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RCRA treatment, storage, and disposal facilities. The new strategy, the HPPS, is described
-1 justified in The He , ord Federal Facility Agreement and Consent Order Change
Package, dated May 16, 1991 (Ecology et al. 1991).

In response to the above concerns, the three parties have decided to manage and
implement all past-practice investigations under one characterization and remediation
strategy. In order to enhance the efficiency of ongoing remedial investigation/feasibility
study (RI/FS) and RCRA facility investigation/corrective measures study activities at the 100
Area of the Hanford Site, and to expedite the ultimate goal of cleanup, more emphasis will
be placed on initiating and completing waste site cleanup through interim actions.

This strategy streamlines the past-practice remedial action process and provides new
concepts for:

° accelerating decision-making by maximizing the use of existing data consistent
with data quality objectr

° undertaking expedited response actions .....A) and/or IRM, as appropriate, t0
either remove threats to human health and welfare and the environment, or to
reduce risk by rer :ing toxicity, mobility, or volume of contaminants.

The HPPS describes the concepts and framework for the RI/FS process in a manner
that has a bias-for-action through optimizing the use of interim actions, culminating with
decisions for final remedies on both an operable unit and 100 Area egate scale. The
strategy focuses on reaching early decisions to initiate and complete cleanup projects,
__iximizing the use of existing data, coupled with focused short-time-frame investigations,
where necessary. As more data become available on contamination problems and associated
risks, the details of the longer term investigations and studies will be better defined.

Figure 1-1 is a decision flow chart that shows the HPPS process. The strategy
includes three paths for interim decision-making and a final remedy-selection process for the
operable — - that inc: _orates the three paths and integrates sites not addressed in those
paths. An important element of this strategy is the application of the observational approach,
in which characterization data are collected concurrently with cleanup.

As shown on Figure 1-1, the three paths for interim decision-making are:

° An ERA path, where an existing or near-term unacceptable health or
environmental risk from a site is determined or suspected, and a rapid
response is necess._, to mitigate the problem.

. An TRM path, where existing data are sufficient to formulate a conceptual
model and perform a QRA. If a decision is made to proceed with an IRM, the
process will advance to select an IRM remedy, and may include a focused FS,
if needed, to select a remedy.
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2.2.1 Geologic Investigation

Detailed results of the geologic investigation of the 100 B/C Area are contained in
Geology of the 100 B/C Area (Lindberg 1993). The stratigra “— of the 100 B’ Area
(Figure 2-1) is (from youngest to oldest):

discontinuous Holocene deposits

Hanford formation

Ringold Formation

Columbia River Basalt Group and interbedded Ellensburg Formation.

The Holocene deposits of the 100-BC-2 Operable Unit are predominately eolian silty
fine-grained sands. These deposits range in thickness from predominately <0.9 m (3 ft) to
<0.3 m (1 ft). In areas of construction, the Holocene deposits have been removed.

The Hanford formation is represented by gravel-dominated facies in the 100-BC-2
Operable Unit, with occasional isola | intervals of sand-dominated facies. .ue formation is
over 31 m (100 ft) thick in the southeastern pc  n of the operable unit and unifo  y th
to the northwest. These sediments are part of a three-facies formation deposited during
Pleistoc~—- catacly ": flooding on an erosional surface which marks the top of the Ringold
Formation.

The Ringold Formation consists of seven units and interbeds in the 100-BC-2
Operable Unit. From upper to lower tl ¢ are:

° Unit E, in the BC-2 portion of the B/C Area, is not clearly defined. It is
probably a coarse-grained fluvial sequence ranging in thickness from 13 to
40 m (43 to 130 ft).

. Paleosols and Overbank deposits are a sequence of muddy sediments
approximately 34 m (110 ft) thick. The lower half of the sequence shows
considerable carbonate development, indicating paleosols.

o Unit C consists of a series of coarsening-upward fluvial channel deposits.
These sequences grade from silty or gravelly sand to sandy gravel. In the
northern portion of the B/C Area this unit is approximately 34 m (113 ft)
thick.

° Paleosols and Overbank deposits are a 15 m (50 ft) thick set of sediments
grading from silt upward into silty sands and gravelly muds.

