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I .O INTRODUCTION 

This calculation provides a pre-retrieval, screening-level assessment of long-term groundwater 
pathway human health risk associated with potential leaks during retrieval and potential residual waste 
remaining after completion of retrieval for the U-200-series tanks (U-101, U-102, U-103, U-104). A 
screening-level groundwater impacts perspective for the U tank farm as a whole is included. To 
provide additional perspective, potential risk from inadvertent post-closure human intrusion into the U- 
200-series tanks is also included. 

This calculation supports the development of the U-200-series tanks waste retrieval work plan (RPP- 
20700). It is intended to meet the pre-retrieval risk information requirements for waste retrieval work 
plans identified in Hanford Federal Facility Agreement and Consent Order draft Change Request M- 
45-04-01. Because the calculation was performed before finalization of the draft change request, it 
may not meet the requirements upon final approval of the change request. 

GROUNDWATER PATHWAY IMPACTS METHODOLOGY AND ASSUMPTIONS 

The main elements of the groundwater pathway impacts calculation method can be summarized as 
follows: 

LO 

Focus on potential long-term groundwater pathway human health risk at the tank farm fenceline 
Address impacts from past leaks, potential retrieval leaks, and potential residual waste 
Use radiological incremental lifetime cancer risk (ILCR) and noncarcinogenic chemical hazard 
index (HI) as the primary health impact metrics 
Screen contaminants to identify the significant contributors (95% of total) for each health impact 
metric 
Derive effects of contaminant release and transport from previous studies; involves no new 
contaminant transport analysis 
Use the best available existing published data and information to the maximum extent possible, 
with little new data generated for the calculation 

3.0 GROUNDWATER PATHWAY IMPACTS CALCULATION 

Groundwater pathway human health impacts are calculated using the following equation 

R, = I, x Ti x H, 
Where: 

i = indicator contaminant 
Ri = risk metric (radiological ILCR or chemical HI) 
li = inventory (Ci or kg released into the environment [e.g., retrieval leakageu 
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T, = transport transfer function (pCilL per Ci, or mglL per kg) 
H, = health effects conversion factor (ILCR per pCi/L, or HI per mglL). 

All calculations are performed on an Excel spreadsheet. Calculation summary descriptions are 
provided in the following subsections. Calculation details are shown on the attached spreadsheet 
printouts. Verification of the spreadsheet in accordance with CH2M HILL Hanford Group, Inc. 
procedures (TFC-ENG-CHEM-D-33) was performed during the check of this calculation (see attached 
Spreadsheet Verification Form). 

3.1 CONTAMINANT SCREENING 

The groundwater pathway evaluation uses impacts from a subset of significant contaminants rather 
than the total impacts from all contaminants, Significant contaminants are defined as those that 
account for approximately 95% of the total health impacts. The primary health impact metrics used 
are radiological ILCR and noncarcinogenic chemical HI. Nonradiological ILCR is also included for 
informational purposes. 

Contaminant screening is performed to identify the 95% contributors to the health impact metrics. The 
screening procedure involves estimating contaminant-specific contributions to the total impact from a 
hypothetical 100 gallon retrieval leak from each U-200-series tank. For purposes of this evaluation, 
the retrieval leak inventories from the U-200-series tanks are combined and treated as if they were 
released from a single tank. 

Contaminants included in the screening procedure are the mobile long-lived contaminants of concern 
that previous studies (e.g., RPP-7825, RPP-7884, RPP-10098) have shown are significant 
contributors to peak long-term groundwater pathway impacts at the tank farm fenceline. Contaminant- 
specific impacts are calculated using the equation shown in Section 2.0 as the product of the 
estimated leak inventory (see Section 3.2), the health effects conversion factor (see Section 3.3), and 
the transport transfer function (see Section 3.4). The screening procedure uses the technetium-99 
transfer function for technetium-99 as well as the other radionuclides and the nitrate transfer function 
for nitrate as well as the other chemicals (see attached Excel calculation spreadsheet). 

Results show technetium-99 is the significant contaminant for radiological ILCR, contributing 
approximately 84% of the total radiological ILCR for the industrial scenario and 95% for the residential 
scenario (see attached Excel calculation spreadsheet). 

Results show hexavalent chromium and nitrite are the significant contaminants for noncarcinogenic 
chemical HI, together contributing approximately 96% of the total HI for both the industrial and 
residential scenarios (see attached Excel calculation spreadsheet). 

