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1.7 SCOPE OF THE RESEARCH, DEVELOPMENT, AND DEMONSTRATION 
ACTIVITY 

The scope of the 2,000-gallon TBI Demonstration is limited to pretreatment of up to 
2,000-gallons of Tank SY-101 upper layer supernatant, and other related activities discussed in 
the RD&D permit application necessary to terminate the RD&D permit. The ITPS will be 
operated on a short-term basis for a one-time pretreatment event. The above ground equipment, 
container storage areas, and the ITPS will be removed after use and undergo closure in 
accordance with Section 7.0. 
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2.0 FACILITY DESCRIPTION 

2.1 FACILITY SITING 
The 2,000-gallon TBI Demonstration will be located within the SY Tank Farm shown in the 
upper right of in Figure 2-1. The SY Tank Farm is in the 200 West Area of the Hanford Site, and 
consists of three DSTs, each with a volume of approximately 1 million gallons. The tank selected 
for the 2,000-gallon TBI Demonstration is Tank SY-101. The configuration of the 2,000-gallon 
TBI Demonstration components associated with Tank SY-101 are shown in Figure 2-2. The 
surface area within the SY Tank Farm consists of soft sand and soil that will be surveyed for 
contamination prior to setting up the 2,000-gallon TBI Demonstration components. The site is 
sufficiently level to provide for equipment placement with minimum grading or excavation. In 
addition, skid-mounted components will contain integrated leveling systems. 

 

Figure 2-1. Site Location for the 2,000-Gallon Test Bed Initiative Demonstration. 

 

 

0.1 

HS0053 

Hsffo54 

~; M0450 2 

~ r M02172L,C~~24-1-S1-;'52?'°°15~y;:T~a::t"1 

MO295 ! 242S702 241SY271 
Change a 
Trailer ' 

279W 
241SYA 

_ ._ - . •• ··-••• 
MO636 ••• S Tank Farm 

_, 241S271A 
lnstru nt Bldgs. 

241S271B 

7 1 
241-SX-1520 

SX Tank Farm 

··-l ··-d ha g --••• 0 

- Fences .& Gates ■ Tanks Trailer 

24!1S271 
~~rumen! B gl 

[ 

0.06 0.1 M il 



2,000-Gallon Test Bed Initiative Demonstration Research, Development, ORP-67633 
and Demonstration Permit Application Rev. 1 

2-2 

 

Figure 2-2. 2,000-Gallon Test Bed Initiative Demonstration Site Plan. 

2.2 INFRASTRUCTURE 
The 2,000-gallon TBI Demonstration will make use of existing infrastructure to the maximum 
extent possible. Because of installation and operation, some infrastructure elements may be 
modified, augmented, or added. The SY Tank Farm and Tank SY-101 have key infrastructure 
(e.g., active ventilation) already available. 

2.3 2,000-GALLON TEST BED INITIATIVE DEMONSTRATION COMPONENTS 
The general conceptual arrangement of major 2,000-gallon TBI Demonstration components is 
depicted in Figure 2-3. The 2,000-gallon TBI Demonstration components consist of two systems. 
The first system will consist of the ITPS installed in Tank SY-101. The ITPS will include a filter, 
a pump, an IXC filled with CST ion exchange (IX) media, and all supporting structural 
components housed within a single assembly. The ITPS will be installed through a suitable riser 
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(Riser 008). The second system is comprised of the aboveground components, which include a 
delay tote, processing totes, waste transfer hoses, and applicable secondary containment. 

 

Figure 2-3. Conceptual Arrangement of the Major 2,000-Gallon Test Bed Initiative 
Demonstration Components. 

2.4 SUPPORT SYSTEMS 
Support systems are systems required for 2,000-gallon TBI Demonstration operations but are not 
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the system will be provided when it is delivered. Factory acceptance testing and post-
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water, reagent, and electrical service. 
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2.5 OTHER FACILITY PERMITS 
In addition to the 2,000-gallon TBI Demonstration RD&D permit, DOE will apply for and obtain 
a Toxic Substances Control Act Risk-Based Disposal Authorization from EPA prior to 
pretreatment operations.  
The SY Tank Farm is currently operating under a Non-Radioactive Air Emissions Notice of 
Construction Approval Order issued by Ecology (DE11NWP-001, Revision 4) and does not 
require revision. DOE obtained an alternative approval from the Washington State Department 
of Health, AIR 23-912, Alternative Approval for 2,000-Gallon Test Bed Initiative (TBI) 
Demonstration Project, on September 22, 2023, to allow pretreatment operations.  

2.6 SECURITY 
The 2,000-gallon TBI Demonstration (except for Storage Area B as described in Section 3.6) 
will be located within the fenceline boundary of the SY Tank Farm, part of the DST System 
Operating Unit Group. Facility security provisions and signage will comply with applicable 
portions of WAC 173-303-310, “Security.” 

The following sections describe the security measures, equipment, and warning signs used to 
control entry to the Hanford Site in the 200 Area. 

2.6.1 Hanford Site Security 
The Hanford Patrol maintains a continuous presence of security personnel. Hanford Patrol is 
comprised of highly trained security personnel that are present at the site 24 hours a day, 7 days a 
week, including holidays. Hanford Patrol monitors access to and exit from the Hanford Site and 
provides security measures throughout the Hanford Site. 

The Benton County Sheriff’s Office (BCSO) provides law enforcement support for the Hanford 
Site, including enforcement of traffic laws and automobile accident investigations. Activities of 
the BCSO include Columbia River patrol by watercraft, canine units for narcotics detection 
operations, and warrant service. The detectives and deputies of the BCSO also investigate 
property crimes involving theft of government and personal property on the Hanford Site. 

All personnel accessing locations on the Hanford Site must possess and display a DOE-approved 
security badge indicating the appropriate access authorization. All personnel entering or exiting 
the Hanford Site are subject to random security badge inspections by Hanford Patrol to validate 
access authorization. All vehicles and hand-carried items entering or exiting the Hanford Site are 
subject to random inspections and searches by Hanford Patrol to preclude the unauthorized 
introduction of prohibited/controlled articles, or the unauthorized removal of government or 
contractor assets. 

Employees at the Hanford Site are trained and have the responsibility to assist in maintaining 
access control on the site. In general, this includes restricting access to authorized personnel only 
(e.g., challenging personnel without a security badge, making sure entrances are secured after 
entry and exit). Employees receive annual training on individual requirements to maintain 
security on the Hanford Site as part of the general site training. 
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2.6.2 Warning Signs 
The 2,000-gallon TBI Demonstration must comply with the requirements found in WAC 
173-303-310(2)(a) to prevent entry, and minimize the possibility for the unauthorized entry, onto 
active portions of the Hanford Site. Signs posted around the perimeter of the site bear the legend, 
“No Trespassing by Order of the United States Department of Energy.” The “No Trespassing” 
signage is also posted around the 200, 300, and 400 Areas. These signs are posted every 500 feet. 
Large warning signs posted along the Columbia River shoreline near the 100 Area surplus 
reactors are written in English and Spanish. Signs posted at entrances to the SY Tank Farm and 
along the perimeter fence bear the legend, “Danger-Unauthorized Personnel Keep Out,” 
“Danger-Hazardous Materials-Unauthorized Personnel Keep Out,” or “Hazardous Materials-
Unauthorized Personnel Keep Out,” and are legible from a distance of at least 25 feet and visible 
from all angles of approach.  If DOE elects to store process totes in Storage Area B outside of the 
SY Tank Farm (Section 3.6), additional warning signs will be posted around the container 
storage area. 

2.6.3 Surveillance System 
Twenty-four-hour surveillance is conducted at the Hanford Site level to control entry onto the 
Hanford Site and provide protection of government property, classified information, and special 
nuclear materials. This system comprises roving patrols and video surveillance at selected 
locations. 

2.6.4 Artificial or Natural Barriers 
Authorized access to active portions of the Hanford Site is controlled through gates or other 
entrances at all times. Vehicular access to roads leading to the active portions of the Hanford Site 
located in the 200 Areas is controlled through entrance points at the Yakima, Wye, and 
Rattlesnake Barricades, which are posted with signs. These barricades are controlled on a 
continuous or as-needed basis by Hanford Patrol. When barricades are not manned, the gates are 
secured to prevent access. 

The Hanford Site perimeter fence extends approximately 32 miles from the northwest corner of 
the Hanford Site, where the site meets with the Columbia River at the Vernita Bridge, to the 
southeast corner of the site near Stevens Road. The perimeter fence is constructed of steel fence 
posts strung with barbed wire. This fence provides a barrier to vehicle access on the west and 
south portion of the Hanford Site. All other unimproved vehicle access roads along the site 
boundary are controlled by locked vehicle access gates combined with the Hanford Site 
perimeter fence. 

The 200 East and 200 West areas are each surrounded by an area fence. Many of the active 
portions of the Hanford Site are located within the 200 Area fences. The 200 Area fences are 
chain-link fencing that may be topped with barbed wire in certain places. Access through the 
200 Area fences is provided only at a limited number of entrances. 
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2.7 PREPAREDNESS, PREVENTION, EMERGENCY PROCEDURES, AND 
CONTINGENCY PLANS 

The 2,000-gallon TBI Demonstration (except for Storage Area B as described in Section 3.6) 
will be located within the fenceline boundary of the SY Tank Farm, part of the DST System. The 
2,000-gallon TBI Demonstration must comply with provisions in WAC 173-303-340, -350, 
and -360, “Preparedness and prevention,” “Contingency plan and emergency procedures,” and 
“Emergencies.” To satisfy these requirements, 2,000-gallon TBI Demonstration personnel will 
comply with DOE/RL-94-02, Hanford Emergency Management Plan, Rev. 8, and RPP-27869, 
Building Emergency Plan for Tank Farms, as amended. A copy of these two documents is 
maintained in the 2,000-gallon TBI Demonstration Operating Record5 as described in 
Section 6.2. 

2.8 TRAINING 
The 2,000-gallon TBI Demonstration personnel will be trained in compliance with all 
requirements in WAC 173-303-330, “Personnel training.” General training is required for all 
Hanford Site personnel, which consists of both initial and ongoing general facility training to 
prepare for working at Hanford facilities. The introductory and continuing training will provide 
the following: 

• Teach Hanford Site personnel to perform their duties in a way that ensures the Hanford 
Site’s compliance with WAC 173-303 

• Teach Hanford Site personnel dangerous waste management procedures, including 
implementation of the Contingency Plan, relevant to the job titles/positions in which they 
are employed 

• Ensure Hanford Site personnel can respond effectively to emergencies. 

Introductory and continuing training for personnel working at Tank SY-101 on the 2,000-gallon 
TBI Demonstration consists of the following, depending on the job title/position: General 
Hanford Site Orientation, Contingency Plan Training, Emergency Coordinator Training, and 
Operations Training. All 2,000-gallon TBI Demonstration personnel must be fully trained to 
work (WAC 173-303-330(1)(c)) at the Tank SY-101 site. 

The Dangerous Waste Training Plan (DWTP) for the DST System identifies unit-specific 
training necessary to work in the DST tank farms. In addition, the DST System DWTP identifies 
training requirements for specific job titles/positions, and a breakdown of the operations training 
required. A copy of the DST System DWTP is maintained in the 2,000-gallon TBI 
Demonstration Operating Record. Training records are maintained in accordance with the 
requirements of WAC 173-303-330(2)(c) and (3). Any additional instruction required to operate 
the 2,000-gallon TBI Demonstration and respond to events will be documented and included in 
the 2,000-gallon TBI Demonstration Operating Record. 

 
5  The 2,000-gallon TBI Demonstration Operating Record is a subset of the DST System Operating Record. 
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2.9 OCCUPATIONAL SAFETY AND HEALTH 
All structures and equipment utilized in the planned demonstration will incorporate design 
features that comply with applicable subparts of Occupational Safety and Health Administration 
regulations found in 29 CFR 1910, “Occupational Safety and Health Standards.”   
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3.0 PROCESS DESCRIPTION 

The 2,000-gallon TBI Demonstration will be performed in Tank SY-101, located in the SY Tank 
Farm in the 200 West Area of Hanford Site. Up to 2,000 gallons of supernatant from 
Tank SY-101 will be pretreated under the RD&D permit. Tank SY-101 receives waste from the 
222-S Laboratory and has been in static condition allowing solids to have settled in the tank. 
Settling removes a majority of the tank solids from the upper supernatant layer. Pretreating only 
the supernatant ensures that key contaminants not suitable for treatment remain in the tank. 

All aboveground system components that transfer or store waste will be in secondary 
containment to prevent spills or releases to the environment. Following confirmation via 
sampling, the filled process totes will be transported to offsite permitted facilities for further 
treatment and disposal. Final treatment and disposal activities are outside the scope of this 
RD&D permit application. 

Anticipated operation duration is less than one calendar week. The 2,000-gallon TBI 
Demonstration components will remain in place at Tank SY-101 until closure activities begin as 
described in Section 7.0. 

3.1 IN-TANK PRETREATMENT SYSTEM 
The ITPS will filter the supernatant from Tank SY-101 and pump the liquid through the IXC and 
into the aboveground system. The ITPS design shall utilize an IXC containing CST media. 
Filtered supernatant will be routed through the IXC, which will separate cesium-137 and other 
radionuclides from the waste stream. The ITPS design shall utilize a strainer at the pump inlet 
that is submerged in the tank supernatant. A solids filter will be provided ahead of the IXC. The 
purpose of the filter is to prevent IXC media plugging due to entrained particles in the waste 
stream bridging across the IXC media or media screens. 

The ITPS will include design features that allow for draining to Tank SY-101. Design features of 
the ITPS have been included to catch, collect, and route any potential leakage to Tank SY-101. 
The ITPS is designed to be transportable using existing Hanford Site handling equipment, 
including cranes and forklifts as appropriate to support eventual removal. 

3.2 TOTAL AMOUNT OF WASTE PROCESSED 
To accomplish the 2,000-gallon TBI Demonstration objectives, up to 2,000 gallons of 
supernatant will be pretreated from Tank SY-101. Planned processing rates and storage 
requirements are described in detail in Section 3.6. 

3.2.1 Pretreated Waste Disposition 
Once the last process tote is filled, characterization sampling will occur as described in 
Section 4.0 to determine: 

• The characteristics waste code evaluation (D002, D007, etc.) and applicable underlying 
hazardous constituents 
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• How constituents in the pretreated waste compare to LDR treatment standards 

• How the pretreated waste meets the receiving facility’s waste acceptance requirements 

• DOT shipping requirements. 
The pretreated waste will be transported offsite to a permitted treatment facility where it will be 
treated to meet regulatory requirements and disposal site waste acceptance criteria. 
Upon verification of compliance with LDR treatment standards, the treated waste will be 
transported and disposed at a permitted disposal facility out of the state of Washington. The 
offsite treatment and disposal at other RCRA-permitted facilities is outside the scope of this 
RD&D permit application. 

3.2.2 Filter and Ion Exchange Column Design 
A filtration system will be installed to prevent the IXC from plugging, channeling, or losing 
efficiency or effectiveness due to particulate entrainment. The filter shall be capable of removing 
undissolved solids, resulting in a post-filtered waste stream to be less than 10 microns. 

The IXC containing CST media is designed to remove cesium-137 and other radionuclides from 
the waste. The IXC will be preloaded with CST prior to installation in Tank SY-101. The total 
loading on the IXC is limited by the 2,000 gallons of supernatant permitted under this RD&D 
permit application. 

3.3 ABOVEGROUND SYSTEM 

The aboveground system includes: 

• A monitoring system (computer based) 

• Instrument and power wiring 

• Flexible metal and rigid piping for transfer of waste from the tank to the totes, and to 
support water and caustic additions to the system 

• Caustic and water skid-mounted systems for flushing the 2,000-gallon TBI 
Demonstration system  

• Air hoses for drying the IXC and equipment after flushing 

• A delay tote and six process totes for holding the pretreated supernatant 

• Secondary containment. 

Once in the aboveground system, the waste is sent first to the delay tote, then to one of the 
process totes located at grade within secondary containment. Further discussion of the containers 
(process totes) and container storage area is in Section 3.6. The ITPS is designed to be 
transportable using existing Hanford Site handling equipment, including cranes and forklifts as 
appropriate. 

3.3.1 Secondary Containment and Leak Detection 
All aboveground system components that contain liquid tank or pretreated waste outside the 
confines of the waste feed tank (e.g., flexible and rigid metal piping) comply with the secondary 
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containment and leak detection requirements of WAC 173-303-630 and WAC 173-303-640 as 
applicable. The delay tote, managed as a container, is located immediately adjacent to the riser 
containing the ITPS. Any leaks from the primary piping between Tank SY-101 and the delay tote 
will drain directly back to the tank via the piping encasement, as the delay tote is located almost 
directly over the tank riser. The delay tote and process totes container storage and management 
practices are discussed in Section 3.6. 

The Tank SY-101 to delay tote piping encasement terminates in the delay tote top-hat, which 
houses primary piping, valves, and instrumentation essential to the process. The delay tote top-
hat is equipped with an electronic leak detection element that will alarm. If the system alarms, 
the operator will shut down the in-tank pump or delay tote pump if running. Any leaks from the 
primary piping between the delay tote and process tote valve manifold will drain to the 
secondary containment via the piping encasement. All totes and flex metal piping are housed 
within the overall system secondary containment. 

The secondary containment structure surrounding the aboveground system is a portable, 
deployable model designed and manufactured to meet the requirements of WAC 173-303-640. 
The secondary containment is made of a durable, coated geomembrane that resists chemicals, 
abrasion, and tearing. The secondary containment berm features polyvinyl chloride sidewall 
assemblies for support. Similar secondary containment structures have been used previously at 
the tank farms and other Hanford Site operational activities. 

3.3.2 Raw Water 
The 2,000-gallon TBI Demonstration components shall not interface with a raw water system. 
Water will be brought to the site if water is needed. 

3.3.3 Electrical System 
The 2,000-gallon TBI Demonstration electrical system shall be designed in compliance with the 
requirements of the NFPA 70, National Electrical Code. The electrical system will be connected 
to the SY Tank Farm power system or local generator. 

3.3.4 Data Acquisition System 
The 2,000-gallon TBI Demonstration system has an installed system for monitoring and 
acquiring data during operation. 

