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2.0

3.0

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). 1t is infended 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:

e Focus on potential long-term groundwater pathway human health risk at the tank farm fenceline

o 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

GROUNDWATER PATHWAY IMPACTS CALCULATION
Groundwater pathway human health impacts are calculated using the following equation.

Ri = |i X Ti x Hj
Where:

i = indicator contaminant
R; = risk metric (radiological IL.CR or chemical HI)
li = inventory (Ci or kg released into the environment [e.g., retrieval leakage])
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T; = transport transfer function (pCi/L per Ci, or mg/L per kg)
H; = health effects conversion factor (ILCR per pCi/L, or HI per mg/L).

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 Hl. 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 galion 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 alt
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 5-1d. 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 retrievai 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-110, 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-110, U-112) (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-112 (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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4.0

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 CONVERS!ION 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 pCi/L for radionuclides, HI per mg/L 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).

GROUNDWATER PATHWAY 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

Resulits 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 (sloped 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 Hl). 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 ali 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 heaith impact metric. Each
table includes the waste loss events associated with tanks U-104, U-110, and U-112. The tables
provide past leak impacts in terms of peak groundwater concentration, radiological ILCR, and
noncarcinogenic chemical Hl 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 ieak resulits 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 DOE/ORP-2003-11. The main elements of the calculation
method can be summarized as follows:

* Use atime of compliance of 500 years after closure (consistent with DOE/ORP-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

e 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.

lex/ Vex = It/ W,
lex / (w Ph) = Iy / (T R?h)
IE)( = lT (Tl' rzh) / ('IT th)

lex = Iy (r/ R)?
Where:

lex = exhumed inventory (undecayed) (Ci)
I+ = tank residual inventory (Ci)

Vex = exhumed volume (m®)

V7 = tank residual volume (m?)

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.

lex(t) = lex Exp(-At)
Where:

lex(t) = exhumed inventory decayed as a function of time since closure (Ci)
lex = exhumed inventory (undecayed) (Ci)
Exp = exponential function (e raised to some power)
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A = radioactive decay constant, per year, calculated as In(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 (Cifkg) 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 foliowing
equation.

MEX =T l'2 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/m®)

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
calculation spreadsheet).
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8.0

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 U-200-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 10° mrem EDE.
The total chronic dose to the suburban resident from tank U-204 at 500 years after closure is 1 x 107
mrem/yr EDE. The total chronic dose to the rural farmer from tank U-204 at 500 years is 2 x 107

mrem/yr EDE. The total doses are dominated by the contributions from plutonium-239 and plutonium-
240 for all three scenarios.

REFERENCES

DOE/ORP-2003-02, 2003, /nventory and Source Term Data Package, Rev. 0, U.S. Department of
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HNF-EP-0182, 2003, Waste Tank Summary Report for Month Ending June 30, 2003, Rev. 183, CH2M
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HNF-SD-WM-TI-707, 2003, Exposure Scenarios and Unit Dose Factors for the Hanford Tank Waste
Performance Assessment, Rev. 3, U.S. Department of Energy, Richland, Washington.

RPP-7825, 2002, Single-Shell Tank S-112 Full Scale Saltcake Waste Retrieval Technology

Demonstration Functions and Requirements, Rev. 1, CH2M HILL Hanford Group, Inc., Richland,
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RPP-7884, 2002, Field Investigation Report for Waste Management Area S-SX, Rev. 0, CH2M HILL
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This evaluation uses impacts fom & subset of sigrificant contarninants rather Hian the tolal impacty fram all cantarrinants. Sugnsrwanwmmnmams are definad a4 thase thatacoount ot

approximately 95% of the lotal health impacts. The prismary healih impact melrics used are radi

LR and

chemicat hazard index. . Nonradivfogical L.OR is aise

included far informations] suirposes, Contaminant screening is perfurmied to identify the 95%. contributors to the bealth wnpact rsetrics, Contamtinants included in the screening procedure s
e Pebife fofigliverd contarmingnts of conterm that previous stutiies have shown are significant contribulors fo peak feng-term groundwater patiway impacts st the tank farm fenceline. The

sewsrng procadine inveivs estimating contaninantspecific cortributions 1o e total impact from A hypothetical 100 gatlon ratdeval feak from each U-200-series tank., Foi porposes of tis
evaluatinn, the relrieval lsak inventorias from the U-200-series tanks are combinad and trested as if they were réléased from & single tink (400 galion leak).

Contarinanb-speciic impacts are calculated a the product of the estimated leak inventory, the health effects canversion factor, and the transpen transfer Turction, _Vama's far thoss three 1e';_m's
are calied frofn other sheets in'this workbodk {Laak Inventery, Risk Faclors; Transfer Fuactions). Tha scroeriing procedure uges the technetium-5% transfer funclian for technetiom-39 as welt
as the othar refionunficies, and the nitrate transfer function for nittatd, nitrite, wnd chromiuim.

U-200-Seitey Tanks Moiie Lorg-Lived Radionueiide Contaminant of Cancern Condiibitions fo
Total Groundwater Pathway Radiological incremental Lifetime Cancar Risk

Consaminant of lwentory in 180 gal Retrieval Leak™ Peak lné;er::::\;agiir.feume P?rr:;g:%e;f
Eoncarn Linits. Tank U2 Tank U202 Tank U-263 Tank U-204 Totat industriat Residantial industrial Hasidential
et Ci 373805 368505 3.0BE.08 3.75¢€-05 1.42E.04 3.05E.98 223E07 $.57 221
S8 <i BOSE.0TY. 800807 6.84E-07 8.18E-G7 3.09E-08 316509 183508 0,67 0,18
Vo989 i FH8E04 2.85E-D4 2.20E-04 Z71E-G4 4.02E-03 336807 JaE3E08 8409 45.53
128 ] 5145497 5.00E-07 4.228-07 5.18E-G7 1.86E-06 4 O8E.08 AR 66 204
Tatal . 4.71E.07 1O1E05 190,00 HIGLG
“Calcuiated using the mathsd récommended in DOEIORP-2003-02 and the data from RPP-20421 (see Leak nventory sheet in this workback}

e
A

U-2-Series Tanks Mobile Noncareinog
Totat Groundwater Pathway Hazard index

s Clemical G

i

‘Contaminant of Tnwentory i 100 gsl Retrieval Leak® Peak Haxard Index ‘rnt:’;::z?t:ée;
Caseer Units Tank U-201 | TankU-202 | TankU-203 | Tanktb204 Total Industrial | Residential | Industiai | Residantial
Chromium Vi P B.36H-01 SazEal FAIEGT 130501 182E+00 2.74E01 152EA00 #8.38 oL
Ty ) 7 8BEAO0 THOUE+CD 8.32E400 TITESD0 | 2S4BT T14E01 7 IE-H 7835 BE
e P 1 AZER T AE+Ct TABEV 1435401 S 4TE01 TATE02 B AZE02 527 381
Total 400601 3 3ELE0 100,00 100,00

