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EXECUTIVE SUMMARY 

This Retrieval Data Report presents information in accordance with the requirements of Hanford 
Feder.al Facility Agreement and Consent Order (Ecology et al. 1989) Milestone M-045-86, due 
12 months after the U.S. Department of Energy (DOE) submits a retrieval completion 
certification to the State of Washington Department of Ecology (Ecology) that DOE has 
completed retrieval of a single-shell tank covered by the Consent Decree in Washington v. DOE, 
Case No. CV-08-5085-FVS, as amended1 (E.D. WA. October 25, 2010). The DOE submitted 
Revision 00A of its certification ofretrieval, RPP-RPT-59363, "Retrieval Completion 
Certification Report for Tank 241-C-11 J," to Ecology on August 29, 2016 (Letter 16-TF-0090, 
"The U.S. Department of Energy, Office of River Protection Submits the Retrieval Completion 
Certification Report for Tank 241-C- l l l "). 

This Retrieval Data Report presents information showing that single-shell tank 24 l -C-111 has 
undergone waste retrieval using three retrieval technologies, each to its limits of technology, 
using modified sluicing, high-pressure water, and chemical dissolution deployed with an 
Extended Reach Sluicing System. The first waste retrieval technology was deployed in 20 I 0 
using standard sluicing, which only was able to break up small portions of the crust into chunks -
much too large to pass through the pump screen and into the slurry pump (RPP-RPT-59363, 
Rev. 0OA). Waste retrieval was performed with more success using the second and third 
technologies of high-pressure water and caustic-based chemical dissolution delivered with the 
Extended Reach Sluicer System. 

This Retrieval Data Report also summarizes the potential risk to human health from waste 
remaining in the tank, provides details on the technologies deployed and their respective 
performance during the waste removal campaigns, and describes measures taken to prevent and 
detect leaks during waste retrieval operations. 

RPP-RPT-59363, Rev. 00A documents that the three retrieval technologies deployed in 
tank 241-C- l l l retrieved the waste in tank 24 l-C-111 to the limits of the technologies. The 
tank 241-C-111 waste retrieval campaign began September 14, 2010 and finished on March 30, 
2016. During retrieval, the removed waste from tank 24 l-C-111 was transferred into 
double-shell tank 241-AN-10 I . 

The tank 241-C-1 l 1 leak detection, monitoring, and mitigation program used during retrieval 
operations consisted of high-resolution resistivity techniques along with readings from a 
combination of drywell moisture measurements, waste volume assessments (mass balances), and 
visual inspection to detect and control potential leaks. No leaks were detected during 
tank 241-C- l 1 l retrieval operations. 

1 The 2010 Consent Decree has been amended twice. See Amended Consent Decree, Case No. CV-08-5085-RMP 
(March 11 , 2016) and Second Amended Consent Decree, Case No. CV-08-5085-RMP (April 12, 2016). Note that 
the Amended Consent Decree and Second Amended Consent Decree did not re-publish the provisions of the 2010 
Consent Decree but only published those portions of the text that were modified by each decree; consequently, it is 
necessary to refer to each document to detem1ine whether a particular section has been amended. 
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Prior to retrieval, after interim stabilization completed in I 994, the best estimate of waste volume 
remaining was ~57,000 gal (7,700 ft3

). After the initial modified sluicing phase, the estimated 
upper confidence volume of waste remaining in the tank was revised to ~32,200 gal (4,300 ft3) 

(RPP-RPT-59363, Rev. 0). Following deployment of three retrieval technologies, the best 
estimate of waste remaining in the tank was ~4,890 gal (~654 ft3) (95%.upper confidence level 
of waste volume, as described in RPP RPT-59363, Rev. 00A). 

The inventory of constituents in the residual waste remaining in tank 241-C- I I l was determined 
by laboratory analysis of waste samples, which were taken once it was determined that the 
requirements of the Consent Decree had been met after the deployment of a third retrieval 
technology to the limit of technology as described in Appendix C, Part 1 of the Consent Decree. 
The risk assessment for the residual waste in tank 241-C- l l 1 based on sampling analysis shows 
that for the groundwater pathway, the estimated risk impacts for tank 241-C-l l l are well below 
performance objectives. For all inadvertent intruder scenarios other than the Suburban Garden 
and Rural Pasture scenarios (both sensitivity cases) at 100 years after closure, the estimated risk 
impacts for tank 241-C-l l l were below performance objectives. For the Suburban Garden and 
Rural Pasture scenarios at 500 years after closure, the effects are below performance objectives 
per DOE M 435.1-1 , Radioactive Waste Management Manual, Section IV.P.(2)(h). 

JI 
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1. INTRODUCTION AND BACKGROUND 

Retrieval of single-shell tank (SST) 241-C-l l l (C-111) waste occurred in a series of campaigns. 
At the start ofretrieval operations, the tank was reported to contain approximately 57,000 gal 
(7,700 ft:3) of waste primarily consisting of uranium recovery waste, ferrocyanide waste, 
Plutonium Uranium Extraction Plant (PUREX) organic wash waste, cladding waste and waste 
from the Hot Semi-Works Plant. However, during the first stages of hard heel retrieval the 
starting volume was revised when a supernatant soak and subsequent calculations [SVF-2013, 
Rev. 0, "C-111 Liquid Displacement (2010-09-30 and 2010-10-29).xlsx"] indicated that the tank 
only contained approximately 34,900 gal (4,665 tt3) gal of solid, instead of the assumed 
57,000 gal (7,700 ft:3). These wastes are described in RPP-RPT-48459, "Derivation of 
Best-Basis Inventory for Tank 241-C-111 as of April 4, 2017." Tank C-111 entered service in 
l 946 when first cycle waste (IC) from the bismuth phosphate process began cascading from 
tank 241-C- l l O into tank C-111. The tank was declared full and the waste cascaded into 
tank 241-C- l l 2 in November 1946. 

Retrieval of tank C-111 stored waste was conducted between September 14, 2010, and 
March 30, 2016. The three waste retrieval technologies used in tank C-111 for retrieval were 
modified sluicing, high-pressure water (HPW) using an Extended Reach Sluicer System (ERSS), 
and chemical dissolution using caustic. Tank C-111 was declared retrieved to the limits of these 
technologies with a preliminary volume estimate of 7,700 gal (1,029 ft:3) of waste remaining 
based on liquid displacement measurement and visual evaluation (RPP-CALC-60840, 
"Tank 241-C-J I 1 Waste Retrieval Tracking Volume Calculation"; RPP-RPT-59292, 
"Single-Shell Tank 241-C-111 Hard Heel Retrieval Completion Report"). 

The first technology of modified sluicing was deployed, from September 14 to September 27, 
2010, but was unsuccessful. The sluicing operations were capable of breaking up only small 
portions of the crust into chunks much too large to pass through the pump screen and into the 
slurry pump. Tank C-111 waste had been sluiced by September 27 with over 800,000 gal 
(106,944 ft:3) of supemate with no significant waste retrieval. To aid in the retrieval between 
October l and 22, 2010, about 8,000 gal (1,069 ft3) of hot water (110 to 126 °F) was added in an 
attempt to dissolve sodium phosphate and soften or break up the waste. The water was 
recirculated in the tank from October 25 to 27, 20 I 0. Subsequent sluicing resulted in some 
additional chunks of waste being broken off, but no significant increase in waste retrieval rates 
was observed. At the conclusion of modified sluicing operations, approximately 300 gal (40 ft3) 

or approximately 1 % of the initial, after revision, 32,500 gal (4,340 ft3) of waste had been 
retrieved. 

The second and third technologies, HPW using an ERSS and chemical dissolution using caustic, 
respectively, were part of a Hard Heel Retrieval which began on October 5, 2015 and ended on 
March 30, 2016. The Hard Heel Retrieval process included the following steps: (1) resumption 
of modified sluicing using the ERSS and HPW, (2) caustic pre-conditioning, (3) sluicing with 
supemate and HPW, (4) caustic dissolution, and (5) final supemate sluicing and water rinses. 
Supemate from tank 241-AN-101 (AN-101) or HPW was directed through each extended reach 
sluicer (ERS) installed in tank C-111. Care was taken when using HPW to position the ERS 
nozzles close to the waste surface, so each ERS could be more effectively used to break up the 
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waste surface and mobilize solids towards the slurry pump. The slurry pump in tank C-111 
transferred supemate and suspended solids to tank AN- IO I . The slurry distributor in 
tank AN-10 I distributed the solids across the waste surface and helped prevent transferring 
suspended solids back to tank C-111 . 

The first phase of modified sluicing and HPW was intended to retrieve solids as well as break 
through the waste crust and create as much surface area as possible prior to caustic 
preconditioning. Caustic preconditioning, while not a retrieval technology, was used to convert 
insoluble aluminum compounds into sodium aluminate, a significantly more water soluble form, 
through reaction with a caustic solution. This step was intended to dissolve aluminum 
compounds and soften the waste crust to make the waste more susceptible to sluicing and HPW 
activities. A volume of 14,930 gal (2,000 ft3) of 50 weight percent caustic (approximately 
19 .4 M) with a temperature range of 80 to 100 °F was added to tank C-111 from trucks through a 
drop leg (RPP-RPT-59292). The caustic solution was recirculated using the slurry pump and 
each ERS. During recirculation, the caustic stream was focused on wetting the solids that were 
not submerged and agitating the caustic pool to promote mixing. After the reaction had gone to 
its practical end, the solution was diluted using tank AN-101 supemate in an attempt to 
maximize the solubility of sodium aluminate. 

The second round of modified sluicing and HPW were intended to remove the bulk of the 
remaining solids in tank C-111. It was predicted in RPP-37739, "241-C-J J J Tank Waste 
Retrieval Work Plan" that after caustic preconditioning, the solids would be sufficiently softened 
and/or size-reduced to allow for improved recovery rates. Sluicing was carried out in the same 
fashion described above. HPW was used in an effort to further size-reduce the residual solids. 

When sluicing efficiency decreased, a second round of 50 weight percent sodium hydroxide for 
caustic dissolution was performed using 16,930 gal (2,260 ft3) to dissolve aluminum compounds 
and soften the remaining waste to make it more susceptible to sluicing (RPP-RPT-59292). The 
dissolution process was similar to caustic preconditioning. Process samples were collected using 
a sample sleeve and the ERS to direct the stream of caustic to a sample bottle. After the reaction 
had gone to its practical end, the solution was diluted to approximately 8.0 Musing tank AN-101 
supemate in an attempt to maximize the solubility of sodium aluminate. 

The final sluicing was performed following caustic dissolution to mobilize solids that had been 
size-reduced or broken up by the caustic dissolution step. A water rinse of residual waste was 
required to be performed after the final use of supemate in tank C-111 , as required by 
RPP-37739. After consultation with the State of Washington Department of Ecology (Ecology), 
a continuous rinse of the remaining tank C-111 waste was performed instead of the batch 
additions specified in RPP-37739. Water was delivered through an ERS and directed onto the 
waste. After a sufficient pool had built up, the slurry pump was started. After approximately 
11,000 gal (1,470 ft3) of water was used, the system was shut down and a pump-down was 
performed. The system was then restarted to add an additional 11,000 gal (1,470 ft3) of water 
through the other sluicer before performing a final pump-down. The preliminary residual 
volume was estimated in RPP-CALC-60840 to be approximately 7,700 gal (approximately 
1,030 ft3

) . 

1-2 

16 of 168 



RPP-RPT-60173 Rev.00 7/18/2017 - 11 :26 AM 

RPP-RPT-60173, Rev. 0 

Where information regarding treatment, management, and disposal of the radioactive source, 
byproduct material, and/or special nuclear components of mixed waste (as defined by the Atomic 
Energy Act of 1954, as amended) has been incorporated into this document, it is not incorporated 
for the purpose of regulating the radiation hazards of such components under the authority of 
Chapter 70.105, "Hazardous Waste Management," Revised Code of Washington (RCW) (known 
as the Hazardous Waste Management Act) and its implementing regulations, but is provided for 
information purposes only. 

1.1 PURPOSE 

This Retrieval Data Report (RDR) provides information required by Hanford Federal Facility 
Agreement and Consent Order (HFF ACO) (Ecology et al. 1989) Milestone M-045-86. The 
report documents the following aspects of tank C-111 retrieval: 

• Residual tank waste volume measurement, including associated calculations 

• The results of residual tank waste characterization 

• Retrieval technology performance documentation 

• The U.S. Department of Energy (DOE)'s updated post-retrieval risk assessment 

• Opportunities and actions being taken to refine or develop tank waste retrieval 
technologies based on lessons learned 

• Leak detection monitoring and performance results. 

1.2 REGULATORY REQUIREMENTS 

Retrieval of waste from tank C-111 and submittal of this RDR (in accordance with conditions 
stated in the HFF ACO) are necessary requirements for closing the Hanford SST system. The 
HFF ACO Milestone M-045-86 provides in part: 

"Submit a retrieval data report to Ecology for the 19 tanks retrieved under the 
Consent Decree in Washington v. DOE, Case No. 08-5085-FVS, which report 
shall include the following elements only of Section 2.1.7 of Appendix I to the 
HFFACO: 
1) Residual tank waste volume measurement, including associated calculations; 
2) The results of residual tank waste characterization; 
3) Retrieval technology performance documentation; 
4) DOE's updated post-retrieval risk assessment; 
5) Opportunities and actions being taken to refine or develop tank waste retrieval 

technologies, based on lessons learned; 
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6) LDMM [leak detection, monitoring, and mitigation] monitoring and 
performance results;" 

The Tank Waste Retrieval Work Plan for tank C-111 (RPP-37739) establishes the three retrieval 
technologies that were to be deployed to their respective " limits of technology" in an effort to 
obtain the Consent Decree waste residue goal of 360 ft3 or less. The three technologies 
established by RPP-37739 were deployed to their limits of technology as required by 
Appendix C, Part 1, of the Consent Decree, resulting in a waste residual volume of 654 ft3. 

1.3 DOCUMENT STRUCTURE 

• This tank C-111 RDR is organized to present information required by 
Milestone M-045-86 of the HFFACO Action Plan. 

• Section 1, Introduction and Background discusses the purpose and scope of tank C-111 
waste retrieval, presents requirements applicable to this report, and outlines the report 
structure. 

• Section 2, Single-Shell Tank 241-C-l l I Residual Waste Volume Measurement describes 
the method for determining the volume of residual waste in tank C-111 and presents 
results of the volume measurement process. 

• Section 3, Residual Tank Waste Characterization lists requirements for characterization 
of tank waste, describes methods and procedures used to sample and analyze the waste, 
and describes the results of laboratory analysis. 

• Section 4, Retrieval System Performance provides an evaluation of how well the waste 
retrieval system (WRS) performed and provides a comparison of actual performance 
against predicted performance. 

• Section 5, Post-Retrieval Single-Shell Tank 241-C- l l 1 Risk Assessment describes the 
potential risk to human health from tank C-111 residual waste. This section identifies 
and discusses contaminants of potential concern in the waste, describes the effects of 
waste retrieval and closure on long-term human health risk, presents expected cumulative 
health effects of source terms, relates calculated risk to residual waste volume, and 
summarizes overall conclusions of the risk assessment. To satisfy recent requests by 
Ecology, this section also provides additional risk management information related to 
how concentrations of constituents remaining in waste residuals within tank C-111 
compare against the Washington Administrative Code (WAC) 173-340, "Model Toxics 
Control Act-Cleanup" cleanup standards. These soil cleanup standards are developed to 
be protective of direct contact exposures and groundwater use. 

• Section 6, Opportunities and Actions Being Taken to Refine or Develop Tank Waste 
Retrieval Technologies, Based on Lessons Learned discusses recommendations for future 
actions associated with tank C-111 and actions being taken based on lessons learned. 
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• Section 7, Leak Detection, Monitoring, and Mitigation describes leak detection, 
monitoring, and mitigation (LDMM) methods and procedures, presents an LDMM 
chronology for tank C-111 waste retrieval, and summarizes LDMM results . 

• Section 8, References contains references for material cited in the report. 
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2. SINGLE-SHELLTANK241-C-111 RESIDUAL WASTE VOLUME 
MEASUREMENT 

This section presents the residual waste volume measurement process and the results for 
tank C-111. The post-retrieval residual waste volume estimate was performed using a method 
described in RPP-RPT-59377, "Post-Retrieval Camera/CAD Modeling System Waste Volume 
Estimate for Tank 241-C-J 11 ." The total measured volume of residual waste in tank C-111 was 
the sum of volumes remaining in the tank dish, on the tank walls, and on the stiffener rings 
(Table 2-1 ). The residual waste volume used for all calculations in this RDR is the volume 
reported as the 95% upper confidence level (UCL) in RPP-RPT-59710, "Final Report for 
Tank 241-C-J 11 Post-Retrieval Waste Solid Samples in Support of Tank Closure." 

Table 2-1. Tank 241-C-111 Total Waste Volume and Component Waste Volumes. 

Waste Volume from Actual Actual 95•;. 
Component CCMS Volume• Volume UCLb 

95% 
(gal) 

m3 gal ft' (ft') (gal) (ft') 

On the bottom of the tank (solids) 12.17 3,210 429.8 
602.9 4,510 623.2 4,660 

On the bottom of the tank (liquid pool) 2.99 790 105.5 

On the tank wall and stiffener rings 1.44 380 50.9 50.9 380 50.9 380 

Totalc 16.6 4,380 586 654 4,890 674 5,040 

8Per RPP-23403, "Single-She/I Tank Component Closure Data Quality Objectives," the actual residual waste volume on the 
tank bottom is calculated by the formula= l.125xCCMS + 0.53 ft3

• 

bi>er RPP-23403. the volume at 95% upper confidence level is calculated by the following formula= l.132xCCMS + 
]7.09 f\3 • 

'Total may not equal sum of individual volumes because of rounding. 

CCMS = camera/computer-aided design modeling system UCL = upper confidence level 

2.1 RESIDUAL WASTE VOLUME MEASUREMENT PROCESS 

RPP-RPT-59377 documents the video camera/computer-aided design (CAD) modeling system 
(CCMS) estimate for the post-hard heel retrieval waste volume in tank C-111. Although all 
solids were covered for Enra~2 volume displacement estimates, the CCMS volume was obtained 

· for comparison with liquid displacement values and to better estimate the volume of waste 
remaining on the tank walls and stiffener rings. 

After the CCMS video was completed, the video was reviewed to develop an AutoCAD®3 Civil 
3D® drawing of tank C-111 and the tank waste residuals and to complete tank bottom volume 
estimates per TFC-ENG-FACSUP-CD-22, Post-Retrieval Tank Waste Volume Determination. 

2 Honeywell Enrat«' is a registered trademark of Honeywell International Inc., Corporation Delaware, IO 1 Columbia 
Road Morristown, New Jersey. 

3 AutoCADfl' and Civil 3D® are trademarks of Autodesk, Inc ., 111 Mcinnis Parkway, San Rafael , California. 
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The AutoCAD® Civil 3D® software was tested and verified per RPP-52784, " Video 
Camera/CAD Modeling System for Retrieval: HIS! #3254 Software Management Plan." 

A template of the 100-series 241-C Tank Farm tanks was developed from tank construction 
drawings (BPF-73550, Specifications For Construction of Composite Storage Tanks Bldg. 
No. 241 Hanford Engineer Works Project 9536, Drawing D-3). The area and depth of waste and 
equipment in the tank bottom was estimated based on tank features and the dimensions of 
equipment and debris observed in the CCMS video (Figure 2-1 shows a mosaic of tank C-111 
post-retrieval). The waste contour information was then added to the template drawing to show 
waste remaining in the tank bottom. After completing the drawings, the AutoCAD® Civil 3D® 
software calculated a waste volume by integrating between the waste contour lines and the tank 
bottom profile. These processes are described in more detail below. 

2.2 ESTIMATION OF WASTE REMAINING ON TANK BOTTOM 

The post-retrieval waste consists of solids piles and a liquid pool. The volume of this waste was 
estimated using the CCMS method. The estimated volume of waste on the tank bottom, 
calculated using AutoCAD® Civil 3D®, was 535.3 ft3 (4,005.8 gal). The waste volume consists 
of an estimated 429.8 ft3 (3,210 gal) of solids piles and sand bars and 105.5 ft3 (790 gal) in 
pooled liquids (RPP-RPT-59377). The pool is entirely within the dish and is distributed, but 
mostly to the tank south and tank west. It was conservatively assumed that the waste on the tank 
bottom remains saturated, and the waste volume was not adjusted for porosity. 

2.3 ESTIMATION OF WASTE REMAINING ON TANK SURFACES 

The estimated volume of waste on the tank walls and stiffener rings is based on H-14-109874, 
"CCMS Residual Waste Surface Volume Tank 241-C-1 l l." As documented in BPF-73550, 
tank C-111 has four stiffener rings located at 4.5-ft intervals from the zero reference elevation 
(i.e., 4.5 ft, 9 ft, 13.5 ft and 18 ft elevations). The zero reference elevation is at the top of the 
tank dish, which is 1 ft above the bottom of the tank. Each stiffener ring extends 5 in. from the 
wall. The topmost stiffener ring is located at the top of the tank liner and is sloped slightly 
downward from the wall to the inside edge of the ring. The estimated volume of waste on the 
stiffener rings and tank bottom, calculated using AutoCAD® Civil 3D®, was 50.9 ft3 (380.8 gal). 

2.4 RESIDUAL WASTE VOLUME RESULTS 

The total CCMS volume of post-retrieval residual waste in tank C-111 and the waste volumes 
associated with the various waste components are given in Table 2-1. The best estimate for the 
total post-retrieval waste volume in tank C-111 is 654 ft3 (4,890 gal). The 95% UCL is 674 ft:3 

(5,040 gal) . Figure 2-1 shows a video composite of the residual waste in tank C-1 11 . This final 
waste volume is above the 360 ft3 (2,690 gal) retri eval goal specified in the Consent Decree. 
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Figure 2-1. Tank 241-C-lll Panoramic Image of Residual Tank Waste (Video March 24, 2016). 
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3. RESIDUAL TANK WASTE CHARACTERIZATION 

This section describes the results of residual tank waste characterization for tank C-11 I. 
Presented are the average and upper bound estimates of residual waste inventory based on 
laboratory analysis of waste samples taken after waste retrieval actions were completed. The 
calculated inventories are used as input to estimate the potential risk to human health that arises 
from the residual waste. This risk assessment is discussed in Section 5. 

3.1 SAMPLING AND ANALYSIS OF RESIDUAL WASTE 

A tank sampling and analysis plan (RPP-PLAN-4 7778, "Tank Sampling and Analysis Plan for 
Residual Waste Solids in Tank 241-C-J I J") identified sample collection, laboratory analysis, 
quality assurance/quality control, and reporting requirements for the characterization of waste 
solids remaining in tank C-11 I after completion of retrieval to support tank closure. The 
samples were analyzed according to the requirements in RPP-23403 , "Single-Shell Tank 
Component Closure Data Quality Objectives" and RPP-PLAN-23827, "Sampling and Analysis 
Plan for Single-Shell Tanks Component Closure." 

RPP-PLAN-4 7778 identified a total of four samples taken; one from the north side of the tank 
directly under riser 7, and three from the south side using riser I as an entry point with the ERSS 
to guide the clamshell. Approximate sample locations are shown in Figure 3-1. Residual solids 
in the tank are made up primarily of a loose, sand-like material, with a liquid pool in the center, 
and some harder material on the outer edges with visible tank floor on the outermost edge. Most 
of this loose material was found to be adequately soft for the clamshell to be used without a 
solids crusher; however, in areas in which the material was too hard a solids crusher was utilized. 
The solids crusher was a l 0-pound steel weight which has a bottom that resembles a meat 
tenderizer. When the solids crusher was used, it was dropped from about 1 to 3 feet above the 
material. This was repeated as needed. For sampling purposes, the south portion of the tank that 
was accessible with the installed ERSS was divided into three areas, as shown in Figure 3-1 , with 
one sample taken from each area. A clamshell was lowered through riser I . To collect a sample, 
the ERSS was moved so that the clamshell was in the desired sampling location. When the 
clamshell was in place, it was lowered to collect a sample. After the clamshell collected the 
sample, the ERSS moved back under the riser so the sample could be retrieved. Multiple "grabs" 
of a material were needed to provide sufficient solids for a sample. 

On the north side of the tank, a solids crusher and clamshell were used to sample directly under 
riser 7. Because the waste under riser 7 was expected to be too hard for a clamshell to pick up, a 
solids crusher was deployed first to be used to break up the solids . Aft.er the solids were broken 
up into small pieces (e.g., less than 1 in.), the clamshell was lowered through riser 7 to collect a 
sample. Multiple "grabs" were needed to provide sufficient solids. 
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Figure 3-1. Approximate Sample Locations in Tank 241-C-1 l 1 Post-Heel Removal 
(not to scale). 
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Source: RPP-PLAN-47778, "Tank Sampling and Analysis Plan/or Residual Waste Solids in Tank 241-C-J I J,'" Rev. I. 

3.2 SAMPLING AT SINGLE-SHELL TANK 241-C-111 

The tank-specific sampling design in RPP-PLAN-47778 for the tank C-111 post-retrieval sample 
event divided the remaining solids into four sample areas, one on the north side of the tank 
directly under Riser 7 and three on the south side of the tank, using Riser I as an entry point with 
the ERSS to guide the clamshell sampler to the approximate locations (RPP-PLAN-47778). The 
residual solids in the tank are primarily made up of a loose, sand-like material, with a liquid pool 
in the center, and some harder material on the outer edges, with visible tank floor on the 
outermost edge. Figure 3-1 shows the approximate sample locations . The locations sampled are 
approximate, given the limitations of remote video viewing. 

The ERSS and a clamshell sampler, along with a solids crusher, were used to collect waste 
samples from the desired locations. The ERSS consists of a sluicer on the end of a 
hydraulically-driven, retractable boom that extends down into the tank to attack the waste closer 
to its surface. For sampling, the ERSS was used to move the clamshell to a selected sample 
location by catching the cable used for lowering the sampler into the tank and guiding the 
sampler to the desired location. 
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Sampling of the residual waste solids in tank C-111 was conducted May 25, 2016 through 
June 28, 2016. The resulting tank C-111 solid samples were shipped to the 222-S Laboratory for 
analysis. Descriptions of the solids samples are provided in Table 3-1 as reported in 
RPP-RPT-59710. 

Table 3-1. Description of Tank 241-C-111 Post-Heel Retrieval Samples. 

Sample Date Date 
Solid Liquid 

Weight Volume Sample Description 
Identification Sampled Received 

(g) (mL) 

Cl 11-16-1 6/28/2016 6/28/2016 88 .2 None 1/3 full 240-mL container white/tan/dark 
09:27 10:35 brown solids. No organic layer visible. 

Cl 11-16-2 6/28/2016 6/28/2016 92.7 None 1 /3 full 240-mL container white/tan/dark 
08:20 10:35 brown solids. No organic layer visible. 

Cl I l-16-3 6/23/2016 6/23/2016 88 .6 None Approximately 80 mL of gray/tan/white 
10:00 11 :35 solids in a 240-mL Teflon jar. No organic 

layer visible. 

Cl 11-16-4 5/25/2016 5/25/2016 191.9 None Partially full Teflon jar (240 mL) with brown 
10:34 11 :38 solid material. No organic layer visible. 

Source: RPP-RPT-59714 . "Final Report for Tank 241-C-l 11 Post-Retrieval Waste Solid Samples in Support of Tank 
Closure ." 

3.3 SAMPLE ANALYSES 

The samples listed in Table 3-1 were using analysis requirements that were specified in 
RPP-23403 and RPP-PLAN-47778. The analytical methods performed on the post-retrieval 
samples are identified in Table 3-2. Tank C-111 had four grab samples taken from it starting 
May 25, 2016 through June 28, 2016. The approximate locations of the samples are as shown in 
Figure B-1. The sample results are reported in RPP-RPT-59710. Electronic data were also 
loaded into the Tank Waste Information Network System. 

3.4 CALCULATION OF RESIDUAL INVENTORY 

The residual waste inventories were calculated in accordance with the best-basis inventory (BBi) 
process as described in RPP-7625, "Guidelines for Updating Best-Basis Inventory." 
Two inventories were calculated: an average inventory based on mean concentrations, density, 
and volume, and an upper bounding inventory that is an estimate of an inventory at the 
95% UCL. The inventories are discussed in the following sections. 
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Table 3-2. Analytical Methods Used in Analysis of Post-Retrieval Samples. 

Analysis SW-846 Refmpe.e Metbtcl 
Inorganic Analyses -" •< 

'" ,_,,,,.,.· ' . 

Bulk Density - Gravimetric Not applicable 

pH 9045D 

Weight percent water - TGA Not applicable 

Cyanide - Spectrophotometric 9014 

Mercury - Cold Vapor Atomic Absorption 7471B 

Anions & Organic Acids - IC 9056A 

Metals - ICP/AES 6010C 

99-f c - ICP/MS 3050B 

126Sn, Antimony - ICP/MS 3050B 

Actinides - ICP/MS 3050B 
"," ~ < 

" "·: -~·- "·' ,. 
.J •. 

Radiochemical Analyses , ... ~ .. 
GEA Not applicable 

89l90Sr - Separation/Beta counting Not applicable 

14C-LSC Not applicable 

79Se - Separation/LSC Not applicable 

3H-LSC Not applicable 

63Ni - Separation/LSC Not applicable 

99Tc - Separation/LSC Not applicable 

1291 - Separation/GEA Not applicable 

241 Am - Separation/AEA Not applicable 

2391240Pu - Separation/AEA Not applicable 

241Pu - Separation/LSC Not applicable 

228Th - Separation/AEA Not applicable 
.~ ,., ... ,., 

,, ,, ....... ,,, . Organic Analyses . 

VOC-GC/MS 8260C 

SVOC-GC/MS 8270D 

PCB-GC/ECD 8082A 

Abbreviations: AEA = alpha energy analysis. EPA= U.S. Environmental Protection Agency. GC/ECD = gas 
chromatography/electron capture detection, GC/MS = gas chromatography/mass spectrometry, GEA= gamma energy 
analysis, IC = ion chromatography, ICP/AES = inductively coupled plasma/atomic emission spectrometry, ICP/MS = 
inductively coupled plasma/mass spectrometry, LSC = liquid scintillation counting, PCB= polychlorinated biphenyls, 
SVOC = semi-volatile organic compound, TGA = thermogravimetric analysis, VOC = volatile organic compound 

Reference : SW-846, 1986. Test Methods for Evaluating Solid Waste, Phvsical/Chemical Methods. Third Edition as 
amended. U.S. Environmental Protection Agency. Washington, District of Columbia . 
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3.4.1 Average Inventories 

The average inventory for each waste constituent was calculated using the automated best-basis 
inventory maintenance (BBIM) tool [RPP-5945, Best-Basis Inventory Maintenance Tool 
(BBIM) : Database Description and User Guide]. This tool calculates the average inventory by 
finding the product of the mean concentration, the mean density, and the waste volume 
(i.e., inventory= concentration x density x volume). The calculations by the BBIM tool are 
summarized below. 

The BBIM used equations from Variance Components (Searle et al. 1992), to estimate the mean 
concentration and density, and the associated standard deviation for all constituents that had 50% 
or more of their reported values greater than the detection limit. These equations are used to 
compute means by weighting results based on the variance components. Some concentration 
results were below the detection limits. In these cases, the detection limits were used for 
calculating the mean concentrations. For a constituent with a majority of results below the 
detection limit, a simple average of the detection limits was calculated. Note that in accordance 
with BBi protocol, the relative standard deviations for non-detected constituents were assumed 
to be "I" (RPP-6924, "Statistical Methods for Estimating the Uncertainty in the Best Basis 
Inventories"). 

To calculate the average analyte inventories, the BBIM tool automatically used the mean 
concentrations from the samples taken after retrieval when available. The concentration means 
used by the BBIM tool to calculate the average inventories are provided in Appendix B. The 
BBIM also used the Searle et al. (1992) equations to calculate the mean density and standard 
deviation for each set of samples. The density for the samples taken after retrieval was used for 
the inventory calculations. 

As shown in Table 2-1, approximately 602.9 ft3 of waste were left on the bottom of the tank floor 
which included solids and liquid on the tank floor (RPP RPT-59377). The estimated volume of 
solids on the rings and side walls was 50.9 ft3• The total residual volume used for inventory 
estimates is 654 ft3 (602.9 + 50.9 = 654 ft3

). There are 7.481 gallons per cubic foot and 
3.785 liters per gallon; therefore the solid volume is 18.5 kL used for inventory ([654 ft3 x 

7.481 gal/ft3 x 3.785 L/gal] x I kL/1 ,000 L:::: 18.5 kL). 

3.4.2 Bounding Inventories 

The 95% UCL inventory of each constituent was estimated based on a statistical method 
described in RPP-6924. This method is based on calculation of the average inventory and a 
statistical uncertainty (quantified using a standard deviation) for the inventory. The standard 
deviation of the average inventory was calculated based on statistical uncertainties associated 
with the concentration, volume, and density measurements. Standard deviations for the mean 
concentrations (provided in Appendix B) and density were calculated using the BBIM tool. The 
standard deviation for waste volume was estimated as described below. 

RPP-RPT-59377 provides estimates of post-retrieval residual waste volumes on the tank bottom 
and on the tank wall and tank stiffener rings (see Table 2-1 ). The total waste volume was 
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estimated at 654 ft3
• The upper bounding estimates for the waste volume components added up 

to 674 ft3• The estimated error for the total volume may be represented as± 0.031 
([674-654]/654). Using a factor of 2 for a two-sided 95% confidence level based on a normal 
distribution with a known variance, the relative standard deviation (RSD) for the total waste 
volume was estimated to be 0.015 (0.031/2). This RSD was used to approximate the RSD 
associated with the solids volume. 

The BBIM tool calculated the inventory RSD using the equation: 

where RSD 2(i) is the squared inventory RSD, RSD 2 (C) is the squared average concentration 
RSD, RSD 2 (D) is the squared average density RSD, and RSD2 (V) is the squared total volume 
RSD. 

According to RPP-6924, the Student's t-distribution (or any other probability distribution) is not 
applicable for determining a confidence interval for the mean inventory because there are no 
degrees of freedom associated with the volume measurement. The 95% UCL inventory was 
approximated by the equation: 

UCL= f + 2 x f x RSD(f) 

where f is the inventory estimate and RSD(f) is the RSD of the inventory estimate. The factor 
"2 times the standard deviation of the estimate" in this equation is analogous to the factor "1.96 
times the standard deviation of the mean" for a two-sided 95% confidence interval on the mean 
based on a normal distribution with a known variance (in accordance with the BBi process, 
which uses a two-sided 95% confidence interval for inventory). The 95% UCL inventories were 
calculated using the above equation and the average inventory estimates and associated RSDs 
that were calculated by the BBIM tool. 

3.4.3 Evaluation of Sample Data Usability 

Tanlc C-111 residual waste solids were sampled using the ERSS and clamshell sampler (with a 
solids crusher), an accepted sampling method in the data quality objectives document (DQO) 
(RPP-23403). A sampling design specific to the residual waste in tank C-111 was developed and 
documented in the sampling and analysis plan (RPP-PLAN-47778). Sample data collected by 
implementing this design can be used to estimate the mean concentration and data uncertainty for 
constituents of interest. The mean concentrations are shown in Table B-1. The solids RSDs in 
Table B-1 represent the uncertainty in the estimates due to sampling and analysis errors and due 
to the waste variability in the tank. 

The 222-S Laboratory maintains a quality assurance program to ensure data quality. The waste 
samples were analyzed according to quality assurance plans established by the program. In 
addition, the DQOs specify quality control criteria (e.g. , standard recovery, matrix spike 
recovery, relative difference between duplicate analyses) that are specific to the closure project. 
The DQOs also provide direction for addressing data that do not meet the criteria. Results for 
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most constituents satisfied the DQO criteria; those that did not meet the criteria were addressed 
according to the direction provided in the DQOs. Communications that were used to address 
data issues are included in the laboratory data report (RPP-RPT-59710). 

Based on this assessment, it was concluded that the sampling and analysis met the DQO 
objectives and, therefore, the sample results are acceptable for uses discussed in the DQO, 
including risk assessment calculations. 

3.4.4 Inventory Calculation Assumptions and Clarifications 

The inventories were calculated in accordance with the BBi creation rules documented in 
RPP-7625 . The calculation includes the following assumptions and clarifications. 

• Inventories were generated only for constituents specified in the DQO (RPP-23403). 
Inventories for BBi analytes that are not included in RPP-23403 were not calculated. For 
the inventories of the BBi analytes, see RPP-RPT-48459. 

• Only data from the post-retrieval samples were used to calculate the inventories. 
Inventories of constituents not detected in the samples were calculated using the 
analytical method detection limits. Therefore, these specific inventories are considered 
conservative estimates. 

• Concentration data are available only for solids on the bottom of the tank. Solids on the 
tank stiffener ring and the tank wall were not sampled and were assumed to have the 
same composition as the solids on the tank bottom. 

• The volume estimate for the residual waste on the tank bottom includes liquids 
(RPP-RPT-59377). The separate solids and liquid volumes are not estimated; therefore, 
any liquid is included in the total residual solids volume in the tank. 

• Thorium concentration was measured by inductively coupled plasma (ICP)/atomic 
emission spectrometry (AES) and 232Th was measured by ICP/mass spectrometry (MS). 
Analyses by ICP/MS are generally more reliable at low concentration; therefore, the 
thorium inventory was calculated based on the ICP/MS results. 

• Uranium concentration and RSD were based on the concentration means and standard 
deviations of uranium isotopes detected by ICP/MS (235U, 236U, and 238U). 

• Uranium isotope 232U was calculated from total uranium using isotopic distribution ratios. 

• Plutonium isotopes (239Pu and 24°l>u) were calculated from the 2391240Pu analytical results, 
using the isotopic distribution ratios (RPP-8847, "Best-Basis Inventory Template 
Compositions of Common Tank Waste Layers"). 
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• Curium isotopes (243Cm and 244Cm) were calculated from the 2431244Cm analytical results, 
using the isotopic distribution ratios (RPP-884 7). 

• In accordance with RPP-7625, the 137mBa inventory is equal to 0.944 times the 137Cs 
inventory and the 90Y inventory is equal to the 90Sr inventory. 

• The laboratory was not able to measure xylene (m) and xylene (p) separately; therefore, 
these compounds were reported as xylene (m & p). 

• The laboratory was not able to measure cresol (m) and cresol (p) separately; therefore, 
these compounds were reported as cresol (m & p ). 

As the name implies, tentatively identified compounds (TICs) from organic analyses were not 
identified with certainty. In addition, measured concentrations for these compounds are only 
semi-quantitative. Therefore, inventories were not computed for TICs. Only TICs that met the 
TIC evaluation criteria in RPP-23403 and were reported as a TIC in RPP-RPT-59710 are in 
Table 3-3 . The samples contained numerous alkanes. 

Bulk density sample results had a range from 1.00 g/mL to 1.90 g/mL (RPP RPT-59710) and a 
sample mean density of 1 .40 g/mL. 

3.5 INVENTORY ESTIMATES 

The average and upper-bounding inventories for the residual solids are shown in Table 3-4. Note 
that the symbol "<" indicates the inventory was calculated based on the analytical method 
detection limit because the analyte was not detected in the samples. Radionuclide inventories are 
decay-corrected to July I, 2015 . 
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Table 3-3. Tentatively Identified Compounds in Tank 241-C-111 Residual Solids. 