Technetium-99, hexavalent chromium and nitrite are therefore used as indicator contaminants for the 
U-200-series tanks groundwater impacts calculations. These contaminants are also used for the 
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groundwater impacts calculations for the U-100-series tanks, although no additional tank-specific 
screening calculations were performed for the U-100-series tanks. 

3.2 INVENTORY 

The indicator contaminant inventories used for the groundwater pathway calculations are consistent 
with the inventory data presented in RPP-20421. This calculation conservatively assumes that all 
chromium inventory reported in RPP-20421 is hexavalent chromium. 

3.2.1 Current Inventory 

U-200-series tanks current waste inventories are taken from RPP-20421, Table 5-Id. That table 
reflects Best-Basis Inventory estimates as of December 4, 2002. The inventories entered on the 
spreadsheet are for the contaminants included in the contaminant screening procedure (see attached 
Excel calculation spreadsheet). 

3.2.2 Residual Waste Inventory 

Residual waste inventories are taken from RPP-20421, Tables 5-7a through 5-7d (see attached Excel 
calculation spreadsheet). Those tables provide final inventories for tank residuals of 360 cubic feet 
(2,700 gal) and 30 cubic feet (220 gal) in the 100- and 200-series SSTs, respectively based on the 
selective phase retention method for sludge-filled tanks and Hanford Tank Waste Operations 
Simulator (HTWOS) model data for saltcake-filled tanks. The U-200-series tanks are classified as 
sludge-filled tanks. U tank farm ancillary equipment inventory estimates are not currently available 
and are not included in the evaluation. 

3.2.3 Retrieval Leak Inventory 

Retrieval leak inventory estimates have not been published for the U-200-series tanks and are 
therefore calculated as a part of this evaluation (see attached Excel calculation spreadsheet). The 
calculation method follows the recommendation in DOE/ORP-2003-02 (Section 6.4.2) and involves 
assuming the waste composition of leaks during retrieval would be the same as the waste 
concentrations in the final residuals. 

U-200-series tanks final residual inventories are taken from RPP-20421 (see Section 3.2.2). The 
waste concentrations in the final residuals are calculated by dividing the residual inventories by a 
volume of 30 cubic feet (220 gal). The U-200-series tanks retrieval leak inventories are then 
calculated as the product of the concentrations and the assumed retrieval leak volume. For purposes 
of this evaluation, a hypothetical retrieval leak volume of 100 gal is used for the U-200-series tanks. 

Retrieval leak inventory estimates for the U-100-series tanks are taken from RPP-20421, Tables 5-8a 
and 5-8b. These inventories are based on the HTWOS model for undiluted, water-soluble 
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components in a hypothetical retrieval leak volume of 8,000 gallons per tank (see attached Excel 
calculation spreadsheet). 

3.2.4 Past Leak Inventory 

U tank farm past leak inventory estimates are taken from RPP-20421, Table 4-1. That table provides 
inventories based on the best currently available understanding of past waste loss events in U tank 
farm. Four U farm tanks are currently classified as assumed leakers (tanks U-101, U-104, U-I 10, U- 
112) (HNF-EP-0182); however, currently available data support recognizing a waste loss event for 
only three of those tanks (tanks U-104, U-I  10, U-I 12) (see attached Excel calculation spreadsheet). 

3.3 TRANSPORT TRANSFER FUNCTIONS 

Contaminant transport calculations are not performed. Rather, the effects of contaminant release and 
transport are taken from previous studies that are the most relevant to the case being studied. For the 
U-200-series tanks, these are the retrieval performance evaluation work for tank S-I 12 (RPP-7825) 
and the vadose zone field investigation work for Waste Management Area S-SX (RPP-7884). Both 
studies involved numerical simulations of contaminant fate and transport. 

Proportionality coefficients called transport transfer functions are used in lieu of performing transport 
simulations. Transfer functions are calculated from the RPP-7825 and RPP-7884 results by dividing 
the simulated peak contaminant concentrations in groundwater at the tank farm fenceline by the 
respective inventories released at the source. Separate transfer functions are calculated for in-tank 
waste (potential residual waste) and ex-tank waste (potential retrieval leaks, past leaks) (see attached 
Excel calculation spreadsheet). 

