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Calculat~on No ( Rev ( Ttle 
SdWF6R-001 ( 1 I Tank S-109 Long-Term Human Health Risk Calculations I 

Project No.: 
cHG 216921Re12 I ;:: Slog  Waste Retrieval Functions and Reauirements 

.- 

1.0 INTRODUCTION 

I I 

This calculation was performed to provide a screening-level assessment of lo alth 
risk associated with potential leakage that could occur during tank S-109 part 
operations in support of a planned treatment demonstration. This calculation supports the 
development of tank S-109 partial waste retrieval functions and requirements as d o m t e d  in RPP- 
18812. 

Originated by: 

Date: &-- ~ 4 ~ ~ / ~ 4  
Doug Evans 

Evaluation of the risk associated with the current waste and potential rasidual waste in tank S-109, as 
well as the risk associated with the other S farm tanks, were not included in the evaluation. Evaluation 

h y n b  Crumpler 

of those risks is deferred to the analysis supporting final tank S-109 waste retrieval. 

2.0 CALCULATION METHODOLOGY AND ASSUMPTIONS 

The evaluation methodology and assumptions can be summarized as follows: 

Focused on potential long-term groundwater pathway human health risk &-the fenceline 
Used incremental lifethe cancer risk (ILCR) and hazard index (HI) as the r5sk 
Provided radiological ILCR for one indicator contaminant 
Provided noncarcinogenic chemical HI for one indicator contaminant 
Derived effects of contaminant release and transport fmm previous studii, i nonew 
contaminant transport analysis 
Used existing data and information, with little new data generated for the creation of the document 

Risk impacts were calculated using the following equation. 

Ri = li x Ti x Hi (Equation 1) 

Where: 

i = indicator contaminant 
Ri = risk metric (radiological ILCR or noncarcinogenic chemical HI) 
li = inventory (Ci or kg released into the environment from leakage during ret 
Ti = transport transfer function (pCiiL per Ci or mglL per kg) 
Hi = health effects conversion factor (ILCR per pCiL or Hi per mg/L) 

3.0 CALCULATION 

All calculations were performed on an Excel spreadsheet. Calculation summary deswiptions are 
provided in the following subsections. Calculation details are shown on the 
printouts. 
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3.1 Indicator Contaminant Screening , i 

Calculation No.: 1 Rev.: I T~tle 

Project No.: . 

CHG 2169URe12 

The evaluation used the human health impacts from indicator contaminants rather than the total 

I 

Title: 
Tank S-109 Waste Retrieval Funct 

human health impacts from all contaminants. This approach was adopted to ensure that the 
resulting graphical tool would be sufficiently simple to facilitate rapid decision rnekim durina 

Originated by: 

Date: ~C)Z 6 / ~ / 2 r o +  
Doug Evans 

- - 
waste retrieval. 

The indicator contaminants were the contaminants estimated to make the lamest contribution to 
the total human health impacts. Contaminant screening was performed to id&i fy the indicator 
contaminant for each metnc used. The primary metrics were radiological tLCR and 
noncarcinogenic chemical HI. Nonradiological ILGR was also included fwr informational 
purposes but was not carried forward as a sepa evaluation metric (i.e.. was not used to 
develop a graphical tool). 

The screening procedure involved estimating co to the total 
impact from a hypothetical 8,000-gallon retrieval nant-specifc 
impacts were calculated using Equation 1 as the produet 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 contaminant-specific impacts were then s u m m i  to give the total 
impact for each metric (see "Indicator Screen" on attached Excel calc 

Contaminants included in the screening procedure were the mobile long-lived contaminants of 
concern that previous studies (e.g., RPP-7825, RPP-7884. RPP-10098. WEIRL-98-72) have 
shown are significant contributors to peak long-term groundwater pathway impacts at the tank 
farm fenceline (see 'lndicator Screen" on attached Excel calculation spreadsheet). 

Technetium-99 was identified as the radiological ILCR indicator contaminant, based on a 
contribution of amximatelv 81% Iindustrial scenario) to 94% [residential scenario) of the total 
radiological I L C R . ~ ~ ~  tank ~1109 (see 'Indicator on attached 
spreadsheet) 

Niirite was identitied as the noncarcinogenic chemical HI indicator contaminant, based on a 
contribution of approximately 65% (industrial scen to 66% (residenW scenario) of the total 
noncarcinogenic chemical HI (see "Indicator Screen" on attached Excel calculation spreadsheet). 

Hexavalent chromium was evaluated for nonradiolwical ILCR for information wumses to 
provide an indication of the potential magnitude ~ f k l m ~ a c t  metric for tank 6109 (see 
"Indicator Screen" on attached Excel calculation spreadsheet). 

