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APPENDIX E

RISK ASSESSMEN FC INADVI TENT INTRU ERSCENARIO

1.0 IN RODUCTION

The Hanford Advisory Board (HAE in Advice #132 (HAB 132), requested that the Tri-Party
Parties (U.S. Department of Energy  .S. Environmental Protection Agency, and Washington
State Department of Ecology zvaluate the dose to potential intruders when considering former
waste sites for closure. In its response to the AB, the Tri-Party Parties committed to evaluating
doses to the intruder as wellasa 1 1 of other exposure scenarios (TPA 2002).

This appendix presents an analysis of an intruder scenario for determining excavation depth
should excavation be selected. 1e1 lowing waste sites are analyzed:

216-U-10 Pond

216-U-14 Ditch

216-Z-11 Ditch

216-A-25 Gable Mountain Pond
216-T-26 Crib.

The 216-Z-11 Ditch comprises three ditches: 216-Z-11, 216-Z-1-D, and 216-Z-19. Previously,
these ditches were analyze as one entity. Because most of the contamination resides in the
216-Z-1-D and 216-Z-19 Ditches, this analysis addresses the three ditches separately to avoid
drawing conclusions for all three ditches based on results from just one.

The reasonably anticipated future land use for the 200 Areas is continued industrial activities
based on DOE/EIS-0222-F, Final Hanford Comprehensive Land Use Plan Environmental
Impact Statement and 64 FR 61615, “Record of Decision: Hanford Comprehensive Land-Use
Plan Environmental Impact Statement (HCP EIS).” For locations within the industrial area, the
U.S. Department of Energy dose limits i the protection of workers and the affected public will
be in effect for as long as facility management operations continue. However, after a period of
50 years, it is assumed that all operations will have ceased but that public entry to the site will be
restricted for an additional 100 years by enforcement of institutional controls. Evaluation of a
500-year period also was conducted.

The inadvertent intruder scenario is bas¢ n the possibility that, after the 150 years or the

500 years, an individual unwittingly (tn  gh human error or loss of knowledge conceming the
location of contaminants) engages in an  ‘ivity that results in cont: ~ with wastes left in place.
The goal of remediation is to achieve the 10 to 10°® risk range, using a dose of 15 mrem/yr
above background as an operational guideline to achieve this goal. Demonstration that the

10 to 10" residual risk-range goal has been achieved will be accomplished through final

ver cation sampling during closeout of lividual sites. Therefore, the evaluation in this risk
assessment focuses on the 15 mrem/yr standard.
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soil. Consumption of groundwater is not included in this evaluation because groundwater in this
area currently is under remediation and is not available for use. This scenario is consistent with
other inadvertent intruder evaluations conducted within the Central Pl: :au.

The resident is assumed to sprea the waste over a garden 200 m” (2,150 ft?) in area and to a
depth of 15 cm (6 in). The garden area was taken from another risk assessment
(DOE/ORP-2000-24) and is based  an area large enough to supply a significant portion of a
person’s vegetable and fruit diet, y small enough to produce a higher (more conservative)
estimation of dose. The resident is assumed to spen 20 percent of the time in the garden,

60 percent of the time indoors exposed to dust from the garden, and 20 percent of the time off
site.

Of the three scenarios proposed for « uation, the future rural resident is considered the
worst-case s¢'  irio, primarily because of the larger exposure time. Therefore, this scenario is
the only one analyzed in the remainder of this appendix.

E2.0 C I(CEPTUAL SITE MODEL

The data on contamination in the was ~site are partitioned into 1.5 m (5-ft) increments of depth,
with all contaminated increments being assigned a concentration equal to the highest
concentration measured within any increment. The contamination concentration then is reduced
based on decay for 150 years and fo 0 years assuming no transport of the contaminants during
those years. After 150 years or 500 s, as the well illing intersects the incremental layers,
the total amount of radioactivity in the well cuttings is assumed to be thoroughly mixed with
surface soil such that the contaminatio n the garden is of uniform concentratlon The
specifications on the garden are provided in Table E-1.