“Calcufated using the method recommended in DOEFORP-2002-02 and the dald from RPP-20421 (see Laak Inveniory sheet in this warkbook)

by addition T radisnuczias e noncarcifogenic chemitals, tank waste is 2iso known fo'édritain carcinegeric chemicals. Guncer risks from radionuclides and cartinpgenie cherricals are
typicaliy reparted as ssgarate mstdss rathar than being summed bessuse of differences in how sisk is sstimated for thess tao chtegoifes of subslances. A tolalol 24 nenradiclogicat chemical
cortarsinans are inciuded in the BEL Of these, only one, hexavalent chramium, has & published cancer slaps factor.. Hexavalent chromium OR is intluded i this sérsering procudure for
Infarmational puepaes 1o provide an indication of the potential magnitude of the nonradiological ILCK for the U-260-saries tarks, Because it is tased an only one cantaminant, nearadiclogical
ILOR g not samied forvard a8 8 separate avalastion metic, Hexavalent chiomidm is classified as both a chemical taxicant and a castinogen. Nis considered toxic vis ingestion and
carcinngenic via inhalstion. Theé'inhalation infake for the graundwaler pathiway exposures is based on resuspended soll and volatilized veater (HNPLSDUWMTETOTE The soit k& dssurned to'be
contaminated by irvigasion with contaminated groundwater, Water volatifization is assumed to occur during showering.

Li-2040-Series Tanks Cartinogenic Ch

Total Groupdwater Pathway Nonradisiogical iy

i G

it of Concem Contributions to

| Eifetirse Cancer Risk

. . Prak crementai Lifetima Perosniage of
Contaminant of Inventory in 1 gal Retrieval Lea¥ Canecar Risk Totad i;.f:ﬂ
Longarn : B 4
Units. Tank 1261 Tank U-202 Tank U263 | Tank U.24 Totat industrial Residantial industrial Residentia
Chroenium kg 536801 5.32E-01 4.43E-01 1AQE-BY . £.62E+00 1.71E08 -3.508.06 100.00 100.00
Tatat 1.71E-06 3.80E-08 169.00 100.50

*Calouiated using he rethod recommendsd in DOEFORP-Z003-02 and the data from RPP-20421 {$ee Leak Inventory shesi in this workbook

Cotarminait Srebmng
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Long-Term Hurman Health Risk Calculations to Support RPP-
U-200-Sefies Tanks Waste Retrieval Work Plan 20995, Rev. 0

The U-200-series tanks current waste inventories are taken from RPP-20421, Table 5-1d. That table
reflacts 557 Best-Basis Inventory estimates as of December 4, 2002. The inveniories shown are for
the contaminants included in the contaminant screening procedure.

Analyte Units U-201 U202 | U-203 1-204
= g .
NO2 kg
ex kg
1201 Ci
14C Ci
798¢ Ci
98Tc Gi
Reference

RPP-20421, 2004, 241-U Wasle Management Area Invenfory Data Package , Rev. 0, CH2M HILL
Hanford Group, Ing., Richiand, Washington, March 2004.

Current Inventory ]
Risk Cales, U200s TWRP, Rev0.xls Page 14



tong-Tenn Hirhan Health Risk Calculations to Support RPP-20995, Rev.
1-200-Series Tania Waste Retleval Work Plan

Residual waste inventories are taken from RPP-20421, Tables 5-7a through 5-7d. Those tables provide final inventories for tank residuals of 360 cubic feet (2,700
gal) and 30 cublc fest (220 gal) in the 100- and 200-series SSTs, respectively based on the selective phase retention {SPR} miethod for studge-filed tanks and
Hanford Tank Waste Operations Simulator (HTWOS) mode! data for salicake-filled fanks. The U-200-series 1anks are classified as shudge-fitled tarks, and the
inventories prasented for those 4 tanks are based on the sefective phase retention method..

Tank! G4 Se-79 Te-98 1128 Cr N2 NQ3

Inventory Method. (&) {Giy: {Gi} [{oD)] {ka} {kqi {re)
241-U-10HHTOWS 1.55E.01 ) 5.E7E+0] 6. A0E+02
241-L3-102/5PR 3.91E+00 1435402 1.55E+02
241-1-1035SPR 9.15E-01 1. 87E+02 1.34E+02
241104/ HTWOS 2.24E-01 -5 27E+01 4. 41E+02
241U 108I5PR 1.61E+00 2 04ES0Z 1376402
241-U-106/SPR 2.77E-01 4.13E+02 1.48E+02
2410 107I5PR ] 7.15E+00 2. 1E+02 9.54E+01
241-U-108/5PR 3.03E+00 1.67E+02- 1.66E+02
241-U-109/3PR 4. 215£+00 1.81E302 127502
241U HHHTNOS 1.67E-01 8,35E+00 1.795+02
241-U-111/8PR 4. 75F+{0 2655402 1.51E+{2
241-U-112HTWOS 1.65E-01 7.52E+00 567E+Q1

ISk g

E SSED

‘Reference
RPP-20421, 2004, 2440 Waste Management Area inventory Data Package , Rev. 0, CHZM HILL Hanford Groug, Inic., Richland, Washingtors, March 2004,

Residual Ihvertory

Risk Calos, U200s TWWRP. Ravil.ds Page 15
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V20K Serrs Tanios Wasle Ratsios bach ks

FRlatiuval feall invenionies sve svaliable tor he Lhad0-series tanks i REF2M2T but have not Bsen prblishad for the Li-200-8edes tanks, . The U-200-sares ivenlodes i
‘therefore fakutated wsing o mithod resorimended in COERORP-20G1.02 (Seetion 6.4.2) by assuming thé webte comgasition of kaks duriig ratrieval would Bé the Same 15
" fhe whstl concentrathans in 16 finsl reiduats. Firval U200 kuvies anks resideadd nveritones after retroval to lhe HEEACQ intarins ratdeval goal aré takan orm RPP-20421 (tos
- Residual Imantory shist in S k). The Hions 7 e U-200-neties tanks fnaf raskduals are o} Ty dividing the reskiusl invéhiorias by a volume af
30 cuble feet {228 gail. The L-200-3erias banks netdeval leak inventories ate then calcufated at ihe product of the concttirations and the assumed ratieval kiak volime. Fo-
pulfposiEs of this svakuation, # tetriaval ieak volure of 106 galls used for tha U-200~sems ks, The RPP-20421 tventories tor the 17-100-serles tanks are based on s ioak.
sl 0f 8,000 gafions par dank. Ris rativily thiad the P i invertory in RFF-26424 is hesavatont shromisim,

E

Toy provids data for i Jot tha U200, thnks are davaioped for the K et of contaminants inekidad i the

