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SM# -b /b  Mr. James Kottan 
U.S. Nuclear Regulatory Commission, Region I 

475 Allendale Road 
King of Prussia, PA 19406 

Division of Nuclear Materials Safety W O O l % 5  

Subject: Addendum to the Final Status Survey Plan for Section 2 of the 
Whittaker Corporation Waste and Slag Storage Area 
EnergySoZutions Document No. 82A9564, Revision 3 

Dear Mr. Kottan: 

EnergySuZutiuns has completed remediation of the excavated pit located in the southern end 
of Section 2 of the Whittaker site. This pit was excavated to a depth below the groundwater 
level and, as result, the groundwater hampered remediation of some radioactive materials. In 
discussions with Marjorie McLaughlin and Marie Miller during an on-site inspection in May 
2006, EnergySuZutions agreed to prepare an addendum to the approved Section 2 Final Status 
Survey Plan (FSSP) (referenced above) to address the release of the pit so that it could be 
backfilled quickly. The open pit hinders other remediation activities in the area. 

Enclosed is a survey and sampling plan for the excavated pit area that is consistent with the 
methods described in the Section 2 FSSP. 

Sincerely, 

Kevin E. Taylor, PE, CHP 
EnergySuZutions Project Health Physicist 
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FULL COST RECOVERY ACTION 
TAC NO.- 

17 College Street, Suite D Greenville, South Carolina 29601 
864.235.3695 * Fax 864.235.8405 www.energysolutions.com NMSSIRGNI MATERIALS-OOP 
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Thorium-232+D Uranium-238+D Uranium-238 
7.0 9.7 166.5 

1.0 INTRODUCTION 

24.9 Peak Dose 
(mrem /yr) 

At the request of the U.S. Nuclear Regulatory Commission (NRC) made during a May 2006 site 
inspection, EnergySoZutions has prepared a survey and sampling plan to address the final survey 
of a specific area within Section 2 of the Whittaker Site. This survey and sampling plan is 
submitted as an addendum to the Final Status Survey Plan (FSSP) approved on June 23,2006 by 
the NRC through Amendment 1 3 of NRC License Number SMA- 10 1 8 (EnergySoZutions 
Document No. 82A9564, Revision 3). 

24.9 6.30 

This addendum addresses an area of about 800 square feet in the southern area of Section 2 of 
the Whittaker Site. In this area, contaminated materials were excavated to a depth below the 
groundwater level resulting in a pit which was infiltrated by groundwater. Because of the 
presence of the groundwater, the complete remediation of the contaminated material using an 
excavator was nearly impossible as the excavator would cause the fine contaminated material to 
become suspended in the water. As a result, the groundwater, containing the suspended material 
was pumped through a sandgravel filter into a tank. The filter removed some of the suspended 
solids and the remaining solids were allowed to settle out in the tank. This series of activities 
resulted in the removal of the contaminated material from the pit. 

The location of the pit currently hinders other site remediation activities. Therefore, 
EnergySoZutions wishes to perform a final survey and sampling effort of the pit area and backfill 
the area as soon as possible. 

2.0 SURVEY AND SAMPLING METHODOLOGY 

2.1 RELEASE CRITERIA 

The NRC has approved the site DCGLs as provided in Table 2-1. The DCGLs are 
radionuclide concentrations in soils and slag in picocuries per gram (pCi/g). The DCGLs 
were developed and presented to the NRC in Scientech Document No. 82A9534, “Dose 
Assessment in Support of Establishing Derived Concentration Guideline Levels for the 
Whittaker Decommissioning Site,” (Scientech 2004) and will also be presented in the 
Decommissioning Plan. The DCGLs were developed based on an industrial exposure 
scenario. 

TABLE 2-1 
WHITTAKER SITE DCGLS 
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While these DCGLs were not developed specifically for the situation presented at the 
soil/groundwater interface, the RESRAD model presented in Scientech Document No. 
82A9534 was adjusted to account for a deeper contaminated zone (7.5 meters) and a 
shallower groundwater intake depth (also 7.5 meters) to see if the Table 2-1 criteria are 
applicable. The resulting dose for Th-232-tD was 24.9 mredyr  and 24.8 mrem/yr for U- 
238+D. The resulting RESRAD output files are included as appendices to this 
addendum. Therefore, the previously-approved DCGLs are applicable to the Section 2 
pit. All parameters except depth remained consistent with the original model. 

2.2 WALKOVER SURVEY 

The pit area survey unit (about 800 square feet) will receive a 100% walkover survey 
using 2-inch by 2-inch sodium iodide (2x2 NaI) detectors. The detectors will be encased 
in a water-tight housing such as a PVC pipe with a pipe cap on one end. A minimum 
detectable concentration for a the walkover survey (ScanMDC) will be determined using 
background measurements collected in the Shenango River using the same water-tight 
housing. The method for determining the ScanMDC is presented in the Section 2 FSSP. 

The walkover survey will be documented on a standard survey form. Both the average 
and maximum gamma count rates observed in a survey section. The survey unit will be 
divided into at least 12 survey sections. 

2.3 SAMPLING AND ANALYSIS 

The pit area will be sampled using a random-start systematic triangular sampling pattern. 
As described in the FSS, a minimum of eleven samples will be collected from the area. 
The samples will be collected using clean sampling tools and dried. 

A 500-ml sample aliquot will then be analyzed using an on-site gamma spectroscopy 
system. The system will be energy and efficiency calibrated using a NIST-traceable 500- 
ml multi-peak standard. A minimum of two of the samples will be sent off-site for 
quality assurance analysis at an independent laboratory. The on-site gamma spectroscopy 
will have a minimum detectable concentration (MDC) of not more than 1 pCi/g for both 
uranium-23 8+D (radium-226 daughters) and thorium-232+D. 

Figure 2-1 provides the layout of the sample locations. 

2.4 REFERENCE AREA MEASUREMENTS 

The approach to the release of a survey unit relies on the ability of the survey and 
sampling effort to demonstrate that the contaminant concentrations in the survey unit are 
not statistically greater than the concentrations in a background reference area. The 
Wilcoxon Rank Sum (WRS) test is the preferred statistical test because the site 
contaminants are also present naturally in background. 
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The reference area for the pit samples will be in a non-impacted section of the site near 
the river where samples of similar soil type and moisture content can be collected. A 
minimum of eleven reference area samples will be prepared and analyzed in the same 
manner as the survey unit samples. At least two reference area samples will be sent off- 
site for quality assurance analysis at an independent laboratory. 

2.5 GAMMA SPECTROSCOPY ANALYSIS REPORTS 

As a minimum, each gamma spectroscopy report will include the specific sampleAocation 
information (identification number, mass, location, etc,), the peak locate report, peak area 
correction report, the efficiency report, the nuclide identification report, and the minimum 
detectable activity report. The combined report should be printed immediately after 
spectrum analysis. An electronic file of the spectrum should be saved onto the computer 
hard drive. Spectra files should be backed up to a removable media device at least once 
per day. 
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Figure 2-1 
Whittaker Section 2 Pit Area -Samples Collected on July 7, 2006 

Sample Locations 
Sample No. X 

1 5.5 
2 14.7 
3 23.8 
4 33.0 

5 0.9 
6 10.1 
7 19.3 
a 28.4 
9 37.6 

10 5.5 
11 14.7 
12 23.8 
13 33.0 

Y 
3.5 
3.5 
3.5 
3.5 

11.4 
11.4 
11.4 
11.4 
11.4 

19.4 
19.4 
19.4 
19.4 

Random Start Point 
X =  33.0 
Y =  3.5 

Area= 800 sqf l  
L =  9.2 R 
R =  7.9 
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F i l e  : iChi t tak?r  deep - Ti.RAD 

Pose Conversicn Fac t3r  ( a ? d  3 e l a t e d )  ?aramel-er Suimarq 

F i l e :  FGR 13 L6CREICiTY 

I 
Kenc I Pa ram? t er  
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B-i 
B-1 

D- 1 
E-1 
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0-1 

D-34 

0-34 

D - 3 4  

D - 3 4  
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0-34 
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D-34 

D-34 

D-34 

D-34 
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D-5 

D-5  

D - 5  
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0-5 

L;ose con..rersion f a c t o r s  f o r  i n h a l a t i o n ,  nrem/pCi: 

Ra-228 AD 

Th-228+D 

Th-232 

Dose i.on~;e - s lo r  f i r t o r s  f g r  i ? g e s t i o n ,  mrer,/pCi: 
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Focd t r a n s  -er f a c t e r s  : 
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Th-232 , p ? ; n t / s s i l  c .o?cent ra t i sn  r a t i c ,  dimensisn!ess 

T h - 2 3 2  , Sef . f / I1 . Ies tock- in take  r a t i o ,  i p C i / k g )  /!p::/ol 

Th-232 , r n i l k / l i v e s ; o ~ k - i n t a k e  r a t i o ,  lpCi/Lj / ipCi/51 

B i c a c c m u 1 , : t i o r  f a c t o r s ,  f r e s h  w a t e r ,  L/:rg:  
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E-5 I 
D-5 I T t - 2 3 2  , f i s h  

D-5 I Th-232 , c rxs t acea  a r d  rricl:usks 

3.770E-53 

3.  i 2 0 E - 0 1  

i.6iCP+00 

ccF'2 ( 1 )  

C C F 2 i  2 )  

D C F 2 (  3 !  
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Summary : Wnittaker Site - Deep Contamination - Th-232tD 
Fi1.e 

Menu 
- 
R011 

Roll 

Roll 

Roll 

Roll 

Roll 

Roll 
Roll 

Roll 

Roll 
Roll 

Roll 
Roll 

Roll 

R012 

R012 
R012 

R012 

R012 

R012 

R013 

R013 
R013 

R013 
R013 

R013 

R013 

R013 

R013 
R 0 1 3  

R013 

R013 
R013 

R013 

R013 

R013 

R013 

R013 

R014 

R014 
R014 

R014 

R014 

R014 

R014 

R014 

R014 

: Iz’hittaker deep - Th.RAD 

Site-Specific Parameter Summary 

Parameter 
I User I 
I Input [ Default 

Area of contaminated zcne (m**2) 

Thickness of contaminated zone (m) 
Length parallel to aquifer flow (m) 
Basic radiation dose limit (mrem/yr) 

Time since placement of material (yr) 
Times fcr calculations (yr) 

Times for calculations (yr) 

Times for calculations (yr) 

Times for calculations ( y r )  

Times for calculations (yr) 

Times fcr calculations (yr) 

Times for calculations (yr) 

Times for calculations lyr) 

Times for calculations [ y r )  

Initial principal radicnuclide (pCi/g): Ra-228 

Initial principal radionuclide (pCi/g): Th-22E 
Initial principal radionuclide (pCi/g): Th-232 

Concentration in groundwater (pCi/L): Ra-228 

Concentration in groundwater (pCi/L): Th-228 

Concentration in graundwater (pCi/L): Th-232 

Cover depth (m) 