3.2 Retrieval Leak Inventory 
. 1 : 

Potential tank S-109 retrieval leak contaminant inventories were calculated based on the data 
and recommendations in the Tank Closure EIS inventory data package (DOEMRP-2003-02). 



Calculation Sheet 

Thatdocument provides estimates of contaminant inventories associated with potential residual 
waste but not potential retrieval leaks. Section 6.4.2 of that document recommends that 
contaminant inventories associated with potential retrieval leaks be calculated by assuming that 
the contaminant concentrations in fluids leaked during retrieval would be the same as the 
contaminant concentrations in the final residuals remaining in the tank after retrieval. 
Accordingly, tank 5-109 retrieval leak fluid was assumed to have the same waste composition as 
the final tank residuals given in DOE/ORP-2003-02, Table A.2 (see "Residual lnventory" on 
attached Excel calculation spreadsheet). 

DOEIORP-2003-02, Table A.2 provides estimated inventories associated with potential residual 
waste volumes of 360 cubic feet (2,700 gallon$;). Different inventory data sets are given for 
different assumed retrieval methods. For conservatism, the value used was taken from either 
the Selected Phase Retention data set (representative of dry retrieval methods) or the Hanford 
Tank Waste Operation Simulator modeling data set (representative of fluid-based retrieval 
methods), which ever was larger (see "Residual Inventory" on attached Excel calculation 
spreadsheet). 

The tank S-109 retrieval leak fluid concentrations were calculated by dividing the Table A.2 
residual inventory values by the residual waste volume of 2,700 gallons (see "Leak lnventory" on 
attached Excel calculation spreadsheet). The retrieval leak inventories were then calculated as 
the product of the retrieval leak fluid concentrations and the assumed retrieval leak volume. 

A retrieval leak volume of 8,000 gal was used for informational purposes to provide a point of 
reference on the graphs. .Retrieval leak invent43ries were calculated for all contaminants included 
in the screening procedure. Chromium inventories were assumed to be entirely hexavalent 
chromium. 

3.3 Transport Transfer Function 

Contaminant transport calculations were not performed. Rather, the effects of contaminant 
release and transport were taken from the previous analysis that was the most relevant to the 
case being studied. For tank S-109, this was the vadose zone field investigation work for Waste 
Management Area S-SX (RPP-7884). That study involved numerical simulations of contaminant 
fate and transport for the existing S tank farm vadose zone contamination (past waste releases). 
The period of analysis for the numerical simula~tions was 1,000 years. 

For the tank 5-109 evaluation, proportionality c;oefficients called transport transfer functions were 
derived from the RPP-7884 analysis results ard used in lieu of performing additional 
contaminant transport calculations. The transfer functions were calculated from the RPP-7884 
base case analysis results by dividing the simulated peak contaminant concentrations in 
groundwater at the Stank farm fenceline by the respective contaminant inventories released at 
the source (see "Transfer Functions" on attached Excel calculation spreadsheet). 



The transfer functions were used to represent the unit contaminant concentrations in 
groundwater per unit inventory released at the source (pCi1L per Ci for radionuclides, mglL per 
kg for chemicals). The product of the transfer function and the contaminant inventory gives an 
estimate of peak contaminant concentration in groundwater. Transfer functions were aeelied to . . 
the ILCR and HI calculations as shown in ~qu;&on 1. 

The transfer functions derived from the RPP-7884 analysis results were considered appropriate 
for use in estimating groundwater impacts from ex-tank waste (past leaks, potential retrieval 
leaks). These transfer functions would not be appropriate for use with in-tank waste (tank and 
ancillary equipment). Transfer functions for in-tank waste were not needed for this evaluation 
and were not developed. 

The RPP-7884 base case simulation results indicated the peak groundwater contaminant 
concentrations would arrive at the S tank farm fence line in approximately the year 2046. The 
arrival time of the peak groundwater concentrations and associated human health impacts 
calculated using these transfer functions (Equation 1) is therefore also approximately in the year 
2046. 

Three mobile contaminants of concern (technetium-99, hexavalent chromium, and nitrate) were 
directly included in the RPP-7884 numerical si~nulations. Transfer functions were calculated for 
each of these contaminants (see "Transfer Fur~ctions" on attached Excel calculation 
spreadsheet). 

