-05 o. 
PU24J+n lef.SE-05 8.44E-t;7 ~.3i?E-07 o. 
PUC'42 7.2Q~-04 1.02E.-04 }.84E-05 o. 
PU244 9.SlE-04 1.17E-04 2.11E-05 (l • 

AM?4 l B.19E•04 2. 88E.-C•4 5.4JF-CiS o. 
AM242M ~.?.4E-04 ?.7AE-04 ;.43E'-05 o. 
AM243 ~.l~E-04 ?.78E•O'+ S.3oE-O!:; o. 
CM24? _ ?.Of!E-OS ~.lOE-05 l o37f-Ob c. 
CM243 s.:BE-04 ?.41E:.-ll4 3.7SE-05 0. 
C._,244 4.P.JE-04 ~.C7E.-04 2.R71:-05 o. 
CM24S le02E·03 i'.A7E•04 5.7~F-05 (l • 

CM246 l.OlE-03 2. 'HE:. -04 s.75E-05 o. 
01247•0 9.84E-04 2.B3E•04 s.67F-05 o. 
CM24fl ~ .1 ae·-n3 2.~JE'-03 4. b7E·-04 o. 
CF'252 ?.64E-04 o. 6.29E-Ot- 0. 
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PE~ PCI INGESTED 
KIDNEY LUNG 
l .23F.-02 . 0. 
3.83E·05 o. 
2.52E•03 o. 
o. o. 
2.17E-04 o. 
1.1 OE--04 o. 
i'.21E'-04 o. 
l.63E•04 o. 
~.B3F.-05 o. 
6.90E-07 o. 
~. OOE-05 · o. 
l.41E-06 o. 
4.67E-05 o. 
~.7SE-04 o. 
S.6SE•04 o. 
4.B2E•04 o. 
2.f>7E-08 o. 
A.fl4E•04 o. 
3.99F-09 o. 
4.47F-04 o. 
2.03F.-04 n. 
1•99f ·(H+ o. 
l.B7E-04 o. 
1.91E-04 o. 
2e27F-07 o. 
l.7SE•04 o. 
4.12E-04 o. 
l.2SE-09 o. 
3.6SE-10 0 •. 
7.3.?E-OS o. 
R.llE-05 o. 
8.lOE-0!:1 o. 
l.SJE-06 0 .. 
7.81E•05 o. 
A.9SE-OS o. 
4.07E-04 o. 
4.0SE-04 o. 
J.99E•04 o. 
6122F:-Ob 0. 
1.7SE-04 o. 
l.34E-04 o. 
2.fi9E-04 o. 
2.681:-04 o. 
2.64f-04 o. 
2118E-03 o. 
o • o. 

Ir.. fIRST VR) 
Gl•lll 
S.42E-05 
4. 1sE·-os 
f-.36E-05 
o. 
3.21E-04 
:1.40F.-04 
3.06E.-04 
3.32E--04 
s.6'+F-os 
4.07E-04 
B.19E-OS 
5.40f.-04 
S.63E-04 
S.12E•04 
6.02E•OS 
S.,l2E•OS 
l.lJE-04 
7.17f-OS 
l.64E-OS 
6.7BE·OS 
E>.27E-ns 
6.l4f:-OS 
7.BlF-05 
s.76f-o5 
l.94F-os 
c;.soE-!'; 
7.94E-05 
3.43E-OS 
2.40F.-05 
7.30E-OS 
6.6E>F.·05 
6.7BE-os 
l.40E•06 
fl.SJE-05 
9.73E.-os 
7.42E-OS 
9.34f-OS 
a.7oE-os 
7.92E-os 
1.a1r::-os 
7.SSE-os 
7.0'+f-05 
6.91E•OS 
Q.09E-OS 
1.47E-o3 
2.BBE-04 

Rev 5 
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• TABLE 2.2 

PALISADES 
Liquid Effluent 

Design Objective Annual Quantity 

Design Objective 
Dose Conversion Annual Quantity 

Nuclide Half-Life Factors (mrem/Ci) Individual/Organ (Curies) 
H-3 12.3 yr 1. 75E-06 Adult/TB 1.71E+06 
Na-24 15 h 5.44E-03 Teen/TB 551. 5 
Sc-46 83.9 d 2.02E-02 Teen/TB 148.5 
Cr-51 27.8 d 1.56E-03 Adult/GI (LLI) 6,410.0 
Mn-54 303 d 3.50E-02 Teen/TB 85.7 

Fe-55 2.6 yr 4.48E-03 Child/Bone 2,232.0 
Mn-56 2.576 h l.86E-03 Teen/TB 1,612.0 
Co~57 270 d 4.39E-03 Teen/TB 683.4 
Co-58 71.3 d 1.03E-02· Teen/TB 291.3 
Fe-59 45.6 d 4.08E-02 Adult/GI (LLI) 245.1 

• Co-60 5.26 yr 4.71E-Ol Teen/TB 6.37 
Cu-64 12.8 h l.32E-03 Teen/GI (LLI) 7,575.0 
Ni-65 2.56 h 5.82E-04 Teen/TB 5,154.0 
Zn-65 245 d 1.83E-Ol Teen/TB 16.4 
Br-84 31.8 mo 2.02E-03 Teen/TB 1,485.2 

Rb-86 1.02 mo 3.06E-Ol Child/TB 9.80 
Rb-88 17.8 mo 6.92E-04 Teen/TB 4,335.3 
Sr-89 52.7 d 1.56E-Ol Child/Bone 64.1 
Sr-90 27.7 yr 2. 71EOO. Adult/Bone J.69 
Sr-91 9.67 h l.16E-03 Teen/TB 2,586.0 

Sr-92 2. 71 h l.51E-03 Teen/TB 1,986.8 
Y-92 3.53 h 2.69E-04 Teen/TB 11,150.0 
Nb-95 35 d 7.24E+OO Adult/GI (LLI) 1. 38 
Zr-95 65.5 d 6.17E-03 Teen/TB 486.2 
Nb-97 72 mo- 6.9SE-04 Teen/TB 4,316.6 . 
Zr-97 17 h .9.28E-04 Teen/TB 3,232.8 
Mo-99 66. 7 h_ 1.llE-03 Teen/Kidney 9,009.0 
Tc-99m 6.05 h 1.42E-04 Teen/TB 21,126.8 
Ru-103 39.5 d 2.74E-03 Teen/TB 1,094.9 
Ag-11011 255 d 7.7SE-02 Teen/TB 38.7 

• 
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• 
Nuclide Half-Life 

Cd-113m 13.6 yr 
Sb-124 60 d 
Sb-125 2.. 7 yr 
Te-127 9.4 h 
Te-127m 109 d 

Te-129m 34.1 d 
I-130 12.3 h 
I-131 8.05 d 
Te-131m 30 h 
I-132 2.26 h 

Te-132 71. 7 h 
I-133 20.3 h 

• Cs-134 2 yr 
I-134 52 mo 
I-135 6.68 h 

Cs-136 13. 7 d' 
Cs-137 30 yr 
Cs-138 32.2 mo 
Ba-139 82.9 mo 
Ba-140 12.8.d 

La-140 40.22 h 
Ce-141 ·32.5 d 
Ce-144 284.d 
Eu-152 12. 7 yr. 
W-187 ·· · 23.9 h. 

Np-239 2.346 d 

• 
MI0389-0046A-HP01 . 

Table 2.2 (Contd) 

Dose Conversion 
Factors (mrem/Ci) Individual/Organ 

6.02E-02 Adult/GI (LL!) 
1. 5 lE-02 Teen/TB 
5. llE-02 Teen/TB 
7.38E-03 Teen/GI (LL!) 
1. 39E-Ol Teen/Kidney 

2.66E-Ol Adult/GI (LLI) 
l.17E-02 Child/Thyroid 
3.27E-Ol Child/Thyroid 
2.27E-Ol Adult/GI (LLI) 
3.18E-05 Teen/TB 

2.93E-Ol Adult/GI (LLI) 
3.94E-02 Child/Thyroid 
2.86E+OO Adult/TB 
2.43E-03 Teen/TB 
1.64E-03 Child/Thyroid 

4.13E-Ol Adult/TB 
1. 71E+OO Adult/TB 
2.31E-03 Teen/TB 
4.66E-05 Teen/TB 
7.96E-04 Teen/TB 

1.85E-02 Adult/Gl (LLI) 
3.70E-04 Teen/TB 
l.56E-03 Teen/TB 
3.24E-Ol Teen/TB 
l.98E-Ol Adult/GI (LLI) 

2.26E-03 Adult/GI (LLI) 

93 

Design Objective 
Annual Quantity 

(Curies) 

166 .1 
198.7 
58.7 

1,355.0 
71. 9 

37.6 
854.7 
30.6 
44.0-

94,339.0_ 

34.1 
253.8 

1.04 
1,234.0 
6,097.0 

7.26 
1. 75 

1,298.0 
64,377 .0 

3,768.0 

540.5 
8,108.0 
1,923.0 

9.25 
50.5 

4,424.0 

Rev 
8-1-
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Request to Retain Soil in Accordance with lOCFR 20.302 

ODCM 
Appendix B 

Page 1 

Consumers Power Company correspondence dated November 12, 1987 and January 25, 
1988 requested authorization to dispose of contaminated. soil in place as 
specified by lOCFR 20.302. The area known as the South Radwaste Area has been 
contaminated by numerous cooling tover overflovs and contamination was 
redistributed by heavy rain shovers. Although the majority of the radioactive 
material has been packed for vaste shipment, a larga volume of very lov activity 
radioactive material remains. This volume of material vould be very expensive 
to ship as vaste. 

The specific area contaminated is noted as Area B on the attached survey grid map 
in reference 1. The entire area is fenced and is about 12, 000 sq ft of soil 
exposed with the remainder buildings and asphalt. The inhalation pathway is for 
breathing suspended soil from this area. The radvorker could receive 8.03E-04 
mRem/50-year maximum organ (liver) dose and the infant could receive 3.16E-05 
mRem/50-year maximum organ (liver) dose, both of vhich are insignificant. Direct 
dose to a radvorker is less than 2E-03 mRem/hr. Occupancy in this area should 
not .average more than 2 hours/veek or 100 hours/year, which would result in a 
dose of <1 mRem/year. · 

The radwaste activities which caused the contamination of the soil were 
completely relocated to a nev east radwaste area. +he South Building has been 
deconned and is being used for non-radvaste activities. Some fixed contamination 
is present in floor cracks and vaults. This has been documented for plant 
decommissioning. No further contamination will be added to the south area from 
the South Radwaste Building. In spite of this commitment, revocation of Michigan 
shipping privileges in November 1990 require the use of this area to store 
packaged low·level radioactive waste (LLV). Use of this building is addressed 
in CPCo's letter to NRC Document Control Desk, April 24, 1991 which.is entered 
as reference 6. 

This LLV, in the form of dry active waste (DAV) will be packaged in metal boxes 
and labeled, ready for future shipment to burial sites. The DAV metal shipping 
boxes will be stored off the floor to prevent water damage. The metal shipping 
boxes are strong; tight containers designed to prevent any leakage of radioactive 
material during transportation •. Incidental water contact will not result in the 
spread of contamination. Radioactive vaste will not be processed in the South 
Radwaste Building and. the building vill be maintained as a normally clea'n 
(radiologically) area • 

.) 
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(1) CPCo's letters, T.C. Bordine to NRC Document Control Desk, November 12, 
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Conditions to Retain Soil in Place" • 



• 

• 

• 

c ansumers 
Power 
POWERING 
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REFERENCE 1 

General Offices: 1945 Weft Parnall Road, Jackson, Ml 49201 • (517) 788-0550 

November 12, 1987 

Nuclear Regulatory Commission 
Document Control Desk · 
Washington, DC 20555 

DOCKET 50-255 - LICENSE DPR-20 - PALISADES PLANT -
REQUEST TO_RETAIN SOIL IN ACCORDANCE WITH 10CFR20.302 

The Code of Federal Regulations, Title 10, section 20.302 allows for approval 
of proposed procedures t·o dispose of licensed material in a manner not other­
wise authorized in the regulations. Flooding of the South Radwaste Building 

. has caused contamination of 4,173 cubic feet of soil with 2,992.6 µCi of 
Cs-137 and 79.3 µCi of Co-60. The area is approximately 30 meters from Lake 
Michigan. Site hydrology (Attachment 2, FSAR 2.2) indicates most of the · 
activity will migrate to Lake Michigan in a few years. In July, 1986 a 
two-fold evaluation began to identify and map the ex~ent of the ground 
contamination in the f iood plain. The initial findings and evaluation were 
provided to NRC and the Michigan Department of Public Health by internal 
letter dated September 26, 1986, to LHueter, NRC, Region III. 

