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HAWAII AGRICULTURE RESEARCH CENTER 

FORMERLY HAWAIIAN SUGAR PLANTERS' ASSOCIATION 
99- 193 AIEA HEIGHTS DRIVE, SUITE 300, AIEA, HAWAII 96701 -39 1 1 

TELEPHONE: (808) 487-5561 FAX: (808) 486-5020 
http://www. hawaiiag.org/harc 

December 2,2005 

Nuclear Materials Licensing Branch 
U.S. Nuclear Regulatory Commission, Region IV 
61 1 Ryan Plaza Drive, Suite 400 
Arlington, TX 760 1 1-8064 

Dear License Reviewer: 

Subject: License Amendment 
NRC License No. 53-005 15-0 1 
Docket No. 030-06839 

We have discontinued use of the caged restricted area located within the experimental 
greenhouse at the Kunia Substation. We have surveyed the area and performed RESRAD 
calculations to demonstrate that the site meets the 25 mredyr  dose limit for unrestricted use. 
We are requesting that this area be released for unrestricted use. Details about the past use of 
this area, survey results, and RESRAD calculations are contained with the enclosed 
Decommissioning Survey report. 

If you require any additional information, please contact our Radiation Safety Consultant, 
Ronald Frick, at 808-373-7009. 

Thank you for your prompt consideration of this license amendment. 

Sincerely, wu 
Stephanie A. Whalen 
President and Director, 
Experiment Station 

SAW:cp 
Enclosures 

http://www


' N E  FORM 313 U.S. NUCLEAR REGULATORY COMMISSION 
(a 1999) 
1 0  C F R  30.32,33 
34.35,36.39 and 40 I 
APPLlCATlON FOR DISTRBUlDN OF EXElkPTPROOUCTSFlLE APPLlCATKmSWH: 

DIVISION OF INDVSTRIALAND MEDICAL NUCLEAR SAFETY 
OFFICE OF NUCLEAR MATERALS SAFETYAND SAFEGUARDS 
US.  NUCLEAR REGLAATOW COMMISSION 
WASHINGTON DC 20555mf 

ALL OTHER PERSONS FILE APPUCATDNS AS FOLLOW$: 

APPLICATION FOR MATERIAL LICENSE I 

I 1 THIS I S A N A P P U M T I O N F O R ( C ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

0 A NEWLICENSE 
53-0051 5-01 

B AMENDYENTTO LICENSE NUMBER 

0 C RENEWAL OF LICENSE NLMBER 

INSTRUCTIONS: SEE THE APPROPRLATE LICENSE APPLICATION GUIDE F O R  I 
SEND TWO COPIES O F  THE EN TIRE COMPLETED APPLICATION T O  THE N R C  

2 N W E  AND MAILING ADDRESS OF APPLICANT (/Kk'd?Zp CCCW 

Hawaii Agriculture Research Center 
99-1 93 Aiea Heights Drive, Suite 300 
Aiea, HI 96701 

3 ADDRESS(ES) WHERE LICENSED MATERALWILL BE USED OR POSSESSED 

Same as 2. 

APPROVED BY O W :  NO.31500120 EXPIRES: 1 0 ~ 1 ) 2 0 0 6  

EStmated burden per response to compV \mth ths mandatay informahon collectm request. 
7 4 hours StbmItlal olthe appkaticm is necessaw to determne that the applicant IS W M e  
and that adeqlete procedures exist to protect the p u b k  health and safety Send COrrKenl 
regcrdicq burdenestimatetotheRecadsManagement Branch fl-6 E6).U S Nuckar Regulatol 
Corrmssion. Washin$on. DC M55500M, a by i r isnet  e-mal to blSl@NC gov, and t o  th 
Desk Wlrer, Offrce oflnfamabon and Regulalory Affairs. N E 0 5 1  0202. (315001 20), Office I 
M a n a p e m t  and Buclget. Washngton. DC 20503 K a means used to Impose bn Inlamatlo 
collection does n d  display a currentty valid OMB control number NRC may not conduct ( 

sponsor. and a p e r m  IS rat requred to respond to, the informahon cdlectlan 

4 M M E  OF PERSON TO BE CONTACTED ABOUT THIS 
APPLlCATl ON 

Ronald Frick 
TELEPHONE NUMBER 

808-373-7009 

TAILED INSTRUCTIONS FOR COMPLETING APPLICATION 
FlCF SPFCIFIED EFI OW 

5 RADlOACTNE MATERIAL 
a Elanerlandma%nunba; b chsn id  andrlw physidlorm; a*l cmaxbnun 

amull~ld,rrSlbeporreaadalsryomtme. 

7 INDIVIDUAUS) RESPONSIBLE FOR RADIATION SAFETY PROGRAM AND THEIR 
TRAINING EXPERIENCE 

9 FACILITIES AN)  EQUPMENT 
11 WASTE MANAGEMENT 

F YOU ARE LOCATED IN 

6 PURPOSE@) FOR WHCH LICENSED MATERIALWIUBE USED 

8 TRAINING FOR INDIVIDLVILS WORKIM) IN OR FREQUENTING FESTWCTEDAREAS 

10 RADIATION SAFETY PROGRAM 
12 LICENSEE FEES ( seeroc~~r70~v?dsecaonf7031)  

AMOUNT 
FEECATEGOKY 3M I ENCLOSED so 

LLNOIS, NDICUU,lWA, MKHGAN,UHNESOTA, klSSOURI, OHD,ORUUSCOHSIN, 
SEND APPLICATDNS T O  

+&/& 
CERTIFYING OFFlCER-TYPEITPRNTED N4ME AND TTLE 

Stephanie Whalen, President and Director 

MATERIALS LICENSING SECTION 
U S  NUCLEAR REGUATOKY COMMISSION, REGIONIII 
am WARREWILE RD 

:z&cz 

LISLE, IL 60532-4351 

ALASKA, AHZONA, rw(ANSAS. CALIFORMA, COLORADO, H A W &  DAHO, KANSS, 
LOUISIANA, MDNTANA, NEBfW3KA, NEVADA, NEWIEWICO, N O R M  DAKOTA, 
OKLAHOMA, OREGON, PACIFIC TRUST TERRITOAES, SOUTH DAKOTA, TEXAS UTAH, 
YYISHNGTON, ORWOMNG, SEND APPUCATIONS TO: 

NUCLEAR MATERIALS LICENSING SECTION 
U S  NUCLEAR R E G U T O W  COMMISSION, REGION iV 
611 RYAN P W  DRIVE, SUITE 4m 
ARUNGTON TX 7601 1-80~4  

TYPE OF FEE FEE LOG FEE CATEGOW AMOUNTRECENED CI€CKNUMBER 
I 

APPROVED BY DATE 

UCENSINO ASSISTANT SECTION 
NUCLEAR MATERIALS SAFETY BWNCH I U.S NUCLEAR REGUATORl COMMISSION REGION1 

COMMENTS 

475 ALLENMLE ROAD 
MNG OF PRVSSIA.PA 1940.51415 I 

ALABAMA, FLOTPDA, GEORGIA, KENTUCMY, yss)sspS NORTH CAROUNA, 
PUERTOWO. SOUTH CAROLNA, TENWSSEE,HRGNU, VRGIN ISLANDS, OR 
VIEST m G I N U  SEND APPLICATIONS T O  

S A M  NUWATLANTA FEDERAL CENTER 
U S  NUCLEAR R E G U T O W  COMMISSION REGION I1 
61 FORSYTH STREET, SW. SUTE 23T85 
ATLANTA, GA 30303-8931 

PERSONS LOCATED Y AGREEYNT STATES SENI APPUCATIOHS TO THE US NUCLEAR REGULATORY C o y y s s l O N  ONLY IF THEY WSH TO POSSESS AND USE LKENSED 
YATEAM N STATESSUBZCT 10 US NUCLEARREGULATORY Cow.ssION JUUSDICTIONS 

