PALOMARES NUCLEAR
WEAPONS ACCIDENT

= OF _Tars Vo _‘-— ~

REVISED DOSE EVALUATION REPORT

Volume Il
Appendix C.2 — Repeat Analysis Cases
Appendix C.3 — Contamination Cutoff Cases
Appendix C.4 — Remaining Cases

Date:  April 2001
Contract: GS-35F-4813G

Task Order: WFZ578410
TO799BG0031

Prepared For:  Radiation Protection Division
Air Force Medical Operations Agency
Bolling AFB, DC 20332-7050

Prepared By: LABAT-ANDERSON INCORPORATED
8000 West Park Drive, Suite 400
McLean, VA 22102




Palomares Nuclear Weapons Accident Revised Dose Evaluation Report

Airil 2001

Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

B3 A =
DRAFT

Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (renvSv)
CINDY 140,000 43/0.43
LUDEP 383,000 27/0.27

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 6.2E+00/6.2E-02 2.5E-01 1.6E+00/1.6E-02
Breast 2.1E-04/2.1E-06 1.5E-01 3.1E-05/3.1E-07
Red Marrow 3.4E+01/3.4E-01 1.2E-01 4.0E+00/4.0E-02
Lung 1.6E+02/1.6E+00 1.2E-01 1.9E+01/1.9E-01
Thyroid 2.0E-04/2.0E-06 3.0E-02 5.9E-06/5.9E-08
Bone Surface 4.4E+02/4.4E+00 3.0E-02 1.3E+01/1.3E-01
Liver 7.8E+01/7.8E-01 6.0E-02 4.7E+00/4.7E-02
Other 7.4E+00/7.4E-02 6.0E-02 4.4E-01/4.4E-03
Lower Large Intestine ~ 1.6E-02/1.6E-04 6.0E-02 9.5E-04/9.5E-06
Upper Large Intestine 5.3E-03/5.3E-05 6.0E-02 3.2E-04/3.2E-06
Small Intestine 1.1E-03/1.1E-05 6.0E-02 6.5E-05/6.5E-07
Effective Dose Equivalent 4.3E+01/4.3E-01

One urine sample was analyzed by gross alpha counting only, and the other was analyzed by both gross
alpha counting and alpha spectrometry. For the sample analyzed with both methods, the gross alpha
analysis was not included in the modeling since no result was reported and an alpha spectrometry result
was available for the same sample. The sample analyzed by gross alpha counting only was not included in
the analysis since it was an on-site sample with a result >0.1 pCi, leading to a suspicion of sample
contamination. The result was fit using CINDY and the Jones excretion model, to estimate an intake
(140,000 pCi), organ doses, and a CEDE (43 rem/0.43 Sv; ICRP-30) as shown above. LUDEP was also
used to estimate an intake of 383,000 pCi and a CEDE (ICRP-60) of 27 rem (0.27 Sv).
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Conclusion:

Based on the results of intake estimates and dose calculations, this individual received an estimated intake
of about 140,000 pCi of ***Pu resulting in a 50-year committed effective dose equivalent of 43 rem (0.43
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the
current level (0.100 rem) for members of the public. It is less than the working lifetime limit of 50 rem
recommended by the National Council on Radiation Protection and Measurements (NCRP). Serious
health effects are not associated with that dose level. However, follow-up urine sampling now could be
considered to provide additional assessment of the exposure.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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Internal Dosimetry Evaluation Form

MODE OF INTAKE: INTAKE DATE OR PERIOD:
[ Inhalation [] Injection 1/20/66 through 2/7/66, onsite
[J Ingestion [ Absorption 1/29/66
[] Unknown [CINot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: *Pu/100% Class Y/1 um AMAD
Date or Period of Evaluated Data: 2 samples, 2/7/66 and 6/1/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION DATA:
Air Sampling [J Attached [[] In Process [X] Unavailable
Health Physics Survey Data [] Attached [ In Process Unavailable
Bioassay — Urinalysis X Attached [ In Process [] Unavailable
Fecal [] Attached [ In Process X Unavailable
Nasal Smears [ Attached [J In Process Unavailable
In Vivo [ Attached [] In Process [X] Unavailable
Medical Treatment:
Skin Decontamination: 1 Yes KINo Date:
Decorporation: [ Yes XINo Agent: Date:
Catharsis: [] Yes DINo Agent: Date:
Surgical excision: [ Yes XINo Date:

EVALUATION METHODOLOGY:
Assumptions:  Acute inhalation intake of *°Pu, 100% Class Y, 1 um AMAD particle size on 1/29/66

Code/Model used for: Intake Estimate: CINDY, Ver. 1.4/JONES
Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

RESULTS SUMMARY
Estimated Intake Activity (pCi): 130000
50 YR CEDE (rem) : 40 (0.4 Sv)

Organ Dose Equivalent Summary 50 YR CDE (rem/Sv)
Bone Surface 410/4.1
Lung 150/1.5
Liver 72/0.72
Red Marrow 31/0.31 -
Other 6.9/0.069
Testes 5.8/0.058
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [ Urinalysis [ Fecal [J In Vivo
Suggested Sampling Frequency:
Work Restrictions: N/A
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Palomares Nuclear Weapons Accident

) i s Revised Dose Evaluation Report
DRAFT April 2001

Internal Dosimetry Case Narrative

Identification:

Name:
SSN:

Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered. '

Other Information:

None.

Radionuclide(s): 2Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 pm AMAD particle size on 1/29/66. The date is the
midpoint of the period on station from 1/20/66 to 2/7/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway. -

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-442 G 2/7/66 1.24 0.950
66-3267 AS 6/1/66 0.091 0.065 v
66-3267 G 6/1/66 NR NR

* G means gross alpha counting; AS means alpha spectrometry; NR means no result reported.

Release of this document is restricted under tp%t\r:g;g\@igg§9f the Privacy Act, 5 U.S.C. 552(a). C.2-243
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Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.
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Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 130,000 40/0.4
LUDEP 370,000 26/0.26

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 5.8E+00/5.8E-02 2.5E-01 1.5E+00/1.5E-02
Breast 1.9E-04/1.9E-06 1.5E-01 2.9E-05/2.9E-07
Red Marrow 3.1E+01/3.1E-01 1.2E-01 3.8E+00/3.8E-02
Lung 1.5E+02/1.5E+00 1.2E-01 1.8E+01/1.8E-01
Thyroid 1.8E-04/1.8E-06 3.0E-02 5.4E-06/5.4E-08
Bone Surface 4.1E+02/4.1E+00 3.0E-02 1.2E+01/1.2E-01
Liver 7.2E+01/7.2E-01 6.0E-02 4.3E+00/4.3E-02
Other 6.9E+00/6.9E-02 6.0E-02 4.1E-01/4.1E-03
Lower Large Intestine 1.5E-02/1.5E-04 6.0E-02 8.9E-04/8.9E-06
Upper Large Intestine _  5.0E-03/5.0E-05 6.0E-02 3.0E-04/3.0E-06
Small Intestine 1.0E-03/1.0E-05 6.0E-02 6.1E-05/6.1E-07
Effective Dose Equivalent 4.0E+01/4.0E-01

One urine sample was analyzed by gross alpha counting only, and the other was analyzed by both gross
alpha counting and alpha spectrometry. For the sample analyzed with both methods, the gross alpha
analysis was not included in the modeling since no result was reported and an alpha spectrometry result
was available for the same sample. The sample analyzed by gross alpha counting only was not included in
the analysis since it was an on-site sample with a result >0.1 pCi, leading to a suspicion of sample
contamination. The result was fit using CINDY and the Jones excretion model, to estimate an intake
(130,000 pCi), organ doses, and a CEDE (40 rem/0.4 Sv; ICRP-30) as shown above. LUDEP was also
used to estimate an intake of 370,000 pCi and a CEDE (ICRP-60) of 26 rem (0.26 Sv).

Release of this document is restricted under thﬁsrﬁ_rg\ﬁ}saipgstgf the Privacy Act, 5 U.S.C. 552(a). C.2-244



Palomares Nuclear Weapons Accident

Conclusion:

G Revised Dose Evaluation Report
DRAFT April 2001

Based on the results of intake estimates and dose calculations, this individual received an estimated intake
of about 130,000 pCi of *°Pu resulting in a 50-year committed effective dose equivalent of 40 rem (0.4
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the
current level (0.100 rem) for members of the public. It is less than the working lifetime limit of 50 rem
recommended by the National Council on Radiation Protection and Measurements (NCRP). Serious
health effects are not associated with that dose level. However, follow-up urine sampling now could be
considered to provide additional assessment of the exposure.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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[ NAWME (LAST{ FIRST, Mdt.) (1= 5, TYPE SAMPLE (30) TYPE ANAL. (31-32)
s . FLE DATE (39 EXPOSURE
66-3267 FrRoM 1 June 66 To oATE Jan 66  vyee
BASE (57-60) { OCCUPATION (61 -62) REQUESTED BY -~
Toul Rosieres , -
DATE RECEIVED SAMPLE VOLUNE VOLUME ANALYVZED TOATE ANALYZED
6 June 1966 /6 20,,,(,4, /009 SEP 1355
TECHNICIAN (SIGNATURE AND DAYE)
WRINE | 23/ | 234 ot RADON FECES /BLOOD
Counter Number - [ Chamber Number Counter Number
Counter Bkg. (cpm)) 3 / /57 a"/ Chom, Bkg. (mv/sec) Counter Bkg.
Counter Eff. (%) |3/, § /s Counter Eff. (%) _ Counter Eff.
Date/Time ~ Stort | RS0 7 | 22,9~ /Ingf Millivolt — Start Date/Time — Start
—Stop i Millivolt — Stop =~ Stop
Total Counts Total Millivots Total Counts
Counting Time ./0-0 /-0 <« Total Drift Time Counting Time
Gross cpm . Gross mv/ sec Gross cpm
Bkg. Cpm Bkg. Mv/ sec Bkg. ¢
Net cpm Net mv /sec net cpm
dpm cutles/my d
dpm/24 he. (69-74) litter (69 - 74) dps/cc
K 40 Correction s Neutron Dose (rads) (63-68)'
Mat Beto D{(q) (63-68) vc/mg (69-74)
D (a) (63-68) VA 2700e. . D(q) (63-68)
NAME 3
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AlR FORCE BASE

RESULTS OF ANALYSIS N e
%%/ é20
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Y Llze -
By o~

CoNTaAM,
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[ Repeat the somple for the following reason:
( ) Significant activity in recently analyzed semple (3)
( ) Data required to establish dose
( ) Improper flask used
( ) Other

( ) Suggested sampling schedul

SIGNATURE ¢

DATE:

ONE TIME FORM. OBSOLETE AFTER 30 JUN 66. (}.;CGSCPF.,-IT{AG. 4 APR 66) i
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BKG CPM & MINUTES

NET CPM

YIELD

236
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BIOLOGICAL SAMPLES

RADON

COUNTER & EFFICIENCY

S nes

TOTAL COUNTS & MINUTES

347
\ /oo 4%

GROSS CPM

BKG CPM & MINUTES

440 /

NET CPM

YIELD

SUMMARY OF RESULTS:
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Counter Number a— Chamber Number L_Counter Number
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Counter Eff. (%) S Counter Eff. (%) Countor Eff,
Date/Time — Start . Millivolt — Start Date/Tima — Stort
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Internal Dosimetry Evaluation Form

MODE OF INTAKE: INTAKE DATE OR PERIOD:
X Inhalation [ Injection 2/4/66 through 3/1/66, onsite
[ Ingestion [[] Absorption 2/16/66
] Unknown [INot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: *°Pu/100% Class Y/I pm AMAD
Date or Period of Evaluated Data: 1 sample, 3/1/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION DATA:
Air Sampling [J Attached [ In Process X Unavailable
Health Physics Survey Data [] Attached [ In Process Unavailable
Bioassay — Urinalysis X Attached [ In Process [C] Unavailable
Fecal [ Attached [ In Process DX Unavailable
Nasal Smears [] Attached [ In Process X Unavailable
In Vivo [ Attached [ In Process X Unavailable
Medical Treatment:
Skin Decontamination: [ Yes KINo Date:
Decorporation: [ Yes XINo Agent: Date:
Catharsis: [ Yes XINo Agent: Date:
Surgical excision: [ Yes I No Date:

EVALUATION METHODOLOGY:
Assumptions:  Acute inhalation intake of *Pu, 100% Class Y, 1 um AMAD particle size on 2/16/66

Code/Model used for: Intake Estimate: CINDY, Ver. 1.4/JONES
Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

RESULTS SUMMARY
Estimated Intake Activity (pCi): 270000
50 YR CEDE (rem) : 83 (0.83 Sv)

Organ Dose Equivalent Summary 50 YR CDE (rem/Sv)
Bone Surface 840/8.4
Lung 310/3.1
Liver 150/1.5
Red Marrow 65/0.65
Other 14/0.14
Testes 12/0.12
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [] Urinalysis [ Fecal [ In Vivo
Suggested Sampling Frequency:
Work Restrictions: N/A

%
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DRAFT

Internal Dosimetry Case Narrative

Identification:

Name:
SSN:
Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): *’Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 pm AMAD particle size on 2/16/66. The date is the
midpoint of the period on station from 2/4/66 to 3/1/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway.

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-1855 AS 3/1/66 0.294 0.007 v
66-1855 G 3/1/66 1.52 0.310

* G means gross alpha counting; AS means alpha spectrometry.