Projected arrival time of peak groundwater concentrations at the S tank farm fenceline from in-tank 
waste (potential residual waste) based on the RPP-7825 simulation results is approximately the year 
4000. Projected arrival time of peak groundwater concentrations at the S tank farm fenceline from ex- 
tank waste (potential retrieval leaks, past leaks) based on the RPP-7884 simulation results is 
approximately the year 2046. Because of temporal separation, the peak fenceline impacts from past 
leaks and retrieval leaks would not be additive with the peak fenceline impacts from residual waste. 

Transfer functions are used to represent the unit contaminant concentrations in groundwater per unit 
inventory released at the source (pCi/L per Ci for radionuclides, mg/L per kg for chemicals). The 
product of the transfer function and contaminant inventory is used to provide an estimate of peak long- 
term groundwater concentration at the tank farm fenceline (see equation in Section 2.0). 

The RPP-7884 simulation results provide data that allow ex-tank transfer functions to be calculated for 
technetium-99, hexavalent chromium, and nitrate. In the U-200-series tanks evaluation, the ex-tank 
technetium-99 transfer function is used for radionuclides and the ex-tank nitrate transfer function used 
for chemicals. Nitrate is used rather than hexavalent chromium for ex-tank chemical impacts because 
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it has the larger transfer function and therefore provides a more conservative estimate of ex-tank 
chemical impacts (see attached Excel calculation spreadsheet). 

The RPP-7825 simulation results provide data that allow in-tank transfer functions to be calculated for 
technetium-99 and nitrate. In the U-200-series tanks evaluation, the in-tank technetium-99 transfer 
function is used for radionuclides and the nitrate transfer function is used for chemicals (see attached 
Excel calculation spreadsheet). 

3.4 HEALTH EFFECTS CONVERSION FACTORS 

Health effects conversion factors are taken directly from tables in HNF-SD-WM-TI-707 (see attached 
Excel calculation spreadsheet). The factors used are for exposures via the groundwater pathway. 
Industrial and residential exposure scenarios are included. 

The health effects factors used represent the human health effects per unit contaminant concentration 
in groundwater (ILCR per pCilL for radionuclides, HI per mglL for noncarcinogenic chemicals). The 
product of the factors and the projected peak groundwater concentrations is used to provide an 
estimate of peak human health impacts (ILCR or HI) (see equation in Section 2.0). 

4.0 GROUNDWATER PATH WAY IMPACTS RESULTS 

Evaluation results are compiled separately by source term for potential retrieval leaks, potential 
residual waste, and past releases. Estimated impacts are provided in terms of peak groundwater 
concentrations and associated human health impacts at the tank farm fenceline for each of the 
indicator contaminants (technetium-99, hexavalent chromium, and nitrite). 

The primary purpose for the evaluation is to provide information to aid operational decisions during U- 
200-series tanks waste retrieval activities. Emphasis is therefore placed on potential retrieval leak 
impacts from the U-200-series tanks. Evaluation results for potential retrieval leaks are provided in the 
form of both graphs for the U-200-series tanks and summary tables for the tanks in WMA U as a 
whole. Evaluation results for potential residual waste and past releases are provided only in the form 
of WMA-level summary tables. 

4.1 POTENTIAL RETRIEVAL LEAK IMPACTS 

Results for the U-200-series tanks are presented graphically using three separate graphs, one for 
each indicator contaminant (technetium-99, hexavalent chromium, and nitrite). Each graph shows 
groundwater pathway human health impacts as a function of the amount of indicator contaminant 
leaked during waste retrieval (see attached Excel calculation spreadsheet). 

The three graphs each show two separate ex-tank (retrieval leakage) curves (sloDed lines). one for the 
industrial scenario and another for the residential scenario. The data points for these curves are 
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calculated by applying the equation from Section 2.0 over a range of technetium-99, hexavalent 
chromium, and nitrite inventory values. Because potential retrieval leak volumes are uncertain, the 
inventory range is selected to encompass the current inventory in the U-200-series tanks on the high 
end and the inventory in a 100 gallon retrieval leak from one U-200-series tank on the low end. 

As points of reference, vertical lines are added to the graphs to indicate the estimated inventory 
associated with the current U-200-series tank waste, a 100 gallon leak from each U-200-series tank, 
and a 100-gallon leak from one U-200-series tank (tank U-201 is used for informational purposes). 