Density of cover material (g/cm**3) 

Cover depth erosion rate (m/yr) 

Density of ccntaminated zone (g/cm**3) 
Contaminated zone erosion rate (m/yr) 

Contaminated zone total porosity 

Contaminated zone field capacity 

Contaminated zone hydraulic conductivity lm/yr) 

Contaminated zane b parameter 
Average annual wind speed (m/sec) 

Humidity in air (g/m*+3) 
Evapotranspiration coefficient 

Precipitation (m/yr) 

Irrigaticn (m/yr) 

Irrigaticn mcde 

Runoff coefficient 
Watershed area for nearby stream or Fond (m**2) 

Accuracy for water/soil computations 

Density cf saturated zcne (g/cm**3) 

Saturated zone total porosity 
Saturated zone effective porosity 

Saturated zone field capacity 

Saturated zone hydraulic conductivity [m/yr) 

Saturated zone hydraulic gradient 

Saturated zone b parameter 

Water table drop rate (m/yr) 

Well pump intake depth (m below water table) 

1.000E+00 I 1.000E+00 
3.000Et00 I 3.000E+00 
1.000Et01 I 1.000E+01 
3.000E+01 I 3.000E+01 

3.000E+02 I 3.000E+02 
1.000Et03 I 1.000Et03 
not used I O.OOOE+OO 
not used I O.OOOE+OO 

1.000Et02 I 1.000E+02 

I 
7.000Et00 I O.OOOE+OO 
7.000Et00 I 0.000EtOO 
7.000E+00 I 0.000E+00 
not used I O.OOOE+OO 
not used I 0.000E+00 
nct used I 0.000E+00 

I 
0.000E+00 I O.OOOE+OO 
not used I 1.500Et00 
not used I 1.000E-03 
1.800E+00 I 1.500E+00 
1.000E-03 I 1.000E-03 
4.000E-01 I 4.000E-01 

I 2.000E-01 I 2.000E-01 
I 1.250Et02 I 1.000E+01 
I 5.300E+00 I 5.300E+00 
I 4.500Et00 I 2.000E+00 
I not used I 8.000E+00 
I 9.000E-01 I 5.000E-01 
I 9.800E-01 I 1.000E+00 
I 2.000E-01 I 2.000E-01 

I overhead I overhead 
I 4.900E-01 I 2.000E-01 
I 7.500Et04 I 1.0OOE+06 
I 1.000E-03 I 1.000E-03 
I I 
I 1.700Et00 I 1.500E+00 
1 4.000E-01 I 4.000E-01 
I 2.000E-01 I 2.000E-01 
I 2.000E-01 I 2.000E-01 
I 5.000E+01 I 1.000E+02 
I 4.700E-02 I 2.000E-02 
I 5.300E+00 I 5.300E+00 

I 1.000E-03 I 1.000E-03 
I 7.500Et00 I 1.OOOE+O1 

Used by RESRAD [ Parameter 

(If different from user input) I Name 
I 

TPSZ 

EPSZ 

FCS Z 

HCSZ 
HGWT 

BSZ 

VWT 

DWI BW’I 
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Sunvary : W h i t t a h : r  S i t e  - Deep Contaminat ior  - Tt-232+0 

F i l e  : W h i t t a k i : r  deep - Ti-..?AD 

S I 7. e -5 p e c i f i c Pa r a m  t e r C ~ n r i a  r) < :'.an i i n u  e d ) 

I I User I I Used b y  RESRAC I ?arar:eter 

Mezu I Pararneter I I-.pat I Defai:lt I ( i f  d i f f e r f c t  from u s e r  i z p u t )  I Narc 

R 0 1 5  I Nmber of , !nsa tc rz ted  zone s t r a t a  

R O l i  I ;Insat. zcn' 1 ,  thick-ess (a; 

R 0 1 5  I ;Insat. zcc. 1,  s o i l  d e n s i t y  Iq/crnt*3) 

R015 I J n s a t .  ZCL.- 1 ,  i o t a 1  p r o s i ' y  

R O l 5  I g n s a t .  zcn:. 1, e f f e c t i v e  p o r o s i t y  

R O l 5  I J n s a t .  zon:- 1, f i e l d  c a p a c i t y  

R O l i  I :Insat. zc-: 1 ,  s o i l - s p e c i f i c  b parameter 

R O l 5  I J n s a t .  zcn. 1 ,  h ) .drac i ic  c5ndLct i - J i ty  :p/!!r; 

R C 1 6  1 2 i s t r i b ; t i ( , n  c s f f f i c i e n t s  f o r  3;-229 

ed z3r.e (cm**3/g) 

R016 I U n s a t s r z l o d  zo?e 1 (cm*'?/gi 

R0:6  I S a t u r a t e d  zone (cm" i /g )  

R 0 1 6  I Leac?. r a l e  ( / y r )  

R 0 1 6  I S o l t i b i l i l y  c s n s t a n t  

I 
PO16  I Cis:ribdti!,n c c e f f i s i e n t s  fo r  Th-228 

R 0 1 6  I Cs? ta r in . : t ed  zcne icn'*?/g) 

R C 1 6  I U n s a t u r a t e d  zone 1 ; c n - - ? / y : ~  

RC16 I Saticrateci zone (cn i '3 /q)  

R 0 1 6  I Leack :ale I / y r )  

R 0 1 6  I S o l u b i l i l  y cn r . s ta? t  

I 
R 0 1 6  I C i s t r i k u t i ; : n  c s e f f i c i e n t s  f c r  Th-232 

R C 1 6  I Coitarnin.,ted zo7.e ( c m * * ? / g )  

EO16 I Up.sat,:raled zo?e 1 ; c m * - ? / g j  

R 0 1 6  I Satiirateci zo?e (ctn'-?,'qI 

E316 I Leact  r a t e  ( / y r i  

R 0 1 6  I S a l u k i l i l  y c z n s t a i t  

I 
R 0 1 7  I i n h a l a t i o n  r a t e  [ t r , * * j / y r ;  

R 0 1 7  I Nass loaditlq for i n h a l a t i o ?  (U/rrii31 

~ 3 1 7  I ~ x p o s u r e  d i ~ r a t i o n  

R 0 1 7  I S k i e l d i q g  i a c t c r ,  i n h a l a t i o -  

R 0 1 7  I S h i e l d i n g  i a c t o r ,  e x t e r n a l  gamma 

R 0 1 7  I F r ac t ion  91 time s p e n t  indoors  

R01i I ' r ac t jon  ? I  t i n e  s p e n t  ou tdoor s  !on s i t e i  

~ 3 1 '  I Shape f a c t . . r  f l a g ,  exce rna l  gamma 

1 )  

i ;  

1 , i )  

i i  

11 

l i  

31 

3 ,  I )  

? I  
31 

? !  
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Summary : .Whittaker Site - Deep Contamination - Th-232+D 
File : W'hittaker deep - Th.RAD 

Site-Specific Parameter Summary (continued) 

I User I I Used by RESRAD I Parameter I 
Menu I Parameter I Input I Default I (If different from user input) I Name 

I I I I I 
I I I 

R017 I Radii of shape factor array (used if FS = -1): I I I 
R017 I Outer annular radius (m), ring 1: I not used 1 5.000E+01 I 
R017 I Outer annular radius (m), ring 2: I not used I 7.071E+01 I 
R017 I Outer annular radius (m), ring 3: I not used I 0.000E+00 I 
R017 I Outer annular radius (m), ring 4: I not used I 0.000E+00 I 
R017 

R017 

R017 

R017 

R017 
R017 

R017 

R017 

R017 

R017 

R017 
R017 

R017 

R017 

RO17 

R017 

R017 

R017 

R017 

R017 
R017 

R018 

R018 

R018 
R O l 6  

ROlE 

R018 

R018 

Role 
ROlE 

R01 E 

R018 

R018 

R01 e 
R018 

Role 
R016 

R019 

R019 

R019 

R019 

R019 

Outer annular radius 

Outer annular radius 

Outer annular radius 

Outer annular radius 

Outer annular radius 
Outer annular radius 

Outer annular radius 

Outer annular radius 

(m), ring 5: 

(m), ring 6: 
(m), ring 7: 

(m), ring 8: 
(m), ring 9: 
(m), ring 10: 
(m), ring 11: 
(m), ring 12: 

Fractions of annular areas within AREA: 
Ring 1 

Ring 2 
Ring 3 

Ring 4 

Ring 5 

Ring 6 
Ring 7 
Ring 8 

Ring 9 

Ring 10 

Ring 11 
Ring 12 

Fruits, vegetables and grain consumption (kg/yr) 

Leafy vegetable consumption (kg/yr) 

Milk consumptian (L/yr) 
Meat and poultry consumption (kg/yr) 

Fish consumption (kg/yr) 

Cther seafood consumption (kg/yr) 

Soil ingestion rate (g/yr) 
Drinking water intake (L/yr) 
Contamination fraction of drinking water 

Contamination fraction of household water 

Contamination fraction of livestock water 

Contamination fraction of irrigation water 

Contamination fraction of aquatic food 

Contamination fraction of plant food 
Contamination fraction of meat 

Contamination fraction of milk 

Livestock fodder intake for meat (kg/day) 

Livestock fodder intake for milk (kg/day) 

Livestock water intake for meat (L/day) 
Livestock water intake for milk (L/day) 

Livestock soil intake (kg/day) 

nct used 

not used 
not used 

not used 

not used 
nct used 

not used 

not used 

not used 

not used 
not used 

not used 

not used 

nct used 

not used 

not used 

not used 

not used 

not used 
not used 

O.OOOE+OO 

0. OOOEiOO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

1.000Et00 

2.732E-01 

O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 

0.00OEt00 
O.OOOE+OO 

O.OOOE+OO 

0.000Et00 

O.OOOE+OO 
O.OOOE+OO 

not used I 1.600E+02 
not used I 1.400E+01 
nct used I 9.200E+01 
nct used I 6.3OOE+Ol 
not used I 5.400E+00 
not used I 9.000E-01 
3.650E+01 I 3.650E+01 
5.100E+02 
1.000E+00 

not used 

not used 

not used 

nct used 

nct used 

not used 
not used 

not used 

nct used 

not used 

not used 

not used 

5.100E+02 
1.000E+00 

1.000EtOO 
1,00OE+00 

1.000E+00 

5.000E-01 

-1 

-1 

-1 

6.800E+01 

5.500Et01 

5.000E+01 

1. EOOE+02 
5.000E-01 

I 
[ RAD-SHAPE( 1) 
I RAD-SHAPE( 2) 

I RAD-SHAPE( 3) 
I RAD-SHAPE( 4 )  

I RAD-SHAPE( 5 )  

I RAD-SHAPE( 6) 
I RAD-SHAPE( 7) 
I RAD-SHAPE( 8) 
I RAD-SHAPE( 9) 
I RAD-SHAPE(10) 
I RAD-SHAPE(11) 
I RAD-SHAPE(12) 
I 
I 
I FRACA( 1)  