° Unit B correlates to a set of two gravelly sand intervals interbedded with
paleosol and overbank sandy muds. The thicknesses of the sand intervals are
2.4 and 1.8 m (8 and 6 ft); the sandy muds are approximately 2.7 m (9 ft)
thick.
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2.3.4 Sampling

Analytical samples were collected from the borehole = ~ >0 ° w7 5.2, Soil
and Sediment S  ling (WHC 1988). ..e samples were ¢ d based on the following
criteria:

o Analytical sampling began when the drill cuttings were greater than or equal to
the screening criteria for radionuclides (reading at nonwaste site sampling
locatic plus site background) or for VOC (5 pm greater than background).

. Sampling continued at 5 ft (1.5 m) intervals until two consecutive samples
taken below the expected waste depth were less than the screening criteria.

2.3.5 Historical Contamination Data

A p ~ ary reference for radiol¢ . characterization of the 100-BC-2 Operable Unit
sources is a sampling study ¢ the 100 Areas performed during 1975/ by Dorian and
Richards (1978). In the 100-BC-2 Ope ble Unit Area, Dorian and Ri * 'ds collected
samples from the pluto crib system; including the pluto crib, the pluto crib sand filter, and
the pluto crib pump house; the 118-B-1 burial ground, the exhaust air filter building, and the
reactor exhaust stack. The samples we analyzed for radionuclides and the inventories of
radionuclides for the facilities and sites were calculated. Results from Dorian and Richards
(1978) were a major resource used in the development of the 100-BC-2 conceptual model and
LFI data needs. It should be noted, however, that only concentrations and inventories of
selected radionuclides were reported in the 1975/76 study. In particular: nickel-63, which is
generally present at activities on the same order of magnitude as cobalt-60; technetium-99,
detected in 100 B/C 2 groundwater wells; and daughter product radionuclides of
strontium-90 and cesi 37, which have approximately the same activities as the parent
radionuclides, were not included in sur  iries of total activity.

Estimates of Solid Waste Buried in 100 Area Burial Grounds (Miller and Wahlen
1987) provides an additic 1 source of radionuclide inventories for the solid waste burial
grounds in the 100-BC-2 Operable Unit. Radionuclide concentration estimates were
calculated based on buried waste inventories compiled from the review of historical
documents, reconstruction of operation practices, and the experiences of knowledgeable
individuals involved in the disposal of wastes generated during the years of reactor
operations.

2.3.6 Analogous Site Investigations

Some of the source sites in the 100-BC-2 Operable Unit have similar characteristics
and histories to source sites in other 100 Area Operable Units. Data gathered for LFI from
these analogous sites were used to compare and augment the data gathered for the 100-BC-2
LFI. Areas which have sites analogous to those'in 100-BC-2 are; 100-BC-1, 100 D/DR,

2-8
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2.6.3.9 Risk Characterization. The risk characterization for the QRA is conducted as
presented in HSRAM (DOE-RL 1994a). The QRA approach evaluates sites with quar <““tive
sampling data and sites with limited or no sampling data. Consequently, risk characterization
is discussed separately for each situation. '

2.6.3.10 Risk Characterization when Quantitative Data are Available. The risk
characterization methodology provides estimates of lifetime ICR for exposures to
carcinogenic COPC and HQ for expo: s to systt c toxicant COPC.

The total lifetime ICR and hazard index to human receptors at each site is determined
by summing the individual COPC ICR and HQ contributions from all pa_ 1ys. Because the
risk characterization equation for carcinogens used in this QRA is only valid up to estimated
risks of approximat ' 1E-02 (EPA 1989), lifetime ICR estimates which exceeded 1E-02
were reported as "> 1E-02."

The total lif » IC.. for each waste site is quali ively discussed with respect to the
following levels based on agreements by the signatories to the Tri-Party Agre« :nt on
May __, 19._.

"high” (ICR > 1E-02)

"medium” (1E-02 <ICR <1E-04)
"low" (1E-04 <ICR <1E-06)
"very low" (ICR <1E-06).

The major COPC and major exposure pathways contributing to total risk are
discussed individually for sites at which total lifetime ICR exceed 1E-06.

2.6.3.11 Risk Characterization When Quantitative Data are not Available. Waste sites
without analytical data are evaluated qualitatively. Contaminants of potential concern
releases are identified from available historical information or from process knowledge of the
waste site. Human health risks assessed at quantitatively characterized analogous waste sites
are used to establish a range of risks which may exist at the investigated waste site.