Laboratory Field Retention Chemical 
Sampling Tentatively Identified Rtsult Abstnct Sample Sample Compound ~ 

Time Services u..-ber Number (minutes) Number 
SI6T014968 Cl 11-16-1 Unknown I 2.40E+o4 14.09 -
Sl6T014968 Cl 11-16-1 Unknown2 7.30E+04 15.43 -
SI6T014968 Cl 11-16-1 Unknown3 6.I0E+0S 16.82 -
Sl6T014968 Cll 1-16-1 Unknown} l .30E+04 3.18 -
Sl6T014968 Cl 11-16-1 Unknown2 l .90E+o5 16.74 -
S16T014968 Cl 11-16-1 2,5-Cyclohexadien-1-one, 4-[3, 1.80E+04 19.81 2455-14-3 
Sl6T014968 C 111-16-1 Unknown! 1.80E+04 3.19 -
Sl6T014997 Cl 11-16-2 Unknown! 1.90E+o3 2.87 -
Sl6T014997 Cl 11-16-2 Unknown2 l .20E+o4 3.18 -

Sl6T014997 Clll-16-2 Unknown! l .80E+o4 3.19 -
Sl6T015025 Cl 11-16-3 Oxirane, trimethyl- l .90E+o4 2.88 5076-19-7 
Sl6T015025 Cl 11-16-3 Unknown! l.20E+o4 3.41 -
Sl6T015025 Cl 11-16-3 Oxirane, trimethyl- l .60E+o4 2.88 5076-19-7 
Sl6T0l5025 Clll-16-3 Unknown I l.50E+o4 3.40 -
Sl6T0l5025 Clll-16-3 Unknown! 1.50E+04 3.40 -
Sl6T015025 Cl 11-16-3 Triethylene glycol 8.I 0E+o3 9.50 112-27-6 
S16T014964 Cl 11-16-1 Unknown I 2.S0E+ol 12.83 -
S16T014964 Cl 11-16-1 Unknown2 6.90E+0I 14.25 -

Sl6T014964 Cl l l-16-1 Unknown3 9.90E+ol 15.56 -
Sl6T014964 Cl 11-16-1 Unknown4 2.00E+ol 17.67 -
SI6T014964 Cl 11-16-1 Unknowns 6.90E+02 17.82 -
Sl6T014993 Clll-16-2 Unknown} 2.S0E+Ol 15.57 -
Sl6T014993 Cl 11-16-2 Unknown2 7.S0E+ol 17.67 -
Sl6T0l4993 Clll-16-2 Unknown3 1.50E+o2 17.82 -
Sl6TOl4993 Clll-16-2 Unknown4 8.90E+ol 18.51 -
Sl6T014993 Clll-16-2 Unknowns 4.S0E+ol 18.73 -

Sl6T015021 Cl 11-16-3 Unknown! 5.70E+0l 14.24 -
Sl6T015021 Cl 11-16-3 Unknown2 2.30E+02 17.82 -
Sl6T015144 Cl 11-16-4 Unknown} 2.90E+0l 10.05 -

Sl6T0I 5144 Cl 11-16-4 Unknown2 2.90E+02 11.87 -

Sl6T015144 Cl 11-16-4 Unknown3 3.S0E+ol 14.24 -
Sl6T015144 Cl 11-16-4 Unknown4 l.S0E+0I 15 .88 -
Sl6T015144 Cll 1-16-4 Unknowns 3.20E+0l 16.24 -
S16T015144 Cl 11-16-4 Unknown6 2.70E+ol 16.99 -
Sl6T015144 Cll 1-16-4 · Unknown? 4.90E+ol 17.32 -
SI6T015144 Cl 11-16-4 Unknowns 2.60E+ol 17.43 -
Sl6T015144 Cll 1-16-4 Unknown9 9.60E+0l 17.67 -
S16T015144 Clll-16-4 Unknownl0 l.30E+o2 17.85 -
S16T015144 Clll-1 6-4 Unknown! I 5.00E+ol 18.32 -
S16T015144 Clll-16-4 Unknown1 2 8.90E+0I 18.51 -

S16T0l5144 Cl 11-16-4 Unknown13 6.IOE+0J 18 .73 -

SJ6T015144 Cl 11-16-4 Unknownl4 4.70E+ol 18.92 -
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Table 3-4. Inventory Estimates for Selected Constituents in Tank 241-C-111 
Residual Solids. (5 sheets) 

Constituent 
CAS <Detection Average Upper-Bounding Inventory 

Number Limit Inventory Inventory Units* 
1, 1, I-Trichloroethane 71-55-6 < 2.37E-05 7.16E-05 kg 
I , I ,2-Trichloro-1 ,2,2-
trifluoroethane 76-13-1 < 3.00E-05 9.06E-05 kg 
1, 1,2-Trichloroethane 79-00-5 < 4.27E-05 l .29E-04 kg 
1, 1-Dichloroethene 75-35-4 < l.09E-04 3.29E-04 kg 
1,2,4-Trichlorobenzene 120-82-1 < 4.99E-05 1.5 IE-04 kg 
1,2-Dichlorobenzene 95-50-1 < 3.14E-05 9.48E-05 kg 
1,2-Dichloroethane 107-06-2 < l .39E-05 4.20E-05 kg 
1,4-Dichlorobenzene I 06-46-7 < 2.3IE-05 6.98E-05 kg 
125Sb 14234-35-6 < 1.57E+OI 4.74E+Ol Ci 
126sn 15832-50-5 < l.40E-02 4.23E-02 Ci 
1291 15046-84-1 < l.46E-03 4.41E-03 Ci 
137Cs 10045-97-3 - l.61E+02 3.'55E+o2 Ci 
t37n,Ba NIA - l .52E+02 3.35E+02 Ci 
t4c 14762-75-5 < 3.90E-03 l .18E-02 Ci 
1s2Eu 14683-23-9 < l.31E+ol 3.96E+Ol Ci 
ts4Eu 15585-10-1 < l.26E+ol 3.81E+Ol Ci 
1ssEu 14391-16-3 < 2.24E+Ol 6.76E+ol Ci 

1-Butanol 71-36-3 < 2.65E-03 8.00E-03 kg 
2,4,5-Trichlorophenol 95-95-4 < l .08E-02 3.26E-02 kg 
2,4,6-Trichlorophenol 88-06-2 < l.51E-02 4.56E-02 kg 
2,4-Dinitrotoluene 121-14-2 < 8.38E-03 2.53E-02 kg 
2,6-Bis( 1, 1-dimethylethyl)-
4-methylphenol 128-37-0 < 2.05E-02 6.19E-02 kg 
22sTh 14274-82-9 < 6.07E-03 l.83E-02 Ci 
2J°Th 14269-63-7 < l.26E-Ol 3.81E-Ol Ci 
23tp3 14331-85-2 < 2.89E-01 8.73E-01 Ci 
232Tb NIA - 2.85E-06 6.91E-06 Ci 
233u 13968-55-3 < 5.92E-03 l .79E-02 Ci 
234U 13966-29-5 < 2.15E-02 6.49E-02 Ci 
m u 15117-96-1 - 2.84E-04 6.85E-04 Ci 
2J6u 13982-70-2 - 2.30E-04 6.02E-04 Ci 
237Np 13994-20-2 - l .3 lE-03 2.85E-03 Ci 
238fu 13981-16-3 - 8.73E-02 l .63E-Ol Ci 
238U NIA - 6.68E-03 l .62E-02 Ci 
239J>u 15117-48-3 < 7.62E-Ol 2.30E+o0 Ci 
240pu 14119-33-6 < 8.29E-02 2.50E-Ol Ci 
241Am 14596-10-2 - 7.79E+OO l.56E+Ol Ci 
24lpu 14119-32-5 < 7.14E-Ol 2.16E+OO Ci 
2•2cm 15510-73-3 - 3.24E-02 4.53E-02 Ci 
242pu 13982-1 0-0 < 3.15E-02 9.51 E-02 Ci 
243c m 15757-87-6 - 6.80E-03 I .3 6E-02 Ci 
244cm 13981-1 5-2 - l.30E-OI 2.6I E-OI Ci 

2-Butanone 78-93-3 < I .02E-03 3.08E-03 kg 
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Table 3-4. Inventory Estimates for Selected Constituents in Tank 241-C-111 
Residual Solids. (5 sheets) 

Constituent 
CAS < Detection Average Upper-Bounding Inventory 

Number l..imit lnvtnt.orv Inventory Units* 
2-Chlorophenol 95-57-8 < l .28E-02 3.87E-02 kg 

2-Ethoxyethanol 110-80-5 < l .65E-02 4.98E-02 kg 

2-Methylphenol 95-48-7 < 9.65E-03 2.91E-02 kg 

2-Nitrophenol 88-75-5 < l.62E-02 4.89E-02 kg 

2-Nitropropane 79-46-9 < l .52E-04 4.59E-04 kg 
JH 15086-10-9 < 6.51E-02 l .97E-Ol Ci 

4-Chloro-3-methylphenol 59-50-7 < J.30E-02 3.93E-02 kg 

4-Methyl-2-Pentanone 108-10-1 < 4.40E-04 I .33E-03 kg 

4-Nitrophenol 100-02-7 < l.37E-02 4.14E-02 kg 
60Co 10198-40-0 < 4 .94E+OO l.49E+ol Ci 
63Ni 13981-37-8 - 3.55E+OO 6.35E+o0 Ci 
79Se I 5758-45-9 < 5.56E-03 l .68E-02 Ci 
90Sr 10098-97-2 - 4 .53E+04 1.11E+o5 Ci 
9oY 10098-91-6 - 4.53E+04 l.l 1E+05 Ci 
99Tc 14133-76-7 - 4.97E-02 l.OOE-01 Ci 

Acenaphthene 83-32-9 < l. 13E-02 3.41E-02 kg 

Acetate 71-50-1 - 5.0IE+OO 8.43E+OO kg 

Acetone 67-64-1 < 3.35E-03 l.OlE-02 kg 

Ag 7440-22-4 - 5.07E+OO l.37E+Ol kg 

Al 7429-90-5 - 2 .08E+03 4 .01E+o3 kg 

Aroclors (Total PCB) 1336-36-3 < 2.96E-04 8.94E-04 kg 

As 7440-38-2 < 8.25E-Ol 2.49E+OO kg 

B 7440-42-8 < l.IOE-01 3.32E-Ol kg 

Ba 7440-39-3 - 3.72E-Ol 7 .22E-Ol kg 

Be 7440-41-7 < 5.50E-02 l.66E-Ol kg 

Benzene 71-43-2 < 3.80E-05 l .15E-04 kg 

Benzo(a)pyrene 50-32-8 · < l.72E-02 5.19E-02 kg 

Bi 7440-69-9 - 7.62E+OO l.20E+Ol kg 

Bis(2-ethylhexyl)phthalate 117-81-7 - 9.82E-02 I .42E-Ol kg 

Br 24959-67-9 < l.85E+OO 5.59E+OO kg 

B uty I benzy lphthalate 85-68-7 - 5.13E-02 6.80E-02 kg 

Ca 7440-70-2 - 9.27E+Ol 2.52E+02 kg 

Carbon disulfide 75-15-0 < 4.l4E-05 l.25E-04 kg 

Carbon tetrachloride 56-23-5 < 2.41E-05 7.28E-05 kg 

Cd 7440-43-9 < 8.66E-02 2.62E-Ol kg 

Ce 7440-45-1 - 5.17E+OO 7.68E+o0 kg 

Chlorobenzene 108-90-7 < 2.23E-05 6.73E-05 kg 

Chloroform 67-66-3 < 3.37E-05 l.02E-04 kg 

Cl 16887-00-6 < 2 .22E+OO 6.70E+OO kg 

CN 57- 12-5 - 4.39E-01 9.93E-Ol kg 

Co 7440-48-4 < 7.62E-02 2.30E-Ol kg 

Cr 7440-47•3 - 1.46E+OO 2.73E+OO kg 

Cresol (m & p) 1319-77-3 < l .22E-02 3.68E-02 kg 
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Table 3-4. Inventory Estimates for Selected Constituents in Tank 241-C-lll 
Residual Solids. (5 sheets) 

Constituent 
CAS < Detection Average Upper-Bounding Inventory 

Number Limit Dl'lllltoll' Inventory Units• 
Cu 7440-50-8 - 4.97E-Ol 8.26E-01 kg 

Cyclohexanone I 08-94-1 < 1.60E-02 4.83E-02 kg 

Dibenz[ a,h] anthracene NIA < 8.l 8E-03 2.47E-02 kg 

Diethylphthalate 84-66-2 < l.51E-02 4.56E-02 kg 

Di-n-butylphthalate 84-74-2 < 4.93E-02 l.49E-O I kg 

Di-n-octylphthalate 117-84-0 < l.OIE-02 3.05E-02 kg 

Diphenyl amine 122-39-4 < 7.82E-03 2.36E-02 kg 
Ethyl acetate 141-78-6 < l.51E-04 4.56E-04 kg 

Ethyl ether 60-29-7 < 6.60E-05 1.99E-04 kg 

Ethyl benzene 100-41-4 < 2.76E-05 8.34E-05 kg 
Eu 7440-53-1 < 6.15E-02 l.86E-O l kg 

F 16984-48-8 - 2.54E+02 3.33E+o2 kg 
Fe 7439-89-6 - 2.69E+02 4.99E+o2 kg 

Fluoranthene 206-44-0 < 4.45E-02 1.34E-Ol kg 
Formate 12311-97-6 < 6.20E+OO 1.87E+ol kg 

Free OH NIA - 6.28E+OO l .41E+OI kg 
Glycol ate 666-14-8 < 1.97E+OO 5.95E+OO kg 

Hexachlorobenzene 118-74-1 < 7.36E-03 2.22E-02 kg 

Hexachlorobutadiene 87-68-3 < l.48E-02 4.47E-02 kg 
Hexachloroethane 67-72-1 < 3.62E-05 l .09E-04 kg 

Hg 7439-97-6 - 7.19E-02 l .32E-OI kg 
lsobutanol 78-83-1 < l.79E-Ol 5.41E-Ol kg 

K 7440-09-7 < l.79E+OO 5.41E+OO kg 
La 7439-91-0 - l.38E+OO 2.52E+OO kg 

Li 7439-93-2 < 6.83E-02 2.06E-Ol kg 
Methylenechloride 75-09-2 < l .65E-05 4.98E-05 kg 

Mg 7439-95-4 - 2.83E+OO 7.22E+OO kg 
Mn 7439-96-5 - l .34E+OO 2.66E+o0 kg 

Mo 7439-98-7 < l.l6E-Ol 3.50E-Ol kg 
Morpholine, 4-nitroso- 59-89-2 < l.47E-02 4.44E-02 kg 
Na 7440-23-5 - 4.96E+03 6.56E+o3 kg 
Naphthalene 91-20-3 < l .24E-02 3.74E-02 kg 
Nb 7440-03-1 < 3.30E-Ol 9.97E-01 kg 
Nd 7440-00-8 - 2.40E+OO 4.30E+o0 kg 

NHJ 7664-41-7 - 7.54E-02 1.37E-01 kg 
Ni 7440-02-0 - l .58E+o2 3.09E+o2 kg 
Nitro benzene 98-95-3 < l .27E-02 3.84E-02 kg 
N-Nitrosodimethylamine 62-75-9 < I .37E-02 4.14E-02 kg 
N-Nitroso-di-n-propylamine 621-64-7 < l.32E-02 3.99E-02 kg 
N02 14797-65-0 - 2.96E+Ol 7.45E+Ol kg 

NOJ 14797-55-8 - 6.12E+Ol 1.57E+02 kg 
Oxalate 338-70-5 < 5.41E+OO l.63E+Ol kg 
Pb 7439-92- 1 - 6.85E+Ol 1.42E+02 kg 
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Table 3-4. Inventory Estimates for Selected Constituents in Tank 241-C-1 l 1 
Residual Solids. (5 sheets) 

Constituent 
CAS <Detection Average Upper-Bounding ln'7entory 

Number LbPlt '. Inventory Inventory Units• 
Pd 7440-05-3 < 6.60E-01 1.99E+o0 kg 
Pentachlorophenol 87-86-5 < 7.46E-03 2.25E-02 kg 
Phenol 108-95-2 < 1.33E-02 4.02E-02 kg 
PO• 14265-44-2 - ... 4.94E+03 6.72E+o3 kg 
Pr 7440-10-0 < l.46E+00 4.41E+o0 kg 
Pyrene 129-00-0 < 2.49E-02 7.52E-02 kg 
Pyridine 110-86-1 < 1.64E-02 4.95E-02 kg 
Rb 7440-17-7 < 3.13E+00 9.45E+00 kg 
Rh 7440-16-6 < 6.60E-0l l .99E+00 kg 
Ru 7440-18-8 < 2.75E-01 8.31E-01 kg 
Sb 7440-36-0 < 9.89E-01 2.99E+00 kg 
Se 7782-49-2 < 1.65E+00 4.98E+00 kg 
Si 7440-21-3 - 9.1 lE+0l 1.53E+02 kg 
Sm 7440-19-9 - l.47E+00 2.24E+00 kg 
Sn 7440-31-5 < 4.40E-01 l .33E+00 kg 
so4 14808-79-8 - J.47E+0I 2.66E+0l kg 
Sr 7440-24-6 - 2.06E+00 4.17E+00 kg 
Ta 7440-25-7 < 2.81E-0l 8.49E-0l kg 
Te 13494-80-9 < 4.95E-01 1.49E+00 kg 
Tetrachloroethene 127-18-4 < 2.83E-05 8.55E-05 kg 
Th 7440-29-1 - 2.59E-02 6.28E-02 kg 
Thiosulfate 14383-50-7 < 3.20E+o0 9.66E+o0 kg 
Ti 7440-32-6 - 1.08E+00 3.06E+00 kg 
Tl 7440-28-0 < 8.25E-01 2.49E+00 kg 
Toluene 108-88-3 < 2.07E-05 6.25E-05 kg 
Trans-1,3-Dichloropropene 10061-02-6 < 6.98E-05 2.l lE-04 kg 
Tributyl phosphate 126-73-8 - 3.25E-02 5.67E-02 kg 
Trichloroethene 79-01-6 .< 3.12E-05 9.42E-05 kg 
Trichlorofluoromethane 75-69-4 < 2.42£-05 7.31E-05 kg 
u 7440-61-1 - 2.00E+0l 4.84E+0l kg 
V 7440-62-2 - J.87E-Ol 2.70£-01 kg 
Vinyl chloride 75-01-4 < 4.47E-05 l.35E-04 kg 
w 7440-33-7 < 8.80E-0I 2.66E+00 kg 
Xylene (m & p) 108-28-3M < 4.31E-05 l J0E-04 kg 
Xylene (o) 95-47-6 < 2.37E-05 7.16E-05 kg 
Xylenes (total) 1330-20-7 < l.05E-05 3.17E-05 kg 
y 7440-65-5 - 2.39E-01 3.96£-01 kg 
Zn 7440-66-6 < l.98E+00 5.98E+o0 kg 
Zr 7440-67-7 - J.07E+00 2.02E+o0 kg 

CAS = Chemical Abstract Services kg = kilogram PCB = polychlorinated biphenyl 
Ci = curie NIA = not applicable 

• Radionuclide concentrations are decay corrected to July I , 2015 . 
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4. RETRIEVAL SYSTEM PERFORMANCE 

This section discusses the tank C-111 WRS perfonnance in tenns of residual waste, retrieval 
duration, and water use . In addition, this section compares the achieved waste retrieval results 
against predicted perfonnance. 

The DOE Office of River Protection (DOE-ORP) has deployed three approved technologies at 
tank C-111 : (1) modified sluicing, (2) HPW, and (3) chemical dissolution deployed with an 
ERSS using an array of rationale (RPP-37739). Sluicing operations started on September 14, 
20 IO with an initial waste volume of approximately 4,665 ft3 (34,900 gal), revised from 7,700 ft3 

(57,000 gal) at the commencement of activities, and completed on November 4, 2010, reaching 
the limits of technology. Approximately 40 ft3 (300 gal) of waste was removed by the first 
retrieval technology; 4,300 ft3 (32,200 gal) remained in the tank. During hard heel retrieval, the 
supernatant liquor was the primary carrier fluid during this period with a total of 299,440 ft3 

(2.24 million gal) of supernate recirculated from tank AN-101 to tank C-111. The second and 
third retrieval technologies (caustic chemical dissolution and HPW deployed using an ERSS) 
reached the limits of technology on March 30, 2016 having removed approximately 3,680 ft3 

(27,500 gal). The residual waste solids volume remaining in the tank was estimated at 623 .2 ft3 

(4,660 gal) (95% UCL, RPP-RPT-59377). 

4.1 WASTE RETRIEVAL PROCESS DESCRIPTION 

The WRSs deployed at tank C-111 using the ERSS were designed to mobilize, size-reduce, and 
dissolve portions of the sludge waste so it could be transferred to tank AN-IO 1. Descriptions of 
WRSs may be found in RPP-37739. The WRSs used supernate from the double-shell tank 
(DST) to break up and fluidize the waste, and transfer it to tank AN- IO 1. Supernate from 
tank AN-101 was recycled continuously. The volume of supemate transferred to tank C-111 was 
monitored and balanced by the volume pumped out of tank C-111. The flow rate of the recycled 
supernate was roughly the same as the flow rate of the slurry pumped to the DST. The bulk 
sluicing operat.ion directed the supernate toward the tank C-111 waste using the ERS end 
effector, eroding and moving the waste toward the center transfer pump so pumpable material 
could be transferred to the DST. 

Modified sluicing was selected because it requires less DST supernate storage and management 
along with an anticipated shorter retrieval duration than the Mobile Retrieval System. Modified 
sluicing was used for bulk retrieval of waste from 'September 14, 20 IO to November 4, 2010. 
Supernate from tank AN-101 was used as the sluicing fluid in an attempt to mobilize the waste in 
tank C-111. The resulting slurry was pumped from tank C-111 to tank AN- IO 1 where the solids 
settled and the supernate was then recycled for sluicing. The sluicing system in tank C-111 
consisted of two sluicers located at the north and south ends of the tank and a variable-depth 
slurry pump located in the middle of the tank. Two closed-circuit video cameras were installed 
to support sluicing. The hydraulic sluicers, slurry pump, and a motor-operated valve to control 
the supernatant flow rate were controlled from a control trailer near the tank. 
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Following the bulk retrieval campaign, which consisted of modified sluicing, hard heel retrieval 
began in October 2015 after the installation of the ERSS. Hard heel retrieval included the 
second and third technologies deployed, which included HPW using an ERSS and chemical 
dissolution using caustic. ERSS and HPW were selected as they can be deployed in less time 
than an in-tank vehicle technology when the first technology is no longer effective and the tank 
retrieval goal of 360 ft3 has not been reached. 

To prepare the hard heel for retrieval and to minimize the amount of caustic needed for 
dissolution, the following steps were used: (1) sluicing using the ERSS and HPW, (2) caustic 
preconditioning, and (3) sluicing with supemate and HPW. Waste solids were then dissolved 
with caustic followed by sluicing with supernate and rinsing the residual solids with water. 
Caustic dissolution complements the mechanical technologies and has been shown to be 
effective for waste forms resistant to size reduction by mechanical methods. These methods 
were determined to be the best methods for retrieving tank C-111 based on the experiences from 
the bulk retrieval operations performed in tanks 241-C- l O l, 24 l-C-102, and 241-C- l l 2 and heel 
retrieval operations performed in tanks 241-C-108, 241-C- l 09, and 241-C- l 04. The order was 
determined to be optimal because it allows for more efficient use of the caustic. Splitting the 
total allotted volume of caustic across two strikes that are separated by sluicing operations allows 
new surface area to be exposed and potentially react with the caustic solution. 

The hard heel retrieval system in tank C-111 consisted of a variable speed and depth slurry pump 
located in the middle of the tank and two ERSs located at opposite ends of the tank. Each ERS 
was fitted with two HPW fan nozzles, capable of delivering water at approximately 5,000 psi at 
10 gpm. The hydraulically-powered adjustable-height slurry pump was lowered as the waste 
retrieval progressed and the waste level receded. The hydraulic sluicers, slurry pump and 
supemate pump were controlled from a control trailer near the tank. 

The retrieval system used tank AN-101 as the receiver tank and its system consisted of an 
adjustable-height slurry distributor and a supernate pump. The supernate pump was positioned 
near the center of the tank and was used to transfer the motive fluid used during sluicing 
operations to tank C-111. The slurry from tank C-111 was pumped through the slurry distributor 
in tank AN-101. The slurry distributor allowed the solids to settle out across more of the settled 
solids surface area. The height was adjustable to ensure adequate clearance for both the settled 
solids layer and the supemate pump inlet (see Figure 4-1 ). 

4-2 

40 of 168 



RPP-RPT-601 73 Rev 00 7/18/2017 -11 26 AM 41 of 168

RPP-RPT-60173, Rev 0

Figure 4-1 Retrie-val System Diagram
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4.2 RETRIEVAL SYSTEM PERFORMANCE

In tank C-i 11 , the waste primarily consisted of uranium recovery waste, ferrocyanide waste,
PUREX organic wash waste, cladding waste and waste from the Hot Semi-Works Plant. The
rationale for selection of the three approved retrieval technologies can be found in RPP-37739.
Modified sluicing was selected because it requires less DST supernate storage and management
along with an anticipated shorter retrieval duration over the Mobile Retrieval System. ERSS and
HPW were selected as they can be deployed in less time than an in-tank vehicle technology. As
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the first technology reaches a point where it is no longer effective and the tank residual waste 
volume in the Decree is exceeded, the second technology can be deployed. 

The modified sluicing system in tank C-111 consisted of two sluicers located at the north and 
south ends of the tank and a variable-depth slurry pump located in the middle of the tank. The 
HPW and ERSS system in tank C-111 consisted of a variable speed and depth slurry pump 
located in the middle of the tank and two ERSs located at opposite ends of the tank. Each ERS 
was fitted with two HPW fan nozzles, capable of delivering water at approximately 5,000 psi at 
10 gpm. The hydraulically-powered adjustable-height slurry pump was lowered as the waste 
retrieval progressed and the waste level receded. 

With most tanks that have been retrieved by modified sluicing, the rate of waste retrieval is 
initially high and begins to fall off as the easily-retrieved sludge is removed, and waste 
consisting of larger-sized particles remains. However, this was not the case with tank C-111 
retrieval . The modi tied sluicing retrieval rate for tank C-111 remained inconsistent throughout 
the retrieval , being only slightly higher after the first ~ 1.4 million gal of slurry pumped. At the 
conclusion of standard sluicing operations approximately 40 ft3 (300 gal) of solids had been 
retrieved . 

The first phase of HPW combined modified sluicing, intended to retrieve solids as well as break 
through the waste crust and create as much surface area as possible prior to caustic 
preconditioning, retrieved approximately 260 ft3 (1 ,930 gal) of solids. Caustic preconditioning 
was used to convert insoluble aluminum compounds into sodium aluminate. The second phase 
of modified sluicing and HPW were intended to remove the bulk of the remaining solids in 
tank C-111 and retrieved approximately 1,820 ft3 (13,590 gal) of solids. Caustic dissolution was 
performed to retrieve aluminum compounds in the waste, with specific emphasis on gibbsite. 
This step was intended to dissolve aluminum compounds and soften the remaining waste to make 
it more susceptible to sluicing. The final sluicing was performed following caustic dissolution to 
mobilize solids that had potentially been size-reduced or broken up by the caustic dissolution 
step and retrieved approximately 460 ft:3 (3,420 gal) of solids. 

Based on the performance metrics examined with the implementation of the modified sluicing, 
HPW, and chemical dissolution deployed with an ERSS and consideration of the factors 
specified in the Consent Decree, DOE-ORP concluded that these retrieval technologies had been 
deployed to the limits of technology at tank C-111 (RPP-RPT-59363, "Retrieval Completion 
Certification Report for Tank 241-C-J l J," Rev. 00A). 

4.3 RETRIEVAL DURATION 

Modified sluicing operations were performed during 26 operating days (53 shifts) starting on 
September 14, 20 IO and ending on November 4, 20 l O (Letter WRPS-1003927, "Contract 
Number DE-AC27-08RV14800 - Washington River Protection Solutions LLC Completion of 
Performance Based Incentive 2.14 , Fee Bearing Milestone PBI-2.14.3 , "Complete Bulk Retrieval 
of Tank 241-C-J 1 I" - Request For Incremental Fee Approval," Enclosure, "FY 20 I I 
Performance Expectation Completion otice"). At the conclusion of modified sluicing 
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operations, approximately 40 ft3 (300 gal) of waste had been retrieved; the total volume of waste 
left in tank C-111 was approximately 4,300 ft3 (32,200 gal). Operations using modified sluicing, 
HPW and chemical dissolution deployed with an ERSS were performed over approximately 
83 operating days ( 131 shifts) starting on October 4, 2015 and ending on March 30, 2016. The 
preliminary residual volume from these activities was estimated in RPP-CALC-60840 to be 
approximately 1,030 ft3 (7,700 gal). 

4.4 CONCLUSION 

Based on the information contained in Section 4 above, DOE-ORP concluded that waste retrieval 
operations were performed to the limits of the modified sluicing, HPW, and chemical dissolution 
deployed with an ERSS (RPP-RPT-59363, Rev. OOA). The waste residual volume estimate of 
674 ft3 (5,040 gal) at the 95% UCL (RPP-RPT-59714, "Tank 241-C-l J l Residual Waste 
Inventory Estimates for Component Closure Risk Assessment") is greater than the Consent 
Decree retrieval goal of 360 ft3 (2,693 gal) after deploying the three technologies. 
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5. POST-RETRIEVAL SINGLE-SHELL TANK 241-C-111 RISK ASSESSMENT 

The potential impacts to human health posed by the residual waste in SST C- I 11 were evaluated 
using the methodology documented in DOE/ORP-2005-01 , Initial Single-Shell Tank System 
Performance Assessment for the Hanford Site . Figure 5-1 provides a schematic of the process 
used for the tank C-111 risk assessment, and this methodology is described in detail in Chapter 3 
of DOE/ORP-2005-01. The SST performance assessment (PA) methodology represents the 
current approach being used to support the assessment oflong-term impacts to human health 
from tank residuals left in individual SSTs in RD Rs. Decisions on final closure of tank C-111, 
all pther SSTs, ancillary facilities and equipment within Waste Management Area (WMA) C will 
be supported by a site-specific PA as outlined in Appendix I of the HFF ACO. That single 
Appendix I PA will evaluate whether closure conditions at WMA C will be protective of human 
health and the environment for all contaminants of concern, both radiological and 
nonradiological. The DOE intends that the PA will document by reference relevant performance 
requirements defined by the Resource Conservation and Recovery Act, 42 U.S.C. §6901 et seq., 
the Hazardous Waste Management Act, RCW 70.105 et seq., the Federal Water Pollution 
Control Act (Clean Water Act), 33 U.S.C. §1251 et seq., the Safe Drinking Water Act, 42 · 
U.S.C.§ 300f et $eq., and the Atomic Energy Act of 1954, 42 U.S.C. §2011 et seq., as well as any 
other performance requirements that might be Applicable or Relevant and Appropriate 
Requirements under the Comprehensive Environmental Response, Compensation, and Liability 
Act of 1980 (CERCLA), 42 U.S.C. §9601. et seq. 

The inventory used in this tank C-111 risk assessment was derived from post-retrieval residual 
inventory samples (see Section 3.0). A comparison of post-retrieval inventory to the inventory 
used in DOE/ORP-2005-01 is provided in Appendix C for information purposes. The inventory 
used in DOE/ORP-2005-01 is based on RPP-RPT-23412, "Hanford Tank Waste Operations 
Simulator Model Data Package for the Development Run for the Refined Target Case." The 
post-retrieval inventory used in this RDR provides a more accurate representation of tank 
residuals than RPP-RPT-23412, and will be incorporated in the WMA CPA. 

Results of the potential impacts to human health were calculated using the average and 
95% UCL inventories. Results show that for the groundwater pathway, the effects associated 
with tank C-111 are one to three orders of magnitude below the current lower end of the range 
for incremental lifetime cancer risk (ILCR) performance objectives (J .0 x 1 o-6 to J .0 x 10-4) for 
radioactive analytes, and one to 13 orders of magnitude below the ILCR performance objectives 
( 1.0 x 1 o·5) for nonradioactive analytes. The hazard indices for the tank C-1 J I groundwater 
pathway are two to four orders of magnitude below the performance objective (I .0). For the 
inadvertent intruder scenarios of the suburban garden scenario and rural pasture scenario 
(both sensitivity cases) at 100 years after closure, the effects associated with tank C-111 
exceeded the J 00 mrem/yr performance objective for chronic exposure. For all other sensitivity 
cases, the results were below the performance objectives for both the acute and chronic exposure 
at both J 00 and 500 years after closure. Details of these results are provided in Sections 5 .2 
through 5.4. 
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Figure 5-1. Single-Shell Tank 241-C-111 Residual Waste Inventory and 
Risk Assessment Process. 
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This section also provides additional risk management information related to concentrations of 
constituents remaining in waste residuals within tank C-111 compared against the WAC 173-340 
cleanup standards. The soil cleanup standards evaluated are developed for direct contact 
exposures and for groundwater protection. Selected constituent concentrations estimated for the 
average and 95% UCL inventories of tank residuals are specifically compared against soil direct 
contact cleanup levels for unrestricted land use (Method B), soil direct contact cleanup levels for 
industrial land use (Method C), and soil cleanup levels protective of groundwater using the fixed 
parameter three-phase partitioning model given in WAC 173-340-747, "Deriving Soil 
Concentrations for Groundwater Protection," subsection (4), "Fixed parameter three-phase 
partitioning model." Results of these comparisons are found in Section 5.5.1. 

Section 5.5 also includes a discussion of the appropriateness of comparisons for constituent 
concentrations remaining in waste residuals within tank C-111 against cleanup standards 
protective of ecological risk found in WAC 173-340. Because footnotes in tables containing the 
cleanup standards protective of ecological concerns indicate these standards are not intended to 
be used for evaluation of sludges or wastes, specific comparisons of concentrations of 
constituents remaining in waste residuals within tank C-111 against the WAC 173-340 cleanup 
standards related to ecosystem risk are not provided. 

5.1 CONSTITUENTS EVALUATED 

Following retrieval, the residual waste was sampled and analyzed. This risk assessment is based 
on the analytical results from the post-retrieval sample (Section 3.0). 

Analytical data for tank C-111 were collected and analyzed as defined by the closure DQOs. 
The post-retrieval samples were analyzed for 167 constituents (i.e., radionuclides, volatile 
organic compounds, semi-volatile organic compounds, polychlorinated biphenyls, and inorganics 
[including metals and conventional parameters]) in accordance with approved 222-S Laboratory 
procedures based on U.S. Environmental Protection Agency (EPA) approved methods. Only 
166 of these constituents were evaluated for risk. However, analytes flagged as a non-detect 
were evaluated at one-half the detection limit in accordance with EPA/540/1-89/002, Risk 
Assessment Guidance for Superfund Volume I Human _Health Evaluation Manual (Part A) 
Interim Final. Table 5-1 presents a complete listing of the analytes evaluated, whether the 
analyte was detected, and whether a cancer potency factor (also called a cancer slope factor), 
dose factor, or reference dose is published for that analyte. 
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Table 5-1. List of Analytes and Available Toxicity Information. (5 sheets) 

Available AVllilablc 
Isotope/ 

Analyte• Detect Toxicity Isotope/ 
Analyte• Detect Toxicity 

CAS 
lnfonnationb 

CAS 
lnfonnationb 

llSSb Antimony- I :2s• u DFR/CPF 7440-47-3 Chromium. Total• - -
ll6Sn Tin-126 

.. u 
" . DFR/CPF 1319-77-3 Cresylic acid ( cresol, mixed isomers)• u -

--
129J Iodine-129 u DFR/CPF 7440-50-8 Copper - RID 

·•-

mes Cesium-1 37 + Daughters - DFR/CPF 108-94-1 Cyclohexanone u RID 

H71n8a Barium-137m• - - 53-70-3 Dibcnz{a. h]anthracene• u CPF 

i•c Carbon-14 u DFR/CPF 84-66-2 Diethyl phthalate • u RID 

1s2Eu Europium-152 :t u DFR/CPF 84-74-2 Di-n-butylphthalatc• - " u RID 

IS4Eu Europium-154 u DFR/CPF 117-84-0 Di-n-octylphthalatc• u RID 

mEu N, N-Diphcnylamine• 
-- .~ iJR .. , Europium-155 u DFR/CPF 122-39-4 )l 

221Th Thoriurn-228 + D u DFR/CPF 141-78~ Ethyl Aoetate ·u JUI) 
-· l,'°TtJ Thorium-230 u DFR/CPF 60-29-7 Diethyl ether . u ~ 

~ 1Pa Protactinium-231 u DFR/CPF 100-41-4 Ethyl benzene u RfD/CPF 

212Th Thorium-232 - DFR/CPF 7440-53-1 Em-opium . u -
--lBU Uranium-233 u DFR/CPF 16984-48-8 Fluoride - RID -· 

i.1<u Uraniwn-234 
_,,._ 

u •' DFR/CPF 7439-89-6 Iron - RID 

11su Uranium-235 + D - DFR/CPF 206-44--0 Fluoranthene• 
'/ 

u RID - x· .• ... 

-
n.su Uranium-236 - DFR/CPF 12311-97-6 Formatc+A2 -- , ___ u -
m Np Neprunium-237 + D - DFR/CPF OHDEMAND Hydroxide OH - -
'"Pu Plutonium-238 - DFR/CPF Glycolate Glycolate C2H303 .. u -

-
"'U Uranium-238 + D - DFR/CPF IJ8-74-I Hexachlorobenzene• u RID/CPF --
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V, 
I 

V, 

Isotope/ 
CAS 

2l9pU 

2,opu 

wAm 

1,1pu 

"'Cm 

2'2pu 

mcm 

244Cm 

3H 

60Co 

"Ni 

,,Se 

wsr 

""Y 

9"fc 

71-55-<i 

76-1.3-1 

79-00-5 

75-35-4 

120-82-1 

7/18/2017 -11 :26AM 

Table 5-1. List of Analytes and Available Toxicity Information. (5 sheets) 

Av1ibble 
hotope/ 

Analyte• Detect Tosicity Analytc• 
lnfonnalionb 

CAS 

Plutoniurn-239 u DFR/CPF 87-68-3 Hexachlorobutadiene• 

Plutoniurn-240 u DFR/CPF 67-72-1 Hexachlorocthane• 

Americium-241 - DFR/CPF 7439-97-6 Mercury• 

Plutonium-241 + D u DFR/CPF 78-83-1 Jsobutanol 

Curium-242 - DFR/CPF 7440-09-7 Potassium . 
Plutoniurn-242 u DFR/CPF 7439-91-0 Lanthanum 

-
Curium-243 - DFR/CPF 7439-93-2 Lithium 

Curium-244 - DFR/CPF 75-09-2 Dichloromethane (methylene chloride)• 

Tritium u DFIVCPF 7439-95-4 Magnesium 

Cobalt-60 - u Dl'R/CPF 7439-96-5 Manganese 

Nickcl-63* DFR/CPF 7439-98-7 Molybdenum ., . .. 
Selenium-79• u DFR/CPF 59-89-2 n-Nitrosomorpholine• 

Strontium-90 + D - DFR/CPF 7440-23-5 Sodium 
., -', . 

Yttrium-90 - - 91-20-3 Naphthalene• .,· 
Technetium-99 - DFR/CPF 7440-03-1 Niobium 

~--!;" 
-

I, I , I• Trichloroethane• {J RID 7440-00-8 Neodymium 

1, 1, 2-Trichloro-l, 2, 2· u RID 7664-41-7 Ammonia 
trifluorocthane 

I, 1, 2-Triohlorocthane• u R.ID/CPF 7440-02-0 Nickel• 

I , 1-Dichloroethene• u RID 98-95-3 Nitrobenzene• 

I, 2, 4-Trichlorobcnzene• u RfD 62-75-9 N-Nitroso-N, N-dim~thylamine• 
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Available 
lntect Toxicity 

lnformationb 

u RID/CPF 

u RfD/CPF 

- RID 

u RID 

u -~· 
-

u RID 

u RID/CPF 

- -
- RID 

u RfD 

u -
- -
u RID 

u -
- -
- RID 

- RID 

u RID 

u RfD/CPF 
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Table 5-1. List of Analytes and Available Toxicity Information. (5 sheets) 

Available Availabk 
lsotop~ 

Analyte• Detect Todcity lsoto~ Anat,1e• Dttect Toxicity 
CAS Informationb 

CAS lnformationb 

95-50-1 o-Dichlorobenzenc• u RID 621-64-7 N-nitroso-di-n-propylamine u CPF 

107-06-2 I, 2-Dichloroethane• u RID/CPF 14797-65-0 Nitrite - RID 

106-46-7 I, 4-Dichlorobcnzene u RfD/CPF 14797-55-8 Nitrate - RID 

71-36-3 n-Butyl alcohol (1-butanol) u RID 338-70-5 Oxalate u -
,· 

95-95-4 2, 4, 5-Trichlorophenol • u RID 7439-92-1 Lead• - -
88-06-2 2, 4, 6-Trichlorophenol u RID/CPF 7440-05-3 Palladium u -.. , 
121-14-2 2, 4-Dinitrotoluene• u RID 87-86-5 Pentachlorophcnol• u RfD/CPF 

128-37..0 2, 6-Bis (tert-butyl)-4- u - 108-95-2 Phenol• u RID 
methylpbenol 

78-93-3 2-Biitanone(Ml!K) u RfD 14265-44-2 Phosphate - -
95-57-8 2-Chloropbenol• u RID 7440-10-0 Praseodymium u -
110-80-5 2-Ethoxyethanol u RID 129-00-0 Pyrene .. u RfD 

95-48-7 2-Methylphcnol (o-cresol) u RID ll0-86-1 Pyridine* u RID 
.. 

88-75-5 o-Nitrophcnol u - 7440-17-7 Rubidium ! u - .. 
79-46-9 2-Nitropropane• u RfDfCPF 7440-16-6 Rhodium u -
59-50-7 p-Chloro-m-cresol ( 4- u - 7440-18-8 Ruthenium u -

Chloro-3-methylpbeno!)• - ~- • ..! -
108-10-1 4-Methyl-2-pcntanone u RID 7440-36-0 Antimony• 

~ '• u RID 
(MIBK) ·-· ·• ,. - ~-· 

88-75-5 o-Nitrophenol u - 7782-49-2 Selenium• u RID 

83-32-9 Acenaphthcne u RID 7440-21-3 Silicon - -
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..,. . 
---.I 

Isotope/ 
CAS 

71-50-1 

67-Q<l-l 

7440-22-4 

7429-90-5 

1336-36-3 

7440-38-2 

7440-42-8 

7440-39-3 

7440-41-7 

71-43-2 

50-32-8 

7440-69-9 

117-81-7 

24959-67-9 

85-68-7 

7440-70-2 

75-15--0 

56-23-5 

7440-43-9 

7440-45-1 

7118/2017 - 11 :26 AM 

Table S-1. List of Analytes and Available Toxicity Information. (S sheets) 

Av1ibble 
Isotope/ 

Analyte• Deted Todcity An1lyte• 
Information• 

CAS 

Acetate - - 7440-19-9 Samarium 
~ - - .. 

2-Propanone (Acetone) u RID 7440-31-5 Tin 
-~ T 

Silver- - RID 14808-79-8 Sulfate 

Aluminum - RID 7440-24-6 Strontium 

Polychlorinated Biphenyls• u CPF 7440-25-7 Tantalum 

Arsenic• ·, u RfD/CPF 13494-80-9 Tellurium 

--Boron ". u RID 127-18-4 Tetrachloroethylene• --
Barium• - RID 7440-29-1 Thorium 

Beryllium• . ..... V. &IPRF 7440-32-6 Titanium 

Benz.ene• u RfD/CPF 7440-28-0 Thallium• ,. 

Benzo[a)pyrene• u CPF 108-88-3 Toluene• 

Bismuth - - 542-75-6 1,3-Dichloropropene (cis & trans)• 

Di (2-ethylhexyl) phthalate - RID/CPF 126-73-8 Tributyl phosphate 
(DEHP) 

-
Bromide u - 7~1-6 1, I, 2-Trichloroethylene 

Butylbenzylphthalate• - RID 75-69-4 Trichlorofluoromethane• 
"' ,. 

Calcium - - 7440-61-1 Uranium 

Carbon disulfide• u RID 7440-62-2 Vanadium 

Carbon tetrachloride• u RfD/CPF 75--01-4 Chloroethcne(vinyl chloride)• 

Cadmium• 
' 

u RID/CPF 7440-33-7 Tungsten 

Cerium - RID 108-38-3 m-Xylcne 

51 of 168 

Av1illb~ 
Oded Toxicity 

lnform1tionb 

- -
u RID 

- -
- RID 

u -
u -
u . RID/CPF 

- -
- -
u RID 

u JUD 

u RfD/CPF 

- RID/CPF 

u RID/CPF 

u RID 

- -
- RID 

u RfD/CPF 

u -
u RID 
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Table 5-1. List of Analytes and Available Toxicity Information. (S sheets) 

Isotope/ 
Available 

Analytc• Dcted To1icity Isotope/ 
CAS 

Infonnationb CAS 

108-90-7 Chlorol>enzenc~ u RfD 95-47-6 o-Xylenc 

67-66-3 Chloroform• u RfD/CPF 1330-20-7 Xylenes 

16887-00-6 Cliloride u - 7440-65-5 Yttrium 

57-12-5 Cyanide• - RID 7440-66-6 Zinc 

7440-48-4 Cobalt u .R,ID/CPF 7440-67-7 Zirconium 

• RPP-RPT-59714, " Tank 2-1/-C-I / I Re.,/dua/ Wu.,te Jrrventory &limutesfnr Cnmpon,nt Cln.,w·t Risk A,·sts,menr." 

b HNF-SO-WM-Tl-707, E,po.rure Sce11orios 011d U11il Factors.for Hanford Tank WoSle P,,forma11cc Assessmenrs. 

Analyte• 

-,r,•-~· ,, , 

- · , ,• 

~ ... 
.,,:~ c, -

Dctttt 

u 

l 
u 
-
u 
-

CAS = Chemical Ab,tract• Service DFR = Do!e factor U = Analytc not detected in residual waste! 
V, 
I 

00 

CPF = Cancer potency factor RfD ~ Reference dose 
= No available toxicity value (do,e factor. n:fcrencc dose. or cancer potency factor) 

[lray ed area indicate• non-detect for this analyte. 

•oang<rous waste con,tituent per Wushingtnn Administrutivt Code )73-303-9905 , "Oangerou• Waste Constituents List." 
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5.2 RESULTS FOR INDIVIDUAL CONT AMIN ANTS FOR POST-RETRIEVAL 
SINGLE-SHELL TANK 241-C-111 

Table 5-2 identifies the main contributors to the ILCR (industrial and residential scenarios), 
groundwater dose (all-pathways farmer scenario), and drinking water dose for radiological 
components of the residual waste remaining in tank C-111 . Table 5-3 identifies the primary 
hazardous chemicals that contribute to ILCR and the Hazard Quotient. These results are 
provided for the average residual waste inventory for SST C-111. A more complete listing of all 
analytes for the same average inventory is provided in Tables D-1 and D-2 of Appendix D. 
A similar set of tables based on the 95% UCL inventory is provided in Tables D-3 and D-4 of 
Appendix D. In each of these tables, the following columns are provided. 

a. Analyte Name. 

b. Detected in Residual Wastes is an indicator as to whether an analyte was detected in the 
laboratory. 

c. Inventory as shown here for non-detects is calculated at one-half the detection limit. 

d. WMA C Fenceline Concentration is the maximum modeled concentration for a 
constituent at the WMA C fenceline over the modeling period. In the methodology used 
in DOE/ORP-2005-01, this concentration was estimated using cross-sectional modeling 
of vadose zone and groundwater flow and transport. In some cases, individual analytes 
may not have a corresponding concentration at the fenceline because short-lived 
radionuclides will decay away before the contaminant cari arrive at the WMA C 
fenceline. Relatively immobile contaminants (i.e., Kd greater than 0.6 mg/L) will also 
result in a zero concentration at the fenceline as they will not reach the fenceline within 
10,000 years (based on assumptions and transport modeling approach used). 

e. Peak Year is the year in which the simulation estimates that peak concentration for a 
given analyte arrives at the fenceline. 

f. KtJ is the mobility factor used in the groundwater modeling for the analyte. The smaller 
the Kd, the more mobile the contaminant; if the Kd is zero, the contaminant moves with 
the groundwater. 

g. Half-life is the duration in years for a radionuclide to decay to half its activity. Organic 
compounds were assumed not to decay (radionuclides only). 

h. Incremental Lifetime Cancer Risk (groundwater) is described in 
HNF-SD-WM-TI-707, Exposure Scenarios and Unit Factors for Hanford Tank Waste 
Performance Assessments for the industrial and residential exposure scenarios [including 
WAC 173-340, Method B (residential)]. 

1. Radiological Dose is the estimated drinking water dose for the all-pathways fa1mer 
exposure scenario (radionuclides only). 

5-9 

53 of 168 



RPP-RPT-60173 Rev.00 7/1 8/2017 - 11 :26 AM 

RPP-RPT-60173 , Rev. 0 

j . Radiological Dose - Beta/Photon is the drinking water dose from beta/photon-emitting 
radionuclides using equivalent dose (radionuclides only). 

k. Hazard Quotient (groundwater)- Hazard quotients calculated for residential and 
industrial scenarios described in HNF-SD-WM-TI-707. 