3.4 FIRE PROTECTION 
The process system design does not introduce additional flammable materials. The ITPS includes 
a passive vent to the Tank SY-101 tank headspace to prevent buildup of hydrogen in the system. 

There are no unique fire protection features for the SY Tank Farm. The tank farms maintain 
some ABC fire extinguishers to handle small, incipient fires. Personnel are trained and expected 
to warn others, evacuate, and notify the fire department. 
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3.5 DESIGN, FABRICATION, AND INSTALLATION VERIFICATION 
Equipment, components, and assemblies that may come into contact with waste or waste 
treatment materials will be compatible with the waste’s physical, chemical, and radioactive 
properties for the planned duration of contact. Metallic surfaces that will routinely contact tank 
waste shall be fabricated from stainless steel. The 2,000-gallon TBI Demonstration components 
will be designed and installed in accordance with WAC 173-303-640(3). 

For design and installation of new tank systems or components WAC 173-303-640(2) and 
WAC 173-303-640(3) require a written integrity assessment be reviewed and certified by an 
independent, qualified, registered professional engineer (IQRPE) in accordance with the 
certification statements in this permit and placed in the 2,000-gallon TBI Demonstration 
Operating Record. The purpose of these integrity assessments is to perform and document an 
independent review of the design, fabrication, assembly, and testing to meet the requirements of 
WAC 173-303-640. The integrity of the 2,000-gallon TBI Demonstration components will be 
assessed by an IQRPE in accordance with WAC 173-303-640(3)(a). 

The integrity assessment must evaluate and determine that the systems are adequately designed 
and have sufficient structural strength and compatibility with the waste(s) it will store or treat to 
ensure that the tank system will not collapse, rupture, or fail. In addition, the assessment must 
determine that the system is not leaking or is unfit for use, as required by 
WAC 173-303-640(2)(a). 

An installation assessment report, reviewed and certified by the IQRPE, must be obtained and 
maintained in the facility record. The 2,000-gallon TBI Demonstration components will be 
verified against documented functions and requirements, and a certificate of conformance 
demonstrating the system was engineered, designed, fabricated, and tested in accordance with 
the requirements of a Nuclear Quality Assurance-1 quality assurance (QA) program. 
The containers (process totes) are fabricated and certified to be DOT-compliant shipping 
containers and do not need any additional certifications. The IQRPE will certify that the 
aboveground piping into the delay tote and process totes is installed correctly. The IQRPE will 
also verify that appropriate QA and quality control (QC) personnel inspected and accepted the 
2,000-gallon TBI Demonstration components upon receipt to the field for use. The IQRPE will 
be present at the work site as appropriate to observe and verify conformance to requirements for 
selected field activities. These activities, at the discretion of the IQRPE or independent qualified 
installation inspector, shall include a review of the elements identified in 
WAC 173-303-640(3)(c). A verification will be performed attesting to proper installation of the 
2,000-gallon TBI Demonstration components. 

The integrity assessment and installation assessment may be combined into a single report to 
support the required certifications for this work and will be placed in the 2,000-gallon TBI 
Demonstration Operating Record. All reports must document measures taken to correct 
deficiencies or other defects if they are discovered in the 2,000-gallon TBI Demonstration final 
report (Section 6.3). 

Table 3-1 contains a list of engineering drawings that are submitted as part of supplemental 
information to this permit application. The IQRPE will review and verify that fabrication, 
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installation, and testing are in accordance with the design basis for the 2,000-gallon TBI 
Demonstration. 

Table 3-1. 2,000-Gallon Test Bed Initiative Demonstration Engineering Drawings.  

Number Title 
H-14-112131 TBI SY-101 Site Plan 
H-14-112132 TBI SY-101 P&ID 
H-14-112133 TBI SY-101 Process Flow Diagram 
CEES‐16‐604‐M‐005 &  
2309-WRP-209-B 

DOE TBI SY-101 Riser Adapter Assembly & Riser Adapter Assembly Supplement 

CEES‐16‐604‐M‐006 & 
2309-WRP-209-C 

DOE TBI SY-101 Pump Column Assembly & Pump Column Assembly Supplement 

2309-WRP-209-MOD-H Hose Assemblies 
CEES-16-604-M-008 DOE TBI SY-101 Pipe Stands 
2309-WRP-209-DVM Distribution Valve Manifold 
CEES‐16‐604‐M‐023 &  
2309-WRP-209-MOD-T 

DOE TBI SY-101 Delay Tote Assembly & Delay Tote Assembly Supplement 

2309-WRP-209-BFS Backflush Skid Assembly 
H-14-112141 TBI SY-101 IX Column Vessel 
CEES‐16‐604‐M‐028 DOE TBI SY-101 Filter Assembly 
CEES‐16‐604‐M‐039 DOE TBI SY-101 Process Tote Assembly 
H-14-112134 TBI SY-101 42 Inch Riser Adapter Assembly & Shield Plug 
CEES‐16‐604‐M‐065 &  
2309-WRP-209-PIP 

DOE TBI SY-101 Pipe in Pipe & Pipe in Pipe Supplement 

IX = ion exchange. 
P&ID = process and instrumentation diagram. 
PFD = process flow diagram. 
 
3.6 CONTAINER STORAGE AREA AND CONTAINER MANAGEMENT 
Three container storage areas will be established for the 2,000-gallon TBI Demonstration. One 
storage area will be used for the delay tote and two storage areas will be used for the six process 
totes (Storage Area A and Storage Area B). The delay tote and the process totes are the same 
container, the 375-gallon capacity LQ-375 liquid storage container from the Container Products 
Corporation. The delay tote storage area and process tote Storage Area A are subject to the 
closure requirements in Section 7.0. Process tote Storage Area B will be subject to closure if 
process tote storage occurs. 

Process tote Storage Area A and Storage Area B are shown on Figure 2-2. Storage Area A is 
located near Tank SY-101 and will be used for filling and sampling the process totes, and 
subsequent storage. Storage Area B is located northwest of the SY Tank Farm and may be used 
for storage prior to shipping offsite. Sampling will only occur in Storage Area B if circumstances 
arise where additional samples are needed after the process totes have been transferred from 
Storage Area A.   
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The process totes will receive transfers from the delay tote, which is installed adjacent to where 
the ITPS is placed. The delay tote will provide temporary holding while pretreatment operations 
are occurring. Pretreated liquid waste will be pumped first into the delay tote, confirmatory 
surveys performed, and then finally pumped to the selected process tote as described in 
Section 3.7. The approximate volume of liquid to be processed and stored in the totes is 
2,000 gallons from Tank SY-101. The total volume capacity of the six process totes is 
2,250 gallons, excluding the delay tote. 

Forklifts or cranes will be used to place the delay tote and process totes into the Tank SY-101 
farm prior to use. If required, forklifts or cranes will be used to move the process totes to Storage 
Area B. Because process totes will be shipped offsite, the process totes shall meet all appropriate 
DOT requirements for the transport of the pretreated waste to an offsite permitted treatment 
facility, provided in 49 CFR, Subchapter C, “Hazardous Materials Regulations.” The process 
totes will be DOT 7A Type A containers (49 CFR 178.350). The DOT 7A Type A requires a 
robust, double-walled container design and construction. The 2,000-gallon TBI Demonstration 
totes will be certified by the vendor that they meet the DOT requirements; the Type A package 
documentation must be maintained in the 2,000-gallon TBI Demonstration Operating Record 
with the shipment documentation. 

As described in Section 3.3.1, appropriate spill prevention and secondary containment will be 
provided where liquid waste may be present outside of Tank SY-101 in accordance with 
WAC 173-303-630(7). The delay tote and process totes will be set within a secondary 
containment catch pan while storing waste. If DOE elects to store process totes in 
Storage Area B outside of the SY Tank Farm, Storage Area B will be provided with a secondary 
containment catch pan. Accumulated precipitation in secondary containment catch pans used for 
delay tote or process tote storage will be removed in accordance with 
WAC 173-303-630(7)(a)(ii). The delay tote, process totes, and container storage areas will be 
inspected in accordance with the Section 5.2. 

The process totes will not be stacked in the container storage areas. Only pretreated waste from 
one tank, Tank SY-101, is included in 2,000-gallon TBI Demonstration, and will be the only 
waste allowed to be stored in the process totes. There are no expected issues with incompatible 
wastes, as all containers will contain liquid with the same waste characteristics. Therefore, no 
segregation of containers is required due to compatibility issues. The process tote 2 x 3 
configuration is considered to be 1 row of containers 3 containers long based on 
WAC 173-303-630(5)(c). Twelve inches is provided through the center of the configuration to 
facilitate inspection. In this configuration, 30-inch aisle space is not required. The 2 by 3 array is 
shown in Figure 2-2 and Figure 2-3. 

Process totes will be appropriately labeled as required by WAC 173-303-395(6) while in the 
container storage area. When shipping to the offsite permitted treatment facility, all process totes 
will be packaged and labeled for transport in accordance with WAC 173-303-190, “Preparing 
dangerous waste for transport,” and applicable DOT regulations under 49 CFR.   

Wastes from closure activities will be managed pursuant to the generator requirements in 
WAC 173-303-170, “Requirements for generators of dangerous waste,” and will not be stored in 
the container storage area. 
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4.0 WASTE ANALYSIS PLAN 

The waste analysis plan (WAP) provides the basis for measuring the adequacy of the waste 
pretreatment system and assists in optimizing the pretreatment operation based on the analysis of 
the pretreated waste. It also provides information on secondary waste streams to determine the 
required type and level of treatment, and/or appropriate disposal path. This WAP addresses the 
sampling and analyses necessary to manage waste at the 2,000-gallon TBI Demonstration 
according to requirements in WAC 173-303. 

The purpose of the WAP is to ensure that all waste generated from 2,000-gallon TBI 
Demonstration is managed in accordance with WAC 173-303-300, “General waste analysis.” 
In addition, the WAP and separate sampling and analysis plan (SAP) will document an 
approach to: 

• Characterize the pretreated waste and evaluate the performance of the ITPS against the 
project objectives listed in Section 1.5 

• Provide data for waste management during the 2,000-gallon TBI Demonstration. 

The SAP will be placed into the 2,000-gallon TBI Demonstration Operating Record. 

4.1 WASTE FEED CHARACTERISTICS 
2,000-gallon TBI Demonstration will pretreat supernatant from Tank SY-101 and transfer 
the liquid to process totes, which will be sampled and, if requirements are met, subsequently 
transferred offsite for treatment and disposal. Tank SY-101 has settled and contains three layers. 
The top two layers are aqueous supernatant layers separated based on density documented in the 
best basis inventory (1.13 grams/milliliter and 1.18 grams/milliliter). The bottom layer is 
comprised of saltcake (liquids and solids with a density of 1.66 grams/milliliter). The waste feed 
for the 2,000-gallon TBI Demonstration ITPS is the upper aqueous supernatant layer. 

The waste entering the 2,000-gallon TBI Demonstration components is classified as a mixed 
waste. This WAP contains information regarding the dangerous waste portion of mixed waste. 

4.1.1 Ignitable, Reactive, and/or Incompatible Materials 
Based on the current DST WAP and available knowledge, Tank SY-101 supernatant does not 
exhibit the characteristics of D001 (Ignitability) and D003 (Reactivity). Four properties of a 
waste found in WAC 173-303-090(5)(a) are used to determine whether a waste exhibits the 
characteristic of ignitability, and the Tank SY-101 supernatant does not meet those four 
properties. WAC 173-303-090(7)(a) lists eight properties of a waste that would cause it to 
display the properties of reactive waste, and the Tank SY-101 supernatant does not meet those 
eight properties. 

Sampling was performed on the Tank SY-101 upper layer to establish a preliminary 
characteristic waste code evaluation and this information is contained in the 2,000-gallon TBI 
Demonstration Operating Record. Based on the design, materials, and analytical sampling results 
of Tank SY-101, there are no expected incompatible material issues to be addressed during the 
2,000-gallon TBI Demonstration. A material compatibility assessment was performed (IQRPE 
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Design Assessment Report No DA-315990-01, as supplemented or amended) to evaluate waste 
contacting the 2,000-gallon TBI Demonstration components to determine their compatibility 
with liquid waste. The assessment reached the following conclusions: 

• There are no prohibited material issues for the system. 
• There are no thermal compatibility issues for the system. 
• There are no chemical compatibility issues for the system. 
• There are no radiation compatibility issues for the system. 

4.1.2 Dangerous Waste Codes for the Uniform Hazardous Waste Manifest 
When shipping a mixed waste offsite, WAC 173-303-180, Manifest requires compliance with the 
Uniform Hazardous Waste Manifest (UHWM) requirements. The EPA maintains a website on 
how to prepare the UHWM.6  For box 13 of the UHWM, the instructions state:  

Enter up to six federal and state waste codes to describe each waste stream identified in 
Item 9b. State waste codes that are not redundant with federal codes must be entered 
here, in addition to the federal waste codes which are most representative of the 
properties of the waste. 

Waste codes F001-F005 will be entered into box 13 of the UHWM to alert responders to the 
chemical hazards in case of emergency. For the remaining waste code entry, a preliminary 
evaluation of the upper Tank SY-101 supernatant layer was conducted based on the November 
2018 sampling results (RPP-RPT-61303, Final Analytical Report for 241-SY-101 TBI Grab 
Sampling 2018, Rev. 5) to identify the waste codes exhibiting the characteristics shown in Table 
4-1. Analytical data for the organic constituents under F001-F005, D030, and D033 were 
reported at the method detection limit for the Tank SY-101 supernatant. Due to the corrosion 
hazard of a high pH solution, waste code D002 will be entered as the remaining waste code 
reported on the UHWM. See Section 4.1.3 for information on each of the waste codes identified 
in the Double-Shell Tank System Dangerous Waste Permit Application. The evaluation will be 
updated as new information becomes available. 

Table 4-1. Preliminary Waste Codes Associated with Tank SY-101 Supernatant Layer Prior to 
Pretreatment. 

Characteristic Waste Numbers Listed Waste Numbers 

D002 D007 D010 F001 F002 F003 

D030a D033a  F004b F005  
a The concentration of these constituents is below detection limit however the detection limit exceeds the characteristic 

waste code evaluation levels in WAC 173-303-090(8). 
b The concentration of o-cresol (2-methylphenol) and Cresols mixed isomers and cresylic acid (total methylphenols) are 

below detection limit however the detection limit exceeds the most restrictive treatment standards in 40 CFR 268.40. 

 

 
6 https://www.epa.gov/hwgenerators/uniform-hazardous-waste-manifest-instructions-sample-form-and-continuation-
sheet 
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4.1.3 Waste Feed Chemical Properties 
The 2,000-gallon TBI Demonstration components are designed to receive and pretreat waste 
from the upper layer of Tank SY-101. The chemical composition of the upper layer is listed in 
Table 4-2 based on the November 2018 sampling results (RPP-RPT-61303, Final Analytical 
Report for 241-SY-101 TBI Grab Sampling 2018, Rev. 5). Current sample results will supersede 
the November 2018 sampling results. 

Table 4-2. Dangerous Waste Chemical Properties for Tank SY-101 Supernatant. (4 Pages) 
Waste 
Code Analyte CAS# Concentration 

(mg/L) 
Listed Waste 

F001a 1,1,1-Trichloroethane 71-55-6 < 3.21E-03 
F002a Methylene chloride 75-09-2 < 3.93E-03 
F003a Acetone 67-64-1  < 0.124 
F003a Methyl isobutyl ketone (4-methyl-2-pentanone) 108-10-1 < 5.38E-03 
F004a o-Cresol (2-methylphenol) 95-48-7 < 0.63b 
F004a m-cresol (3-methylphenol) 108-39-4 < 0.56 
F004a p-cresol (4-methylphenol) 106-44-5 < 0.56 
F004a Cresols mixed isomers and cresylic acid (Total 

methylphenols) 1319-77-3 < 1.19b 

F005a Methyl ethyl ketone (2-butanone) 78-93-3 < 7.42E-03 
Physical Property 

D001a Ignitability (No subcategory) N/A N/A 
D002a pH (no units) N/A 13 
D003a Reactivity (Reactive cyanides subcategory):  Cyanide 57-12-5 2.96b 

Characteristic Metals 
D004a Arsenic (As) 7440-38-2 0.648 
D005a Barium (Ba) 7440-39-3 < 0.5 
D006a Cadmium (Cd) 7440-43-9 < 0.5 
D007a Chromium (Cr) 7440-47-3 95.8b 
D008a Lead (Pb)c 7439-92-1 1.54b 
D009a Mercury (Hg) 7439-97-6 < 8.8E-04 
D010a Selenium (Se) 7782-49-2 1.04b 
D011a Silver (Ag) 7440-22-4 0.0152 

Characteristic Organics 
D018a Benzene 71-43-2 < 4.42E-03 
D019a Carbon tetrachloride 56-23-5 < 3.14E-03 
D020 Chlordane 57-74-9 NTF 
D021 Chlorobenzene 108-90-7 < 3.23E-03 
D022a Chloroform 67-66-3 < 3.76E-03 
D023d o-Cresol 95-48-7 See F004 
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Table 4-2. Dangerous Waste Chemical Properties for Tank SY-101 Supernatant. (4 Pages) 
Waste 
Code Analyte CAS# Concentration 

(mg/L) 
D024d m-Cresol 108-39-4 See F004 
D025d p-Cresol 106-44-5 See F004 
D026d Cresol 1319-77-3 See F004 
D027 1,4-Dichlorobenzenec  106-46-7 < 0.68b 
D028a 1,2-Dichloroethane 107-06-2 < 4.27E-03 
D029a 1,1-Dichloroethylene 75-35-4 < 2.68E-03 
D030a 2,4-Dinitrotoluene 121-14-2 < 0.365b 
D031 Heptachlor (and its epoxide) 76-44-8 NTF 
D032 Hexachlorobenzenee 118-74-1 < 0.54 
D033a Hexachlorobutadiene 87-68-3 < 0.75b 
D034a Hexachloroethanec 67-72-1 < 0.7b 
D035a,d Methyl ethyl ketone 78-93-3 See F005 
D036a Nitrobenzenec 98-95-3 < 0.61b 
D037 Pentachlorophenolc 87-86-5 < 0.285b 

D038a Pyridinec 110-86-1 < 0.73b 
D039a Tetrachloroethylene 127-18-4 < 3.45E-03 
D040a Trichloroethylene 79-01-6 < 3.37E-03 
D041a 2,4,5-Trichlorophenolc 95-95-4 < 0.685b 
D042 2,4,6-Trichlorophenolc 88-06-2 < 0.665b 