The contaminant data for the analysis are taken from the following locations:

e 216-U-10 Pond, 216-U-14 Ditc and 216-Z-11 Ditch: Appendix A of
DOE/RL-2003-11, Remedial Investigation Report for the 200-CW-5 U Pond/Z Ditches
Cooling Water Group, the 200-C -2 S Pond and Ditches Cooling Water Group, the
200-CW-4 T Pond and Ditches Cooling Water Group, and the 200-SC-1 Steam
Condensate Group Operable Ui 5

o 216-A-25 Gable Mountain Pond: Appendix A of DOE/RL-2000-35, 200-CW-1 Operable
Unit Remedial Investigation Report

e 216-T-26 Crib: Appendix Cof  E/RL-2002-42, Remedial Investigation Report for the
200-TW-1 and 200-TW-2 Operable Units (Includes the 200-PW-5 Operable Unit).

E-3
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The following screening occurred on the undecayed (current) data.

o Radionuclides with half-lives less than 15 years (resulting in 10 half-lives at the end of
institutional control) were not included because each radionuclide would decay to
insignificant levels.

e Current concentrations less than 1 pCi/g were not included.

e Combined Pu-239/Pu-240 values were evaluated as if totally Pu-239 because Pu-239 is
the more likely contaminant and its health risk is slightly greater than that for Pu-240.

e Gross alpha and gross beta measurements were not inclu¢ °
e Values less than the detection limit were not included.
o Total strontium was evaluated as Sr-90.

e Radionuclides commor ’fou in the earth’s crust that showed relativi / uniform
concentrations to the greatest pth sampled (e.g., K-40) were assumed to be at
background concentrations and thus not included.

The resulting soil column concentration values used for the rural residential intruder analysis are
presented in Tables E-2 through E-8 for the seven waste sites evaluated. These concentrations
are current concentrations, not concentrations at the end of institutional control. The tables are in
5-ft increments from ground surface to the estimated bottom of the contaminated zone. The
exposure-point concentration for the rural residential intruder is based on dilution of the drill
cuttings from being spread over the garden and mixed with soil as described previously.

Figure E-1 represents the conceptual site model for the exposure scenario.

E3.0 RISK ASSESSMENT METHODOLOGY

Residential intruder health risk resulting from radioactive contaminants was evaluated using the
RESidual RADioactivity (RESRAD) computer model (ANL 2002, RESRAD for Windows) as

scribed in Section 2.7 of this feasibility study. The baseline input file used was the same as
that used for' :indu 1al, direct-contact exposure scenario without cover. The input parameters
used for the industrial exposure scenario are listed in Appendix C, Table C-9 of this feasibility
study. The principal changes to the inputs for the intruder analysis were the diluted
concentrations in the garden and the area of the contaminated zone, as previously discussed in
this appendix. The intruder scenario includes the plant ingestion exposure pathway, which the
industrial scenario did not use. Therefore, the exposure pathways used for the intruder scenario
include external gamma, inhalation, plant ingestion, and soil ingestion.

An iterative process was used to determine if excavation of the contaminated zone is required to
protect the residential intruder. First, the analysis included all the 1.5 m (5-ft) incremental 1yers
(i-e., no excavation). Next, the uppermost 5 m (5-ft) layer was removed from the analysis as if

E-4
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the contaminated soil had been removed. Subsequent layers were removed one at a time until all
the contamination was gone. The dose values calculated for each iteration allow generation of a
table of intruder dose versus excavation depth. Examination of the table suggests at which
excavation depth the 15 mrem/yr standard can be achieved.

Finally, RESRAD was used to determine the individual radionuclide preliminary remediation
goals (PRG) for the residential intruder scenario, assuming 150 years of decay. These PRGs are
the average soil column concentrations that would result in a 15 mrem/yr dose to the intruder.
Because radionuclide impacts to human health are additive, these individual radionuclide PRGs
only are applicable when the radionuclide is the only one present. For multiple radionuclides,
the sum of the fractions of the individual radionuclide soil concentration divided by the
individual radionuclide PRG must be compared to the number “1,” which represents the
cumulative dose benchmark of 15 mrem/yr.