I FRACA( 2) 
I FRACA( 3) 
I FRACA( 4) 
I FRACA( 5 )  

I FRACAi 6) 
I FRACA( 7) 
I FRACA( 8) 
I FRACA( 5 )  

I FRACA(10) 
I FRACA(11) 
I FRACA(12) 
I 
I DIET(1) 
I DIET(2) 
I DIET(3) 
I DIET(4) 
I DIET(5) 
I DIET(6) 
I SCIL 

I DMI 
I FDW 
I FHHW 
I FLW 
I FIRW 
I FR5 
I FPLANT 
I FMEAT 
I FMILK 
I 
I LFI5 
I LFI6 
I LW15 
I LWI6 
I LSI 



R E S 3 h 3 ,  Versio: 6 .  3 Th Limit = l e 0  d a y s  3 7 / 1 E / 2 0 C C  l l : 5 i  Page E 

St i rnary : l i h i t t a i . ? r  S:te - Ceep Contamination - Th-232+C 

F i l e  : l i l . i t t a i . : r  dpep - T?..RAD 

Cite-Specl fic F a r a ~ e t e r  S u n n a r y  : ro r , t i nued)  

I I Z s e r  I I dsed by 3ES:G.C I 'aranteter 

Her.>; I Par;n:eter I Input I 2 e f a u l t  I ( I f  d i f f e r e n t  frorr :~ser i n p c t )  I Kare 

R01C 

R01 C 

R 3 1 9  

Rl CE 

R 1  GE 

R 1  ? E  

R I S E  

R15E 

R19E 

R l 4 E  

R15E 

R15E 

R l S E  

R 1  G E  

R 1  G E  

R 1 5 E  

R 1 9 E  

R 1 5 E  

R 1  4 E  

C i  4 
C14 

C14 

C14 
C14 

r.14 
C? 4 

C i  4 

Ci4 

C l i  

STCR 

STCR 
STCR 

STCR 

STCR 

STCR 

STCR 

STCR 

STCR 

STCR 

R 0 2 1  

R 0 2 1  

R 0 i  'I 

Fouse'1old ; : a te r  f r ac t io :  frcrr, greund ' . i a t c r  

L i :.;e s t c r 'e r:a t E r f r i C: i en f rcn g re u nd '.;.at e r 
I r r i q a t i o n  f r a c t  ion f ron  grcund :rater 

\ \ 'et weigh: crop  y i e l d  for Ncn-Leaf!; I k q / r n i ' 2 )  

Wet :.!eight crop y i e l a  f o r  Leafy I kq/nA '2) 
b:et weigh: c r o p  : , i e lo  f o r  Fcdder Ikg/mi'21 

G r 0 w i r . g  Sectsox f o r  ?;on-Leaf;; (years1  

Growicg Se<lser  f o r  Leaf:y ( y e a r s :  

i ro i i i?g S e # ~ s c - .  f o r  Fodder (years: 

Trans1ocat:ox F a c t o r  f o r  Kon-Leafy 

Transl2,cat  : 3 n  Fact3r  f c r  Leaf;; 

Trar -s loca t  ,on  F a c t o r  f o r  Fodder 

3r j -  F o l l a r  : ? t e rcep t ion  F rac t ion  for  Nan-Leaf!, 

D r y  Foliar I x t e r c e p t i o n  F rac t ion  f o r  Leafy 

Dry Foliar I.?:erception F rac t ion  f o r  Fodder 

!\'et Fsliar I n t e r c e g t i s n  F r a c t i o ?  f.sr Nan-Leaf) 

Ket Foliar 1P:erception F r z c t i o ?  f o r  Le 

icet Foliar I c t e r c e p t i o n  F rac t io?  f o r  Fodder 

?:eathering 3enloval Constant f o r  \Teaetatior. 

<. ' 

C-12 c s n c e i ~ t r a t i o n  i n  ' ; iatfr  (q/cmi*3: 
C-12 cznce i l : ra t io7  i n  contarninated s c i l  i q / q )  

Frac t ion  3 1  ,Teget;tion carbon f r cn  soil 

Frac t ion  s i  v e q e t a t i o n  carbon f r c n  a i r  
C-14 evasi : ,?  l a y e r  thickness i n  soli :nI 

C-14 s v a s i  In f l u x  r a t e  f r o n  ss i?  i i / s e c )  

C-12 e i , a s i : l n  f1:;x r a r e  from s'2il (I/sEc) 

Frac t ion  o! g r a i -  i n  beef c a t t l e  feed  

F rac t ion  a !  g r a i n  i n  mil!< cow feed  

DCF co r rec :  io?: f a c t o r  f o r  Gaseous fo rns  of 

Stc rage  tiiws cf  contmninazed f o c d s t u f f s  (da:,s) 

F r u i t s ,  i ~ o r . - l e a f y  - Jege t sb le s ,  a n d  q r a i n  

Lea f;; ve,i e t a b  1 e s 
M i l k  

Pleat and p c c l t r y  

F i s h  

Cr-s tacec i  ano rr,ol;usks 

'We 11 !.,at :: r 
S.,- , - f ace  x a t e r  

L i  ves t oc k foode r 

Thickness :jf b t i i ld ing  foundat ion  In) 

B x l k  dens:' y of bu i ld ing  fo!;?.dation : g / c m + * 3 )  

Tota l  pcr , , : i ty  o f  tP.e cover material 

-.ct i s e d  

cct csed 

r.ot ,.sed 

c c t  ;sed 

-.ct ~ s e 3  

?.ct Lsed 
rct i s e d  

T: c t L sed 

?r,t Esed 

:ot ;sed 

?.ot ;sed 

-.Dt used 

:.et used 

- c t  ;sed 

"ot  ! s e d  

:ot "sed 

-.ot ,sed 

- c t  used 

- I t  ,sed 

?ot , ised 

'ot  tised 

r . c t  ;sed 
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Summary :+?hittaker Site - Deep Contamination - Th-232tD 
Fi1.e : Iihittaker deep - Th.RAD 

Site-Specific Parameter Summary (continued) 

I User I I Used by RESRAD I Parameter I 
Menu I Parameter I Input I Default I (If different from user input) I Name 

I I I I 1 

R021 I Total pcrosity of the building fcundation 

R021 I Volumetric water content of the cover material 
RO21 I Volumetric water content of the foundation 
R021 I Diffusion coefficient for radon gas (m/sec): 
R021 I in cover material 
R021 I in foundation material 

R021 I in contaminated zone soil 
R021 I Radon vertical dimension of mixing (m) 
R021 I Average building air exchange rate (l/hr) 
R021 I Height of the building (room) (m) 
R021 I Euilding interior area factcr 
R021 I Euilding depth below ground surface (m) 
R021 I Emanating power of Rn-222 gas 
R021 I Emanating power of Rn-220 gas 

I 
TITL I Number cf graphical time points 

TITL I Maximum number of integration points for dose 
TITL I Maximum number of integration points for risk 

I nct used I 1.000E-01 I _-- I TPFL 
I not used 
I not used 
I 
I not used 
I nct used 
I not used 
I not used 
I not used 
I not used 
I nct used 
I not used 
I not used 

5.000E-02 

3.000E-02 

2.000E-06 
3.000E-07 

2.OOOE-06 

2. OOOEtOO 

5.00OE-01 

2.500Et00 
0.000E+00 

4. OOOEtOO 
2.500E-01 

--- I not used I 1.500E-01 I 
I I I 

I 
I 
I 

_ _ _  I 32 I --- 
I 17 I --- 
I 257 I --- 

--- 
--- 

PH20CV 

PH20FL 

DIFCV 
DIFFL 

DIFCZ 

HMIX 

REXG 

H Rl5 
FA1 

DMFL 

EMANA ( 1 ) 

I EMANA(2) 
I 

I LYL..w( 
I NPTS 

I KYMAX 
I I I t I 

Summary of Pathway Selections 

Pathway I User Selection 

I 

1 -- external gamma I active 

2 -- inhalation (w/o radon) I active 

3 -- plant ingestion I suppressed 

4 -- meat ingestion I suppressed 

5 -- milk ingestion I suppressed 
6 -- aquatic foods I suppressed 

7 -- drinking water I active 

8 -- soil ingestion I active 

9 -- radon I suppressed 

Find peak pathway doses I suppressed 
I 
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S u m n a r y  : l i h i t t a k i r  S j t e  - Deep Coctamination - T5-232tC 
F i l a  : : i h i t t a k i r  deep - Th.FAD 

C-n:ani:.ated Zcnc! Cimecs:ons I n i c i a l  S c i l  C c ? c e n t r a t i : n s ,  p ' : i / q  

A r e a :  1 4 1  1C.00 square ;;eters Ra-228 7.00OE t @ O  

Thickness: 7.50 nreters  T i - 2 2 6  7.000E+@O 

Caver 3=pt h : 0 .  OC ne: e r s  T:.-232 7.300Et00 
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Summary : Wnittaker Site - Deep Contamination - Th-232+D 
File : iihittaker deep - Th.RFlD 

Tctal Dose Contributicns TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
AS mrem/yr and Fraction of Total Dose At t = 0.000E+00 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground 

Radio- 
Nuclide rnrem/yr fract. 

Ra-228 1.081E+01 0.4338 
Th-228 1.284Et01 0.5150 

Th-232 6.191E-01 0.0248 

Total 2.427E+01 0.9736 

Inhalation 

mrem/yr fract. 

6.993E-03 0.0003 
3.482E-02 0.0014 

1.974E-01 0.0079 

2.392E-01 0.0096 

Radon 

mrem/yr fract. 

0.000E+00 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Plant Meat Milk Scil 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000Et00 0.0000 

0.000E+00 0.0000 

mrem/yr fract. 

0.000Et00 @ . O O O O  

0.000Et00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

rnrem/yr fract. 

0.000Et00 0.0000 
0.00OEtOO 0.0000 

0.000Et00 0.0000 

O.OOOE+OO 0.0000 

rnrem/yr fract . 

1.251E-01 0.0050 
5.719E-02 0.0023 

2.377E-01 0.0095 

4.199E-01 0.01 68 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t = O.OOOE+OO years 

Water Dependent Pathways 

Water 

Radio- 

Nuclide rnrem/yr fract. 

Ra-228 0.000E+00 0.0000 

Th-228 0 . 0 0 0 E t 0 0  0.0000 

Th-232 0.000Et00 0.0000 

Total 0.000E+00 0.0000 

Fish 

rnrem/yr fract. 

0.000E+00 0.0000 
0.000Et00 0.0000 

0.000E+O@ 0.0000 

O.OOOEt00 0.0000 

Radon 

mrem/yr fract. 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 

0.000Et00 0.0000 

Plant 

mrem/yr fract. 