I I I 

PRlNTED ON RECYCLED PAPER NRCFORM3?3~19€9) 



Gamma Corporation 
850 West  Hind Drive #214, Honolulu, HI 96821 Phone (808) 373-7009 

FAX (808) 373-7017 

Decommissioning Survey 

Facility: Hawaii Agriculture Research Center - Kunia Substation 

Address: Kunia Road 
Kunia,HI 96759 

Survey Area: Kunia Greenhouse 

Survey date: September 16,2005 

Performed By: Ronald Frick, M.S., CHI', DABR 

Background: This 16' by 19' caged area is located within a 4,000 square foot greenhouse. The 
area is enclosed by wire fencing on all sides. The floor area is a concrete slab with a dry 
sump drain on one side. The area was established as a restricted area in 1975, and has been 
used for agricultural experiments involving C-14. A review of records indicates that this 
area has been used for 3 experiments involving C-14. The activity involved is as follows: 

1978-1980: 2.09 mCi C-14 
1993: 4.7 mCi C-14 
1995: 4.7 mCi C-14 

The total activity involved is approximately 11.5 mCi C-14. 
For these experiments, C-14 was applied to the soil within several large planter boxes inside 
the caged area. At the conclusion of these experiments, contaminated soil and plant 
material was sent to a disposal site. The last shipment of contaminated soil and waste was 
made in May 1998. There were no intentional releases of C-14 during these experiments. 

This area will no longer be used for experiments involving byproduct material. There are 
no immediate plans to demolish the current greenhouse. Upon decommissioning, the area 
will be used for storage or other agricultural experiments not involving use of byproduct 
material. 

Instrumentation: Scan surveys were performed with a Bicron Analyst survey meter with a 
100 cm2 B-100 beta scintillation probe. The detection efficiency for C-14 betas is 8.2%, as 
measured using a NBS traceable 0.198 pCi C-14 planchette source (NES-200A, lot 
#200A010582A). The average background count rate is 300 cpm. Assuming the surveyor 
can discriminate 100 cpm above natural background, the minimum detectable activity for 
scan surveys is 1220 dpm/100 an2. This meter was last calibrated on 1/26/05 (see enclosed 
certificate). 

Wipe samples were made using pieces of filter paper. The wipe samples were then placed 
in counting vials with 10 ml of counting solvent, and analyzed using the Packard liquid 
scintillation counter. Detection efficiency for C-14 (0.964) was determined using a C-14 

P. 0. BOX 240370 Honolulu, HI 96824 
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scintillation standard. Minimum detectable activity for a 1 minute count (17.3 net dpm for 
C-14) was determined using the following equation: 
where average background was 9 cpm. 

2.71 + 4.65- 
MDA(dprn) = 

Efficiency determinations are attached. 

Survey Guidelines: Subpart E of 10 CFR 20, Radiological Criteria for License Termination, 
states that “A site will be considered acceptable for unrestricted use if the residual 
radioactivity that is distinguishable from background radiation results in a TEDE to an 
average member of the critical group that does not exceed 25 mrem per year, including that 
from groundwater sources of drinking water, and the residual radioactivity has been 
reduced to levels that are as low as reasonably achievable”. NRC NUREG-1757, ConsoIidated 
NMSS Decommissioning Guidance, provides tables which list the residual surface 
contamination in dpm/100 cm2 for radionuclides which would result in a TEDE of less than 
25 mrem/year for a building occupancy scenario. For C-14, the permissible surface 
contamination is 3,700,000 dpm/100 cm2. NUREG 1556, Vol7, Progrum-Spec$c Guidance 
About Academic, Research and Development, and Other Licenses of Limited Scope, sets the 
removable and non-removable contamination limits for beta-gamma emitters at 1000 and 
5000 dpm/ 100 cm’, respectively. However, the facility’s in-house removable contamination 
limit is set at 200 dpm/100 cm2. 

Based on these documents, we have set a removable contamination guideline of 200 
dpm/100 cm2 for all beta-gamma emitters and a surface contamination guideline of 5,000 
dpm/100 cm2 for all beta-gamma emitters. These Contamination levels are above the 
minimum detectable activities of the survey equipment used, and can be reasonably 
achieved using standard decontamination methods. 

For the evaluation of the soil surrounding the caged area, NUREG-1757 lists a C-14 
screening level of 12 pCi/g. We have elected to demonstrate through calculations that the 
maximum annual dose to an individual due to potential releases of C-14 from this area are 
now below 25 mrem per year. 

Survey Description: Scan surveys of all areas of the caged area, and the area immediately 
surrounding the caged area, were performed using the Bicron Analyst survey meter with a 
100 cm2 B-100 beta scintillation probe. Wipe samples (100 square centimeters minimum) 
were taken in the numbered locations indicated on the attached survey diagram. 

Survey Results: Scan surveys identified no areas distinguishable from background radiation 
levels. All wipe samples were well below the trigger level of 200 dpm/100 cm2. Tabulated 
wipe results are attached. 
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Evaluation of Soil Surrounding Caged Area: To determine the maximum dose to an 
individual due to potential releases of C-14 from the caged area, we have assumed that all 
activity used in these experiments contaminated an area of soil within a 4 meter wide 
perimeter surrounding the cage. Assuming a depth of 2 meters, the initial concentration 
based on a total activity of 11.5 mCi would be approximately 26 pCi/g. For this calculation, 
it is assumed this release occurred in May 1998, when the last of the contaminated soil was 
shipped for disposal. Version 6.3 of the RESRAD code was used with all default settings, 
including an initial C-14 concentration of 100 pCi/g. The attached printout shows the 
maximum dose of 132 mrem/yr would occur at 4.28 years. At 7 years (May 2005), the dose 
has dropped below 0.03 mrem/yr. The projected dose continues to drop to zero, and never 
increases. 

Conclusion: Residual contamination within the caged area and surrounding soil is below 
the levels which would result in a member of the critical group receiving a TEDE greater 
than 25 mrem/year. Residual contamination within the caged area is also below the 
ALARA levels published in NRC guidance documents, and below facility trigger levels. It 
is recommended that this area be released for unrestricted use. 
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Efficiency Determination - Scan Surveys 

C-14 Planchette, activity = 0.198 pCi 
Beta yield = 40% window absorption, effective dpm=263736 
Measured cprn = 21630 cpm 

31580 cpm 
0.01524 pCi x 2 . 2 2 ~ 1 0 ~  dpmlpCi x 2 betasldis. 

Detection EfSiciency = 

Detection Efficiency = 0.082 

Efficiency Determination - Liquid Scintillation Counter 

C-14 Standard activity = 0.048 pCi 
Activity = 107100 dpm 
Measured cpm = 103287 cprn 
Detection efficiency = 96% 



Certificate of Calibration 

Facility 
Batteries 

Gamma Corporation Dept. O K  0 Replaced 

MfgrIModel Bicron Analyst S/N 

XlOOO 1 400000 I 396000 I 396000 

1192 Detector 
Voltage B798M Probe B-100 

0 
0 
Ix) 

Calibrated with Cs-137 radiation source with NlST traceable output: 44.8 mR/hr @ 1 meter on 10/6/95. 
Calibrated with electronic pulser for scales below 0.1 mR/hr. 