Release of this document is restricted under tp.gs;., pmv,%iggs pf the Privacy Act, 5 U.S.C. 552(a). C.2-251
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Palomares Nuclear Weapons Accident Revised Dose Evaluation Report

DRAFT Airil 2001

Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 270,000 83/0.83
LUDEP 1,270,000 89/0.89

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 1.2E+01/1.2E-01 2.5E-01 3.0E+00/3.0E-02
Breast 4.0E-04/4.0E-06 1.5E-01 6.0E-05/6.0E-07
Red Marrow 6.5E+01/6.5E-01 1.2E-01 7.8E+00/7.8E-02
Lung 3.1E+02/3.1E+00 1.2E-01 3.7E+01/3.7E-01
Thyroid 3.8E-04/3.8E-06 3.0E-02 1.1E-05/1.1E-07
Bone Surface 8.4E+02/8.4E+00 3.0E-02 2.5E+01/2.5E-01
Liver 1.5E+02/1.5E+00 6.0E-02 9.0E+00/9.0E-02
Other 1.4E+01/1.4E-01 6.0E-02 8.6E-01/8.6E-03
Lower Large Intestine ~ 3.1E-02/3.1E-04 6.0E-02 1.8E-03/1.8E-05
Upper Large Intestine 1.0E-02/1.0E-04 6.0E-02 6.2E-04/6.2E-06
Small Intestine 2.1E-03/2.1E-05 6.0E-02 1.3E-04/1.3E-06
Effective Dose Equivalent 8.3E+01/8.3E-01

One urine sample was analyzed by gross alpha counting and alpha spectrometry. The gross alpha analysis
was not included in the modeling since an alpha spectrometry result was available for the same sample.
The result was fit using CINDY and the Jones excretion model, to estimate an intake (270,000 pCi),
organ doses, and a CEDE (83 rem/0.83 Sv; ICRP-30) as shown above. LUDEP was also used to estimate
an intake of 1,270,000 pCi and a CEDE (ICRP-60) of 89 rem (0.89 Sv).

Conclusion:

Based on the results of intake estimates and dose calculations, this individual received an estimated intake
of about 270,000 pCi of 2°Pu resulting in a 50-year committed effective dose equivalent of 83 rem (0.83
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the
current level (0.100 rem) for members of the public. It is more than the working lifetime limit of 50 rem

Release of this document is restricted under the: provisions of the Privacy Act, 5 U.S.C. 652(a). C.2-252
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Revised Dose Evaluation Report
April 2001

Palomares Nuclear Weapons Accident

recommended by the National Council on Radiation Protection and Measurements (NCRP). These dose
levels are significant, although they were based on very limited data. However, follow-up urine sampling
should be considered to provide additional assessment of the exposure.

DRAFT

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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INTERNAL DOSE DATA

FROM 1 Mar 66

S0C, SEC. N -

NAME (LAST, FIRST, M, 0)
5 - AMPLE DATE (39 -44)

Urine

TYPE SAMPLE (30)

TYPE ANAL. (31-32)

TO

A
_ef}«és?](s%%eo)

Toul Rosiers

| OCCUPATION (61-62)

| EXPOSURE

DATE), Feb 66 TYPE

REQUESTED BY

DATE RECEIVED

SAMPLE VOLUME

VOLUWE ANALYZED

DATE ANALYZED
| 28 March 1966 S So £50 l
TECHNICIAN (SIGNATURE AND DATE)
URINE RADON FECES /BLOOD
Counter Number y y Chomber Number ._Counter Number
Counter Bkg. (epm) I£.¢3  (Fpo ¢~ | Cham. Bkg. (mv/sec) Counter Bkg.
Counter Eff. (%) 5t £ Counter Eff. (%) Counter Eff,
Date/Time = Stort |/ Timeq b Millivelt — Start Date/Time — Start /
= Stop 7 [i] /\‘»\w “ Millivolt ~ Stop - Stop /
Total Counts 76 7 Iy see Vs ' L. 4d_Total Millivots Total Counts vV
Counting Time 5y of D P66 ha ;((,,,L_ﬂh Total Drift Time Counting Time
Gross cpm Lo78& [ 7 I T Gross mv /sec Gross cpm
Bkg. Cpm 0,03 Bkg. Mv/sec Bkg. cpm /[ loPe
Net cpm (272 Net mv/sec net cpm MSAER
dpm 4 e // 2,754 .57 curies/my dpm
dpm/44 br. (69-74) itter (69-74) dps /ce
K 40 Correction Neutron Dose (rads) (63-68)'
NetBota pe /0 0| /.52 & 0,37 D(q) (63-68) uc/mg (69-74)
D(q) (63-68) ’ D(q) (63-68)
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RADIOLOGICAL SAMPLE DATA

\},‘IME OR CEQUESTOR'S ID (1-20)

GRADE AFSN Y SOCIAL SECURITY NUMBER RHL SAMPLE NUMBER__
: i ] [ e
TYPE SAMPLE (23-32) ﬂ(CC‘lLP_,ABT)ION ' ANALYSIS DESIRED REQUESTED BY AIR FORCE BASE (68-71)
3
DATE RECEIVED (37-42) DATE ANALYZED (51-56) , }A;i&ouz‘ﬁb ‘ c o ', DATE COLLECTED J EXPOSURE DATE

SAMPLE WEIGHT/VOLUME

l WEIGHT/VoLUME aNAZzED , TECHNICIAN

OTHER DATA /(=)

ENVIRONMENTAL SAMPLES
COUNTER & EFFICIENCY
TOTAL COUNTS & MINUTES
GROSS CPM
BKG CPM a MINUTES
NET CPM 5 E EXE
YIELD :

juspiooy suodespp Jeajonp salewojed

BIOLOGICAL SAMPLES Z3C ZFg RADON
COUNTER & EFFICIENCY ol 273 27.2 LI 7Y s 52 JPM
TOTAL COUNTS & MINUTES 7 ) /1> L8 ) 0. 6"
GROSS CPM VP k) D43
BKG CPM & MINUTES STO 3] 2 . p00/3
NET CPM e o O /287
YIELD 2:A9¢ + B.007
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]
a
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m
shlic |7yg 8
€
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Palomares Nuclear Weapons Accident Revised Dose Evaluation Report

DRAFT Airil 2001
Internal Dosimetry Evaluation Form

MODE OF INTAKE: INTAKE DATE OR PERIOD:
Inhalation [] Injection 1/18/66 through 2/7/66, onsite
] Ingestion [1 Absorption 1/28/66
[1 Unknown [CINot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: 2°Pu/100% Class Y/1 um AMAD
Date or Period of Evaluated Data: 2 samples, 2/7/66 and 6/1/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION DATA:
Air Sampling [ Attached ] In Process X Unavailable
Health Physics Survey Data [ Attached ] In Process Unavailable °
Bioassay — Urinalysis X Attached [1 In Process [] Unavailable
Fecal [ Attached ] In Process Xl Unavailable
Nasal Smears [C] Attached 3 In Process DX} Unavailable
In Vivo ] Attached ] In Process B{) Unavailable
Medical Treatment:
Skin Decontamination: 1 Yes PINo Date:
Decorporation: [ Yes XINo Agent: Date:
Catharsis: 1 Yes XINo Agent: Date:
Surgical excision: [ Yes XINo Date:

EVALUATION METHODOLOGY:
Assumptions:  Acute inhalation intake of 2**Pu, 100% Class Y, 1 um AMAD particle size on 1/28/66

Code/Model used for: Intake Estimate: CINDY, Ver. 1.4/JONES
Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

RESULTS SUMMARY
Estimated Intake Activity (pCi): 68000
50 YR CEDE (rem) : 21 (0.21 Sv)

Organ Dose Equivalent Summary 50 YR CDE (rem/Sy)
Bone Surface 210/2.1
Lung 78/0.78
Liver 38/0.38
Red Marrow 16/0.16
Other 3.6/0.036
Testes 3/0.03
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Names Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [ Urinalysis [] Fecal [J In Vivo
Suggested Sampling Frequency:
Work Restrictions: N/A

Release of this document is restricted under th@,‘p;g\ﬁ\igps,ﬁf the Privacy Act, 5 U.S.C. 552(a). C.2-256
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Palomares Nuclear Weapons Accident

Revised Dose Evaluation Report

DRAFT April 2001

Internal Dosimetry Case Narrative
Identification:

Name:
SSN:

Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): *°Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 pm AMAD particle size on 1/28/66. The date is the
midpoint of the period on station from 1/18/66 to 2/7/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway.

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual's sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-499 G 2/7166 1.66 0.700
66-3271 AS 6/1/66 0.047 0.047 v
66-3271 G 6/1/66 NR NR

* G means gross alpha counting; AS means alpha spectrometry; NR means no result reported.

Release of this document is restricted under the, prgvisipng.of the Privacy Act, 5 U.S.C. 552(a). C.2-257
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Palomares Nuclear Weapons Accident Revised Dose Evaluation Report

DRAFT April 2001

Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 68,000 21/0.21
LUDEP 191,000 13/0.13

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 3.0E+00/3.0E-02 2.5E-01 7.6E-01/7.6E-03
Breast 1.0E-04/1.0E-06 1.5E-01 1.5E-05/1.5E-07
Red Marrow 1.6E+01/1.6E-01 1.2E-01 2.0E+00/2.0E-02
Lung 7.8E+01/7.8E-01 1.2E-01 9.3E+00/9.3E-02
Thyroid 9.5E-05/9.5E-07 3.0E-02 2.8E-06/2.8E-08
Bone Surface 2.1E+02/2.1E+00 3.0E-02 6.4E+00/6.4E-02
Liver 3.8E+01/3.8E-01 6.0E-02 2.3E+00/2.3E-02
Other 3.6E+00/3.6E-02 6.0E-02 2.2E-01/2.2E-03
Lower Large Intestine ~ 7.7E-03/7.7E-05 6.0E-02 4.6E-04/4.6E-06
Upper Large Intestine ~ 2.6E-03/2.6E-05 6.0E-02 1.6E-04/1.6E-06
Small Intestine 5.3E-04/5.3E-06 6.0E-02 3.2E-05/3.2E-07
Effective Dose Equivalent 2.1E+01/2.1E-01

One urine sample was analyzed by gross alpha counting only, and the other was analyzed by both gross
alpha counting and alpha spectrometry. For the sample analyzed with both methods, the gross alpha
analysis was not included in the modeling since an alpha spectrometry result was available for the same
sample. The sample analyzed by gross alpha counting only was not included in the analysis since it was
an on-site sample with a result >0.1 pCi, leading to a suspicion of sample contamination. The result was
fit using CINDY and the Jones excretion model, to estimate an intake (68,000 pCi), organ doses, and a
CEDE (21 rem/0.21 Sv; ICRP-30) as shown above. LUDEP was also used to estimate an intake of
191,000 pCi and a CEDE (ICRP-60) of 13 rem (0.13 Sv).

Release of this document is restricted under the, provisions. of the Privacy Act, 5 U.S.C. 552(a). C.2-258
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Palomares Nuclear Weapons Accident

Conclusion:

o e Revised Dose Evaluation Report
DRAFT April 2001

Based on the results of intake estimates and dose calculations, this individual received an estimated intake
of about 68,000 pCi of *’Pu resulting in a 50-year committed effective dose equivalent of 21 rem (0.21
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the
current level (0.100 rem) for members of the public. It is less than half the working lifetime limit of 50
rem recommended by the National Council on Radiation Protection and Measurements (NCRP). Serious
health effects are not associated with that dose level.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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‘RESAMPLE JUN 6 1965 4
; INTERNAL DOSE DATA ‘

——
NAME (LAST, FIRSY, M.1.) {1-20) S TYPE SAMPLE (30) TYPE ANAL. (31-32)
Om— . | o :
AMPLE NO, (33-30) SAMPLE DATE (39-44) S EXPOSURE

Palomares Nuclear Weapons Accident

66-3271 FroM 1 June 66 To . oave Jan 66  Tvee
GASE (57-60) OCCUPATION (61-62) REQUESTED BY ;

Toul Rosieres )
DATE RECEIVED SAMPLE VOLUME VOLUME ANALVYZED DATE ANALYZED

6 June 1966 & 70 mL 378 mZ

TECHNICIAN (SIGNATURE AND DATE)

wrive | RJE GRS ol RADON FECES /BLOOD

Counter Number F Chamber Number ._Counter Number

Counter Bkg. (cpm) 1< (3% £§]) Chon. Bkg. (mv/sec) Counter Bkg.

Counter Eff. (%) /e s7 Counter Eff. (%) Counter Ef.

Date/Time — Stort z JEP ‘ ‘ _/Lgpf Millivolt — Start Date/Time — Start

—Stop " | Mittivolt — Stop ~ Stop

Total Counts /79_‘- Total Millivots Total Counts

Counting Time /OO 1{0 / 3 - Total Drift Time Counting Time

Gross cpm_ ‘ Gross mv/sec Gross cpm
| Bkg. Cpm 46 6 [ | Bkg. Mv/sec Bkg. cpm

Net cpm Net my / sec net cpm
| dpm ‘ curles/mv d

dpm/24 hr. (69-74) - 0/ littor (69-74) : dps /cc

K 40 Correctlon Noutron Dose (reds) 63-68)l
Met Beta D 63 - 68) ve/mg (69-74)

D(q) (63-68) . D(q) (63-68)

NAME : SOCIAL SECURITY NUMBER: SAMPLE NUMBER:
AIR FORCE BASE

RESULTS OF ANALYSIS Lﬁgmﬁ'mﬁ :/ ﬁCC/D[/UT— I’A " Sﬂﬂ?ﬁtf 2 Sfﬁ]—

Pefsres KREC.v 297%
TOT VoL © T0 Mgl VOLw Al v 770 452 Psdy QHukpeesr

] Repaat the somple for the following reason :
( ) Significant activity In recently analyzed sample (s) &Vm
( ) Data required to establish dose 0

o o JAINE

( ) Suggested sampling
SIGNATURE 1 DATE:

ONE TIME FORM. OBSOLETE AFTER 30 JUN6S. (MCGSCPF, RAG, 4 APR 66) AFLC-WPAFB-APR 66 2500

Release of this document is restricted under the provisions of the Privacy Act, 5 U.S.C. 552(a). C.2-260
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RADIOLOGICAL SAMPLE DATA

OR REQUESTOR'S ID (1-20)

| GRADE | AFSN

I §0CIAL SECURITY.-NUMBER

|zg !AMPLE Nuunn s

TYPE SAMPLE (23-32)

0CCUPATION ANALYSIS DESIRED
(34-35)

l REQUESTED BY

| AR FORCE uu: (n_-n)

DATE RECEIVED (37-42)

DATE ANALYZED (31-56)

| nArg:&m}z& C

| DATE COLLECTED

SAMPLE WEIGHT/VOLUME

‘ WEIGHT/VOLUME ANALYZED

300

/l’) TECHNICL.