5.3 CUMULATIVE ANALYSIS RESULTS FOR SINGLE-SHELL TANK 241-C-111 
AND WASTE MANAGEMENT AREA C 

The cumulative analysis (i.e., sum of the risk metrics) for tank C-111 residual average and 
95% UCL risk levels was calculated and results are provided in this section. 

• Average Inventory-best estimate of the residual waste inventory computed using mean 
sample concentrations, mean sample density, and best estimate of the residual volume. 

• 95% UCL Inventory--considered the bounding inventory. The 95% UCL of the 
average inventory was calculated based on uncertainties associated with the 
concentration, volume, and density (for solids) measurements (see Section 3.0) . 

The impacts for the groundwater pathway associated with each residual waste inventory are 
evaluated with a variety of performance metrics. The ILCRs are evaluated for radiological 
analytes using the average and 95% UCL inventories and industrial and residential exposure 
scenarios. The ILCR and hazard indices are examined for the same inventories using a 
residential exposure scenario. 

Radiological doses using the same two inventories are also evaluated for an all-pathways farmer 
and a drinking water only exposure scenario. Estimated concentration levels of some selected 
analytes are also provided and compared against current maximum concentration levels. 

A comparison of impacts from the average and the 95% UCL inventories and current 
performance metrics for ILCR, hazard indices, and maximum concentration limits are 
summarized in Table 5-4. 

5.4 INADVERTENT INTRUDER 

The DOE recognizes that an inadvertent intruder may be onsite and not be discovered until after 
exposure has occurred. The radiological dose to an inadvertent intruder is therefore estimated as 
a part of this risk assessment. 

The scenarios considered in this assessment for radiological doses from inadvertent intrusions 
included: 1) a well driller scenario that was used as a reference case for acute exposure in the 
SST PA and 2) a rural pasture scenario that was used as a reference case for chronic exposure in 
the SST PA. This assessment of doses from inadvertent intrusions also evaluated chronic 
exposure scenarios that included : 1) a suburban garden scenario and 2) a commercial farm 
scenario that were used as sensitivity cases for chronic exposure in the SST PA. 
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Table 5-2. Estimated Maximum Incremental Lifetime Cancer Risk/Radiological Dose During the Modeling Period for 
Primary Radionuclides Related to Average Residual Waste Inventory in Single-Shell Tank 241-C-1 I I. 

Waste 
Incremental Uf'etlme Racliologiaal 

Radiological 
Above CallCCI' R11k Dose-

Detection Maugemeat Dole Beta/Pbotoo 
Allalyte Umltslll IDvutory AreaC Peak K4 Bait-Life (Dlftm/yJ') (mrem/yr) 

Resldaal (Ci) FaceliDt Year (mllg)" (yr) All-Patllways Drillking 
Coal!elltratioa ladutrial Raldcatial Fal'IDff 

Wute (pCi/L) Sceaar1o• 
Water Only 
Scmariob 

"C No l.95E-03 3.00E-03 9 78E+-03 O.OOE+oO 5.73E+03 2.33E-I I I 69E-JO I 46E-05 6 .0IE-06 

"'Tc Yes 4 .97E-02 1.98E-Ol J.05E+04 O.OOE+oO 2 .1 IE+OS 2.73E-09 6 .66E-08 3 .48E-04 8.82E-04 

1291 No 7.30E-04 < J.OOE-03 l.20E+04 2 .00E-01 1.57E+ 07 NE NE NE NE 

i.1•u No 1.08E-02 O.OOE+oo DNA 6.00E-01 2.46E+05 NE NE NE NIA 
2.15u Yes 2 .84E-04 O.OOE+OO DNA 6.00E-01 7.04E+08 NE NE NE NIA 

'-'"U Yes 2 .30E-04 O.OOE+OO DNA 6 .00E-01 2 .34E+-07 NE NE NE NIA 
2nu Yes 6 .68E-03 O.OOE+oo DNA 6 .00E-01 4 .47E+09 NE NE NE NIA 

Performanct Objective< 
t-OE-6 to 
l.OE-4d 

l-OE-6 to 
l.OE-4d 2s• 4f 

1 See PNNL-13895. ·'Hanford Co11/oml11on1 Dislrih111ion Coeffi<-ie11t Dotohou and Users Guldt ." Rev. \ , for the basis for the I<. values listed for the radionuclides. 

b All exposure scenarios are described in HNF-SD-WM-TI-707. Expo.1111·• Scenurio.1 und Unit Fuctors jor Hun.ford Tonic WuSle Pe,formance A,ue.mnents . 

c Performance objectives apply to the cwnulative (i.e., all contaminants) for the entire waste management area. 

d EPA 540/R/99/006, Rodia/ion Risk Ass-.rsm<IJI At CERCLA Sita: Q & A. DiJ-ecrive 9200.4-31 P. 

• DOE O 43S .1, Rudiouctivt Wu.flt Munugtn1tnl . 

f 6S FR 76708, "National Primary Drinking Water Regulatious; Radionuclides; Final R1tle ." 

DNA = did not anive at fcnc<line within the modeling period 
NIA = not applicable 
NE = constituent analyzed. but this ruk metric was not calculated because the analyte was predicted to have a concentntion less than 0.001 pCi/1... which is well below the 

ability of standard laboratory methods to detect it 

Shaded cell indicates non-detects in sludge or supernal<, and lhe inventory used in lhe risk assessment is calculated at one-half the minimwn detection limit. 
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Table 5-3. Estimated Maximum Value for Incremental Lifetime Cancer Risk and Hazard Quotient for Selected 
Nonradiological Analytes Related to Average Residual Waste Inventory in Single-Shell Tank 241-C-111. 

.. 
Abon Waste Management Incremeatal lifetime Huard ~otieat 

" l>et~• Inventory Area C Fencdlne Peak Ju Caacer Risk Scenarios 
tGronndwater)b Analyte 

Umits ID (kg) Coaceatntion Year (mUg)" {Groaadwater)~ 

Resld• al Waste (!lg/I,) 
WAC 173-340 Metlaod B 

Chromium. Total• Yes J.46E+OO 5.99E-03 l.05E+04 O.OOE+oo NoCPF NoRfd 

Fluoride Yes 2.54E+02 l.04E+OO 1.05E+04 O.OOE+OO NoCPF 1.09E-03 

Nitrate Yes 6.12E+OI 2.51E-OJ J.05E+04 O.OOE+OO NoCPF 9.81E-06 

Nitrite Yes 2.96E+OI l.22E-01 1.05E+04 O.OOE+OO NoCPF 7.60E-05 

Uranium Yes 2.00E+OI O.OOE+OO DNA 6.00E-01 NE NE 

Performance Objective• l.OE.efid 1.0• 

• See PNNL-13895 . "Hanford Con1aminunt Di,tribution Co~(ficitnl Darubau und U,en G11idt.'' Rev. I, for the basis for the K, values listed for chromium and nitrate 
The K, values listed for the organic chemical compounds are determined from the chemicals' organic carl>on/water partitioning coefficient and an e,rlmatc of0.03% for 
the Hanford Site sediments fraction of organic content (PNNL-13895. Rev. I, page 11. paragraph 3). 

b All exposure scenarios are described in HNF-SD-WM-TI-707. Exposure &-.nariw a11d Unit Factur, for Hanford Ta11A Wast, Petformanu Asussm,nlS. 

• Single Analyte Performance objectives apply to entire waste management area. not just a single component of the waste management area. 

d Wu,l,;ngton Administrutiw Cod, (Y{AC) 173-340-705, "Use of Method B" subsection (2XcXii). 

• WAC 173-340-705 (2)(cXi). 

DNA = did not arrive at fencetinc within the modeling period 
NE = constitueut analyzed, but this risk mellit was not talculated because the analyte was predicted lo have a concentration less than 0.001 11g/L. whith is well 

below the ability of standard laboratory methods to detect it · 
No CPF = no cancer potency factor available 
No Rfd = no reference data for analyte 

• Dangerous waste constituent per WAC 173-303-9905, "Dangerous Waste Constituents Lisi." Total Cr is assumed to be Chrornium(III) insoluble salts . 
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Table 5-4. Comparison of Cumulative Incremental Lifetime Cancer Risk, Hazard Index, and Groundwater 
Concentration at Peak Waste Management Area C Fenceline for Average and 95-Je Upper Confidence 

Level Residual Waste Inventories in Single-Shell Tank 241-C-111. (2 sheets) 

Metric• Industrial Receptor Residential Receptor 

ILCR from Radioactive Analytes Avenge 9S¾UCL Average 9S¾UCL Performance Objecriveb 

(anitless) Inventory Inventory Inventory Inventory 

Total without non-detects' 2.73E-09 5.SOE-O9 6.66E-08 l.34E-07 
I.OE-O6 to 1.OE-4' 

Total with non-detcc1sd 2.76E-09 5.57E-O9 6.68E-O8 1.35E-O7 

ILCR from Noandioactive Analyle3 Avenge 95¾UCL Avenge 95°/o UCL 
Performance Objectiveb (anitless) Inventory Inventory Inventory Inventory 

Total without non-detects< 3.39E-18 5.91E-18 2.37E-17 4.13E-17 
I.OE-Sr 

Total with non-detcctsd 7.67E-09 2.32E-O8 l.OOE-06 3.O3E-06 

Haunt Index (nnltless) Avenge 95"/4 UCL Average 95¾UCL 
Performaace Objectiveb Inventory Inventory hveatory I• veatory 

Total without non-detects< l .88E-04 2.63E-04 l.3OE-O3 l.81E-03 
I.Or 

Total with non-detectsd 2.28E-04 3.84E-04 7.OOE-03 l.90E-02 

AUPatbways Drinking Water 

Radiological Don (mrem/yr) Avenge 95¾UCL Average 9S¾UCL Performance Objectiveb 

lnvaatory Inventory Inventory lnveatory 

Total without non-detects< 3.48E-04 6.99E-04 8.82E-04 l.77E-03 
25 and 4 mrem 

Total with non-detcctsd 3.62E-04 7.42E-O4 8.88E-04 l.79E-03 
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Table 5-4. Comparison of Cumulative Incremental Lifetime Cancer Risk, Hazard Index, and Groundwater 
Concentration at Peak Waste Management Area C Fenceline for Average and 950/o Upper Confidence 

Level Residual Waste Inventories in Single-Shell Tank 241-C-1 J J. (2 sheets) 

Waste Managtment Area C Fmcdi•e Concentntion'•d 

Analyte Detected In 
Avenge Inventory 95¾ UCL Inventory Maximum 

Residual Wasta Concentration limit 

Tecbnetium-99 Yes 1.98E-OJ 3.99E-OI 900 

lodin~12, No <1.00E-03 <1.00E-03 I 

Carboo-14 No 3.00E-03 9.09E-03 2.000 

Chromium, Total* Yes 5.99E-03 l.12E-02 100 

Unnlum Yes O.OOE+OO O.OOE+oo 30 

Units 

pCi/L 

pCi/L 

pCi/L 

µg/L 

µg/L 

1 Incremental lifetime cancer risks (ILC'R.s) of radioactive analytcs were cvah11tcd using industrial and residential land use scenarios described in HNF-SD-WM-Tl-707, 
Exposure Sctnurio.r und Unit Factors for Hun.ford Tan* Wusre Pt,fom,unce As .... r.<mt111., . ILCR.s ond hazard indices for n011J11diological analytcs were evaluated using 
Washl11g1011 Atlmlnlstratiw Cotl, (WAC') 173-340-705, "Use of Method B," subsection (4) "Multiple hazardoua 111b1tance1 or pathway, .. (residential). 

b Performance objectives apply to entire waste management area (WMA), not just a single component of the WMA 

< If detected, fcncclinc cooccntration is based on an inventory that is calculated from actual laboratory results. Aoalytcs with a fcnccline concentration of less than either 
0.001 pCi/L {radioactive) or 0.001 µg/L {nonradioactive), which is a value that is well below the minimum detection limit for standard analytical methods, an, reported 
u leas than l.OOE-03 pCi/L or µg/L . ' 

d lfnol detected, fcnceline concentration is based on an inventory that is calculated at half the detection limits of analytical results . Concentrations that arc Jess than 
either 0 .001 pCi/L (radioactive) or 0.001 µg/L (nonradioactive), which is a value that is well below the minimum detection Limit for standard analytical methods, arc 
reported •• less than l ,OOE-03 pCi/L or µg/L. 

• EPA 540/R/99/006, RaJiallon Rislc Asussm,nt At CERCU Sir,,: Q &: A . Directive 9200.4-3 IP. 

f WAC 173-340-70~(4). 

UCL c upper confidence level 

vro ~ cells are non-detects and th• inventory used in the risk assessment is calculated It one-half the minimum detection limit. 

• Dangerous waste constituent per WAC 173-303-9905, "Dangerous Waste Constituents List." Total Cr is asswited to be Cbromium(lll) insoluble salts. 
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A summary of doses calculated for each of the intruder scenarios for the average and 95% UCL 
inventories remaining at SST C-111 at I 00 years and 500 years after closure for tank C-111 are 
provided in Table 5-6. A summary of doses calculated for each of the intruder scenarios for the 
average and 95% UCL inventories at 100-year intervals between 100 and 1,000 years after 
closure for tank C-111 are provided in Table 5-7. Tables and plots of doses related to individual 
radioactive analytes are provided in Tables D-5 through D-8 and Figures D-1 through D-4 in 
Appendix D. 

Table 5-6. Comparison of Intruder Doses at 100 and 500 years after Closure from 
Residual Waste for Single-Shell Tank 241-C-111. 

Years SST PA Reference Cases SST PA Sensitivity Cases 

after Inventory Well Driller2 Rural Pasture3 Suburban Garden3 Commercial Farmer3 

Closure1 
(mrem) (mrem/yr) (mrem/yr) (mrem/yr) 

Average 6.45 275 3,896 3.17E-02 
100 

95% UCL 15.39 673 9,545 7.54E-02 

Average 0.32 0.101 2.09 2.43E-03 
500 

95% UCL 0.75 0.236 4.87 5.67E-03 

PA = performance assessment SST = single-shell tank UCL = upper confidence level 

Notes: 
1 Site closure is assumed to occur on January I, 2032. 
2 Performance Objective (Acute Exposure)- 500 mrem. 
3 Perfom1ance Objective (Chronic Exposure)- 100 mrem/yr. 

A review of detailed results and plots in Appendix D (Tables D-5 through D-8 and Figures D-1 
through D-4) resulted in observations about key analytes for inadvertent intruder impacts as 
given in Table 5-8. 

At 100 years after closure (see Table 5-6 and 5-7), doses for the well driller scenario were 
estimated to be -1.3 % and 3. 1 % of the 500 mrem acute exposure performance objective for the 
average and the 95% UCL inventories, respectively. At 100 years after closure, doses with the 
rural pasture scenario were estimated to be - 275% and 673% of the 100 mrem/yr chronic 
exposure performance objective for the average and 95% UCL inventories, respectively. 
However, doses resulting from chronic exposure in the suburban garden scenario were -3,896% 
and 9,545% of the 100 mrem/yr chronic exposure performance objective for the average and 
95% UCL inventories, respectively (see Table 5-6). Doses resulting from the commercial farm 
were well below (e.g., 0.03% and 0.08%) the JOO mrem/yr chronic exposure performance 
objective for the average and 95% UCL inventories, respectively (see Table 5-6). 

By 500 years after closure (see Tables 5-6 and 5-7), the estimated doses for the well driller 
scenario for the average and 95% UCL inventories was 0.06% and 0.1 5% of the acute exposure 
performance objective of 500 mrem, respectively. At 500 years after closure, doses for all 
inadvertent intruder scenarios used to evaluate the doses from chronic exposure were well below 
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the chronic exposure perfonnance objective of 100 mrem/yr. The highest estimated dose at 
500 yrs after closure was for the suburban garden scenario using the 95% UCL inventory, which 
yielded a dose that was estimated to be 0.5% of the 100 mrem/yr performance objective (see 
Table 5-6). 

5.5 COMPARISON OFT ANK RESIDUALS WITH MODEL TOXICS CONTROL 
ACT SOIL CLEANUP LEVELS 

This section provides additional risk management information related to concentrations of 
constituents remaining in waste residuals within tank C-111 compared against the Model Toxics 
Control Act (MTCA), RCW 70.105D, "Hazardous Waste Cleanu~Model Toxics Control Act," 
WAC 173-340, cleanup standards. In this section, specific comparisons are made between the 
concentrations of constituents remaining in tank C-111 against the MTCA cleanup standards for 
soil direct contact unrestricted land use (Method B), industrial land use (Method C), and soil 
concentrations protective of groundwater using the fixed parameter three-phase partitioning 
model given in WAC 173-340-747(4). 

Per WAC 173-340-740, "Unrestricted Land Use Soil Cleanup Standards," for soil cleanup levels 
based on human exposure via direct contact or other exposure pathways where contact with the 
soil is required to complete the pathway the point of compliance shall be established in the soils 
throughout the site from the ground surface to 15 ft below the ground surface. Under a closure 
configuration, waste residuals left in tank C-111 and other SSTs in WMA C would be expected 
to be below 15 ft below ground surface. 

Implicit in the use of the fixed parameter three-phase partitioning model given in 
WAC 173-340-747 deriving soil cleanup levels for groundwater protection is the assumption that 
constituents of interest are found in soils and are immediately available to be leached by 
infiltrating precipitation. Under a closure configuration, constituents associated with waste 
residuals left in tank C-111 and other SSTs in WMA C would be contained within a grout-filled 
tank, a steel tank liner, and an underlying concrete pad below the liner and would not be 
immediately available for leaching by infiltrating water. 

5.5.1 WAC 173-340 Direct Contact and Soil Concentrations Protective of Groundwater 

Table 5-9 contains the average and 95% UCL concentrations of detected constituents estimated 
in residual waste for tank C-111 on a mass basis for comparison against WAC 173-340 cleanup 
levels for soil direct contact unrestricte9 land use (Method B), industrial land use (Method C), 
and soil concentration protective of groundwater. Table 5-9 also provides Hanford Site-specific 
90th percentile background concentrations, and identifies analytes that are dangerous waste 
constituents per WAC 173-303-9905, "Dangerous Waste Constituents List." A more detailed list 
of background concentrations and references is provided in Table D-11 of Appendix D. 
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Table 5-7. Potential Future Impact from Inadvertent Intrusion into Residual Waste for Average and 95% Upper 
Confidence Level Inventories. 

Yun After Closare1 I 100 200 I JOO 400 500 600 700 l 800 l ,00 I 1,000 

Inadvertent Intrusion Acute DoH2 (mrem)- WeU Driller Sce• ario 

Average Inventory I 6.4 1.0 I 0.4 0.4 0.3 0.3 0.3 I 0.2 I 0.2 I 0.2 

95% Upper Confidence Level Inventory I 15.4 2.3 I 1.0 0.8 OB 0.7 0.6 I 0.6 I 0.6 I 0.5 

Inadvertent Intrusion Acute Dose3 (mn:m/yr) - R• ral Pastnn: Sccaario 

Average Inventory I 275 23.s . I 2.1 0.3 0.1 0.1 0.1 1 0.1 1 0.1 I 0.1 

95% Upper Confidence Level Inventory I 673 57.6 I 51 0.6 0.2 0.2 0.2 I 0.2 I 0.1 I 0 I 

l• advertent Intrusion Chro• ic l>off3 (mn:m/yr) - Sub• rba• Gardener Scm.uio 

Average Inventory I 3,896 334 I 30.6 4.5 2.1 1.7 I.S 1 1.4 1 1.3 I 1.2 

95% Upper Confidence Level Inventory I 9,545 819 I 74.6 10.7 4.9 4.0 3.7 I 3.4 I 3.2 I 3.0 

l• advertmt latn1lon Cbronlc: Dose3 (mn:m/yr)- Commercial Farm Scmario 

Average Inventory I 3.2E-02 s.9E-03 I 3 3E-03 2.7E-03 2.4E-03 2.2B-03 2.0B-03 T l.SE-03 T l. 7E-03 j 1.SE-03 

95% Upper Confidence Level Inventory I 7.SE-02 1.4E-02 I 7.4E-03 6.3E-03 S 7E-03 S.2E-03 4.BE-03 I 4.4E-03 I 4. IE-03 I 3.9E-03 

1 Site cloture is uswned to occur on January I. 2032. 
2 Performance Objcctivt (Acute Exposure) - 500 nu-em. 
3 Performance Objective (Chronic Exposure) - 100 nu-em/yr. 
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Table 5-8. Impact Results of Key Analytes for an Inadvertent Intruder. 

Inadvertent Key Radionuclides 
Intrusion 
Scenario 137Cs 9osr 239pu 20 Am 

Secondary Primary contributor Secondary Primary contributor 

Well Driller 
contributor to dose to dose up to contributor to dose to dose ~200 years 
up to - 150 years - 200 years after after - 300 years after closure 
after closure closure after closure 

Secondary Primary contributor Secondary Secondary 
contributor to dose to dose up to contributor to dose contributor to dose 

Rural up to - 150 years - 450 years after after ~500 years after - 150 years, 
Pasture after closure closure, secondary closure primary contributor 

up to - 500 years to dose ~450 years 
after closure after closure. 

Secondary Primary contributor Secondary Secondary 
contributor to dose to dose up to contributor to dose contributor from 

Suburban up to - 100 years - 400 years after after ~500 years - 100 to - 400 years. 
Gardener after closure closure, secondary post-closure Primary contributor 

up to - 500 years to dose after 
after closure - 400 years 

Secondary Primary contributor Secondary Secondary 
contributor to dose to dose up to contributor to dose contributor from 

Commercial up to - 125 years ~200 years after after - 250 years ~ 150 to ~200 years, 
Farm post-closure closure, secondary post-closure Primary contributor 

up to - 250 years to dose after 
after closure ~200 years 

Ratios of the average and 95% UCL concentrations to cleanup levels for soil direct contact 
(Method B and Method C) and soil concentrations protective of groundwater are provided in 
Tables 5-10 and 5-11 , respectively . The ratios are obtained by dividing the analyte concentration 
by the soil direct contact cleanup level or the soil concentration protective of groundwater. The 
level of exceedance (ratio) corresponds to the level of residual waste concentration remaining in 
tank C-111 above or below the cleanup level. A level of exceedance greater than 1 corresponds 
to a residual waste concentration greater than the cleanup level. Tables 5-10 and 5-11 also 
identify analytes that are dangerous waste constituents per WAC 173-303-9905 and analytes 
with concentrations that exceed 90th percentile background concentrations. Expanded lists of 
nonradioactive analytes that were not detected are provided in Tables D-10 and D- 1 I m 
Appendix D . 

The results for waste residual concentrations estimated for the average residual waste inventory 
from detected analytes are briefly summarized below. 

• For direct contact under an unrestricted land use scenario, only aluminum, fluoride, 
silver, and uranium are above the cleanup levels. Arsenic had a concentration more than 
9 times the soil cleanup level. Arsenic is listed as a dangerous constituent per 
WAC 173-303-9905. 
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• For direct contact under an industrial land use scenario, all constituents are reported at 
concentrations less than the soil cleanup level. 

• For soil concentrations protective of groundwater, fluoride, tributyl phosphate, lead, 
cadmium, cyanide, iron, mercury, nitrate, nitrite, silver, and uranium are all above the 
concentration predicted by the MTCA fixed parameter three-phase model. The estimated 
average arsenic concentration was 182 times above the concentration protective of 
groundwater. Arsenic, cadmium, cyanide, mercury, and silver are listed as dangerous 
constituents per WAC 173-303-9905. 

5.5.2 WAC 173-340 Ecological Risk 

WAC 173-340-900, "Tables" includes the following tables: 

• Table 749-2, "Priority Contaminants of Ecological Concern for Sites that Qualify for the 
Simplified Terrestrial Ecological Evaluation Procedure" 

• Table 749-3, "Ecological Indicator Soil Concentrations (mg/kg) for Protection of 
Terrestrial Plants and Animals." 

Each of these tables contains a footnote stating that it is not intended for the purpose of 
evaluating sludges or waste, as follows (key statement bolded for this report) . 

• Table 749-2, footnote a: "Caution on misusing these chemical concentration numbers. 
These values have been developed for use at sites where a site-specific terrestrial 
ecological evaluation is not required . They are not intended to be protective of terrestrial 
ecological receptors at every site. Exceedances of the values in this table do not 
necessarily trigger requirements for cleanup action under this chapter. The table is not 
intended for purposes such as evaluating sludges or wastes. 
This list does not imply that sampling must be conducted for each of these chemicals at 
every site. Sampling should be conducted for those chemicals that might be present 
based on available information, such as current and past uses of chemicals at the site." 

• Table 749-3 , footnote a: "Caution on misusing ecological indicator concentrations. 
Exceedances of the values in this table do not necessarily trigger requirements for 
cleanup action under this chapter. Natural background concentrations may e substituted 
for ecological indicator concentrations provided in this table . The table is not intended 
for purposes such as evaluating sludges or wastes. 
This list does not imply that sampling must be conducted for each of these chemicals at 
every site. Sampling should be conducted for those chemicals that might be present 
based on available information, such as current and past uses of chemicals at the site." 

5-19 

63 of 168 



RPP-RPT-60173 Rev .00 7/18/2017 - 11 :26 AM 

Table 5-9. Average and 95•1o Upper Limit Concentrations of Selected Constituents Estimated for Waste Residuals within 
Tank 241-C-111, Soil Cleanup Levels for Method Band C Direct Contact Exposure, and 

Soil Concentrations Protective ofGrouadwater. (3 sheets) 

95o/. Upper 
SoiJCleu•p Soil Cleanup 

Soil Lognonnal 
Aven1e Coafldencc Concentntlons 90 Perttatile Above 

Analyte Concaitntion Level Level (me/kc) - Level (milk&)-
(mg/q)- Backgrouad Ddtttlon 

(mglq}" Conce• tntioo Direct Co.tact Direct Contact Prottttlveof Value Umks 
(mg/k&l 

Method B MdliodC Groundwater (mg/kg)d.c.r 

I, I, I-Trichloroethane• 9.16E-04 2.71E-03 1.60E+05 7 OOE+o6 l.58E+oo .. No 

I. I, 2-Trichloro- I. 2. 2-
trifluorocthanc 1.16E--03 3.43E-03 - - - - No 

I , I, 2-Trichlorocthane• l.65E--03 4.88E-03 1.75E+ot 2.30E+-03 4.27E-03 - No 

I , 1-Dichlorocthcnc• 4.2IE--03 l.2SE--02 4.00E+o3 l.75E+-05 5.0IE-02 - No 

I, 2, 4-Trichlorobcnzcne• l.93E--03 5.71E-03 3.45E+ol 4 .53E+-03 5.63E-02 - No 

o-Dichlorobcnzenc• l.21E--03 3.58E-03 7.20E+o3 3.15E+o5 7.03E+-OO - No 

I, 2-Dichlorocthanc• 5.35E--04 1.58E-03 I.IOE+ot l .44E+o3 2.32E--03 - No 

I, 4-Dichlorobcnzene 8.92E--04 2.64E-03 l.85E+02 2.43E+-04 1.34E-Ol - No 

n-Butyl alcohol (1-butanol) 1.02E-OI 3.02E-01 8.00E+03 3.SOE+oS - - No 

2, 4, 5-Trichlorophcnol• 4.17E--01 1.23E+oo 8.00E+o3 3.SOE+-05 2.88E+-Ol - No 

2, 4, 6-Trichlorophcnol 5.83E--OI l.73E+oo 8.00E+ol 3.50E+o3 4.62E--02 - No 

2, 4-Dinitrotolucne• 3.23E--OI 9.56E-0 1 3.23E+oo 4.23E+o2 1.67E--03 - No 

2, 6-Bis (tcrt-butyl}-4-
methyl phenol 7.91E--OI 2 .34E+oo - - - - No 

2-Butanone(MEK) 3.95E--02 1.17E--OI 4 .BOE+-04 2.IOE+06 1.97E+OI - No 

2-Chlorophenol• 4.94E--OI 1.46E+oo 4.00E+o2 1.75E+04 4.72E--01 - No 

2-Ethoxycthanol 6.39E--01 1.89E+oo - - - - No 

2-Mcthylphcnol (o-crcsol) 3.73E--Ol 1.IOE+oo 4.00E+o3 1.75E+o5 2.33E+oo - No 

o-Nitrophcnol 6.27E--OI 1.86E+OO - - - .. No 
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Table 5-9. Average and 95•;. Upper Limit Concentrations of Selected Constituents Estimated for Waste Residuals within 
Tank 241-C-I I I, Soil Cleanup Levels for Method Band C Direct Contact Exposure, and 

Soil Concentrations Protective of Groundwater. (3 sheets) 

95•;. Upper 
Soil Clea•• p Soil Cleanup 

Soil Lognormal 
Average Co•fidcna Concentntion.s ,0 Percentile Above 

Aulylc Concentnlion Levd Level (mg/kg) - Ln-d (lftl/kg) - (mg/kg)- Bacllgroand Ddfflio• 
(mg/kg)" Conant ratio• Dirut Co• tacl Direct Contact Protective of Vaine Ut• lts 

(mg/lq)~ Mdbod B Metltod C Groulldwalcr (mg/kg)d.-,r 

2-Nitropropanc• 5.85E-03 1.73E-02 - - - - No 

p-Chloro-m-crcsol (4-C'hloro-3-
methylphcnol)• 5.0IE-01 l .48E+OO 8.00E+o3 3.SOE+OS 2.21E+ol - No 

4-Methyl-2-pentanonc {MIBK) 1.70E-02 5.03E-02 6.40E+03 2.80E+OS 2.73E+OO - No 

o-Nitrophenol 6.27E-01 1.86E+oo - . - - - No 

Acenaphthcne 4.38E-OI 1.JOE+oo 4.80E+o3 2.IOE+OS 4.90E+ol - No 

Acetate l.93E+o2 3. IOE+o2 - - - - Yes 

2-Propanone (Acetone) l.29E-OI 3.82E-OI 7.20E+o4 3.15E+o6 2.89E+ol - No 

Silver• l.96E+o2 5.18E+o2 4.00E+o2 1.75E+04 l.36E+ol 2.73E+o2 Yes 

Aluminwn 8.04E+o4 I.SOE+oS 8.00E+o4 3.50E+06 4.80E+05 2.88E+o7 Yes 

Polychlorinatcd Biphenyls• l.14E-02 3.37E-02 5.00E-01 6.56E+OI - - No 

Arsenic• 3.18E+ol 9.41E+ol 6.67E-OI 8.75E+OI 3.41E-02 2.77E+o4 No 

Boron 4.24E+OO l.26E+ot l.60E+04 7.00E+o5 2.05E+02 5.86E+03 No 

Barium• 5.88E+OO 1.26E+ol - - - - Yes 

Beryllium• 2.12E+OO 6.28E+oo l.60E+02 7.00E+o3 6.32E+ot l.OOE+04 No 

Benzene• l.47E-03 4.JSE-03 l.82E+ol 2.39E+o3 4.48E-03 - No 

Benzo[a]pyrene• 6.64B-OI l.97E+o0 l.37E-OI 1.80E+ol 2.32E-Ol - No 

Bismuth. 2.94E+o2 4.37E+o2 - - - - Yes 

Di (2-c:thylhexyl) phthalatc 
(DEHP) 3.79E+OO 5.08E+oo 7.14E+OI 9.38E+o3 l.34E+ol - Yes 
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Table 5-9. Average and 95•;. Upper Limit Concentrations of Selected Constituents Estimated for Waste Residuals within 
Tank 241-C-111, Soil Cleanup Levels for Method Band C Direct Contact Exposure, and 

Soil Concentrations Protective of Groundwater. (3 sheets) 

95¾ Upper 
Sou CJea• -p SoUCJea• ap 

Soil Lognormal 
Average Co• ficlmtt Coacutratlons 90 PrrttatUe 

A• alyte Co• aatratloa wd Lffrl (mg/kg) - Lffel (mg/kg) - (mg/kg)- Backirou• d 
(ml/kg)" Coa«atratloa Direct Coatact Diftd Coatac:t 

Protectl\le of Val• e 
(mg/Ilg). Metbod B 'Mrtbod C Groundwater (mg/kg)d,.,r 

Bromide 7.14E+Ol 2.11E+o2 - - - -
Butylbenzylphthalate• J.98E+OO 2.29E+oo S.26E+02 6.91E+04 l.29E+OI -
Calcium 3.S8E+03 9.S3E+03 - - - J.OSE+08 

Carbon disulfide• J.60E-03 4.74E-03 8.00E+o3 3.SOE+OS S.6SE+oo -
Carbon tetrachloride• 9.29E-04 2.7SE-03 l.43E+OI l .88E+03 5.75E-03 -
Cadmium• 3.34E+oo 9.89E+oo 8.00E+OI 3.SOE+03 6.90E-OI 2.90E+03 

Cerium 2.00E+o2 2.78E+o2 - - - -
Chlorobenzcne• 8.60E-04 2.SSE-03 J.60E+o3 7.00E+o4 8.74E-OI -
Chloroform• J.30E-03 3.8SE-03 3.23E+OI 4.23E+o3 7.SIE-03 -
Chloride 8.S6E+OI 2.53E+o2 - - I.OOE+03 1.48E+06 

• Mean Concentration• taken from Table A•l, Appendix A ofRPP-RPT-59714, "Tank 1n-C-I I I Resid11al Waste /,n,ento" · Estiw,atesforCompon,nt C/osvr, Rid 
A.u~·'-""~n,.•· 

Above 
Detectio• 

Umita 

No 

Yes 

Yes 

No 

No 

No 

Yes 

No 

No 

No 

b 95% Upper Confidence Lev.el Concenlntion = Mem Concen1ntion + (1.96 x Mean Concen1ntion • Relative Standard Deviation). Mean Cooccntrations and Rtlative 
Standard Deviation provided in Table A-1 in Appendix A ofRPP-RPT-SIS 14. 

c AJ nitrate, not nitrogen in nitrate; to conve11 to uib'Ogen ii, nilrlte divide thiJ nmnber by 4 .43. 

d OOE/RL-92-24, Hanford Sile Backgro,md: Part 1, Soil Ba,·kgro11ndjin Nouradioacthl, Analyt,s. Rev. 4, Volmne I. 

• OOE/RL-96-12, Hu~ford Sitt Buc•grm,nd: Part 2, Sn// Buckgro11ndfor Radlom,d/du. 

f ECF-HANFORD-11-0038, "Soil Buckgro,md/or Interim Use at tht Hanford Sitt." 

• Dangerous waste constituent per Wu.,hlngton Administrutiv, Cod, 173-303-9905. "Danget'Ous Waste Constituents List" Toul Cr is assumed lo be Chrornium(lll). insoluble 
Nita. 

- ~ Value is not available 
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Table 5-10. Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundwater for Average 
Concentrations of Selected Constituents above Detection in 241-C-111 Tank Residual Wastes. (2 sheets) 

Ratio or Annie Coacmtntloas In Tank 2'1-C-111 Raidul Wutes to Soil 

Annie Cleanup Standards 
Analyte Coare• tntlo• Soil Direct SoU Direct Soil Coacaitratloos Above Above 

(mz/k&). Contact Contact Protective or Detection 90 Percaitik 
(Metlaod B) (Melbodq Gro• ndwater UmiU Bacqroand 

Acetate 1.93E+-02 - - - Yes -
Silver• l.96E+-02 4.90E-OI 1.12E-02 1.44E+0I Yes Yes 

Aluminum 8.04E+04 1.0IE+oo 2.30E-02 l.67E-OI Yes No 

Barium• 5.88E+oo - - - Yes -
Bismuth 2.94E+02 - - - Yes -
Di (2-cthylhexyl) phthalatc (DEHP) 3.79E+oo 5.3IE-02 4.04E-04 2.114E-OI Yes -
Butylbenzylphthalate• l.98E+oo 3.76E-03 2.87E-05 1.S4E-Ol Yes -
Calcium 3.58E+-03 - - - Yes No 

Cerium 2.00E-+-02 -- - - Yes -
Cyanide• · l.69E+ol 3.52E-OI 8.0SE-03 l.74E+0I Yes -
Chromium. Total• 5.6SE+ol 4.71E-04 l.0SE-05 2.82E-02 Yes -
Copper 1.92E+ol 6.00E-03 1.37E-04 6.76E-02 Yes No 

Fluoride 9.82E+o3 2.0SE+oo 4.68£-02 3.41E+OO Yes No 

Iron l.04E+04 l.86E-01 4.24E-03 l.84E+OO Yes No 

Hydroxide OH 2.42E+02 - - - Yes -
Mercury• 2.78E+oo l.16E-OI 2.65E-03 l.33E+OO Yes No 

Lanthanum 5.33E+ol - - - Yes -
Magnesium 1.09E+-02 - - - Yes No 

Manganese 5.19E+ol 4.63E-03 1.06E-04 1.04E-OI Yes No 

Sodium l .92E+o5 - - - Yes No 

Neodymium 9.27E+ol - - - Yes -
Ammonia 2.91E+OO - - -- Yes No 
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Table S--10. Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundwater for Average 
Concentrations of Selected Constituents above Detection in 241-C-l l l Tank Residual Wastes. (2 sheets) 

Ratio of Average Con«ntration1 In Tank 241-C-111 Residaal Wastes to Soil 
Average Oeanup Standards 

Analyte C011ceatration Soil Direct Soil Direct Soil Concentrations Above Above 
(mg/kg)" Contact Contact Protectf\'e of Detertion 90 Percentile 

(Medlod B) (Metllod q Gron• dwater Umits Background 

Nickel• J.37E-OJ - - - Yes -
Nitrite l.14E+o3 4.75E-02 J.09E-03 8.64E+ol Yes -
Nitrateb 2.36E+o3 4. ISE-03 9.SOE-05 1.3JE+ol Yes No 

Lead• 2.65E+o3 - 2.65E+OO 8.83E-O) Yes No 

Phosphate J.9JE+o5 - - - Yes Yes 

Silicon 3.52E+o3 - - - Yes -
Samarium 5.68E+ol - - - Yes -
Sulfate 5.69E+o2 - - 5.69E-Ol Yes No 

Strontium 7.97E+ol l .66E-03 3.SOE-05 1.18E-02 Yes -
Thorium 1.00E+oo - - - Yes -
Titaniwn 4.17E+OI - - - Yes No 

Tributyl phosphate 1.26E+oo 1.13E-02 8.64E-05 2.54E+o0 Yes -
Uranium 7.73E+o2 3.22E+-OO 7.36E-02 2.86E+OO Yes No 

Vanadium 7.21E+OO l.80E-02 4.12E-04 4.SIE-03 Yes No 

Yttrium 9.23E+OO - - - Yes -
Zirconium 4.12E+ol - - - Yes No 

• Meai Concentntions taken from Table A-1 . Appendix A ofRPP-RYT-59714, "Tank 2-1/.('. J// ksldt,ul Wu,rt f,,..,.n,ory Esrin1a1ts for Compont11r ('/om" Risk 
/Lt.ft,t.'1,,~n,. ·· 

b Aa nitrate. not nitrogen in nitrate; to convert to nitrogen in nitrate divide this nmnber by 4.43 . 

• Dangerous waste constituent per Washington Atln,inim-ariv, Cod, 173-303-9905, "Dangerous Waste Constituents List." Total Cr is assumed lo be Chromium (Ill), 
insoluble nits. 

- ~ Value is not available 
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Table S-1 t. Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundwater for 
95¾ Upper Confidence Level Concentrations of Selected Constituents above Detection in 

241-C-l 11 Tank Residual Wastes. (3 sheets) 

95% Upper Ratio of95% Upper ConfldcDCc Level Concentntlons In Tank 241-C-111 Resld• al 

Confidentt Wastes to Soll Cleanup Standards 

Analytc Level Soll Direct SollDirut Soil Conttatratlons Above Above 
Concentration Cat.ct Contact Protective of Detection 90 Peru• tilc 

(mg/kg)" (Method B) (Metbod C) Groundwater Limits B.ackgro• ad 

Acetate 3.IOE+o2 - - - Yes -
Silver• 5.18E+o2 l.29E+-OO 2.96E--02 3.81E+ol Yes Yes 

Aluminum l.50E+o5 l.88E+-OO 4.29E-02 3.13E-Ol Yes No 

Barium• l.26E+Ol - - - Yes -
Bismuth 4.37E+o2 - - - Yes -
Di (2-cthylhexyl) phthalate (DEHP) 5.08E+o0 7. l lE--02 5.41E--04 3.80E--01 Yes -
Butylbcnzylphthalate• 2.29E+-00 4.36E--03 3.32E--05 l.78E-Ol Yes -
Calcium 9.S3E+o3 - - - Yes No 

Cerium 2.78E+o2 - - - Yes -
Cyanide• 3.73E+ol 7.76E--01 l.77E--02 3.84E+OI Yes -
Chromium, Total• 1.02E+o2 8.49&04 l.94E--05 5.09E--02 Yes -
Copper 3.0SE+OI 9.S2E--03 2.18E--04 1.07E-Ol Yes No 

Fluoride l.l lE+o4 2.31E+o0 5.29E--02 3.85E+OO Yes No 

Iron l.86E+o4 3.33E--01 7.61E-03 3.30E+OO Yes No 

Hydroxide OH 5.29E+o2 - - - Yes -
Mercury• 4.94E+o0 2.06E--01 4.70E--03 2.36E+OO Yes No 

Lanthanmn 9.39E+ol - - - Yes -
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Table 5-11. Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundwater for 
95% Upper Confidence Level Concentrations of Selected Constituents above Detection in 

241-C-111 Tank Residual Wastes. (3 sheets) 

,s•;. lipper Ratio or,s•;. lipper Confidence Level Conceatntioas la Tank 241-C-IIJ Residual 
Confidence Wastes to Soil Cleanup Standards 

Analyte l..eYd 
Soil Direct Soil Direct Soil Coaceatntions Above Above 

Coaceatntion Coatad Coatact Protective or Detection !IO Perce.ntile 
(ml/k&)9 (Method B) (Metlaod C) Groundwater Limits Badlgroaad 

Magnesium 2.72E+o2 - - - Yes No 

Manganese 1.00E+o2 8.93E-03 2.04E-04 2.00E-01 Yes No 

Sodium 2.21E+o5 - - - Yes No 

Neodymium l.60E+o2 - - - Yes --
Ammonia 5.09E+oo - - - Yes No 

Nickel• 2.36&01 - - - Yes -
Nitrite 2.80E+o3 1.17&01 2.67&03 2.12E+o2 Yes -
Nitrateb 5.91E+o3 l.04E-02 2.38E-04 3.28E+ol Yes No 

Lead• 5.32E+o3 - 5.32E+-OO l.77E+oo Yes No 

Phosphate 2.33E+o5 - - - Yes Yes 

Silicon 5.67E+o3 - - - Yes -
Samarium 8.ISE+ol - - - Yes -
Sulfate 9.94E+o2 - - 9.94E-0I Yes No 

Strontium l.57E+o2 3.26E-03 7.46&05 2.32E-02 Yes -
Thorium 2.37E+oo - - - Yes -
Titanium 1.16E+o2 - - - Yes No 

Tributyl phosphate 2.IIE+oo 1.90E-02 l .45E-04 4.25E+oo Yes -
Uranium l .83E+o3 7.62E+oo I 74E-0I 6.77E+o0 Yes No 
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Table 5-11. Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundwater for 
95•1o Upper Confidence Level Concentrations of Selected Constituents above Detection in 

241-C-111 Tank Residual Wastes. (3 sheets) 

95°/4 lipper Ratio oOS¾ Upper Confidnce Level Conceatntioas la Tank 241-C-ll1 Residual 

Conftdeace Wastes to Soil Cleanup Standards 

Aaalyte Level SoilDirm SollDirm SoU Co• ceatntloas Above Above 
Co• ce• tntioa Contact Contact Protective of l>dection ,0 Percentile 

(mg/kg)" (Method B) (Method C) Grou• dwater Umlts Bacqrouad 

Vanadium 9.61E+OO 2.40E-02 5.49E-04 6.0IE-03 Yes No 

Yttrium t.46E+-OI - - - Yes -
Zirconium 7.SOE+-01 - - - Yes No 

1 95¾ Upper Confidence Level Concentration = Mean Concentration + ( 1.% • Mean Concentr11ion • Relative Standard Deviation). Mean Concenn-.tiona and Relative 
Standard Deviation provided in Table A•I , Appendix A ofRPP·RYT-5971• ... TunA U/-C-1 JI R,.,1d11al Wu.,1, J,n,enlo1y E.flimat<-ffor Co,,1ponen1 Clon,rt Ri.d. A.r.,u.,n1m1." 

b As nitrate, not nitrogen in nitrate; to comcrt to nitrogen in nitrate divide diis nwnbcr by 4.•3. 