To provide a screening-level perspective of the U-200-series tanks retrieval leak impacts relative to 
other U farm tanks, potential retrieval leak impacts were evaluated for all tanks in the U tank farm. 
Results are summarized in two tables, one for each health impact metric (ILCR and HI). The tables 
provide retrieval leak impacts in terms of peak groundwater concentration, radiological ILCR, and 
noncarcinogenic chemical HI for each of the indicator contaminants (see attached Excel calculation 
spreadsheet) 

The methodology used for this evaluation does not lend itself to developing a total or composite tank 
farm impact number but does allow for risk comparisons to be made between tanks and tank rows. 
This is because the transfer functions used to estimate groundwater impacts were derived from 
groundwater analyses (RPP-7884 and RPP-7825) performed using two-dimensional, cross-sectional 
models. In those analyses, impacts were calculated at the tank farm fenceline only for rows of tanks. 
Composite impacts from all tanks were calculated only at points of assessment downgradient of the 
tank farm fenceline. For consistency with the RPP-7884 and RPP-7825 analyses, the impacts shown 
in the U tank farm retrieval leak tables should not be summed to provide an estimate of total tank farm 
impacts from retrieval leakage. 

4.2 POTENTIAL RESIDUAL WASTE IMPACTS 

Results for potential residual waste impacts are summarized in two tables, one for each health impact 
metric (ILCR and HI). Each table includes all tanks in the U tank farm. The tables provide residual 
waste impacts in terms of peak groundwater concentration, radiological ILCR, and noncarcinogenic 
chemical HI for each of the indicator contaminants (see attached Excel calculation spreadsheet), 

Ancillary equipment residual waste impacts are not evaluated because U tank farm ancillary 
equipment inventory estimates are not available. 

As discussed in Section 4.1, for consistency with the RPP-7884 and RPP-7825 analyses the impacts 
shown in the residual waste results tables should not be summed to provide an estimate of total tank 
farm impacts from residual waste. 
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4.3 PAST LEAK IMPACTS 

Results for past leak impacts are summarized in two tables, one for each health impact metric. Each 
table includes the waste loss events associated with tanks U-104, U-I 10, and U-I 12. The tables 
provide past leak impacts in terms of peak groundwater concentration, radiological ILCR, and 
noncarcinogenic chemical HI for each of the indicator contaminants (see attached Excel calculation 
spreadsheet). 

As discussed in Section 4.1, for consistency with the RPP-7884 and RPP-7825 analyses the impacts 
shown in the past leak results tables should not be summed to provide an estimate of total tank farm 
impacts from past leaks. 

INTRUDER IMPACTS METHODOLOGY AND ASSUMPTIONS 

Inadvertent intruder impacts are analyzed using the same methodology used to analyze waste 
management area C intruder impacts in DOWORP-2003-11. The main elements of the calculation 
method can be summarized as follows: 

Use a time of compliance of 500 years after closure (consistent with DOEIORP-2003-11) 
Use radiological dose as the human health impact metric 
Calculate acute dose using a drilling scenario in which an inadvertent intruder drills a well through 
the closed facility and brings waste to the surface (well driller scenario) 
Calculate chronic dose using two post-intruder resident scenarios in which 1) an individual plants a 
garden in the well cuttings (suburban resident with a garden scenario) and 2) an individual spreads 
the well cuttings over an area used to pasture a milk cow (rural farmer with a dairy cow scenario) 
Assume the borehole diameter is 10 inches 
Assume the U-200-series tanks each contain a volume of 30 cubic feet of residual waste at closure 
Assume the residual tank waste is embedded in a grout matrix that renders a fraction of the 
exhumed waste unavailable for inhalation and ingestion 
Assume intrusion occurs before contaminants have migrated from the closed facility in any 
significant quantity 

INTRUDER IMPACTS CALCULATION 

The intruder impacts calculation considers only radionuclide impacts. Impacts from chemical 
contaminants are not addressed. All calculations are performed on an Excel spreadsheet. 
Calculation summary descriptions are provided in the following subsections. Calculation details are 
shown on the attached spreadsheet printouts. Verification of the spreadsheet in accordance with 
CH2M HILL Hanford Group, Inc. procedures (TFC-ENG-CHEM-D-33) was performed during the check 
of this calculation (see attached Spreadsheet Verification Form). 
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6.1 INVENTORY 

The starting inventories for the intruder calculation are the estimated radionuclide inventories in the U- 
200-series tanks following retrieval to the HFFACO interim retrieval goal of 30 cubic feet of residual 
waste. These inventories are taken from RPP-20421, Table 5-7d (see attached Excel calculation 
spreadsheet). That table provides final inventories for tank residuals of 30 cubic feet (220 gal) in each 
U-200-series tank based on the selective phase removal method. Inventories for all 46 radionuclides 
reported in the Best-Basis Inventory are included in the table and are used in the calculation. 