D043a Vinyl chloride 75-01-4 < 7.72E-03 
WT01 a Washington State Toxicity EHW: No Constituent N/A N/A 
WT02 a Washington State Toxicity DW: No Constituent N/A N/A 
WP01 a Washington State Persistence EHW: No Constituent N/A N/A 
WP02 a Washington State Persistence DW: No Constituent N/A N/A 

Underlying Hazardous Constituents - Inorganic 
N/A None   

Underlying Hazardous Constituents - Organic 
N/A 4-Nitroaniline 100-01-6 < 0.635b 

N/A 4-Nitrophenol 100-02-7 < 0.365b 

N/A 4-Bromophenylphenyl ether 101-55-3 < 0.415b 

N/A 2,4-Dimethylphenol 105-67-9 < 0.345b 

N/A 1,4-Dichlorobenzene 106-46-7 < 0.68b 

N/A 4-Chloroaniline 106-47-8 < 0.69b 

N/A Cyclohexanone 108-94-1 < 0.65b 

N/A Phenol 108-95-2 < 0.605b 

N/A Bis(2-chloroethyl) ether 111-44-4 < 0.65b 
N/A Bis(2-Chloroethoxy) methane 111-91-1 < 0.67b 
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Table 4-2. Dangerous Waste Chemical Properties for Tank SY-101 Supernatant. (4 Pages) 
Waste 
Code Analyte CAS# Concentration 

(mg/L) 
N/A Bis(2-ethylhexyl) phthalate 117-81-7 0.681b 
N/A Di-n-octyl phthalate 117-84-0 < 0.235b 
N/A Anthracene 120-12-7 < 0.31b 
N/A 1,2,4-Trichlorobenzene 120-82-1 < 0.69b 
N/A 2,4-Dichlorophenol 120-83-2 < 0.66b 
N/A Dimethyl phthalate 131-11-3 < 0.425b 
N/A Benzo(ghi)perylene 191-24-2 < 0.265b 
N/A Indeno(1,2,3-cd) pyrene 193-39-5 < 0.13b 
N/A Benzo(b)fluoranthene 205-99-2 < 0.31b 
N/A Benzo(k)fluoranthene 207-08-9 < 0.3b 
N/A Acenaphthylene 208-96-8 < 0.75b 
N/A Chrysene 218-01-9 < 0.325b 
N/A Benzo(a)pyrene 50-32-8 < 0.27b 
N/A 2,4-Dinitrophenol 51-28-5 < 0.65b 
N/A 4,6-Dinitro-o-cresol 534-52-1 < 0.15b 
N/A Dibenz[a,h]anthracene 53-70-3 < 0.225b 
N/A Benzo(a)anthracene 56-55-3 < 0.28b 
N/A 4-Chloro-3-methylphenol 59-50-7 < 0.635b 
N/A N-Nitrosomorpholine 59-89-2 < 0.545b 
N/A N-Nitroso-di-n-propylamine 621-64-7 < 0.68b 
N/A N-Nitrosodimethylamine 62-75-9 < 0.62b 
N/A 1-Butanol 71-36-3 < 2.78b 
N/A Hexachlorocyclopentadiene 77-47-4 < 0.13b 
N/A Acenaphthene 83-32-9 < 0.225b 
N/A Diethylphthalate 84-66-2 < 0.36b 
N/A Di-n-butylphthalate 84-74-2 < 0.19b 
N/A Phenanthrene 85-01-8 < 0.295b 
N/A Butylbenzylphthalate 85-68-7 0.59b 
N/A 2-Nitroaniline 88-74-4 < 0.5b 
N/A 2-Nitrophenol 88-75-5 < 0.63b 
N/A Naphthalene 91-20-3 < 0.615b 
N/A 1,2-Dichlorobenzene 95-50-1 < 0.675b 
N/A 2-Chlorophenol 95-57-8 < 0.59b 
a Waste code is identified on the Double-Shell Tank System Dangerous Waste Permit Application, Part A Form, Rev. 4, 

December 14, 2009.  Waste code F039 is not included in the table because F039 waste has not been accepted into the 
Double-Shell Tank System. 

b Concentration exceeds regulatory threshold, whether a characteristic waste code threshold in WAC 173-303-090 or the 
most restrictive land disposal restrictions treatment standard in 40 CFR 268.40 or 40 CFR 268.48. 1-Butanol (CAS# 71-
36-3) is the only constituent exceeding a nonwastewater standard before being adjusted using the supernatant density 
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Table 4-2. Dangerous Waste Chemical Properties for Tank SY-101 Supernatant. (4 Pages) 
Waste 
Code Analyte CAS# Concentration 

(mg/L) 
(1.13 grams/milliliter).  After being adjusted using the supernatant density, the 1-Butanol concentration (<2.46 mg/kg) 
meets the nonwastewater treatment standard (2.6 mg/kg). 

c Reported as underlying hazardous constituents because concentration is below characteristic waste code threshold for 
“D” code. 

d Constituent is tracked under listed waste “F” code and not the characteristic “D” code based on 40 CFR 268.9(b). 
e Requires process knowledge to not assign the waste code or identify as UHC. The 222-S Laboratory uses 

hexachlorobenzene as a standard in four laboratory procedures. These procedures result in waste being labpacked out of 
the laboratory and therefore not introduced into the 219-S Waste Handling Facility (laboratory tank system) that transfers 
liquid waste to the DST Tank SY-101. Process knowledge shows that hexachlorobenzene cannot exist above the 
characteristic waste threshold of 0.13 mg/L and is not a D032 characteristic nor an underlying hazardous constituent to be 
reported on the land disposal restrictions notification form. 

CAS# = chemical abstract service number. 
mg/L  = milligrams per liter 
N/A  = not applicable. 
DW  = Dangerous Waste. 
EHW  = Extremely Hazardous Waste. 
NTF  = Not tested for. No knowledge to indicate possible presence of constituent because it is a pesticide, herbicide, 

or insecticide. This also applies to waste codes D012 through D017 not listed in the table. 
 

4.2 PRETREATED WASTE SAMPLING 
Each of the process totes will be sampled7 to provide data to evaluate the performance of the 
ITPS against the project objectives established in Section 1.5, and to collect the data to support 
the characteristic waste code evaluation of the pretreated waste. Through development of the 
SAP, the pretreated waste will be sampled and analyzed to gather data to support waste 
management and assess performance of the 2,000-gallon TBI Demonstration against stated 
objectives. 

4.2.1 Sampling Methods and Frequency 
A data quality objectives (DQO) process and the resultant SAP have been completed prior to 
project operations to support evaluation of the 2,000-gallon TBI Demonstration against the 
project objectives.8 The following documents are included in the application: 

• Data Quality Objectives for Grab Sampling and Analysis of Pre-Treated Tank 
241-SY-101 Liquid Waste in Process Totes, RPP-RPT-61636, Revision 3 

• Sampling and Analysis Plan for Pretreated Tank 241-SY-101 Liquid Waste in Process 
Totes, RPP-PLAN-65394, Revision 1 

Samples will be collected consistent with WAC 173-303-110, “Sampling, testing methods, and 
analyses.” The DQO process determined the data required to evaluate the 2,000-gallon TBI 

 
7  In the event sampling each process tote does not meet the offsite treatment facility waste profile needs, a 

composite sampling approach will be developed. Data quality objectives to support the laboratory preparatory 
method work in Section 4.2.2 may drive additional sampling considerations. 

8 Work instructions separate from the DQO will be prepared for the 222-S Laboratory to support the work in 
Section 4.2.2. 
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Demonstration pretreated waste performance against the project objectives. Sampling 
requirements (e.g., number of samples and locations) are determined and documented in the 
SAP. Samples collected for the 2,000-gallon TBI Demonstration will be sent for analysis to the 
222-S Laboratory. The SAP identifies information on transportation of the samples to the onsite 
laboratory and tracking of the samples. 

Sections of the SAP for 2,000-gallon TBI Demonstration include the following: 

• Sampling Objectives. Sampling under the SAP will be conducted to evaluate project 
objectives in Section 1.5. 

• Analytical Parameters. Analytical parameters, methods, and specific analytical and 
sampling procedures are based on knowledge of the operations and wastes processed 
(i.e., process knowledge) in 2,000-gallon TBI Demonstration. The analyses follow the 
methods described in EPA’s SW-846, Test Methods for Evaluating Solid Waste, 
Physical/Chemical Methods, as amended in accordance with WAC 173-303-110(3)(a) 
and/or other approved methods. 

• Sampling Methods. Sampling will be performed in a manner consistent with 
WAC 173-303-110 using the peristaltic pump.  The peristaltic pump was chosen 
primarily because it has a proven record of success with containerized waste and 
maintains sampler dose as low as reasonably achievable because the operator will not 
directly contact the waste. 

• Sampling Equipment and Containers. The selection of sampling equipment and 
containers is in accordance with procedures outlined in WAC 173-303-110(3)(a). 

• Chain-of-Custody Record. The chain-of-custody record ensures the integrity of the 
samples, from collection through analysis to final disposition. 

4.2.2 Demonstration of Laboratory Preparatory Method for Organics 
This section implements project objective 5 in Section 1.5. Project objective 5 demonstrates 
improvements to laboratory method detection limits for LDR organic constituents through use of 
a new sample preparatory method. This RD&D permit application is using a new laboratory 
preparatory method on Hanford tank waste developed at the 222-S Laboratory for the first time. 
DOE’s goal is to obtain Ecology’s acceptance to use this method for future Hanford tank waste 
characterization activities. 

Organic analysis of Hanford tank waste supernatant is difficult due to its matrix and radioactivity. 
This has led to elevated detection limits with the limits for some constituents above the most 
restrictive LDR treatment standards. A new laboratory preparation method (extraction method) is 
needed to lower the detection limit of these compounds. One such method, Stir Bar Sorptive 
Extraction, uses a stir bar coated with a non-polar material that effectively adsorbs organic 
compounds from a liquid or from the headspace above a liquid. The stir bar is removed, rinsed, 
placed in a thermal desorption unit, and analyzed by gas chromatography/mass spectrometry. 

During the simulant work phase of development at the 222-S Laboratory during fiscal year 2022, 
this method showed promise to reduce detection limits for Hanford tank waste. The simulant was 
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developed based on the properties of Tank SY-101. The following testing equipment is used for 
the Stir Bar Sorptive Extraction methods: 

• GERSTEL Twister®9 stir bar extractor, 10 mm length × 0.5- or 1.0-mm coating, 
coating materials can vary (e.g., Polydimethylsiloxane, 
Polydimethylsiloxane/Ethylene glycol) 

• Vials with screw or crimp cap with septum 

• Agilent®10 6890GC/Agilent 5973 

• GERSTEL Thermal Desorption System 311 

• GERSTEL Twister Desorption tubes 

• Magnetic stir plate. 

The 2,000-gallon TBI Demonstration will use the Stir Bar Sorptive Extraction in addition to the 
standard method used by the 222-S Laboratory to demonstrate this method. As necessary, 
additional details will be included in the SAP to demonstrate the method. 

4.2.3 Chromium Inorganic Retention Factor in Stabilized/Solidified Waste 
This section implements project objective 6 in Section 1.5. Project objective 6 addresses the 
chromium retention factor in grout. With respect to inorganic constituents in Tank SY-101 
supernatant, chromium has been detected at 95.8 mg/L. Available data on chromium in relation 
to DOE’s Cast Stone formulation12 indicate that the retention factor for chromium is between 
3.3×10-5 and 1.3×10-4 (mgCr/Lleachate)/(mgCr/kgsolid), which corresponds to an EPA SW-846 
Method 1311 Toxicity Characteristic Leaching Procedure concentration of between 9.9×10-4 and 
3.9×10-3 (mgCr/Lleachate). In contrast, the nonwastewater treatment standard for chromium is 0.6 
(mgCr/Lleachate). Thus, the Toxicity Characteristic Leaching Procedure leachate concentration for 
the grouted waste form is expected to be two or three orders of magnitude less than the 
nonwastewater numerical standard. The stabilization/solidification at an offsite commercial 
treatment facility will satisfy LDR requirements for chromium. The process totes sample results 
will be used with the sampling performed on the stabilized/solidified waste at the offsite 
commercial treatment facility to further develop the retention factor for chromium.  
 

 
 
9  GERSTEL Twister® is a registered trademark of Gerstel, Inc., Linthicum, Maryland. 
10  Agilent is a registered trademark of Agilent Technologies, Inc., Santa Clara, California. 
11  GERSTEL Thermal Desorption Unit TDS 3 is a product of Gerstel, Inc., Linthicum, Maryland. 
12  Cast Stone consists of dry ingredients composed of 8 percent-by-weight (wt%) Portland cement, 47 wt% blast 

furnace slag, and 45 wt% fly ash, and would be mixed with pretreated tank supernate at a water-to-dry mix weight 
ratio of between 0.4 and 0.6. This grout recipe could be used as a starting point by the selected offsite commercial 
treatment facility but would in no way limit the facility’s use of its own specific grout formulation for the 2,000-
gallon TBI Demonstration.  

 



2,000-Gallon Test Bed Initiative Demonstration Research, Development, ORP-67633 
and Demonstration Permit Application Rev. 1 

4-9 

4.2.4 In-Tank Pretreatment System Performance 
This section implements project objective 1 in Section 1.5. Project objective 1 addresses 
performance assessment of the ITPS using filtration and an IXC to remove solids and 
cesium-137 and other radionuclides. The performance assessment will focus on the radionuclides 
associated with the final WIR evaluation (see footnote 4) that includes “soluble strontium and 
actinides.” The subset of 15 actinide elements to be used in the performance assessment will be 
determined from the list of radionuclides identified in the DQO. The process tote sample results 
will be used with the existing Tank SY-101 data to complete the performance assessment. 

4.3 SECONDARY WASTE STREAM SAMPLING 
Secondary solid waste will be generated during operation of the 2,000-gallon TBI 
Demonstration. Waste streams may include, but are not limited to, waste material residues, 
protective equipment, and discarded sample equipment. No sampling will be required to dispose 
of the secondary solid waste. 

4.4 SAMPLING THE SY TANK FARM EXHAUSTER 
The SY Tank Farm exhauster will be monitored and sampled as required by existing air permits 
for Tank SY-101, for both radiological and toxics constituents, as applicable. No revisions to 
current sampling will be required to support the 2,000-gallon TBI Demonstration. 

4.5 QUALITY ASSURANCE AND QUALITY CONTROL 

4.5.1 General 
This section is prepared to support sampling and analysis to be implemented for the 2,000-gallon 
TBI Demonstration. The purpose of the QA/QC program is to ensure that an activity or project 
meets required standards contained in the WAP and SAP. QA is associated with recordkeeping, 
tracking, audits, and assessments, and involves determining the desired level of quality and 
setting limits in advance. QC is associated with the controls implemented while an activity is 
being performed. QC can be measured quantitatively, with the collection and analysis of 
duplicate sampling. 

The 222-S Laboratory performing analyses in support of this RD&D permit application shall 
conduct work in accordance with a laboratory QA plan. The QA plan is reviewed by DOE and its 
contractor for acceptability. Laboratory QC monitors the quality of the analytical methods. 
Specifically, QC results are compared to established evaluation criteria to determine if the 
analytical system performs properly when the analysis is conducted. Evaluation criteria, typically 
included in the laboratory QA plan, could be administrative limits specified in the standard 
methods upon which the laboratory procedure is based, or performance-based limits established 
through statistical process control (SPC). SPC limits are statistically determined by multiple 
analyses over time. In accordance with EPA’s preference for the use of performance-based 
criteria, SPC limits shall be used whenever available. All data not meeting the QC acceptance 
criteria shall be flagged with appropriate qualifiers and discussed in the narrative of the data 
report. 

Field and Laboratory QA/QC requirements for the 2,000-gallon TBI Demonstration sampling 
will be documented in the SAP. 
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4.5.2 Chain-of-Custody Requirements 
Chain-of-custody forms are used to document the possession of samples from the time they are 
collected through completion of laboratory analysis. An example chain-of-custody form will be 
included in the SAP. The following information will be recorded for samples of waste and 
treatment residuals: 

• The type of waste collected 
• Names and signatures of sampling personnel 
• Sample number, date and time of collection, and designation (e.g., grab sample) 
• If applicable, the shipping number for samples shipped to the laboratory. 

4.5.3 Trip Blanks and Equipment Blanks 
The trip blank will be a water sample carried during the sample collection activities to ensure 
that contamination is not occurring during the different steps of sample collection and 
transportation to the laboratory. The equipment blank is a sample of analyte-free water used to 
rinse the sampling equipment. It is used to document the adequate decontamination of sampling 
equipment. Decontamination will be performed if disposable sampling equipment cannot be 
used. Analysis for the trip blank and equipment blank will be the same analytical test performed 
for the specified procedures. 

4.5.4 Duplicate Sampling Requirements 
The duplicate sample is a second aliquot of the collected sample and is used to determine method 
precision. The relative percent difference of the two samples is calculated by first obtaining the 
difference of the two samples, dividing the difference by the average of the two samples, and 
multiplying by 100. 

4.5.5 Matrix Spike and Matrix Spike Duplicate Samples 
The matrix spike and matrix spike duplicate (MS/MSD) samples are QC samples spiked with 
known quantities of analytes. MS/MSD samples ensure that the analysis is testing for the specific 
analytes. Precision of a given sample can be calculated by the relative percent difference 
between the analytical results for the MS/MSD samples. 

4.5.6 Verification of Analytical Data 
The data verification processes will ensure that the data resulting from the selected analytical 
method are consistent with requirements specified in the DQO/SAP. The contractor waste 
services personnel will analyze the data to support final characteristic waste code evaluation of 
the pretreated waste in accordance with WAC 173-303-300. The data will be used to evaluate 
performance against the objectives listed in Section 1.5. These evaluations will be documented in 
the 2,000-gallon TBI Demonstration final report described in Section 6.3. 

