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EXECUTIVE SUMMARY 

This Retrieval Data Report (RDR) presents data showing that single-shell tank 24 t-C-20 I 
(SST C-201) has been retrieved to the limits of the vacuum retrieval system (YRS) technology 
and that tank waste rcsidunls in SST C-201 do not exceed 30 ft3

• These achievements satisfy the 
tank waste retrieval criteria established by Milestones M-45-00 and M-45-00B of the 1/anford 
Federal Facility Agreement and Consent Order (HFFACO). This RDR also summarizes the 
potential risk to human health from waste remaining in the tank, provides detai1s on the VRS 
technology and its performance in the SST C-201 retrieval campaign, and describes measures 
taken to prevent and detect leaks during retrieval. 

The SST C-201 retrieval campaign began October 25, 2005. SST C-201 was retrieved using a 
VRS, which used vacuum pumps to mobilize and remove waste from the tank. Use oflhis 
system minimized both the need to add water to the tank and the in-tank pooling ofliquids. 
Removed waste was diluted with raw water and transferred to double-shell tank 241-AN-106 
(DST AN-106). 

On March 23, 2006, representatives of the U.S. Department of Energy (DOE) and CH2M HILL 
Hanford Group, Inc. (CH2M HILL) determined that the technical limit of the VRS to retrieve 
waste from SST C-201 had been reached and briefed the Washington State Department of 
Ecology. In determining that the capacity of the VRS to remove waste from SST C-201 had 
been reached, DOE and CH2M HILL relied on the following: 

a. Examination of in-tank photos/videos to observe and record the waste surface contours, 
form, and characteristics. 

b. Estimation of retrieval performance efficiency based on comparison of batch specific 
gravity measurements. 

c. Use of retrieval pcrfonnancc data trends estimated from mass balances to demonstrate 
that a consistent pattern is present indicating that as much waste has been removed as 
possible. 

Subsequent measurement of the residual waste in SST C-201 using topographical mapping and 
survey techniques in accordance with Attachment I to HFFACO Appendix Hand RPP-23403, 
Single-Shell Tank Component Closttre Data Quality Objectives, established that the volume of 
waste remaining in SST C-201 was 19.2 ft3

, with an upper bounding limit of20.S fl3
• 

SST C-201 held approximately I IS ft3 of waste nt the start of retrieval. Based on the difference 
between the starting and ending volume estimates, approximately 94 ft3 of waste were retrieved 
from SST C-201 and transferred to DST AN-106. 

The SST C-201 leak detection, monitoring, and mitigation program used during retrieval focused 
on a mitigation strategy to control potential leaks. Based on the available data, there was no 
evidence of a tank leak occurring during SST C-201 retrieval operations. 
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The inventory of constituents in the SST C-201 residual waste was dctcnnined by laboratory 
analysis of waste samples tnken prior to the start of retrieval. Sampling the post-retrieval 
residual waste was not possible because there was insufficient residual waste directly under a 
riser, therefore, as provided in RPP-16616, Component Closure Action Data Quality Objecti,,,es 
for 1l1e C-200 Series Tanks. results of the pre-retrieval samples were used to support the post
retrieval inventory calculation. To account for selective removal of soluble constituents and 
more easily suspended solids, concentrations of SST C-201 post-retrieval waste constituents 
were estimated by multiplying the pre-retrieval concentrations to the SST C-202 post
retricval/prc-rctricval ratios. This is justified because SST C-201 and SST C-202 contained 
wastes that were generated by the same process and they contained similar constituents in the 
pre-retrieval samples from both tanks. The risk assessment for the residual waste in SST C-201 
based on sampling analyses shows that the estimated Incremental Lifetime Cancer Risk, Ha7.ard 
Index, all pathways farmer dose, and target organ dose arc 2 to 4 orders of magnitude below the 
performance objectives prescribed for closure of the Waste Management Arca C, which includes 
SST C-201. For all inadvertent intruder scenarios other than the suburban garden scenario (a 
sensitivity case) at 100 years after closure, the doses associated with SST C-201 were below 
performance objectives. For the suburban garden scenario at l 00 years, the doses exceeded the 
performance objectives by a factor of 3 for the average inventory and factor of 4.5 for the upper 
confidence level (UCL) 95% inventory. At 500 years after closure, intruder scenario doses arc 
below performance objectives for the average inventory but above the performance objective for 
the UCL 95% inventory. 

DOE has no recommendations for additional retrieval actions at SST C-201 because 
Milestone M-45-00 retrieval criteria arc satisfied, and retrieval is complete. 
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1.0 INTRODUCTION AND BACKGROUND 

1/anford Federal Facility Agreement and Consent Order (HFFACO) (Ecology ct al. 1989), 
Milestone M-45-00 requires the U.S. Department of Energy (DOE) to retrieve waste from nil 
single-shell tanks (SST) nt the Hanford Site. This report describes the retrieval of waste from 
SST 241-C-20 I (SST C-20 I), which is one of four 200-series SSTs constructed to store waste in 
Waste Management Arca C (WMA C). These tanks arc collectively referred to as the 
C-200-scries tanks. The DOE began retrieving waste from SST C-201 on October 25, 200S, and 
completed retrieval operations in compliance with Milestone M-45-00 requirements on 
March 23, 2006. 

Note that source, special nuclear material, and byproduct materials, as defined in the Atomic 
Energy Act of /954 (AEA), as amended, arc regulated at DOE facilities exclusively by DOE 
acting pursuant to its AEA authority. DOE asserts that, under the AEA, it has sole and exclusive 
responsibility and authority to regulate source, special nuclear, and byproduct materials at DOE
owned facilities. To the extent this retrieval data report (RDR) provides data or discussions 
about materials regulated by the AEA, that information is provided for informational purposes 
only. 

1.1 PURPOSE 

This RDR provides information required by Section 2.1.7 of Appendix I to the HFFACO. The 
report documents the SST C-201 pre-retrieval sampling and analysis of the waste, the retrieval 
campaign, waste retrieval system performance, and post-retrieval activities including the residual 
waste volume determination. This report describes the performance of the retrieval system used 
to remove waste from SST C-201, presents data confirming that the amount of waste removed 
meets Milestone M-45-00 retrieval criteria, and summarizes the potential risk to human health 
posed by the waste remaining in the tank. 

1.2 HISTORY 

Construction of SST C-201 was completed in 1944. The tank was placed in service in 1947, 
receiving metal waste from the B Plant bismuth phosphate process through January 1948. Metal 
waste supcmatc was removed from SST C-20 l in 1953 in preparation for sluicing the metal 
waste solids in the tank. The metal waste solids were sluiced, a visual inspection was conducted, 
and in March 1954, the tank was declared empty. (RPP-15408, Origin o/Wastcs in C-200 Series 
Single-Shell Tanks). 

From May 1955 to November 1955, SST C-201 received Hot Semi-Works facility radioactive 
waste generated from plutonium-uranium extraction (PUREX) pilot plant studies. Most of the 
Hot Semi•Works waste, in the form of supcmatc, was removed in 1970. SST C-201 was 
removed from service in 1976 and interim stabilized in 1982 (RPP-1 S408). 

Unexplained decreases in SST C-201 waste levels that totaled approximately 450 gal were noted 
in 1988. These decreases were assumed to have been associated with a leak, although no 
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unplanned release is associated with SST C-201 (HNF-EP-0182, Waste Tank Summary Report 
for Month Ending September 30, 2005). 

1.3 REGULATORY REQUIREMENTS 

Retrieval of waste from SST C-201 and submittal of this RDR arc necessary requirements for 
closing the Hanford SST system. The HFFACO establishes volume and technology criteria for 
closing 200-scries tanks, including SST C-201. HFFACO Milestone M-45-00 provides in part: 

Closure will follow retrieval of as much tank waste as technically possible. with tank 
waste residues not to exceed •.. 30 ft3 in each of the 200 series tanks, or the limit of waste 
retrieval technology capability, whichever is less. If the DOE believes that waste 
retrieval to these levels is not possible for n t..1nk, then DOE will submit a detailed 
explanation to EPA and Ecology explaining why these levels cannot be achieved, and 
specifying the quantities of waste that the DOE proposes to leave in the tank. 111c 
request will be approved or disapproved by EPA and Ecology on a tank-by-tank basis. 

Section 2.1.7 of Appendix I to the HFFACO Action Plan provides: 

2.1.7 Retrieval Data Report/Appendix JI Request for Extcption 

Once DOE has completed the retrieval actions described in the TWR WP, DOE will either 
complete and submit to Ecology within 120 days its retrieval data report, or a request for 
exception to retrieval criteria per Agreement Appendix H. The request for exception to 
retrieval criteria option is only applicable for SSTs and the requirements of that request 
arc identified in Agreement Appendix H, Attachment 2. 

At a minimum, DOE's Retrieval Data Report will include: 

• Residual tank waste volume measurement, including associated calculations 

• The results of residual tank waste characterization 

• Retrieval technology performance documentation 

• DOE's updated post-retrieval risk assessment 

• Discussion of feasibility/viability of other available retrieval technologies, the 
feasibility of developing additional retrieval technologies, associated detailed cost 
estimates and amount of additional waste that could be removed 

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

• LDMM monitoring and performance results 

• DOE"s recommendation for further action and proposed schcdule(s). 

Data from this report will be used by Washington State Department of Ecology (Ecology) 
and DOE in making WMA-, tank- and component-specific closure decisions. Single or 
multiple tank and component actions wilt be included in this report as appropriate. 
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1.4 PRE-RETRIEVAL CONDITIONS 

This section summarizes the physical condition of SST C-201, the ancillary equipment used 
during waste retrieval, and the waste residing in the tank when retrieval began. 

1.4.1 Single-Shell Tank C-201 Description 

SST C-201 is 20 ft in diameter with a 24.5-ft operating depth, a 25.5-ft overall height, and an 
operating capacity of7,352 ft3

• The structure consists of a carbon-steel liner inside a reinforced
concrete she!!. In August 2003, a manual liquid level (ENRAF1

) gauge was installed in 
SST C-20 I as a liquid level indicator for waste volume estimates. Figure 1-1 presents a 
generalized profile view of a C-200-series tank. 

The SST C-201 sidewall is a vertical cylinder. The tank knuckle region curves in from the 
sidewa11 and about 36 vertical in. down to the tank bottom. The tank bottom is shaped like a 
shallow dish; the dish sides slope very gradually down and in to the midpoint of the tank bottom. 
The middle of the dish is 6 in. deeper than the rim. The total volume of the bottom dish is 
approximately 43 ft3

• A weld line is visible when not covered by waste and joins plates below 
the rim. The portion of the tank bottom below the weld line has a volume of approximately 
35 ft3• A single stiffener ring is located at the top of the steel liner at 25 ft 6 in. above the bottom 
of the tank. Internal tank dimensions arc documented in CVI-73550, Drawing D-20, Typical 
Sections/or 20ft Tanks, and Drawing D-23, Str11cl11ral Steel lining/or 20ft Tanks. 

1.4.2 Ancillary Equipment Providing Access to Single-Shell Tank C-201 

One pump pit, six. risers, and a hatchway penetrate the SST C-201 roof, providing access to the 
interior of the tank. Two of the risers, R-9 and R-10, arc located in the pump pit. The pit and the 
other risers arc located from the tank roof to slightly above grade. Figure 1-2 provides a 
top-down view of SST C-201 and includes the pit, risers, and hatchway. Table 1-1 provides 
basic information on the SST C-201 risers and hatchway before waste retrieval began. 

1.4.3 \Vaste Description and Conditions 

The waste in SST C-201 consisted of waste from research and development activities conducted 
at the Hot Semi-Works facility (RPP-1 S408). A summary of the waste that resided in 
SST C-20 l at the start of retrieval is provided in the Tank Waste Information Network System 
(TWINS) Best Basis Inventory/Best Basis Calculation Detail, located online at 
http://twins.pnl.gov/data/datamenu.htm. 

Analysis indicated the waste in SST C-201 would have minimal heat-generating capability and 
that waste retrieval process fluids and chemical reactions were not expected to add heat to the 
tank. Therefore, no temperature monitoring was required during retrieval operations 
(RPP-17S07, Waiver of Temperature Requirements During Retrieval of 24 J-C-200 Series 
Tanks). 

1 ENRAF i!I a rcgistcml trademark ofEnraf-Noniu~ N.V. Vcrcnigdc lnstrumcnlL'flfobrickcn, Enraf-Noniull Corporntion 
NL"thcrlands, Rontcgcnwcg I, Delft, Netherland!!. 
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Figure 1-1. Profile View of C-200-Scrics Tank. 
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Figure 1-2. Configuration of Single-Shell Tank C-201 and Adjacent Facilities. 
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Table 1-1. SST C-201 Pre-Retrieval Riser and Hatchway Descriptions. 

Nominal 
Riser Diameter Description and Pre-Retrieval 

ID (in.) Location Status/Use Access 

RS 4 Ea.~t of jct pump pit Breather filter - U!led for manual tape Above grade 
access 

R6 12 Ea.~t of jct pump pit Vacuum exhaust - used for temperature Above grade control 

R7 12 East of jct pump pit Obscrvalion port - u.'ICd for observation Above grade 

R8 4 Ea.~t of jct pump pit Liquid level reel - u.'ICd to emplace an air 
Above grade filter (ENRAF liquid level) 

R9 12 Jctpumppil Jct pump access Inside pit 

RIO 12 Jct pump pit Weather-covered - u.'ICd for sluicing acccs.~ Jn,;idepit 

ll3tchway 24 Northca~t of jct Condt.-nscr pit, wcalhcr-covcrcd - u.-.cd for Vi3IIVAC 
pump pit general access hatchway 

Notes: 
Primary rcf~"n.'llcc sources for above data arc II• 14-106126, Shccis 3-6; 11-2-73354; and WIIC-SD-WM-ER-349. 
I IV AC • heating, ventilation, and air conditioning. 

Waste recovered from SST C-201 was transferred to double-shell tank 241-AN-106 
(DST AN-106) for storage. After the waste from all C-200-scrics tanks is retrieved to it, 
DST AN-106 will be sampled to define the status of the waste it holds. 

I.S DOCUMENT STRUCTURE . 
This SST C-201 RDR is organized to present information required by Section 2.1.7 of 
Appendix I to the H FF ACO Action Plan. Table 1-2 presents n crosswalk between Section 2.1. 7 
requirements and sections of this RDR. 

• Section I, Introduction and Background, discusses the purpose and scope of SST C-201 
waste retrieval, presents requirements applicable to the tank's retrieval campaign and this 
report, describes the tank and certain associated equipment, summarizes the operating 
history and in~tank conditions when waste retrieval began, and outlines the report 
structure. 

• Section 2, Retricl'al System Description, describes waste retrieval system design, 
construction and operation, lists major waste retrieval system components, depicts the 
waste retrieval process, and presents a waste retrieval chronology. 

• Section 3, Retrieval System Performance, provides an evaluation of how well the waste 
retrieval system performed nnd provides a comparison of actual performance against 
predicted performance. 

• Section 4, Leak Detection, Monitoring, and Mitigation, describes leak detection, 
monitoring, and mitigation (LDMM) methods and procedures, presents an LDMM 
chronology for SST C-201 waste retrieval, and summarizes LDMM results. 
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• Section 5, limits of Technology, reports the method and findings used to dctcnnine that 
the selected waste retrieval technology retrieved as much tank waste as technically 
possible from SST C-201. 

• Section 6, Single-Shell Tank 241-C-20/ Residual Waste Volume Measurement, describes 
the method for dctcnnining the volume of residual waste in SST C-20 I and presents 
results of the volume measurement process. 

• Section 7, 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 8, Post-Retrieval SST-C-20/ Risk Assessment, summarizes the potential risk to 
human health from SST C-201 residual waste. This section identifies and discusses 
constituents of potential concern (COPC) 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. 

• Section 9, Additional Retrieval Teclmologies, identifies other technologies considered for 
retrieving waste from SST C-201. This section describes available and future 
technologies and alternative waste retrieval scenarios, evaluates alternative methods, and 
assesses the utility of deploying additional technologies in SST C-20 l. 

• Section 10, Recommendations/or Further Actions, discusses recommendations for future 
actions associated with SST C-20 I and opportunities to refine future waste retrieval 
operations at other tanks based on lessons learned. 

• Section t I, References, contains references for material cited in the report. 

Table 1-2. Crosswalk of IIFFACO Appendix I, Section 2.1.7, Requirements 
and Corresponding Retrieval Data Report Sections. 

RDR 
Section 2.1.7 Requirements Section 

Residual tank waste volume measurement. including ac;sociated calculations 6.0 

Residual tank waste characterization data and results 7.0 

Retrieval technology performance documentation 3.0,S.0 

An updated post-retrieval risk assessment 8.0 

Discussion of feasibility and viability of other available retrieval technologies, the fca.c;ibility of 9.0 
developing additional retrieval technologies, associated detailed cost estimates, and amount of 
additional waste that could be removed 

Opportunities and actions being taken to refine or develop tank waste retrieval technologies based 10.0 
onlcsson.c;lcamed 

LDMM monitoring and performance rcsulL-i 4.0 
DOE's recommendations for further action and proposed schedules 10.0 
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:2.0 RETRIEVAL SYSTEl\1 DESCRIPTION 

2.1 BASIS 

The SST C-201 waste retrieval system was designed and constructed in accordance with 
RPP-16525, Rev. 6A, C-200-Series Tanks Retrieval Functions and Requirements. The functions 
and requirements document is the predecessor to the tank waste retrieval work plan (TWRWP) 
now prescribed in Appendix I to the HFFACO. The SST C-201 waste retrieval system was 
operated in accordance with RPP-16945, Rev. 7, Process Control Plan/or the 241-C-200 Series 
Waste Retrieval System. 

2.2 OVERVIE\V 

SST C-201 was retrieved using a vacuum retrieval system (VRS) that consisted of an articulating 
mast system (AMS) with a vacuum head, a vacuum pump, a slurry vessel, and a number of slurry 
transfer pumps. Auxiliary components included a ventilation system, control trailers, and 
associated piping and utilities. 

The AMS was remotely manipulated to retrieve waste from SST C-201. Vacuum pumps were 
used to create a vacuum to draw the waste up through the AMS and deposit the waste in the 
slurry vessel while routing air through the vacuum skid back to the SST. The deposited waste in 
the slurry vessel was handled as a batch. Each batch was diluted with water as needed and 
pumped though an aboveground hose-in-hose transfer line (HIHTL) to DST AN-106. 

:2.3 \VASTE RETRIEVALSYSTEl\1 EQUIPMENT 

The VRS used the available access ports and risers on SST C-201 to install the AMS and various 
other supporting equipment and instruments. The AMS was connected above ground to a 
vessel/pump skid and a vacuum pump skid. A control trailer was used to monitor and control the 
waste retrieval activities and to operate the AMS. Additionally, active ventilation was connected 
to SST C-201 using a portable exhauster. The functions and operations of the various VRS 
components and skids arc discussed in Sections 2.3.1 through 2.3.5. Figure 2-1 provides a 
schematic of the VRS. 

2.3.1 Articulating Mast System 

The AMS is comprised of a hydraulically powered articulating arm with a vacuum head that was 
rotated, extended, and retracted as necessary to reach atl sections of the tank floor. Figure 2-2 
provides a graphic depiction of the AMS. A photograph of the vacuum head is provided in 
Figure 2-3. A series of five scarifying, high-pressure, low-volume water jets, located on the 
outside of the vacuum head, were used to dislodge waste as needed. 
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Figure 2-1. Vacuum Retrieval System Schematic. 
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Figure 2-3. Vacuum Head on Articulating Mast System. 

2.3.2 Vessel/Pump Skid 

The vessel/pump skid received waste from SST C-20 I, collected the waste in a slurry vessel, 
exhausted the air to the vacuum skid, and pumped the slurry to DST AN-I 06. The waste entered 
the skid and was directed to the slurry vessel, which had a working volume of 250 gal. The 
slurry vessel was positioned on load cells that were used to weigh the amount of waste received. 
The waste was separated from the entrained gases, and when the slurry vessel was filled, waste 
retrieval activities were stopped. 

A vacuum break valve was opened to the slurry vessel to prepare for slurry transfer to 
DST AN-106 through the HIHTL. The vacuum break line was connected to SST C-201. 
A Hydrotrans®2 unit, in conjunction with the slurry pump, was used to mobilize the slurry vessel 
contents with water and empty the slurry vessel. To prevent plugging, additional water could be 
added upstream of the slurry pump to maintain sufficient velocity through the HIHTL. 

An ultrasonic deagglomerator unit, located downstream from the transfer pump, was used to 
reduce the waste form into a homogeneous slurry. This enhanced the ability to transport waste at 
higher densities while minimizing water dilution volume requirements. The operator at the 
control interface, located inside the control trailer, manipulated dilution control based on 
feedback from a Coriolis meter and a pressure meter located at the output of the ultrasonic de
agglomeration unit. 

2.3.3 Vacuum Skid 

Two liquid-ring vacuum pumps located on the vacuum skid could be operated simultaneously as 
needed to achieve the desired suction at the vacuum head on the AMS. The entrained gas flow 
came from the vessel/pump skid. Gases from the vacuum pump combined with the pump water 

2 Hydrotrans® is a registered trademark of Dynamic Processing Solutions Ltd., Portishead, Bristol, England. 
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and tangentially flowed into a water separator, effectively separating the gases in a cyclone 
action. The gases were then returned to SST C-201. 

The water in the separator was used to supply the liquid-ring vacuum pump(s). Water flowed to 
the pump by gravity and by the vacuum that the vacuum pump created. The water also flowed 
through a heat exchanger that removed the heat generated by the vacuum pump and kept the 
water cool. High- and low-level switches in the tank maintained the water level in the water 
separator. Makeup water was supplied by the utility skid, and excess water was returned to 
SSTC-201. 

2.3.4 Control Trailer 

Retrieval operations were controlled and monitored remotely from a control trailer located 
northeast of SST C-20 I. A closed-circuit television system (CCTV) was used to allow the AMS 
to be controlled and positioned. The controls and instruments for the vacuum skid, vessel/pump 
skid, and CCTV and AMS control were located on one console, and video displays monitoring 
the pump and vessel skids were on another console. 

2.3.5 llosc-in-llosc Transfer Linc 

The waste was transferred from the vessel/pump skid to DST AN-106 through the HIHTL. 
The transfer line consisted of two hoses, one within the other. The hoses were lined with 
ethylene propylene dicne monomer rubber. The primary hose was a nominal 2-in.-diamcter hose 
that was encased in a nominal 4-in. hose. The H IHTL was insulated and had freeze protection. 

The HIHTL was flushed with 240 gal (l.5 line volumes) of water to prevent solids from settling 
and plugging the lines. Throughout the retrieval of SST C-201, the SpG remained low and 
therefore transfer tine flushes were only required at the end of the shift when the line would not 
be used for more than 8 hr. Valve and pump configurations in the vessel/pump skid prevented 
the fluids from draining back to SST C-20 I. 

2.4 \VASTE RETRIEVAL SYSTEM INSTRUMENTATION 

Various instruments were used to measure waste retrieval system pcrfonnance, retrieval 
progress, and leak detection monitoring. These instruments included an ENRAF gauge, 
flowmetcrs, load cells, and CCTV cameras. 

Liquid levels were measured in the SST and DST using an ENRAF-Nonius Series 854 servo 
tank gauge. The gauge functioned like a bob on a string, sensing liquid level changes through 
buoyancy. This instrumentation has a high degree of resolution and repeatability nnd is well• 
suited for the volumetric method in tanks with a measurable air-liquid interface, and is used 
throughout tank fanns. 

The instrument's accuracy for the SST was affected by the liquid level in the tank. When the 
liquid level dropped below the height of residual solids (typically the case), the instrument did 
not accurately reflect the volume of waste remaining. In addition, the EN RAF gauge was 
located near the tank wall, which prevented it from measuring lower than about 11.5 in. above 
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the lowest point of the tank. Therefore, measurement of the liquid level changes in the DST 
receiver tank was a more accurate measure of waste retrieved except when other transfers were 
made involving DST AN• I 06. 

Water use was measured at various points in the waste retrieval process. The flowmcter 
locations arc provided in Section 3.1. The slurry vessel was mounted on load cells that measure 
the weight of the vessel and its contents. The capacity of the slurry vessel was also measured 
using a radar liquid-level instrument. -

The CCTV was used during the waste retrieval campaign to monitor retrieval activities and, in 
conjunction with water use estimates, generate rough estimates of the remaining waste. When 
retrieval was completed, a video was used to generate three-dimensional (3-D) images of the 
contents remaining in the tank. The residual waste volume was calculated using computer-aided 
as-built drawings of the tank and the fimil configuration of the waste. 

2.5 ENVIRONMENTAL CONTROLS 

AIR 03-704, Approval of Notice o/Constr11ctionfor 241-C-200 Series Tanks Retrieval, and 
RPP· 1652S, Rev. 6A, impose a variety of environmental controls. Application of these controls 
during SST C·20l waste retrieval operations is summarized in Sections 2.5.1 through 2.5.S. 

2.S.t Exhauster Operation 

A portable exhauster was operated continuously while the AMS was in use to maintain tank 
vacuum and abate fog generation that impaired CCTV visibility. Controls were established to 
cease waste retrieval operations if the exhauster was not functioning. Waste retrieval process 
operators depended on the CCTV to safely and efficiently position the AMS suction head inside 
the tank to retrieve waste. The exhauster was also used to control radioactive/nonradioactive air 
emissions and prevent flammable gas buildup in the tank. 

2.5.2 Vacuum Routing 

SST C-201 was maintained under a negative pressure during waste retrieval activities. Vacuum 
exhaust drawn from the slurry vessel was routed back to SST C-201. 

2.5.3 Leak Detection, Monitoring, and Mitigation 

The waste retrieval operating strategy incorporated the philosophy of minimizing liquid available 
for leakage from the onset of retrieval. This was accomplished by the following: 

a. Limiting the power-pack hydraulic pressure of the water feed provided to the AMS to 
the minimum practical for effective retrieval operations. 

b. Preventing penetration of the tank bottom during AMS installation. 

c. Using a video camera to monitor liquid levels inside the tank during retrieval. 

d. Minimizing the presence of liquid pools to the extent practical. 

The leak detection and monitoring techniques used arc discussed in Section 4.2. 
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2.S.4 \Valkdown of Aboveground Portions of the Tank System 

The aboveground portions of the tank system were visually inspected daily to identify any 
abnonnalities in the equipment or processes that could lead to releases to the environment. 

2.S.5 Secondary Containment 

Leakage from the primary lllHTL (inner hose) would be contained by the secondary 
containment system (outer hose) and could be detected by leak detectors, material balance data, 
or radiological surveys. The secondary containment system was designed to drain nny fluid 
released from the primary hose to a common point for collection, detection, and removal. 

The drains located in the vessel/pump skid; vacuum skid; heating, ventilation, and air 
conditioning (HVAC); and the slurry vessel were routed to SST C-201. The HIHTL, 
vcsseVpump skid drain, and vacuum skid drain were integrated into the automatic leak detection 
system to shut down the system in the event of a leak. 

2.6 \VASTE RETRIEVAL CAMPAIGN CHRONOLOGY 

Table 2-1 provides a chronological summary of the SST C-20 I waste retrieval campaign. 
Retrieval of the waste (and water used for decontamination or flushing) was performed in 
batches. A batch refers to one filling and emptying of the slurry vessel, which has a capacity of 
250 gal; the volume of each batch fluctuated depending on the operations being performed. 

Table 2-1. Chronology of the Single-Shell Tank 241-C-201 \Vastc 
Retrieval Campaign. (2 sheets) 

Date Description 

October 25, 2005 Batch I was retrieved from tank 241.C-20 I, but could not be transferred to 
tank 241-AN-106 becau.,;c of a stop work in AN, AW, and SY farms, which 
was not cleared before d1e end of the shifi. 

October 27-November 2, 2005 The hydraulic hoses were moved from SST C-202 to SST C-201 to allow 
for post-retrieval sampling of SST C-20 I. No retrieval performed during 
this period. 

On November 3, 2005, a potential inadequacy in the Safety Basis was 
identified for the retrieval system. Routing of the vacuum pump water 
separator drain to the SST C-201 vent hatchway created the possibility of 
increased consequences from an unfiltered release accident. A Justification 
for Continued Operation.,; was approved on November 14, 200S. 

November 15-Dccember 1, 2005 Completed batches 17 though 29. Continued the use of both the scarifier 
and mast flushes for retrieval. 

December S, 2005 The AMS seized/bound up and the ann would not rotate; no retrieval could 
be performed. 

December 6, 2005-Janu:iry 4, 2006 Troubleshooting of the AMS was pcrfonncd. Hydraulic rotation could not 
be restored and the decision wa.,; made 10 continue retrieval using manual 
mast rotations. Retrieval would be performed in a line acros.,; the tank, then 
the mast would be rotated manually to allow another line to be retrieved. 
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Table 2-1. Chronology of the Single-Shell Tank 241-C-201 \Vastc 
Retrieval Campaign. (2 sheets) 

Datt Description 

January 5, 2006 Retrieval wa,; attempted, but the AMS would not move. 

January 6-11, 2006 More troubleshooting of the AMS was performed. A leak in the hydraulic 
pres.,;ure system made it difficult to maintain hydraulic prcs.,;ure to move 
the AMS. Some adjustment,; were made that would allow retrieval to 
continue. 

January 16-24, 2006 Completed batches 30 through 34 with the AMS in its first fixed rotalional 
position (position I). During this time, troubleshooting of the hydraulic 
system continued. 

Janu:.ry 2S-February 6, 2006 The AMS was manually rotated lo its second posilion and more work on 
the AMS was performed. A loose wire wa,; found and fL'<cd and a 
hydraulic pressure control valve waii replaced. 

Febru:,ry7-15, 2006 Completed batches 3.S through 9S with the AMS manually rotated through 
positions 2 through 7. A!'. a result of the limited AMS rotational 
movement, water u.,;age was increa.,;cd considerably wilh ma.,;t flushes 
being used lo wash solids to more acccs.,;ible areas of the tank. On 
February 1 S, it appeared that very little retrievable solids remained in the 
tank. Final system flushing wa.'I performed and retrieval was halted. 

February 17, 2006 Dascd on the evalualion of in-tank videotapes, further wasle re1rieval from 
small wa,;tc d1,1)osits in areas of the tank appeared possible. The decision 
was made to continue retrieval of SST C-20 I to en:.-ure the limits of 
technology were reached. 

February 21-March 7, 2006 Leak detector functional testing and rotation of the mast to position 8 was 
performed. Resumption of retrieval wa,; delayed until replacements for a 
failed fu.o;c holder and fuse were obtained. 

March 8-23, 2006 Completed batches 96 through 128 with the AMS rotated through positions 
8 through 14. Solids were dislodged and flushed down from the knuckle 
and upper parts of the tank dish and batches were retrieved. Although 
visual obscrvnlion.'I of the retrieval operations indicated some rclrieval of 
solid'I in AMS positions 8 through 11, low batch SpGs indicate linle, if 
any, waste retrieval. In AMS positions 12 and 13, the AMS was able to 
move over the dip tube lying near the tank bouom and access an area wi1h 
deeper waste; waste retrieval was observed. both visually and via increased 
SpGs when these areas were rclrievcd. 

March 23. 2006 Determination was made that vacuum retrieval was no longer effective in 
retrieving waste. Final flushes and videos were performed. 

2-7 

- · - - · -- --- ----



RPP-RPT-30181, Rev. 0 

3.0 RETRIEVAL SYSTEM PERFORMANCE 

This section discusses the SST C-201 waste retrieval system performance in terms of residual 
waste, retrieval duration, and water use. In addition, this section compares the·achieved waste 
retrieval results against predicted performance. Retrieval and performance data arc included in 
this section. 

The SST C-20 t waste retrieval system was operated 33 days over a t 49-calcndar-day period and 
recovered 690 gal of waste in 128 batches. The waste was retrieved at varying rates (3 gal to 
100 gal of SST C-201 waste per batch) over time. 

3.t \VASTE RETRIEVAL PROCESS DESCRIPTION 

The SST C-201 waste retrieval process consisted oflow-volume water retrieval using a VRS to 
remove waste from the tank while minimizing water additions and liquid pooling in the tank. 
Vacuum pumps were used to mobilize and recover waste via the AMS and deposit the waste in a 
slurry vessel located above grade. Mobilized solids were diluted in the slurry vessel with raw 
water and then pumped to the receiver DST AN-106 through an HIHTL. The entire process was 
monitored to facilitate waste retrieval and minimize free liquid in the tank. The composite 
material received in DST AN-106 consisted of mobilized tank waste and water added to assist 
waste retrieval and transport. 

In-tank and ex-tank water was added to the waste at various stages of the process. In-tank water 
additions were primarily for waste mobilization activities and included the following: 

a. Scarifying water to break up and move waste. 
b. Flush water to move waste from the knuckle on the tank floor. 
c. Drain water from the vacuum separator vessel. 
d. Drain water from the slurry vessel. 
c. Drain water from the exhauster. 
f. Drain water from system maintenance. 

Ex-tank water was used for transport of waste solids as (I) Hydrotrans® water for mobilizing 
waste solids in the slurry vessel for transfer, and (2) dilution water to reduce slurry density and 
flush transfer lines to DST AN-106. Figure 3-1 presents a diagram of the waste retrieval 
instrumentation. The flowmetcrs shown in Figure 3-1 arc described in Table 3-1. Before 
retrieval from SST C-20 I began, three flowmctcrs were added to the waste retrieval system to 
improve the accuracy or detail of the flow of water through the system. Those three flowmeters 
arc shown in Figure 3-1 and arc described in Table 3-1. 

The two primary sources of water were low pressure (FM-4) and high pressure 
(POR77-FQI-003). The sum of the values from these two meters accounts for the total water 
used. High-pressure water was used for one purpose: in-tank scarifying. Low-pressure water 
was used for multiple purposes as both in-tank and ex-tank water. 
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Figure 3-1. C-200-Series Tanks Instrumentation Diagram. 
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Note: Three flowmctcrs were added to the C.200 series retrieval system before retrieval of C-20 I but only two were used for 
SSTC-201: 
@ Denotes POR77-FQl-003 

Q) Denotes POR67-FQl-003 

3-2 



Identifier 
FM-I 

FM-2 

FM-3 

FM-4 

FM-5 

FM-6 

FM-7 

NIA 

NIA 

RPP-RPT-30181, Rev. 0 

Table 3-1. Single-Shell Tank 241-C-201 Retrieval Process 
Flowmctcr Summary. 

