
1 WASTE SITE RECLASSIFICATION FORM 1 
Date Submitted: 1/21/08 I Operable Unit(s): 100-BC-2 
Originator: L. M. Dittmer 

Phone: 372-9227 
Waste Site Code: 116-C-3 

Type of Reclassification Action: 

I Control Number: 2008-002 

Closed Out fzl Interim Closed Out No Action Iz] I RCRA Postclosure EI] Rejected [I3 Consolidated [23 

This form documents agreement among parties listed authorizing classification of the subject unit as Closed Out, Interim Closed Out, No 
Action, RCRA Postclosure, Rejected, or Consolidated. This form also authorizes bacMill of the waste management unit, if appropriate, for 
Closed Out and Interim Closed Out units. Final removal from the NPL of No Action and Closed Out waste management units will occur at a 
fbture date. 

Description of current waste site condition: 

The 116-C-3 waste site consisted of two underground storage tanks designed to receive mixed waste from the 1 0 5 4  Reactor Metals 
Examination Facility chemical dejacketing process. Confirmatory evaluation and subsequent characterization of the site determined that the 
southern tank contained approximately 34,000 L (9,000 gal) of dejacketing wastes, and that the northern tank was unused. The southem tank 
wastes were treated in accordance with an approved treatment plan, and remediation, verification sampling, and RESidual RADioactivity 
(RESRAD) modeling have been performed in accordance with remedial action goals and objectives established by the Interim Action Record of 
Decision for the 100-BC- I ,  100-BC-2, 100-DR- I ,  100-DR-2, 100-FR- I ,  100-FR-2, 100-HR- I ,  100-HR-2, IOO-KR- I ,  100-KR-2, 100-IU-2, 
100-IU-6, and 200-CW-3 Operable Units, Hanford Site, Benton County, Washington (Remaining Sites ROD), U.S. Environmental Protection 
Agency, Region 10, Seattle, Washington. The selected action involved: (1) exposing the upper portions of the underground tanks, (2) 
chemically and physically treating liquid waste contents, (3) excavating the site to the extent required to meet cleanup levels, (4) disposing of 
treated waste and contaminated debris and soil at the Environmental Restoration Disposal Facility at the 200 Area of the Hanford Site, 
(5) demonstrating through verification sampling that cleanup goals have been met, and (6) proposing the site for reclassification as Interim 
Closed Out. 

Basis for reclassification: 

In accordance with this evaluation, the verification sampling and modeling results support a reclassification of this site to Interim Closed Out. 
The current site conditions achieve the remedial action objectives established in the Remaining Sites ROD. The results of verification sampling 
demonstrate that residual contaminant concentrations do no preclude any future uses (as bounded by the rural-residential scenario) and allow 
for unrestricted use of shallow-zone soils (ie., surface to 4.6 m [ 15 ft] deep). The results also show that residual contaminant concentrations 
are protective of groundwater and the Columbia River. The suitability of direct exposure to deep-zone soils has not been demonstrated, and 
institutional controls are required to prevent uncontrolled drilling or excavation into the deep zone. The basis for reclassification is described in 
detail in the Remaining Sites VeriJication Package for the I 16-C-3, IO5-C Chemical Waste Tanks (attached). 

Waste Site Controls: 
Enrzineered Controls: Yes No Institutional Controls: Yes No OlkMrequirements: Yes No 
If &y of the Waste Site Controls are checked Yes specify control requirements including reference to the Record of Decision, TSD Closure 
Letter, or other relevant documents. 

Deed restrictions to prevent uncontrolled drilling or excavation into the deep zone (greater than 4.6 m [ 15 ft] below ground surface). 

NIA 
Ecology Project Manager (printed) Date 
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EXECUTIVE SUM 

The 1 16-C-3 waste site, part of the 100-BC-2 Operable Unit, consisted of two below-grade 
chemical waste storage tanks designed to receive mixed wastes from the 105-C Reactor Metals 
Examination Facility fuel dej acketing process. This process consisted of immersing irradiated 
fuel slugs in 50% sodium hydroxide solution, followed by water rinsing, and then cleaning with 
a 10% nitric acid solution, followed by additional water rinsing. 

The site was evaluated in March 2003 and November 2004, and the southern tank found to 
contain approximately 34,000 L (9,000 gal) of dejacketing wastes, consisting of a strongly basic 
liquid containing multiple metals at concentrations in excess of land disposal restrictions and a 
significant radiological inventory. The northern tank was found to be almost empty, with only a 
small volume of suspect condensate or residual water from pressure testing. Based on the 
presence of waste at the site, a remedial action requirement was determined. 

Site remediation consisted of the removal and stockpiling of overburden material, followed by a 
proof-of-principle demonstration at the empty northern tank following the general treatment and 
remediation process planned for the southern tank. Subsequently, the southern tank was treated 
in accordance with an approved treatment plan, using chemical treatment to address the 
corrosivity characteristic of the waste and reduce hexavalent chromium to trivalent chromium, 
followed by physical treatment using in situ grout stabilization. Treatment verification sampling 
indicated that requirements had been met, and the treated tank was demolished and removed, 
along with approximately 1.5 m (5 ft) of underlying soil. Remedial actions were performed so as 
to not preclude any future uses (as bounded by the rural-residential scenario), and to allow 
unrestricted use of shallow-zone soils (Le., surface to 4.6 m [ 15 ft] deep). 

Following site remediation, verification sampling of overburden material and soil within the 
remediation and waste staging pile are footprints was conducted in October and December 
2007. The results indicated that the waste removal action achieved compliance with the remedial 
action objectives for the 116-C-3 waste site. A summary of the cleanup evaluation for the soil 
results against the applicable criteria is presented in Table ES-1. The results of the verification 
sampling are used to make reclassification decisions for the 116-C-3 waste site in accordance 
with the Tri-Party Agreement Handbook Management Procedures, TPA-MP-14 (DOE-RL 1998) 
procedure. 

In accordance with this evaluation, the verification sampling results support a reclassification of 
this site to Interim Closed Out. The current site conditions achieve the remedial action 
objectives and the corresponding remedial action goals established in the Remedial Design 
Report/Renzedial Action Work Plan for the IO0 Area (DOE-RL 2005b) and the Interim Action 
Record of Decision for the I00-BC-I, 100-BC-2, 100-DR- I ,  100-DR-2, 100-FR-I, 100-FR-2, 
100-HR-I, 100-HR-2, 100-KR-I, 100-KR-2, 100-IU-2, 100-IU-6, and 200-CW-3 Operable Units, 
Hanford Site, Benton County, Washington (Remaining Sites ROD) (EPA 1999). The results of 

Remaining Sites Verification Package for  the 11 6-C-3, 105-C Chemical Waste Tanks ES-1 
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verification sampling show that residual Contaminant concentrations do not preclude any future 
uses (as bounded by the rural-residential scenario) and allow for unrestricted use of shallow-zone 
soils (i.e., surface to 4.6 m [ 15 ft] deep). The results also demonstrate that residual contaminant 
concentrations are protective of groundwater and the Columbia River. The acceptability of 
direct exposure to residual deep-zone contamination has not been demonstrated; therefore, 
institutional controls to prevent uncontrolled drilling or excavation into the deep zone of the site 
are required. 

Soil cleanup levels were established in the Remaining Sites ROD (EPA 1999) based on a limited 
ecological risk assessment. Although not required by the Remaining Sites ROD, a Comparison 
against ecological risk screening levels has been made for the 116-C-3 waste site contaminants 
of concern (COCs), contaminants of potential concern (COPCs), and other constituents. 
Screening levels were not exceeded for the site constituents, with the exception of antimony, 
barium, boron, total chromium, manganese, vanadium, and zinc. Exceedance of screening 
values does not necessarily indicate the existence of risk to ecological receptors. Concentrations 
of antimony, barium, total chromium, manganese, vanadium, and zinc are within the range of 
Hanford Site background levels, and boron concentrations are consistent with those seen 
elsewhere at the Hanford Site (no established background value is available for boron). A more 
complete quantitative ecological risk assessment will be presented in the baseline risk assessment 
for the river corridor portion of the Hanford Site and will be used to support the final closeout 
decision for this waste site. 

able ES-1. Summary of Remedi 1 Action Goals for the 116-C-3 

Regulatory 
Requirement 

Direct Exposure - 
Radionuclides 

Direct Exposure - 
Yonradionuclides 

Risk Requirements - 
Yonradionuclides 

Remedial Action Goals 

Attain 15-mredyr dose rate above 
background over 1,000 years. 