0.000Et00 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 

0.000Et00 0.0000 

Meat 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOEtO0 0.0000 

O.OOOE+OO 0.0000 

0.000Et00 0.0000 

Milk 

rnrem/yr fract. 

0.000Et00 0.0000 

0.000Et00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

All Pathways* 

rnrem/yr fract. 

1.095E+01 0.4391 

1.293E+01 0.5186 
1.054E+00 0.0423 

2.493E+01 1.0000 

*Sum of all water independent and dependent pathways. 
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Stinmary : l i i i i t tak, i r  S l t e  - Deep Contamication - T:?-23?7C 

F i l e  : WhittzI:-:r deep - T:.FAD 

Inbalation 

nrerr/yr f r a c t .  

1.613E-$2 O . O > C I E  

2 . i 2 ? E - 3 ?  0.0310 
!.YP"-S1 0 . 0 0 5 9  

2.3Lir-31 @ . O ? L t  

3ad3n 

mrem/yr f r a r t  . 

0.000i ' t33 .3.33013 

0 . 0 0 C E t ~ O  0 . 0 0 0 0  

3.00GEt03 0 . 3 3 c 0  

3 . 0 0 0 E i ? 3  0.3300 

r i s h  P 1 z !-: t t 'ea+ Mi 1 k 
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Summary : Nhittaker Site - Deep Contamination - Th-232tD 
File : iihittaker deep - Th.RAD 

Tctal DOSG Contributicns TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways ( p )  

As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years 

Water Independent Pathways (Inhalation excludes radon) 

Grcund 

Radio- 
Nuclide mrem/yr fract. 

Ra-228 1.444E+01 0.5794 
Th-228 4.330E+00 0.1737 

Th-232 5.497E+00 0.2205 

Total 2.427E+01 0.9736 

Inhalation Radon 

mrem/yr fract. 

2.361E-02 0.0009 
1.174E-02 0.0005 

2.038E-01 0.0082 

2.392E-01 0.0096 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Plant Meat 

mrem/yr fract. mrem/yr fract. 

0.000E+00 0.0000 O.OOOE+OO 0.0000 
0.000E+00 0.0000 0.000E+00 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

0.000E+00 0.0000 0.000E+00 0.0000 

Milk 

mrem/yr fract. 

0.000Et00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

‘Elater 

Radio- 

Nuclide mrem/yr fract. 

Ra-228 O.OOOE+OO 0.0000 
Th-228 0.000E+00 0.0000 
Th-232 0.000E+00 0.0000 

Total 0.000E+00 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways ( p )  

As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years 

Water Dependent Pathways 

Fish Radon 

mrem/yr fract. 

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

mrern/yr fract. 

0.000E+00 0.0000 

0.000Et00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Plant 

mrem/yr fract. 

0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

Meat 

mrem/yr fract . 

0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOEtO0 0.0000 

Milk 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

Scil 

mrem/yr fract. 

1.179E-01 0.0047 
1.929E-02 0.0008 

2.827E-01 0.0113 
= 

4.199E-01 0.0168 

All Pathways* 

mrem/yr fract. 

1.458E+01 0.5850 

4.361E+00 0.1749 
5.983E+00 0.2400 

2.493E+01 1.0000 

*Sum of all water independent and dependent pathways. 
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S-rrmary : bhit takcr  Site - 3 e e ~  C o z z a r n i ~ a t i o n  - 7?,-2.32+0 

File : K?,ittakcr deep - T n . E A D  

?ado!? F i a n t  !.:eat 

S i i T i  r 

Radic -  

Nuclide n.r+n/:;r f r a c t  . 

R a - 2 2 8  0.003EtC.G 0.0030 

T h - 2 2 8  G . 0 0 3 E i C C  ii.0033 

Ti-232 C1.033E-00 9.0030 

T o t a l  5,033E+00 3 . 0 0 3 3  

SCll 

.- . .- Is3 Raao? 1'lar.t I 4 i  1 4  A l l  F I T  ?'::a\'s' 
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Summary : Nhittaker Site - Deep Contamination - Th-232tD 
File : flhittaker deep - Th.RAD 

Tctal Dose Contributicns TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years 

Water Independent Pathways (Inhalation excludes radon) 

Grcund 

Radio- 
Nuclide mrem/yr fract. 

Ra-228 8.058E-01 0.0323 
Th-228 2.443E-04 0.0000 
Th-i3i i.345E+01 0.9412 

= 

Total 2.426E+O1 0.9736 

Inhalation 

mrem/yr fract. 

1.586E-03 0.0001 
6.625E-07 0.0000 

2.376E-01 0.0095 

2.302E-01 0.0096 

Radon 

mrem/yr fract. 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
0.000Et00 0.0000 

O.OOOEtO0 0.0000 

Plant Meat 

mrem/yr fract. mrem/yr fract. 

O.OOOE+OO 0.0000 0.000E+OO 0 .0000  

0.000E+00 0.0000 0.000E+00 0.0000 
0.000Et00 0.0000 O.OOOE+00 0.0000 

0 . 0 0 0 ~ + 0 0  0.0000 0.000E+00 0 .0000  

Milk Scil 

mrem/yr fract. 

0.000E+00 0.0000 
0.000Et00 0.0000 

0.000Et00 0.0000 
= 

O.OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways ( p )  

As mrem/yr and Fraction of Total Dose At t = 3.000€+01 years 

Water Dependent Pathways 

Water 
Radio- 

Nuclide mrem/yr fract. 

Ra-228 0.000E+00 0.0000 
Th-228 0.000E+00 0.0000 

Th-i32 O.OOOE+OO 0.0000 

Total 0.000E+00 0.0000 

Fish 

mrem/yr fract. 

O.OOOE+OO 0.0000 

0.000E+OO 0.0000 
0.000EtOO 0.0000 

0.000Et00 0.0000 

Radon 

mrem/yr fract. 

0.000E+00 0.0000 

0.000Et00 0.0000 
0.000Et00 0.0000 

O.OOOE+OO 0.0000 

Plant Meat Milk 

mrem/yr fract. 

5.652E-03 0.0002 

1.088E-06 0.0000 
4.14iE-01 0.0166 

= 

4.108E-01 0.0168 

All Pathways* 

mrem/yr fract. 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

= 

0.000E+00 0.0000 

mrem/yr fract. 

0.000E+OO 0 .0000  

O.OOOE+OO 0 .0000  

O.OOOE+OO 0 .0000  

= 

O.OOOE+OO 0 .0000  

mrem/yr fract. 

O.0OOE+00 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

mrem/yr fract. 

8.130E-01 0.0326 

2.461E-04 0.0000 

2.410€+01 0.9674 

2.402Et01 1.0000 

*Sum cf all water independent and dependent pathways. 
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Summary : %hittaker Site - Deep Contamination - Th-232+D 
File : ;hittaker deep - Th.RAD 

Tctal Dose Contributicns TDOSE(i,p,t) for Individual Radionuclides ( i )  and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground 

Radio- 
Nuclide mrem/yr fract. 

Ra-228 5.787E-15 0.0000 
Th-228 O.OOOE+OO 0.0000 
Th-232 2.426E+O1 0.9736 

Total 2.426E+01 0.9736 

Inhalation Radon Plant Meat Milk Scil 

mrem/yr fract. 

1.139E-17 0.0000 

O.OOOE+OO 0.0000 
2.392E-01 0.0096 

2.392E-01 0.0096 

mrem/yr fract. 

0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

mrem/yr fract . 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

= 

0.000E+00 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

Water 
Radio- 

Nuclide mrem/yr fract. 

Ra-228 0.000E+00 0.0000 

Th-228 O.OOOE+OO 0.0000 
Th-232 O.OOOE+OO 0.0000 

Total 0.000E+00 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (ii and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years 

Water Dependent Pathways 

Fish Radon Plant Meat Milk 

mrem/yr fract . 

4.059E-17 0.0000 

0.000E+00 0.0000 
4.198E-01 0.0168 

= 

4.19EE-01 0.0168 

All Pathways* 

mrem/yr fract. 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

mrem/yr fract. 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

mrem/yr fract. 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

= 

O.OOOE+OO 0.0000 

mrem/yr fract. 

5.83aE-15 0.0000 

O.OOOE+OO 0.0000 
2.492E+01 1.0000 

2.492E+01 1.0000 

*Sum of all water independent and dependent pathways 
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Summary : %Knittaker Site - Deep Contamination - Th-232+D 
Fi1.e : ihittaker deep - Th.RAD 

Doss/Source Ratios Summed Over All Pathways 

Parent and Progeny Principal Radionuclide Contributions Indicated 

Parent Product Thread DSR(j,t) At Time in Years (mrem/yr)/(pCi/g) 

li) (j) Fraction 0.000€+00 1.000E+00 3.000€+00 1.000€+01 3.000E+01 1.000E+O2 3.000E+02 1.000E+03 

Ra-228+D Ra-228+D 1 .000€+00  1.223E+OO 1.084€+00 8.518E-01 3.661E-01 3.280E-OZ 7.063E-06 2.355E-16 0.000E+00 

Ra-228+D Th-228+D 1.000E+00 3.405E-01 6.288E-01 1.232€+00 8.569E-01 8.334E-02 1.796E-05 5.986E-16 0.000E+00 

Ra-228+D CDSR (j 1.564€+00 1.913€+00 2.083€+00 1.223E+00 1.161E-01 2.502E-05 8.341E-16 O.OOOE+OO 

Th-228+D Th-228+D 1.000€+00 1.847Et00 1.286E+00 6.225E-01 4.932E-02 3.515E-05 3.399E-16 0.000€+00 0.000€+00 

Th-232 Th-232 1.000€+00 6.115E-02 6.115E-02 6.115E-02 6.115E-02 6.115E-02 6.115E-02 6.115E-02 6.115E-02 

Th-232 Ra-228+D 1.000E+00 7.521E-02 2.141E-01 4.464E-01 9.317E-01 1.265E+OO 1.298E+00 1.298Ei-00 1.298E+00 
Th-232 Th-228+D 1.000€+00 1.424E-02 8.735E-02 3.472E-01 1.295E+00 2,117€+00 2.201E+00 2.201E+00 2.200Et00 
Th-232 CDSR ( j ) 1.506E-01 3.626E-01 8.547E-01 2.288E+OO 3.443€+00 3.555E+00 3.555E+00 3.555€+00 

~~ ~~ 

The DSR includes contributions from associated (half-life S 180 days) daughters. 

Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

Basic Radiation Dose Limit = 2.500Et01 mrem/yr 

Nuclide 
(i) t= 0.000E+OO 1.000E+00 3 .000€+00  1.000E+01 3.000€+01 1.000E+02 3.000E+02 1.000€+03 

Ra-228 1.599€+01 1.307E+01 1.200€+01 2.044E+01 2.152€+02 9.993€+05 *2.726€+14 *2.726€+14 

Th-528 1.353€+01 1.944E+01 4.013E+01 5.069€+02 7.112€+05 *8.195€+14 *8.195E+14 *8.195E+14 

Th-232 1.660Et02 6.894E+01 2.925E+01 l.O93E+01 7.260€+00 7.024E+00 7.024€+00 7.024€+00 

*At specific activity limit 

Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/(pCi/g) 
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

at tmin = time cf minimum single radisnuclide sail guideline 
and at tmax = time cf maximum total dose = 0 .000€+00  years 

Nuclide Initial tmin DSR (i, tmin) G (i, tmin) DSR (i, tmax) G (i, tmax) 

(i) (pCi/g) (years) 1 pCi /g 1 (pCi/g) 

Ra-228 7.000€+00 2.698 f 0.005 2.087E+00 1.198E+01 1.564E+00 1.599E+Ol 

Th-228 7.000E+00 0.000E+00 1.847€+00 1.353€+01 1.847E+00 1.353€+01 

Th-232 7.000€+00 119.5 f 0.2 3.559€+00 7.024E+00 1.506E-01 1.660E+02 
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Filf : Whittaker deep - U-23ED.RAD 
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Summary : Whittaker Site - Deep Ccntamination - U-238+D 
Filf : W’hittaker deep - U-238D.RAD 

Menu 

0-5 ’ U-234 
D-5 U-234 

D-5 ’ 
D-5 ’ U-23E 
D-5 U-238 

D-5 
D-5 ’ U-238+D 
D-5 U-238+D 

Dose Conversion Factor (and Related) Parameter Summary [continued) 
File: FGR 13 MORBIPITY 

Parameter 

Current Base 

Value Case* 

Parameter 

Name 

, fish 1.000E+01 1.000E+01 BIOFAC( 4 , l )  

, crustacea and mcllusks 6.000E+01 6.000E+01 BIOFAC( 4,2) 
f 3 3 

, fish 1.000E+01 1.000E+01 BIOFAC( 5 , l )  

, crustacea and mollusks 6.000Et01 6.000E+01 ’ BIOFAC! 5 , 2 )  
3 I 1 

, fish 1.000E+01 1.000E+01 BIOFAC( 6,l) 

, crustacea and mollusks ’ 6.000E+01 ’ 6.000E+01 BIOFAC( 6,2) 

f f f f f f f f f f f i f f f f f f f f f ~ i f f f f f f f f f f f ~ f f f f f f f f f f f f f f f f f f f ~ f f f f f f f f f f f f f f ~ f f f f f f f f ~ f f f f f f f f f f f f ~ f f f f f f f ~ f f f f f ~  
*Base Case means Default.Lib w/o Associate Nuclide contributions. 



ROli 

RC14 

R O l i  

R C l i  

ROli 
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Sumgnary : kihittaker Site - Deep Ccntamination - U-238+D 
File : Whittaker deep - U-238D.RAD 

.. 

Site-Specific Parameter Summary (continued) 

User 3 Used by RESRAD Parameter 

Menu Parameter Input Default ’ (If different from user input) Name 

R014 Saturated zone hydraulic gradient 

R014 ’ Saturated zone b parameter 
R014 Water table drop rate (m/yr) 

ROld Well pump intake depth (m below water table) 

R014 Model: Nondispersion (ND) or Mass-Balance (MB) 

R014 Well pumping rate (m**3/yr) 

R015 Number of unsaturated zone strata 

R015 ’ Unsat. zone 1, thickness (m) 
R015 ’ Unsat. zone 1, soil density (g/cm**3) 
R015 Unsat. zone 1, total porosity 
R015 Unsat. zone 1, effective porosity 

R015 ’ Unsat. zcne 1, field capacity 
R015 Unsat. zone 1, soil-specific b parameter 

R015 Unsat. zone 1, hydraulic conductivity ( m / y r )  
3 

R016 Distribution coefficients for Pb-210 

R016 Ccntaminated zone (cm**3/g) 

R016 ’ Unsaturated zone 1 (cm**3/g) 
R016 Saturated zone (cm**3/g) 

R016 Leach rate (/yr) 

R016 ’ Solubility constant 

R016 Distribution coefficients fcr Ra-226 

R016 Contaminated zone (cmt’3/gl 

R016 Unsaturated zone 1 (cm**3/g) 
R016 Saturated zone (cm**3/g) 
R016 ’ Leach rate (/yr) 

R016 ’ Solubility constant 

R016 ’ Distribution coefficients for Th-230 
R016 Contaminated zone (cm**3/g) 

R016 Unsaturated zone 1 (cm**3/g) 

R016 ’ Saturated zone (cm**3/g) 

R016 Leach rate (/yr) 

R016 ’ Solubility constant 
I 

R016 ’ Distribution coefficients for U-234 
R016 Contaminated zone (cm**3/g) 

R016 Unsaturated zone 1 (cm‘*3/g) 

R016 ’ Saturated zone (cm**3/g) 
R016 Leach rate (/yr) 

R016 Solubility constant 

R016 

R016 

R016 
R016 

R016 

R016 
R017 

R017 

R017 

R017 

Distribution coefficients for U-238 

Contaminated zone (cm‘*3/g) 

Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 

Leach rate (/yr) 

Solubility constant 
Inhalation rate (m**3/yr) 

Mass loading for inhalation (g/m**3) 

Exposure duration 
Shielding factor, inhalaticn 

’ 4.700E-02 ’ 2.000E-02 ’ 
’ 5.3006+00 ’ 5.500E+00 ’ 
1.000E-03 ’ 1.000E-03 ’ 

’ 7.500E+00 ’ l.OOOE+Ol 
’ ND ND 

’ not used 2.500E+02 

J 

3 1 3 

3 1  3 1  3 

’ 4.000E+00 4.000E+00 

1.500E+00 1.500E+OO 
’ 4.000E-01 4.000E-01 ’ 
2.000E-01 ’ 2.000E-01 ’ 

’ 2.000E-01 2.000E-01 ’ 
5.300E+00 5.300E+00 

1.000E+01 1.000E+01 
3 1 3 

3 1 3 

1.000E+02 1.000E+02 ’ 
1.000E+02 ’ 1.000E+02 ’ 

’ l.OOOE+OZ 1.000E+02 ’ 
’ O.OOOE+OO 0.000E+00 ’ 
’ 0.000E+00 ’ 0.000E+00 

1 

1 1 3 

’ 7.000E+01 7.000E+01 ’ 
7.000E+01 7 . 0 0 0 E + 0 1  

’ 7.000E+01 7.000E+01 

’ O.OOOE+OO O.OOOE+OO 

’ O.OOOE+OO O.OOOE+OO 

3 3 3 

6.000E+04 6.000E+04 

6.000E+04 ’ 6.000E+04 ’ 
6.000E+04 ’ 6.000E+04 

’ O.OOOE+OO ’ O.OOOE+OO ’ 
O.OOOE+OO O.OOOE+OO ’ 

3 

5.000E+01 5.000E+01 

5.000E+01 5.000E+01 

’ 5.000E+01 5.000E+01 ’ 
O.OOOE+OO ’ 0.000E+00 ’ 
0.000E+00 ’ 0.000E+00 ’ 

1 1 

I 3 3 

5.000Ec01 5.0OOE+Ol 

5.000E+01 5.000E+01 
5.000E+01 5.000E+01 ’ 
O.OOOE+OO O.OOOE+OO ’ 
O.OOOE+OO 0.0006+00 

1.165E+04 8.400E+03 ’ 
1.000E-04 1.000E-04 ’ 
3.000E+01 3.0006+01 
4.000E-01 ’ 4.000E-01 

-_- 
_ _ _  
_ _ _  

5.1776-05 

not used 

_ _ _  
_ _ _  

7.392E-05 

nct used 

-_- 
8.6356-08 

not used 

_ _ _  
_ _ _  
_ _ _  

1.034E-04 

not used 

HGWT 
BSZ 

VWT 

DWIBWT 

MODEL 

3 UW 
1 

NS 

H ( 1 )  

DENSUZ 
’ TPUZ I1 
EPUZ(1 

FCUZ(1 

BUZ(1) 

HCUZ(1) 

3 

DCNUCC( 11 

DCNUCU( 1,l) 
DCNUCS( 1) 

’ ALEACH( 1 )  
SOLUEK( 1) 

DCNUCC( 2 )  

DCNUCU( 2,l) 

DCNUCS( 2) 
ALEACH( 2) 

SOLUBK( 2 )  

3 

DCNUCC( 3) 
’ DCNUCU ( 3,l) 
DCNUCS( 3) 
ALEACH( 3) 

’ SOLUBK( 3) 

’ DCNUCC( 4) 
DCNUCU( 4,l) 

’ DCNUCS( 4) 
ALEACH( 4) 

SOLURK( 4) 
3 

x 

DCNUCC( 5) 

DCNUCU ( 5,l) 
’ DCNUCS( 5) 
’ ALEACH( 5) 
’ SOLUBK( 5) 
’ INHALR 
’ MLINH 
’ ED 
’ SHF3 
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Summary : Whittaker Site - Deep Ccntamination - U-238+D 
Filf : WAittaker deep - U-238D.RAD 

Site-Specific Parameter Summary (continued) 

User ’ 3 Used by RESRAD Parameter 

Menu Parameter 3 Input Default (If different from user input) Name 

R017 Shielding factor, external gamma ’ 5.512E-01 7.000E-01 ’ 
R017 Fraction of time spent indoors ’ 2.300E-01 ’ 5.000E-01 
R017 Fracticn cf time spent outdccrs (on site) ’ 1.000E-01 2.500E-01 ’ 
R017 Shape factor flag, external gamma 1.000E+00 ’ l.OOOE+OO ’ 
R017 Radii of shape factor array (used if FS = -1): I 

R017 Outer annular radius (m), ring 1: not used 5.000E+01 ’ 
R017 Outer annular radius ( m ) ,  ring 2: not used 7.071E+Ol 

R017 Outer annular radius (m), ring 3: not used 0.000E+00 ’ 
R017 Outer annular radius (m), ring 4: not used 0.000E+00 ’ 
R017 Outer annular radius lm), ring 5: not used ’ 0.000E+00 
R017 Outer annular radius lm), ring 6: not used ’ 0.000E+00 
R017 Outer annular radius lm), ring 7: not used 0.000E+00 
R017 Outer annular radius (m), ring 8: not used 0.000E+00 

R017 Outer annular radius (m), ring 9: not used 0.000E+00 

R017 Outer annular radius lm), ring 10: not used 0.000E+00 ’ 
R017 Outer annular radius lm), ring 11: not used 0.000E+00 

R017 Outer annular radius Im), ring 12: not used 0.000E+00 
9 3 

R017 Fractions of annular areas within AREA: 3 I 3 

R017 ’ Ring 1 not used 1.000E+00 

R017 Ring 2 not used 2.732E-01 

R017 ’ Ring 3 not used ’ O.OOOE+OO 
R017 Ring 4 ’ not used O.OOOE+OO 

R017 ’ Ring 5 not used 0.000Et00 ’ 
R017 Ring 6 not used 0.000E+00 ’ 
R017 Ring 7 ’ not used ’ O.OOOE+OO 
R017 Ring 8 not used 0.000E+00 