The primary data reporting will be by electronic data systems. Data verification will be 
performed on laboratory data packages that support environmental compliance to ensure that 
their content is complete and in order. A review of the data package will be performed to ensure: 

• The data package contains the required technical information 
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• Deficiencies are identified and documented 

• Identified deficiencies are corrected by the laboratory and the appropriate revisions are 
made 

• Deficient pages are replaced with the laboratory corrections. 
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5.0 INSPECTION PLAN 

5.1 REQUIREMENTS 
The purpose for conducting inspections of the 2,000-gallon TBI Demonstration aboveground 
system is to ensure that situations do not exist that might cause or lead to the release of mixed 
waste to the environment or that might pose a threat to human health and the environment. 
This inspection plan is designed to provide early warning of the potential for such events in order 
to make timely corrections and/or take preventative actions. Discrepancies or noncompliant 
conditions identified by inspections must be corrected on a schedule that helps prevent hazards to 
personnel, the public, and/or the environment. The inspections conducted during the operation 
and closure of the 2,000-gallon TBI Demonstration will meet applicable regulatory requirements 
including WAC 173-303-320 “General inspection,” WAC 173-303-630(6), and 
WAC 173-303-640(6). The 2,000-gallon TBI Demonstration inspection requirements are in 
addition to the inspection requirements for the SY Tank Farm. 

A copy of the inspection schedule will be kept at the WRPS Shift Office and in the 2,000-gallon 
TBI Demonstration Operating Record. Inspections within the schedule are performed by 
qualified personnel according to a frequency that has been developed through both regulatory 
requirements and operating experience. Inspection requirements will continue until certification 
of completion of closure. During an inspection, inspectors evaluate each inspection item against 
its associated acceptance criteria, defined in the schedule. The results of the inspections are 
documented in inspection logs that are dated and signed (handwritten or electronic signature) by 
the inspector. 

Management-level staff responsible for implementation of the inspection plan are the Shift 
Operations Manager (i.e., Shift Operations Manager, Shift Manager, or Operations Manager) as 
described in the DST DWTP. Management-level staff review and concur with inspection 
records. All inspectors are trained in accordance with the DST DWTP, and a copy of the training 
record has been placed in the 2,000-gallon TBI Demonstration Operating Record. 

5.2 INSPECTION SCHEDULE 
5.2.1 General 
The frequency of inspection is how often (at a minimum) an inspection must be performed. 
The frequency of inspections is based on the rate of possible deterioration of equipment and the 
probability of a threat to human health or the environment. 

Unless otherwise noted, inspection frequencies are defined by the following periodicities: 

• Daily means once per calendar day 
• Weekly means once during the period from Sunday to Saturday 
• Monthly means once per calendar month. 
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5.2.2 Daily Inspections 
Daily inspections will include the following: 

• Areas subject to spills when waste is being stored 
• Aboveground portions of the tank system to detect corrosion or releases of waste 
• Data gathered from monitoring and leak detection equipment 
• Inspection of container storage areas for leaking containers (totes) and for deterioration of 

containers and containment system when waste is being stored 
• Confirmation that area security controls, including barriers and signage, are in place, 

intact, and functional. 

5.2.3 Monthly Inspections 
Additional inspections will be performed as necessary based on the duration of the operational 
and closure activities. Monthly inspections shall include, but are not limited to, safety equipment 
and emergency response supplies located at the SY Tank Farm, such as the following: 

• Fire extinguishers 
• Emergency shower/eye wash station 
• First aid supplies 
• Personnel protective clothing 
• Spill kits. 

5.3 DOCUMENTATION 
Inspection reports will be maintained in a master inspection log maintained as a part of the 
2,000-gallon TBI Demonstration Operating Record. Frequency of inspection, format and content 
of the inspection report forms, and the inspection log will comply with the requirements of WAC 
173-303-320, WAC 173-303-630(6), and WAC 173-303-640(6). Notations of observations and 
deficiencies noted during an inspection are recorded in the inspection log. The inspection log 
will also include an account of spills or discharges in accordance with WAC 173-303-145, 
“Spills and discharges into the environment,” and the date and nature of any repairs or remedial 
actions taken. 

If the inspection identifies a finding of deficiency, the inspector must specifically describe the 
situation on the inspection form and determine whether the condition of the item is “acceptable” 
for continued use pending repair or replacement or is “unacceptable” and must be repaired or 
replaced prior to further use. 

If while performing an inspection, a leak or spill to secondary containment is discovered, facility 
operations respond per the response procedures in Section 2.7. Action is taken to stop the leak, 
temporarily remove the unit from service, determine the cause, and the waste is removed from 
secondary containment within 24 hours or as soon as possible, preventing harm to human health 
and the environment. The inspection log is used to help determine any necessary corrective 
actions. 

If an inspection was scheduled or attempted but could not be performed or fully completed due 
to a planned event (e.g., planned power outage, waste transfer), then a reasonable attempt will be 
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made to reschedule and complete the inspection within the identified inspection frequency. If the 
cause was due to an unplanned event (e.g., Hanford Site or local area emergency or injury, 
unplanned power outage, unexpected radiological conditions, work, training, severe weather, or 
safety restrictions), the missed inspection or portions thereof that were not completed shall be 
documented on the relevant inspection log and noted in the 2,000-gallon TBI Demonstration 
final report described in Section 6.3. 

5.4 CORRECTIVE ACTION FOR DISCREPANCIES AND NON-COMPLIANCES 
The 2,000-gallon TBI Demonstration inspection checklist for each activity or area must contain a 
signature and date block for review and approval of the corrective actions (if any). Discrepancies 
and noncompliant conditions noted on the checklist shall be corrected at the first opportunity. 
Once a condition is corrected, the inspector is required to sign the inspection checklist, noting the 
area has been reinspected and is in compliance with permit requirements. The inspector must 
also provide a brief description of those actions in the inspection log. The inspection log must 
contain all completed inspection reports and supporting documentation for corrective actions 
taken and must be maintained in accordance with WAC 173-303-380, “Facility recordkeeping,” 
and Section 6.0 of this permit application. A current copy of the inspection log shall be kept in 
the 2,000-gallon TBI Demonstration Operating Record.  
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6.0 RECORDKEEPING AND REPORTING 

6.1 GENERAL 

Recordkeeping and reporting for the 2,000-gallon TBI Demonstration has two components: 

• Operating Record requirements 
• 2,000-gallon TBI Demonstration final report. 

6.2 OPERATING RECORD REQUIREMENTS 
The permittees for the RD&D permit will maintain a “written operating record” of activities 
conducted under the 2,000-gallon TBI Demonstration. The record will be maintained until 
closure of the 2,000-gallon TBI Demonstration in the 2,000-gallon TBI Demonstration Operating 
Record. 

The 2,000-gallon TBI Demonstration Operating Record will include the following: 

• A description and quantity of dangerous waste pretreated at the RD&D project – 
WAC 173-303-380(1)(a) 

• The location and quantity of dangerous waste within the container storage area – 
WAC 173-303-380(1)(b) 

• Records and results of analyses required by WAC 173-303-300, “General waste analysis” 
– WAC 173-303-380(1)(c) 

• Summary reports and details of all incidents that require implementing the Contingency 
Plan – WAC 173-303-380(1)(d) 

• Records and results of inspections conducted under the 2,000-gallon TBI Demonstration 
inspection plan, Section 5.0 of this permit application – WAC 173-303-380(1)(e) 

• Monitoring, testing, or analytical data, and corrective action where required by 
WAC 173-303-630 through 173-303-646 – WAC 173-303-380(1)(f) 

• Manifests of waste shipped offsite – WAC 173-303-180(3)(a)(iii) 

• Copies of the DOE/RL-94-02, RPP-27869, DST DWTP, DQO/SAP, and DST WAP 

• Design documents and drawings, and the IQRPE integrity assessment and certifications 
as required in Section 3.5 

• Secondary waste stream disposition documentation 

• 2309-WRP-209-PCP-001, “Process Control Plan for the Test Bed Initative (TBI) 
System" 

• Type A packaging and shipping documentation. 
6.3 RESEARCH, DEVELOPMENT, AND DEMONSTRATION PROJECT FINAL 

REPORT 
Upon completion of the 2,000-gallon TBI Demonstration, a final report will be prepared to 
evaluate the performance of the experimental test that was conducted. The final report content 
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and discussion will provide sufficient information and data to allow evaluation against project 
objectives listed in Section 1.5 of this permit application, and how this information could be used 
by the DOE to support future work. 

The final report will present, at a minimum, process descriptions, data, and results. The final 
report will also be placed in the 2,000-gallon TBI Demonstration Operating Record to document 
project elements required by the RD&D permit. 
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7.0 CLOSURE PLAN 

7.1 INTRODUCTION 
The RCRA closure of RD&D activities differs from closure of an operating unit at the Hanford 
Site. Equipment and facilities related to the 2,000-gallon TBI Demonstration are only 
temporarily located at the SY Tank Farm. No permanent waste storage or disposal facilities will 
be constructed as part of the 2,000-gallon TBI Demonstration. The scope of closure activities 
include the aboveground system components, container storage areas, the ITPS, decontamination 
of the site, if applicable; and restoration of the site to its pre-RD&D activity state. The total 
amount of waste pretreated and stored as part of 2,000-gallon TBI Demonstration at Tank 
SY-101 is not anticipated to exceed 2,000 gallons. The total volume capacity of the process totes 
is 2,250 gallons. 

7.2 REGULATORY COMPLIANCE 
Closure activities will comply with applicable portions of WAC 173-303-610, “Closure and 
post-closure.” Some aboveground system equipment may be removed during the course of the 
2,000-gallon TBI Demonstration and the remainder of the aboveground system will be removed 
at the completion of the 2,000-gallon TBI Demonstration. Ecology’s Publication No. 94-111, 
Guidance for Clean Closure of Dangerous Waste Facilities will be used to guide closure 
activities. 

7.3 HEALTH AND SAFETY REQUIREMENTS DURING CLOSURE 
Closure activities will be performed in a manner to ensure the safety of personnel and the 
surrounding environment. Qualified personnel will perform closure activities in compliance with 
established safety and environmental procedures. All work will be performed as according to 
ALARA principles with respect to worker exposure to radiation, dangerous waste, and other 
workplace hazards. Personnel will be equipped with appropriate personal protective equipment. 
Qualified personnel are trained in applicable safety and environmental procedures and have 
appropriate training in decontamination activities. Field operations will be performed in 
accordance with applicable health and safety requirements. 

This plan proposes an approach to clean closure of the 2,000-gallon TBI Demonstration Project 
for the aboveground system and container storage areas. If clean closure cannot be achieved, or 
there is evidence of a release to the surrounding soils as identified in final closure actions, an 
amended closure plan in accordance with WAC 173-303-610(3) and WAC 173-303-830, “Permit 
changes,” will be submitted to Ecology. The amended closure plan will include numeric cleanup 
levels as specified by WAC 173-303-610(2)(b)(i). 

7.4 CLOSURE PERFORMANCE STANDARDS 
Closure performance standards in WAC 173-303-610(2)(a) require the unit to be clean closed in 
a manner that protects human health and the environment, minimizes the need for further 
maintenance, and returns the land to the appearance and use of surrounding land areas. 

To satisfy the closure performance standards, the 2,000-gallon TBI Demonstration will be clean 
closed by removal or decontamination of all dangerous waste, waste residues, equipment, and 
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secondary containment. Aboveground 2,000-gallon TBI Demonstration equipment, including the 
delay tote and process totes storage areas, will be removed as part of closure. If process tote 
Storage Area B is established in accordance with Section 3.6, the storage area will also be 
subject to the closure requirements of this section. Pre-existing contamination in and around 
Tank SY-101 will not be part of the clean closure activities.  

Closure will require the removal of all pretreated dangerous waste, removal of all 2,000-gallon 
TBI Demonstration aboveground installed process equipment, shipment of the waste containers 
to the appropriate onsite disposal facility, inspection of the secondary containment for any 
potential ruptures, and removal of the secondary containment. Following removal of the 
aboveground system equipment and secondary containment, a physical walkdown will be 
performed by the IQRPE to verify that no evidence of spills or leaks exist, and that the 
2,000-gallon TBI Demonstration has met the closure performance standards by removal of all 
aboveground components external to Tank SY-101. 

Material, equipment, or structures removed will be designated in accordance with 
WAC 173-303-070, “Designation of dangerous waste,” and disposed. Equipment that does not 
meet the clean debris rule or cannot be 100 percent inspected will be managed as mixed waste 
and disposed of appropriately. 

7.5 CLOSURE ACTIVITIES 
For this closure plan, closure activities are outlined from activities that are authorized as part of 
this RD&D permit application. Closure activities will entail decontamination and disposal, 
removal and disposal, or removal and IXC storage, of the 2,000-gallon TBI Demonstration 
equipment. The general order of closure activities has been selected to minimize the potential 
release of mixed waste constituents by removing the bulk of the mixed waste early in the closure 
process. 

7.5.1 Remove Waste Containers 
The process totes will be shipped offsite for treatment within 90 days of receiving the process 
totes sample result report from the laboratory. If additional time is needed to ship the process 
totes, DOE will submit an extension request in accordance with WAC 173-303-610(4)(a) and 
WAC 173-303-610(4)(c). The process totes will be decontaminated at the commercial treatment 
facility location and returned to the Hanford Site as empty containers. The empty process totes 
returned to the Hanford site will be stored in a radioactive materials area with other empty waste 
containers at the 616 building for reuse. 

The delay tote will be removed and dispositioned in accordance with the generator provisions of 
WAC 173-303-070, “Designation of dangerous waste” through WAC 173-303-100, “Dangerous 
waste criteria.”  The delay tote will be disposed at an onsite disposal location (Environmental 
Restoration Disposal Facility or Integrated Disposal Facility). The delay tote will either be 
inspected with remote cameras to verify the interior surface meets the definition of a “clean 
debris surface” (40 CFR 268.45, “Treatment standards for hazardous debris,” Table 1, 
Footnote 3) or the delay tote will meet the definition of an empty container as defined in 
WAC 173-303-160, “Containers.”  If liquids are removed from the delay tote to meet the empty 
container definition, the removed liquids will be returned to Tank SY-101. 
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7.5.2 Decontaminate and Remove Aboveground System Components 
Structures and equipment anticipated to be contaminated from the 2,000-gallon TBI 
Demonstration at closure include tank system ancillary equipment and pipe surfaces, and 
components external of the tank riser that are part of the aboveground system. Decontamination 
methods will be selected based on demonstrated effectiveness in a radioactive environment and 
the ability to successfully achieve the closure performance standards. These methods will be 
based on existing radiation levels and experience decontaminating similar components and 
equipment at the SY Tank Farm. 

The aboveground 2,000-gallon TBI Demonstration components are expected to have minimal 
surface contamination and are not expected to require extensive decontamination prior to 
packaging. Following any decontamination required, the 2,000-gallon TBI Demonstration 
aboveground system subject to this closure plan will be removed from the SY Tank Farm and 
disposed at the appropriate onsite disposal facility (Environmental Restoration Disposal Facility 
or Integrated Disposal Facility).  

Residues remaining in the 2,000-gallon TBI Demonstration piping and equipment will be 
flushed and purged with compressed air prior to removal. Residues may be removed during 
decontamination and returned to Tank SY-101 or managed as mixed waste separately from 
the components. The majority of any contaminated residues are expected to remain with the 
contaminated piping and equipment. 

Air emission control equipment will remain in place and in operation as necessary to facilitate 
treatment equipment deactivation and decontamination. Compliance with applicable air emission 
standards will be maintained. 

7.5.3 Remove In-Tank Pretreatment System 
The ITPS will be removed and prepared for disposition in the SY Tank Farm. An extraction 
system will remotely remove the shielded IXC from the ITPS due to the extremely high dose rate 
of the IXC. The remaining ITPS elements will be packaged and disposed at the appropriate 
onsite disposal facility (Environmental Restoration Disposal Facility or Integrated Disposal 
Facility). The extracted shielded IXC will be laid horizontal into a cradle and the IXC removed 
from the ITPS. The IXC will be placed into a 5 foot by 5 foot by 9 foot storage box and prepared 
for transfer to the 200 East Area. The storage box will be moved to the 200 East area with a 
truck. The 200 East Area storage location for the IXC will be located in the permitted storage 
area for the Low-Activity Waste Pretreatment System Tank Side Cesium Removal (Operating 
Unit Group 1 in the Hanford Facility site-wide permit). Once stored, the IXC will be managed as 
mixed high-level waste and subject to the disposition requirements for the Low-Activity Waste 
Pretreatment System Tank Side Cesium Removal IXCs. 

7.5.4 Review Operating Record and Remediate Any Areas of Concern 
Following removal of the 2,000-gallon TBI Demonstration aboveground system described in 
Sections 7.5.1 and 7.5.2, a records review will be completed to determine if any spills or releases 
to the soil from RD&D-permitted operations are noted in the 2,000-gallon TBI Demonstration 
Operating Record. A visual inspection will also be performed on the secondary containment 
system to ensure that no cracks or potential leaks to the surrounding soil have occurred during 
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operation. If any discrepancies are noted, the location will be recorded to facilitate sampling after 
the secondary containment is removed under Section 7.5.4. If no discrepancies are noted, the 
secondary containment will be decontaminated, if necessary, and packaged for disposal at the 
appropriate onsite disposal facility, which will satisfy the closure requirements. 

If no records are found to document a potential release associated with the RD&D permitted 
operations, and the visual inspection does not identify any leaks in the secondary containment, 
then closure performance standards will have been met by removal of the secondary containment 
and visual surveys of the soil underneath. No soil sampling for the 2,000-gallon TBI 
Demonstration will be required if there is no evidence of leaks, spills, or other potential soil 
contamination. To address final closure of Tank SY-101, future sampling of the surface soil will 
be included as part of closure of the SY Tank Farm in accordance with an approved closure plan 
for the DST System. 

7.5.5 Sampling and Analysis to Identify Extent of Decontamination/Removal and to 
Verify Achievement of Closure Standard 

If there are indications of a potential release to the soil, analytical sampling will be required to 
demonstrate achievement of the closure performance standards, a SAP and a revised closure plan 
will be submitted for approval. The SAP will describe the approach to be followed for 
confirming that decontamination and or removal activities have attained the closure performance 
standards for all applicable media as outlined in WAC 173-303-610(2)(b), including the 
achievements of Method B cleanup levels as defined in the RCW 70A.305, “Model Toxics 
Control Act.” 

The SAP will include: 

• Sampling Objectives. Sampling will be conducted to evaluate the extent of 
contamination and the decontamination effectiveness. 