2.6.4 Uncertainty Associated with Human Health Risk Evaluation

The human health risks calculated in this QRA are estimates that reflect several
ass_ ptior and related un tainties. Uncertainties inherent in these est__.ted risks reflect
a combination of uncertainties in the data used, exposure and toxicity assessments, and risk

characterization calculations.

2.6.4.1 Exposure Assessment Uncertainties. The impact of the exposure assessment
uncertainties can be grouped into the following qualitative categories (EPA 1989):

o "low": uncertainty might affect estimates by less than one order of
may_tude

2-16
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This discussion of potential ARAR is intended to be a refinement of ARAR presented
in ““- work ,_an. Additional evaluation , :ntial ARARw " bedc ~ ~  FS phase.
Final ARAR will be determined in the ROD.

There are no potential ARAR for radionuclide contaminants. Because only
radionuclides were sampled and detected witl__ the O to 4.6 m bls (0 to 15 ft) interval of
consideration, no comparison of contaminate concentration to potential ARAR was done
during the LFI/QRA evaluation process.

2-24
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Figure 2-4 Conceptual Model of Terrestrial Foodweb Relationships
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(p)

Mev

to-Plant Transfer

Contaminant Fraction Uptake
halflife (days) halflife (days) (absorbed energy for Factor '
2-cm diameter sphere)

Radionuclides
Cesium-137 71.5(H) 1.10E+04(b) 0.267(a)(c) 0.62(h) 1(m)
Cobalt-60 9.5(a) 1.92E + 03(b) 0.237(a) 0.5(g) 0.3(m)
Europium-152 635(a) 4.96E+03(b) 0.12(p) 0.001(g) 0.001(m)
Europium-154 635(a) 3.21E+03(b) 0.311(a) 0.001(g) 0.001(m)
Europium-155 635(a) 1.§ I+03(b) 0.061(a) 0.001(g) 0.001(m)
Plutonium-238 65000(a) 3.20E+04(b) 5.51(a) 0.07(g) 0.001(m)
Plutonium-239 65000(a) 8.78E + 06(b) 5.15(a) 0.07(g) 0.001(m)
Plutonium-240 65000(a) 8.78E + 06(b) 5.15(a) 0.07(g) 0.001(m)
Strontium-90 244(o) 1.06E +04(b) 1.14(a)(c) 19(j) 0.3(m)
tritium (H-3) 10(a) 4482(b) 0.0058(a) 4.8(i) 1(m) .

Baker and Soldat (1992)

Shleien (1992)

includes the decay products in the energy absorbed.
Parameter are continually revised with new information and are subject to change.

vi e for Cesium calculate
Coughtrey et al. (1985)
| Heretal. (1977)

1s Y = 3.5 (mass)** (I regorio et

Whicker and Schultz (1982)

Rouston and Cataldo (1978)

Cataldo and Wildung 978)
‘RP (1959) for standard man

assumj

ms used in ecological dose equations:
assumes mouse consumption of 6.7 grams/day vegetation by using 0.157 x Mass(kg)
assumes mouse weight of 23.5 grams (Burt and Grossen|

1978)

ler 1976)

assumes dry-to-wet plant conversion of 0.32 (FEMP-SWCR-6 FINAL 1993)

Reichle et al. (1970)

update to database from Baker and Soldat (1992)

(Calder 1984)
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radium-228, thorium-228, thorium-232, uranium-233/234, ur. ~“1m-238, plut™ " 1m-239/240,
and americium-241. The concentrations for these radionuclides are summarized in Table 3-2
and are as follows:

gross alpha levels ranged from 3.4 to 23 pCi/g

gross beta levels ranged from 15 to 850 pCi/g

potassium-40, cobalt-60, nickel-63, europium-152, europium-154, and
europium-155 had maximum concentrations betwe _ 6.80 and 9.44 m (22.9

and 30 ft) bls, decreasing steadily with depth b¢ »w 10.67 m (35 ft) bls

radium-226, radium-228, and thorium-232 were detected at relatively uniform
(<1 pCi/g) concentrations below 10.67 m (35 ft) bls

thorium-232 was detected (0.9 pCi/g) in the 6.98 to 8.20 m (22.9 to 26.9 ft)
interval and at stable concentrations (<0.6 | ~ /g) below 10.67 (35 ft) bls

carbon-14 was detected in the 14.69 to 15.45 m (48.2 to 50.7 ft) interval

the maximum strontium-90 concentration occurs between 10.67 and 11.28 m
(35 to 37 ft) bls

uranium-233/234 and uranium-238 concentrations are <0.6 pCi/g throughout
the depth of the borehole.