Exhumed inventories are calculated by assuming the waste in the borehole has the same contaminant 
concentrations as the tank residuals, and that the height of the waste in the borehole is the same as 
the height of the waste in the tank residuals. Using these assumptions, the undecayed exhumed 
inventories for each radionuclide can be estimated by multiplying the tank residual inventory by the 
square of the ratio of the borehole radius to the tank radius, based on the following equations. 

IEX/ VEX = IT /  vi 
IEX / (T 8 h) = I T  / (TI R2 h) 

IEX = IT (T r'h) / (TI R2 h) 

IEX = IT (r I R)' 
Where: 

IEX = exhumed inventory (undecayed) (Ci) 
IT = tank residual inventory (Ci) 
VEX = exhumed volume (m3) 
VT = tank residual volume (m3) 
r = borehole radius (m) 
R =tank radius (m) 
h =waste height (m) 

To account for radiological decay, the exhumed inventory is multiplied by a radiological decay factor, 
as shown in the following equation. 

Iw(t) = IwExp(-ht) 

Where: 

Title: 
U-200-Series Tanks Long-Term Human Health Risk Calculations to 
Support Waste Retrieval Work Plan 

IEX(t) = exhumed inventory decayed as a function of time since closure (Ci) 
IEX = exhumed inventory (undecayed) (Ci) 
Exp = exponential function (e raised to some power) 
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L 

A = radioactive decay constant, per year, calculated as ln(2)=0.6931472 divided by the radionuclide 
half life in years 
t = elapsed time since closure in years 

6.2 DOSE 

For each intruder scenario considered, the dose contribution from each radionuclide is calculated by 
multiplying the exhumed inventory (decayed) by a unit dose factor. The total dose for each scenario is 
then calculated as the sum of the dose contributions from all radionuclides included in the starting 
inventory. Unit dose factors for each radionuclide under each intruder scenario are taken from tables 
in HNF-SD-WM-TI-707. Complete scenario descriptions and unit dose factor calculations are 
provided in HNF-SD-WM-TI-707. 

Unit dose factors for the driller scenario are taken from HNF-SD-WM-TI-707, Table 7. That table 
shows total dose factors (sum of internal and external doses) assuming 100% of the exhumed waste 
is available for inhalation and ingestion. The grout matrix is assumed to prevent a fraction of the 
exhumed inventory from being inhaled or ingested. Internal dose factors used in this calculation are 
therefore reduced by 90% (multiplied by 0.1) to account for the grouted waste form, as recommended 
in HNF-SD-WM-TI-707, Section 3.1 (see attached Excel calculation spreadsheet). 

The driller scenario unit dose factors are given in terms of the dose per unit contaminant concentration 
in the drill cuttings (mrem per Ci/kg). The radiation dose to this individual is the effective dose 
equivalent (EDE) from acute exposure over a 40-hour drilling operation. The driller dose factors are 
multiplied by the average radionuclide concentration in the drill cuttings (Cilkg) to obtain the dose. 
The average radionuclide concentrations in the drill cuttings are calculated by dividing the exhumed 
inventories (decayed) by the mass exhumed. The mass exhumed is calculated using the following 
equation. 

MEX =TI i! h p 

Where: 

MEX = exhumed mass (kg) 
r = borehole radius (m) 
h = borehole height (depth to water table) (m) 
p = average density of well cuttings (kg/m3) 

Unit dose factors for the two post-intruder resident scenarios (suburban resident and rural farmer) are 
taken from HNF-SD-WM-TI-707, Tables 8 and 10, respectively. As for the driller scenario, the total 
dose factors (sum of internal and external doses) have been adjusted downward to account for a grout 
matrix by applying a waste form factor of 0.1 to the internal dose factors (see attached Excel 
calculatibn spreadsheet). 
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The post-intruder resident scenario unit dose factors are given in terms of the dose received during 
the first year per curie exhumed (mrem/yr per Ci). The radiation dose to this individual is the 50 year 
committed EDE from the first year of exposure. The post-intruder dose factors are multiplied by the 
curies exhumed (decayed) to obtain the dose. 