OTHER DATA

e

EXPOSURE DATE

ENVIRONMENTAL SAMPLES

A\

COUNTER & EFFICIENCY

Y

TOTAL COUNTS & MINUTES

GROSS CPM

BKG CPM & MINUTES

NET CPM

Pay
N

YIELD

T3 6 27C

BIOLOGICAL SAMPLES

RADON

[ counTer & EFFICIENCY  Sgec

TOTAL COUNTS & MINUTES Pl ad

3/ P
70

GROSS CPM

BKG CPM & MINUTES [78°27)

NET CPM

YIELD

01047 %

0047

SUMMARY OF RESULTS' /‘ Z-& /vbﬂ
Tk Lol ~
Vof oAl ~ 300
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INTERNAL DOSE DATA
NAME (LAST, FIRST, M, SOC. SEC, NO, (21 =29) TYPE SAMPLE (30) TYPE ANAL. (31-32)~
i ’ Ui LSS ALPHA
LE DATE (39-44) txFosure
il =499 FROM ° TO , OATE )5 &,.. TYPE
BASE (57-60 OCCUPATION (51 ~62) REQUESTED BY v
Tou / aSl'fr're_.f"runfp .
DATER_‘ECEIVED 4 SAMPLE VOLUME VOLUME ANALYZED DATE ANALYZED
FEB 10 1966 S oS '
TECHNICIAN (SIGNATURE AN DATE] ﬂ 14 Frp 1966
v UcAL
URINE ale RADON FECES /BLOOD
Counter Number /V/ﬂ(' . A Chamber Number Counter Number
Counter Bkg. (epm) | P, 2.4 Cham. Bkg, (mv/sec) Counter Bkg.
Counter Eff. (%) 47 Counter Eff. (%) Counter Eff,
Date/Time — Starp , Millivolt — Start Date/Time — Start
~Stop- = |FEBT9B6 | Millivolt — Stop = Stop
Total Counts L0 Total Milllvots Total Counts
Counting Time Ers Total Drift Time Counting Time
Gross cpm D9/ Gross my/sec Gross cpm
Bkg. Cpm A- % G/ Bkg. Mv/ sec Bkg. cpm
Net cpm o,é IZ Net mv/sec net cpm
294 El.24 curies/mv dpm
dpm/24 hr. (69+74) litter (69-74) dps /cc
K 40 Correction Neutron Dose (rads) (63-68)]
Hor-Burg » /sl',,{ (4 E O, D(q)_(63- 68) uc/mg_ (69-74)
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Palomares Nuclear Weapons Accident Revised Dose Evaluation Report

N m) I 4
DRAFT Ainl 2001

Internal Dosimetry Evaluation Form

MODE OF INTAKE: INTAKE DATE OR PERIOD:
K Inhalation [ Injection 1/20/66 through 2/7/66, onsite
[ Ingestion [ Absorption 1/29/66
1 Unknown ["INot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: 29py/100% Class Y/1 pum AMAD
Date or Period of Evaluated Data: 2 samples, 2/7/66 and 6/1/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION DATA:
Air Sampling [ Attached ] In Process X Unavailable
Health Physics Survey Data [ Attached ] In Process DXl Unavailable
Bioassay — Urinalysis X Attached [ In Process [] Unavailable
Fecal ] Attached [ In Process B{ Unavailable
Nasal Smears ] Attached [ In Process X Unavailable
In Vivo [] Attached ] In Process Xl Unavailable
Medical Treatment:
Skin Decontamination: [ Yes No Date:
Decorporation: [ Yes No Agent: Date:
Catharsis: [ Yes XINo Agent: Date:
Surgical excision: O Yes XINo Date:

EVALUATION METHODOLOGY:
Assumptions:  Acute inhalation intake of Z°Pu, 100% Class Y, 1 um AMAD particle size on 1/29/66

Code/Model used for: Intake Estimate: CINDY, Ver. 1.4/JONES
Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

RESULTS SUMMARY
Estimated Intake Activity (pCi): 210000
50 YR CEDE (rem) : 65 (0.65 Sv)

Organ Dose Equivalent Summary - 50 YR CDE (rem/Sv)
Bone Surface 650/6.5
Lung 24012.4
Liver 120/1.2
Red Marrow 51/0.51 -
Other 11/0.11
Testes 9.4/0.094
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: ‘ SSN:
RECOMMENDATIONS:
Additional Bioassay Required [ Urinalysis [[] Fecal ] In Vivo
Suggested Sampling Frequency:
Work Restrictions: N/A

Release of this document is restricted under t%g@g@igg&gf the Privacy Act, 5 U.S.C. 552(a). C.2-264
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Palomares Nuclear Weapons Accident -

W Revised Dose Evaluation Report
: April 2001

Internal Dosimetry Case Narrative

Identification:

Name:
SSN:

Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): **°Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 um AMAD particle size on 1/29/66. The date is the
midpoint of the period on station from 1/20/66 to 2/7/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway. -

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-464 G 2/7/66 0.500 0.350
66-3270 AS 6/1/66 0.146 0.147 v
66-3270 G 6/1/66 NR NR

* G means gross alpha counting; AS means alpha spectrometry.

Release of this document is restricted under tq%pgqvjﬁirqns.gf the Privacy Act, 5 U.S.C. 552(a). C.2-265
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Palomares Nuclear Weapons Accident

Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

Revised Dose Evaluation Report
April 2001
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Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 210,000 65/0.65
LUDEP 591,000 42/0.42

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 9.4E+00/9.4E-02 2.5E-01 2.3E+00/2.3E-02
Breast 3.1E-04/3.1E-06 1.5E-01 4.7E-05/4.TE-05
Red Marrow 5.1E+01/5.1E-01 1.2E-01 6.1E+00/6.1E-02
Lung 2.4E+02/2 4E+00 1.2E-01 2.9E+01/2.9E-01
Thyroid 2.9E-04/2.9E-06 3.0E-02 8.8E-06/8.8E-06
Bone Surface 6.5E+02/6.5E+00 3.0E-02 2.0E+01/2.0E-01
Liver 1.2E+02/1.2E+00 6.0E-02 7.0E+00/7.0E-02
Other 1.1E+01/1.1E-01 6.0E-02 6.7E-01/6.7E-03
Lower Large Intestine ~ 2.4E-02/2.4E-04 6.0E-02 1.4E-03/1.4E-05
Upper Large Intestine ~ 8.0E-03/8.0E-05 6.0E-02 4.8E-04/4.8E-06
Small Intestine 1.6E-03/1.6E-05 6.0E-02 9.8E-07/9.8E-07
Effective Dose Equivalent 6.5E+01/6.5E-01

One urine sample was analyzed by gross alpha counting only, and the other was analyzed by both gross
alpha counting and alpha spectrometry. For the sample analyzed with both methods, the gross alpha
analysis was not included in the modeling since no result was reported and an alpha spectrometry result
was available for the same sample. The sample analyzed by gross alpha counting only was not included in
the analysis since it was an on-site sample with a result >0.1 pCi, leading to a suspicion of sample
contamination. The result was fit using CINDY and the Jones excretion model, to estimate an intake
(210,000 pCi), organ doses, and a CEDE (65 rem/0.65 Sv; ICRP-30) as shown above. LUDEP was also
used to estimate an intake of 591,000 pCi and a CEDE (ICRP-60) of 42 rem (0.42 Sv).
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Palomares Nuclear Weapons Accident

Conclusion:

Revised Dose Evaluation Report
April 2001

DRAFT

Based on the results of intake estimates and dose calculations, this individual received an estimated intake
of about 210,000 pCi of ***Pu resulting in a 50-year committed effective dose equivalent of 65 rem (0.65
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the
current level (0.100 rem) for members of the public. It is more than the working lifetime limit of 50 rem
recommended by the National Council on Radiation Protection and Measurements (NCRP). Serious
health effects are not normally associated with these dose levels. However, follow-up urine sampling
should be considered to provide additional assessment of the exposure.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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Dose Evaluation Report
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Palomares Nuclear Weapons Accident

Internal Dosimetry Evaluation Form
v SN ss: [N

Revised Dose Evaluation Report
April 2001

DRAFT

MODE OF INTAKE: INTAKE DATE OR PERIOD:
Inhalation [1 Injection 2/5/66 through 2/26/66, onsite
[ Ingestion [] Absorption 2/15/66
[1 Unknown [INot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: *Pw/100% Class Y/1 pm AMAD
Date or Period of Evaluated Data: 1 sample, 2/26/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION DATA:
Air Sampling ] Attached [] In Process B Unavailable
Health Physics Survey Data [ Attached [] In Process Unavailable
Bioassay — Urinalysis BJ Attached [ In Process [[] Unavailable
Fecal [ Attached [ In Process B Unavailable
Nasal Smears [ Attached [] In Process X Unavailable
In Vivo ] Attached [ In Process B3 Unavailable
Medical Treatment:
Skin Decontamination: [ Yes I No Date:
Decorporation: ] Yes KINo Agent: Date:
Catharsis: [ Yes XINo Agent: Date:
Surgical excision: [ Yes No Date:

EVALUATION METHODOLOGY:
Assumptions:  Acute inhalation intake of *’Pu, 100% Class Y, 1 um AMAD particle size on 2/15/66

Code/Model used for: Intake Estimate: CINDY, Ver. 1.4/JONES
Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

RESULTS SUMMARY
Estimated Intake Activity (pCi): 7700
50 YR CEDE (rem) : 2.4 (0.024 Sv)

Organ Dose Equivalent Summary 50 YR CDE (rem/Sv)
Bone Surface 24/0.24
Lung 8.8/0.088
Liver 4.3/0.043
Red Marrow 1.9/0.019
Other 0.41/0.0041
Testes 0.34/0.0034
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [J Urinalysis [J Fecal [JIn Vivo
Suggested Sampling Frequency:
Work Restrictions: N/A

Release of this document is restricted under tpr%gggv,iggiggg.‘gf the Privacy Act, 5 U.S.C. 552(a). C.2-272
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Palomares Nuclear Weapons Accident Revised Dose Evaluation Report

DRAFT April 2001

Internal Dosimetry Case Narrative

Identification:

Name:
SSN:

Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:
None.
Radionuclide(s): *°Pu.

Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 pm AMAD particle size on 2/15/66. The date is the
midpoint of the period on station from 2/5/66 to 2/26/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway.

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-1430 AS 2/26/66 NR NR
66-1430 G 2/26/66 ND ND v

* G means gross alpha counting; AS means alpha spectrometry.

Release of this document is restricted under tﬁ%ﬁﬂﬁf}vﬁﬁiﬁ@ﬁi@f the Privacy Act, 5 U.S.C. 552(a). C.2-273
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Palomares Nuclear Weapons Accident Revised Dose Evaluation Report

Airil 2001

Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

DRAFT

Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 7,700 2.4/0.024
LUDEP 38,300 2.7/0.027

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 3.4E-01/3.4E-03 2.5E-01 8.6E-02/8.6E-04
Breast 1.1E-05/1.1E-07 1.5E-01 1.7E-06/1.7E-08
Red Marrow 1.9E+00/1.9E-02 1.2E-01 2.2E-01/2.2E-03
Lung 8.8E+00/8.8E-02 1.2E-01 L.1E+00/1.1E-02
Thyroid 1.1E-05/1.1E-07 3.0E-02 3.2E-07/3.2E-09
Bone Surface 2.4E+01/2.4E-01 3.0E-02 7.2E-01/7.2E-03
Liver 4.3E+00/4.3E-02 6.0E-02 2.6E-01/2.6E-03
Other 4.1E-01/4.1E-03 6.0E-02 2.4E-02/2.4E-04
Lower Large Intestine  8.7E-04/8.7E-06 6.0E-02 5.2E-05/5.2E-07
Upper Large Intestine ~ 2.9E-04/2.9E-06 6.0E-02 1.8E-05/1.8E-07
Small Intestine 6.0E-05/6.0E-07 6.0E-02 3.6E-06/3.6E-08
Effective Dose Equivalent 2.4E+00/2.4E-02

One urine sample was analyzed by gross alpha counting and alpha spectrometry. The alpha spectrometry
analysis was not included in the modeling since no result was reported. The gross alpha counting result
was reported as No Detectable Activity. A value of 0.009 pCi was used to represent this outcome. The
result was fit using CINDY and the Jones excretion model, to estimate an intake (7,700 pCi), organ doses,
and a CEDE (2.4 rem/0.024 Sv; ICRP-30) as shown above. LUDEP was also used to estimate an intake
of 38,300 pCi and a CEDE (ICRP-60) of 2.7 rem (0.027 Sv).