1 P dtire SHIng it redriaval ek voiume of 100 gal per tank
Inventory i 30 1€ (220 gaiy of Retrieval Flui::z Assumed Reatrievat Leak
“Fank i of it Wastn® Gapcentration Retrieval Ltk tventary
Inventory inits Lioncentration Units Votate {gal; nventory Unis
2420 fdd 21E-05 [+] FEIT Ligal 100ED2 3705 Ci
Se-rg TBE-08 (=] 09E-09 Cifgat 1.00E+07 QSEG7 Ci ..
{589 | BAE-04 k=  GRE-06 gl 1.OGE+02 HEE.O4 [
e 308 i 5 1AE00 Cigai DGETED HEDY [
chrorirm Y1 18E+00 kg 3GE-3 ketigai OGE+Z 36E-01 3 ]
{nitdle AREX0 kg BRED2 kafgal DOE+DZ 788E+00 kg i
[zt TiFE0] Ty ARG kajgaf i AFE G kg
U202 1QE-05 i  BRE-OT Litgat LOE+O2 BEE0S fac
_TEE-DE .. £ {1309 Ligal K | QOE-DT [+]
B4E-04 L%] L B5E 06 Ligal OOEYDZ BSE-04 [+
2E-08 B [+ DUE0G - Cilgal OBE<02 Q8E-07 L
1A7E+00 ke 32803 kafyal LOBE+02 L 32E-OY Ry
$ETESO] ke SOELZ kgfgal BOE+DY BBEG ey
DEE+D1 [ T AUEOT kgioar O0E<0z A0EAGT k]
1208 13605 £ 08507 Lifgal LGUE 02 | CEE0S i
AGE-08 - [ SAE-DS Cifgal IOE+U2 G407 [o}}
4604 & L Z0E-08 Chgal JUEL02  2OE-4 i
28607 [# 22508 Cilgal 1 00ke07 226-0F i
G.74E 01 kg 443503 ket OO0 4 35640 o]
AEEDY kg 832602 karani JUE+02 A2E£00 3 —
L SGE 01 P TIBEDT kqlgat LOOE02 16E+01 i kg ]
U-204 . 26E-0% o] L 2SEDT Cifgal DCE+D2 756-05 i
_BOE-G Ci 18508 Gifgat BEE+02 I8EDT [+
O7E-04 £i L T1E48 Cigal DDE<02 TR0 i+
HE-DE &i . 18E-09 Cirgal OCE+02  EE-OT i
ASE-01 £33 Jy [1[:30%] kafgat DDET SO L]
1.71E001 3 TE02 kgigat D0E02 FNFET) X ]
DIRES0Y ka AJE-D1 Rafuai 1O00E+02 TAIEFD K )
“"Setie T RPP-POAE, Tabn 570, Vales shown for ehromium (Y assume entite reported Shrommivm inventory is s £ G

Cuihated v residuat ity dhided by resiicil volme of 220 ot

%ﬁ e

ndizater Contamiiang relissan ek ¥ g for the U-100-series tanks ars taken fom RPP20431, Tabley 5-8a aid 586, The inventoties are for & hypothetical cetrmewal leall
valueme of 8,007 gaf piy tank. Rediievat leak inventorias for e LE200-series tanks are calvalated abidva based on 4 hypathetical tetieval teak vikime of 1R gaf per tais

Assumed Ratriewal Lsak
Tark colicater | Retriobat Lank doventory
. Vi lgal)
. . inventory Units.

Lt RER: . GOE+G3 240807 Gi
afseoemaam Vi L DOE DA AABED0 ]

1 DOE+03 BHE 2 i
ATy Te0§ 0E+03 OB Ci
ehigtnr Vi OEQ3 2007 Xg,
nitie 006G Gt 0 g
[PTe e [ EAE L Ty
{chromiue 1 GBE 8 TBE ka
st .00E +G3 7B -¥g
XTI P 00E+ 63 40807 &
TR A | O0E 733 Z5EXOY g
syfrites ODE 07 383Es 0T kg
TR ANE+G3  4BE00 fell
LO0E +G3 2BE kg
GOEHGS  AFE(D kg
g brea BO0ET0A BOE+O0 [
elieomnan Wi DOEG3  2BE 4] kg
it O0E+3Y USEAD; ]
[¥RTEA Loy . GDE+03 924807 i
[brmrri: ST QUL s b ZBESD kY
ity JB00E B2+ kq
g ek (0E 03 317 £00 i
ci;mm—:ﬁr Wt BHE+03 B2EEHN g

GOE;+03 LGTEHE kg

e ety 95601 Ci
. 00E+03 JBESDY kg

i S0E 757 g

i GOE+03 70807 Ci
G063 2BE 00 kg

T8 Ve BAELT [

411" . ODE 03 28E+0( %]
hrEisAT VL GOE: +53 BT T

Kpliczd QOE+G3 Q1D fg

Tier Tieg BOE0T GOE €
& BOEDY i kg

Ntk O0E+G3 A9E+0Y kg

[TEYST. e 26BE04 i
ety O0E G2 535651 kg,

nirke, QOE G2 I BBE-0 kg

202" Ted ODE g2 2H5EDS Ci
sHegsTdu W .J0RE-82 5320 kg

. imtate GPEAGY TS9EMN kg

[T 3T 1 O0ETG2 A0 o [
chirsmRn Wi 1.O0E+G2 4 AZE L g

il 0BG B 39800 g

204 Toag O0E+G2 2T1EQ4 [+]
chrgimanr ¥l O0E +172 LIED) iy

nitrde L DOE+HER 137800 ko

*Source = BPP20421, Takley 5-Ba yad 5.8k Vaiuus pr— for chrobnium (VI gusurne entirs
sepaied chirarmiunet freaniory i haxgvalont cheomian,
Le! [ rased ne el et in 3G BUbic et of final rasidnms (sae iatie abivve o hig
sheat)
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ik Wizghs

b tank faem past

farm. Four U farm tanks 3e cumently classified as assurned leakers i HNFEPO182 (U101, L4104, 0170, (-112). However, Information iy DOB/GRP-2003-02 {Section
6415, 3. §31] and REEEDTT indicatos that the prepondsrance of cumeatly avalishie data, noluting dits fom bevaine spuctral ganumi logging of U tank faem depwats (1310-
HAM-81. ippors seiagaizing theee pré-existing sourcis of vaddsh zone seniamination {(past 12aks) in the U fank far, in'the vicinities of tanks U404, U110, snd U-112
Currenty dvallable duta do nof seppatt fetdgnizing = pre-existing source nf vadose zone contamination i e vichity of tank U-107. [nventory estimiates avs tiken froms Tabis 4-

1 of RFP-30421.