Tai?• Name Purpose 
241-C-73 Inlet water Measures raw water delivered to Air and 

meter Water Service Building 241-C-73. 

POR77-WT-BT-002 High-pressure Mca.,;ures high-pressure water delivered 
water meter to the scarifier on the AMS head. 

POR77-\VT-FIT-001 Low-pressure Mca.,;urcs the low-pressure water 
water meter delivered to the utility skid. 

POR67-\VT-fT-001 Low-pressure Mca.,;urcs the low-pressure water 
watermelcr received at the utility skid. Meters the 

same supply line as FM-3. 

POR79-WT-TT~02 Batch vessel Mea,;urcs the amount of water delivered 
skid waler to the AMS for flushing solid,; from the 
meter AMS screen and to mobilize waste 

(llydrotrans~ in the slurry ves.,;el for 
tran.,;fcr lo DST AN-106. 

POR79-WT-FT-01 Pump and line Measures dilution water used to keep 
flush water solid.-; suspended during transport, to 
meter prime and flush transfor pumps, and 10 

maintain waste density within prescribed 
limits. 

POR79-WT•FT.03 Transfer line Measures the volume of diluted waste 
now delivered to DST AN-106 and measures 

the relative density. 

POR67-FQl-003 Vacuum skid Mca.,;urcs the water sent to the vacuum 
water meter skid, which is returned to SST C-201. 

POR77-FQl-003 lligh-prcs.,;urc Mea.<1urcs high-pressure water delivered 
waler meter to the scarifier on the AMS head. 

• Equipment tngs noted on the piping and in~trumcntalion diagrams. Abbreviations shown in bolJ. 

3.2 \VASTE RETRIEVAL TECHNOLOGY PF.RFORI\IANCE 

The performance of the waste retrieval system was monitored throughout the campaign using 
various indicators. Water meters were used to detcnnine trends in water use. Material balance 
was used during waste retrieval operations to (I) estimate the waste removed from the tank per 
operating day, (2) determine retrieval efficiency, and (3) determine trends in retrieval 
performance. 

The material balance was initially calculated as the difference between the measured volume that 
was added to the system (water) and the measured volume removed from the system (waste and 
water). There is uncertainty related to these volume measurements as well as to the initial waste 
volume. A detailed discussion of uncertainties and of the material balance is found in 
RPP-CALC-29809, leak Detection Monitoring Calculalion for Singlc-Sl,c/1 Tank 24 J-C-20 I. 

The material balance calculation was performed every operating day to determine the volume of 
waste retrieved from SST C-201. An operating day is defined as a shift in which retrieval 
activities were performed, regardless of number of hours operated or waste transfers. 
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The EN RAF gauge measurement in DST AN-I 06 provided daily values for liquid level. The 
difference between the measurement at the end of an operating day and the previous day's 
measurement is normally used to determine the volume of waste and water transferred from 
SST C-201 each day. However, because of the concurrent retrieval of SST C-103, which was 
also using AN-106 as its receiver tank, the DST liquid level change could not be used to 
determine the volume of waste retrieved from SST C-20 I. 

An alternate method to determine the volume of waste removed was used to multiply the batch 
vessel skid discharge by waste densities to detcnnine the volume of tank waste transferred. The 
volume of transferred waste is determined through a series of calculations using the following 
data: 

a. Daily relative density of transferred slurry (RD). 
b. Daily volume of transferred waste (V1111a1). 
c. Daily volume of transferred slurry (V,1). 
d. Daily mass of transferred slurry (M111). 
e. Daily volume of transfer flush water (V n). 
f. Initial best-basis inventory (BBi) waste volume, 862 gal. 
g. Density of bulk SST C-201 waste (SpGbulk), 1.44 g/mL 
h. SpG of SST C-201 solids (SpG~). 2.436. 
i. SpG of water (SpGwa1a), 1.0. 
j. Volume fraction of solids in SST C-201 waste from tank waste samples (vf1), O.S91. 
k. Daily volume of transferred tank solids (V,). 

To determine the daily volume of waste in the tank, the daily volume of transferred tank solids is 
subtracted from the previous day's volume. TI1e BBi was used as the basis for the initial 
volume. The following equations were used to build the formula to determine the daily volume 
of transferred tank solids. First, the volume of transferred slurry (V,1) was determined by 
subtracting the flush water (V n) the total volume measured by the mass flowmeter (V1oc:i1). 

V,1 = V '°'°' - VJI 

Second, the volume of transferred solids (V1) is a fraction (X) of the total volume of slurry (V11). 
which is comprised of both water and tank solids. The tank waste solids volume also contains 
void spaces, which arc accounted for by the volume fraction of solids (vf1) . 

V = V,1 ·X 
I V/, 

The volume fraction of solids is the portion of the waste volume that is made up of solids, the 
remaining volume consists of void spaces filled with air. The volume fraction of solids is 
determined by dividing the density of the bulk waste (solids and air) by the density of the solids. 

vJ: = SpG ,,,.,A = 1.44 = 0_591 1 SpG, 2.436 
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To detcnnine the fraction of solids, the mass of the slurry transferred (M,1) is used to relate the 
volumes and densities. The mass of the slurry transferred is equal to the volume of slurry 
transferred (V,1) times the relative density (RD) measured by the meter. The mass of the slurry is 
also equal to the mass of solids plus the mass of liquids. The mass of solids comes from the 
solids fraction (X) of the slurry times the specific gravity of the solids (SpG5) plus the water 
fraction (1-X) times the specific gravity of water (SpGwa,~.,). The specific gravity of water is 
assumed to be I and this equation is solved for X. 

M,1 = V,1 ·RD= V,, •X ·SpG, + V,1 ·(1-X)·SpG_,..r 

V,, • RD = v., · X • SpG1 + V., - V,, • X 

RD=X·SpG, +1-X 

RD= X ·(SpG1 -1)+ 1 

RD-I 
X=---

SpG, -I 

These equations arc combined to form the equation for detcnnining the amount of waste volume 
transferred out of the tank (V,). 

V = V,, •(RD-1) 
1 \:f: ·(SpG, -1) 

The daily discharge volumes relative density, waste volume and estimated volume remaining arc 
shown in Table 3-2. The volume remaining is based on the BBi pre-retrieval starting volume of 
862 gal. Additionally, on two occasions, CCMS was used to provide on estimate of the 
remaining waste in the tank. On December 1, 2005, and February 16, 2006, the volume was 
estimated based on visual observation and tank geometry. The estimated volumes arc included 
in the estimate of remaining tank volume. 

Figure 3-2 illustrates the SST C-201 retrieval system performance trend based on the data 
presented in Tobie 3-2 in tcnns of volume of waste remaining per operating day based on the 
assumed starting volume. The sharp drop on day 14 is the result of rebaselining the volume 
based on the first CCMS waste volume estimate. 

Although final volume estimates in Figure 3-2 based on material balance calculations arc lower 
than the residual waste volume (which was detennined as described in Section 6.0 to be 19.2 ft3

), 

the material balance provides an estimate for waste retrieval efficiency and trends in 
performance. The figure shows a gradual decrease in the volume of waste retrieved and that less 
than 40 gal of waste were retrieved during the last 5~ IO operating days. 

The waste remaining in SST C-201 was calculated through video camera/computer-aided design 
modeling system (CCMS) and topographical mapping measurements as described in RPP-23403, 
Single-Size// Tank Component Closure Data Quality Objectives (DQO), for determining the final 
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waste volume. The final volume determined by this method was 144 gal (19.2 ft3
) of waste in 

SST C-201. Further discussion of the residual waste volume measurement is presented in 
Section 6.0. 

Table 3-2. Daily Volume Calculation Data. 

Volume 
Relative Volume Volume Transferred Remaining 

Operating Density, Transferred.• Flush, rromTank, Volume' 
Date Day RD V._., Caal) V11 (aal) V.(aa1) (l!al) 

1012S/OS 1 862 
10/27/0S 2 1.024 2090 29S so 812 
10/31/05 3 1.047 605 296 17 79.S 
11/1/05 4 1.029 963 285 23 771 
11/2/0S 5 1.040 1210 247 46 726 
11/15/05 6 1.035 797 253 22 703 
11/16/05 7 1.040 413 260 7 696 
11/21/0S 8 1.028 38S 284 3 693 
11/23/05 9 0.000 0 0 0 693 
11/28/05 10 1.012 93.S 307 9 684 
11/29/05 11 1.082 358 25.S 10 674 
11/30/05 12 1.026 511 264 10 664 
12/1/05 13 . 1.025 853 296 16 648 
12/1/05 14 277 
1/4/06 IS 0.000 0 0 0 277 
1/5/06 16 1.000 83 0 0 277 
1/16/06 17 1.063 385 240 11 266 
1/20/06 18 1.043 303 143 8 2S8 
1/23/06 19 0.000 0 0 0 258 
1/24/06 20 1.008 853 139 7 251 
2!1106 21 1.014 2090 251 31 220 
2/8/06 22 1.009 14S7 244 13 207 
2/9/06 23 1.004 3547 246 17 190 
2/13/06 24 1.003 2448 249 8 182 
2/14/06 2S 1.003 1127 248 3 179 
2/15/06 26 1.000 2860 348 0 179 
2/16/06 27 182 
3/9/06 28 1.000 922 270 0 182 
3/16/06 29 1.000 910 251 0 182 
3/20/06 30 1.000 908 27.S 0 182 
3/21/06 31 1.002 1430 249 2 180 
3/22/06 32 1.002 313.S 248 7 173 
3/23/06 33 1.002 1073 512 1 172 
• Volume transferred measured by flowmctcr POR 79-WT-FT0.l locatcd in the batch vessel skid. This dala 
is provided on 0-.ata Sheet WT-7836 (CIIAMPS-200S). 
• Remaining volume rq,n:scnts all of the wasle In the tank; boldcd values result from video-based 
estimates of volume in the bottom of the tank plus the waste volume found in equipment and on the tank 
wall. 
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Figure 3-2. Residual Tank Waste Volume Trend During 
Retrieval Campaign per Operating Day. 
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Pre-retrieval goals for the waste retrieval system performance were provided in various planning 
documents. The key performance measures used to evaluate the actual system performance 
following the campaign are described in Table 3-3 . 

3.3 PREDICTED VERSUS ACTUAL TECHNOLOGY PERFORMANCE 

The waste retrieval data was used to evaluate the system's performance against the pre-retrieval 
goals; results of the evaluation are summarized in Table 3-3 .. The system exceeded expectations 
for the residual waste volume estimate. The post-retrieval calculations indicated that the 
performance indicators for retrieval time, total water use, and retrieval rate fell short of their 
targets. The performance curves presented in this section indicate that the system performed to 
expectations until the end of the campaign, when less waste was available for retrieval. 
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Table 3-3. System Performance Summary. 

Estimated Prior to Achieved 
Measurement Retrieval Start Actual Expectations? 

Remaining tank wac;te residues volume (ft') <JO" 19.2b Yes 

Retrieval time (days) 22 33 No 

Retrieval rate (gal of waste per batch) r 5.64 No 

Total water use (gal) 30,000e 31,784' No 
• Defined by the I lfFACO as "retrieval of a.,; much wa.~tc ai1 technically possible.. with tank residues not 10 exceed ... 30 ft3 in 
each of the 200-scrics tanks, or the limit of waste retrieval lcchnology capability, whichever is lcs.1." 
11 Remaining tink waste n..-siducs volume rq,orted in RPP-29441, Po.ti-Retrieval W a.tic Yol11me Dcrermination for Single
Shell Tank 241-C-201. 
cThis is calculaled using a ba1ch volumeof2S0 gal (RPP-16945, Section 2.3.1, page 13), and SSTC-201 ini1ial Waslc 

volume of862 gal (based on the DDI). It was prcdich.-d that ii would take 30,000 gal ofwah.T to retrieve 862 gal ofwa.-tlc. 
Therefore about JS gal of water is u!icd per gal of waste retrieved. A 250-gal batch of sluny would d1cn:forc contain about 
7 gal of wa.~lc. 
"Retrieval rate was calculated using the volume retrieved from SST C-201 and die tot.ii batches, a.~ follows: 

Volumcofwa!llc retrieved from SST(690 gal)+ Total numbcrofbatc:hcs(l28) • 5.4. 
• Estimated water use for the C-20 I campaign was 30,000 ba.,;cd on RPP-RPT-25160, Rev. I, Waste Comratibility h .Jes.,ment 
o/Tnnlt. 241-C-/OJ Wo.ttc with Tank 141-AN-/06 Waste and Tank 241-AN-/06 Waste with Tank UI-C-IOJ Wa.ttt!. 
rTotal water use• 27.236 gal (FM-4) + 4.548 gal (POR77-FQl-003) • 31,784 gal. 

3.3.t ,vatcr Use 

Before retrieval began, the projected water use was estimated to be 30,000 gal based on retrieval 
experience with SST C-202 and SST C-203. The waste retrieval campaign used an estimated 
31,784 gal of water. In-tank water use totaled about 16,600 gal and ex-tank water use was about 
15,100 gal. Water use for the SST C-201 retrieval campaign was about half of that used for the 
SST 241-C-203 (SST C-203) retrieval campaign, but more than twice the volume used for 
retrieval of SST C-202. After the retrieval of SST C-202, it was discovered that the air and water 
lines in the mast could become contaminated, a scenario that was not covered in the Safety Basis. 
Therefore, the system was modified so that injection of air and water into the mast was not 
possible during the retrieval of SST C-201. The inability to use lube water and air injection in 
the AMS required that air and water be provided to the AMS by other means. Water additions to 
the tank via mast flushes and scarifier were used to substitute for lube water. Air from the tank 
hcadspacc substituted for the air injection. The volume of flush water used for C-201 was about 
11,000 gal, which accounted for about a third of the total water used. 

Transfer line flushes were decreased from every third batch for SST C-203 to about once per 
operating day for SST C-201. The reduction was made after trends in operating data showed that 
the waste was sufficiently diluted (relative density less than 1.1) prior to entering the DST to 
minimize the risk of line plugging. However, water use for transfer line flushes was similar to 
retrieval of SST C-202 where line flush frequency had initially been decreased. Transfer line 
flushes accounted for about one-fifth of the water used for waste retrieval. Figure 3-3 presents 
water use on each operating day of the SST C-201 retrieval campaign separated into in-tank and 
ex-tank water. Daily in-tank water use is shown in Fi~rc 3-4. Overall, more cx:-tank water was 
used than in-tank water as indicated in Figure 3-S, reducing the risk ofleak loss associated with 
the volume of water used. In-tank and ex-tank water disposition is presented in Tahlc 3-4. 
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Figure 3-3. Daily Comparison of In-tank and Ex-tank Water. 
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Figure 3-4. Daily In-tank Water Use. 
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Figure 3-S. Proportion of In-tank and Ex-tank Water Use. 
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Table 3-4. Water Use and Disposition. 

Actual Entered 
Description of Estimation Method• 

(2al) C-201? 
13,817 No Total amounts recorded by FM-4 minus the amount 

attributed to washing , slurry vessel drains, and vacuum 
separator water.b 

4,548 Yes Total amount recorded by FM-2. 

10,910 Yes Values recorded by FM-5 attributed to mast flushes and 
slurry vessel drains. 

1,206 Yes Total amounts recorded by FM-5 while water was 
added to vacuum separator vessel. 

16,665 Yes Summation of values above with 'Yes ' in the third 
column of this table. 

15, I I 9 No Summation of values above with 'No' in the third 
column of this table. 

31,784 NA Summation ofFM-2 and FM-4. 

• Sec Table 3-1 for a description of all FM (llowmeter) numbers. 

b Low pressure water (for mobilizing the waste) was estimated by subtracting the wash water estimate of 10,910 gal and water 
separator volumes of 1,206 gal from the total for FM-4 (27,236 gal). The total was 27,236 - 10,910 - 1,206 = 115, 119 gal. 
(Numbers do not match exactly due to rounding errors.) 

3.3.2 Waste Retrieval Rate 

The preliminary estimate of the retrieval rate for the SST C-20 I campaign was developed using 
the batch volume and predicted water use. The batch volume is 250 gal based on the size of the 
batch vessel, the predicted water use is 30,000 gal, and the waste volume to be retrieved is 
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862 gal. The ratio of water to waste is about 35 to 1, resulting in a predicted retrieval rate of 
7 gal per batch. On average, the system performed at 5.4 gal per batch, below the estimated 
pre-retrieval rate. 

The waste retrieval rate generally met expectations until day 24 of the campaign. After day 24, 
retrieval results diminished, showing little if any daily progress. The operating days showing a 
retrieval rate of zero in Figure 3-6 are due to the relative density readings showing a relative 
density equal to or less than 1.00. This involved days where entrained air in the slurry or low 
readings near the beginning and end of the slurry transfer caused the values to be low. 

Figure 3-6. Waste Retrieval Rate During Campaign. 
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Note: Sporadic values equal to zero indicate that retrieval of waste did not occur due to repairs or the relative 
density did not demonstrate retrieval of waste. In these cases, the relative density was equal to or 
slightly less than I. 

3.3.3 Retrieval Time 

The pre-retrieval estimate of22 days was based on performance data from the retrieval of SST 
C-202 and SST C-203. The retrieval rate was assumed to be comparable, and the number of 
days was scaled to account for less initial waste volume. Lessons learned from the retrieval of 
SST C-203 were successfully applied to estimate retrieval time required for retrieval of 
SST C-201. 
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The pre-retrieval estimate of22 days did not provide sufficient time to retrieve SST C-201 to the 
limits of the technology selected. Due to the limited mobility of the AMS, retrieval was not able 
to proceed as efficiently and required more time to retrieve the tank waste. The VRS had 
retrieved more than half of the total residual waste by day 15 of the campaign and the system 
continued to recover measurable volumes of waste through day 24. The campaign was 
continued another 8 days to recover additional waste. 

On operating day 14, the AMS lost the ability to rotate using the hydraulic controls. Although 
the mast could be repositioned manually, this restricted the AMS to localized areas of the tank 
and significantly limited its mobility. For each rotational position, the AMS could retrieve in a 
line across the tank bottom. Using the scarifier to mobilize waste adjacent to the path of the 
AMS suction hcad allowed a path two to three times the width of the AMS head to be 
influenced. This retrieval method required more time to reach all areas of the tank. 
Additiona1ly, as more waste was removed from the tank, the residual waste became more 
difficult to retrieve. The waste broke into chunks and had a gravelly appearance. This material 
required more effort to be lifted out oflhe tank and remained suspended through the waste 
retrieval system process. 

3.4 CONCLUSION 

Compared to perfonnancc goals (Table 3-3), the SST C-201 waste retrieval system met 
expectations in residual waste remaining in the tank. However, limitations due to manual 
positioning of the AMS affected pcrfonnancc and resulted in higher than expected water use, a 
lower than expected retrieval rate, and a longer retrieval time in days. 

3-12 

----··----



RPP·RPT-30181, Rev. 0 

4.0 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 includes 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. Additionally, the LDMM program quantifies liquid waste release 
volumes should n release be detected. There was no evidence of a leak during retrieval of waste 
from SST C-20 l. 

Unlike the 1 00•scries tanks, the C-200•scries tanks do not have drywells in the vicinity of the 
tank wall to detect or measure leaks. SST C-20 I was categorized as an "assumed leaker" in 
1988 based on level decreases; 450 gal of waste was estimated to have leaked from SST C·20 I 
(HNF-EP.0182) (sec Section 1.2). In the intervening years between its categorization as an 
"assumed leaker" and recent retrieval, not enough liquid was present in the tank to warrant 
additional LDMM measures. This tank was given higher priority for retrieval, and a leak 
mitigation strategy that strictly controlled the amount of liquids used was implemented. 
RPP-t 6525, Rev. 6A, establishes that a mass balance will be performed at the conclusion of 
retrieval as the leak detection and monitoring (LDM) method. 

The approach described in RPP-16525, Rev. 6A, is based on preventing leakage, minimizing 
leak volumes if a leak should occur, and using available process control data for indication of 
possible leakage. The strategy implemented was to not allow additional volumes of liquid into 
SST C-20 I beyond that required to break up the waste close to the vacuum head for subsequent 
removal. 

The following sections describe the LDMM requirements, LDM implementation, mitigative 
approach, chronology, and results. The major results for the LDMM program during SST C-201 
waste retrieval arc as follows: 

a. There was no evidence of a leak during waste retrieval based on results of in-tank liquid 
level monitoring and skid leak detectors. 

b. The material balance calculation results established no evidence of a leak during retrieval 
(sec Section 4.2.1.3 ) . 

c. Water minimization was implemented as part oflcak mitigation. 

4.1 REQUIREMENTS 

The LDM system incorporating mitigation was established in RPP-16525, Rev. 6A. 
Requirements arc also contained in the safety basis controls given in RPP-17190, Safety 
Evaluation of tire Waste Retrieval System Vacuum System/or 241-C Tank Farms 200-Scrics 
Tanks, and HNF-SD-WM-TSR-006, Technical Safety Requirements/or Tank Farms, specifically 
Technical Safety Requirement (TSR) Limiting Condition for Operation (LCO) Section 3.1.1, 
"Transfer Leak Detection Systems." Material balances during transfers arc required by the TSR 
Administrative Control (AC) Section 5.11, "Transfer Control," and RPP-12711, Temporary 
Waste Transfer Linc Management Program Plan. 
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The primary procedures governing notification and reporting of leaks arc TFC-OPS-OPER-C-24, 
Occurrence Reporting and Processing of Operations Information, and TFC-ESHQ-ENV _FS-C-01, 
Em•ironmenta/ Notification. 

4.2 LEAK DETECTION AND l\lONITORING 

During retrieval of waste from SST C-20 I, LDM was accomplished by the use of EN RAF 
gauges in DST AN-106, visual inspection, leak detectors, radiological monitoring, and material 
balances as shown in Table 4-1 and discussed in Sections 4.2.1 through 4.2.3. 

Table 4-l. Leak DctecCion ond Monitoring Methods for 
Each \Vastc Retrieval System Component. 

Component LDM Method 

SST C-20! Limited liquid level monitoring. visual inspection, material 
balance 

DST AN-106 Liquid level monitoring,• aMulus leak detectors, radiation 
monitoring for annulus exhaust air 

Ancillary equipment (skids, 1111 ITL) leak detectors 

•Except when DST AN-106 was being u~ concurrently to receive liquid from the SSTC-103 retrieval. 

4.2.1 Single-Shell Tank C-201 

4.2.1.t. Liquid Level Monitoring. The overall waste retrieval operating strategy for 
SST C-20 I 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. The EN RAF device installed in 
SST C-201 did not haven consistent liquid surface to measure nnd was not rel ied on for leak 
detection purposes. Sec Section 2.4 for n description of how the instrument functions. 

4.2. ,.2. Visual Inspection. Before initiating waste retrieval operations, n visual assessment and 
documentation of in-tank conditions in SST C-201 were perfonncd using an in-tank video 
camera. Throughout waste retrieval, the CCTV 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 SST C-201 indicate that the surface level decrease 
corresponded with waste retrieval activities. Unexpected increases or decreases in the surface 
level of SST C-201 were not observed. Because surface liquid had been minimized in 
SST C-201 prior to extended downtimes, evaporative loss was not noted during waste retrieval. 

4.2.1.3. Material Balance. Material balances nrc primarily used for process pcrfonnancc 
measurements (sec Section 3.2). However, they also provide useful information for determining 
gross indications of leaks in the system. The material balance is perfonncd to account for all of 
the water and waste that moves through the system. A material balance discrepancy (MBD) 
occurs when the amount of material going in and coming out docs not match the change in the 
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system. This calculation is presented in RPP-CALC-29809. The material balance is calculated 
using this basic equation: 

Marerial balance discrepancy (MBD) = slart volume +additions-removals - ending volume 

Waste transfers have permissible MBD limits based on system-specific variables and estimated 
accuracies of instrumentation. On completion of retrieval, an overall MBD was calculated. The 
MBD limit was calculated ns the limit of error associated with all volume measurements or 
volume estimates associated with the SST C-20 I retrieval process. Should the MBD exceed the 
limit of error, the difference between the MBD and the limit of error is called waste unaccounted 
for (WUF). Therefore, tfthe MBD is 

a. Negative, the WUF = 0. 

b. Positive but S limit of error associated with the SST C-20 l retrieval volume 
measurements or volume estimates, the WUF = 0. 

c. Positive and> limit of error associated with the SST C-20 I retrieval volume 
measurements or volume estimates, the WUF = MBD - limit of error. 

The limit of error is assumed to be the following: 

limit of error= (l: U?)½ 

where U 1 = uncertainty with stream 1, U2 = uncertainty with stream 2, etc. 

The square-root-of-the-sum-of-squares method for estimating the limit of error is based on an 
assumption of independence between the variables. Details of the uncertainty calculations can 
be found in RPP-CALC-29809. . 

The system material balance had an MBD of -278 gal, well within the uncertainty of± 1332 gal. 
TI1e WUF for the primary MBD is zero, thereby establishing no evidence of a leak during 
retrieval. More detailed results arc presented in RPP-CALC-29809. 

4.2.2 Double-Shell Tank AN-l06 

4.2.2.t. Liquid Level Monitoring. Daily liquid level measurements were recorded for the 
receiving DST, which was DST AN-106. The ENRAF gauge is capable of accurately measuring 
liquid level changes of0.01 in. Sec Section 2.4 for a description of how the instrument 
functions. 

During waste retrieval there was no evidence of a release from DST AN-I 06 based on results of 
liquid level monitoring. A consistent increase in liquid level was noted in DST AN-106 
throughout retrieval. The DST AN-I 06 liquid level increase corresponded with the material 
balance results for SST C-20 I, except during concurrent use of the DST to receive liquids from 
SST C-103 retrieval. 

4.2.2.2. Leak Detectors. DST AN-106 is monitored for leaks in the inner shell by a 
conductivity probe leak detection system installed in the tank annulus during tank construction. 
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Slots cut in the concrete that support the tank at the bottom arc designed to drain any leakage to 
the annulus floor. Conductivity probe assemblies on the annulus floor would activate an audible 
alann and an aMunciator panel light in the event of liquid leaking to the annulus so that · 
mitigation would begin. Throughout the SST C-201 waste retrieval campaign, no leaks were 
detected by any of the leak detectors in DST AN-I 06. 

4.2.2.3. Radiation Monitoring. A continuous air monitor operated to detect airborne 
radionuclides entrained in the ventilation exhaust stream of the annulus of DST AN-106. 
Detection of radiation exceeding a set limit in the annulus of the DST would activate an audible 
alarm and an annunciator panel light, initiating mitigative action. 

The continuous air monitor for the DST AN-106 annulus detected no radiation levels above 
background during retrieval that could have been attributed to leak-induced airborne 
radionuclides. 

4.2.3 Ancillary Equipment 

Leak detectors were installed in the vessel/pump skid, vacuum skid, and HIHTL (secondary 
containment structures) to detect the presence of liquid through conductivity, which would 
activate alarms and shut down the waste retrieval system. Leak detectors were also placed in 
skid drain lines that were anticipated to be used in the event of a leak but otherwise should have 
remained dry. These skid leak detectors would have provided immediate notification of a leak 
from any ancillary equipment in the SST C·201 waste retrieval system, allowing initiation of 
appropriate mitigation actions. 

Throughout the SST C·201 waste retrieval campaign, no leaks were detected by any of the leak 
detectors on the skids or HIHTL. 

4.3 MITIGATION 

Leak mitigation was accomplished through design features and the operational strategy 
developed for the VRS. Mitigation included actions that reduced the chance of a leak and the 
environmental impact of a leak should one have occurred. Potential leaks were proactivcly 
prevented and minimized throughout the waste retrieval operations. 

4.3.1 Singlc•Shcll Tank C-201 

A summary of the SST C·20I mitigation is as follows: 

a. Addition of water to the retrieval tank was minimized as described in Section 3.3.1 . 
Liquid pools that fonned were removed 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, dissolved waste and interstitial 
liquids drain quickly into a central pool and can be rapidly pumped from the tank if a leak 
is detected. 

c. Waste retrieval activities were performed only while a video camera was in place to 
observe the AMS vacuum head and waste surface. 
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d. Equipment handling controls were used to minimize the potential for dropping equipment 
into the tank, which could penetrate the tank bottom during installation. 

e. The hydraulic pressure to the AMS was reduced to the extent practical while still 
permitting acceptable AMS operation to minimize the potential for putting excessive 
pressure on the tank watl during retrieval operations. 

f. A benchmark level was maintained to ensure a low head of introduced liquid. The waste 
level did not exceed this benchmark. For SST C-20 I, the benchmark was 12 in., as 
measured by manual tape from the tank sidewall (2,065 gal of waste). 

The SST C-20 I retrieval process lasted only 149 calendar days, minimizing the amount of time 
for retrieval liquids to leak from the tank. As discussed in Section 3.0, the waste retrieval 
process took more time than planned and more water was used during retrieval than expected 
due to operating the AMS manually. The mitigative approach was implemented to ensure that 
potential leakage from SST C-20 I was carefully monitored at all times. Key mitigative actions 
arc described in Sections 4.3.2 and 4.3.3. 

4.3.2 Double-Shell Tank AN-106 

The only tank used to receive SST C-201 tank waste was DST AN-106. Mitigating actions for a 
leak from DST AN-I 06 primary tank piping into the secondary DST containment system during 
a waste transfer from SST C-201 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 
DST AN- I 06 tank bottom may also have required saltwcll jct pumping to remove trapped liquids 
from between solid layers in the tank. Transfer line leakage would drain back to the batch 
vessel/pump skid and subsequently to SST C-201. 

4.3.3 Ancillary Equipment 

Should a leak have occurred within the skids, the liquid would have drained to SST C-201, not to 
the surrounding soils. Any water that collected in the skid floor pan would have activated a leak 
detector, which would shut down nil skid operations. Should a leak have occurred within the 
skid, the waste retrieval process would have halted automatically when the leak detector 
activated and shut down the transfer pumps. The process could also have been halted manually 
if the leak was visually observed during routine inspections. Any detected leaks would have 
been mitigated before the process was restarted. The response to a leak would have been the 
same regardless ofleak rate, and an occurrence report would have been issued in accordance 
with requirements established in TFC-OPS-OPER-C-24. 

Leakage from an HIHTL (inner hose) into an encasement (outer hose) would have drained to an 
alarm location and a collection tank. The transfer would have been shut down when the alarm 
was activated. Response to transfer leak detection alarms and mitigation actions would have 
been performed in accordance with procedure TO-220-106, Transfer from 24 J-C-200 Series 
Tanks to 241-AN-I06. 
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4.4 CONCLUSION 

Based on the available data (presented in Sections 4.2 and 4.3), no evidence of a tank leak 
occurred during SST C-201 waste retrieval operations. The SST C-201 LDMM program focused 
on a mitigation strategy to successfully control potential leaks. This strategy included the 
foJlowing: 

a. Minimize residual tank waste. 
b. Minimize in-tank water use. 
c. Minimize standing liquid pools in the tank. 
d. Control nnd 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 SST C-201, according to the plan set forth in RPP-16525, 
Rev. 6A, was successfully achieved. 
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5.0 LIMITS OF TECHNOLOGY 

HFF ACO milestone M-45-00 states in part: "Closure will follow retrieval of as much tank waste 
as technically possible, with tank waste residues not to exceed , .• 30 ft3 in each of the 200 series 
tanks, or the limit of waste retrieval technology capability, whichever is less." In addition, 
HFFACO Milestone M-45-008, which identifies requirements for demonstration retrievals such 
as the C-201 retrieval, provides in part: "Waste shall be retrieved to the DST system to the limits 
of the technology (or technologies} selected!' 

This section presents information on the VRS as it was initially configured and subsequently 
modified to continue the retrieval operation throughout the SST C-201 waste retrieval campaign 
in compliance with the Functions and Requirements (RPP-16525,} and the Process Control Plan 
(RPP-t 6945). Compliance with RPP-16525, C-200-Scries Tanks Retrieval Functions and 
Requirements, and RPP-16945, Process Control Plan/or the 241-C-200 Series Waste Rctrieml 
System, was ensured even though the operation of the VRS had to be altered when a portion of 
the hydraulic system malfunctioned. Manual rotation of the AMS enabled continued waste 
retrieval operations until the waste retrieval system performance diminished to the point where it 
was determined by consensus that negligible waste was being removed with each additional 
batch. At that point the requirements of M-45-00 and M-45-008 were satisfied and retrieval was 
terminated. 

Unless otherwise noted, data in this section was developed in accordance with procedure 
TFC-ENG-CHEM-P-47, Single-Shel/ Tank Retrieval Completion Evaluation, 

5.1 IDENTIFYING LIMITS OF TECHNOLOGY 

Neither Milestone M-45-00 nor M-45-008 prescribes a basis for determining when a technology 
has reached the limit of its capability to retrieve waste. Figure 5-1 illustrates the general concept 
of diminishing returns over time as a waste retrieval activity progresses towards its limit. 

Figure 5-1. Limits ofTcclmology Model. 

TIME 
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The limits of technology model (Figure 5-1 ), shows that during the early part of the hypothetical 
campaign, efforts arc focused on optimizing the efficiency of the technology. During the middle 
period, the operational parameters arc in place and relatively large volumes of waste arc removed 
efficiently. 

In later stages, the small volume of waste remaining causes the retrieval operation to use 
additional fluid to mobilize the remaining waste and thus more operating time is required in 
relation to the volume of waste recovered. In the final days, the quantity of waste recovered 
approaches zero (using the same volume of retrieval fluids), indicating that retrieval efficiency 
has diminished to the point where only a negligible amount or no waste can be retrieved using a 
selected technology. 

5.2 DETERMINATIONTIIAT AS MUCH \VASTE \VAS RETRIEVED AS 
POSSIBLE USING THE SELECTED TECHNOLOGY 

The DOE and CH2M HILL relied on the following three types of data to establish progress 
towards meeting the limit of the VRS capacity to retrieve waste from SST C-201 and detcnninc 
when the end of retrieval was reached: 

a. Examination of in-tank photos/videos to observe and record the waste surface contours, 
form, and characteristics. 

b. Estimation of retrieval performance efficiency based on comparison of batch SpG 
measurements. 

c. Use of retrieval performance data trends estimated from mass balances to demonstrate 
th.it a consistent pattern is present indic.iting that as much waste has been removed as 
possible. 

5.2.t Results of Visual Observations 

A video camera inside SST C-20 I allowed operational monitoring of retrieval activities and 
results throughout the retrieval campaign. Video observation ofphysic.il characteristics of the 
tank and objects in the tank aided in measuring residual waste volume ch:mge at the end of 
retrieval. As retrieval progressed, a reduction in waste volume was observed. 