No anions were detected above the Hanford Site background 95% UTL (Table 3-2).

3.2.1.6 Historical Data. Dorian and Richards (1978) drilled 5 test holes in the 116-C-2A
pluto crib (Figure 3-5). The analytical results are presented in Appendix B. A summary of
detected radioisotopes, decayed to July 1993 activities (17 years, 90 days), is shown in

Table 3-4. Results from seven samples, ranging in depth from 7.62 to 15.24 m (25 to 50 ft)
bls, from three boreholes (B, D, and E) were reported. The following radionuclides were
detected: total uranium, tritium, cobalt-60, strontium-90, cesium-134, cesium-137,
europium-152, europium-154, and europium-155. The maximum decayed activities for all
detected radionuclides were reported between 9.14 and 10.67 m (30 and 35 ft) bls as follows:

cobalt-60, strontium-90, cesium-137, europium-152 and europium-155 at 9.14
m (30 ft) bls in testhole D

tritium at 10.67 m (35 ft) bls in testhole E
cesium-134 at 10.67 m (35 ft) bils in testhole D

total uranium and europium-154 at 10.67 m (35 ft) bls in testhole B.

34
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3.2.1.9 LFI Results. The LFI results show the majority of the contamination in the
116-C-2A pluto crib in the 'p of the crib. All of *  * “rganic contaminant
concentrations are | . than the 95% o 1. values below 8.38 m (27.5 ft) bls. The majority
of the detected radionuclides show maximum activity levels in the 6.98 to 8.20 m (22.9 to
26.9 ft) bls interval. Of the radionuclides that ¢ not follow this trend, only strontium-90 is
not naturally occurring. The strontium-90 maximum activity level occurs in the 10.67 to
11.28 m (35 to 37 ft) bls interval; below which the activity level decreases with depth.

Concentrations reported by Dorian and Richards (1978) are generally consistent with
radionuclide data obtained in LFI borehole 199-B9-4 at the pluto crib site. Historical data
(Dorian and Richards 1978) also follow the same general trend as in the LFI borehole. The
maximum decayed activities occur in the top 9.14 m (30 ft) and decrease w " dep” The
isotopes analyzed for and detected in the historical data correspond to the contaminants found
during the LFI. Tritium, cesium-134, and cesium-137 are the only historical isotopes with
no LFI detections. The decayed activity levels for both cesium isotopes were below 1 pCi/g.
The maximum de¢ ___sed activity level for tritium was located at 10.67 m (35 ft) bls.

The detected radionuclides in the analogous sites corresponded to the “«  “'des
found at the 116-C-2A pluto crib. The inorganic contaminants are not comj [ 1 the
other pluto cribs. The VOC detected in the analogous sites are probably laboratory artifacts.

The presence of radionuclides in the two downgradient monitoring wells indicates the
116-C-2A pluto crib may be a source of groundwater contamination. The absence of
upgradient well information to compare contaminant concentrations to make the actual impact
of the pluto crib on the groundwater uncertain.

Field screening of the concrete sample indicated radionuclide contamination. The
elevated inorganic constituent concentrations indicated by the laboratory analysis most likely
reflect the composition of the concrete aggregate rather than any contamination.

3.2.1.10 H_ \an Health Risk Characterization. No LFI borehole or historical samples
were collected in the O to 4.6 m (0 to ~~ ft) interval. Maximum soil analyte concentrations
and the sampling depth range are listed in Table 2-4. Because all detected analyte
concentrations were below 4.6 m (15 ft), a human health risk analysis is not conducted.

3.2.1.11 Ecological Risk Charact.. _ation. No ecological risk characterization is provided
as there were no samples collected in the 0 to 4.6 m (0 to 15 ft) interval.