5) Farin Past Loak nveRiory

I ivertnry

s based on the hest currently avallable understsnding of pest waste loss evests i U tark

aie

tor e indicater

ek s Shratmiurns (Vi Htrte
iy [Ueh L.
Latar® G Q0000 SO0ER0T
iEE G D.00E 50 G OBETG
[ESYEY BO0ED0, G.HIESOD g
L 1Da* 17500 1,59E201 403E02 ]
i B OhE G.OAET GoEan 1
U308 FHUE00 C.H0E+00 CoEoy |
gty XA, SO0E S GOE<0D ]
LA D ohE~B0 CHOE 0 0E +00
U-tog T 90ET0E G008 +00 Yo
[T B20E01 25443 6438502 |
[ETE) B gui va0 0 B0E 400 6,00E+00
L1 3.85ETH, $.59E+02 BRI
1207 42 = 30 .QOE 00 DOE+08
(et D0 H0E+00 Y
oy HAnE D080 BOER00
U264 Gaatiad L OGE 30 B35 |

" Tank i chassifier an anmieed aker in HNF-EP 9182,

“Solircs ¥ RPP.IOAYY, Tl 4.4, Valiay Shivivn for thitamiom (Vi) assime antirs répofed

chromirs irasetony i esienlsnt chrrakin

Referanves

OREACRE 000803, 2001, ventaiy and Sovres Torm Oats Packags, Rev. 0, 1.8, Departiment of floetgy, Ofice of River Pratection, Ricitnd, Washingten, Api 803,
HNP-ERG182, 2005, Vewsle Tank Summery Roport for Month Endimg Juns 30,7003 ; Rev. 133, ChEN HILL Ranford Grirtgs, tne, Richland, Washington,
REPIO421,2004, 24107 Wl Managament Arsa-inismicry D&l Pickags, Rev, 0. CHIM HILL Hantord Troup, Inc., Richland, Washinglon, March 2004,
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fong-Tarm Human Heslib fisk Oafculations to Suppoit REP-20985, Nev. 0
U-200-Saries ¥orks YWaste Fabriavat Work Plan

Praportionaiity coeficients called tranaport iransfer functions are used in fieu of performing new contaminant fate and ranspot medeling. . The
fransfer funclions are derived from the resuits of the most sophisticated iong-tems groundwater impacts analyses currently avalieble. A site-
specific groundwater impacts analyéis B not currently available for U tank farn. Therefors, analyses of grounswater mpadis from the pearby
§ tank farm are usad instead,  Separale transfer furiclions are developed for ex:{ank or leaked waste {past leaks and polentiz! reifieval teaks).
and in-fank or residual Waste (fank and anciliary equipmnt résiduals). Transfer functions are Used to represent the unif contaminant
.concentrations in groundwater per unit inventory refeased at the source. The product of the transfer function and ihe contaminant invertory
estinate for' & padicular source tarm provided an estimate of the projected peak langteim grodfdwater concantation from Biat source ferm;

-Ex-tank transfer furicions are derved from the results of an S tank farm groeridwater impacts analysis presénted in RPP.7884. The RPP.
7884 snalysis focused solety on impacts from past releases. Retrieval leaks and resitdual waste were notinduded. Three mobils
contaminarts of cohos wers divently ncluded i the RFP.7884 similations, lechnelium-99; nitfate, and hexavalent chromism. All thrae
contaminants were simulated s being urvetarded during subsyuiface Yanspor {disinbution cbafficiant = £ mivg). Moblle bt incderately
retardad cogtaminants wers not simulated.. The period of analysis was 1,000 years. Projected arval imes of peak groundwater

“eoncentrativng of the § tank farf Tenceline were approximitely e year 2048 for 4l Hiree contaminants.

Ex-tank transfer fuhctons are developed below for each of the RPP-7884 simulated contaminants by dividing the sirnilated pealki
grountwatsr concanirations-at the tank farm fenceling by the contanvinant inventories released at the source.. In the L-200-sesies tanks

. adalyes, the lechadliom. 99 wahsfer frction is used 1o evaluate sx-tank impacts from radionudides and the ritrate Sanster funicion & Used s
evaluate ex-tarnk impacts from chernicals, Nitrate is usad rather than hexavalent chromium for chernicat impacts because it has the larger
travisfar Rinction and thersfore provides more conssrvative impact estimatés.

fech 59 BOE04 |ty
Peak Te-99 winundwaler concentration at fendeline across cruss section projection from §-

104 past fesk IRPP.7884 Table (5.3 crosssect S.0C°, Case 1) = . 1 QBE#D5 80l
Tedlitd invaritory in 3. 104 past teak (RPP-7884. Tatla 347 . 3.874C4

Hexavalent Cheormium

Peak ehromium groundwater concentration at fenceling across cross section projection from
S-104 past feal (RFP-78684, Table .3, cross-sect 5.CC'. Case 13 = 2 21ExB0 g/,

Cr (V1] inverdary in 3104 past leal {(RPF-7884, Tabie. 3.4) = . 781802 {Ko

Mitrage

Peuk nitratis groundwater sotcentration at fanceline across cross sectian projecton from -

104 past ldalk (RPP-7EB4, Table G2, cross-sect SO407 Case ) = £ B5E+82 [mar,
Niirate vertory in 5-104 past leak (RPPL7884. Table 3.4) = 170E+O4 kg
Referesnce

RPEP-7884, 2002, Fisld invastigation Repoi for Waste Management Area S-3X, Rev. 0, CH2ZM HiLL Hanford Group, Inc., Richland,
“Washington

in-fank transfer funclions ére derived from the resuits of 3N § tank farm groundwater impaets analysis
TE25 snalysis 15 broader in scope than the RPP7E84 anatyeis and includes long-tarm groundwaler impacts from residuat waste The RPP-

- TH25 sirulations direclly included iee contarminants of concerm; Bchnetium-88, nitrste, sind uranium=238, Technetium-9% and riflrate were
simutated 85 being unretarded during subsurfacs transpont {distribution coefficient = O mL/g). Uranium was simulatad 28 being midderately.
retarded {diskribution coafficient = 0.6 ad.Ag). The geriod of analysis was 10,000 years. Projectad arrival imes of poak grountdwster
corteentrations gt the tank farm fenceline were approximately the year 4000 for the two fnobile contaminants and the yesr 12000 161 Uraniuf-
238,

in-tank Transfer nclions e developed bilow for te twe mobile RPP-7825 contaminants by dividing the simulated peak grouncwater
concentrations at ihe Jank farm fencéline by the contaminant inventories released at the source, Af in-tank ransfer funcion is not davel operl

-far uraniu-238 because the RPP7E25 analysis showed that due to its lower mobillly sranium-238 would make fitle ar o cortiaulion to the
fisk at the tine of peak for residual waste (yedr 4000). The peak risk frgim residial waste was driven by the highly mokile confaminaats with
distripition sosfficieris = 0 mLAg. Urarium.238 concerilrations in the groundwater at the tank farm fenceling were projected o bigin rising in
approximately the yaar 8000 and were projacted aot io havis peaked withiis the 10,000 year ahalysis period: Inthe L-200.sernids tnks
analysis, the lechneium-09 tansfer function is used 1o evaluate nutank impasts from radionuciides and the Bitrate transfer function is used to
avaluate naank impacts from chemicals,

Technetiun-99 TELAL]

Paak To90 grountwater concentration 8t fonceting for 2700 gal residual waste i tank §-112
(RPP.7825 Table 5.5.4) = ) 1 51E+02 i