Calibrated with electronic pulser for all scales. 

x10 I 1000 

Range 
Calculated Value 

(CPW 

998 

As Found Value Accepted Value 

998 

Correction Factor Corrected Value % Error 

DetectorType 10 G.M. 

x1000 

x100 

loo000 92000 92000 

40000 4oOoo 40000 

1 .o 

x100 

x10 

I 396000 I 1% 

1 0000 1 0000 1 OOOO 

4000 3950 3950 

1.0 1 998 

x1 

x1 

I OYO 

400 390 390 

100 99 99 

Plastic Scint. u Nal Scint. u Proportional u Ion Chamber 

Comments: 

Detector Exposure Orientation 

Sr-90 efficiency = 48.4% C-14 efficiency = 8.2% 

Perpendicular 0 Internal 

Calibrated by: 

Review: 

Calibration Date January 26,2005 

Calibration Due January 26,2006 

Acceptable tolerance is stated as *lo% of calculated value at each calibration point. 

Gamma Corporation 
850 West Hind Drive, Suite 214, Honolulu, HI 96821 



HARC Decommissioning samples 
Samples taken on September 16,2005 
Samples analyzed on 10/31/05 



C-14 Efficiency= 0.964 

MDA= 17.3 dpm C-14 
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% Limit = 1511 2a;s il!:E. 2::'5 :i:?L ;ace 1 RESRAD. Version 6.3 
F i l e :  harc.RAD Summary : RESrinD Default Parameters 

Table of Contents 

Part I: Mixture Sums and Single Radionuclide Guidelines 

Dose Conversion Factor (and Related) Parameter Summary . . .  2 

Site-Specific Parameter Summary .......................... 3 

Summary of Pathway Selections ............................ 7 

Contaminated Zone and Total Dose Summary . . . . . . . . . . . . . . . . .  8 

Total Dose Components 

Time = 0 . 0 0 0 E + 0 0  .................................... 9 

Time = 1.000E+00 .................................... 10 

Time = 2.000E+00 .................................... 11 

Time = 4 . 0 0 0 E + 0 0  .................................... 12 

Time = 7 .000E+00  .................................... 13 

Time = 8 .000E+00  .................................... 1 4  

Time = 1 . 0 0 0 E + 0 1  .................................... 15 

Time = 3 . 0 0 0 E + 0 1  .................................... 1 6  

Time = 1 . 0 0 0 E + 0 2  .................................... 17 

Time = 1.000E+03 .................................... 18 

Dose/Source Ratios Summed Over All Pathways . . . . . . . . . . . . . .  1 9  

Single Radionuclide S o i l  Guidelines ...................... 19 

Dose Per Nuclide Summed Over All Pathways . . . . . . . . . . . . . . . .  2 0  

Soil Concentration Per Nuclide ........................... 2 0  
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Sununary : RESKAD Default Parameters File. harc.RAD 

Dose Conversion Factor (and Related) Parameter Summary 

File: FGR 13 MORBIDITY 

I 
Menu I Parameter 

I Current I Base I Parameter 

I Value I Case* I Name 

B-I I Dose conversion factors for inhalation, mcem/pCi: 
B-1 I C-14 

I 
D-I I Dose conversion factors for ingestion, mrem/pCi: 
D-1 I C-14 

D-34 

D-34 
D-34 

D-34 

Food transfer factors: 
C-14 , plant/soil concentration ratio, dimensionless 
C-14 , beef/livestock-intake ratio, (pCi/kg) / (pCi/d) 
C-14 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

0-5 I Bioaccumulation factors, fresh water, L/kg: 
D - 5  I C-14 , fish 
D-5 1 C-14 , crustacea and mollusks 

I I I 

I I I 
I I I 

I 2.090E-06 I 2.090E-06 I DCF2( 1) 

I 2.0903-06 I 2.0903-06 I DCF3( 1) 

I I 
I I 
I 5.500Et00 1 5.500Et00 
I 3.100E-02 1 3,100E-02 

1 1.200E-02 I 1.200E-02 
I I 
I I I 

RTF 

RT F 
RTF 

1 5.000Et04 1 5.000E+04 I BIOFAC( 1,l) 

I 9.100E+03 I 9.100Et03 I BIOFAC( 1,2) 

*Base Case means Default.Lib w/o Associate Nuclide contributions. 
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Summary : RESFhD Default Parameters File: harc.RA3 

I 
Menu I Parameter 

Site-Specific Parameter Summary 

I user I I Used by RESRAD I Parameter 

1 Input 1 Default 1 (If different from user input) 1 Name 
I 1 I I I 
I I 

Roll 

Roll 

Roll 
Roll 

Roll 
Roll 
Roll 

Roll 

Roll 
Roll 
Roll 

Roll 
Roll 
Roll 

R012 
R012 

R013 

R013 

R013 
R013 
R013 
R013 
R013 

I Area of contaminated zone (m**2) I 1.000Et04 I 1.000E+04 I 
I Thickness of contaminated zone (m) I 2.000Et00 I 2.000E+00 I 
I Length parallel to aquifer flow (m) I 1.000E+02 I 1.000E+02 I 
1 Basic radiation dose limit (mrem/yr) 1 2.500E+01 I 3.000E+01 I 
I Time since placement of material (yr) I 0.000E+00 1 O.OOOE+OO I 
1 Times for calculations (yr) 1 1.000E+00 1 1.000Et00 1 
1 Times for calculations (yr) 
I Times for calculations (yr) 
I Times for calculations (yr) 
I Times for calculations (yr) 
I Times for calculations (yr) 
I Times for calculations (yr) 
1 Times for calculations (yr) 
I Times for calculations (yr) 
I 
1 Initial principal radionuclide 

I 2.000E+00 I 3.000Et00 I 
I 4.000Et00 1 1.000Et01 I 
I ?.000E+00 1 3.000E+01 I 
I 8.000Et00 I 1.000E+02 I 
I 1.000Et01 I 3.000E+02 I 
I 3.000Et01 I 1.000E+03 I 
I 1.000E+02 I 0.000Et00 1 
I 1.000E+03 I O.OOOE+OO I 
I I I 

(pCi/g): C-14 I 1.000E+02 I 0.000Et00 I 
1 Concentration in groundwater (pCi/L): C-14 1 
I I 
I Cover depth (m) I 
I Density of cover material (g/cm'*3) 
I Cover depth erosion rate (m/yr) 
1 Density of contaminated zone (g/cm**3) I 
I Contaminated zone erosion rate (m/yr) I 
I Contaminated zone total porosity I 
I Contaminated zone field capacity I 

not used 

0.000Et00 

not used 

not used 
1.500E+00 

1.000E-03 
4.000E-01 
2.000E-01 

1 0.000Et00 I 
I I 
1 0.000E+00 1 
I 1.5OOE+00 I 
I 1.000E-03 I 
I 1.500E+00 I 
I 1.000E-03 I 
1 4.000E-01 1 
I 2.000E-01 I 

R013 I Contaminated zone hydraulic conductivity (m/yr) I 1.000Et01 1 1.OOOE+O1 1 
R013 I Contaminated zone b parameter I 5.300Et00 I 5.300Et00 1 
R013 1 Average annual wind speed (m/sec) 1 2.000E+00 I 2.000Et00 I 
R013 I Humidity in air (g/m*+3) 
R013 I Evapotranspiration coefficient 
R013 1 Precipitation (m/yr) 

R013 I Irrigation (m/y+) 
R013 1 Irrigation mode 
R013 I Runoff coefficient 

I not used I 8.000E+00 I 
I 5.000E-01 I 5.000E-01 I 
I 1.000Et00 I 1.000E+00 I 
I 2.000E-01 I 2.000E-01 I 
1 overhead 1 overhead I 
I 2.000E-01 I 2.000E-01 I 

R013 1 Watershed area for nearby stream or pond (m**2) 1 1.000E+06 1 1.000E+06 1 
R013 1 Accuracy for water/soil computations I 1.000E-03 I 1.000E-03 I 