Attain individual COC/COPC 
RAGs. 

Attain a hazard quotient of less 
than 1 for all individual 
noncarcinogens. 

Attain a cumulative hazard 
quotient of less than 1 for 
noncarcinogens. 

Attain an excess cancer risk of less 
than 1 x for individual 
carcinogens. 

Attain a cumulative excess cancer 
risk of less than 1 x 
carcinogens. 

for 

Results 

The maximum predicted dose for the 
shallow zone portion of the waste site 
is 7.14 mredyr.  

All detected COCs/ COPCs were 
quantified below direct exposure 
RAGs in shallow-zone areas. 
~~~ 

All individual hazard quotients for 
shallow-zone areas are less than 1. 

The cumulative hazard quotient for all 
shallow-zone areas is 7.3 x lo". 

The excess cancer risk from 
hexavalent chromium, the only 
nonradionuclide carcinogen detected 
above background levels, is 8.1 x 

Remedial Action 
Objectives 
Attained? 

Yes 

Yes 

Yes 

Remaininn Sites Verification Package for the 11 6-C-3, 105-C Chemical Waste Tanks ES-2 
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ernedial Action 

Regulatory 
Requirement 

SrowidwatedRiver 
Protection - 
Radionuclides 

3roundwater/River 
Protection - 
Vonradionuclides 

Remedial Action Goals 

Attain single - CO C/COP C 
groundwater and river protection 
RAGs. 

Attain national primary drinking 
water standards:a 4 mredyr  
:beta/gamma) dose rate to target 
receptor/organs. 

Meet drinking water standards for 
dpha emitters: the most stringent 
Df 15 pCi/L MCL or 1/25th of the 
ierived concentration guides from 
DOE Order 5400.5.b 

Meet total uranium standard of 
30 pg/L (21.2 pCi/L).‘ 

4ttain individual nonradionuclide 
groundwater and river cleanup 
requirements. 

Results 

Only cesium- 137, strontium-90, and 
tritium are predicted to impact 
groundwater by conservative 
modeling, all at activities significantly 
below single COC/COPC RAGs. 

All organ-specific doses are below the 
4 mredyr  standard. 

No alpha-emitting radionuclides are 
predicted to impact groundwater under 
conservative modeling scenarios. 

All residual uranium concentrations 
are below background. 

Residual concentrations of barium and 
total chromium are above soil RAGs 
for groundwater and/or river 
protection. However, these 
contaminants are not predicted to 
reach groundwater (and, therefore, the 
Columbia River) within 1,000 years.d 
Therefore, residual concentrations of 
barium and total chromium achieve 
the RAOs for groundwater and river 
protection. Residual concentrations of 
hexavalent chromium also failed the 
WAC 173-340 three-part test in 
comparison against the soil RAG for 
river protection. However, results of 
100 Area leachability testing 
demonstrate that residual hexavalent 
chromium levels are protective of 
groundwater. 

Remedial Action 
bjectives 

Attained? 

Yes 

Yes 

Yes 

‘ “National Primary Drinking Water Regulations” (40 Code of Federal Regulations 141). 
’ Radiation Protection of the Public and the Environment (DOE Order 5400.5). 
’ Based on the isotopic distribution of uranium in the 100 Areas, the 30 pg/L MCL corresponds to 21.2 pCi/L. Concentration-to- 

activity calculations are documented in Calculatioiz of Total Uranium Activity Corresponding to a Maximum Contaminant Level 
for Total Uranium of 30 Microgramsper Liter in Groundwater (BHI 2001). 
100 Area Analogous Sites RESRAD Calculations, 01 00X-CA-V0050, Rev. 0, Bechtel Hanford, Inc., Richland, Washington 
(2005). 

COC = contaminant of concern 
COPC = contaminant of potential concern 
MCL = maximum contaminant level 
RAG = remedial action goal 
RAO = remedial action objective 

Remaining Sites Verification Package for the 11 6-C-3, 105-C Chemical Waste Tanks ES-3 
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AINING SITES VE: 

TECTIVENESS 

This report demonstrates that the 116-C-3 waste site meets the objectives for interim closure as 
established in the Remedial Design RepordRemedial Action Work Plan for the 100 Area 
(RDR/RAWP) (DOE-RL 2005b) and the Interim Action Record ofDecisionfor the 100-BC-1, 

100-KR-2, 100-IU-2, 100-IU-6, and 280-CW-3 Operable Units, Hanford Site, Benton County, 
Washington (Remaining Sites ROD) (EPA 1999). The results of verification sampling show that 
residual contaminant concentrations dol not preclude any future uses (as bounded by the rural- 
residential scenario) and allow for unrestricted use of shallow-zone soils (i.e., surface to 4.6 m 
[ 15 ft] deep). The results also demonstrate that residual contaminant concentrations are 
sufficiently protective of groundwater and the Columbia River to preclude further remedial 
action. The acceptability of direct exposure to residual deep-zone contamination has not been 
demonstrated; therefore, institutional controls to prevent uncontrolled drilling or excavation into 
the deep zone of the site are required. 

100-BC-2, 100-DR-1, 100-DR-2, 100-FR-1, 100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, 

Soil cleanup levels were established in the Remaining Sites ROD (EPA 1999) based on a limited 
ecological risk assessment. Although not required by the Remaining Sites ROD, a comparison 
against ecological risk screening levels has been made for the 116-C-3 waste site contaminants 
of concern (COCs), contaminants of potential concern (COPCs), and other constituents. 
Screening levels were not exceeded for the site constituents, with the exception of antimony, 
barium, boron, total chromium, manganese, vanadium, and zinc. Exceedance of screening 
values does not necessarily indicate the existence of risk to ecological receptors. Concentrations 
of antimony, barium, total chromium, manganese, vanadium, and zinc are within the range of 
Hanford Site background levels, and boron concentrations are consistent with those seen 
elsewhere at the Hanford Site (no established background value is available for boron). A more 
complete quantitative ecological risk assessment will be presented in the baseline risk assessment 
for the river corridor portion of the Hanford Site and will be used to support the final closeout 
decision for this waste site. 

The 1 16-C-3 waste site, part of the 100-BC-2 Operable Unit, consisted of two below-grade 
chemical waste storage tanks, located approximately 100 m (330 ft) northeast of the 105-C 
Reactor safe storage enclosure (Figure 1). According to the Waste Information Data System 
(WIDS) (WCH 2 0 0 7 ~ ) ~  the tanks were designed to receive and store chemical waste from the 
105-C Reactor Metals Examination Facility (MEF) dejacketing process. The MEF was part of 
the 105-C Reactor Building, and was used to examine and test irradiated fuel elements. 
Examination included chemical dejacketing of the fuel slugs, which consisted of two cycles of 
immersing the fuel slugs in a 50% sodi hydroxide solution, draining the resulting solution, 

Remaining Sites VeriJication Package for the 11 6-C-3, 105-C Chemical Waste Tanks 1 
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Figure 1. 11 6-C-3 Waste Site Location. 
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and rinsing the dejacketed slugs with water. The slugs were then cleaned with a 10% nitric acid 
solution, followed with multiple water rinses. 

The tanks were installed in 1955, and conflicting reports exist as to their usage, for example, that 
the tanks were potentially unused. Reniediation of the influent pipeline and confirmatory 
evaluation of the waste site in 2003 confirmed that the site had received radiological waste, and 
subsequent additional characterization in 2004 indicated that the southern tank was 
approximately one-third fir11 of mixed waste consistent with the MEF dej acketing process 
wastes. The north tank was found to contain only a small volume of suspect condensate or 
residual water from pressure testing, as no significant radiological activity or metals 
concentrations were detected. 

Each of the 1 16-C-3 waste tanks was approximately 3.5 m (1 1.5 ft) in diameter, and 
approximately 10.9 m (36 ft) in length, with a nominal capacity of 102,200 L, (27,000 gal). The 
long axis of each tank was oriented east-west on a horizontal plane, with one tank located north 