• Analytical Parameters. Analytical parameters, methods, and specific analytical and 
sampling procedures will be based on knowledge of the operations and wastes processed 
(i.e., process knowledge) in the 2,000-gallon TBI Demonstration. A list of indicator 
parameters, or constituents of concern, will be developed based on potential constituents 
of concern present and the closure performance standard (designation and or risk-based 
limits). The analyses will follow the methods described in WAC 173-303-110(3)(a) 
and/or other approved methods. 

• Sampling Methods. Sampling will be performed in a manner consistent with 
WAC 173-303-110. 

• Sampling Equipment, Containers, and Preservation. The selection of sampling 
equipment, containers, and sample preservation techniques will be in accordance with 
procedures outlined in WAC 173-303-110(3)(a). 

• Chain-of-Custody Record. The chain-of-custody record will ensure the integrity of the 
samples, from collection through analysis to final disposition. 
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7.6 SCHEDULE FOR CLOSURE 
The closure schedule presented in Table 7-1 complies with the time frames in 
WAC 173-303-610(4)(a) and (b) to remove waste within 90 days and to complete closure within 
180 days of receiving the analytical report from the process tote sampling. If closure plan 
changes are necessary to achieve clean closure, a revised schedule with new elements 
(e.g., sampling and analysis plan) will be proposed and submitted to Ecology for approval. 

Table 7-1. 2,000-Gallon Test Bed Initiative Demonstration Closure Schedule. (2 pages) 

Activity Description Expected Duration/Date 
Receive analytical report from process tote sampling Day “0” 
Remove waste containers and ship to offsite permitted treatment 
facility 

Within 90 days of receiving analytical reporta 

Decontaminate and remove aboveground system components 
and transfer to appropriate onsite disposal facility 

About 90 days after waste containers are 
shipped offsite 

Review operating record and inspect site for spills from 
operations, if required, remediate any areas of concern from 
spills resulting from RD&D permitted operationsb  

About 21 days from decontamination and 
removing aboveground system components 

Remove secondary containment and transfer to appropriate 
onsite disposal facility 

About 45 days from decontamination and 
removing aboveground system components 
but within 180 days of receiving analytical 
reportc 

Remove ITPS and disposition components Within the 1 year duration of the permitd 
Completion of Closure Activities  

Submit IQRPE and owner/operator closure certification to 
Ecology 

Within 60 days after the actions above are 
complete 

a If shipment offsite is delayed beyond 90 days, DOE will seek an extension to the 90-day clock in accordance with 
WAC 173-303-610(4)(a) and -610(4)(c).. 

b If needed, the permittees will submit a sampling and analysis plan for verification of clean closure concentrations of 
media (e.g., soils) and request Ecology approval. 

c If final closure activities take longer than shown, DOE will seek an extension durations in accordance with 
WAC 173-303-610(4)(b) and -610(4)(c).. 

d If ITPS removal activities take longer than the duration of the permit, DOE may request a one-time permit renewal in 
accordance with WAC 173-303-809(4).. 

 
IQRPE = independent, qualified, registered professional engineer. 
ITPS = In-Tank Pretreatment System. 

 

7.7 CERTIFICATION OF CLOSURE 
Within 60 days of completion of closure activities for the facility, a copy of the closure 
certification, signed by the owner or operator and an IQRPE, will be transmitted, via registered 
mail or other means that establish proof of receipt (including applicable electronic means) to 
Ecology and placed in the administrative record. The certification of closure will cover only the 
portions of the 2,000-gallon TBI Demonstration covered by the closure activities outlined in this 
closure plan. The certification will occur upon disposition of waste generated and completion of 
closure activities. The IQRPE will provide a signed statement that meets the applicable 
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requirements of WAC 173-303-610(6) certifying that the closure activities were performed in 
accordance with the technical specifications of this closure plan.   
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ABBREVIATIONS AND ACRONYMS

ALARA as low as reasonably achievable
DOT U.S. Department of Transportation
DQO data quality objective
ITPS in-tank pretreatment system
IXC ion exchange column
LDR land disposal restriction
MDL method detection limit
MLLW mixed low-level waste
NWW nonwastewater
PSQ principal study question
QC quality control
RD&D research, development, and demonstration
SAP sampling and analysis plan
SY-101 Tank 241-SY-101
TBI Test Bed Initiative
TSDF treatment, storage, and disposal facility
WIR waste incidental to reprocessing
WW wastewater

LIST OF UNITS

Ci curies
Ci/g curies per gram
Ci/mL microcuries per milliliter
g gram
mg/L milligram per liter
g/mL microgram per milliliter
TBq terabecquerels
Wt% weight percent water
% percent
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INTRODUCTION

This document describes the data quality objective (DQO) process Washington River Protection 
Solutions LLC (WRPS) followed to ensure appropriate data are collected to support the 
2,000-gallon Test Bed Initiative (TBI) Demonstration. The DQO process was implemented in 
accordance with TFC-ENG-CHEM-C-16, Data Quality Objectives for Sampling and Analyses, 
and EPA QA/G-4, Guidance on Systematic Planning Using the Data Quality Objectives Process, 
with some modifications to accommodate project or tank-specific requirements and constraints.

The TBI supports demonstration and evaluation of an in-tank pretreatment system (ITPS) using 
filtration and ion exchange technology to process Hanford tank waste supernatant for final 
treatment and disposal at offsite permitted facilities. An initial 3-gallon TBI Demonstration
(i.e., referred to as TBI Phase 1) was a small-scale proof-of-concept test, completed in 
December 2017, that demonstrated Hanford tank waste could be successfully pretreated and 
managed as mixed low-level waste.1

The 2,000-gallon TBI Demonstration will pretreat approximately 2,000 gallons of Tank
241-SY-101 (SY-101) supernatant using ITPS to filter solids and remove cesium-137 and other 
radionuclides. Pretreated waste will be piped to containers (process totes) and stored until ready 
for shipment offsite. In order to initiate the offsite shipment, sampling and analysis is required to 
support determining which constituents are above the characteristic levels, land disposal 
restriction (LDR) determination, shipping requirements, and to assess whether the waste meets
treatment, storage, and disposal facility (TSDF) waste acceptance criteria.

Initial efforts supporting the 2,000-gallon TBI Demonstration included sampling and analysis of 
SY-101 supernatant in November 2018 (RPP-RPT-61303, Final Analytical Report for Tank 
241-SY-101 TBI Grab Sampling 2018). Baseline tank waste data were obtained to refine TBI 
waste management or treatment processes as necessary. This data will be superseded by newer 
data based on SY-101 supernatant samples collected in late-October 2023 under RPP-PLAN-
65801, Tank 241-SY-101 Grab Sampling and Analysis Plan – Fiscal Year 2024, in conformance 
with this DQO.

This DQO addresses sampling and analysis of pretreated waste in process totes as required to 
address TBI project objectives specified in ORP-67633, 2,000-Gallon Test Bed Initiative 
Demonstration Research, Development, and Demonstration Permit Application (RD&D permit
application), Section 1.5. The RD&D permit application waste analysis plan (Section 4.2.1)
requires development of a DQO planning process to identify sampling and analysis requirements 
for pretreated waste to be included in a sampling and analysis plan (SAP). The DQO and SAP
are to be completed prior to project operations. Offsite treatment and disposal at other permitted 
facilities is outside the scope of the RD&D permit application (Section 1.3) and this DQO.

                                                
1 Mixed low-level waste – Radioactive waste that is not high-level radioactive waste, spent nuclear fuel, transuranic 

waste, byproduct material (as defined in Section 11e(2) of the Atomic Energy Act of 1954, as amended 
[42 USC 2014]), or naturally occurring radioactive material that is determined to contain both source, special 
nuclear, or byproduct material subject to the Atomic Energy Act of 1954, as amended, and a hazardous component 
subject to the Resource Conservation and Recovery Act of 1976, as amended.
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This report presents the results of the DQO planning process to determine the appropriate type, 
quantity, and quality of data to be obtained from sampling pretreated SY-101 waste in process 
totes. The DQO process was conducted in accordance with TFC-ENG-CHEM-C-16, which 
follows EPA QA/G-4, with some changes to accommodate project-specific sampling direction 
and constraints.

The data to be collected according to this DQO are not needed to make operational decisions or
to address safety-related issues. The data to be obtained to address the DQOs documented in this 
report are to support waste treatment and disposal decisions for the final waste form after 
pretreatment in the ITPS, performance of the ITPS, and development of the chromium retention 
factor.

STEP 1 – STATE THE PROBLEM

This step identifies the problem statement that is used to clearly define the problem and the focus 
of the project along with information on the waste process being investigated (conceptual 
model). The DQO process chronology and participants are described in Section 1.2.

Tank 241-SY-101 is a non-cascading double-shell tank with a 1,160 kgal capacity. The tank 
entered service in 1977, and was originally designed for use as a concentrated waste holding 
tank. It consists of a reinforced concrete shell with two (inner and outer) carbon steel liners on 
the bottom and sides. Since March 2017, SY-101 has received four dilute transfers from the 
222-S Laboratory waste tank, Tank TK-102 in the 219-S Waste Handling Facility. The transfers 
from the 222-S Laboratory to SY-101 took place in September 2019, August 2020, November 
2022 and most recently in August 2023. Transfer volumes, including flush volumes, are typically 
around 3,000 gallons.

The general conceptual arrangement of the major 2,000-gallon TBI Demonstration components 
is depicted in Figure 2-1. The 2,000-gallon TBI Demonstration components comprise two 
systems. The first system will consist of the self-contained ITPS unit installed in SY-101. 
The ITPS will include a filter, a pump, and an ion exchange column (IXC) filled with crystalline 
silicotitanate ion exchange media within a single assembly. The ITPS will be installed through a 
riser. The second system will consist of the aboveground components, which include a delay 
tote, processing totes, and waste transfer hoses. Once in the aboveground system, the waste will 
be sent to the delay tote, which will allow barium decay. Once radiation levels are verified to be 
low enough, the pretreated waste will be pumped from the delay tote to one of six 375-gallon 
process totes.

All totes used shall meet all appropriate U.S. Department of Transportation (DOT) requirements 
for the transport of the pretreated waste to an offsite permitted treatment facility, provided in 
49 CFR, Subchapter C, “Hazardous Materials Regulations.” The pretreated waste will be loaded 
into industrial DOT 7A, Type A waste shipping containers (process totes). Each tote has a 
primary and secondary liner, and a 375-gallon capacity. Nominally, 333 gallons will be placed in 
each tote. Consequently, six process totes will be required to contain the approximately 2,000 
gallons of pretreated liquid waste. All of the aboveground components used to transfer and store 
waste, including the totes, will be in secondary containment to prevent spills or releases to the 
environment during operations, including sampling.
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Figure 2-1. Conceptual Arrangement of the Major 2,000-Gallon Test Bed Initiative 
Demonstration Components.

The pretreated waste will be sampled to support the assessment of the project objectives. The
RD&D permit application waste analysis plan (Section 4.2.1) indicates the sampling and analysis 
plan will provide the specifics for characterization of the pretreated waste to evaluate the ITPS 
performance against project objectives 1 through 4, and 6, and provide data to Waste Technical 
Services during the 2,000-gallon TBI Demonstration.

The TBI project activities are intended to demonstrate that ITPS can successfully pretreat 
SY-101 supernatant to meet project objectives defined in the RD&D permit application. The 
RD&D project objectives for the 2000-gallon TBI Demonstration include:

1. Provide performance assessment of the ITPS using filtration and IXC to remove 
solids, cesium-137 and other radionuclides from the supernatant.

2. Provide verification that the pretreated waste will meet the waste acceptance criteria 
of the offsite permitted treatment facility, which includes waste code evaluation and 
shipping requirements.

3. Evaluate and determine that the waste, upon final treatment offsite, can meet land 
disposal restrictions (LDRs) [40 CFR 268, incorporated by reference by 
WAC 173-303-140] for mixed low-level waste (MLLW)2 when disposed at an offsite 
permitted facility.

                                                
2 Mixed low-level waste – Radioactive waste that is not high-level radioactive waste, spent nuclear fuel, transuranic 
waste, byproduct material (as defined in Section 11e(2) of the Atomic Energy Act of 1954, as amended 
[42 USC 2014]), or naturally occurring radioactive material that is determined to contain both source, special 
nuclear, or byproduct material subject to the Atomic Energy Act of 1954, as amended, and a hazardous component 
subject to the Resource Conservation and Recovery Act of 1976, as amended.
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4. Demonstrate that low concentrations of LDR organic constituents below LDR 
universal treatment standards can be successfully treated through 
stabilization/solidification technology without organic pretreatment

5. Demonstrate improvements to laboratory method detection limits for LDR organic 
constituents through use of a new sample preparatory method

6. Obtain chromium treatment data to further develop inorganic retention factors for 
predicting LDR compliance in stabilized waste.

To meet project objectives, the TBI will pretreat approximately 2,000 gallons of SY-101 liquid 
using the ITPS that is a combination of in-tank filtration and ion exchange to remove key 
radionuclides to the maximum extent economically and technologically practical 
(DOE/ORP-2022-02, 2023, Final Waste Incidental to Reprocessing Evaluation for the Test Bed 
Initiative Demonstration). The waste incidental to reprocessing (WIR) evaluation will require 
sampling the pretreated waste and sufficiently characterizing the cesium-137 content.

In addition, the issued RD&D permit will authorize the 2,000-gallon TBI Demonstration to test 
the feasibility of the treatment and disposal of approximately 2,000 gallons of pretreated waste at 
offsite facilities. Therefore, characterization of the pretreated waste must support an LDR 
determination, characteristic waste code evaluation, and be suitable for assessment of the 
pretreated waste against TSDF waste acceptance criteria. Since the pretreated waste will be sent 
offsite, characterization to support shipping is also required. Note that objective 5, demonstrating 
a new sample preparation method, is separate effort from characterizing the pretreated waste. 
Objectives 1 through 4, and 6 will be addressed by characterizing the pretreated waste with 
established preparation and analysis methods. Therefore, addressing objective 5 is not within the 
scope of this DQO, although elements of this DQO, such as analytes and target detection limits 
may apply.

The need to sufficiently characterize the pretreated waste lends itself to a DQO problem 
statement. The problem statement summarizes clearly and unambiguously the need for new 
analytical data or other information on which decisions will be made.

Problem statement:

Sample data are required to determine if pretreated SY-101 liquid waste will meet 
RD&D permit requirements for being sufficiently characterized to support a 
characteristic waste code evaluation, an LDR determination, shipping 
requirements, and meet TSDF waste acceptance criteria.

To the extent that ITPS removes the cesium-137 from the supernatant to the extent economically 
and technologically practical, assessment of the ITPS performance will require radiological 
characterization. This characterization will also support the characteristic waste code evaluation, 
shipping, and compliance with TSDF waste acceptance criteria. To address this problem
statement, characterization of the pretreated waste for radionuclides, inorganics, and organics to 
sufficiently low levels and with adequate pedigree will be necessary.

It is important to note that the RD&D permit project objectives include determining if the waste 
meets LDRs after the final (offsite) treatment. This DQO scope only applies to the 2,000 gallons 
pretreated by the ITPS. This DQO is not contractually part of the offsite treatment or disposal 
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facilities scope. This DQO will ensure the 2,000 gallons can be sent from Hanford to an offsite 
treatment facility.

STEP 2 – IDENTIFY THE GOALS OF THE STUDY

This step identifies principal study questions (PSQ), alternative outcomes or actions based on 
data results, and decision statement(s) that address resolution of the problem based on 
alternative data outcomes.

As described in the RD&D permit application, the overall project goal is to demonstrate that the 
ITPS can successfully pretreat tank liquid waste (supernatant) to support final disposal at an 
offsite TSDF. Process tote sampling under this DQO will support project objectives and RD&D 
permit requirements by providing data to:

 Support the characteristic waste code evaluation
 Support an LDR determination
 Support shipping
 Support assessment of the pretreated waste against TSDF waste acceptance criteria.

The following key project, waste, and sampling assumption(s) will influence sampling decisions:

 Data from the November 2018 SY-101 supernatant grab sampling were used to complete 
the preliminary characteristic waste code evaluation and LDR determination. Process tote 
sample results will be used to support development of the final waste profile and waste 
acceptance by offsite permitted treatment and disposal facilities.

 The November 2018 SY-101 supernatant grab sample concentrations represented a 
bounding condition for TBI constituents because the ITPS using filtration and ion
exchange technology is projected to significantly reduce cesium-137 and to reduce 
suspended solids and strontium-90.

 The last waste container is expected to contain the highest radionuclide concentrations.
This is because pretreatment using ion exchange technology could become less effective 
with ion exchange column loading and/or due to other potential ion exchange technology 
operational issues, such as waste channeling within the column. Sampling multiple 
process totes, however, can provide information on the overall performance of the ITPS 
by revealing potential trends in ITPS effectiveness.

 Four transfers from the 222-S Laboratory to Tank SY-101 have occurred since the 
November 2018 SY-101 sampling effort.  The 222-S Laboratory transfers are more dilute 
than the Tank SY-101 supernatant.

 Tank SY-101 sampling occurred in late October 2023 at the ITPS pump depth to provide 
current knowledge of supernatant concentration.

 Tote sampling under this DQO will occur as soon as possible after the last process tote is 
filled. Consequently, the pretreated waste within the sampled tote will remain well mixed
to the extent practical, eliminating the need for sampling at multiple locations within the
tote.
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The principal DQO goals for decision-making include achieving sufficient and accurate waste 
characterization to support characteristic waste code evaluation, safe waste handling and 
shipping, treatment, and disposal of the pretreated SY-101 waste. The PSQ and decision 
statements were developed around these goals and activities. The PSQ and decision statements in 
this section address waste disposal and waste transportation goals.

Principal study question:

Do sample data show that pretreated SY-101 liquid waste in process totes meets 
RD&D permit application requirements for a characteristic waste code 
evaluation, an LDR determination, shipping, treatment and disposal?

Alternative outcomes/actions:

 Pretreated liquid waste is a mixed waste and meets or can be treated to meet LDRs, and 
meets DOT 7A Type A shipping requirements.

 Pretreated liquid waste does not meet (or cannot be treated to meet) LDRs, and does not 
meet DOT 7A Type A shipping requirements. The shipment would be disallowed until 
recovery actions are evaluated. Recovery actions could include, but are not limited to,
determining if target limits or action limits remain appropriate, changing the shipping 
classification and/or selecting an alternate TSDF, and/or return of rejected waste to 
SY-101 of the double-shell tank system.