Conclusion:
Based on the results of intake estimates and dose calculations, this individual received an estimated intake

of about 7,700 pCi of *Pu resulting in a 50-year committed effective dose equivalent of 2.4 rem (0.024
Sv). That dose is less than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the

Release of this document is restricted under tha provisigus.of the Privacy Act, 5 U.S.C. 552(a). C.2-274



Palomares Nuclear Weapons Accident Revised Dose Evaluation Report

DRAFT April 2001
(0 SR T

current level (0.100 rem) for members of the public. It is far less than the working lifetime limit of 50
rem recommended by the National Council on Radiation Protection and Measurements (NCRP). Serious
health effects are not associated with that dose level.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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Palomares Nuclear Weapons Accident

Revised Dose Evaluation Report

@ E;@;QZ& L_ - EF

Internal Dosimetry Evaluation Form

MODE OF INTAKE: INTAKE DATE OR PERIOD:
X Inhalation [ Injection 1/18/66 through 1/31/66, onsite
[J Ingestion ] Absorption 124166
[ Unknown [[INot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: 2*Pu/100% Class Y/1 um AMAD
Date or Period of Evaluated Data: 4 samples, 1/21/66 through 6/2/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION DATA:
Air Sampling [J Attached [ In Process [X] Unavailable
Health Physics Survey Data [[] Attached [1 In Process D4 Unavailable
Bioassay — Urinalysis B4 Attached [ In Process [[] Unavailable
Fecal [] Attached [ In Process X Unavailable
Nasal Smears [C] Attached [[J In Process Unavailable
In Vivo [] Attached ] In Process X] Unavailable
Medical Treatment:
Skin Decontamination: [ Yes No Date:
Decorporation: [ Yes X No Agent: Date:
Catharsis: [ Yes XINo Agent: Date:
Surgical excision: [ Yes XINo Date:

EVALUATION METHODOLOGY:
Assumptions:  Acute inhalation intake of »*°Pu, 100% Class Y, 1 pum AMAD particle size on 1/24/66

Code/Model used for: Intake Estimate: CINDY, Ver. 1.4/JONES

Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

RESULTS SUMMARY
Estimated Intake Activity (pCi): 240,000
50 YR CEDE (rem) : 74 (0.74 Sv) :
50 YR CDE (renvSv)

Organ Dose Equivalent Summary
Bone Surface 750/7.5
Lung 270/2.7
Liver 130/1.3
Red Marrow 58/0.58
Other 13/0.13
Testes 11/0.11
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [J Urinalysis [ Fecal [ In Vivo

Suggested Sampling Frequency:
Work Restrictions: N/A

Release of this document is restricted under ttgg,_)pr:‘qv%sipgwf the Privacy Act, 5 U.S.C. 552(a)
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Palomares Nuclear Weapons Accident . Revised Dose Evaluation Report

DRAFT Airil 2001

Internal Dosimetry Case Narrative

Identification:

Name:
SSN:

Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): **°Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 pm AMAD particle size on 1/24/66. The date is the
midpoint of the period on station from 1/18/66 to 1/31/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway. -

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-267 G 1/21/66 NR NR
66-409 G 2/2/66 1.02 0.750
66-568 G 2/4/66 1.86 0.089
66-3407 AS 6/2/66 0.168 0.089 4
66-3407 G 6/2/66 NR NR

* G means gross alpha counting; AS means alpha spectrometry.

Release of this document is restricted under t%gmv,;sip,gsqf the Privacy Act, 5 U.S.C. 552(a). C.2-279
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Palomares Nuclear Weapons Accident Revised Dose Evaluation Report
Airil iiii

Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 240,000 74/0.74
LUDEP 680,000 48/0.48

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 1.1E+01/1.1E-01 2.5E-01 2.7E+00/2.7E-02
Breast 3.6E-04/3.6E-06 1.5E-01 5.3E-05/5.3E-07
Red Marrow 5.8E+01/5.8E-01 1.2E-01 6.9E+00/6.9E-02
Lung 2.7E+02/2.TE+00 1.2E-01 3.3E+01/3.3E-01
Thyroid 3.3E-04/3.3E-06 3.0E-02 1.0E-05/1.0E-07
Bone Surface 7.5E+02/7.5E+00 3.0E-02 2.2E+01/2.2E-01
Liver 1.3E+02/1.3E+00 6.0E-02 8.0E+00/8.0E-02
Other 1.3E+01/1.3E-01 6.0E-02 7.6E+00/7.6E-02
Lower Large Intestine ~ 2.7E-02/2.7E-04 6.0E-02 1.6E-03/1.6E-05
Upper Large Intestine  9.1E-03/9.1E-05 6.0E-02 5.5E-04/5.5E-06
Small Intestine 1.9E-03/1.9E-05 6.0E-02 1.1E-04/1.1E-06
Effective Dose Equivalent 7.4E+01/7.4E-01

Three urine samples were analyzed by gross alpha counting only, and the fourth was analyzed by both
gross alpha counting and alpha spectrometry. For the sample analyzed with both methods, the gross alpha
analysis was not included in the modeling since no result was reported and an alpha spectrometry result
was available for the same sample. One of the samples analyzed by gross alpha counting only was not
included in the analysis since no result was reported. The other gross alpha results were excluded from
the analysis because they did not fit the expected pattern of plutonium excretion and because they may
have been contaminated during sample collection on the site. The remaining result was fit using CINDY
and the Jones excretion model, to estimate an intake (240,000 pCi), organ doses, and a CEDE (74
rem/0.74 Sv; ICRP-30) as shown above. LUDEP was also used to estimate an intake of 680,000 pCi and
a CEDE (ICRP-60) of 48 rem (0.48 Sv).

f’;’ A
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When all results were included in a separate evaluation, CINDY produced estimated intake and CEDE of
970,000 pCi and 300 rem (3.0 Sv). LUDEP estimated intake and CEDE at 4,100,000 pCi and 290 rem
(2.9 Sv).

Conclusion:

Based on the results of intake estimates and dose calculations, this individual received an estimated intake
of about 240,000 pCi of *°Pu resulting in a 50-year committed effective dose equivalent of 74 rem (0.74
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the
current level (0.100 rem) for members of the public. It is more than the working lifetime limit of 50 rem
recommended by the National Council on Radiation Protection and Measurements (NCRP). These doses
are significant, although they are based in part, on samples collected on-site and potentially contaminated.
However, follow-up urine sampling should be considered to provide additional assessment of the
exposure.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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14 June 1966 [ O0ml  \boo Sew b,
TECHNICIAN (SIGHATURE AND DATE)
Sree. et M oz M f w)/
wRINE__ | 23C [ 237 RADON /Il reces/sroop
Counter Number Chomber Number =3 L Counter Number
Counter Bkg. (cpm) %} / 1.0 Chom. Bkg. (mv/sec) Counter Bkg.
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Palomares Nuclear Weapons Accident

Internal Dosimetry Evaluation Form

DRAFT

Revised Dose Evaluation Report

April 2001

MODE OF INTAKE: INTAKE DATE OR PERIOD:
[ Inhalation {1 Injection 1/18/66 through 3/1/66, onsite
[J Ingestion [] Absorption 2/8/66
] Unknown ["INot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: *Pu/100% Class Y/1 pm AMAD
Date or Period of Evaluated Data: 1 sample, 3/1/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION DATA:
Air Sampling [ Attached [ In Process X Unavailable
Health Physics Survey Data [] Attached [ In Process Unavailable
Bioassay — Urinalysis Xl Attached ] In Process [C] Unavailable
Fecal [1 Attached [ In Process X Unavailable
Nasal Smears ] Attached [ In Process B4 Unavailable
In Vivo ] Attached [J In Process X} Unavailable
Medical Treatment:
Skin Decontamination: [ Yes No Date:
Decorporation: ] Yes XINo Agent: Date:
Catharsis: [ Yes No Agent: Date:
Surgical excision: ] Yes XINo Date:

EVALUATION METHODOLOGY:
Assumptions:  Acute inhalation intake of **Pu, 100% Class Y, 1 um AMAD particle size on 2/8/66

Code/Model used for: Intake Estimate: CINDY, Ver. 1.4/JONES
Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

RESULTS SUMMARY
Estimated Intake Activity (pCi): 270000
50 YR CEDE (rem) : 83 (0.83 Sv)

Organ Dose Equivalent Summary 50 YR CDE (rem/Sv)
Bone Surface 840/8.4
Lung 310/3.1
Liver 150/1.5
Red Marrow 65/0.65
Other 14/0.14
Testes 12/0.12
DOSE ASSESSOR: DATE: _____ PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [ Urinalysis [] Fecal [ 1In Vivo
Suggested Sampling Frequency:
Work Restrictions: N/A

Release of this document is restricted under tp,gig\ i 'gggriof the Privacy Act, 5 U.S.C. 552(a)
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Internal Dosimetry Case Narrative

Identification:

Name:
SSN:
Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): *’Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 pum AMAD particle size on 2/8/66. The date is the
midpoint of the period on station from 1/18/66 to 3/1/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway.

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-1849 AS 3/1/66 0.259 0.151 v
66-1849 G 3/1/66 0.924 0.249

* G means gross alpha counting; AS means alpha spectrometry.
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Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 270,000 83/0.83
LUDEP 1,110,000 78/0.78

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 1.2E+01/1.2E-01 2.5E-01 3.0E+00/3.0E-02
Breast 4.0E-04/4.0E-06 1.5E-01 6.0E-05/6.0E-07
Red Marrow 6.5E+01/6.5E-01 1.2E01 7.8E+00/7.8E-02
Lung 3.1E+02/3.1E+00 1.2E-01 3.7E+01/3.7E-01
Thyroid 3.8E-04/3.8E-06 3.0E-02 1.1E-05/1.1E-07
Bone Surface 8.4E+02/8.4E+00 3.0E-02 2.5E+01/2.5E-01
Liver 1.5E+02/1.5E+00 6.0E-02 9.0E+00/9.0E-02
Other 1.4E+01/1.4E-01 6.0E-02 8.6E-01/8.6E-03
Lower Large Intestine ~ 3.1E-02/3.1E-04 6.0E-02 1.8E-03/1.8E-05
Upper Large Intestine 1.0E-02/1.0E-04 6.0E-02 6.2E-04/6.2E-06
Small Intestine 2.1E-03/2.1E-05 6.0E-02 1.3E-04/1.3E-06
Effective Dose Equivalent 8.3E+01/8.3E-01

One urine sample was analyzed by gross alpha counting and alpha spectrometry. The gross alpha analysis
was not included in the modeling since an alpha spectrometry result was available for the same sample.
The result was fit using CINDY and the Jones excretion model, to estimate an intake (270,000 pCi),
organ doses, and a CEDE (83 rem/0.83 Sv; ICRP-30) as shown above. LUDEP was also used to estimate
an intake of 1,110,000 pCi and a CEDE (ICRP-60) of 78 rem (0.78 Sv).

Conclusion:

Based on the results of intake estimates and dose calculations, this individual received an estimated intake
of about 270,000 pCi of *’Pu resulting in a 50-year committed effective dose equivalent of 83 rem (0.83
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the

Release of this document is restricted under tm\p;qv')jsi@s{;f the Privacy Act, 5 U.S.C. 552(a). C.2-289
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current level (0.100 rem) for members of the public. It is more than the working lifetime limit of 50 rem
recommended by the National Council on Radiation Protection and Measurements (NCRP). These dose
levels are significant although base on only one data point. However, follow-up urine sampling should be
considered to provide additional assessment of the exposure.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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Revised Dose Evaluation Report

Internal Dosimetry Evaluation Form

April 2001

MODE OF INTAKE: INTAKE DATE OR PERIOD:
X Inhalation [] Injection 1/23/66 through 2/9/66, onsite
[ Ingestion [1 Absorption 1/31/66
] Unknown [CINot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: *’Pu/100% Class Y/1 um AMAD
Date or Period of Evaluated Data: 2 samples, 2/9/66 and 6/2/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION DATA:
Air Sampling
Health Physics Survey Data
Bioassay — Urinalysis
Fecal
Nasal Smears
In Vivo

Medical Treatment:
Skin Decontamination:
Decorporation:

Catharsis:
Surgical excision:

Assumptions:

Code/Model used for:

RESULTS SUMMARY

Dose Estimate:

[ Attached
[] Attached
X Attached
[ Attached
] Attached
[] Attached

1 Yes
[ Yes
[ Yes
1 Yes

EVALUATION METHODOLOGY:
Acute inhalation intake of 2**Pu, 100% Class Y, 1 um AMAD particle size on 1/31/66

Estimated Intake Activity (pCi): 140000
50 YR CEDE (rem) : 43 (0.43 Sv)

[ In Process B4 Unavailable

] In Process X Unavailable

[ In Process ] Unavailable

[ In Process Xl Unavailable

[ In Process B4 Unavailable

] In Process Xl Unavailable

KINo Date:

No Agent: Date:
XINo Agent: Date:
B No Date:

Intake Estimate: CINDY, Ver. 1.4/JONES
CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

Suggested Sampling Frequency:
Work Restrictions: N/A

Organ Dose Equivalent Summary 50 YR CDE (rem/Sv)
Bone Surface 440/4.4
Lung 160/1.6
Liver 78/0.78
Red Marrow - 34/0.34
Other 7.4/0.074
Testes 6.2/0.062
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [] Urinalysis [ Fecal ] In Vivo

Release of this document is restricted under tq%ﬁggjﬁjpggff the Privacy Act, 5 U.S.C. 552(a). C.2-293
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April 2001

Internal Dosimetry Case Narrative

Identification:

Name:
SSN:
Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): *°Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 pm AMAD particle size on 1/31/66. The date is the
midpoint of the period on station from 1/23/66 to 2/9/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
-windy and significant activity was underway.