E4.0 ANALY] AL RESULTS AND CONCLUSIONS

Table E-9 presents the 150-year dose to the intruder by excavation depth for each of the seven
waste sites. Table E-10 presents the 500-year doses. The dose decreases as more soil is
excavated. Individual radionuclide PRGs for the intruder scenario are presented in Table E-11
for each waste site. As an illustration of the sum of the fractions rule, Table E-12 presents the
sum of the fractions for each waste site assuming no excavation. The soil concentrations used
are the average soil concentrations in the contaminated zone, not those of any individual 5-ft
increment. Similarly, the PRGs were calculated based on an average concentration in the soil
column.

Following is a summary for each waste site:

216-U-10 Pond — The dose to the intruder without any excavation is 3.5 mrem/yr with
150 years of radioactive decay and 0.12 mrem/yr with 500 years of decay. These values
are less than the 15 mrem/yr standard; therefore, no excavation is indicated. The dose is
primarily from Cs-137 at 150 years and Pu-239 and U-239 at 500 years. The
contamination primarily is located 0 to 3.1 m (0 to 10 ft) below ground surface (bgs) at
concentrations less than the PRGs. A larger area of contamination exists near 41.2 m
(135 ft), but it also is less than the PRGs.

216-U-14 Ditch — The dose to the intruder without any excavation is 1.8 mrem/yr with
150 years of radioactive decay and 0.0014 mrem/yr with 500 years of decay. These
values are less than the 15 mrem/yr standard, so no excavation is indicated. The dose
primarily is from Cs-137 at 150 years and from Am-241, Cs-137, and Pu-239 at

500 years. The contamination primarily is located 0 to 6.2 m (0 to 20 ft) bgs at
concentrations less than the PRGs.

216-Z-11 Ditch — The dose to the intruder without any excavation is 25 mrem/yr with
150 years of radioactive decay and 24 mrem/yr with 500 years of decay. The dose
primarily is from Pu-239, which is cated 0 to 6.2 m (0 to 20 ft) bgs at concentrations

E-5
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greater than its individual PRG. This contamination will not decay to less than the PRG
in more than 10,000 years.

216-Z-1-D Ditch — The dose to the intruder without any excavation is 3,300 mrem/yr
with 150 years of radioactive decay and 2,000 mrem/yr with 500 years of decay. The
dose primarily is from Am-241, for which the majority of the contamination is located
from 5 to 15 ft bgs at concentrations significantly greater than the PRG. There also is a
significant contribution from | -239, which is collocated with the Am-241 and Ra-226,
which is located 3.1 to 4.6 m (10 to 15 ft) bgs. This contamination will not decay to less
than PRGs in more than 10,( 0 years.

216 . 19 Ditch — The dose to the itruder witho y excavation 1s 5,500 mrem/yr with
150 years of radioactive dec: and 5,400 mrem/yr with 500 years of :cay. The dose
primarily is from Pu-239, which is located fro1 to 0 to 4.6 m (0 to 15 ft) bgs at
concentrations greater than the PRG. There is a less significant contribution from
Am-241, which is colocated with the Pu-239. This contamination will not decay to less
than the PRGs in more than 10,000 years.

216-A-25 Gable Mountain Pond — The dose to the intruder without any excavation is

7.4 mrem/yr with 150 years of radioactive decay and 0.017 mrem/yr with 500 years of
decay. These values are less than the 15 mrem/yr standard, so no excavation is indicated.
The dose primarily is from Cs: 37 at 150 years and Th-232 at 500 years. The
contamination is located 0 to 7.6 m (0 to 25 ft) bgs at concentrations less than the PRGs.

216-T-26 Crib — The dose to the intruder without any excavation is 35 mrem/yr with
150 years of radioactive decay and 0.97 mrem/yr with 500 years of decay. The dose
primarily is from Cs-137 at 150 years and from Pu-239 at 500 years. The contamination
primarily is located from 4.6 to 12.2 m (15 to 40 ft) bgs with Cs-137 exceeding its
individual PRG. This contamination will decay to less than the 15 mrem/yr standard in
approximately 190 years. ’

As summarized in Table E-13, four of the waste sites require excavation to achieve the

15 mrem/yr dose standard for the intruder scenario. With incremental removal of soil (with
depth referenced from ground surface), sse waste sites exhibit differing decreases in risk at
various depths (dependent on radionuclide concentration and depth distribution).
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Table E-1. Residential Intruder Garden Specifications.