3.2.2 116-C-2B Pluto Crib Pump Station

3.2.2.1 Site Description. The 116-C-2B pluto crib pump station (Figure 1-2) is a 3 x 2.4

x 9.1 m (10 x 8 x 30 ft) underground structure. It pumped liquid wastes from the C Reactor
building through a pipe into the 116-C-2C pluto crib sand filter. Figure 3-6 is a schematic of
the pump station.
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ground is an east-west trending trapezoid approximately 155.4 x 122 x 4.6 m deep (510 x
400 x 15 ft). T site consisted of — ny north-south trenches, typically 91 x 61 — (300 x
200 ft), and six 3.04 x 3.04 m (10 x 10 ft) pits.

The 118-C-1 burial ground was in service from the spring of 1953 to 1969 as the
primary burial ground for 105-C Reactor operation wastes. It received an estimated waste
volume of 10,000 m® (353,100 ft®) including process tubes, aluminum spacers, control rods,
soft waste, and reactor hardware (DOE-RL 1993a).

Miller and Wahlen (1987) reports an estimated radionuclide inventory as follows:

Qu- ity in curies

Radjonr~'-= (decayed through 7-1-93)
tritium 2.5
T U 1.3
cobalt-60 91.2
nickel-59 1.3
nickel-63 Ic.
strontium-90 0.2
cesium-137 0.3
europium-152 0.95
europium-154 0.05
barium-133 0.1
calcium-41 0.01
silver-108m 4.5

Estimates of tallic and other wastes for the 118-C-1 burial ground are (Miller and

Wahlen 1987):
Mate 1 Amount (Tons)
Aluminum! 94.8
Boron? 1.2
Graphite 0.56
Lead 23.8
Lead/Cadmium 105.9/4.4
Other® 211

! Includes aluminum cans on lead/cadmium pieces, spacers and aluminum contained
in splines.

2 Includes boron from splines, VSR, and HCR.

3 Includes soft waste, desiccant, and miscellaneous materials.

3.3.6.2 Geophysical Surveys. Surface based reconnaissance GPR and EMI surveys were
completed at the 118-C-1 burial ground (Mitchell and Bergstrom 1993). Eleven areas,

re -esenting trenches, pits and other features were identified in the survey by areas of high
anomaly concentration. Numerous other smaller features of unknown origin were also
identified. Mitchell and Bergstrom (1993) present an interpretation map of the 118-C-1
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Table 3-1 Summary of Analytical Results for Nonwaste Site Samples:
100-BC-1 and 100-BC-2 Operable Unit LFI (P: :2 of 2)

———
I sample NO. | wuewn .....l BOBRBS B | buam | y5%
Dpnth 1) "TL!1!

—————— - 2 Apj “nlons ""!L.g)
l— Sunate ' | 32 32 1320
N02/N03 U u 500 | a19 | ._199l31
NA: No or
NR: Not reported
U: Undetected

J: Estimated Value -
B: Detected beiow contract required detection limit
* Duplicate analysis not within control limits
S: Determined by the method of standard additions
E: Estimated value
R Rejected value
(J): Estimated vaiue, qualifed be validators for admistrative reasons
due to incompiste paperwork transfer, revalidation of data underway
(R): Rejected by validators for administrative reasons due to incompiete paperwork transfer,
used per Westinghouse Hanford Co. instructions, revalidation of data underway
{a): After 100-BC-1 LFI (DOE-RL 1933s)
[1): 95% confidence limit of the 95th percentile of the data distribution
[2): Limit of detection
[3]: Value reported for nitrate only
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Table 3-13 Summary of Environmental Hazard Quotients for Radionuclides

by Waste Site
late Exceeds Dose Rate Exceeds
y (EHQof 1) 1 rad/day (EHQ of 1)
0-6 feet 6-15 feet
116-C-2C Phuto ! nd Filter Yes | NA

118-B-1 Burial Gronnd NA I No

NA = No data available
EHQ = environmental hazard quotient
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Table 3-16 Groundwater Monitoring Well 199-B8-6 COPC Concentrations:
From 100-BC-5 LFI (DOE-RL 1993b)

Well Number 199-B8-6

Round Number _ 1 2 3
Sampie Number (a) BO70P7 BO7KB6 BO7ZA™
Bis(2-sthyihexyl) phthalate (ug/L) u u U