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-814 G 1/29/66 1.31 (12-hr) 0.510
66-3401 AS 6/2/66 0.099 0.047 v
66-3401 G 6/2166 NR NR

* G means gross alpha counting; AS means alpha spectrometry; NR means no result recorded.
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Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 140,000 43/0.43
LUDEP 402,000 28/0.28

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 6.2E+00/6.2E-02 2.5E-01 1.6E+00/1.6E-02
Breast 2.1E-04/2.1E-06 1.5E-01 3.1E-05/3.1E-07
Red Marrow 3.4E+01/3.4E-01 1.2E-01 4.0E-+00/4.0E-02
Lung 1.6E+02/1.6E+00 1.2E-01 1.9E+01/1.9E-01
Thyroid 2.0E-04/2.0E-06 3.0E-02 5.9E-06/5.9E-08
Bone Surface 4.4E+02/4.4E+00 3.0E-02 1.3E+01/1.3E-01
Liver 7.8E+01/7.8E-01 6.0E-02 4.7TE+00/4.7E-02
Other 7.4E+00/7.4E-02 6.0E-02 4.4E-01/4.4E-03
Lower Large Intestine  1.6E-02/1.6E-04 6.0E-02 9.5E-04/9.5E-06
Upper Large Intestine ~ 5.3E-03/5.3E-05 6.0E-02 3.2E-04/3.2E-06
Small Intestine 1.1E-03/1.1E-05 6.0E-02 6.5E-05/6.5E-07
Effective Dose Equivalent 4.3E+01/4.3E-01

One urine sample was analyzed by gross alpha counting only, and the other was analyzed by both gross
alpha counting and alpha spectrometry. For the sample analyzed with both methods, the gross alpha
analysis was not included in the modeling since no result was reported and an alpha spectrometry result
was available for the same sample. The sample analyzed by gross alpha counting only was not included in
the analysis since it was an on-site sample with a result >0.1 pCi, leading to a suspicion of sample
contamination. The result was fit using CINDY and the Jones excretion model, to estimate an intake
(140,000 pCi), organ doses, and a CEDE (43 rem/0.43 Sv; ICRP-30) as shown above. LUDEP was also
used to estimate an intake of 402,000 pCi and a CEDE (ICRP-60) of 28 rem (0.28 Sv).
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Palomares Nuclear Weapons Accident

Conclusion:

T — Revised Dose Evaluation Report
DRAFT April 2001

Based on the results of intake estimates and dose calculations, this individual received an estimated intake
of about 140,000 pCi of *’Pu resulting in a 50-year committed effective dose equivalent of 43 rem (0.43
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the
current level (0.100 rem) for members of the public. It is less than the working lifetime limit of 50 rem
recommended by the National Council on Radiation Protection and Measurements (NCRP). Serious
health effects are not associated with that dose level. However, follow-up urine sampling now could be
considered to provide additional assessment of the exposure.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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Palomares Nuclear Weapons Accident

Revised Dose Evaluation Report

A R )
WA e i
Internal Dosimetry Evaluation Form
MODE OF INTAKE: INTAKE DATE OR PERIOD:
X Inhalation [ Injection 1/18/66 through 1/29/66, onsite
[ Ingestion ] Absorption 1/23/66
[J Unknown [INot applicable
SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: 2Pu/100% Class Y/1 um AMAD
Date or Period of Evaluated Data: 2 samples, 1/29/66 and 5/30/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain
EVALUATION DATA:
Air Sampling [ Attached [] In Process {X] Unavailable
Health Physics Survey Data [ Attached [ In Process [X] Unavailable
Bioassay ~ Urinalysis X Attached ] In Process [[] Unavailable
Fecal ] Attached [] In Process X Unavailable
Nasal Smears [] Attached [ In Process [ Unavailable
In Vivo [] Attached 1 In Process Unavailable
Medical Treatment:
Skin Decontamination; [ Yes KINo Date:
Decorporation: 1 Yes DINo Agent: Date:
Catharsis: [ Yes DINo Agent: Date:
Surgical excision: [ Yes No Date:
EVALUATION METHODOLOGY:
Assumptions:  Acute inhalation intake of ***Pu, 100% Class Y, 1 pm AMAD particle size on 1/23/66
Code/Model used for: Intake Estimate: CINDY, Ver. 1.4/JONES
Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model
RESULTS SUMMARY
Estimated Intake Activity (pCi): 110000
50 YR CEDE (rem) : 34 (0.34 Sv)
Organ Dose Equivalent Summary 50 YR CDE (renv/Sv)
Bone Surface 340/3.4
Lung 130/1.3
Liver 61/0.61
Red Marrow 26/0.26
Other 5.8/0.058
Testes 4.9/0.049
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [] Urinalysis [ Fecal [ In Vivo
Suggested Sampling Frequency:
Work Restrictions: N/A
. C.2-300
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Palomares Nuclear Weapons Accident

TR Revised Dose Evaluation Report
DRAFT April 2001

Internal Dosimetry Case Narrative

Identification:

Name:
SSN:
Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): *°Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 pum AMAD particle size on 1/23/66. The date is the
midpoint of the period on station from 1/18/66 to 1/29/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway.

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was

reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-1209 G 1/29/66 6.20 2.18
66-3400 AS 5/30/66 0.078 0.057 v
66-3400 G 5/30/66 NR NR

* G means gross alpha counting; AS means alpha spectrometry; NR means no result reported.
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Palomares Nuclear Weapons Accident

Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

DRAFT

Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 110,000 34/0.34
LUDEP 316,000 22/0.22

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent
Organ (rem/Sv) Factors (rem/Sv)
Testes 4.9E+00/4.9E-02 2.5E-01 1.2E+00/1.2E-02
Breast 1.6E-04/1.6E-06 1.5E-01 2.4E-05/2.4E-07
Red Marrow 2.6E+01/2.6E-01 1.2E-01 3.2E+00/3.2E-02
Lung 1.3E+02/1.3E+00 1.2E-01 1.5E+01/1.5E-01
Thyroid 1.5E-04/1.5E-06 3.0E-02 4.6E-06/4.6E-08
Bone Surface 3.4E+02/3.4E+00 3.0E-02 1.0E+01/1.0E-01
Liver 6.1E+01/6.1E-01 6.0E-02 3.7E+00/3.7E-02
Other 5.8E+00/5.8E-02 6.0E-02 3.5E-01/3.5E-03
Lower Large Intestine ~ 1.2E-02/1.2E-04 6.0E-02 7.5E-04/7.5E-06
Upper Large Intestine ~ 4.2E-03/4.2E-05 6.0E-02 2.5E-04/2.5E-06
Small Intestine 8.6E-04/8.6E-06 6.0E-02 5.1E-05/5.1E-07
Effective Dose Equivalent 3.4E+01/3.4E-01

One urine sample was analyzed by gross alpha counting only, and the other was analyzed by both gross
alpha counting and alpha spectrometry. For the sample analyzed with both methods, the gross alpha
analysis was not included in the modeling since no result was reported and an alpha spectrometry result
was available for the same sample. The sample analyzed by gross alpha counting only was not included
in the analysis since it was an on-site sample with a result >0.1 pCi, leading to a suspicion of sample
contamination. The result was fit using CINDY and the Jones excretion model, to estimate an intake
(110,000 pCi), organ doses, and a CEDE (34 rem/0.34 Sv; ICRP-30) as shown above. LUDEP was also
used to estimate an intake of 316,000 pCi and a CEDE (ICRP-60) of 22 rem (0.22 Sv).
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Conclusion:

Based on the results of intake estimates and dose calculations, this individual received an estimated intake
of about 110,000 pCi of **Pu resulting in a 50-year committed effective dose equivalent of 34 rem (0.34
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the
current level (0.100 rem) for members of the public. It is less than the working lifetime limit of 50 rem
recommended by the National Council on Radiation Protection and Measurements (NCRP). Serious
health effects are not associated with that dose level. However, follow-up urine sampling now could be
considered to provide additional assessment of the exposure.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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Counter Bkg. (cpm) Chom. Bkg. (mv/sec) Counter Bkg.
Counter Eff. (%) Counter Eff. (%) Counter Eff.
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Palomares Nuclear Weapons Accident

DRAFT

Revised Dose Evaluation Report

Al Airll 2001

Internal Dosimetry Evaluation Form

) S S sovv I

MODE OF INTAKE: INTAKE DATE OR PERIOD:
Inhalation [] Injection 1/18/66 through 2/14/66, onsite
[1 Ingestion [1 Absorption 1/31/66
1 Unknown [CINot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: *°Pw/100% Class Y/1 um AMAD
Date or Period of Evaluated Data: 2 samples, 2/5/66 and 4/8/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION DATA:
Air Sampling [] Attached [] In Process X Unavailable
Health Physics Survey Data [ Attached 1 In Process B4 Unavailable
Bioassay ~ Urinalysis [ Attached [ In Process [] Unavailable
Fecal ] Attached [ In Process B Unavailable
Nasal Smears B4 Attached [ In Process [] Unavailable
In Vivo ] Attached [ In Process X Unavailable
Medical Treatment:
Skin Decontamination: [ Yes KINo Date:
Decorporation: [ Yes DI No Agent: Date:
Catharsis: [ Yes No Agent: Date:
Surgical excision: [ Yes No Date:

EVALUATION METHODOLOGY:
Assumptions:  Acute inhalation intake of °Pu, 100% Class Y, | pm AMAD particle size on 1/31/66

Code/Model used for: Intake Estimate: CINDY, Ver. 1.4/JONES
Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

RESULTS SUMMARY
Estimated Intake Activity (pCi): 28000
50 YR CEDE (rem) : 8.6 (0.086 Sv)

Organ Dose Equivalent Summary 50 YR CDE (rem/Sy)
Bone Surface 87/0.87
Lung 32/0.32
Liver 16/0.16
Red Marrow 6.7/0.067 -
Other 1.5/0.015
Testes 1.2/0.012
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [ Urinalysis [ Fecal [ In Vivo
Suggested Sampling Frequency:
Work Restrictions: N/A
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Internal Dosimetry Case Narrative

Identification:

Name:
SSN:
Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): 2*Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 pm AMAD particle size on 1/31/66. The date is the
midpoint of the period on station from 1/18/66 to 2/14/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway.

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-1149 G 2/5/66 ND ND v
66-2871 AS 4/8/66 0.076 0.007 v
66-2871 G 4/8/66 1.45 0.310

* G means gross alpha counting; AS means alpha spectrometry.
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A nasal swipe (sample #66-1334) was recorded fox_s being taken on 2/14/66. No

result was available.

Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

Intake was estimated using the Jones excretion model in CINDY and LUDEP.

Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 28,000 8.6/0.086
LUDEP 42,400 3.0/0.03
Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:
Weighted Organ
Dose Equivalent Weighting Dose Equivalent
Organ (rem/Sv) Factors (rem/Sv)
Testes 1.2E+00/1.2E-02 2.5E-01 3.1E-01/3.1E-03
Breast 4.1E-05/4.1E-07 1.5E-01 6.2E-06/6.2E-08
Red Marrow 6.7E+00/6.7E-02 1.2E-01 8.1E-01/8.1E-03
Lung 3.2E+01/3.2E-01 1.2E-01 3.8E+00/3.8E-02
Thyroid 3.9E-05/3.9E-07 3.0E-02 1.2E-06/1.2E-08
Bone Surface 8.7E+01/8.7E-01 3.0E-02 2.6E+00/2.6E-02
Liver 1.6E+01/1.6E-01 6.0E-02 9.4E-01/9.4E-03
Other 1.5E+00/1.5E-02 6.0E-02 8.9E-02/8.9E-04
Lower Large Intestine  3.2E-03/3.2E-05 6.0E-02 1.9E-04/1.9E-06
Upper Large Intestine 1.1E-03/1.1E-05 6.0E-02 6.4E-05/6.4E-07
Small Intestine 2.2E-04/2.2E-06 6.0E-02 1.3E-05/1.3E-07
Effective Dose Equivalent 8.6E+00/8.6E-02

One urine sample was analyzed by gross alpha counting, and the other was analyzed by both gross alpha
counting and alpha spectrometry. The gross alpha analysis for the second sample was not included in the
modeling since an alpha spectrometry result was available for the same sample. The sample result that
was analyzed using gross alpha counting only was reported as No Detectable Activity. A value of 0.009
pCi was used to represent this outcome. The results were fit using CINDY and the Jones excretion
model, to estimate an intake (28,000 pCi), organ doses, and a CEDE (8.6 rem/0.086 Sv; ICRP-30) as

shown above. LUDEP was also used to estimate an intake of 42,400 pCi and a CEDE (ICRP-60) of 3.0
rem (0.03 Sv).
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Based on the results of intake estimates and dose calculations, this individual received an estimated intake
of about 28,000 pCi of **Pu resulting in a 50-year committed effective dose equivalent of 8.6 rem (0.086
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the
current level (0.100 rem) for members of the public. It is less than half the working lifetime limit of 50
rem recommended by the National Council on Radiation Protection and Measurements (NCRP). Serious
health effects are not associated with that dose level.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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Palomares Nuclear Weapons Accident

Revised Dose Evaluation Report

DRAFT Air" 20.01

Internal Dosimetry Evaluation Form

MODE OF INTAKE: INTAKE DATE OR PERIOD:
Inhalation [ Injection 1/18/66 through 4/8/66, onsite
[ Ingestion [ Absorption 2/27/66
[] Unknown [“INot applicable

Duration of Exposure: Unknown

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: °Pw/100% Class Y/1 pm AMAD
Date or Period of Evaluated Data: 1 sample, 4/8/66

Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION METHODOLOGY:

Dose Estimate:

RESULTS SUMMARY
Estimated Intake Activity (pCi): 95000
50 YR CEDE (rem) : 29 (0.29 Sv)

EVALUATION DATA:
Air Sampling [J Attached [ In Process X Unavailable
Health Physics Survey Data [ Attached [ In Process X Unavailable
Bioassay — Urinalysis Attached [] In Process [1 Unavailable
Fecal [J Attached [ In Process [X] Unavailable
Nasal Smears [ Attached [ In Process Unavailable
In Vivo [ Attached [ In Process B4l Unavailable
Medical Treatment:
Skin Decontamination: [ Yes XINo Date:
Decorporation: [ Yes [XINo Agent: Date:
Catharsis: [ Yes XINo Agent: Date:
Surgical excision: [ Yes XINo Date:

Assumptions:  Acute inhalation intake of **Pu, 100% Class Y, 1 um AMAD particle size on 2/27/66

Code/Model used for: Intake Estimate: CINDY, Ver. 1.4/JONES

CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

Suggested Sampling Frequency:

Organ Dose Equivalent Summary 50 YR CDE (renv/Sv)
Bone Surface 300/3
Lung 110/1.1
Liver 53/0.53
Red Marrow 23/0.23
Other 5/0.05
Testes 4.2/0.042
DOSE ASSESSOR: . DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [ Urinalysis ] Fecal ] In Vivo

Work Restrictions: N/A

Release of this document is restricted under tpg‘n_rq%ik'ipgsqf the Privacy Act, 5 U.S.C. 552(a). C.2-315
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DRAFT Airil 2oii

Internal Dosimetry Case Narrative

Identification:

Name:
SSN:
Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionpclide(s): 29py.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 um AMAD particle size on 2/27/66. The date is the
midpoint of the period on station from 1/18/66 to 4/8/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway.