Consumers Power Company requests authorization to dispose of this soil inplace 
as the costs of disposal at a burial ground is estimated at $270,000 while 
radiological consequences to the general public and site employees is very 
low. The activities in the contaminated soil were input as a single radio­
active liquid release to Lake Michigan into the NRC LADTAP Code. The output 
indicated an estimated wholebody dose to the general public.(50 mile radius 
population 1.0SE06) of l.69E-02 manRem or l.6E-05 millirem per person. The 
maximum estimated wholebody dose to an individual would be 5.13E-03 millirem 
and maximum organ dose (teenage liver) would be 8.67E-03 millirem. The 
maximum.whola body dose rate was-assumed to be at 18 inches from contaminated 
soil. The maximum whole body dose rate calculated using the Microshield Code 
was l.02E-02 mR/hr. Occupancy of this area is controlled by the Radiological 
Safety Department and secured by a locked fence._ -Average yearly occupancy is 
approximately 8 hours per week per individual for 4 to 5 individuals. A 
radiation worker should.not exceed an additional wholebody\dose of 4.08 
millirem/year. 

Flooding of the South Radwaste Building as a result of the cooling tower 
overflows is being addressed in two stages. 'For the short term the cooling 
tower bypass valve is now electrically isolated during cooling tower opera­
tion. Most previous flooding has been due to ins.trument failures that cause 
the valve to open during normal operation. In addition the South Radwaste 
Building has been decontaminated to eliminate or minimize contamination that 
TPN-HPOl-NLOl 



• 
Nuclear Regulatory Commission 
Palisades Plant · 
10CFR20.302 Request 

·November 12, 1987 

could be transported to the environment. A long term solution to remove 
radwaste activities from this area is being included in the Five-Year Plan. 

2 

The activity released to the environment from a flooding release prior to 1986 
was estimated and added to the liquid section of the Semi-Annual Radiological 
Effluent Release Report dated February 28, 1986. Following approval of this 
application, it is proposed to account for current activity as an abnormal 
liquid release included in the semi-annual effluent report. A background, 
evaluation and survey results discussion follows in Attachment A. Attachment 
l is the Microshield Code output and Attachment 2 is FSAR section 2.2 
(including referenced tables and figures) on site hydrology. 

Pursuant to 10CFR170.12(c) a check in the amount of $150 is attached.· 

Thomas C Berdine (Signed) 

Thomas C Berdine 
U1 Administrator, Nuclear Licensing 

N 

• 

• 

CC Administrator, Region III, NRC 
NRC Resident Inspector - Palisades 

Attachment · 
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ATTACHMENT A 

Consumers Power Company 
Palisades Plant 

Docket 50-255 

EVALUATION AND SURVEY RESULTS 

November 12, 1987 

10 Pages · 

\ 

) 

- __ :i. 



• 

·..n 

•• 
-

!.() 

• 

Background 

In 1986, a soil survey was conducted south of the Turbine Building which 

included the South Radwaste area. The survey was conducted due to the South 

Radwaste Building being in the main flowpath ·of 'A' Cooling Tower, which has 

overflowed on three separate occasions in 8 years. The survey found that 

radioactive material was deposited in the soil due to the flooding of contami-

nation and radioactive material areas inside the South Radwaste Building. 

Other areas sampled that were not in the flood plain were; liquid radwaste 

storage tanks, T-90, T-91, storm drains., the beach and the sand dunes. The 

survey included a survey grid, surface sample results and core sample results. 

All contaminated areas found in Are~ A (Figure 1) were packaged as radwaste • 

In addi~ion, the highest activity areas adjoining the South Radwaste Building 

were also packaged. A total of 16-98 cubic foot boxes w~re packaged containing 

over 85 percent of the estimated-activity. 
\ 

Evaluation 

In August of 1987~ the survey was conducted again to prepare this report and to 

verify the location of the ground contamination and if any contamination 

migrated further- into the ground since the 1986 survey. The survey was a two 

phase evaluation with the first phase being a mapped area consisting of 25' x 

25' squares. south of the Turbine Building. Once mapped out, surface samples 

were taken in this area. The intent of this phase was to accurately map the 

location and determine the activity in µCi/gram'of all ground surface contam1-

nation. Each surface sample consisted of approximately 20 grams of soil taken 

: ') 
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• from the top 1/2" of ground and placed in a petri dish for analysis on the 

Multi-Channel Analyzer- (MCA). Over 275 samples were collected and analyzed 

with two surface samples being taken in each sector. All samples were counted 

on MCA, Intrinsic Detector #1. Figure 2 shows the sector where activity was 

detected and their highest levels in µCi/gram. 

Phase II was initiated after completion of the "surface" sample analysis. This 

c.onsisted of taking core samples in 6" increments where activity was detected. 

Core samples were taken until two consecutive core samples reflected no activ-

ity. Core samples were also taken below the activity levels found in the 1986 

•.n soil survey until two consecutive core samples revealed no activity. 

-· • Figure 3 indicates the depth level where activity was no longer detectable. 

For example, 6 inches is indicated in H-10 on Figure 3. This indicates that 

activity was only detected on the surface. H-9 and I-10 indicate 18" which 

~n means activity was detected only at 12". Table 1 shows the results summary in 

µCi/gram of the highest activity at all sample locations. The sector numbers 

respond to grid coordinates shown on Figures 1, 2 and 3. 

In addition to the sample sectors shown on Figure 1, 25 samples were collected 

at various. locations on site. These include surface and core samples around 

T-90, and T-91 on the Northwest side of the Turbine Building (location not 
··. 

shown on figures). Surface samples were taken under the asphalt around the 

South Radwaste Building. These are indicated by a hexagon on Figure 1 in F-ll, 

I-12 and K-10 sectors. Core samples taken under the South Radwaste Building 

• are indicated by circles on Figure 1. Of the areas sampled above activity ~as 

MI0987-0066A-NL02 - '.:... 



• found only under the East side of the South Radwaste Building in sector I-9 

(Table 1). 

In the 1986 soil survey other areas were sampled that were not in the flood 

plain of the South Radwaste Building. Those included Feedwater Purity Build-

ing, North Storage Building, beach areas North and South of Plant, North and 

Northeast sand dunes and various storm drains. In all of these areas no 

activity was detected. Therefore, they were not sampled in the 1987 soil 

survey as they were not in the flood plain. 

Since the ·1986 soil survey, asphalt has been placed over various locations in 

the protected area. Asphalt was place. d around all storm drains and approxi-0 

• 
!!) 

• 

mately 50% of the South end of the Turbine Building. Before asphalt was laid 

down, about 3-6" of the top soil was removed and taken offsite. The soil. 

before leaving site was sampled and counted with no activity detected. 
\ 

Results 

To quantify activity and determine impact, the areas of ground contamination 

were separated into two areas. Area A which contains all the sectors (A-L, 

1-8) North.,;f the "blac'k top" to the Turbine Building. Area B contains all 

sectors (C..;.L, 9-14) South of "black top" in the vicinity of the South Radwaste 

Building. In Area-A no activity was detected, therefore i't was not used in 

determining activity or impact.~ 

:'-' .. J 

MI0987-0066A-NL02 . 



• 

• 

In Are~ B activity was detected in almost all sectors to the East of the South 

Radwaste Building (Figure 2). Activities ranged from 2.07E-6 µCi/gram (E-11) 

to 3.7SE-5 µCi/gram (H-11). Cs-137 was the primary radionuclide present in all 

samples with two other samples containing Co-60 l.12E-S µCi/gram at 6" and 

S.80E-6 lJC:i./gram at 12" (I-9 East Figure 2). The greatest depth where activity 

was detected was in sector H-11 at 18" and when compared to the 1986 soil 

survey the activity has migrated down into the soil 6" inches further. 

Activity was detected at the surface in sectors E-11, E-13, J-12 and L-9 and at 

6" in L-9. This was a result of moving the sand deposited on the asphalt 

during the flood to these sectors and the movement of soil during the grading 

and dumping during the asphalting of the South Radwaste area. 

Activity in µCi was calculated for each sector (Table 2), by the following 

formula: sector ft 2 x depth of activity ft x *48144. grams/ft3 x activity 

(µCi/gram) • µCi. *Average liter of soil weighed 1700 grams x 28.32 L/ft 3 
• 

!.n 48144 grams/ft 3 • The first level at which no activity was detected was used to 

~ determine depth of activity. In a few sectors, activity was only detected on 

:"'- the first 1/2" oi"2fbil, but· ~:r determining cubic feet and. activity a depth of 

• 

6" was used. For example, acfi.-;fty for H-10 was calculated as follows: 625 

ft 2 x .5 ft. depth x 48144 grams/ft 3 x 2.6E-6 µCi/gram activity of surface 

sample equals-:-_39.12 µCi. 

Total volume in cubic feet and. total activity in µCi were.calculated for each 

sector of Area B •. For sectors with activity, the highest activity detected per 

sector was used in the µCi calculation. Total contaminated area in Area B is 

:· -:: ·; 0 
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• 4173 ft 3
, total activ_ity _is 3071.9 uCi. Sector H-11 contains 73.5% of the 

total activity which comprises 14.5% of the total contaminated area of Area B. 

To quantify the dose to the population projections, 2992.6 µCi of Cs-137 and 

79.3_µCi of Co-60 was entered into the LADTAP computer program. Assuming that 

the total 3071.9 µCi was eventually released to Lake Michigan thru the water 

table, and the uptake pathways which included fish, drinking, swimming, boating 

and shoreline the 50 mile population estimated at 1.05E6 would receive a total 

body dose of 1.69E-2 manRem, or l.61E-5 millirem per person. The maximum 

wholebody dose to an individual would be 5.13E-3 millirem and maximum organ 

dose (teenage liver) would be 8.67E-03 millirem. 

• Direct dose to an individual working in the affected areas was calculated using 

the.MICROSHIELD_code •. The activities from sectors H-11 and I-9 were used for a 

dose 18 inches above the surface. The dose rates from H-11 and I-9 are 
\ 

tn 8.75E-06 R/hr and 1.02!•05 R/hr respectively (Attachment 1). Therefore, a 50 

• 

hour occupancy in on&cweek could result in a maximum exposure of 0.51 millirem. 

Normal occupancy of t~i.~ area is on an as needed bases and averages less than 8 
.,,,,~~ 

hours/week per individual in contact with contaminated soil. 

-~· .• .. 
. ---~-
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Table l 

Soil Sample Core Resulc s (uCi/gram) 

Sector 
# Surface 6" 1211 1811 2L+ 30" 36" 

E-11 2~07£-6 <HDA <HDA <HDA 
E-13 4.39£-6 <HDA <HDA' <~DA· 

H-9 4 .19E-6 <HDA 4.79E-6 <HOA <HOA <MDA 
H-10 2.60E-6 <HDA .<HOA 
H-11 3.75E-5 <HDA , <HOA 8.45E-6 <HOA <MDA <HOA 
I-9 l.24E-5 <HOA <HDA 
I-10 <HOA <HDA 5.39E-6 <HDA <HDA <MDA <HDA 
J-9 5.39E-6 <HOA <HDA 
J-12 6.39E-6 <HDA <HOA 
L-9 <HOA 6. 77E-6 <HOA <HOA 
T-90 <HDA <HD.A 
T-91 <HDA <HDA 
**I-9 #1 <HOA <-Hl>A <HOA. <HOA <HDA <HDA <HDA 
**l-9 #2 <Hl>A l .40E-5"' 5.80£-6-t <HOA <HOA <MDA <HDA · 
*1'1-10 13 <Hl>A <HDA 

. *1') -11 f 4 <HOA·. <HDA 
*'h"K-10 <HDA 
-::t:t: J -12 <HUA . 
*t:-::f-11 <Hl>A 

+ Activity is all Co-60 

* Includes l.12E-5 µCi/gram of Co-60. All other activities listed were identified 
as Cs-137. 

