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Abstract

The food ingestion consequences of an accidental release, scenario 1-RD-2.35, are
evaluated for H-Separations. The sizes of land areas requiring the protective action of
food interdiction are calculated. The consequences of the release are evaluated with the
HOTSPOT model and an EXCEL spreadsheet.
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Ingestion Pathway Consequences of an H-Separations
Failure (U)

Introduction

Coil and Tube

Accidental releases of radionuclides from nuclear facilities may cause contamination of
food and forage. Numerous pathways exist for deposited radionuclides to reach man.
The major pathways considered by recent Food and Drug Administration guidance are
analyzed in this report.

Approach

The general methodology’for determining the limiting radionuclide group, Derived
Response Level (DRL), and consequences for ingestion pathways is outlined below.

1.

2.

3.

4.

5.

Determine the source terms (radionuclide-specific and total airborne releases).

If tritium is present in the source term, evaluate the consequences of the tritium
release using UFOTRI. Tritium is not present in the source term of scenario 1-RD-
2.35.

Calculate the concentrations of each radionuclide in foodstuffs for a unit deposition of
the particulate mix.

For radionuclides with FDA (1998) Derived Intervention Levels (DILs), divide the
DIL by the foodstuff concentration from a unit deposition. The Derived Response
Level, or DRL, is the deposition that gives a DIL for a specific nuclide (group) and
pathway.

Run the dispersion/deposition model HOTSPOT to determine areas impacted.

Background

FDA (1998) places selected radionuclides into five groups. These groups are:

● Sr-90
● 1-131
● CS-134 + CS-137
● Pu-238 + Pu-239 + Am-241
. Ru-103 + Ru-106

Notes for Table 2 and AppendixDofFDA(1998) provide guidance on how to utilize
these groups. The Derived Intervention Level (DIL) for each radionuclide group is
applied independently (i.e., there is no additivity between groups). If multiple
radionuclides are present in a group, the DIL applies to the sum of the concentrations of

1
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those radionuclides. The DILs are applied to the wet weight of foods (as prepared for
consumption).

These groups were developed to aid analyses at a variety of nuclear facilities. Nuclear
waste storage facilities and nuclear fhel reprocessing facilities are expected to have Sr-90,
CS-137, Pu-239, and Pu-238 as major contributors (p.51 of FDA 1998).

FDA recommends that DILs from the five groups be applied immediately following an
accident. Early evaluation of other radionuclides that may have been released is not
required. However, an evaluation should be performed as soon as possible to ensure the
DILs are appropriate; presumably, this would include evaluating DILs for the five groups
as well as those for radionuclides not in the groups.

The five radionuclide groups are not sufficient to cover accidents at all types of facilities
or locations. FDA (1998) notes the example of transportation accidents that may release
radionuclides not in the radionuclide groups. Although such releases are not specifically
addressed (in the five groups), FDA recommends that an evaluation of the radiation dose
from ingestion of these other radionuclides be performed to determine if protective action
guides will be exceeded. AppendixEofFDA(1998) presents DILs for 15 additional
radionuclides.

Some source terms at SRS are postulated to be dominated by tritiated water vapor. DILs
for tritium in water vapor and organically bound forms were derived in
WSRC-TR-99-OO064 using methodology consistent with FDA (1998). The tritium-
specific model UFOTRI is used to evaluate tritium releases. Tritium is not present in the
source term of scenario 1-RD-2.35.

Analysis

For H-Separations, the source term for the Coil & Tube Release Scenario 1-RD-2.35 is
evaluated. Respirable releases are the same as total releases for each radionuclide since
the respirable fraction (RF) is 1.0 (S-CLC-G-00004, Sheet 6, section 3.2).
S-CLC-G-00004 contains the source term calculations used ultimately in
S-EHA-H-00004. The source terms are listed in Table 1.

Table . H-Sermrations airborne source term, 1-RD-2.35.
Nuclide Airborne Release (Ci)
Am 241 6.57E-O1
Pu 238 1.62E+O0
Pu 239 4.23E-03
F% 240 2.43E-01
Pu 241 3.26E+01
Pu 242 1.54E-02
Total 3.51E+OI

Reference: Source_H.xls, Worksheet “Quantities”, column G (included in Attachment A of this report);
respirable release from S-EHA-H-00004, Rev. 1, Appendix B, Calculation 3, Sheet 6.

2
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Classification of release into FDA radionuclide groups
The Pu-238 + Pu-239 + Am-241 group is the only one of the five radionuclide groups
that is represented. The only one of the fifteen additional radionuclides evaluated in FDA
(1998) that is in this source term is Pu-241. Pu-241 has a DIL of 120 Bq kg-l. DILs for
Pu-240 and Pu-242 are not given in FDA (1998) and are not evaluated in this report.

Evaluation of the deposition needed to exceed a DIL

Assume a deposition of 1 Ci m-2of the nuclide mix, and that all radionuclides deposit
similarly. In this case, the relative concentrations of the deposited material will be the
same as that released. The quantities of the individual radionuclides present for this unit
deposition are given in Table 2. Attachment A presents applicable spreadsheet
calculations. ‘

Table 2. Areal concentrations for a unit deposition
Nuclide Areal concentration per unit deposition (Ci m“2)

Am241 1.87E-02
Pu238 4.61E-02
PU239 1.20E-04
Pu240 6.92E-03
PU241 9.28E-01
Pu242 4.38E-04

Reference: Source_H.xls, Worksheet “Quantities”, column I

The concentrations in various foodstuffs due to this unit deposition may now be
evaluated. The concentration of a particular radionuclide in a foodstuff is equal to the
deposition times the (radionuclide-specific) overall transfer factor. Division of the DIL
by the concentration in the foodstuff resulting from a unit deposition gives the deposition
needed for a DIL. This process is presented in Tables 3 and 4 for the dairy pathway.
Attachment B presents applicable spreadsheet calculations.

Transfer factors for plutonium and americium are derived in WSRC-TR-99-OOO05,
Ingestion Pathway Transfer Factors for Plutonium and Americium. These two elements
encompass all radionuclides released in scenario 1-RD-2.35.

Table 3. Radionuclide concentration in milk per unit deposition of particulate mix
Areal
concentration Overall Concentration Radionuclide
per unit transfer factor in milk (Ci L1) Group
deposition Ttiw (m* L-i) per unit concentration
(Ci m-z)of deposition (Ci L-’)

Nuclide mix Radionuclide Group
Am241 1.87E-02 1.21E-05 2.27E-07
Pu238 4.61E-02 8.90E-06 4. IOE-07 6.38E-07
PU239 1.20E-04

Pu-238 + Pu-239 + Am-241
8.90E-06 1.07E-09

Pu240 6.92E-03 8.90E-06 6. 15E-08 NA NA
PU241 9.28E-01 8.90E-06 8.25E-06 8.25E-06 Pu-241
Pu242 4.38E-04 8.90E-06 3.90E-09 NA NA

Reference: Source_H.xls, Worksheet “Dairy”, columns L to O
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Table 4. Derived response levels for the milk pathway

Radionuclide Group Radionuclide Group DIL (Bq L-’) Deposition of mix corresponding
concentration (Ci L-]) to 1 DIL (Ci m-2)
per unit deposition

Pu-238 + Pu-239 + Am-241 6.38E-07 2 8.47E-05

Pu-241 , 8.25E-06 120 3.93E-04

Reference: Source_H.xls, Worksheet “Dairy”, columns N to Q

Table 4 presents depositions necessary to equal a DIL for the Pu-238 + Pu-239 + Arn-241
group and the individual radionuclide Pu-241. The activity of the depositions includes
that from all radionuclides in the mix, even though the radionuclide(s) in a limiting group
may only be a small fraction of the total activity released. The most limiting radionuclide
group for the milk pathway is the Pu-238 + Pu-239 + Am-241 group.

The processes outlined above may be repeated for other pathways. Table 5 lists total
depositions of the radionuclide mix corresponding to 1 DIL (Ci m-2)of the Pu-238 +
Pu-239 + Am-24 1 group and the individual radionuclide Pu-241 for all pathways.
Attachments B to Q present spreadsheet calculations for each pathway.

Table 5. Derived response levels for all pathways
Pathway Deposition of mix (Ci m-2)corresponding to 1 DIL of nuclide group

Pu-238 + Pu-239 + Am-241 Pu-241
Milk
Egg contents
Beef
Veal
Sheep
Lamb
Pork
Poultry
Fish
Produce-direct deposition
Produce - root uptake
Produce-soil adhesion
Grain-direct deposition
Grain-root uptake
Grain-soil adhesion

8.47E-05
1.67E-05
5.96E-06
3.49E-07
4.08E-06
1.77E-07
2.57E-06
2.46E-06
2.78E-08
2.91E-09
6.74E-03
1.63E-04
2.91E-09
2. 18E-02
6.78E-05

3.93E-04
2. IIE-04
4.66E-05
1.46E-06
2.27E-05
8.12E-07
1.43E-05
1.33E-05
1.17E-07
1.22E-08
9.39E-02
6.85E-04
1.22E-08
1.32E-01
2.85E-04

Beverage 8.33E-07 3.50E-06

Reference: Source_H.xls, worksheets for each pathway

4
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In all cases, the Pu-238 + Pu-239 + Arn-241 group is more limiting than Pu-241, reaching
a DIL of the Pu-238 + Pu-239 + Am-241 group at a lower areal deposition thanPu-241.
Since DILs are not additive between groups, the following discussion focuses on the
Pu-238 + Pu-239 + Arn-241 group only.

Table 6 ranks the pathways by the deposition needed to reach a DIL of the Pu-238 +
Pu-239 + Arn-241 $JrOUp.

Table 6 Food pathways ranked by DRL
Pathway Deposition of mix (Ci m-z)eorresponding to 1 DIL

of Pu-238 +Pu-239+Am-241 grOUP

Produce-direct deposition 2.91E-09
Grain-direct deposition 2.91E-09
Fish 2.78E-08
Lamb 1.77E-07
Veal 3.49E-07
Beverage 8.33E-07
Poultry 2.46E-06
Pork 2.57E-06
Sheep 4.08E-06
Beef 5.96E-06
Egg contents 1.67E-05
Grain-soil adhesion 6.78E-05
Milk 8.47E-05
Produce-soil adhesion 1.63E-04
Produce - root uptake 6.74E-03
Grain-root uptake 2. 18E-02

The direct deposition pathways reach the DIL first (i.e., they have the lowest DRLs).
These pathways are important only for crops in the field at the time of passage of the
residue cloud. The fish pathway is modeled for fish in stagnant ponds with no absorption
of the radionuclides into the sediment. The ranking reflects the bioaccumulation factors
for fish that are greater than unity. The meat pathways postulate ingestion of fodder
contaminated by directly deposited radionuclides; fodder grown afier the deposition and
subsequently fed to animals would result in much lower concentrations in animal
products.