• Dangerous waste constihlCDt per Wa1hingtu11 AJ111inistranv, Cude 173-303-9905, "Dangerous Waste Constituents Li11.'· Total Cr is usumed to be Cbromimn(lll). insoluble 
salts. 

- = V aluc ia not available 

71 of 168 



RPP-RPT-60173 Rev.GO 7/18/2017-11:26 AM 

RPP-RPT-60173, Rev. 0 

Because of the limitations stated above, comparisons between the concentrations of waste 
constituents remaining in tank C-111 have not been made against Table 749-2 [under 
WAC 173-340-7492, "Simplified Terrestrial Ecological Evaluation Procedures," 
subsection (I) "Purpose"] or Table 749-3 [ under WAC 173-340-7493, "Site-Specific Terrestrial 
Ecological Evaluation Procedures," subsection (2) "Problem formulation step," (i) "The 
chemicals of ecological concern"] . 

5.6 RISK ASSESSMENT SUMMARY 

Cumulative analysis results of the risk assessment performed to examine impacts from 
post-retrieval inventories for SST C-111 are summarized as follows. 

• The impacts estimated for residual waste left in SST C-111, using either the average or 
the 95% UCL inventory, are orders of magnitude below the various performance 
objectives identified for the groundwater pathway. 

• Total ILCRs estimated for all radionuclides are one to three orders of magnitude below 
the lower end of the performance objective range 1.0 x I o-6 to 1.0 x I 0-4 ILCR. 

• Total ILCRs estimated for all detectable nonradionuclides are one to 13 orders of 
magnitude below the performance objective of 1.0 x 10-5 ILCR. 

• Hazard quotient estimated for all detectable analytes are two to four orders of magnitude 
below the performance objective of 1.0. 

• Estimated doses for all detectable radionuclides are between: 

o Four orders of magnitude below the performance objective for the all-pathways 
dose of 25 mrem/yr 

o Three to four orders of magnitude below the performance objective for drinking 
. water dose of 4 mrem/yr. 

Following are conclusions about the impacts from key analytes identified in the residual wastes 
within SST C-111 for each of the performance metrics evaluated. 

• Total ILCR for Radionuclides: For both the average and 95% UCL inventory, 99Tc and 
14C are the primary contributors to the total ILCR for all radionuclides with the industrial 
land use and residential land use scenarios. The contribution from the other detectable 
radionuclides, including 1291 and the uranium isotopes, was not detectable in residual 
waste samples; arrived at the WMA C fenceline within the 10,000-year period of interest 
below concentrations of 1.0 x 10-3 pCi/L, or did not arrive at the WMA C fenceline 
within the I 0,000-year period of interest. 
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• Total ILCR for Nonradionuclides: For both the average and 95% UCL inventory, the 
contribution from nonradioactive analytes detectable in residual waste samples arrived at 
the WMA C fenceline within the 10,000-year period of interest below concentrations of 
1.0 x 10-3 µg/L , or did not arrive at the WMA C fenceline within the 10,000-year period 
of interest. 

• Hazard Indices: For both the average and 95% UCL inventory, fluoride, nitrate, and 
nitrite are the primary contributors to the hazard indices. The contribution from 
nonradioactive analytes detectable in residual waste samples arrived at the WMA C 
fenceline within the 10,000-year period of interest below concentrations of 
1.0 x 10-3 mg/L, did not arrive at the WMA C fenceline within the l 0,000-year period of 
interest, or did not have available toxicological information. 

• All-Pathways Dose: 99Tc with a maximum dose rate of 3.48 x 10-4 mrem/yr, and 14C 
with a maximum dose of 1.46 x 10-5 mrem/yr, contributed the majority of the 
radiological dose for the all-pathways farmer scenario (25 mrem/yr). The contribution 
from all other radionuclides, including 1291 and the uranium isotopes, was not detectable 
in residual waste samples, arrived at the WMA C fenceline below concentrations of 
1.0 x 10-3 pCi/L, or did not arrive at the WMA C fenceline within the 10,000-year period 
of interest. 

• Drinking Water Dose (Target Organ): 99Tc with a maximum dose rate of 
8.82 x l 0-4 mrem/yr, and 14C with a maximum dose of 6.0 l x 10·6 mrem/yr, contributed 
the majority of the radiological dose for beta/photon emitters ( 4 mrem/yr target organ 
dose). The contribution to dose from all other radionuclides, including 1291 and the 
uranium isotopes, was not detectable in residual waste samples, arrived at the WMA C 
fence line below concentrations of 1.0 x l 0-3 pCi/L, or did not arrive at the WMA C 
fenceline within the 10,000-year period of interest. 

• Intruder Dose: Doses calculated from inadvertent intrusion are primarily attributable to 
doses from 90Sr, 137Cs, 239Pu, and 241Am. The relative contribution and timing of doses 
from these radionuclides to the total doses estimated during the 1,000-year period of 
analysis depends on the scenario considered. In general, dose contributions from 90Sr and 
137Cs typically account for the majority of the dose during the first 200 to 450 years. 
Doses from 239Pu and 241 Am contribute the majority of the dose realized after 250 to 
450 years. For both average and 95% UCL inventories estimated for SST C-11 l , none of 
the inadvertent intruder evaluations produce results that exceed the performance 
objectives for either acute exposure or chronic exposure after~ 175 years following 
closure. 

As additional risk management information, concentrations of constituents remaining in waste 
residuals within tank C-111 are compared against the MTCA cleanup standards. For MTCA 
Method B and Method C, soil cleanup levels based on human exposure via direct contact or 
other exposure pathways where contact with the soil is required to complete the pathway, the 
point of compliance shall be established in the soils throughout the site from the ground surface 
to 15 ft below the ground surface. Under a closure configuration, waste residuals left in 
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tank C-111 and other SSTs in WMA C would be expected to be below 15 ft below ground 
surface. 

For MTCA soil cleanup levels protective of groundwater, the assumption is that constituents of 
interest are found in soils and are immediately available to be leached by infiltrating 
precipitation. Under a closure configuration, constituents associated with waste residuals left in 
tank C-111 and other SSTs in WMA C would be contained within a grout-filled tank, a steel tank 
liner, and an underlying concrete pad below the liner and would not be immediately available for 
leaching by infiltrating water. 

Following are conclusions about the comparison of tank C-111 water residual concentrations 
against MTCA cleanup levels. 

• MTCA Method B Unrestricted Land Use: For both the average and 95% UCL 
inventory, aluminum, fluoride, silver, and uranium are above the cleanup levels. Arsenic 
is listed as a dangerous constituent per WAC 173-303-9905. 

• MTCA Method C Industrial Land Use: For both the average and 95% UCL inventory, 
all constituents are reported at concentrations less than the soil cleanup level. 

• MTCA Soil Concentrations Protective of Groundwater: For both the average and 
95% UCL inventory, fluoride, cadmium, cyanide, fluoride, iron, mercury, nitrate, nitrite, 
tributyl phosphate, silver, and uranium are greater than the soil cleanup level. For the 
95% UCL, mercury and silver are also above the soil cleanup level. Arsenic, cadmium, 
cyanide, mercury, and silver are listed as dangerous constituents per WAC 173-303-9905. 

Table 5-12 provides a comparison of the inventory used in DOE/ORP-2005-01 against the 
inventory for detected analytes calculated using post-retrieval samples for the average inventory 
and the 95% UCL inventories. For the purpose of this comparison, Table 5-12 includes 
inventories calculated from the laboratory's minimum detection limit for an analyte. Inventories 
calculated from one half of the laboratory's minimum detection limit are included in the risk 
assessment analysis. The following observations are made from the comparison of the Hanford 
Tank Waste Operations Simulator (HTWOS) and post-retrieval inventories. 

• Comparison of the HTWOS estimated inventories and post-retrieval inventories for 
analytes important for assessment of groundwater impacts are as follows: 

o Post-retrieval inventories for 14C were not detected in the residual waste. 

o Post-retrieval inventories for 99Tc are approximately 3.2 to 6.3 times more than 
the HTWOS estimate for 99Tc 

o Post-retrieval inventories for chromium are approximately 0.7 times less to 
1.3 times greater than the HTWOS estimate for chromium 
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o Post-retrieval inventories for nitrate are approximately 0.5 to 1.24 times less than 
the HTWOS estimates for nitrate 

o Post-retrieval inventories for nitrite are approximately 0.5 to 1.1 times less than 
the HTWOS estimates for nitrite 

o Post-retrieval inventories for fluoride are approximately 44.3 to 58.0 times greater 
than the HTWOS estimate for fluoride. 

• Comparison of the HTWOS estimated inventories and post-retrieval inventories for 
analytes important to assessing inadvertent intruder impacts are as follows. 

o Post-retrieval inventories for 90Sr are approximately 1.6 to 4.0 times more than 
HTWOS estimates for 90Sr. 

o Post-retrieval inventories for 137Cs are approximately 1 .3 to 2.9 times the 
HTWOS inventory estimates for 137Cs. 

o Post-retrieval inventories for 232Tb are approximately 794,000 to 1,920,000 times 
larger than the HTWOS estimates for 232Tb. 

o Post-retrieval inventories for the plutonium isotopes 239Pu, 240Pu and 241 Pu were 
not detected in the residual waste. Post-retrieval inventories for 238Pu are 
approximately 0.9 times less to 1. 7 times greater than those in the HTWOS 
estimate. 

o Post-retrieval inventories for 241 Am are approximately 1.32 to 2. 7 times greater 
than those in the HTWOS estimate. 

o Post-retrieval inventories for the uranium isotopes 233U and 232U were not 
detected in the residual waste. Post-retrieval inventories for the uranium isotopes 
235U, 236U and 238U range from approximately 0.1 to 0.8 times less than those in 
the HTWOS estimate. 
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Table 5-12. Comparison of Hanford Tank Waste Operations Simulator Predicted Inventory Used in DOE/ORP-2005-01 
with the Average and 95% Upper Confidence Level Post-Retrieval Inventories. 

DOE/ORP-200S,~)1• 
Annce 95%UCL 

Analyte llaits Post-Retrieval 
(H1WOS Predicted) l• natory' 

lonotoryb 

"C Ci l.31E-03 3.90E-03 l.18E-02 .... 
""Tc Ci 1.58E-02 .4.97E-02 1.00E-01 '2 ~ 

111,;~ Chromium, Total Kg 2.19E-+-OO 1.46E+OO 2.73E+oo l, i! .... . .. ... 
Fluoride Kg 5.74E-+-OO 2.54E+02 3.33E+02 .. C I> S 

< ... e -
Nitrate Kg 1.27E+-02 6.12E+0I 1.57E+02 ,Sr., 
Nitrite Kg 6.58E+-OI 2.96E+ol 7.45E+ol 

'°Sr Ci 2.B0E+-04 4.53E+04 I.I IE+oS 

mes Ci 1.22E+-02 l.6JE+o2 3.55E+02 .. 231Th Ci 3.59E-12 2.85E-06 6.91E-06 .. 
"Cl 

i lHU Ci 1.52E-06 5.92E-03 1.79E-02 .. l><U 2.ISE-02 6.49E-02 - Ci 4.66E-02 ;; 
nsu Ci 2.04E-03 2.84E-04 6.85E-04 t: .. lJIIU Ci 7.64E-04 2.J0E-04 6.02E-04 ,t 

• l.lOU Ci 4.75E-02 6.68E-03 1.62E-02 .5 .. U7Np Ci 1.95E-04 l.31E-03 2.85E-03 .s .. mPu Ci 9.48E-02 8.73E-02 1.63E-OI a 
i! l3'Pu Ci 5.16E+oo 7.62E-01 2.30E+oo 
&. l-lOpu Ci I.OOE-+-00 8.29E-02 2.S0E-01 .§ 
rl WpU Ci 3.90E+oo 7.14E-OI 2.16E+-OO 
l, l41Am Ci 5.88E+oo 7.79E+OO 1.56E+-01 .. 
a l4'Cm Ci 2.79E-03 3.24E-02 4.53E-02 < 

2"Cm Ci 9.00E-05 6.B0E-03 l.36E-02 

2"Cm Ci 2.0JE-03 l .J0E-01 2.61E-OI 

1 Inventories for contaminants having lhe greatest impact for groundwater cc inadvertent inlrucl« pathway. 

b Includes inventories in sludge calculated from one half of the labcntOJ)'' s minimum detection limit for an analyte. 

Reference : DOE/ORP-2005-01 , lnilial Singl,-S/1cl/ Tank Sysi,n1 Perforn,auct Assessn,~nt for t/i, Hanford Sile . 

Ddeded in Ratio Ratio 
Residual Avenge/ Boudiag/ 
Wastes HlWOS HlWOS 

No NIA NIA 
Yes 3. ISE+oo 6.33E+oo 

Yes 6.67E-OI 1.25E-+-OO 

Yes 4.43E+ol 5.80E+ol 

Yes 4.82E-01 1.24E-+-OO 

Yes 4.S0E-01 l.l3E-+-OO 

Yes 1.62E-+-OO 3.96E+oo 

-Yes l.32E-+-OO 2.91E+oo 

Yes 7.94E+o5 1.92E+-06 

No NIA NIA 
No NIA NIA 
Yes l.39E-01 3.36E-OI 

Yes 3.0JE-01 7.88E-OJ 

Yes 1.4JE-OJ 3.41E-OJ 

Yes 6.72E+OO 1.46E+ot 

Yes 9.2JE-OJ l.72E+oo 

No NIA NIA 
No NIA NIA 
No NIA NIA 

Yes 1.32E+oo 2.65E+o0 

Yes l.l6E+ol 1.62E+ol 

Yes 7.56E+ol UIE-+-02 
Yes 6.40E+Ol 1.29E+-02 

HTWOS = Hanford Tank Waste Operations Simulator 

NI A - Not applicable 

UCL - upper confidence level 
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6. OPPORTUNITIES AND ACTIONS BEING TAKEN TO REFINE OR DEVELOP 
TANK WASTE RETRIEVAL TECHNOLOGIES, BASED ON LESSONS LEARNED 

This section discusses aspects of the tank C-111 waste retrieval operations, provides 
recommendations for further actions, and addresses opportunities to refine waste retrieval 
technologies based on lessons learned from the tank C-111 retrieval operation. The format of 
this section is to provide brief discussions of the major Lessons-Learned topic areas; some of 
those areas are taken from other tank waste retrieval activities. 

There are opportunities to improve future waste retrieval operations by looking at the ways to 
modify equipment, make operational changes (e.g., operating sequencing and conditions), plan 
work, and enhance the design and fabrication of equipment. All RDRs have a Lessons Learned 
section and it must be recognized that previously identified lessons learned have been 
incorporated in the formulation and operation of subsequent tank waste retrieval operations, and 
in the tank C-111 retrieval operation, but are not presented here. 

6.1 POTENTIAL ENHANCEMENTS 

Improvements implemented during the retrieval of tank C-111 are as follows. 

The use of ERSS with more radiation-resistant hydraulic hoses allowed the majority of the waste 
to be retrieved from tank C-111 . The ERSS was installed in 2013 in tank C- I I 1 and suffered 
hydraulic hose failures that were determined to have been largely caused by radiation damage on 
the hydraulic hoses (RPP-RPT-58658, "Tank 241-C-111 Mid-Hose Failure Mechanism Report" ). 
The ERSS underwent significant redesign that incorporated a more radiation-resistant hydraulic 
hose material and allowed for retrieval activities to be completed in tank C-111. The more 
radiation-resistant ERSS will play an important role as tanks with larger radionuclide inventories 
are retrieved. 

This improvement made during the C-11 I retrieval will be incorporated as applicable in future 
tank retrievals. 
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7. LEAK DETECTION, MONITORING, AND MITIGATION 

The LDMM program was implemented to protect the workers, public, and environment from 
leaks of radioactive liquid waste. The LDMM program included technologies and methods used 
prior to, during, and after waste retrieval to detect leaks, reduce the potential for a leak to occur, 
or minimize leak volumes. 

The operational history and decades of waste and liquid level monitoring indicate that 
tank C-111 had not leaked and was sound before starting retrieval (HNF-EP-0182, "Waste Tank 
Summary Report for Month Ending August 31, 2017," Rev. 351 ). Additionally, there was no 
evidence of a leak during retrieval of waste from tank C-111. 

The following sections describe the LDMM requirements, leak detection monitoring 
implementation, mitigative approach, chronology, and results. The major results for the LDMM 
program during tank C-111 waste retrieval were as follows. 

a. Drywell moisture and gamma logging showed no evidence of leaks during the 
tank C-111 waste retrieval. 

b. Modified static level monitoring demonstrated no evidence of leakage during retrieval. 

c. Material balance calculations showed no evidence of leaks during the tank C-111 waste 
retrieval. 

d. A high-resolution resistivity (HRR) system was deployed with drywells and the tank 
thermocouple as electrodes to detect changes in baseline soil moisture levels. The HRR 
system showed no evidence of a leak during retrieval. 

e. Transfer line and access pit leak detection showed no evidence of leaks during the 
tank C-111 waste retrieval. 

The Tank Waste Retrieval Work Plan (RPP-37739) has requirements for leak detection during 
retrieval. 

7 .1 REQUIREMENTS 

Some leak detection and monitoring system requirements are contained in the safety basis 
controls given in HNF-SD-WM-TSR-006, "Tank Farms Technical Safety Requirements," 
specifically Technical Safety Requirement (TSR) Limiting Condition for Operation 
Section 3.1.1, Transfer Leak Detection Systems. Material balances during transfers are required 
by the TSR Administrative Control Section 5 .11 , Transfer Control, and RPP-12711, "Temporary 
Waste Transfer Line Management Program Plan." The primary procedures governing 
notification and reporting of leaks are TFC-OPS-OPER-C-24, "Occurrence Reporting and 
Processing of Operations Information" and TFC-ESHQ-ENV FS-C-01 , "Environmental 
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Notification." Table 7-1 presents the tank C-111 leak detection and monitoring functions and 
requirements from RPP-37739. 

Table 7-1. Tank 241-C-111 Leak Detection and Monitoring Functions and 
Requirements. 

Function Requirement Basis Key Elements 

Detect leaks The leak detection and monitoring Washington Utiliu LDM technologies 
during waste (LDM) system shall be capable of Administrative Code to detect loss of liquid 
removal from detecting liquid waste releases (WAC) 173-303 from a tank; see 
tank 24 I -C-111 during all waste removal operations. Section 7 .2. 

Monitor leaks The waste retrieval system (WRS) WAC 173-303 Utilize both ex-tank LDM 
from shall be capable of providing data to technologies and process 
tank 241-C-l l l support quantifying leak volumes data that will allow 
during waste from the tanks in the event a release estimate of leak volume 
removal is detected during waste retrieval and migration rate to be 

operations. developed to the extent 
practicaJ in the event of a 
leak. 

Mitigate leaks The integrated retrieval and LDM WAC 173-303 Leak mitigation strategy 
during system shaJI be designed and described in Section 7.3. 
tank 241-C-11 1 operated to mitigate leaks as the 
waste retrieval primary means of minimizing 

environmental impacts from leaks 
during waste retrieval if they occur. 

WRS secondary For ex-tank equipment and piping, 40 CFR265 Provide for safe and 
containment the WRS shaJI incorporate secondary WAC 173-303 compliant transfer of 
and leak containment and leak-detection DOE 0435.1 waste to the receiver 
detection design features in accordance with RPP-13033 double-shell tank. 

40 CFR 265.193 and DOE O 435.1. HNF-SD-WM-TSR-006 

CFR = Code of Federal Regulations DOE = U.S. Department of Energy 

References: 
40 CFR 265, "Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal 

Facilities." Subpart J-Tank Systems, §265.193 Containment and detection of releases. 
DOE O 43S. l , Radioactive Waste Management. 
HNF-SD-WM-TSR-006, "Tank Farms Technical Safety Requirements." 
RPP-13033, "Tank Farms Documented Safety Ana{vsis." 
WAC 173-303, "Dangerous Waste Regulations." 

7.2 LEAK DETECTION AND TANK MONITORING 

During the sluicing retrieval of tank C-111 , HRR was used as the primary leak detection method 
with drywell moisture logging and Enraf«> readings as a backup. Moisture logging is used when 
the tank is in retrieval status and not in active retrieval. Enra~ readings are used when there is 
no active retrieval, a liquid pool is available, active ventilation of the head space is minimized, 
and when access to the tank fanns needs to be minimized. None of the leak detection methods 
used indicated that a leak occurred while tank C-111 was in retrieval status. Figure 7-1 is 
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timeline for tank C-111 retrieval and shows when each leak detection method was used. Leak 
detection and monitoring was accomplished by the use of HRR, drywell monitoring, visual 
inspection, leak detectors, Enraf«l gauges in tank AN- IO I, radiological monitoring, and material 
balances as shown in Table 7-2 and discussed in Sections 7.2.l through 7.2.3. 

7 .2.1 High-Resolution Resistivity and Drywell Logging 

The basic resistivity measurement concept utilizes the existing drywells and a tank electrode 
(normally the tank thermocouple) as measurement electrodes. There are reference transmitters 
and receiver electrodes located a nominal 1,500 ft or more from the tank farm. Power is applied 
to a drywell-reference transmitter electrode pair and an amperage measurement obtained. 
Concurrently, a voltage measurement is obtained at another electrode-reference receiver 
electrode pair. Soil resistivity is calculated by dividing the voltage measured across the receiver 
electrode pair by the current measured across the transmitter pair. These measurements are 
repeated and the subsequent resistivity data analyzed for changes with time. 

Ideally, drywell-to-tank (WTT) and drywell-to-drywell (WTW) resistivity measurements are 
available to review and are in agreement. The more reliable WTT measurements that are less 
susceptible to interference were usually available to make a leak determination. When the waste 
level in the tank is low, the thermocouple (tank electrode) may not be in contact with the waste; 
however, the thermocouple tree in tank C-111 remained in contact with the waste and WTT 
resistivity measurements were the main focus for leak determinations. 

During both the first and second phases of retrieval when sluicing was the main retrieval 
technology, several anomalous HRR results were evaluated. Table 7-3 identifies the anomalies 
and provides a description of the anomaly and the resolution during tank C-111 retrieval. None 
of the anomalous data indicated a leak of the tank. 

Additionally, in accordance with RPP-37739, selected drywells surrounding tank C-111 were 
logged as a backup leak detection method. Gamma logs were obtained prior to retrieval 
operations and neutron moisture logging was performed prior to retrieval and every six weeks 
during retrieval (see Figure 7-1). As reported in HGLP-MBL-019, "241-C-J JJ Tank Waste 
Retrieval Project Final Report of Drywell Monitoring Data," none of the drywells around 
tank C-111 show evidence of significant changes in either gamma activity or subsurface 
moisture. Available data from these drywells provide no evidence of any leak or contaminant 
movement associated with tank retrieval operations. 

7 .2.2 Single-Shell Tank 241-C-1 l l 

In-tank mitigative actions to minimize the risk of a leak were taken before and during tank C-111 
retrieval. Mitigative actions of in-tank monitoring of tank C-111 were performed by liquid level 
monitoring, video inspections and material balance calculations. 
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Figure 7-1 Tank 241-C-ill Leak Detection Monitoring Timeline.
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Table 7-2. Leak Detection and Monitoring Methods for Each Waste Retrieval System 
Component. 

Component Leak Detection and Monitoring Method 

Single-shell tank 241-C-111 Drywells, liquid level indicators, visual inspection, material 
balance and high-resolution resistivity 

Double-shell tank 241-A -101 Liquid level indicators, annulus leak detectors, radiation 
monitoring for annulus exhaust air 

Ancillary equipment (hose-in-hose transfer line) Secondary containment, leak detectors, radiation monitoring 

Table 7-3. High-Resolution Resistivity Anomaly Evaluation During and After Sluicing. 

umber Date Anomaly Description Resolution/Comments 

2010-11 10/ 14/10 WTI leak potential Plots were made and trends reviewed. There was no overall 
numbers were within change in the trend lines but an obvious increase in the noise 
specification, but higher that can cause leak potentials to be high . 
than normal. 

2010-11 10/ 14/10 Additional data was reviewed and confirmed that there was 
Rev . J no change in the trend line, just additional noise. 

2010-11 10/ 14/ 10 More data was reviewed and again confirmed that there was 
Rev . 2 no change in the trend line, just additional noise. 

2010-11 10/ 14/10 It was determined that the noise was from cathodic 
Rev . 3 protection system changes. The response to the cathodic 

protection system changed after a transformer was damaged. 

2011-04 5/16/ 11 WTI and WTW leak A review of plots showed rapid changes to the resistance 
potential numbers for readings . Lightning strikes occurred in the area 5/13 and 
both tanks 24 1-C-104 5/14 followed by rain. The changes occurred for both the 
and 241-C- l l J were tanks being monitored at the same time. The change in 
higher than normal. readings did not indicate a leak and were caused by the 

weather. 

2015-01 2/8/15 The WTI leak potential The process data constants used to calculate the leak 
values were higher than potential values were more restrictive than in the past. The 
normal. constants were too restrictive resulting in false positive 

results . Tanks 241-C-102 and 241-C-105 were also being 
monitored and had similar resistance plots but low leak 
potentjal values. Also, there no field activities that would 
have caused a leak to occur. 

2015-02 5/14/15 Leak potential values A response to rain is expected, this response continued for 
went high for all tanks an unusually long time. One of the high-resolution 
being monitored after a resistivity junction boxes had a leak and accumulated rain 
large rain event. caused anomalous readings . 

WTT = drywell-to-tank WT\V = drywell-to-drywell 
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7.2.2.1 Liquid Level Monitoring. The overall waste retrieval operating strategy for 
tank C-111 was to reduce the tank liquid inventory and minimize liquid additions during waste 
retrieval operations. Liquid levels were monitored to evaluate liquid inventories and indicate 
potential leaks in the system to implement this strategy. No active retrieval occurred during the 
following stagnant periods of November 5, 2010 through October 3, 2015. During these 
stagnant periods, liquid levels in tanks C-11 I and AN-IO I did not decrease, indicating that no 
leaks occurred. 

7.2.2.2 Enraf® Level Monitoring. For a short time prior to the start of hard heel retrieval, 
level measurements with an Enra~ were used for leak detection. Liquid was added to the tank to 
retest the slurry pump prior to retrieval since it had not been operated for some time. 
A secondary purpose to add the water was to precondition/soften the waste by soaking the hard 
solids. With a pool of liquid available, no active ventilation, and access restrictions to protect 
workers from vapors, the Enra~ was used for leak detection. Level measurements were checked 
daily from June 30, 2015 to August 18, 2015 looking for level fluctuations that might indicate a 
leak; no level fluctuation indicative of a leak were observed. 

7 .2.2.3 Visual Inspection. Before initiating waste retrieval operations, a visual assessment 
and documentation of in-tank conditions in tank C-111 were performed using an in-tank video 
camera. Throughout waste retrieval, the closed-circuit television system was used to identify the 
waste surface condition, qualitatively assess the amount of liquid in the tank, observe any 
significant changes, and implement the mitigation strategy of minimizing liquid pools. 
Observations of the waste surface in tank C-111 indicated that the surface level decrease 
corresponded with waste retrieval activities. 

7 .2.2.4 Material Balance. Process control measurements were used periodically to perform a 
material balance and determine the change in tank C-111 waste inventory. Once determined, the 
change in waste inventory was compared to the anticipated change (gallons of slurry produced 
and/or released per gallon of water added, adjusted for changes in the central pool and interstitial 
liquid volumes). 

During retrieval operations, material balances were performed during transfers by Operations for 
tank leak detection and mitigation for the portion of the system between the portable valve pit 
and tank AN-IO I, inclusive. Radiation surveys were required for the portion of the transfer line 
where volume material balance could not be performed. The frequency of material balance 
measurements and radiation surveys met the requirements ofHNF-IP-1266, "Tank Farms 
Operations Administrative Controls." 

7 .2.3 Double-Shell Tank 241-AN-101 

In-tank monitoring of tank AN-10 I was performed by liquid level monitoring, an annulus leak 
detection system, radiation monitoring, and leak detectors in ancillary equipment. The following 
is a summary of leak mitigation actions for tank AN-101 . More detailed information can be 
found in HNF-3484, "Double-Shell Tank Emergency Pumping Guide" and RPP-5842, Time 
Deployment Study for Annulus Pumping. 
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7.2.3.1 Liquid Level Monitoring. The waste level in the DST was monitored using an 
Enraf«>, and annulus leak detector probes were used to provide indication of leaks, as described 
in Section 4.0 of OSD-T-I 5 I-00031 , Operating Specifications for Tank Farm Leak Detection 
and Single-Shell Tank Intrusion Detection. 

Daily liquid level measurements were recorded for the receiving DST. The Enrat® gauge was 
capable of measuring liquid level changes to a precision of 0.25 cm (0.1 in.). 

During waste retrieval there was no evidence of a release from tank_ AN-10 I based on results of 
liquid level monitoring. The tank AN-101 liquid level increase corresponded with the material 
balance results for tank C- I 11. 

7 .2.3.2 Leak Detection. Tank AN-IO I was monitored for leaks in the inner shell by a 

conductivity probe leak detection system installed in the tank annulus during tank construction. 
Slots cut in the concrete that support the tank at the bottom were designed to drain any leakage to 
the annulus floor. Enrat® assemblies in the annulus would have activated an audible alarm and 
an annunciator panel light in the event of liquid leaking to the annulus so that mitigation could 
have begun. Throughout the tank C- I 11 waste retrieval campaign, no leaks were detected by 
any of the leak detectors in tank AN- IO 1. 

7 .2.3.3 Radiation Monitoring. A continuous air monitor operated to detect airborne 
radionuclides entrained in the ventilation exhaust stream of the annulus of tank AN-101. 
Detection of radiation exceeding a set limit in the annulus of the DST would have activated an 
audible alarm and an annunciator panel light, initiating mitigative action. 

The continuous air monitor for the tank AN-101 annulus detected no radiation levels above 
background during retrieval that could have been attributed to leak-induced airborne 
radionuclides. 

7 .2.4 Ancillary Equipment 

Leak detectors were installed in the valve pits to detect the presence of liquid through 
conductivity, which would have activated alarms and shut down the WRS. 

In accordance with RPP-I271 l, the hose-in-hose transfer line system underwent radiation 
monitoring and was equipped with leak detectors as part of the leak detection program. 

7.3 MITIGATION 

Leak mitigation was accomplished through design features and the operational strategy 
developed for the retrieval system. Mitigation included actions that reduced the chance of a leak 
and the environmental impact of a leak should one have occurred. Potential leaks were 
proactively prevented and minimized throughout the waste retrieval operations. 
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The leak mitigation strategy (i.e., reduction of leak loss potential) was to minimize the liquid 
volume within the tank during waste retrieval operations. Conditions to control leak potential 
involved the following: 

a. In-tank liquid levels during retrieval were lower than liquid levels present before interim 
stabilization 

b. Tank C-111 was retrieved from the center out 

c. Liquid was removed between waste retrieval operations 

d. Leak assessment protocols were in accordance with procedures 

e. Drywell surveys were conducted. 

Conditions to control leak minimization included the following. 

a. Liquid additions were minimized and liquid pools were removed as practical. 

b. Tank C-111 was retrieved from the center out. 

c. Equipment handling controls were imposed to minimize the potential for dropping 
equipment that could have penetrated the tank bottom. 

d. A benchmark waste level was maintained to ensure a low head of introduced liquid. The 
waste level did not exceed this benchmark. 

7.3.1 Single-Shell Tank 241-C-111 

A summary of the tank C-111 mitigation actions to minimize or prevent a leak were as follows. 

a. The addition of water to the retrieval tank was minimized to the extent practical. 

b. Waste was retrieved to the extent practical by working from the center of the tank 
outwards. In the center-out waste retrieval strategy, mobilized waste and interstitial 
liquids drain quickly into a central pool and could have been rapidly pumped from the 
tank had a leak been detected. 

c. Waste sluicing activities were performed only while a video camera was in place to 
observe the sluicing operation and the waste surface. 

d. Equipment handling controls were used to minimize the potential for dropping equipment 
into the tank, which could have penetrated the tank bottom during installation. 

e. A benchmark level was maintained to ensure a low head of introduced liquid. The waste 
level did not exceed this benchmark. 
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The mitigative approach was implemented to ensure that potential leakage from tank C-111 was 
monitored at all times. Key mitigative actions which would have been taken in the event of a 
leak are described in the RPP-37739, Sections 4.6.1 and 4.6.2. 

7.3.2 Double-Shell Tank 241-AN-101 

Mitigating actions for a leak from AN-101 primary tank piping into the secondary DST 
containment system during a waste transfer from tank C-111 would have included (1) stopping 
the flow of waste into the tank system (stopping the transfer), (2) pumping waste in the primary 
tank to another DST until the liquid level in the secondary containment was no longer increasing, 
and (3) removing the waste from the secondary containment .system as soon as practicable. 
Leaks at or near the AN-101 tank bottom might have required saltwell jet pumping to remove 
trapped liquids from between solid layers in the tank. Transfer line leakage would have drained 
to a common point for collection, detection, and removal. 

7.4 CONCLUSION 

Based on the available data (presented in Sections 7.2 and 7.3), no evidence of a tank leak 
occurred during tank C-111 waste retrieval operations. The tank C-111 LDMM program focused 
on a mitigation strategy to successfully control potential leaks. This strategy included the 
following. 

a. Minimize residual tank waste. 

b. Minimize in-tank water use. 

c. Minimize standing liquid pools in the tank. 

d. Control and monitor additions of water. 

e. Visually monitor tank conditions and retrieval operations. 

f. Retrieve from the center of the tank out to minimize water accumulation around the tank 
knuckle. 

The goal of the LDMM program for tank C-111 as set forth in RPP-37739 was achieved. 
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WAC l 73-340-7492, "Simplified Terrestrial Ecological Evaluation Procedures,'' Washington 
Administrative Code, as amended. 

WAC 173-340-7493, "Site-Specific Terrestrial Ecological Evaluation Procedures," Washington 
Administrative Code, as amended. 

WAC 173-340-900, "Tables," Washington Administrative Code, as amended. 

WRPS-1003927, 2010, "Contract Number DE-AC27-08RV14800 - Washington River 
Protection Solutions LLC Completion of Performance Based Incentive 2.14, Fee Bearing 
Milestone PBI-2.14.3, "Complete Bulk Retrieval of Tank 241-C-111" - Request For 
Incremental Fee Approval" (letter from A. B. Dunning to S. E. Bechtol, U.S. Department 
of Energy, Office of River Protection, December 28), Enclosure "FY 2011 Performance 
Expectation Completion Notice," Washington River Protection Solutions, LLC, 
Richland , Washington. 
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APPENDIX A 

SINGLE-SHELL TANK 241-C-111 INVENTORY PRE- AND POST-SLUICING 
TECHNOLOGY RETRIEVAL 

Table A-1. Single-Shell Tank 241-C-111 Best-Basis Inventory Pre-Retrieval Inventory 
and Post-Sluicing Operations. (2 sheets) 

Constituent BBi February BBi June Constituent BBi February BBi June 
Name 2oos• 201Sb Name 2oos• 201Sb 

Analyte Inventory Inventory Unit Analyte Inventory Inventory Unit 

Al 3.13E+04 2.08E+o3 Kg 99Tc 2.56E+00 4.97E-02 Ci 

Bi l.77E+o3 7.62E+o0 Kg 106Ru 3.75E-05 6.lOE-16 Ci 

Ca 4.39E+o3 9.27E+0l Kg 113"'Cd 2.55E-01 l.OIE-03 Ci 

Cl 3.24E+02 2.22E+o0 Kg 125Sb 7.71E-02 1.31E-06 Ci 

CN not reported 4.39E-01 Kg 126sn l.04E-02 1.60E-04 Ci 

Cr 8.88E+0l 1.46E+o0 Kg 1291 3.24E-02 l .56E-05 Ci 

F 9.27E+o2 2.54E+02 Kg 134Cs 4.I0E-04 3.80E-10 Ci 

Fe 1.45E+04 2.69E+o2 Kg 137Cs l.98E+04 l.61E+02 Ci 

Hg 4.75E+ol 7.19E-02 Kg n1mBa l.86E+o4 l.52E+o2 Ci 

K 2.42E+o2 l.79E+00 Kg msm 7.67E+02 2.83E+O0 Ci 

La l.15E+02 l.38E+o0 Kg is2Eu l.23E-01 5.SOE-05 Ci 

Mn 8.81E+0l l.34E+o0 Kg 1s4Eu 8.86E+o0 2.65E-03 Ci 

Na 1.38E+04 4.96E+03 Kg 1ssEu 3.87E+00 5.39E-04 Ci 

Ni 5.36E+o3 l .58E+02 Kg 226Ra 9.73E-06 l.93E-07 Ci 

NO2 l.06E+04 2.96E+ol Kg 221Ac 4.83E-05 4.93E-06 Ci 

NOJ 2.05E+04 6.12E+Ol Kg 22aRa 4.62E-11 2.85E-06 Ci 

Oxalate 2.02E+02 . 5.41E+00 Kg 229Tb 5.94E-09 6.llE-10 Ci 

Pb l.53E+03 6.85E+0l Kg 231Pa 7.71E-05 1.23E-05 Ci 

P04 1.93E+04 4.94E+o3 Kg 232To 4.78E-l 1 2.85E-06 Ci 

Si 2.44E+03 9.1 IE+0l Kg mu 4.44E-05 7.28E-08 Ci 

S04 l.58E+03 1.47E+ol Kg 2nu 4.91E-05 6.79E-09 Ci 

St 6.21E+ol 2.06E+00 Kg 234lJ 1.SIE+o0 6.55E-03 Ci 

TIC as CO3 7.36E+o3 l.80E+02 Kg 235lJ 6.59E-02 2.84E-04 Ci 

TOC 2.58E+02 l.60E+0l Kg 236u 2.47E-02 2.30E-04 Ci 

tJTOTAL 4.64E+03 2.00E+0l Kg 2J1Np 6.31E-03 l .3 lE-03 Ci 
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Table A-1. Single-Shell Tank 241-C-111 Best-Basis Inventory Pre-Retrieval Inventory 
and Post-Sluicing Operations. (2 sheets) 

Constituent BBi February BBi June Constituent BBi February BBi June 
Name 2005• 2015b Name 2005• 2015b 

Analyte Inventory Inventory Unit Analyte Inventory Inventory Unit 

Zr 5.72E+-Ol l.07E+OO Kg 21apu 3.07E+-OO 8.73E-02 Ci 

JH 1.46E+Ol 6.00E-03 Ci nau l.54E+o0 6.68E-03 Ci 

i•c 2.12E-01 3.90E-03 Ci 239J>u l .67E+o2 7.62E-01 Ci 

S9Nj 3.07E+oO 3.SOE-04 Ci 2•0pu 3.25E+ol 8.29E-02 Ci 

60Co l.29E+o0 5.34E-04 Ci 2•1Am l.90E+02 7.79E+o0 Ci 

63Ni 2.75E+o2 3.55E+o0 Ci 241Pu l.26E+02 8.02E-02 Ci 

79Se 2.68E-03 8.73E-05 Ci 2•2cm 9.07E-02 3.24E-02 Ci 

90Sr 9.07E+05 4.53E+o4 Ci 242pu l.07E-03 l.15E-06 Ci 

90y 9.07E+05 4.53E+04 Ci 2•1Am 2.54E-02 7.90E-04 Ci 

9JmNb 1.95E-01 4.70E-02 Ci 2•Jcm 2.93E-03 6.SOE-03 Ci 

9lzr 2.19E-Ol 4.99E-02 Ci 244Cm 6.61E-02 lJOE-01 Ci 

BBi = Best-Basis Inventory TIC = total inorganic carbon TOC = total organic carbon 

8 RPP-37739, 2013. ''2-11-C-J I I Tank Waste Retrieval Work Plan," Rev. 2, Washington River Protection Solutions, LLC, 
Richland, Washington. 

b RPP-RPT-48459. 2017, ·'Derivation of Best-Basis /rrventory for Tank 241-C-J 11 as of April -I. 2017,'' Rev. 4, Washington 
River Protection Solutions, LLC, Richland. Washington. 
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APPENDIX B 

MEAN CONCENTRATIONS AND RELATIVE ST AND ARD DE VIA TIO NS FOR 
TANK 241-C-111 RESIDUAL SOLIDS 

Table B-1. Mean Concentrations and Relative Standard Deviations for Selected 
Constituents in Tank 241-C-111 Residual Solids. (4 sheets) 

Constituent Name CAS <Detection Mean 
Units RSD' Number Limit Concentration• 

I , I , 1-Trichloroethane 71-55-6 < 9 .16E-04 µg/g l .OOE+oO 
1, 1 2-Trichloro-1 ,2,2-trifluoroethane 76-13-1 < l .16E-03 µg/g l .OOE+oO 
1 1,2-Trichloroethane 79-00-5 < l .65E-03 µg/g l .OOE+oO 
1, 1-Dichloroethene 75-35-4 < 4.21E-03 µg/g 1.00E+OO 
1,2,4-Trichlorobenzene 120-82-1 < l .93E-03 µg/g 1.00E+oO 
1,2-Dichlorobenzene 95-50-1 < l.21E-03 ug/g l.OOE+oO 
1,2-Dichloroethane 107-06-2 < 5.3 5E-04 ug/g 1.00E+OO 
1 ,4-Dichlorobenzene 106-46-7 < 8.92E-04 ug/g l .OOE+OO 
125Sb 14234-35-6 < 6.04E-OI µCi/g l .OOE+OO 
126sn 15832-50-5 < 5.42E-04 µCi lg l .OOE+OO 
129J 15046-84-1 < 5.62E-05 µCi/g l .OOE+OO 
137Cs 10045-97-3 - 6.23E+OO µC i/g 5.85E-Ol 
1.nmBa NIA - 5.88E+OO µCi/g 5.85E-Ol 
l4C 14762-75-5 < l .50E-04 µCilg l .OOE+OO 
1s2Eu 14683-23-9 < 5.07E-Ol µCi/g 1.00E+OO 
i S•Eu 15585-10-1 < 4.86E-Ol µCi/g l .OOE+OO 
1ssEu 14391-16-3 < 8.67E-O I µCi/g l .OOE+oO 
1-Butanol 71-36-3 < l .02E-01 µg/g l .OOE+OO 
2,4,5-Trichlorophenol 95-95-4 < 4.17E-01 uelg 1.00E+oO 
2,4,6-Trichlorophenol 88-06-2 < 5.83E-Ol µg/g 1.00E+OO 
2,4-Dinitrotoluene 121-14-2 < 3.23E-Ol u2/g l.OOE+OO 
2,6-Bis( I , 1-dimethylethyl)-4-

128-37-0 < 7.91E-OI µg/g 1.00E+OO 
methvlohenol 
22sTh 14274-82-9 < 2.34E-04 µCi/g l .OOE+OO 
210Th 14269-63-7 < 4.88E-03 µCilg 1.00E+OO 
21 1p3 14331-85-2 < 1.12E-02 uCi/g l.OOE+OO 
212Th NIA - l . lOE-07 uCi/g 6.97E-Ol 
2nu 13968-55-3 < 2.28E-04 uCi/g l.OOE+OO 
234u 13966-29-5 < 8.28E-04 uCi/g l.OOE+OO 
23su 15117-96-1 - l.IOE-05 uCi/g 6.92E-OI 
216u 13982-70-2 - 8.89£-06 uCi/g 7.96E-OI 
237Np 13994-20-2 - 5.05E-05 uCi/g 5.68E-Ol 
2Jspu 13981-16-3 - 3.37£-03 uCi/g 4.l lE-01 
238U NIA - 2.58E-04 uCi/g 6.97£-01 
219pu 15117-48-3 < 2.94£-02 uCi/g l.OOE+OO 
240pu 14119-33-6 < 3.20E-03 uCi/g l.OOE+OO 
2•1Am 14596-10-2 - 3.0lE-01 uCi/g 4.82£-01 
2•1pu 14119-32-5 < 2.76£-02 uCi/j?, l .OOE+OO 
242cm 15510-73-3 - l .25E-03 µCi/g 1.40£-01 
2•2pu . 13982-10-0 < 1.2 lE-03 µCi /j?, l .OOE+OO 
243cm 15757-87-6 - 2.63E-04 µCi /g 4.82E-01 
244cm 13981-15-2 - 5.00E-03 µCi /g 4.82E-01 
2-Butanone 78-93-3 < 3.95E-02 µg/g !.OOE+OO 
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Table B-1. Mean Concentrations and Relative Standard Deviations for Selected 
Constituents in Tank 241-C-111 Residual Solids. (4 sheets) 