** Core samples under foundation of the South Radwaste Building. 

~~~ Surlac~ samples under asphalt in South Radwaste area. 
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• Table 2 

Activity Calculations per Sector 

Area B 

Sec tor ti Sq.ft. x Depth = ft l x g/ft 3 X uCi/ g = Total uCi 

E-11 . 3 75 0.5 187.5 48144 2.07E-6 18.7 
E-13 375 0.5 187.5 48144 4. 39E-6 39.6 
H-9 625 1.5 937.5 48144 4.79E-6 216.2 
H-10 625 0.5 312.5 48144 2. 60E-6 39.l 
H-11 625 2.0 1250.0*. 48144 3.75E-5 2256.8* 
I-9 527 0.5 263.5 48144 l. 24E-5 15 7. 3 
I-10 2 75 1.5 412.5 48144 5. 39E-6 107. 0 
J-9 450 0.5 225 48144 5.39E-6 58.4 
J-12 200 0.5 ioo 48144 6.39E-6 30.8 
L-9 150 1.0 150 48144 6. 77E-6 48.9 
I-9 east 98 1.5 147 48144 1. 40E-5 99.l 

·.O 4325 4173 3071.9 

N 
*1250 = *2256.8 = 

0 73.5% of 

• total activity 

t.n 

";f' 

~ 

~.., 

• 
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2. 2 HYDROLOGY 

7he ?alisades ?Lant site is surrounded oti the north, east and south s~~~s 
by sand dunes. The west side of tb.e Slte lS the Lake ~ichigan sho=eL~~e. 
As a result of this Local topography, the site drainage is Lnde~endent J~ 
the 3raadywine Creek drainage basia which drains the hinterland. AL~ s·..J.:­
face water runoff draias directly to the Lake aad the percolating r~noff 
also discharges to the Lake (see Refereace 3). There are no data availab~~ 
to verify the amount of surface runoff from the site; however, the flow 
from the Brandywine Creek drainage basin should be useful for the ~utpose 
of comparison. 

Data obtained to establish base flow figures for Van Buren County streams 
indicate that the Brandywine Creek drainage basin is about 17 square miles 
(see Reference 4). The average annual rainfall for the area is 34 inches. 
During tae period September 1962 to October 1963, the base flow measure­
ments varied from a minimum of 0.90 cubic feet per second (ft3/s) to a 
maximum of ll.4 ft3 /s. This resulted in a mean annual 7-day minimum flo~ 
of 1.6 ftl/s or 0.094 ft3 /s/sq mi (cubic feet per second per square mile). 
The period of stream measurements was representative of drought conditioas. 

The deposits of Brandywine Creek drainage basin are of low permeability 
which results in a nearly total runoff to Lake Michigan. This runoff prob­
ably occurs soon after precipitation. Minor groundwater storage in the old 
beach and reworked older· sandy lake deposits observed on the surface to the 
east of the site area probably maintain Brandywine Creek during periods of 
low raia.fa ll • 

2.2.1 GROUNDWATER 

Almost all the water used in Van Buren County is obtained fro~ wells. 
Exceptions are the City of South Kaven that obtains its municipal supply 
from Lake Michigan and some irrigation supplies that are obtained from 
streams, lakes and local ditches (see Reference 4). 

The glacial drift is the only kn.own source of fresh groundwater in the 
coua.ty. All the glacial deposits are capable of y1elding some water to 
wells, but the sand and gravel outwash deposits yield the largest 
quantities (see Reference 4). 

The area of sand dunes along Lake Hichigan is not generally favorable f~r 
obtaiAiJla lar1• supplies of groundwater. erobably most of the dune sand ~s 
above the water table and most wells must be drilled into the underLyi~i. 
lake deposits (see Reference 4). 

l. General 

Groua.dwater levels were established by the 1966 Geology and Groundwater 
!nvestigation conducted by Bechtel Company for Consumers eower Compaay 
Reference 3). The results of the investigation are shown on Figure ~-1 
!t is readily apparent that subsurface drainage is generally westwir1 

fsl281•129la·09·72 2.2-1 ... 
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u•.,rar:d the lake (see Pr:ofile A-A). ~inor: var:iations; i.e, flc•.,r ':.J' .... a:::i 
s~rface streams, may exist but ar:e not considered significant. 

An a~er:age hydraulic gradient toward the lake of about 13 feet per~~~~ ~is 
obtained along 2rofile A-A as shown on Figure 2-9. This. gradient r!pre­
sents only the upper surface of unconfined groundwater. ~ater released J~ 

the surface would move toward the lake at an e•timated rate of 650 feet ~er 
year (see Reference 3). 

The nearest domestic wells to the site are located one-half mile to the 
east and south. The data indicates that groundwater in the vicinity of the 
eastern wells is flowing west toward the site. Local groundwater: in the 
area of the southern wells is also flowing west toward the lake, perpendic­
ular to the shoreline. 

There are no major sources of groundwater withdrawal, eg, large-scale 
industrial or agricultural p~ping, that might reverse the direction of 
groundwater flow and cause groundwater to flow from the Plant area towar:d 
any existing domestic wells. Without such pumping, it is difficult to 
envision a condition which would cause sufficient groundwater lowering at 
any of the domestic wells such that the direction of flow might be 
reversed. 

2. Plant Site 

Groundwater levels in the vicinity of the site are shown on Figure 2-9 . 
The water table generally slopes toward the lake. During the site investi­
gations, groundwater elevations averaged 580 feet MSL beneath the building 
site. This elevation corresponds to the approximate mean level of Lake 
Michigan. As shown by water levels measured during drilling, groundwater 
levels rise to the east to approximately 604 feet MSL beneath.the switch­
yard and 601 fee~ MSL near the eastern site boundary (see Reference J). 

Field permeability tests performed during the 1965 exploratory drillin~ 
yielded values rangin1 from 30 to 1,720 feet per year in the site area, 
Table 2-11. In Drill Hole 5, located approximately 500 feet northwest of 
the containment building, the permeability values ranged from 30.4 feet ~er 
year to 143 feet per year. In Drill Hole 7, located approximately 650 feet 
south of the containaent building, the permeability values ranged fr:o~ 
156 feet per year to 1, 720 feet per year. 

3. Groua.dvater.Movement 

An unconfined aquifer is present in the dUDe area with groundwater levels 
controlled by tne level of Lake Michigan. The rate of movement of ~rowid· 
water downward into material underlyin1 the dunes appears to be very sl:w 
Nine samples from Drill Hole 22 in the site area were tested for sod:.·...a ~:i­
sorption ratio (SAR), Table 2-12. A higb SAR indicates poor downw~r1 ;er· 
colation of water due to sodium depositioa·on and between soil partl:~e' 
At the Plant site, the SAR is considered to be high between elevatl~n~ : ., 
and 566 feet MSL and low between 566 and 555 feet MSL (see Reference ; 

fsl281·129la-09·72 2.2-2 
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Groundwater levels and permeability data from the sandy La~e.:e?Js•:5 
underlying the dunes indtcate a slow rate of 1isc~ar~e intJ [a~e ~::~:~J~ 

:... Conclusions 

a. Groundwater in the unconfined aquifer moves westerly fr:m the 
Brandywine Creek basin to Lake ~ichigan. 

b. The hydraulic gradient is approximately 13 feet per mile and f~Jw 
is essentially perpendicular to the shoreline. 

c. Water discharged on the ground surface at the Plant site will 
percolate downward at a slow rate and mix with groundwater ~av~~~ 
toward Lake Hichigan. 

d. Infiltration of surface water from the site to domestic weLls 
offsite does not appear to be possible under present groundwater 
conditions. 

2.2.2 GENERAL L\KE HYDROLOGY 

1. Lake Levels 

The level of take Michigan is cyclic and is expected to fluctuate with time 
and is dependent on long-term above-normal or below-normal amounts of pre­
cipitation. The highest monthly mean stage of Lake Michigan was 
583.68 feet MSL in 1886. Subsequent modifications in the St Clair River 
and the opening of the diversion out of the basin at Chicago have tended to 
reduce the maximum level attainable. During the recent period of record 
(1900 to present), the highest recorded monthly mean stage was 582.6 feet 
HSL in July 1974, and the lowest monthly mean stage was 576.9l feet iSL ~n 
March and April 1964 (see Reference 5). Great Lakes levels.are reported 
using International Great Lakes Datum which is converted to MSL at the 
Palisades site by adding 1.558 feet. The 1.558-foot correction factor ~s 
taken from the reference point at St Joseph, ~ichigan. 

Short-time variations in lake levels (seiches), caused by meteorologLcal 
factors and measured in hours rather than days, occur occasionally. T~e 
greatest level chana• of this type on record over a 105-year period l~­
volved a sudden.rise of 6 feet at Michigan City, Indiana (8:10 AM, ~une 25, 
1954) ancl. a rise of 8 feet at Montrose Harbor, Chicago (9:30 AM on o:.he sJ.ne 
date) (see. Reference 6). These seiches were reported in the "Science' 
article by Ewin1, Press and Donn (Vol 120, eage 684). On passing l~t~ :~e 
shallow water at Michigan City, the wave was reflected and refr3cted to 
reach the Chicaao shore of the lake. The US Lake Survey gauge at Hol~Jod. 
Michigan, which is 30 miles north of the Palisades site and b.as Sl~l:•c 
lake geometr1 to the site, indicated ao surge oa June 26, 1954. 

As part of the Systematic Evaluation erogram (SEP Topic II-3.B), ~~e ~••i· 
mum probable surge elevation was reevaluated. The offshore surge ·• J ~ ~e · .1 s 
reevaluated to produce an onshore surge b.eight of 10.9 feet. The ~u:~·....a 
monthly mean level was also reduced from 583.6 feet HSL to 582.6 feet ~5: 
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This resulted in a probable maximum flood protection Level fJc t~e 
?ll~sades ?lant of 593.5 feet ~SL. 

The service 1o1ater pump motors at 594. 7 feet 1SL provide the basts fJ::­
i~te::-Jlt::i.ing the !llio.irnum flood protection requirements for the ?~anc.. 
Therefore, the resultant 1o1ave surges from Lake jichigan do not present a 
problem at 2alisades. 

2. water jovements 

Conclusions from a study of lake hydrology in the Palisades 2ark, ~ichi!an 
area by Dr J L Hough (see Reference 6) indicate that surface currents gen­
erated by wind conditions and modified by the earth's rotation and Lake 
configuration will provide adequate mixing of Plant liquid effluents into 
the lake. The study included actual measurements of lake water movement tn 
the area near the Plant site, and water mixing where the Black River enc.ers 
Lake ~ichigan at South Haven. 

A summary of the study is as follows: 

Lake water is almost constantly moving past the Palisades site, wich an 
appreciable velocity of flow, under the influence of winds. It is es­
timated, on the basis of wind records, that an alongshore current flows 
northward about 33\ of the time and an alongshore current flows south­
ward about 23\ of the time. Offshore drift of surface water should 
occur-about 38\ of the time, acc~ding to frequency of offshore winds, 
but these would have a minimal effect close to shore, which is bordered 
by a lligh dune ridge. It i:s likel~ therefore, that the alongshore 
currents would tend to persist, once set up, while offshore winds were 
blowing. Thus, the frequency of alongshore current flow is probably 
greater than the 33\ and 23\ based on wind directions. 

Under the procedure of taking water from a depth of about 20 feet, 
3,500 feet offshore, raising its temperature as it is used for service 
water and dilution of cooling tower blowdown., ~nd returning the efflu­
ent to tha- lake near sh.ore, the effluent water will almost always be 
warmer thaa. the lake water into wb.icb. it is discb.arged. This is 