The PSQ and alternative actions are combined into the following estimation statement:

If sample data show that pretreated SY-101 liquid waste in process totes meets 
RD&D permit requirements for being sufficient to support a characteristic waste 
code evaluation, an LDR determination, shipping requirements, and treatment, 
ship the waste to a permitted offsite facility for treatment and disposal; otherwise, 
disallow waste shipment until evaluation of recovery actions.

The PSQ can be further broken into distinct estimation statements to facilitate identification of 
specific data needs for each project objective.

 If sample data for pretreated SY-101 liquid waste in process totes are sufficient to 
support a characteristic waste code evaluation and LDR determination, and.

 If the sample data show that pretreated SY-101 liquid waste in process totes meets TSDF 
waste acceptance criteria, and

 If sample data for pretreated SY-101 liquid waste in process totes are sufficient to 
determine shipping requirements, perform the characteristic waste code evaluation and
ship the waste to a permitted offsite facility for treatment in accordance with applicable 
shipping requirements; 

 Otherwise, disallow waste shipment until evaluation of recovery actions.

To be addressed each of the statements above will require its own data.
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STEP 3 – DATA INPUTS

This step identifies the required data as inputs to the decision (types and sources of information 
needed, the basis for the information need, and sampling and analysis methods).

A Resource Conservation and Recovery Act characterization sample will be required from each
representative process tote before the totes are shipped offsite.3 The LDR notification/
certification form will be based on the standard determined to be applicable for the waste 
shipment. For the purposes of planning under this DQO, most restrictive standard is used to 
ensure the shipment can be made once the LDR treatment standard decision is made. Shipping 
paperwork must be prepared comply with WAC 173-303, “Dangerous Waste Regulations,”
section WAC 173-303-280(1), and the appropriate Treatment Standards from 40 CFR 268, 
“Land Disposal Restrictions.” Emergency responders during transportation events must be 
provided information representing the properties of the pretreated waste being shipped.

Table 4-1 provides the chemical composition of the upper layer of SY-101 supernatant based on 
the maximum November 2018 sampling results (RPP-RPT-61303). With few exceptions, the 
wastewater (WW) standard is the most restrictive standard between concentrations in 40 CFR 
268 and the characteristics waste code threshold in the dangerous waste regulations
(WAC 173-303-090)4. The sample results from the process tote(s) will supersede the 
November 2018 sampling results.

In addition to impacting the analytic approach to be used, Resource Conservation and Recovery 
Act waste regulations will dictate the information necessary for resolution of the estimation
statement regarding characteristic waste code evaluation and LDR determination. Table 4-1 lists 
the analytes of concern (sorted by Chemical Abstract Service number), their regulatory 
thresholds, the lowest of which will dictate the analytical sensitivity needed, and the 
corresponding recommended analytical method. The analytical laboratory may recommend 
alternate methods where appropriate; however, the analyses will follow the methods described in 
SW-846, “Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,” where 
applicable.

Table 4-1. Dangerous Waste Chemicals for Tank 241-SY-101 Supernatant. (5 pages)

Analyte CAS No.
Conc.
(mg/L)

Characteristic 
Waste Code 
Threshold

(mg/L)

Lowest
Treatment 
Standard 
(mg/L) a

Recommended 
Analytical 
Technique 

Listed Waste (Waste Codes F001-F005)

p-cresol
(4-methylphenol) b 106-44-5 < 0.56 N/A 0.77 SVOA

                                                
3 The decision on the sampling approach and the number of sample(s) from the process totes will be documented in 

a separate sampling and analysis plan.
4 In the case of 1-Butanol, the NWW treatment standard is more restrictive than the WW treatment standard. The 

characteristic waste code level of 2,4-Dinotrotoluene (CAS No. 121-14-2: D030) and vinyl chloride 
(CAS No. 75-01-4: D043) is more restrictive than treatment standard levels.
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Table 4-1. Dangerous Waste Chemicals for Tank 241-SY-101 Supernatant. (5 pages)

Analyte CAS No.
Conc.
(mg/L)

Characteristic 
Waste Code 
Threshold

(mg/L)

Lowest
Treatment 
Standard 
(mg/L) a

Recommended 
Analytical 
Technique 

Methyl isobutyl ketone
(4-methyl-2-pentanone)

108-10-1 < 5.38E-03 N/A 0.14 VOA

m-cresol
(3-methylphenol) b 108-39-4 < 0.56 N/A 0.77 SVOA

Cresols mixed isomers and 
cresylic acid
(Total methylphenols)

1319-77-3 < 1.19 c N/A 0.88 SVOA

Acetone 67-64-1 < 0.124 N/A 0.28 VOA

1,1,1-Trichloroethane 71-55-6 < 3.21E-03 N/A 0.054 VOA

Methylene chloride 75-09-2 < 3.93E-03 N/A 0.089 VOA

Methyl ethyl ketone
(2-butanone) d 78-93-3 < 7.42E-03 N/A 0.28 VOA

o-Cresol

(2-methylphenol) b 95-48-7 < 0.63 c N/A 0.11 SVOA

Physical Property (Waste Codes D001, D002, D003)

pH (no units) N/A 13 12.5 N/A Electrode

Cyanides 57-12-5 2.96 c N/A 0.86 DIST

Characteristic Metals (Waste Codes D004-D011)

Silver (Ag) 7440-22-4 0.0152 5.0 0.43 ICP/AES

Arsenic (As) 7440-38-2 0.648 5.0 1.4 ICP/AES

Barium (Ba) 7440-39-3 < 0.5 100.0 1.2 ICP/AES

Cadmium (Cd) 7440-43-9 < 0.5 1.0 0.69 ICP/AES

Chromium (Cr) 7440-47-3 95.8 c 2.0 2.77 ICP/AES

Lead (Pb) d 7439-92-1 1.54 c 5.0 0.69 ICP/AES

Mercury (Hg) 7439-97-6 < 8.8E-04 0.2 0.15 CVAA

Selenium (Se) 7782-49-2 1.04 c 1.0 0.82 ICP/AES

Underlying Hazardous Constituents (Metals) (No Waste Codes)

Nickel (Ni) 7440-02-0 < 1.0E+00 N/A 3.98 ICP/AES

Thallium (Tl) 7440-28-0 < 2.00E-03 N/A 1.4 ICP/AES

Antimony (Sb) 7440-36-0 < 6.00E-03 N/A 1.9 ICP/AES

Beryllium (Be) 7440-41-7 < 5.00E-01 N/A 0.82 ICP/AES

Characteristic Organics with Waste Codes Appearing on the DST Part A
(Subset of D018-D043 Waste Codes Except Methyl Ethyl Ketone, which Appears in the First Section of 

the Table as a Listed Waste)

1,2-Dichloroethane 107-06-2 < 4.27E-03 0.5 0.21 VOA

Pyridine d 110-86-1 < 0.73 c 5 0.014 SVOA

2,4-Dinitrotoluene 121-14-2 < 0.365 c 0.13 0.32 SVOA

RPP-RPT-61636 Rev.03 11/30/2023 - 3:45 PM 16 of 42



RPP-RPT-61636, Rev. 3

9

Table 4-1. Dangerous Waste Chemicals for Tank 241-SY-101 Supernatant. (5 pages)

Analyte CAS No.
Conc.
(mg/L)

Characteristic 
Waste Code 
Threshold

(mg/L)

Lowest
Treatment 
Standard 
(mg/L) a

Recommended 
Analytical 
Technique 

Tetrachloroethylene 127-18-4 < 3.45E-03 0.7 0.056 VOA

Carbon tetrachloride 56-23-5 < 3.14E-03 0.5 0.057 VOA

Chloroform 67-66-3 < 3.76E-03 6 0.046 VOA

Hexachloroethane d 67-72-1 < 0.7 c 3 0.055 SVOA

Benzene 71-43-2 < 4.42E-03 0.5 0.14 VOA

Vinyl chloride 75-01-4 < 7.72E-03 0.2 0.27 VOA

1,1-Dichloroethylene 75-35-4 < 2.68E-03 0.7 0.025 VOA

Trichloroethylene 79-01-6 < 3.37E-03 0.5 0.054 VOA

Hexachlorobutadiene 87-68-3 < 0.75 c 0.5 0.055 SVOA

2,4,5-Trichlorophenol d 95-95-4 < 0.685 c 400 0.18 SVOA

Nitrobenzene d 98-95-3 < 0.61 c 2 0.068 SVOA

Characteristic Organics with Waste Codes Not Contained on the DST Part A
with the Potential to Become Underlying Hazardous Constituents

(Selected Subset of Constituents also Associated with D018-D043 Waste Codes)

1,4-Dichlorobenzene e 106-46-7 <0.68 7.5 0.09 SVOA or VOA

Chlorobenzene 108-90-7 <3.23E-03 100 0.057 VOA

Hexachlorobenzenef 118-74-1 <0.54 0.13 0.055 SVOA

Pentachlorophenol e 87-86-5 <0.285 100 0.089 SVOA

2,4,6-Trichlorophenol e 88-06-2 <0.665 2 0.035 SVOA

Underlying Hazardous Constituents – Inorganic (No Waste Code)

None N/A N/A N/A N/A

Underlying Hazardous Constituents – Organic (No Waste Code)

4-Nitroaniline 100-01-6 < 0.635 c N/A 0.028 SVOA

4-Nitrophenol 100-02-7 < 0.365 c N/A 0.12 SVOA

4-Bromophenylphenyl ether 101-55-3 < 0.41 5 c N/A 0.055 SVOA

2,4-Dimethylphenol 105-67-9 < 0.345 c N/A 0.036 SVOA

1,4-Dichlorobenzene 106-46-7 < 0.68 c N/A 0.09 SVOA or VOA

4-Chloroaniline 106-47-8 < 0.69 c N/A 0.46 SVOA

Cyclohexanone 108-94-1 < 0.65 c N/A 0.36 SVOA

Phenol 108-95-2 < 0.605 c N/A 0.039 SVOA

Bis(2-chloroethyl) ether 111-44-4 < 0.65 c N/A 0.033 SVOA

Bis(2-Chloroethoxy) 
methane

111-91-1 < 0.67 c N/A 0.036 SVOA

Bis(2-ethylhexyl) phthalate 117-81-7 0.681 c N/A 0.28 SVOA

Di-n-octyl phthalate 117-84-0 < 0.235 c N/A 0.017 SVOA

Anthracene 120-12-7 < 0.31 c N/A 0.059 SVOA
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Table 4-1. Dangerous Waste Chemicals for Tank 241-SY-101 Supernatant. (5 pages)

Analyte CAS No.
Conc.
(mg/L)

Characteristic 
Waste Code 
Threshold

(mg/L)

Lowest
Treatment 
Standard 
(mg/L) a

Recommended 
Analytical 
Technique 

1,2,4-Trichlorobenzene 120-82-1 < 0.69 c N/A 0.055 VOA

2,4-Dichlorophenol 120-83-2 < 0.66 c N/A 0.044 SVOA

Dimethyl phthalate 131-11-3 < 0.425 c N/A 0.047 SVOA

Benzo(ghi)perylene 191-24-2 < 0.265 c N/A 0.055 SVOA

Indeno(1,2,3-cd) pyrene 193-39-5 < 0.13 c N/A 0.0055 SVOA

Benzo(b)fluoranthene 205-99-2 < 0.31 c N/A 0.11 SVOA

Benzo(k)fluoranthene 207-08-9 < 0.3 c N/A 0.11 SVOA

Acenaphthylene 208-96-8 < 0.75 c N/A 0.059 SVOA

Chrysene 218-01-9 < 0.325 c N/A 0.059 SVOA

Benzo(a)pyrene 50-32-8 < 0.27 c N/A 0.061 SVOA

2,4-Dinitrophenol 51-28-5 < 0.65 c N/A 0.12 SVOA

4,6-Dinitro-o-cresol 534-52-1 < 0.15 N/A 0.28 SVOA

Dibenz[a,h]anthracene 53-70-3 < 0.225 c N/A 0.055 SVOA

Benzo(a)anthracene 56-55-3 < 0.28 c N/A 0.059 SVOA

4-Chloro-3-methylphenol 59-50-7 < 0.635 c N/A 0.018 SVOA

N-Nitrosomorpholine 59-89-2 < 0.545 c N/A 0.4 SVOA

N-Nitroso-di-n-propylamine 621-64-7 < 0.68 c N/A 0.4 SVOA

N-Nitrosodimethylamine 62-75-9 < 0.62 c N/A 0.4 SVOA

1-Butanol e 71-36-3 < 2.78 c N/A
5.6

(2.6 mg/kg) g VOA

Hexachlorocyclopenta-diene 77-47-4 < 0.13 c N/A 0.057 SVOA

Acenaphthene 83-32-9 < 0.225 c N/A 0.059 SVOA

Diethylphthalate 84-66-2 < 0.36 c N/A 0.2 SVOA

Di-n-butylphthalate 84-74-2 < 0.19 c N/A 0.057 SVOA

Phenanthrene 85-01-8 < 0.295 c N/A 0.059 SVOA

Butylbenzylphthalate 85-68-7 0.59 c N/A 0.017 SVOA

2-Nitroaniline 88-74-4 < 0.5 c N/A 0.27 SVOA

2-Nitrophenol 88-75-5 < 0.63 c N/A 0.028 SVOA

Naphthalene 91-20-3 < 0.615 c N/A 0.059 SVOA

1,2-Dichlorobenzene 95-50-1 < 0.675 c N/A 0.088 VOA

2-Chlorophenol 95-57-8 < 0.59 c N/A 0.044 SVOA

Polychlorinated Biphenyls h

Aroclor 1260 11096-82-5 < 0.0715 N/A 0.10 GC/ECD

Aroclor 1254 11097-69-1 < 0.00650 N/A 0.10 GC/ECD

Aroclor 1221 11104-28-2 < 0.0178 N/A 0.10 GC/ECD
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Table 4-1. Dangerous Waste Chemicals for Tank 241-SY-101 Supernatant. (5 pages)

Analyte CAS No.
Conc.
(mg/L)

Characteristic 
Waste Code 
Threshold

(mg/L)

Lowest
Treatment 
Standard 
(mg/L) a

Recommended 
Analytical 
Technique 

Aroclor 1232 11141-16-5 < 0.0205 N/A 0.10 GC/ECD

Aroclor 1248 12672-29-6 < 0.0178 N/A 0.10 GC/ECD

Aroclor 1016 12674-11-2 < 0.0945 N/A 0.10 GC/ECD

Aroclor 1242 53469-21-9 < 0.0315 N/A 0.10 GC/ECD
a The lowest value between characteristics waste code threshold from WAC 173-303-090 and land disposal restriction 

treatment standards from 40 CFR 268.40 or 268.48 is shown. For organics in a non-wastewater (NWW), the treatment 
standard is usually expressed in mg/kg. Process tote sampling direction to the laboratory will be based upon the standards 
applicable to the 2,000-gallon TBI Demonstration.

b Separate analysis for the m and p isomers is not available. M and p isomers are reported as a mixture.
c Concentration exceeds regulatory threshold, whether a characteristic waste code threshold in WAC 173-303-090 or a 

disposal restrictions treatment standard in 40 CFR 268.40 or 40 CFR 268.48.
d Reported as underlying hazardous constituents when concentration is below threshold for the “D” code.
e Constituent is tracked under underlying hazardous constituents. The reported method detection limit for Tank 241-SY-101 

sampling did not exceed the threshold in WAC 173-303-090.
f The 222-S Laboratory uses hexachlorobenzene as a standard in four laboratory procedures. These procedures result in 

waste being labpacked out of the laboratory and therefore not introduced into the 219-S Waste Handling Facility 
(laboratory tank system) that transfers liquid waste to the Tank SY-101. Process knowledge shows that hexachlorobenzene 
cannot exist above the threshold of 0.13 mg/L and is not a D032 characteristic nor an underlying hazardous constituent to 
be reported on the land disposal restrictions notification form. Regardless, the laboratory is requested to achieve the 
method detection limit goals based on the wastewater standard.

g Values in parenthesis are non-wastewater standards and are in units of mg/kg. In the case of 1-Butanol, non-wastewater 
standard is more restrictive than the wastewater standard.

h The value shown is a target detection limit. The free release decontamination standard in the Toxic Substances Control Act
(40 CFR 761.79(b)(1)(iii)) is 0.0005 mg/L. The laboratory is requested to improve the PCB method detection limit to 
support future decisions based on the 40 CFR 761.79(b)(1)(iii) decontamination standard, but the decontamination 
standard will not be used for decision-making when shipping the 2,000-gallon TBI Demonstration process totes. The 
process totes will be shipped offsite as Toxics Substances Control Act PCB remediation waste regardless of the PCB 
detection limit.

WAC 173-303-090, “Dangerous waste characteristics,” Washington Administrative Code, Olympia, Washington, as amended.
40 CFR 268.40, “Applicability of treatment standards,” Code of Federal Regulations, as amended.
40 CFR 268.48, “Universal treatment standards,” Code of Federal Regulations, as amended.
Toxics Substances Control Act, 15 USC 2601, et seq.
40 CFR 761.79, “Decontamination standards and procedures,” Code of Federal Regulations, as amended.
CAS = Chemical Abstract Service.
CVAA = cold-vapor atomic absorption (SW-846 

Method 7470, or equivalent).
DIST = micro-distillation spectrophotometric 

determination (SW-846 Methods 9010/9014, or 
equivalent).

DST = double-shell tank.
GC/ECD = gas chromatography-electron capture detector

(SW-846 Method 8082A, or equivalent).
ICP/AES = inductively coupled plasma/atomic emission 

spectroscopy (SW-846 Method 6010D, or 
equivalent).

NR = not reported because they are a pesticide and 
insecticide not used at Hanford.

PCB = polychlorinated biphenyl.
SVOA = semivolatile organic compounds by gas 

chromatography/mass spectrometry (SW-846 
Method 8270E, or equivalent).

TBI = Test Bed Initiative.
VOA = volatile organic compounds by gas 

chromatography/mass spectrometry (SW-846 
Method 8260D, or equivalent).