Because the RPP-7884 analysis results did not allow transfer functions to be calculated for all 
contaminants included in the screening procedure, contaminants were grouped for purposes of 
this evaluation based similarities in subsurface transport behavior. The technetium-99 transfer 
function was used for technetium-99 and the other radionuclides included in the screening 
procedure. Likewise, the nitrate transfer function was used for both nitrate and nitrite. The 
chromium transfer function was used only for chromium. The nitrate transfer function was used 
for nitrite instead of the hexavalent chromium transfer function because it is larger and therefore 
provides a more conservative impact estimate (see "Transfer Functions" on attached Excel 
calculation spreadsheet). 

3.4 Health Effects Conversion Factors 

Health effects conversion factors were taken d~rectly from tables in HNF-SD-WM-TI-707. The 
factors used were for exposures via the groundwater pathway. Factors for two exposure 
scenarios, industrial and residential, were used (see "Risk Factors" on attached Excel calculation 
spreadsheet). k 

The health effects conversion factors represent the human health effects per unit contaminant 
concentration in groundwater (ILCR per pCilL for radionuclides, HI per mglL for noncarcinogenic 
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Calculation No.: I Rev : I Title: 
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Pmject No.: I Title: 
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Originated by: 

Date: 
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groundwater concentrations was used to provide an estimate of the peak human health im~acts 
(ILCR or HI) (see Equation 1). 

RESULTS i n  
Results were calculated and presented on two sewrate ara~hs, one for each indicator contaminant 
(technetium-99, nitrite). ~ a c h  graph shows peak groundwater pathway human health impacts at the S 
tank farm fenceline as a function of the amount of indicator contaminant leaked from tank S-109 
during retrieval (see "Tc99 Plot" and "NO2 Plot" on atlached Excel calculation spreadsheet). 

Two sloped lines representing the industrial and residential scenarios were plotted on each graph. 
The data points for these lines were calculated by applying Equation I over a range of technetium-99 
and nitrite inventory values for the industrial and residential scenarios. Because potential retrieval 
leak volumes are uncertain, the inventory range was selected to encompass a small leak on the low 
end and a large leak on the high end (see 7c99 Plot" and "NO2 Plot" on attached Excel calculation 
spreadsheet). 

A vertical dashed line was added to each graph as e reference point to show the estimated 
technetium-99 and nitrite inventory associated with a potential tank S-109 retrieval leak of 8,000 
gallons. These graphs are intended to serve as tools to aid operational decisions during retrieval. In 
the event a leak is detected during retrieval, the potential impacts from leak volumes greater or lesser 
than the 8,000-gallon reference volume can be estimated rapidly by extrapolation from the impacts 
shown for the reference volume. 
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screened am aH typMUy treated as having high aubsullacs mobilly (i.8.. all a n  Jimulsted MW dlatribulion we fkmts  equal to 
0 mug). 

- . -. 
Tank 9.109 Mobile LongCmd Radlonucllde Contaminant of Conum P.nanWe Contdbuuons m Total R.diologisa1 

Tank S-300 Moblle Noncanlnoaenlc Chemlcal Contaminant of Cmcem Percanha. ConVlbutlon% to Total Hunrd - 
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lW.W 1W.W 
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and v&lIEzed water (HNF-$12-wM-~1.707). me soit is assumed to ba u)otamInDted by Mpntbn w* wntsrnhatstl 
gmunduster. Watsr volltiikstbn la assumed lo wsur during ahowcIhg. 
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Cancer Rlak 
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Bared an 10.2 kL (360R3) remaining (30 R3 in 200 penes tanks) 
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modeling l h e  transfer functions are derived from the resullts of an S tan) ~arm'~roundw>er mpacts analysts presented in RPP. 
7884. The RPP-7884 analysts focused solely on impacts from past releases and performed simulations for three contamnants of 
concern: technetium-99, ntrale, an0 hexavalent chromium. All three cont;iminants were simulated as Deing unretarded during 
subsurface lransporf (dislnbulion coe'huent = 0 mug )  Mob,le but moder~~tely retarded contaminants were not sm~lated The 
period of analysis was 1.000 years. Projected anival times of peak grountlwater concentrations at the S tank farm fenceline were 
approximately the year 2046 for all three contaminants. 

Transfer functions for the lanK S-109 evaluation are devloped for each of t i e  RPP-7884 s~mulated contam8nanls by dwdlng the 
model-predicted peak groundwater concentrauons at the tank f a n  fencehie by the contammant ~nventones released at the source 
The transfer functions are used to represent the unit contaminant concentrations in aroundwater w r  unit inventarv leaked at the ,~ 
source. The transfer functms calwlated below are tor ex-tank waste (pa4 leaks, p&ntlal retrival leaks) ~ransfer  functions for In- 
tank waste (tank and anallaly equlprnent residuals) were not needed and were not developed The techneti~m-99 transfer funcllon 
IS used lo evalute radionuclide impacts, the nitrate transfer function is used for nilrate and niWe impads, and lhe dirom~um transfer 
function is used lor chromium impacts Nltrate is used rather than hexava en1 chromlum for nilrite impacts because it has the lar~er  - 
transfer function and therefore provides a more conservative estimate. 