Determination of range and area of consequences

The HOTSPOT computer code (Homann 1994) was selected to evaluate the
consequences of particulate releases (WSRC-TR-98-O0392). In the following
calculations, a source term equal to the total activity (35.1 Ci) is used, and the range and
area affected for different meteorological parameters and DRLs found.

HOTSPOT Parameters used for the H-Area Coil& Tube release are listed in Table 7.

5
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Table 7. HOTSPOT Parameters used for the H-Separations Coil& Tube release
(1-RD-2.35)

Parameter Average Meteorology 95% Adverse Meteorology

Release height Ground Ground
L

Wind speed 2.5 m/S 1.7m./s

Surface 100 cm 100 cm
roughness

Stability class c E

Deposition 0.1/1/10 crn/sec 0.1/1/10 cmhec
velocity

Release duration 120 min 120 min

Inversion layer 500 m 200 m

Meteorological data is consistent with Revision 1 of S-EHA-H-OOO04,Interim
Emergency Preparedness Hazards Assessment for H Area Separations, Appendix B,
Calculation 5, Sheet 1, which references Consequence Assessment for Emergency
Preparedness Hazards Assessments. TP-95-O02, Revision 3, January 21, 1997.

Results

Tables 8 and 9 summarize ingestion pathway consequences for average meteorology. If a
contour (DRL) is not exceeded and/or the area affected is insignificant, “N/E” is entered
for the value. Attachments R through T present the plots produced by the HOTSPOT
runs for average meteorology.

6
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Table 8. Ranges until deposition less than DRL, average meteorology, H-Separations,
1-RD-2.35.

Pathway DRL 0.1 cm S-l 1 cm S-l 10 cm S-l
Ci m-2 km km km

Produce-direct deposition 2.91E-09 40 >100” >100”
Grain-direct deposition 2.91E-09 40 >100” >100”
Fish 2.78E-08 1.5 40 >100”
Lamb 1.77E-07 0.6 2.0 15
Veal 3.49E-07 0.45 1.5 6.0
Beverage 8.33E-07 0.3 0.9 2.0
Poultry 2.46E-06 0.15 0.5 1.2
Pork 2.57E-06 0.15 0.5 1.2
Sheep 4.08E-06 0.10 0.4 0.9
Beef 5.96E-06 0.10 0.3 0.75
Egg contents 1.67E-05 0.06 0.2 0.5
Grain-soil adhesion 6.78E-05 0.03 0.1 0.25
Milk 8.47E-05 0.03 0.08 0.2
Produce-soil adhesion 1.63E-04 0.02 0.06 0.15
Produce - root uptake 6.74E-03 N/E 0.01 0.03
Grain-root uptake 2.18E-02 N/E N/E 0.015

Table 9. Areas above DRL, average meteorology, H-Separations, 1-RD-2.35

Pathway DRL 0.1 cm s-t 1 cm s-i 10 cm S-l
Ci m-2 ~2 krn2 ~2

Produce-direct deposition 2.91E-09 1.0E+02 >1.3E+03 >1.fjE+03
Grain-direct deposition 2.91E-09 1.0E+02 >1.3E+03 >1.6E+03
Fish 2.78E-08 5.8E-01 8.6E+01 >8.7E+02
Lamb 1.77E-07 9.9E-02 8.OE-01 2.OE+O1
Veal 3.49E-07 5.OE-02 4.8E-01 4.7E+O0
Beverage 8.33E-07 2.lE-02 2.OE-01 9.8E-01
Poultry 2.46E-06 6.7E-03 6.7E-02 3.5E-01
Pork 2.57E-06 6.4E-03 6.4E-02 3.4E-01
Sheep 4.08E-06 4.lE-03 4.OE-02 2.2E-01
Beef 5.96E-06 2.6E-03 2.8E-02 1.5E-01
Egg contents 1.67E-05 N/E 9.9E-03 5.8E-02
Grain-soil adhesion 6.78E-05 N/E NiE 1.5E-02
Milk 8.47E-05 NIE N/E 1.3E-02
Produce-soil adhesion 1.63E-04 N/E N/E 6.7E-03
Produce - root u@ake 6.74E-03 N/E N/E N/E. 1 1 1 &

Grain-root uptake I 2.18E-02 N/E N/E N/E I

7
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Tables 10 and 11 summarize ingestion pathway consequences for adverse meteorology.
Plots from the HOTSPOT runs are included in Attachments U through W.

Table 10. Ranges until deposition less than DRL, 95V0adverse meteorology,
H-Separations, 1-RD-2.35

Pathway DRL 0.1 cm S-l 1 cm S-l 10 cm S-l
Ci m-2 km km km

Produce-direct deposition 2.91E-09 >100 >100” >100”
Grain-direct deposition 2.91E-09 >100” >100 >100”
Fish 2.78E-08 25 >100” 32
Lamb 1.77E-07 3 30 7
Veal 3.49E-07 1.8 11 4
Beverage 8.33E-07 1.0 4 2.5
Poultry 2.46E-06 0.5 2 1.5
Pork 2.57E-06 0.5 2 1.5
Sheep 4.08E-06 0.4 1.4 1.1
Beef 5.96E-06 0.3 1.0 0.9
Egg contents 1.67E-05 0.2 0.6 0.6
Grain-soil adhesion 6.78E-05 0.09 0.3 0.3
Milk 8.47E-05 0.08 0.2 0.28
Produce-soil adhesion 1.63E-04 0.06 0.16 0.25
Produce - root uptake 6.74E-03 N/E 0.025 0.05
Grain-root uptake 2. 18E-02 N/E 0.015 0.035

Table 11. Areas above DRL, 95V0adverse meteorology, H-Separations, 1-RD-2.35

Pathway DRL O.lcm S-l 1 cm S-l 10 cm S-l
Ci m-2 km2 krn2 km2

Produce-direct deposition 2.91E-09 >6.0E+02 >8 .6E+02 >5.7E+02
Grain-direct deposition 2.91E-09 >6.0E+02 >8.6E+02 >5.7E+02
Fish 2.78E-08 2.2E+01 >5.3E+02 3.9E+01
Lamb 1.77E-07 7.3E-01 2.6E+01 3.3E+O0
Veal 3.49E-07 3.2E-01 5.lE+OO 1.8E+O0
Beverage 8.33E-07 1.lE-01 1.4E+O0 7.5E-01
Poultry 2.46E-06 3.2E-02 3.5E-01 2.7E-01
Pork 2.57E-06 3. lE-02 3.4E-01 2.6E-01
Sheep 4.08E-06 1.9E-02 2.OE-01 1.7E-01
Beef 5.96E-06 1.2E-02 1.3E-01 1.3E-01
Egg contents 1.67E-05 4.1E-03 4.OE-02 5.2E-02
Grain-soil adhesion 6.78E-05 NIE 8.9E-03 1.6E-02
Milk 8.47E-05 N/E 7. lE-03 1.4E-02
Produce-soil adhesion 1.63E-04 N/E 3.7E-03 8.OE-03
Produce - root uptake 6.74E-03 NIE N/E N/E
Grain-root uptake 2. 18E-02 N/E N/E N/E

8
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Conclusion

Tables 8 to 11 present ingestion pathway consequences from H-Separations accident
scenario 1-RD-2.35, Coil and Tube Failure. The Pu-238 + Pu-239 + Arn-241 group is the
most limiting for all pathways. The most significant pathways are those involving
ingestion of freshly deposited radionuclides on produce and grain. Contamination of
produce and grain exceeds FDA guidelines out to at least 40 km in all cases, and out to
greater than 100 km in most cases. Additionally, under some conditions, it may be
possible for fish and lamb foodstuffs to exceed FDA guidelines offsite. Sampling and
analysis of these pathways would be recommended. Ranges for all other pathways are
less than the distance to the site boundary (approximately 11 km), so protective actions
for these other pathways would not be recommended for offsite locations.L

References

Burns, R. D. and Clifton, L. L. Interim Emergency Preparedness Hazards Assessment
for HArea Separations, Aike~ SC: Westinghouse Savannah River Company;
S-EHA-H-OOO04,Rev. 1; June 1998.

Eisele, D. P. Risks of F & H Cooling Tower Airborne Release (Q), Aiken, SC:
Westinghouse Savannah River Company; S-CLC-G-OOO04,Rev. O;May 1994.

Food and Drug Administration. Accidental radioactive contamination of human fooa%
and animal feeds: recommendations for state and local agencies. Rockville, MD:
FDA; August 13, 1998.

Hadlock, D. J., Consequence Assessment for Emergency Preparedness Hhzards
Assessments, Aiken, SC: Westinghouse Savannah River Company; TP-95-002,
Rev. 3, 1/20/97.

Homann, Steven G., H(?TSPOTHealth Physics Codes for the PC, UCRL-MA-1063 15,
Lawrence Livermore National Laboratory, University of Californi~ Livermore, CA,
March 1994.

Tharakan, 13.K. Derived Intervention Levels for Tritium Based on Food and Drug
Administration Methodology Using ICRP 56 Dose CoeJ6cients ~, Aiken, SC;
Westinghouse Savannah River Company; WSRC-TR-99-OO064, Rev. O;February
1999.

Thompson, J. M. Ingestion Pathway Transfer Factors for Plutonium and Americium ~,
Aiken, SC; Westinghouse Savannah River Company; WSRC-TR-99-OOO05,Rev. O;
January 1999.

Thompso~ J. M. Selection of Models for Ingestion Pathway and Relocation ~, Aiken,
SC; Westinghouse Savannah River Company; WSRC-TR-98-O0392, Rev. 2;
February, 1999.