- e 410J Uu i U

' u 1 i

e ey s [ 3s = | 35 |
Eﬁﬁum PCi/L) 6300 2400 2200

(a): Sample number reported for the majority of the analysis
NA: Not Available

U: Undetected
LFL: Limited field investigation
COPC: Chemical of potential concemn
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Well Number 199-B4-1 199-B4-4 ]

Round Number 1 2 | 3 1 2 2Dup #1] 2.5 ¢ 3 3:Dup #2| 3:Split #2
Sample|  »r(a) Bo70K7 | Bo7k71 Borzy7 | Borol2 | Borkm3 | Borks1 | Bo 1 Borzk2 | Bor [ Borzwr
£ eth ) phthalate ug/L) | 11 6J U U U U u u u 0.9
Carbon-14 (pCi/L) U u | u U 96 U NA _ u u NA
Strontium-90 (pCi/L) 22 23J 23 28 33J 34J _ 33 33 NA
Technetium-99 (pCi/L) 68 59 70 6s 65 63 _ 70 70 NA
Tritium (pCi/L) 2700 | 2700 | 3100 | 3000 2600 2600 2800 2600 NA

(a): Sample number reported for the majority of the analysis

NA: Not Available

J: Estimated Value

U: Undetected
LFI: Limited field investigation
COPC: Ct

iical of potential concern
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would be expected that the risk would be high from external exposure. At the present time
no data is available to quantify this " .

4.1.2 Summary of Key Uncertainties in the Human Health Evaluation

The human health risks presented in this QRA are conditional estimates that reflect
multiple assumptions and related uncertainties. A summary of the uncertainty of identified
contaminants and exposure assessment for the 100-BC-2 Operable Unit waste sites is
pres ted in Table 4-1.

Exposure estimates to hypothetical human receptors include an extrapolation of
external radiation exposures and air COPC particulate concentrations from soil COPC
concentrations. The uncertainty associated with the external radiation exposure extrapolation
is expected to greatly impact this QRA because this exposure pathway was found to be the
primary risk contributor at the 100-BC-2 Operable Unit waste sites. Media specific data
(e.g., external radiation dosimeters) wo d significantly reduce this source of uncertainty in
the 100-E_ 2 erable Unit QRA.

An assumption of an "infinite source” geometry, such that homogenous distributions
at the maximum soil concentration of each radionuclide COPC is used to evaluate individual
external radiation exposure risks. Uncertainty is introduced into the QRA because this
assumption ignores the differences in radiation intensity provided for any other distribution of
radionuclide COPC in soil, and results in an over estimation of the external radiation
exposure risks. Because the external radiation exposure pathway was found to be the
primary risk-contributing pathway at all evaluated waste sites, this source of uncertainty
significantly impacts the 100-BC-2 Operable Unit QRA.

The use of maximum soil concentrations of all COPC from the surface to a depth of
4.6 m (15 ft) as the exposure point concentration ignores the spatial distributions of surface
and subsurface COPC concentrations which exist at all waste sites. Because the maximum
concentrations are assumed to be ubiquitous and readily assessable to potential human
receptors, this source of uncertainty may result in over estimation of the exposure intakes
and corresponding health risks from all COPC detected at each waste site.

4.2 ECOLOGICAL EVALUATIO!

A qualitative ecological evaluation is completed for radiological constituents for the
100-BC-2 Operable Unit. The findings are:

. Soils <1.8 m (0-6 ft) in depth inside the 116-C-2C pluto crib sand filter
exceed the 1 rad/day benchmark with an EHQ > 1.

U Soils from 1.8-4.6 m (6-15 ft) inside the 118-B-1 burial ground do not exceed
the 1 ._i/day | :hmark.
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RLS Spectral Gamma—ray Borehole Survey

. roject: 100 B/~ Pu Crib - Log Date : Jul 19, 1993
Rorehole : 199-B9-—-4 Anal Date: Oct 26, 1993
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Tal -~ B-2 Si -y of Radionuclide * 1lytical R 1iits for the
Dorian and Richards (1978) 1 tho - 116 !B Pluto Crib Pump ation

Test Hole A

Sampie 30ft
Radionuclide (pCi/q)
Tritium 48
Cobalt-60 0.54
rontium-90 2.2
Ces 134 I
Cesium-137 '

Europium-152 4.5
Europium-155 0.52
Plutonium-239/240 0.42


