Te-89 inventory In 2700 gal residunl waste in ank S:112 (RPP-7825, Table BL.O) = RESIE01ICE

Nitrate

Paaknitrete groindwater consentration at fanceline for 2700 gal residual waste in fark §-112

(RPP-7E25 Table 55 4) = . 3.6BE+C0imail,
Nitrate imveniory i 2700 gal residual waste in lank §-112 (RPP.7825, Table B1 By= 1.B6E+031ky
Reference

"REF.TB25, 2002, Single~-Shell Tank 5-112 Full Scale Saifcaks Waste Retrigval Technology Demansiration Functions and Renitrgments,
Rae. 1, CHIR HiLL Hanford Group. Inc., Richiangd, Washingion

Transfer Furciany g
Risk Cufos, UI00s DAIRE Bl vl Fage ‘Ef_ﬁ



Long-Term Hignan Health Risk Calculations to Support RPP-20095, Rev. 0
1J-200-Seriés Tanks Waste Retrieval Work Plan

Health efects conversion factors are taken from HNF-SD-WM-TI-707, which provides a
‘comprehensive 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.

Mobiie Radionuclide Contaminant of Concern Groundwater Unit Risk Factors

HSRAM
Nuclide Units. Industrial® HSRAM Residential”
C-14 ~ risk per pCifl. 7.77E-09 561E-08
Se-79 risk per pCilL. 3.65E-08 1.88E-07
Te-89 risk per pCilL 1.38E-08 3.36E-07
-129 risk per pCifL. 7.42E-07 3.84F-06

*Source = HNF-SD-WM-TI-707, Rev. 3, Table 22
®Source = HNF-SD-WM-TI-707, Rev. 3, Table 26
HERAR = Hanford Site Risk Assessment Methodology (DOE/RL-91-45)

Mohbile Noncarcinogenic Chemical Contaminant of Concern Groundwater Unit
Hazard Factors

HSRAM
Chemical Units industrial® HSRAM Residential’
Chromium Vi hazard index per mg/L 4.32E+00 2.40E+01
Nitrite hazard index per mg/L 9.89E-02 6.36E-01
Nitrate hazard index per mg/L 6.18E-03 3,88E-02

ASource = HNF-SD-WM-T1-707, Rev. 3, Table 23
*Source = MNF-SD-WM-TI-707, Rev. 3, Table 27
HSRAM = Hanford Site Risk Assessment Methodology (DOEIRL-Q‘MS)

Carcinogenic Chemical Groundwater Unit Risk Factors

HSRAM
Chermical Units industrial® HSRAM Residential”
Arsenic cancer risk per mg/L 4.31E-01 7.25E-01
Beryllium cancer risk per mg/L 2.37E-01 3.91E-01
Cagdmium cancer risk per ma/l 1.78E-01 2.93E-(1
Cobalt cancer risk per mg/L 2.77E-01 4.56E-01
Chromium VI cancer risk per mg/L 2.70E-05 6.00E-05

Source = HNFSD-WM-TI-707, Rev. 3, Table 23
*Source = HNF-SD-WM-TI-707, Rev. 3, Table 27

Reference

HNF-SD-WM-TI-707, 2003, Exposure Scenarios and Unit Dose Factors for the Hanford
Tank Wasle Performance Assessment, Rev. 3, U.-S. Department of Energy, Richland,
Waishingion '

Risk Factors.
Risk Galcs, U200s TWRP, Revixls Page 19
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Long-Term Human Health Risk Salculations to Support
UC2Un-Senes Tanks Wasie Refievat Wark Plan

Litank farm palriava leak impacts are summanized i s of peak groundwalter concentrasion,
radiciogical ILOR, arwd noncarcinogeric chernical H for the indicatar cantaminants (fschnetium.
89, hexavaler® chriwriim, and nitrite) identified through the screening procedure (see
Cartarminant Screening sheat in this workbook),

Groundwater Sencantrations are estimated a3 e product of thé refrisval Jeak inventory (see
Laak Inventory shaat in this workbiook) and the ex-tank transfer functicn (86 Transfer
Functions shieet in ihis workbaok). The ex-{ank technetium-89 transfér function is used for
technetium-99 and the ex-tank nitrate trarefer function is used for hexavalent chromium aind
nittite, The ILUR an0 Hl vatiies are calculated as the product of (e groundwater concentration
and the appropriate health efacts conversion factor far the Industrial ard residential exposurs
“soenancs {se Rigk Factors sheet in ihis workbook),

Taple 18 Technetium.99 Retrieval eak inipacts at {) Tank Fasn Fenceline for
Hypothetical Leak Yolumes of 8,000 Gallons {U-100-Serles Tanks) ang 100 Galfons {U-

Tablps 16217 {Retieval L
Risk Cates, Lia00s TWRIT

. Z00-Series Tanks)
Peuk Technetium.89
Gmundwa’fer Incremental Lifetime Cancer Risic
{soncentration
{pCiLy

Tank IMCL =900 pClLY. Industrial Residentiat
U101 5 12E+02 §.27E-06 2.26E-04
U102 243604 3.36E-04 B.1BE-03-
1103 4.31E+M 5.95E-04 1.45E-00.
104 2.35E+03 J24E-05 7.90E-04
U109 6.94E+04 S.58E-04 233802
108 557E+04 7.GOE-G4 1 B7E-G2
U107 2 59E+04 357504 8 69E-03
L-108 3.27E+04 482604

L1008 250E+04 2.46E-04

U140 7HBEHOR 1.04E-05

1411 3586404 4.94E-04

112 8.40E+02 1.18E-086

ey 7. 49E+00 1.03E-07

4207 7.A43E+80 1.03E.87

L5005 5 16E+00 8.590e-08

LRI04 1.5AEH00 1.08E-07

RPP-Z0805, Rev. &

Tabie 17. Hexavalent Chromium and Nitrite Retrieval Leak Impacts-at U Tank Fanm Fenceline for Hypothetical Leak Volumes of 8,000 Galioris {U-100-Series Tanks} ard

100 Gatlons (U-200-Serles Yanks})

Peak Chromium {Vi} Peak Nitrite
Groundwater Groundwater Hazard index Hazard Index
Cor i Cor . Indiistrial Scenario Residentiat Scenario
.. gLy fnglk)