Constituent Name 
CAS < Detection Mean 

Units RSDt Number Limit Concentration* 

2-Chlorophenol 95-57-8 < 4.94E-OI ug/g l .O0E+0O 
2-Ethoxyethanol 110-80-5 < 6.39E-0l ug/g 1.00E+0O 
2-Methylphenol 95-48-7 < 3.73E-0I urz./g 1.00E+oO 
2-Nitrophenol 88-75-5 < 6.27E-0I ug/g 1.00E+00 
2-Nitropropane 79-46-9 < 5.85E-03 µg/g l .00E+O0 
3H 15086-10-9 < 2.51 E-03 uCi/g 1.00E+OO 
4-Chloro-3-methylphenol 59-50-7 < 5.0lE-01 Uf!./g 1.00E+0O 
4-Methyl-2-Pentanone I 08-10-1 < l .70E-02 UQ./g 1.00E+00 
4-Nitrophenol 100-02-7 < 5.28E-01 UQ./g l .00E+00 
6oco 10198-40-0 < l.91E-01 uCi/g l.O0E+OO 
63Ni 13981-37-8 - l.37E-0I uCi/g 3.69E-0l 
79Se 15758-45-9 < 2.15E-04 uCi/g 1.00E+00 
90Sr 10098-97-2 - 1.75E+03 uCi/g 7.14E-01 
90y 10098-91-6 - l.75E+03 uCi/g 7.14E-0l 
99Tc 14133-76-7 - l.92E-03 uCi/g 4.89E-0l 
Acenaphthene 83-32-9 < 4.38E-01 ug/g l .00E+00 
Acetate 71-50-1 - l .93E+02 u{!/g 3.I0E-01 
Acetone 67-64-1 < l .29E-0l ug/g 1.00E+00 
Ag 7440-22-4 - l.96E+02 ug/g 8.38E-0l 
Al 7429-90-5 - 8.04E+04 µg/g 4.42E-0l 
Aroclors (Total PCB) 1336-36-3 < l.14E-02 µg/g l.00E+00 
As 7440-38-2 < 3.18E+-01 UQ./g l.O0E+00 
B 7440-42-8 < 4.24E+00 UQ./g l.O0E+00 
Ba 7440-39-3 - 1.44E+0l µg/g 4.49E-0l 
Be 7440-41-7 < 2.l2E+0O UQ./ g l.00E+00 
Benzene 71-43-2 < 1.47E-03 ug/g I.O0E+00 
Benzo(a)pyrene 50-32-8 < 6.64E-01 ug/g l.00E+00 
Bi 7440-69-9 - 2.94E+02 Uf!./g 2.49E-0l 
Bis(2-ethylhexyl)phthalate 117-81-7 - 3.79E+00 µg/g l.73E-0I 
Br 24959-67-9 < 7.14E+-OI µgig l.O0E+00 
Butylbenzylphthalate 85-68-7 - l.98E+00 ug/g 8.05E-02 
Ca 7440-70-2 - 3.58E+03 ug/g 8.48E-0I 
Carbon disulfide 75-15-0 < l .60E-03 ug/g 1.00E+-00 
Carbon tetrachloride 56-23-5 < 9.29E-04 UQ./ g l .00E+-00 
Cd 7440-43-9 < 3.34E+00 ug/g l.O0E+00 
Ce 7440-45-1 - 2.00E+02 ug/g l .98E-01 
Chlorobenzene 108-90-7 < 8.60E-04 UQ./g l.00E+O0 
Chloroform 67-66-3 < l .30E-03 UQ./ g l.00E+O0 
Cl 16887-00-6 < 8.56E+0l UQ./g l.00E+00 
CN 57-12-5 - l .69E+0l ug/g 6.15E-0l 
Co 7440-48-4 < 2.94E+-OO µg/g 1.00E+0O 
Cr 7440-47-3 - 5.65E+0I µg/g 4.l0E-01 
Cresol (m & p) 1319-77-3 < 4.71E-0l µg/g l.00E+O0 
Cu 7440-50-8 - l.92E+0l µg/g 2.99E-0l 
Cyclohexanone 108-94-1 < 6.16E-0 l UQ./g l.00E+00 
Dibenzf a,h ]anthracene N/A < 3.16E-0l Ul!/g l.00E+00 
Diethylphthalate 84-66-2 < 5.84E-0l Ul!lg l.00E+00 
Di-n-buty lphthalate 84-74-2 < 1.90E+00 ug/g l.00E+00 
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Table 8-1. Mean Concentrations and Relative S~andard Deviations for Selected 
Constituents in Tank 241-C-111 Residual Solids. (4 sheets) 

Constituent Name 
CAS < Detection Mean 

Units RSDt Number Limit Concentration* 

Di-n-octylphthalate I 17-84-0 < 3.89E-0l µg/g l.00E+00 
Diphenyl amine 122-39-4 < 3.02E-0l µg/g 1.00E+00 
Ethyl acetate 141-78-6 < 5.84E-03 µg/g l.00E+00 
Ethyl ether 60-29-7 < 2.55E-03 u2/g l.00E+00 
Ethyl benzene 100-41-4 < l.07E-03 µg/g l.00E+O0 
Eu 7440-53-1 < 2.38E+o0 µg/g l.00E+00 
F 16984-48-8 - 9.82E+03 µg/g 6.67E-02 
Fe 7439-89-6 - 1.04E+04 µg/g 4.04E-0l 
Fluoranthene 206-44-0 < l.72E+O0 u2/g I.00E+00 
Formate 12311-97-6 < 2.39E+02 µg/g l.00E+00 
Free OH NIA - 2.42E+02 ug/g 6.06E-0l 
Glycolate 666-14-8 < 7.61E+o1 ug/g l .00E+00 
Hexachlorobenzene 118-74-1 < 2.84E-0l ug/g l .00E+00 
Hexachlorobutadiene 87-68-3 < 5.70E-0l u2/g I.00E+O0 
Hexachloroethane 67-72-1 < l .40E-03 ug/g 1.00E+00 
Hg 7439-97-6 - 2.78E+00 ue./g 3.96E-0I 
lsobutanol 78-83-1 < 6.92E+o0 ug/g I .00E+00 
K 7440-09-7 < 6.89E+01 µg/g I .00E+00 
La 7439-91-0 - 5.33E+0I µg/g 3.89E-0l 
Li 7439-93-2 < 2.64E+00 µg/g l.00E+0O 
Methy lenechloride 75-09-2 < 6.37E-04 µg/g l.00E+00 
Mg 7439-95-4 - I.09E+02 µg/g 7.62E-0l 
Mn 7439-96-5 - 5.19E+0l µg/g 4.73E-Ol 
Mo 7439-98-7 < 4.48E+00 µg/g l.00E+00 
Morpholine, 4-nitroso- 59-89-2 < 5.67E-0l u2/g l .00E+0O 
Na 7440-23-5 - l .92E+05 µg/g 7.69E-02 
Naphthalene 91-20-3 < 4.80E-O 1 µg/g I.00E+00 
Nb 7440-03-1 < 1.27E+0I u2/g I.00E+O0 
Nd 7440-00-8 - 9.27E+0I µg/g 3.70E-0l 
NH3 · 7664-41-7 - 2.91E+00 µg/g 3.82E-0l 
Ni 7440-02-0 - 6.1 IE+03 µg/g 4.57E-0I 
Nitrobenzene 98-95-3 < 4.89E-0 I ug/g l.O0E+00 
N-Nitrosodimethylamine 62-75-9 < 5.28E-0l ug/g l.00E+O0 
N-Nitroso-di-n-propylamine 621-64-7 < 5.I0E-01 ug/g l .00E+O0 
NO2 14797-65-0 - l.14E+03 ug/g 7.45E-0I 
NO3 14797-55-8 - 2.36E+03 ug/g 7.68E-01 
Oxalate 338-70-5 < 2.09E+02 ug/g l.00E+00 
Pb 7439-92-1 - 2.65E+03 µg/g 5.14E-0I 
Pd 7440-05-3 < 2.55E+0l µg/g l.00E+00 
Pentachlorophenol 87-86-5 < 2.88E-0I µg/g l.00E+O0 
Phenol 108-95-2 < 5.14E-0l µg/g l.00E+O0 
PO• 14265-44-2 - l.91E+05 µg/g 1.1 JE-01 
Pr 7440-10-0 < 5.63E+0l µg/g l .00E+00 
Pyrene 129-00-0 < 9.61E-0l µg/g 1.00E+o0 
Pyridine 110-86-1 < 6.34E-01 µg/g 1.00E+00 
Rb 7440-17-7 < 1.21E+02 µg/g l.00E+00 
Rh 7440-16-6 < 2.55E+0l µg/e. l.00E+00 
Ru 7440-18-8 < l.06E+0l µg/g l.00E+00 
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Table B-1. Mean Concentrations and Relative Standard Deviations for Selected 
Constituents in Tank 241-C-111 Residual Solids. (4 sheets) 

Constituent Name 

Sb 
Se 
Si 
Sm 
Sn 
SO4 
Sr 
Ta 
Te 
Tetrachloroethene 
Th 
Thiosulfate 
Ti 
Tl 
Toluene 
Trans-1 ,3-Dichloropropene 
Tributvl phosphate 
Trichloroethene 
Trichlorofluoromethane 
u 
V 
Vinyl chloride 
w 
Xylene (m & p) 
Xylene (o) 
Xylenes (total) 
y 

Zn 
Zr 

µCi/g = microcurie per gram 
µgig = micrograms per gram 

CAS < Detection 
Number Limit 

7440-36-0 < 
7782-49-2 < 
7440-21-3 -
7440-19-9 -
7440-31-5 < 
14808-79-8 -
7440-24-6 -
7440-25-7 < 
13494-80-9 < 
127-18-4 < 

7440-29-1 -
14383-50-7 < 
7440-32-6 -
7440-28-0 < 
108-88-3 < 

10061-02-6 < 
126-73-8 -
79-01-6 < 
75-69-4 < 

7440-61-1 -
7440-62-2 -
75-01-4 < 

7440-33-7 < 
108-28-3M < 

95-47-6 < 
1330-20-7 < 
7440-65-5 -
7440-66-6 < 
7440-67-7 -

CAS = Chemical Abstract Services 
NA = not available 

• Radionuclide concentrations are decay corrected to July I, 2015. 

Mean 
Units asot Contentration* 

3.82E+01 µg/g 1.00E+00 
6.37E+0I µg/g 1.00E+00 
3.52E+03 IH!./g 3.I IE-01 
5.68E+01 µg/g 2.22E-01 
1.70E+OI ug/g l.O0E+0O 
5.69E+02 µg/g 3.81E-01 
7.97E+OI ug/g 4.93E-0I 
l.08E+Ol ug/g I .O0E+O0 
l.91E+Ol ug/g I .00E+0O 
l .09E-03 ug/g l.00E+0O 
1.00E+00 ug/g 6.97E-01 
l .24E+02 ug/g l .O0E+00 
4.17E+0l ug/g 9.04E-0l 
3.18E+Ol µg/g I .00E+00 
7.98E-04 µg/g 1.00E+00 
2.70E-03 µg/g l .00E+00 
l .26E+00 µg/g 3.44E-0l 
1.20£-03 µg/g l.00E+00 
9.35£-04 ug/g l .00E+00 
7.73E+02 ug/g 6.97E-0l 
7.21E+O0 ug/g l.70E-0l 
I .73E-03 ue./g l.O0E+O0 
3.40E+0l µg/g l.O0E+00 
1.67E-03 µg/g l .O0E+00 
9.16E-04 µg/g l.O0E+00 
4.04E-04 µ gig l.00E+0O 
9.23E+OO µg/g 2.96E-01 
7.64E+0l µg/g l.00E+0O 
4.12E+0I µg/g 4.18E-01 

RSD = Relative Standard Deviation 

t In accordance with Best-Basis Inventory protocol (RPP-7625, 2015, "Guidelines for Updating Best-Basis Inventory,'" 
Rev . 12. Washington River Protection Solutions. LLC, Richland, Washington), the relat ive standard deviation is assumed to 
be 1.00 if the constituent was not detected. 
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APPENDIXC 

COMPARISON OF SINGLE-SHELL TANK 241-C-lll FINAL INVENTORY TO 
SINGLE-SHELL TANK 241-C-111 INVENTORY USED IN DOE/ORP-2005-01, · 

INITIAL SINGLE-SHELL TANK SYSTEM PERFORMANCE 
ASSESSMENT FOR THE HANFORD SITE 
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APPENDIXC 

COMPARISON OF SINGLE-SHELL TANK 241-C-111 FINAL INVENTORY TO 
SINGLE-SHELL TANK 241-C-111 INVENTORY USED IN DOE/ORP-200S-01, 

INITIAL SINGLE-SHELL TANK SYSTEM PERFORMANCE 
ASSESSMENT FOR THE HANFORD SITE 

Table C-1. Comparison of Single-Shell Tank 241-C-111 Final Inventory to 
Single-Shell Tank 241-C-111 Inventory Used in DOE/ORP-2005-01. 

Analyte Units 
DOE/ORP-2005-01, RPP-RPT-59714, RPP-RPT-59714, Upper 

Rev.O Average Inventory Bounding Inventory 

Tritium Ci 6.36E-01 6.51E-02 l.97E-0l 

C-14 Ci 9.25E-03 3.90E-03 l.ISE-02 

1-129 Ci l.41E-03 l.46E-03 4.41E-03 

Tc-99 Ci 1.12E-01 4.97E-02 l .OOE-01 

Cr kg 9.68E-01 1.46E+00 2.73E+00 

F kg 4.04E+0l 2.54E+02 3.33E+02 

N02 kg 4.64E+o2 2.96E+ol 7.45E+0l 

NOJ kg 8.96E+o2 6.12E+0l l.57E+02 

u kg 0.00E+oO 2.00E+ol 4.84E+ol 

References: 
DOE/ORP-2005-01, 2006, Initial Single-Shell Tank System Performance Assessment for the Hanford Site. 

Rev. 0, U.S. Department of Energy. Office of River Protection, Richland, Washington. 
RPP-RPT-59714, 2017, "Tank 241-C-J Jl Residual Waste Inventory Estimates/or Component Closure 

Risk Assessment," Rev. 1, Washington River Protection Solutions, LLC, Richland, Washington. 
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APPENDIXD 

RISK ASSESSMENT INFORMATION FOR RESIDUAL WASTES REMAINING IN 
SINGLE-SHELL TANK 241-C-111 

This appendix provides risk assessment information related to post-retrieval inventories 
estimated to remain in single-shell tank (SST) 241-C-I 11 (C-1 I I). The potential risk impacts to 
human health posed by the residual waste in SST C-111 were evaluated using the methodology 
documented in DOEJORP-2005-0 I, Initial Single-Shel/ Tank System Performance Assessment 
for the Hanford Site. The process used for the SST C-111 risk assessment, and this 
methodology, is described in detail in Chapter 3 of DOE/ORP-2005-0 I. The SST performance 
assessment methodology represents the current approach being used to support the assessment of 
long-term impacts to human health from tank residuals left in individual SSTs in retrieval data 
reports. Decisions on final closure of tank C-111 , alJ other SSTs, and ancillary facilities and 
equipment within Waste Management Area C will be supported by a site-specific performance 
assessment as outlined in Appendix I of the Hanford Federal Facility Agreement and Consent 
Order (Ecology et al. 1989). 

The risk assessment-related information for post-retrieval inventories estimated to remain in 
SST C-111 and contained in this appendix are as follows: 

• Summary of incremental lifetime cancer risk, radiological dose, and drinking water dose 
for radionuclide contaminants of potential concern estimated in the average post-retrieval 
inventory for SST C-111 (see Table D-1) 

• Summary of maximum value for incremental lifetime cancer risk and hazard index for 
nonradionuclide contaminants of potential concern estimated in the average post-retrieval 
inventory for SST C-111 (see Table D-2) 

• Summary of incremental lifetime cancer risk, radiological dose, and drinking water dose 
for radionuclide contaminants of potential concern estimated in the 95% upper 
confidence level (UCL) post-retrieval inventory for SST C-111 (see Table D-3) 

• Summary of maximum value for incremental lifetime cancer risk and hazard index for 
nonradionuclide contaminants of potential concern estimated in the 95% UCL 
post-retrieval inventory for SST C-111 (see Table D-4) 

• Tables and plots of doses from a well driller scenario for radioactive contaminants of 
concern found within the average and 95% UCL inventory estimated for SST C-111 (see 
Table D-5 and Figure D-1) 

• Tables and plots of doses from a rural pasture scenario for radioactive contaminants of 
concern found within the average and 95% UCL inventories estimated for SST C-111 
(see Table D-6 and Figure D-2) 
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• Tables and plots of doses from a suburban gardener scenario for radioactive contaminants 
of concern found within the average and 95% UCL inventories estimated for SST C-111 
(see Table D-7 and Figure D-3) 

• Tables and plots of doses from a commercial farm scenario for radioactive contaminants 
of concern found within the average and 95% UCL inventories estimated for SST C-111 
(see Table D-8 and Figure D-4). 

Table D-9 provides a comparison of the average and 95% UCL concentrations for waste 
residuals within tank C-111 against Washington Administrative Code 173-340, "Model Toxics 
Control Act--Cleanup" cleanup levels for soil direct contact unrestricted land use (Method B), 
industrial land use (Method C), and soil concentrations protective of groundwater. 

Tables D-10 and D-11 provide additional risk management information related to (average and 
95% UCL) concentrations of constituents remaining in waste residuals within tank C-111 
compared against the Washington Administrative Code 173-340 cleanup standards. See 
Section 5.5 for additional discussion. 

Table D-12 provides information on background concentration levels at the Hanford Site that 
have been developed for selected constituents. This is provided to bring additional perspective 
in the concentration levels of constituents remaining in residual wastes within tank C-111. 

REFERENCES 

65 FR 76708, 2000, ''National Primary Drinking Water Regulations; Radionuclides; Final Rule," 
Federal Register, Vol. 65, pp. 76708-76753 (December 7). 

DOE O 435.1, 2001, Radioactive Waste Management, U.S. Department of Energy, 
Washington, D.C. 

DOE/ORP-2005-01, 2006, Initial Single-Shell Tank System Performance Assessment for the 
Hanford Site, Rev. 0, U.S. Department of Energy, Office of River Protection, Richland, 
Washington. 

DOE/RL-92-24, 2001, Hanford Site Background: Part 1, Soil Background for Nonradioactive 
Analytes, Rev. 4, Vol. 2, U.S. Department of Energy, Richland Operations Office, 
Richland, Washington. 

DOE/RL-96-12, 1996, Hanford Site Background: Part 2, Soil Background/or Radionuclides, 
Rev. 0, U.S. Department of Energy, Richland Operations Office, Richland, Washington. 

ECF-HANFORD-11-0038, 2012, "Soil Background for Interim Use at the Hanford Site," Rev. 0, 
CH2M HILL Plateau Remediation Company, Richland, Washington. 
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Ecology, EPA, and DOE, 1989, Hanford Federal Facility Agreement and Consent Order 
Tri-Party Agreement, 2 vols., as amended, State of Washington Department of Ecology, 
U.S. Environmental Protection Agency, and U.S. Department of Energy, Olympia, 
Washington. 

EPA 540/R/99/006, 1999, Radiation Risk Assessment At CERCLA Sites: Q & A, 
Directive 9200.4-31P, Office of Solid Waste and Emergency Response, 
U.S. Environmental Protection Agency, Washington, D.C. 

HNF-SD-WM-TI-707, 2007, Exposure Scenarios and Unit Factors for Hanford Tank Waste 
Performance Assessments, Rev. 5, Fluor Government Group, Richland, Washington. 

PNNL-13895 , 2003, "Hanford Contaminant Distribution Coefficient Database and Users 
Guide," Rev. I, Pacific Northwest National Laboratory, Richland, Washington. 

PNNL-14702, 2006, " Vadose Zone Hydrogeology Data Package for Hanford Assessments," 
Rev. I , Pacific Northwest National Laboratory, Richland, Washington. 

Publication #94-115 , 1994, Natural Background Soil Metals Concentrations in Washington 
State, Toxics Cleanup Program, Washington State Department of Ecology, Olympia, 
Washington. 

RPP-RPT-56703, 2013, "Tank 241-C-J JO Residual Waste Inventory Estimates for Component 
Closure Risk Assessment," Rev. 0, Washington River Protection Solutions, LLC, 
Richland, Washington. 

RPP-RPT-59714, 2017, "Tank 241-C-J 11 Residual Waste Inventory Estimates for Component 
Closure Risk Assessment," Rev. I, Washington River Protection Solutions, LLC, 
Richland, Washington. 

WAC 173-303-9905, "Dangerous Waste Constituents List," Washington Administrative Code, as 
amended. 

WAC 173-340, "Model Toxics Control Act-Cleanup," Washington Administrative Code, as 
amended. 

WAC 173-340-705, "Use of Method B," WashingtonAdministrative Code, as amended. 
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Table D-1. Incremental Lifetime Cancer Risk, Radiological Dose, and Drinking Water Dose per Radionuclide Contaminant 
of Potential Concern for the Average Inventory for Single-Shell Tank 241-C-111. (3 sheets) 

bocrtmailal Cucu 
Radiolopul 

Racliolopul 
Abovo Wuto Risk (Gr-4watu)b Doso 

Dou-
Dotodioo Maaa&H~nl Btta/Plootoa 

lnvoalory Puk "" Half-Lifo uaaalw 
AulytoN•- Umib ill 

(Ci) 
AruC 

Yoar (mU1)" (yr) AD-Patbway Ull!Ulb:d 
Roaidual Foncdin< Drillkin& 
Wuta Conualnlio• Industrial Raid .. lial F••-• WatorOnly 

Sc .. ariob Scoaario~ 

Amcricium-241 Yes 7.79E+OO O.OOE+OO DNA 3.00E+oo 4.33E+o2 NE NE NE NE 

Antimony-125* No 7.85E+OO O.OOE+OO DNA I.OOE+oo 2.73E+oo NE NE NE NE 

Barium-137m• Yes 1.S2E+o2 O.OOE+oo DNA O.OOE+oo U6E-06 NE NE NE NE 

Carbon-14 No I 95E-03 3.00E-03 9.78E+o3 O.OOE+OO 5.73E+o3 2.33E-J I 1.69E-JO 1.46E-05 6.0IE-06 

Cesium-137 + 
Yes J.6JE+02 O.OOE+OO DNA 2.SOE+ol 3.00E+ol NE NE NE NE Daughters 

Cobalt-60 No 2.47E+oo O.OOE+oo DNA 1.00E-01 5.27E+oo NE NE NE NE 

Curium-242 Yes 3.24E-02 O.OOE+oo DNA 3.00E+OO 4.46E-OJ NE NE NE NE 

Curium-243 Yes 6.IOE-03 O.OOE+OO DNA 3.00E+OO 2.85E+ol NE NE NE NE 

Curium-244 Yes UOE-01 O.OOE+OO DNA 3.00E+oo l.81E+ol NE NE NE NE 

Europium-152 No 6.55E+OO O.OOE+OO DNA I.OOE+oo l.33E+ol NE NE NE NE 

Europium-I 54 No 6.30E+oo O.OOE+OO DNA I.OOE+oo 8.59E+OO NE NE NE NE 

Europium-155 No 1.12E+ol O.OOE+oo DNA I.OOE+oO 4.68E+oo NE NE NE NE 

Iodine-129 No 7.30E-04 <I.OOE-03 1.20E+04 2.00E-01 l.57E+o7 NE NE NE NE 

Neptunium-237 + D Yes l.31E-03 O.OOE+OO DNA 2.00E+OO 2.14E+06 NE NE NE NE 

Nickel-63• Yes 3.SSE+oO O.OOE+oo DNA 4.80E+ol I.OOE+o2 NE NE NE NE 

Plutonium-238 Yes 8.73E-02 O.OOE+OO DNA 3.00E+oo 8.nE+ol NE NE NE NE 

Plutonium-239 No 3.SIE-01 O.OOE+OO DNA 3.00E+OO 2.41E+04 NE NE NE NE 
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Table D-1. Incremental Lifetime Cancer Risk, Radiological Dose, and Drinking Water Dose per Radionuclide Contaminant 
of Potential Concern for the Average Inventory for Single-Shell Tank 241-C-l I 1. (3 sheets) 

lattemntal Cancer 
Radiolociw Radiolopcal 

Allon w .... Risk (G.......twater)b Dose DOH-
Ddection Manace-,,1 llcta/Pboton 

Inventory Pnk K. Half-Ufe !IWlllw Analyte Name Liaih ill 
(Ci) 

AreaC 
Yur <mUc)" (yr) AD-Palbway UIUUl/ul 

Jlaid• al Fenctline 
lndutrial llaidenlial Farmer Driakiac 

Wuta CoDUDtnrioa 
Scenario• 

WaterO.ly 
Suurio. 

Plutonium-240 No 4. ISE-02 O.OOE+OO DNA 3.00E+OO 6.56E+-03 NE NE NE NE 

Plutonium-241 + D No 3 57E-Ol O.OOE+OO DNA 3.00E+oo l.44E+OI NE NE NE NE 

Plutonium-242 No l.58E-02 O.OOE+oO DNA 3.00E+oo 3.74E+05 NE NE NE NE 

Protactinium-231 No 1.45E-Ol O.OOE+OO DNA 5.SOE+-02 3.28E+04 NE NE NE NE 

Selenium-79• No 2.78E-03 O.OOE+OO DNA 3.IOE+OO 8.0SE+-05 NE NE NE NE 

Strontium-90 + D Yes 4.53E+04 O.OOE+OO DNA l.61E+-OI 2.81E+-01 NE NE NE NE 

Technctium-99 Yes 4.97E-02 l.98E-Ol l.05E+04 O.OOE+-00 2.I IE+-05 2.73E-09 6.66E-08 3.48E-04 8.82E-04 

Thorium-228 + D No 3.04E-03 O.OOE+OO DNA 3.00E+-00 l.91E+oo NE NE NE NE 

Thorium-230 No 6.30E-02 O.OOE+OO DNA 3.00E+oo 7.S.E+-04 NE NE NE NE 

Thorium-232 Yes 2.85E-06 O.OOE+OO DNA 3.00E+-00 l.41E+IO NE NE NE NE 

Tin-126 No 7.00E-03 O.OOE+OO DNA l.OOE+-00 2.46E+-05 NE NE NE NE 

Tritium No 3.26E-02 O.OOE+OO DNA O.OOE+-00 l.23E+-OI NE NE NE NE 

Uranium-233 No 2.96E-03 O.OOE+OO DNA 6.00E-01 l.59E+-05 NE NE NE NE 

Uranium-234 No l.OSE-02 O.OOE+OO DNA 6.00E-01 2.46E+-05 NE NE NE NE 

Uranium-235 + D Yes 2.84E-04 O.OOE+OO DNA 600E-OI 7.04E+-08 NE NE NE NE 

Uranium-236 Yes 2.30E-04 O.OOE+OO DNA 6.00E-01 2.34E+-07 NE NE NE NE 

Uraniurn-238 + D Yes 6.68E-03 O.OOE+oo DNA 6.00E-01 4.47E+o9 NE NE NE NE 
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Table D-1. Incremental Lifetime Cancer Risk, Radiological Dose, and Drinking Water Dose per Radionuclide Contaminant 
of Potential Concern for the Average Inventory for Single-Shell Tank 241-C-1 Jl. (3 sheets) 

l.acrtmotal Cancer 
Ra4iolocical Ra4ioloeiuJ 

Above Wute Riak (Grwadwalu)b Dose DOH-
Detectioa Maaacemmt Beta/Pl,otoa 

lnveatory Pak K. Half-Life Lamllll:l Analytt Name Limib in 
(Ci) 

AraC 
Year (mUcl" (yr) AD-Patlnuy tau:smb:[} 

R,sidual Fmc:rlint 
ladustrial Raicltntial Farmer Drillklac 

Wutu Co1tttntnlion 
Scaaario" 

Wa1er0aly 

Sttnario" 

Yttrium-90 Yes 4.53E+04 0.OOE+o0 DNA 0.OOE+oo 7.3IE-03 NE NE NE NE 

Perform•• « Objedives< 
I-OE-ti to I-OE-ti lo 

25• •' 1.0E-4. I.OE-4. 

• Sec PNNL-13895. "Hanford Contaminant Distdh11tion Co,ffici,nt Datahus, and Ustrs Guide," Rev . I , and Section 4.3 of PNNL-14702 , 'Tada.ft Zont H_,-drog,ology Duta 
Pat:kag,fiir Hanford Assnsmmts" for the baai, for the K, valuea listed for lhe radionuclides. 

b All exposure scenario, are described in HNF-SD-WM•Tl-707. &pos,1rt Sunarios and Ur,/t Factors fi•r Hanford Ta11k Wast, P,,funna1w• Assessn1tnts. 

c Performance objcctivn apply to the cumulalivc (i.e .• all contaminanu) for lhe entire wute m.magnnenl area. 

d EPA S•O/R/99/006, Rodiation /Usk A.tsusm,nt At CERCLA Sit~s: Q & A. Directive 9200.4-3 IP. 

• DOE O 43S. I . Rudil>Uclil't Wustt Manug,mmt. 

f 65 FR 76708, -National Primary Drinking Water Regulati0111; ludioouclidea; Final Rule." 

DNA 
N/A 
NE 

• Did nol arrive al fencdine wilhin the 10.~earmodcling period. 
• Radionuclide i• 11ot a beta/pholon emitter. 
s Incremental cancer risk for indUJlrial and reaidential scenarios or ndiological doae evaluated for the all-pathways Canner and drinkins water only scenarios not 

evalllllled becauae radiological conllil\lenl had no eatimated initial inventoiy or did not arrive in concentrations greater dw, al the fcnccline within the I 0,000-year 
moclelina period. In lhc Deciaion Managemenl Tool (DMJ1 that is uacd to implement the calculation.al methodology docwnenled in DOE/ORP-2005-01 , lnitiul 
Si11g/e--sh,/I Ta,1k SysMn P~rfom,ar,,-., Ass.-ss111wtfur th, Ho,,jorJ Sire for this Retrieval Data Repon. calculated concentrati0111 les1 Ihm I.OOE-21 pCi/L orc 
considc..-.d lo be effectively zero. This risk metric may have also not been calculated because the radioactive analyte wu predicted lo have a concentration leas than 
0.001 pCi/L, which is well below the ability of ataudard labonlory analytical methods lo detect it. 

•Dangerous waste comtilllcnl per Washlngto11 Administrutl.-. Codt 173-303-9905, '"Dangerous Waste Ccnstiiuents List." 
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Table D-2. Maximum Value for Incremental Lifetime Cancer Risk and Hazard Index per Nonradionuclide Contaminant of 
Potential Concern Using Average Post-Retrieval Inventory for Single-Shell Tank 241-C-1 I I. (4 sheets) 

Above Wut., lacnmeatal Lifetime Huard 
Delec:lion 

lanatery Maaa1emaat Pak lu Cancer Risk QHbHI 
Analyk Limib in 

(kc) 
Area C F..,aline Year {ad/a:)~ (Groaadwater)' (Gr011Ddwater}' 

R<adual Coaceetratioa 
Wute '-") WAC 173-340 Mcdiod B 

I. 1. 2· Trichloroethy !enc No 1.56E-OS <1.00E-03 1.20E+o4 2.82E--02 NE NE 
1. 4-Dichlorobenzenc No 1.16E-OS <l .OOE-03 l.20E+o4 1.8SE--Ol NE NE 
2-Butanonc (MEK) No S. IOE--04 <l.OOE-03 1.0SE+o4 l.3SE--03 NE NE 
2-Propanone (Acetone) No l.68E-03 <l.OOE-03 I.OSE+04 1.73E--04 NE NE 

4-MethY1·2•pcntanonc (MIBK) No 2.20E--04 <l.OOE-03 J.20E+o4 4.02E--02 NE NE 
Acetate Yes S.OIEt-00 2.06E-02 l .OSE+04 3.00E-04 NoCPF NoRfd 
Aluminum Yes 2.08E-+-03 O.OOE+oo DNA l.OOE+OO NE NE 
Ammonia Yes 7.S4E-02 <1 .00E-03 l.OSE+o4 9.JOE-04 NE NE 

Antimony• No 4.95E-OJ O.OOE+OO DNA l.OOE+OO NE NE 

~rue• No 4.13E-01 O.OOE+oo DNA 3.90E+ol NE NE 

Barill!D• Yes 3.72E-Ol O.OOE+oo DNA 6.00E+ol NE NE 

Bcnzo[a}pyrenc• No 8.60E-03 O.OOE+oo DNA 2.86E+o2 NE NE 

Beryllium• No 2.75E-02 O.OOE+oo DNA 7.00E+ol NE NE 
Bismuth Yes 7.62Et-OO 3.IJE-02 l.OSE+o4 O.OOE+oo NoCPF NoRfd 
Boron No 5.SOE-02 O.OOE+oo DNA 3.00E+oo NE NE 
Bromide No 9.2SE-01 3.SOE-03 1.0SE+04 O.OOE+oo NoCPF NoRfd 

Butylbcnzylphthalate• Yes 5.13E-02 O.OOE+oo DNA 4.14E+o0 NE NE 

Cadmium• No 4.33E-02 O.OOE+oo DNA 1.26E+oo NE NE 
Calcium Yes 9.27E+OI O.OOE+oo DNA 4.00E+oo NE NE 
Cerium Yes S.17E+oo 2.12E-02 I.OSE+o4 O.OOE+oo NoCPF NoRfd 
Chloride No 1.1 IE+OO 4.S6E-03 1.0SE+o4 O.OOE+oo NoCPF NoRfd 

Chromium, Totat• Yes l.46E+oo S.99E-03 l.05E+04 O.OOE+oo NoCPF NoRfd 
Cobalt No 3.BIE-02 <I.OOE-03 1.20E+o4 1.00E-01 NE NE 
Copper Yes 4.97E-OI O.OOE+OO DNA 3.SOE+Ol NE NE 

Cyanide• Yes 4.39E-01 O.OOE+oo DNA 9.90E+oo NE NE 
Di (2-<:thylhexyl) phthalate (DEHP) Yes 9.82E-02 O.OOE+oo DNA 2.62E+ol NE NE 
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Table D-2. Maximum Value for Incremental Lifetime Cancer Risk and Hazard Index per Nonradionuclide Contaminant of 
Potential Concern Using Average Post-Retrieval Inventory for Single-Shell Tank 241-C-l l l. (4 sheets) 

Above W•te lnettmaslal Ufetime Haanl 
Dekction 

laveatory 
Manqema,t 

Pak K., Cancer Risk Qnlient 
Analyte Linrib in 

(kc) 
Area C Faoc:eline 

Year (mUc)h (Groaadwaleri< (Groundwater)' 
Residual C011ta1tntioa 

Waste '-") WAC 173-:MO Method B 

Dibcnz[a, h]anthracenc1 No 4.09&03 O.OOE+oo DNA 5.72E+02 NE NE 

Diethyl phthalate• No 7.SSE-03 <I .OOE-03 1.20E+o4 2.07E-02 NE NE 

Di-n-butylphthalate1 No 2.47E-02 O.OOE+oO DNA l .89E+o0 NE NE 
Europium No 3.08&02 O.OOE+oO DNA S.OOE+ol NE NE 
Fluoride Yes 2.54E+o2 1.04E+OO l.05E+o4 O.OOE+oO NoCPF 1.09&03 
Formate+A2 No 3.IOE+-00 J.27E-02 1.05E+o4 O.OOE+oO NoCPF NoRfd 
Glvcolate C2H303 No 9.85&01 4.04E--03 1.0SE+o4 O.OOE+oo NoCPF NoRfd 

Hcxachlorobenzene• No 3.68&03 O.OOE+OO DNA 8.46E+oo NE NE 
Hydroxide OH Yes 6.28E+-OO 2.SSE-02 J.05E+04 O.OOE+oo NoCPF NoRfd 
Iron Yes 2.69E+o2 O.OOE+oo DNA 2.SOE+ol NE NE 
Lanthanum Yes l.38E+OO 5.67E-03 l.05E+o4 O.OOE+-00 NoCPF NoRfd 

Lead" Yes 6.85E+OJ O.OOE+oo DNA S.20E+oo NE NE 
Lithium No 3.42&02 O.OOE+oo DNA 3.00E+o2 NE NE 
Ma1mCsium Yes 2.83E+-OO O.OOE+oo DNA 4.SOE+oo NE NE 
Manunesc Yes 1.34E+-OO O.OOE+oo DNA I.OOE+OO NE NE 

Mercury• Yes 7.19E-02 O.OOE+oo DNA S.20E+-OO NE NE 
Molybdenum No 5.80&02 O.OOE+oo DNA 4.00E+oo NE NE 
m-Xylenc No 2.16E-OS <I.OOE-03 l.20E+o4 S.88E-02 NE NE 

N. N-Diphcnylaminc• No 3.91E-03 < I.OOE-03 l .20E+o4 S.73E-OI NE NE 
Neodymiurn Yes 2.40E+oo 9.SSE-03 1.05E+o4 O.OOE+oo NoCPF NoRfd 
Nickel• Yes 1.58E+o2 O.OOE+oO DNA 4.80E+ol NE NE 
Niobium No 1.65&01 O.OOE+oo DNA I.OOE+o2 NE NE 
Nitrate Yes 6.12E+ol 2.SIE-01 1.05E+o4 O.OOE+oo NoCPF 9.81E-06 
Nitrite Yes 2.96E+ol l.22E--Ol 1.05E+04 O.OOE+OO NoCPF 7.60E-OS 

N-Nitroso-N. N-dimethylamine1 No 6.85E-03 <I.OOE-03 I.OSE+o4 3.60E-03 NE NE 
Oxalate No 2.7JE+o0 I.I IE--02 1.05E+o4 O.OOE+OO NoCPF NoRfd 
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Table D-2. Maximum Value for Incremental Lifetime Cancer Risk and Hazard lndn per Nonradionuclide Contaminant of 
Potential Concern Using Average Post-Retrieval Inventory for Single-Shell Tank 241-C-l l l. (4 sheets) 

Above Wute IDcrtlHlltal Lifetime Huard 
Detection lav .. tory Mana1,_.t 

P .. k l<d Cancer Rilk Q• oli .. t 
Analyte Limib in 

(k&) 
Area C Fenc:eliDe Year (mll1)b (Grouadwater}' (Groundwater}' 

Residual Coaceatrarioll 
Waste 1-11..) WAC 173-340 Method B 

o-Xylene No l.19E-05 <l.OOE-03 1.20E+-04 7.23E-02 NE NE 
Palledium No 3.30E-OJ O.OOE+OO DNA 5.00E-t-01 NE NE 

Pentachlorophenol' No 3.73E-03 <l.OOE-03 1.20E+-04 l.77E-Ol NE NE 

Phenol" No 6.65E-03 <1 .00E-03 l.05E+04 8.64E..03 NE NE 
Phosphate Yes 4.94E+o3 2.03E+ol l.OSE+04 O.OOE+OO NoCPF NoRfd 

Polychlorinated Biphenyls' No l.48E-04 O.OOE+OO DNA 9.27E+Ol NE NE 
Potassium No 8.95E-Ol 3.67E-03 l.OSE+-04 O.OOE+OO NoCPF NoRfd 
Praseodymium No 7.30E-Ol 3.00E-03 1.05E+04 O.OOE+oo NoCPF NoRfd 
Rhodium No 3.30E-01 l.35E-03 l .05E+04 O.OOE+oo NoCPF NoRfd 
Rubidium No J.57E+oo 6.43E-03 l.OSE+-04 O.OOE+OO NoCPF NoRfd 
Ruthenium No l.38E-01 O.OOE+OO DNA l.OOE+oo NE NE 
Samarium Yes 1.47E+OO O.OOE+OO DNA 1.00E+oo NE NE 

Selenium" No 8.25E-Ol O.OOE+OO DNA 5.00E+oo NE NE 
Silicon Yes 9.llE+ol O.OOE+OO DNA 3.00E+OI NE NE 

Silver" Yes 5.07E+OO O.OOE+-00 DNA 2.70E+OO NE NE 
Sodium Yes 4.96E+o3 2.04E+-OJ l.05E+04 O.OOE+oo NoCPF NoRfd 
Strontium Yes 2.06E+OO O.OOE+OO DNA l.61E+ot NE NE 
Sulfate Yes 1.47E+-Ol 6.03E-02 l.OSE+-04 O.OOE+OO NoCPF NoRfd 
Tantalum No l.41E-OJ <1.00E-03 1.0SE+-04 O.OOE+OO NE NE 
Tellurium No 2.48E-Ol l.02E-03 J.OSE+04 O.OOE+oo NoCPF NoRfd 

Thallium" No 4.l3E-Ol O.OOE+OO DNA 7.lOE+OI NE NE 
Thorium Yes 2.59E-02 O.OOE+oO DNA I.OOE+oo NE NE 
Tin No 2.20E-OJ O.OOE+OO DNA 2.SOE+02 NE NE 
Titanium Yes l .08E+OO O.OOE+-00 DNA l.OOE+-03 NE NE 
Toluene No J.04E-05 <1.00E..03 1.20E+04 4.20E-02 NE NE 
Tributvl phosphate Yes 3.2SE-02 <l.OOE-03 l.20E+-04 5.67E-01 NE NE 
Tunitsten No 4.40E-Ol l.81E-03 1.05E+04 O.OOE+oO NoCPF NoRfd 
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Table D-2. Maximum Value for Incremental Lifetime Cancer Risk and Hazard Index per Nonradionuclide Contaminant of 
Potential Concern Using Average Post-Retrieval Inventory for Single-Shell Tank 241-C-lll. (4 sheets) 

AIHwe w .. re 1ncre-n1al Lifetime lwanl 
Detection 

lnvmtory Maaa1c-• Peak I(., Canter Risk Q,,oticnr 
Analyte Llmib in 

(ks) 
Ana C l'Cllffliae 

Year (mUc)b (Gn>IIIMlwatcrt (GroMDdwatcr)' 
Raid .. l COD<Clltratioa 
W•tc (...tl.) WAC 17•3.0 Mctbod B 

Uranium Yes 2.00E+o! 0.OOE+OO DNA 6.00E-01 NE NE 
Vanadium Yes 1.87&01 0.OOE+OO DNA 5.00E+Ol NE NE 
Xylenes No S.2SE-06 <J .OOE-03 1.20E+04 S.88E-02 NE NE 
Yttrium Yes 2.39E-01 <1 .00E-03 J.05E+04 0.OOE+00 NE NE 
Zinc No 9.90E-Ol 0.00E+OO DNA 6.20E+0l NE NE 
Zirconium Yes l.07E+oo 0.OOE+oo DNA S.OOE+02 NE NE 

Performan« Objcdtved 1.0E-06• 1.0' 

• Dangerous waste constituent per Wu.,lri11gto11 AJmln/Jlrutiw C,>de 0N AC) 173-303-9905 , "Danserous Wiste Constituents Li11.•· 

b See PNNL-13895. Hanford Con1an1/nan1 Dl.,trib11tion C~fficitnt Databtue al'III Ustn G11itk, Rev. I , for the b1si1 for the K., values listed for clu'Ol11ium ind oib-atc. Tbe K., 
values listed for the organic cbcmic• l compounds are determined fiom the chemicals' org•nic carl>oo/water partitioning coefficient and an estimate of0.03% for the Hanford 
Site sediments friction of organic content (PNNL-13895 , Rev. I. page 11 , par•g,aph 3). 

c All cx:posure scenario• arc de•crihcd in HNF-SD-WM-Tl-707, E.Ypontn Scrnar/o, a11d Unit Fact,,,·$ for Han.fort/ Tank WaJte Ptrfonnan,:e AsstJJments. 

d Single Analyte Pcrfonu1nce objectives 1pply to entire wasu: management uea. not just I single component oflhe w111e managnncnt area. 

• WAC 173-340-705, " Use of Method B." subpart (2)(cXii). 

r WAC 173-340-705 (2)(c)(i). 
DNA • Did not arrive 11 fcnceline within the 10,000-year modeling period. 
NE = lncremcn!Jll CIJICer ,isle or hazard quotient calcul1tcd under WAC 173-340, "Model Toxics Control Act - Cleanup," Method B not evaluated because haardous 

chemical constituent had no estimated initial inventory or did not arrive in concenlntions greater than uro II the fenceline within the I 0,000-year modclins period. 
In the Decision Management Tool (DMT) that ii wed to implement the c• lculat.ioual methodology documented in OOE/ORP-2005-0 I. Initial Single-Shell Tank 
Syste1f1 P.•rfonnanct! Ass.•..,me111 for the Hanford She for thiJ Retrieval Dat1 Report, calculated concentratioos less than 1.00E-21 µg/1.. are considered to be 
effectively zero. The risk metric may have 1!10 not been c•lculated because the chemical analyte wa• predicted to have a conccntr•lion t .. s than 0.00 I 11g/L, which 
is well below the ability of standard l1bor•tory analytical methods to detect it. 