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-2861 AS 4/8/66 0.074 0.011 v
66-2861 G 4/8/66 1.29 0.290

* G means gross alpha counting; AS means alpha spectrometry.

Release of this document is restricted under tha nigvisions.of the Privacy Act, 5 U.S.C. 552(a). C.2-316
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Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

DRAFT

Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 95,000 29/0.29
LUDEP 316,000 22/0.22

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 4.2E+00/4.2E-02 2.5E-01 1.1E+00/1.1E-02
Breast 1.4E-04/1.4E-06 1.5E-01 2.1E-05/2.1E-07
Red Marrow 2.3E+01/2.3E-01 1.2E-01 2.7E+00/2.7E-02
Lung 1.1E+02/1.1E+00 1.2E-01 1.3E+01/1.3E-01
Thyroid 1.3E-04/1.3E-06 3.0E-02 4.0E-06/4.0E-08
Bone Surface 3.0E+02/3.0E+00 3.0E-02 8.9E+00/8.9E-02
Liver 5.3E+01/5.3E-01 6.0E-02 3.2E+00/3.2E-02
Other 5.0E+00/5.0E-02 6.0E-02 3.0E-01/3.0E-03
Lower Large Intestine 1.1E-02/1.1E-04 6.0E-02 6.5E-04/6.5E-06
Upper Large Intestine ~ 3.6E-03/3.6E-05 6.0E-02 2.2E-04/2.2E-06
Small Intestine 7.4E-04/7.4E-06 6.0E-02 4.4E-05/4.4E-07
Effective Dose Equivalent 2.9E+01/2.9E-01

One urine sample was analyzed by gross alpha counting and alpha spectrometry. The gross alpha analysis
was not included in the modeling since an alpha spectrometry result was available for the same sample.
The result was fit using CINDY and the Jones excretion model, to estimate an intake (95,000 pCi), organ
doses, and a CEDE (29 rem/0.29 Sv; ICRP-30) as shown above. LUDEP was also used to estimate an
intake of 316,000 pCi and a CEDE (ICRP-60) of 22 rem (0.22 Sv).

Conclusion:
Based on the results of intake estimates and dose calculations, this individual received an estimated intake

of about 95,000 pCi of >*’Pu resulting in a 50-year committed effective dose equivalent of 29 rem (0.29
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the

Release of this document is restricted under tz;xip\ B;qwl@igg&gf the Privacy Act, 5 U.S.C. 552(a). C.2-317
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current level (0.100 rem) for members of the public. It is less than the working lifetime limit of 50 rem
recommended by the National Council on Radiation Protection and Measurements (NCRP). Serious
health effects are not associated with that dose level.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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Revised Dose Evaluation Report

Airil 2001

e TED A% [
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Internal Dosimetry Evaluation Form

MODE OF INTAKE: INTAKE DATE OR PERIOD:
[X] Inhalation [J Injection 1/18/66 through 3/4/66, onsite
[ Ingestion [1 Absorption 2/9/66
] Unknown [CINot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: **Pu/100% Class Y/1 pm AMAD
Date or Period of Evaluated Data: 1 sample, 4/6/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION DATA:
Air Sampling [ Attached ] In Process Unavailable
Health Physics Survey Data [] Attached [} In Process X Unavailable
Bioassay — Urinalysis X Attached {1 In Process ] Unavailable
Fecal [] Attached [J In Process Unavailable
Nasal Smears [] Attached [ In Process X Unavailable
In Vivo [1 Attached ] In Process X Unavailable
Medical Treatment:
Skin Decontamination: [1 Yes KINo Date:
Decorporation: 1 Yes KXINo Agent: Date:
Catharsis: ] Yes No Agent: Date:
Surgical excision: [ Yes KINo Date:

EVALUATION METHODOLOGY:
Assumptions:  Acute inhalation intake of °Pu, 100% Class Y, 1 pum AMAD particle size on 2/9/66
Code/Model used for: Intake Estimate: CINDY, Ver. 1.4/JONES

Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

RESULTS SUMMARY
Estimated Intake Activity (pCi): 310000
50 YR CEDE (rem) : 95 (0.95 Sv)

Organ Dose Equivalent Summary 50 YR CDE (rem/Sv)
Bone Surface 970/9.7
Lung 350/3.5
Liver 170/1.7
Red Marrow 75/0.75
Other 16/0.16
Testes 14/0.14
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [] Urinalysis [ Fecal O In Vivo

Suggested Sampling Frequency:
Work Restrictions: N/A

Release of this document is restricted under t%gggvig,ioqs@f the Privacy Act, 5 U.S.C. 552(a)
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Internal Dosimetry Case Narrative

Identification:

Name:
SSN:
Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): *°Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 um AMAD particle size on 2/9/66. The date is the
midpoint of the period on station from 1/18/66 to 3/4/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway. -

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-2869 AS 4/6/66 0.224 0.007 v
66-2869 G 4/6/66 1.75 0.340

* G means gross alpha counting; AS means alpha spectrometry.

Release of this document is restricted under tg%gz_gv*i;;ipgsgf the Privacy Act, 5 U.S.C. 552(a). C.2-322
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Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 310,000 95/0.95
LUDEP 950,000 67/0.67

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 1.4E+01/1.4E-01 2.5E-01 3.5E+00/3.5E-02
Breast 4.6E-04/4.6E-06 1.5E-01 6.9E-05/6.9E-07
Red Marrow 7.5E+01/7.5E-01 1.2E-01 9.0E+00/9.0E-02
Lung 3.5E+02/3.5E+00 1.2E-01 4.2E+01/4.2E-01
Thyroid 4.3E-04/4.3E-06 3.0E-02 1.3E-05/1.3E-07
Bone Surface 9.7E+02/9.7E+00 3.0E-02 2.9E+01/2.9E-01
Liver 1.7E+02/1.7E+00 6.0E-02 1.0E+01/1.0E-01
Other 1.6E+01/1.6E-01 6.0E-02 9.8E-01/9.8E-03
Lower Large Intestine ~ 3.5E-02/3.5E-04 6.0E-02 2.1E-03/2.1E-05
Upper Large Intestine 1.2E-02/1.2E-04 6.0E-02 7.1E-04/7.1E-06
Small Intestine 2.4E-03/2.4E-05 6.0E-02 1.5E-04/1.5E-06
Effective Dose Equivalent 9.5E+01/9.5E-01

One urine sample was analyzed by gross alpha counting and alpha spectrometry. The gross alpha analysis
was not included in the modeling since an alpha spectrometry result was available for the same sample.
The result was fit using CINDY and the Jones excretion model, to estimate an intake (310,000 pCi),
organ doses, and a CEDE (95 rem/0.95 Sv; ICRP-30) as shown above. LUDEP was also used to estimate
an intake of 950,000 pCi and a CEDE (ICRP-60) of 67 rem (0.67 Sv).

Conclusion:
Based on the results of intake estimates and dose calculations, this individual received an estimated intake

of about 310,000 pCi of **Pu resulting in a 50-year committed effective dose equivalent of 95 rem (0.95
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the

Release of this document is restricted under tb,e;\n;g\gi_gieqs..qf the Privacy Act, 5 U.S.C. 552(a). C.2-323
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current level (0.100 rem) for members of the public. It is more than the working lifetime limit of 50 rem
recommended by the National Council on Radiation Protection and Measurements (NCRP). These dose

levels are significant, although they were based on only one sample. However, follow-up urine sampling
should be considered to provide additional assessment of the exposure.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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Palomares Nuclear Weapons Accident

DRAFT

Revised Dose Evaluation Report

Internal Dosimetry Evaluation Form

v (R

B o

MODE OF INTAKE: INTAKE DATE OR PERIOD:
Xl Inhalation (1 Injection 1/29/66 through 2/14/66, onsite
[ Ingestion ] Absorption 2/6/66
1 Unknown [INot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: *°Pu/100% Class Y/1 pm AMAD
Date or Period of Evaluated Data: 2 samples, 2/14/66 and 4/8/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION DATA:
Air Sampling
Health Physics Survey Data
Bioassay — Urinalysis
Fecal
Nasal Smears
In Vivo

Medical Treatment:
Skin Decontamination:
Decorporation:
Catharsis:
Surgical excision:

Assumptions:

Code/Model used for:

RESULTS SUMMARY

[ Attached
[ Attached
Attached
[[1 Attached
D4 Attached
[] Attached

[ Yes
] Yes
[ Yes
[ Yes

EVALUATION METHODOLOGY:
Acute inhalation intake of *Pu, 100% Class Y, 1 um AMAD particle size on 2/6/66

Estimated Intake Activity (pCi): 110000
50 YR CEDE (rem) : 34 (0.34 Sv)

[[] In Process X Unavailable

[] In Process X Unavailable

[C] In Process [] Unavailable

1 In Process [X] Unavailable

[1In Process [] Unavailable

[ In Process B Unavailable

MKINo Date:

XINo Agent: Date:
XINo Agent: Date:
No Date:

Intake Estimate: CINDY, Ver. 1.4/JONES
Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

Suggested Sampling Frequency:
Work Restrictions: N/A

Organ Dose Equivalent Summary 50 YR CDE (rem/Sv)
Bone Surface 340/3.4
Lung 130/1.3
Liver 61/0.61
Red Marrow - 26/0.26
Other 5.8/0.058
Testes 4.9/0.049
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [ Urinalysis [ Fecal ] In Vivo

Release of this document is restricted under t%p@qﬁiﬂg%ﬁf the Privacy Act, 5 U.S.C. 552(a). C.2-327
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Palomares Nuclear Weapons Accident 7 Revised Dose Evaluation Report
(B

IRAFT M

Internal Dosimetry Case Narrative

Identification:

Name:
SSN:
Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): *Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y: 1 pum AMAD particle size on 2/6/66. The date is the
midpoint of the period on station from 1/29/66 to 2/14/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy apd significant activity was underway.

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-1147 G 2/14/66 NR NR
66-2872 AS 4/8/66 0.076 0.007 4
66-2872 G 4/8/66 1.66 0.330

* G means gross alpha counting; AS means alpha spectrometry; NR means no result reported.
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A nasal swipe (sample #66-1333) was reported to have been taken for-n 2/14/66. No
result was available for this sample.

. WL Revised Dose Evaluation Report
DRAFT April 2001

Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.
Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 110,000 34/0.34
LUDEP 321,000 22/0.22

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 4.9E+00/4.9E-02 2.5E-01 1.2E+00/1.2E-02
Breast 1.6E-04/1.6E-06 1.5E-01 2.4E-05/2.4E-07
Red Marrow 2.6E+01/2.6E-01 1.2E-01 3.2E+00/3.2E-02
Lung 1.3E+02/1.3E+00 1.2E-01 1.5E+01/1.5E-01
Thyroid 1.5E-04/1.5E-06 3.0E-02 4.6E-06/4.6E-08
Bone Surface 3.4E+02/3.4E+00 3.0E-02 1.0E+01/1.0E-01
Liver 6.1E+01/6.1E-01 6.0E-02 3.7E+00/3.7E-02
Other 5.8E+00/5.8E-02 6.0E-02 3.5E-01/3.5E-03
Lower Large Intestine ~ 1.2E-02/1.2E-04 6.0E-02 7.5E-04/7.5E-06
Upper Large Intestine ~ 4.2E-03/4.2E-05 6.0E-02 2.5E-04/2.5E-06
Small Intestine 8.6E-04/8.6E-06 6.0E-02 5.1E-05/5.1E-07
Effective Dose Equivalent 3.4E+01/3.4E-01

One urine sample was analyzed by gross alpha counting only, and the other was analyzed by both gross
alpha counting and alpha spectrometry. For the sample analyzed with both methods, the gross alpha
analysis was not included in the modeling since an alpha spectrometry result was available for the same
sample. The sample analyzed by gross alpha counting only was not included in the analysis since no
result was reported for it. The result was fit using CINDY and the Jones excretion model, to estimate an
intake (110,000 pCi), organ doses, and a CEDE (34 rem/0.34 Sv; ICRP-30) as shown above. LUDEP
was also used to estimate an intake of 321,000 pCi and a CEDE (ICRP-60) of 22 rem (0.22 Sv).