because-- a sin1le Lake Mic:b.igan water mass is involved during most of 
the year·.·- Who the effluent is warmer, it will tend t.o float at the 
surface, to drift with the surface current, and to be mixed by surf ace 
turbulea.ce due to wave action. On rare occasions, during the spr1~~ 
warmtn1 period when the upper layer of lake water is less than 20 feet 
deep. and durin1 the summer when strong offshore winds cause a ttu:ui~ng 
of tha normally deep surface mass to less than 20 feet, the intake 
water coming fro• a colder layer may not be warmed in the Plant suff 1c­
iently to have a temperature b.igb.er tb.an tb.at of the surface Lake 
water. At such times, the effluent water will tend to sink to ~he 
thermocline and it will not be subject to vigorous turb~lence c11Jsed "Jy 
surface wave action. It will tend to mix more slowly. 

Surveys of the performance of Black River water, entering Lake ~i:~·~~n 
at South Haven under various weather conditions, have indicated :~J~ 
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tb.e r:iver water is diluted C'apidly, reaching 3 c:oncentcl':.t~:-i J: i:.: .. : 
only ·ti in the lake within a mile of t~e ri~er mouth. 

!he discharge of the Black River was evaluated because the rate ~as !e:~:­

mi~ed to be nearly the same as the dischar~e rate from the ?llisa~es ?~1~: 
with once-through cooling. Since the Plant is now operated ~lt~ cJo~~~~ 
towers, the discharge to the lake has been reduced to approximately 
60,000 gpm or about 1/7 the original rate .. The mixing and dilution :ac:Jrs 
are considered to be as great as during the higher discharge periods 3nd 
the discharge concentrations should be diluted at Least 1,000 tLmes by :~e 
time the discharge could reach the public water intake at South Haven, 
:iichigan. 

3. Conclusions 

a. The level of Lake ~ichigan is cyclic; however, the recorded h:~h 0£ 
1886 is unlikely to be exceeded. High lake levels are not expec:e~ 
to present a problem at the Plant site. 

b. ~here is tio recorded evidence of short-time variations in Lake 
level! (seiches) along the eastern shore of Lake ~ichigan whicn 
would be expected to affect the Plant site. 

c. Surface currents generated by wind conditions and modified by the 
earth's rot~tion and lake configtiration will provide adequate 
mixi111 of Plant liquid effluents into tbe lake . 

. - . .,... 
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TABLE 2· 12 

• ASAL1SES OF SOIL SA.~PLES 

Saturation Extract Values 
~illieguivalents Eer Liter Sample 

Sam:ele ~o _21!... lli Calcium ~agnesi.u.m Sodi.wn ~ 2esc::-:.:::it:.:n 

1 8.2:> 1. 2 0.5 Trace l l. 7 23.5 DH 22 - I ::. .. 5 1.J 

2 8.4 1. 4 o.s Trace 13.0 26 DH 22 -1 t:. .. 51 ~ 

3 8.3 l. 3 o.s Trace 12.3 24.S DH 22 El 536 

4 8.45 l. 4 o.s Trace 14.4 29 DH 22 El ·s 3 1 

5 8.5 l. 5 o.s 0. l 14.8 27 DH 22 El 576 

- 6 8.3 l. 5 0.5 Trace 14.8 29.5 DH 22 El 571 

(1) 
7 8.5 l. 3 0.5 0.05 12. 7 24 DH 22 El 566 

N 
8 8.2 o.s 3.0 0.4 1.1 1 DH 22 El 561 

'""" 9 8.l 0.6 3.4 0.7 2.4 1.5 DH 22 El 355 

• ECe ~ Millimhos per centimeter 
SAR = Sodium adsorption ratio on saturation extract 
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POWERING 
MICHIGAN'S PROGRESS 
General Offices: 1945 West Parnall Road, Jackson, Ml 49201 • (517) 788-0550 

January 25, 1988 

Nuclear Regulatory Commission 
Document Control Desk 
Washington, DC 20555 

DOCKET 50-255 - LICENSE DPR-20 - PALISADES PLANT -
SUPPLEMENT - REQUEST TO RETAIN SOIL IN ACCORDANCE WITH 10CFR20.302 

Consumers Power Company letter dated November 12, 1987, requested authori­
zation to dispose of soil in place as specified by 10CFR20.302. The letter 
included the results of a survey and evaluation performed in August, 1987. 
Following submittal of that letter, a cooling tower overflow on 
November 13, 1987 again flooded the South Radwaste Building. The flooding 
caused additional activity that necessitated Consumers Power Company to 
request placing our November 12, 1987 request on hold until further evaluation 
and surveys could be completed. This letter includes the results of our 
evaluation and survey of the November 13, 1987 flooding incident and is 
intended to supplement our original November 12, 1987 request. 

Following the cooling tower overflow, a survey indicated additional activity 
had been released from the building. The building was being maintained in a 
non-contaminated condition to prevent this type of occurrence; however, during 
this period a destructive_ testing program on waste packages was being con­
ducted in a small area of the building~ The survey clearly showed the release 
of activity from the building adjoining the testing area. The top six inches 
of soil from. the sectors adjoining the building were removed and packaged (588 
cubic feet) to prevent additional dispersion of radioactivity. The area was -
then completely resurveyed. 

An evaluatiosof the August 1987 and November 1987 (post packaging) activities 
is attached. The survey indicates a drop of 49% in activities between the 
August and-November surveys. We propose the activities specified in the 
November 12, 1987 submittal be used as justification for the request because 
they are conservative. In addition since the November 13, 1987 flooding and 
following the most recent survey the area was subject to heavy rains which 
could have diluted some activities to below minimum detectable activity (~A 
is nominally lE-06 µCi/g) • 

OC0188-0018-NL02 
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~uclear Regulatory Commission 
Palisades ~uclear Plant 
Retain Soil in Accord. with 10CFR20.302 
January 25, 1988 

The o~e non-conservative value from our August survey and evaluation is the 
maximum dose rate at 18 inches above the surface. The November survey value 
from ~fICROSHIELD is 1.17 mR/hr as opposed to 1.02 mR/hr. This small increase 
only slightly changes the radiation workers' conservative dose estimate from 
4.08 mR/year to 4.7 m.R/year. 

Following approval of this application, it is proposed to account for the most 
conservative values of activity, which was stated in the November 12, 1987 
submittal, as an abnormal release in the semi-annual report. In order to 
prevent recurrence of these releases to the environment, Consumers Power 
Company is also committing to transfer radwaste activities from this area, 
except for high level vault use which is not a potential flooding release 
problem. 

Relocation of these activities to a new radwaste facility is currently 
scheduled to be completed in 1988. 

A check in the amount of $150.00 was attached to our November 12, 1987 
submittal pursuant to 10CFR170.12(c). 

Thomas c Bordine (Signed) 

Thomas C Berdine 
Administrator, Nuclear Licensing 

CC Administrator, Region III, NRC 
NRC Resident Inspector - Palisades 

Attachment 

OC0188-0018-NL02 
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Attachment A 

Consumers Power Company 
Palisades Nuclear Plant 

Docket 50-255 

•" 

Evaluation and Survey Results Comparison Post November 
Flood and Packaging Versus the November 12, 1987 Submittal 

MI0188-0001A-HP01 



• 

• 
..,.. 

• 

'A' Cooling Tower - South Radwaste Flood 

In August of 1987, a resurvey was conducted of the soil at the South Radwaste 
Building_ and its adjacent areas. The resurvey was conducted to verify the 
location of ground contamination and if any contamination migrated further into 
the ground since the 1986 survey. 

After submittal of the 1987 soil results and request to retain, in accordance 
with l0CFR20.302, 'A' Cooling Tower Basin overflowed again flooding the South 
Radwaste Building and outlying areas. Immediately following the occurrence, 
one liter sample was taken with no activity detected on the Multi-Channel 
Analyzer (MCA). Then, another complete survey was conducted which included at 
least two surface samples and core samples in every sector (Figures i and 2). 

Surface sample results showed that activities have increased as well as new 
sectors contaminated. The most heavily affected sectors were I-10, I-11, J-9 
and K-9 (Figure lA). To keep these areas from spreading, the top 6" of each of 
these sectors was removed and placed in 6 LSA boxes (approx. 588 cu.ft) and 
store4 for disposition at a later date. 

After removal of soil, the sectors were resurveyed (Figure lB) and core samples 
were taken in each sector in 6-inch increments. Core samples were taken as far 
down as in the 1986 and August 1987 surveys, and in some instances even further 
in this survey. Results showed that no activity was detected below 6 inches as 
shown in Figure 2. 

Table t and Table 2 show comparisons between the August and Novembe,r 1987 soil 
surveys. Table 1 compares the depths, the activities, the total cu.ft. and 
total ~Ci per sector. After the removal of soil, the November 1987 soil survey 
results showed approximately a 49.3% drop in total contaminated soil (cu.ft.) 
and a 51.1% drop in total ~Ci in comparison to the August 1987 survey results. 
In Table 2 the comparison is between sectors affected in each survey and the 
depth at which each of ·these sectors were sampled. No activity was detected 
past 6 inches in th• November 1987 soil_ survey, in comparison to that of 18 
inches detected in August 1987. 

Direct dose· to an individual wor~ing in the affected areas was calculated using 
the MICROSBIILD code. The activities from sectors B-9 and J-9 were used for a 
dose at 1811 inches above the surface. The dose rates from H-9 and J-9 are 

·9.97E-6 R/hr and l.17E-5 R/hr, respectively. Therefore, a 50-hour occupancy 1n 
·one week could .result in a maximum exposure.of .59 millirem. Normal occupancy 

of this area is on an "as needed basis" and averages less than 8 hours/weelt per 
individual in contact with the contaminated soil. 

In reviewing the soil results between August and November 1987, the Augu1t l~~7 
soil survey remains more conservative based on the information shown on Tab:e1 
1 and 2. Therefore, the August 1987 soil survey is still valid in support Jt 
our· request to retain the soil in accordance with· 10CFR20.302 • 

MI0188-0001A-HP01 



• Table 1 

Comparison Table Between Total Cu. Ft. and Total µCi 

Au!:1iust 1987 

Sector IF sg.ft. x DeEth = ft 3 x g/ft3 x µCi/g "". Total uCi 
E-11 375 0.5 187 .5 48144 2.07E-6 18.7 
E-13 375 0.5 187.5 48144 4.39E-6 39.6 
H-9 625 1.5 937.5 48144 4.79E-6 216.2 
H-10 625 0.5 312.5 48144 2.60E-6 39.1 
H-11 625 2.0 1250* 48144 3.75E-5 2256.8 
I-9 527 0.5 263.5 48144 l.24E-5 157 .3 
I-10 275 1.5 412.5 48144 5 .39E-6 107.0 
J-9 450 0.5 225 48144 5.39E-6 58.4 
J-12 200 0.5 100 48144 6.39E-6 30.8 
L-9 150 1.0 150 48144 6. 77E-6 48.9 
I-9 East 98 1.5 147 48144 l.40E-5 99.1 

~ ilZl 307ll9 

' ., *1250 - *2256.8 - . 
73.5% of 

~ total activity 

• November 1987 

E-11 375 0.5 187.5 48144 l.80E-6 16.25 
H-9 625 0.5 312.5 48144 4.35E-5 654.46 
H-10 625 0.5. 312.5 48144 3.20E-6 ' 48 .14 

'T H-11 6.25 0.5 312.5 48144 3.22E-5 484.45 
H-12 250 0.5 125 48144 2.20E-6 13.24 , 
I-9 527 0.5 263.5 48144" 6.79E-6 86 .14 
I-12 220 0.5 110 48144 3.0E-6 15.89 
J-9 450 0.5 225 48144 2.05E-5 222.06 

:::t J-12 200 0.5 100 48144 2.60!-6 12.52 
K-9 216 0.5 108 48144 3.39E-6 17.63 

ilJJ. 2g~~.~ 1~7017~ 

• MI0188-0001A-HP01 
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Table 2 

Survey Comparison Between August and November 1987 Soil Surveys 

Sector 
E-11 

E-13 

H-9 

H-10 

H-11 · 

H-12 

I-9 

I-10 