of the other. The crests of the tanks were located approximately 3.4 m (1 1 ft) below existing 
grade, with centerlines spaced approximately 6.2 m (20 ft) apart (Figures 2 and 3). 

Waste was discharged to the tanks from the 105-C MEF via a 5-cm (2-in.) stainless-steel pipeline 
connected to top-feed distribution piping at the tanks. This discharge line was included in the 
100-C-6: 1 subsite as Pipeline 3 1 and was removed up to a point immediately upstream of the 
discharge to the southern 1 16-C-3 tank (BHI 2004~). Multiple additional small-diameter 
pipelines were also connected to the tops of the tanks, including vent risers, overflow lines, and 
conduits for the cathodic protection system used for corrosion control. 

RMATORY EVALUATION ANI) CH 
ACTIVITIES 

Confirmatory evaluation of the 116-C-3 waste site was performed on March 28,2003, and 
additional characterization sampling performed on November 30,2004. Based on the results of 
these sampling events, it was determined that remedial action was necessary at the waste site 
(Dittmer 2005). The following subsections provide additional discussion of the information used 
to evaluate the waste site. The results of characterization sampling are also summarized to 
provide support for development of the remedial action strategy and verification sample design. 

Confirmatory Evaluation 

Confirmatory evaluation of the 116-C-3 waste site was performed primarily to determine if the 
tanks had been used for waste discharge. Field radiological measurements and smear samples 
were collected from valve risers at the site on March 28,2003 (BHI 2003). Results of these 
measurements and samples showed elevated levels of alpha-, beta-, and gamma-emitting 
radionuclides, including plutonium and. mixed fission products at the southern tank riser. 
Coupled with field observations and analytical data for the influent line (1 00-C-6: 1, Pipeline 3 l), 
these results indicated that the waste site had been used for the discharge of decladding wastes. 

Remaining Sites Verijkation Package for the 11 6-C-3, 105-C Chemical Waste Tanks 3 
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Site Geophysical Survey Informatio 

A geophysical survey was performed at the 116-C-3 waste site in April 2004 using ground- 
penetrating radar, electromagnetic induction, and magnetometry (Bergstrom and Mitchell 2003) 
to confirm the site boundaries and provide information for remedial design. The survey 
identified two parallel subsurface features approximately 3 m (10 ft) below ground surface 
within an anomalous electromagnetic zone, consistent with the location of the 1 16-C-3 tanks 
identified in as-built drawings. The ge physical survey area was expanded in January 2007 
(Mitchell 2007) to support removal of additional overburden and completion of a sub-grade 
staging and operations area. This expanded survey identified a north-south linear anomaly to the 
east of the 1 16-C-3 tanks, consistent with the location of an abandoned clean-water pipeline. 
The combined geophysical survey results are provided in Figure 4. 

Addition al Characterization Sampling 

Sampling of tank contents was performed on November 30,2004, to collect additional 
information to support disposition of e tanks and their contents. Both tanks were accessed via 
overflow risers, at which time it was observed that the north tank contained only a small quantity 
of liquid, approximately 3 cm (1.2 in.) deep. The depth of the liquid limited the collection of 
sufficient sample volume for all planned analyses, but field radiological measurements 
performed on the sample material indicated no significant field-detectable radiological activity. 
No significant concentrations of metals were detected in the liquid sample collected from the 
northern tank, indicating that the liquid was likely condensate and/or residual water from 
pressure testing. 

The south tank was found to contain a significant amount of liquid, approximately 1.3 m (4.1 ft) 
deep. The liquid was described as clear with a yellowish-green cast that turned black when 
settled solid material was resuspended in the liquid (BHI 2004b). Results for the southern tank 
liquid indicated mixed waste containing multiple radiological contaminants, multiple metals in 
excess of toxicity characteristic values, and pH in excess of the corrosivity characteristic value. 
No significant organic constituent concentrations were detected by laboratory analysis. 

During removal of the influent pipeline to the north tank in August 2007, radiological 
contamination was qualitatively detected inside of the pipeline, and it was decided to take an 
additional characterization sample from the liquid directly below the influent riser. Analysis of 
this sample detected low levels of contamination; considered with the rest of the data for this 
tank and the influent pipeline, it is believed that a small volume of the decladding waste stream 
bled through the control valving. 

All characterization samples were analyzed at offsite commercial laboratories; results are stored 
in the Environmental Restoration (ENRE) proj ect-specific database prior to being provided to the 
Hanford Environmental Information System (HEIS) and are provided in Appendix A of this 
document. A summary of the characterization samples collected and laboratory analyses 
performed is provided in Table 1. 

Remaining Sites Verification Package for the 1 16-C-3, 105-C Chemical Waste Tanh  6 
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Table 1. C~ara~terization Sample Summa kS. 

J15HM8 

Rev. 0 

N 144090 
E 565455 

Sample 
Location 

North tank 
contents (below 
overflow riser) 

North tank 
contents (below 
influent 
pipeline) 

South tank 
contents 

Sample 
Media 

Liquid 

Liquid 

Liquid 

Solids 
filtered 

from liquid 

Sample I Coordinate 
Number Locations 

~ 

N 144090 
E 565456 J024M6 

J024M8 
N 144084 
E 565456 

J024M8-A 

Sample Analyses 

ICP metals and mercurya 

GEA, isotopic plutonium, isotopic uranium, isotopic 
americium, tritium, carbon- 14, mercury, ICP metals, 
hexavalent chromium, anions, and pH 

GEA, gross alpha, gross beta, isotopic plutonium, strontium- 
90, isotopic uranium, carbon- 14, nickel-63, tritium, mercury, 
ICP metals, anions, pH, PCB, VOA, SVOA, TOC, TOX, 
specific conductivity, total dissolved solids, and total 
suspended solids 

GEA, gross alpha, gross beta, isotopic plutonium, strontium- 
90, isotopic uranium, carbon- 14, nickel-63, tritium, mercury, 
and ICP metals 

Sources: 1 OOB/C Burial Grounds/Remaining Sites Sampling and Field Activities, Logbooks EFL- 1 173-3 (BHI 2004b) and 
EFL-1173-13 (WCH 2007a). 
a Insufficient sample material was able to be collected for all planned analyses. 
ICP = inductively coupled plasma 
GEA = gamma energy analysis 
PCB = polychlorinated biphenyl 
SVOA = semivolatile organic analysis 
TOC = total organic carbon 
TOX = total organic halides 
VOA = volatile organic analysis 

Remediation of the 116-C-3 waste site was performed from February through December 2007. 
Initially, the overburden and surrounding soils were removed sufficiently to provide a sub-grade 
staging and operations area for waste treatment activities. During excavation, a small volume of 
radiologically-contaminated soil was encountered beneath the influent pipelines near the 
southern tank, and staged onsite in the waste staging pile area (SPA) before disposal at the 
Environmental Restoration Disposal Facility (ERDF). A concrete pad unrelated to the 1 16-C-3 
waste site was also partially demolished and removed from the northeastern comer of the 
operations area. Photographs of the site before and after overburden removal are provided in 
Appendix B (Figures B-1 and B-2, respectively). Overburden soil and soil from a local borrow 
source were stockpiled onsite for future use as backfill material. Systematic global positioning 
system environmental radiological surveys (GPERS) were performed across each 1 m (3 ft) lift 
of stockpiled overburden soil; no significant radiological activity was detected (Appendix C, 
Figures C- 1 through 3). 

Remaining Sites Verification Package for the 11 6-C-3, 105-C Chemical Waste Tanks 8 