Release of this document is restricted under tﬁ%prgqvfiéiggggf the Privacy Act, 5 U.S.C. 552(a). C.2-329
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Conclusion:

Based on the results of intake estimates and dose calculations, this individual received an estimated intake
of about 110,000 pCi of ***Pu resulting in a 50-year committed effective dose equivalent of 34 rem (0.34
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the
current level (0.100 rem) for members of the public. It is less than the working lifetime limit of 50 rem
recommended by the National Council on Radiation Protection and Measurements (NCRP). Serious
health effects are not associated with that dose level. However, follow-up urine sampling now could be
considered to provide additional assessment of the exposure.

Prepared By:

Name:

Peer Reviewed By:

Name:
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Palomares Nuclear Weapons Accident

Revised Dose Evaluation Report

DRAFT Airn 2001

Internal Dosimetry Evaluation Form

MODE OF INTAKE: INTAKE DATE OR PERIOD:
X Inhalation ] Injection 2/1/66 through 2/27/66, onsite
[J Ingestion [C] Absorption 2/13/66
] Unknown [INot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: *’Pu/100% Class Y/1 pm AMAD
Date or Period of Evaluated Data: 2 samples, 2/27/66 and 2/28/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION DATA:
Air Sampling [ Attached [1In Process B4 Unavailable
Health Physics Survey Data [J Attached [ In Process X Unavailable
Bioassay — Urinalysis Attached [ In Process ] Unavailable
Fecal [ Attached [] In Process Unavailable
Nasal Smears [ Attached [1In Process Xl Unavailable
In Vivo [ Attached ] In Process [X] Unavailable
Medical Treatment:
Skin Decontamination: 1 Yes No Date:
Decorporation: 1 Yes KINo Agent: Date:
Catharsis: 1 Yes KINo Agent: Date:
Surgical excision: [ Yes No Date:

EVALUATION METHODOLOGY:
Assumptions:  Acute inhalation intake of °Pu, 100% Class Y, 1 pm AMAD particle size on 2/13/66

Code/Model used for: Intake Estimate: CINDY, Ver. 1.4/JONES
Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

RESULTS SUMMARY
Estimated Intake Activity (pCi): 190000
50 YR CEDE (rem) : 58 (0.58 Sv)

Organ Dose Equivalent Summary 50 YR CDE (rem/Sv)
Bone Surface 590/5.9
Lung 220/2.2
Liver 110/1.1
Red Marrow  _ 46/0.46
Other 10/0.1
Testes 8.5/0.085
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [ Urinalysis (] Fecal [ 1n Vivo
Suggested Sampling Frequency:
Work Restrictions: N/A

Release of this document is restricted under t;:;ﬁmgv,}\,?ipgsl@f the Privacy Act, 5 U.S.C. 552(a). C.2-335
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Internal Dosimetry Case Narrative

Identification:

Name:
SSN:
Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): *°Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 pum AMAD particle size on 2/13/66. The date is the
midpoint of the period on station from 2/1/66 to 2/27/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway.

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-3411 AS 2/27166 0.122 0.045 v
66-3411 G 2/27166 NR NR
66-1494 AS 2/28/66 0.282 0.116 4
66-1494 G 2/28/66 1.52 0.310

* G means gross alpha counting; AS means alpha spectrometry; NR means no result reported.

Release of this document is restricted under tPrQ‘R!QVlSin:'}m the Privacy Act, 5 U.S.C. 552(a). C.2-336
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Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 190,000 58/0.58
LUDEP 616,000 43/0.43

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 8.5E+00/8.5E-02 2.5E-01 2.1E+00/2.1E-02
Breast 2.8E-04/2.8E-06 1.5E-01 " 4.2E-05/4.2E-07
Red Marrow 4.6E+01/4.6E-01 1.2E-01 5.5E+00/5.5E-02
Lung 2.2E+02/2.2E+00 1.2E-01 2.6E+01/2.6E-01
Thyroid 2.7E-04/2.7E-06 3.0E-02 8.0E-06/8.0E-08
Bone Surface 5.9E+02/5.9E+00 3.0E-02 1.8E+01/1.8E-01
Liver 1.1E+02/1.1E+00 6.0E-02 6.4E+00/6.4E-02
Other 1.0E+01/1.0E-01 6.0E-02 6.0E-01/6.0E-03
Lower Large Intestine ~ 2.2E-02/2.2E-04 6.0E-02 1.3E-03/1.3E-05
Upper Large Intestine ~ 7.2E-03/7.2E-05 6.0E-02 4.3E-04/4.3E-06
Small Intestine 1.5E-03/1.5E-05 6.0E-02 8.9E-05/8.9E-07
Effective Dose Equivalent 5.8E+01/5.8E-01

Two urine samples were analyzed by gross alpha counting and alpha spectrometry. The gross alpha
analyses was not included in the modeling since an alpha spectrometry result was available for the each
sample. The results were fit using CINDY and the Jones excretion model, to estimate an intake (190,000
pCi), organ doses, and a CEDE (58 rem/0.58 Sv; ICRP-30) as shown above. LUDEP was also used to
estimate an intake of 616,000 pCi and a CEDE (ICRP-60) of 43 rem (0.43 Sv).

Conclusion:
Based on the results of intake estimates and dose calculations, this individual received an estimated intake

of about 190,000 pCi of *°Pu resulting in a 50-year committed effective dose equivalent of 58 rem (0.58
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the

i
" 4 iy
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current level (0.100 rem) for members of the public. It is more than the working lifetime limit of 50 rem
recommended by the National Council on Radiation Protection and Measurements (NCRP). Serious
health effects are not normally associated with these dose levels. However, follow-up urine sampling
should be considered to provide additional assessment of the exposure.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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| Dote/Time — Stort Millivolt ~ Start Date/Time — Start
\ © =Stop Millivolt — Stop -~ Stop
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. Bkg. Cpm Bkg. Mv/sec Bkg. cpm
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() Other
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Internal Dosimetry Evaluation Form

MODE OF INTAKE: INTAKE DATE OR PERIOD:
X Inhalation [J Injection 2/5/66 through 2/26/66 on-site
[ Ingestion [] Absorption 2/16/66
[] Unknown [INot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: 2Puw/100% Class Y/1 pum AMAD
Date or Period of Evaluated Data: 1 urine sample, 2/26/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

Code/Model used for:

RESULTS SUMMARY

EVALUATION DATA:
Air Sampling [J Attached [] In Process Xl Unavailable
Health Physics Survey Data [ Attached [ In Process X1 Unavailable
Bioassay — Urinalysis (X Attached [] In Process [[] Unavailable
Fecal ] Attached ] In Process [ Unavailable
Nasal Smears [] Attached [ In Process [X] Unavailable
In Vivo [7] Attached [1 In Process [l Unavailable
Medical Treatment:
Skin Decontamination: [7] Yes KINo Date:
Decorporation: [1 Yes XINo Agent: Date:
Catharsis: [ Yes XINo Agent: Date:
Surgical excision: [ Yes KINo Date:

EVALUATION METHODOLOGY:
Assumptions:  Acute inhalation intake of 2**Pu, 100% Class Y, | pm AMAD particle size on 2/15/66

Estimated Intake Activity (pCi): 140000
50 YR CEDE (rem) : 43 (0.43 Sv)

Intake Estimate: CINDY, Ver. 1.4/JONES
Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

Work Restrictions:

Organ Dose Equivalent Summary 50 YR CDE (rem/Sv)
Bone Surface 440/4.4
Lung 160/1.6
Liver 78/0.78
Red Marrow 34/0.34
Other 7.4/0.074
Testes 6.2/0.062
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [] Urinalysis [] Fecal [ In Vivo

Suggested Sampling Frequency:

N/A

Release of this document is restricted under tpg‘i
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Internal Dosimetry Case Narrative

Identification;

Name:
SSN:
Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): *°Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 um AMAD particle size on 2/15/66. The date is the
midpoint of the period on station from 2/5/66 to 2/26/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway.

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-1419 AS 2/26/66 0.163 0.024 v
66-1419 G 2/26/66 0.731 0.216

* G means gross alpha counting; AS means alpha spectrometry.

Release of this document is restricted under tﬁa}n;gwlﬁig,g,s,;ﬁf the Privacy Act, 5 U.S.C. 552(a). C.2-344
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Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 140,000 43/0.43
LUDEP 697,000 49/0.49

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 6.2E+00/6.2E-02 2.5E-01 1.6E+00/1.6E-02
Breast 2.1E-04/2.1E-06 1.5E-01 3.1E-05/3.1E-07
Red Marrow 3.4E+01/3.4E-01 1.2E-01 4.0E+00/4.0E-02
Lung 1.6E-+02/1.6E+00 1.2E-01 1.9E+01/1.9E-01
Thyroid 2.0E-04/2.0E-06 3.0E-02 5.9E-06/5.9E-08
Bone Surface 4.4E+02/4.4E+00 3.0E-02 1.3E+01/1.3E-01
Liver 7.8E+01/7.8E-01 6.0E-02 4.7E+00/4.7E-02
Other 7.4E+00/7.4E-02 6.0E-02 4.4E-01/4.4E-03
Lower Large Intestine  1.6E-02/1.6E-04 6.0E-02 9.5E-04/9.5E-06
Upper Large Intestine ~ 5.3E-03/5.3E-05 6.0E-02 3.2E-04/3.2E-06
Small Intestine 1.1E-03/1.1E-05 6.0E-02 6.5E-05/6.5E-07
Effective Dose Equivalent 4.3E+01/4.3E-01

One urine sample was analyzed by gross alpha counting and alpha spectrometry. The gross alpha analysis
was not included in the modeling since an alpha spectrometry result was available for the same sample.
The result was fit using CINDY and the Jones excretion model, to estimate an intake (140,000 pCi),
organ doses, and a CEDE (43 rem/0.43 Sv; ICRP-30) as shown above. LUDEP was also used to estimate
an intake of 697,000 pCi and a CEDE (ICRP-60) of 49 rem (0.49 Sv).

Conclusion:

Based on the results of intake estimates and dose calculations, this individual received an estimated intake
of about 140,000 pCi of *’Pu resulting in a 50-year committed effective dose equivalent of 43 rem (0.43
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the

Release of this document is restricted under th‘,a]nmyigsi?q%gf the Privacy Act, 5 U.S.C. 552(a). C.2-345
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current level (0.100 rem) for members of the public. It is less than the working lifetime limit of 50 rem
recommended by the National Council on Radiation Protection and Measurements (NCRP). Serious
health effects are not associated with that dose level. However, follow-up urine sampling now could be
considered to provide additional assessment of the exposure.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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Palomares Nuclear Weapons Accident Revised Dose Evaluation Report

DRAFT Airil 2001I

Internal Dosimetry Evaluation Form

MODE OF INTAKE: INTAKE DATE OR PERIOD:
B Inhalation ] Injection 1/27/66 through 3/13/66, onsite
[ Ingestion [] Absorption 2/18/66
[] Unknown [INot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: Z°Pw/100% Class Y/1 um AMAD
Date or Period of Evaluated Data: 2 samples, 3/14/66 and 6/5/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION DATA:
Air Sampling [ Attached [ In Process [ Unavailable
Health Physics Survey Data [J Attached [ In Process Unavailable
Bioassay —~ Urinalysis DX Attached [ In Process [[] Unavailable
Fecal [ Attached [ In Process Xl Unavailable
Nasal Smears [] Attached [1In Process X Unavailable
In Vivo [] Attached [J In Process Unavailable
Medical Treatment:
Skin Decontamination: ] Yes K No Date:
Decorporation: ] Yes No Agent: Date:
Catharsis: [] Yes No Agent: Date:
Surgical excision: [ Yes KINo Date:

EVALUATION METHODOLOGY:
Assumptions:  Acute inhalation intake of 2Py, 100% Class Y, | um AMAD particle size on 2/18/66

Code/Model used for: Intake Estimate: CINDY, Ver. 1.4/JONES
Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

RESULTS SUMMARY
Estimated Intake Activity (pCi): 140000
50 YR CEDE (rem) : 43 (0.43 Sv)

Organ Dose Equivalent Summary 50 YR CDE (rem/Sv)
Bone Surface 440/4.4
Lung 160/1.6
Liver 78/0.78
Red Marrow 34/0.34
Other 7.4/0.074
Testes 6.2/0.062
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: SSN:
RECOMMENDATIONS:
Additional Bioassay Required [ Urinalysis [] Fecal [ In Vivo
Suggested Sampling Frequency:
Work Restrictions: N/A

Release of this document is restricted under tha pcgv,,isvig\,@:&,‘}qf the Privacy Act, 5 U.S.C. 552(a). C.2-349



Palomares Nuclear Weapons Accident

Identification:

Name:
SSN:

Incidents:

Revised Dose Evaluation Report
April 2001

Internal Dosimetry Case Narrative

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): *Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 pm AMAD particle size on 2/18/66. The date is the
midpoint of the period on station from 1/27/66 to 3/13/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway.

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-2007 G 3/14/66 0.180 0.100 v
66-3402 AS 6/5/66 0.049 0.037 v
66-3402 G 6/5/66 NR NR

* G means gross alpha counting; AS means alpha spectrometry; NR means no result reported.

o PR |
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Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.