I I I I 
R014 I Density of saturated zone (g/crn+'3) I 1.500Et00 I 1.500E+00 I 
R014 1 Saturated zone total porosity I 4.000E-01 I 4.000E-01 I 
R014 1 Saturated zone effective porosity I 2.000E-01 I 2.000E-01 I 
R014 I Saturated zone field capacity 1 2.000E-01 I 2.000E-01 I 
R014 1 Saturated zone hydraulic conductivity (m/yr) 1 1.000E+02 I 1.000E+02 I 
R014 I Saturated zone hydraulic gradient I 2.000E-02 I 2.000E-02 I 
R014 1 Saturated zone b parameter 1 5 .3003+00 1 5.300Et00 I 
R014 I Water table drop rate (m/yr) I 1.000E-03 I 1.000E-03 I 
R014 I Well pump intake depth (m below water table) 1 1.000E+01 1 1.000Et01 1 
R014 I Model: Nondispersion (ND) or Mass-Balance (MB) I ND I ND I 

I I I I 
3015 I Number of unsaturated zone strata I 1  I 1  I 

R014 1 Well pumping rate (m**3/yr) I 2.500Et02 I 2.500E+02 I 

1 AREA 
I THICK0 
I LCZPAQ 
I BRDL 
I TI 
1 T( 2) 
1 T( 3 )  

1 T( 4) 

I T( 5) 
I T( 6 )  

I T( 7 )  

I T( 8) 
I T( 9 )  

I T(10) 
I 
1 SI( 1) 

1 w11 1) 
I 
1 COVER0 
I DENSCV 
I vcv 

I vcz 
I DENSCZ 

I TPCZ 
I FCCZ 
1 HCCZ 
I BCZ 
1 WIND 
I HUMID 
I EVAPTR 
1 PRECIP 

I RI 
I IDITCH 
I RUNOFF 
1 WAREA 
I EPS 

I 
I DENSAQ 
1 TPSZ 
I EPSZ 
I FCSZ 
I HCSZ 
I HGWT 
I BSZ 
I VWT 
1 DWIBWT 
1 MODEL 
I uw 
I 
I NS 
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Summary : RES3AD Default Parameters File: harc.RA0 

Site-Specific Parameter Summary (continued) 

I I User 1 I Used by RESRAD I Parameter 
Menu 
- 
R015 

R015 

R015 
ROl5 
R015 

R015 

Parameter I Input 
I I 

Unsat. zone 1, thickness (m) 

Unsat. zone 1, soil density (g/cm++3) 

Unsat. zone 1, total porosity 
Unsat. zone 1, effective porosity 
Unsat. zone 1, field capacity 

Unsat. zone 1, soil-specific b parameter 
ROl5 I Unsat. zone 1, hydraulic conductivity (m/yr) 

I 
R016 1 Distribution coefficients for C-14 
P,016 I Contaminated zone (cm*+3/g) 

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

R016 I Saturated zone (cm**3/g) 
R016 I Leach rate (/yr) 
R016 I Solubility constant 

I 
F017 I Inhalation rate (m+*3/yr) 
R017 I Mass loading for inhalation (g/m++3) 
R017 1 Exposure duration 
R017 I Shielding factor, inhalation 
R017 I Shielding factor, external gamma 
R017 I Fraction of time spent indoors 
R017 

R017 

R017 
R017 
R017 

Roll 

R017 

R017 

R017 
R017 

R017 
R017 

R017 

R 0 1 7  

R017 

R017 

R017 

R017 

R017 

R017 

R017 

R017 

Fraction of time spent outdoors (on site) 

Shape factor flag, external gamma 

Radii of shape factor array (used if FS = -1): 
Outer annular radius (m), ring 1: 
Outer annular radius (m), ring 2: 

Outer annular radius (m), ring 3: 
Outer annular radius (m), ring 4: 

Outer annular radius (m), ring 5 :  

Outer annular radius (m), ring 6: 

Outer annular radius (m), ring 7: 

Outer annular radius (m), ring 8: 
Outer annular radius (m), ring 9: 
Outer annular radius (m), ring 10: 

Outer annular radius (m), ring 11: 

Outer annular radius (m), ring 12: 

Fractions of annular areas within AREA: 
Ring 1 

Ring 2 

Ring 3 

Ring 4 

Ring 5 
Ring 6 

R017 1 Ring 7 

R017 I Ring 8 
R017 I Ring 9 

R017 I Ring 10 

R017 1 Ring 11 

R017 I Ring 12 

I 

I 4.000Et00 
I 1.500Et00 
I 4.000E-01 
I 2.000E-01 
I 2.000E-01 
I 5.300Et00 
I 1.000Et01 
I 
I 
I 0.000Et00 
I 0.000Et00 
I O.OOOE+OO 
I 0.000Et00 
I O.OOOE+OO 

Default I (If different from user input) I Name 

4.000Et00 I 
1.500Et00 1 
4.000E-01 I 
2.000E-01 1 
2.000E-01 I 
5.300E+00 I 
1.000Et01 I 

I 
I 

0.000Et00 I 
0.000Et00 1 
O.OOOEtO0 I 
0.000Et00 I 
0.000Et00 1 

I I I 
1 8.400E+03 I 8.400Et03 I 
I 1.000E-04 I 1.000E-04 I 
I 3.000EtOl I 3.000Et01 I 
I 4.000E-01 I 4.000E-01 I 
1 7.000E-01 I 7.000E-01 I 
I 5.000E-01 I 5.000E-01 I 
I 2.500E-01 I 2.500E-01 
I 1.000E+00 I 1.000Et00 
I I 
I not used I 5.000Et01 
I not used 1 7.071Et01 
I not used I 0.000Et00 
I not used I 0.000Et00 
not used 

not used 

not used 

not used 
not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 
not used 

not used 
not used 

not used 

not used 
not used 

0.000Et00 

O.OOOEtO0 
0.000Et00 

0.000Et00 
0.000Et00 

0.000Et00 

0.000Et00 

0.000Et00 

I 
I 

l.OOOEt00 I 
2.7323-01 I 
0.000EtOO I 
0.000Et00 I 
O.OOOEtO0 1 
0.000Et00 I 
0.000Et00 1 
0.000Et00 I 
0.000E+00 I 
0.000Et00 I 
0.000Et00 I 
O.OOOE+OO I 

I 

_ _ -  

>O shows circular AREA 

HCUZ (1 

DCNUCC 

DCNUCU 

DCNUCS 
ALEACH 

I SOLUBK 
I 
I INHALR 

I MLINH 
I ED 
I SHF3 
I SHFl 

I FIND 
FOTD 

FS 

RAD-SHAPE ( 1 ) 

RAD-SHAPE( 2) 
RAD-SHAPE ( 3) 
RAD-SHAPE ( 4) 

RAD-SHAPE ( 5) 

RAD-SHAPE ( 6) 

RAD-SHAPE ( 7 ) 

RAD-SHAPE ( 8) 
RAD-SHAPE ( 9) 

RAD-SHAPE ( 10 ) 
RAD-SHAPE ( 11 ) 
RAD-SHAPE ( 12 ) 

I 
I 
I FRACA 
I FRACA 
I FRACA 
I FRACA 
I FRACA 
FRACA 

FRACA( 7) 
FRACA( 8) 
FP.ACA( 9 )  

FRACA(10) 

FRACA ( 11) 
FRACA (12) 



RESRAD,  Version 6.3 Ti L:r,:z = 1812 d a y s  1:/?8/2:105 15:31 ?age 5 

Summary : RESRAD Default Parameters File: harc.RAD 

Site-Specific Parameter Summary (continued) 

I 1 User I I Used by RESRAD 1 Parameter 
Menu I Par amet e r I Input 

I I 
I 

R018 1 Fruits, vegetables and grain consumption (kg/yrl 1 1.600Et02 

ROl8 I Leafy vegetable consumption (kg/yr) 
R018 I Milk consumption (L/yr) 
R018 I Meat and poultry consumption (kg/yr) 
R018 I Fish consumption (kg/yr) 
R018 I Other seafood consumption (kg/yr) 
R018 1 Soil ingestion rate (g/yr) 
R018 I Drinking water intake (L/yr) 
R018 I Contamination fraction of drinking water 
R018 I Contamination fraction of household water 
R018 I Contamination fraction of livestock water 
~ 0 1 8  I Contamination fraction of irrigation water 
R018 I Contamination fraction of aquatic food 
ROl8 