To support subsequent video evaluations, videotapes of the waste surface were taken prior to 
water additions. The videotapes show a shallow bed of waste with no visible liquid. The surface 
showed a layer of white or yellow crystalline material overlying dark brown or black waste. The 
waste appeared evenly distributed on the tank bottom with slight variations in waste height but 
no observed significant mounds of waste. As discussed in Section 2.0, the tank contains a sludge 
jct eductor assembly and a cut-off dip tube assembly. The eductor assembly lies on the tank 
bottom with hoses extending to the top of the tank, and the dip tube assembly stands with one 
end in the waste and the top leaning on the wall across the tank. 

During tank SST C-201 retrieval, the ability to hydraulic.illy rotate the AMS was lost when the 
rotation "Jocked-up., during operation. Once the ability to hydraulic.illy rotate the VRS was lost, 
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a mechanical approach to positioning the arm was used. This manual rotation technique partially 
overcame the inability of the AMS to hydraulically rotate the head. 

For each rotational position, the AMS could retrieve in a line across the tank bottom. This 
coupled with using the scarifier to mobilize waste adjacent to the path of the AMS suction head 
allowed a path two to three times the width of the AMS head to be influenced. In general terms, 
the AMS was rotated to a selected position, retrieval was performed along the line accessible to 
the AMS, the AMS was rotated to another position, and the process repeated. Figure 5-2 shows 
the locations of the AMS positions used. Table 5-1 provides a chronological summary of the 
retrieval operations by operational day once the manual rotation was instituted. 

Figure 5-2. Location of Vacuum Retrieval System Positions (Manual Rotations). 

CHG060~1 

Retrieval in AMS positions l through 7 was performed from January 15 to February 16, 2006. 
Fo.llowing evaluation of the tank and a decision to continue retrieval, retrieval in AMS 
positions 8 through 14 was performed from March 8 to 23 , 2006, to complete retrieval. 

As noted above, the manual rotations of the AMS necessitated a more systematic approach to the 
retrieval, as the hydraulics could not be used to conveniently rotate the AMS back to previously 
retrieved locations. Solids were retrieved to the extent possible in each AMS position before 
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moving to the next AMS position. Prior to rotating the AMS, flushes were used to move solids 
to benefit the next selected AMS position. Use of the scarifier and mast flushes mobilized solids 
in the areas adjacent to the AMS head and allowed the AMS to influence a wider area than the 
area immediately below the path of the AMS head. 

Table 5-1. Retrieval Campaign Chronology During Manual Rotation or Arm • 
. . . . 

, ·:· . . 'Date . ;· · . · · . . : .. • .... ,· . . ·. :_~rlpti~~···:··:·;" ~ _· · : .. ··· .· ." ·•.·. ·· · .. ·· . : : . 
January 16 to 24, 2006 Completed batches 30 through 34 with the AMS in its first fixed rotational 

position (position 1). During this time, troubleshooting of the hydraulic system 
continued. 

January 2S to February 6, 2006 The AMS was manually rotated to its second position and more work on the 
AMS was performed. A loose wire was found and fixed and a hydraulic 
pressure control valve was replaced. 

February 7 to IS, 2006 Completed batches 35 through 95 with the AMS manually rotated through 
positions 2 through 7. As a result of the limited AMS rotational movement. 
water usage was increased considerably with mast flushes being used to wash 
solids to more accessible areas of the tank. On February IS, it appeared that 
very little retrievable solids remained in the tank. Final system flushing was 
perfonned and retrieval was halted. 

February 17, 2006 Based on the evaluation of in-tank videotapes, further waste retrieval from 
sma11 waste deposits in areas of the tank appeared possible. The decision was 
made to continue retrieval of SST C-20 I to remove more waste:. 

February 21 to March 7, 2006 Leak detector functional testing and rotation of the mast to position 8 was 
performed. Resumption of retrieval was delayed until rcpl3cements for a failed 
fuse holder and fuse were obtained. 

March 8 to 23, 2006 Completed batches 96 through 128 with the AMS rotated through 
positions 8 through 14. Solids were dislodged and flushed down from the 
knuckle and upper parts of the tank dish and batches were retrieved. Although 
visual observations of the retrieval operations indicated some retrieval of solids 
in AMS positions 8 through 11, low batch SpGs indicate little, if any, waste 
retrieval. In AMS positions 12 and 13, the AMS was able to move over the dip 
tube lying near the tank bottom and access an area with deeper waste; waste 
retrieval was observed, both visually and via increased SpGs when these areas 
were retrieved. 

March 23, 2006 Dctcnnination was made that vacuum retrieval was no longer effective in 
retrieving waste. Final flushes and videos were performed. 

Figures 5-3, 5-4, and 5-5 show images of the tank bottom taken from a March 23, 2006, 
videotape. Figure 5-3 shows an overview of the tank bottom, Figure 5-4 shows the east section 
of the tank bottom, and Figure 5-5 shows the waste section of the tank bottom with the central 
portion of the tank in the foreground. As the figures indicate, the remaining liquid was removed 
to the extent possible (a sma11 pool of liquid can be seen in Figure 5-4) and much of the steel 
tank bottom is visible. The remaining waste consists oflight and dark granular material 
distributed in a thin layer on the tank bottom. The welds along the plates that fonn the curved 
haunch of the tank and the welds just below the top of the tank dish are visible in the images. 
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Figure S-3. Single-Shell Tank 241-C-201 Overview of Tank Bottom. 

Figure S-4. Single-Shell Tank 241-C-201 East Section of Tank Bottom. 
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Figure 5-5. Single-Shell Tank 241-C-201 West Section of Tank Bottom. 

5.2.2 Trend in Specific Gravity of the Waste Slurry 

The SpG of undiluted waste from SST C-201 was substantially higher than the SpG of water 
, used to transport the waste. Water, however, composed most of the waste slurry volume. 

lnitially, the composite SpG of the slurry was higher than the SpG of water but lower than the 
SpG of undiluted waste. As the volume of retrieved waste diminished over time, the SpG of the 
slurry declined until it approximated the SpG of water. 

Figure 5-6 shows the slurry SpG for each batch. The Coriolis meter measures the relative 
density (because water with an SpG of 1.0 is being used as reference material, the relative 
density is equal to the specific gravity) of the slurry as it is being pumped to DST AN-106. 
Specific gravities remained below 1.1 throughout the retrieval of SST C-201 . 

Waste along AMS position I (batches 31 through 34) was retrieved in a manner similar to the 
previous batches in that a minimum amount of water was added. This resulted in SpGs for this 
AMS position that were consistent with previous batches. As the amount of waste available to 
be retrieved in the line of the AMS was reduced on the path of AMS position 1, the SpG 
decreased as anticipated. This general behavior of higher to lower SpG from the first to the last 
batch was observed for most of the subsequent AMS positions. 

Following repositioning of the mast to AMS position 2 (batches 35 through 52), the retrieval 
approach was adjusted when it was realized that a greater area of the tank bottom could be 
affected with the use of more water through the scarifier and mast flushes. This change in 
retrieval approach resulted in a lower starting SpG for each batch but had the desired effect of 
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mobilizing a greater volume of waste from the area adjacent to the AMS path. This approach 
was used very effectively for AMS positions 2 through 5 (batches 35 through 83) to remove the 
bulk of the remaining waste. At each AMS position, batches were retrieved until visual 
observations indicated that no further waste would be recovered from that position. A 
measurable quantity of waste ( ~ l O gal) was removed from the tank in AMS positions 6 through 
14 (batches 84 through 128); however, the purpose of these positions was to clean up small areas 
not removed during the bulk retrieval or to retrieve areas that were not reached during AMS 
positions 2 through 5. 
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Figure 5-6. Waste Retrieval Performance: Slurry Specific Gravity by Batch. 
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5.2.3 Waste Retrieval Progress 

Waste retrieval progress as a function of operating shifts is shown in Figure 5-7. As shown in 
Figure 5-7, multiple batches of waste were transferred during some shifts and no batches were 
transferred during others. The volume of waste retrieved per shift was estimated from a mass 
balance using the volume and density of the slurry transferred to DST AN-106 and the density of 
the SST C-201 waste. Waste retrieval progressed fairly steadily until shift 24 when the volume 
of waste retrieved began to level off. No measurable progress was made from shifts 26 to 32 
(AMS positions 5 through 11 ). Some waste was retrieved during shifts 33 to 35 (AMS positions 
12 and 13) when the AMS was able to reach waste containing areas that were previously thought 
to be inaccessible because of the location of in-tank equipment. 
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Figure 5-7. \Vaste Retrieval Progress. 
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5.3 CONCLUSION 

Through consensus based on visual observations of the system effectiveness and decrease in 
slurry SpG for each retrieval location (AMS position), it was detcnnincd that waste retrieval 
operations in SST C-201 could be tenninatcd and the limits of technology had been reached for 
the configuration of the AMS as deployed. At the end of waste retrieval operations, the waste 
remaining in the tank was estimated to be less than 25 ft3 with less than 12 ft3 on the bottom of 
the tank. The residual waste volume was subsequently measured and documented using the 
video camcra/CCMS to be 19.2 ft3 total residual waste including 10.7 ft3 on the bottom of the 
tank (sec Section 6.0). 

Management from Operations, Engineering. and Projects concurred that the retrieval had reached 
the limit of effectiveness for removing waste from SST C-201 with the altered technology 
deployed. DOE was briefed and concurred. The retrieval was stopped and equipment 
decontamination flushes were completed. 
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6.0 SINGLE-SHELL TANK 241-C-201 RESIDUAL 
\VASTE VOLUME MEASUREMENT 

This section presents the residual waste volume measurement process and the results for 
SST C-201. The post-retrieval measurement of the residual waste volume was performed using 
the method described in RPP-23403. The total measured volume of residual waste in SST C-201 
was the sum of volumes remaining in the tank dish, on tank watts, on the stiffener ring, and in 
the void spaces in equipment left in the tank. This measurement established that the volume of 
the waste remaining in SST C-201 was 19.2 n3, with nn upper bounding limit of20.5 fi3

• 

6.1 RESIDUAL WASTE VOLUME MEASUREMENT PROCESS 

The waste volume measurement approach is summarized in Sections 6.1. l through 6. 1 .3 and is 
described in RPP-29441. The CCMS method was used to calculate the volume remaining in the 
tank dish. The waste volumes remaining on .the tank wall, stiffener ring, and in void spaces were 
estimated using video observations, records, and equipment drawings. 

6.1.1 Video Camera/Computer-aided Design Modeling System 

To implement the CCMS method, an in-tank video of SST C-201 was recorded on 
March 23, 2006. The video documented the location of residual solids and liquid waste 
remaining in the tank. The video was taken by a camera located in Riser 5 at heights of 
approximately 16 ft, 9 ft, and 4 ft above the bottom of the tank. Figure 6-1 presents a section 
view of SST C-201 showing representative camera elevations used for the March 23 video. 

Autodesk~ land Desktop,3 Release Rl6.0 software was used as part of the CCMS approach. 
Using the software, a 3-D model of the SST C-201 interior was built, volumes of residual waste 
formations in the bottom dish were modeled and determined, and a digital terrain model of the 
waste surface was built that was used to determine the overall volume of residual waste in the 
dish. 

Once the residual waste volume in the bottom of the dish is determined, the 95% upper 
confidence level (UCL) is determined using the following statistically based equation: 

Aclt1al Waste Volt1mc@95%UCL.fr,.. J.043 x CCMS bi-Tank Volt1mc Est.fr+ 0.852/r 

The development of this regression equation is described in RPP-RPT-22891, Revised 
Methodology to Calculating Residual Waste Volume al 95% Confidence Interval, and has been 
adopted in RPP-23403. 

6.1.2 Estimation of\Vaste Remaining on Tnnk Surfaces nnd in Equipment 

The volume of waste remaining on the walls and stiffener ring was estimated by video 
observations. 

' Autodesk~ Land Desktop is a registered trademark of Autodesk, Inc., San Rafael, California. 
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Figure 6-t. Single-Shell Tank 241-C-201 Section View Showing Camera 
Elevations Used In March 23, 2006, Video Recording. 
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The March 23, 2006, video recording showed that small amounts of waste remained on the 
SST C-201 wall. The tohll amount of waste on the wall, including the knuckle, was estimated by 
calculating the average waste thickness and percentage of waste coverage on the wall. 
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SST C-201 has a single stiffener ring located at the top of its steel liner, 25 ft 6 in. above the 
bottom of the tank (sec Figure 6• l ). A visual examination of the stiffener ring was conducted to 
detennine the presence and size of any waste clumps or waste film on the ring. 

6.1.3 Estimation of \Vaste In Equipment 

The waste remaining in in-tank equipment was estimated using the March 23, 2006, video 
recording. 

The only pieces of equipment left in SST C-20 I that had void space potentia11y containing waste 
were the AMS, a cut-off dip tube assembly, and a sludge jct c<luctor. The volume of residual 
waste left in this equipment was calculated by using (I) the in-tank video, (2) records identifying 
equipment remaining in the tank, (3) equipment drawings, and (4) process knowledge to estimate 
the dimensions of equipment and void spaces as well as debris. 

6.2 RESIDUAL \VASTE VOLUME RES UL TS 

RPP·23403 defines the final residual waste volume as the residual waste volume in the tank dish 
at the 95% UCL (equation shown in Section 6.1) plus the actual residual waste volume on the 
stiffener rings, equipment void space, and tank walls. Using this definition, the upper bounding 
limit for post-retrieval waste in SST C-201 is estimated to be a volume no greater than 20.S ft3

• 

Table 6-1 presents the total post-retrieval volume together with waste volumes associated with 
various tank components. 

Table 6-1. Single-Shell Tank 241-C-201 Total \Vastc Volume 
and Component \Vastc Volumes. 

Waste Volume 9S%UCL 
Component (rt') (ft') 

In the bottom (dish) of the bnk (solids and liquids) 10.7 12.0" 

In equipment in the bnk 3.4 NIA 

On the sliffcncr ring 0 0 

On the tank wall S.I NIA 

Total 19.2 20.s" 

• RPP-23403 estimated c:rror for wa.qc in bottom oftmk is calculated using volume at 95% uri,cr confoknce k.-vcl, 
f\1 

• 1.043 x volume, f\1 + 0.8S2 ft'· 
"Total of upper bounding estimate for volume in dish bottom and waste volum"'S for other components. 
UCL • upper confidc.'llcc level 

Residual solids in the tank bottom appeared unifonnly spread out, covering approximately an 
I I-ft-diameter area of the dish at a thickness of approximately 1.25-in. One small pool ofliquid 
was observed near the center of the tank on top of the solid waste layer. Table 6-2 shows the 
volumes of solids and liquids estimated by the CCMS. · 
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Table 6-2. Single-Shell Tank 241-C-201 \Vaste 
Volume in Tank Bottom. 

Compontnt Waste Volume (fr) 

Solid phase 10.S 

Supematc phase 0.2 

Total 10.7 

The post-retrieval tank waste contour map (Figure 6·2) shows the configuration of residual waste 
in the dish bottom. The SST C-201 isometric model (Figure 6-3) portrays the volume of the 
residual waste in rclation to the volume and configuration of the bottom dish and tank knuckle 
regions of SST C-201. 

Figures 64 through 6-7 arc still pictures taken from the March 23, 2006, video. Fi!,'1.lre 64 
shows an overview of the tank bottom while Figures 6•5 and 6-6 show close up views of the tank 
bottom taken at lower camera elevations. Figure 6-7 shows a portion of the tank wall. 

On completion of retrieval, the AMS was flushed and drained to remove any waste. It was 
estimated that no residual waste was left in the AMS. 

Before the waste retrieval campaign began, the dip tube assembly had been cut off and leaned 
across the tank with its bottom in the waste and top resting on the tank wall. During retrieval, 
the dip tube assembly lay across the tank with both ends resting on the tank knuckle, above the 
waste and away from retrieval activity. The sludge jct cductor is instatlcd in Riser 9 and consists 
of hoses that extend down to and across the bottom of the tank with a jct eductor attached to the 
end of the hoses. Based on the tank process history, the volume of residual waste that could be 
in the dip tube assembly and sludge jct eductor assembly void space was estimated to be 3.4 ft3

• 

As provided for in RPP-23403, this estimate of the waste volume in the equipment represents a 
best estimate of the actual waste volume and deviates from the basic assumption that the void 
spaces arc completely filled with waste. The calculation of the waste volume contained in 
equipment is provided in RPP-2944 t, Appendix B. 

Other in-tank equipment, which includes a large number of steel tapes and cables, a concrete 
core from earlier construction activities on the tank, plastic sheeting, and rags was assumed to 
contain no waste. 

Evaluation of the March 23, 2006, video indicated that small amounts of waste were spattered on 
the tank wall from previous sluicing and retrieval operations. The average thickness of this 
waste was estimated to be t/l 6•in., based on the contrast of shadows cast in the video recording 
with the camera light. The percentage of tank wan above the dish covered by waste was 
conservatively estimated at 65%. An upper bounding percentage of wan covered was estimated 
at 70%. The 70% uncertainty is not additive with the upper bounding estimate for residual waste 
in the tank bottom because the two figures were calculated by numerically nnd qualitatively 
different methods. The volume of waste on the tank wall was estimated to be 5.11 fi3

• 

SST C-201 has a singlc stiffener ring located 25 fi 6 in. above the tank bottom at the top of the 
tank liner. The tank overflow Jines arc located I ft below the stiffener ring, at 24 ft 6 in. above 
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the tank bottom. The maximum historic level for waste stored in the tank was 24 ft. No waste 
was observed on the stiffener ring, and no waste is assumed to remain on it. 

Figure 6-2. Single-Shell Tank 241-C-201 Post-Retrieval Tank Waste 
Contour Map. 

C- 201 Post - Retrieval Tonk Waste Volume Tobie : Unadjusted 
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Figure 6-3. Single-Shell Tank 241-C-201 Post-Retrieval Tank Waste 
Digital Terrain Model. 

SOLID W ASTE 
GR I D AREA 

L IQUID WASTE 
OUTLINE AREA 

Figure 6-4. Single-Shell Tank 241-C-201 Bottom from Camera Elevation of 
Approximately 16 Feet on March 23, 2006. 
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Figure 6-5. Single-Shell Tank 241-C-201 Bottom from Camera Elevation of 
Approximately 9 Feet on March 23, 2006. 
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Figure 6-6. Single-Shell Tank 241-C-201 Bottom from Camera Elevation of 
Approximately 4 Feet on March 23, 2006. 
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Figure 6-7. Single-Shell Tank 241-C-201 Wall from Camera Elevation of 
Approximately 16 Feet on March 23, 2006. 
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C-201 

6.3 CONCLUSION 

The calculated volume ofresidual waste in SST C-201 is 19.2 ft3 . The upper bounding estimate 
of the residual waste volume is 20.5 ft:3. Even using the upper bounding limits for residual waste, 
the total residual waste vol me in SST C-201 is well below 30 ft' . 

In addition, the calculated residual volume in the tank dish is consistent with a preliminary 
engineering estimate perfmmed at the conclusion of retrieval operations. 

6-8 
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7.0 RESIDUAL TANK \VASTE CIIARACTERIZA TION 

This section describes the results of post-retrieval residual tank waste characterization for 
SST C-20 l. Two statistical estimates of post-retrieval residual waste inventory based on 
laboratory analysis of waste samples taken prior to the start of retrieval arc presented: an 
average and a 95% UCL inventory. Sampling the post-retrieval residual waste was not possible 
because there was insufficient residual waste directly under a riser; therefore, as provided in 
RPP-16616, Component Closure Action Data Quality Objectives for tl,e C-200 Series Tanks, 
results of the pre-retrieval samples are used to support the post-retrieval inventory calculation. 

The calculated post-retrieval inventories will be used as input for calculating the potential risk to 
human health that arises from the residual waste. In addition, an average pre-retrieval inventory 
was calculated. This pre-retrieval inventory is provided for health risk comparison purposes. 
This risk assessment is discussed in Section 8.0. 

7.l SAMPLING AND ANALYSIS OF RESIDUAL \VASTE 

The following two documents provide guidance and requirements for sampling and analysis of 
the pre-retrieval waste: 

a. RPP-16616, Component Closure Action Data Quality Objectfresfor tl,e C-200 Series 
Tanks. This DQO document is a predecessor of RPP-23403 prior to the decision to have 
a single DQO for all single-shell tank component closure activities. The documents 
describe the sampling and analysis strategy developed by implementing the DQO process 
to ensure appropriate data arc collected to support closure activities. 

b. RPP-17137, Sampling and Analysis Plan for tl,e C-200 Series Tanks Component Closure 
Action. This document summarizes the sampling and analysis requirements in the DQO 
and provides additional guidance and clarification for satisfying the requirements. 

Collection and analysis of the SST C-201 pre-retrieval waste samples and calculations of the 
constituent pre- and post-retrieval inventories based on the sample results arc described in 
RPP-RPT-29889, Tank 24/-C-20I Residual Waste Inventory Estimates/or Component Closure 
Risk Assessment, and summarized in Sections 7.2 through 7.4. 

7.2 SAMPLING AT SST C-201 

The finger trap method was used to obtain samples of waste in SST C-20 I prior to retrieval. 
This is one of two methods considered acceptable for collecting samples of residual solids in a 
tank (RPP-23403). Sampling of the pre-retrieval waste in SST C-201 was conducted in 
December 2003. SST C-20 I was sampled through two risers but samples taken from one riser 
were empty because there were insufficient solids on the tank bottom directly under the riser. 
Finger trap samples taken from SST C-201 were combined to fonn a composite. Duplicate 
analyses of each constituent were performed on the composite. The composite samples were 
analyzed in accordance with the guidance documents. 

7-1 
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73 SAMPLE ANALYSES 

The 222-S Laboratory at Hanford used 20 analysis techniques to obtain the concentration of 
various organic constituents, inorganic constituents, and radionuctides. A list of the techniques 
is presented in Table 7-1. Analysis of the samples resulted in concentration estimates for 
l 58 constituents in the SST C-20 l residual waste. Analytical results were reported in 
RPP-21084, Final Report/or Tanks 241-C-201. 241-C-202, 24I-C-203, and 241-C-204 Solid 
Grab Samples. Density of the C-201 pre-retrieval samples could not be measured because the 
dry solids contained air pockets that could cause inaccuracy in the measurements. Density data 
from SST C-201 samples taken in 1997 were used (HNF-13832, Tank 241-C-20 I Archive 
Samples in Support of Retrieval Performance El•aluation Analytical Results for the Final 
Report). Electronic data were also loaded into TWINS. 

The 222-S Laboratory maintains a quality assurance program to ensure data quality. The 
SST C-201 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 arc specific to the closure 
project. The DQOs also provide direction for addressing data that do not meet the criteria. 
Results for most constituents satisfied the DQO criteria; those that did not meet the criteria were 
addressed according to the direction provided in the DQOs. Therefore, the sample data were 
judged acceptable for use in the risk assessment. 

7.4 CALCULATION OF RESIDUAL INVENTORY 

The DQO (RPP-16616) allows the use of pre-retrieval sample results and post-retrieval waste 
volume to estimate the residual waste inventory when post-retrieval sampling cannot be 
accomplished. Since it was not possible to collect a post retrieval sample from SST C-20 I, an 
evaluation was done to detenninc the applicability of pre-retrieval samples to post-retrieval 
waste. The assessment dctennincd the following: 

n. More water was used during the actual retrieval than anticipated, resulting in the selective 
removal of soluble constituents. 

b. The VRS appeared to be more effective in removing lighter, more easily suspended 
solids. 

c. Samples taken from SST C-202 prior to and after completion of retrieval indicate 
concentrations of some constituents changed significantly during retrieval. 

Therefore, it was concluded that the SST C-201 pre-retrieval samples arc not directly applicable 
without modification. The sample data must first be adjusted to account for changes in 
composition due to retrieval before they can be used in the calculations of post-retrieval 
inventory. 
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Table 7-1. SST C-201 Pre-Retrieval Sample Analysis Techniques. 

Analysls Technique SW--846 Method Constituents 

Inorganic Analyses 

pl I measurement 904SC pll 

Jon selective electrode 9215 Sulfide 

Thermogravimetric analysis Not applicable Weight percent water 

Spectrophotometric 9014 Cyanide 

Cold vapor atomic absorption 7471A Mercury 

Ion chromatography EPA300.7 Ammonium 

Ion chromatography 9056 Anion.<i 

Inductively coupl1..-d plasma/mas.-; spectrometry 6020 Uranium, neptunium. thorium 
iwtopcs, Technetium-99 

Inductively coupled plasma/atomic emission 60108 Cations (metals) 
spectrometry 

Radiochemical Analyses 

Gamma energy analysis Not applicable Gamma energy emitters 

Separation/Beta counting Not applicable Strontium-90 

liquid Scintillation Not applicable Carbon-14 

Separation/gamma energy analysis Not applicable lodinc-129 

Liquid scintillation Not applicable Selenium-79 

Liquid scintillation Not applicable Tritium 

Alpha energy analysis Not applicable Alpha-energy emitters 

Liquid scintillation Not applicable Nickcl-63 

Organic Analyses 

Volatile organic analysis by gas 82608 Volatile organic compounds 
chromatography/mass spectrometry 

Scmivolatilc organic analysis by gas 8270C Scmivolatilc organic compounds 
chromatography/mass spectrometry 

Gas chromatography/electron capture detection 8082 Polychloriruited biphcnyls 

Notes: 
EPA • U.S. Environmental Protection Agency 
SW-846"" SW-846, Test Method/or E,'Oluating Solid Waste, Pl1ysica/lC/1emical Methodv 

SST C-201 and SST C-202 contained wastes that were generated by the same process. 
RPP-15408 reports that the two tanks received radioactive waste from the solvent extraction 
process conducted in the Hot Semi-Works facility from May 1955 to May 1956. A comparison 
of results of samples taken from these two tanks confinns the process knowledge. Contents of 
the two tanks were retrieved using the same method. Therefore, it is expected that concentration 
of individual waste constituents also changed in n similar manner due to retrieval. Changes in 
SST C-201 composition can be approximated by calculating a ratio of post-retrieval to 
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pre-retrieval concentrations for each SST C-202 constituent. Concentrations of SST C-201 post
retrieval waste constituents were then estimated by multiplying the pre-retrieval concentrations 
to the SST C-202 post-retrieval/pre-retrieval ratios. Estimates of overage concentrations and 
uncertainty in the post-retrieval waste constituents (presented as relative standard deviation) arc 
shown in Appendix A, Table A-1. 

The SST C-201 waste inventories were calculated by following the BBi process as described in 
RPP-7625, Best Basis Jm•entory Process Requirements. Two post-retrieval inventories were 
calculated: an average inventory based on average concentrations, density, and volume, and a 
bounding inventory at the 95% UCL. In addition, a pre-retrieval inventory was calculated for 
future comparisons of health risks. 

Analytical data and the statistical model used for estimating the means and standard deviations 
for concentration, density, and waste volumes arc discussed in RPP-RPT-29889. For 
constituents that had concentrations below the detection limits, the value of the detection limits 
were used for calculating the mean concentrations. In accordance with BBi protocol, the relative 
standard deviations for nondetccted constituents arc assumed to be 100% (RPP-6924, Statistical 
Methods/or Estimating the Uncertainty in 11,c Best-Basis Inventories). 

The 95% UCL inventory is an upper-bounding estimate of the inventory; it was calculated using 
a statistical method described in RPP-6924. The input for this caJcuJation includes the means 
and standard deviations for sample concentrations, sample density, and total residual waste 
volume. Details of the method and formula used for deriving this inventory arc described in 
RPP-RPT-29889. 

The average pre-retrieval inventory was calculated by multiplying pre-retrieval concentrations, 
density, and waste volume. Details of the method and formula used for deriving this inventory 
arc described in RPP-RPT-29889. The SST C-201 pre-retrieval waste volume was assumed to 
be 115.2 ft1 (BBi update ns of October I, 2005). 

The SST C-201 average post-retrieval waste inventory and the 95% UCL post-retrieval waste 
inventory arc shown in Appendix A, Tables A-2 ond A-3. The overage pre-retrieval waste 
inventory is provided in Appendix A, Table A-4. 

7-4 
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8.0 POST-RETRIEVAL SINGLE-SIIELLTANK 241-C-201 RISK ASSESSMENT 

The potential impacts to human health posed by the residual waste in SST C-201 were calculated 
using the methodology documented in DOE/ORP-2005-01, Single-Sire/I Tank Performance 
Assessment. Figure 8-1 provides a schematic of the process used for the SST C-201 risk 
assessment, and this methodology is described in detail in Chapter 3 of DOE/ORP-2005-01. It 
should be noted that the DOE/ORP-2005-01 methodology supersedes the WMA C risk 
assessment methodology provided in RPP-13774, Single-Sire/I Tank System Closure Plan. 

As noted nbovc, the risk assessment results presented in this RDR were developed using the 
same methodology as that used in DOE/ORP-2005-01. However, the inventory used for the 
source tcnn in DOE/ORP-2005-01 was replaced with the average inventory and 95% UCL 
inventory discussed in Section 7.0 and discussed in detail in RPP-RPT-29889, Tank 241-C-20/ 
Residual Waste Inventory Estimates. The source terms presented in this RDR will be 
incorporated into future revisions ofDOE/ORP-2005-01 and the WMA C perfonnancc 
assessment (PA). 

Impacts were calculated using the average and 95% UCL inventory. Results show that for the 
groundwater pathway the impacts associated with SST C-20 I were 2 to 4 orders of magnitude 
below pcrfonnancc objectives for both the average and 95% UCL inventory. For all inadvertent 
intruder scenarios other than the suburban garden scenario (a sensitivity case) at I 00 years and 
500 years after closure, the doses associated with SST C-201 were below pcrfonnance 
objectives. For the suburban garden scenario, doses at I 00 years exceeded the perfonnance 
objectives by a factor of 3 for the average inventory and a factor of 4.5 for the UCL 95% 
inventory. At 500 years after closure, the doses for the suburban garden scenario arc below 
pcrfonnancc objectives for the average inventory but above the perfonnance objective for the 
UCL 95% inventory. 

In addition to the risk assessment based on the average and 95% UCL inventory discussed above, 
Appendix D provides the results of a risk assessment based on a pre-retrieval inventory. This 
risk assessment is being provided for comparison purposes at the request of Ecology because no 
post-retrieval sample was collected and analyzed .. 

8.1 CONSTITUENTS EVALUATED 

This risk assessment is based on the analytical results for 167 constituents [i.e., radionuclides, 
volatile organic compounds, scmivolatilc organic compounds, polychlorinated biphcnyls, 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. However, analytes flagged as a nondctcct were evaluated at one-half the detection 
limit in accordance with EPA/540/1-89/002, Risk Assessment G11idancefor S11pcrfimd Volttme I 
lluman Ilea/th Evaluation Manual (Part A) Interim Final. Table 8-1 presents a complete listing 
of the analytes evaluated, whether or not the analytc was detected, and whether a radiological 
dose, reference dose, or cancer potency factor is published for that analytc. 