Revised Dose Evaluation Report
April 2001

Intake was estimated using the Jones excretion model in CINDY and LUDEP.,
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 140,000 43/0.43
LUDEP 265,000 19/0.19

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent

Organ (rem/Sv) Factors (rem/Sv)
Testes 6.2E+00/6.2E-02 2.5E-01 1.6E+00/1.6E-02
Breast 2.1E-04/2.1E-06 1.5E-01 3.1E-05/3.1E-07
Red Marrow 3.4E+01/3.4E-01 1.2E-01 4.0E+00/4.0E-02
Lung 1.6E+02/1.6E+00 1.2E-01 1.9E+01/1.9E-01
Thyroid 2.0E-04/2.0E-06 3.0E-02 5.9E-06/5.9E-08
Bone Surface 4.4E+02/4.4E+00 3.0E-02 1.3E+01/1.3E-01
Liver 7.8E+01/7.8E-01 6.0E-02 4.7E+00/4.7E-02
Other 7.4E+00/7.4E-02 6.0E-02 4.4E-01/4.4E-03
Lower Large Intestine ~ 1.6E-02/1.6E-04 6.0E-02 9.5E-04/9.5E-06
Upper Large Intestine  5.3E-03/5.3E-05 6.0E-02 3.2E-04/3.2E-06
Small Intestine 1.1E-03/1.1E-05 6.0E-02 6.5E-05/6.5E-07
Effective Dose Equivalent 4.3E+01/4.3E-01

One urine sample was analyzed by gross alpha counting only,
alpha counting and alpha spectrometry. For the sample analy.
analysis was not included in the modeling since no result was
was available for the same sample. The results were fit using
estimate an intake (140,000 pCi), organ doses, and a CEDE (
LUDEP was also used to estimate an intake of 265,000 pCi

and the other was analyzed by both gross
zed with both methods, the gross alpha
reported and an alpha spectrometry result
CINDY and the Jones excretion model, to
43 rem/0.43 Sv; ICRP-30) as shown above.
and a CEDE (ICRP-60) of 19 rem (0.19 Sv).

Conclusion:

Based on the results of intake estimates and dose calculations, this individual received an estimated intake
of about 140,000 pCi of *’Pu resulting in a 50-year committed effective dose equivalent of 43 rem (0.43
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the

Release of this document is restricted under t;;,g):‘)rgg\g,i?iggg,{qf the Privacy Act, 5 U.S.C. 552(a). C.2-351
Y e e i



Palomares Nuclear Weapons Accident e Revised Dose Evaluation Report

_ DRAFT Airil 2001

current level (0.100 rem) for members of the public. It is less than the working lifetime limit of 50 rem
recommended by the National Council on Radiation Protection and Measurements (NCRP). Serious
health effects are not associated with that dose level. However, follow-up urine sampling now could be
considered to provide additional assessment of the exposure.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:
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Palomares Nuclear Weapons Accident

Internal Dosimetry Evaluation Form

i s Revised Dose Evaluation Report
DRAFT April 2001

MODE OF INTAKE: INTAKE DATE OR PERIOD:
Inhalation [ Injection 2/4/66 through 2/14/66, onsite
[ Ingestion [C] Absorption 2/9/66
] Unknown [INot applicable

SUMMARY OF EXPOSURE CONDITIONS:
Radionuclides/Respiratory Class/Particle Size: >*Pu/100% Class Y/1 um AMAD
Date or Period of Evaluated Data: 2 samples, 2/17/66 and 3/5/66
Duration of Exposure: Unknown
Location of Exposure: Camp Wilson, near Palomares, Spain

EVALUATION DATA:
Air Sampling [ Attached [ In Process X] Unavailable
Health Physics Survey Data [ Attached [ In Process [X] Unavailable
Bioassay — Urinalysis B4 Attached [ In Process [] Unavailable
Fecal [J Attached [1 In Process {4 Unavailable
Nasal Smears - B4 Attached [ In Process [[] Unavailable
In Vivo [] Attached 1 In Process [X] Unavailable
Medical Treatment:
Skin Decontamination: [ Yes KINo Date:
Decorporation: [ Yes KINo Agent: Date:
Catharsis: [ Yes XINo Agent: Date:
Surgical excision: [ Yes [XINo Date:

EVALUATION METHODOLOGY:
Assumptions:  Acute inhalation intake of 2**Pu, 100% Class Y, 1 um AMAD particle size on 2/9/66

Code/Model used for: Intake Estimate: CINDY, Ver. 1.4/JONES
Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

RESULTS SUMMARY
Estimated Intake Activity (pCi): 120000
50 YR CEDE (rem) : 55 (0.55 Sv)

Organ Dose Equivalent Summary 50 YR CDE (rem/Sv)
Bone Surface 370/3.7
Lung 140/1.4
Liver 67/0.67
Red Marrow 29/0.29
Other 6.3/0.063
Testes 5.4/0.054
DOSE ASSESSOR: DATE: _____ PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: e SSN:
RECOMMENDATIONS:
Additional Bioassay Required [J Urinalysis [] Fecal ] In Vivo
Suggested Sampling Frequency:
Work Restrictions: N/A

O
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DRAFT Airil 2001

Internal Dosimetry Case Narrative

Identification:

Name:
SSN:
Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): *’Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 pm AMAD particle size on 2/9/66. The date is the
midpoint of the period on station from 2/4/66 to 2/14/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway.

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-1122 G 2/17/66 0.190 0.160 v
66-1554 AS 3/5/66 0.080 0.016 v
66-1554 G 3/5/66 1.50 0.330

* G means gross alpha counting; AS means alpha spectrometry.

Release of this document is restricted under tt{a\\ntjg\{,;s‘igggﬁf the Privacy Act, 5 U.S.C. 552(a). C.2-357
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A nasal swipe was also reported (sample #66-1656) from -n 3/1/66; however, no result was
available.

DRAFT

Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.
Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 120,000 37/0.37
LUDEP 348,000 24/0.24

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ

Dose Equivalent Weighting Dose Equivalent
Organ (rem/Sv) Factors (rem/Sv)
Testes 5.4E+00/5.4E-02 2.5E01 1.3E+00/1.3E-02
Breast 1.8E-04/1.8E-06 1.5E-01 2.7E-05/2.7E-07
Red Marrow 2.9E+01/2.9E-01 1.2E-01 3.5E+00/3.5E-02
Lung 1.4E+02/1.4E+00 1.2E-01 1.6E+01/1.6E-01
Thyroid 1.7E-04/1.7E-06 3.0E-02 5.0E-06/5.0E-08
Bone Surface 3.7E+02/3.7E+00 3.0E-02 1.1E+01/1.1E-01
Liver 6.7E+01/6.7E-01 6.0E-02 4.0E+00/4.0E-02
Other 6.3E+00/6.3E-02 6.0E-02 3.8E-01/3.8E-03
Lower Large Intestine 1.4E-02/1.4E-04 6.0E-02 8.2E-04/8.2E-06
Upper Large Intestine  4.6E-03/4.6E-05 6.0E-02 2.7E-04/2.7E-06
Small Intestine 9.4E-04/9.4E-06 6.0E-02 5.6E-05/5.6E-07
Effective Dose Equivalent 3.7E+01/3.7E-01

One urine sample was analyzed by gross alpha counting, and the other was analyzed by both gross alpha
counting and alpha spectrometry. The gross alpha analysis for the second sample was not included in the
modeling since an alpha spectrometry result was available for the same sample. The results were fit using
CINDY and the Jones excretion model, to estimate an intake (120,000 pCi), organ doses, and a CEDE (37
rem/0.37 Sv; ICRP-30) as shown above. LUDEP was also used to estimate an intake of 348,000 pCi and
a CEDE (ICRP-60) of 24 rem (0.24 Sv).

Release of this document is restricted under tﬂ%.'ngq\;ﬁiﬁasnf the Privacy Act, 5 U.S.C. 552(a). C.2-358
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Palomares Nuclear Weapons Accident

Conclusion:

s Revised Dose Evaluation Report
L B 1 April 2001

Based on the results of intake estimates and dose calculations, this individual received an estimated intake
of about 120,000 pCi of **Pu resulting in a 50-year committed effective dose equivalent of 37 rem (0.37
Sv). That dose is more than the cumulative dose (7 rem) from a lifetime (70 years) of exposure at the
current level (0.100 rem) for members of the public. It is less than the working lifetime limit of 50 rem
recommended by the National Council on Radiation Protection and Measurements (NCRP). Serious
health effects are not associated with that dose level. However, follow-up urine sampling now could be
considered to provide additional assessment of the exposure.

Prepared By:

Name:

Signature: Date:

Peer Reviewed By:

Name:

Signature: Date:

0f the Privacy Act, 5 U.S.C. 552(a). C.2-359
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Internal Dosimetry Evaluation Form

NA

NAME

SSN: NA

MODE OF INTAKE:

INTAKE DATE OR PERIOD:

4 Inhalation [ Injection 2/5/66 through 2/26/66, onsite
[ Ingestion [ Absorption 2/15/66
[] Unknown [INot applicable

SUMMARY OF EXPOSURE CONDITIONS:

Date or Period of Evaluated Data: 1 sample, 2/26/66
Duration of Exposure: Unknown

Location of Exposure: Camp Wilson, near Palomares, Spain

Radionuclides/Respiratory Class/Particle Size: **Pu/100% Class Y/1 pm AMAD

EVALUATION DATA:
Air Sampling [ Attached
Health Physics Survey Data [ Attached
Bioassay — Urinalysis B4 Attached
Fecal [J Attached
Nasal Smears [ Attached
In Vivo [] Attached
Medical Treatment:
Skin Decontamination: [ Yes
Decorporation: [ Yes
Catharsis: [ Yes
Surgical excision: [ Yes

EVALUATION METHODOLOGY:
Assumptions:

Code/Model used for:
RESULTS SUMMARY

Estimated Intake Activity (pCi): 185000
50 YR CEDE (rem) : 55 (0.55 Sv)

[1 In Process
] In Process
[] In Process
] In Process
[] In Process
[ In Process

B4 No

Date:

Unavailable
[X] Unavailable
[C] Unavailable
Unavailable
X Unavailable
Xl Unavailable

X No
X No
X} No

Date:

Agent:

Date:

Agent:

Date:

Intake Estimate: CINDY, Ver. 1.4/JONES
Dose Estimate: CINDY, Ver. 1.4/ICRP 30, Part 4, General Systemic Model

Acute inhalation intake of **Pu, 100% Class Y, 1 um AMAD particle size on 2/15/66

Organ Dose Equivalent Summary 50 YR CDE (rem/Sv)
Bone Surface 560/5.6
Lung 210/2.1
Liver 100/1
Red Marrow 43/0.43
Other 9.5/0.095
Testes 8/0.08
DOSE ASSESSOR: DATE: PEER REVIEWER: DATE:
Signature: Signature:
Print Name: Print Name:
SSN: i SSN:
RECOMMENDATIONS:
Additional Bioassay Required [] Urinalysis [ Fecal [J In Vivo

Suggested Sampling Frequency:
Work Restrictions: N/A

Release of this document is restricted under t?ﬁﬁ provisions.of the Privacy Act, 5 U.S.C. 552(a). C.2-363
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Internal Dosimetry Case Narrative

Identification;
Name: [
SSN: NA

Incidents:

Individual participated on site in response duties resulting from an accident involving three nuclear
weapons at Palomares, Spain on January 17, 1966. Individual may have been exposed to weapons
materials (primarily plutonium-239) by inhalation and ingestion from contaminated weapon and aircraft
debris, lands, and vegetation. Primary activities included search, radiological monitoring, recovery of
accident debris, and processing for disposal.

Previous Intake/Dose Assessments:

This assessment applies to Palomares accident activities only. No previous intakes or doses were
considered.

Other Information:

None.

Radionuclide(s): *°Pu.
Assumptions/Basis/Data Sources:

Acute inhalation intake of Pu-239; 100% Class Y; 1 um AMAD particle size on 2/15/66. The date is the
midpoint of the period on station from 2/5/66 to 2/26/66.

Inhalation was assumed as the major route of entry because the primary contaminant was created by
explosion and fire and deposited in sandy soil and on buildings and plants. Conditions were generally
windy and significant activity was underway.

Dose was determined entirely from modeling intake based on the following urinalysis results for this
individual. This individual’s sample was identified for a follow-up analysis using alpha spectrometry
after the initial gross alpha result was reviewed. That is, the initial urine sample for this individual was
reprocessed radiochemically for alpha spectrometry. Results of the follow-up alpha spectrometry analysis
are reported below and were used in preparing the dose estimate.

Sample Result Error
Sample Analysis* Date (pCi/day) (pCi/day) Included
66-1438 AS 2/26/66 0.208 0.086 4
66-1438 G 2/26/66 1.51 0.310

* G means gross alpha counting; AS means alpha spectrometry.

Release of this document is restricted under tlﬁr‘as@v,}slmﬁ Af the Privacy Act, 5 U.S.C. 552(a). C.2-364
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Intakes and estimates of dose were prepared using CINDY Version 1.4 and LUDEP Version 2.05.
Intake was estimated using the Jones excretion model in CINDY and LUDEP.
Inhalation intake was estimated using the ICRP 66 respiratory tract model in LUDEP.

CINDY estimated dose derived using the ICRP 30, Part 4, General Systemic Model and weighting
factors; and LUDEP used the recommendations of ICRP 60.

Modeling:

CINDY and LUDEP were used to estimate the intake and dose with the following results:

Model Intake (pCi) CEDE (rem/Sv)
CINDY 185,000 55/0.55
LUDEP 888,000 62/0.62

Doses to individual organs and estimation of the effective dose equivalent using CINDY reported the
following results:

Weighted Organ
Dose Equivalent Weighting Dose Equivalent
_Organ (rem/Sv) Factors (rem/Sv)

Testes 8.0E+00/8.0E-02 2.5E-01 2.0E+00/2.0E-02
Breast 2.7TE-04/2.7E-06 1.5E-01 4.0E-05/4.0E-07
Red Marrow 4.3E+01/4.3E-01 1.2E-01 5.2E+00/5.2E-02
Lung 2.1E+02/2.1E+00 1.2E-01 2.5E+01/2.5E-01
Thyroid 2.5E-04<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>