R018 
R018 

R019 
R019 

R019 
R019 

R019 
R019 

R019 

R019 

so19 
R019 
R019 

R019 

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) 

Mass loading for foliar deposition (g/m**3) 

Depth of soil mixing layer (m) 
Depth of roots (m) 

Drinking water fraction from ground water 
Household water fraction from ground water 
Livestock water fraction from ground water 

Irrigation fraction from ground water 

I 
R19B 1 Wet weight crop yield for Non-Leafy (kg/m**2) 
R15B 1 Wet weight crop yield for Leafy (kg/m**2) 
S19B 1 Wet weight crop yield for Fodder (kg/m**2) 

R19B I Growing Season for Non-Leafy (years) 

R15B 1 Growing Season for Leafy (years) 

R19B I Growing Season for Fodder (years) 
R19B I Translocation Factor for Non-Leafy 

R19B 1 Translocation Factor for Leafy 
R19B I Translocation Factor for Fodder 

R19B 1 Dry Foliar Interception Fraction for Non-Leafy 

S19B I Dry Foliar Interception Fraction for Leafy 

R19B I Dry Foliar Interception Fraction for Fodder 

R19B I Wet Foliar Interception Fraction for Non-Leafy 
R19B 1 Wet Foliar Interception Fraction for Leafy 

R19B I Wet Foliar Interception Fraction for Fodder 

R19B I Weathering Removal Constant for Vegetation 
I 

C14 I C-12 concentration in water (g/cm+*3) 
C14 I C-12 concentration in contaminated soil (g/g) 

C14 I Fraction of vegetation carbon from soil 

I 1.400Et01 
I 9.200Et01 
1 6.300Et01 
I 5.400Et00 
I 9.000E-01 

Default I (If different from user input) I Name 
I 1 

1.600E+02 1 
1.400Et01 1 
9.200Et01 I 
6.300EtOl I 
5.400Et00 I 
9.000E-01 I 

1 3.650Et01 1 3.650Et01 
I 5.100Et02 I 5.100Et02 
I 1.000Et00 I 1.000Et00 
1 not used 1 1.000Et00 

I 1.000Et00 I 1.000Et00 
I 1.000Et00 I 1.000Et00 
I 5.000E-01 I 5.000E-01 
1-1 1-1 

1-1 1-1 

1-1 1-1 
I I 
I 6.800Et01 I 6.800Et01 
I 5.500Et01 I 5.500Et01 
I 5.000Et01 I 5.000Et01 
I 1.600E+02 I 1.600Et02 
I 5.000E-01 
I 1.000E-04 
I 1.500E-01 
I 9.000E-01 
1 1.000Et00 
I not used 
I 1.000Et00 

5.000E-01 

1.000E-04 

1.500E-01 
9.000E-01 

1.000Et00 

1.000Et00 
1.000Et00 

1 1.000Et00 1 1.000Et00 
I I I 
I 7.000E-01 I 7.000E-01 I 
1 1.500E+00 1 1.500Et00 1 
I 1.100E+00 I 1.100Et00 I 
I 1.700E-01 I 1.700E-01 I 
I 2.500E-01 1 2.500E-01 1 
1 8.000E-02 I 8.000E-02 I 
1.000E-01 I 1.000E-01 
1.000Et00 1 1.000E+00 
1.000Et00 I 1.000Et00 
2.500E-01 I 2.500E-01 
2.500E-01 1 2.500E-01 
2.500E-01 I 2.5OOE-01 
2.500E-01 I 2.500E-01 
2.500E-01 I 2.500E-01 

I 2.500E-01 I 2.500E-01 
I 2.000Et01 I 2.000Et01 
I I 
I 2.000E-05 I 2.000E-05 
I 3.000E-02 I 3.000E-02 
I 2.000E-02 I 2.OOOE-02 

C14 I Fraction of vegetation carbon from air I 9.800E-01 I 9.800E-01 

1 DIET(1) 
I DIET(2) 
I DIET(3) 
I DIET(4) 

I DIET(5) 
I DIET(6) 
SOIL 

DWI 
FDW 
FHHW 

FLW 
FIRW 

FR9 

FPLANT 

FMEAT 
FMILK 

LF15 
LF16 
LWI5 

LWI6 

LS I 
MLFD 

DM 
DROOT 

FGWDW 
FGWHH 
FGWLW 

FGWIR 

TIV(1) 
TIV(2) 

TIV(3) 

RDRY (1) 

RDRY (2) 

RDRY ( 3 ) 
RWET ( 1 ) 

RWET (2) 

RWET(3) 

WLAM 

ClZWTR 

Cl2CZ 

CSOIL 

CAIR 
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Summary : RESdAD Default Paramecers F i l e :  harc.RAD 

Site-Specific Parameter Summary (continued) 

I 
Menu I Parameter 

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

I I I I 

C14 I C-14 evasion layer thickness in soil (m) I 3.000E-01 I 3.000E-01 I 
C14 I C-14 evasion flux rate from soil (l/sec) I 7.000E-07 I 7.000E-07 I 
C14 I C-12 evasion flux rate from soil (l/sec) I 1.000E-10 I 1.000E-10 I 
C14 
C14 

C14 

STOR 
STOR 

STOR 
STOR 

STOR 
STOR 

STOR 
STOR 

STOR 

STOR 

R021 
R02 1 

R021 
R02 1 

Fraction of grain in beef cattle feed 1 8.000E-01 
Fraction of grain in milk cow feed I 2.000E-01 
DCF correction factor for gaseous forms of C14 I 8.894EtOl 

I 
Storage times of contaminated foodstuffs (days): I 
Fruits, non-leafy vegetables, and grain 
Leafy vegetables 
Milk 

Meat and poultry 
Fish 

Crustacea and mollusks 
Well water 

Surface water 

Livestock fodder 

Thickness of building foundation (m) 

Bulk density of building foundation (g/cm**3) 
Total porosity of the cover material 
Total porosity of the building foundation 

R021 1 Volumetric water content of the cover material 
R021 1 Volumetric water content of the foundation 
R021 I Diffusion coefficient for radon gas (m/sec): 
R021 1 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 Building interior area factor 
R021 I Building depth below ground surface (m) 

R021 I Emanating power of Rn-222 gas 
R021 1 Emanating power of Rn-220 gas 

I 
TITL I Number of graphical time points 
TITL I Maximum number of integration points for dose 
TITL I Maximum number of integration points for risk 

I 1.400Et01 
I 1.000Et00 
I 1.000Et00 
I 2.000Et01 
I 7.000Et00 
I 7.000Et00 
I 1.000Et00 
1.000Et00 

4.500Et01 

not used 

not used 
not used 
not used 
not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 
not used 
not used 

8.000E-01 
2.000E-01 

0.000Et00 

1.400Et01 
1.000Et00 

l.OOOE+OO 
2.000Et01 

7.000E+00 
7.000Et00 

1.000Et00 

1.000Et00 
4.500Et01 

1.500E-01 
2.400Et00 

4.000E-0 1 
1.000E-01 
5.000E-02 I 
3.OOOE-02 I 

I 
2.000E-06 I 
3.000E-07 I 
2.000E-06 I 
2.000Et00 I 
5.000E-01 I 
2.500Et00 I 
0.000Et00 I 
1.000Et00 1 
2.500E-01 I 

I not used I 1.500E-01 I 
I I I 
I 32 1 --- I 

I 
I 

I 17 I --- 
I 257 I --- 

I 

I DMC 
I EVSN 
I REVSN 
AVFG4 

AVFGS 

C02F 

STOR-T ( 1) 
STOR-T (2 ) 
STOR-T (3) 