9



Ingestion Pathway Consequences of an H-Separations Coil and Tube Failure (U) WSRC-T’R-99-00089
Revision O

Attachments

Attachment A
Source term and areal concentrations spreadsheet calculations

Attachment B
Contamination of dairy products spreadsheet calculations

Attachment C
Contamination of egg contents spreadsheet calculations

‘
Attachment D
Contamination of beef spreadsheet calculations

Attachment E
Contamination of veal spreadsheet calculations

Attachment F
Contamination of sheep spreadsheet calculations

Attachment G
Contamination of lamb spreadsheet calculations

Attachment H
Contamination of pork spreadsheet calculations

Attachment I
Contamination of poultry spreadsheet calculations

Attachment J
Contamination of fish spreadsheet calculations

Attachment K
External contamination of produce from direct deposition spreadsheet calculations

Attachment L
Internal contamination of produce from root uptake spreadsheet calculations

Attachment M
External contamination of le~ vegetables during harvest spreadsheet calculations

Attachment N
External contamination of grain spreadsheet calculations
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Attachment O
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External contamination of grain during harvest spreadsheet calculations

Attachment Q
Contamination of beverages spreadsheet calculations

Attachment R
HOTSPOT results - average meteorology, 0.1 cm S-l

Attachment S
HOTSPOT results - aver~ge meteorology, 1.0 cm S-l

Attachment T
HOTSPOT results - average meteorology, 10 cm S-l

Attachment U
HOTSPOT results - adverse meteorology, 0.1 cm S-l

Attachment V
HOTSPOT results - adverse meteorology, 1.0 cm S-*
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HOTSPOT results - adverse meteorology, 10 cm s-]
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Revision O

Attachment A
Source term and areal concentrations spreadsheet calculations

.



source_H.xls WSRC-TR-99-OO089
Rev. O

A I B I G I I I J

6 respirable (Ci) = total Unit
7

El8 Element
9
10 Am
11 Am

1
12 Ba
f3 Ce
14 Cf
15 Cf
16 Cm
17 Cm
18 CO
19 Cs
20 H
21 Np
22 Pm
23 pu
24 pu
25 Pu mix
26 pu
27 PU

At. No.

241
243
133
144
249
252
244
246

60
137

3
237
147
238
239

2391241
240
241
242
90
99

232
204
235
238

H Release
Fraction
Ctim2 .

6.57E-01 1.87E-02
o
0
0
0
0
0
0
0
0
0
0
0

1.62E+O0
4.23E-03

o
2.43E-01
3.26E+01
1.54E-02

o
0
0
0
0
0

4.61E-02
1.20E-04

6.92E-03
9.28E-01
4.38E-04E Pu

29 Sr
30 Tc
31 Th
32 TI
33 u
34 u
35
36 Sum 3.51E+OI 1.00E+OO checks

Quantities Page Al
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Attachment B
Contamination of dairy products spreadsheet calculations



Source_H.xls WSRC-TR-99-OO089
Rev. O

A I B I L I M I N I o i P I Q
2 Dairy
3 Consumption of direct deposition on pasture Group Group DIL Total
4

i

5
6
7

8 Element
9
10 Am
11 Am
12 Ba
13 Ce
14 Cf

3
15 Cf
16 Cm
17 Cm
18 CO

i

19 Cs
20 H
21 Np
22 Pm
23 1%
24 1%

i

25 PU
26 PU
27 PU
28 PU
29 Sr
30 Tc

331 Th
32 TI
33 u

Am241
Pu238 6.38E+7
PU239

sum
DEP Bq/L

Tmilk Unit TX DEP
Release Ci/L Ci/L

At, No. m2/L Fraction
Ci/m2

241 1.21E-05 1.87E-02 2.27E-07
243 1.21E-05
133 3.88E-03
144 2.43E-04
249 1.62E-05
252 1.62E-05
244 1.62E-05
246 1.62E-05

60 2.43E-03
137 6.39E-02

3 1.21E-01
237 4.04E-05
147 4.85E-04
238 8.90E-06 4.61 E-02 4. IOE-07
239 8.90E-06 1.20E-04 1.07E-09

391241 8.90E-06
240 6.90E-06 6.92E-03 6.15E-08
241 8.90E-06 9.28E-r)l 8.25E-06 8.25E-06
242 8.90E-06 4.38E-04 3.90E-09

90 2.26E-02
99 1.86E-04

232 4.04E-05
204 2.43E-02
235 3.24E-03

2

120

Dep for
DIL
Ci/m2

.

8.47E4X

3.93E-04

Dairy Page BI



Source_H.xls WSRC-TR-99-OO089
Rev. O

! I A 1 B I L I M I N I o I P I Q

B
2 Dairy
3 Consumption
4
5
6
7

of

Tmilk

8 Element At. No. m2/L
9
10 Am 241 =DIO*FIO*JIO/HIO
11 Am 243 =Dll*Fll*J1l/Hll
12 0s 133 =D12*F12”J12/H12
13 Ce 144 =D13*F13*J13/H13
14 Cf 249 =D14*F14*J14/H14
15 Cf 252 =D15*F15*J15/H15
16 Cm 244 =D16*F16*J16/H16
17 Cm 246 =D17*F17*J17/H17
18 co 60 =D18*F18*J181H18
19 Cs 137 =D19*F19*J19/H19
20 H 3 =D20*F20*J20/H20
21 Np 237 =D21*F21*J21/H21

22 Pm ?47 =D22*F22*J221H22

23 Pu 238 =D23*F23*J231H23

24 Pu 239 =D24*F24*J241H24

25 Pu 2391241 =D25*F25*J251H25
26 Pu 240 =D26*F26*J26/H26

27 Pu 241 =D27*F27*J27/H27

28 Pu 242 =D28*F28’J281H28
29 Sr 90 =D29*F29*J29/H29
30 Tc 99 =D30’F30*J301H30

DEP
Unit
Release

Fraction
Ci/m2
=Quantities!$l10

=Quantities!$123
=Quantitiesl$124

=Quantities!$126
=Quantities!$127
=Quantities!$128

Group Group DIL Total
sum Dep for

Bq/L DIL
T X DEP Ctim2
Ci/L CilL ,.

=L1O*M1O

@P241
Pu236 ,=N10~~23*N~4 2
PM2W

=P161016137000000000

=L23’M23
=L24’M24

=L26*M26
=L27*M27 =N27 =P271027137000000000
=L28*M28

120

H3f Th 232 =D31*F31’J311H31
32 TI 204 =D32*F32*J32/H32

Imiu 235 =D33*F33*J331H33
236 =D34*F34*J341H34

Dairy Page B2
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Attachment C
Contamination of egg contents spreadsheet calculations
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A I B I L I M I N I o I P I Q

2 Egg contents
3 Group

El
4 sum

5
6 Teggs Unit TX DEP
7 Release Ci/kg Cmg

8 Element
9
10 Am
11 Am
12 Ba
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
18 co
19 Cs
20 H
21 Np
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
28 Pu
29 Sr
30 Tc
31 Th
32 TI
33 u
34 u

At. No. m2/kg Fraction

Group DIL Total
Dep for

Cilkg DIL
Ci/m2

Ci/m2
241 1.33E-04 1.87E-02 2.48E-06
243 1.33E-04
133 2.98E-02
144 2.98E-06
249
252 Am241
244 Pu238 ~.~4E~ 2 1.67E-0:

246 Fh#9
60 3.31 E-03

137 1.33E-02
3

237
147 6.63E-04
238 1.66E-05 4.61 E-02 7.64E-07
239 1.66E-05 1.20E-04 1.99E-09

39/241 1.66E-05
240 1.66E-05 6,92E-03 1.15E-07
241 1.66E-05 9.28E-01 1.54E-05 1.54E-05 120 2. IIE-04

242 1.66E-05 4.38E-04 7.26E-09
90 6.63E-03
99 9.94E-02

232
204
235 3.31 E-02
238 3.31 E-02

Egg contents Page Cl
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I I A I B I L I M I N I o I P I Q

B
2 Eg~
3
4
5
6
7

I contents

Teggs Unit

8 Element
9
10 Am
11 Am

El
12 B
13 c
14
4=

Ic;

1+,.J Cf
16 Cm
17 Cm

1
18 C
19 c
20 H
21 N
22 P

o
s

P

1
24 PI
25 PI
26 PI
27 PI
28 PI
29 Sr
30 Tc

I 31 ITh
I

u
u
u
u
u

El32 T
33 u
34 u

At. No. m2ikg

241
243
133
144
249
252
244
246
60
137
3
237
147
238
239

240
241
242
90
99
232
204
235
238

=DIO*FIO*JIO/HIO
=Dll*Fll*J1l/Hll
=D12*F12*J121H12
=D13*F13*J13/H13

Release

Fraction
Cilm2
=Quantities!$l10

Group Group DIL Total
sum Dep for

Cilkg DIL
T X DEP Ci/m2
Ciikg Ci/kg *

=LIO*M1O

=D18*F18*J18/H18
=D19*F19*J19/H19

=P16/016/37000000001

=D22*F22*J221H22
=D23*F23*J231H23
=D24*F24*J241H24

239/241 =D25*F25*J25/H25
=D26*F26*J26/H26
=D27*F27*J271H27
=D28*F26*J28/H28
=D29*F29*J29/H29
=D30*F30*J30/H30

=Quantities!$123
=Quantitiesl$124

=Quantities!$126
=Quantities!$127
=Quantities!$128

=L23*M23
=L24*M24

=L26*M26
=L27*M27 =N27 120 =P27/027/3700000000[

=L28*M28

=D33*F33*J331H33
=D34*F34*J341H34

Egg contents Page C2



Ingestion Pathway Consequences of an H-Separations Coil and Tube Failure (U) WSRC-TR-99-OO089
Revision O

Attachment D
Contamination of beef spreadsheet calculations

,
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A I B I L I M I N I o I P I Q
2 Beef
3 Group

B
4 sum
5
6 Tbeef Unit T X DEP

7 Release CWg Ci/kg

8 Element At. No. m2/k~ Fraction

i

Ci/m2
241 3.00E-04 1.87E-02 5.61 E-08
243 3.00E-04
133 1.50E-03
144 1.50E-04
249 4.50E-04
252 4.50E-04 Am241
244 1.50E-04 FW?38 9.98E~
246 1.50E-04 pl@9

60 7.50E-04
137 3.75E-01

3
237 7.50E-03
147 1.50E-02
238 7.50E-05 4.61E-02 3.46E-08
239 7.50E-05 1.20E-04 9.03E-09

2391241 7.50E-05
240 7.50E-05 6.92E-03 5.19E-07
241 7.50E-05 9.28E-01 6.98E-05 6.96E-05
242 7.50E-05 4.38E-04 3.29E-08

90 6.00E-02
99 7.50E-06

232 7.50E-04
204 1.50E-01
235 2.25E-03

Group Total
DIL Dep for

3q/kg DIL
Cilm2

r

~
9
10 Am
11 Am
12 13a
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
18 co
19 Cs
20 H
21 Np
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
28 Pu
29 Sr
30 Tc
31 Th
32 TI
33 u
34 u 238 2.25E-03

2 5.98E-U

120 4.66E-O!