INTRUDER IMPACTS RESULTS 

Intruder calculation results are shown on separate tables for each UZOO-series tank under each 
intruder scenario (see attached Excel calculation spreadsheet). Impacts are calculated at 100 year 
intervals over the period from 0 to 1000 years after closure. At the time of compliance of 500 years 
after closure, tank U-204 has the highest impacts of the four U-200-series tanks for all intruder 
scenarios considered (see attached Excel calculation spreadsheets). 

The total acute dose to the driller from tank U-204 at 500 yeas after closure is 9 x 
The total chronic dose to the suburban resident from tank U-204 at 500 years after closure is 1 x I O "  
mrem/yr EDE. The total chronic dose to the rural farmer from tank U-204 at 500 years is 2 x 
mrem/yr EDE. The total doses are dominated by the contributions from plutonium-239 and plutonium- 
240 for all three scenarios. 
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Long-Term Iiurnan He,ilth Risk Calculations to Support 
UdOO-Series Tanks Waste Retrieval Work Plan 

R P P - Z ~ 9 9 ~ ,  Rev. 0 

The U-2OO-series tanks current waste inventories are taken from RPP-20421, Table 5-Id That table 
reflecis SST Best-Basis Inventory estimates as of December 4, 2002 The inventories shown are for 
the c~n~amtnan~s included in the contaminant screening procedure. 

R e ~ e ~ ~ n ~ ~  
RPP-?C1421,2004, 241-U Waste ManagementArea lnventory Data Package, Rev 0, CH2M HILL 
Hanfcirci Group, Inc ~ Richland, Washington, March 2004 

Current Inventory 
Risk Calcs, UZOO; TWRP, Rev0 xis Page 14 



RPP-20995, Rev. 0 

Residual was e inveilones are taken from RPP-20423 ?abies 5-?a through 5-7d Those tables provide final inventones for tank residuals of 360 cublc feet (2 700 
gal) and 30 cubic feet (220 gal) In the 100- and 200-1811e5 SSTs reespecbvely based on the selective phase retention (SPR) method for sludge-tilled tanks and 
Hanfoid Tank Wdstii Operaboni Simulator (HWOS) model data for saltcakedlled tanks The U-ZOO-ser~es tanks are classified as sludge-filled ianks and the 
inventories preseltad for those 4 tanks are based on the Selective phase retention method 

I Reference 
~ RPP-20421~ ZOOdI~ 241-U Waste Management Area lr!veniory Data Packaye, Rev. 0, CHZM HILL Hanford Group. Inc., Richland. Washingion, March 2004, 

Page 15 
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Long-Term Human Wealth Risk Calculations to Support 
U-200-Series Tanks Waste Retrieval Work Plan 

RPP-20995, Rev. 0 

Health effects conversion factors are taken from HNF-SD-WM-TI-707, which prcvrdes a 
compreherisive set of expsoure scenarios and health effects factors for use in Hanford 
tank waste performance assessments The factors used are for exposure via the 
groundwater pathway. 

HSRAM Residential 

aSource = 1°F-SD-WM-TI-707. Rev. 3, Table 22 
bSource = 1°F-SD-WM-TI-707, Rev 3, Table 26 
HSRAM = Hanford Site Risk Assessment Methodology (DOElRL-91-45) 

ile ~oncarc~nogenic Chemical Contaminant of Concern Groui~dwater Unit 

aSource ;= WNF-SD-WM-TI-707. Rev, 3, Table 23 
bSource = 1°F-SD-WM-TI-707 Rev 3, Table 27 

= Hanford Site Risk Assessment Methodology (DOBRL-91-45) 

Carcinogenic Chemicai Groundwater Unit Risk Factors 
I I HSRAM I 

Source := HNF-SD-WM-TI-707, Rev. 3, Table 23 
Source = I~NF-SD-WM-TI-707, Rev 3, Table 27 b 

~ e f e r e ~ ~ ~  
HNF-S~-~~M-TI-707,2003, Exposure Scenarios and Unit Dose Factors foi the Hanfoid 
Tank Waste Pe~or~ance  Assesstnenf, Rev 3, U S Department of Energy, Richland, 
Washin~to~ 