Tank {MCL = 0.058 moilL} (MCL =33 mufl) Chroricm {Vi} Nifrite Totat Chromium (Vi) Nitrite TYotal |
15401 1.74E 4226400 7.53F.01 4.18E.01 1.17E+0T 4.18E+00 2.B8E+00 6 87E+00
4-102 488601 4.10E+01 2.03E+00 4.06E+00 6.09E+0G 1136401 2.81E+01 3 74E+01
4103 844501 3.58E+01 3.65E+00 3.54E+00 7:19E+00 2.03E+01 2.28E+01 43101
104 4 896014 7. BAEHO0 2.41E+00 746E-1 2. BBE+00 4. 17E+81 4.80E+00 1858+01
L1056 210801 3 47E+01 9.408E-01 2A43E+00 4,34E+00 5.05E+00 2.21E+51 2.71E+01
=106 208601 -4 148401 892E-01 4. 10E+00 4.995+00 4.95E+00 2B4E+01 313801}
=107 5.00E-01 2.445+01 2. 18E+00 2.41E+00 4.57E+00 1.20E+01 1.55E+01 275E+81
1J-108 32301 4. 185+01 1.39E+00 4. 14E+00 553E+00 7 I8EXQD 2.68E+01 3436+
1109 4 80801 D200 1.24E+00 S.28E+00 B5.23E+00 1.08E+01 21RO 3190
116 5.39E07 1.89E+00 2.33E-01 1.87E-01 4.20E-01 1.286+00 120800 2 H0E+00
P11 7.78E-01 -3.95E+04 3.36E+00 3.90E+00 7.26E+00 1.87E+01 2.851E+01 4 38E+01
£-112 281802 485801 1.218-1 4 60E-02 1.67E-01 £.74E-01 2 96E-01 G 69E.01
LJ-201 210802 300801 9.06E-02 297602 1.20E-01 - B.03E.O1 1. 81E-01 T
1-202 208802 2.37E-01 BSBE-02 2.93E-02 1.395-1 499E-01 1.805-01 6 88601
L-203 173802 24701 7 ABE-02 2.44E-02 9.8928-02 4.18E-41 167E-01 572601
1204 4.32E-03 3.048-01 1.87E.02 3.00E.02 4 87E-02 1.04E-01 193601 2.97E-01

Fage 23



i.ong-Term Human Healh fisk Cainulstions to Suppots
-200-Series Tanks Wads Retvevat Work #an

U tank fanm residual waste impacts are sumimarized in terms of pesk groundwater
cancentration, radilogical ILER, #nd noncarcinogenic chemical HI for the indicdtor
contaminants fechrsiium-99, hexavaiant chromium, and nitrite} ideniified through the
sGresning procadure {sea Contarminant Screening sheat In this workbook).

Groundwate? concerilrations afe esimated as the prodict of the residual wasts inventory {sée
Residual lvsenlon sheatin s workbook) and the indank enster Rinckon (ses Transter
Fuhétiong shest bt this workbook). Fhe in-tank technetiom-99 ranstar function is used for
‘technatium-8% and the in-tank ritrate franster function is used for hexavaleént cheomium and
‘ritrite; The LOR anc HE valugs ard calcultited a8 the product of the groundwiter
concenliation snd the appropriate health sffects conversion factor for the industrist and
rasidential axpisirs stendrios (see Risk Fackors sheel in' this vworkbook),

Tabiz {8. Tach -89 Residual Waste mpaits 5t U Tank Farm Fénceline After
Retrieval to HFFACD Irdarim Retrieval Goals
Peak Technetiun-99
Graundwater e . "
Concentration Incramantal Lifetime Caneer Risk
P}
Tarnk (WMCL = SO0 nCiL) inchusirial Regidential
1181 2.74E+H 3 T9E-07 8.22E-08
1102 B 928407 8.55E-06 2.33E-04
i-10% 1.62E+)2Z 2.24E.08 5.44£.05
104 3A7E 547ELT 133605
1105 2.84E+02 -3.92E-08 9.55E-05
106 4 906401 &.776-87 1.65E-05
U107 1276403 1.756-05 4.25E-04
L4080 5.37E+)2 7A41E-08 1.B0E.84
1-10% 7.44E+G2 103508 2.508-04
13 2.96E+(1 4.08E-097 F9IE08
=111 8 41547 136608 282804
Lt 12 2328401 4.03E.07  B1E-46
U201 BAE-O1 1.44E-09 3.50E.88
11207 3.0 1.43E-09 347E-08
[eies) B.57E-02 1IBE-0% 2.88E.08
(264 10601 1.48E-08 3.55E-08

Tabie 1. Huxavalent Chramiven and Nitrite Residual Waste Impacts at U Tank Farm Fenceline After Retrieval to HEFACO Interim Ratriaval Goais

Pealt Chromiuem (V- Peak Nitrite
Giroundwater - Groundwater Hazard Index Hazard index
Contentration Coneentration industrial Scenario Residential Scenarig
{mgit) {mgil} . Chromium

Tank {WCE = D05 mgily (MCL = 3.3 mgil.) Chromium (VI} Nitrite Totat ] Niteite Fotal
=101 1.0%E-01 1. 28E+00 4.72£.01 124601 5.86E.01 2626400 7.99E.01 3AZEL00
1-102 2.B0E-C1 3.05E-01 32100 3.01-02 1245400 B8.72E+00 1.94E-01 8.1 00
=103 JBTEDE 2 B4E-01 1. 59E+00 2.81E-02 1.81E+00 B.E1E+00 1.88E-01 Z9BE0C
1-104 1.03E-01 B.65E-01 4.47E-31 8.56E-02 232801 2 48E+00 550801 303E+GO
1)-108 4 B0E0 2.70E-0 1.73E+00 2B7E-02 1758400 LEQE+00D 1.71E01 BIIEAG ¢
H-108 8.10F-04 2. 90E-31 3.50E 00 2.87E-02 253000 1.64E+01 1.855.01 15800
=107 4. 1481 1LETE-O1 1.78E+00 1.856-02 1.81E+006 .835+00 119E-0% 1808404
U-108 3.28E-01 3.068-01 142E+00 3.026-82 14SE+00 1872400 1.94E-04 SO7EDD
L8 3.54E-G1 248801 1.538+00 2.47E492 1.568+00 8.21E+00 -1LB8E.O1 BHEE+0D
11 1.84E-02 351E-01 T.08E-02 3.47E-02 106801 353801 Z.23E8-01 817801
=111 5.20E-01 2.98E-01 2245400 2.93E-02 2275400 1. 255+ T.B8E-01 3. 2TEH
U112 1.488.02 11BN 6.38E-02 1.10E-02 748802 3545401 7H8E02 4. 28001
L0 -2, 32503 3.32e-02 1.008.02 328603 1 33E-02 S.EBE-02 2. 11E-02 FHYEAD
U-202 2.30E43 £.048-02 $.926.03 505603 1.59E-02 551802 3.848-02 935E-02
L-203 191662 2.73E-02 B.28E.03 2. 70803 1.30E.02 48002 173802 632802
4204 4.77E-G4 J36E-L2 2.06E-03 332603 5.3B8E-03 1.14E-02 243E-82 328602

Tables 18818 (Hesdual Wasty
Righ Callew, 200 TWHRP, Henilsis

FIPRZ0H05, Rev. O

Page 24



Long-Term Himan Hesil Risk Calculations to Support oy _
1-200-Baries Tanis Waste Retrjeval Work Plar RPP20595, Rev. 0

{1 tank farm past igak impacts are surmmarized in terms of peak groundwater concentration, radiological
#OR, and noncarcnogenic chemical HI for the indicator contaminiants (fechnetivm-99, hexavalent
cfifemium, and nilrte) identified thybugh the screening plocedura {see Contaminant Soreening shest in
this workbiook),