No CPF = No C111cer potency f1ctor avlilablc. 
No Rfd = No reference dose av1ilable. 

Reference: WAC 173-340, "Model Toxics Control Acl-Oeanup." 
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Analyte Name 

Amcricium-241 

Antimony-125 

Barium-137m 

Carbon-14 

Cesium-137 + 
Daughters 

Cobalt-60 

Curium-242 

Curium-243 

Curium-244 

Europium-I 52 

Europium-154 

Europium-I 55 

Iodine-129 

7/1 8/2017 - 11 :26 AM 

Table D-3. Incremental Lifetime Cancer Risk, Radiological Dose, and Drinking Water Dose for 
Single-Shell Tank 241-C-l ll per Radionuclide Contaminants of Potential Concern Using the 

9!5o/o Upper Confidence Level Concentration Based Inventory. (3 sheets) 

lncremeatal Canctr 
Radioloci<al 

Above Wutt Riak (Gro..,dwattr)b 
Detection Manacaaeat 

Dolt 

Umitsia ID\'tatory 
AreaC 

Peak "" Hali.Life tawalxd 
Raidual 

(Ci) 
Feaceline Year (mUc)" (yr) AII-Paa.t-ay 

Wuta Conceatration 
Inda.atrial Resid .. tial Ji"•r•er 

Sceaariob 

Yes l.56E+-O I 0.OOE+OO DNA 3.00E+-00 4.33E+02 NE NE NE 

No 2.37E+-01 0.OOE+oo DNA l.OOE+o0 2.73E+oo NE NE NE 

Yes 3.35E+02 0.OOE+oo DNA 0.OOE+oo 4.86E-06 NE NE NE 

No 5.90E-03 9.09E-03 9.78E+03 0.OOE+oo 5.73E+o3 7.06E-l 1 5. I0E-10 4.40E--05 

Yes 3.SSE+-02 0.OOE+oo DNA 2.50E+ol 3.00E+ol NE NE NE 

No 7.4SE+oo 0.OOE+-00 DNA 1.00E--01 5.27E+oo NE NE NE 

Yes 4.53E-02 0.OOE+OO DNA 3.00E+oo 4.46E--OI NE NE NE 

Yes 1.36E-02 0.OOE+oo DNA 3.00E+oo 2.85E+ol NE NE NE 

Yes 2.61E-OI 0.OOE+oo DNA 3.00E+oo I.SIE+ol NE NE NE 

No 1.98E+ol 0.OOE+oo DNA 1.00E+oo 1.33E+OI NE NE NE 

No l.9IE+OI 0.OOE+oo DNA I .OOE+oo 8.59E+oo NE NE NE 

No 3.38E+ol 0.OOE+O0 DNA I.OOE+oo 4.68E+oo NE NE NE 

No 2.21E--03 <1.00E-03 1.20E+o4 2.00E--01 1.57E+o7 NE NE NE 

Neptunium-237 + D Yes 2.85E-03 0.OOE+OO DNA 2.00E+oo 2.14E+06 NE NE NE 

Nickel-63 Yes 6.35E+OO 0.OOE+oo DNA 4.80E+ol I.OOE+o2 NE NE NE 

Plutonium-238 Yes l.63E-OI 0.OOE+oo DNA 3.00E+oo 8.77E+ol NE NE NE 

Plutonium-239 No 1.ISE+OO 0.OOE+oo DNA 3.00E+oo 2.41E+04 NE NE NE 

Plutonium-240 No l.25E--OI 0.OOE+OO DNA 3.00E+-00 6.56E+o3 NE NE NE 

121 of 168 

lwliolocical 
0--

Btta/Plootoa 
l.!!!Bllirl 
DriaJdac 

Water Only 

Scenario~ 

NE 

NE 

NE 

1.82E-05 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 



RPP-RPT-60173 Rev.00 7/18/2017 - 11 :26 AM 

0 
' i:3 

Table D-3. Incremental Lifetime Cancer Risk, Radiological Dose, and Drinking Water Dose for 
Single-Shell Tank 241-C-lll per Radionuclide Contaminants of Potential Concern Using the 

9!Wo Upper Confidence Level Concentration Based Inventory. (3 sheets) 

lacreaaeatal Cucer 
Ruiolozical 

Above Waste Riak (Groundwater)b Dose 
Detection Maaas-t K.i !IIIDllw Analyte Name Limib in 

laventory 
AreaC Peak lblf-Lif• 

llaidual 
(Ci) 

Feaeeliae Year (mUc)" (yr) AI-Padnoay 
ladulrial Raiclential F-

Wasta Concmtration 
Scenario• 

Plutonium-241 • D No l.08E+OO O.OOE+-00 DNA 3.00E+OO l .44E+OI NE NE NE 

Plutonium-242 No 4.76E-02 O.OOE+OO DNA 3.00E+OO 3.74E+-05 NE NE NE 

Neptunium-237 + D Yes 2.SSE-03 O.OOE+-00 DNA 2.00E+oO 2.14E+o6 NE NE NE 

Nickel-63 Yes 6.35E+-OO O.OOE+OO DNA 4.SOE+-01 1.00E+-02 NE NE NE 

Plutonium-238 Yes l.63E-01 O.OOE+OO DNA 3.00E+OO 8.77E+ol NE NE NE 

Plutonium-239 No l.lSE+OO O.OOE+OO DNA 3.00E+OO 2.41E+04 NE NE NE 

Plutonium-240 No l.2SE-OI O.OOE+-00 DNA 3.00E+oO 6.56E+o3 NE NE NE 

Plutonium-241 + D No l.08E+OO O.OOE+OO DNA 3.00E+oO l.44E+OI NE NE NE 

Plutonium-242 No 4.76E-02 O.OOE+-00 DNA 3.00E+OO 3.74E+05 NE NE NE 

Selenium-79 No 8.40E-03 O.OOE+OO DNA 3.IOE+OO 8.0SE+oS NE NE NE 

Strontium-90 + D Yes 1.IIE+-05 O.OOE+-00 DNA l.61E+ol 2.81E+ol NE NE NE 

Technetiurn-99 Yes I.OOE-01 3.99E-OI l.05E+04 O.OOE+OO 2.I IE+-05 5.SOE-09 l.34E-07 6.99E-04 

Thorium-228 + D No 9.ISE-03 O.OOE+OO DNA 3.00E+OO l.91E+OO NE NE NE 

Thoriuin-230 No l.91E-OI O.OOE+OO DNA 3.00E+OO 7.54E+04 NE NE NE 

Thorium-232 Yes 6.91E-06 O.OOE+OO DNA 3.00E+OO 1.41E+IO NE NE NE 

Tin-126 No 2.12E-02 O.OOE+OO DNA 1.00E+OO 2.46E+OS NE NE NE 

Tritium No 9.SSE-02 O.OOE+-00 DNA O.OOE+OO l.23E+ol NE NE NE 

Uraniurn-233 No 8.9SE-03 O.OOE+-00 DNA 6.00E-01 I.S9E+05 NE NE NE 
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Aaalytt Name 

Uranium-234 

Uranium-235 + D 

Uranium-236 

Uranium-238 + D 

Yttrium-90 

Table D-3. Incremental Lifetime Cancer Risk, Radiological Dose, and Drinking Water Dose for 
Single-Shell Tank 241-C-ll I per Radionuclide Contaminants of Potential Concern Using the 

95% Upper Confidence Level Concentration Based Inventory. (3 sheets) 

bcre-tal Cancer Ra4iolopal 
Above Wutt Rilk(Gr-.lwattr)b Dooc 

Detection Maaa~t K. '8wlllw lnvotory Pak HalJ.Ufc 
Umibia 

(Ci) 
AraC 

Year (mUc)" (yr) AII-Patbway 
Residual Feacdiae 1.ndoutrial Raidenlial Farmer 
Wute1 Coacmtntio,, 

Sceaariob 

No 3.25E-02 O.OOE+-00 DNA 6.00E-01 2.46E+OS NE NE NE 

Yes 6.85E-04 O.OOE+oo DNA 6.00E-01 7.04E+08 NE NE NE 

Yes 6.02E-04 O.OOE+oo DNA 6.00E-01 2.34E+07 NE NE NE 

Yes l.62E-02 O.OOE+-00 DNA 6.00E-01 4.47E+o9 NE NE NE 

Yes l.llE+-05 O.OOE+-00 DNA O.OOE+OO 7.31E-03 NE NE NE 

Perfonmnce Objectives• 
1-0EAi to 1-0~to 2s• J.OE-4d J.0&-44 

RadiolOlical 
0--

Beta/Plaotoa 

1lmlllnl 
DriaJdnc 

WattrO.ly 
Sctaariob 

NIA 

NIA 

NIA 

NIA 

NE 

,r 
1 See PNNL-13895 , "Hanford Conta,ninarrt Dl.rtrlhut/on Co•.fficlent Datal>au arrd ll<tn Guide," Rev. I. and Section 4.3 of PNNL-14702, " Vado.ft Zone Hydrog,ology Dula 

Padu,ge for HanforJ Ass~s,mems' for the bui1 for the I(; 'Values lilted for the ndionuclides. 

b All t><po1ure scenarios an described in HNF-SD-WM-TI-707, Ezpo1111Y Scenarios and Unit Factors/or Hau.ford Tant Wa,te Pttfonnanct Ass,ssmellls. 

c Performance objectives apply to tho, cwnulativc (i.e., all contaminants) for the cnrirc waste manqcmcnl area. 

d EPA 540/R/99/006. Rudiation Risk A.t1e.mnen1 At CERCU Sitt,: Q &- A , Directive 9200.4-3 IP. 

• DOE O 435 .1, RoJ/(JQCfiw, Waste Manag,numt. 

f 6S FR 76708, "National Prin,ary Drinking WIier Regulations; Radionuclides; Final Ruic." 

DNA = Did not arrive al fenceline within the 10,000-year modeling period. 
NI A = Radionuclide is not a beta/photon emitter. 
NE = Incremental cancer rialc for industrial and resicl<ntial 1cenuio1 or radiolOl!ical dose evaluated for the all-pathways farmer and drinking waler only scenario, not 

evaluated because ndiological consfitucnl bad no estimated initial inventory or did not anivc in concentrations greater than at the fcncelinc within the 10.000-year 
modeling period. In the Decisioo Management Tool (DMT)thll is ulcd to implement the calculatiooal methodology docwncnted in DOE/ORP-200S-OI , Initial 
Single-Slwll Ta11k Systt111 P,,fonrranc• Assusm,mt fur 1he HonjurJ Sitt for thi, Retrieval Data Repon, calculated concentrations less than I .OOE-21 pCi/L arc 
considered to be effectively zero. Thi• rial,; metric may have also not been calculated because the ndioactive anelytc was predicted IQ have a concentration less than 
0.00 I pCi/L, which is well below tho, ability of swidard laboratory analytical mcd,ods to detect it. 
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Table D-4. Maximum Value for Incremental Lifetime Cancer Risk and Hazard Index for Single-Shell Tank 241-C-ll 1 per 
Non radionuclide Contaminants of Potential Concern Using the 95% Upper Confidence Level 

Concentration-Based Inventory. (5 sheets) 

Allow w .... Inuemailal 

DettttioD M.uacemeat Ufelim<e Cancer u.urc1 Quooeat 
hvmtory "" Rilk (G...,..dwater)' Analylc Limits in Ck&) Area C FeacelioM Peak Year 

(mUi)b Residual Coaccalnlrion (Groundwatcri< 
w .. 1t (,ac/L) WACJ~MclllodB 

I, I. 2-Trichloroethylcne No 4.7IE-05 <I.OOE-03 1.20E+04 2.82E-02 NE NE 

I . 4-Dichlorobcnzene No 3.49E-05 <1.00E-03 1.20E+04 1.85E-OI NE NE 

2-Butanone (MEK) No 1.S4E-03 <I.00E-03 1.05E+o4 l.35E-03 NE NE 

2-Propanone (Acetone) No 5.0SE-03 <1.00E-03 1.0SE+o4 1.73E-04 NE NE 

4-Methyl-2-pcntanone (MIBK) No 6.65E-04 <1.00E-03 1.20E+04 4.02E-02 NE NE 

Acetate Yes 8.43E+OO #NIA 1.0SE+o4 3.00E-04 #NIA #NIA 

Aluminum Yes 4.01E+03 0.OOE+OO DNA I.OOE+O0 NE NE 

Ammonia Yes 1.37E-01 <1.00E-03 1.0SE+-04 9.30E-04 NE NE 

Antimony• No 1.S0E+OO 0.OOE+OO DNA I.OOE+OO NE NE 

Arsenic• No 1.25E+OO 0.OOE+oo DNA 3.90E+Ol NE NE 

Barium• Yes 7.22E-OI 0.OOE+oo DNA 6.00E+ol NE NE 

Be=[ a ]pyrcne• No 2.60E-02 0.OOE+O0 DNA 2.86E+o2 NE NE 

Beryllium• No 8.30E-02 0.00E+O0 DNA 7.00E+OI NE NE 

Bismuth Yes l.20E+ol 4.93E-02 1.0SE+-04 0.OOE+OO NoCPF NoRfd 

Boron No l.66E-01 0.OOE+OO DNA 300E+oo NE NE 

Bromide No 2.80E+oo I. JSE-02 1.05E+04 0.OOE+OO NoCPF NoRfd 

Butylbcnzylphthalate' Yes 6.B0E-02 0.OOE+oo DNA 4.14E+oo NE NE 

Cadmium• No 1.3IE-01 0.OOE+OO DNA 1.26E+oo NE NE 

Calcium Yes 2.S2E+o2 0.OOE+OO DNA 4.00E+oo NE NE 

Cerium Yes 7.6BE+oo 3.15E-02 l.05E+04 0.OOE+oo NoCPF NoRfd 
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Table D-4. Maximum Value for Incremental Lifetime Cancer Risk and Hazard Index for Single-Shell Tank 241-C-1 I I per 
Non radionuclide Contaminants of Potential Concern Using the 95-J. Upper Confidence Level 

Concentration-Based Inventory. (S sheets) 

Allevt Wutt lac..-1111 

Delffliotl Maucemoat Ufttiat Ca• ctr Huard Qaotimt 
lavmtory K, Risk Analyle Lialts in 

(kc) 
Ana C Faulint PukYcar 

(mUc)b 
(Groudwatui< 

Residual Coac:atntioa (Grouadwater}' 
Wute (NIL) WAC 173--340 Mc•o<I B 

Chloride No 3.3SE+-OO l.38E-02 l.05E+04 O.OOE+OO NoCPF NoRfd 

Chromiwn. Total' Yes 2.73E+-OO 1.12E-02 I.OSE+04 O.OOE+OO NoCPF NoRfd 

Cobalt No 1.ISE-01 <I.OOE-03 l.20E+04 I.OOE-01 NE NE 

Copper Yes 8.26E-OI O.OOE+OO DNA 3.SOE+Ol NE NE 

Cyanide" Yes 9.93E-OI O.OOE+OO DNA 9.90E+OO NE NE 

Di (2-cthylhexyl) phthalatc (DEHP) Yes L42E-OI O.OOE+OO DNA 2.62E+OI NE NE 

Dibcnz[a, h]anthracene1 No 1.24E-02 O.OOE+oo DNA 5.72E+o2 NE NE 

Diethyl phthalate1 No 2.2BE-02 <1.00E-03 1.20E+04 2.07E-02 NE NE 

Di-n-butylphthalate1 No 7.4SFA>2 O.OOE+oo DNA l.89E+-OO NE NE 

Europium No 9,30E-02 O.OOE+OO DNA 5.00E+OI NE NE 

Fluoride Yes 3.33E+o2 1.37E+oo 1.0SE+04 O.OOE+-00 NoCPF 1.42E-03 

Formate+A2 No 9.3SE+oo 3.84E-02 1.0SE+04 O.OOE+oo NoCPF NoRfd 

Glycolate C2H303 No 2.98E+oo l.22E-02 I.OSE+04 O.OOE+-00 NoCPF NoRfd 

Hexachlorobenzenc' No 1.I IE-02 O.OOE+oo DNA 8.46E+-OO NE NE 

Hydroxide OH Yes 1.4IE+OI 5.79E-02 I.OSE+04 O.OOE+-00 NoCPF NoRfd 

Iron Yes 4.99E+o2 O.OOE+oo DNA 2.SOE+ol NE NE 

Lanthanum Yes 2.52E+oo l.03E-02 1.0SE+0;4 O.OOE+-00 NoCPF NoRfd 

Lead' Yes l .42E+o2 O.OOE+oo DNA S.20E+-OO NE NE 

Lithium No l.03E-OJ O.OOE+oo DNA 3.00E+02 NE NE 

Magncsiwn Yes 7.22E+oo O.OOE+OO DNA 4.SOE+-00 NE NE 
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Table D-4. Maximum Value for Incremental Lifetime Cancer Risk and Hazard Index· for Single-Shell Tank 241-C-111 per 
Non radionuclide Contaminants of Potential Concern Using the 95•;. Upper Confidence Level 

Concentration-Based Inventory. (S sheets) 

Allow Wute lllc.--tal 

Detecrioa MIIJUllemHt Ul'elime Cancer Haunl Quotient 
lll•eatory K, Risk (G.......iwala't Analyte Liailaill 

(kc) 
Area C F .. celill• PukYur 

(mLl&)b Raitlual c-tntie• (Groudwater)' 
Wult (loc/L) WAC 17J..340 Metho41 B 

Manganese Yes 2.66E-+-OO O.OOE+OO DNA J.OOE+OO NE NE 

Mercury• Yes 1.32E-OI O.OOE+OO DNA 5.20E+OO NE NE 

Molybdenum No 1.75E-01 O.OOE+OO DNA 4.00E+OO NE NE 

m-Xylene No 6.SOE-05 <I.OOE-03 J.20E+o4 5.88E-02 NE NE 

N, N-Diphenylamine1 No l.18E-02 <J.OOE-03 J.20E+o4 5.73E-Ol NE NE 

Neodymium Yes 4.30E-+-OO l.77E-02 l.05E+o4 O.OOE+OO NoCPF NoRfd 

Nickel• Yes 3.09E+o2 O.OOE+oo DNA 4.80E+ol NE NE 

Niobium No 4.99E-Ol O.OOE+oo DNA 1.00E+o2 NE NE 

Nitrate Yes l.57E+02 6.45E-OI 1.0SE+o4 O.OOE-+-00 NoCPF 2.52E-05 

Nitrite Yes 7.4SE+ol 3.06E-01 l.05E+o4 O.OOE-+-00 NoCPF l.91E-04 

N-Nitroso-N, N-dimethylamine1 No 2.07E-02 <1.00E-03 1.05E+o4 3.60E-03 NE NE 

Oxalate No 8.ISE-+-00 3.35E-02 I.OSE+o4 O.OOE-+-00 NoCPF NoRfd 

o-Xylenc No 3.58E-05 <1.00E-03 1.20E+o4 7.23E-02 NE NE 

Palladium No 9.95E-OI O.OOE+-00 DNA 5.00E+OI NE NE 

Pentachlorophenol• No 1.13E-02 <1.00E-03 l .20E+o4 l.77E-Ol NE NE 

Phenol• No 2.0IE-02 <1.00E-03 1.0SE+o4 8.64E-03 NE NE 

Phosphate Yes 6.72E+03 2.76E+Ol l.OSE+o4 O.OOE-+-00 NoCPF NoRfd 

Polychlorinatcd Biphcnyls• No 4.47E-04 O.OOE+OO DNA 9.27E+Ol NE NE 

Potassium No 2.71E-+-OO I.I lE-02 I.OSE+o4 O.OOE+-00 NoCPF NoRfd 

Prascodymiwn No 2.21E-+-OO 9.0SE-03 l.05E+o4 O.OOE+-00 NoCPF NoRfd 

126 of 168 

0 



RPP-RPT-60173 Rev.00 

Table D-4. 

Rhodium 

Rubidium 

Rutheniwn 

Samariwn 

Selenium• 

Silicon 

Silve.-a 

Sodium 

Strontium 

Sulfate 

Tantalum 

Tellurium 

Thallium• 

Thorium 

Tin 

Titaniwn 

Toluene• 

7/ 1 B/2017 - 11 :26 AM 

Maximum Value for Incremental Lifetime Cancer Risk and Hazard Index for Single-Shell Tank 241-C-111 per 
Non radionuclide Contaminants of Potential Concern Using the 95•1o Upper Confidence Level 

Concentration-Based Inventory. (5 sheets) 

AIH,ve Wuto latremeatal 

0.todioD Maa•c•mmt Lirelim• Cancn- Hanni Qaoaeet 
Inventory Ko Riok Aulyt• Limits iD 

(ks) 
Aru C Feacdiae Peak Year 

(mUc)• 
(Groudwatort 

Raidul Coacaotnlioa (Grouadwatorl' 
Wuto (NIL) WAC 173-341 Me11aod B 

No 9.95E-OJ 4.0SE-03 l .05E+04 O.OOE+-00 NoCPF NoRfd 

No 4.73E+-OO l.94E-02 1.05E+04 O.OOE+-00 NoCPF NoRfd 

No 4.16E-01 O.OOE+-00 DNA l.OOE+-00 NE NE 

Yes 2.24E+-OO O.OOE+OO DNA l.OOE+oO NE NE 

No 2.49E+-OO O.OOE+OO DNA 5.00E+OO NE NE 

Yes l.53E+o2 O.OOE+OO DNA 3.00E+ol NE NE 

Yes l.37E+ol O.OOE+-00 DNA 2.70E+-OO NE NE 

Yes 6.56E+o3 2.69E+ol 1.05E+o4 O.OOE+OO NoCPF NoRfd 

Yes 4.17E+-OO O.OOE+OO DNA l.61E+ol NE NE 

Yes 2.66E+ol l.09E-OJ l.05E+04 O.OOE+-00 NoCPF NoRfd 

No 4.25E-Ol l.74E-03 1.05E+04 O.OOE+-00 NoCPF NoRfd 

No 7.45E-OI 3.06E-03 l .05E+04 O.OOE+-00 NoCPF NoRfd 

No t.25E+-OO O.OOE+-00 DNA 7.IOE+ol NE NE 

Yes 6.28E-02 O.OOE+-00 DNA I.OOE+-00 NE NE 

No 6.6SE-OI O.OOE+-00 DNA 2.50E+o2 NE NE 

Yes 3.06E+-OO O.OOE+-00 DNA I.OOE+o3 NE NE 

No 3.JJE-05 <1.00E-03 1.20E+04 4.20E-02 NE NE 

Tributyl phosphate Yes 567E-02 <t.OOE-03 l.20E+o4 5.67E-Ol NE NE 

T1D1gsten No 1.33E+OO 5.46E-03 1.05E+04 O.OOE+OO NoCPF NoRfd 

Uranium Yes 4.84E+ol O.OOE+-00 DNA 6.00E-01 NE NE 
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Table D-4. Maximum Value for Incremental Lifetime Cancer Risk and Hazard Index for Single-Shell Tank 241-C-lll per 
Non radionuclide Contaminants of Potential Concern Using the 9S1/. Upper Confidence Level 

Concentration-Based Inventory. (S sheets) 

Allow Wule lacr-tal 

Dekdioa MH"CflM'II Uf•li- Cancer Huard Q,,eoeat 

Analyt• Umillm la, .. tory Aru C Fnoalia, PukYur 
K. lllak (Grouadwat,r}' 

Raidual (kc) Concentration (mU&)b (Groaaclwal<r)< 
w .. tt (J&c/L) WAC 173-340 Mdbo,I B 

Vanadium Yes 2.70E--OJ 0.OOE+OO DNA 5.00E+OI NE NE 

Xylenes No l.59E-05 <I.OOE-03 I.20E+04 5.SSE-02 NE NE 

Yttrium Yes 3.96E-OI l .63E-03 1.05E+04 0.OOE+OO NoCPF NoRfd 

Zinc No 2.99E+oo 0.OOE+OO DNA 6.20E+0I NE NE 

Zirconium Yes 2.02E+oo 0.OOE+00 DNA 5.00E+02 NE NE 

Performaa« Objtttived I.OE-06• 1.0' 

1 Dangerous waste constituent per W<1.,nl11gto11.Admini,<1rutlw Cod, 173-303-9905, "'Dangerous Waste COOJtilucn'" List." 

b See PNNL-13895, 'Hanford Con1umlnan1 DistribuliOII Ca,_Qicitnl Dutabust and list rs Guidt ." Rev. I. for the basis for the K., valu,s listed for cbrcmium and nilntc. 'The 
Ka values luted for the organic cbcmical compounds an determined from the cbanicals' organic carl>on/watc,· partitioning coefficient and an estimate of0.03% for lbe 
Hanford Site sediment• fraction of organic content (PNNL,-13895. Rrv . 1, page 11 . paragraph 3). 

c All exposure 1cenarios are described in HNF-SD-WM-TI-707. Exp,m,r• Sanarios and llnll FacttJrs fur HanftJrJ Tank Wast, P,rformana, Ass, ssmtnls. 

d Single Analyte Pcrfom1ance objectives apply to entire waste management area. not just a sU!j!le component of the waste management area. 

• WAC 173-340-705, "Use of Method B," subpart (2)(c)(ii). 

f WAC 173-340-705 (2)(c)(i). 

DNA = Did not arrive at fenccliM within the 10,000-ycar modeling p,riod. 
NE E Incremental cancer risk or hazard quotient calculated under WAC 173-340, "Model Toxics Control Act - Cleanup," Method B not evaluated because baz.ardous 

chemical constituent had no estimated initial inventory 0< did not arrive in conccntntions greater than zero at the fenceline within the 10,000-year modeling period. 
In the Decision Management Tool (DMT) that is used to implement the calculational methodology documented in DOE/ORP-200S--OI , /niria/ Sing/,-S/1,dl Tank 
Syst,n1 Ptrfonnunct A1s,sn,1tn1.for th, Hunford Silt for thia Retrieval Data Report. calculated cooccntration1 1 ... than I .OOE-21 µg/L are con.sidcrcd to be 
effectively zero. 'The risk metric may have also not been caladated because the chemical analytc was predicted lo have a concentration less than 0.00 I µg/L. which 
is well below the ability of standard laboratory analytical methods to detect it. 

No CPF = No cancer potency factor available. 
No Rfd = No reference dose available. 

Reference: WAC 173-340, "Model Toxics Control A~lcanup." 
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Table D-5 Well Driller Scenario Doses (mrem) for Single-Shell Tank 241I-C-Ill Showing Major Constituents
for A) Average Inventory and B) 95% Upper Confidence Level Inventory

(decayed as of January 2008) and Pathways (4 sheets)

Years After Site Closure (January 1 2032)
N udide

100 200 300 400 500 600 700 800 900 1000

A - Average In ventory

Antiniony-12S 27E-14 0., )0 0.00t+00 O'OOE+OO O.OOF,4Q0 0.00E+,00 wl joITin-126 3 26F-03 L3 25E-03 3 2SE-03 3 25E-03 3 25E.03 3 25E-03 3:25E-03J 3 25E-03 3 25E-03
Iodine- 129 2 18E-06 2 18E-06 2 18E061 2 18E-06 2 18E-06 2 18E-06 2 18E-06 2 1 8E-06 2181E-6 T2 18E-06
Cesium-137 Daughters II 19E+e00 1 18E-01 I 17E-02 I 16E-03 1 1513-04 1 14E-05 1 13E-06 -130

- I
Barium-137ni O.OOE+00 cmut+vu O.OOE+00 UOE- 00 0.00E+00 0 00:E400 I 6_00p+00 0 Qor; +Qo %OOf+'W I'

Carbon- 14 3,22E-09 3 1 8F,08 3.14PA8 3,11E-08 IVE-08 3,0F.O$ 3,00VA 2 00f 48 J+ 9 "
57E-03 I 42E-05 7.82E-08 432E-10 Z3*42 I.74E-14 _4,-I l '441

Europium- 152 5 Mt$ 4.27P, 1,5
Europium-I 54 7 47E-05 2,34FA8 7.34E-12 2.30Fl 5 7MB- 19 aOOE+06 0 0 X

Europium-I 55 1.04E-09 3.85F 16 O.OOE+00 0 00+00 0. OOE4,W O.Oa+00 O bm+00

IThoriurn-228 + D O.OOE+00 0 00E+00 0,90E40 0 0.

lhonurn-230 I2 98E-03 I4 17E-03 5 31E-03 6 40E-03 I7 44E-03 8 44E-03 9 39E-03 I 03E-02 I 12E-02 I 20E-02
Protactinium-23 I 7 25E-02 7 73 1E-02 7 30E-02 7 29E-02 7 27E-02 7 726E-02 7 24E-02 } 7 23E-02 7 21E-02 7 20E-02
I horium-232 I2 04E-06 2 04E-06 2 04E-06 2 04E-06 2 04E-06 I2 04E-06 2 04E-06 2 04E-06 2 04E-06 2 04E-06

Uranium-233 I 6213-05 2 24E-05 j2 86E-05 3 47E-05 4 07E-05 [4 67E.05_ 5 26E-05 5 84E-05 6 4213-05 6 99E-05
Uranium-234 2 98E-05 3 03E-05 3 1lIE-05 3 320E-05 3 31E-05 3 43E-05 3 57E-05 I3 72E-05 3 89E-05 4 07E-05
Urarnum-235 + D 1 13E-05 I 16E-05 1 19E-05 fI 22E-05 I25E-05 I 28E-05 1 3 1E-05 I 34E-05 I 37E-05 I 40E-05

Uranium-236 5 94E-0 S 4 7 5 94E-07 5 94F,07
Neptumoum-237 -t D 594E-07 5 941-07 5 94F-07 5 W4E07 5 94E-07 5 94E.071 60L-04 I 60E-04 I 60L-04 I 60E-04 I60E-04 I 60E-04 1 60L-04 1 60F-04 I 60E-04 I 60E-04
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Table D-5 Well Driller Scenario Doses (mrem) for Single-Shell Tank 241-C-Ill Showing Major Constituents
for A) Average Inventory and B) 95% Upper Confidence Level Inventory

(decayed as of January 2008) and Pathways (4 sheets)

Years After Site Closure (January 1 2032)N ucide
100 200 400 500 600 700 800 900 1,000

Plutoniurm-238 1 7 11E-03 7 77E3-04 3 53E3-04 I 60E-04 72 -05 3 30E3-05 1 5013-05 6 88E-06 3 18&306 1 5113-06
Uraniui-238 -+D 5 32E-05 5 32E3-05 5 32E3-05 5 32E3-05 5 32E3-05 5 32E3-05 5 32E3-05 5 3213-05 5 32E-05 5 3213-05
Plutoniurn-239 2 20E-02 2 19E-02 [219E3-02 2 18E.-02 [218-02 2 17E-02 2 16E.02 2 16E-02 2 15E-02 2 14E-02
Plutornum-240 2 3713-03 2 35E-03 2 32E-03 2 30E3-03 2 27E-03 F2 25E3-03 2 23E-03 2 2013-03 2 1813-03 2 1613-03
Americium-241 3 9913-01 2 29013-0 1 2 247E-0 1 2 IOE-01 I 79E3-01 1 5313-01 1 30E-01 I111IE-01 9 4613-02
Plutonium-24 1 + D 6 271E-04 5 3513-04 4 5613-04 3 88E3-04 3 3113-04 I2 8213-04 2 40E-04 2 05E3-04 1 74E-04 1 49E3-04

ICunum-242 3 25E-06 1 4813-06 6 69E3-07 3 0413-07 1 1.38E-0" 6,26F,09 2.85E-09 LI.30E-OIJ 5 2.81

0 IPlutonium-242 8 711E-04 8 7113-04 8 7113-04 8 7013-04 8 70E3-04 8 7013-04 8 7013-04 8 70E3-04 8 70E3-04 8 69E3-04 0

ICunum-243 2 281-05 2 24313-06 6 4013-07 4 81IE-07 4 66E-07 4 64F3-07 4 6213-07 4 61E3-07 -.34 59E3-07 4 58E-07
[Cunum-244 5 65E-05 2 211IE-05 2 02E3-05 1 99E3-05 1 97E3-05 1 9513-05 1 931305 I 91E3-05 I1 8913-05 1 8713-05 (b

I I ritiur 0

ICobalt-60 6_ 750 3f 3:1-06 1 6913-06 8 4513-07 4 2313-07 21M ,630 ,aF0 6"
Nickel-63 1 6 7513-06
Selenium-79 I PF-07 I 187E-07 I8713-07 1-8E0 1 7 ,7,7 L E0 -7,0 .7 7 18E0

IStrontium-90 +D 7I4 75E+00 4 05E-01 3 345E3-02 2 94E3-03 2 5 11E-04 214E3-05 1 82E3-06 1.5-0 O
Yttriuni-90

Technetiuni-99 I 943E3-07 9 943F,-07 19 43E3-07 9 4211-07 9 42E3-07 9 4213-07 9 411E-07 9 1E-941 M74107
Total Dose 6 45E+00 9 72E-011 4 4E-1 360-0 3 20E-01I 2 89E-01 2 63E301 2 41E-01 2 23E3-01 2 07E3-01
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Table D-S Well Driller Scenario Doses (mnrenm) for Single-Shell Tank 241I-C-ill Showing Major Constituents
for A) Average Inventory and B) 95% Upper Confidence Level Inventory

(decayed as of January 2008) and Pathways (4 sheets)

Years After Site Closure (January 1 2032)
Nuclide

100 200 300 400 1500 1600 700 800 900 1000

B - 95% Upper Confidence Level Inventory

Antimony-I 25 .9 5 E . 4 0 tjjOE400011EG0,0

Tin-126 9 84F-03 9 84E-03 9 83L-03 9 83E1-03 9 8313-03 9 82E-03 9 82E1-03 9 82E1-03 9 82E-03 9 8 1 E-03J

Iodine-I 29 6 57F-06 6 57E-06 6 57E-06 6 57E1-06 6 57E-06 6 57E1-06 6 57E-06 6 57E-06 6 5713-06 6 57E-06
Cesium- 137 -Daughters I2 6213+00 2 60E1-01 2 58E- 02 2 56E1-03 2 54E1-04 2 5213-05 2 5306 A-07 2467T0 244610
Banru-137ni

Carbon- 14

t'J Europiumn-I 52 I7 77E1-03 4 29E1-05 23E0 .0A ,1,1 ,W 1 0

Europium-I 54
236-4 7OE0 ,2A1 69&5 21.48 OO+0 O0 +0 OOEO 1+0 OG+

Europium-ISS Cs

Thoriun-228 4+ D 0

Thonurn-230 9 02E1-03 I 26E-02 1 61 E-02 I 9413-02 2 25E-02 2 55E1-02 2 84E1-02 3 12E-02 3 38E-02 3 63E1-02

Protactinium-23 I 2 19E-0 1 2 21E-01 2 221E-01 2 20E1-01 2 20E.01 2 19E-0I1 2 19E-0I 2 1811-01 I2 18E-0I1 2 1711-01
Thonumn-232 4 95E1-06 4 95E-06 4 95E-06 4 95E1-06 4 95E-06 4 95E-06 4 95E1-06 4 95E-06 4 95E-06 4 9513-06

Uranium-233 4 90E1-05 6 7813-05 8 64E-05 I OSE-04 I 23E1-04 I1411E-04 I 59E-04 I 77E-04 I 94E1-04 2 11IE-04

Uraniuni-234 8 99E-05 9 16E-05 9 38E-05 9 6SE-05 9 9813-05 1 04E1-04 1 08E.-04 I 12E.04 1 17E-04 I 23E-04

IUraniu-235 + D 2 72E1-05 2 80E-05 2 87E1-05 2 94E-05 3 02E-05 3 09E-05 3 16E-05 3 24E-05 3 31 E-05 3 38E1-05

IUranium-236 1 551E-06 I 55E1-06 1 5513-06 1 5513-06 I15513-06 1 5511-06 1 SSE1-06 1 5511--06 1 55E1-06_ 1 55F-06

[Neptunium-237 -+ D) II 348E1-04 3 4811-04 3 48E1-04 3 48E1-04 j3 48E1-04 3 481,-04 3 48h1-04 3 48E-04 3 48E1-04_ 3 4813-04
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Table D-5 Well Driller Scenario Doses (mnrem) for Single-Shell Tank 241-C-1Il Showing Major Constituents
for A) Average Inventory and B) 95% Upper Confidence Level Inventory

(decayed as of January 2008) and Pathways. (4 sheets)

Years After Site Closure (January 1 2032)
N ucide

100 200 300 400 500 600 ]_ 700 800 90 1000

IPlutoniuni-238 3 2013-03 1 45E5-03 6 59E5-04 2 99E3-04 I 36E-04 6 17E3-05 1_2 81IE-05 I1I28E5-05 5 94E5-06 281IE-06
IUranium-238 i D I 29E-04 I 29E-04 1 29&504 1 29E-04 I 29E5-04 I 29E-04 1 2911-04 1 29E-04 I 29E-04 I 29E-04
Plutoniuin-239 6 64E5-02 6 62E5-02 6 61 F-02 6 59E5-02 6 57f--02 6 55F-02 6 53E5-02 6 511F-02 6 49&-02 6 47E-02
Plutoriunm-240 7 15E-03 7 08E5-03 700OE-03 6 93F,-03 6 86E-03 6 78E-03 6 71E-03 6 64E5-03 6 5715-03 6 50E-03

IAmericium-241 8 OOE-01 6 81E5-01 5 8113-01 4 9513-01 4 2115-01 3 59E5-01 3 0615-01 2 61 E-0 1 2 2213-01 1 89E5-01

IPlutonium-241 D) 1 90F5-03 1 62F,-03 I 38E-03 I 17E.03 1 00OE-03 8 53E5-04 7 2715-04 6 1913-04 5 28E5-04 4 50E-04

ICunum-242 4 55E3-06 4 25E07 i -93E-07 8.76R-08 3.99&08 1.82E-08 8.3913-09 3 92FA9
H

IPlutoniuni-242 2 2 63E-03 63-312 63E-03 2 63E5-03 2 63E5-03 2 6315-03 2 63E-03 0~~i~J 2 63E5-03 2 6313-03 2 6215-03 0

ICunum-243 4 56E3-05 4 87E5-06 1 2813-06 9 63E3-07 9 3213-07 9 2713-07 9 2413-07 9 21E-07 9 19E3-07 9 16E3-07

LCunum-244 I 13E5-04 4 24E5-05 4 05E5-05 3 96E-05 3 92E5-05 3 8813-054 OOE-05 3 84E5-05 3 80E3-05 3 76E5-05
ITritiumn _4-N1 1l 1.~4 5fE Si 6&6 20&8OOE0 .01+0 001+0 OOF+0 ODE0 0

Cobalt-60 3 101E-07 6.0E- 3 i.7F-1 0.030 .130 .E00 .OF00 U E0 00s0 OOeo
Nickel-63 12 21E-05 6 04L3-06 3 0213-06 1 51 E-06 7.5E0 .8-7 18E0 .41-8 47f,9 23F~

Selenium-79 5 65E3.07 5 65E-07

IStrontium-90 + D I 16E340 1 9 92E-0 1 8 4515-02 7 20E5-03 6 14E5-04 5 23E5-05 4 46F-06 3.80E,07
Yttrium-90

Technetiurn-99 1 9015-06 1 90E3-06 I 90OE-06 1 90F5-06 1 901E-06 1 8913-06 I1 89E5-06 1 89E5-06 I 99E-06 I 89E3-06

Total Dose _I4+0 2E0 1 02E+00 18 32 -1 7 52E-01 6 91 E-01 6 40E-01 S96E-01 5 59E-01 5 28E-01
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Figure D-1. Comparison of Well Driller Scenario Doses (mrem) with Performance 
Objective for Acute Exposure for Key Analytes -A) Average Inventory and 

B) 95% Upper Confidence Level Inventory in Residual Wastes within 
Single•Shell Tank 241-C-111. 
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D-23 

- cesium-137 + Daughters 

- Americium-241 

- Plutonium-239 

- Strontium-90 + D 

- Total Dose 

Perf. Obj. - 500 mrem 

- cesium-137 + Daughters 

- Americium-241 

- Plutonium-239 

- Strontium-90 + D 

- Total Dose 

Perf. Obj . - 500 mrem 
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Table D-6 Rural Pasture Doses (mrem/yr) for Single-Shell Tank 241-C-Ill Showing Major Constituents for A) Average
Inventory and B) 95% Upper Confidence Level Inventory (decayed as of January 2008) and Pathways (4 sheets)

Years After Site Closure (January 1 2032)Nuclide T
100 200 300 400 1 500 600 700 800 900 1000

A - Average Inventory

Antimony-125 13E190OE0 ,0- 00010000L0 O000013-0 (!OE0 o-oE+ooi
ITin-126 3 69E-04 3 69F-04 3 69E-04 3 69E3-04 3 69E-04 3 69E3-04 3 69E3-04 3 69E3-04 3 68E-04 368-4

IIodine-129 2 21 E-05 2 21 E-05 2 2113-05 2 21E3-05 2 21E3-05 2 2113-05 2 2113-05 2 21E3-05 2 21E-05 2 2113-05

Cesium- 137 + Daughters 3 20E-01 3 17E-02 3 15E3-03 3 1213-04 3 10OE-05 3 0713-06 35-7 30E0 .034 .0 1

Banum-137m 000_ -- - -

ICarbon- 14 3 55E-06 3 5113-06 3 47E-06 I3 42E3-06 3 38E3-06 3 34E3-06 3 30E-06 3 26E-06 3 22E3-06 3 18F-06

huropium-152 2 911E-04 I 6013-06 8.509 48E11 27113 29 15 11 i5 12Ei 2P15 i f .
I',J 0

Europium-I 54 8413-06 26E0 .0-3 26&6 S 62 .O+0 06E+ 00t( 0 -I

Europium-ISS &95-' I1 .1-1 M +0 0090 .0t6 .0+0 oOF+o 00E0 .0 WO,0

IThonum-228 + D
0

I honum-230 7 23E3-04 9 77E3-04 1 2213-03 1 45E3-03 1 68E.-03 1 89E3-03 2 209E3-03 2 2913-03 2 48E3-03 2 6513-03

Protactinium-23 1 I 851E-02 1 87E-02 I 86E3-02 1 8613-02 1 86E3-02 1 85E3-02 I 85E3-02 I 84E3-02 1 84&302 1 8413-02

IThorium-232 3 70-P-07 3..?OE-07 3 70E--07 3 0E0 V -, 3.70E-07 ______ 10
IUranium-233 6 59E3-06 8 02E3-06 9 4213-06 1 0863-05 1 22E3-05 I 3613-05 I 49E3-05 I 63E3-05 1 7613-05 1 8913-05

Uranium-234 1 711E-05 1 72E3-05 I 74E3-05 1 7613-05 1 79E3-05 1 8 11E-05 I 84E3-05 1 88E3-05 1 91 E-05 1 95E3-05

IUranium-235 + D 1 5313-06 1 6113-06 I 69F3-06 1 76E3-06 I 84E3-06 I 92E3-06j I 99E3-06 2 07E3-06 2 1513-06 2 22E3-06

IUranium-236 3 45E3-07 3 45B-07 3 45E-07 3~ 45E 4507J 14510 34 5E0 3- 3 45E-07 3.4 5F,07

Neptunium-237 -, D 3 4013-05 3 40E3-05 3 40E3-05 3 40E3-05 3 40E.-05 3 40E3-05 3 40E3-05 3 4013-05 3 40E3-05 3 40F-os

Plutoniurn-238 4 86F-04 2 21 F-04 I 0OOE-04 4 55E3-05 2 07F3-05 9401-06 4 2913-06 1 9813-06 927E3-07 4 5')F-(
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Table D-6 Rural Pasture Doses (mrem/yr) for Single-Shell Tank 241-C-Ill Showing Major Constituents for A) Average
Inventory and B) 95% Upper Confidence Level Inventory (decayed as of January 2008) and Pathways (4 sheets)

Years After Site Closure (January 1 2032)
Nuclide

100 200 300 400 500F 600 700 S00 9001 1 000

fUraniuin-238 + D I 37E-05 I 37E-05 fI 37E-05 I 37E-05 1I 37E-05 I 37E-05 I 37E-05 [I 38E-05 1 3813-05 1 38E-05

[Plutornum-239 [6 27E-03 6 25E-03 6 23E-03 6 62i1E-03 j 620E-03_ 6 18E-03 6 16E-03 6 14E-03 6 12E-03 6 11IE-03