Radionuclide data are required to show that ITPS removed key radionuclides to the maximum 
extent practical, defined by the WIR evaluation for removal of cesium-137. The cesium-137 
concentration data for pretreated liquid waste will be compared to untreated SY-101 supernatant
cesium-137 concentration data obtained by the late-October 2023 grab sampling under 
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RPP-PLAN-65801, in conformance with this DQO, to demonstrate pretreatment cesium-137
removal.

Radionuclide data are required to confirm that pretreated waste does not exceed Class 7 activity
limits of 49 CFR 173.435, “Table of A1 and A2 values for radionuclides,” or those established 
through 49 CFR 173.433, “Requirements for determining basic radionuclide values, and for the 
listing of radionuclides on shipping papers and labels,” and therefore may be shipped in a 
DOT 7A Type A package.

In addition, radionuclide quantities are desired for setting radiological controls (note that some 
isotopes have no analytical methods and are quantified by their ratio to other quantified 
radionuclides).

Table 4-2 includes the required analytes (sorted by atomic number) and analytical techniques for 
sampling pretreated SY-101 waste in process totes that need quantification to support the 
evaluation of the ITPS effectiveness and shipping requirements, along with the associated A2

values of 49 CFR 173.435 and 49 CFR 173.433.

Table 4-2. Radionuclides for Tank 241-SY-101 Supernatant. (2 pages)

Analyte CAS No. A2 (TBq) A2 (Ci) a Analytical Technique 

Tritium (H-3) 10028-17-8 4.0E+01 1.1E-03 Separation/LSC

Carbon-14 (C-14) 14762-75-5 3.0E+00 8.1E+01 Separation/LSC

Nickel-59 (Ni-59) 14336-70-0 Unlimited Unlimited N/A

Cobalt-60 (Co-60) 10198-40-0 4.0E-01 1.1E+01 GEA

Nickel-63 (Ni-63) 13981-37-8 3.0E+01 8.1E+02 Extraction/AEA/LSC

Selenium-79 (Se-79) 15758-45-9 2.0E+00 5.4E+01 Separation/LSC

Strontium-90 (Sr-90) 10098-97-2 3.0E-01 8.1E+00 Separation/β counting

Yttrium-90 (Y-90) 10098-91-6 3.0E-01 8.1E+00 Computed from Sr-90

Zirconium-93 (Zr-93) 15751-77-6 Unlimited Unlimited N/A

Niobium-93m (Nb-93m) 378782-82-2 3.0E+01 8.1E+02 N/A

Technetium-99 (Tc-99) 14133-76-7 9.0E-01 2.4E+01
ICP/MS

Separation/LSC

Ruthenium-106 (Ru-106) 13967-48-1 2.0E-01 5.4E+00 GEA

Cadmium-113m (Cd-113m) 378253-44-2 5.0E-01 1.4E+01 N/A

Antimony-125 (Sb-125) 14234-35-6 1.0E+00 2.7E+01 GEA

Tin-126 (Sn-126) 15832-50-5 4.0E-01 1.1E+01 ICP/MS

Iodine-129 (I-129) 15046-84-1 Unlimited Unlimited Separation/LEPD

Cesium-134 (Cs-134) 13967-70-9 7.0E-01 1.9E+01 GEA

Cesium-137 (Cs-137) 10045-97-3 6.0E-01 1.6E+01 GEA

Samarium-151 (Sm-151) 15715-94-3 1.0E+01 2.7E+01 ICP/MS

Europium-152 (Eu-152) 14683-23-9 1.0E+00 2.7E+01 GEA

Europium-154 (Eu-154) 15585-10-1 6.0E-01 1.6E-01 GEA

Europium-155 (Eu-155) 14391-16-3 3.0E+00 8.1E+01 GEA
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Table 4-2. Radionuclides for Tank 241-SY-101 Supernatant. (2 pages)

Analyte CAS No. A2 (TBq) A2 (Ci) a Analytical Technique 

Radium-226 (Ra-226) 13982-63-3 3.0E-03 8.1E+02 GEA

Actinium-227 (Ac-227) 14952-40-0 9.0E-05 2.4E-03 N/A

Radium-228 (Ra-228) 15262-20-1 2.0E-02 5.4E-01 N/A

Thorium-229 (Th-229) 15594-54-4 5.0E-04 1.4E-02 ICP/MS

Protactinium-231 (Pa-231) 14331-85-2 4.0E-04 1.1E-02 ICP/MS

Thorium-232 (Th-232) 7440-29-1R b Unlimited Unlimited ICP/MS

Uranium-232 (U-232) 14158-29-3 1.0E-03 c 2.7E-02 c N/A

Uranium-233 (U-233) 13968-55-3 6.0E-03 c 1.6E-01 c ICP/MS

Uranium-234 (U-234) 13966-29-5 6.0E-03 c 1.6E-01 c ICP/MS

Uranium-235 (U-235) 15117-96-1 Unlimited Unlimited ICP/MS

Uranium-236 (U-236) 13982-70-2 Unlimited c Unlimited c ICP/MS

Neptunium-237 (Np-237) 13994-20-2 2.0E-03 5.4E-02 ICP/MS

Uranium-238 (U-238) 7440-61-1Rc Unlimited Unlimited ICP/MS

Plutonium-238 (Pu-238) 13981-16-3 1.0E-03 2.7E-02 EC/AEA

Plutonium-239 (Pu-239) 15117-48-3 1.0E-03 2.7E-02 EC/AEA d

Plutonium-240 (Pu-240) 14119-33-6 1.0E-03 2.7E-02 EC/AEA d

Americium-241 (Am-241) 14596-10-2 1.0E-03 2.7E-02 EC/AEA

Plutonium-241 (Pu-241) 14119-32-5 6.0E-02 1.6E+00 EC/AEA/LSC

Plutonium-242 (Pu-242) 13982-10-0 1.0E-03 2.7E-02 ICP/MS

Americium-243 (Am-243) 14993-75-0 1.0E-03 2.7E-02 ICP/MS

Curium-242 (Cm-242) 15510-73-3 1.0E-03 2.7E-02 EC/AEA

Curium-243 (Cm-243) 15757-87-6 1.0E-03 2.7E-02 EC/AEA c

Curium-244 (Cm-244) 13981-15-2 2.0E-03 5.4E-02 EC/AEA c

Total Alpha (α) N/A 1.0E-01 2.7E+00 Proportional Counter

Total Beta (β) N/A 1.0E-01 2.7E+00 Proportional Counter
a The values of A2 in curies (Ci) are approximate and for information only; the regulatory standard units are terabecquerels 

(TBq), 1 TBq = 37 Ci.
b A CAS number could not be identified for this radioisotope, instead the stable form’s CAS number is used with the suffix 

“R” to distinguish it.
c A2 value shown conservatively assumes the form of uranium is subject to slow lung adsorption.
d Pu-239 and Pu-240 isotopes cannot be separated and are reported together.
e Cm-243 and Cm-244 isotopes cannot be separated and are reported together.
AEA = alpha energy analysis.
CAS = Chemical Abstract Service.
Ci = curie (approximately 0.037037 TBq).
EC = extraction chromatography.
GEA = gamma energy analysis.
ICP = inductively coupled plasma.

LEPD = low-energy proton detector.
LSC = liquid scintillation counting.
MS = mass spectrometry.
N/A = not applicable or not available.
TBq = terabecquerel (27 Ci).
TGA = thermogravimetric analysis.

Basic physical and chemical properties (density, percent water, potential hydrogen, hydroxide, 
total carbon, total inorganic carbon, and total organic carbon) data will be obtained to facilitate 
data handling and evaluation. These are identified in Table 4-3.
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Table 4-3. Physical Properties for Tank 241-SY-101 Supernatant.

Analyte Analytical Technique

Hydroxide (OH-) Titration

pH Electrode a

% Water (%Wt) TGA b

Density Gravimetry c

TC/TOC Combustion/Coulometry d

TIC/TOC Persulfate Oxidation/Coulometry e

TSS Total Suspended Solids f

Notes:
a SW-846 Method 9040C (or equivalent). If the hydroxide concentration is greater than 540 µg/mL, then the sample will be 

outside of the pH electrode calibration range, and the test pH may be cancelled.
b Weight percent water measured by gravimetric method may be performed in hot cell instead of wt% water by TGA if activity 

of the samples is too high for TGA analysis outside of the hot cell.
c Use sample size of at least 1 mL to improve precision of density measurement.
d TC/TOC may be analyzed using Standard Method 5310B (AWWA 2017) (or equivalent).
e TIC/TOC may be analyzed using SW-846 Method 9060A (or equivalent), or Standard Method 5310C (AWWA 2012) 

(or equivalent).
f Total suspended solids by Standard Methods 2540D (APHA 2012) (or equivalent).
APHA, 2012, Standard Methods for the Examination of Water and Wastewater, 22nd edition, Method 2540D, “Total Suspended 

Solids Dried at 103-105ºC” American Public Health Association, Washington D.C.
AWWA, 2012, Standard Methods for the Examination of Water and Wastewater, 22nd edition, Method 5310C, “Persulfate-

Ultraviolet or Heated-Persulfate Oxidation Method,” American Water Works Association, Denver, Colorado.
AWWA, 2017, Standard Methods for the Examination of Water and Wastewater, 23rd edition, Method 5310B, “High-

Temperature Combustion Method,” American Water Works Association, Denver, Colorado.
SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, U.S. Environmental Protection Agency, 

Washington D.C., as amended.
Wt% = weight percent water.
TC = total carbon.
TGA = thermogravimetric analysis.

TIC = total inorganic carbon.
TOC = total organic carbon.
TSS = total suspended solids.

There are additional constituents of concern that need quantification to not preclude evaluation 
of future waste treatment options. These include select metals (sorted by CAS number) and ions
identified in Table 4-4.

Table 4-4. Additional Analytes of Interest. (2 pages)

Analyte CAS No. Analytical Technique

Metals

Aluminum (Al) 7429-90-5 ICP/AES

Iron (Fe) 7439-89-6 ICP/AES

Lanthanum (La) 7439-91-0 ICP/AES

Magnesium (Mg) 7439-95-4 ICP/AES

Potassium (K) 7440-09-7 ICP/AES

Rhodium (Rh) 7440-16-6 ICP/AES

Silicon (Si) 7440-21-3 ICP/AES

Sodium (Na) 7440-23-5 ICP/AES
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Table 4-4. Additional Analytes of Interest. (2 pages)

Analyte CAS No. Analytical Technique

Strontium (Sr) 7440-24-6 ICP/AES

Tungsten (W) 7440-33-7 ICP/AES

Cobalt (Co) 7440-48-4 ICP/AES

Copper (Cu) 7440-50-8 ICP/AES

Uranium (U) 7440-61-1 ICP/AES

Zirconium (Zr) 7440-67-7 ICP/AES

Bismuth (Bi) 7440-69-9 ICP/AES

Calcium (Ca) 7440-70-2 ICP/AES

Sulfur (S) 7704-34-9 ICP/AES

Phosphorus (P) 7723-14-0 ICP/AES

Ions

Chloride (Cl-) N/A IC

Fluoride (F-) N/A IC

Nitrate (NO3
-) N/A IC

Nitrite (NO2
-) N/A IC

Phosphate (PO4
3-) N/A IC

Sulfate (SO4
2-) N/A IC

Oxalate (C2O4
2-) N/A IC

Thiosulfate (S2O3
2-) N/A IC

Ammonium (NH4
+) N/A IC a

Notes:
a Ion chromatography by EPA-350.3/SM-4500-NH3 (or equivalent).
SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, U.S. Environmental Protection Agency, 

Washington D.C., as amended.
CAS = Chemical Abstract Service.
IC = ion chromatography (SW-846 Method 9056, 

or equivalent, if not otherwise specified).

ICP/AES = inductively coupled plasma/atomic emission 
spectroscopy (SW-846 Method 6010D, or equivalent).

N/A = not applicable or not available, constituent does not 
have a Chemical Abstract Service number.

STEP 4 – BOUNDARIES OF THE STUDY

This step defines project spatial boundaries (where the samples will be collected and the area to 
which decisions apply) and temporal boundaries (when sampling will occur and how long the 
planning process will be in effect) and also discusses sampling constraints.

The population of waste represented by this sampling event is the nominal 2,000 gallons of upper 
layer supernatant waste currently in SY-101 that will undergo in-tank pretreatment and be loaded 
into process totes for sampling and shipment to a permitted offsite facility for final treatment and 
disposal under this TBI. During this period, the waste will not change much since analytes 
required to meet TBI objectives are radionuclides whose concentrations will remain stable.
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Pretreated SY-101 liquid waste will have a lower radiological dose rate than untreated liquid 
tank waste but will remain radioactive. Analytical and sample method selection could be 
impacted due to the radioactive nature of the sample so the laboratory will need to use the largest 
sample size allowed by ALARA, the least possible dilution and the most sensitive analytical 
methods for complying with detection limits. The peristaltic pump sampler was chosen primarily 
because it has a proven record of success with tank containerized waste and maintains sampler 
dose as ALARA. Further, process tote configuration will limit sampling access and so will 
constrain sample method selection. Sampling could be constrained by extreme weather 
conditions since it will occur outdoors.

STEP 5 – DEVELOP THE ANALYTIC APPROACH

This step identifies how data will be used to make decisions by development of decision rule(s), 
generally expressed as “if…then” statement(s) that incorporate the parameter of interest, action 
limits, and the actions that would result from exceeding an action or target limit.

6.1 DECISIONS AND ACTION LIMITS

For purposes of management of the pretreated supernatant as a mixed waste, the “action limit”
provided to the laboratory is the lowest of: (1) the concentration at or above the regulatory levels 
for “D004-D043” toxicity characteristic codes, or (2) the treatment standards in 40 CFR 268.40 
or 40 CFR 268.48, “Universal treatment standards,” as applicable to the waste code or the 
underlying hazardous constituent. The LDR evaluation of sample results is used to support the 
proper characteristic waste code evaluation of the waste in order to prepare the shipment 
documentation and provide information in the event of a transportation incident. The estimation 
statement is designed to support acquisition of data of sufficient pedigree to determine the 
appropriate regulations and requirements for managing the waste.

 If sample data for pretreated SY-101 liquid waste in process totes are sufficient to 
support a characteristic waste code evaluation and LDR determination, then perform the 
evaluation and ship the waste to a permitted offsite facility for appropriate treatment; 
otherwise, disallow waste shipment until evaluation of recovery actions.

Shipping and management of the pretreated waste will require the sum of the fractions of each 
Table 4-2 radionuclide and its limit not to exceed 1.0. The sum of fractions is an appropriate 
action limit for classification of this waste because it is a mixture of radionuclides. As specified 
in 49 CFR 173.433, the sum of fractions will be calculated by dividing each radionuclide’s 
concentration by the appropriate Table 4-2 limit, adding the resulting fractions, and comparing 
the sum of the fractions to 1.0. For normal form Class 7 (radioactive) material, the activity that
may be transported in a Type A package must satisfy:
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�
Cj

A2j
≤ 1

j

Where:

Cj is the activity of radionuclide j in normal form; and
A2j is the A2 value for radionuclide j.

Because the sum of fractions is a quantitative technique for evaluating the waste for shipping, it 
leads to a decision statement (as opposed to an estimation statement). However, it is important to 
bear in mind that this decision statement is part of a larger PSQ that is assessed qualitatively and 
is supported by an over-arching estimation statement. The corresponding estimation statement 
becomes:

 If sample data for pretreated SY-101 liquid waste in process totes demonstrate the Type A
shipping requirements are met (e.g., the sum of fraction is less than 1.0), ship the waste 
to a permitted offsite facility for treatment in accordance with applicable requirements; 
otherwise, disallow tote shipment until evaluation of recovery actions.

The standard practice for waste management is to use the maximum of sample results for a waste 
when available. For the purposes of characteristic waste code evaluation, LDR assessment, 
shipping, and waste acceptance, the maximum value will be used. Analytical results from the 
sampling effort will be compared to characteristic waste code thresholds (WAC 173-303-090) 
for assignment of waste codes. In addition, the analytical results will be used to evaluate 
applicability of LDR treatment standards for the shipment (WAC 173-303-140 which 
incorporates 40 CFR 268 by reference). The highest analytical result for each process tote will be 
used in these evaluations.

6.2 QUALITY CONTROL

6.2.1 Sampling

Sampling will be conducted in accordance with RPP-PLAN-62100, Quality Assurance Project 
Plan for Tank Waste Sampling and Analysis, to the extent feasible. RPP-PLAN-62100 defines 
the tank sampling requirements for the collection, handling, storage, transport, custody, and 
documentation of tank sampling events. However, process totes are more accessible than waste 
tanks; thus, the sample collection method for totes will differ from tanks. Other aspects of 
sample control, custody, transport, and the general quality requirements for the protection of 
sample integrity from RPP-PLAN-62100 will apply to the collection of tote samples.

In accordance with RPP-PLAN-62100, blanks and duplicates are analyzed for the same waste 
constituents as the samples. Evaluation criteria for blank and other quality control (QC) data are 
specified in RPP-PLAN-62100, Table 3-1. Any QC data exceeding these limits will trigger 
further evaluations of waste sample data to determine if the data are adequate for their
intended use.

In accordance with the provisions in RPP-PLAN-62100, samples may be collected in a single 
bottle for subsampling later in the laboratory. This practice is not prescribed by some SW-846 
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methods, which specify specific sample container requirements for specific analysis 
(e.g., organics samples). The practice of collecting samples in a single bottle is used to keep the 
sampler dose as low as reasonably achievable (ALARA), as well as to minimize the potential for 
an unintentional release to the environment during sample collection.

6.2.2 Laboratory Analysis

Laboratories on site performing analyses of the process tote samples specified in this DQO, 
including subcontracted laboratories, shall have approved and implemented quality assurance 
project plans. Hanford Site laboratories shall meet the U.S. Department of Energy quality 
assurance requirements established in the DOE/RL-96-68, Hanford Analytical Services Quality 
Assurance Requirements Documents, minimum requirements as the baseline for laboratory 
quality systems. The 222-S Laboratory currently works to HLMI-PLN-ASYS-50094, 222-S 
Laboratory Quality Assurance Program Plan, which is DOE/RL-96-98 compliant. Laboratory 
services shall be committed to generating data of known, documented quality. Offsite, 
commercial subcontractor laboratories also shall meet the requirements of HLMI-PLN-CMT-
50092, Analytical Subcontracting and Sample Management Office. This ensures that analysis by 
an offsite laboratory, even when using proprietary methods, will meet baseline laboratory quality 
requirements.