1-11 

1-12 

J-9 

J-12 

K-9 

L-9 

August 1987 
November 1987 

Surf ace 
2~07E-6 
l.80E-6 
4.39E-6 
<HDA 
4.19E-6 
4.l5E-5 
2.60E-6 
3.20E-6 
3.75E-5 
3.22E-5 
<HDA 
2.20E-6 
l.24E-5 
6. 79E,..6. 
<MDA 
<MDA 
<MDA 
<HDA 
<HOA 
3.00E-6 
5.39E-6 
2.05E-5 
6.39E-6 
2.60E~6 

<KDA ' 
3.39E-6 
<HDA 
<HOA 

HIUlbti-OOOlA-ttPOl 

' 6" 

<{<~ 
·' :'<HDA 

1·<MDA 
<MDA 
<MDA 
<MDA 

<HQ.\ 
<MDA 

; ;: <MDA!' 
<MD.Ai 

,t1' .. ufi.•· . 
<MDA 

H/A 
N/A 

<MDA 
1 <MDA· 

'. •'" ; <MDA 

·:.· 

6. 77E-6 
N/A 

: ... :,. 

12" 
,. <HDA 

<HDA 

•.i 

~)CJ)A 
<MDA 
4.79E-6 
<MDA 
<MDA 
<MDA 
<HDA 
<HDA 

<HOA 
<MDA 
5.39E-6 
<MDA 

<HDA 

<HDA 
<MDA 
<KDA 
<MDA 

<HDA 
<HDA 
<HDA 

': 

18" 
<MDA 
<HDA 
<KDA 
<HDA 
<KDA 
<HDA 

8.45E-6 
<HDA 

<MDA 
<MDA 

<MDA 

<HOA 
<HDA 
<HOA 

24" 

<MDA 
<MDA 

<MDA 
<HOA 

<HDA 
<HDA 

<MDA 

JO" 

<MDA 
<MDA 

<MDA 
<MDA 

<HDA 
<MDA 

<MDA 

3611 

<MDA 
<HDA 

<MDA 
<HDA 

<MDA 

42" 

<MDA 
<MDA 

• 
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Microshieid 3.02 
================= 

CConsuMer's Power CoMpany - #037) 
Page 1 
File SOIL f • MSH 
Run date: January 18' 1988 
Run t iMe: 4: 17 p.rit. 

CASE: CONTAMINATED SOIL @ H-9 LOCATION <6 INCHES OEEPJ 

GEOMETRY 11: Rectangular solid source - slab shields 

Distance to detector .. ,,, .................... X 
Source width ............................ 'l•••• W 
Source length ......... · ................. ~ ..... L 
Rectangular solid, thickness toward dose pt .. Tl 
Thickness of second shield •.................. T2 

60.960 
762. 
762. 

15.240 
45. 720 

Source VoluMe: 8.84901e+6 cubic centiMeters 

Material 

Air 
AluMinul"I 
Carbon 
Concrete 
Hydrogen 
Iron 
Lead 
Li thiul"I 
Nickel 
Tin 
TitaniuM 
Tungsten 
Urania 
Uraniul"I 
Water 
Zirconiul'I 

MATERIAL DENSITIES Cg/cc): 

Source Shield 2 

.001220 .001220 

I. 70 

1. 0 

CM, 

Rev 0 
8-l-9l 
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Page 2 File: SOILl .MSH 
CASE: CONTAMINATED SOIL @ H-9 LOCATION CS INCHES DEEP) 

BUILDUP FACTOR: based on TAYLOR Method . 
Using the characteristics of the Materials in shield 1. 

INTEGRATION PARAMETERS: 

NuMber of lateral angle segMents (Ntheta)... .. 5 
NuMber of aziMuthal angle segMents (Npsi ). . . . . 5 
NuMber of radial segMents CNradius)... .. ... . . . 5 

SOURCE NUCLIOES: 

Ba-i37M: 3.8493e-04 curies 

RESULTS: 

Group 
# 

Energy 
(MeVl 

Adi vii y 
(photons/sec) 

Dose point flux 
MeV/(sq cl'l)/sec 

Dose rate 
(Mr/hr) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
. 1 1 

12 
13 
14 
15 
16 
17 
18 
19 
20 

.664 

TOTALS: 

1 .282e+07 4.808e+00 9.969e-03 

1 .282e+07 4.808e+00 9.969e-03 

Rev 0 

8-1-91 
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Microshield 3.02 
================= 

(ConsuMer's Power CoMpany - #037) 
Page 
File SOIL2.MSH 
Run date: January i8, i988 
Run tiMe: 4:26 p.M. 

CASE: CONTAMINATED SOIL@ J-9 LOCATION <6 INCHES DEEP> 

GEOMETRY I I: Rectangular solid source - slab shields 

Distance to detector ...................... ,,, ){ 60.960 
Source width .•....... , •.....................• w 762. 
Source length ....•. , .• , ..... , .............. ,. L 548.640 
Rectangular solid, thickness toward dose pt .. T1 15.240 
Thickness of second shield .................. , T2 45. 720 

Source VoluMe: 6.37129e+6 cubic centiMeters 

Material 

Air 
Alul'!inul'I 
Carbon 
Concrete 
Hydrogen 
Iron 
Lead 
Lithiu111 
Nickel 
Tin 
Ti taniu111 
Tungsten 
Urania 
UraniuM 
Water 
ZirconiuM 

MATERIAL DENSITIES Cg/cc): 

Source Shield 2 

.001220 .001220 

1. 70 

1. 0 

CM. 

Rev 0 
8-1-91 
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Page 2 File: SOIL2.MSH 
CASE: CONTAMINATED SOIL@ J-9 LOCATION CB INCHES OEEPl 

BUILDUP FACTOR: based on TAYLOR Method . 
Using the characteristics of the Materials in shield 1. 

INTEGRATION PARAMETERS: 

NuMber of lateral angle segMents (Ntheta)..... 5 
NuMber of aziMuthal angle segMents (Npsi).. ... 5. 
NuMber of radial segMents ( Nradius)........... 5 

Group 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 '\ 
13 
14 
15 ~ 
16 
17 
18 
19 
20 

·Energy 
<MeV) 

1 .336 
1. 180 

.695 

TOTALS: 

SOURCE NUCLIDES: 

Co-60: 8.9198e-05 curies 

RESULTS: 

Activity 
( photonsisec) 

3.300e+06 
3.300e+06 
5.383e+02 

6.601e+06 

Dose point flux 
MeVi(sq CM)/sec 

3.411e+00 
2.958e+00 
2.889e-04 

6.370e+00 

Dose rate 
(Mr/hr) 

6. 1 SSe-03 
5.497e-03 
5.950e-07 

1 .165e-02 

Rev 0 
8-l-91 
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ODCM - APPENDIX B 
REFERENCE 2 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

?w c'.) 3 /j'?;? 8 
. Jlf.~-;"ED 

~~r ff , ~ '988 
NUCL!AQ uaNSING 

Docket No. 50-255 

Mr. Kenneth W. Berry 
Director, Nuclear Licensing 
Consumers Power Company 
1945 West Parnall Road 
Jackson, Michigan 49201 

Dear Mr. Berry: 

Har ch 15, 19 8 8 

SUBJECT: PALISADES PLANT - REQUEST TO RETAIN CONTAMINATED SOIL IN ACCORDANCE 
WITH 10 CFR 20.302 (TAC NO. 67408) 

The subject request submitted by Consumers Power Company by letter dated 
November 12, 1987 and supplemented by information forwarded by letter dated 
January 25, 1988 contains detailed information evaluating the radiation doses 
via the liquid pathways for very low levels of contamination presently in 
areas of soil near the Palisades Plant South Radwaste Building. Detailed 
evaluations are also presented of potential occupational doses from this 
contaminated soil. 

One additional dose pathway should, however, be evaluated to complete the 
analysis of the impact viz., the inhalation pathway. In your submittals, you 
have presented diagrams showing areas in which contamination has been 
detected. It appears that for some of these areas 6!1 of soi 1 has been 
removed, others are now covered by black top, and still others have not been 
disturbed. In order for the staff to complete the evaluation under 10 CFR 
20.302, we ask that you submit a diagram indicating all contaminated soil 
surface areas included in this request, the condition of this soil' surface, 
and an evaluation of the radiation doses via the inhalation pathway 
associated with these soil surfaces. The request in this letter affects 
fewer than ten respondents; therefore, OMB clearance is not required under PL 
96-511. 

cc: S~e··Next !age 

Sincerely, 

~1/~ 
Thomas V. Wambach, Project Manager 
Project Directorate III-1 
Division of Reactor Projects - III, IV, V 

& Special Projects 

D C1.-: <.f;;. * yet":; o 
J-L/ +34 
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Mr. Kenneth W. Berry 
Consumers Power Company 

cc: 
M. I. Miller, Esquire 
Isham, Lincoln & Beale 
Slst Floor 
Three First National Plaza 
Chicago, Illinois 60602 

Mr. Thomas A. McNish, Secretary 
Consumers Power Company 
212 West Michigan Avenue 
Jackson, Michigan 49201 

Judd L. Bacon, Esquire 
Consumers Power Company 
212 West Michigan Avenue 
Jackson, Michigan 49201 

Regional Administrator, Region III 
U.S. Nuclear Regulatory Conunissio~ 
799 Roosevelt Road 
Glen Ellyn, Illinois 6013i 

Jerry .Sarno 
Town.ship Supervisor 
Covert Township 
36197 M-140 Highway 
Covert, M1ch1 gan 49043 

Offfce of the Governor 
Room 1 - Capitol Building 
Lansing, Michigan 48913 

Mr. David P. Hoffman 
Plant General Manager 
Palisades Plant 
27780 Blue Star Memorial Hwy~ 
Covert, Mf chf gan- 49043 

Resident Inspector 
c/o U.S. Nuclea~ Regulatory Co11111fssfon 
Palisades Pla'*1-
27782 Blue StarMellorial Hwy. 
Covert, Michigart 49043 

Palisades Plant 

Nuclear Facilities and 
Environmental Monitoring 
Sect ion Office 

Division of Radiological 
Health 

P.O. Box 30035 
Lansing, Michigan 48909 
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UNITED STATES-
? -:: • . "• , I E. 0 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, 0. C. 20555 J ·~ •, l !Q'"'""'I · .'-il~ w I~ j _, 

Docket ~o. 50-255 
Serial No. PAL 90-002 

~r. Kenneth W. Berry 
Director, Nuclear Licensing 
Consumers Power Company 
1945 West Parnall Road 
Jackson, Michigan 49201 

. Dear Mr. Berry: 

January 12, 1990 ''llr.J }:JO i' .FN~!Nl1 

SUBJECT: PALISADES PLANT - REQUEST TO RETAIN SOIL IN ACCORDANCE WITH 
10 CFR 20.302 (TAC NO. 67408) 

By letters dated November 12, 1987 and January 25, 1988, Consumers Power Company 
requested authorization under the provisions of 10 CFR 20.302 to dispose 
contaminated soil in place. The NRC staff replied with a request for additional 
information which was forwarded to you on March 15 1 1988. · 

By letter dated June 27, 1988, Consumers Power Company provided additional - ": 
information in response to our request. However, in that response, CPCo 
expanded the original request to include the entire South Radwaste area as a 
contingency against future spread of contamination and to obviate the need for 
additional requests under 10 CFR 20.302. For the staff to complete its review 
of this request, additional specific information is required. This is because 
NRC approval under 10 CFR 20.302 ;s for the disposal of specifically 
identified and characterized slightly contaminated material by the ~pplicant. 

We request that you provide a revised submittal ~escribing the licensed material 
for disposal and the analysis and evaluation called for under 10 CFR 20.302. 
The attached request for additional information provides additional detail for 
the content of the revised sub11ittal. 

The reporting and/or recordkeeping requirements of this letter affect fewer 
than ten respondents; therefore, OMB clearance under PL 96-511 is not required. 

cc: See next page 

Sincerely, 

~~ject ~anager 
Project Directorate III-1 
Division of Reactor Projects - III. 

IV, V & Special Projects 
Office of Nuclear Reactor Regulation 
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Mr. Kenneth W. Berry 
Consumers Power Company 

cc: 

M. I. Miller, Esquire 
Sidley & Austin 
54th Floor 
One First National Plaza 
Chicago, Illinois 60603 

Mr. Thomas A. McNish, Secretary 
Consumers Power Company 
212 West Michigan Avenue 
Jackson, Michigan 49201 

Judd L. Bacon, Esquire 
Consumers Power Company 
212 West Michigan Avenue 
Jackson, Michigan 49201 

Regional Administrator, Region III 
U.S. Nuclear Regulatory Comnission 
799 Roosevelt Road 
Glen Ellyn, Illinois 60137 

Jerry Sarno 
Township Supervisor 
Covert Township 
36197 M-140 Highway 
Covert, Michigan 49043 

Office of the Governor 
Room 1 - Capitol Build1nt 
Lansing, M1ch1gan 48913 

Mr. Gerald B. Slade 
Plant General Manager 
Palisades Plant 
27780 Blue Star Melllor111 Hwy. 
Covert, M1chfga... 49043 

Resident Inspectcar: 
c/o U.S. Nuclear Regulatory C01111iss1on 
Palisades Plant' . 
27782 Blue Star Memorial Hwy. 
Covert, Michigan 49043 

Palisades Plant 

Nuclear Facf lfties and 
Environmental Monitoring 
Section Office 

Division of Radiological 
Health 

P.O. Box 30035 
Lansing, Michigan 48909 
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SECOND REQUEST FOR ADDITIONAL INFORMATION (RAI) 

ON THE CONSUMERS POWER COMPANY 

PALISADES PLANT REQUEST 

TO RETAIN SOIL IN ACCORDANCE 

WITH 10 CFR 20.302 

E!ICLOSUC<.E 

The subject request submitted by Consumers Power Company (licensee) by letter 

dated November 12, 1987 and supplemented by information forwarded by letter 

dated January 25, 1988 contained detailed information evaluating the radiation 

doses via the liquid pathways for very low levels of contamination presently in 

areas of soil near the Palisades Plant South Ra~#aste Building. Detailed 

evalu~tions were also presented of potential occupational doses from this 