Plutonium-240 6 75E-04 [6 68E-04 6 61 F,04 6 54E-04 6 47E-04 6 40E-04 6 34E-04 6 27r-04 6 21 F-04 6 14E.04

Amnciurn-241 1 IOE-01 9 37E-02 7 98E-02 6 80E-02 5 80E-02 4 94E-02 4 21 E-02 3 59E-02 3 06E-02 2 60E-02

IPlutonium-24I - D I 73E-04 I 47E-04 I 26E-04 I 07E-04 9 1lIE-05 7 76E-05 6 62F-05 5 64E-05 4 80E-05 4 09E-05

ICunum-242 9 23E-07 4 19F__07 I 90E-07 8.3E0 3 92&08 1 78F,08 8 14 E-09 3.74E-09 1.75E-09 8.44E-10

IPlutonium-242 2 48E-04 2 48E.04 2 48E-04 2 48E-04 2 48F-04 2 48E-04 2 48F-04 2 49E-04 2 48E-04 2 48E-04

Cunum-243 4 92E-06 5 54E-07 I IOE-07 I.E0 1,3__E__07_ 1.______ 3__E_7_.3E_7_I30_0____-C
'tJI 0ICunum-244 I 62E-05 6 02E-06 5 74E-06 5 67E-06 5 61E-06 5 56E-06 5 50E-06 5 44E-06 5 38E-06 5 33E-06

Tntiuni _____ _____ 90-1 .7E 5 24E1 ,0 2 ,I ,+0 OOE-, OOE0 .O+0 OOE

ICobalt-60
0

INickel-63 I 80E-04 8 98E-05 4 4913-05 2 25E-05 1 13E-OS 5 63E-06 2 82E-06 1 41E-06 7,05EV, 3.53F-07

ISelenum-79 8 92E-07 8 92E-07 8 92"-7 8 92E-07 8 921E-07 8 92E-07 8 9213-07 8 91 E-0 8.91 E-P7 8 91E-07

Strontiurn-90 + D 2 74E+02 2 3413+01 1 99E+00 1 70E-01 1 4513-02 1 23E-03 I 05E-04 8 96E-06 -3E-07 6.1E0

Yttnum-90

ITechnetium-99 I 2-0 72-41 2E0 17E04 1 72E-04 I 72E-04 1 72E-04 I 72E-04 I 7E0 72E-04

Total Dose 2 75E+02 2 35E+01 2 0+0 26E0 1 OIE-01 7 89E-02 7 06E-02 16 44E-02 5 92E-02 5 47E-02

B - 95% Upper Contfidence Level Inventory

Antiniony-125 4 03E.15 0 OOF--00 0 OE0 0.~ ~ o0o 1) 0C oo),_+0 00U' e. iO -o± Y(E- C 0 _,_ 00 0. 0 0 E + 0 0

F in-126 1 12E-03 1 12F-03J I 12P-03 I I IF-03 I I I E-03 I I I F-03 I I I E-03 I I I F-03 I I I E-03 1 111-03- 1
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Table D-6 Rural Pasture Doses (mrem/yr) for Single-Shell Tank 241-C-ill Showing Major Constituents for A) Average
Inventory and B) 95% Upper Confidence Level Inventory (decayed as of January 2008) and Pathways (4 sheets)

Years After Site Closure (January 1 2032)
Nuclide F 100 200 ~1~ 300 400 500 600 700 Soo 900 1000

Iodine-I 29 6 68E-05 6 68E-05 6 68E-05 6 68E-05 6 68E-05 6 68E-05 6 68E-05 6 68E-05 6 68E-05
-

Ccsium-137 iDaughters 7 05E3-01 7 OOE-02 6 94E-03 6 89E-04 6 83E-05 6 78E3-06 6 12E0 5,67E-08 &62E-0.9 6,57E-10

Barium-I 37m 0 O00 j OOE0 O P 00EiO .0+0 3'O-) .O-0 0 0 0.00E+00 0 00&00

ICarbon-14 1 07E-05 I 06E-05_ I 05E-05 I 04E-05 I 02E-05 1 01IE-05 9 99E3-06 9 97E-06 9 75E3-06 9 64E3-06
huropium- 152 8 79E-04 4 85E1SE138-065 V

Europium- 154 2 55E-05 2 ,.279E 624E 9O8E0 .0+0OOE0 .O+0OE0

Europi um- 15 5
allThorium-228 +~ D

ON IThonums-230 2 19E-03 2 95E-03 3 69E-03 4 40E3-03 5 07E-03 5 72E3-03 6 33E-03 6 92E3-03 7 49E3-03 8 03E-03
XN

Protactinium-23 I 5 59E3-02 5 64E3-02 5 63F,-02 5 62E3-02 5 60E3-02 5 59E3-02 5 58E3-02 5 57E3-02 5 56E3-02 5 54E3-02
Thonum-232 8973-0 j 971-07~ 97E-~07 8 897E307 L9107" 8,97E3-07 I 897E-G-? 8 97E3-07 8 9723-07 8 97E3-07 1
Uranium-2 33 1 99E3-05 2 42E3-05 2 85E3-05 j3 27E3-05 3 69E3-05 4 I0OE-05 4 51E3-05 4 911E-05 5 31E3-05 5 713- 051
Uranium-234 5 20E3-05 5 26E3-05 5 32E3-05 539E-05 5 47E3-05J5 17E3-05 5 57E3-05 5 67F3-05 5 78E3-05 5 90E3-05
Uranhum-235 + D 3 69E3-06 3 881E-06 4 07E3-06 4 425&306 4 44&306 4 62F3-06 4 811E-06 4 99E-06 5 18E3-06 5 36E3-06
Uranium-236 9 04,E-07' 9 0413.07 904E3-07 9,0)4&307 90413-07 9 04E3-07 j9 43-"

9 _ _-,n, _ _ 04Y
Neptumuum-237 + D 7 40E3-05 7 40E3-05 7 40E3-05 7 40E3-05 7 40&305 7 40E3-05 7 40E3-05 7 40E3-05 7 4013-05 7 4 1E-05
Plutonium-238 9 08E3-04 4 12E3-04 I 87E3-04 8 49E3-05 3 86E3-05 I 75L3-05 8 01 E-06 3 69E3-06 1 731-6

IUranium-238 i D j33313-05 {3 33E3-05 3 33E3-05 3 33E3-05 3 33E3-05 3 33E3-05 3 33E3-05 3 34E3-05 3 34F-05
IPlutoniuin-239 II 89E3-02 I 89F3-02 1 88RE-02 J1 88E3-02 1 871-02 [ 86F3-02 1 86F3-02 1 85E3-02 1 84E3-02fPlutonium-240 2 04F3-03 2 01 h,03 I9 1-3 I 97E3-03 1 95h3-03 f 93E3-03 1 91 F-03 1 891-03 1 87r3-03
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Table D-6. Rural Pasture Doses (mrem/yr) for Single-Shell Tank 241-C-Ill Showing Major Constituents for A) Average
Inventory and B) 95% Upper Confidence Level Inventory (decayed as of January 2008) and Pathways (4 sheets)

Nueide -1 _____________- Years After Site Closure (January 1 2032)
100 I 200 300 400 500 600 700 800 900 1 000

IArnericium-24 1 2 203-01I I 88E-01 I 60E3-01 I 36E-01 I 16E3-0 1 9 89E3-02 8 43E-02 6 12E3-02 5 22E3-02
Plutonium-241 4 D II 52213-04 4 46E-04 3 80E-04 3 24E-04 2 76E-04 2 351E-04 2 0OOE-04 1 71 E-04 1 45E-04 I 24E3-04
Curium-242 I 29E3-06 5 85E-07 22 66E-97 1. 1 E-07 5.48E-OSJ - 49 -q 1. i4E-08 .23E-09 2,44E-09 I BE-0

Plutoniurn-242 7 49E-04 7 481E-04 7 48E3-04 7 48F-04 7 48E-04 7 48L-04 7 48E3-04 7 48E3-04 7 47E3-04 7 47E-04
Curium-243 I9 85E3-06 _1! 07 F-07 2 6 3 E-0 7 2.62E-07 16 1 E-07 2 61E-07 2,60E-07

ICunum-244 3 25E-05 I 21E-05 I 15E3-05 I 14E-05 I 13E-05 I 12E3-05 I I OE-05 I 09E3-05 I 08E3-05 I 07E3-05
ITritium PCI19-0 75E1 2."E1 7.3-14 -E 9 OF0 .O+0IO0E0 ,O+0 0 G+D

ICobalt-60 3 54E-0j 68E14 4 E.1 00E0 O10 OOE0 OOE0 .O+0 00E 1E0
-4 INickel-63 -I3 21 E-04 1 61E3-04 8 04E3-05 4 02E3-05 2 OIE-O5 I 01IE-05 5 04E3-06 2 52E3-06 12E0 3E0 -v

ISelemni-79 2 270F,-06 2 69E3-06 2 69E3-06 2 69E3-06 2 69E3-06 2 69E3-06 2 69&306 2 69E~.06 2 69E3-06 2,69E3-06
IStrontium-90 + 1D ~1~ 6 72E+02 5 73E3+01 4 88E3±00 4 16E3-0 1 3 55E3-02 3 02E3-03 2 58E3-04 2 19E3-05 197F,-06 15E0
Yttrium-90 IOOE-,

ITechnetium-99 3 46E3-04 3 46E3-04 1 3 46E3-04 3 46E3-04 3 46E3-04 3 4613-04 3 45F-04 3 5-4 34E-4 34E0

Total Dose 6I 73E+02 5 76E+01 5 13E+00 6 37E-123E0 I 87E-01 I 70E-01 1 SE-01 1 47E-01 1 39E-01
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Figure D-2. Comparison of Rural Pasture Scenario Doses with Performance Objective for 
Chronic Exposure for Key Analytes within A) Average Inventory and B) 95% Upper 

Confidence Level Inventory Estimated for Residual Wastes in 
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Table D-7. Suburban Garden Doses (mrem/yr) for Single-Shell Tank 241-C-li1 Showing Major Constituents for
A) Average Inventory and B) 95% Upper Confidence Level Inventory

(decayed as of January 2007) and Pathways. (4 sheets)

Years After Site Closure (January 1 2032)
Nuclide

100 200 300 400 500 600 700 800 900 1000

A -Average Inventorv

Antiniony-125 II 3E14 000-00 1 (V 0 ,,E+0,3 i O.OOE+OC 11) WE-00 0.0 ErW ,WF+Oo 0.( .+OC,

ITin-126 3__ 355E-03 3 55F3-03 3 55E3-03 3 55E-03 3 5513-03 3 551E-03 3 55E-03 3 55E3-03

IIodine-129 I I OE-04 1 I1OE-04 I I0OE-04 ~I I0OF-04 1 10&-04 1 10OE-04 I IOE-04 1 I OE-04 I I0OE-04 I I0OE-04

ECsium-137 + Daughters 3 10E+0 3 08E3-01 3 0513-02 3 03E-03 3 00OE-04 2 9813-05 29E0 .3-7 29 -8 Z9E0

IBanurn-137m _______I 00E 0 O-4W 000A .0)+0 .03 46
ICarbon- 14 6 23E3-05 6 15E-05 6 OSE-05 60OIE-05 5 9313-05 5 8613-05 5 7913-05 5 7213,05 5 6SE-05 5 59E3-05-I-

I 1i 2 79E3-03 I 54E3-05 8.130 4.931 161.2 31&4 17314 17 .7&14 2MI C)%C Europium- 152
Europium- 154 8 12E3-05

Europium-iSS I____ 32E6___3_0___+0 O.O+0 .O4-0 OOF+0 Om o 0OE00 QO+IThonum-228 t- D

IThonurn-230 I 24E-02 I 82E-02 2 39E3-02 2 93E-02 3 4513-02 3 94E3-02 4 41E-02 4 871302 5 30E-02 5 71 E-02

IProtactinium-23 1 3 92E-01 3 95-0 3 95E-01 3 94E3-01 3 93E3-01 3 92E-01 3 91E-01 3 90E3-01 3 90E3-01 3 89E-0 I

fhonum-232 4 29E-06 !9&06J 4,29E-06 429E-06 4,29E-06 4.29E-06 4.29E-06

IUranium-233 2 253E3-04 2 73E3-04 2 93E3-04 3 1213-04 3 32E-04 3 51E3-04 3 7013-04 3 89E-04 4 07E-04 4 2613-04

Uramniu-234 8 1 IE-04 8 14E3-04 8 17E3-04 8 21E-04 8 25E-04 8 3 1 E-04 8 37E-04 8 44E-04 8 52E-04 8 60E3-04

IUraniuni-235 + D 3 181&-O 3 34&0-O 3 50E3-05 3 6713-05 3 8313-05 3 9913-05 4 1613-05 4 32E3-05 4 4813,05 464E-0S

IUranium-236 I 65E3-OS I 651E-05 I 65E-OS I 65E-05k I 6SO 16513-5 1,65E.0OS 1 651.1-OS I 65r-0S I 65F-05

Neptunium-237 + D 2 3517-03 2 35E3-03 2 351:--03 2 35r:-03 2 35E3-03 12 35E3-03 2 35E3-03 J2 35E-03 i 2 35E-03 2 35L-03
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Table D-7. Suburban Garden Doses (mrem/yr) for Single-Shell Tank 241-C-ill Showing Major Constituents for
A) Average Inventory and B) 95% Upper Confidence Level Inventory

(decayed as of January 2007) and Pathways. (4 sheets)

T Years After Site Closure (January 1, 2032)
Nuclide

100 200 300 400 500 600 700 800ii 900 1 000
IPlutonium-238 1 08E-02 j4 88E-03 2 22E-03 I OIE-03 4 58E-04 2 09E-04 9 62E-05 4 50&-05 2 171--05 1 12EB05
Ilranaum-238 + D 5 12E-04 5 13E-04 5 13E-04 S 13E-04 5 13E-04 5 13 E-04 5 13E-04 5 13E-04 5 14E-04 5 14E2-04
Plutornum-239 I 39E-0O1 1 39F-01 1 38F-01 1 38F-Ol 1 37E-01 I 37E-01 I 37E-01 I 36E-01 I 36F-01 1 35P-0II--
Plutonium-240 I 5OF-02 1 48E-02 I 47E2-02 I 45E-02 I 44E-02 I 42E-02 1 41 E-02 I 39E-02 I 38E-02 I 36E2-02
Ameracium-24 I 24 1 E+00 2 05E+00 I 75E+00 I 49E4-00 I 27E+00 I 08E+00~~1~ 9 23E-01 7 87E-01 6 71E-01 5 72E-01

IPlutonium-24 1 i-D 3 78E2-03 3 23E2-03 2 75E2-03 2 34E-03 200hL-03 1 70h-03 1 45E-03 I 24E-03 I 05E2-03 8 99E-04
Cunurn-242 2 04E2-05 9.26E.06 421 E-06 191E0 8 6QEC7 3 -) 77E -07 1.82 V

0 IPlutonium-242 5 48E2-03 S 48E2-03 5 48E2-03 5 481--03 5 48F,-03 5 48E2-03 5 48F-03 5 48E-03 S 48E2-03 5 48E2-03 A
ICunum-243 9 42E2-05 I IOE-05 3 64E0 2.99E-06 2 93E-06 2 91 E-06 2,90E-06 2-90E-06 2 89FA)6 2. 81SE-06
ICunum-244 3 50E-04 1 33E2-04 1271- -04 I 26E2-04 I 25E-04 I 23E2-04 __ _ !1 22E-04 1 21E2-04 I 19E2-04 1 18E-04

ITntiurn 4-59E-09 1.66E- 1 6. DOE- 14 2.17E-16 7- 86F-1 19 2.85&21 O.OOE+00 O.OOE+00 OMFI+00 O.OOE+00 I

ICobalt-60 I 17E-07 2 29E-13 4.45E-19 0,00E! O 00 OVE+00 OOOF,+00 OAOV,+O.O 6.00+00OOOE+00_

Nickel-63 I 22E-03 6 09E2-04 3 05E2-04 I 53E2-04 7 63E-05 3 8213-05 191 E-05 9,56&06 4,79E -06 2;39E-00
Selenium-79 I 45E2-05 I 45VE-OS 1 451-OS5 1 45E-0 I 145E-05 1451E-05 I4-O_ 145E2-OSr 14 5 05 14 E-05
Strontium-90 + D 3 89F-+03 3 32E+02 2 83E-O 1 2 4 1E+00 2 0SF-01 I 175E2-02 1 27F-04 1.08E-05I 49E-03

Yttriurn-90 C .00E+00 0. ,,E -% 0 00 0 00 E -O 0 0 OOE+00 O.OGE+00 O.OOE4-00, 10.001i_ 00

ITechnetium-99 1 31 E-02 1 3 11E-02 1 31 E-02 1 31 E-02 1 3 1 E-02 1 3 11E-02 13 31E-02 1 3 11E-02 1 311E-02 1 3 11E-02
ITotalI Dose 3 90E+03 3 34E2+02 3 06E+01 4 51E2+00 2 09E2+00 I71E2+00 1 54E+ OE+00 0EO0I29E+00 1 19E2+00
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Table D-7 Suburban Garden Doses (mrem/yr) for Single-Shell Tank 241-C-ill Showing Major Constituents for
A) Average Inventory and B) 95% Upper Confidence Level Inventory

(decayed as of January 2007) and Pathways (4 sheets)

Years After Site Closure (January 1, 2032)
Nuclide

100 200 300 400 1 500 1 600 -700 800 900 1000

B - 95% Upper Confidence Level Inventory

Antimony- 125 J32 4 I07E+00 O. ____________ 0___00_______00_ 9,I+i ,oEO E-0 00 ,0 OOE 0

ITin-126 I07E3-02 1 07F-02 I 07E-02 I 07F3-02 I 07E3-02 I 07E-02 1 07E3-02 1 0713-02 I 07E3-02
3 32E-0

IIodine-129 3 32E3-04 3 32E-04 3 32E-04 3 32E3-04 3 32E3-04 3 3213-04 3 32E3-04 3 32E3-04 3 32E3-04

Cesium-1 37 + Daughters 6 84E+00 6 78E3-01 6 73E3-02 6 68E-03 6 62E3-04 6 5713-05 65E0 .730 . -- 8163E0

Banum-137m 0 OOE-06 0 OOE+-00 0.00E+00 +00 0.-OOE-,-W O OOE+00 O.OOE+00 D.OOE+00 o.,Oq + OJ T
ON1

ICarbon- 14 1 8813-04 1 86E3-04 1 84F3-04 OOOE 
'0(

Europium- 152 8 45E3-03 4 663-050 J 8 E 1 ,9,1 51&4 517,4 S1&1 .731

iEuropium-154 246E3-04 7-0-8 2411I 75E1 ,7-1 .O+0 00E0 .030 , 0 bE0

1Europium-iSS
2.65E-0 .0-6 OOE0 .030 .O+0 OOE0 .O+0 QQEW 00OF+ 10E0

Thorium-228 + D

IThonum-230 j3 74E3-02 5 5 1E-02 7 22E3-02 8 86E3-02 1 0413-01 1 19E3-01I 1 33&301 1 47E3-01 1 60E3-01I I 73E3-01
-I-

ProtaLtinium-231 1 18E400 1 19E3+00 1 1913+00 1 19E+00 1 19E3+00 1 1813+00 11813+00 1 18E3+00 1 1813+00 11713+00

Thorium-232 I Q4E-05 1.04E3-05 1-0-SI l4&-05 4E-05-~ 04f0 1,0EI _
Uranium-233 7 6513-04 8 2613-04 8 85E3-04 9 4413-04 1 OOE3-03 1 0613-03 1 1213-03 1 17E3-03 1 23E-03 I 29E-03

IUranitun-234 2 45E3-03 2 46E3-03 2 473-03 2 48E3-03 2 49E3-03 2 5113-03 2 53E3-03 2 55E3-03 2 57E3-03 j2 60E3-031.~
IUraniun-235 + D 7 66E3-05 8 06E3-05 8 45E3-05 8 851E-05 1 92413-05 9 6413-05 1 00O3-04 I 04E3-04 I 0813-04 I1 12&304

IUranium-236 4 31E3-05 4 3113-05 4 3 11E-05 4 3113-05 1 43 11E-05 4 311E-05 4 31E3-05 43 11F-05 4 311F-05 4 31E305~
Neptunium-237 + D 5 11IE-03 5 1IIF-03 5 IIL-03 5 111-03 '1 5 1113-031 5 111E-03 5 111E-03 15 111E-03 5 1113E-03 5 3511 EL-7031
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Table D-7 Suburban Garden Doses (mremlyr) for Single-Shell Tank 241-C-ill Showing Major Constituents for
A) Average Inventory and B) 95% Upper Confidence Level Inventory

(decayed as of January 2007) and Pathways (4 sheets)

Years After Site Closure (January 1, 2032)
Nuclide

100 200 300 400 So0 600 700 800 900 1 000

Plutonium-238 2 OIE-02 9 12E-03 4 14E-03 1 88E-03 8 55E-04 3 90E-04 I 80E-04 8 4013-05 4 06E05 1 E-05

IUranium-238 t- D I 24E-03 1 24E-03 I 24E-03 I 24E-03 I 24E-03 I 24E-03 I 24E-03 I 25E-03 I 25E-03 *I 25E-03
Plutonium-239 4 20E-01 4 18E-Ol 4 17F-01 4 I6F-01 4 15E-01 4 14E-01 4 12F-01 4 1IIE-01 4 IOE-01 4 409F-0OI

IPlutonium-240 4 52E-02 4 47E-02 4 42E-02 4 38L-02 4 33E-02 4 28E-02 4 24E-02 4 20E-02 4 15E-02 4 11 E-02

IAmencium-241 4 82E-t00 4 411E+0O 3 50E+00 2 99E 100 I2 54E+00O 2 17E*00 I 85E+00 I 58E FOO I 34E+00I 5EO
-I-

IPlutoniurn-241 + D I 14E-02 9 76E-03 8 32h-03 7 09F-03 6 04E-03 5 15E-03 4 39E-03 3 74E-03 3 19E-03 [27E0~~~1~ I ________

ICurjum-242 - 2 SSE-05 I 130E-O5,) 5. 8 8 O6_j 2 676 12 F0 ,5, 757 1, 8 29 E 0 H
0~~IPlutonium-242 I 66E-02 I 66E-02 1 66F-02 I65E-02 1 65E-02 1 65&-02 1 65E-02 1 65E-02 I 65E-02 I 05E-02 0

ICunum-243 II 88E-04 19E-05 .W0 39E0 5 6-6
ICunum-244 7 02E-04 2 6813-04 2 56E-04 2 53E-04 2 50E-04 2 47E-04 2 45E-04 2 42E-04 2 40E-04 j2 37E-04
Tntiurn '.39E-08 5.02E- I I 1,82E-13 6.58E-16 238E-18 8.61E-21 O.OOE+1DO O.GOE+00 0.00,E+00 GOOE+00 0

Cobalt-60 3 54E-07 6 89E-13 1.34E-ig O.OOE-W O.,V-E+00 0,0012+00 O.OOE+00 0,0012+00 0.001B400 0.00E+oo

Nickel-63 2 18E-03 I 09E-03 5 45E-04 2 73E-04 I 37E-04 6 93E-05 3 42E-05 1 71 E-05 8,556E-06 4,28E-06 I

ISeleniur-79 4 39E-05 4 381-05 4 38E-05 [4 38E3-05 4 38E-05 _4 38F,-05 4 38r3os 4 38E-05 4 38E-05 4 38E3-05

IStrontium-90 + D 1953E+03 8 12E+02 j6 92E+O 1 5 90E3+00 5 03E-01 4 2913-02 3 65E-03 3 11IE-04 2.505 10W

IYttntun-90
ITechnetium-99 {2 64E-02 _2 64E3-02 12 64E-02~ 2 63E-02 2 63E-02 2 63E3-02 2 63E-02 2 63E-02 2 63E-02 2 63E-02
Total Dose 9i 54E+03 8 19E+02 [7 46E+01 i I 07E+01 I4 87E+00 4 04E+00 3 69E+00 i 3 43E+00 ~iIE+0 30 E0
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Figure D-3. Comparison of Doses from Suburban Gardener Scenario with Performance 
Objective for Chronic Exposure for Key Analytes within A) Average Inventory and 

B) 95% Upper Confidence Level Inventory Estimated for Residual Wastes in 
Single-Shell Tank 241-C-111. 
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D-33 

- cesium-137 + Daughters 

- Plutonium-239 

- Americium-241 

- Strontium-90 + D 

- Total Dose 

Pert. Obj . - 100 mrem.yr 

- cesium-137 + Daughters 

- Plutonium-239 

- Americium-24~ 

- Strontium-90 + D 

- Total Dose 

Pert. Obj . - 100 mrem.yr 
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Table D-8 Commercial Farm Doses (mrem/yr) for Single-Shell Tank 241-C-ill Showing Major Constituents for
A) Average Inventory and B) 95% Upper Confidence Level Inventory

(decayed as of January 2008) and Pathways (4 sheets)

-I Years After Site Closure (January 1 2032)Nuclidc I 100 200 300 400 500 600 700 800 900 1000

A -A Avrage In ven torv
J,

[Antimony-I 25 15 1710E- E4A W E 00 D.OOE+00 a.OOE+O 0.00'E+,OC- 0_00E+00 0.00E+00 O.OOE+C0

ITin-126 II 40E-0S I 40E-05 L1 40F-05 I 40F-05 I 40E-05 I 40E-05 I 40E-05 I 40E-05 I 40E-05 I 40E-05

[Iodine- 129 1 02F-08 I 02E-08 I 02E-08 I 02E-08 I1 02E-08 I 02E-08 I 02E-08 I 02E-08 I 02E-08 I 02E-08

Cesium- 137 + Daughters 5 12E-03 5 08E-04 5 04E-05 5OOE-06 4 96E-07 4 92E-08 4 88E-09 4,4-0 4 O-11 47 ,2.4
IBarin-137nm 0U.O-0 00&0 0 0 OOE0 .O+0 OOE0 .O+0 .0,0 ,OE0".9.040

Carbon-14

Europium- 152 I I IE-05 6 12F-08 8E1 1.6 12 1OF-1, 9,9_ 7 t547 :2E1 1t l, 42P1 C)

Europium-154 3 22E-07 ,I-3 31E1 9.31 3. E2 ,)EW OOEM 00B60 OOE0 W+0

Europium-155
X

IThonriu-228 +- D

Thontin-230 2 06E-05 2 61E-05 3 13E-05 3 63E-05 4 1IE-05 4 57E-05 S OIE-O5 5 43E-05 5 83E-05 6 21 E-05

IProtactinium-23 1 S 26E-04 5 30E-04 5 29E-04 5 28E-04 5 27E-04 S 26E-04 5 2SE-04 5 24E-04 5 23E-04 5 22E-04

IThorium-232 I IOE-08 I IOE-08 I 10E-08 1 IOE-08 I I OE-O8 I IOE-08 I IOE-O8 I I0E-08 I IOE-08 1 IOE-08

IUranium-233 I 13E-07 I6 1 E-07 2 08E-07 2 5SE-07 3 OIE-07 3 47E-07 3 92E-07 4 37E-07 4 82E-07 S 26E-07 1
Uraniuni-234 1 90L-07 1 94E-07 I 98E-07 2 03E-07 2 09E-07 2 16E-07 2 23E-07 2 32h-07 2 40E-07 2 50E-07

IUrarnuni-235 + D 4 61E-08 4 83E-08 5 05E-08 5 27E-08 5 49E-08 5 71E-08 5 92E-08 6 14E-08 6 36E-08 6 58E-08

Urarnum-236 3 78E-09 3 78E-09 3 78E-09 3 78E-09 3 79E-09 3 78E-09 3 78E-09 3 78E-09 3 78F,09 3 79E-09

[Neptunium-237 + DL I 02E-06 I 02E-06 I 02E-06 I 02F-06 1 02E-06 I 02E-06 1 02E-06 I 02E-06 1 02E-06 1 02E-06
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Table D-8 Commercial Farm Doses (mrem/yr) for Single-Shell Tank 241-C-ill Showing Major Constituents for
A) Average Inventory and B) 95% Upper Confidence Level Inventory

(decayed as of January 2008) and Pathways (4 sheets)

Years After Site Closure (January 1 2032)
Nuclde

100 20 300 400 S00 600 700 800 900 1 000

IPlutonium-238 I 37E-05 6 23E1-06 2 82E1-06 I 28E1-06 5 8213-07 2 64E-07 I 20E1-07 5 49E-08 2 53E1-08 1 19L-08

IUraniumi-238 -+ D 2 52E-07 2 52E-07 2 52E1-07 2 52E1-07 2 52E-07 T 2 52E1-07 2 52E1-07 2 52E-07 2 52E-07 2 52E-07

IPlutonium-239 I 77F-04 I 76F-04 I 76E1-04 I 75F1-04 I 75E1-04 I 74E1-04 I 74F-04 I 73F--04 I 73F1-04 I 72E04]

IPlutonium-240 I 90E-05 I 88F-05 I 8611-05 I 84E1-05 I 82E1-05 I 80E-05 I 79E-05 I 77E1-05 I 75E-05 I 73E-051
-I.-

IAmericium-24 1 3 111E-03 2 65E-03 2 26E-03 I 93E-03 1 64E1-03 F 1 40E1-03 I 19E-03 1 02E1-03 8 65E-04 7 3713-04

Plutonium-241 D 4 89E1-06 4 17E1-06 3 55E-06 3 03E1-06 2 58E1-06 2 20E1-06 1 87E-06 1 608-06 1 36E1-06 1 16E1-06
ON

ICunum-242 2 60E1-08 1 18E-08 5 3613-09 2 43E-09_J10&09 501E43.0} 198E 1.0, 2.2

IPlutonium-242 7 008-06 6 99E-06 6 99F1-06 6 99E-06 6 99E-06 6 99E-06 6 99E1-06 f6 99E1-06 6 99E1-06 6 98E1-06

Cunum-243 I 45E1-07 1 62E-08 4 83E1-09 3 82E-09 3 73E-09 3 71E-09 3 7013-09 3 681E-09 3 67E1-09 3 6613-09

[Cunum-244 4 49E1-07 I 69E1-07 1 6211-07 I 60E1-07 I 58E-07 I 5711-07 I 55E1-07 I 53E1-07 1 5213-07 1 50E1-07

Titiumn 6,5 -1 24',E16 B.7E19 3 5&'1 OOE0 .E00 .GE0 .OW ,OE 0
1~

Cobalt-60 4 46E-IC 8 68266E; 3OE0 O+0 OOE0 OE10 OOE0 .O+00 00E0

3 83F-08 I 92E1-08 9 59E1-09 4 80E1-09 2 40E-09 1 20E-09 601-0 1 1-0 LO I .3,

ISelenium-79 976E- 1'1 9 76E-1 0 9 76E1-10 9 76E- N 97 1 6-C 9.6E I ,6- ,6-0 97E
IStrontium-90 +D 2 26E-02 I 93E1-03 1 64E1-04 1 40E1-05 1 19E1-06 I 0211-07 8 6711-09 -,9-1 I 53F1
Yttrim-90 .&',E--00 0.00E+00 O.OOE+00 0.00E+oo 0100E+00

00 E _+ O_
ITechnetiuni-99 4.27E1-09 4 27E1-09 4 26E1-09 4 26E1-09 4 26E1-09 4 2613-09 4 26E1-09 4 26E1-00 4 2611-09 4 2513-09

ITotal Dose 3 17E-02 5 89E-03 3 27E-03 2 74E-03 2 43E-03 2 19E-03 1 98E-03 1 81E-03 1 66E-03 1 54E-03
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Table D-8. Commercial Farm Doses (mremlyr) for Single-Shell Tank 241-C-ill1 Showing Major Constituents for
A) Average Inventory and B) 95% Upper Confidence Level Inventory

(decayed as of January 2008) and Pathways (4 sheets)

Years After Site Closure (January 1 2032)Nuclide ~1
100 200 300 400 500 600 700 800 900 1000

B - 95% Upper Confidence Level Inventory

Antiniony-12S 1-54E16 {o ±ooj 00OOIQ 000FE+00 0oFO 0- 0 o t0 .D + 0 ,0 --~
Tin-126 J4 24F-05 4 24E3-05 4 24E3-05 4 24E3-05 4 24E3-OS 4 23E-05 4 23F3-05 4 23E3-05 4 23E3-05

Iodine-129 3 08E-08 3 08F-08 3 08E3-08 3 08E3-08 3 08E3-08 3 08E-08 3 08E3-08 3 08E3-08 1308E3-08 3 08E3-08

Cesium-137 4Daughters I 131-02 1 12E-03 I I IE-04 I I0OE-05 1 09E3-06 I 08E-07 1 08E-08 I07 09 10F,1 1 5& I

Bariuni-137m

Carbon- 14 I .... . . I... I . ON
IEuropium-I 52 3 35E-05 1 8513-07 i 02S-09 5.63E-12 112F-14 2.99E-16 119&16 127S-16 1.21E-1.6 L2713-16 0>ON

Europium-154 9 74E-07 3 05E-10 9.577 E- 14 3.OOE-17 I 9.41E-21 O OOE+00 9 006+00 0 00E+00 0 00+00 GOOE400

Europium-iSS 1 03E-H 3. 80E- 18 9_00E+00 O.OOE+00 0.00E+00 O.OOE+010 O.OOE+00 0 00134 00 (Wako 0.00E+00
Thonurn-228 + D 0 OOF,+00 0 OOE-00 O-WE-00 0. )OF.+00 O.OOE+00 O.OOE+00 O OOE+OOJ 0.00E ).OOE4-00

-- --------
IThonuni-230 6 23E3-05 7 89E3-05 9 47F,-05 I I OE-04 I 24E3-04 I 38E3-04 I 52E-04 I 64E-04 I 76E-04 1 881E-04

IProtactinium-23 I I 59E3-03 1 60E3-03 I 60E-03 1 60E3-03 1 59E3-03 1 5913-03 1 59E3-03 I 58&E-03 I 58E3-03 I15813-03

IThorium-232 2 67E3-08 2 67E3-08 2 67&308 2 67E-08 2 67E3-08 2 6713-08 2 67E-08 2 67E-08 2 67E3-08 2 67E-08

IUrarnum-233 3 43E3-07 4 87E-07 6 29E3-07 7 71E3-07 9 l1IE-07 1 05E3-06 I 19E3-06 I 32E3-06 1 46E-06 I 59E-06

IUranitun-234 5 73E3-07 5 84E3-07 5 98E-07 6 14E3-07 6 32E3-07 6 52E3-07 6 7513-07 6 99E-07 7 26E-07 7 54E3-07

Uriniunl-235 + D I I I E-07 I 16E3-07 I 22E3-07 I 27E-07 I 32E-07 I 38E-07 I 43E3-07 I 48E3-07 1 53E3-07 1 59E3-07

IUranium-236 9 8913-09 9 89E3-09 9 89E3-09 9 89E3-09 9 89E-09 9 89E.-09 9 99E-09 j989E3-09" 9 989r-.-09 9 8913-09

Neptunium-237 + D 2 22r3-06 2 22L-06 2 22F3-06 2 22E3-06 2 22E3-06 2 22E3-06 2 22E3-06 2 22E3-06 2 22E3-06 2 22F3-06
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Table D-8 Commercial Farm Doses (mrem/yr) for Single-Shell Tank 241-C-ill Showing Major Constituents for
A) Average Inventory and B) 95% Upper Confidence Level Inventory

(decayed as of January 2008) and Pathways. (4 sheets)

Years After Site Closure (January 1 2032)
Nuclide

100 200) 300 400 500 600 700 800 900 1000

IPlutonium-238 2 56h-05 1 16E-05 5 278-06 2 39E-06 I 09E-06 4 93E-07 2 25E-07 1 03E-07 4 728-08 2 21E-08

IUranium-238 + D 6 11 E-07 6 118E-07 6 1 IE-07 6 118E-07 6 1 IE-07 6 118E-07 6 11IE-07 6 111F-07 6 1 IE-07 6 12E-07

Plutoniuin-239 5 33E-04 5 311-04 5 30F-04 5 28F3-04 5 27E-04 5 25F3-04 5 24E-04 5 22F-04 5 21E.04 5 19E-04

IPlutonium-240 5 74E-05 5 68E-05 5 62&-05 5 56E-05 5 50E-05 5 44E-05 5 38E-05 5 3L05 5 27E-05 5 22E-05
-4-IAmericium-24 I 6 24E-03 5 31E-03 4 53E-03 3 86E-03 3 29E-03 2 80E-03 2 39E-03 2 03E-03 1 73E-03 1 4813-03

1-
Plutonium-241 + D 1 48E-05 I 26E-05 1 07E-05 9 16E-06 7 808-06 6 65E-06 5 6713-06 4 83E-06 411IE-06 3 5113-06 -v-b

ICunum-242 3 64E-08 I 65E-08 7 40E.09 3 4013-09 1 54E-09 7.1E1 3.9-0--5-1 66IE 1 3 1 1-4- H
-4 IPlutonium-242 21 I-05 2 1IF-05 211I-05 2 111-05 211IE-05 2 11 E-05 E0 E0 E0 1E0 0

-4ICunum-243 2 90E-07 3 23E-08 966E-09 7 6513-09 7 458-09 741E-09 7 3913-09 7 737E-09 7 35E-09 7 33M-9
Cunum-244 9 028-07 3 40E-07 3 25E-07 3 21E-07 3 18E-07 3 14E-07 311I-07 3 0813-07 3 04-07 3 01 E-07
Tritiumn 5 5 '-1 2..7-13 -728 16 26Ei 9.3 1 0(O+0 .OE00 .O O 0.E00 .OE 0 0

ICobalt-60 3 35 -09 262E S1 S 8 O-21 0.010 -O 00 O 100 ] 0 OGE0 0,E+0 OC+0

INickel-63 -i6 85E-08 3 43E-08 17 71E-08 8 58E-09 1.07E-09 53aE-10 2.6912-40 1.35&1029E09 I 15E-09 t( JV
ISelenium-79 2 295E-05 :2 95H-09 095E-09 2 95E- 2 95E-09 195E-09 2.95E-09 2 95&09 1.95E-09

IStrontium-90 + D 5 54E-02 4 7213-03 4 03E-04 3 43E-05 2 92E-06 2 491-07 2 1213-08 1, E091'.4 10 .3& 1

Yttriuni-90 0""OF-J-00 0 OC-&-CO 0 OOE+00

ITechnetiuni-99 8 59E-09 8 58E-09 8 5813-09 8 58E-09 8 57E-09 9 57&-09 8 5713-09 8 57F-09 8 56E-09 8 56E-09-L
ITotal Dose 7 54E-02 1 35E-02 7 42E-03 6 28E-03 5 67E-03 5 19E-03 4 78E-03 4 43E-03 4 14E-03
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Figure D-4. Comparison of Doses from Commercial Farm Scenario with Performance 
Objective for Chronic Exposure for Key Analytes within A) Average lnventory and 

B) 95% Upper Confidence Level Inventory Estimated for Residual Wastes in 
Single-Shell Tank 241-C-111. 