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Remediation of the 1 16-C-3 tanks was accomplished in two phases: 1) proof-of-principle 
demonstration for the waste-treatment rocess in the empty northern tank, followed by 
demolition and removal, and 2) treatment of the southern tank contents, followed by demolition 
and removal. 

The proof-of-principle demonstration at the northern tank was performed in September and 
October 2007 following the general op rational steps planned for treatment and demolition of the 
southern tank. This demonstration wa used to evaluate and refine operational considerations 
and to qualitatively evaluate the effectiveness of the planned treatment method (i.e., to examine 
how completely the grout mixture h ated and cured). The proof-of-principle demonstration 
was successful in accomplishing its ectives and in confirming the viability of the planned 
treatment method (Capron 2007b). Following removal of the tank and its contents, GPERS was 
performed across the footprint, but radiological activity in the still-present southern tank 
prevented meaningful data acquisition over most of the area (Appendix C, Figure C-4). 

Treatment of the southern tank was performed in November and December 2007 in accordance 
with the approved treatment plan (WCH 2006, Capron 2007a), per the following steps: 

The top of the tank was cut open using remote methods and paddle mixers were inserted and 
operated to re-suspend settled particles. 
Approximately 7,340 L (1,940 gal) of 30% sulfuric acid solution was added to the tank 
contents to address the waste characteristic of corrosivity @e., reduce the pH below 12.5) and 
create conditions more amenable to further treatment, resulting in a pH of approximately 6.0 
prior to further treatment. 
Approximately 100 L (25 gal) of 5 - 7% ferrous sulfate solution was added to the tank 
contents to reduce hexavalent chromium to trivalent chromium to assist in treating the 
toxicity characteristic. The ferrous sulfate was added at an approximately 2: 1 molar ratio to 
the calculated total chromium inventory present in the tank. 
A sample (J16N34) of the chemically-treated tank contents was collected. Subsequent 
analysis indicated no detectable hexavalent chromium and a total chromium concentration in 
the range of expected values. Analytical results are provided in Appendix A (Table A-3). 
A dry mixture of 50% Portland cement / 50% fly ash was added to the tank via the top 
openings and allowed to set. 
The tank was cut open and demolished using standard demolition processes. 
A sample (J16N35) was collected from the center of the grout mass to evaluate attainment of 
treatment objectives (Table 2). 
Treated material, demolition rubble, and approximately 1 m (3 ft) of soil underlying the tank 
was removed for disposal at ERDF. Initial soil samples from the tank footprint indicated 
residual hexavalent chromium concentrations above soil remedial action goals (RAGS) and 
elevated residual radiological activity (Appendix A, Table A-2). Therefore, an additional 
0.7 m (2 ft) of soil was removed from the southern tank footprint and disposed at ERDF. 

Following completion of excavation and load-out activities, GPERS were performed across the 
southern tank footprint, sub-grade operations area, and surface-level SPA: no areas of significant 
elevated radiological activity were detected (Appendix C, Figures B-5 through 8). Excavation at 
the site extended to a maximum depth of approximately 28 ft (8.5 m) below ground 
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Cadmium 

Chromium 

surface (bgs), and the footprints of the remediated waste tanks are entirely in the deep zone 
(greater than 4.6 m [ 15 ft] bgs). Approximately 3,767 metric tons (4,152 U.S. tons) of treated 
waste, debris, and soil was removed from the site and disposed at ERDF. Following verification 
of attainment of cleanup criteria, the si e was backfilled and re-vegetated. Conceptual post- 
excavation site layouts are shown in Figures 5 and 6. Photographs of treatment operations and 
the site following completion of excavation activities and site backfill are provided in 
Appendix B. 

0.1 1 0.0056 U 
0.6 0.213 

Table 2. Attainment of Treatment Criteria. 

Lead 

Post-Treatment 
Sample Result 
(TCLP, mg/L) 

Treatment Standarda 
(TCLP, mg/L) Analyte 

0.75 0.0348 U 

FICATION SAMPLING AC 

Verification sampling was performed for the 116-C-3 waste site in October and December 2007. 
Verification sampling was performed to collect data to make a decision whether the remedial 
action objectives had been reached. Initial verification sampling results for the south tank footprint 
indicated residual hexavalent chromium concentrations above soil RAGS and elevated radiological 
activity; therefore, additional material was removed and a complete set of replacement samples 
collected. Results of the initial south tank footprint soil samples are provided in Appendix A 
(Table A-2). Based on statistical evaluation and modeling of the final data for all areas sampled, 
the residual contaminant concentrations meet the cleanup criteria specified in the RDWRAWP 
(DOE-RL 2005b) and the Remaining Sites ROD (EPA 1999). The following subsections provide 
additional discussion of the information used to develop the verification sampling design. The 
results of verification sampling are also summarized to support interim closure of the 116-C-3 
waste site. 

o~taminants of Concern and Contaminants of Potential Concern 

The COCs and COPCs for verification sampling were determined in consideration of process 
knowledge and characterization sampling results. Metals (including hexavalent chromium and 
mercury), nitrate, americium-24 1, carbon- 14, plutonium-23 8, plutonium-239/240, strontium-90, 
tritium, uranium-233/234, uranium-235, uranium-238, cesium-1 37, cobalt-60, europium- 152, 
europium- 154, and europium- 155 were considered COCs/COPCs for verification sampling. 
Nickel-63 was also identified as a COC/COPC (WCH 2007c), but was inadvertently excluded 
from requested analyses for verification soil samples. This omission does not significantly 
impact the verification data set, and is discussed further in the data quality assessment (DQA) 
(Appendix F). 
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Figure 5. Conceptual Post- 
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Figure 6. Conceptual Post- xeavation Section 

Rev. 0 
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Verification Sample 

Rev. 0 

The 116-C-3 waste site was divided i o four areas for the purposes of verification sampling: 
(1) footprint of the northern tank, (2) footprint of the southern tank and associated piping, (3) 
stockpiled overburden, and (4) footprint of the SPA. Because the potential for contamination 
was low and relatively homogenous soils were expected for the northern tank footprint, 
overburden material, and SPA footprint, statistical sampling was not warranted, and professional 
judgment was used to develop the sampling design for each of these areas. Sampling at each of 
these areas consisted of three samples, composed of 30 aliquots each, collected from soils around 
the area. 

Statistical sampling was performed for the south tank remediation footprints because the spatial 
distribution of potential residual soil contamination over the area was uncertain. The decision 
rule for demonstrating compliance with the cleanup criteria requires comparison of the true 
population mean of COCs/COPCs, as estimated by the 95% upper confidence limit on the 
sample mean, with the cleanup level. The Washington State Department of Ecology publication 
Guidance on Sampling and Data Anallisis Methods (Ecology 1 995) recommends that systematic 
sampling with sample locations distributed over the entire study area be used. Therefore, 
sampling locations were distributed over the entire southern tank footprint using a random-start 
systematic grid in an effort to determine the potential residual presence of contamination. 

Visual Sample Plan' (VSP) was used as a tool to develop the statistical sanipling design for the 
southern tank footprint. The anticipated excavation area was delineated in VSP and used as the 