8-1 
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Figure 8-1. Single-Shell Tank C-201 Residual \Vastc Inventory and 
Risk Assessment Process. 
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Table 8-1. List of Analytes and Available Toxicity Information. (4 sheets) 

Available Available 
Isotope/ Toxicity Isotope/ Toxicity 

CAS An1lyte Information CAS Analyte Information 

14C Carbon-14 Dosc/CPF 7439-93-2 Lithium Rfd 

6JNi Nickcl-63 Dosc/CPF 7439-98-7 Molybdenum Rfd 

90Sr Strontium-89/90 Dosc/CPF 7782-49-2 Selenium Rfd 

"re Tcchnctium-99 Dosc/CPF 7440-22-4 Silver Rfd 

137Cs Ccsium-137 Dosc/CPF 7440-28-0 Thallium Rfd 

mTh Thorium-228 Dosc/CPF 7440-62-2 Vanadium Rfd 

mTh Thorium-232 Dosc/CPF 71-55-6 I, I, 1-Trichlorocthanc Rfd 

mu Uranium-233 Dosc/CPF 76-13-1 I, 1,2-Trichloro-1 .2.2· Rfd trifluorocthane 

u•u Uranium-234 Dosc/CPF 7.S-35-4 1, l-Dichloroethcnc Rfd 

mu Uranium-235 Dosc/CPF 120-82-1 1.2,4-T richlorobcnzenc Rfd 

"6u Uranium-236 Dosc/CPF 95-95-4 2,4,5-Trichlorophcnol Rfd 

mu Uranium-238 Dosc/CPF 121-14-2 2,4-Dinitrotoluene Rfd 

mNp Ncptunium-237 Dosc/CPF 95-51-8 2-Chlorophenol Rfd 

239pu Plutonium-239 Dosc/CPf I 10-80-5 2-Ethoxycthnnol Rfd 

l40pU Plutonium-240 Dosc/CPF 95-48-7 2-Methylphenol Rfd 

mpu Plutonium-241 Dosc/CPF 106-44-S Cmol(p) Rfd 

1••Am Amcricium-241 Dosc/CPF 83-32-9 Acenaphthcnc Rfd 

142cm Curium-242 Dosc/CPF 85-68-7 Dutylbenzylphthalatc Rfd 

20Cm Curium-243 Dose/CPF 7.S-1.S-O Carbon disulfide Rfd 

1~Cm Curium-244 Dosc/CPF 108-90-7 Chlorobc112cne Rfd 

7429-90-5 Aluminum Rfd 108-94-1 Cyclohcxanonc Rfd 

7440-39-3 Barium Rfd 60-29-7 Ethyl ether Rfd 

7440-43-9 Cadmium Rfd 84-74-2 Di-n-butylphthalatc Rfd 

18540-29-9 Chromium Rfd 117-84-0 Di-n-octylphthalate Rfd 
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Table 8-1. List or Analytes and Available Toxicity Information. (4 sheets) 

Available Available 
Isotope/ Toxicity Isotope/ Toxicity 

CAS Analyte Information CAS Analyte Information 

7440-48-4 Cob:ilt Rfd 141-78-6 Ethyl acetate Rfd 

1440-S0-8 Copper Rfd 100-41-4 Ethylbcnzcnc Rfd 

57-12-5 Cyanide Rfd 206-44-0 Fluoranthcne Rfd 

16984-48-8 Fluoride Rfd 78-83-1 lsobutanol Rfd 

7439-89-6 Iron Rfd 108-39-4 Crcsol (m) Rfd 

7439-96-S Manganese Rfd 108-38-3 Xylene (m) Rfd 

7440-02-0 Nickel Rfd 91-20-3 Naphthalene Rfd 

14191-SS-8 Nitrate Rfd 71-36-3 1-Butanol Rfd 

14797-65-0 Nitrite Rfd 98-9S-3 Nitrobcnzcne Rfd 

7723-14-0 Phosphorus Rfd 95-50-1 1,2-Dichlorobenzene Rfd 

7440-24-6 Strontium Rfd 95-47-6 Xylcne(o) Rfd 

7440-31-S Tin Rfd 108-95-2 Phenol Rfd 

7440-61-1 Uranium Rfd 106-42-3 Xytcne(p) Rfd 

7440-66-6 Zinc Rfd 129-00-0 Pyrcnc Rfd 

78-93-3 2-Butanonc Rfd 110-86-1 Pyridine Rfd 

67-64-1 Acetone Rfd 108-88-3 Toluene Rfd 

I08-10-1 llexonc Rfd 75-69-4 Trichtorofluoromcthanc Rfd 

126-73-8 Tributyl phosphate RfD/CPF 1330-20-7 Xylcncs (total) Rfd 

lt097-69-I Aroclor 12S4 RfD/CPF 7440-38-2 Arsenic RfD/CPF 

14798-03-9 Ammonium ion by IC NoRfDorCPF 79-34-5 1. 1,2,.2- RfD/CPF TctrachJorocthanc 

7440-69-9 Bismuth No RfDorCPF 79-00-S 1.1,.2-Trichlorocthane RfD/CPF 

7440-70-2 Calcium NoRfDorCPF 79-01-6 Trichlorocthenc RfD/CPf 

16887-00-6 Chloride NoRfDorCPF 107-06-2 1,.2-DichJorocthane RfD/CPF 

7440-53-1 Europium NoRfDorCPF 106-46-7 1.4-Dichlorobcnzcne RfD/CPF 
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Table 8-1. List of Ana1ytcs and Available Toxicity Information. (4 sheets) 

Avallablt Available 
Isotope/ Toxicity hotopt/ Toxicity 

CAS Analytt Information CAS Analyte Information 

7439-92-1 Lead NoRfDorCPF 88-06-2 2.4,6-Trichlorophcnol RfD/CPF 

7439-95-4 Magnesium NoRfDorCPF 71-43-2 Dcnzene RfD/CPF 

7439-97-6 Mercury NoRfDorCPF 56-23-.S Carbon tetrachloride RfD/CPF 

338-70-5 Oxalate NoRfDorCPF 75-01-4 Vinyl chloride RfD/CPF 

7440-0S-3 Palladium No RfDorCPF 67-66-3 Chlorofonn RfD/CPF 

14265-44-2 Phosphate NoRfDorCPF 7.S-09-2 Mcthylcnechtoridc RfD/CPF 

7440-10-0 Praseodymium NoRfDorCPF 87-68-3 I lcxachlorobutadicne RfD/CPF 

7440-18-8 Ruthenium No RfDorCPF 67-72-1 I lexachlorocthane RfD/CPF 

7440-21-3 Silicon No RfDorCPF 87-86-S Pentachlorophenol RfD/CPF 

7440-23-S Sodium No RfDorCPF 127-18-4 Tetrachloroethene RfD/CPF 

14808-79-8 Sulfate NoRfDorCPF 12674-11-2 Aroclor IO I 6 RID/CPF 

7704-34-9 Sulfur NoRfDorCPF 24959-67-9 Bromide NoRfDorCPF 

7440-29-1 Thorium NoRfDorCPF 7440-45-1 Cerium NoRfDorCPF 

7440-32-6 Titanium NoRfDorCPF 12311-97-6 Formate NoRfDorCPF 

7440-33-7 Tungsten NoRfDorCPF 7439-91-0 Lanthanum NoRfDorCPF 

7440-67-7 Zirconium No RfDorCPF 7440-00-8 Neodymium No RID or err-

111 Tritium Dose/CPF 7440-03-1 Niobium NoRfDorCPF 

60Co Cobalt-60 Dose/CPF 7440-09-7 Potassium NoRfDorCPF 

79Se Sclenium-79 Dosc/CPF 7440-16-6 Rhodium NoRfDorCPF 

12SSb Antimony-12.S Dose/CPF 7440-17-7 Rubidium NoRfDorCPF 

1291 lodinc-129 Dose/CPF 7440-19-9 Samarium NoRfDorCPF 

152Eu Europium-1S2 Dose/CPF 18496·2.S-8 Sulfide NoRIDorCPF 

154Eu Europium-154 Dosc/CPF 7440-25-7 Tantalum NoRIDorCPF 

"'Eu Europium-I SS Dosc/CPF 13494-80-9 Tellurium NoRfDorCPF 

Wrh Thorium-230 Dosc/CPF 1440-65-S Yttrium NoRfDorCPF 
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Table 8-1. List of Analytcs and Available Toxicity Information. (4 sheets) 

Available Available 
Isotope/ Toxicity Isotope/ To1lclty 

CAS An1lyte lnrormatlon CAS Analyte Information 

ZJSPu 
2.6-Bis(l.1-

Plutonium-238 Oosc/CPF 128-37-0 dimethylcthyl)-4- NoRfDorCPF 
mcthylphenol 

621-64-7 N-Nitroso-di-n- CPF 19-46-9 2-Nitropropane NoRfDorCPF propylamine 

11104-28-2 Aroclor 1221 CPF 100-02-7 4-Nitrophenol NoRfDorCPF 

11141-16-S Aroclor 1232 CPF 71-50-1 Acetate NoRfDorCPF 

53469-21-9 Aroclor 1242 CPF 1319-77-3 Cresol NoRfDorCPf 

12672-29-6 Aroclor 1248 CPF 666-14-8 Glycolatc NoRfDorCPF 

l 1096-82-S Aroclor 1260 CPF 59-89-2 Morpholine, 4-nitroso- NoRfDorCPF 

1336-36-3 Aroclors (Total PCB) CPF 88-15-S 2-Nitrophcnol NoRfDorCPF 

7440-36-0 Antimony Rfd 59-S0-1 4-Chloro-3- NoRfDorCPF methylphenol 

7440-41-7 Beryllium Rfd 10061-02-6 Trans-1,3- NoRfDorCPF Dichloropropene 

7440-42-8 Boron Rfd 

Notes: 
CPF = cancer potency factor available 
Dose • radiological dose value available 
RID • reference dose value available 
No RfD/CPF • no published information for a reference dose or cancer potency factor for this chemical 
Gray shaded area indicates nondctcct for this analyte. 

8.2 RESULTS FOR INDIVIDUAL CONTAMINANTS FOR POST-RETRIEVAL 
SINGLE-SHELL TANK 24 l-C-201 

Table 8-2 identifies the primary radionuclides that contribute to the incremental lifetime cancer 
risk (ILCR) (industrial and residential scenarios), groundwater dose [all pathways fanncr (APF) 
scenario], and drinking water dose for the residual waste remaining in SST C-201. Table 8-3 
identifies the primary hazardous chemicals that contribute to ILCR and the Hazard Quotient. A 
complete listing of all analytes for which there is either n dose (radiological), cancer potency 
factor (radiological and nonradiological), and reference dose (nonradiological) is provided in 
Tables C-1 and C-2 of Appendix C for the average inventory and C-3 and C-4 for the UCL 95% 
inventory. In each of these tables, the following columns arc provided. 

8-6 



RPP-RPT-30181, Rev. 0 

a. Analytc Name. 

b. Detect is an indicator as to whether an analytc was detected in the laboratory. 

c. Inventory. The inventory shown here for nondctects is calculated at one-half the 
detection limit. 

d. \V!\IA C Fcnccline Peak Concentration is the maximum modeled concentration for a 
constituent at the WMA C fcnceline over the modeling period. In some cases, individual 
analytcs may not have a corresponding concentration at the fcncelinc because short-lived 
radionuclides will decay away before the contaminant can arrive at the WMA C 
fcnceline. Relatively immobile contaminants (i.e., Kct greater than 0.6 mg!L) will also 
result in a zero concentration at the fcnceline as they will not reach the fcncelinc within 
I 0,000 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 fcnccline. 

f. Ket is the mobility factor used in the groundwater modeling for the analyte. The smaller 
the Kct, the more mobile the contaminant; if the Kct 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 dl.-cay (radionuclides only). 

h. ILCR Scenarios (groundwater) arc described in HNF-SD-WM-Tl-707, Exposure 
Scenarios and Unit Dose Factors/or 1/anford Tank Waste Performance Assessments, for 
the industrial and residential exposure scenarios [including W AC-173-340 Method B 
(residential)]. 

i. Radiological Dose Groundwater ts the estimated drinking water dose for the APF 
exposure scenario (radionuclides only). 

j. Radiological Dose Beta/Photon is the drinking water dose for radionuclides using 
equivalent dose (radionuclidcs only). 

k. I lazard Quotient Scenarios ore for W AC-173-340 Method D. 

8.3 CUMULATIVE ANALYSIS RESUI..TS FOR TANK C-201 AND \VASTE 
MANAGEMENT AREA C 

The cumulative analysis for the groundwater pathway (i.e., sum of the risk metrics) for the 
SST C-20 I residual average and 95% UCL risk levels were calculated and arc provided in this 
section. 

a. Nominal Inventory-best estimate of the residual waste inventory computed using mean 
pre-retrieval sample concentrations adjusted for the retrieval method (sec Section 7.0), 
mean sample density, and best estimate of the residual volume. 

b. 95% Upper Confidence Level Inventory-considered the bounding inventory. The 
95% UCL of the nominal inventory was calculated based on uncertainties associated with 
the concentration, volume, and density (for solids) measurements (sec Section 7.0). 
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Table 8-2. Estimated Maximum Incremental Lifetime Cancer Risk/Radiological Dose During the l\fodellng Period 
for Primary Radionuclides. 

Radlologlcal 
lncrtmtntal Ufttime Dose 

WMAC Cancer RJsk Scenarios Groundwater 

FHctllne (Groundwater)' (mremlyr)' 

Inventory Cone. K. llaJr-Llre All Pathway 
Analyte Dttttt (Cf) (pCI/L) Peak Year (mU:t QT) Industrial Rtsldentfal Farmer 

~c Yes 2.66E-03 J.06E-02 10461 0 2.1 lE+OS 1.46E-10 3.S6E-09 1.86E--OS 

14c Yes 7.76E-04 l.20E--03 9781 0 5.73E+o3 9.28E-12 6.7JE-11 S.79E.06 

mu Yes 1.41E-OS 0 D~A 0.6 l.59E+05 0 0 0 

234tJ Yes 4.S4E.02 0 DNA 0.6 2.46E+oS 0 0 0 

mu Yes l.92E-03 0 DNA 0.6 7.04E+o8 0 0 0 

2>6tJ Yes l.09E.03 0 DNA 0.6 2.34E+o7 0 0 0 

mu Yes 4.SSE--02 0 DNA 0.6 4.47E+o9 0 0 0 

•ni No 1.44E-04 <0.001° 12032 0.2 l.57E+o7 Droppcd4 Droppcd4 Dropped' 

Perf onnance objective• l.OE-6 to 1.0E-4' l.OE-6 to J.OE-4r 251 

• See P~L-1389S, Haeford Contaminant Distribution Coefficient Database and Users Guide, Rev. l, for the basis for the K. values listed for the radionuclidn. 
'All exposurescenariosaredesa-ibed in W.-.'F-SD-WM-11-707. 

Radiological 
Dose 

Beta/Photon 
(mrtm/)T)' 

Drinking 
Water 

4.72E-OS 

2.39E.06 

NIA 

NIA 

NIA 

NIA 

NIA 

Dropped4 

4' 

c Simulation predicted contaminant arrives at the fenccline, but at a concentration (0.001 pCi/L) that is much below the minimum detection limit for standard analytical methods. 
'Drori,ed from the analysis because the simulation predicted concentration (0.001 pCi/L) is much below the minimum detection limit for standard analytical methods. 
• Pcrfonnance objectives apply to the cumulative (i.e., all contaminants) for the entire WMA. 
r EP A/540/R-99/006, Radiation Risk A.m.ssment at CERCU Sites: Q & A, Directive 9200.4-31 P. 
1 DOE O 435.1, Radioactfve Waste Managmrent. 
11 66 FR 76708, .. National Primary Drinking Water Regulations; Radionuclides; Final Ruic." 
Notes: 
D~A- did not arrive at fcnccline within the modeling period 
NIA • radionuclide is not a bcta'photon emitter 
Shaded cells are nondetects and the inventory used in the risk assessment is calculated at one-half the minimum detection limit. 



Tab)e 8-3. Estimated l\fadmum Value for lncrementa) Lifetime Cancer Risk and 
Hazard Quotient for the Primary Hazardous Chemicals. (2 sheets) 

\~IAC 
Feecelfne 

lnvtntOT)' Concentntfon ~ Incremental urtt1me Canett Risk 
AnaJyte Dttttttd (kt) (pi,'L) PukYnr (ml/1}8 Scenarios (Groandwatert 

Chromium Yes 1.23E+Ol S.OSE-02 10481 0 NoCPF 

Fluoride Yes 2.73E+OO 1.12E-02 10481 0 NoCPF 

Nitrite Yes 5j4E-01 2.19E-03 10481 0 NoCPF 

Nitrate Yes ij7E+OO S.62E-03 10481 0 NoCPF 

Cobalt Yes 8.S6E-02 <O.OOlc 12032 0.1 NoCPF 

4-Methyt-2-pentanonc (MIBK) Yes 2.JOE-06 <O.OOlc 12032 0.02 NoCPF 

2-Propanone (Acetone) Yes l.44E-05 <O.OOlc 10481 0 NoCPF 

2-Butanone (MEK) Yes 3.99£-06 <O.OOlc 10481 0 NoCPF 

Tributyl phosphate Yes 2.02E+Ol 0 DNA 0.6 0 

Uranium Yes 1.36E+02 0 DNA 0.6 NoCPF 

n-Butyl alcohol (1-butanol) No .S.7.SE-01 2.36E-03 10481 0 NoCPF 

Jsobutanol No 7.SSE-01 3.lOE-03 10481 0 NoCPF 

2-Elhoxyethanol No 3.08E-Ol l.27E-03 10481 0 NoCPF 

Cyclohexanone No 9.30B-01 3.82E-03 10481 0 NoCPF 

2-Chlorophenol No l.37E-Ol <O.OOlc 10481 0 NoCPF 

Chloroethene(vinyl chloride) No 2.0JE-06 <0.001° 10481 0 Droppedd 

Perfonnance objective• l.OE-06r 

Notes: See next page 

Huard Qaotfent Scnarfos 
(Croandwater)' 

l.30E-03 

l.17E-OS 

1.37E-06 

2.20E-07 

Dropped4 

Dropped4 

Dropped" 

Dropped4 

0 

0 

1.48£..06 

6.46E-07 

l.98E-07 

4.77E-08 

Droppedd 

Droppedd 

1.0' 

-.. 
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Table 8-3. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient for the Primary Hazardous Chemicals. (2 sheets) 

• See P~L-13895, Hanford Contaminant Distribution Co~ffidtnt Database and Usen Guide, Rev. l, for the basis for the~ values listed for chromium and nitrate. The r<. 
values listed for the organic chemical compounds are dctennined &om the chemicals' organic carbon/water J!&nitioning coefficient and an estimate of 0.03% for the Hanford Site 
sediments fraction of organic content (P"SNL-l 389S, Rev. 1, page 11, paragraph 3). 
"All exposure scenarios are descn1,ed in ~F-SD-WM-11-707. 
c Simulation predicted contaminant arrives at the fenceline, but at a concentration (0.001 pg,'L) that is much below the minimum detection limit for standard analytical methods. 
• Dropped from the analysis because the simulation predicted concentration (0.001 µg/1.) is much below the minimum detection limit for standard analytical methods. 
•single Analyte Perfonnance objectives apply to entire WMA. not just a single component of the WMA. 
'Washington Administrative Code (WAC) 173-340-705 (2)(cXii), MDangcrous Waste Regulations." 
1 \VAC 173-340-705 (2)(c)(i). 

Notes: 
No CPF - no cancer potency factor available. 
No RID • no reference dose available 
D!'-IA • did not arrive at fcncdine within the modeling period 
Gny shaded cells are nondetccts and the inventory used in the risk assessment is calculated at ono-half the minimum detection limit 
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The impacts per pcrfonnance metric associated with each inventory arc given in Table 8-4. Two 
land use scenarios (industrial and residential) were evaluated for Hazard Index and ILCR. All 
impacts for both the nominal and 95% UCL inventories were 2 to 4 orders of magnitude below 
the perfonnancc objectives. 

8.4 INADVERTENT INTRUDER 

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 rural fanner with a dairy cow scenario was considered as the reference case in the SST PA, 
while the suburban garden and commercial farmer scenarios were sensitivity cases in the SST 
PA. The dose calculated for each of the intruder scenarios in Table 8-5 arc for the nominal and 
bounding inventories at 100 years and S00 years after closure. For the average inventory at I 00 
years after closure, well driller, the rural pasture, and commercial farmer arc approximately 35, 
5, and 1,000 times below the pcrfonnancc objectives, respectively. However, the suburban 
garden scenario is approximately a factor of 3 over the performance objective. At 500 years 
after closure, alt inadvertent intruder scenarios arc below the perfonnance objective for the 
average inventory. For the UCL 95% inventory at I 00 years after closure, well driller, the rural 
pasture, and commercial farmer arc approximately 20, 4, and 500 times below the pcrform::mce 
objectives, respectively. However, the suburban garden scenario is approximately a factor of 4.5 
over the performance objective. At 500 years after closure, nil inadvertent intruder scenarios, 
except the suburban gardener, arc below the performance objective for the UCL 95% inventory. 
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Table 8-4. Cumulative Incremental Lifetime Cancer Risk, Hazard Index, and 
Radiological Drinking \Vatcr Dose from Peak Groundwater Concentration 

Related to Residual \Vastc Volume in Single-Shell Tank C-201. 

Industrial Reteptor Rttldentlal Rtteptor 
Performance 

Metric' Nominal Boundlnt? Nominal Roundlnt? ObJedlve' 

Radioactive chemicals ILCR I.SSE-I0C 2.79E-10c 3.63E.ogc 6.S3E-09c 1.0E-06 to 
(unitlcss) (l.SSE-IOt-'11 (2.79E-10)c.11 (3.63E-09) c.d (6.SJE-09) c.d l.0E-4• 

Nonradioactive chemicals ILCR (unitlcss) Dropped' Dropped' l.0E-S1 

Hazard Index (unitlcss) 
l.32E-04c 2.70E-03c l.<1 (I .32E-3)c.d (2.96E-03)c.d 

Dose Nominal Bounding Dose 

APF(mrem/yr) 2.42E-Sc 4.36E-OSC 2S mrem!Yl"' 
(2.42E-.S)c..i (4.36E-O.St'" 

EPA maximum con1aminant level (MCL) 4.9SE-Sc 8.91E-OSC 4 mrcm/yr1 

beta/photon emitters (mrem/yr target (4.9SE-.S)c.d (8.91 E-OS)c.11 
organ dose) 

Groundwater Contentratlon Nominal Bounding l\lCL 

"Tc (pCi/L) l.06E-2 l.91E-02 900 pCi/L 

14c (pCi/L) l.20E-3 2.14E-03 2000 pCi/L 

1291 (pCi/L) (not detected) <0.001 <0.001 I pCi/L 

Chromium (µg/L) S.0SE-02 l.04E-Ol 100 µg/L 

Fluoride (pg/L) 1.12E-02 2.0SE-02 4.000 pg/L 

Nitrate (pg/Lt 2.19E-03 8.61E-03 45,000 µg/L 

Nitrite (pg/L)• S.62E-03 3.6SE-OJ 3.000 µg/L 

Uranium (µg/L) 0.0 0.OOE-+00 30 µg/L 

• Metric ILCR-rad wc:rc cvalualed using industrial ind residential land use sccru1rios described in HNF-SD-WM-Tl-707. 
ILCR-nonrad and lfa7.ard Index were evaluated using WAC 173-340-70S (4) Method B (residential). 
11 Pcrfonnancc obj«livcs apply to cnlire WMA, not just I single component of lhc WMA. 
c Analytcs with a foncclinc concentration of less than either 0.()01 pC'a/L (radioactive) or 0.001 fig.IL (nonradioactive), 
which is a value that is well below the minimum detection limit for standard analytical methods, arc nOI included in the 
total. 
"Total in parenthesis includes nondl.'!ccts with inventory calculated at onc-half1hc dl.'lcction limit. 
• EPNS40/R-99/006, Radiation Risk Assessment at CERCU Sites: Q & A, Directive 9200.4-JIP. 
1 Dropped from the 11U1lyscs because no analyte with I cancer slope factor was predicted to have I concentration 
>0.001 fig/I..:. which is a value that is well below the minimum dl.'!ection limit for slandard analytical methods. 
1 WAC 173-340-70S (4). 
11 DOE O 4JS. l, Radioacliwt Waste Management. 
166 FR 76708, "National Primary Drinking Water Regulations; Radionuclidcs; Final Ruic." 
J Model estimated concentration >0.00 I pCi/L, which is a value that is well below the minimum detection Ii mil for standard 
analytical methods. 
t MCL is for nitrate and nilrite, not nitrogen in nitrale or nitrogen in nitrite which arc I 0,000 and 1,000, n:spcctivcly. 
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Table 8-5. Intruder Dose Summary for Single-Shell Tank C-201 • 
.. . Inadvertent Intruder Scenario • . . 

.. SST PA Reference Case . ' ' SST PA Sensitivity Cases ;. .. .. . 

Ytars Rural Suburban Commercial · 
arcer 

.. 
WellDrOlcr :·.: .Pascure . · Garden · Farm . .. 

Closure · Inventory •. (mrem) (mrem/yr) (mrem/yr) (mrem/yr) 

100 Avmge 14 19 300 O.ll 

95%UCL 25 28 450 0.2 

500 Avmge 12 3.S 78 0.099 

95%UCL 22 6.2 140 0.18 
Notes: 
Site closure is assumed to occur on January I, 2032. 
The performance objective for the well driller is SOO mrcm. The performance objective for the other sccn:arios 
is 100 mrcm/yr. 
In the SST PA, the assumed depth of the waste material was I-in. for the nominal case, the depth orthe waste 
nutcrial was 0.73-in., while for the 9S% UCL the depth of the waste material was 0.78-in. 
Inventory rcm:iining on the sidewall was not included in the intruder scenario because the amount of waste 
intersected by drilling down the sidewall would be less than I of the total inventorye/o. 

8.5 SUI\ll\lARY 

This risk assessment is summarized in the fotlowing: 

a. The effects estimated for SST C-201, using the nominal inventory. arc 3 to 4 orders of 
magnitude below the performance objectives for the groundwater pathway. 

b. The following analytes had the most impact per performance metric (nominal inventory): 

1. ILCR-Rad: For the nominal inventory and industrial land use, 99Tc contributed 94% 
of the total, with 14C contributing 6% of the total. However, for the residential 
scenario. ~c contributed 92% of the total, with 14C contributing 2% of the total. 

2. ILCR-Nonrad: No analytes (either detected or nondetected) with a CPF had a 
fcnceline concentration.greater than 1.0E-03 µg/L, which is much lower than 
minimum detection limit for standard laboratory analytical methods. 

3. Hazard Index: Cr+6 and fluoride contributed 99% and 1 %, respectively, of the total 
for WAC-173-340 Method B. 

4. APF: ~c and 14C provided 77% and 23%, respectively. of the total for the APF. 

S. Drinking \Vater Dose (Target Organ): 99-re and 14C provided 95.5% and 4.5%. 
respectively, for drinking water dose 

6. Intruder Dose: 137Cs, 90Sr, and plutonium isotopes contribute most of the dose in the 
first 300 years; after 200 years, plutonium isotopes arc responsible for intruder dose. 

c. Table 8-6 provides a comparison of the inventory used in DOE/ORP-2005·01 against the 
inventory for detected analytes calculated using the pre.retrieval samples for the nominal 
inventory and the bounding inventory. With the exception of water soluble components 
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such as ~c. nitrate, and nitrite, there is good agreement between the Hanford Tank 
Waste Operations Simulator (HTWOS) predicted inventory value and the inventory from 
the pre-retrieval samples and residual volume. The difference in the ratios between 
HTWOS predicted inventory assumed a dry retrieval method and that there would be no 
preferential removal of the contaminants. 

Table 8-6. Comparison of IIT\VOS Predicted Inventory Used in 
DOFJORP-2005.01 and the Nominal Post .. Rctrieval Inventory. 

Nominal Ratio 
DOFJORP-2005-0t• Posl-Rrlrleval• 95•;. UCL Nominal/ 

Analyte cnnvos Prrdlttrd) lnvtntory Inventory nnvos 
Carbon-14 I.OIE-03 7.76E-<W l.39E-03 7.68E-OI 

T cchnctium-99 l.21E-02 2.66E-03 4.79E-03 2.20E-01 

Chromium 8.66E+OO l.23E+OI 2.S4E+OI J.42E+OO 

fluoride 2.78E+OO 2.73E+OO S.OOE+OO 9.82E-01 

Nitrate 8.60E+OI 1.37E+OO 2.10[+00 I.S91!-02 

Nitrite 3.04E+OI S.34E-01 8.88E-OI l.76E-02 

Strontium-90 + D 1.08E+02 2.44E+02 3.36E+02 2.26E+OO 

Cesium-I 37 + D l.26E+Ol 9.84E+OO I.JOE+OI 7.SIE-01 

Thorium-232 J.IJE-14 4.0'JE-06 7.85E-06 3.62E+08 

Uranium-233 J.74E-05 1.41 E-0S 2.19E-05 8.IOE-01 

Uranium-234 S.48E-02 4.S4E-02 7.07E-02 8.28E-OI 

Uranium-23S + D 2.34E-03 l.92E-03 2.99E-03 8.21E-OI 

Uranium-236 8.JSE-04 J.09[-03 1.69[-03 I.J IE+OO 

Uranium-238 + D S.63E-02 4.SSE-02 7.0SE-02 8.0RE-01 

N1..,,tunium-237 + D l.40E-03 3.48E-03 S.ISE-03 2.49E+OO 

Plutonium-238 2.8SE-OI 6.97E-OI 2.IOE+OO NIA 

Plutonium-239 8.95E+OO l.60E+OI 2.nE+OI l.79E+OO 

Plutonium-240 l.93E+OO 3.4SE+OO S.98E+OO l.79E+OO 

Plutonium-241 + D l.02E+Ol t .67E+Ot 2.89E+OI l.64E+OO 

Amcricium-241 J.42E+OO 2.SOE+OO 4.19E+OO l.76E+OO 

Curium-242 S.S4E-02 9.0JE-02 l.51E-OI l.63E+OO 

Curium-243 2.SOE-03 4.41E-03 7.37E-03 I.SSE+OO 

Curium-244 6.32E-02 9.69E-02 l.62E-OI l.53E+-OO 

Ratio 
95•;. UCL/ 
unvos 
1.38[+00 

3.96E-OI 

2.93E+OO 

l.80E+OO 

2.44E-02 

2.92E-02 

3.11 E+OO 

l.03E+OO 

6.95E+OS 

l.26E+OO 

l.29E+OO 

l.28E+OO 

2.02E+OO 

l.26E+OO 

3.68E+OO 

NIA 

3.09E+OO 

3.IOE+OO 

2.83E+OO 

2.9SE+OO 

2.7JE+OO 

2.63E+OO 

2.S6E+OO 

• inventories for conlllminants having the greatest impact for groundwater or inadvertent intruder pathway. 
NIA: Not •rr>licable because the invcntOI')' was calculated from the laboratOl')''s minimum dl..'lcction limit for that analytc. 
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9.0 ADDITIONAL RETRIEVAL TECHNOLOGIES 

This section discusses the feasibility of available retrieval technologies, the feasibility of 
developing additional retrieval technologies, and the amount of additional waste that could be 
removed from SST C-201. 

The SST C-20 I waste retrieval campaign was the third time the VRS, described in Section 2.0, 
was used to retrieve waste from a Hanford SST. The VRS was first used in C-203 
(RPP-RPT-26475, Retrieval Data Report/or Single-Shell Tank 241-C-201) and C-202 
(RPP-RPT-29095, Retrieval Data Report for Single-Shell Tank 24 l-C-202). ~e VRS retrieval 
satisfied M-45-00 retrieval criteria by retrieving waste from SST C-201 to the limit of the 
configuration of the VRS as deployed and leaving a residual volume of 19.2 ft1

. . 

9.1 FEASIBILITY AND VIABILITY OF OTHER AVAILABLE \VASTE 
RETRIEVAL TECHNOLOGIES 

Several variations of sluicing described in RPP-20577, Stage II Retrieval Data Report/or 
Single-Shell Tank 241-C-106. and RPP-RPT-27406, Demonstration Retrieval Data Report 
for Single-She/I Tank 241-S-J I 2, were evaluated. These include raw water modified sluicing, 
modified circulation system, remote wnter lancing, and ex-tank water heater on a recirculation 
line. However, RPP-16525 precludes the use of sluicing technologies for tanks designated 
'assumed lcakers' to minimize water additions and mitigate potential leaks during retrieval. As a 
result, sluicing technologies were not considered further. 

The only other availab!c technology reviewed was the mobile retrieval system (MRS). The MRS 
is currently the preferred technology for 100-scries SSTs designated ns nssumcd lcakcrs. The 
MRS is similar to the VRS system in many respects but also deploys an in-tank vehicle (ITV). 
The ITV may have the capacity to move waste to the vacuum head, possibly retrieving more 
waste from the tank compared to using the VRS alone. However, the existing VRS with its · 
AMS can reach all areas of the tank bottom, so any benefit from deploying the ITV would be 
negligible. Additionally, existing risers for the 200-scrics tanks arc not large enough to 
accommodate the MRS system and would require some modification or construction of new 
risers to allow the use of the MRS. This is deemed impractical due to expected high worker 
exposure during construction of risers. As a result, MRS was also eliminated from 
consideration. 

9.2 FEASIBILITY OF DEVELOPING NE\V TECHNOLOGIES 

New technologies arc under development that could possibly enhance retrieval performance for 
future tanks, but these were not available for SST C-201. A brief description of these 
technologies follows in Sections 9.2.1 through 9.2.S. The technologies discussed arc at varying 
stages of development. Some require substantial investment in research nnd development while 
others have already been used elsewhere but would need to be adapted for use at the Hanford 
Site. Activities needed to deploy these technologies could include engineering, procurement, 
testing, and construction. More detailed information regarding these technologies is included in 
RPP-20577. 
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9.2.1 AEA Technology Power Fluidksnr' 

The power fluidic process for sampling, mixing, and pumping tank waste at the Hanford Site has 
been evaluated for several years. This fluidic mixing and pumping system was tested by the 
Hanford Site SST retrieval program to demonstrate potential for dissolution of saltcakc waste 
and mobilization and retrieval of insoluble solids (e.g., sludge waste}. Testing results indicated 
that the fluidic mixing and pumping system did not fully meet objectives and that further 
development and demonstration would be required. Operation of this system appears to require 
use of high water volumes, which would preclude its use in an "assumed leaker" such as 
SST C-201. 

9.2.2 Russian Pulsatilc Mixer Pumps/Fluidic Retrieval Systems 

The Russian Integrated Mining and Chemical Combine fluidic concept for mixing and pumping 
tank waste is similar to the power fluidies system but has design details different for the pump 
mechanism and nozzles. While the power fluidics system has no moving parts in the pump, the 
Russian unit uses a simple check valve mechanism. Both systems use two distinct cycles, fill 
and discharge, to perform n mixing action. Operation of this system, like the power fluidics 
system, appears to require use of high water volumes, which would preclude its use in an 
"assumed leaker" such as SST C-201. 

9.2.3 Small l\lobilc Retrieval Vehicles 

The following mobile retrieval systems were assessed: 

a. Remotely Operated Vehicle Systems at Oak Ridge-In the 1996-1998 period, Oak Ridge 
National Laboratory deployed a series of hydraulically powered, remotely operated 
vehicles. The equipment was redesigned and improved. As redesigned, the equipment 
was a 4 ft x 5 ft parallelogram-style frame. Folding the frame enabled the device to 
deploy through a 24-in. tank riser (it is unclear whether this equipment could be deployed 
through the 24-in. SST C-201 hatchway, which is the largest opening in the tank roof). 
Many hardware failures occurred during deployment, requiring rcp:iir or replacement. 
The equipment was later used in other tanks in conjunction with a wall-washing tool (the 
linear scarifying end-effector), a confined sluicing end-effector, and a modified light duty 
utility ann5 (MLDUA). 

The MLDUA was used at Oak Ridge to clean seven underground tanks, but shortcomings 
were observed in its operation. Although lessons learned were documented for both 
design and operations, the lessons have not been incorporated into any subsequent 
versions of the MLDUA. 

b. Scarab 1116-The Scarab III vehicles use four rubber-treaded wheels for traction on slick 
surfaces and four metal wheels for biting into thin layers of waste. The Scarab can climb 
over 8-in. obstacles and has a manipulator arm. The manipulator gripper end-effector has 
a payload limit of S lb and requires an 18-in.-diamcter access. The unit has three 

4 AEA Technology Power Fluidicsni i.-; a registered trademark of AEA Technology, Glcngamock, United Kingdom. 
'Modified Light Duty Utility Ann is a trademark of SPAR Aero~pace, Ltd., Edmonton, Alberta, Canada. 
6 Scarab Ill is a trademark ofR.O.V. Technologies, Inc., Vernon, Vermont. 
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on-board cameras for viewing deployment, retrieval, and driving operations. This system 
has been used primarily for sampling at Hanford but has not been demonstrated for 
retrieval and requires additional development and testing. 

c. TMR Associates VAC TRAX7-The VAC TRAX is a remote-operated rotating 
high-pressure water jetting tool that directs ultra-high-pressure water to remove material 
coverings from a variety of surfaces, e.g., contaminated paint from concrete walls and 
floors. At higher pressures, the equipment can perform light scabbling or deep 
scarification of concrete surfaces. The equipment is fully encapsulated with water and 
debris vacuumed from a manifold through a flexible vacuum hose. The system supplies 
water up to 36,000 psi through a rotating manifold containing orifices to produce a 
concentrated stream. However, this system operates in a submerged environment and 
would be precluded in an "assumed leaker .. such as SST C-201. 