R017 Ring 9 not used 0.000E+00 

R017 Ring 10 not used O.OOOE+OO 

R017 Ring 11 not used O.OOOE+OO ’ 
R017 Ring 12 ’ not used 0.000E+00 ’ 

R018 Fruits, vegetables and grain consumption (kg/yr) not used 1.600E+02 ’ 
R018 Leafy vegetable consumpticn (kg/yr) not used 1.400E+01 

R018 Milk consumption (L/yr) not used ’ 9.200E+01 
R018 Meat and poultry consumption lkg/yr) not used ’ 6.300E+01 
RO18 Fish consumption (kg/yr) not used 5.400E+00 

R018  Other seafood consumption (kg/yr) not used ’ 9.000E-01 
R018  Soil ingestion rate (g/yr) 3.650E+01 3.650E+01 ’ 
R018 Drinking water intake (L/yr) 5.100E+02 ’ 5.100E+02 
R018 Contamination fraction of drinking water l.OOOE+OO ’ 1.000E+00 
R018 Contamination fraction of household water not used 1.000E+00 

R018 Contamination fraction of livestock water not used 1.000E+00 

R018 Contamination fraction of irrigation water not used 1.000E+00 ’ 
R018 ’ Contamination fraction of aquatic food not used 5.000E-01 

R018 Contamination fraction of plant food not used >-l I 

R018 Contamination fraction of meat not used 3-1 3 

R018 Contamination fraction of milk not used ’-1 I 

3 3 

ROlSl Livestock fodder intake for meat (kg/day) not used 6.800E+01 

_ _ _  
--- 
__- 

20 shows circular AREA. 

SHFl 
’ FIND 
FOTD 

FS 
I 

RAD-SHAPE( 1) 

RAD-SHAPE I 2) 
RAD-SHAPE ( 3) 

RAD-SHAPE( 4) 

’ RAD-SHAPE ( 5) 
’ RAD-SHAPE I 6) 

’ RAD-SHAPE( 7) 
RAD-SHAPE ( 8 )  

’ RAD-SHAPE ( 9) 

RAD-SHAPE ( 10 ) 

’ RAD-SHAPE (11) 
RAD-SHAPE (12) 

1 

’ FRACA[ 1 )  
’ FRACA( 2) 
’ FRACA( 3) 
’ FRACA( 4) 
’ FRACA( 5) 
’ FRACA( 6 )  

FRACA( 7) 
FRACA( 8) 

FRACAI 5 )  

’ FRACA ( 10) 
FRACA(11) 

FRACA I 12 ) 

DIET111 

DIET(2) 

DIET(3) 

DIET141 

DIET(51 

DIET(6) 

3 SOIL 
DWI 

’ FDI 
FHHW 

’ FLW 
’ FIRW 
’ FR9 
’ FPLANT 
’ F’MEAT 
’ FMILK 

LFI5 



- , ,  A- 

Rl CE 

R1CE 

RlCE 

R19E 

R14E 

R l O E  

R l 5 E  

c 1 4  

C l i  

C 1 4  

c1; 
C 1 4  

c14 

C l i  

CI 4 

C l i  

C l i  

STCR 

SYCR 

I bR 

STCR 

FTCK 

STCR 

STCR 

STCR 

STCR 

STCh 

e-r .  
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Summary : Wiiittaker Site - Deep Ccntamination - U-238+D 
File : dhittaker deep - U-238D.RAD 

Site-Specific Parameter Summary (continued) 

3 3 User J Used by RESRAD Parameter 

Menu Parameter Input Default ’ (If different from user input) Name 

’ FLOOR1 
R021 Bulk density of building foundation (g/cm**3) 3 not used 2.400E+00 -__ ’ DENSFL 
R021 Total pcrcsity of the cover material not used 4.000E-01 _ _ _  TPCV 

TPFL 

R021 ’ Thickness of building foundation (m) 3 not used 1.500E-01 _ _ _  

R021 Total porosity of the building foundation not used 1.000E-01 _ _ _  
R021 Volumetric water content of the cover material not used 5.000E-02 

R021 Volumetric water content of the foundation not used 3.000E-02 ’ 
R021 Diffusion coefficient for radon gas (m/sec): 3 3 

R021 in ccver material ’ not used 2.000E-06 ’ 
R021 in foundation material 

R021 in contaminated zone soil 
R021 ’ Radon vertical dimension of mixing (m) 
RG21 ’ Average building air exchange rate (l/hr) 
RG21 Hei~ht cf the building Irccm) (m) 

R021 Building interior area factor 

R021 Building depth below ground surface (m) 

R021 Emanating power of Rn-222 gas 

not used ’ 3.000E-07 
not used 2.000E-06 
not used 2.000E+OO 

not used 5.000E-01 

not used 2.500E+00 

not used 0.000E+00 

not used 3-l.000E+00 

not used 2.500E-01 

PHZOCV 

PH20FL 
I 

DIFCV 

’ DIFFL 
’ DIFCZ 
’ HMIX 
’ REXG 
’ HRM 
FA1 

’ DMFL 
’ EMANA(1) 

R021 Emanating power of Rn-220 gas not used 1.500E-01 EMANA(2) 
3 3 J 

TITL Number of graphical time points 3 32 3 _ _ _  2 

TITL Maximum number of integration points for dose 17 3 _ _ _  3 

NPTS 

3 LYMAX 

KYMAX TITL Maximum number of integration points for risk ’ 257 ’ --- _ _ _  
f f f f f ~ f f f f f f f f i f i i i f f f f f f f f f f f f f f f f i f f f f f f f f f f f f f f f f f f f f f f r f f f f f f f f f f f r f f f f f f l f f f f r f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f ~ f f f f f f f f f f f f f f  

Summary of Pathway Selections 

Pathway ’ User Selection 

1 -- external gamma I active 

2 -- inhalation (w/o radonI3 active 
3 -- plant ingestion suppressed 

4 -- meat ingestion suppressed 

5 -- milk ingestion suppressed 

6 -- aquatic foods ’ suppressed 

7 -- drinking water active 
8 -- soil ingestion 3 active 

9 -- radon suppressed 
Find peak pathway dcses suppressed 

f f f f f f f f f f f f f f f r f f f f f f f f f f f f f f ~ f f f f f f f f f f f f f f f f ~ f f f  
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Summary : Wkittaker Site - Deep Ccntamination - U-238+D 
File : bfhittaker deep - U-23eD.RAD 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides li) and Pathways ( p )  

As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground 
. . . . . . .  

Radio- 
Nuclide mrem/yr fract. 

Pb-210 1.272E-02 0.0005 

Ra-226 2.322E+01 0.9366 

Th-230 7.586E-03 0.0003 

U-234 8.543E-04 0.0000 

U-238 3.15CE-01 0.0127 

fffffff fffffffff ffffff 
Total 2.355E+01 0.9502 

Inhalation 

mrem/yr fract. 

AAAAAAtitiA?QIAAm 

3.803E-03 0.0002 

1.490E-03 0.0001 

5.4296-02 0.0022 

2.198E-02 0.0009 

1.966E-02 0.0008 

. . . . . .  

fffffffff ffffff 
1.012E-01 0.0041 

Radon 

mrem/yr fract. 

A A # A A A A p 3 i w  
. . . . . .  

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

fffffffff ffffff 
O.OOOE+OO 0.0000 

Plant 
hhkmmhmm . . . . . . . .  

mrem/yr fract. ' 

h K m % m A m  . .  

0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

fffffffff ffffff 
0.000E+00 0.0000 

Meat 

mrem/yr fract. 

. xh%hmMm . . . . .  

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
fffffffff ffffff 
O.OOOE+OO 0.0000 

Milk 

mrem/yr fract. 

A # A # A A A A A m  . . . . . . .  

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

fffffffff ffffff 
0.000E+00 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides li) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years 

Water Dependent Pathways 

Water 

Nuclide mrem/yr fract. 

# A A A A A A A A m  

Pb-210 O.OOOE+OO 0.0000 

. . . . . . . .  

Ra-226 O.OOOE+OO 0.0000 

Th-230 O.OOOE+OO 0.0000 

U-234 0.000E+00 0,0000 

U-238 0.000E+00 0.0000 
fffffff fffffffff ffffff 
Total 0.000E+00 0.0000 

Fish 

mrem/yr fract. 
?&AMAAM- 
. . .  

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
fffffffff ffffff 
O.OOOE+OO 0.0000 

Radon 

mrem/yr fract. 
AAR4RtL4AA!aWLu . . . . . . . . .  

O.OOOE+OO 0,0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 
fffffffff ffffff 
0.000E+00 0.0000 

Plant 

mrem/yr fract. 

? L % M m m A m  
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
fffffffff ffffff 
0.000E+00 0.0000 

Meat 

mrem/yr fract. 
h h P A m & M m  . . . .  

0.000E+00 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
fffffffff ffffff 
0.000E+00 0.0000 

Milk 

mrem/yr fract. 
AAAAAAA#p,m 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

. . . . . . .  

fffffffff ffffff 
0.000E+00 0.0000 

Soil 

mrem/yr fract. 

h h m h m h h m  

8.371E-01 0.0338 

1.674E-01 0.0068 

6.406E-02 0.0026 

3.306E-02 0.0013 

3.139E-02 0.0013 

fffffffff ffffff 
1.133E+00 0.0457 

. . . . . . . .  

All Pathways' 

mrem/yr fract. 
h h h ? & a M m  

8.536E-01 0.0344 

2.338E+01 0.9434 

. . . . . .  

1.259E-01 0.0051 

5.590E-02 0.0023 

3.669E-01 0.0148 
fffffffff ffffff 
2.479E+01 1.0000 

*Sum of a l l  water independent and dependent pathways 
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Summary : Wkittaker Site - Deep Ccntamination - U-238+D 
Fili : ihittaker deep - U-238D.RAD 

Total Dose Contributions TDOSEIi,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total DOSE At t = 3.000E+00 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Meat Milk Soil 

Nuclide 

Pb-210 

Ra-226 

Th-230 
U-2 3 4 

U-2 3 8 

fffffff 
Total 

Radio- 

Nuclide 

Pb-210 

Ra-226 

Th-230 

U-2 3 4 
U-238 

f i f f  f f f 
Total 

mrem/yr fract. 

EimAAmmfifilifilifi 

1.159E-02 0.0005 

. .  

2.318E+01 0.9354 

3.7736-02 0.0015 
8.546E-04 0.0000 

3.158E-01 0.0127 

fffffffff ffffff 
2.355E+01 0.9502 

mrem/yr fract. 