basis for location of a systematic grid for verification soil sample collection. Ten soil 
verification sample locations were ide ified for the southern tank footprint. Additional details 
concerning the use of VSP to develop the statistical sampling design is provided in the 
verification sampling work instruction (WCH 2007~). 

One biased sample was also collected in the southern tank footprint, beneath the contaminated 
soil encountered during overburden removal, which also corresponds with the location of the 
portion of the influent piping included in the 116-C-3 waste site. 

Figure 7 shows a map of the statistical and biased sample locations that were selected for 
verification sampling in the southern tank footprint; coordinates for each statistical sample are 
provided in Table 3. The soil sample locations were surveyed and staked prior to sample 
collection (WCH 2007b), and one grab soil sample was collected from surficial soils at each 
location. All sampling was performed in accordance with ENV-1 , Environmental Monitoring & 
Management, to fulfill the requirements of the IO0 Area Remedial Action Sampling and Analysis 
Plan (DOE-RL 2005a). 

Field quality control samples consisted of one field duplicate sample and one equipment blank; 
field duplicate sample locations are identified in Table 3. All samples were submitted for full 
protocol laboratory analysis. 

' Visual Sample Plan is a site map-based, user-interface program that may be downloaded at http://dqo.pnl.gov. 
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Verification Sampling 

Rev. 0 

Verification samples were analyzed using U. S. Environmental Protection Agency-approved 
analytical methods. The 95% upper confidence limits (UCLs) on the true population means for 
residual concentrations of COCs and COPCs were calculated for the southern tank remediation 
footprint as specified by the RDR/RAWP (DOE-RL 2005b), with calculations provided in 
Appendix D. When a nonradionuclide COC or COPC was detected in fewer than 50% of the 
verification samples collected for the area, the maximum detected value was used for comparison 
to U G s .  If no detections for a given COC/COPC were reported in the data set, then no 
statistical evaluation or calculations were performed for that COC/COPC. Evaluation of the 
verification data from the other areas sampled was performed by direct comparison of the 
maximum sample results for each COC/COPC against cleanup criteria for each area. 

Comparisons of the statistical and maximum results for COCs and COPCs and the site RAGS for 
each area are sumarized in Tables 4 through 8. The northern tank and southern tank footprints 
are entirely in the deep zone (greater than 4.6 m [ 15 ft] bgs); therefore, data associated with these 
areas is not considered within the direct exposure scenario. Contaminants that were not detected 
by laboratory analysis are excluded from these tables. Potassium-40, radium-226, radium-228, 
thorium-228, and thorium-232 were detected in samples but are not considered within these tables 
because these isotopes are naturally occurring, not related to the operational history of the site, 
and/or were detected below background levels (based on an assumption of secular equilibrium, 
the background activities for radium-228 and thorium-228 are equal to the statistical background 
activity of 1.32 pCi/g for thorium-232 [DOE-RL 19961). Calculated cleanup levels for 
aluminum, calcium, iron, magnesium, potassium, silicon, and sodium are not presented in the 
RDWRAW (DOE-RL, 2005b). Parameters to calculate cleanup levels for these constituents are 
not presented in the Cleanup Levels and Risk Calculations (CLARC) Database (Ecology 2005) 
under WAC 173-340-740(3) or other reference databases; therefore, these constituents are not 
considered COPCs and are not included in the tables. The laboratory-reported data results for all 
constituents are stored in the ENRE project-specific database prior to provision to HEIS and are 
presented as an attachment to the statis ical calculations in Appendix D. 
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SCALE 1: 200 
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I I I t 

Sample Location 

Southern tank footprint 1 

Southern tank footprint 2 

Southern tank footprint 3 

Southern tank footprint 4 

Southem tank footprint 5 

Southern tank footprint 6 

Southern tank footprint 7 

Rev. 0 

Washington State Plane 
Coordinates 

N 144081.7 
E 565457.5 

N 144082.7 
E 565460.3 

N 144083-7 
E 565463.2 

N 144082.7 
E 565452.3 

N 144083.7 
E 565455.2 

N 144084.7 
E 565458 

N 144085.7 
E 565460.9 

Sample Number 

J 16400 

J16401 

J 1 6402 

J 1 6403 

J 1 6404 

J16405 

J 1 6406 

Southern tank footprint 8 N 144086.6 
E 565463.8 

J16407 

1 Southern tank footprint 9 

Southern tank footprint - 
beneath inlet riser" 

516408 

64 1 64 a N 144081.8 
E 56545 1.8 

N 144085.7 
E 565452.9 

J15W16 

J15W17 

Northern tank footprint 
(center) 

Northern tank footprint 
(west end) 

1 Southern tank footprint 10 

N / A ~  

N / A ~  

J 16409 

Overburden (south) 

Overburden (northwest) 

Staging pile area (north) 

Staging pile area (center) 

Staging pile area (south) 

Overburden (southwest) 

Equipment blank 

N 144086.7 
E 565455.8 

J15W18 N / A ~  

N / A ~  
J15W20 N / A ~  

J163V4 N / A ~  

J163V5 N / A ~  

J 1 63V6 N / A ~  

J15W19 

J16412 N/A 

1 Northern tank footprint 
(east end) J15W15 N / A ~  

Source: I OOB/C Burial Grounds/Renzaining Sites Sampling and Field Activities, Logbook 

a A field duplicate sample was collected at the biased sample location. 
EFL- 1 173-14 (WCH 2007b), 

Sampling of the northern tank footprint, overburden stockpiles, and staging pile area 
consisted of collecting aliquots across the surface of each area and combining into three 
samples per area for analysis. 

N/A = not applicable 
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0.755 (<BG) 

Rev. 0 

l.le l.le 
Remedial Action Goalsa (mg/kg) 

Table 4. Comparison of Statistical Contaminant Concentrations to A 
11 6-C-3 Southern Tank Footprint Statistical Veri 

Does the 
Statistical 
Data Set 
Exceed 
RAGS? 

oes the 
Statistical 

Result Pass 
Further 

Evaluation? 

Statistical 
Resultf 
(mg/kg) 

Soil Cleanup 
Level for 

Groundwater 
Protection 

Soil Cleanup 
Level for River 

Protection 

47.4 (<BG) 

1.9 (<BG) 

480 67.8’ 

1,000 2,000 

Generic Site Lookup Valuesa 

Protection Protection 

S t atisticat 
Result 
(PCik) 

the Does the 
Statistical Statistical 

Result Pass Exceed REsRAD 
Lookup Modeling? 
Values? 

c o c / c o P c  

Carbon- 14 b -- I b 10.9 -- I 
Cesium- 137 0.83 I 1,465d I 1,46Jd 

Plutonium-239/240 b -- I b 0.106 -- 1 
Strontium-90 0.471 1 27.6d I 27.6d 
TritiW 2.27 I 12.6d I 12.6d 
Uranium-2 3 3 /234 0.794(<BG) I 1.1“ I l.le 
Uranium-23 8 No I -- 

c o c / c o P c  

Antimonyg 
~ -~ 

1.4 (<BG) 1 5h I 5h No I -- 
Arsenic 5.2(<BG) 1 20 1 20 No I -- 
Barium 108 (<BG) I 132h’i I 224’ -- No I 
Beryllium 0.72(<BG) I 1.51‘ I 1.51’ -- No I 
Boron’ 

~ 

k 6.9 1 320 I -- No I -- 
Cadmiumg O.l8(<BG) I 0.81h I 0.81h No 1 -- 
Chromium (total) No 1 -- 
Chromiwn (hexavalent) 1.3 2 

Cobalt 
~- 

k -- 7.4(<BG) I 32 I 
Copper 

~ _ _ ~ ~  

15.6(<BG) 1 59.2 I 22.0’ -- No I 
Lead 7.4 (<BG) I 10.2h 1 1 0.2h -- No I 
Manganese 318 (<BG) I 512” I 512h No I -- 

Nickel 15.5 (CBG) 1 19.1h I 2’7.4 No I -- 
Vanadium k 38.6(<BG) I 85.1g 1 -- 
Zinc 

Nitrate (as nitrogen)’ No 1 -- 
*All footnotes for Tables 4-8 are provided following Table 8. 
-- = not applicable 
BG 
COC = contaminant of concern 
COPC 
RAG = remedial action goal 
RESRAD 

= background (obtained from DOE-RL 1996 and DOE-RL 200 1, unless otherwise noted) 

= contaminant of potential concern 

= RESidual RADioactivity (dose-assessment model) 
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Groundwater 
Protection 

Lookup Value 

River 
Protection 

Lookup Value 

eneath Influent Riser).* 

Does the 
Maximum 

Result 
Exceed 

ookup 
Values? 

Does the 
Maximum 
Result Pass 
RES 
Modeling? 

Maximum 
Result 

(PCik) 
c o c / c o P c  

0.084 No YesC 
0.873 (<BG) No -- 

I Uranium-23 8 0.788 (<BG) No -- 

Does the 