9.2.4 Tank \Vall \Vashing at \Vest Valley Demonstration Project 

The retrieval process was very efficient during early stages of waste removal at the West Valley 
Demonstration Project. As the process moved from bulk removal to heel and residue retrieval, 
the number of transfers and associated time per transfer climbed steadily (Hamel and Damerow, 
Completing 1/LW Vitrification at tire WVDP,· Tire Approach to Final Retrieval. Flus/ring, and 
Characterization). Riser-mounted arms and positioning systems were developed to provide 
capability to wash residues from internal tank surfaces. Oxalic acid and mixed organic acids 
were not used because of concerns for tank integrity. This system may remove additional waste 
from tank walls, but because only a minimal amount of waste is left on the SST C-20 l walls, 
there is little benefit in removing additional waste compared to the time and cost to test and 
deploy this system. 

9.2.5 Dry Ice Blasting 

Decontaminating surfaces using dry ice blasting is a relatively new cleaning process using solid 
COi pellets. The pellets sublimate (convert directly from a solid blast pellet to a vapor) leaving 
no residue. This is envisioned as a sandlcss sandblasting approach to dislodge hard-to-remove 
residue from the tank surfaces. The dry ice is accelerated by compressed air and requires 
between 80 psi to 100 psi and 120 ft3/min to 150 ft3/min (Lapointe, Sand-less Sandblasting). On 
a fact sheet for alternatives to trichloroethane, EPA identified dry ice blasting with solid pellets 
as a desirable alternative for deaning metal surfaces [EPA-905-F-00-026, ·Technical Fact S/rcel 
for J,J,l-Trichloroethane (I'CA) Hazards and Alternatives). Like tank wall washing, this system 
may remove additional waste from tank wans, but because only a minimal amount of waste is 
left on the SST C-20 I walls, there is little benefit in removing additional waste compared to the 
time and cost to test and deploy this system. 

9.3 ADDITIONAL \VASTE REMOVAL 

The SST C-201 VRS satisfied the requirements set out in HFFACO Milestone M-45-00. 
Therefore, no additional waste removal is needed. 

1 VAC TRAX is a registered trademark ofTMR Associates, Rutherford, New Jersey. 
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10.0 RECOl\11\IENDATIONS FOR FURTIIER ACTIONS 

This section provides recommendations for further actions, identifies lessons learned from the 
retrieval of SST C-202 which were implemented for SST C-201 retrieval, and discusses 
opportunities to refine waste retrieval technologies based on lessons learned from the SST C-201 
retrieval. 

10.t RECOMMENDATIONS FOR SINGLE-SHELL TANK C-201 

As demonstrated by information presented in this RDR, retrieval of SST C-201 is complete. 
DOE has no recommendation for additional retrieval actions at SST C-201 because M-45-00 
retrieval criteria for this tank nre satisfied as shown in Sections 5.0 and 6.0 of this RDR. 

10.2 ll\1PROVEl\1ENTS 1l\1PLEl\1ENTED FOR SINGLE-SIi ELL TANK C-201 
RETRIEVAL BASED ON LESSONS LEARNED FROM SINGLE-SHELL TANK 
C-202 RETRIEVAL 

Following retrieval of waste from SST C-202, opportunities to improve future retrieval 
operations were identified and summarized in RPP-RPT-26475. Based on lessons learned from 
the SST C-202 retrieval, the following modifications were implemented for SST C-201 retrieval: 

a. The vacuum line from the AMS head to the vessel/pump was straightened. 

b. I lard pipe was used for drain lines to enhance drainage. 
c. Linc flushes were reduced, based on the specific gravity of the waste, to limit the nmount 

of water used. 
d. A dedicated exhauster was used during retrieval to increase ventilation. 

System improvements incorporated into the SST C-202 waste retrieval system as n result of 
lessons learned from the tank SST C-203 retrieval included the removal of sharp bends in the 
vacuum line between the top of the AMS and the slurry tank and a modification of the transfer 
Jine flushing frequency. 

111c shorter hose and modification to the vacuum line between the top of the AMS and the slurry 
tank resulted in better vacuum and higher nirflow rates through the AMS. The exhauster was 
switched to exhausting SST C-201 only. This increased the SST C-201 ventilation rate from 
225 scfm to 300 scfm, increasing the vacuum in the tank and eliminating the low vacuum 
problems; it also reduced fogging in the tank hcadspacc, which provided better visual 
observation. The transfer line flush frequencies had been changed to allow for less frequent 
flushing, depending on the SpG of the waste slurries transferred. Because SpGs for SST C-20 I 
retrieval were low, transfer line flushes only occurred at the end of each operating day. 

During tank 241-C-20 I retrieval, the ability to hydraulically rotate the AMS was lost when the 
rotation "locked-up" during operation. A manual rotation technique was developed to partially 
overcome this problem. The AMS was unbolted from its position and manually rotated. Flange 
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clamps replaced the hold-down bolts so that the AMS could be rotated to any desired position. 
For each rotational position, the AMS could retrieve in n line across the tank bottom. Using the 
scarifier to mobilize waste adjacent to the path of the AMS suction head allowed a path two to 
three times the width of the AMS head to be influenced. 

The inability to use lube water and air injection in the AMS required that air and water be 
provided to the AMS by other means. Water additions to the tank via mast flushes and scarifier 
were used to substitute for the lube water. Air from the tank hcadspacc substituted for the air 
injection. The AMS head was positioned so that it was only partially submerged in the waste or 
it was alternately lowered into the waste and lifted above it so that air could be provided to the 
AMS. Prolonged submersion of the AMS head in the waste was not possible. 

10.3 OPPORTUNITIES FOR ll\1PROVEI\IENT OF \VASTE RETRIEVAL 
OPERATIONS AT OTHER SINGLE-SHELL TANKS BASED ON LESSONS 
LEARNED FROl\l SINGLE-SUELL TANK C-20 I 

Lessons learned from the retrieval ofC-201 were captured in RPP-29413, Rev.I, 
Tank 241-C-202 and 241-C-20/ Vacuum Retrieval lessons Learned: Opportunities/or 
Refinement of Fulllrc Retrieval Operations at Other Singlc-Sl,cl/ Tanks. RPP-29413 identifies a 
summary of opportunities to improve future retrieval operations, as well as specific lessons 
proposed for implementation as budget and time allows. 

Opportunities for improvement for future retrieval operations include physical modifications to 
equipment (e.g., using hard pipes for drain lines), operational changes (e.g., "sipping" the waste 
surface rather than submerging the mast head), and work planning ( e.g., cautions about 
extrapolation of Cold Test Facility performance data to planned field activities). 

Lessons learned from C-201 retrieval that arc proposed for implementation in future retrievals, as 
budget and time allow, arc the following: 

a. Replace vacuum-skid-seal-watcr•scparator-watcr radiator with a higher capacity unit. 
The current unit is undersized and results in poor vacuum pump performance, frequent 
delays to dump hot water from separator, and fogging in the tank. 

b. Replace AMS mast with modified 241-U-200 mast. The 241-U-200 mast has additional 
venturi to enhance vertical lift for SpGs in the 2.0 to 4.0 range. 

c. Add Loctite~8 to vacuum pump motor couplers or provide a more positive mechanical 
connection. This will minimize the chance of decoupling as a result of the force created 
by the cycling of the pumps, most of which is due to breaking vacuum to clear a clogged 
screen. Also consider a software modification that will allow the mast to be vented to 
atmosphere without turning off the vacuum pumps. 

d. Test the C-204 line length with simulant that contains large granular particles to mimic 
waste encountered in SST C-203, SST C-202, and SST C-201 to determine its effect on 
retrieval performance. 

1 Loctilce is a registered trademark ofllcnkel Corporation, Gulph Mills, Penrt,;ylvania. 
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e. Develop a more robust supplemental light for the video camera. Consider the multi-lamp 
unit deployed in tank 241-S-l 12. The constant illumination ofa supplemental light 
provides better quality images. The on-board light creates too much contrast difference 
from the middle of the frame to the sides. 

f. Establish an operating method to clear a trough in the middle, work in a disciplined 
matter outward to the wall (each side of the trough), and then work from the wall back to 
the center (each side). Any similar approach that restricts the AMS operation within a 
boundary to complete retrieval to the limit of technology prior to repositioning should be 
considered. 

The application oflessons learned to future retrievals will be at the discretion of the retrieval 
project manager. · 
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APPENDIX A 

SINGLE-SHELL TANK 24 l-C-201 \VASTE CONCENTRATIONS 
AND INVENTORIES 

A-1 



RPP-RPT-30181, Rev. 0 

Table A•l. Average Concentrations and Relative Standard Deviations for C~201 
Post~Retrieval \Vaste Constituents. (4 sheets) 

1, 1,2,2-Tetrachlorocth:me 79-34-S < 
J, 1,2-Trichloro-J .2,2-trifluorocthane 76-13-J < 
J, J ,2-Trichlorocthane 19-00-S < 
J 1-Dichloroclhcne 75-35-4 < 9.90E-03 
J ,2,4-Trichlorobenzene 120-82-1 < 9.82E-03 

9S-50-J 
• I < 

J ,4-Dichlorobenzene 106-46-7 < 
J-Dutanol 71-36-3 < 
2,4,5-Trichloro henol 95-95-4 
2,4,6-Trichloro henol 88-06-2 < 

121-14-2 < 
128-37-0 < 

95-51-8 < 
t 10-80-5 < 6.47E+02 

< 2.97E+02 
< 2.63E+02 

1.S0E-02 
S9-S0-1 < 2.93E+02 
100-02-7 < 2.7JE+02 
83-32-9 < 3.00E+02 

Acetate 71-50-1 < 2.24E+03 
Acetone 67-64-1 J.51E-02 
Aluminum 7429-90-S 
Americium-241 14596-10-2 2.63E+OO 
Ammonium Ion b IC 14798-03-9 3.69E+ol 

7440-36-0 < 9.48E+0t 
14234-35-6 < 7.lSE-01 
12674-1 t-2 < 2.07E-01 
J 1104-28-2 < 6.48E-02 
11141-16-5 < 1.17E+OO 
53469-21-9 < 2.07E-Ot 
12672-29-6 < 6.68E-02 
11097-69-J 9.60E-02 
t 1096-82-S < 2.85E-OJ 

Arsenic 7440-38-2 < t.19E+02 
Barium 7440-39-3 J.68E+02 
Benzene 71-43-2 < 6.02E-03 
De Ilium 7440-41-7 < l.52E+OI 
Bismuth 7440-69-9 6.49E+02 

A-2 

76% 
lOOC'/o 
JOOC'/o 
tOOC'/o 
lOOC'/o 
IOOC'/o 
JOOC'/o 
lOOC'/o 
100% 
100% 
75% 
9% 

31% 
54% 

100% 
JOO% 
100¾ 
100¾ 
JOOC'/4 
JOOC'/4 
JOOC'/4 
25% 

lOOC'/o 
IOOC'/4 
27% 

IOOC'/o 
100% 
36% 

----------------------------- - - -- ··----- - ·- - ·- · · -
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Table A-1. Average Concentrations and Relative Standard Deviations for C-201 
Post-Retrieval \Vaste Constituents. (4 sheets) 

Boron 
Bromide < 
But lbcnz I hth.llate 85-68-7 < 6.00E+02 
Cadmium 744043-9 9.74E+OO 
Calcium 7440-70-2 7.20E+03 
Carbon disulfide 15-15-0 < 8.90E-03 
Carbon tetrachloride 56-23-5 < I.IOE-02 
Carbon-14 14762-75-5 8.14E-04 
Cerium 7440-45-1 < l .33E+02 
Cesium--137 10045-97-3 1.03E+OI 
Chloride 16887-00-6 3.t2E+o2 
Chlorobcnzene 108-90-7 < 7.42E-03 
Chloroform 67-66-3 < 9.toE-03 
Chromium 7440-47-3 l.29E+04 
Cobalt 7440-48-4 8.97E+OI 
Cobalt-60 10198-40-0 < 2.68E-Ol 
Co er 7440-50-8 6.43E+02 

1319-77-3 < 
108-39-4 < 2.87E+02 

Crcsol 106-44-5 < 2.87E+02 
Curium-243/244 NA < 3.76E-OI 

57-12-5 
108-94-1 < 
84-74-2 < l.95E+03 
117-84-0 < 3.47E+02 
141-78-6 < 9.32E--03 
60-29-7 < 8.SOE-03 
100-41-4 < l.SOE--02 
7440-53-1 6.53E-+01 
14683-23-9 < 1.17E+OO 
15585-10-1 < 8.ISE-01 
14391-16-3 < 4.49E-01 

Fluoranthene 206-44-0 < 3.10E+02 
Fluoride 16984-48-8 2.86E+03 
Fonnate 12311-97-6 < 2.24E+03 
GI colate 666-14-8 < 1.85E+03 
Hexachlorobutadiene 87-68-3 < 3.13E+02 
Hexachloroeth.lne 67-72-1 < l.58E+Ol 
Hexone 108-10-1 2.41E-03 
lodine-129 15046-84-1 < 3.04E-04 
Iron 7439-89-6 l.l7E+OS 
lsobut:mol 78-83-1 < t.59E+03 
lanth.lnum 7439-91-0 < l.29E+OI 
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100% 
100% 
71% 
21% 

100% 
100% 
38% 

1000/4 
11% 
53% 

100% 
100% 
52% 
20% 

100% 
17% 

100% 

100"/4 
100"/4 
100"/4 
27% 

100°/o 
100°/o 
1000/4 
I00"/4 
100"/4 
1000/4 

9% 
100"/4 
100"/4 
100°/o 
100% 
40"/o 

100"/4 
100"/o 
100"/o 
100"/4 
69% 

100°/o 
3()0/o 

100% 
100% 
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Table A-1. Average Concentrations and Relative Standard Deviations for C-201 
Post-Retrieval \Vaste Constituents. (4 sheets) 

7439-93-2 < 
7439-95-4 8.86E+02 
7439-96-5 2.02E+04 
7439-97-6 t.14E+02 
75-09-2 < 7.3SE-03 
7439-98-7 < 1.90E+-Ol 
59-89-2 < 6.53E+-02 
91-20-3 < 2.97E+o2 
7440-00-8 < 7.58E+OI 
13994-20-2 5.l7E+-00 

Nickel 7440-02-0 6.S4E+03 
Nickcl-63 13981-37-8 9.76E-Ot 
Niobium 7440-03-1 < l.l7E+02 
Nitrate 14797-55-8 l.44E+o3 
Nitrite 14797-65-0 S.60E+02 
Nitrobenzene 98-95-3 < 3.l3E+02 
N-Nitros<H!i-n- ro !amine 621-64-7 < 2.77E+02 
Oxalate 338-70-5 5.42E+04 

7440-05-3 J.SSE-+03 
Crcsol m 108-39-4 < 2.87E+02 
Cresol 106-44-5 < 2.87E+02 

87-86-5 < 2.32E+02 
Percent Water NA 2.44E+OI 
Phenol 108-95-2 < 2.87E+02 
Phos horus 7723-14-0 J.90E+04 
Plulonium-238 13981-16-3 < 7.JIE-01 
Plutonium-239/240 NA 2.04E+01 

7440-09-7 < 9.48E+-02 
ium 7440-10-0 3.I IE+02 

129-00-0 < 2.97E+02 
110-86-1 < 2.73E+02 

Rhodium 7440-16-6 < 4.35E+02 
Rubidium 7440-17-7 < 6.52E+03 
Ruthenium 7440-18-8 1.35E+o2 
Samarium 7440-19-9 < 3.79E+-Ol 
Selenium 7782-49-2 < l.22E+-02 
Selenium-79 15758-4S-9 < 9.75E-04 
Silicon 7440-21-3 7.43E+-03 
Silver 7440-22-4 < I.J0E+Ol 
Sodium 7440-23-S S.23E+04 
Strontium 7440-24-6 9.68E+02 
Strontium-89/90 10098-97-2 2.56E+-02 

A-4 

43% 
51% 
16% 

100% 
100% 
100% 
100'/4 
100% 
21% 
52% 
23% 

100'/4 
24% 
31% 

100'/4 
100'/4 
59% 
3% 

100'/o 
100'/o 
100'/o 
10% 

100'/o 
21% 

JOO% 
35% 

100% 
75% 

100% 
100% 
100% 
100'/o 
11% 

100% 
100'/4 
100% 
28% 

100'/4 
16% 
40% 
14% 
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Table A-l. Average Concentrations and Relative Standard Deviations for C-201 
Post-Retrieval \Vaste Constituents. (4 sheets) 

Sulfur 7704-34-9 1.30E+03 
Tantalum 7440-25-7 < l.19E+02 
Technctium-99 14133-76-7 l.65E-01 
Tellurium 13494-80-9 < 1.52E+o2 
Tetrachloroelhcnc 127-18-4 < 7.85E-03 
Thallium 7440-28-0 < 3.51E+02 
Thorium 7440-29-1 6.62E+o2 
Thorium-230 14269-63-7 < 3.79E+o0 
Thorium-232 NA 3.90E+ol 
Tin 7440-31-S l.38E+o2 
Titanium 7440-32-6 1.52E+ol 
Toluene 108-88-3 < 7.02E-03 
Tr.lns-t.3-Dichloro ro nc 10061-02-6 < 6.12E-03 

126-73-8 2.12E+04 
Trichlorocthcne 79-01-6 < t .20E-02 
Trichloronuoromcthanc 75-69-4 < 8.97E-03 
Tritium 15086-10-9 < 7.2 1E-03 
Tun sten 7440-33-7 l.05E+03 
Uranium 7440-61-1 1.43E+o5 
Uranium-233 13968-55-3 < 3.79E+o0 
Ur:1nium-234 13966-29-5 6.2SE+OO 
Ur.mium-235 15117-96-1 7.33E+02 
Ur:1nium-236 13982-70-2 8.60E+OO 
Uranium-238 NA 1.17E+05 
Vanadium 7440-62-2 < l.22E+ol 
Vin 1 chloride 75-01-4 < 4.25E-03 

108-38-3 < 1.70E-02 
95-47-6 < 5.32E-03 
106-42-3 < 1.70E-02 
1330-20-7 < 2.20E-02 
7440-65-5 < 9.48E+oo 

Zinc 7440-66-6 4.43E+02 
Zirconium 7440-67-7 1.0SE+0J 

CAS • Chemical Abstracts Service Registry Number. 
< •Below. 
RSD • Relative Standard Deviation, n:prcscnting 1hc uncertainty ofthc concentration estimate. 
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19% 
100% 
38% 

100% 
1000/4 
1000/o 
16% 

100% 
44% 

3% 
129% 
100% 
100% 
61% 

100% 
100% 
100% 

3% 
25% 

100% 
22% 
22% 
27% 
22% 

JOO% 
100"/o 
100"/o 
100"/4 
100% 
100"/4 
100% 
18% 
56% 
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Table A-2. Average Post-Retrieval "'aste Inventory. (4 sheets) 
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71-55-6 1,t,1-Trichloroethanc < 8.20E-06 kg 
79-34-5 1,1,2,2-Tetrachloroethane < 5.96E-06 kg 
76-13-t 1 1,2-Trichloro-l,2,2-trifluoroeth:me < 9.27E-06 h 
79-00-5 1,1,2-Trichloroethane < S.96E-06 kg 
75-35-4 t,l-Dichloroethenc < 9.44E-06 leg 

120-82-1 1,2,4-Trichlorobcnzene < 9.36E-06 ks? 
95-50-1 1,2-Dichlorobcnzene < 4.45E-Ol 
107-06-2 1,2-Dichloroethane < 5.86E-06 
106-46-7 1,4-Dichlorobenzene < 2.77E-OI 
71-36-3 1-Bubnol < I.ISE+oo kg 
95-95-4 2,4,S-Trichlorophenol < 2.57E-Ot kg 
88-06-2 2,4,6-Trichlorophenol < 2.64E-01 kg 
121-14-2 2,4-Dinitrotoluene < 2.99E-OJ kg 
128-37-0 2,6-Bis( t. J-dimcthylethvl\-4-methvlohenol < 7.91E-OJ kg 
78-93-3 2-Butmone 3.99E-06 
95-57-8 2-Chlorophenol < 2.73E-01 
110-80-S 2-Ethoxvethanol < 6.17E-Ol 
95-48-7 2-Methylphenol < 2.83E-0I kg 
88-75-S 2-Nitrophenol < 2.SIE-01 
79-46-9 2-Nitropror,:ane < 1.43E-0S 
59-50-7 4-Chloro-3-methvlohenol < 2.80E-OI kg 
100-02-7 4-Nitrophenol < 2.61E-OI 
83-32-9 Acen.:iphthenc < 2.86E-OI 
71-50-1 Acetate < 2.tJE+OO 
67-64-1 Acetone 1.44E-OS 
7429-90-5 Aluminum 4.17E+OO 
14596-10-2 Americium-241 2.50E+OO Ci 
14798-03-9 Ammonium Ion by IC 3.52E-02 
7440-36-0 Antimony < 9.04E-02 
14234-35-6 Antimony-125 < 6.82E-OJ Ci 
1336-36-3 Aroctors (Tobi PCDl < 6.92E-05 leg 
7440-38-2 Arsenic < 1.14E-01 
7440-39-3 B3rium 1.60E-01 
71-43-2 Benzene < 5.74E-06 
7440-41-7 Bervllium < l.45E-02 kg 

7440-69-9 Bismuth 6.19E-Ot 
7440-42-8 Boron < 4.69E-02 

24959-67-9 Bromide < 2.69E+OO 
85-68-7 ButvlbcnzyJphthabtc < S.72E-Ot 
7440-43.9 Cadmium 9.29E-03 
7440-70-2 Calcium 6.86E+OO kg 
7S-15.0 Carbon disulfide < 8.49E-06 kg 

56-23-5 Carbon tetrachloride < l.05E-OS kg 
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Table A-2. Average Post-Retrieval \Vaste Inventory. (4 sheets) 

14762-75-S Carbon-14 7.76E-0-1 Ci 
7440-4S-1 Cerium < l.27E-Ol Jc 
10045-97-3 Cesium-137 9.84E+OO Ci 
16887-00-6 Chloride 2.98£-01 k 
108-90-7 Chlorobenzene < 7.07E-06 Jc 
67-66-3 Chloroform < 8.68E-06 k 
7440-47-3 Chromium l .23E+ot k 
7440-48-4 Cobalt 8.56E-02 k 
10198-40-0 Cobalt-60 < 2.SSE-01 
7440-50-8 Co r 6.13E-OI 
1319-77-3 Cresol < 5.40E-OI 
108-39-4 Cresol m < 2.73E-Ol 
106-44-5 Cresol < 2.73E-01 
15510-73-3 Curium-242 9.03E-02 Ci 
15757-87-6 Curium-243 4.41E-03 Ci 
13981-15-2 Curium-244 9.69E-02 
57-12-5 C nide 2.0BE-03 
108-94-1 C ctohexanone < l .86E+OO k 
84-74-2 Di-n-but I hthalate < 1.86E+OO k 
117-84-0 < 3.JIE-01 k 
141-78-6 < 8.88E-06 le 
60-29-7 < 8.1 IE-06 k 
100-41-4 < l .43E-05 k 
7440-53-1 6.23E-02 k 
14683-23-9 < I.I lE+oo Ci 
1558S-10-t < 7.SOE-01 
14391-16-3 Euro ium-1 SS < 4.28E-01 
206-44-0 Fluoranthene < 2.96E-OI 
16984-48-8 Fluoride 2.73E+oo 
12311-97-6 Formate < 2.13E+OO 
666-14-8 GI olate < l.76E+OO 
87-68-3 Hexachlorobutadicnc < 2.99E-Ol 
67-72-1 Hexachloroethane < I.SOE-02 
108-10-1 Hexone 2.30E-06 k 
15046-84-1 lodine-129 < 2.89E-04 
7439-89-6 Iron t.12E+02 
78-83-1 Isobutanol < l.51E+OO 
7439-91-0 Lanthanum < 1.23E-02 
7439-92-1 Lead 6.34E+OO 
7439-93-2 Lithium < 1.4SE-02 
7439-95-4 8.4SE-Ol 
7439-96-5 J.93E+Ol 
7439-97-6 l.08E-OI 
75-09-2 < 7.0IE-06 
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Table A-2. Average Post-Retrieval "'aste Inventory. (4 sheets) 

59-89-2 < 
91·20-3 < 2.83E-01 
7440-00-8 < 7.23E-02 
13994-20-2 3.48E-03 
7440-02-0 Nickel 6.24E+OO 
13981-37-8 Nickel-63 9.JlE-01 
7440-03-1 Niobium < 1.12E-01 
14191-SS-8 Nitrate 1.37E+o0 
14797-65-0 Nitrite S.34E-Ol 
98-95-3 Nitrobcnzene < 2.99E-OI 
621-64-7 N-Nitroso-<fi-n- ro lamine < 2.64E-Ol 
338-70-S Oxalate S.17E+ol 
7440-05-3 Palladium t.48E+o0 
87-86-5 Pentachloro henol < 2.21E-01 
108-95-2 Phenol < 2.73E-OI 
14265-44-2 Phos Jute S.54E+Ol 
13981-16-3 Plutonium-238 < 6.97E-Ot Ci 
15117-48-3 Plutonium-239 t.60E+Ol Ci 
14119-33-6 Plutonium-240 3.45E+oo Ci 
14119-32°S Plutonium-241 l.67E+OI 
7440-09-7 < 9.04E-OI 
7440-10-0 2.96E-Ol 
129-00-0 < 2.83&01 
110-86-1 < 2.61E-01 
7440-16-6 < 4.15E-Ol 
7440-17-7 Rubidium < 6.22E+OO 
7440-18-8 Ruthenium l.28E-OI 
7440-19-9 Samarium < 3.61E-02 
7782-49-2 Selenium < 1.16E-Ol 
15758-45-9 Selenium-79 < 9.30E-04 
7440-21-3 Silicon 7.09E+OO 
7440-22-4 Silver < t.24E-02 
7440-23-5 Sodium 4.98E+Ol 
7440-24-6 Strontium 9.23E-Ol 
10098-97-2 Strontium-89/90 2.44E+02 Ci 
14808-79-8 Sulfate 3.71E+OO k 
18496-25-8 Sulfide < l.03E-02 k 
7440-25-7 Tant3lum < 1.14E-Ol k 
14133-76-7 Tcchnetium-99 2.66E-03 
13494-80-9 Tellurium < 1.4SE-Ol 
127•18-4 Tetrachlorocthene < 7.49E-06 
7440-28-0 Thallium < 3.3SE-OI 
7440-29-l Thorium 4.0SE-02 
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Table A-2. Average Post-Retrieval \Vaste Inventory. (4 sheets) 

14274-82-9 Thorium-228 7.26E--06 Ci 
14269-63-7 Thorium-230 < 7.45E-02 Ci 
NA Thorium-232 4.09E--06 Ci 
7440-31-5 Tin t .32E--01 k 
7440-32-6 1.4SE-02 k 
108-88-3 < 6.69E-06 le 
10061--02-6 ne < 5.83E--06 k 
126-73-8 2.02E-t-Ol k 
79--01-6 Trichloroethene < l.l4E-OS le 
15-69-4 Trichlorofluoromethane < 8.SSE-06 le 
15086-10-9 Tritium < 6.87E--03 Ci 
7440-33-7 Tun sten I .OOE+OO le 
7440-61-1 Uranium 1.36E+o2 k 
13968-55-3 Uranium-233 l.41E--05 Ci 
13966-29-S Uranium-234 4.S4E-02 Ci 
15117-96-1 Uranium-235 l.92E--03 Ci 
13982-70-2 Uranium-236 t.09E-03 Ci 
NA Uranium-238 4.55E--02 Ci 
7440-62-2 < l.16E-02 le 
75-01-4 < 4.0SE--06 le 
108-38-3 < l.62E--05 le 
95-41-6 < 5.07E-06 le 
106-42-3 < l.62E-OS le 
1330-20-7 < 2.l0E-05 1c 
7440-65-5 Yttrium < 9.04E-03 k 
7440-66-6 Zinc 4.23E-01 k 
7440-67-7 Zirconium l.0JE-02 le 

CAS• Chemical Abstracts Service Registry Number. 
< •Delow. 
NA • not available 
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TabJe A-3. 95% Upper Confidence Level Post-Retrieval \Vaste Inventory. (4 sheets) 
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71-55-6 1, 1, 1-Trichloroethane < 2.47E-05 h 
79-34-S I, l ,2,2-Tetr:1chloroetru1ne < l.SOE-0S kg 
76--13-1 I, I ,2-Trichloro-1,2,2-trifluorocthane < 2.79E-05 kg 

79-00-5 1,1,2-Trichlorocthane < I.SOE-OS kg 
75-3S-4 1,1-Dichloroethene < 2.85E-OS kg 
120-82-1 1,2,4-Trichlorobenzenc < 2.82E-OS b 
9S-50-1 1,2-Dichlorobenzenc < IJ4E+oo leg 

107-06-2 1,2-Dichloroelrulne < 1.77E-OS kg 

106-46--7 1,4-Dichlorobenzenc < 8.34E-01 kg 

71-36--3 1-Bul:lnol < 3.47E+OO kg 

9S-95-4 2,4,5-Trichlorophenol < 7.76E-01 kg 
88-06-2 2,4,6-Trichloroohenol < 7.95E-Ol k2 
121-14-2 2,4-Dinitrotoluene < 9.0lE-01 kg 
128-37-0 2,6-Bis( I, 1-dimcthylethyl)-4-methylphenol < 2.39E+oo kg 
78-93-3 2-Butinone 1.0IE-0S h 
9S-57-8 2-Chloronhenol < 8.24E-OI h 
110-80-5 2-Ethoxyethanol < l.86E+oo leg 

9S-48-7 2-Methylphenol < 8.53E-01 leg 

88-75-5 2-Nitrophenol < 7.57E-01 leg 
79-46-9 2-Nitropropanc < 4.31E-OS kg 

59-S0-7 4-Chloro-3-mcthylphenol < 8.43E-01 kg 
100-02-7 4-Nitronhenol < 7.86E-OI h 
83-32-9 Ac:enaphthenc < 8.63E-0I kg 
71-50-1 Acetite < 6.44E+OO kg 
67-64-1 Acetone 3.64E-05 kg 

7429-90-5 Aluminum 5.44E+OO kg 
14596-10-2 Americium-24 l 4.19E+o0 Ci 
14798-03-9 Ammonium Jon by JC 7.39E-02 kg 
7440-36-0 Antimony < 2.72E-OI leg 

14234-35-6 Antimony-125 < 2.06E+o0 Ci 
1336--36-3 Aroclors (Toul PCB) < 1.19E-04 leg 
7440-38-2 Arsenic: < 3.43E-Ol h 
7440-39-3 Barium 2.S6E-OI kg 
71-43-2 Benzene < 1.73E-OS k2 
7440-41-7 Beryllium < 4.36E-02 leg 
7440-69-9 Bismuth 1.09E-+-OO leg 

7440-42-8 Boron < 1.41E-Ol kg 
24959-67-9 Bromide < 8.12E+OO h 
85-68-7 Butylbenzylohthal:itc < J.73E+o0 kg 
7440-43-9 Cadmium 2.27E-02 Ice 
7440-70-2 Calcium l.02E+ol Ice 
75-1S-O Carbon disulfide < 2.56E-05 kg 

56-23-5 Carbon tetrachloride < 3.16E-05 leg 
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Table A-3. 95% Upper Confidence Level Post-Retrieval ,vaste Inventory. (4 sheets) 
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14762-75-S Carbon-14 l .39E-03 Ci 
7440-45-1 Cerium < 3.SlE-01 h 
10045-97-3 Ccsium-137 l.30E+Ol Ci 
16887-00-6 Chloride 6.19E-Ot kg 

108-90-7 Chlorobcnzcne < 2.13E-05 ks? 
67-66.3 Chloroform < 2.62E-OS kg 
7440-47-3 Chromium 2.54E+Ol kg 

7440-48-4 Cobalt t.25E-Ol leg 
10198-40-0 Cobalt-60 < 7.70E-01 Ci 
7440-50-8 Cooner 8.68E-OI ks? 
1319-77-3 Crcsol < l.63E+OO kg 
108-39-4 Crcsol (m) < 8.24E-Ot kg 

106-44-5 Crcsol (p) < 8.24E-OI kg 

15510-73-3 Curium-242 1.5 J E-01 Ci 
15757-87-6 Curium-243 7.37E-03 Ci 
13981-15-2 Curium-244 1.62E-OI Ci 
57-12-5 Cvanide 3.33E-03 h 
108-94-1 Cvclohexanone < S.61E+OO ks? 
84-74-2 Di-n-butylphthalate < S.62E+OO h 
117-84-0 Di-n-octylphthalate < 9.97E-Ol kg 

141-78-6 Ethyl acetate < 2.68E-05 kt.! 
60-29-7 Ethvl ether < 2.44E-05 kl! 

100-41-4 Ethylbenzene < 4.31E-05 kl! 