STOR-T ( 4  ) 

STOR-T ( 5 ) 

STOR-T ( 6) 
STOR-T ( 7 )  

STOR-T (8) 
STOR-T ( 9) 

FLOOR1 
DENSFL 

TPCV 
TPFL 

I PH20CV 
I PH2OFL 
I 
I DIFCV 
I DIFFL 
DIFCZ 

HMIX 

REXG 

HRM 

FA1 
DMFL 
EMANA(1) 

I EMANA(2) 
I 
1 NPTS 
I LYMAX 
I KYMAX 
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File: harc.RAD Summary : R E S U D  Default Parameters 

Summary of Pathway Selections 

Pathway I User Selection 

1 -- external gamma I active 

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

3 -- plant ingestion I active 

4 -- meat ingestion I active 

5 -- milk ingestion I active 

6 -- aquatic foods I active 

7 -- drinking water I active 

8 -- soil ingestion I active 

9 -- radon I suppressed 

Find peak pathway doses 1 suppressed 
I 



RESRAD,, Version 6.3 Tb Lirr.iz = 180 days 11/28/::105 15:3: ?age 3 

Summaiy : RESRAD Default Parameters File: harc.RAD 

Contaminated Zone Dimensions Initial Soil Concentrations, pCi/g 

Area: 10000.00 square meters C-14 1.0003+02 
Thickness : 2.00 meters 

Cover Depth: 0.00 meters 

Total Dose TDOSE(t), mrem/yr 
Basic Radiation Dose Limit = 2.5003+01 mrem/yr 

Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t) 

t (years): 0.000E+00 1.000E+00 2.000E+00 4.0003+00 7.0OOE+00 8.000E+00 1.000E+01 3.0003+01 1.000E+02 1.000E+03 
TDOSE(t): 1.1353+02 6.3793+01 1.301E+02 1.3193+02 3.053.E-02 5.0333-04 1.3563-07 0.000E+00 0.000E+00 0.000E+00 

M(t): 4.5393+00 2.552E+00 5.2053+00 5.2763+00 1.220E-03 2.0133-05 5.4233-09 0.0003+00 0.000E+00 0.0003+00 

Maxinum TDOSE(t): 1.3193+02 mrem/yr at t = 4.284 f 0.009 years 

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

As mrem/yr and Fraction of Total Dose At t = 4.284Et00 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Meat Milk Soil 

Radio- 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

Nuclide 

C-14 4.381E-12 0.0000 3.227E-10 0.0000 0.000E+00 0.0000 1.9233-06 0.0000 7.917E-07 0.0000 2.718E-07 0.0000 3.166E-11 0.000' 
P - - = - - =- - 
Total 4.381E-12 0.0000 3.2273-10 0.0000 0.0003+00 0.0000 1.9233-06 0.0000 7.917E-07 0.0000 2.7183-07 0.0000 3.166E-11 0.000~ 

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

As mrem/yr and Fraction of Total Dose At t = 4.2843+00 years 

Water Dependent Pathways 

Water Fish Radon Plant Meat Milk All Pathways* 

Radio- 
Nuclide mrem/yr fract. mrem/yr fract. nuem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

Nuclide 

C-14 3.039E+01 0.2304 8.2893+01 0.6283 0.000E+00 0.0000 1.208E+01 0.0916 2.3313+00 0.0177 4.2393+00 0.0321 1.3193+02 1.000' - =- - - - =- - 
Total 3.0393+01 0.2304 8.289E+01 0.6283 0.000E+00 0.0000 1.2083+01 0.0916 2.331E+00 0.0177 4.239E+OO 0.0321 1.3193+02 1.000' 

*Sum of all water independent and dependent pathways. 



RESRAD, Version 6.3 Tli  Limit = 1.5 aaqs 11,16/2SC5 1 5 : 3 2  P a g e  9 

Summary : RESRAD Default Parameters File: harc.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 = 0.000Et00 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Meat M i l k  Soil 
Radio- 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 
-- 

C-14 1.900E-04 0.0000 1.3993-02 0.0001 0.000Et00 0.0000 7.778Et01 0.6854 2.609Et01 0.2299 9.588E+00 0.0845 1.3733-03 0.000' 
P - - -- -- - - 
Total 1.900E-04 0.0000 1.3993-02 0.0001 0.000E+00 0.0000 7.7783+01 0.6854 2.609EtO1 0.2299 9.588E+00 0.0845 1.373E-03 0.0001 

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

As mrem/yr and Fraction of Total Dose At t = 0 . 0 0 0 E + 0 0  years 

Water Dependent Pathways 

Water Fish Radon Plant Meat Milk All Pathways* 
Radio- 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C-14 0.000E+00 0.0000 0.000Et00 0.0000 0 . 0 0 0 E + 0 0  0.0000 0.000Et00 0.0000 0.000E+00 0.0000 0 . 0 0 0 E + 0 0  0.0000 1.135Et02 1.000' --- - -- -- -- -- = 

Total 0.000E+00 0.0000 0.000Et00 0.0000 0.000Et00 0.0000 0.000Et00 0.0000 0.000Et00 0.0000 0.000Et00 0.0000 3.1353+02 1.0001 

'Sum of all water independent and dependent pathways. 
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Surmrar:i : RESRAD Default Pararr .e ters  File: narc.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 = 1.000E+00 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Meat Milk Soil 

Radio- 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C-14 3.150E-06 0.0000 2.3203-04 0.0000 0.000E+00 0.0000 1.382E+00 0.0217 5.6813-01 0.0089 1.952E-01 0.0031 2.277E-05 0 . 0 0 0 ~  
= - = - - =  

Total 3.1503-06 0.0000 2.3203-04 0.0000 0.000E+00 0.0000 1.3823+00 0.0217 5.6813-01 0.0089 1.9523-01 0.0031 2.277E-05 0 . 0 0 0 ~  

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years 

Water Dependent Pathways 

Water Fish Radon Plant Meat Milk All Pathways* 

Radio- 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C-14 1.468Et01 0.2301 3.874Et01 0.6073 0.000E+00 0.0000 5.4083+00 0.0848 8.531E-01 0,0134 1.970E+00 0.0309 6.379Et01 1.0001 - = = = = 

Total 1.468Et01 0.2301 3.8743+01 0.6073 O.OOOEtO0 0.0000 5.408EtOO 0.0848 8.531E-01 0.0134 1.970Et00 0.0309 6.379Et01 1.0001 

*Sum of all water independent and dependent pathways. 
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Summary : RESRAD Default Parameters File: harc.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 = 2.0003+00 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Meat Milk Soil 

Radio- 

Nuclide mrem/yr fract. mrem/yr fract. mrern/yr fract. mrem/yr fract. mrem/yr fract. rnrern/yr fract. mrem/yr fract 

C-14 5.2073-08 0.0000 3.8353-06 0.0000 O.OOO3tOO 0.0000 2.2843-02 0.0002 9.3973-03 0.0001 3.228E-03 0.0000 3.7633-07 o . o o o l  -- - 7 - 
Total 5.207E-08 0.0000 3.8353-06 0.0000 O.OOOE+OO 0.0000 2.2843-02 0.0002 9.3973-03 0.0001 3.2283-03 0.0000 3.7633-07 o . o o o l  

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

As mrem/yr and Fraction of Total Dose At t = 2.000E+00 years 

Water Dependent Pathways 

Water Fish Radon Plant Meat Milk All Pathways' 

Radio- 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrern/yr fract. mrem/yr fract. rnrem/yr fract. mKem/yK fract 