.vmwahhw 
3.464E-03 0.0001 

1.826E-03 0.0001 

5.429E-02 0.0022 
2.198E-02 0.0009 

1.965E-02 0.0008 

. . . . . . .  

f f f f f f f f f  f f f f f f  
1.012E-01 0.0041 

mrem/yr fract. 

A A A A A A A t i f i m  

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

. . . . . . .  

f f f f f f f f f  f f f f f f  
0.000E+00 0.0000 

mrem/yr fract. 

A A A A A A A A A m  

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

. . . . . . . . .  

f f f f f f f f f  f f f f f f  
0.000E+00 0.0000 

mrem/yr fract. 

A A A A A A A A A m  

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 

. . . . . . . . . .  

fffffffff f f f f f f  
O.OOOE+OO 0.0000 

mrem/yr fract. 

'khmmm&m 
0.000E+00 0 . 0 0 0 0  

0.000E+00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

. . . . . .  

f f f f f f f f f  f i f f f f  
O.OOOE+OO 0.0000 

Total Dose Contributions TDDSE(i,p,tl for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years 

Water Oependent Pathways 

Water 

A . v a h m x x w  
mrem/yr fract . 

h h h k m u & m  

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

. . . . .  

. . .  

ffffiffff f f f f f f  
O.OOOE+OO 0.0000 

Fish 

mrem/yr fract. 

.wLuhAmm 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 

. . .  

fffffffff f f f f f f  
0.000E+00 0.0000 

Radon 

mrem/yr fract. 

-m 
0.000E+00 0.00'00 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 
0.000E.100 0.0000 

. . . .  

f f f f f f f f f  f f f f f f  
0.000E+00 0.0000 

Plant 

mrem/yr fract. 

A A A A A A A A A u  

0.000E+00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

. . . . . . . . .  

f f f f f f f f f  f f f f f f  
O.OOOE+OO 0.0000 

Meat 

mrem/yr fract. 

A A A # A A A A A w  

O.OOOE+OO 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

. . . . . . . .  

fffffffff i f f f f f  
0.000E+00 0.0000 

Milk 

mrem/yr fract. 

A A A A A A A A A u  

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

. . . . . . . . .  

f f f f f f f f f  f f f f f f  
O.OOOE+OO 0.0000 

mrem/yr fract. 

m w  
7.624E-01 0.0308 

2.4166-01 0.0097 

6.433E-02 0.0026 

3.305E-02 0.0013 
3.138E-02 0.0013 

. . . . . .  

f f f f f f f f f  f f f f f f  
1.133E+00 0.0457 

All Pathways' 

mrem/yr fract. 

" u h w i f L a 9 #  

7.775E-01 0.0314 

2.342E+01 0.9153 

1.563E-01 0.0063 

5.588E-02 0.0023 
3.668E-01 0.0148 

. . . . . . . . .  

fffffffff f f f f f f  
2.478E+01 1.0000 

*Sum of all water independent and dependent pathways. 
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Summary : Pliiittaker Site - Deep Ccntamination - U-238+D 
Fila : $hittaker deep - U-238D.RAD 

Total Dose Contributions TDOSE(i,p, t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground 

Nuclide mrem/yr fract. 

Pb-210 5.000E-03 0.0002 

Ra-226 2.287E+01 0.9248 

Th-230 3.070E-01 0.0124 
U-234 8.941E-04 0.0000 

U-238 3.149E-01 0.0127 

fffffff fffffffff ffffff 
Total 2.350E+01 0.9502 

Inhalation 

mrem/yr fract. 

1.405E-03 0.0001 

3.753E-03 0.0002 

5.431E-02 0.0022 
2.193E-02 0.0009 

1.960E-02 0.0008 

f f f f f f f f f  ffffff 
1.011E-01 0,0041 

Radon 
AAAAAAAAAAAAtlw 

mrem/yr fract. 

AAAAAAtiAp,pitiAfifili 

. . . . . . . . . . . .  

. . . . . .  

0.000E+@O 0.0000 

O.OOOE+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 
fffffffff ffffff 
O.OOOE+OO 0.0000 

Plant 

mrem/yr fract. 

AAAAAAAAApitiAfifili 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

. . . . . . . . .  

fffffffff ffffff 
O.OOOE+OO 0.0000 

Meat 

mram/yr fract. 

A A A A A A # # l i m  

O.OOOE+OO 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 

0.000Ei.00 0.0000 

O.OOOE+OO 0.0000 

. . . . . . .  

fffffffff ffffff 
O.OOOE+OO 0.0000 

Milk 
-& 

mrem/yr fract . 
AAAAAAAAAtibititifiti 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

. . . . . . . . . . .  

. . . . . . . . .  

fffffffff ffffff 
O.OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years 

Water Dependent Pathways 

Water 

Nuclide mrem/yr fract. 

Pb-210 '0.000E+00 0.0000 

Ra-226 0.000E+00 0.0000 

Th-230 O.OOOE+OO 0.0000 
U-234 O.OOOE+OO 0.0000 

U-238 O.OOOE+OO 0.0000 
fffffff fffffffff ffffff 
Total O.OOOE+OO 0.0000 

Fish 

mrem/yr fract. 

A A A A A A A t i f i w  

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

. . . . . .  

fffffffff ffffff 
O.OOOE+OO 0.0000 

Radon 

mrem/yr fract. 

w w  
0.000E+00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0,0000 

O.OOOE+OO 0.0000 

. . . . . . .  

fffffffff ffffff 
0.000E+00 0.0000 

Plant 

mrem/yr fract. 

AFmAMim- 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
@.000E+OO 0.0000 

O.OOOE+OO 0.0000 
fffffffff ffffff 
O.OOOE+OO 0.0000 

Meat 

mrem/yr fract. 

A A A A A A A A # w  

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

. . . . . . . .  

fffffffff ffffff 
O.OOOE+OO 0.0000 

Milk 

mrem/yr fract. 

? i A P m m M w  

O.OOOE+OO 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 

fffffffff ffffff 
0 . 0 0 0 E + 0 0  0.0000 

Soil 

mrem/yr fract. 

.hMMAAmpitiAfifili 

3.269E-01 0.0133 

6.677E-01 0.0270 

6.998E-02 0.0028 

3.298E-02 0.0013 

3.1308-02 0.0013 

fffffffff ffffff 

. . . . . .  

1.131E+00 0.0457 

All Pathways' 

mrem/yr fract. 

P A h u h m h m  

3.354E-01 0 . 0 1 3 6  

. . . . . . . .  

2.354E+Ol 0.9520 

4.313E-01 0,0174 

5.5EOE-02 0.0023 

3.658E-01 0.0148 
fffffffff ffifff 
2.473E+01 1.0000 

*Sum of all water independent and dependent pathways. 
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Summary : Whittaker Site - Deep Ccntamination - U-238+D 
Filk : Cu'hittaker deep - U-238D.RAD 

Total Dose Contributions TDOSE[i,p,t) for Individual Radionuclides ( i )  and Pathways (PI 
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground 
. . . . . .  Radio- 

Nuclide mrem/yr fract. 

Pb-210 1.117E-06 0.0000 

Ra-226 1.?95E+01 0.8218 

Th-230 2.804E+00 0.1155 

U-234 4.6796-03 0.0002 

U-238 3.0626-01 0.0126 

fffffff fffffffff ffffff 
Total 2.306E+01 0.9501 

Inhalation 

mrem/yr fract. 

A P A w M P A m  
3.339E-07 0.0000 

4.535E-03 0.0002 

5.473E-02 0.0023 

2.144E-02 0.0009 

1.907E-02 0.0008 

. . . .  

fffffffff ffffff 
5.383E-02 0.0041 

Radon 

mrem/yr fract. 

h h x a M P A m  . . .  

0.000E+00 0.0000 
0.000E+00 0,0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 

fffffffff ffffff 
O.OOOE+OO 0.0000 

Plant 

mrem/yr fract. 
AAAAAAAAA&APAAA 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 

. . . . . . . . .  

fffffffff ffffff 
O.OOOE+OO 0.0000 

Meat 

mrem/yr fract. 

?+hM&uhlitifiwLs 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

. . . . . . . . .  

fffffffff ffffff 
O.OOOE+OO 0.0000 

Milk 

mrem/yr fract. 
A A A A A A A A A m  
0.000E+00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 

. . . . . . . . . . .  

f f f f f f f f f  ffffff 
O.OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years 

Water Eependent Pathways 

Water 

Nuclide mrem/yr fract. 
. & A m m M A m  

Pb-210 O.OOOE+OO 0.0000 

Ra-226 0.000E+00 0.0000 

Th-230 0.000E+00 0.0000 
U-234 0.000E+00 0.0000 

U-238 0.000E+00 0.0000 
fffffff fffffffff ffffff 
Total 0.000E+00 0.0000 

Fish 

mrem/yr fract. 

# A A A A A A A A w  

0.000E+00 0.0000 

0.000E+00 0.0000 
0.000E+00 0.0000 

0.000Et00 0.0000 
O.OOOE+OO 0.0000 

. . . . . . . .  

fffffffff ffffff 
O.OOOE+OO 0.0000 

Radon 

mrem/yr fract. 
A&.mxvu- 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

fffffffff ffffff 
0.000E+00 0.0000 

Plant 

mrem/yr fract. 

# A # A A A A A A m  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

. . . . . . .  

fffffffff ffffff 
0.000E+00 0.0000 

Meat 

mrem/yr fract. 
AAAwL4AwI kimxvi . . . . . .  

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

fffffffff ffffff 
O.OOOE+OO 0.0000 

Milk 

mrem/yr fract. 

A A A A A A A A A w  

O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

. . . . . . . . .  

fffffffff ffffff 
0.000E+00 0.0000 

S o i l  

mredyr fract. 

'v&hMMh- 

7.350E-05 0.0000 

8.733E-01 0.0360 

1.745E-01 0.0072 

3.234E-02 0.0013 

3.046E-02 0.0013 

fffffffff ffffff 

. . . . . . . . .  

l.lllE+OO 0.0458 

All Pathways* 

mrem/yr fract. 
# A A A f i A t w # w  

7.495E-05 0.0000 

2.083E+01 0.8580 

. . . .  