contaminated soil . 

Three significant questions arose during the staff evaluation of this request: 

1. The inhalation pathway for doses from the contaminated soil was not 

addressed. 

2. The proposals contain no delineation of the specific contaminated areas 

covered by: the disposal req~est. 

3. The licensee's Technical Specifications for radiological environmental 

monitoring require an LLD of 2 x 10-
1 

µCi/gm for 137Cs determinations in 

sediment - yet all of the measurements reported in the request were Md• 

with equipment 5 to 10 times less sensitive for these ganvna radiationt . 
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By letter dated June 27, 1988 the licensee submitted additional· information in 

r~sponse to the staff 1 s RAI of March 15, 1988. This submittal was unacceptable 

_in that it addressed potentially contaminated areas and hypothetical maximum 

contamination parameters rather than measured licensed material to be disposed 

of under the regulations. 

It is requested that the licensee submit a complete, revised 20.302 request 

incorporating the dose evaluation information of the measured contamination 

considered in the November 12, 1987 and January 25, 1988 submissio~and updated 

if appropriate with dose evaluations of the inhalation pathway based an the 

same measured contamination. As part of the proposal the licensee should 

record exactly what areas of measured contamination are covered by the request 

for which disposal und~r 10 CFR 20.302 is proposed • 

2 
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CJnsumers · 
Power 
POWERING 

MICHlliAN"S PROGRESS 

ODCM - APPENDIX B 
REFERENCE 3 

General Offices: 1945 West Parnall Road, Jackson, Ml 49201 • (517) 788-0550 

June 27, 1988 

Nuclear Regulatory Commission 
Document Control Desk 
Washington, DC 20555 

DOCKET 50-255 - LICENSE DPR-20 - PALISADES PLANT -
SUPPLEMENT - REQUEST TO RETAIN SOIL IN ACCORDANCE WITH 10CFR20.302 

Consumers Power Company correspondence dated November 12, 1987 and January 25, 
1988 requested authorization to dispose contaminated soil inplace as specified 
by 10.CFR 20.302. The area, known as the South Radwaste Area, has been 
contaminated by numerous cooling tower overflows and redistributed by heavy 
rain showers. Although the majority of the radioactive material has been 
packaged for waste shipment, a large volume of very low activity radioactive 
material remains •.. This volume of material would be very eXi>ensive to ship as 
waste. The NRC, by letter of March 15, 1988 to Consumers Power Company, 
requested additional inhalation dose information and clarification of the 
contaminated area. 

A generic inhalation dose evaluation is described in Attachment A. Conserva­
tive assumptions have been made to get the maximum organ dose possible f r01D 
inhalation of contaminated soil. The inhalation doses are not significant. 

Consumers Power Company requests to expand this 10 CFR 20.302 request to 
include the entire South Radwaste Area. Periodic cooling tower overflows and 
occasional heavy rains have caused redistribution of radioactive material to 
areas which w•re below Lower Limits of Detection (LLD) during previous evalua­
tions. Expanding the area would eliminate the need for a new 10 CFR 20.302 
submittal if radioactive material is redistributed within the South Radwast• 
Area. The South Radwaste Area is completely fenced and located directly South 
of the Plant South Security fence. Area fence is shown in dark outline on 
Figure 1. 

As desc~ibed in our January 25, 1988, letter we intend to transfer the 
radwaste activities which caused the contamination of soil from the South 
Radwaste Area, except for the high level vault use which is not a potential 
flooding release problem • 

OC0688-0049-NL02 
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~uclear Regulatory Commission 
Palisades Nuclear Plant 
Retai~ Soil in Accordance w/10CFR20.302 
June 27, 1988 

Consumers Power Company requests approval to dispose of inplace low level 
radioactive materials which meet the following conditions without further 10 
CFR 20. 302 submit-tals·.-· · _.,.;,_; 

1. Material contained in the fenced area described as South Radwaste Area. 

2. Direct dose. to a. radiation worker would not exceed SE-02 mRem/hour from 
cont~il!~_;ed s~:f,l. .: 

Average gross beta/gamma concentration not to exceed SE-05 µCi/gm so 
_ inhalation dO$ES to.a radiation worke~ or at the site boundary would not 
·e~ceed the values contained in Attachment 1. 

2 

4. Additio~l .radioact~ye material releases shali be identified in liquid Semi-Annu 
Efflueril&_Reports as-an 'Abnormal Release'. 

Sampling, analyses~~and Semiannual Effluent Report inclusions of 'Abnormal 
Release' will be perform,~ only when further flooding of the area occurs. 

:.r 

James L Kuemin (Signed) 

James L Kuemin 
Staff Licensing Engineer 

CC Administrator, Region III, NRC 
NB.C Resident Inspector -.Palisades 

-. : ·~'.i;:,:j 
At tachment'"r~ 

OC0688-0049-NL02 
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Attachment 1 

The inhalation doses have been calculated on a generic worst case basis. A 
generic basis has been selected to compensate for the elevated Lower Limit of 
Detection (LLD) in analysis and also to address movement of radioactivity 
within the South Radwaste Area. The assumptions made are the worst c·ase Dose 
Conversion Factor (DCF) used (see Table 3), a total average activity concentra­
tion of SE-05 µCi/gram and the entire area (500 m2 ) used instead of the indi­
cated contaminated area (117 m2 ). 

Increasing .the area is self-explanatory. The total average activity concentra­
tion is being used instead of actual to account for dose important isotopes 
which may be present near the analysis LLD of lE-06' µCi/gm, but not detected. 
The worst case DCF is used to demonstrate a maximum organ dose. A variation in 
isotope mixes could shift the maximum dose to a different organ but could not 
exceed the dose indicated. 

Radworker and site boundary inhalation dose calculations are attached. 

OC0688-0049-NL02 
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DW ~ CS • f lS 

Table 1 

Inhalation Dose From Contaminated Soil -
Adult Radiation Worker 

.DCFi 

Where: CS • concentration of waste: 5.0E04 pCi/Kg. 

Ef • occupancy factor: 2080 worker hours + 8760 hrs/yr • 0.237 

£18 •areal mass available for resuspension (top 1 cm of soil): 16 
Kg/m2 

£14 • resuspension factor: 8.5E~9/m 

£
15 

• adult annual inhalation rate: 7300 m3 (RG 1.109) 

DCFi • 7.46E-04 mRem/(50 yr • pCi): adult lung (RG 1.109) 

Substituting: 

DW • 8.78E-03 mRem/50 yr: maximum organ dose 

Reference: AIF/NESP-035 Evaluation of the Potential for De-Regulated Disposal 
of Very Low Level Wastes From Nuclear Power Plants 

OC0688-0049-NL02 
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Where: 

Table 2 

Inhalation Dose At Site Boundary -
Infant Most Limiting 

X/Q A 

Terms are identified in Table 1 and 

Fl6 =- 2045 m3 : inf ant annual breathing rate (RG 1.109) 

X/Q • 1.4 E-6 sec/m3 : actual 5 year site average 

IJ ,. 3.8 m/sec average wind speed: actual 1986 

A • 500 m2 : contaminated area 

DCF i • 3. 22E-03 mR/ (50 yr • pCi): infant lung (RG 1.109) 

Sub.stituting 

DSB • l.19E-04 mRem/50 yr: maximum organ dose 

OC0688-0049-NL02 
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Table 3 

-Dose Conversion Factors for Inhalation: Committed dose (mRem) over 50 years 
per oCi inhaled, per Regulatory Guide 1.109. 

Onsite - Radiation Worker 

Bone Liver Kidney Lung GI --
Cs-134 4.66E-05 l.06E-04 3.59E-05 l.22E-05 l.30E-06 

Cs-137 5.98E-05 7.76E-05 2.1aE~os 9.40E-06 l.OSE-06 

Ba-140+0 4.88E-06 6 .13E-09 2.09E-09 1. 59E-04 2.73E-05 

Sr-90* l.24E-02 0.0 o.o l.20E-OJ 9.02E-05 

Co-60** 0.0 l.44E-06 o.o 7.46E-04 3.56E-05 

* Sr-90 is a factor of SE-03 lower than Cs-137 based upon 10 CFR 61 sampling 
analysis and cannot be limiting. Cs-137 was present in all samples where 
activity was identified. 

** Given the concentration restriction on Sr-90 noted above, Co-60 lung dose is 
most limiting. 

Off site - Inf ant Most Limiting for Inhalation 

Cs-134 2.83E-04 S.02E-04 l.36E-04 5.69E-05 9.53E-07 

Cs-137 3.92E-04 4.37E-04 l.23E-04 5.09E-OS 9.53E-07 

Ba-140 4.00E-OS 4.00E-08 9.59E-09 l.14E-03 2.74E:..os 

Sr-90* 2.92E-02 o.o 0.0 8.03E-03 9.36E-05 

Co-60** o.o .5.73E-06 o.o 3.22E-03 2.28E-5 

* Sr-90 is a factor of SE-03 lower than Cs-137 based upon 10 CFI. 61 sampling 
analysis and cannot be limiting. Cs-137 was present in all samples where 
activity was identified. 

** Given the concentration restriction on Sr-90 noted above. Co-60 lung 
dose is most limiting • 

OC0688-0049-NL02 
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POWERING 
MICHIGAN"S PROGRESS 

ODCM - APPEND IX B 

REFERENCE 4 

Palisades Nuclear Plant: 27780 Blue Star Memorial Highway, Covert. Ml 49043 

August 31, 1990 

Nuclear Regulatory Commission 
Document Control Desk 
Washington, D C 20555 

DOCKET 50-255 - LICENSE DPR-20 - PALISADES PLANT 

GB Slade 
General .\lanager 

SUPPLEMENT - REQUEST TO RETAIN SOIL IN ACCORDANCE WITH lOCFR 20.302 

Consumers Power Company correspondence dated November 12, 1987 ~and January 25, 
1988 requested authorization to dispose .of contaminated soil in place as 
specified by lOCFR 20.302. The area known as the South Radwaste Area has been 
contaminated by numerous cooling tower overflows and contamination was 
redistributed by heavy rain showers. Although the majority of the radioactive 
material has been packed for waste shipment, a large volume of very low 
activity radioactive material remains. This volume of material would be very 
expensive to ship as waste. The NRC, by letter of March 15, 1988 to Consumers 
Power Company, requested additional inhalation dose information and 
clarification of the contaminated area. 

After discussions with the NRC reviewer, a supplement was submitted on June 
27, 1988 which was based on generic approval. It proposed that further 
submittals would not be required if flooding moved activity from an identified 
to an unidentified sector. Subsequently, on January 12. 1990, the NRC Staff 
requested additional information. The information request required the licensee 
to submit a revised proposal incorporating the dose evaluation information of 
the measured contaminatio~ considered in the November 12, 1987 and January 25, 
1988 submittals and updated, if appropriate, with dose evaluations of the 
inhalation pathway based on the same measured contamination. As part of the 
proposal, the licensee was asked to record exactly what areas of measured 
contamination are covered by the request for which disposal under lOCFR 20.~02 
is proposed. 

The attached material supplies the requested information. The specific area 
contaminated is noted as Area B on the attached survey grid map. The entire 
area is fenced and is about 12,000 sq ft of soil exposed with the remainder 
buildings and asphalt. The inhalation pathway is for breathing suspended ict: 
from this area. Table 2 addresses a radworker in Area B, and Table 3 
addresses an infant on the site boundary. The radworker could receive 
8.03E-04 mRem/50-year maximum organ (liver) dose and the infant could recet.e 
3.16E-OS mRem/50-year maximum organ (liver) dose, both of which are insi~~~=­
icant • 

OC0890-0074A-NL03 
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When the flooding problem was discovered and planning for a formal survey was 