7440-53-1 Europium 8.ISE-02 h 
14683-23-9 Europium-152 < 3.3SE+OO Ci 
15585-10-1 Europium-154 < 2.35E+OO Ci 
14391-16-3 Eurooium-155 < l.29E+OO Ci 
206-44-0 Fluoranthene < 8.91E-01 kg 
16984-48-8 Fluoride S.OOE+OO kg 
12311-97-6 Formate < 6.44E+OO kg 

666.14-8 Glvcolate < 5.32E+OO k2 
87-68-3 llexnchlorobutadienc < 9.0JE-01 h 
67-72-1 Hexachloroethane < 4.53E-02 leg 

108-10-1 Hexonc 5.SIE-06 kg 

15046.84-1 lodine-129 < 8.73E-04 Ci 
7439-89-6 Iron 2.02E+02 kg 

78-83·1 lsobutanol < 4.56E+OO kg 

7439-91-0 Lanthanum < 3.70E-02 k~ 
7439-92-1 Lead 8.86E+OO kl? 
7439-93-2 Lithium < 4.36E-02 kg 

7439-95-4 Magnesium J.61E+OO leg 

7439-96-5 Man1?anese 3.96E+Ol leg 
7439-97-6 Mercurv J.SlE-01 kg 

75-09-2 Methvlenechloride < 2.1 IE-OS ke 

A-11 



RPP•RPT·30181, Rev. 0 

Table A-3. 95% Upper Confidence Level Post-Retrieval \Vaste Inventory. (4 sheets) 

7439-98-7 < 5.4SE-02 
59-89-2 < 1.88E+OO 
91-20-3 < 8.53E-01 
7440-00-8 < 2.l8E-01 
13994-20-2 5.15E-03 Ci 
7440-02-0 Nickel 1.29E+ol k 
13981-37-8 Nickel-63 1.41E+OO 
7440-03·1 Niobium < 3.36E-01 
14797-5S-8 Nitrate 2.l0E+oo k 
14797-65-0 Nitrite 8.88E-Ol k 
98-95-3 Nitrobenzene < 9.0IE-01 k 
621-64-7 N-Nitroso-di-n- ro !amine < 7.95E-01 k 
338-70-5 Oxalate 1.14E+02 k 
7440-05-3 Palladium 1.85E+oo k 
87•86-5 Pcntachloro hcnol < 6.66E-01 k 
108-95-2 Phenol < 8.24E-OI k 
14265-44-2 Phos hate 8.29E+ol k 
13981•16-3 Plutonium-238 < 2.I0E+OO Ci 
15117-48-3 Plutonium-239 2.77E+0l Ci 
14119-33-6 Plutonium-240 5.98E+OO Ci 
14119-32-5 Plutonium-241 2.89E+0I Ci 
7440-09-7 < 2.72E+OO k 
7440-10-0 7.46E-0I k 
129-00-0 < 8.SJE-01 le 
110-86-1 < 7.86E-OI k 
7440-16-6 Rhodium < l.25E+oo k 
7440-17-7 Rubidium < J.87E+0l k 
7440-18-8 Ruthenium l.71E-01 le 
7440-19-9 Samarium < l.09E-01 le 

7782-49-2 Selenium < 3.SOE-01 le 
15758-45-9 Selcnium-79 < 2.80E-03 
7440-21-3 Silicon 1.lSE+ol 
7440-22-4 Silver < 3.75E-02 le 
7440-23-5 Sodium 6.98E+ol k 
7440-24-6 Strontium 1.70E+oo k 
10098-97-2 Strontium-89/90 3.36E+02 Ci 
14808-79-8 Sulfate 5.40E+OO le 
18496-25-8 Sulfide < 3.09E-02 le 
7440-25-7 Tantalum < 3.43E-01 k 
14133-76-7 Technetium-99 4.79E-03 
13494-80-9 Tellurium < 4.36E-01 
127-18-4 Tctrachlorocthcne < 2.26E-05 k 
7440-28-0 Thallium < l.0lE+OO le 
7440-29-1 Thorium 8.22E-02 le 
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Table A-3. 95% Upper Confidence Level Post-Retrieval \Vaste Inventory. (4 sheets) 
•• ·· •·~· ...... . i" ...........•.•. -~ ·-· ·· :···· ···e·· ~w· ···- ·-·~ 
· 1: ~ -Uli!~J:tt·~ I~ j 

. (: " . ~~- . ~ n • J I,, "1: 

14274-82-9 Thorium-228 1.28E-05 Ci 
14269-63-7 Thorium-230 < 2.25E-OI Ci 

NA Thorium-232 7.8SE-06 Ci 
7440-31-S Tin 1.6SE-OI kl! 
7440-32-6 Titanium 5.19E-02 kg 
IOS-88-3 Toluene < 2.02E-05 kg 
10061-02-6 Trans-1.3-Dichlorooront'ne < 1.76E-05 h 
126-73-8 Tributyl phosphate 4.53E+Ol kg 
79-01-6 Trichloroethene < 3.45E-05 kg 
75-69-4 Trichlorofluoromcthane < 2.58E-OS k~ 
15086-10-9 Tritium < 2.07E-02 Ci 
7440-33-7 Tunesten l .26E+OO kg 
7440-61-1 Uranium 2.12E+02 kg 
13968-55-3 Uranium-233 2.19E-OS Ci 

13966-29-5 Uranium-234 7.07E-02 Ci 
15117-96-1 Uranium-235 2.99E-03 Ci 

13982-70-2 Uranium-236 1.69E-03 Ci 
NA Uranium-238 7.08E-02 Ci 
7440-62-2 Vanadium < 3.SOE-02 leg 
75-01-4 Vinyl chloride < l.22E-OS h 
108-38-3 Xylene (m) < 4.89E-05 lei? 
95-47-6 Xylene (o) < 1.53E-05 leg 
106-42-3 Xvlene (o) < 4.89E-05 le~ 
1330-20-7 Xvlenes (total) < 6.33E-05 h 
7440-65-5 Yttrium < 2.72E-02 leg 
7440-66-6 Zinc 6.07E-OI kg 
7440-67-7 Zirconium 2.22E-02 h 
CAS - Chemical Abstrac:ts Service Registry Number. 
< -Dclow. 
NA - not available 
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TabJe A-4. Average Pre-Retrieval \Vaste Inventory. (4 sheets) 
~ - • •• 1 ~~ - - ,-- ~ • ~--r-~ ; ; · - r-~-~---~:- 7~~- .. '; 

l t ' ~t-..i:_a;-) ::• 1•i5i:D_• .. •.al ' 
~ ,·~ ~~~J•. -1mtt·, : --·•· ~ .. . 

71-55-6 1, l, I-Trichloroethane < 1.86E-0S kg 
79-34-S 1,1,2.,2-Tetrachloroethane < 1.36E-OS h 
76-13-1 1, 1,2-Trichloro-1,2,2-trifluorocth:ine < 2.1 lE-05 h 
79-00-5 I, 1,2-Trichlorocthane < 1.36E-0S Ice 
75-35-4 I, 1-Dichloroethcne < 2.16E-05 k2 
120-82-1 1,2,4-Trichlorobenzene < 2.l lE-05 h 
95-50-1 1 ,2-Dichlorobenzene < 1.57E-0l kg 
107-06-2 1,2-Dichlorocthane < 1.34E-05 kg 
106-46-7 1,4-Dichlorobenzene < 1.57E-OI h 
71-36-3 1-Dut:mol < 1.57E-OI k2 
95-95-4 2,4,5-Trichlorophenol < 7.99E-02 kg 
88.06-2 2,4.6-Trichlorophenol < 8.46E.02 kg 

121-14-2 2,4-Dinitrotoluene < l.l0E-01 kc 
128-37-0 2,6-Bis( 1, 1-dimcthylcthyl)-4-mcthylphenol < 1.08E-01 kg 
78-93-3 2-Bu~nonc 8.46E-05 kg 
95-57-8 2-Chlorophcnol < l.SSE-01 leg 

110-80-5 2-Ethoxycthanol < 8.46E-02 leg 
95-48-7 2-Methylphenol < 3.0IE-01 leg 

88-75-S 2-Nitronhenol < 1.81E-OI leg 

79-46-9 2-Nitroc,ropane < 3.29E-05 k2 
59-50-7 4-Chloro-3-methvlc,henol < S.64E-02 leg 
100-02-7 4-Nitrophenol < 8.46E-02 kg 
83-32-9 Acenac,hthenc < 1.76E-01 kJ? 
71-S0-1 Acetate < 1.0SE+ol h 
67-64-1 Acetone 3.29E-04 kg 
7429-90-S Aluminum 1.31E+0l kg 

14596-10-2 Americium-241 S.38E+OO Ci 
14798-03-9 Ammonium Ion by IC t.SOE-01 kg 
7440-36-0 Antimonv 2.67E-Ol Jee 
14234-35-6 Antimony-125 < 4.SIE-01 Ci 
1336-36-3 Aroclors (Total PCB) 3.89E-04 kg 
7440-38-2 Arsenic < S.61E-Ol kg 
7440-39-3 Barium 2.92E-OI kl! 
71-43-2 Benzene < l.32E-OS let! 
7440-41-7 Beryllium < 1.l0E-02 kg 
7440-69-9 Bismuth 8.91E-0I leg 

7440-42-8 Boron < 2.31E-Ol kg 
24959-67-9 Bromide < 1.33E-+0l h 
85-68-7 Dutylbenzylphthalate < 1.86E-Ot kg 
7440-43-9 Cadmium 2.66E-02 h 
7440-70-2 Calcium 2.0SE+0I Jee 
75-15-0 Carbon disulfide < 1.93E-05 kg 
56-23-5 Carbon tetrachloride < 2.47E-05 kg 
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Table A-4. Average Pre-Retrieval \Vaste Inventory. (4 sheets) 

14762-75-5 Carbon-14 3.82E-03 Ci 
7440-45-1 Cerium < 2.31E-Ol k 
10045-97-3 Cesium-137 4.76E+01 
16887-00-6 Chloride 6.03E+oo 
108-90-7 Chlorobcnzene < 1.62E-05 
67-66-3 Chloroform < 1.97E-05 
7440-47-3 Chromium 3.28E+OJ 
7440-48-4 Cooolt 1.84E-OI 
10198-40-0 Cobalt-60 < S.07E-02 Ci 
7440-50-8 Co 8.90E-OI 1c 
1319-77-3 Cresol < 4.25E-Ol k 
108-39-4 < 6.81E-01 k 
106-44-5 Cresol < 6.81E-01 k 
15510-73-3 Curium-242 1.94E-0I Ci 
15757-87-6 Curium-243 9.47E-03 Ci 
13981-15-2 CUrium-244 2.0SE-01 Ci 
57-12-5 C nide 2.60E-02 k 
108-94-1 < 2.56E-Ol 1c 
84-74-2 < 2.33E-Ot 1c 
t 17-84-0 < 1.74E-01 1c 
141-78-6 < 2.02E-OS k 
60-29-7 < 1.83E-05 k 
100-41-4 < 3.24E-05 k 
7440-53-1 Euro ium 3.22E-01 1c 
14683-23-9 Eur ium-152 < 2.97E-OI Ci 
15585-10-1 Euro ium-154 < 1.8SE-OI Ci 
14391-16-3 Euro ium-155 < 3.71E-OJ 
206-44-0 Fluoranthene < 1.06E-01 
16984-48-8 Fluoride 1.05E+Ol 
12311-97-6 Formate < l.05E+OI 
666-14-8 GI olate < 8.69E+oo 
87-68-3 I lexachlorobutadiene < 3.90E-02 
67-72-1 llexachtorocthane < 7.40E-02 
108-10-1 llexonc 3.29E-05 
15046-84-1 lodinc-129 < l.43E-03 
7439-89-6 Iron 6.26E+02 
78-83-t Jsobutanol < 2.IIE-01 
7439-91-0 Lanthanum < 6.0SE-02 
7439-92-1 Lead 2.08E+01 
7439-93-2 Lithium < 2.20E-02 
7439-95-4 3.88E+OO 
7439-96-5 7.9JE+01 
7439-97-6 3.83E-01 
75-09-2 < 1.60E-05 



59-89-2 
91-20-3 I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

7440-00-8 
13994-20-2 
7440-02-0 
13981-37-8 
7440-03-1 
14797-55-8 
14797-65-0 
98-95-3 
621-64-7 
338-70-5 
74-10-05-3 
87-86-5 
108-9S-2 
14265-44-2 
13981-16-3 
15117-48-3 
14119-33-6 
14119-32-S 
7440-09-7 
7440-10-0 
129-00-0 
110-86-1 
7440-16-6 
7440-17-7 
7440-18-8 
7440-19-9 
7782-49-2 
1575845-9 
7440-21-3 
7440-22-4 
7440-23-S 
7440-24-6 
10098-97-2 
14808-79-8 
18496-25-8 
7440-25-7 
14133-76-7 
13494-80-9 
127-18-4 
7440-28-0 
7440-29-J 
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Table A-4. Average Pre-Retrieval ,vaste Inventory. (4 sheets) 

Nickel 
Nickcl-63 
Niobium 
Nitrate 
Nitrite 
Nitrobenzene 
N-Nitroso-di-n- r !amine 
Oxalate 
Palladium 
Pentachlo henol 
Phenol 
Phos hate 

um-238 
Pluton ·um-239 
Plutonium-240 um-240 
Plutonium-241 ·um-241 
Potassium 

Rhodium 
Rubidium 
Ruthenium 
Samarium 
Selenium 
Selenium-79 
Silicon 
Silver 
Sodium 
Strontium 
Strontium-89190 
Sulfate 
Sulfide 
Tantalum 
Technctium-99 
Tellurium 
Tetrachloroethcne 
Thallium 
Thorium 
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8.93E-02 
7.0SE-02 • • • • • • 

I.I0E-01 
5.33E-03 
l.04E+OI 
6.27E-0I 
5.50E-01 
3.26E-t02 • • 1.15E+02 
7.S2E-02 • • • • • 

l.OIE-01 
l.71E-t02 
7.27E+00 
7.75E-02 

-- - • 3.55E-01 

7.32E-t 
3.54E+Ol 

l.06E-OI 
S.72E-OI 

[II 

• II 5.6JE+00 
6.32E-Ol 
l.21E-OI 
5.72E-Ol 

• • • 
4.58E-03 • • • • • • • • • • • • • 

6.72E+0O 
6.0SE-02 
6.67E+02 
l.94E-+-O0 
4.08E-t02 
l.83E+Ol 
4.54E-02 
5.6JE-OI 
4.60E-02 
5.61E-0I 
1.71E-05 
l.6SE+OO 

mma 1.40E-02 

Ci 
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Table A-4. Average Pre-Retrieval ,vaste Inventory. (4 sheets) 

ilo" ... D. -~~.• 
nffs·. 

14274-82-9 Thorium-228 l.SBE.05 Ci 
14269-63-7 Thorium-230 < l.59E.02 Ci 
NA Thorium-232 < J.4SE-06 
7440-31-S Tin 6.SOE.01 
7440-32-6 Titanium < l.43E.02 
108-88-3 Toluene < 1.53E-OS 
10061.02-6 enc < l.34E-OS 
126-73-8 S.99E+Ol 
79-01-6 4.93E-OS 
75-69-4 Trichlorofluoromethane < 1.9SE.OS le 
15086-10-9 Tritium < 3.02E-03 
7440-33-7 Tun slen 4.95E+oo 
7440-61-1 Uranium 6.17E+02 k 
13968-55-3 Uranium-233 6.37E-05 Ci 
13966-29-S Uranium-234 2.06E-01 Ci 
15117-96-1 Uranium-235 8.70E-03 Ci 
13982-70-2 Uranium-236 4.92E.03 Ci 
NA Uranium-238 2.06E-OI Ci 
7440-62-2 Vanadium < 5.72E-02 k 
75-01-4 Vin I chloride < 9.40E-06 k 
108-38-3 < 3.69E-OS le 
95-47-6 < t.lSE-05 le 
106-42-3 < 3.69E-05 le 
1330-20-7 < 4.89E.()5 k 
1440-65-5 Yttrium < t.10E.o2 k 
7440-66-6 Zinc l .72E+o0 k 
7440-67-7 Zirconium 3.47E-02 k 
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APPENDIXB 

IMPACTS ASSOCIATED \VITII THE PRE-RETRIEVAL INVENTORY 

I 
i . 
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Risk Assessment Based on the Pre-Retrieval Inventory 

At the request of Ecology, the long-term human health impacts associated with the pre-retrieval 
inventory are provided in this appendix for comparative purposes. The pre-retrieval inventory 
was calculated using the analytical results from the pre-retrieval samples and the pre-retrieval 
volume (RPP-RPT-29889 provides a complete discussion as to how the pre-retrieval inventory 
was calculated). The same methodology used in Section 8.0 was used to calculate the impacts 
associated with the pre-retrieval inventory. 

Table B-1 provides the incremental lifetime cancer risk (ILCR) (industrial and residential 
scenarios), groundwater dose (all pathways farmer (APF) scenario], and drinking water dose for 
individual radiological components of the waste prior to retrieval in SST C-201. Results for the 
ILCR and the Hazard Quotient for individual nonradionuclidcs are provided in Table B-2. 

Table B-3 provides the groundwater cumulative impacts associated with pre-retrieval inventory. 
For the groundwater path way, Table B-3 shows that the impacts to the groundwater pathway 
using the pre-retrieval inventory are greater than 2 orders of magnitude below the perfonnancc 
objectives. 

Table B-4 provides the results of the inadvertent intruder analysis at 100 years and 500 years 
after closure. For the pre-retrieval inventory at 100 years after closure, well dri1ler, the rural 
pasture, and commercial farmer scenarios are all below the performance objectives. However, 
the suburban garden scenario is approximately a factor of 7.5 over-perfonnance objectives at 
100 years and is a factor of about 2.2 over the performance objectives at 500 years. This is 
primarily due to 239Pu in the pre-retrieval inventory. 

Table B-S gives a comparison of the average pre-retrieval inventory against the average and 
upper confidence level 95% post-retrieval inventory. 

B-2 
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Table 8-1. Estimated l\laximum Incremental Lifetime Canter Risk/Radiological Dose During the Modeling Period 
for Radionuc:Jides for the Pre-Retrieval lnnntory. (3 sheets) 

• · Radlologlcal . Radlologfcal .. 
lncrtmtntal UfetJme Dose . Dose 

WMAC - Cancer Risk Scenarios -· Groundwater Beta/Photon 
Ftn«llne . (Croundwatert (mrtm/yr)" . (mrtm/)T)' 

Inventory Cone. K. Half-Lire ' All Pathways Drinking 
Ana1yte Dttttt ' (Cl) {pCI/L) Peak Year (mUg)' .. ()T) Industrial RtsldentJal Farmer · Water 

"c Yes 3.82E-03 5.89E-03 9781 0 S.73E+03 4.57E-11 3.30E-10 2.85E-05 J.IBE-05 

·~i Yes 6.27E-OI 0 DNA s 1.00E+02 0 0 0 0 

90Sr Yes 4.08E+02 0 DNA s 2.81E+OI 0 0 0 0 

"Tc Yes 4.60E-02 1.84E-OI 10461 0 2.llE+oS 2.53E-09 6.16E-08 3.22E-04 8.16E-04 

137Cs Yes 4.76E+ol 0 DNA s 3.00E+ol 0 0 0 0 

22'nt Yes USE-OS 0 DNA 2 1.91E+OO 0 0 0 NIA 

mu Yes 6.37E-05 0 DNA 0.6 l.59E+o5 0 0 0 NIA 

n•u Yes 2.06E-01 0 DNA 0.6 2.46E+OS 0 0 0 NIA 

nsu Yes 8.70E-03 0 DNA 0.6 7.04E+08 0 0 0 NIA 

2l6tJ Yes 4.92E-03 0 DNA 0.6 2.34E+07 0 0 0 NIA 

mu Yes 2.06E-Ol 0 DNA 0.6 4.47E+o9 0 0 0 NIA 

2l7Np Yes 5.33E-03 0 DNA 2 2.14E+o6 0 0 0 NIA 

Zl'lpu Yes 3.39E+ol 0 DNA 2 2.41E+04 0 0 0 NIA 



Table B-1. Estimated Maximum Incremental Lifetime Cancer Risk/Radiological Dose During the Modeling Period 
for Radionuclides for the Pre-Retrieval Inventory. (3 sheets) 

lbd(otoglcal . . Radiological 
Incremental Lifetime Dose Dose · .. 

WMAC ... Cancer Risk Scenarios Groundwater Beta/Photon 
Fenc:ellne {Groundwater)11 . (mnmlyr)" . · (mrem/yrt 

Inventory Cone. ~ Half-Life All Pathways Drinking ·· . 
Analyte Detect . (Cf) (pCI/L) ·. Peak Yeir (mUg)8 QT) , . Industrial Residential . . Farmer ._ - Water 

l'°PIJ Yes 7.32E-t-OO 0 DNA 2 6.56E+o3 0 0 0 NIA 

241pg Yes 3.54E+ol 0 DNA 2 t.44E+OI 0 0 0 0 

zoAm Yes 5.38E-t-OO 0 DNA 2 4.33E+o2 0 0 0 NIA 

mcm Yes J.94E-01 0 DNA 2 4.46E-01 0 0 0 NIA 

WCm Yes 9.47E-03 0 DNA 2 2.85E+oJ 0 0 0 NIA 

2~cm Yes 2.0SE-01 0 DNA 2 1.8I E+Ol 0 0 0 NIA 

,II No t.SJE-03 0 DNA 0 I.23E+ol 0 0 0 0 

60Co No 2.54E-02 0 DNA 0.1 5.27E-+-OO 0 0 0 0 .. 
79Se No 2.29E-03 0 DNA 2 8.0SE+oS 0 0 0 NIA 

mSb No 2.26E-OI 0 DNA 1 2.73E-+-OO 0 0 0 0 

1291 No 7.ISE-04 <0.001' 12032 0.2 I.57E+o7 Droppcd4 Dropped' Dropped' Dropped' 

mEu No 1.48E-01 0 DNA l 1.33E+ol 0 0 0 0 

t54Eu No 9.25E-02 0 DNA I 8.59E-+-OO 0 0 0 0 



Table B-1. Estimated l\laximum lnc:remental Lifetime Cancer Risk/Radiological Dose During the l\todellng Period 
for Radfonudfdes for the Pre-Retrieval Inventory. (3 sheets) 

lbdlologkal 
· lntremental uretlme Dose 

MIAC · Can«r Risk Stenarfos Groundwater 
· FenccHne · (Groundwater}" (mreml)T)'t · 

lnnntory Cone. ~ · Half-Life AU Pathways 
Anatyte Detttt (Cl) (pCI/L) PtakYtar (inug)9 . {)T) Industrial . Rtsldentlal Farmer .· 

mEu No l.85E-01 0 DNA 1 4.68E+oo 0 0 0 

"°Th No 7.9SE-03 0 DNA 2 7.54E+o4 0 0 0 

232Tb No 7.25E-07 0 DNA 2 1.41E+JO 0 0 0 

238Pu No l.40E+o0 0 DNA 2 8.77E+ol 0 0 0 

Performance objective• l-OE-6 to J.OE-4r t-OE-6to J.OE-4' 2s• 

• Sec PNNL-13895, I lanford u,nlaminanl Dislributlon C~jficl~nl Databas~ and U~rs Guld~, Rev. I, for the basis for the "4 values listed for the radionuclides. 
11 All exposure scenarios are described in HNF-SD-WM-TI-707. 

Radfologfcat 
Dose 

Bda/Photon . 
(mrem/yr)" . 

Drfnldog 
·Wattr 

0 

NIA 

NIA 

NIA 

4" 

c Simulation predicted contaminant anivts at the fmcdine, but at a concentration (0.00 l pCi/L) that is much below the minimum detection limit for standard analytical methods. 
,1 Dropped from the analysis because the simulation predicted concentration (0.001 pCi/L) is much below the minimum detection limit for standard analytical methods. 
• Performance objectives apply to the cumulative (i.e., all contaminants) for the entire WMA. 
r EP A/540/R-99/006, Radial/on Risi A.ssnsment al CERCU Siles: Q & A, Dirmlw 9200.4-31 P. 
• DOE O 435.1, Radloacrlw Was11 Afanag~m~nt. 
~ 66 FR 76708, .. National Primary Drinking Water Regulations; Radionuclides: Final Rule." 
Notes: 
D~A • did not arrive at fcnccline within the modeling period 
NIA • radionuclide is not a be1a'photon eminer. 
Shaded cells are nonde1ccts and the inventory used in the risk assessment is calculated at one-half the minimum de1cction limit. 



_. Aaat,1e . 

Aluminum 

Ammonium NH4 

Antimony 

Barium 

Bismuth 

Cadmium 

Calcium 

Chloride 

Chromium 

Cobalt 

Copper 

Cyanide 

Europium 

Fluoride 

Iron 

Table B-2. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradlonuclides for the Average lnnntory. (10 sheets) 

· WMAC Incremental Ufethne Cancer Risk · Hazard Qaotlrnt Scenarios 
Feattllne ; Scenarios (Croandwattr)11 . . · (Crouadwatert . 

lnnntory Coacentntlon . . K, . 
: .. 

Detertfd Ck&) (J&WL) Peak Year (mlJ1t ._ \VAC-173-340 Mrtbod B · WAC-173-340 Method B 

Yes l.31E-+-01 0 DNA 1 NoCPF 0 

Yes 1.80E-01 <O.OOlc 10481 0 NoCPF NoRtD 

Yes 2.67E-Ol 0 DNA 1 NoCPF 0 

Yes 2.92E-Ot 0 DNA s NoCPF 0 

Yes 8.91E-Ol 3.66E-03 10481 0 NoCPF No RID 

Yes 2.66E-02 0 DNA 1 NoCPF 0 

Yes 2.0SE+ol 0 DNA s NoCPF No Rm 

Yes 6.03E+OO 2.48E-02 10481 0 NoCPF NoRfD 

Yes 3.28E+o1 l.3SE-01 10481 0 NoCPF 3.46E-03 

Yes l.84E-01 <O.OOlc 12032 0.1 NoCPF Droppcdd 

Yes 8.90E-Ol 0 DNA s NoCPF 0 

Yes 2.60E-02 0 DNA s NoCPF 0 

Yes 3.22E-OI 0 DNA s NoCPF No RID 

Yes l.OSE+-01 4.31E-02 10481 0 NoCPF 4.49E-OS 

Yes 6.26E+-02 0 DNA s NoCPF 0 

-.. 



. . 
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Anal)1e 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Nitrate 

Nitrite 

Oxalate 

Palladium 

Phosphate 

Phosphorus 

Potassium 

Ruthenium 

Silicon 

Sodium 

Table B-2. Estimated l\laxfmum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradfonuclides for the Average Inventory. (10 sheets) 

WMAC · • latnmtntal Ll(etfme Can«r Risk 
Fncellne Scenarios (Grondwatert · 

Inventory· Concentntlon K. . 
Haz•rd Quotient Scenarios 

(Groundwater)" 

DetectN . (kg) .. (,a«IL) . Peak Year (mL/1)8 WAC•l7J.340 Mttlaod B · WAC-173-340 Method B 

Yes 2.0SE+ol 0 DNA 5 NoCPF NoRJD 

Yes 3.88E+OO 0 DNA 5 NoCPF NoRfD 

Yes 7.91E+Ol 0 DNA I NoCPF 0 

Yes 3.83E-Ol 0 DNA 5 NoCPF NoRfD 

Yes 1.04E+ol 0 DNA 5 NoCPF 0 

Yes 3.26E+o2 l.34E+OO 10481 0 NoCPF S.23E-OS 

Yes l.15E+o2 4.72E-Ol 10481 0 NoCPF 2.95E-04 

Yes ).71E+o2 7.02E-01 10481 0 NoCPF NoRfD 

Yes 7.27E+OO 0 DNA 5 NoCPF NoRfD 

Yes 8.IJE+ol 3.34E-01 1048) 0 NoCPF No RID 

Yes 2.65E+-01 0 DNA 5 NoCPF 0 

Yes 3.89E+oo l.60E-02 10481 0 NoCPF NoRfD 

Yes 6.32E-OI 0 DNA I NoCPF NoRfD 

Yes 6.72E+oo 0 DNA 5 NoCPF NoRfD 

Yes 6.67E+02 2.74E+OO 10481 0 NoCPF NoRfD 
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Analyte 

Strontium 

Sulfate 

Sulfur 

Tin 

Tungsten 

Uranium 

Zinc 

Zirconium 

t. 1, 2-Trichloroethylene 

2-Butanone(MEK) 

2-Propanone (Acetone) 

Table B-2. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradlonuclides for the Average Inventory. (10 sheets) 

. WMAc · · . , 
lnuemental urettme Cancer Risk 

. Ftnttllne Scenarios (Groandwater)111 

lnnntory : Conc:entntloa K. . 
' ' Detected (kc) (J&«/L) Peak Year (ml/I). WAC-173~340 r.fetbod B . 

Yes 1.94E+-OO 0 DNA s NoCPF 

Yes l.83E+ol 7.StE-02 10481 0 NoCPF 

Yes 6.IOE+-00 2.SOE-02 10481 0 NoCPF 

Yes 6.SOE-01 0 DNA s NoCPF 

Yes 4.9SE+oo 2.03E-02 10481 0 NoCPF 

Yes 6.17E+02 0 DNA 0.6 NoCPF 

Yes l.72E+OO 0 DNA s NoCPF 

Yes 3.47E-02 0 DNA s NoCPF 

Yes 4.93E-OS <O.OOIC 12032 0.02 Dropped" 

Yes 8.46E-OS <O.OOlc 10481 0 NoCPF 

Yes 3.29E-04 <O.OOlc 10481 0 NoCPF 

4-Methyl-2-pentanone (MIBK) Yes 3.29E-OS <O.OOlc 12032 0.02 NoCPF 

Triburyl phosphate Yes S.99E+o1 0 DNA 0.6 0 

Aroclor-12S4 Yes 4.SIE-04 0 DNA s 0 

Polychlorinated Biphenyls Yes 3.89£-04 0 DNA s 0 

Hazard Quotfnit Sttnarfos 
(Groundwater)' 

WAC-173-340 Method 8 

0 

No RID 

No RID 

0 

No RID 

0 

0 

No RID 

Dropped• 

Dropped• 

Droppe~ 

Dropped• 

0 

0 

NoRID 

,:, 
-.:, 

~ 
~ • w 
0 -00 -. 



. . . . . . 

· An• l)1t 

Arsenic 

Beryttium 

Boron 

Bromide 

Cmum 

Formate+A2 

Lanthanum 

Lithium 

Molybdenum 

Neodymium 

Niobium 

Praseodymium 

Rhodium 

Rubidium 

Samarium 

Table B-2. Estimated l\laxfmum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotlent per Nonradionuclides for the Average Inventory. (10 sheets) 

Wl\lAC lnutintatal uret1me Caa«r Risk . Huard Quodtat Sttilarfos 
· Ftannae Setnartoi (Groundwater)' (Croundwatert 

Inventory Conttntntton · . "4 
' .. 

DettetPd (kl) (p.c/L) PukYt.ar (mlls)" . WAC•l73-3-40 Method B . . . WAC•17J..J40 Mttbod B 

No 2.81E-01 0 DNA s 0 0 

No S.SOE-03 0 DNA 5 NoCPF 0 

No 1.16E-01 0 DNA 2 NoCPF 0 

No 6.65E+oo 2.73E-02 10481 0 NoCPF No RID 

No 1.16E-01 <O.O<W 10481 0 NoCPF No RID 

No 5.25E+oo 2.16E-02 10481 0 NoCPF No RID 

No 3.02E-02 <O.OOlc 10481 0 NoCPF NoRfD 

No l.lOE-02 0 DNA 5 NoCPF 0 

No 2.97E-02 0 DNA s NoCPF 0 

No 5.50E-02 <O.OOlc 10481 0 NoCPF No RID 

No 2.75E-OI 0 DNA s NoCPF No RID 

No 2.86E-Ol l.17E-03 10481 0 NoCPF No RID 

No 2.86E-01 1.17E.OJ 10481 0 NoCPF No RID 

No 2.8IE+oo 1.ISE-02 10481 0 NoCPF No RID 

No 6.0SE-02 0 DNA 1 NoCPF No RID 

! 
~ 
0 -00 -w 
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. . 

Analyte 

Selenium 

Silver 

Sulfide 

Tantalum 

Tellurium 

Thallium 

Thorium 

Titanium 

Vanadium 

Yttrium 

1, 1, 1-Trichlorocthane 

Table B-2. Estimated l\faxlmum Value for Incremental Lifetime Canter Risk and 
Hazard Quotient per Nonradionudldes for the Average ln,·entory. (10 sheets) 

WMAC lncrtment1I Llfttlme Cancer Risk 
Ftactllne . Sttnarto, (Groundwater)" 

lnnntory Concentntfoa K, 
Detected (1'g) (JJ.1:/L) . Ptak Year (mUl)1 WAC-173-340 r.fe111od 8 

No 2.86£-01 0 DNA s NoCPF 

No 3.02E-02 0 DNA 2 NoCPF 

No 2.27E-02 <0.001' 10481 0 NoCPF 

No 2.81E-01 1.tSE-03 10481 0 NoCPF 

No 2.SlB-01 1.tSE-03 10481 0 NoCPF 

No 8.2SE-01 0 DNA 5 NoCPF 

No 7.00E-03 0 DNA 1 NoCPF 

No 7.lSE-03 0 DNA s NoCPF 

No 2.86E-02 0 DNA s NoCPF 

No S.S0E-03 <O.OOlc 10481 0 NoCPF 

No 9.JOE-06 <O.OOlc 12032 0.02 NoCPF 

1, 1, 2, 2-Tetrachloroethane No 6.S0E-06 <O.OOlc 12032 0.02 Dropped4 

1, I, 2-Trichloro-l, 2, 2-
tri fluorocthane No 1.06E-05 <0.001' 12032 0.2 NoCPF 

1, 1, 2-Trichtoroethane No 6.80E-06 <O.OOlc 12032 0.02 Dropped' 

Haurd Quofltat Scenarios 
(Crvundwatert 

. . 

WAC-173-340 Mtthod B 

0 

0 

NoRfD 

No RID 

No RID 

0 

NoRfD 

No RID 

0 

NoRfD 

Dropped' 

Dropped' 

Dropped' 

Dropped' 
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Anal)1e 

1, 1-Dichloroethene 

1, 2, 4-Trichtorobenune 

1, 2-Dichloroethane 

1, 4-Dichlorobenzene 

2, 4, 5-Trichlorophenol 

2, 4, 6-Trichlorophenol 

2, 4-Dinitrotoluene 

2, 6-Bis (tert-butyl)-4-
methylphenol 

2-Chtorophenot 

2-Ethoxyethanol 

2-Methylphenol (o-cresol) 

2-Nitropropane 

4-Methylphenol (p<rcsol) 

Acenaphthene 

Table 8-2. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionudides for the Average lnnntory. (10 sheets) 

. .. 
•· -- WMAC ln~~nt•I Llretlme Cancer Risk .. 

. Fencrllae · . . Scenarios (Cro.adwater)~ 
la,·entory • Coaceatntfon ~ 

Detected (kc) (Pa/L) Peak Year (ml/1)• WAC-173-340 Method B 

No l.OSE-OS <0.001' 12032 0.02 NoCPF 

No 1.06E-05 0 DNA 0.6 NoCPF 

No 6.70E-06 <O.OOlc 12032 0.02 Dro~ 

No 7.85&-02 <O.OOlc 12032 0.2 Dropped• 

No 3.99&-02 <O.OOlc 12032 0.2 NoCPF 

No 4.23E-02 <O.OOlc 12032 0.1 Dropped" 

No S.SOE-02 <O.ootc 12032 0.1 NoCPF 

No 5.40E-02 0 DNA s NoCPF 

No 7.75E-02 <0.001' 10481 0 NoCPF 

No 4.23E-02 <O.OOlc 10481 0 NoCPF 

No 1.SOE-01 <0.001' 12032 0.1 NoCPF 

No l.65E-OS <0.001' 10481 0 NoCPF 

No 3.4tE-Ol <O.OOlc 12032 0.1 NoCPF 

No 8.SOE-02 0 DNA 1 NoCPF 

Huard Quotient Scenario, 
· (Groundwatert 

WAC-173-340 Metbod B . 