3.033E+00 0.1249 

5.845E-02 0.0024 

3.558E-01 0.0147 

fffffffff ffffff 
2.428E+01 1.0000 

*Sum of all water independent and dependent pathways. 
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Summary : phittaker Site - Deep Ccntamination - U-238+D 
File : Ghittaker deep - U-238D.RAD 

Dose/Source Ratios Summed Cver All Pathways 

Parent and Progeny Principal Radionuclide Contributions Indicated 

Parent Product Thread DSR ( j ,  t) At Time in Years (mrem/yr) / (pCi/g) 

(i) ( j )  Fraction O.OOOE+OO 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Pb-ZlO+D 

Ra-226+D 

Ra-226+D 
Ra-226+D 

Th-230 

Th-230 

Th-230 

Th-230 

U-2 3 4 

U-234 

U-234 

U-234 

u-234 

U-238 

U-238+D 

U-238+D 
U-2 3 8 +D 

U-238+D 

U-2 3 8 + D 

U-238+D 

Pb-2 1 O+D 

Ra-226sD 

Pb-ZlO+D 

aDSR ( j  ) 

Th-230 

Ra-226+D 
Pb-21 O+D 

BDSR ( j  1 

U-234 

Th-230 

Ra-226+D 

Pb-2 1 O+D 
aDSR(j) 

U-238 

U-238+D 

U-234 

Th-230 

Ra-226+D 

Pb-210+D 

aDSR I j 

1.000E+00 8.800E-02 8.530E-02 8.015E-02 6.445E-02 3.458E-02 3.511E-03 7,727E-06 2.648E-15 

1.000E+00 2.405E+00 2.408Ei00 2.406E+00 2.397E+00 2.373E+00 2.250E+OO 2.065E+00 1.451E+OO 

1.000E+00 1,314E-03 4.066E-03 5.200E-03 2.481E-02 5.422E-02 8.223E-02 7.787E-02 5.461E-02 
2.411E+00 2.412E+00 2.415E+00 2.422E+OO 2.427E+00 2.372E+00 2.147E+00 1.506E+00 

1.000E+00 1.246E-02 1.246E-02 1,246E-02 1.24EE-02 1.246E-02 1.245E-02 1.243E-02 1.235E-02 

1.000E+00 5.215E-04 1.565E-03 3.651E-03 1.093E-02 3.155E-02 1.022E-01 2.506E-01 8.152E-01 
1.000E+00 1.590E-07 1.381E-06 7.151E-06 5.555E-05 4.154E-04 2.642E-03 ?.678E-03 2.543E-02 

1.258E-02 1.403E-02 1.612E-02 2.345E-02 4.447E-02 1.173E-01 3.127E-01 8.570E-01 

1.000E+00 5.763E-03 5.762E-03 5.761E-03 5.757E-03 5.744E-03 5.702E-03 5.582E-03 5.182E-03 

1.000E+00 5.608E-08 1.682E-07 3.925E-07 1.177E-06 3.415E-06 1.12lE-05 3.313E-05 1.060E-04 

1.000E+00 1.566E-05 1.056E-08 5.751E-08 5.173E-07 4.344E-06 4.645E-05 3.985E-04 3.E44E-03 

1.000E+00 4.485E-13 6.683E-12 7.6ElE-11 1.531E-09 4.OE6E-08 5.604E-07 1.201E-05 1.343E-04 

5.763E-03 5.762E-03 5.761E-03 5.7586-03 5.752E-03 5.76OE-03 6.026E-03 9.266E-03 

5.400E-05 2.765E-07 2.765E-07 2.764E-07 2.762E-07 2.756E-07 2.736E-07 2.6806-07 2.493E-07 

5.555E-01 3.783E-02 3.782E-02 3.782E-02 3.779E-02 3.771E-02 3.744E-02 3.667E-02 3.411E-02 

5.595E-01 8.168E-05 2.450E-05 5.716E-08 1.713E-07 4.567E-07 1.625E-06 4.757E-06 1.472E-05 

5.555E-01 5.259E-14 3.705E-13 1.560E-12 1.753E-11 1.4766-10 1.594E-05 1.4058-08 1.48OE-07 

5.555E-01 l.llOE-15 1.665E-14 1.5416-13 5.142E-12 1.253E-10 4.426E-05 1.141E-07 3.722E-06 

5.555E-01 2.546E-15 7.850E-18 1.554E-16 1.463E-14 5.225E-13 7.668E-11 3.143E-05 1.260E-07 

3.783E-02 3.782E-02 3.7E2E-02 3.7758-02 3.771E-02 3.744E-02 3.668E-02 3.413E-02 
ffffffffff ffffffffff fffffffff fffffffff fffffffff fffffffff fffffffff fffffffff fffffffff fffffffff fffffffff 
The DSR includes contributions from associated (half-life 6 180 days) daughters. 

Single Radionuclide Soil Guidelines G(i,t) in pCi/g 
Basic Radiation Dose Limit = 2.500E+01 mrem/yr 

Nuclide 

(i) t= 

Pb-210 
Ra-226 

Th-230 

U-234 

U-238 
fffffff 
*At specific 

0.000E+00 

2.841E+02 
1.037E+01 

1.526E+03 

4.338E+03 

6.605E+02 
fffffffff 

3 activity 

1.000E+00 

2.931Et02 

1.036E+01 

1.782E+03 

4.33?E+03 

6.605E+02 

fffffffff 
limit 

3.000E+00 

3.ll?E+02 

1.035E+01 

1.551E+03 

4.335E+03 

6.611E+02 

fffffffff 

1.000E+01 

3.87?E+02 

1.032E+01 

1,066E+O3 

4.342E+03 

6.616E+02 

fffffffff 

3.000E+01 

7.230E+02 

1.030E+01 

5.622E+02 

4.346Et03 

6.625E+02 

f f f ff f ff f 

1.000E+02 

6.392E+03 

1.054E+01 
2.131E+02 

4.3406+03 

6.677E+02 

fffffffff 

3.000E+02 

3.236E+06 

1.164E+01 
7.5?5E+01 

4.145E+03 

6.8 16E+02 
fff ffffff 

1.000E+03 

w m  
*7.634E+13 

1.660E+01 
2.917E+01 

2.658E+03 

7.325E+02 

fffffffff 





Individual Nuclide Dose Summed Cver All Pathways 

Parent Nuclide and Branch Fraction Indicated 

DOSE(j,t), mrem/yr 
0.000E+00 1.000E+00 3.000Et00 1.000Et01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

8.536E-01 8.274E-01 7.775E-01 6.252E-01 3.354E-01 3.794E-02 7.495E-05 2.5688-14 

1.333E-02 3.944E-02 8.924E-02 2.406E-01 5.259E-01 7.976E-01 7.554E-01 5.257E-01 

1.930E-06 1.335E-05 6.937E-05 5.7806-04 4.030E-03 2.563E-02 9.388E-02 2.855E-01 

4.351E-12 6.483E-11 7.450E-10 1.873E-08 3.964E-07 9.316E-06 1.165E-04 1.302E-03 
2.4708-18 7.614E-17 1.895E-15 1.419E-13 8.949E-12 7.438E-10 3.048E-08 1.2226-06 

8.669E-01 8.669E-01 8.668E-01 8.664E-01 8.654E-01 8.612E-01 8.495E-01 8.165E-01 

RESRAD, Version 6.3 T<c Limit = 180 days 07/18/2006 11:48 Page 20 
Summary : &‘hittaker Site - Deep Ccntamination - U-238+D 
File : $hittaker deep - U-238D.RAD 

- - 
Nuclide Parent THF(i) 

l j )  (i) t 

Fb-210 Pb-210 1.000E+00 
Pb-210 Ra-226 1.000Ei00 

Fb-210 Th-230 1.000Et00 

Fb-210 U-234 1.000E+00 
Pb-210 U-238 9.999E-01 

Pb-210 aDOSE (j) 

Ra-226 Ra-226 1.000Et00 

Ra-226 Th-230 1.000E+00 

Ra-226 U-234 1.000Et00 

Ra-226 U-238 9.999E-01 

Ra-226 aD9SE ( j )  

Th-230 Th-230 1.000E+00 

Th-230 U-234 1.000E+00 

Th-230 U-238 9.999E-01 

Th-230 aDOSE ( j  ) 

U-234 U-234 1. OOOEtOO 
U-234 U-238 9.999E-01 

U-234 aDOSE (j ) 

U-238 U-238 5.4OOE-05 

U-238 U-238 9.999E-01 

U-238 aDOSE I j 
fffffff f f f f f f f  tffffffff 

2.337E+01 2.336Et01 2.334Et01 2.325E+01 2.302Et01 2.222Et01 2.007E+01 1.407E+01 

5.063E-03 1.518E-02 3.541E-02 1.060E-01 3.065E-01 9.9186-01 2.819E+00 7.907E+00 

1.519E-08 1.063E-07 5.618E-07 5.018E-06 4.214E-05 4.505E-04 3.8698-03 3.725E-02 

1.077E-14 1.615E-13 1.883E-12 4.988E-11 1.216E-09 4.293E-08 1.107E-06 3.6108-05 
2.338E+01 2.337Et01 2.337E+01 2.336E+01 2.332Et01 2.321E+Ol 2.290E+Ol 2.202Et01 

1.209E-01 1.205E-01 1.209E-01 1.205E-01 1.208E-01 1.208E-01 1.205E-01 1.198E-01 

5.440E-07 1.632E-06 3.8076-06 1.142E-05 3.313E-05 1.087E-04 3.214E-04 1.028E-03 

5.141E-13 3.598E-12 1.902E-11 1.700E-10 1.432E-09 1.546E-08 1.3626-07 1.436E-06 

1.209E-01 1.209E-01 1.209E-01 1.209E-01 1.209E-01 1.205E-01 1.209E-01 1.208E-01 

5.59OE-02 5.585E-02 5.588E-02 5.584E-02 5.572E-02 5.531E-02 5.4146-02 5.026E-02 

7.923E-08 2.377E-07 5.544E-07 1.662E-06 4.818E-06 1.576E-05 4.614E-05 1.428E-04 

5.590E-02 5.589E-02 5.588E-02 5.584E-02 5.5726-02 5.532E-02 5.419E-02 5.041E-02 

2.682E-06 2.682E-06 2.681E-06 2.679E-06 2.674E-06 2.654E-06 2.600E-06 2.418E-06 

3.669E-01 3.669E-01 3.6686-01 3.666E-01 3.658E-01 3.632E-01 3.557E-01 3.305E-01 

3.669E-01 3.665E-01 3.668E-01 3.666E-01 3.658E-01 3.632E-01 3.557E-01 3.305E-01 
fffffffff fffffffff fffffffff fffffffff fffffffff fffffffff fffffffff fffffffff 

THF(i1 is the thread fraction of the parent nuclide. 
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This is to ac tnowledge the receipt of your letter/application dated 

includes an administrative review has been performed. , 
IqlAM b , and to inform you that the initial processing which 

There /+be&!rv\mt. ere no administrative omissions. our application /0’t007+55 was assigned to a 

technical reviewer. Please note that the technical review may identify additional 
omissions or require additional information. 

Please provide to this office within 30 days of your receipt of this card 
I 

A copy of your action has been forwarded to our License Fee & Accounts Receivable 
Branch, who will contact you separately if there is a fee issue involved. 

Your action has been assigned Mail Control Number 3 q $8 I . 
When calling to inquire about this action, please refer to this control number. 
You may call us on (610) 337-5398, or 337-5260. 

NRC FORM 532 (RO 

(@eel 
Sincerely, 
Licensing Assistance Team Leader 