Risk Factors 
Risk Calcs, U2OOs TWRP Rev0 XIS Page 19 
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Peak TeshneNum4s 
G"""W*tW 

CO"Ce"tntl0" 
ID C I I L I 

r-- 

FPP-20995 Rev 0 

InEiementll Lnetlme Cancer Risk 

I 

G*O""dWatel 
concenrtetion 

Hazard index 
R e r i d e n g a  io 

Hazard index 
IndurUiaI Scenario 

Peak Nitnte 
Groundwater 

C~ncentnHon 
(mglL) 

(MCL=O.OlmdLI 
6 22E-01 
9 93E.01 
6.22EIW I--.i:..-.l_r. Tots1 1 mn) 

IMCL=3.3mglL) Chromium (Vi) Nitrite 
1.58E101 2.68ElW 1,56EiW 4 24E100 1 CCEI01 2.49EIOi 
2.51€+01 4.20E+00 2,49E+W 6,77E+W 238E101 a 3.98€+01 
4.73Et01 2.68E+Ol 4.68E+W 315Ei01 149ErO2 3 0 1 m  t 79E-02 



Long-Term Human Nealth Risk Calculations to Support 
U-200-Serres Tanks Waste Retrieval Work Pian 

RPF-20995, Rev. 0 

U-200-Series Tanks Final Radionuclide Inventory Estimates for 30 Cubic 
Feet of Tank Residuals Based on Selective Phase Removal Method' 

I I Tank 

"Source = RPP-20421, Table 5-7d 

Residual inventory 
intruder Caics U Z O O ~  TWRP, Rev0 XIS Page 26 



Long-Term Human Health Risk 
UQOO-Seiies Tanks 'Waste Ret 

Calculations ta Support 
rieval Wok Plan 

RPP-20995, Rev, 0 

Unit Dose Factors for Inadvertent Intruder Scenarios' 

I Internal I Internal 1 I n t e W  
H-3 I 325E+00 I 304E-01 I 13:IE42 

%ource = HNF-SD-WM-TI-707, Tables 7, 8, and 10 (Interrlal 
Doses Reduced by 90% Because of Waste Form) 

Page 27 



Long-Term Human Health Risk Calculations to Support 
U-200-Series Tanks Waste Retrieval Work Pian 

Analyte Name Half Life Half Life Units 
3H Tritium 
14C Carbon-I4 
60Co Cobalt-60 
59Ni Nickel-59 
63Ni Nickel-63 
79Se Selenium-79 
90Sr Strontium-90 + Daughters 
9OY Yttrium-90 
93mNb NiobiumQ3m 
93Zr Zirconium-93 
99Tc Technetium49 
106Ru Ruthenium-I06 
113mCd Cadmium-113m 
125Sb Antimony-125 
126Sn Tin-126 + Daughters 
1291 Iodine-129 
134Cs Cesium-I 34 
137Cs Cesium-I37 + Daughters 
137mBa Barium-137m 
151Sm Samarium-151 
152Eu Europium-152 
154Eu Europium-154 
155Eu Europium-I55 
226Ra Radium-226 +D 
228Ra Radium-228 +D 
227Ac Actinium-227 + Daughters 
229Th Thorium-229 + Daughters 
232Th Thorium-232 
231 Pa Protactinium-231 
232U Uranium-232 
23311 Uranium-233 
234U Uranium-234 
235U Uranium-235 
236U Uranium-236 
23811 Uranium-238 +D 
237Np Neptunium-237 +D 
238Pu Plutonium-238 
239Pu Plutonium-239 
240Pu Plutonium-240 
241Pu Plutonium-241 +D 
242Pu Plutonium-242 
241Am Americium-241 
243Am Americium-243 +D 
242Cm Curium-242 
243Cm Curium-243 
244Cm Curium-244 

12 
5730 

5 
76000 

100 
650000 

29 
0.007306 

16 
1530000 
211100 

1 
14 
3 

100000 
15700000 

2 
30 

0.00000486 
90 
14 
9 
5 

1600 
6 

21.8 
7340 

14100000000 
32760 

70 
159200 
245500 

7 0 3 8 0 0 0 0 0 
23420000 

4468000000 
2144000 

88 
241 10 
6564 

14 
373300 

432 
7370 

0.443835616 
29 
18 

RPP-20995, Rev. 0 

Half-Lives 
Intruder Calcs. U2OOs TWRP, RevO.xls 
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