Dropped• 

0 

Dropped" 

Dropped" 

Dropped" 

Dropped' 

Dropped' 

NoRfD 

Dropped' 

Dropped' 

Drop~d' 

NoRtD 

Drop~ 

0 

-.. 



0:, 
' -N 

Table B-2. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionudides for the Anrage Inventory. (10 sheets) 

.. 
WMAC · lntnment1J Lifetime Cancer Risk ' .. 

. . . · Ftntellne · Sctnarlot (Croundwatert 
. .. ln,·entory Contentntfon . ~ 

Ana1)1e Detec1NI . (kg) . . (P&IL) Peak Year (rnuat WAC•l73-340 Method B 

Acetate C2H3O2- No 5.2SE+oo 2.16E.02 10481 0 NoCPF 

Denzene No 6.60E..06 <O.OOIC 12032 0.02 Dropped• 

Butylbcnzylphthalate No 9.30E-02 0 DNA 5 NoCPF 

Carbon disulfide No 9.6SE-06 <O.OOlc 12032 0.02 NoCPF 

Carbon tetrachloride No 1.24E..05 <O.OOlc 12032 0.02 Dropped• 

Chlorobenzene No 8.lOE-06 <O.OOlc 12032 0.1 NoCPF 

Chloroethene(vinyl chloride) No 4.70E-06 <O.OOlc 10481 0 Dropped4 

Chloroform No 9.858-06 <O.OOlc 12032 0.02 Dropped' 

Crcsylic acid (cresol, mixed 
isomers) No 2.12E-01 <O.OOlc 12032 0.1 NoCPF 

Cyclohexanonc No 1.28£-01 <O.OOlc 10481 0 NoCPF 

Dichloromethane ( methylene 
Dropped4 chloride) No 8.00E--06 <O.OOlc 10481 0 

Diethyl ether No 9.ISE.06 <O.OOlc 10481 0 NoCPF 

Di-n-butylphthalate No 1.J7E.01 0 DNA 2 NoCPF 

Di-n..octylphthalate No 8.70E.02 0 DNA s NoCPF 

Hazard Qaotfeat Scenarios 
(Groundwater)' 

WAC•l73•340 Method B . 

NoRfD 

Dropped" 

0 

~ 

Dropped' 

Dropped. 

Dropped• 

Dropped• 

No RID 

Dropped• 

~ 

Droppe<f' 

0 

0 
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· Anll)1t 

Ethyl Acetate 

Ethylbcnzene 

FJuoranthene 

Hexachlorobutadiene 

Hexachloroethane 

lsobutanol 

m-Cresol (3-Methylphenol) 

m-Xytene 

Naphthalene 

n-Dutyl alcohol (1-butanol) 

Nitrobenzcne 

Table 8•2. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradfonuclides for the Anrage Inventory. (10 sheets) 

· · \\'MAC lntrtmtnt•I urettme Cancer Risk 

lm·eritory 
Ft11ttfint .. Setn•rlot (Groundwater)' , . 

Contentntfon ~ 
. Detecttd . . (kg) Peak Year (mUat WAc-17j...340 Mttbod B 

.. 
(JIWL) . 

No t.OtE-05 <0.001' 10481 0 NoCPF 

No l.62E-05 <O.O(UC 12032 0.02 NoCPF 

No 5.30E-02 0 DNA s NoCPF 

No l.95E-02 0 DNA 5 0 

No 3.70E-02 () DNA s 0 

No t.OSE-01 <O.OOlc 10481 0 NoCPF 

No 3.41E-Ol <O.OOIC 12032 0.1 NoCPF 

No I.SSE-OS <0.001' 12032 0.02 NoCPF 

No 3.52£.02 0 DNA 0.6 NoCPF 

No 7.SSE-02 <0.001' 10481 0 NoCPF 

No 3.76£.02 <O.OOlc 12032 0.02 NoCPF 

N-nitros<Hfi-n-propytamine No S.OSE-02 <0.001• 10481 0 Dropped' 

n-Nitrosomorpholine No 4.47E-02 <0.001• 10481 0 NoCPF 

o-Dichlorobcnzene No 7.85E-02 <0.001' 12032 O.t NoCPF 

o-Nitrophenot No 9.0SE-02 <O.OOlc 12032 0.1 NoCPF 

H•z1rd Quotient Sttn•rlot · 
{Groundwater)" . 

.. 
WAC-173-340 Method B . · 

Droppe<i4 

Dropped• 

0 

0 

0 

Dropped' 

Dropped" 

Dropped• 

0 

. Dropped' 

Dropped" 

No RID 

NoRfD 

Dropped• 

No RID 



Table B-2. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradlonudldes for the Anrage Inventory. (10 sheets) 

WMAC · . . Incremental Lifetime Cancer Risk · Huard Qootltllt Sunarios :. 
.. 

Inventory 
. Fencdl•e : . · · Sccaarlot (Gro.adwater)• · (Groundwater)' 

. . 
Coacrntntlon · ~ . . .. . -

Ana1)1e Detedt'CI Ck&} (PR/I.) Peak Year (mll1t WAC•l7J.340 Mrtbod B WAC•l7J-340 Metbod B 

o-Xylene No 5.7SE-06 <O.OOlc 12032 0.1 NoCPF Dropped. 

p-Chloro-m-aesol ( 4-Chloro. 
3-methylphenol) No 2.82E-02 <O.OOlc 12032 0.2 NoCPF NoRfD 

Pentachlorophenol No 3.87E-02 <O.OOlc 12032 0.2 Dropped• oropped4 

Phenol No 1.77E-Ol <O.OOlc 10481 0 NoCPF Droppat 

p-Xylene No 1.85E-OS <0.001c 12032 0.2 NoCPF Droppe<i4 

Pyrene No 8.SSE-02 0 DNA s NoCPF 0 

Pyridine No 5.30E-02 <O.OOlc 10481 0 NoCPF Dropped' 

Tetrachloroethylene No 8.SSE-06 <O.OOlc 12032 0.1 Dropped. Dropped' 

Toluene No 7.6SE-06 <O.OOlc 12032 0.02 NoCPF . Dropped• 

Trichloroftuoromethane No 9.7SE-06 <O.OOlc 12032 0.02 NoCPF Dropped' 

Xylenes No 2.4SE-05 <O.OOlc 12032 0.02 NoCPF Dropped' 

Arodor-1016 No 1.06E-04 0 DNA s 0 0 

Aroclor-1221 No 3.41E-OS 0 DNA 2 0 No RID 

Aroclor-1232 No 6.00E-04 0 DNA 2 0 NoRID 

-.. 
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Anal)1t 

Aroclor-1242 

Aroclor-1248 

Aroclor-1260 

Ptrfonnance objective~ 

Table B-2. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionudldes for the Average lnnntory. (10 sheets) 

. Wl\lAC Incremental Lifetime Cancer Risk 
Feattll•e Scea1rlos (Croandw1tert ·· 

lanatory Conctnrntlort ~ 
Dtted~ (kc) . (J&Wl.) Ptak Year (mUsf WAC-173-340 l'tftthod B · 

No 1.08E-04 0 DNA s 0 

No 3.41E-OS 0 DNA s 0 

No 1.46E-04 0 DNA 5 0 

1.0E-06' 

Huard Quotltnt Scenarios ·· 
• (Groundwater)' .. 

. WAC-173-340 Method B 

NoRfD 

NoRfD 

NoRID 

1.0' 

1 See PNNL-l 389S, Hanford Contaminant Distribution C«jfident Databas~ and Usen Guid~, Rev. I, for the basis for the K.i values listed for chromium and nitrate. The K.i 
values listed for the organic chemical compounds are detmnin~ from the chemicals' organic carborv¥iatcr partitioning coefficient and an estimate ofO.O3% for the I lanford Sile 
sediments fraction of organic content (PNNL-13895, Rev. I, page 11, paragraph 3). 
i. All exposure sm,arios are described in HNF-SD-WM-11-7O7. 
c Simulation r,rcdicted contaminant arrives at the fenceline. but at a concentration (0.001 µg/L) that is much below the minimum detection limit for standard anal)1ical methods. 
• Dropped from the analysis because the simulation predicted concentration (O.001 1,1~) is much below the minimum detection limit for standard anal)1ical methods. 
• Single Analyte Performance objcctivtt apply to entire WMA, not just a single component of the WMA. 
'Washington Administrati~ Code (WAC) 173-340-70S (2Xt)(ii). .. Dangerous Waste Regulations." 
• WAC 173-340-70S (2)(c)(i). 

Notes: 
No CPF • no canttr potency factor available. 
No Rm - no reference dose available 
DNA • did not arrive at fcnceline within the modeling period 
Gray sh3dcd cells are nondctc:cts and the inventory used in the risk assessment is calculated at one-half the minimum detection limit. 
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Table B-3. Cumulative Incremental Lifetime Cancer Risk, Hazard Index, and 
Radiological Drinking \Vater Dose from Peak Groundwater Concentration 

Related to the Pre-Retrieval Inventory In Single-Shell Tank C-201. 

·· Industrial Receptor .Residential Receptor 
Pcrf ormance 

Metric• · Pre-Retrieval Inventory Pre-Retrieval Inventory Objective-. · 

Radioactive chemicals ILCR 2.S7E-9• 6.20E-08" 1.0E--06 10 

(unitless) (2.57E-9)u (6.20&08)c.d 1.0E-4c 

Nonradioactive chemicals ILCR (unitlcss) Droppcdr 1.0E-S' 

Hazard Index (unitlcss) 
3.SSE-03" 1.0' 

(3.8SE-3)u 

Dose Pre-Retrieval Inventory Dose 

APF (mrcnvyr) 3.49E-04" 25 mrcm/y{' 
(3.49E-04)._. 

EPA maximum contaminant level (MCL) 8.28E-04" 4mrcm'yr1 

beta/photon emitters (mrem/yr brget (8.28E-04t°" 
organ dose) 

Groundwater Concentration Pre-Retrieval Inventory l\lCL 

"Tc (pCi/L) l.84E-1 900pCi/L 

1,c (pCi/L) 5.89E-3 2000pCi/L 

1?91 (pCi/L) (not detected) <0.001 1 pCi/L 

Chromium (µg/L) 0.135 100 µg/L 

Fluoride (µg/L) 4.31E-02 4,000 µg/L 

Nitr:ite (µg/L)• 1.34 4S,000 µg/L 

Nitrite (µg/L)" 0.472 3,000 µg/L 

Uranium (µg/L) 0.0 30 µg/L 

• Metric ILCR-rad were evaluated using industrial and residential land use scenarios described in HNF-SD-WM-Tl-707. 
ILCR-nonr:id and Haz.ird Index were evaluated using WAC 17J-340-70S (4) Method B (rcsidcncial). 
11 Pcrformancc objectives apply 10 entire WMA, not just a single component orthe WMA. 
c Analytcs with a fcnceline concentration of less than cither0.001 pCi/L (radioactive) or 0.001 pg.IL (nonradioactive). 

which is a value that is well below the minimum de1cction limit for standard analytical methods, arc not included in chc 
total. 

4 Total in parenthesis includes nondctccts with inventory calculated al one-half the detection limit. 
• EPA/S40/R-99/006, Radialion Rid Assessment al CERCU Sites: Q & A. Direclivr 9200.,-JJP. 
'Dropped from the analyses because no analytc with a cancer slope factor was predicted to have a concentration 
>0.001 µg/L which is a value that is well below the minimum detection limit for standard analytical methods. 
1 WAC 173-340-70S (4). 
~ DOE O 43S. I, Radioaclive Waste Afanagcmenl. 
166 FR 76708, .. Notional Primary Drinking Water Regulations: Radionuclidcs; Final Ruic." 
J Model estimated concentration >0.00 I pCi/L which is a value that is well below the minimum detection limit for sundard 
analytical methods 
k MCL is for nitrate and nitrite, not nitrogen in nitrate or nitrogen in nitrite which arc I 0,000 and 1,000, respectively 
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Table B-4. Intruder Dose Summary for Single-Shell Tank C-201 • 

.. . . "Inadvertent Intruder Scenario 

SST PA Reference Case SST PA Sensitivity Cases 

Years · · 
' 

Rural Suburban Commercial 
after Well Drlller . Pasture • Garden Farm 

Closure lnventOI')' _ _(mrem) (mrem/yr) (mremlyr) (mrem/yr) 

100 Pre-retrieval 44 4S 720 0.34 

soo Pre-retrieval 36 10 220 0.28 

Notes: 
Site closure is assumed lo occur on January I, 2032. 
The pcrfonn:ince objce1ivc for the well driller is 500 mrcm. The pcrform:incc objective for the other scenarios 
is I 00 mrcm.'yr 
In the: SST performance assessment, the assumed depth of the: waste m:itcri:ll was l•in. for the nominal case, 
the depth of the waste material was 0.73-in., while for the 9S % UCL the depth ofrhc waste matcri:il was 
4.40in. 

B-17 
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Table B-5. Comparison of HT,VOS Predicted Inventory Used in 
DOE/ORP-200S-Ol and the Nominal Post .. Retrieval Inventory • 

' . Nominal . . •9so/. UCL · Ratio 
Pre-Retrieval . Post-Retrieval• Post-Retrieval' Pre-Retrfeva V 

Analyte Inventory Inventory Inventory ·· Nominal 

Carbon-14 3.82E-03 7.76E-04 l.39E-03 4.93 

Tc:chnctium-99 4.60E-02 2.66E-03 4.79E-03 17.27 

Chromium 3.28E+Ol l.23E+OI 2.54E+OI 2.66 

Fluoride 1.0SE+OI 2.73E+OO 5.00E+OO 3.86 

Nitrate 3.26E+o2 l.37E+OO 2.lOE+oo 238.06 

Nitrite 1.1SE+02 5.34E-OI 8.SSE-01 215.24 

Strontium-90 + D 4.08E+o2 2.44E+o2 3.36E+o2 1.67 

Ccsium-137 + D 4.76E+Ol 9.84E+oo l.30E+OI 4.84 

Uranium-233 6.37E-05 1.41E-05 2.19E-05 4.53 

Uranium-234 2.06E-01 4.S4E-02 7.07E-02 4.53 

Uranium-23.S + D 8.70E-03 l.92E-03 2.99E-03 4.53 

Uranium-236 4.92E-03 l.09E-03 1.69£-03 4.53 

Uranium-238 + D 2.06E-OI 4.55E-02 7.08E-02 4.53 

Ncptunium-237 + D 5.33E-03 3.48E-03 5.ISE-03 1.53 

Plutonium-238 2.79E+OO 6.97E-01 2.IOE+oO 4.01 

Plutonium-239 3.39E+Ol 1.60E+-OI 2.77E+ol 2.12 

Plulonium-240 7.32E+OO 3.45E+-OO 5.98E+-OO 2.12 

Plutonium-241 + D 3.S4E+OI 1.67E+OI 2.89E+OI 2.12 

Amcricium-241 5.38E+oo 2.SOE+OO 4.19E+OO 2.15 

Curium-242 1.94E-01 9.03E-02 1.SIE-01 2.15 

Curium-243 9.47E-03 4.41E-03 7.37E-03 2.15 

Curium-2-14 2.0SE-01 9.69E-02 J.62E-Ol 2.15 
1 lnvcnrorics for c:ontamirumts having the greatest impact for groundwater or inadvcncnt intruder pathway. 

Ratio · 
Pre-Retrieval/ 

UCL9S% 

2.75 

9.60 

1.29 

2.11 

155.45 

129.54 

1.21 

3.65 

2.91 

2.91 

2.91 

2.91 

2.91 

1.04 

1.33 

1.22 

1.22 

1.22 

1.28 

1.28 

1.28 

1.28 

NIA: Not applicable because the inventory was calculated from the labor:11ory's minimum detection limit for th:it analyte. 
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Table C-1. Estimated Maximum Incremental Lifetime Cancer Rlsk/Radfologkal Dose During the Modeling Period 
for RadionucJides for the Average Inventory. (3 sheets) 

. . 
~dlologlcal Radtologle2I 

Intnmental Lifetime . Dose Dose 
\Vl\lAC Cancer RJsk Scenarios · Groundwater Beta/Photon .. 

(Groundwater)" (mrtm/)T)11 (mrtmf)T)11 
. FenteHne 

In,~ntory Cone. ~ Half-Life .. . All Pathway Drinking 
Analyte Detect (Cl) (pCI/L) Peak Year CmLlc>' ()T) Industrial Residential Farmer Water 

14c Yes 7.76E--04 1.20E-03 9781 0 S.73E+o3 9.28E-12 6.71E-1 I S.79E-06 2.39E-06 

6'Ni Yes 9.31E-OI 0 DNA s J.OOE+02 0 0 0 0 

90Sr Yes 2.44E+o2 0 DNA s 2.81E+ol 0 0 0 0 

~c Yes 2.66E-03 l.06E-02 10461 0 2.1 IE+oS l.46E-10 3.56E-09 l.86E-05 4.72E-OS 

mes Yes 9.84E,._OO 0 DNA s 3.00E+ol 0 0 0 0 

22'Th Yes 7.26E-06 0 DNA 2 1.9IE+OO 0 0 0 NIA 

"2Tb Yes 4.09E-06 0 DNA 2 1.41E+IO 0 0 0 NIA 

u3u . 
Yes t .41&05 0 DNA 0.6 l.59E+o5 0 0 0 NIA 

:z.J.fu Yes 4.54E-02 0 DNA 0.6 2.46E+o5 0 0 0 NIA 

"'u Yes l.92E-03 0 DNA 0.6 7.04E+08 0 0 0 NIA 

2~ Yes l.09E-03 0 DNA 0.6 2.34E+o7 0 0 0 NIA 

:mu Yes 4.SSE-02 0 DNA 0.6 4.47E+o9 0 0 0 NIA 

mNp Yes 3.48E-03 0 DNA 2 2.l4E+o6 .. 0 0 0 NIA 

;,:, .,, 
'7' 

~ 
0 -0C -. 



Table C-1. Estimated l\laximum Incremental Lifetime Cancer Risk/Radiological Dose During the l\lodellng Period 
for Radlonuclfdes for the Anrage lnnntory. (3 sheets) 

. . · lbdlologlcal Radlologlcal . 
Incremental Lifetime Dose Dose 

WMAC 
.. Cancer Risk Sttnarfos Groundwater. &ta/Photon 

Fencelfne (Groundwater}'> (mreml)T)11 (mremlyr)' 
lnnntory Cone. ~ · Hair-Life All Pathway Drinking 

Ana1,1e Dded (Cf) {J>CL'L) Ptak Vear (mUg)' ()T) Industrial · Residential · Farmer Water 

,,.Pu Yes 1.60E+ol 0 DNA 2 2.41E+o4 0 0 0 NIA 

?~u Yes 3.4SE+oo 0 DNA 2 6.S6E+o3 0 0 0 NIA 

WpU Yes 1.67E+ot 0 DNA 2 1.44E+ol 0 0 0 0 

mAm Yes 2.SOE+oo 0 DNA 2 4.33E+o2 0 0 0 NIA 

142Cm Yes 9.03E-02 0 DNA 2 4.46E-Ol 0 0 0 NIA 

10cm Yes 4.41E-03 0 DNA 2 2.8SE+ol 0 0 0 NIA 

l-Mcm Yes 9.69E-02 0 DNA 2 1.81E+Ol 0 0 0 NIA 

311 No 3.44E-03 0 DNA 0 1.23E+Ot 0 0 0 0 

~Co No l.28E-OI 0 DNA 0.1 5.27E-t-OO 0 0 0 0 

"Se No 4.6SE-04 0 DNA 2 8.0SE+oS 0 0 0 NIA 

u,Sb No 3.41B-Ol 0 DNA t 2.73E-t-OO 0 0 0 0 

'29t No l.44E-04 <O.OOlc 12032 0.2 1.57E+o7 Dropped'9 Dropped4' Dropped4' Dropped4' 

mEu No 5.SSE-01 0 DNA I 1.33E+ot 0 0 0 0 

~ - ---- --- ----- - -- -



Table C•l. Estimated l\ladmum Incremental Lifetime Cancer Risk/Radlologiral Dose During the Modeling Period 
for Radionudides for the Anrage Inventory. (3 sheets) 

Radfotogkal Radlologkal 
Incremental LlretJme Dose . Dose 

Cancer Risk Scenarios · Groundwater Beta/Photon WMAC 
Fentellne (Groundwatert (rnttmf)T)' . (mrem!yr)" . 

In,·entory Cont. ~ Hatt-Ure All Pathway Drinking 
Analyte Detect . (Cl) (pCl/L) Ptak Year (mUg)1 ()T) Industrial . Residential FanMr Water •. · -

is.1Eu No 3.90E-01 0 DNA 1 8.S9E+-OO 0 0 0 0 

"'Eu No 2.14E.0l 0 DNA 1 4.68E+-OO 0 0 0 0 

"°Th No 3.72E-02 0 DNA 2 7.54E+-04 0 0 0 NIA 

Z31Pu No 3.48E-01 0 DNA 2 8.77E+-Ol 0 0 0 NIA 

Performance objective• l-OE-6 to 1.0E-4 r 1-0E-6 to 1.0E-4' 251 4• 

• Sec PNNL-13895, 1/a,iford Co11taml11a111 Distribution Coeffidtnt Databast and Usrrs Guidt, Rev. I, for the basis for the K.t values listed for the radionuclides. 
• All exposure scenarios are descn"bcd in HNF-SD-WM-11-707. 
c Simulation predicted contaminant arrives at the fcnccline, but at a concentration (0.001 pCi/L) that is much below the minimum detection limit for standard analytical methods. 
d Dropped from the analysis because the simulation predicted concentration (0.001 pCi/L) is much below the minimum detection limit for standard analytical methods. 
'PCTfonnance objectives apply to the cumulative (i.e., all contaminants) for the entire WMA. 
r EP A/S40/R-99/006, Radiario11 Risi Assnsmmt at CERCLA Sites: Q & A, Dlrttti•~ 9200.4-31 P. 
1 DOE O 43S. I, Radioactfre Waste Afanagm,nit. 
11 66 FR 76708, "National Primary Drinking Water Regulations; Radionuclides; Final Rule." 
Notes: 
DNA - did not arrive at fcnceline within the modeling period 
NIA • radionuclide is not a beta/photon emitter. 
Shaded cells are nondetccts and the in,·cntory used in the risk assessment is calculated at one-half the minimum detection limit. 

~ 
7' ,, 
~ 
0 -00 -.. 



(") 
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IA 

.. 

·. Anal)1e 

Auminum 

Ammonium NH4 

Barium 

Bismuth 

Cadmium 

Calcium 

Chloride 

Chromium 

Cobalt 

Cop~r 

Cyanide 

Europium 

Fluoride 

Iron 

Lead 

Table C-2. Estimated l\laxlmum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradlonuclides for the Anrage ln,·entory. (10 sheets) 

.. .· Wl\lAC .· Incremental Urrtlme C•n«r Risk · Hut rd Quotltnt Sctnarfos 
. Scen• rtOI (Groundw1tert . 

Inventory _ 
Frnnllae (Groandwatut 

Contrntntfon "4 . 
Detected Ct&) . (J&I/L) . - Peak Year (mU1t · WAC-173-340 Mttbod B WAC-173-340 Mttbod B 

Yes 4.17E+-OO 0 DNA 1 NoCPF 0 

Yes 3.S2E-02 <O.OOlc 10481 0 NoCPF No RID 

Yes l.60E-Ol 0 DNA s NoCPF 0 

Yes 6.19E-Ot 2.S4E-03 10481 0 NoCPF No RID 

Yes 9.29E-03 0 DNA 1 NoCPF 0 

Yes 6.86E+OO 0 DNA s NoCPF No RID 

Yes 2.98E-01 1.22E-03 10481 0 NoCPF No RID 

Yes l.23E+01 S.OSE-02 10481 0 NoCPF t.30E-03 

Yes 8.56E-02 <O.OOlc 12032 0.1 NoCPF Droppcd4 

Yes 6.13E-Ot 0 DNA s NoCPF 0 

Yes 2.0SE-03 0 DNA 5 NoCPF 0 

Yes 6.23E-02 0 DNA 5 NoCPF No RID 

Yes 2.73E+OO l.l2E-02 10481 0 NoCPF 1.17E-05 

Yes l.12E+02 0 DSA s NoCPF 0 

Yes 6.34E+OO 0 DNA s NoCPF No RID 



. . 

. . 
Analyte _ 

Magnesium 

Manganese 

Mercury 

Nickel 

Nitrate 

Nitrite 

Oxalate 

Palladium 

Phosphate 

Phosphorus 

Praseodymium 

Ruthenium 

Silicon 

Sodium 

Strontium 

Table C-2. Estimated l\faximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradlonuclides for the Average Jnnntory. (10 sheets) 

WMAC . . lammental Llretlme Caacer Risk · Hazard Quotltnt Sctnarfos 
Fenttllne Sceaarfos (Groandwatert (Cround-wattr)' · 

Inventory Concentration - ~ ., 
. Detectfd _· (k&) (1'1/L) Peak Year (mUI)" WAC•l73•340 Method B WAC-173-340 Method B 

Yes 8.4SE-Ol 0 DNA s NoCPF No Rm 

Yes 1.93E+ot 0 DNA I NoCPF 0 

Yes 1.0SE-01 0 DNA s NoCPF No RID 

Yes 6.24E+oo 0 ONA s NoCPF 0 

Yes l.37E+oo S.62E-03 10481 0 NoCPF 2.20E-07 . . 

Yes S.34E-Ol 2.l9E-03 10481 0 NoCPF 1.37E-06 

Yes S.17E+ol 2.12E-OI 10481 0 NoCPF No RID 

Yes 1.48E+OO 0 DNA s NoCPF No Rm 

Yes S.54E+ol 2.27E-01 10481 0 NoCPF No Rm 

Yes 1.81E+Ol 0 DNA s NoCPF 0 

Yes 2.96E-01 1.22E-03 10481 0 NoCPF No RID 

Yes 1.28E-01 0 DNA 1 NoCPF No RID 

Yes 7.09E+OO 0 DNA s NoCPF No Rm 

Yes 4.98E+Ol 2.04E-01 10481 0 NoCPF No RID 

Yes 9.23E-Ot 0 DNA s NoCPF 0 

::=::, 
""C 
""C 

I ,, 
""C -;, 
w 
0 -00 -.. 



.. 

Ana!)1t · 

Sulfate 

Sulfur 

Thorium 

Tin 

Titanium 

Tungsten 

Uranium 

Zinc 

Zirconium 

2-Butanone(MEK) 

2-Propanone (Acetone) 

Table C-2. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradlonuclides for the Average lnnntory. (10 sheets) 

. . WMAc ·· Incremental Llretlme Cancer Risk .. ' ' 
Feattllne ~en1rtos (Cro11adw1ter)• 

lirnntory Conceatntfoa · . . . "4 
Dttecttd (kc) (Jll:/L) Peat Year (inu1>8 WAC-173-340 Method B 

Yes 3.7tE+OO t.S2E-02 10481 0 NoCPF 

Yes 1.24E+OO 5.09E-03 10481 0 NoCPF 

Yes 4.0SE-02 0 DNA 1 NoCPF 

Yes 1.32E-01 0 DNA s NoCPF 

Yes 1.4SE-02 0 DNA 5 NoCPF 

Yes J.OOE+OO 4.llE-03 10481 0 NoCPF 

Yes l.36E+02 0 DNA 0.6 NoCPF 

Yes 4.23E-OI 0 DNA 5 NoCPF 

Yes 1.03E-02 0 DNA s NoCPF 

Yes 3.99E-06 <O.OOlc 10481 0 NoCPF 

Yes l .44E-OS <O.OOlc 10481 0 NoCPF 

4-Mcthyl-2-pcntanone (MIBK) Yes 2.30E-06 <O.OOlc 12032 0.02 NoCPF 

Tn"butyl phosphate Yes 2.02E+Ol 0 DNA 0.6 0 

Aroclor-I 254 Yes 9.tSE-0S 0 DNA 5 0 

Antimony No 4.52E-02 0 DNA 1 NoCPF 

Hazard Quotient ~ra1rlos 
(Groandwatert 

WAC-173-340 Method B · 

No RID 

No RID 

NoRfD 

0 

No RID 

No RID 

0 

0 

NoRfD 

Droppcti4 

Dropped• 

Droppcd4 

0 

0 

0 

~ 
""C 

~ 
~ 
0 -co -.. 



. . 

' ,• 

Analyte 

Arsenic 

Beryllium 

Boron 

Bromide 

Cerium 

Formate+A2 

Lanthanum 

Lithium 

Molybdenum 

Neodymium 

Niobium 

Potassium 

Rhodium 

Rubidium 

Samarium 

Table C-2. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionuclides for the Anrage lnnntory. (10 sheets) 

' . 
Wl'ttAC lncremHtal Llrttlme Csacer Risk 
FenceUne _ · ~aartos (Groundwater)" 

.- .. lnveiitory Contentratlon . "4 . 
Dded.d .. (q) .• (l,lC/L) . PeakYnr (mLJI)' -. WAC-173-340 Mfthod B 

No 5.70E-02 0 DNA s 0 

No 7.25E-03 0 DNA 5 NoCPF 

No 2.34E-02 0 DNA 2 NoCPF 

No 1.34E-+OO S.52E-03 10481 0 NoCPF 

No 6.JSE-02 <O.OOlc 10481 0 NoCPF 

No 1.06E+oo 4.37E-03 10481 0 NoCPF 

No 6.ISE-03 <O.OOlc 10481 0 NoCPF 

No 7.25E-03 0 DNA s NoCPF 

No 9.0SE-03 0 DNA s NoCPF 

No 3.62£-02 <O.OOlc 10481 0 NoCPF 

No 5.60£-02 0 DNA s NoCPF 

No 4.52E-Ol 1.86E-03 10481 0 NoCPF 

No 2.07£-01 <O.OOlc 10481 0 NoCPF 

No 3.tlE+-00 l.28E-02 10481 0 NoCPF 

No 1.SIE-02 0 DNA I NoCPF 

Hazard Qaotfent ~enarfos -
(Groundwatn)111 

WAC-17J.340 Method B -

0 

0 

0 

No RID 

No RID 

NoRfD 

NoRfD 

0 

0 

No RID 

No RID 

No RID 

NoRID 

No RID 

NoRJD 



(j 
I 

'° 

Table c.2. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionuclldes for the Average Inventory. (10 sheets) 

· Wl\lAC · . . lncrtmtntal Lifetime Cancer Risk · Hanrcl Quotient Scenarios . 
Ft11ttllne · Sct111r1os (Groundwater)' (Groundwater)" . ' · 

la,·eatory Coacrntntlon ·. ~ .. . . . . 
Anal)1e · Dttectfd (kg) . (Jll/1.) Peat Year (mLII}. ... WAC-173-340 Method B WAC-173-340 Method B 

Selenium No S.SOE-02 0 DNA s NoCPF 0 

Silver No 6.20E-03 0 DNA 2 NoCPF 0 

Sulfide No 5.lSE-03 <0.001' 10481 0 NoCPF No RID 

Tantalum No 5.70E-02 <O.OOlc 10481 0 NoCPF NoRfD 

Tetlurium No 7.25E-02 <O.OOlc 10481 0 NoCPF NoRfD 

Thallium No 1.68E-01 0 DNA s NoCPF 0 

Vanadium No 5.SOE-03 0 DNA s NoCPF 0 

Yttrium No 4.S2E-03 <O.OOlc 10481 0 NoCPF NoRfD 

1, 1, I-Trichloroethane No 4.lOE-06 <0.001' 12032 0.02 NoCPF Dropped• 

1, I, 2, 2-Tctrachloroethane No 2.98E-06 <O.OOIC 12032 0.02 Dropped• Dropped' 

I, 1, 2-Trichloro-1, 2, 2-
No 4.63E-06 <O.OOlc 12032 0.2 NoCPF Dropped" trifluoroethane 

1, I, 2-Trichloroethane No 2.98E-06 <O.OOIC 12032 0.02 Dropped" Dropped. 

1, 1, 2-Trichloroethylene No 5.70E-06 <O.OOlc 12032 0.02 Dropped' Dropped• 

I, 1-Dichloroethcnc No 4.72E-06 <0.001' 12032 0.02 NoCPF Dropped• 



. . . . 

. . 

Analyte 

t.2.4-Trichlorobenzene 

1, 2-Dichlorocthane 

1. 4-Dichlorobenzene 

2. 4, 5-Trichlorophenol 

2, 4, 6-Trichlorophcnot 

("') 2, 4-Dinitrotoluene 
I -0 2, 6-Dis (tert-butyl)-4-

mcthylphenol 

2-Chlorop~not 

2-Ethoxycthanol 

2-Mcthylphenol (o-aesol) 

2-Nitropropane 

4-Methylphenol (p-crcsol) 

Acenaphthene 

Acetate C2H3O2-

Table C-2. Estimated l\laxlmum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionudldes for the Anrage lnnntory. (10 sheets) 

WMAC 
. . 

Incremental Uretlme Cancer Risk 
Fenctllne Scenarios (Cro11ndw1ter)• . 

lanatory Concentntlon . "4 
· Detected .. (lq) (1'1/L) Peak Year (mU1)1 WAC-173-340 MetJlod B 

No 4.68E-06 0 DNA 0.6 NoCPF 

No 2.93E-06 <O.OOlc 12032 0.02 Dropped4 

No t.39E-01 <O.OOIC 12032 0.2 Droppedcl 

No l.29E-OI <O.OOlc 12032 0.2 NoCPF 

No t.32E-01 <O.OOlc 12032 0.1 Dropped' 

No 1.49E-01 <O.OOlc 12032 0.1 NoCPF 

No 3.96E-Ol 0 DNA s NoCPF 

No 1.378-01 <O.OOlc 10481 0 NoCPF 

No 3.0SE-01 l.27E-03 10481 0 NoCPF 

No 1.41E-01 <O.OOlc 12032 0.1 NoCPF 

No 7.ISE-06 <O.OOlc 10481 0 NoCPF 

No 1.37E-Ol <O.OOlc 12032 0.1 NoCPF 

No l.43E-01 0 DNA 1 NoCPF 

No l.06E+-OO 4.37£-03 10481 0 NoCPF 

Hazard Quotient Scenarios . 
(Groandw1ter)• 

.. 
· WAC-173-340 Method B 

0 

Dropped. 

Droppedd 

Dropped. 

Dropped' 

Dropped' 

NoRfD 

Dropped. 

t.98E-07 

Dropped4 

No RID 

Dropped• 

0 

No RID 
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TabJe C-2. Estimated l\f axlmum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradlonudides for the Average Inventory. (10 sheets) 

WMAC J11.mmt11tal Lifetime Cancer Risk 

Inventory 
·Fen«llne Scenarios (Groundwater)' .. . Concentntfon K. 