Maximum 
Result Pass 
RESRAD 
Modeling? 

oes the 
M axirnu rn 

Result 
Exceed 
RAGS? 

Soil Cleanup 
Level for 

Groundwater 
Protection 

Soil Cleanup 
Level for River 

Protection 

c o c / c o P c  
I 

I 

I Arsenic 5.2 (<BG) No 20 20 

13211,' 224' 

1.51' 1.51h 
320 -- 

18.5h 18.5" 
32 -- 

k 

k 

59.2 22.0' 

1 0.2h 10.2h 

5 12' 512h 

19.1' 27.4 

1,000 2,000 

106 (<BG) No 
I Beryllium 0.71 (<BG) No 
1 Borod 2.4 No -- 

Chromium (total) 

Cobalt 

Copper 

18.1 (<BG) 

7.7 (<BG) 

No 

No 

15.3 (<BG) No 
Lead 7.5 (<BG) No -- 

Manganese 328 (<BG) No 
~ -~ 

Nickel 18.2 (<BG) No 
Vanadium 38.6 (<BG) No 
Zinc 5 1.4 (<BG) No 
Nitrate (as nitrogen)" 0.48 (<BG) No 
*All footnotes for Tables 4-8 are provided following Table 8. 
-- = not applicable 
BG 
COC = contaminant of concern 
COPC 
RAG = remedial action goal 
RESRAD 

= background (obtained from DOE-RL 1996 and DOE-RL 200 I ,  unless otherwise noted) 

= contaminant of potential concern 

= RESidual RADioactivity (dose-assessment model) 
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Maximum 
Result 
(PCW 

c o c / c o P c  

Table 6. Comparison of 
k Footprint Verification Samplin 

he Does the Generic Site Lookup Valuesa 
. ( P W )  

Groundwater River 
Protection Protection 

Lookup Value Lookup Value 

Americium-24 1 

Cesium- 137 

No 0.273 -- 
14.1 1,465d 1 ,465d No 

b -- b 

YesC 

b -- b 

Strontium- 9 0 

Tritium 

Uranium-23 3/23 4 

Uranium-23 5 

18.2 27.6d 27.6d No YesC 

4.02 12.6d 12.6d No 

0.901 (<BG) l.le l s e  No -- 

c o c / c o P c  

Arsenic 

Barium 

Beryllium 

Maximum Soil Cleanup Maximum 
for Result 

Exceed 
RAGS? Modeling? 

Soil Cleanup 
Level for River 

Protection 

Result 
Groundwater 

Protection 
(mg/kg) 

6.4 (<BG) 20 20 No -- 

0.42 (<BG) lS lh  1.5 1” No -- 
196 1 32h7i 224‘ Yes Yesq 

Cadmiumg 

Chromium (total) 

Chromium (hexavalent) 

Boron’ I 24.3 I 320 I -- I No I -- k 

0.36 (<BG) 0.81h 0.8 1” No -- 
26.4 18.5h 18.5” Yes Yesq 

1.5 4.8’ 2 No -- 

Nitrate (as nitrogen) 

-- I No I k -- Cobalt 1 6.7(<BG) I 32 I 

2.8‘ 1,000 2,000 No -- 

-- Copper I 20.4 (<BG) I 59.2 I 22.0h I No I 
Lead I 9.1 (CBG) I 10.2h I 10.2h 1 No I -- 

Manganese 1 346(<BG) I 512h I 5 12“ I No I -- 
Molybdenunl’ I 1.1 I 8 I I No I -- k -- 

Nickel 27.4 

Zinc I 49.5(<BG) 1 480 I 67.8h I No I -- 

*All footnotes for Tables 4-8 are provided following Table 8. 
-- = not applicable 
BG 
COC = contaminant of concern 
COPC 
RAG = remedial action goal 
RESRAD 

= background (obtained from DOE-RL 1996 and DOE-RL 2001, unless otherwise noted) 

= contaminant of potential concern 

= RESidual RADioactivity (dose-assessment model) 
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0.091 (<BG) I 6.2 

Rev. 0 

1,465d 1,465d I No 

Table 7. Comparison of Contaminant Concentrations to Action 

Maximum 
Result 

(mg/kg) 

2.6 (<BG) 

Remedial Action Goalsa (mg/kg) 

Soil Cleanup 

Exposure Groundwater 

Does the 
Maximum Soil 

Direct Level for Result Level for Exceed 
RAGS? River 

Protection Protection 

20 20 20 No 

0.25 (<BG) 

1.8 

10.4 (<BG) 

--- 

10.4t l S l h  lSlh No 

No 16,000 320 -- 

80,000' 18.5" 1 8Sh No 

k 

15.3 (<BG) 

6.3 (<BG) 

319 (<BG) 

13.6 (CBG) 

2,960 59.2 22.Oh No 
353 1 0.2h 10.2h No 

11,200 5 12h 512h No 
1,600 19.P 27.4 No 

42.4 (<BG) 

16.5' 

24,000 480 67.8h No 
128,000 1,000 2,000 No 

verburden Stockpiles Verification Sampling 

1 Generic Site Lookup Valuesa (pCi/g) 1 Does the 
Maximum 

Result River Groundwater 
Protection Lookup Lookup Value ValueS Value 

Maximum 
Result 
(PCik) 

Values? 

c o c / c o P c  

Cesium- 13 7 -- 

Tritium 
_ _ - ~  

3.89 I 459d I 12.6d I 12.6d I Yes YesC 
Uranium-23 3/23 4 0.684 (<BG) I l.le I 1.1" I 1.1" I No 
Uranium-2 3 5 0.048 (<BG) I 0.61d I 0.5' I 0.5' I No 

Uranium-23 8 0.695(<BG) I 1.1" I 1.1" I 1.1" I No -- 

Does the 
Maximum 
Result Pass 
RES 
Modeling? 

c o c / c o P c  

Arsenic -- 
Barium 68.5 (<BG) I 5,600' I 132h" I 224' 1 No -- 
Beryllium -- 
Boron' -- 
Chromium (total) 

1.7 I 2.1 I 4.8' I 2 I No -- Chromium (hexavalent) 

Cobalt 7.3 (<BG) 1 1,600 I 32 I --k I No 
Copper 

Lead 

Manganese 

Nickel 

Vanadium 39.1 (<BG) 1 560 1 85.1h I --k I No 

Zinc 

Nitrate (as nitrogen) -- 

*All footnotes for Tables 4-8 are provided following Table 8. 
-- = not applicable 
BG 
COC = contaminant of concern 
COPC 
RAG = remedial action goal 
RESRAD 

= background (obtained from DOE-RL 1996 and DOE-RL 2001, unless otherwise noted) 

= contaminant of potential concern 

= RESidual RADioactivity (dose-assessment model) 
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Maximum 
Result 

Shallow 
Zone 

Lookup 
ValueS 

(pCi/g) 

Table 8. Compari§on of Maximum Contaminant Conc 
116-C-3 Waste Staging Pile Area Footprint Ver 

River 
Protection 

Groundwater 

Lookup Value Value 
Protection Lookup 

0.737 

0.3 14 
6.2 1,465d 1,465d 

33.9 -- b -- b 

1.68 

0.716 (<BG) 

0.498 (<BG) 

~- 

4.5 27.6d 27.6d 

1.1" 1.1" 1.1" 

1.1" 1.1" 1.1" 

Remedial Action Goalsa (mg/kg) 
I I 

Maximum 
Result 

(mg/kg) 

Soil Cleanup Soil Cleanup 
Level for 

River 
Protection 

Direct Level for 
Exposure Groundwater 

Protection 

281 (<BG) 

8.9 (<BG) 
43.0 (<BG) 

1 1,200 5 12h 512h 

1,600 19.1h 27.4 
k 560 85.1h -- 

c o c / c o P c  

Does the 
Maximum 

Result 
Exceed 
Lookup 
Values? 

Generic Site Lookup Valuesa (pCi/g) 
I I Does the 

Maximum 
Result Pass 
RES 
Modeling? 

No Cesium- 137 

Plutonium-239/240 

Strontium-90 

Uranium-23 3/234 

No YesC 

No 
No 

Uranium-23 8 No 

Does the 
Maximum 

Result 
Exceed 
RAGS? 

Does the 
Maximum 

S 

Modeling? 

COC/COPC 

Antimonyg No 
Arsenic No 
Barium No 
Beryllium No 
Boron' 

Chromium (total) 

Chromium (hexavalent) 

No 

No 
No 

Cobalt No 
-~ 

Copper 

Lead 

Manganese 

Nickel 

No 

No 

No 
No 

Vanadium No -- 
Zinc 3 1 . 4 F B f l  24,000 I 480 I 67Jh  No 

~ _ _ _ -  

Nitrate (as nitrogen)' 1.3 (<BG) I 128,000 I 1,000 I 2,000 No 
*All footnotes for Tables 4-8 are provided following Table 8. 
-- = not applicable 
BG 
COC = contaminant of concern 
COPC 
RAG = remedial action goal 
RESRAD 

= background (obtained from DOE-RL 1996 and DOE-RL 2001, unless otherwise noted) 

= contaminant of potential concern 

= RESidual RADioactivity (dose-assessment model) 
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Verification Sample Surnrnary Table Footnotes 

a Lookup values and RAGS obtained from the RDWRAWP (DOE-RL 2005b) or calculated per WAC 173-340-720, 
730, and 740, Method B, 1996, unless otherwise noted. 
No value-RESidual RADioactivity (RESRAD) modeling predicts that the contaminant will not impact 
groundwater within 1,000 years. 
I 16-C-3 Cleanup Verification RESRAD Calculation Brief, see Appendix D of this document. 
Lookup value calculated per IO0 Area Radionuclide and Nonradionuclide Lookup Values for the I995 Interim 
Remedial Action Record of Decision (BHI 2004a). 

presented is the Hanford-specific statistical soil background activity. 
Maximum or 95% UCL result, depending on data censorship, as described in the I 1  6-C-3 Waste Site Cleanup 
Verzfzcation 95% UCL Calculations (see Appendix D of this document). 
Hanford Site-specific background value is not available; not evaluated during background study. Value used is 
from Natural Background Soil Metals Concentrations in Washington State (Ecology 1994). 

’’ Where cleanup levels are less than background, cleanup levels default to background (WAC 173-340-700[4][d]) 
(1 996). 

‘ Noncarcinogenic cleanup levels calculated fiom WAC 173-340, 1996 (Method B), as presented in the 

e The calculated lookup value is below the Hanford-specific statistical soil background activity. The value 

RDWRAWP (DOE-RL 2005b). 
No Hanford Site-specific or Washington State background value available. 
No parameters (bioconcentration factors or ambient water quality criteria values) are available Erom the Ecology 
Cleanup Levels and Risk Calculations database (Ecology 2005) or other databases to calculate cleanup levels 
(WAC 173-340-730(3)(a)(iii), 1996 [Method B for surface waters]). 
Calculated cleanup level (per WAC 173-340-720(3), 1996 [Method €3 for groundwater] and 