Technetium-99 

Ex-Tank Waste {Past Leaks and Retrieval Leaks) = 

To99 inventory in 5104 past kak  (RPP-7884. Table 3.4) = 3.87 Ci I 
TC-98 groundwater concentralion at fencelrne a m s  aoss section projedion fmm S-104 

leak (RPP-7884. Tabk G.3. cross-sed S-CC', Case 1) = 

Hexavalent Chromlum 

Peak chromium groundwater concentration at fenceline across cross section projection from S- 
104 past leak (RPP-7884, Table G.3, aoss-sect SCC'. Case 1) = 

Cr O/I) Inventory in 5104  past leak (RPP-7884, Table 3.4) = 

108E+05 

Nltrate 

Ex-Tank Waste {Past Le8b and Retrieval Leaks) - 

pCllL 

Reference 
RPP-7884. 2002, Field Investigation Report for Waste Management Alea .S-SX. Rev. 0. CHZM HILL Hanford Group, tnc., Richland. 
Washington 
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Long-Term Human Health Risk Calculations 
Tank S-109 Partial Waste Retrieval Functions and Requirements RPP-19136, Rev. 1 

Radionuclide Groundwater Unit Risk Factors 
I I HSRAM 1 I 

%ource = HNF-SD-WM-TI-707. Rev. 3, Table 26 
HSRAM = Hanford Site Risk Assessment Methodology (C'OURL-9145) 

Noncarcinogenic Chemical Groundwater Unit Hazard Factors 
I I I HSRAM I I 

%ource = HNF-SD-WM-TI-707, Rev. 3, Table 27 
HSRAM = Hanford Site Risk Assessment Methodology (DOEIRL-91-45) 

Chemical 
nitrate 

I- . - 
L - 

Carcinogenic Chemical Groundwater Unit Risk Factors 

7 

D Source = HNF-SD-WM-TI-707, Rev. 3. Table 27 
HSRAM = Hanford Site Risk Assessment Methodology (D3URL-9145) 

- .  

'Source = HNF-SD-WM-TI-707, Rev 3, Table 23 

Units 
hazard mdex per mg/L 
hazard index per mglL 
hazard Index per mgll, 

Reference 
HNF-SD-WM-TI-707,2003, Exposure Scenarios and Unit Dose Factors for the Hanfonl 
Tank Waste Performance Assessment, Rev. 3, U. S. Dep,xtment of Energy, Richland, 
Washington 

Risk Factors 
F&R Risk Cala.SIO9.Rev1C.xls 

Industriala 
6 18E-03 
9.89E-02 
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HSRAM Residentialb 
3 98E-02 

- - -  6.36E-01 
. - - ~  
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Lmp-Term Human HeaUh Rsk Calculations 
Tank S-109 Patial Waste Rsw~ve l  Fundions and Requirements 

Tochnetium-99 Plot 
ILCR vs. Retrieval Loak l ~ v e t ~ t o r y  

I I Incremental Lifetime Cancer Risk I 
(Linear extrapolation from Tc.49 tmnsfer function) 

In Tank 1 Ex Tank 1 In Tank 1 Ex Tank 
(Ci) I Industrial I Industrial I 

0.11 NIA 3.86E05 

I 11 NIA I 3'86E.04 1 NIA I 9.40E-03 
101 NIA 3.86E-03 NIA 9.40E-02 

NIA = not applicable 

1 Tc-99 I Residential I Worker 1 

RPP-19136. Rev. 1 

(Ci) 

TC99 Pbl 
F6R Rkk Calos.SlM,RevlC.xh 

ILCR I ILCR 
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Hypothetical 8,000 gal Retrieval Leak horn Tank S-109 
1.42E+001 1 OOE-041 
1.42€+00[ 1.34E-02/ 5.5M-04 



Long-Term Human Heath Riik Cekulabnr 
Tank S-109 Psltiil Warts Revival Funnbnr and Raquinmentr 

Nikito Plot 
Hazard Index vs. Rotricval Leak I wentory 

RPP-19136, Rev. 1 

Nitrite I Residential I Worker 1 

NO2 Plot 
F6R Rhk Cab.SlW.RsvlC.xb 
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