Groundwatear cincentrations are esimated @s the product of the past lsak inventory (see Lesk inventory
shiset in this workbook) and the ex-tank transter function (see Transfer Functions sheetin this
“workgook):. The ex-tank technetium-9% transfer funclion is sed for tlechnatium-99 anid the ex-tank
.nitrate wanstyr function 15 used for hexavalent chromium and nitrite. The LCR and Hi values are
caicaiated a5 the product of the groundwater concantration and the appropriate health effects
conversion fuabae for the industiat und residential exposure scenarios {see Risk Factors shest inthis

workooak),
_Tabte 20. Technetium-93 Past Lesk hripacts at U Tank Farm Fénceline
Peak Technetium-29
_Gmundwafer incremental Lifetime Cancer Risk
Concentration
{ptily
Tank. {MCL = 900 pCIi) Industrial Residential
404 5C1E+D4- 8.91E-04 18802,
1110 1.74E+04 2.39E-C4 5.83E-03
U112 221E+04 3.06E-04 742E-03
Tabie 21, Hexavatent Chromium and Nitrite Past Leak mpacts 4t U Tank Farm Fenceline
Peak Chramium {Vi} Peak Nitrite
. Hazard intex Hazaed Index
Groyndwater Groundwater M ;
Concentestion Congentration industrial Scenaric Restdential Scenade
) _ lrgil) {mglL} )

Tank {MCL = 0.08 mgiL} AWML = 3.2 mgiL) Chromium Vi) Nitrite Total Ch {vi} Nlirite Total
L1004 6 22E-0% 1.58E+1 288E+00 1.86E+00 A J4EHG 149E+21 1OCESD1 2. 49E+01
U110 9.93E.01 251E+H 4 298+00 249E+00 6.7TE+00 2 3BEH3 1.6CE+01 3988+
3-112 : B22E+00 - A 73EGT 2.88E+01 4 88E+00 3 15E+01 _LasEn? GERD 1 78E+02

Tables JO421 {Past Leaks)
Fask Taids, UZ00s TWRE, Randals Page 25



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

Long-Term Human Health Risk Caleulations to Subport
L1200-Beras Tanks Waste Retrieval Work Plan

Residual Inventory
Intruder Calch, LU200s TWRP, Revlids

Tank
Nuclide | Units U-201 U-202 -203 1J-204
3H Ci 5.13E-04 5.08E-04 422504 5.20E-04
14C Ci 8.21E-05 8.10E-05 6.73E-05 B.26E-05
B0Co | Ci 1.41E-05 1,40E-05 1.16E-08 1.43E-05
S9N Ci 2.32E-08 2.30E-05 1.91E-058 2,36E-05
B3N i 2.07E-03 2.05e-03 1. 70E-0% 2.09E-03
798e Ci - 1.78E-06 1.76E-06 1.48E-06 1.80E-06
90Sr Ci 2.72E+00 9.79E-01 1.89E+00 | 1.27F+01
90y Ci 2.72E+00 9.79E-01 1.89E+00 | 1.27E+01
33mNb Ci 8.44E-05 8.37E-05 6.93E-05 8.57E-05
93Zr Ci 7.31E-05 7.25E-05 6.01E-08 7.42E-05
95T¢. Ci 5.89E-04 5.84E-04 | 4.84E-0s 5.97E-04
106Ru Ci 1.69E-12 | 1.87E-12 1.39E-12 1.71E-12.
113mCd Ci 1.89E-04 1.87E-04 1.55E-04 1.82E-04
1255h Ci 1.03E-05 1.02E-05 8.43E-06 1.04E-05
1268n Ci 1.09E-05 1.08E-05 8.89E-06 1.10E-05
1291 Ci 1.13E-06 1.12E-06 9,28E-07 1.14E-06
134Cs Ci 1.18E-07 117607 9.67E-08 1.20E-07
137Cs Ci 4.58E+01 4 54E+01 3.76E+01 4.64E+01
137mBa i 4.33E+01 | 4 28E+01 3585401 | 4.30E+01
1515m i 6.00E-02 5.97£-02 4.95E-02 8.10E-02
152Eu Ci 9.18E-05 | S9.08E-05 7.52E-08 | 927E-05
154EU Ci 4.91E-04 4.86F-04 4.03E-04 4.97E-04
155Eu Ci 2.36E-03 2.33E-03 1.93E-03 2.38E£-03
226Ra Ci 1.05E-12 8.78E-13 6.90E-13 811613
228Ra Ci 1.22E-13 1.21E-13 1.00E-12 1.24E-13
227Ac Ci 1.39E-08 1.37E-08 1.14E-08 1.41E-08
229Th Ci 310BE-11 | 3.07E-11 2.54E-11 | 3.14E-11
2327Th GCi 3.04E-14 3.01E-14 2A49E-14 3.07E-14
231Pa Ci 8.77E-09 7.32E-09 5.75E-08 5.09E-09
232U Ci 3.40E-08 1.44E-09 1.06E-09 1.96E-08
233U Ci 1.19E-10 57411 4.20E-11 7.80E-10
234U Ci 1.21E-04 3.55E-05 2.60E-08 4.81E-04
235U Ci 5.37E-06 1.52E-06 110E-06 | 2.05E-08
236U Ci 1.83E-06 7.84E-07 5.71E-07 1.06E-05
238U Ci 1.24E-04. | 3.4B8E-05 2.54E-08 4, 69E-04
237Np Ci 4.11E-06 4,08E-06 3.38E-08 4 16E-06
23&Pu Ci 1.08E-05 2 95E-05 2.16E-05 1.07E-03
| 238Py Ci 7.31E-04 1.89E-03 1.4BE-03 7.24E-02
240Pu Ci 1.03E-04 2.80E-04 2.07E-04 1.02E-02
241Pu Ci 4,49F-04 1.22E-03 9.02E-04 4 45E-02
242Pu Ci 2.67E-09 7.25E-08 5.35E-09 2.84E-07
241Am Ci 6.12E-06 1.67E-05 1.23E-05 8.09E-04

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

RPP-20495, Rev. 0
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Long-Term: Hurnan Health Risk Calculations te Support
U-200-5eries Tarks Waste Retrieval Work-Plan

Dose Facirs:
intruder Cales, UZ00s TWRE, Revi.xls

Unit Dose Factors for Inadvertent Intruder Scenarios®

Suburban
Driller Resident | Rural Resident
Nuclide (mremper | (mremlyr per | (mreriyr per
Cirtkg) Ci exhurned) | Ci exhumed)