C-14 2.9993+01 0.2305 8.173Et01 0.6281 O.OOOE+OO 0.0000 1.190Et01 0.0914 2.2783+00 0.0175 4.178E+00 0.0321 1.301E+02 1.000' 
.~ = = 

Total 2.999Et01 0.2305 8.1733+01 0.6281 0.000E+00 0.0000 1.1903+01 0.0914 2.278E+00 0.0175 4.178E+00 0.0321 1.301E+02 1.000, 

*Sum of all water independent and dependent pathways 



X E S X A D .  Version 6.3 T% Lir,:: = 18; days 

Summary : RESRAD Default Parameters 

Total Dose Contributions TDOSE 

/ 2 Y i ; o c s  15:31 P a g e  12 

File: harc.RAD 

i,p,t) for Individual Radionuclides (i) and Pathways ( p )  

As mrem/yr and Fraction of Total Dose At t = 4.000Et00 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Meat Milk Soil 

Radio- 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C-14 1.408E-11 0.0000 1.037E-09 0.0000 0.000Et00 0.0000 6.1783-06 0.0000 2.544E-06 0.0000 8.734E-07 0.0000 1.017E-10 0.000' 
= -- - - 
Total 1.408E-11 0.0000 1.037E-09 0.0000 0.000Et00 0.0000 6.178E-06 0.0000 2.544E-06 0.0000 8.734E-07 0.0000 1.017E-10 0.000, 

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

As mrem/yr and Fraction of Total Dose At t = 4.000Et00 years 

Water Dependent Pathways 

water Fish Radon Plant Meat Milk All Pathways* 
Radio- 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C-14 3.039Et01 0.2304 8.288Et01 0.6283 0.000Et00 0.0000 1.208Et01 0.0916 2.330EtOO 0.0177 4.239E+00 0.0321 1.319Et02 1.0001 - -- - - ,  - -- -- 
Total 3.039Et01 0.2304 8.288EtO1 0.6283 O.OOOEtO0 0.0000 1.208Et01 0,0916 2.330E+00 0.0177 4.239E+00 0.0321 1.319EtO2 1.0001 

*Sum of all water independent and dependent pathways. 



.. RESRAD, Version 6 . 3  T% Limit = 18: days  A a i 2 i i i 2 C C 5  15 :3 :  Page 1 3  

Summary : RESkAD Default Parameters File: harc.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 = 7 . 0 0 0 E + 0 0  years 

Water Independent Pathways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Meat Milk Soil 

Kadio- 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract . mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C-14 6 . 1 0 4 E - 1 7  0 . 0 0 0 0  4 . 4 9 6 3 - 1 5  0 .0000 0 . 0 0 0 E t 0 0  0 .0000 2 . 6 8 0 3 - 1 1  0 .0000 1 . 1 0 5 E - 1 1  0 . 0 0 0 0  3.73l.E-12 0 . 0 0 0 0  4 . 4 1 1 E - 1 6  0 . 0 0 0 ~  
p r  -- -- -- - -- - - 
Total 6 . 1 0 4 3 - 1 7  0.0000 4 . 4 9 6 3 - 1 5  0 . 0 0 0 0  0 . 0 0 0 E + 0 0  0 . 0 0 0 0  2 . 6 8 0 E - 1 1  0 . 0 0 0 0  1 . 1 0 5 E - 1 1  0 . 0 0 0 0  3 . 7 3 1 E - 1 2  0 . 0 0 0 0  4 . 4 1 1 E - 1 6  0.00OJ 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 7 . 0 0 0 E + 0 0  years 

Water Dependent Pathways 

Water Fish Radon Plant Meat Milk All Pathways' 

Radio- 
Nuclide rnredyr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C-14  6 . 5 2 9 E - 0 3  0 . 2 1 4 0  1 . 9 0 9 E - 0 2  0 . 6 2 5 5  0 . 0 0 0 E t 0 0  0 . 0 0 0 0  3 . 0 2 9 3 - 0 3  0 . 0 9 9 3  8 . 6 4 9 3 - 0 4  0 . 0 2 8 3  1 . 0 0 3 E - 0 3  0 . 0 3 2 9  3 . 0 5 1 3 - 0 2  1 . 0 0 0 '  
-- =- - - - - 
Total 6 . 5 2 9 E - 0 3  0 . 2 1 4 0  1 . 9 0 9 E - 0 2  0 . 6 2 5 5  0 . 0 0 0 E + 0 0  0 . 0 0 0 0  3 . 0 2 9 E - 0 3  0 . 0 9 9 3  8 . 6 4 9 E - 0 4  0 . 0 2 8 3  1 . 0 0 3 E - 0 3  0 . 0 3 2 9  3 . 0 5 1 E - 0 2  1.0001 

*Sum of all water independent and dependent pathways 



:1- . -  EESRAD, Versipn 6 . 3  Tri Limit = 13:. d a y s  a a , - z i 2 C 9 5  l5:32 Page li 

Summary : RESRAD Default Parameters File: harc.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 = 8.0003+00 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Meat Milk Soil 

Radio- 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C-14 9 . 8 8 7 3 - 1 9  0 . 0 0 0 0  7 . 2 8 2 E - 1 7  0 . 0 0 0 0  0 . 0 0 0 E + 0 0  0 . 0 0 0 0  4 . 3 4 1 3 - 1 3  0 . 0 0 0 0  1 . 7 9 0 3 - 1 3  0 . 0 0 0 0  6 . 1 4 4 3 - 1 4  0 . 0 0 0 0  7 . 1 4 5 3 - 1 8  0 . 0 0 0 '  
P -- -- - - = 

Total 9 . 8 8 7 3 - 1 9  0.0000 7 . 2 8 2 3 - 1 7  0 ,0000  0 . 0 0 0 E + 0 0  0 . 0 0 0 0  4 . 3 4 1 3 - 1 3  0 . 0 0 0 0  1 .79OE-13 0 . 0 0 0 0  6 . 1 4 4 3 - 1 4  0 . 0 0 0 0  7 .14533-18  0 . 0 0 0 '  

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

As mrem/yr and Fraction of Total Dose At t = 8 . 0 0 0 E t 0 0  years 

Water Dependent Pathways 

Water Fish Radon Plant Meat Milk All Pathways* 

Radio- 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C-14 1 . 0 7 7 E - 0 4  0 . 2 1 4 0  3 . 1 4 8 3 - 0 4  0 . 6 2 5 5  0 . 0 0 0 E t 0 0  0.0000 4 . 9 9 6 3 - 0 5  0 . 0 9 9 3  1 . 4 2 7 3 - 0 5  0 . 0 2 8 4  1 . 6 5 5 E - 0 5  0 . 0 3 2 9  5 .033E-04 1.000~ 
P -- = - =- - - 
Total 1 . 0 7 7 3 - 0 4  0 . 2 1 4 0  3 . 1 4 8 3 - 0 4  0 . 6 2 5 5  0.000Et00 0 .0000  4 . 9 9 6 3 - 0 5  0 . 0 9 9 3  1 . 4 2 7 3 - 0 5  0 . 0 2 8 4  1 . 6 5 5 3 - 0 5  0 . 0 3 2 9  5 . 0 3 3 3 - 0 4  1.0001 

*Sum of all water independent and dependent pathways. 