WAC 173-340-740(3)(a)(ii)(A), 1996 [“loo times rule”]) presented is lower than that presented in the 
RDWRAWP (DOE-RL 2005b), based on updated oral reference dose value (as provided in the EPA’s Integrated 
Risk Information System available on the internet at http://www.epa.gov/iris). 
The statistical verification data set fails the 
comparison against the soil RAG for river protection (i.e., more than 10% of the data set exceeds the soil RAG 
value). 
Based on the results of the 100 Area hexavalent chromium leachability studies (see Appendix E of this document), 
hexavalent chromium concentrations less than 5.7 mg/kg will not leach to groundwater (and thus the Columbia 
River) at concentrations exceeding the cleanup criteria at the point of compliance. 
EPA Method 353.2 reported value for nitrogen in nitrite/nitrate assumed to exist entirely as nitrate, based on the 
environmental fate of nitrite and nitrite fate in the dejacketing waste stream chemistry. 
The lookup value is below the required nlinimum detectable activity (MDA). The value presented is the required 
MDA. 
Based on the IO0 Area Analogous Sites RESRAD Calculations (BHI 2005) and contaminant-specific soil 
portioning coefficient (Kd) value, the contaminant will not migrate vertically more than 3 m (10 ft) in 1,000 years. 
Because the vadose zone underlying the site is greater than 2 1 m (69 ft) thick, the contaminant will not reach 
groundwater (and thus the Columbia River) in 1,000 years. 
EPA Method 300.0 reported value for total nitrate mass concentration converted to nitrogen mass fraction using a 
ratio of 0.226 g nitrogen per 1 g nitrate. 
Activity corresponding to a single-radionuclide 15 mrem/yr exposure as calculated using a generic RESidual 
RADioactivity (RESRAD) model (DOE-RL 2005b). 
Carcinogenic cleanup level calculated based on the inhalation exposure pathway per WAC 173-340-750[3], 1996 
(Method B for air quality) and an airborne particulate mass loading rate of 0.0001 g/m3 (WDOH 1997). 

ird component of the WAC 173-340-740(7)(e) three-part test in 

Remaining Sites Verification Package for the 11 6-C-3, 10.5-C Chemical Waste Tanks 22 

http://www.epa.gov/iris


Attachment to Waste Site Reclassification Form 2008-002 Rev. 0 

This section demonstrates that remedial actions at the 11 8-B-1 Burial Ground have achieved the 
applicable RAGs and comply with applicable nonradionuclide risk requirements and 
WAC 173-340-740(7)(e) three-part test criteria. This section also describes the RESidual 
RADioactivity (RESRAD) modeling performed that predicts the dose rate, the excess lifetime 
cancer risk, and the impact on groundwater and the river from residual radionuclide COC/COPC 
concentrations. 

Nonradionuclides 

Tables 4 through 8 compare the cle 
values to the applicable soil RAGs for direct exposure, protection of groundwater, and protection 
of the Columbia River. Barium and chromium were quantified at concentrations exceeding soil 
protection RAGs for groundwater r river protection in the north tank footprint. Data were 
not collected on the vertical exte se contaminants, but given the lowest soil-partitioning 
coefficient for these constituents (25 rnL/g for barium), neither would be expected to migrate 
more than 3 m (10 ft) vertically in 1,000 years (BHI 2005). The vadose zone underlying the 
1 16-C-3 northern tank excavation is greater than 2 1 m (69 ft) thick; therefore, residual 
concentrations of barium and chromium are predicted to be protective of groundwater. The only 
pathway for contaminant migration to the Columbia River is via groundwater; therefore, residual 
concentrations of these contaminants are also predicted to be protective of the Columbia River. 
All other cleanup verification data values pass in direct comparison to the applicable RAGs. 

verification statistical, biased, and j udgment a1 sample 

When using a statistical sampling approach, a RAG requirement for nonradionuclides is the 
WAC 173-340-740(7)(e) three-part test. The WAC 173-340 three-part test consists of the 
following criteria: (1) the cleanup verification 95% UCL value must be less than the cleanup 
level, (2) no single detection can exceed two times the cleanup criteria, and (3) the percentage of 
samples exceeding the cleanup criteria must be less than 10% of the data set. 

The application of the three-part test for the 116-C-3 waste site statistical data is included in the 
95% UCL calculation (Appendix D). The results of this evaluation indicate that all residual 
COC/COPC concentrations pass the three-part test in comparison against applicable RAGs, 
except for hexavalent chromium in co 
Columbia River. Two of the ten statistical sample results (with values of 2.1 nig/kg and 
2.7 m a g )  exceed the soil RAG for protection of river water (2 mg/kg), failing the third criterion 
of the three-part test. This soil RAG is based on attaining a concentration of less than 20 pg/L 
(the ambient water quality criterion with an applied near-shore dilution attenuation factor of 2), 
and is calculated per WAC 173-340-740(3)(a)(ii)(A) (“100 times rule”). However, based on the 
results of the 100 Area-specific hexavalent chromium leachability studies (Appendix E), 
hexavalent chroniium soil concentrations less than 5.7 mg/kg will not leach to groundwater (and, 
thus, the Columbia River) at concentrations exceeding 20 pg/L. Therefore, residual 
concentrations of hexavalent chromium in the 1 16-C-3 soils are protective of the Columbia 
River. 

arison against the soil RAG for protection of the 
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Nonradionuclide risk requirements include hazard quotients of less than 1 .O and carcinogenic 
risk values of less than 1 x for all individual constituents, a cumulative hazard quotient of 
less than 1 .O, and a cumulative carcinogenic risk value of <1 x 1 O-5. Hazard quotient and excess 
carcinogenic risk calculations were conservatively performed for the 1 16-C-3 waste site using 
the highest of the overburden and SPA footprint soil verification sampling results for each 
analyte detected above background. The north and south tank footprint soil verification 
sampling results were not included in the calculations, as these soils exist entirely in the deep 
zone, and thus are not subject to hazard quotient and excess carcinogenic risk requirements. 
All individual hazard quotients were less than 1 .O; the Cumulative hazard quotient for those 
noncarcinogenic constituents above background or detection levels is 7.3 x The sole 
nonradionuclide carcinogen detected above background levels was hexavalent chromium, 
quantified at a maximum concentration corresponding to an excess carcinogenic risk value of 
8.1 x (Appendix D). Therefore, nonradionuclide risk requirements are met. 

Radionuclides 

For radionuclide contaminants, site-specific RESRAD modeling was used to predict Contaminant 
migration, the dose rate, the excess lifetime cancer risk, and the impact on groundwater and the 
Columbia River from residual radionuclide COC/COPC concentrations (DOE-RL 2005b). For 
the 116-C-3 waste site, separate RESRAD models were generated for shallow-zone soils, the 
north tank footprint soils, and the south tank footprint soils. Shallow-zone soils were evaluated 
using the highest sampling result for individual radionuclide analytes from the site overburden 
and SPA footprint soils (Tables 7 and 8) and the combined lateral area for the stockpiled soils 
and SPA footprint. The north tank foo nt and south tank footprint were evaluated based on 
the highest calculated radionuclide Val for each area (Tables 4 through 6). Deep-zone 
modeling runs were conservatively pe 
extended uniformly throughout the vadose zone to groundwater; the modeling run for the 
shallow zone was performed using a clean underlying deep zone. The RESRAD-derived 
groundwater radionuclide concentrations as compared to groundwater RAGS are provided in the 
RESRAD calculations and the Comparison to Drinking Water Standards Calculation in 
Appendix D. 

ed assuming that the maximum contamination values 

The direct exposure RAG for radionuclide COC/COPCs is expressed in terms of an allowable 
radiation dose rate above background, which is 15 mredyr over 1,000 years. The results of the 