Analyte • · l>Hedtd (kg) . . (Jll/L) Peak Year (mU1)9 WAC-17J-340Metbod B 

Benzene No 2.87E-06 <O.OOlc 12032 0.02 oroppec1• 

Butylbmzylphthalate No 2.86E-Ol 0 DNA s NoCPF 

Carbon disulfide No 4.25E-06 <0.001' 12032 0.02 NoCPF 

Carbon tetrachloride No S.2SE-06 <O.OOIC 12032 0.02 Dropped• 

Chlorobmzene No 3.54E-06 <O.OOlc 12032 0.1 NoCPF 

Chlorocthene( vinyl chloride) No 2.0JE-06 <O.OOlc 10481 0 Dropped• 

Chloroform No 4.34E-06 <O.OOlc 12032 0.02 Dropped' 

Cresylic acid (cresol, mixed 
No 2.70E-Ol <O.OOlc 12032 0.1 NoCPF isomers) 

Cyclohexanone No 9.30E-Ol 3.82£-03 10481 0 NoCPF 

Dichloromcthane ( methylene No 3.S0E-06 <O.OOlc 10481 0 Dropped" chloride) 

Diethyl ether No 4.06E-06 <O.OOlc 10481 0 NoCPF 

Di-n-butylphthalate No 9.30E-OI 0 DNA 2 NoCPF 

Di-n-octylphthalate No 1.66E-OI 0 DNA s NoCPF 

Ethyl Acetate No 4.44E-06 <O.OOlc 10481 0 NoCPF 

Hazard Quotient ScHartos · 
(Croundwatu)' 

,, .. . .. . 
WAC-173-340 Method B 

Dropped• 

0 

Dropped• 

Dropped' 

Dropped' 

Droppe<i4 

Dropped' 

NoRfD 

4.77E-08 

Dropped. 

Dropped4 

0 

0 

Dropped' 
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Table C-2. Estimated l\faxlmum Value ror Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionuclides for the Average lnnntory. (10 sheets) 

.. WMAC . _. lnrremeatal Ufedme Canter Risk . Hazard Quotient Sreaarlos . 

Inventory 
Fennllne Sttaarlos (Groundwater)• (Groundwater}' 

. . Connntntlon . ~ -
Anal)1e Detertflt (kg) (P«/L) Peak Year (m1J1>8 WAC-173-340 Method B WAC-173-340 Method B · 

Ethyl~nzene No 7.ISE-06 <O.OOlc 12032 0.02 NoCPF Dropped' 

Fluoranthene No 1.48E-Ol 0 DNA s NoCPF 0 

Hexac:htorobutadiene No l.49E-OI 0 DNA s 0 0 

Hexac:hloroethane No 7.SOE-03 0 DNA s 0 0 

Isobutanol No 7.SSE-01 3.lOE-03 10481 0 NoCPF 6.46E-07 

m-Cresol (3-Methylphenol) No 1.37E-01 <O.OOlc 12032 0.1 NoCPF Dropped4 

m-Xylene No 8.IOE-06 <O.OOlc 12032 0.02 NoCPF Dropped' 

Naphthalene No l.41E-01 0 DNA 0.6 NoCPF 0 

n-Dutyl akohol (1-butanol) No S.75E-01 2.36E-03 10481 0 NoCPF l.48E-06 

Nitrobenzme No l.49E-OI <0.001' 12032 0.02 NoCPF .. Dropped. 

N-nitros<Hii-n-propylamine No 1.32E-01 <O.OOlc 10481 0 Dropped' No RID 

n-Nitrosomorpholine No 3.11 E-01 1.28E-03 10481 0 NoCPF NoRfD 

o-Dichlorobenzene No 2.23E-01 <O.OOlc 12032 0.1 NoCPF Dropped4 

o-Nitrophenol No l.26E-Ol <O.OOlc 12032 0.1 NoCPF NoRfD 

o-Xylene No 2.S3E-06 <O.OOlc 12032 0.1 NoCPF Dropped' 



Q -w 

~ - ---··- - ---

Table C-2. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionuclldes for the Anrage lnYentory. (10 sheets) 

. . . 
WMAC . 

.. 
latrcmenCal urettme Canter Risk . . 

Fentell•e 
. .. 

Steaarios (Cn,andwatert 
· - lanntory . Concentntloa · K; . 

Anal)1t Detected (kg) (Jlf/L) Peak Year (mLJd WAC-173-340 Method B 

p-ChJoro-m-cresol (4-Chloro-
No l.40E-Ot <0.(XW 12032 0.2 NoCPF 3-methytphcnot) 

Pentachlorophenol No t.llE-01 <O.OOlc 12032 0.2 Dropped' 

Phenol No J.37E-01 <O.OOlc 10481 0 NoCPF 

p-Xy1ene No 8.tOE-06 <O.OOlc 12032 0.2 NoCPF 

Pyrcne No 1.4JE-Ot 0 DNA s NoCPF 

Pyridine No t.31E-Ot <O.ootc 10481 0 NoCPF 

Tetrachloroethylene No 3.7SE-06 <O.OOlc 12032 0.1 Dropped' 

Toluene No 3.3SE-06 <O.OOlc 12032 0.02 NoCPF 

Trkhlorofluoromethane No 4.27E-06 <O.OOlc 12032 0.02 NoCPF 

Xytencs No l.OSE-OS <O.OOJC 12032 0.02 NoCPF 

Aroclor-1016 No 9.8SE-OS 0 DNA s 0 

Aroclor-1221 No 3.0SE-OS 0 DNA 2 0 

Aroclor-1232 No S.SSE-04 0 DNA 2 0 

Aroctor-1242 No 9.SSE-05 0 DNA s 0 

------- - - - - - - -- -- - --

Hanni QuotlHt Sctaarfos . 
(Croaadwater)~ · _ 

-WAC-173-340 Method B 

No RID 

Dropped• 

Dropped. 

Dropped' 

0 

Dropped" 

Droppe<i4 

Dropped' 

Dropped' 

Dropped' 

0 

NoRfD 

NoRfD 

NoRfD 
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Table C-2. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradlonuclides for the Average Inventory. (10 sheets) 

WMAC 
Fencellne . 

Incremental Ll(etlme Canttr Risk · Hau rd Quotient Scenarios 

Anal)1t Detttttd 

Aroclor-1248 No 

Aroctor-1260 No 

Polychlorinated Biphenyls No 

Perfonnance objective• 

lneatory 
' Ck&) 

3.19E-OS 

1.36E-04 

3.46E-OS 

Concentration 
(NIL) ' 

0 

0 

0 

- ~ 

Ptak Vear (mL/1)8 

DNA s 

DNA s 

DNA s 

Scenarios (CroHdwattr)" (Groundwater)' · : 

. WAC-173-340 Mrtbod B . .. WAC-173-340 Method B 

0 NoRfD 

0 NoRfD 

0 No RID 

1.0E-06' t.O' 

• See PNNL-1389S, Hanford Contaminant Distribution ~fliclrr,t Databas~ and U:s~n Guld~, Rev. 1, for the basis for the K, values listed for chromium and nitrate. The K. 
values listtd for the organic chemical compounds are dettm1ined from the chemicals' organic carbon/water partitioning coefficient and an estimate of0.03% for the I lanford Site 
sediments fraction of organic content (PNNL-13895, Rev. I, page 11, paragraph 3). 
"Alt exposure scenarios are described in HNF-SO-WM-TJ-707. 
c Simulation predicted contaminant arrives at the fcneeline, but at I concentration (0.001 pg/L) that is much below the minimum detection limit for standard anal)1ical methods. 
• Dropped from the analysis because the simulation predicted concentration (0.001 pg/L) is much below the minimum detection limit for standard anal)1ical methods. 
• Single Analyte Performance objectives apply to entire \\'MA, not just a single component of the WMA. 
'Washington Admlnistratiw Cod~ (WAC) 173-340-70S (2)(c)(ii), "Dangerous Waste Regulations." 
1 \VAC 173-340-70S(2)(c)(i). 

Notes: 
No CPF • no cancer potency factor available. 
No RfD • no refcmice dose available 
DNA • did not arrive at fcnceline \\ithin the modeling period 
Gray shaded cells are nondctects and the inventory used in the rislc assessment is calculated at ~half the minimum detection limit. 



Table C-3. Estimated l\laximum Incremental Lifetime Cancer Risk/Radiologkal Dose During the Modeling Period 
for Radlonuclides for the UCL 95% lnnntory. (3 sheets) 

. . . . R..dfotoglc:al · Radlologftal · 
lntremtntal Llretlmt Dose Dose .. 

Canter Risk Stenarfos Groundwater Beta/Photon ·WMAC 
: Fentellne (Groundwater}' : (mremlyr)" · (mremlyr}'> . . . 

Inventory Cone. - ~ Hatr-Llfe All Pathwa,·s · . Drinking · 
Analyte Deted (Cl) (pC(/L) PeakYHr (mUg)1 . (yr) Industrial Residential Fanner · Watti-

"c Yes 1.39E-03 2.14£-03 9781 0 5.73E+03 l.66E-l I 1.20E-10 t.04E-05 4.28E-06 

63Ni Yes l.41E+-OO 0 DNA s t.OOE+-02 0 0 0 0 

90Sr Yes 3.36E+o2 0 DNA s 2.81E+ol 0 0 0 0 

"Tc Yes 4,79E-03 l.9IE-02 10461 0 2.tlE+OS 2.64E-10 6.42E-09 3.35E-05 8.SE-0S 

mes Yes 1.JOE+ot 0 DNA 5 3.00E+ol 0 0 0 0 

Zl'Tb Yes 1.28E-05 0 DNA 2 1.91E+oo 0 0 0 NIA 

mTh Yes 7.SSE-06 0 DNA 2 J.41E+JO 0 0 0 NIA 

1,3u Yes 2.19E-05 0 DNA 0.6 J.59E+o5 0 0 0 NIA 

mu Yes 7.07E-02 0 DNA 0.6 2.46E+o5 0 0 0 NIA 

mu Yes 2.99E-03 0 DNA 0.6 7.04E+o8 0 0 0 NIA 

l"'lJ Yes l.69E-03 0 DNA 0.6 2.34E+07 0 0 0 NIA 

mu Yes 7.0SE-02 0 DNA 0.6 4.47E+09 0 0 0 NIA 



n 
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Table C-3. Estimated Maximum Incremental Lifetime Cancer Risk/Radiological Dose During the l\lodellng Period 
for Radionuclides for the UCL 95% Inventory. (3 sheets) 

.. Radlologlcal Radlologlcal 
lnuemental Ufetlme Dose Dose 

' Cancer Risk Scenarios · Groundwater Beta/Photon ·WMAC 
Fenctllne (Groundwater)" . (mrem/)T)11 . (mrem/yr)'-

Jn,.-entory Cone. ~ Hair-Life Drinking . 
Anal)1t Detect . (Cl) (pCI/L) . . Ptak Year (mUgt ()T) Industrial Resldentlal 

All Pathways 
Farmer Water . · 

mNp Yes S.ISE-03 0 DNA 2 2.14E+o6 0 0 0 NIA 

z19pu Yes 2.77E+ol 0 DNA 2 2.41E+o4 0 0 0 NIA 

z~u Yes 5.98E+oo 0 DNA 2 6.56E+o3 0 0 0 NIA 

:mPu Yes 2.89E+ol 0 DNA 2 l.44E+oJ 0 0 0 0 

241Am Yes 4.J9E+oo 0 DNA 2 4.33E+o2 0 0 0 NIA 

242Cm Yes l.SIE-01 0 DNA 2 4.46E-01 0 0 0 NIA 

20cm Yes 7.37E-03 0 DNA 2 2.SSE+ol 0 0 0 NIA 

244cm Yes l.62E-01 0 DNA 2 l.StE+ot 0 0 0 NIA 

'H No l.04E-02 0 DNA 0 1.23E+ol 0 0 0 0 

60Co No 3.SSE-01 0 DNA 0.1 5.27E+oo 0 0 0 0 

79Se No 1.40E-03 0 DNA 2 8.0SE+oS 0 0 0 NIA 

u,Sb No 1.03E+oo 0 DNA I 2.73E+oo 0 0 0 0 

·~ No 4.36E-04 <O.OOlc 12032 0.2 J.57E-+-07 Dropped' Dropped" Dropped" Dropped" 

-.. 
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Table C-3. Estimated l\laxfmum Incremental Lifetime Cancer Rfsk/Radtologfcal Dose During the Modeling Period 
for Radionudldes for the UCL 95% Inventory. (3 sheets) 

.. Ihdlologlcal . Radlologfcal 
Incremental Lifetime Dose Dose 

~IAC . Cancer Risk Scenarios . - . Groundwater ~ta/Photon 

Fencelfne (Groundwatert (mremlyr)" (mrem!yr)11 
· 

Inventory Cone. ~ Half-Ufe All Pathways Drinldrig 
Analyte Detect (Cf) (pCVL) Peak Year (m1Jg)9 OT) Industrial . ·: Resldentlal Farmer Water 

mEu No 1.67E+oo 0 DNA I 1.33E+ol 0 0 0 0 

1~Eu No 1.18E+oo 0 DNA l 8.S9E+-OO 0 0 0 0 

mEu No 6.46E..Ol 0 DNA 1 4.68E+oo 0 0 0 0 

23~ No l.12E-01 0 DNA 2 7.54E.f-04 0 0 0 NIA 

mPu No 1.0SE+-00 0 DNA 2 8.77E+ol 0 0 0 NIA 

Performance objective• 1-0E-6 to 1.0E-4r 1-0E-6 to l.OE-4 r 2s• 4'11 -.. 
• See PNNL-13895, Hanford Contaminant Distribution C«.flldmt Database and Usrn Guidr, Rev. I, for the basis for the~ values listed for the radionudidcs. ::,::, 
11 All exposure scenarios are described in HNF-SD-WM-TI-707. ~ 
c Simulation predicted contaminant arrives at the fmceline, bUI at a concentration (0.001 pCi/L) that is much below the minimum detection limit for s,andard analytical methods. o 
c1 Dropped from the analysis because the simulation predicted concentration (0.00 I pCi/L) is much below the minimum detection limit for standard analytical methods. 
'Performance objectives apply to the cumulative (i.e., all contaminants) for the entire WMA. 
r EP A/540/R-99/006, Radiation Rislc Assessment al CERCU Sita: Q & A, Dirtttlvt 9200.4-31 P. 
1 DOE O 435.1. Radioacth~ Waste Management. 
• 66 FR 76708, "National Primary Drinking Water Regulations; Radionuclides; Final Ruic." 
Notes: 
DNA • did not arrive at fcncdine within the modtling period 
NIA • radionuclide is not a beta/photon emitter. 
Shaded cells are nondctccts and the inventory used in the risk assessment is calculated at one-half1he minimum detection limit. 



Table C-4. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionuclides for the Upper Confidence Lenl 95% Inventory. (IO sheets) 

WMAC lnuemtllfal Llfethne C111crr Rhk Huard Quotient Scenarios 
. . . . Fentellne • . Scenarios (Croandwattr)" (Groundwater)" · 

lnnntory . Coocentratlon K, " 

Anal)1t Detecttd (k&) (p~) Pt.akYur (mlJJ). WAC-173-340 Method B WAC-173-340 Method B 

Aluminum Yes 5.44E+-OO 0 DNA 1 NoCPF 0 

Ammonium NH4 Yes 7.39E-02 <O.OOlc 10481 0 NoCPF NoRfD 

Barium Yes 2.56E-0l 0 DNA s NoCPF 0 

Bismuth Yes l.09E+oo 4.46E-03 10481 0 NoCPF NoRfD 

Cadmium Yes 2.27E-02 0 DNA l NoCPF 0 

~ 
Calcium Yes 1.02E+0I 0 DNA 5 NoCPF NoRfD 

-00 Chloride Yes 6.19E-01 2.54E-03 10481 0 NoCPF NoRfD 

Chromium Yes 2.54E+0l 1.04E-01 10481 0 NoCPF 2.68E-03 

Cobalt Yes l.2SE-01 <O.OOlc 12032 0.1 NoCPF Drop~d• 

Copper Yes 8.68E-01 0 DNA s NoCPF 0 

Cyanide Yes 3.33E-03 0 DNA s NoCPF 0 

Europium Yes 8.ISE-02 0 DNA 5 NoCPF NoRfD 

Fluoride Yes 5.00E+OO 2.0SE-02 10481 0 NoCPF 2.14E-05 

Iron Yes 2.02E+o2 0 DNA 5 NoCPF 0 

Lead Yes 8.86E+OO 0 DNA 5 NoCPF NoRfD 
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Table C-4. Estimated l\laximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionuclldes for the Upper Confidence Level 95% Inventory. (10 sheets) 

.. .. WMAC 
' 

lntrtmeatal Llrdlme Cancer Risk Huard Quotient Scenarios 
Fencdlu Sttntrlos (Groundwater)' · • (Groundwater)' 

. . . Invntory Coattatntlon K, 
Analyte . . Detfdfd (kc) (p~) PnkYar (mU1>9 WAC-173-340 Method B . WAC-173~340 Method B • 

Magnesium Yes 1.61E+-OO 0 DNA 5 NoCPF NoRfD 

Manganese Yes 3.96E+OI 0 DNA 1 NoCPF 0 

Mercury Yes t.SIE-01 0 DNA s NoCPF NoRfD 

Nickel Yes t.29E+ol 0 DNA 5 NoCPF 0 

Nitrate Yes 2.tOE+oO 8.61E-03 10481 0 NoCPF 3.36E-07 

Nitrite Yes 8.88E-Ol 3.6SE-03 10481 0 NoCPF 2.28E-06 

Oxalate Yes l.14E+o2 4.69E-01 10481 0 NoCPF NoRfD 

Palladium Yes t.8SE+OO 0 DNA s NoCPF NoRfD 

Phosphate Yes 8.29E+ol 3.40E-OI 10481 0 NoCPF NoRfD 

Phosphorus Yes 2.70E+-Ol 0 DNA 5 NoCPF 0 

Praseodymium Yes 7.46E-01 3.06E-03 10481 0 NoCPF NoRfD 

Ruthenium Yes l.71E-OI 0 DNA l NoCPF No RID 

Silicon Yes l.lSE+ol 0 DNA s NoCPF No RID 

Sodium Yes 6.98E+OI 2.87E-Ol 10481 0 NoCPF NoRfD 

Strontium Yes 1.70E+-OO 0 DNA s NoCPF 0 

~ 
"'t7 

I 
::i:, 
"'t7 
-;-l 
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0 .... 
00 -.. 



Table C-4. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionuclides for the Upper Confidence Le\·el 95% Inventory. (10 sheets) 

.. . \\'MAC lnurmental Lifetime Canctr Risk Hazard Quotient Sttnarios 
FHceltne ·· Scenarios (Groundwater)' (Gruundw1ter)' · 

. . Jnnntory Conttntntlon ~ . 

An•l)1e Dttmtd (le&) (p~) PtakYear (mU1,• WAC-173-340 Method B . WAC-173-340Mtthod B 

Sulfate Yes 5.40E+OO 2.22E-02 10481 0 NoCPF No RID 

Sulfur Yes J.80E+oo 7.40E-03 10481 0 NoCPF NoRfD 

Thorium Yes 8.22E-02 0 DNA I NoCPF No RID 

Tin Yes l.65E-Ol 0 DNA s NoCPF 0 

Titanium Yes 5.19E-02 0 DNA s NoCPF NoRfD 

Tungsten Yes 1.26E+oo 5.l6E-03 10481 0 NoCPF NoRfD 

Uranium Yes 2.12E+-02 0 DNA 0.6 NoCPF 0 

Zinc Yes 6.07E-OI 0 DNA s NoCPF 0 

Zirconium Yes 2.22E-02 0 DNA s NoCPF NoRfD 

2-Butanonc(MEK) Yes J.OlE-0S <0.001c 10481 0 NoCPF Droppedd 

2-Propanone (Acetone) Yes 3.64E-OS <O.OOlc 10481 0 NoCPF Dropped' 

4-Methyl-2-pentanone (MIBK) Yes S.SJE-06 <O.OOle 12032 0.02 NoCPF Droppedd 

Tributyl phosphate Yes 4.53E+OI 0 D!'lA 0.6 0 0 

Aroclor-1254 Yes J.43E-04 0 DNA 5 0 0 

Antimony No 1.36E-OI 0 DNA l NoCPF 0 

:::0 .,, 
"? 

~ 
0 -00 -.. 



Table C-4. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionuclldes for the Upper Confidence Lenl 95% lnnntory. (10 sheets) 

WMAC . Jncrtmtntal Uretlme Canrtr Risk Huard Qaotltnt Sttnarlos 
. Ftotellne . Scenarios (Croand"'lltr)• · (Groundwattr)• 

.. , ' , Jnnatory Conttntntloa "4 .. . . , ', 

Anal)1e Detttted (kc) {jlf/L) PeakYtsr (mU1)8 WAC-173-340 Method B WAC-t'7J-340 Mdh'~ B . 

Arsenic No l.72E-Ol 0 DNA 5 0 0 

Beryllium No 2.18£-02 0 DNA s NoCPF 0 

Boron No 7.06E-02 0 DNA 2 NoCPF 0 

Bromide No 4.06E+oo l.67E-02 10481 0 NoCPF NoRfD 

Cerium No 1.91£-01 <O.OOlc 10481 0 NoCPF No RID 

2 
Formate+A2 No 3.22E+oo l.32E-02 10481 0 NoCPF NoRfD 

Lanthanum No I.SSE-02 <O.OOlc 10481 0 NoCPF NoRfD 

Lithium No 2.lSE-02 0 DNA 5 NoCPF 0 

Molybdenum No 2.72E-02 0 DNA s NoCPF 0 

Neodymium No 1.09E-01 <O.OOIC 10481 0 NoCPF No RID 

Niobium No 1.68E-OI 0 DNA s NoCPF No RID 

Potassium No l.36E+oo S.59E-03 10481 0 NoCPF NoRfD . , . 

Rhodium No 6.2SE-01 2.57E-03 10481 0 NoCPF No RID 

Rubidium No 9.37E400 3.8SE-02 10481 0 NoCPF NoRID 

Samarium No S.45E-02 0 DNA 1 NoCPF NoRID 



Table C-4. Estimattd Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionudides for the Upper Confidence Level 95% lnnntory. (10 sheets) 

· WJ\tAC lntrtmental UftUme Caattr Risk H~rd Quotient Scenarios 
Ftnctllne Srenarios (Croundwatert (Groundwater)" 

.. ; . . .. . . . . Inventory Concentration K, 
Ana1)1t Ddttted (kc) (µ2'1,) Ptak Year (mU1>8 WAC-173-340 Method B WAC-173-340 Method B 

Selenium No 1.7SE-Ol 0 DNA s NoCPF 0 

Sil~r No l.87E--02 0 DNA 2 NoCPF 0 

Sutfide No l.SSE--02 <O.OOlc 10481 0 NoCPF No RID 

Tantalum No 1.72£-01 <O.OOIC 10481 0 NoCPF NoRfD 

Te11urium No 2.tSE-01 <O.OOlc 10481 0 NoCPF No RID 

Thallium No S.OSE-01 0 DNA s NoCPF 0 

Vanadium No 1.75E-02 0 DNA s NoCPF 0 

Yttrium No 1.36E-02 <O.OOlc 10481 0 NoCPF NoRfD 

1, 1, I-Trichloroethane No 1.24E-OS <O.OOlc 12032 0.02 NoCPF Dropped4 

1, 1, 2, 2-Tetrachloroethane No 8.98E-06 <O.OOlc 12032 0.02 Dropped' .. Droppecr' 

I, 1, 2-Trichloro-1, 2. 2-
No trifluoroethane 1.40E-OS <O.OOlc 12032 0.2 NoCPF Dropped. 

1, l, 2-TrichJoroethane No 8.98E-06 <O.OOlc 12032 0.02 Dropped4 Dropped' 

I, 1, 2-TrichJoroethytene No 1.73£-05 <O.OOlc 12032 0.02 oroppecrt Droppecr' 

l, 1-Dichloroethene No 1.42E-OS <O.OOlc 12032 0.02 NoCPF Dropped" 

-.. 



Table C-4. Estimated l\1axfmum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionudides for the Upper Confidence Level 95% lnnntory. (10 sheets) 

· WMAC . 
· · Fencellne 

.. . lanntory Coa«ntratlon 
Aaal)1t . (kc) (NIL) 

1, 2, 4-Trichlorobenzene No l.41E-0S 0 

1, 2-DichJoroethane No 8.84E--06 <O.OOlc 

I, 4-Dichlorobenzene No 4.17E-01 <0.001' 

2, 4, 5-Trichlorophenol No 3.88E-01 <0.001' 

2, 4, 6-Trichlorophenol No 3.98E-01 <0.001' 

2, 4-Dinitrotoluene No 4.50£-01 

2, 6-Bis {tert-butyl)-4-mcthylphmol No 1.19E+oo 0 

2-Chtorophenol No 4.12E-01 1.69£-03 

2-Ethoxyethanol No 9.30£-01 3.82E..03 

2-Methylphenol {o-aesol) No 4.26£-01 

2-Nitropropanc No 2.16E-0S 

4-Methylphenol {p-cresol) No 4.12E-01 

Acenaphthene No 4.31£-01 0 

Acetate C2H302- No 3.22E+oo l.32E-02 

Benzene No 8.65E-06 

K, 
Pu.k Vear (m1J1t 

DNA 0.6 

12032 0.02 

12032 0.2 

12032 0.2 

12032 0.1 

12032 0.1 

DNA s 

10481 0 

10481 0 

12032 0.1 

10481 0 

12032 0.1 

DNA I 

10481 0 

12032 0.02 

lacremental Lifetime Cancer Risk Huard Quotient s~narfot · 
· Sttnarfot (Groundwater)' · (Groundwater)' 

.. . . . . .• . . 
WAC-173-340 Method B · WAC-173-340 Method B . 

NoCPF 0 

Dropped• Dropped' 

NoCPF 

Dropped' 

NoCPF 

NoCPF NoRfD 

NoCPF 2.1 IE-0S 

NoCPF S.96£-01 

NoCPF Dropped' 

NoCPF No RID 

NoCPF 

NoCPF 0 

NoCPF No RID 

Dropped~ 

:;:,:, 
"'O 

7' 

~ 
0 -00 -.. 
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Table C-4. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionuclldes for the Upper Confidence Level 95% Inventory. (10 sheets) 

WMAC . Incremental UfrtJme Cancer Risk Hazard Qaottrat Scenarios 
Fenullne Sttnarlos (Groundwater)" . · · .. (Groundwater)" 

. . lanntory . Concentration K. . . . 
Analyte Detedtd (kc) (Jl«/L) Peak Year (mU1)8 WAC·t'73-340 Method B WAC-113-340 Method B . 

Butylbenzylphthalate No 8.63E-01 0 DNA s NoCPF 0 

Carbon disulfide No 1.28E-OS <0.001' 12032 0.02 NoCPF Dropped• 

Carbon tetrachloride No I.SSE-OS <0.001' 12032 0.02 Dropped' Dropped' 

Chlorobcnzene No l.07E-OS <O.OOlc 12032 0.1 NoCPF Dropped' 

Chloroethene(vinyl chloride) No 6.l lE-06 <0.001' 10481 0 Dropped4 Dropped' 

Chloroform No 1.31E-OS <O.OOlc 12032 0.02 Dropped' Dropped' 

Cresylic acid (aesot. mixed 
No isomers) 8.ISE-01 <O.OOlc 12032 0.1 NoCPF NoRID 

Cyclohexanone No 2.SOE-+-00 l.lSE-02 10481 0 NoCPF l.44E-07 

Dichloromethane (methylene 
No Dropped. Dropped' chloride) I.06E-OS <O.OOlc 10481 0 

Diethyl ether No t.22E-OS <O.OOlc 10481 0 NoCPF Dropped' 

Di-n-butylphthalate No 2.SJE-+-00 0 DNA 2 NoCPF 0 

Di-~lphthalate No 4.98E-OI 0 DNA 5 NoCPF 0 

Ethyl Acetate No J.34E-OS <O.OOIC 10481 0 NoCPF Dropped' 

Ethylbenzene No 2.t6E-OS <O.OOlc 12032 0.02 NoCPF Dropped' 

-.. 



Table C-4. Estimated Maximum Value for Incremental Lifetime Cnncer Risk and 
Hazard Quotient per Nonradionuclides for the Upper Confidence Lenl 95% Innntory. (10 sheets) 

. . .. WMAC . Incremental LlfetJme Caac:er Risk Hanrd Quotient Sc:ienarlot · . . Fenc:ellae , Sttnarfo, (Groundwater)• . (Groundwater)' · · · 
lnvmtory 

.. ~ --. . . Conc:rntnatlon .. . 
.. Aul)1e Detec:ttd (kc) , (Jt"1-) Peak Year (ml.II). · wAc-113-340 ~i,ttaoc1 e _ WAC-173-340 Method B 

Fluoranthene No 4.46E-01 0 DNA 5 NoCPF 0 

Hexachlorobutadienc No 4.SOE-01 0 DNA 5 0 0 

II exachloroethane No · 2.26E-02 0 DNA 5 0 0 

lsobutanol No 2.28E-+OO 9.36E-03 10481 0 NoCPF . ·,· 1.95E--06 

m-Crcsol (3-Methylphenol) No 4.12E-Ol <O.OOIC 12032 0.1 NoCPF Droppedtl 

m-Xylene No 2.44E-05 <O.OOlc 12032 0.02 NoCPF Dropped• 

Naphthalene No 4.26E-01 0 DNA 0.6 NoCPF 0 

n-Butyl alcohol (1-butanol) No 1.73E+00 7.12E-03 10481 0 NoCPF 4.45E-06 

Nitrobenzenc No 4.SOE-01 l.47E-03 12032 0.02 NoCPF l.84E-04 

N-nitroso-di-n-propylamine No 3.98E-01 l.63E-03 10481 0 Dropped. NoRID 
, . 

n-Nitrosomorpholine No 9.39E-01 3.86E-03 10481 0 NoCPF No RID 

~Dicblorobenzene No 6.71E-01 <O.OOlc 12032 0.1 NoCPF Dropped'1 

~Nitrophenol No 3.79E-01 <O.OOlc 12032 0.1 NoCPF No RID 

~Xylene No 7.64E-06 <O.OOlc 12032 0.1 NoCPF Dropped' 



Table C-4. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradfonuclides for the Upper Confidence Level 95% ln\'entory. (10 sheets) 

WJ\IAC . Incremental Uretlme Canter Risk Huard Quotient Sttilarlos 
Frnctllne Scenarios (Groundwater)• (Groundwater)• 

Analyte . 
Janntory Concentntloa "4 . .. 

Detttted Ck&) (plfl) Peak Year (rnL/cf WAC-173-340 Method B WAC-173-340 Method B 

p-Chloro-m-crnol ( 4-Chloro-3- No methylphenol) 4.22E-01 <O.OOlc 12032 0.2 NoCPF No RID 

Pentachlorophenol No 3.33E-Ol <O.OOlc 12032 0.2 Dropped' Dropped4 

Phenol No 4.12E-Ol l.69E-03 10481 0 NoCPF 3.S2E-07 

p-Xytene No 2.44E-OS <O.OOlc 12032 0.2 NoCPF Dropped4 

Pyrene No 4.26E-Ol 0 DNA s NoCPF 0 

Pyridine No 3.938-01 l.61E-03 10481 0 NoCPF 1.0lE-04 

Tetrac:hloroethylene No l.J3E-OS <O.OOlc 12032 0.1 Dropped4 Oropped4 

Toluene No l.OlE-05 <0.001' 12032 0.02 NoCPF Dropped4 

Trichlorofluoromethane No l.29E-OS <O.OOlc 12032 0.02 NoCPF Dropped4 

Xylenes No 3.16E-OS <O.OOlc 12032 0.02 NoCPF Droppedd 

Aroclor-1016 No 2.97E-04 0 DNA s 0 0 

Aroclor-1221 No 9.31E-OS 0 DNA 2 0 No RID 

Aroclor-1232 No l.68E-03 0 DNA 2 0 No RID 

Aroclor-1242 No 2.97E--04 0 DNA s 0 NoRID 
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Table C-4. Estimated Maximum Value for Incremental Lifetime Cancer Risk and 
Hazard Quotient per Nonradionuclides for the Upper Confidence Level 95% Inventory. (10 sheets) 

.MIAC lntremental Llfetlme CHctr Risk Hanni Quotle11t Scenarios 

lnnntory -
Fencellne Sttnarlot (Croundwattr)11 (Gronndwater)11 

- Conttntrstlon . "4 
Anal)1e Detttttd (k&) (pwf.) Peak Year (mLJ1>8 · WAC-173-3..0 Method B . WAC-173-340 Mdhod B 

Aroclor-1248 No 9.60E-OS 0 DNA s 0 No Rm 

Aroclor-1260 No 4.lOE-04 0 DNA s 0 NoRID 

Polychlorinated Biphenyls No S.91E-OS 0 DNA s 0 No RID 

Performance objective« l.OE-06' 1.0' 

• Sec PNNL-13895, 1/an/ord Contamina111 Distribution Cotf/kirnt Database and Usrn Guldr. Rev. I, for the basis for the ~ values listed for chromium and nitrate. The ~ 
values listed for the organic chemical compounds are determined from the chemicals' organic carbo!Vwater partitioning coefficient and an ntimate of0.03% for the Hanford Site 
sediments fraction oforganic conttnt (PNNL-1389S, Rev. I, page I 1. paragraph 3). 
• All exposure scenarios arc described in HNF-SD-WM-11-707. 
' Simulation predicted contaminant arri,•cs at the fenceline, but at a concentration (0.001 µg/L} that is much below the minimum detection limit for standard anal)1ical methods. 
• Drorr,ed from the analysis because the simulation rredided conccntralion (0.001 µg/L) is much below the minimum detection limit for standard analytical methods-
• Single Analyte Performance objectives apply to tntirc WMA, not just a single component of lhc WMA. 
r Washington Adrninlstratlw Cod~ (WAC) I 73-J40-70S (2)(c)(ii), .. Dangerous Waste Regulations." 
'WAC 173-340-705 (2)(c)(i). 

Notes: 
No CPF • no cancer potency factor available. 
No RID • no reference dose available 
DNA • did not arrive at ftnccline within the modeling pc:riod 
Gray shaded cells att nondetects and the in\"ffltory used in the risk assessment is calcufated at one-half the minimum detection limit. 