Beef Page DI
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Attachment E
Contamination of veal spreadsheet calculations
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A I B 1 L I M I N I o I P I Q
2 Veal

H
3 Group

4 sum

5
6 Tveal Unit T X DEP

7 Release C~g Ciikg
--J

8 Element
9
10 Am
11 Am
12 f3a
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
18 co
19 Cs
20 H
21 Np
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
28 Pu
29 Sr
30 Tc
31 Th
32 TI
33 u
34 u

IN. No. m2/kg Fraction
Ctim2

241 2.39E-03 1.87E-02 4.47E-05
243 2.39E-03
133
144
249
252 Am241

244 Pu238 I .$KE”04

246 Pg39
60

137 4.78E-01
3

237
147
238 2.39E-034.61E-021.IOE-04
239 2.39E-03 1.20E-04 2.88E-07

39/241 2.39E-03
240 2.39E-03 6.92E-03 1.65E-05
241 2.39E-03 9.28E-01 2.22E-03 2.22E-03
242 2.39E-03 4.38E-04 1.05E-06

90 2.39E-01
99

232
204
235

Group
DIL Total

Dep for
6q/kg DIL

Cdm2”

2 3.49E-O

120 1.46E-O

Veal Page El
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I A I B I L I M I N I o I P I Q

434567-
8 Element
9
10 Am
11 Am
12 0s
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
16 co
19 Cs
20 H
21 Np
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
28 Pu
29 Sr
30 Tc
31 Th
32 TI
33U
2A II

Tveal Unit
Release

At. No. m2/kg Fraction

241
243
133
144
249
252
244
246
60
137
3
237
147
236
239

240
241
242
90
99
232
204
235
238

Ci/m2

=DIO*FIO*JIO/HIO =Quantities!$l10
=Dll*Fll*J1l/Hll

Group Group DIL Total

sum Dep for
13qlkg DIL

T X DEP . Cilm2

Cikg Ctikg

=LIO*MIO

Arn241
Pu238 =~lo~N23+N24 2

f!M2?Q

=D19*F19*J19/H19

=P16/016137000000000

=D23*F23*J23/H23 =Quantities!$123
=D24*F24’J24/H24 =Quantitiesl$i24

2391241 =D25*F25*J251H25
=D26*F26*J26/H26 =Quantitiesl$126
=D27*F27*J27/H27 =Quantities!$127
=D28*F28*J28/H28 =Quantitiesl$128
=D29*F29*J29/H29

=L23*M23
=L24*M24

=L26*M26
=L27*M27 =N27 =P271027137000000000

=L28*M28

120

Veal Page E2
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Revision O

Attachment F
Contamination of sheep spreadsheet calculations



Source_H.xls

I A I B I L I M I N I o I P I Q

2 ISheep

H3’ Group Group DIL Total

4 sum Dep for
5 Bq/kg DIL

H6 Tsheep Unit TX DEP
7 Release Ctikg Cilkg

8 Element
9
10 Am
11 Am
12 Ba
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
18 co
19 Cs
20 H
21 Np
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
26 Pu
29 Sr
30 Tc
31 Th
32 TI
33 u
34 u

At No. m2/kg Fraction
Ci/m2

241 3.28E-04 1.87E-02 6.13E-06
243 3.28E-04
133
144 3.28E-04
249
252 Am241
244 Pu238 1:32E-W
246 ?@9 .’,

60 1.02E-01
137 2.79E-01

3
237
147
238 1.54E-04 4.61 E-02 7. IOE-06
239 1.54E-04 1.20E-04 1.85E-08

391241 1.54E-04
240 1.54E-04 6.92E-03 1.07E-06
241 1.54E-04 9.28E-01 1.43E-04 1.43E-04
242 1.54E-04 4.38E-04 6.75E-08
90 6.56E-02
99

232
204
235

Ci/m2
.

2 4.08E-Ot

120 2.27E-OE

WSRC-TR-99-OO089
Rev. O
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t I A I B I L I M I N I o I P I Q

B
2 Sheep
3
4
5
6
7

Tsheep Unit
Release

i

8 Element At. No. m2/kg Fraction

9
10 Am 241
11 Am 243—
12 Ba
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
18 co
19 Cs
20 H
21 Np
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
28 Pu
29 Sr
30 Tc
31 Th
32 TI
33 u

133
144
249
252
244
246
60
137
3
237
147
238
239

240
241
242
90
99
232
204
235

Ci/m2
=DIO*FIO*JIO/HIO =Quantities!$l10
=Dll*Fll*J1l/Hll

=D13*F13*J13/H13

=D18*F18*J18/H18
=D19*F19*J19/H19

=D23*F23*J23/H23 =Quantities!$123
=D24*F24*J24/H24 =Quantities!$124

2391241 =D25*F25*J251H25
=D26*F2&J26/H26 =Quantities!$126
=D27*F27*J27/H27 =Quantities!$127
=D28*F28*J28/H28 =Quantities!$128
=D29*F29*J29/H29

Group Group DIL Total
sum Dep for

Bq/kg DIL
T X DEP Cilm2
Cilkg Ci/kg .

=LIO*MIO

AM241
PU238 =N??N23+N24 2
?J239

=P16/016/37000000000

=L23*M23
=L24*M24

120
=L26*M26
=L27*M27 =N27 =P271027137000000000

=L28*M26

Sheep Page F2



Ingestion Pathway Consequences of an H-Separations Coil and Tube Failure (U) WSRC-TR-99-OO089
Revision O

Attachment G
Contamination of lamb spreadsheet calculations



Source_H.xls ‘

1 A I B I L I M I N 1 0 I P I Q

2 ]Lamb

B
3 Group Group DIL Total

4 sum Dep for

5 Bqikg DIL

6 Tlamb Unit T X DEP Ci/m2

7 Release C~g Ciikg .

II
8 Element At. No. m2/kg Fretilon

9
10 Am
11 Am

Ci/m2
241 5.69E-03 1.87E-02 1.06E-04
243 5.69E-03
133
144
249
252 Arn241
244 Pu238 3togE-q 2 1.77 E-0

246 Pp239

hdco 60

i

19 Cs 137 6.61E-01

20 H 3
21 Np 237
22 Pm 147—
23 Pu 238 4.31E-03 4.61E-02 1.98E-04
24 Pu 239 4.31 E-03 1.20E-04 5.18E-07

25 Pu 39/241 4.31 E-03
26 Pu 240 4.31 E-03 6.92E-03 2.98E-05

27 Pu 241 4.31E-03 9.28E-01 3.99E-03 3.99E-03 120 8.12E-07

28 Pu 242 4.31E-03 4.38E-04 1.89E-08

29 Sr 90 4.58E-01

30 Tc 99

31 Th 232

32 TI 204

33 u 235
34 u 238

WSRC-TR-99-OO089
Rev. O

Lamb Page GI



Source_H.xls WSRC-TR-99-OO089
Rev. O

I A I B I L I M I N 1 0 I P I Q
2 lLamb

Tlamb Unit
Release

Group Group DIL Total
sum Dep for

Bqlkg DIL
T X DEP Cilm2
Ctikg Ci/kg

.

N. No. m2/kg

241 =DIO*F’
243 =D11*F4
133
144
249
252
244
246
60

Fratilon
Cdm2

D*JIO/Hl O =Quantities!$l10
l*J1l/Hll

=LIO*M1O

AM241
Pu238 =NI()+N;3+N24 2

PY$3? .

=Pl 6/01 6/37000000001

—.
3
4
5
6
7

8 Element
9
10 Am
11 Am
12 f3a
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
18 co
19 Cs
20 H
21 NP
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
28 Pu
29 Sr
30 Tc
31 Th
32 TI
33 u
34 u 238

137
3
237
147
238
239

240
241
242
90
99
232
204

=D19*F19*J19/H19

=D23*F23*J23/H23 =Quantities!$123
=D24*F24*J24/H24 =Quantities!$124

2391241 =D25*F25*J251H25
=D26’F26*J26/H26 =Quantities!$126
=D27*F27*J27/H27 =Quantities!$127
=D28*F28*J28/H28 =Quantities!$128
=D29*F29*J29/H29

=L23*M23
=L24*M24

=L26*M26
=L27*M27
=L28*M28

=N27 120 =P27102713700000000[

235

Lamb Page G2
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Attachment H
Contamination of pork spreadsheet calculations

.



Source_H.xls

A 1 B I L I M I N I o I P I Q

2 Pork
3 Group Group DIL Total

4 sum ~D for

m Bdkg Dli

t%’
.-

TDork Unit TX DEP
—

7
8 Element
9
10 Am
11 Am
12 Ba
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
18 co
19 Cs
20 H
21 Np
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
28 Pu
29 Sr
30 Tc
31 Th
32 TI
33 u
34 u

At.No. m21kg
Release Cilkg
Fraction

Ci/kg

Ci/m2
241 5.19E-04 1.87E-02 9.71E-06
243 5.19E-04
133 0.00E+OO
144 3.06E-04
249
252 .Am241
244 Pu2~8 2.1$lE4Yj+
246 F@9

60
137 7.33E-01

3
237
147
238 2.44E-04 4.61 E-02 1.13E-05
239 2.44E-04 1.20E-04 2.94E-08

391241 2.44E-04
240 2.44E-04 6.92E-03 1.69E-06
241 2.44E-04 9.28E-01 2.27E-04 2.27E-04
242 2.44E-04 4.38E-04 1.07E-07

90 1.22E-01
99 4.58E-04

232
204
235 1.89E-01

Ci/m2 .