done, the environmental sediment LLD was not consiqered, as this was a nuclear 
plant site. We attempted to get the best LLD we could using our equipment 
and the number of samples we were going to have to run. With the hundreds of 
samples run, we felt lE-06 uCi/gm was adequate. To be conservative, we 
expanded the August and November 1987 surveys to use l.OE-06 uci/gm Cs-137 in 
any sector which showed LLD. This will increase the radioactivity to 5,006 
uCi from 4,643 uCi, an increase of Bi.. The activities are on Table 1 and lA. 
If this submittal is approved, we will add the released activity to the Liquid · 
Semi-annual Effluent Report as an abnormal release, and the approval to retain 
the soil in place will be documented in the FSAR. 

In summation, Consumers Power Company requests approval to dispose of 
in place the low-level radioactive materials which are contaminated soil contained 
in the fenced area described as South Radwaste Area (Area B). Direct dose to 
a radiation worker would not exceed l.7E-02 mRem/hour from this contaminated 
soil. Inhalation doses to a radiation worker or at the site boundary would 
not exceed 8.03E-04 mRem/50-year. Tables l and lA radioactive material 
release shall be identified in liquid Semi-annual Effluent Reports as an 
'abnormal release'. The disposal in place would be documented in the FSAR. 

The radwaste activities which caused the contamination of the soil have been 
completely relocated to a new east radwaste area. The South Building has 
been deconned and is being used for non-radwaste activities. Some fixed 
contamination is present in floor cracks and vaults •. This has been documented 
for plant decommissioning. No further contamination.will be added to the 
south area from the South Radwaste Building. 

Gerald B Slade (Signed) 

Gerald B Slade 
General Manager 

pc: Administrator, Region III, USNRC 
NRC Resident Inspector, Palisades 

OC0890-0074A-NL03 
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Attachment A 

Consumers Power Company 
Palisades Nuclear Plant 

Docket 50-255 

Tables 1 and lA, Survey Results 
Microshield Direct Dose Calculation 
Table 2 - Radworker Inhalation Dose 
Table 3 - Site Boundary Inhalation Dose 
Figure l - Survey Crid 
Figure 2 - Survey Results 
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Sect:or IF 

B-9 
C-9 

. C-10 
D-9 
0-10 
D-ll 
D-12 
E-10 
E-11 
E-12 
E-13 
F'-12 
F-13 
G-12 
C-13 
H-9 
H-10 
H-11 
H-12 
H-13 
I-9 
I-10 
[-11 
I-12 
J-9 
J-12 
K-9 
L-9 
L-10 
L-ll 
L-12 

Table lA 

November 1987 Survey 

. -,:~~~-! 

Sq.tt. X Dept:h = ft:J X g/ft:J X µCi/g = Tot:al uCL 
125 0.5 62.5 48144 lE-06 ":'='~' 3 
625 0.5 312.5 48144 lE-06 15 
500 0.5 250 48144 lE-06 -, .. :'~~ 12 
500 0.5 250 48144 lE-06 12 
625 0.5 312.5 48144 lE-06 15 
550 0.5 275 48144 lE-06 13 

75 0.5 37.5 48144 lE-06 ,.~~- 2 
125 0.5 62.5 48144 lE-06 . 3 
375 0.5 187.5 48144 l.8E-06 16 
625 0,5 312.5 48144 1.E-06 -~~- 15 
550 0.5 275 48144 lE-06 13 
300 0.5 150 48144 lE-06 ·· . .-/ 7 
625 0.5 312.5 48144 lE-06 15 
750 0.5 125 . 48144 lE-06 6 
625 0.5 312.5 48144 lE-06 15 
625 0.5 312.5 48144 4.4E-05 662 
625 0.5 312.5 48144 3.2E-06 48 
600 0.5 300 48144 3.2E-05 462 
250 0.5 125 48144 2.2E~06 13 
625 0.5 312.5 48144 l.OE-06 15 
527 0.5 263.5 48144 6.8E-06 86 
275 0.5 137.5 48144 l.OE-06 7 
250 0.5 125 48144 1.0E-06 6 
220 0.5 110 48144 3.0E-06 16 
450 0.5 225 48144 2.lE-05· 227 
200 .·o.;,., 100 48144. 2.6E-06 13 
216 0.5. 108 4814{._ 3.4E-06 18 
150 0.5 - 75 48144 l.OE-06 4 
150 O.>-.--' 7S 48144 · ··.: -.,. l.OE-06 4 
150 0.5 ~{-~;._. .. 75 48144 1.0E-06 4 
!1L .,. °'·5 . 75 48144 l.OE-06 4 

Subtotals 11,93& f~a 5,969 ft 3 Maximum 4,4E-05 
Average 6.lE-06 

1751 

MI0890-0074A-HP01 

J 



• 

• 

• 

~·..on :ate: J~ruary 18, 1:39 
~u.n t1,..,e: .i.:!7 ~ .. ..,, 

·.JEOMETRY 11: Rectarigular !Olld 5ource - 3lab 3"Fn:~l'ds 

01!tance to detector,,,,,,,,,.,, ............ . 
Source wi.dth .. , ...... ,, ..................... , 
Sour-ce len;tn ...................... , ........ . 
RectanQular solid, thic~ness toward dose pt,. 
Thickness of !econd shield •.................. 

x 
L.I 
L 
Tl 
T2 

50~960 
762. 
752. 

1 S.240 
45.720 

Source Volu,.,e: 8.84~01e+S cubic centi,.,eters 

Material 

lhr 
Alu,., inul'I 
Care on 
Concrete 
Hydrogen 
Iron 
Lead 
L l th iul'I 
Nickel 
Tin 
Tltan1ul"I 
TunQsten 
Urania 
Uraniul"t 
Water 
Z1rconiul"I 

MATERIAL DENSITIES <glee): 

Source Shield 2 

.:301220 .001220 

1'70 

i .0 

···-.--,~ 

c,..,,. 
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'4· .... =~~ J" :!::. .... ue:--aL d~;ie seQ . ..,ent! · "JC!L > ••••• 

'~· ... ..,'J~,.. ~r -!~1~1 !~';M!Mt! : Nr-~dl·--'s} .......... . -.... 

S•JliRCE NUCLIO~S: 

8r137,.,: J.84'33e ... -a4 Ac tua t 
curies 11.SlE-O~ Ci 

(4.4E-05 uCi,'~.) 

RE5!..iL r'5: 

13r:uc ~r-er~y ~et1v1ty Oose co1nt Hux Dose '"! t 9 

& ( ."!eV l C Ol"!OtOr"'!l!eC: l MeVI< !Q Cl"l)l!eC ( ,.,,. I "Ir- l 

------ ------------- ---------------- ----=Q ___ 
I .684 I . 282e•~7 4.1308e•ia0 '3. '36 '3e-tcl3 
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'3 
!~ 

It 
12 
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!4 
tS 
1s 
17 
I 8 
19 
21 

--------- --------- ---------
TOT~LS: I .Z82e•07 4.808e+011 S. 96Se--a.3 

6. 51 Ci 
· 3.atio of 3,85 Ci= 1.69 x ?.969E-03 = 1.TE-02 !::".R/:'.lr 
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Dw = cs f 14 

Table 2 

[nhalition Dose from Contaminated Soil -
Adule Radiation Worker 

DCFi 

Where: Cs = concentration ot waste - 4.4E04 pCi/Kg Cs-1.37 (actual max concentration) 

Ef = occupancy factor - 2080 worker hours + 8760 hrs/yr = 0.237 

f18 = a real/mass available for resuspension (top l cm of soil) - 16 
Kg/m 2 

f14 = resuspension factor - 8.SE-9/m 

f15 =adult annual inhalation rate - 7300 m3 (RC 1.109) 

DCFi = 7.76E-05 mRem/50 yr• pCi - Cs-137 adult liver (RC 1.109) 

:substituting: 

Dw = 8.03E-04 mRem/50 yr - maximum organ dose 

~ference: AIF/NESP-035 Evaluation of the Potential for De-regulated Disposal 
of Very Low Level Wastes From Nuclear Power Plants 

MI0890-0074A-HP01 
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DsB = Cs E1a 

fable 3 

[nhalation Dose At Site Boundary 
Infant ~ost Limiting 

X/Q µ A DCr\ 

Where: Terms are identified in Table l and 

F16 = 2045 mJ - infant annual breathing rate (RC l. 109) 

X/Q = 1.4 E-6 sec/ml - actual 5 year site average 

µ = 3.8 m/sec average wind speed - actual 1986 

A - 1110 m2 - contaminated area 

DCFi - 4.37E-04 mR/50 yr • pCi - Cs-137 infant liver (RC 1.109) 

lStituting: 

Dss = 3.16E-05 mRem/5Q yr - maximum qrgan dose 

MI0890-0074A-HP0l 



a l\:IU.-.;. I LJ 

s " FACE I 

. 
~ 

RESULTS ' 

~r· I I ,ft' ~· .............. ...:;~Iii-I.-. ........ ~.,.. 
~EG~~~e c.-ct.0rs I ,/ I ~~/.J-e=~~~~~fJ.l:/.Ml-

1.00E-O ,Cll\JNIT t' t• l~~WA~·A~T I L~-~~~4-~~~~~~~H~ 
lQ_J COM IAMPl.• UNDO POUNMTION. . • 

.-I 
0 0\ 

I 
::-- r1 
<lJ I 

er: co 

MWAa ACTIVITY OF SECTOR 

MfMAlT AREAS 
-EXAMPl!: ONLY 

. ;:is area. 



FIG~E 1 

SURVEY 
GRID 
LEGEND 

~ ASPHALT AREAS 

D 21· • 25. SECTORS 

. 0 ;~,~:,;n·:e~ 

0 ~RU °A' 

rl 
00'\. 

I 
~ r--{ 

QJ I 
n-; co 

• • 



• 

• 

• 

To 

From 

Date 

Subject 

cc 

BHolian 

ODCM - APPENDIX B 
REFERENCE 5 

TPNeal .JPtf 

October 23, 1990 

PALISADES PLANT-
l OCFR20. 302 SOIL SUBMITTAL 

RLSmedley 
KMHaas 

CONSUMERS 
POWER 
COMPANY 

The following samples were obtained from sectors H-9 and J-9 on 
October 23, 1990. 

Sample Location 
H9-1 
H9-2 
H9-3 
H9-4 
H9-5 
J9-1 
J9-2 
J9-3 
J9-4 
J9-5 

uCj/gm 
3.92E-6 
3.70E-6 
1.26E-6 

<MDA 
<MDA 

1.90E-6 
<MDA 
<MDA 
2.28E-6 
5.86E-6 

Sector H-9 was the highest reading in 1988 at 4.4E-05 uCi/gm and 
J-9, 2.lE-05. Both areas are now showing a factor of 10 drop in 
activity. Sector H-11 could not be resampled because of equipment 
stored in this location. The data indicates direct dose would be 
less than 2E-03 mR/hr. Occupancy in this area should not exceed 2 
hours/week or 100 weeks/year, which is less than 1 mR/year. Sample 
and analysis by MAWillers and GStama, review by TPNeal • 
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ODCM - APPENDIX B 
REFERENCE 6 

Nuclear Regulatory Cormiission 
Document Control Desk 
Washington, DC 20555 

DOCKET 50-255 - LICENSE DPR-20 - PALISADES PLANT -

GB Slade 
G~~rai .i.{a/'14'~' 

USE OF SOUTH STORAGE BUILDING AS AN INTERIM RADIOACTIVE WASTE STORAGE BUILDING 

On November 10, 1990, radioactive waste generators in the State of Michigan 
were banned from the three currently active burial sites. As a result of this 
ban action must be taken to ensure that Palisades maintains the capability to 
store·radioactive waste until such time as we are again able to gain access to 
the burial sites. We believe our actions are consistent with NRC guidance 
received in Generic Letter 90-09. Therefore, the South Storage Building will 
be utilized as an interim storage facility for low level radioactive waste 
(LLW). 

The South Storage Building (then referred to as the South Radwaste Building) 
had been previously used for all processing and storing of radioactive waste 
produced at Palisades from 1976 to 1989. During that period several cooling 
tower overflows occurred which resulted in flooding this building and 
spreading contamination from the processing area to the surrounding soil. 
This spread in contamination resulted in NRC Open Items (85019-01 and 89025-
01) which requir.ed implementation of actions to prevent future flooding. In 
1988 it was decided to relocate the radwaste processing functions performed in 
the South Radwaste Building to a new addition at the East Radwaste Building to 
prevent the spread of contilllination in the event'of future cooling tower 
overflows. All radwasta processing equipment was relocated to the East 
Radwaste Building and the South Radwaste Building was decontaminated. The 
South Radwaste Building (then re-named the South Storage Building) has since 
been used for non-radiological ~aterial storage. 

As a result of increases in radioactive waste, the· South Storage Building is 
now needed to store low level radioactive waste (LLW). This LLW, in the form 
of dry active waste (DAW) will be packaged in metal boxes and labelled, ready 
for future shipment to burial sites. The DAW metal shipping boxes will be 
stored off the floor to prevent water damage. The metal shipping boxes are 
strong, tight containers designed to prevent any leakage of radioactive 
material during transportation. Incidental water.contact will not result ·n 
the spread of contamination. Radioactive waste will not be processed 1n ~~e 

A CMS eNt:RGY COMPANY 
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South Radwaste Building and the building will be maintained as a normally 
clean (radiologically) area. 

The current Palisades Radwaste Storage Plan requires low dose-rate DAW boxes 
to be placed adjacent to the walls of the South Radwaste Building to li nit 
dose rates outside the building. All DAW boxes and the storage building will 
be inspected quarterly in accordance with Palisades Health Physics Procedure 
HP 6.27. This procedure incorporates the storage and inventory guidelines 
contained in NRC Information Notice No. 90-09, "Extended Interim Storage of 
Low Level Radioactive ~aste by Fuel Cycle and Material Lice~see". 

The same radiological and security controls currently in force at th~ East 