Total 10% Total 10% Totzl 10%

Internal internal Internad
H-3 3.25E+00 3.04E-01 1.33E-02.
C-14 1.64E+02 6.22E+01 1.36E+00
Co-60 3.70E+07 1.20E+04 4.76E+02
Ni-59 1.09E+01 5.70E-01 325602
Ni-B3 3.00E+01 1.56E+00 8.83E-02
Se-79 5147E+02 1.00E+01 23701
Sr00+0 '8.12E+04 3.59E+03 9.73E+01
aly 0.00E+C0 0.00E+Q0 0.00E+C0
Nb-93m 5038402 5.40E-01 4.85E-03
Zr-93 1.238+02 3.37E-01 3.96E-03
Te 89 5.66E+02 5.06E+02 2.54E+00
Ru-106+D 2.35E+06 9.35E+02 3.58E+01
Ca113m 1. H1E+04 1.15E+03 7.81E+00
Sb-125 68.53E+06 1.90E+03 7. 58E+01
Sn-126+D 3.09E+07 9.66E+03 3.B6E+02
129 7.28E+(04 2.98E+02 22701
Cs-134 2 41E+07 7.53E+03 3.00E+02
Cs-137+D 8.78E+06 313E+03 1.25E+02
137mBa G.00E+00 0.00E+00 0.00E+0D
Sm-151 3.85E+01 1.36E-01 1.16E-03
Eu-152 1.73E+07 5.42E+03 2ATEH32
Fu-154 " 1.88E+07 5.80E+03 2 36E+02
Eu-155 B.77E+05 1.60E+02 6.41E+00
Ra-226+D 2.69E+07 9.15E+03 3.61=+02
Ra-228+D 1.48E+(7 5.78E+03 2.26=+02
AC-227+D 747E+06G 4.67E+03 1.19=+02
Th-228+D 5 61E+06 2.60E+03 B.E3=+01
Th-232 B8.95E+05 1.02E+D3 2.88=+01
Pa-231 1.70E+06 2 31E+03 4 475401
U.232 7.60E+04 1.33E+03 3. 155401
U-233 2.28E+04 1.48E+02 1.24iz+00
U-234 1.96+04 1 44E+02 1175400
U-235+D 2420406 7.98E+02 2.78+01
U236 1.808404 1.37E+02 114400
U-238+D 3.77E+05 2 40E+02 8.25+00
Np-237+D 3.76E+06 4 28E+03 5.31E+01
Pu-238 3.51E+05 6.34E+02 1.10i2+01
Pu-239 3.86E+05 7.02E+G2 1.21+01
Pu-240 3.86F+05 7.02E+02 1216+
Pu-241+D 7.48E+03 1.38E+01 2.38=.01
Pu-242 3.68E+05 6.68E+02 1,168+
Am-241 5.83E+05 7.60E+02 T.416E+01

*Source = HNF-SD-WM-TI-707, Tables 7, 8, and 10 (Interna

Doses Reduced by 80% Because of Waste Form)

RPP-20095, Rev. 0
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Long-Term Human Heaith Risk Calculations to Support
U-200-Series Tanks Waste Retrieval Work Plan

Analyte Name Half Life Half Life Units
3H Tritium 12 yr
14C Carbon-14 5730 yr
60Co  Cobalt-60 5 yr
59Ni Nickel-59 76000 yr
63Ni Nickel-63 100 yr
795e Selenium-79 650000 yr
a0sr Strontium-90 + Daughters 29 yr
90y Yttrium-90 0.007306 yr
93mND  Niobium-33m 16 yr
93Zr Zirconium-93 1530000 yr
99Tc Technetium-99 211100 yr
106Ru  Ruthenium-106 1 yr
113mCd Cadmium-113m 14 yr
125Sb  Antimony-125 3 yr
126Sn  Tin-126 + Daughters 100000 yr
129] lodine-129 15700000 yr
134Cs  Cesium-134 2 ¥r
137Cs  Cesium-137 + Daughters 30 yr
137mBa Barium-137m 0.00000486 yr
1518Sm Samarium-151 90 yr
182Eu  Europium-152 14 yr
154Eu  Europium-154 9 yr
155Eu  Europium-155 5 yr
226Ra Radium-226 +D 1600 yr
228Ra Radium-228 +D 6 yr
227Ac  Actinium-227 + Daughters 21.8 yr
229Th  Thorium-229 + Daughters 7340 yr
232Th  Thorium-232 14100000000 yr
231Pa  Protactinium-231 32760 yr
2324 Uranium-232 70 yr
233U Uranium-233 159200 yr
234U Uranium-234 245500 yr
235U Uranium-235 703800000 yr
236U Uranium-236 23420000 yr
238U Uranium-238 +D 4468000000 yr
237Np  Neptunium-237 +D 2144000 yr
238Pu  Plutonium-238 38 yr
239Pu  Plutonium-239 24110 yr
240Pu  Plutonium-240 6564 yr
241Pu  Plutonium-241 +D 14 yr
242Pu  Plutonium-242 373300 yr
241Am  Americium-241 432 yr
243Am  Americium-243 +D 7370 yr
242Cm  Curium-242 0.443835616 yr
243Cm  Curium-243 29 yr
244Cm Curium-244 18 yr
Half-Lives ‘

Intruder Cales, U200s TWRP, Rev0.xls

RPP-20995, Rev. 0
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SPREADSHEET VERIFICATION FORM

1.SVF RRR-26995-Rev-0,07 ¢
S\/F-217 e zﬂ

oy

st

Spreadsheet Owner, Organization, MSIN, &
Phone No.:

D. Evans, CEES (Contractor), 946-7111

Spreadsheet File Name, Rev. No./Version No.

Risk Calcs, U200s TWRP, Rev.0.xls
Intruder Calcs, U200s TWRP, Rev. 0.xls

Location of Spreadsheet: (Identify where the
spreadsheet file is iocated by checking the boxes to the
right. If "Other,” provide description of where it is located)

Personal Computer
CcD

Network Drive

Other

O
O
]

<]

Path

Description  CEES (Contractor)

Function and Purpose of Spreadsheet: (Provide
a brief description of the purpose of the spreadsheet)

U-200-series tanks long-term human health risk and intruder
calculations to support waste retrieval work plan (RPP-20700).

Scope of Verification: (Indicate scope of verification
by checking box to right. If “Other” provide description of
scope)

All Formulas in
Spreadsheet

Input Data only

Formulas and Input
Data

Formula Changes

Cther

O

O

O

O

Description

Method of Verification: (Provide brief description of the method used to verify the spreadsheet. Note multiple methods may be used to verify

different parts of a spreadsheet}

--Verified formulas used are correct for intended functions being calculated
--Performed hand calculations to verify values returned by formulas are correct (initial cells only for

repeating formulas)

—Verified correct repetition used for repeating formulas

--Verified input data against data sources, checked for correct cell references in cells that call input data

Verification Documentation: (Provide description of
where verification documentation may be located. The
verification decumentation should include a description of
all unigue intended formulae together with evidence that
the interpretation of the formulae in the spreadsheet is
correct and that the spreadsheet returns correct results)

Attached:

O No. of Pages:

Electronic Information File:

O Ref:

Engineering Document:

[ Ref:  RPP-20995, Rev. 0
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Spreadsheet Owner: 20
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