RPSRAD, Version 6.3 Tb Limit = 15: dal.s 

Summary : RESRAD Default Parameters 

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

As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Meat Milk Soil 

Radio- 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C - 1 4  2.5683-22 0.0000 1.891E-20 0.0000 0.000Et00 0.0000 1.128E-16 0.0000 4.6563-17 0.0000 1.597E-17 0.0000 1.856E-21 0.0001 
P -- - -- - - = - 
Total 2.568E-22 0.0000 1.891E-20 0.0000 O.OOOEtO0 0.0000 1.1283-16 0.0000 4.6563-17 0 . 0 0 0 0  1.597E-17 0.0000 1.856E-21 0 . 0 0 0 '  

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

As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years 

Water Dependent Pathways 

Water Fish Radon Plant Meat Milk All Pathways' 

Radio- 

Nuclide mrem/yr fract. mredyr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C-14 2.9013-08 0.2139 8.481E-08 0.6255 0.000Et00 0.0000 1.346E-08 0.0993 3.845E-09 0.0284 4.459E-09 0.0329 1.3563-07 1 . 0 0 0 '  

Total 2.901E-08 0.2139 8.4813-08 0.6255 0.000E+00 0.0000 1.346E-08 0.0993 3.845E-09 0.0284 4.459E-09 0.0329 1.356E-07 1.0001 

*Sum of all water independent and dependent pathways. 



1 -  ; - 7 a i - c , p -  .:.-- R S S R A D ,  Version 6.3 T4 5 i r . L :  -- 1883 da:,'s 1,- LL ,z  - - . 3 -  ?age 16 

S m m r y  : RESRAD Default Parameters File: harc.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 Inhalation Radon Plant Meat Milk Soil 
Radio- 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C-14 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 0.000E+00 0.0000 0.000E+00 0.000, 
. -  - -  - - - 

Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000EtOO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.000, 

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 Fish Radon Plant Meat Milk All Pathways* 
Radio- 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C-14 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 0.000E+00 0.0000 0.000E+00 0 .000 '  

L- P - - >  - - - 
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0 . 0 0 0 0  0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.000' 

*Sum of all water independent and dependent pathways. 



RESRAD! Version 6.3 Tb Limit = 180 days 1 

Summaty : RESRAD Default Parameters 

Total Dose Contributions TDOSE 

.-  ; 2 8 : 2 3 0 5  :5:3: ?age I: 

File: harc.RAD 

i,p,t) for Individual Radionuclides (i) and Pathways (p) 

AS mrem/yr and Fraction of Total Dose At t = 1.000E+02 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Meat Milk Soil 

Radio- 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fcact. mrem/yr fract. mrem/yr fract. mem/yr fract. mrem/yr fract 

C-14 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0 . 0 0 0 '  
P -- -- - >  -- -- 
Total 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 0.000E+00 0.0000 0.000E+00 0 .0008  

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

As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years 

Water Dependent Pathways 

Water Fish Radon Plant Meat Milk All Pathways* 

Radio- 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 
_- 
C-14 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 0.000E+00 0.0000 0.000E+00 o . 0 0 0 4  

P -- -- - -- - - 
Total 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 0.000E+00 0 .0000  O.OOOE+OO 0.000' 

'Sum of all water independent and dependent pathways. 



Summary : RESRAD Default Parameters File: harc.Rk3 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Meat Milk Soil 

Radio- 
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C-14 0.000E+00 0.0000 0.000Et00 0.0000 0.000Et00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000Et00 0.0000 0.000E+00 0 . 0 0 0 '  
P -- - - s  -- - 
Total 0.000Et00 0.0000 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 0.000E+00 0 . 0 0 0 ~  

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 1.OOOE+O3 years 

Water Dependent Pathways 

Water Fish Radon Plant Meat Milk All Pathways+ 

Radio- 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract 

C-14 O.OOOE+OO 0.0000 0.000Et00 0.0000 0.000E+00 0.0000 0.000Et00 0.0000 0.000E+00 0.0000 0.000E+00 0 .0000  0.000EtOO 0.0001 

'Sum of all water independent and dependent pathways. 



RESRAD, Version 6.3 Tli  L i m i t  = 1 - C  Z a j s  11 LE 2C35 15:J: Face -3 

Summaiy : RESRAD Default Parameters File: harc.R%D 

Dose/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) 

(i) ( j )  Fraction 0.000Et00 1.000Et00 2.000Et00 4.000Et00 7.000Et00 8.000Et00 1.000Et01 3.000Et01 1.000Et02 1.000EtO 

C-14 C-14 1.000Et00 1.135Et00 6.3793-01 1.301Et00 1.319Et00 3.051E-04 5.0333-06 1.356E-09 0.000Et00 0.00OEt00 0.OOOEtO~ 
- ---- - 
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 mredyr 

Nuclide 
(i) t= 0.000Et00 1.000Et00 2.000Et00 4.000Et00 7.000Et00 8.000Et00 1.000Et01 3.000E+01 1.000Et02 1.000Et03 

C-14 2.203EtOl 3.919Et01 1.921Et01 1.8953+01 8.193Et04 4.967Et06 1.844EtlO '4.455Et12 '4.455Et12 '4.455Et12 - - ~ ~ 

'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 of minimum single radionuclide soil guideline 
and at tmax = time of maximum total dose = 4.284 f 0.009 years 

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

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

C-14 1.000Et02 4.284 f 0.009 1.319Et00 1.895Et01 1.319Et00 1.895Et01 
___ - 



RESRAD, Versim 6.3 Tb L i ~ . i c  = 16C days 11/28/2305 ; 5 : 3 2  ?age 20 

Summary : RESRAD Default Parameters File: harc.RAD 

Individual Nuclide Dose Summed Over All Pathways 

Parent Nuclide and Branch Fraction Indicated 

Nuclide Parent THF(i) DOSE(j,t), mrem/yr 

Cj) (i) t= 0.000Et00 1.000Et00 2.000Et00 4.000E+00 7.000Et00 B.OOOEt00 1.000Et01 3.000Et01 1.000Et02 1.000E+03 
-~ 
C-14 C-14 1.000Et00 1.1353+02 6.379Et01 1.301Et02 1.319Et02 3.051E-02 5.0333-04 1.356E-07 0.000Et00 0.000Et00 0.000Et00 
--, -- 
THF(i) is the thread fraction of the parent nuclide. 

Individual Nuclide Soil Concentration 

Parent Nuclide and Branch Fraction Indicated 

Nuclide Parent THF(i) S(j,t), pCi/g 
( j )  (i) t= O.OOOEtO0 1.000E+00 2.000Et00 4.000Et00 7.000Et00 8.000Et00 1.000Et01 3.000Et01 1.000Et02 1.000E+03 

_ _ _ ~  

C-14 C-14 1.000Et00 1.000Et02 1.659E+00 2.7443-02 7.430E-06 3.229E-11 5.234E-13 1.3613-16 0.000Et00 0.000Et00 0.000Et00 -- 
THF(i) is the thread fraction of the parent nuclide. 

RESCALC.EXE execution time = 2.90 seconds 



This is to acknowledge the recelpt of your letter/application dated DATE 

/g - { J  9 - . , and to inform you that the lnitlal procwslng, 
whiih Includes an admlnlstratlve review, has been performed. 

There were no administrative omissions. Your appllcation will be asslgned to a technical 

additional Information. 

Please provida to this o f f i  within 30 days of your recelpt of this card: 

@ revlewer. P h s e  note that the technlcal review may klantlfy additional omissions or require 

0 

0 The action you reqWSted Is nOmally processed within / 0 days. 

0 A copy of your action has been fomerdd to our License Fee & Accounts Receivable Branch, 
who wNI contact you separately if there Is a fee Issue Involved. 

Your action has been asdgmd Mall Control Number 
When calling to Inquire about thk action, please refer to this mail control number. 
You may call me at 81 7-860-81 03. 

yy@ 7 y x  . 

Slncerely, 

NRC FORM 532 (RIV) 
(e-m 
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HAWAII AGRICULTURE RESEARCH CENTER 
99- 193 AlE? HEIGHT? DRIVE, SUITE 300 

h t p  //wrvw hnwaaug org/harc 
AIEA. HA%AII 96701-391 I 

Nuclear Materials Licensing Branch 
U.S. Nuclear Regulatory 
Commission, Region IV 
611 Ryan Plaza Drive, Suite 400 
Arlington, TX 76011-8064 