Radwaste Building will apply at the South Radwaste Building. The South 
Radwaste Building is surrounded by a locked fence and all building access 
doors will normally be locked, with keys controlled by Radiation Safety 
Department. All access to the building will be controlled through the 
Radiation Safety Office and the Palisades RWP/Dosimetry System. Building 
status sheets will be updated on a monthly basis or whenever radiological 
conditions change. Any areas outside the building reaching Smr/hr or greater 
shall be posted in accordance with current HP Procedures. 

Since the South Radwaste Building will be used for the storage of low level 
radioactive waste and not for radioactive waste processing, it is believed 
that the public health and safety will not be adversely affected. 

It is Palisades' intent to continue to use the South Radwaste Building to 
store.low level radioactive waste (LLW) until such time when radwaste 
generators in Michigan are again allowed to ship radioactive waste to the 
burial sites. Upon resumption of shipping to the burial sites the South 
Radwaste Building will be emptied, surveyed and returned to the plant for non­
radiological material storage. 

~2--~----
Gerald B Slade 
General Manager 

CC Administrator, Region III, USNRC 
Resident Inspector, Palisades 

:-;n•· 
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BEFERENCE 7 
UNITED STATES 

NUCLEAR REGULATORY COM 
WASHINGTON. O.C. 20565 

June 7, 1991 

TPNeal, Pal 

Docket No. 50-255 

Mr. Gerald B. Slade 
Plant General Manager 
Palisades Plant 
Consumers Power Company 
27780 Blue Star MeaxJrial Highway 
Covert, Michigan 49043 

Dear Mr. Slade: 

JUN 12199·, 

SUBJECT: REQUEST UNDER 10 CFR 20.302 TO RETAIN CONTAMINATED SOIL ONSITE AT 
PALISADES PLANT {TAC NO. 67408) 

By letters dated November 12, 1987, and January 25, 1988, (Reference 1 of the 
enclosed Safety Evaluation (SE)), Consumers Power Company submitted a request 
pursuant to 10 CFR 20.302(a) for the disposal of contaminated soil onsite at 
the Palisades Plant. We have completed our review of the request and find your 
procedures (with comnitments as documented in Reference 1) to be acceptable. 

• ~!~~=~~:~-:~~:~=:=ttL'lj~~~::r~ttr•~i.tS.llt4&:Tiif::t1:; 
Manual (ODCM) as- an AP,endfx'°A lso, future mocffff"catf"tms of"-tfrri"ff conrftments 
shall be reported to the NRC in accordance with the applicable ODCM change 

• 

protocol. We further find that the radiological environmental impact of the 
proposed action meets the staff criteria as reflected in Reference 6 of the 
enclosed Safety Evaluation. · 

Enclosure: 
As stated 

Sincerely, 

Brian Holian, Project Manager 
Project Directorate III-1 
Division of Reactor Projects III/IV/V 
Office of Nuclear Reactor Regulation 

Rev o 
8-1-91 
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Mr. Gerald 8. Slade 
Consumers Power Company 

cc: 

M. I. Miller, Esquire 
Sidley & Austin 
54th Floor 
One First National Plaza 
Chicago, Illinois 60603 

Mr. Thomas A. McNish, Secretary 
Consumers Power Company 
212 West Michigan Avenue 
Jackson, Michigan 49201 

Judd L. Bacon, Esquire 
Consumers Power Company 
212 West Michigan Avenue 
Jackson, Michigan 49201 

Regional Administrator, Region III 
U.S. Nuclear Regulatory Co11111iss1on 
799 Roosevelt Road 
Glen Ellyn, Illinois 60137 

. Jerry Sarno 
Township Supervisor 
Covert Township 
36197 M-140 Highway 
Covert, Michigan 49043 

Office of the Governor 
Room 1 - Capitol Building 
Lansing, Michigan 48913 

Mr. Patrick M. Donnelly 
Director, Safety and Licensing 
Palisades Plant 
27780 Blue Star Memorial Hwy. 
Covert, Michigaa 49043 

Resident Inspector 
c/o U.S. Nuclear Regulatory Co11111ission 
Pa 1i sades Pl ant -
27782 Blue Star Memorial Hwy. 
Covert, Michigan 49043 

Palisades Plant 

Nuclear Facilities and 
Environmental Monitoring 
Section Office 

Division of Radiological 
Health 

P.O. Box 30035 
Lansing, Michigan 48909 

Gerald Charnoff, P.C. 
Shaw, Pittman, Potts & 

Trowbridge 
2300 N. Street, N.W. 
Washington, D.C. 20037 

Mr. David L. Brannen 
Vice President 
Palisades Generating Company 
c/o Bechtel Power Corporation 
15740 Shady Grove Road 
Gaithersburg, Maryland 20877 

Roy w. Jones 
Manager, Strategic Program 

Development _ 
Westinghouse Electric Corporation 
4350 Northern Pike 
Monroeville, Pennsylvania 15146 
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INTRODUCTION 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

SAFETY EVALUATION RELATED TO 

THE PALISADES NUCLEAR PLANT 

RETENTION OF CONTAMINATED SOIL ONSITE 

r n reference ( 1), Consumers l'"ower Company ( CPCo) requested approva 1 pursuant to 
Section 20.302 of Title 10 of the Code of Federal Regulations (CFR) for the 
disposal of licensed material not previously constdered-bythe-NRf!-,1n the 
Palisades Final Environmental Statement (FES), dated June 1972. The petition 
submitted contains a detailed description of the licensed material (i.e., 
contaminated soil) subject to this 10 CFR 20.302 request·~·. The··s,ooo cubic feet 
of onsite contaminated soil contains a total radionuclide inventory of 5.1 mCi, 
based on radioactive material that was deposited in the soil due to the flooding 
of the South Radwaste Building. The contaminated area is located inside the 
security fences, and is on company controlled land. This area (South Radwaste 
Area) is fenced in, within the plant's south security fences. Thus it is 
inaccessible to the public (see Figures 1 and 2). 

In the submittals (References 1-5), the licensee addressed specific information 
requested in accordance with 10 CFR 20.302(a), provided· a detailed description 
uf the licensed material, thoroughly analyzed and evaluated the environmental 
effects relative to retention of the contaminated soil ons1te, and connitted 
to follow specific procedures to minimize the risk of unexpected exposures. 
Although the environmental impact of t~e proposed action fs well within the dose 
criteria contained in the Conmission's Below Regulatory Concern (BRC) Policy 
Statement, dated Jul'!§iJ.1990, the_, licensee has not requested, and the staff has 
not considered, the ··· ns describecbhere1n to be exempt from NRC regulation. 

CPCo plans to dispose of-,the 6,ooo.~cUAc feet of contaminated soil onsite 
pursuant to 10 CFR 20.302~ The area, known as thd South Radwaste Area., has 
been contaminated by s~x-ral cooling tower overflows (three times in an eight­
year period), and has subsequently been redistributed by heavy rafn showers. 
The cooling ta.er ov1rfltfws were caused by instrument failures that opened the 
cooling towerbyp•ssvalve during· normal operation. This valve is now electri­
cally isolated.during cooling tower operation. The licensee conducted a soil 
survey because the Souttt Radwaste Building was in the main path of the water 
overflows from the coaltng tower. Survey results indicated that radioactive 
material was deposited in" the soil. Although the majority of the radioactive 
material has been packaged as radwaste and will be subsequently shipped offs1te 
(16 boxes each having a volume of 98 cubic feet, containing SSS of the esti~4ted 
activity), a large volume of low level contaminated soil fs contained in the 
fenced area described as the South Radwaste Area. 
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The specific area contaminated is noted as Area Bon the survey grid map (se~ 
Figure 2). The total activity of this area (5.1 mCi) is based on 6 000 cubic 
feet of soil contaminated with the spoils from the South Radwaste B~ilding. 
Table 1 lists the principal nuclides identified in the contaminated soil. The 
activity in this table is based on measurements in 1987; see data from a recent 
submittal (Refer~nce 5) shows that activity concentrations in the contaminated 
area have decreased by approximately 10 percent. The radionuclide half-lives 
which are dominated by 30-year Cs-137, me~t the staff's 10 CFR 20.302 guideli~es 
(Reference 6, which applies to radionuclides with half-lives less than 35 years). 

Nuclide 

Co-60 
Cs-137 

RADIOLOGICAL IMPACTS 

Table 1 

Average 
Concentration (pCi/g) 

0 .0_5 
30 

Total Activity (mCi) 

0.079 
5.0 

Total 5.o79 

The licensee has evaluated the following potential exposure pathways to members 
of the general public from the radionuclides in the contaminated soil: (1) 
external exposure caused by direct radiation from radionuclides in the soil; and 
(2) internal exposure from inhalation of resuspended radionucl1des. The staff 
has reviewed the licensee's calculational methods and assumptions and finds that 
they are consistent with NRC Regulatory Guide 1.109, "Calculation of Annual 
Doses to Man from Routine Releases of Reactor Effluents for the Purpose of 
Evaluating Compliance with 10 CFR Part 50, Appendix I, 11 Revision 1, October 1977. 
The staff finds the assessment methodology acceptable. The dose assessments are 
based on the following: 

1. 5.1 lilCi of contaminated soil distributed over 12,000 square foot 
planar source having a thickness of 0.5 feet {6000 cubic feet 
source volume). · 

2. Direct radiation exposure of 2000 hours per year. 

3. Inhalation exposure based on 2000 hours per year is minimized due 
to s1x-1nch layer of gravel (which inhibits wind erosion.) 

4. Groundwater not considered because there are no domestic wells in 
the area down-gradient from the plant. 

Doses calculated from these pathways are shown in Table 2. The total do~~ ~' 
0.85 mrem per year ;s within the staff's guideline of 1 mrem per year (~e·~r~~ce 
6) • 
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Pathway 

Groundshine 
Inhalation 

Groundwater Ingestion 

-3-

Table 2 

Whole Body Dose Received by 
Maximally Exposed Individual 

(mrem/year) 

0.85 
0.00081 
0.0 

TOTAL 0.85 

The above doses are a small fraction of the 300 mrem received annually by 
members of the general public in the United States and Canada from sources of 
natural background radiation (Reference 7). 

Based on our review of the proposed disposal of contaminated soil onsite, we 
conclude that: 

(1) The radioactive material will be disposed in a manner such that it is 
unlikely that the material will be recycled; 

(2) Doses to the total whole body and any body organ of a maximally 
exposed individual (a _member of the general public or a 
non-occupationally exposed member) from the probable pathways of 
exposure to the disposed material will be less than 1 mre11 per year; 

(3) Doses to the total whole body and any body organ of an inadvertent 
intruder from the probable pathways·of exposure will be less than 5 
mrem per year since the burial location is on company-controlled 
land; 

(4) The radiation exposures to the nuclear station workers are small 
compared to the routine occupational exposures at the Palisades 
Plant; 

(5) The possible radiation risks to members of the general public as a 
result of such disposal are well below regulatory limits and small in 
cQ11Par1so~ to the doses· they receive each year from natural background 
radfatfon. 

The licensee's procedures and conmitments as documented 1n the submittal are 
acceptable, provided that they are permanently incorporated into the lfcens~ 
Dffsite Dose Calculation Manual (ODCM) as an Appendix, and that future 
modifications be reported to NRC in accordance with the applicable ODCM change 
protocol • 
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FIGURE 2 
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