2 2.57E-1)

120 1.43E-O

238 1.89E-01

WSRC-TR-99-OO089
Rev. O
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I I A 1 B I L 1 M I N I o I P I Q

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Pork

Element

Am
Am
Ba
Ce
Cf
Cf
Cm
Cm
co
Cs
H
Np
Pm
Pu
Pu
,Pu
Pu
iPu
Pu
Sr
Tc
Th
TI
u

Tpork

At. NO. m2/kg

241
243
133
144
249
252
244
246
60

. 137
3
237
147
238
239

240
241
242
90
99
232
204
235

=DIO*FIO*JIO/HIO
=Dll*Fll*J1l/Hll
=D12*F12*J12/H12
=D13*F13*J13/H13

Unit
Release
Fraction
Cilm2
=Quantitiesl$l10

Group Group DIL Total
sum Dep for

Bqikg DIL
TX DEP , Ci/m2
Cmg Cilkg

=LIO*MIO

Am241
Pu238 =~10+N23+N24 2 =P16/016/37000000000,,>...
Pl1239,..,,

=D19*F19*J19/H19

=D23*F23*J231H23
=D24*F24*J241H24

239/241 =D25’F25*J251H25
=D26*F26*J261H26
=D27*F27*J271H27
=D28*F28*J281H28
=D29*F29*J29/H29
=D30*F30*J30/H30

=D33*F33’J331H33

=Quantities!$123
=Quantities!$124

=Quantities!$126
=Quantitiesl$127
=Quantities!$128

=L23*M23
=L24*M24

=L26*M26
=L27*M27 =N27 =P271027137000000000

=L28*M28
120

238 =D34*F34’J341H34

Pork Page H2
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Attachment I
Contamination of poultry spreadsheet calculations

.



Source_H.xls

A I B I L I M I N I o I P 1 Q

2 Poultry
3 Group Group DIL Total
A sum Dep for

RI

H6 Tpoultry Unit T X DEP

7 Release Ci/kg Ci/kg
~

8 Element At. No. m21kg Fraotion -

9
10 Am
11 Am
12 Ba
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
16 co
19 Cs
20 H
21 Np
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
28 Pu
29 Sr
30 Tc
31 Th
32 TI
33 u
34 u 238 8.75E-02

Ci/m2
241 5.25E-04 1.87E-02 9.82E-06
243 5.25E-04
133 7.86E-04
144 3.50E-04
249
252 Arn241

244 Pu238 2,19E+5
246 rg239
60 1.75E-01

137 8.75E-01
3

237
147 1.75E-04
238 2.63E-04 4.61E-02 1.21E-05
239 2.63E-04 1.20E-04 3.16E-08

2391241 2.63E-04
240 2.63E-04 6.92E-03 1.82E-06
241 2.63E-04 9.28E-01 2.44E-04 2.44E-04
242 2.63E-04 4.38E-04 1.15E-07

90 7.00E-03
99 2.63E-03

232
204
235 8.75E-02

Bqlkg DIL

Poultry

Ci/m2 ,

2 2.46E4J

120 1.33E-O!

WSRC-TR-99-00089
Rev. O
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1’ A I B I L I M 1 N I o I P I Q
2 lPoultrv
3 “a
4
5
6
7
8 Element
9
10 Am
11 Am
12 Ba
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
18 co
19 Cs
20 H
21 Np
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
28 Pu
29 Sr
30 Tc
31 Th
32 TI
33 u
34 u

Tpoultry

At. No. m2/kg

241
243
133
144
249
252
244
246
60
137
3
237
147
238
239

240
241
242
90
99
232
204
235

=DIO*FIO*JIO/ti10
=Dll*Fll*J1l/Hll
=D12’’Fl2*Jl2/Hl2
=D13*F13*J13/H13

=D18*F18*J18/H18
=D19*F19*J19/H19

=D22*F22*J22/H22
=D23*F23’J231H23
=D24*F24*J241H24

2391241 =D25*F25*J251H25
=D26*F26*J261H26
=D27*F27*J27/H27
=D28”F28*J281H28
=D29*F29*J291H29
=D30*F30*J301H30

=D33*F33’J331H33

Unit
Release
Fraction
Ci/m2
=Quantities!$l10

=Quantities!$123
=Quantitiesl$124

=Quantitiesl$126
=Quantities!$127
=Quantities!$128

Group Group OIL Total
sum Dep for

Bqlkg DIL
TX DEP . Ci/m2
Ckg Cilkg

=L1O*M1O

Am241
PU238 =Nl(l+N23+~24 .2
py299

=L23*M23
=L24*M24

=P16/016/37000000000

=L26’M26
=L27*M27 =N27 =P271027137000000000
=L28*M28

120

Poultry Page 12
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Attachment J
Contamination of fish spreadsheet calculations

.



Source_H.xls

B I c I I I J I K I L 1 M I N

2 Fish
3 Group Group OIL Total

4 sum Dap for

5 Bqlkg DIL

6 T Unit TX DEP Ci/m2 .
7 fish Release Ci/kg Cvkg—
8 Element
9
10 Am
11 Am
12 Ba
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
18 co
19 Cs
20 H
21 Np
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
28 Pu
29 Sr
30 TC
31 Th
32 Tl
33 u
34 u

At. No.

241
243
133
144
249
252
244
246

60
137

3
237
147
238
239

391241
240
241
242

90
99

232
204
235

m21kg FrarMon -
Ci/m2

0.03 1.87E-02 5.61E-04
0.03

0.004
0.03

0.025
0.025 Arn241

0.03 Pu238 1.95E&f 2 2.78E-~

0.03 @&?Q .
0.3

2
0.001

0.03
0.03
0.03 4.61E-02 1.38E-03
0.03 1.20E-04 3.61E-08
0.03
0.03 6.92E-03 2.07E-04
0.03 9.28E-01 2.78E-02 2.78E-02 120 1.17E-O

0.03 4.38E-04 1.31E-05
0.06
0.02

0.1
10

0.01
X-w! 001

WSRC-TR-99-OO089
Rev. O
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Attachment K
External contamination of produce from direct deposition spreadsheet calculations



Source_H.xls

A 1 B I H I I I J 1 K I 1. 1 M

2 Produca-dkect deposition
3 Grou~ Group OIL Total

F!4 sum Dep for

5 m2/ka Bq/kg DIL

El
6 Unit TX DEP

7 Release Ci/kg Cifkg

8 Element At. No. T Fraction
9 Ci/m2

10 Am
~

11 Am
12 Ba
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
18 co
19 Cs
20 H
21 Np
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
28 Pu
29 Sr
30 Tc
31 Th
32 TI
33 u

241 0.285714 1.87E-02 5.34E-03
243 0.285714
133 0.285714
144 0.285714
249 0.285714
252 0.285714 Am241
244 0.285714 Pu238 1.85E-W
246 0.285714 PU239

80 0.285714
137 0.285714

3 0.285714
237 0.285714
147 0.285714
238 0.285714 4.61E-02 1.32E-02
239 0.285714 1.20E-04 3.44E-05

239/241 0.285714
240 0.285714 6:92E-03 1.98E-03
241 0.285714 9.28E-01 2.65E-01 2.65E-01
242 0.285714 4.38E-04 1.25E-04

90 0.285714
99 0.285714

232 0.285714
204 0.285714
235 0.285714

Ci/mg

2 2.91 E-O:

120 1.22E-O@

238 0.285714

WSRC-TR-99-OO089
Rev. O
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Attachment L
Internal contamination of produce from root uptake spreadsheet calculations

.



Source-1-l.xls

I A I B I H I I I J I K I L I M

2 lProduoe-root u~take
T

4
5
6
7

8 Eien
9
10 Am
11 Am
12 Ba
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
18 co
19 Cs
20 H
21 Np
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
28 Pu
29 Sr
30 Tc
31 Th
32 Ti
33 u
34 u

nent

Group Group CTotal
sum Dep for

Bq/kg DIL
m~g Unit TX DEP

Release Ci/kg Cmg

At. No. T= B/280 Fraction
Ci/m2

241 3.37E-07 1.87E-02 6.30E-09
243 3.37E-07
133 1.53E-05
144 1.53E-05
249 0.00E+OO
252 0.00E+OO Am241
244 3.93E-07 Pu238 8.02E-OfJ
246 3.93E-07 Pu239

60 1.02E-04
137

3
237 1.89E-05
147 0.00E+OO
238 3.72E-08 4.61E-02 1.72E-09
239 3.72E-08 1.20E-04 4.48E-12

39/241 3.72E-08
240 3.72E-08 6.92E-03 2.58E-10
241 3.72E-08 9.28E-01 3.46E-08 3.46E-08
242 3.72E-08 4.38E-04 1.63E-11

90
99 1.02E-01

232 9. 18E-07
204 0.00E+OO
235 4.23E-06
238 4.23E-06

Ci/m2 .

2 6.74E-O

120 9.39E-O

WSRC-TR-99-OO089
Rev. O
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Attachment M
External contamination of Iea@ vegetables during harvest spreadsheet calculations



Source_H.xls

A I B I H I I I J I K I L I M
2 Produce-soil adhesion
3 GrouD Group DIL Total

1
4 sum
5 W9
6 Unit TX DEP
7 Release CWg Cilkg
8 Element At. No. T=DxF1280 Fratilon
9 CVm2
10 Am
11 Am
12 Ba
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
18 co
19 Cs
20 H
21 Np
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu

241 5. I0204E-06 1.87E-02 9.54E-08
243 5.102O4E-O6
133 5. I0204E-08
144 5. I0204E-08
249 5.102O4E-O6
252 5. I0204E-06 Am241
244 5.102O4E-O8 Pu238 3.31g-Q7
246 5.I0204E-08 . Pu239
60 5.102O4E-O6

137 5.I0204E-06
3 5.102O4E-O6

237 5.I0204E-08
147 5.I0204E-06
238 5.I0204E-084.61E-02 2.35E-07
239 5.I0204E-061.20E-046.14E-10

239/241 5.I0204E-08
240 5.102O4E-O66.92E-033.53E-08

Dep for
DIL
cihn2

2 1.63E-O

I
27 Pu 241 5. I0204E-06 9.28E-01 4.73E-08 4.73E-08 120 6.85E4J

28 Pu 242 5. 102O4E-O6 4.38E-04 2.24E-09
29 Sr 90 5. I0204E-06
30 Tc 99 5. I0204E-08
31 Th 232 5. I0204E-08
32 TI 204 5. t0204E-06
33 u 235 5.102O4E-O6
34 u 238 5. I0204E-06