RESRAD dose rate predictions for the 116-C-3 waste site are summarized in Figures 8 through 
10. The maximum predicted dose rate occurs from shallow-zone soils in the present year (2008), 
with a predicted value of 7.14 mredyr. The maximum predicted dose rate for deep-zone soils 
occurs fkom the north tank footprint soils in year 43 (2051), with a predicted value of 
1.02 mredyr. 
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Figure 10. Analysis for the 11 
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The “National Oil and Hazardous Substances Pollution Contingency Plan” (40 Code ofFederal 
Regulations [CFR] 300) presents a target range for residual radionuclide risk of 1 0-4 to 1 O? The 
RESRAD model calculates the excess lifetime cancer risk associated with the estimated radiation 
dose rates, with results summarized in Figures 1 1 through 13. For the 1 16-C-3 waste site, the 
maximum excess lifetime cancer risk occurs from shallow-zone soils in the present year (2008), 
with a predicted value of 9.90 x lo? The maximuni predicted excess lifetime cancer risk for 
deep-zone soils occurs from the north tank footprint soil in year 30 (2038), with a predicted 
value of 1.43 x 

The attainment of groundwater and river protection RAGs for radionuclides is determined by 
four criteria: (1) attain single COC/COPC groundwater and river RAGs, (2) attain the National 
Primary Drinking Water Regulations (40 CFR 141) 4 mredyr (betdgamma) dose standard to 
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Figure12. RES adionuclide Risk, All Pathw 
emediation Footprint. 
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target receptodorgan, (3) meet drinking water standards for non-uranium alpha-emitters (the 
more stringent of the 15 pCi/L maximum contaminant level (MCL) or 1125th of the derived 
concentration guide [DOE Order 5400.51); and 4) meet the total uranium standard of 21.2 pCi/L. 

The first criterion, attainment of single COC/COPC groundwater and river RAGs, is determined 
by directly comparing peak concentrations of radionuclide COCs/COPCs to the RAGs. The 
peak concentration is the maximum predicted value, as shown in the RESRAD calculation briefs 
in Appendix D. Of the radionuclide COCs/COPCs for the 1 16-C-3 waste site, only cesium-137, 
strontium-90, and tritium are predicted to reach groundwater in 1,000 years using the 
conservative modeling approach of assuming that deep-zone contamination extends uniformly to 
groundwater. Predicted groundwater activity levels for all three isotopes are significantly below 
the single COC/COPC RAGs (Table 9). 

Figure 13. Analysis - Radionu~lide 
116-G-3 Shallow-Zone Soils. 

I 

1 .OE-03 

1 .OE-04 

1 .OE-05 
Y 3 1.OE-06 

1 .OE-O7 

1 .OE-08 

1 .OE-09 
0 1 10 100 

Time (years) 

1000 

Remaining Sites Verification Package for the I 16-C-3, IO5-C CJzemical Waste Tanks 27 



Attachment to Waste Site Reclassification Form 2008-002 

Peak Concentration 
IpCVL) a 

Radionuclide 

Rev. 0 

RAGS Attained? RAG 
( P C W  

Table 9. Predicted Peak Radionuclide Groundwater Concentrations for the 
1164-3 Waste Site. 

Cesium- 13 7 1.55 60b Yes 
Stron tium-90 
Tritium 

7.69 gc Yes 
1,560 20.000c Yes  

' The peak concentration is the maximum predicted valuc from the north tank footprint, south tank footprint, and 
shallow zone soils in the 1,000-year timeframe modeled. Results are presented in the RESRAD and MCL 
calculation briefs (Appendix D). 
Lookup d u e  corresponding to a single-radionuclide dose rate of 4 mredyr .  
EPA drinking watcr promulgated MCL (40 CFR 141.66). 

= U.S. Environmental Protection Agency 
= maximum contaminant level (drinking watcr standard) 

CFR = Code ofFederul Reguiutions 
EPA 
MCL 
RAG = rcmedial action goal 
RESRAD = mSidual RADioactivity (dose-assessment model) 

The second criterion, attainment of the National Primary Drinking Water Regulations 4 m r e d y r  
(betdgamma) above background dose standard to target receptor/orgm, is summarized in 
Figure 14, based on the results of the MCL calculation brief (Appendix D). RESRAD modeling 
predicts a maximum bone dose of 3.92 mremlyr, a maximum liver dose of 0.103 rnmdyr, a 
maximum gastrointestinal track (lower large intestine) dose of 0.3 1 1 m e d y r ,  and a maximum 
total-body dose of 3.89 mreidyr within the 1,000 years of the evaluation period. Therefore, this 
criterion is attained. 

c 
The third criterion, meet drrnking water standards for non-uranium alpha-emitters (the more 
stringent of 15 pCiL MCL or 1/25th of the derived concentration guide [DOE Order 5400.53) is 
demonstrated in the RESRAD calculation briefs in Appendix D. The results indicate that no 
alpha-emitting COCs/COPCs will impact groundwater within 1,000 years. 

Figure 14, RESRAD Analysis - Dose Rate to Organs from Groundwater (Maximum 
Predicted Values from all Modeling Runs). 
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For the fourth and last criterion, meet t e total uranium standard of 2 1.2 pCi/L, no uranium 
isotopes were detected above background levels in the 116-C-3 waste site verification samples. 
Therefore, this standard is met. 

A DQA is performed to compare the verification sampling approach and resulting analytical data 
with the sampling and data quality requirements specified by the project objectives and 
performance specifications. The DQA for the 116-C-3 waste site established that the data are of 
the right type, quality, and quantity to support site verification decisions within specified error 
tolerances. The evaluation verified that the sample design was sufficient for the purpose of clean 
site verification. The detailed DQA is resented in Appendix F. 

S NTE GLOS 

The 116-C-3 waste site has been evaluated and remediated in accordance with the Remaining 
Sites ROD (EPA 1999) and the RDR/RAWP (DOE-RL 2005b). Because the site was used for 
mixed waste disposal, it was remediated by treating the liquid waste and removing treated waste, 
debris, and surrounding soils and transporting them to ERDF. Statistical and judgrnental 
sampling to verify the completeness of remediation was performed, and analytical results were 
shown to meet the applicable cleanup objectives for direct exposure, groundwater protection, and 
river protection. In accordance with th s evaluation, the verification sampling results support a 
reclassification of the 1 16-C-3 waste site to Interim Closed Out. The acceptability of direct 
exposure to residual deep-zone contamination has not been demonstrated; therefore, institutional 
controls to prevent uncontrolled drilling or excavation into the deep zone of the site are required. 

40 CFR 14 1 , “National Primary Drinking Water Regulations,” Code of Federal Regulations, as 
amended. 

40 CFR 268, “Land Disposal Restrictions,” Code of Federal Regulations, as amended. 

40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” Code of 
Federal Regulations, as amended. 

Bergstrom, K. A. and Mitchell, T. H., 2003, Results of Geophysical Investigation at Remaining 
Sites, CCN 108 137, Interoffice Memorandum to R. A. Carlson and E. T. Feist, dated June 
25 , 2003, Bechtel Hanford, Inc., Richland, Washington. 
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Figure B-1. 116-C-3 Waste Site Before Overburden Removal, 
View to Northeast (March 2003). 
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Figure B-3. Addition of Sulfuric Acid Solution to 116-C-3 Southern Tank, View to East 
(December 2007). 

Figure B-4. Demolition of the Treated 116-C-3 Southern Tank, View to Northeast 
(December 2007). h 
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APPENDIX C 

GLOBAL POSITIONING SYSTEM ENVIRONMENTAL 
RADIOLOGICAL SURVEYS 
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CALCULATION BRIEFS 
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DISCLAIMER FOR CALCULATIONS 

The calculations that are provided in the following appendix have been generated to document 
compliance with established cleanup levels. These calculations should be used in conjunction 
with other relevant documents in the adrmnistrative record. B 
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