A -Avg. Inventory 
Commercial Farm Scenario 
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D-38 

- cesium-137 + Daughters 

- Plutonium-239 

- Americium-241 

- Strontium-90 + D 

- Total Dose 

Perf. Obj . - 100 mrem.yr 

- cesium-137 + Daughters 

- Plutonium-239 

- Americium-241 

- Strontium-90 + D 

- Total Dose 

Perf. Obj . - 100 mrem.yr 
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Table D-9. Average and 9So/e Upper Confidence Levels for Waste Residuals within Tank 241-C-111, Soil Cleanup Levels 
for Method B and C Direct Contact Exposure, and Soil Concentrat_ions Protective of Groundwater. (7 sheets) 

95%Uppcr 
Soll Cleaaup SoilOean• p 

Soil 
Average Coafldnce Coacntratiom Above 

Anal)1e C0Ma1t111tioe Level Levd (mg/kg)- 1-d (mg/llg)-
(mg/kg)- Detection 

(mg/kg)• Coacaitntlon Dmd Cotalad Direct Coatad Protective of Umlu 
(mg/kg)~ Metllod B Metbod C Grouatfwater 

I. I. I-Trichloroethane• 9.16E-04 2.71E-03 1.60E+-05 7.00E+06 I SSE+-00 No 

I, I, 2-Trichloro-1. 2, 2-trifluorocthane 1.16E-03 3.43E-03 - - - No 

I, I, 2-Trichlorocthane• I.65E-03 4.88E-03 1.75E+Ol 2.30E+-03 4.27E-03 No 

I. 1-Dichlorocthenc• 4.21E-03 l .25E-02 4.00E+03 1.75E+-05 5.0IE-02 No 

I. 2. 4-Trichlorobenzenc• 1.93E-03 5.71E-03 3.45E+-OI 4.53E+-03 5,63E-02 No 

o-Dichlorobenzcnc• l.21E-03 3.SBE-03 7.20E+03 3.ISE+-05 7.03E+-OO No 

I. 2-Dichlorocthanc• 5.35E-04 l.58E-03 1.IOE+-01 l.44E+-03 2.32E-03 No 

I, 4-Dichlorobenzenc 8.92E-04 2.64E-03 1.85E+02 2.43E+-04 1.34E-01 No 

n-Butyl alcohol (1-butanol) 1.02E-OI 3.02E-01 8.00E+-03 3.SOE+OS - No 

2, 4, S-TrichlorophenoJ• 4.17E-OI 1.23E+-OO 8.00E+-03 3.SOE+-OS 2.&SE+-01 No 

2, 4. 6-Trichlorophenol S 83E-OI 1.73E+-OO 8.00E+-01 3.SOE+-03 •.62E-02 No 

2. 4-Dinitrotoluene• 3.23E-OI 9.S6E-Ol 3.23E+OO 4.23E+-02 1.67E-03 No 

2, 6-Bis (tcrt-butyl)-4-mcthylphenol 7.91E-01 2.34E+-OO - - - No 

2-Butanonc (MEK) 3.9SE-02 1.17E-01 4.BOE+-04 2. IOE+-06 1.97E+-01 No 

2-Chlorophenot• 4.94E-OI l.46E+-OO 4.00E+-02 1.7SE+-04 4.72E-OI No 

2-Etho>.-ycthanol 6.39E-01 1.89E+-OO - - - No 

2-Mcthylphcnol ( o-crcsol) 3.73E-Ol I.IOE+-00 •.OOE+-03 1.75E+-05 2.33E+OO No 

o-Nitrophcnol 6.27E-01 1.86E+-OO - - - No 

2-Nitropropanc• S.BSE-03 1.73E-02 - - - No 

p-Chloro-m-crcsol ( 4-Chloro-3-mcthy lphenol)• 5.0IE-01 l.48E+-OO 8.00E+-03 3.SOE+-05 2.21 E+-01 No 
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Table D-9. Average and 95% Upper Confidence Levels for Waste Residuals within Tank 241-C-111, Soil Cleanup Levels 
for Method Band C Direct Contact Eiposure, and Soil Concentrations Protective of Groundwater. (7 sheets) 

95"/4 Upper 
SoUClanap Soil Cleanup Sou 

Average Coafidaice Coacaitntlons Above 
Aaalyte Co• ceatntlo• Level Levd (me/kl)- Levd (me/kl) - (mg/II&)- Detection 

(mg./kgf Coitcmtratio• Direct Contact Direct Contact 
Protective of Umlts 

(mc/kl)b MetllodB Method C 
GnHl•clwater 

4-Methyl-2-pentanone (MIBK) I.70E-02 S.03E--02 6.40E+o3 2.80E+oS 2.73E+oo No 

o-Nitrophcnol 6.27E-OI 1.86E+oo - - - No 

Acenaphthene 4.38E-OI l .30E+oo 4.80E+03 2. IOE+oS 4.90E+OI No 

Acetate l .93E+02 3.IOE+o2 - - - Yes 

2-Propanone (Acetone) l.29E--OI 3.82E--OI 7.20E+04 3. ISE+06 2.89E+Ol No 

Silver• I.96E+02 5.18E+02 4.00E+o2 1.75E+04 1.36E+OI Yes 

AlwninlDll 8.04E+04 l.SOE+oS 8.00E+04 3.SOE+06 4.80E+OS Yes 

Polychlorinated Biphcnyls• U4E-02 3.37E-02 S.OOE-01 6.S6E+ol - No 

Arsenic• 3.18E+OI 9.41E+ol 6 .67E-OI 8.75E+ol 3.4)E-02 No 

Boron 4.24E+oo l.26E+Ol l.60E+04 7.00E+oS 2.0SE+-02 No 

Barium• S.88E+oo 1.26E+OI - - - Yes 

Beryllium• 2.12E+oo 6.28E+oo l .60E+o2 7.00E+03 6.32E+ol No 

Benz.enc• l.47E-03 4.JSE-03 l.82E+ol 2.39E+o3 4.48E-03 No 

Benzo[a]pyrene• . 6.64E-OI l.97E+oo 1.37E-OI UOE+Ol 2.32E-OI No 

Bismuth 2.94E+o2 4.37E+02 - - - Yes 

Di (2-ethylhcxyl) phthalate (DEHP) 3.79E+oo S.OSE+oo 7.14E+ol 9.38E+o3 l.34E+OI Yes 

Bromide 7.14E+ol 2.llE+o2 - - - No 

Butylbenzylphthalate• l.98E+oo 2.29E+-OO S.26E+o2 6.91E+04 l.29E+OI Yes 

Calcium 3.S8E+03 9.53E+o3 - - - Yes 

Carbon disulfide• l.60E-03 4.74E-03 .8.00E+o3 3.SOE+oS 5.6SE+oo No 
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Table D-9. Average and 95•1o Upper Confidence Levels for Waste Residuals within Tank 241-C-lll, Soil Cleanup Levels 
for Method B and C Direct Contact Exposure, and Soil Concentrations Protective of Groundwater. (7 sheets) 

,s¾Upper 
SoilClea• -p SollClea• up Soll 

Avenge COllfidHct Co• c:mtntiou Above 
Analytc Conceatnition Level Level (mg/kg)- Level (mg/kg)-

(mg/kg)- Detection 
(mg/II&)" Coau• tndoll Direct Co• tact Direct Contact Protective or Limits 

c~• Metbod B Mctllod C 
Gro111adw• ter 

Carbon tetrachloride• 9.29E-04 2.7SE-03 l .43E+-OI 1.88E+03 S.7SE-03 No 

Cadmium• 3.34E+OO 9.89E+oo 8.00E+0I 3.S0E+03 6.90E-Ol No 

Cerium 200E+o2 2.78E+o2 - - - Yes 

Chlorobcnzcne• 8.60E-04 2.SSE-03 l.60E+-03 7.00E+04 8.74E-OI No 

Chloroform• 1.30E-03 3.8SE-03 3.23E+ot 4.23E+03 7.51E-03 No 

Chloride 8.S6E+ol 2.53E+-02 - - I.OOE+-03 No 

Cyanide• 1.69E+OI 3.73E+-OI 4.I0E+o! 2.I0E+03 9.70E-01 Yes 

Cobalt 2.94E+oo S.70E+oo 2.40E+ol 1.0SE+-03 4.34E+oo No 

Chromium, Total• 5.6SE+ol l.02E+o2 l.20E+-OS S.2SE+-06 2.00E+-03 Yes 

Crcsylic acid (cresol, mixed isomers)• 4.71E-01 1.39E+oo - - - No 

Copper 1.92E+ol 3.0SE+o! 3.20E+o3 1.40E+05 2.84E+o2 Yes 

Cyclohexanonc 6.16E-OI 1.82E+oo 4.00E+-05 1.7SE+07 - No 

Dibcnz(a, h]anthr•cenc• 3.16E-01 9.3SE-Ol l.37E+oo l.80E+o2 4.29E+oo No 

Diethyl phthalate• S.84E-01 1.73E+oo 6.40E+04 2.80E+06 7.22E+ol No 

Di-n-butylphthalate• 1.90E+oo S.62E+OO 8.00E+o3 3.S0E+05 S.66E+o! No 

Di-n-octylphthalatc• 3.89E-Ol l .JSE+oo 9.60E+02 4.20E+04 3.19E+o5 No 

N, N-Diphcnylaminc• 3.02E-01 8.94E-01 - - - No 

Ethy I Acetate 5.84E-03 1.73E-02 7.20E+04 3.15E+-06 2.97E+-O! No 

Diethyl ether 2.SSE-03 7.SSE-03 l.60E+04 7.00E+0S 6.8SE+oo No 

Ethyl benzene J.07E-03 3.17E-03 9.09E+o! l.19E+04 3.44E-02 No 
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Table D-9. Average and 958/. Upper Confidence Levels for Wute Residuals within Tank 241-C-111, Soil Cleanup Levels 
for Method Band C Direct Contact E1posure, and Soil Concentrations Protective of Groundwater. (7 sheets) 

95%Upper 
Soil Clra•• p SoUCleaa• p Soil 

Avera~ Confidence Coacatratiou Above 
A• 1lyte Collfflltntio• Level Level (me/kc)- Level (m&ik&) - (mg/kg)- Detection Direct Contact Direct Contact 

(mg/II&)* Coace• tntio• 
Method B Metllod C Protective of Umib 

(mg/kc)b Gro• ndwllkr 

Europium 2.38E+oo 7.04E+oo - - - No 

Fluoride 9.82E+o3 l.1 IE+o4 4.80E+o3 2.IOE+-05 2.88E+o3 Yes 

Iron 1.04E+o4 1.86E+o4 5.60E+04 2.45E+o6 5.64E+03 Yes 

Fluoranthene• l.72E+oo 5.09E+oo 3.20E+03 1.40E+o5 6.31E+o2 No 

Formate+A2 2.39E+o2 7.07E+o2 , - - - No 

Hydro,cideOH 2.42E+o2 5.29E+o2 - - - Yes 

Glycol• te C2H303 7.61E+ol 2.25E+o2 - - - No 

Hexachlorobenzene• 2.84E--01 8.41E--01 6.25E--Ol 8.20E+OI 8.77E-02 No 

Hexachlorobutldiene• S.70E--OI l.69E+oo l .28E+ol l.68E+o3 6.05E--OJ No 

Hexachloroethane• l.40E--03 4. 14E--03 2.SOE+OI 2.45E+o3 4.36E--02 No 

Mercury• 2.78E+oo 4.94E+oo 2.40E+OI I.OSE+o3 2.09E+oo Yes 

Isobutanol 6.92E+oo 2.05E+ol 2.40E+04 1.05E+06 - No 

Potassium 6.89E+ol 2.04E+02 - - - No 

Lanthanum S.33E+OI 9.39E+ol - - - Yes 

Lithium 2.64E+oo 7.SIE+OO 1.60E+02 7.00E+03 l.92E+o2 No 

Dichloromethane (methylene chloride)• 6.37E--04 l.89E--03 4.80E+o2 2.IOE+04 2.18E--02 No 

Magnesimn l.09E+-02 2.72E+02 - - - Yes 

Manganese S.19E+ol I.OOE+o2 1.12E+04 4.90E+oS 5.0IE+o2 Yes 

Molybdenum 4.48E+oo 1.33E+ol 4.00E+o2 l.7SE+o4 3.23E+ol No 

n-Nitrosomorpholinc• S.67E-OI 1.68E+OO l.49E--Ol l.96E+o! - No 
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Table D-9. Average and 95•;. Upper Confidence Levels for Waste Residuals within Tank 241-C-l l I, Soil Cleanup Levels 
for Method B and C Direct Contact Exposure, and Soil Concentrations Protective of Groundwater. (7 sheets) 

951/e Upper 
SoilClea• 11p Soil Clea• -p Soil 

Average Coaftclnce Co•catra&a Above 
Aa•l)1e Co• caatratloa Level Level (mg/kg)- Levd (mg/kg)-

(mg/kg)- Detectlo• 
(mg/II&}" Coacmtntlo• Dlttd Co• tacl Dirut Coatad 

Protective of Umi11 
(me/II&)~ 

MetltodB Method C 
Groaachnltr 

Sodium l .92E+oS 2.21E+-OS - - - Yes 

Naphthalene• 4.80E-Ol l .42E+oo 1.60E+03 7.00E+o4 4.4SE+OO No 

Niobium l.27E+OI 3.76E+OI - - - No 

Neodymium 9.27E+OI l.60E+o2 - - - Yes 

Ammonia 2.91E+OO 5.09E+oo - - - Yes 

Nickel• J.37E-OI 2.36E-OI - - - Yes 

Nitrobenzcne• 4.89E-01 l.45E+oo l.60E+o2 7.00E+o3 l.02E-OI No 

N-Nitroso-N. N-dimethylamine• S.28E-OI J.56E+oo l.96E-02 2.57E+o0 - No 

N-nitroso-di-n-propylamine 5.IOE-01 J.SIE+oo l.43E-OI l.88E+0I 5.60E-05 No 

Nitrite< 1.14E+o3 2.80E+o3 2.40E+o4 J.OSE+o6 J.32E+ol Yes 

Nitrate"" 2.36E+o3 S.91E+-03 S.68E+oS 2.49E+o7 1.80E+o2 Yes 

Oxalate 2.09E+o2 6.19E+-02 - - - No 

Lead• 2.6SE+-03 S.32E+03 - I.OOE+o3 3.00E+o3 Yes 

Palladium 2.SSE+ol 7.SSE+ol - - - No 

Pentachlorophenol* 2.88E-OI 8.52E-OI 2.SOE+oo 3.28E+o2 3.47E-03 No 

Phenol* 5.14E-OI J.52E+o0 2.40E+o4 1.05E+o6 I.IOE+ol No 

Phosphate l.91E+o5 2.33E+o5 - - - Yes 

Praseodymium 5.63E+ol l.67E+o2 - - - No 

Pyrene 9.61E-OI 2.84E+oo 2.40E+-03 J.05E+o5 3.27E+02 No 

Pyridine* 6.34E-OI l.88E+oo 8.00E+-01 3.SOE+o3 - No 
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Table D-9. Average and 95¾ Upper Confidence Levels for Waste Residuals within Tank 241-C-lll, Soil Cleanup Levels 
for Method B and C Direct Contact Exposure, and Soil Concentrations Protective of Groundwater. (7 sheets) 

,!io/e Upper 
Soil Clca•• p SoilClca•• p 

Soil 
Avense Coafidnce Coacatratloas Above 

Anal)1e Co• tt1111'11tlon Level Level (mg/kg) - Lffd (mg/kg) - (ms/kc)- Dettttion 
{mg/kg)" Co• ceetntion Dirttt Contact Dirttt Co• tlld Protcdive of Umitl 

(mc/k&). Metbod B Metbod C 
Groa• dwater 

Rubidium l.21E+o2 3.58E+o2 - - - No 

Rhodium 2.SSE+OI 7.SSE+ol - - - No 

Ruthenium l.06E+ol 3.14E+ol - - - No 

Antimony• 6.04E-Ol 1.79E+oo - - - No 

Selenium* 2.ISE-04 6.36E-04 - - - No 

Silicon 3.52E+o3 S.67E+03 - - - Yes 

Samarium S.68E+ol 8.ISE+ol - - - Yes 

Tin 1.70E+ot S.03E+ot 4.80E+o4 2.IOE+o6 4.BOE+-04 No 

Sulfate 5.69E+o2 9.94E+o2 - - I.OOE+o3 Yes 

Strontium 7.97E+ol 1.S7E+o2 4.80E+04 2.IOE+o6 6.76E+o3 Yes 

Tantalum I.OSE+ol 3.20E+OI - - - No 

Tellurium l.91E+ot S.6SE+ot - - - No 

Tetrachlorocthylene• l.09E--03 3.23E-03 4.76E+o2 2.IOE+o4 5.30E--02 No 

Thorium 1.00E+oo 2.37E+oo - - - Yes 

Titanium 4.17E+ot 1.16E+o2 - - - Yes 

Thallium* 3.IIIE+ot 9.41E+ol - - 2.28E-Ol No 

Toluene• 7.98E-04 2.36E-03 6.40E+o3 2.IIOE+OS 4.65E+oo No 

1,3-Dichloropropene (cis & trans)• #NIA 7.99E--03 - - - No 

Tributyl phosphate 1.26E+OO 2.1 IE+oo I.IIE+o2 l.46E+04 4.96E-OJ Yes 

I, I . 2-Trichloroethylene l.20E--03 3.55E--03 2.17E+ol l.75E+03 6.29E--03 No 
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Table D-9. Average and 95°/4 Upper Confidence Levels for Waste Residuals within Tank 241-C-111, Soil Cleanup Levels 
for Method B and C Direct Contact Esposure, and Soil Concentrations Protective or Groundwater. (7 sheets) 

95o/o Upper 
SoilClea• -p SoUCleaaap Soll 

Average Co• fideace Co• ceatr• tio• a 
Aaalyk Coace• tr• liD• Level Level (mg/kg)- Level (mg/II&) -

(mg/kg) -Direct Coatacl Direct Contact (mg/kg)" Coace• tntloa 
Metbod B MetltodC Protective of 

(mg/kg) .. Groudwatu 

Trichlorofluoromethane• 9.3SE--04 2.77E-03 HOE+-04 1.0SE+-06 2.82E+o! 

Uranium 7.73E+02 1.83E+o3 2.40E+02 1.0SE+o4 2.70E+o2 

Vanadium 7.21E+oo 9.6JE+oo 4.00E+o2 l.7SE+04 1.60E+03 

Chloroethene(vinyl chloride)• 1.73E-03 5.12E-03 1.39E+o0 l.82E+02 3.83&04 

Twigsten 3.40E+ot 1.0IE+o2 - - -
m-Xylene 1.67E-03 4.94E-03 1.60E+o4 7.00E+OS 1.3SE+ot 

o-Xylene 9.16E--04 2.71E-03 l .60E+-04 7.00E+oS 1.47E+ol 

Xylenes 4.04E--04 1.20E-03 1.60E+04 7.00E+oS l.46E+ol 

Yttrium 9.23E+oo 1.46E+ol - - -
Zinc 7.64E+ot 2.26E+o2 2.40E+-04 1.0SE+o6 S.97E+o3 

Zirconium 4.12E+ol 7.SOE+ot - - -
• Mean Concentrations taken from Table A·l , Appmdix A ofRPP•RPT-59714, ··rant 241-C-J 11 Rts1d11ul Wast, Jm,,rtory Estimatrsfor C-01,rpo,r,,,1 rlos11rr Rid 

A,u~.1.1me111.·· 

Above 
Detection 

Umlts 

No 

Yes 

Yes 

No 

No 

No 

No 

No 

Yes 

No 

Yes 

b 9S% Upper Confidence Level Conccnlntion = Mean C'OllCCIICntion + ( 1.96 • Mean Concentration x Relative Standard Deviation). Mean Conuntrati0111 and Relative 
Standu-d Deviation provided in Table A-1 in Appendix A ofRPP-RPT-59714 . 

t As nitrite , not nitrogen in nin1te; to convert to nitrogen in nitrite divid< thiJ nwnbcr by 3.29. 

d As nitrate. not nitrogen in nitrate; to convert to nitrogen in nitralc divide tbia number by 4 .43. 

• Dangerous waste constituent per H'a.,hi,rglon Adminlstruliw Cod, 173-303-9905. "Dangerous Waste Constituents List." Toul C'r is asa1DDcd to be Chromium(lll), insoluble 
aalts. 

- - Value is not available 
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Table D-10. Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundwater for Average 
Concentrations of Selected Hazardous Constituents in 241-C-IIJ Tank Residual Wastes. (7 sheets) 

Ratio ofMeaa Co• ceatntlou Ill Ta• k 241-C-111 Upper Bolllld l• vmtory or 

Ave~ Raldul Wasta to Soil Cleaaup Staadanls 

Analyte Coaaatntlon Diffd Contact Dlffd Co• tact Soll Coac:mtntlom Above 
(mg/lq)" MetllodB Metllod C Protective of Detectioa 

(mg/kg) (mg/kg) Gro• adwater (mg/kg) Umits 

I , I , 1-Trichloroethane• 9. J6E--04 5.73E-09 J.31E-10 S.78E-04 No 

I , I , 2-Trichloro-l , 2, 2-trifluoroethane 1.16E-03 - - - No 

1, I, 2-Trichloroethane• l.6SE-03 9.41E-OS 7.17E-07 3.86E-01 No 

I. 1-Dichloroethene* 4.2JE-03 J.OSE-06 2.41E-08 8.4IE-02 No 

I , 2, 4-Trichlorobenzene• l.93E-03 S.60E-OS 4.26E-07 3.43E-02 No 

o-Dichlorobenzene• l.21E-03 l.68E-07 3.84E-09 J.72E-04 No 

I. 2-Dichloroethane* S.JSE--04 U7E-05 3.71E-07 2.JOE-01 No 

I. 4-Dichlorobenzene 8.92E--04 4.82E-06 3.678-08 6.68E-03 No 

n-Butyl alcohol ll-butanol) l .02E-Ol l .28E-OS 2.91E-07 - No 

2, 4, 5-Trichlorophenol• 4.17E-01 S.21E-OS 1.19E-06 1.45E-02 No 

2. 4. 6-Trichlorophenol S.83E-Ol 7.29E-03 1.678-04 J.26E.f-01 No 

2. 4-Dinitrotoluenc• 3.23E-Ol l.OOE-01 7.63E-04 J.94E.f-02 No 

2, 6-Bis (ten-butyl}-4-methylphenol 7.91E-OI - - - No 

2-Butanone (MEK) 3.9SE-02 8.23E-07 I .ISE-08 2.0IE-03 No 

2-Chloropheno!• 4.94E-01 J.24E-03 2.82E-OS J.OSE-+-00 No 

2-Ethoxyethanol 6.39E-OI - - - No 

2-Methylphenol (o-cresol) 3.73E-01 9.338-05 2.13E-06 J.60E-01 No 

o-Nitrophenol 6.27E-Ol - - - No 

2-Nitropropane• S.SSE-03 - - - No 

p-Chloro-m-cresol (4-Chloro-3-methylphcnol)* S.OIE-01 6.26E-OS l.43E-06 2.26E-02 No 
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Table D-10. Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundwater for Average 
Concentrations of Selected Hazardous Constituents in 241-C-l ll Tank Residual Wastes. (7 sheets) · 

Ratio ol Meaa Coace• tratlou in Taak 241-C-111 Upper Boaad l11Yeatory of 
Average Resid•• l Wuta to Soil cta• ap St•ad• nts 

Aulyte co-traffon Dirttt Contact Dirttt Contact Soil Co• ce• tratlons Above 
(mg/kg)" Method B Mctltod C Protective ol Detection 

(mg/kg) (mg/kg) Groandw• ter (mg/kg) Limits 

4-Methyl-2-pentanonc {MIBK) 1.70E-02 2.66E-06 6.07E-08 6.23E-03 No 

o-Nitrophenol 6.27E-01 - - - No 

Acenaphthenc 4.38E-OI 9. \3E-05 2.09E-06 8.9SE-03 No 

Acetate l.93E+02 - - - Yes 

2-Propanone (Acetone) l.29E-OI 1.79E-06 4.I0E-08 4.46E-03 No 

Silver• 1.96E+02 4.90E-01 1.12E-02 1.44E-t-Ol Yes 

Aluminum 8.04E-t-04 1.0\E+OO 2.30E-02 1.67E-OI Yes I 
Polychlorinated Biphenyts• 1.14E-02 2.28E-02 1.74E-04 - No 0 -....:a 
Arsenic• 3.18E+OI 4.77E+ol 3.63E-OI 9.33E-t-02 No 

_..., 

Boron 4.24E+OO 2.6SE-04 6.06E-06 2.07E-02 No ~ 
Barium• S.88E-t-OO - - - Yes 0 

Beryllium• 2.12E-t-OO l.33E-02 3.03E-04 3.3SE-02 No 

Benzene• 1.47E-03 8.09E-OS 6.16E-07 3.28E-01 No 

Benzo[a ]pyrenc• 6.64E-OI 4.SSE+-00 3.69E-02 2 .86E-t-OO No 

Bismuth 2.94E+o2 - - - Yes 

Di (2-ethylhexyl) phthalate {DEHP) 3.79E-t-00 5.31E-02 4.04E-04 2 .84E-Ol Yes 

Bromide 7.14E+o! - - - No 

Butylbenzy lphthalate• 1.98E-t-OO 3.76E-03 2.87E-05 I.S4E-01 Yes 

Calcium 3.S8E+o3 - - - Yes 

Carbon disulfide• l .60E-03 2.00E-07 4.57E-09 2 .83E-04 No 



RPP-RPT -60173 Rev .00 7/18/2017 - 11 :26 AM 

Table D-10_ Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundwater for Average 
Concentrations of Selected Hazardous Constituents in 241-C-1 ll Tank Residual Wastes. (7 sheets) . 

lutio of Mun Conttntntiom ID Ta• k 241-C-111 Upper Bcn111d Iaventory of 

Aven,:e Raidu• l Wuta to Sou auaup Sta• danls 
A• alyte Conce• tntio• Direct Contact Direct Co• tllct Soll Co• ce• tntiom Above 

(mglk&). Metllocl B MctbodC Protective of Ddtction 
(mg/kg) (mg/kg) Gro• ndwater (mg/kg) Limib 

Carbon tetrachloride• 9.29E--04 6.SOE-05 4.9SE-07 l.61E-01 No 

Cadmium• 3.34E+oo 4.18&02 9.S4E-04 4.84E+OO No 

Cerium 2.00E-+-02 - - - Yes 

Chlorobenzcne• 8.60E--04 S.38E-07 l.23E-08 9.84E-04 No 

Chlorofom1• l.30E-03 4.03E-OS 3.07E-07 l.73E-01 No 

Chloride 8.56E-+-Ol - - 8.S6E-02 No 

Cyanide• 1.69E-+-01 3.52E-Ol 8.0SE-03 l.74E-+-OI Yes 

Cobalt 2.94E• OO 1.23E-01 2.SOE-03 6.78E-01 No 

Chromium. Total• 5.65E-+-01 4.71E-04 l.OSE-05 2.82E-02 Yes 

Cresylic acid (crcsol, mixed isomers)• 4.71E-Ol - - - No 

Copper 1.92E-+-Ol 6.00E-03 1.37E-04 6.76E-02 Yes 

Cyclohcxanone 6.16E-Ol 1.S4E-06 3.52E-08 - No 

Dibcnz[a. h)anthraccne• 3.16E-Ol 2 .31E-01 1.76E-03 7.37E-02 No 

Dicthy I phthalatc • 5.84E--Ol 9 .13E-06 2.09E-07 8.09E-03 No 

Di•n-butylphthalate• l.90E+oo · 2.38E-04 5.43E-06 3.3SE-02 No 

Di-n-octy lphthalatc• 3.89E--Ol 4.0SE-04 9.26E-06 l.22E-06 No 

N. N-Diphcnylamine• 3.02E-01 - - - No 

Ethyl Acetate 5.84E-03 8. l lE-08 l.8SB-09 l.97E-04 No 

Diethyl ether 2.SSE--03 I.S9E-07 3.64E-09 3.72E-04 No 

Ethy I benzene l .07E-03 1.18E-OS 8.97E-08 3.1 IE-02 No 

158of 168 



RPP-RPT-60173 Rev.00 7/18/2017 - 11 :26 AM 

Table D-10. Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundwater for Average 
Concentrations of Selected Hazardous Constituents in 241-C-111 Tank Residual Wastes. (7 sheets) 

Ratio of Mean Conceatntion1 ID Taak Ut-C-111 Upper Boaad Inventory of 
Average Residual Waites to Soil Clea• ap Staadanh 

Aaalyte Conc:atntkla Direct Contact Dim:t Contact Sol Coacatntlou Above 
(mg/kg). Metllod B Metllod C Protective of Detectioa 

(mg/kg) (mg/I<&) Grouadwater (mg/I<&) limits 

Europium 2.38E+oo - - - No 

Fluoride 9.82E+o3 2.0SE+o0 4.68E-02 3.41E-+-OO Yes 

Iron 1.04E+o4 1.86&01 4.24E-03 1.84E-+-OO Yes 

Fluoranthenc• l.72E+oo 5.38&04 1.23&05 2.73&03 No 

Foml&te+A2 2.39E+o2 - - - No 

Hydroxide OH 2.42E+o2 - - - Yes 

Glycolate C2H3O3 7.6JE+o! - - - No 

Hcxachlorobenunc• 2.ME-01 4.54&01 3.46&03 3.24E-+-OO No 

Hexachlorobutadienc• 5.70E-01 4.45E-02 3.39E-04 9.42&-01 No 

Hexachlorocthane• 1.40E-03 5.60E-05 5.71£-07 3.21&-02 No 

Mercury• 2.78E+oo l .16E-0t 2.65£-03 l.33E-+-OO Yes 

Isobutanol 6.92E+oo 2.88&04 6.59E-06 - No 

Potassium 6.89E+ol - - - No 

Lanthanum 5.33E+o! - - - Yes 

Lithium 2.64E+OO 1.65&02 3.77£-04 l.37E-02 No 

Dichloromethane {methylene chloride)• 6.37E-04 1.33&06 3.03£-08 2.92E-02 No 

Magnesium t.09E+o2 - - - Yes 

Manganese 5.19E+ol 4.63&03 t.06E-04 1.04&-0! Yes 

Molybdenum 4.48E+oo I.12E-02 2.56E-04 l.39E-01 No 

n-Nitrosornorpholinc• 5.67E-Ol 3.80E+-OO 2.89E-02 - No 
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Table D-10. Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundwater for Average 
Concentrations of Selected Hazardous Constituents in 241-C-I 11 Tank Residual Wastes. (7 sheets) 

Ratio of Mean Coaceatntiou ill Tank 241-C-111 Upper BolUIII laveatory of 
Avcn1e .Residul Wasta to Soil Cle•• -p St•• d• nls 

Aulyte Collttlltratlota Dirttt Co• t• ct Dirttt Contact Soll Co• ce• tntioas Above 
(mg/kg)" Metbod B MetHCIC Protective of Detectio• 

(mg/kg) (mg/kg) Gro• lldwater (rac/k«) Umlts 

SodiW11 l.92E+oS - - -- Yes 

Naphthalene• 4.SOE-01 3.00E-04 6.86E-06 1.08E-Ol No 

Niobium l.27E+Ol - - - No 

Neodymium 9.27E+ol - - - Yes 

Ammonia -BIE+oo - - - Yes 

Nickel• l.37E-01 - - - Yes 

Nitrobcnzene• 4.89E-01 3.06E-03 6.99E-OS 4.79E+oo No 

N-Nitroso-N, N-dimcthylamine• S.28E-01 2.69E+Ol 2.0SE-01 - No 

N-nitroso-di-n-propylaminc S. lOE-01 3.57E+OO 2.72E-02 9.IIE+o3 No 

Nitriteb 1.14E+o3 4.75E-02 1.09E-03 8.64E+ol Yes 

Nitrate• 2.36E+03 4.ISE-03 9.SOE-05 l.31E+ol Yes 

Oxalate 2.09E+02 - - - No 

Lead• 2.6SE+o3 - 2.65E+oo 8.83E-01 Yes 

Palladium 2.SSE+ol - - - No 

Pcnt•chlorophenol • 2.88E-01 l.lSE-01 8.78E-04 8.31E+ol No 

Phenol• S.14E-OJ 2.14E-OS 4.90E-07 4.68E-02 No 

Phosphate 1.91E+o5 - - - Yes 

Praseodymium 5.63E+OI - - -- No 

Pyrcne 9.61E-OI 4.00E-04 9.JSE-06 2.94E-03 No 

Pyridine• 6.34E-OI 7.93E-03 1.SIE-04 - No 
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Table D-10. Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundwater for Averaa:e 
Concentrations of Selected Hazardous Constituents in 241-C-111 Tank Residual Wastes. (7 sheets) 

Ratio of Mun Coacntntiou In T•ak 241-C-111 Up)lff Bollncl Inventory of 
Avenge Raklual Wasta to Soll Cleaaap Staadanls 

Aulyte Coaaatntio11 Dil'fft Contact Direct Coatact Soll Coacentntions Above 
(mg!kgt Metlaod B Method C Protective of DdecdN 

(mg/kg) (mg/kg) Grouadwater (mg/kg) Umiu 

Rubidium l.21Et02 - - - No 

Rhodiwn 2.SSE+ol - - - No 

Ruthenium l.06E+ol - - - No 

Antimony* 6.04E-OI - - - No 

Selenium* 2.ISE-04 - - - No 

Silicon 3.52E+-03 - - - Yes 

Samarium S.68E+ol - - - Yes 

Tin 1.70E+ol 3.S4E-04 8. l0E-06 3.S4E-04 No 

Sulfate S.69E+o2 - - S.69E-Ol Yes 

Strontium 7.97Et01 l.66E-03 3.80E-OS l.18E-02 Yes 

Tantalum l.08Et01 - - - No 

Tellwiurn l.91E+ol - - - No 

Tetrachlorocthylene* 1.09E-03 2.29E-06 S.19E-08 2.06E-02 No 

Thorium I .OOE+oo - - - Yes 

Titanium 4.17E+ol - - - Yes 

Thallium* 3.18E+ol - - l.40E+o2 No 

Toluene* 7.98E-04 l.2SE-07 2.8SE-09 1.71&04 No 

1.3-Dichloropropene (cis & trans)* #NIA - - - No 

Tributyl phosphate 1.26E+oo l.13E-02 8.64E--05 2.S4E+oo Yes 

I. I. 2• Trichlorocthylene 1.20E-03 5.52E-05 6.86E-07 l.91E-01 No 
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Table D-10. Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundwater for Average 
Concentrations of Selected Hazardous Constituents in 241-C-l 11 Tank Residual Wastes. (7 sheets) 

Ratio or Mu• Coacatntiom In Taak l-41-C-I 11 Up~r Bolllld Innatory or 
Avence Residual Wutes to Soil Claa11p Standards 

Analyte Coacentratioa Direct Contact Direct Coatad Soil Coaceatntiom Above: 
(mg/kg)" Metltod B MdbodC Protective of Detection 

(m&fkg) (ingkg) Groulldwatu (me/kl) Limits 

Tricblorofluoromethane• 9.35E--04 3.90E.08 8.90E-I0 3.32E-05 No 

Uranium 7.73E+o2 3.22E+oo 7.36E.02 2 .86E+oo Yes 

Vanadium 7.21E+OO 1.80E.02 4.12E-04 4 .SIE-03 Yes 

Chloroethene(vinyl chloride)• 1.73E-03 1.2SE.03 9.49E-06 4 .S2E+oo No 

Tungsten 3.40E+ol - - - No 

m-Xylene l.67E-03 1.04E-07 2.39E-09 l .24E-04 No 

o-Xylene 9.l6E--04 S.73E-08 l.3]E-09 6 .23E-OS No 

Xylenes 4.04E-04 2.S3E-08 S.77E-10 2.76E-OS No 

Yttrium 9.23E+oo - - - Yes 

Zinc 7.64E+ol 3. ISE-03 7.28E-05 l.28E-02 No 

Zirconium 4.12E+ol - - - Yes 

• Mean Concentntiona taken from Table A-1, Appendix A ofRPP.RYT-S9714. 'Tank U/-C-1 JI Rc.,idual Wa.flt f,rwntory Esti~totcsfor Con,poncnt Clonir, Rid 
h1us111enr."" 

b Al nitrite, not nitrogen in nitrite; to c011vert to nitrogen in nitrite divide Ibis number by 3.29. 

c Al nitrate, not nitrogen in nitrate; lo convert to nitrog.:n in nitrate divide this number by 4.43 . 

• Dangerous wute constituent per Washington Adm/11/strative CoJ~ 173-303-9905, "Dangerous Walle Conatitucnts List." Total Cr is assumed to be Chromi11m(lll), insoluble 
salts. 

- ~ Value ia not available 
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Table D-11. 

An• lyte 

Acetate 

Silver• 

Alwninum 

Barium• 

Bismuth 

7/18/2017 - 11 :26 AM 

Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundwater for 
95% Upper Confidence Level Concentrations of Selected Hazardous Constituents 

above Detection in 241-C-111 Tank Residual Wastes. (3 sheets) 

95¾ lipper 
Ratio of 95¾ Upper Co• fldaace Level Co•ceatratiou I• T-• k 241-C-J J J Upper Bou• cl 

l• vmtory of Residual Wuta to Soll Cleanup Sta• d•nb 
Co• fldenu Level 

Conce• tntio• Direct Contact Direct Co• taet Soll Co• ce• tratio• s Above Ddec:tion 
(mglkgt Mdllod B Method C Protedlve of Gro11Dclw• ter 

Limits 
(mg/k&) (mg/kg) (mg/kg) 

3.IOE+o2 - - - Yes 

S.18E+o2 L29E+OO 2.96E-02 3.81E+OI Yes 

I.SOE+OS 1.88E+OO 4.29E-02 3.lJE-01 Yes 

1.26E+Ol - - - Yes 

4.37E+02 - - - Yes 

9 
V, ..... 

Di (2-cthylhcxyl) phthalate (DEHP) S.08E+OO 7.IIE-02 5.41E-04 3.SOE-01 Yes 

Butylbcnzy iphthalate• 2.29E+o0 4.36E-03 3.32E-05 l.78E-01 Yes 

Calcium 9.53E+o3 - - - Yes 

Cerium 2.78E+o2 - - - Yes 

Cyanide• 3.73E+OI 7.76E-OI J.nE-02 3.84E+ol Yes 

Chromium, Total* 1.02E+o2 8.49E-04 1.94E-05 S.09E-02 Yes 

Copper 3.0SE+ol 9.52E-03 2.ISE--04 1.07E-Ol Yes 

Fluoride I.I IE+o4 2.31E+o0 5.29£-02 3.8SE+OO Yes 

Iron U6E+o4 3.33E-OI 7.61E-03 3.30E+oo Yes 

Hydroxide OH S.29E+02 - - - Yes 

Mercury• 4.94E+OO 2.06E-OI 4.70E-03 2.36E+OO Yes 

Lanthanum 9.39E+Ol - - - Yes 

Magnesium 2 72E+o2 - - - Yes 
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T1ble D-11. 

Aaalytc 

Manganese 

Sodium 

Neodymium 

Ammonia 

Nickel• 

Nitriteb 

Nitrate< 

Lead• 

Phosphate 

Silicon 

Samarium 

Sulfate 

Strontium 

Thorium 

Titanium 

Tributyl phosphate 

Uraniwn 

7/18/2017 - 11 :26 AM 

Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundw1ter for 
95% Upper Confidence Level Concentrations of Selected Hazardous Constituents 

above Detection in 241-C-l I l Tank Residual Wastes. (3 sheets) 

95•;. Upper 
Ratio of 95-/o Upper Co• fidace Level CODCHtndou la T-• k 141-C-111 Upper Bound 

Co• fidcacc Level 
lavcatory ofRaldul Wuta to Seil Cleanup Sta• clanls 

Concc• tntion Direct Contact Direct Co• tact Seil Co11Cn1tntlo• 1 
Abovt Ddcctio• 

(mg/II&)" Method B MetltodC Protective of Gro• ndwater 
Umlts 

(mg/Ilg) (mg/k&) (ms/kg) 

1.00E+-02 8.93E-03 2.04E-04 2.00E-01 Yes 

2.21E+-05 - - - Yes 

l.60E+o2 - - - Yes 

5.09E+oo - - - Yes 

2.36E-OI - - - Yes 

2.80E+03 1.17E-Ol 2.67E-03 2.12E+-02 Yes 

5.9!E+o3 1.04E-02 2.38E-04 3.28E+ol Yes 

5.32E+03 - 5.32E+oo l.77E+oo Yes 

2.33E+-05 - - - Yes 

5.67E+-03 - - - Yes 

8.15E+ol - - - Yes 

9.94E+o2 - - 9.94E-OI Yes 

l.57E+-02 3.26E-03 7.46E-05 2.32E-02 Yes 

2.37E+OO - - - Yes 

l.16E+02 - - - Yes 

2.IIE+OO l .90E-02 l .45E--04 4.25E+00 Yes 

l.83E+03 7.62E+o0 1.74E--OI 6.77E+00 Yes 
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Table D-11. Ratios of Concentrations to Cleanup Levels or Soil Concentrations Protective of Groundwater for 
95% Upper Confidence Level Concentrations of Selected Hazardous Constituents 

above Detection in 241-C-111 Tank Residual Wastes. (3 sheets) 

95¼ Upper 
Ratio of95¼ Upper Coalideace Level Coacaitntiom la Taak 2"1-C-11 l Upper Bound 

Coafldeace Lrvel 
laveatory of Residual Wastes to Soft Clea• ap Standards 

Aaalyte Coaceatntloa Direct Contact Direct Coatact Soil Coaeeatntlom 
Mediod B Mediod C Protective of Grouad .. atc:r Above Detection 

(mg/kg)" 
(mg/kg) (me/kg) (m&lk&) 

Limit, 

Vanadium 9.6JE+oo 2.40E-02 5.-49E--04 6.0IE-03 Yes 

Yttrium J.46E+OJ - - - Yes 

Zirconium 7.50E+OJ - - - Yes 

1 95% Upper Confidence Level Concentration = Mean Concentration + (1.96 • Mean Concentration • Relative Standard Deviation). Mean Concentnrions and Relative 
Standard Deviation provided in Table A-1. Appendix A of RPP-RYT-59714 . .. Tunk UJ-C-111 Ruid11al Waste hrventory E.'1imate., for Component Closur, RJd A ... -..um,nt." 

b As nitrite, DO( nitrogen in nilrite; to convert to nitrogen in nitrite divide this DU111bcr by 3.29. 

c As nitrate, not nitrogen in nitrate: to convert to nitrogen in nitnte divide this n1a11bcr by 4.43. 

• Dangerous waste constituent per Wu.,hingt<>11 Atfn1ini.,1ruriv, Coif, 173-303-9905 . .. Dangerous Waste Conatituents List."' Total Cr is asllDIICd to be Chromiwn(lll). insoluble 
salts. 

- - Value is not available 
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Table D-12. Background Data for Selected Constituents for the Hanford Site. (3 sheets) 

Aaalyte N•me 
Analyte Analyte 

l lnits 
Lognormal ~ Pen:mtlk Mailm•m 

Source of Backgn>11nd V• lae Symbol Clau Backgnancl Value Bacqroaad Value 

Cesium-137 Cs-137 RAD pCi/g I.I 1.6 DOE/RL-96-12, Rev. 0 

Cobalt-60 Co-60 RAD pCi/g 0.0084 0.039 DOEIRL-96-12, Rev. 0 

Europium-154 Eu-154 RAD pCi/g 0.033 0.079 DOE/RL-96-12, Rev. 0 

Europium-155 Eu-155 RAD pCi/g 0.054 0.1 DOE/RL-96-12, Rev. 0 

Gross Beta - RAD pCi/g 23 25 DOE/RL-96-12, Rev. 0 

Plutonium-238 Pu-238 RAD pCi/g 0.0038 0.019 OOE/RL-96-12, Rev. 0 

Plutonium-239/240 Pu-239-240 RAD pCi/g 0.025 0.033 DOE/RL-96-12, Rev. 0 

Potassiwn-40 K-40 RAD pCi/g 17 20 DOE/RL-96-12, Rev. 0 

Radium-226 R.e-226 RAD pCi/g 0.82 1.2 DOEIRL-96-12, Rev. 0 

Strontium-90 Sr-90 RAD pCi/g 0.18 0.37 OOE/RL-96-12, Rev. 0 

Thorium-232 Th-232 RAD pCi/g 1.3 1.6 OOE/RL-96-12, Rev. 0 

Total beta radiostrontiwn - RAD pCi/g 0.18 0.37 DOEIRL-96-12. Rev. O 

Ur•niwn-233/234 U-233/234 RAD pCi/g I.I 1.5 DOE/RL-96-12, Rev. O 

Ur•nium-234 U-234 RAD pCi/g I.I 1.5 DOE/RL-96-12, Rev. 0 

Ur•nium-235 U-235 RAD pCi/g 0.11 0.39 DOE/RL-96-12, Rev. 0 

Aluminum Al Metal µg/kg 1.18E+o7 28,800,000 DOE/RL-92-24, Vol . I, Rev. 4 

Antimony• Sb Metal µg/kg 130 385 ECF-HANFORD-11-0038 

Arsenic• As Metal µg/kg 6.'470 27,700 OOE/RL-92-24, Vol. I. Rev. 4 

Bariwn• Ba Metal µg/kg 132,000 480,000 OOEIRL-92-24, Vol. I, Rev. 4 

Beryllimn• Be Metal µg/kg 1,510 10,000 DOEIRL-92-24, Vol. I. Rev. 4 

Boron B Metal µg/kg 3,890 5,860 ECF-HANFORD-11-0038 
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Table D-12. Background Data for Selected Constituents for the Hanford Site. (3 sheets) 

Allalyte Name 
Aaalyte Analyte 

UnitJ 
Loponnal ~ Percaitlle Marlmam 

So• rce of Backgrou•d Value Symbol Clau Bacqrou• d Value Backgro• ad Value 

Cadmiwn• Cd Metal µg/kg 563 2,900 ECF-HANFORD-11-0038 

Calcium Ca Metal µg/kg l.72E+07 105,000,000 OOE/RL-92-24, Vol. I, Rev. 4 

Chromium Cr Metal µg/kg 18,500 320,000 OOE/RL-92-24. Vol. I. Rev. 4 

Cobalt Co Metal µg/kg 15,700 110,000 OOE/RL-92-24, Vol. I. Rev. 4 

Copper Cu Metal µg/kg 22,000 61,000 OOE/RL-92-24, Vol. I, Rev. 4 

Iron Fe Metal µg/lcg 3.26E+07 68,100,000 DOE/RL-92-24, Vol. I. Rev. 4 

Lead· Pb Metal µg/kg 10,200 74,100 DOE/RL-92-24, Vol. I, Rev. 4 

Lithium Li Metal µg/kg 13,300 19,200 ECF-HANFORD-11-0038 

Magnesium Mg Metal µg/kg 7.06E+06 32,300,000 OOE/RL-92-24, Vol. I, Rev. 4 

Manganese Mn Metal µg/kg 512,000 1,110,000 OOE/RL-92-24, Vol. I, Rev. 4 

Mercury• Hg Metal µg/kg 13 29 ECF-HANFORD-11-0038 

Molybdenum Mo Metal µg/kg 470 3,170 ECF-HANFORD-11-0038 

Niclcct• Ni Metal µg/kg 19,100 200,000 ECF-HANFORD-11-0038 

Potassium K Metal µg/kg 2.15E+06 7,900,000 ECF-HANFORD-11-0038 

Selenium• Se Metal ·µg/kg 780 8-40 Ecology Publication #94-115 

Silver- Ag Metal µg/kg 167 273 ECF-HANFORD-1 1-0038 

Sodium Na Metal µg/kg 690,000 6,060,000 OOE/RL-92-24. V.1. Rev.4 

Thallium• Tl Metal µg/kg 185 523 ECF-HANFORD-11-0038 

Uraniwn u Metal µg/kg 3,210 4,042 Isotopic Activity Conversion 
based on OOE/RL-96-12 values 

Vanadium V Metal µg/lcg 85,100 140,000 OOE/RL-92-24, Vol . I, Rev. 4 
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Table D-12. Background Data for Selected Constituents for the Hanford Site. (3 sheets) 

9 
V, 
00 

AulyteN• me 
Aulyte Aa• lyte 

Units 
Logaonul ,0-- Peruatlle Ma1dmam 

Symbol a... B• ckgroaltd Vaine Backgrouad Value 

Zinc Zn Metal µglkg 67.800 366,000 

Ammonia NHi Anion µglkg 9,230 26,400 

Chloride Cl Anion µglkg 100,000 1,480,000 

Fluoride F· Anion µglkg 2.810 73.300 

Nitrate NO,· Anion µglkg 52,000 906,000 

Phosphate PO, Anion µglkg 785 225,000 

Sulfate so.- Anion µglkg 237,000 12,600,000 

• Dangerous waste constituent per Wa,hingtonAdml11istrarivc CoJe 173-303-9905 , "Dangerou1 Walle CClllltituents List." 

References: 
DOEIRL-92-24, Hun.ford Sitt Background: Part 1, Soil Badgrou,,dfor Nonrudioacthlt Anulyt,. Rev. 4, Volume I. 
DOEIRL-96-12, Hanford Sitt Backgrou11d: Part 2, Soll Bacltgro,1111/for Rlldlom,cliM,, Rev. 0. 
ECF-HANFORD-11--0038, "Soil 8ackgro111rdfor }111,rim U,c ol th, Ho11/ord Sil,." 
Ecology Publication #94-115, NIIJ![al Background Soil Metals Coqcqlllarions in Wuhjngton Sta1c. 

Source of Background V• IH 

DOFJRL-92-24, Vol. 1, Rev. 4 

DOE/RL-92-24, Vol. I , Rev. 4 

DOE/RL-92-2'4. Vol. I. Rev. 4 

DOE/RL-92-24. Vol. I. Rev. 4 

DOFJRL-92-24, Vol . l , Rcv. 4 

DOFJRL-92-24, Vol. I, Rev. 4 

DOFJRL-92-24, Vol. I , Rev. 4 
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