WSRC-TR-99-OO089
Rev. O
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E2
3
A

la567

A I B I H 1 I I J 1 K I L 1 M
Produce-soil adhesion

H8 Element
9

%
11
12
13
14
f5
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

At. No. T=DXF1260

Unit TX DEP
Release Ci/kg
Fraction
Ci/m2
=Quantities!$l10 =HIO*I1O

Group Group DIL Total
sum Dep for

Bq/kg DIL
. Ctim2

Cilkg

Am241
Pu238 =JI(NJ23+J24 2

Pl$?39

Am 241 =DIO*FIO/280
Am 243 =Dl l*F1l/280
Bla 133 =D12*F121280
Ce 144 =D13*F131280
Cf 249 =D14*F14/280
‘Cf 252 =D15*F15/280
Cm 244 =D16*F161280 =Ll 6/K16/3700000000[
~Cm 246 =D17’F17f280
co 60 =D18”F16/280
‘Cs 137 =D19*F19/280
H 3 =D20*F201280
Np 237 =D21*F2V280
Pm 147 =D22’F221280
Pu 238 =D23*F231280
Pu 239 =D24*F241280
Pu 2391241 =D25*F251280

Pu 240 =D26*F261280
Pu 241 =D27*F271280 =L271K2713700000000C

Pu 242 =D28’F28/280
Sr 90 =D29’F29/280
Tc 99 =D30’F301280
Th 232 =D31*F311280
TI 204 =D32”F321280
u 235 =D33*F331280
u 238 =D34*F341280

=Quantities!$123 =H23*123
=Quantities!$124 =H24*124

=Quantities!$126 =H26*126
=Quantities!$127 =H27*127
=Quantities!$128 =H28*128

=J27 120

Produce-adhesion Page M2
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Attachment N
External contamination of grain spreadsheet calculations



Source-H.xls

1 A 1 B I H I I I J I K I L I M
2 lGrain-direct deposition

3
3
4
5
6
7

1
8 Element
9
10 Am
11 Am
12 Ba
13 Ce
14 Cf
15 Cf~
16 Cm
17 Cm
18 co
19 Cs
20 H
21 NP
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
28 Pu
29 Sr
30 Tc
31 Th
32 -1-1
33 u
34 u

Arv241
Pu236 1.85E4)2... ?, ..
pM239

Group Group DIL Total
sum Dep for

m2/kg Bqlkg DIL
Unit T X DEP Ctinli?
Release Ci/kg Ci/kg

At. No. T Fraction
Ci/m2

241 0.285714 1.87E-02 5.34E-03
243 0.285714
133 0.285714
144 0.285714
249 0.285714
252 0.285714
244 0.285714 2 2.91E-O!
246 0.285714
60 0.285714

137 0.265714
3 0.285714

237 0.285714
147 0.285714
238 0.285714 4.61 E-02 1.32E-02
239 0.285714 1.20E-04 3.44E-05

2391241 0.285714
240 0.285714 6.92E-03 1.98E-03
241 0.285714 9.26E-01 2.65E-01 2.65E-01 120 1.22E-0[
242 0.285714 4.38E-04 1.25E-04

90 0.285714
99 0.285714

232 0.285714
204 0.285714
235 0.285714
238 0.285714

Grain-direct

WSRC-TR-99-OO089
Rev. O
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A 1 B I H I I 1 J I K I L I M

2 Graindirect deposition
3
4

B
5
6
7
8 Element
9
10 Am

At.No.

241

Group Group DIL Total
sum Dep for

m2ikg Bqlkg DIL
Unit T X DEP , Ci/m2
Release Cmg Cilkg

T Fraction
Ctim2

=DIO/EIO =Quantities!$l10 =H1O*I1O

Am241
Pu238
Pu239

=JIO+J23+J24 2

~
11 Am 243 =D1l/Ell

12 Ba 133 =D12/E12

13 Ce 144 =D13/E13

14 Cf 249 =D14/E14
15 Cf 252 =D15/E15
16 Cm 244 =D16/E16 =L161K16137000000000

17 Cm 246 =D17/E17
18 co 60 =D18/E18

19 Cs 137 =D19/E19
20 H 3 =D201E20

21 Np 237 =D21/E21
22 Pm 147 =D221E22

23 Pu 238 =D23/E23 =Quantities!$123 =H23*123

24 Pu 239 =D241E24 =Quantities!$124 =H24*124

25 Pu 239/241 =D251E25

26 Pu 240 =D261E26 =Quantities!$126 =H26*126

27 Pu 241 =D27/E27 =Quantities!$127 =H27*127 =J27 =L27/K27/37000000000

28 Pu 242 =D28/E26 =Quantities!$128 =H28*128

29 Sr 90 =D29/E29

30 Tc 99 =D301E30

31 Th 232 =D31/E31

32 TI 204 =D321E32

33 u 235 =D331E33

34 u 238 =D34/E34

120

Grain-direct Page N2
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Attachment O
Internal contamination of grain by root uptake spreadsheet calculations



Source_H.xls ‘ WSRC-TR-99-00089
Rev. O

A I B 1 H I I I J I K I L I M

2 Grain-root uptake
3 Group

r-m sum

m2/kg Unit T x DEP
Release Ci/kg Cilkg

:

8 Element At. No. T=B/280 Fraction

9 Ci/m2

10 Am 24f 6.76E-08 1.87E-02 1.26E-09
11 Am 243 6.76E-08
12 Ba 133 9.21E-05
13 Ce 144 9.21E-05
14 Cf 249
15 Cf 252

1
16 Cm 244 6.45E-08
17 Cm 246 6.45E-08
18 CO 60 1.14E-05

19 Cs 137
20 H 3

Am241
Pu238 2.48E4W
Pu239

i

21 Np 237 8.29E-06
22 Pm 147
23 1% 238 2.64E-08 4.61E-02 1.22E-09
24 PU 239 2.64E-08 1.20E-04 3.18E-12
25 PU 2391241 2.64E-08
26 pu 240 2.64E-08 6.92E-03 1.83E-10

Group DIL Total
Dep for

Bqlkg DIL
Ci/m21.

2 2.18E-O

~
27 Pu 241 2.64E-08 9.28E-01 2.45E-08 2.45E-08 120 1.32E-O

28 Pu 242 2.64E-08 4.38E-04 1.16E-11
29 Sr 90 0.00E+OO
30 Tc 99 2.24E-03
31 Th 232 1.04E-07
32 TI 204 O.OOE+OO
33 u 235 3.99E-06
34 u 238 3.99E-06

Grain-root Page 01
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Attachment P
External contamination of grain during harvest spreadsheet calculations

.



Sour@_H.xls

I A I B I H I I I J I K I L I M

2 lGrain-soil adhesion

II
3 Group Group DIL Total

4 sum Dep for

5 Bqlkg Dh.

6 m2/kg Unit TX DEP Cifm2

7 Release C~g Cmg

8 Element At. No. T=DxF/280 Fraction
9 Ci/m2

i

10 Am
11 Am
12 f3a
13 Ce
14 Cf
15 Cf

!
16 Cm
17 Cm
18 co
19 Cs
20 H
21 Np
22 Pm
23 pu
24 pu
25 f%
26 pu
27 PU

i

28 f%
29 Sr
30 Tc
31 Th
32 TI
33 u
34U

241
243
133
144
249
252
244
246
60

137
3

237
147
238
239

239/241
240
241
242

90
99

232
204
235
238

1.22857E-05 1,87E-02 2.30E-07
1.22857E-05
1.22857E-05
1.22857E-05
1.22857E-05
1.22857E-05 Am241
1.22857E-05 Pu238 7.9W-Q7 2 6.78E-O!.,,., ,.
1.22857E-05 PU23Q
1.22857E-05
1.22857E-05
1.22857E-05
1.22857E-05
1.22857E-05
1.22857E-05 4.61 E-02 5.66E-07
1.22857E-05 1.20E-04 1.48E-09
1.22857E-05
1.22857E-05 6.92E-03 8.50E-08
1.22857E-05 9.28E-01 1.14E-05 1.14E-05 120 2.85E-@
1.22857E-05 4.38E-04 5.38E-09
1.22857E-05
1.22857E-05
1.22857E-05
1.22857E-05
1.22857E-05
1.22857E-05

WSRC-TR-99-OO089
Rev. O
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E2
3
4

E
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

A I B I H I I I J I K I L 1 M
Grain-soiladhesion

Element At. No.

Am
Am
Ba
Ce
Cf
Cf
Cm
Cm
co
Cs
H
Np
Pm
Pu
Pu
Pu
Pu
Pu
Pu
Sr
Tc
Th
:Tl
iU

241
243
133
144
249
252
244
246
60
137
3
237
147
238
239

240
241
242
90
99
232
204
235

Group Group DIL Total
sum Dep for

Bqlkg DIL
m2ikg I Ci/m2

I Cag
T=DxF/280 I

Unit TX DEP
Release Cilkg
Fraction
Ci/m2
=Quantities!$l10 =H1O*I1O

Am241
PU238 =JIO+J2MJ24 2
Pu239

=DIO*FIO/280
=Dll*F1l/280
=D12*F12/280
=D13*F131280
=D14*F141280
=D15*F15/280
=D16*F16/280 =L16/K16/37C)OOOOOOO(
=D17*F171280
=D18*F161280
=D19*F19/280
=D20”F20/280
=D21*F21/280
=D22*F221280
=D23*F231280 =Quantities!$123 =H23”123
=D24*F241280 =Quantities!$124 =H24*124

2391241 =D25*F251280
=D26*F261280 =Quantitiesl$126 =H26*126
=D27*F271280 =Quantities!$127 =H27*127 =L271K2713700000000C
❑D28”F281280 =Quantities!$128 =H28*128
=D29*F291280
=D30’F301260
=D31*F311280
=D32*F321280
=D33’F331280

=J27 120

Ill 238 =D34’F341280

Grain-adhesion Page P2
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Attachment Q
Contamination of beverages spreadsheet calculations



Source_H.xls

A I B I D I E I F I G I H I I

2 Beverage 1000kg
3 oer GrouR Group DIL Total

Fl4 m3 sum Dep foi

5 BqlL DIL

M6 Unit TX DEP
7 Release Ci/L CtiL

M8 Element At. No. T (m2/L) Fraction
9

3
10 Am 241
11 Am 243
12 Ba 133
13 Ce 144
14 Cf 249
15 Cf 252
16 Cm 244

Cm
co
Cs
H
Np
Pm
Pu
Pu
Pu
Pu
Pu
Pu
Sr
Tc
Th
TI

246
60

137
3

237
147
238
239

239/241
240
241
242

90
99

232
204

733 u 235
34 lJ 238

Am241
Pu238 6,49E-05
F4J239

Ci/m2
0.001 1.87E-02 1.87E-05
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001 4.61E-02 4.61E-05
0.001 1.20E-04 1.20E-07
0.001
0.001 6.92E-03 6.92E-06
0.001 9.28E-01 9.28E-04 9.28E-04
0.001 4.38E-04 4.38E-07
0.001
0.001
0.001
0.001
0.001

Cihlp

2 6.33E

120 3.50E

Beverage

WSRC-TR-99-OO089
Rev.O
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A I B I D I E I F I G I H I I

2 Beverage 1000 kg
3

B
4
5
6
7
8 Etement
9~
10 Am
11 Am
12 Ba
13 Ce
14 Cf
15 Cf
16 Cm
17 Cm
18 co
19 Cs
20 H
21 Np
22 Pm
23 Pu
24 Pu
25 Pu
26 Pu
27 Pu
28 Pu

El
29
30
31
32

At. No.