Parameter Value
Diameter of borehole (feet) 1
Area of borehole (sq re feet) 0.785
Volume of cuttings in each increment (cubic feet) 3.93
Density of garden soil 1.5
(grams per cubic centime ) 93.6
(pounds per cubic foot)
Garden area re fee 2,153
Garden volume (cubic feet) 1,077
Garden soil mass (poun ) 100.760
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Table E-2. 216-U-10 Pond ‘urrent Maximum Concentrations by Depth Below Ground Surface (picoCuries per gram).” (2 Pages)

Depth (ft) Am-241 Te-99 Cs-137 | Pu-238 | Pu-239° Se-79 Sr-90° Th-232 | U U-234 U-235 U-238
130
135 8313 | 15 46 I 56 2 53

Source: DOE/RL-2003-11, Remedial Investigation Report for the 200-CW-5 U Pond/Z unches Cooling Water Group, the 200-CW-2 S Pona and
Ditches Cooling Water Group, the 200-CW-4 T Pond and Ditches Cooling Water Group, and the 200-SC-1 Steam Condensate Group Operable Units.

“Blank cells represent zei

or negligible results.

®Pu-239/Pu-240 values represented as totally Pu-239.
“Total strontium values represented as totally Sr-90.

V LAVAd $2-#007-TI/40d
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Table E-3. 216-U-14 Ditch Current Maximum Concentrations by Depth Below Ground
S' ace (picoCuries per gram).®

Depth (ft) Am-241 Cs-137 Pu-239" Sr-90°

0 2,228

5 1.6 2,228 2.1 5.2

10 1.6 2,228 5.2

15 1.6 2,228 52

20

25

30

35

40

45 4.6

50

Source: DOE/RL-2003-11, Remed; estigation Report for the 200-CW-5 U Pond/Z Ditches Cooling
Water Group, the 200-CW-2 S Pond anc res Cooling Water Group, the 200-CW-4 T Pond and Ditches
Cooling Water Group, and the 200-SC- n Condensate Group Operable Units.

*Blank cells represent zero or negligible results.

*Pu-239/Pu-240 values represented as totally Pu-239.
“Total strontium values represented as tc  ly Sr-90.
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Table E-12. Sum of the Fractions of Average Soil Column Concentration Divided by Average Preliminary Remediation Goals.*

Site Am-241 | Cs-137 | Pu-238 | Pu-239 | Ra-226 | Se-79 Sr-90 | Tc¢-99 | Th-230 | Th-232 | U-233 U-234 l U-235 U-238 Sum
216-U-10 0 0.3 0 0 0 0 0 0 0 v 0 0 0.3
Pond . |
216-U-14 0 0.12 0 0 0.12
Ditch l
216-Z-11 0.2 0 1.5 1.7
Ditch
216-Z-1-D 20( 0 15 13 230
Ditch
216-2-19 1.1 0 370 370
Ditch
216-A-25 0 0.78 0 0 0 0 0.78
Gable
Mountain
Pond
216-T-26 0.01 2.2 0 0.04 0.02 0 0 0 2.3
Crib

NOTE: Blank cell indicates the contaminant is not present.

*If the sum of the fractions is less than 1, then no remediation is indicated. A value of | represents 15 mrenv/yr from the cumulative impact of all radionuclides.

V 14VAd vT-700C-T/90d
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Table E-13. Required Excavation Depths to Meet 15 Millirem per Year for Intruder at

150 and 500 Years.
Waste Site Excava n Depth (ft) Excavation Depth (ft)
150 Years 500 Years
216-U-10 Pond 0 0
216-U-14 Ditch 0 0
216-Z-11 Ditch 10 10
| 216-Z-1-D Ditch 15
| 216-Z-19 Ditch 15
‘T-26 Crib 0
216-A-25 Gable
Mountain Pond

E-20
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