241
243
133
144
249
252
244
246
60
137
3
237
147
238
239

240
24i
242

Sr 90
Tc 99
,Th 232

Ii
204
235
238

-
33

per
m3

T (m2/L)

=1/1000
=1I1OOO
=1/1000
=1/1000
=Illooo
=1/1000
=1/looo
=1/1000
=1I1OOO
=Illooo
=1/looo
=1I1OOO
=1I1OOO
=Illooo
=1I1OOO

239/241 =1/1000
=1I1OOO
=ltlooo
=1I1OOO
=111000
=1I1OOO
=111000
=Illooo
=1/looo

Group Group DIL Total
sum Dep for

BqlL DIL
Unit T X DEP , Ctim2
Release Ci/L Ci/L
Fraction
Ctim2
=Quantitiesl$l10 =DIO*E1O

Am241
Pu238 =FIO+F23+F24 2
PG39

=Quantities!$123 =D23*E23
=Quantities!$124 =D24*E24

=Quantities!$126 =D26*E26

=Quantities!$127 =D27*E27 =F27
=Quantities!$128 =D28*E26

120

=H16/G16/37000000000

=H27/G27/37000000000

Beverage Page Q2
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HOT SPOT 8.01 GEtiERC)L PLUME 3-10–3.999 10:01

Dl_I 1 _c StaL3ili*u Class
I
I
1
I
1
1
1

1
4
1

___________________________________

1
I
I
t
t

I

o %0 20 30 40 SO 60 -?0 80 90 100

DOUNMIND - km

.
CONTOUR LEGEND : nicrocur is- ne!r s auare metc9r
XNNER : 0.17? MI DOLE: O. 028 OUT ER : c1 .003 I

FILTER EFFICIENCY
EFFEC!TIUE RELEQSE HEIGHT:
MIND SPEED <h = 2 m> :

ST$X31L1TY CLCWSS <cit+$> :

RECEPTOR HEXGHT
XWJERSXOti LfWT5R HEIGHT :

0.000000 z
0.0 n

2.50 n/s

c

0.0 n
Soo.o n SOURCE TERtl 3.5XOE+OI Ci

RELEI%SE FRQCTION : %.000E+OO
StW$PLE TIUE 220.000 min

The 0.177 ~Cim-2areavalue above isnotused. It is erroneously displayedaszero
because ofthecourse grid spacing. This case was rerunto give more amore accurate
area calculation.

HoTsPoT sol GENERfiL m-un= 3-10-1999 10:03

i
20

-4
10

N_.5urmi_I l_C Stabilitg class

i 3.0 i 000.1

FILTER EFFICIENCY
EFFECTIUE RELEfiSE HEIGHT
WIND SPEED <h = 2 n>

PLUME CENTERLXtiE - kn

O.oo:o:o”x

2.s0 I.l>s

c

RECEPTOR HEIGHT 0.0 n
XNUERSION I-AVER NEIGHT 500.0 n SOURCE TERfi 3.510E+OX Ci

BELEtisE FRRCTXON : I.000E+OCI
SAMPLE TI?tE 120.000 min
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nmswm a.m ci~timfi~ w-imz 3-23-1999 8:36

0 i 2
DOMNUIND - kn

.

cONTOUR LEGEND : rticrocuries ner sauare neter

1 N?iER : 0.833 tiI DDLE : 0.349 OUTER: 0.3.77

FILTER EFFICIENCY 0.000000 z
EFFECTIVE RELEfX7E HEIGHT; 0.0 n
HIND SPEED <h = 2 n> : 2.s0 I’I/s

STfiBXLITY CLASS <tit@ :C

RECEPTOR HEIGHT : 0.0 n
ltiUERSXON LflXR HEIGHT : 500.0 m SOURCE TERM 3.51OE+O1 Ci

RELE=E FFWCTION : I.GGOE+OO
SfU’lPLE TItlE 120.000 nin

This plot was used for the 0.177 pCi m-2area value,
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5 i 2
DOUNUINO - km

FILTER EFFIC1 EN$2Y 0.000000 .x
EFFECT 1 UE REI_EnSE HEIGHT : 0.0 m
UIND sPEED Ch = 2 m> : 2.s0 mfs

RECEPTOR HEIGHT : 0.0 n
INVERSION Lf?WEH HIEIGNT : 500.0 n SOURCE TERM 3.510=+01 Ci

RELEtXSE FRr=tCTION : I.000E+OO
S#iHPLE TIME 120.000 min

I
HoTSPOT 8.01 GENEBWIL PLUME 3-li3-1999 12:46

0.0$ 0.s L 1!3

PLUME CENTERLINE - km

FILTER EFFICIENCY O.oo:o:nmx

EFFECTXUE RELEfISE NEIGNT~
UXND SPEED (h = Z n> : 2.50 n;s

STeBXLITY CMISS <citw> :C

RECEPTOR HEIGHT : 0.0 n
INUERS1ON LtiYEi3 HEIGHT : 500.0 m

R3

SOURCE TERM 3.510E+OI Ci
REl_E%SE FSRCTION : I.000E+OO
StWIPLE TZHE szo.000 min
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HOTspOT 8.01 GENEReL pLunE 3–IO–X999 13:32

0 i 2

OGUN&JIND - km

CONTOUR LEGEND : * X=rocur ies K8er- sauare netel-

[ 1NNER : S. 960 HI DDLE : 4.080 OUTER: 2. S70 1

FILTER EFFICIEMCV
EFFECTIVE RELEFx5E HEX GiiTi

0.000000 z

UIND SPEED <h = 2 m>
0.0 m

: 2.50 m/5

ST fiBILITY CLASS <ci tg> :C

REcEPTOR HEIGHT : 0.0 “
1 NuERS X ON I-RYER HEI ciHT : 500.0 m SOURCE TERM 3. 5X OE+OI Ci

RELEfiSE FW+CTION : 1. 000E+ 00
sQnPi-E TIHE ;20 .000 nin

HOTSPOT 8.01 GE?4ER#W FUME 3-10-1999 13:33

O.oi O.f

PIJJHE CEIWERLINE - km

FILTER EFFICIENCY
EFFECTIUE RELEt.lsE HEIGHT:

O.oogogom.x

MIND SPEED <h = 2 m> : 2.50 n;s

STSBILITV Cl_tXTS <city> :C

f 10

RECEPTOR HEIGHT : 0.0 n
INVERSION LF?YER HEIGHT : 500.0 m SOURCE TERM 3.51OE+OX Ci

eELECC3E FR$M2TION : I.000E+OO
SCIHPLE TXHE 120.000 min

R4
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HOT S POT 8. OX GENEFWW PLUME 3-10-1999 10:17

H_s.1
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I I I I

13 20 20 30 40 50 60 70 80 90 i 00

00UNMI No - km

,

CONTOUR LEGEND : mi=rocuries Oer- Sauare meter
INNER : 0.1?7 PI 1 DDLE : 0.02s OUTER : 0.003 I

FIi_TEFl EFFICIENCY 0.000000 z
EFFECTIUE RELE4XSE HEIGHT; 0.0 n
MIND SPEED ch = 2 m> : 2.50 n~s

STABILITY CLfbSS (citg> :C

RECEPTOR HEIGMT : 0.0 m
INUERSION L&VER HEIGHT : 500.0 n SOURCE TERM 3.51.OE+Ol Ci

RELEQSE FRC?CTION : I.000E+OO
SfW4PLE TIME 120.000 nin

H_sur.

i 02

HOTSPOT 8.01 t3ENEiWW_ PLUME 3–I.O-1999 10:3.8

0.1. i 10 100

PLUME CENTERLINE - km

FILTER EFFICIENCY
EFFECTIVE RELE#iSE HEXGHT;

0.000000 x
0.0 n

MIND SPEED <h = 2 m> : 2.50 I.1/s

STQBILITY CJJWS <city> :C

RECEPTOR HEIGHT : 0.0 n
INUERSION LF3YER HEIGHT : Soo.o II sOURCE TERM 3.510E+OI Ci

RE1-EfiSE FRM2TION : 1.000E+OO
s#WiPLE TIME 120.000 nin

S1



Ingestion Pathway Consequences of an H-Separations Coil and Tube Failure (U) WSRC-TR-99-OO089
Revision O

HOTS POT S.OL GENEFwX- PLUME 3-10–1999 13:04

0 1 2

lN3UNWIWD – km

.
Cx3 IiT OU R LEGEND : microeuries KYer =aua re meter
INNER : 2.460 HI OOLE : 0.s33 OUT ER : 0. 3*9 I

FILTER EFFICIENCY
EFFECTIUE RELEfiSE HEIGHT:

0.000000 z
0.0 e

LJIND SPEED <h = 2 m> : 2.s0 U/s

ST$lE?ILZTV CL~SS icitw> :C

RECEPTOR HEIGHT : 0.0 m
INUERSXON Li3%ER HEIGHT : 500.0 l.! SOURCE TERM 3.SIOE+O& Ci

RELEFISE FIWICTION : I.000E+Go
SiWIPLE TIME 120.000 min

HOTSPOT S.01 GEHER@L PLUME 3-3.0-%999 13:06

H-.sur_lP-I 2_c Stabiiitv Class

4
10

-1
*O

0.01

FILTER EFFXCXENCY
EFFECTIUE RELEf3SE
WIND SPEED <h = 2

sTfi51LxTY C1-nss

REcEPTOR HEIONT
INUERSION l-W#ER

PLUNE CENTERI-XNE – km

0.000000 z
HE I QHT ; 0.0 “
n> : 2.50 I-I/=

: 0.0 m
HEIGHT : 500.0 m SOURCE mmn 3.5LOE+OX Ci

RELEASE FRRCTION i x.ooaE+oo
SSMPLE TIME 120.000 -i=

S2
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HOTSPOT 8.01 GENER#31- PLUME 3-10-1999 X3 :46

0 1 2
DOU?U41 ND - km

CONTOUR LEGEND : microcuries mer sauare meter

X NNER : S.960 ?lI DOLE: 4.080 WT Efi : z .570 J

FILTER EFFICIENCY
EFFECTIUE i3ELEfisE HEXGHT~

O.OC)OGOO z
0.0 m

WIND SPEED <h = 2 n> : 2.50 *IS

STFIBILXTY CLKWSS <cit~> :C

RECEPTON HEIGHT : 0.0 “
Ij’iUE13SION LflWFi HEIGHT : 500.0 ?s SOURCE TERM 3.5LOE+Of Ci

RELEQSE FRIICTION : I.00GE+OO
SA?tPLE TIME 120.000 t.iin

HOTSPOT 8.01 fiENERflL PI-LIME 3-10-1999 13:47 t

i 04

H_5ur_lP_13_c. Sta&iZitw Class

–1
Lo

,

G.01

FILTER EFFICIENCY
EFFECTIVE REI-EQSE
UINO SPEED (h = 2

0.1

PLUME

i 10

CENTERLINE – km

0.000000 Y-
HEIGHT : 0.0 “
n> : 2.s0 n~s

ST~EI1-XTY CL#ESS <.=it%> :C

RECEPTOR NEIGHT : 0.0 m
INVERSION L-%T3+ HEIGHT : 500.0 n SOURCE TERM 3.510E+oL Ci

F!ELEI+SE FRnC?l’ZON : %.000E+oo
SfWIPLE TIME 120.000 min

S3
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HOT SPOT 8.01 (3ENERRL PLUME 3–1. s-i999 ?:20

CONT OUR I-EGE MD : microcuries 0=. sauare meter

I X.6.700 1

F1 LTER EFF1 CI ENCY 0. Oogo:omz
EFFECT I W FzEl_EfiS E HEx GHT ;
I.&xNo SPEED <m . z m> : 2.5- M>S6

STG31L1TY CLfiSS <citw~ :C

F$ECEPTOR HEx OHT : 0.0 m
1 NVEF?S 10H LsWfER HEX GHT : Soo. o - SOURCE T ERM

i+=..E9S E FFtCICT X ON !
3. 5LOE8-01 Ci
1. 000E+OO

sflNP1-E T I ME 3.20.000 min

HOTSPOT S .02 QENEFXI?L PLUME 3-3.8-X999 7:22

0.01 0.1 1 10

PLUME CENTERL 1 HE - km

FILTER EFFICXENCV
EFFECT I VE RELERSE HEIGHT ;

0. OX30000 z
0.0 n

WIND SPEED <XT = 2 m> : 2.50 m/s

STFIBXI-ITY CLQSS <city> :C

RECEPTOR HEIGHT : 0.0 m
I NUERS 10N LRYER HEIGHT : 500.0 n SOURCE T ERM 3. SIOE*OI c x

REl_EfiS E FRQCT 10N : x. . OOOE+ 00
S GxMPLE T X HE 120.000 nin
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HOTSPOT results - average meteorology, 10 cm S-l
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HoT SPOT e . 0% GENEnQL PLUME S- XO-L999 10:29

Ir,_l 0...11 ._c
I
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i
I

~
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I

F~LTER EFFICIENCY
EFFECTIUE RELEnSE HEIGHT:
wIND SPEED <h = 2 m>

STR6XLITY CLfiSS <cit%j> :

RECEPTOR HEICiHT
INUERSXON LfiVER HEIGHT :

0.s300000 z
0.0 m

2.30 n/s

c

a.cl ?.3
500.0 n SiJURCE TERM 3.510E+oz Ci

RE1-E#lsE FFWCTION : I.000E*oO
SGUI%-E TIME 3.’30.000 niri

HOTSPOT S.01 GENERCM_ PLUME 3–10–1999 10:33
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0.1

FILTER EFFICIENCY
EFFECTIVE RELEfiSE
b4XND SPEED <h = z

1

PLUME CENTERI-:

0.000oocl z
HE I GUT : 0.0 m
m> : 2.50 IT#S

ST9E!IL.ITY CIJ+SS <tits> :C

RECEPTOR HEIGHT : 0.0 m

INVERSION l_fiVEF? HEIGHT : 500.0 m

NE -

l.o 100

km

SOURCE TERM 3.510E+oI Ci
REi-E41SE FRllCTION : 1.000E+oO
sRMPLE TIME 120.000 min
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HOTSPOT 8.0S, t3ENERFlL PLUME 3- S.’O-L999 %3:X4

H_s

1

1:~~~:~: :i..,...... ..............-....___L._..___J.___..J ..... . .... .-.___. .:.... ..___ . . .._.___._ J_____ .........._..___._j________
o 1 a 3 4 5 6 7 % 9

DOHNUXND – km

CONTOUR LEGEND : m%.%rocuries eer scware netea-

1 1 NNEFI : 2.460 H X DDLE : 0.833 OUTER : 0.349 1

FIl_TER EFFICIENCY
EFFEcTIUE UEi_E6XSE HEIGHT
MIND SPEED <h = Z m>

sTaBIi-lTV CLfiSS <e<t%>

RECEFTOFi HEIGHT
INUERSION L~ER HEIOHT

0.000000 z
0.0 m

2.50 n/s

c!

0.0 n
500.0 n SOURCE TERM 3.510E+OA C;

RELEaSE FRSCTION : I.000E+OO
S6WIPLE TIME 120.000 min

HOTSPOT 8.01 GENERFYL PLUME 3-20-1999 1.3:13

H-sur_.10-I 2_C Stabilii.2 f.?lass

l!-%
, , , r , , r I ! 1 , , I 1 I , 3 , $ ,

I

O.OL 0.1

PLUME CENTERL.

FILTER EFFICXENCV
EFFECTXUE RELEfiSE HEIGHT;

O.oogogo”-%

MIND SPEED <h = 2 u> : 2.50 2s

sTGBILITV Cl_RSS <citg> :C

RECEPTOR HEIGHT : 0.0 n
INVERSION i-fivER HEIGHT : 500-0 n

1 10

NE - km

SOURCE TERM 3.510E+OZ Ci
RELE#xsE FRACTION : 1 .000E+OO
SRtlPLE TIUE L20.000 nin

T2



Ingestion Pathway Consequences of an H-Separations Coil and Tube Failure (U) WSRC-TR-99-OO089
Revision O

HOT SPOT S .01 GENERaL PLuME 3- XO-3.999 1.3:SS

CON r OUR LEGEND : m %vrc.cu. %ms n-r Sa!.aaa r e ne*Obr

I x NNER : 5.960 HXOOLE: 4.060 OUT ER : 2. s70 I

FILTER EFFICXEHCY
EFFECT I UE RELEaS E HE 1 GHT ;

0. Oogogom.x

HIND SPEED <h . 2 -> : =.s0 “>s

REcEPTOR ME 113i+T : 0.0 -
X HUE-S 10H L#.bVER HE 1 =HT : 500.0 8.9 Soi.wlc= T ERn 3.5i.OE+Ol C%

REi-E~SE FR#W2T 10?4 : x . OOoE+ 00
SfiHl=LE T 1 ME 1.20.5130 -in

HOT S POT % .01 GE NEFWW PLUME 3-10-2999 1.3:56
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O.o1. 0.1
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1. 10
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FILTER EFF1 CIENCV 0.000000 Y.
EFFECT I UE REI-ESS E HEIGHT : 0-0 “
MIND SPEED (h = .2 n> : 2.50 mfs

sTaB1l-ITV CLaSS < c i tw> :C

RECEPTOR HEIGHT : 0.0 m
I NUERS 10N LfiVER HEIGHT : Soo. o n SOURCE T ERM 3.5x OE+OI Ci

REI-ESSE F-CT 10N ; 1.. OOOE+ 00
SiW?PLE T I = i.20.00Q min
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tiOTSPOT 8.01 GENER#%L PLUME 3-z8-A999 6:S9

o 3.

DOWNWIND – km

.

CONTOUR LEGEND : microcuries eer s- Uar-e metfar

\ INNER : 84.700 tiXDDl_E: 67.800 OUTER: 16.700 1

FILTER EFFICXENCV 0.000000 x
EFFECTIVE RELEFISE HEIGHT:
WIND SPEEO <h = z m>

0.0 n
: 2.s0 m/s

STeBXLITY CIJWSS <!=it%i> :C

RECEPTOR HEIGHT : 0.0 n
XNUERSXON LR%’ER HEXGHT : 500.0 u SOURCE TERM 3.510E+OI Ci

RELEfiSE FRI%CTXON : %.QOOE*OO
SfinPLE TIHE Z20.O(JO nin

HOTSPOT 8.01 GENERt=il- PLUUE S-X8-X999 7:03

H_suR_io_x4_m2_G Stabilit9 Class

I
0.0% 0.1 1 10

PLUUE CENTERLINE - km

FILTER EFFICIENCY O.oogogonz
EFFECTXUE RE1-EfiSE HEIGHT:
WIND SPEED <h = Z n> : 2.s0 PB>s

STt)61i_1TY Ci-RSS <citv> :C

RECEPTOR HEIGHT : 0.0 m
INUERSXON LRVER HEIGHT : Soo.o m SOURCE TERN 3.SIOE*OI Ci

RELEQSE FRRCTION : 1. ODOE+OO
SenPLE TIME 120.000 min
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EFFECT I UE RELEfiS E HE I GiiT i
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0.0 -
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FIECEPT OR HE 1 QHT : 0.0 n
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Attachment U
HOTSPOT results - adverse meteorology, 0.1 cm S-l
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HOTSPOT results - adverse meteorology, 1.0 cm S-l
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HOTSPOT results - adverse meteorology, 10 cm S-l
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