Target detection limits are administrative limits imposed on the laboratory by this project. For 
sample results to be suitable for assessment of the waste and its management, project-specific 
target detection limits have been developed that are sufficiently low to allow meaningful 
comparison to limits, as well as computation of the sum of fractions. That is, the laboratory does 
not report a less-than-detect value above the action limit because such value is useless for 
making DQO decisions. Because data uncertainty is high near the laboratory method detection 
limit (MDL), the target detection limit should be set far below the action limit, typically one 
order of magnitude below the action limit. Target detection limits have been set at one-tenth of 
the lowest regulatory threshold in Table 4-1, or the Type A shipping threshold in Table 4-2.

Detection limits are dependent on such things as sample size (dictated by sample activity and 
sample availability), methods, and matrix effects. If the laboratory is unable to achieve the target 
detection limit, they may propose an alternate, more sensitive method (preparation and/or 
analysis). If an alternate method is not available, the project will evaluate non-detect results on a 
case-by-case basis to determine the appropriate course of action. For example, MDLs above the 
target detection limits will not impact the data quality of results for analytes detected well above 
their MDL. Generally, if a constituent is not detected, and the detection limit is above the 
regulatory threshold, the waste is considered regulated for the undetected constituent.

Table 6-1 provides the target detection limits and associated driver and recommended analytical 
method. The laboratory may suggest alternate methods if increased sensitivity is needed to attain 
the target detection limit.
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Table 6-1. Target Detection Limits for Inorganics and Organics. (3 pages)

Analyte CAS No.
Analytical 
Technique

Lowest 
Regulatory 
Threshold
(mg/L) a

Target 
Detection 

Limit
(mg/L)

Driver

Metals
Lead (Pb) 7439-92-1 ICP/AES 0.69 0.069 WW
Mercury (Hg) 7439-97-6 CVAA 0.15 0.015 WW
Nickel (Ni) 7440-02-0 ICP/AES 3.98 0.398 WW
Silver (Ag) 7440-22-4 ICP/AES 0.43 0.043 WW
Thallium (Tl) 7440-28-0 ICP/AES 1.4 0.14 WW
Antimony (Sb) 7440-36-0 ICP/AES 1.9 0.19 WW
Arsenic (As) 7440-38-2 ICP/AES 1.4 0.14 WW
Barium (Ba) 7440-39-3 ICP/AES 1.2 0.12 WW
Beryllium (Be) 7440-41-7 ICP/AES 0.82 0.082 WW
Cadmium (Cd) 7440-43-9 ICP/AES 0.69 0.069 WW
Chromium (Cr) 7440-47-3 ICP/AES 2.77 0.277 WW
Selenium (Se) 7782-49-2 ICP/AES 0.82 0.082 WW

Other Inorganics
Cyanide 57-12-5 DIST 0.86 0.086 WW

Volatile Organics
1,4-Dichlorobenzene 106-46-7 VOA 0.09 0.009 WW
1,2-Dichloroethane 107-06-2 VOA 0.21 0.021 WW
Methyl isobutyl ketone 
(4-methyl-2-pentanone)

108-10-1 VOA 0.14 0.014 WW

Chlorobenzene 108-90-7 VOA 0.057 0.0057 WW
1,2,4-Trichlorobenzene 120-82-1 VOA 0.055 0.0055 WW
Tetrachloroethylene 127-18-4 VOA 0.056 0.0056 WW
Carbon tetrachloride 56-23-5 VOA 0.057 0.0057 WW
Acetone 67-64-1 VOA 0.28 0.028 WW
Chloroform 67-66-3 VOA 0.046 0.0046 WW
1-Butanol 71-36-3 VOA 2.6 0.26 NWW
Benzene 71-43-2 VOA 0.14 0.014 WW
1,1,1-Trichloroethane 71-55-6 VOA 0.054 0.0054 WW
Vinyl chloride 75-01-4 VOA 0.2 0.02 WAC
Methylene chloride 75-09-2 VOA 0.089 0.0089 WW
1,1-Dichloroethylene 75-35-4 VOA 0.025 0.0025 WW
Methyl ethyl ketone 
(2-butanone)

78-93-3 VOA 0.28 0.028 WW

Trichloroethylene 79-01-6 VOA 0.054 0.0054 WW
1,2-Dichlorobenzene 95-50-1 VOA 0.088 0.0088 WW

Semivolatile Organics
4-Nitroaniline 100-01-6 SVOA 0.028 0.0028 WW
4-Nitrophenol 100-02-7 SVOA 0.12 0.012 WW
4-Bromophenylphenyl ether 101-55-3 SVOA 0.055 0.0055 WW
2,4-Dimethylphenol 105-67-9 SVOA 0.036 0.0036 WW
p-cresol (4-methylphenol) 106-44-5 SVOA 0.77 0.077 WW
1,4-Dichlorobenzene 106-46-7 SVOA 0.09 0.009 WW
4-Chloroaniline 106-47-8 SVOA 0.46 0.046 WW
m-cresol (3-methylphenol) 108-39-4 SVOA 0.77 0.077 WW
Cyclohexanone 108-94-1 SVOA 0.36 0.036 WW
Phenol 108-95-2 SVOA 0.039 0.0039 WW
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Table 6-1. Target Detection Limits for Inorganics and Organics. (3 pages)

Analyte CAS No.
Analytical 
Technique

Lowest 
Regulatory 
Threshold
(mg/L) a

Target 
Detection 

Limit
(mg/L)

Driver

Pyridine 110-86-1 SVOA 0.014 0.0014 WW
Bis(2-chloroethyl) ether 111-44-4 SVOA 0.033 0.0033 WW
Bis(2-Chloroethoxy) methane 111-91-1 SVOA 0.036 0.0036 WW
Bis(2-ethylhexyl) phthalate 117-81-7 SVOA 0.28 0.028 WW
Di-n-octyl phthalate 117-84-0 SVOA 0.017 0.0017 WW
Hexachlorobenzene 118-74-1 SVOA 0.055 0.0055 WW
Anthracene 120-12-7 SVOA 0.059 0.0059 WW
2,4-Dichlorophenol 120-83-2 SVOA 0.044 0.0044 WW
2,4-Dinitrotoluene 121-14-2 SVOA 0.13 0.013 WAC
Dimethyl phthalate 131-11-3 SVOA 0.047 0.0047 WW
Cresol mixed isomers 
(Total methylphenols)

1319-77-3 SVOA 0.88 0.088 WW

Benzo(ghi)perylene 191-24-2 SVOA 0.0055 0.00055 WW
Indeno(1,2,3-cd) pyrene 193-39-5 SVOA 0.0055 0.00055 WW
Benzo(b)fluoranthene 205-99-2 SVOA 0.11 0.011 WW
Benzo(k)fluoranthene 207-08-9 SVOA 0.11 0.011 WW
Acenaphthylene 208-96-8 SVOA 0.059 0.0059 WW
Chrysene 218-01-9 SVOA 0.059 0.0059 WW
Benzo(a)pyrene 50-32-8 SVOA 0.061 0.0061 WW
2,4-Dinitrophenol 51-28-5 SVOA 0.12 0.012 WW
4,6-Dinitro-o-cresol 534-52-1 SVOA 0.28 0.028 WW
Dibenz[a,h]anthracene 53-70-3 SVOA 0.055 0.0055 WW
Benzo(a)anthracene 56-55-3 SVOA 0.059 0.0059 WW
4-Chloro-3-methylphenol 59-50-7 SVOA 0.018 0.0018 WW
N-Nitrosomorpholine 59-89-2 SVOA 0.4 0.04 WW
N-Nitroso-di-n-propylamine 621-64-7 SVOA 0.4 0.04 WW
N-Nitrosodimethylamine 62-75-9 SVOA 0.4 0.04 WW
Hexachloroethane 67-72-1 SVOA 0.055 0.0055 WW
Hexachlorocyclopentadiene 77-47-4 SVOA 0.057 0.0057 WW
Acenaphthene 83-32-9 SVOA 0.059 0.0059 WW
Diethylphthalate 84-66-2 SVOA 0.2 0.02 WW
Di-n-butylphthalate 84-74-2 SVOA 0.057 0.0057 WW
Phenanthrene 85-01-8 SVOA 0.059 0.0059 WW
Butylbenzylphthalate 85-68-7 SVOA 0.017 0.0017 WW
Hexachlorobutadiene 87-68-3 SVOA 0.055 0.0055 WW
Pentachlorophenol 87-86-5 SVOA 0.089 0.0089 WW
2,4,6-Trichlorophenol 88-06-2 SVOA 0.035 0.0035 WW
2-Nitroaniline 88-74-4 SVOA 0.27 0.027 WW
2-Nitrophenol 88-75-5 SVOA 0.028 0.0028 WW
Naphthalene 91-20-3 SVOA 0.059 0.0059 WW
o-Cresol (2-methylphenol) 95-48-7 SVOA 0.11 0.011 WW
2-Chlorophenol 95-57-8 SVOA 0.044 0.0044 WW
2,4,5-Trichlorophenol 95-95-4 SVOA 0.18 0.018 WW
Nitrobenzene 98-95-3 SVOA 0.068 0.0068 WW

Polychlorinated Biphenyls b

Aroclor 1260 11096-82-5 GC/ECD 0.1 0.01 WW
Aroclor 1254 11097-69-1 GC/ECD 0.1 0.01 WW
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Table 6-1. Target Detection Limits for Inorganics and Organics. (3 pages)

Analyte CAS No.
Analytical 
Technique

Lowest 
Regulatory 
Threshold
(mg/L) a

Target 
Detection 

Limit
(mg/L)

Driver

Aroclor 1221 11104-28-2 GC/ECD 0.1 0.01 WW
Aroclor 1232 11141-16-5 GC/ECD 0.1 0.01 WW
Aroclor 1248 12672-29-6 GC/ECD 0.1 0.01 WW
Aroclor 1016 12674-11-2 GC/ECD 0.1 0.01 WW
Aroclor 1242 53469-21-9 GC/ECD 0.1 0.01 WW
a The lowest value between characteristic waste code thresholds from WAC 173-303-090 and land disposal restriction 

treatment standards from 40 CFR 268.40 or 268.48 is shown. For organics in nonwastewaters, the treatment standard is 
usually expressed in mg/kg. Process tote sampling direction to the laboratory will be based upon the standards applicable 
to the 2,000-gallon TBI Demonstration.

b The free release decontamination standard in the Toxics Substances Control Act (40 CFR 761.79(b)(1)(iii)) is 0.0005 mg/L, 
the laboratory is requested to achieve a method detection limit below the required detection limit if possible.

40 CFR 268.40, “Applicability of treatment standards,” Code of Federal Regulations, as amended.
40 CFR 268.48, “Universal treatment standards,” Code of Federal Regulations, as amended.
40 CFR 761.79, “Decontamination standards and procedures,” Code of Federal Regulations, as amended.
SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, U.S. Environmental Protection Agency, 

Washington D.C., as amended.
Toxics Substances Control Act, 15 USC 2601, et seq.
WAC 173-303-090, “Dangerous waste characteristics,” Washington Administrative Code, Olympia, Washington, as 

amended.
CAS = Chemical Abstract Service.
CVAA = cold-vapor atomic absorption (SW-846 Method 

7470, or equivalent).
DIST = micro-distillation spectrophotometric 

determination (SW-846 Methods 9010/9014, or 
equivalent).

GC/ECD = gas chromatography-electron capture detector 
(SW-846 Method 8082A, or equivalent).

ICP/AES = inductively coupled plasma/atomic emission 
spectroscopy (SW-846 Method 6010D, or 
equivalent).

ICP/MS = inductively coupled plasma/mass spectrometry 
(SW-846 Method 6020B, or equivalent).

N/A = not applicable.

NWW = target detection limits driven by the non-
wastewater standard of 40 CFR 268.48.

SVOA = semivolatile organic compounds by gas 
chromatography/mass spectrometry (SW-846 
Method 8270E, or equivalent). SVOA reporting 
shall report all qualified tentatively identified 
compounds.

VOA = volatile organic compounds by gas 
chromatography/mass spectrometry (SW-846 
Method 8260D, or equivalent). VOA reporting 
shall report all qualified tentatively identified 
compounds.

WAC = target detection limit driven by hazardous waste 
regulations of WAC 173-303-090.

WW = target detection limit driven by the wastewater 
standard of 40 CFR 268.40 or 40 CFR 268.48.

Table 6-2 provides the counterpart requirements for the radionuclides. In the case of the 
radionuclides, their target detection limit is driven by the desire to be able to quantify them at 
one-tenth of the A2 values to support the sum of fractions calculation for material transport. The 
exception is if for cesium-137. The November 2018 grab sample average cesium-137 
concentration in supernatant was 19.6 microcuries per milliliter (µCi/mL). An objective of the 
TBI is to demonstrate the ITPS removal of the cesium-137.
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Table 6-2. Target Detection Limits for Radionuclides. (2 pages)

Analyte CAS No. Target Detection Limit a

Radionuclides by Extraction and Alpha Energy Analysis

Americium-241 (Am-241) 14596-10-2 2.14E-03 µCi/mL

Curium-242 (Cm-242) 15510-73-3 2.14E-03 µCi/mL

Curium-243 (Cm-243) 15757-87-6 2.14E-03 µCi/mL

Curium-244 (Cm-244) 13981-15-2 4.28E-03 µCi/mL b

Plutonium-238 (Pu-238) 13981-16-3 2.14E-03 µCi/mL

Plutonium-239 (Pu-239) 15117-48-3 2.14E-03 µCi/mL

Plutonium-240 (Pu-240) 14119-33-6 2.14E-03 µCi/mL

Radionuclides by Extraction, Alpha Energy Analysis, and Liquid Scintillation Counting

Nickel-63 (Ni-63) 13981-37-8 6.43E+01 µCi/mL

Plutonium-241 (Pu-241) 14119-32-5 1.27E-01 µCi/mL

Radionuclides by Gamma Energy Analysis

Cobalt-60 (Co-60) 10198-40-0 8.73E-01 µCi/mL

Ruthenium-106 (Ru-106) 13967-48-1 4.28E-01 µCi/mL

Antimony-125 (Sb-125) 14234-35-6 2.14E+00 µCi/mL

Cesium-134 (Cs-134) 13967-70-9 1.51E+00 µCi/mL

Cesium-137 (Cs-137) 10045-97-3 1.90E-01 µCi/mL

Europium-152 (Eu-152) 14683-23-9 2.14E+00 µCi/mL

Europium-154 (Eu-154) 15585-10-1 1.27E-02 µCi/mL

Europium-155 (Eu-155) 14391-16-3 6.43E+00 µCi/mL

Radium-226 (Ra-226) 13982-63-3 6.43E+01 µCi/mL

Radionuclides by Separation and Beta Counting

Strontium-89/90 (Sr-89/90) 10098-97-2 6.43E-01 µCi/mL c

Radionuclides by Separation and Analysis by Liquid Scintillation Counting

Tritium (H-3) 10028-17-8 8.73E-05 µCi/mL

Carbon-14 (C-14) 14762-75-5 6.43E+00 µCi/mL

Selenium-79 (Se-79) 15758-45-9 4.28E+00 µCi/mL

Technetium-99 (Tc-99) 14133-76-7 1.90E+00 µCi/mL

Analysis by Separation Proportional Counting

Total Alpha (α) N/A 2.14E-01 µCi/mL

Total Beta (β) N/A 2.14E-01 µCi/mL

Radionuclides by Inductively Coupled Plasma/Mass Spectrometry d

Technetium-99 (Tc-99) 14133-76-7 1.12E+02 µg/mL

Tin-126 (Sn-126) 15832-50-5 7.07E+01 µg/mL

Samarium-151 (Sm-151) 15715-94-3 8.14E-02 µg/mL

Thorium-229 (Th-229) 15594-54-4 5.19E-03 µg/mL

Protactinium-231 (Pa-231) 14331-85-2 1.85E-02 µg/mL

Neptunium-237 (Np-237) 13994-20-2 6.08E+00 µg/mL
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Table 6-2. Target Detection Limits for Radionuclides. (2 pages)

Analyte CAS No. Target Detection Limit a

Uranium-233 (U-233) 13968-55-3 1.32E+00 µg/mL

Uranium-234 (U-234) 13966-29-5 2.04E+00 µg/mL

Plutonium-242 (Pu-242) 13982-10-0 5.44E-01 µg/mL

Americium-243 (Am-243) 14993-75-0 1.07E-02 µg/mL

Radionuclides Without an Analytical Method

Nickel-59 (Ni-59) 14336-70-0 Not determined e

Niobium-93m (Nb-93m) 378782-82-2 6.43E+01 µCi/mL

Zirconium-93 (Zr-93) 15751-77-6 Not determined e

Cadmium-113m (Cd-113m) 378253-44-2 1.11E+00 µCi/mL

Actinium-227 (Ac-227) 14952-40-0 1.90E-04 µCi/mL

Radium-228 (Ra-228) 15262-20-1 4.28E-02 µCi/mL

Uranium-232 (U-232) 14158-29-3 2.14E-03 µCi/mL
a The target detection limit is computed from the A2 values, divided by the nominal process tote volume of 333 gallons, and 

divided by a factor of 10, then converted to the common analytical units.
b Cm-244 cannot be counted without Cm-243; therefore, the lower of the target detection limit for Cm-243 and Cm-244 

applies.
c Value for Y-90 will be calculated from Sr-89/90 analysis, which effectively results in the same target detection limit for 

Y-90.
d Radionuclides listed are analyzed according to atomic mass by inductively coupled plasma/mass spectrometry. The target 

detection limit has been converted to units of µg/mL by dividing the derived target detection limits (in µCi/mL) by the 
radionuclide specific activity (in Ci/g).

e The corresponding radionuclide has an “unlimited” A2 value.
CAS = Chemical Abstract Service.
N/A = not applicable or not available.

Radionuclides that are not listed in Table 6-2 are analytes for which the A2 value is unlimited, 
but an analytical method is available (iodine-129, thorium-232, uranium-235, uranium-236, and 
uranium-238).

For all analytes, including analytes without project-specific detection limits, the laboratory will 
be requested to obtain the lowest possible detection limit by use of the largest sample size and 
least possible dilution. The laboratory shall not perform dilution for convenience (e.g., shall not 
dilute to an arbitrary level). Because the SY-101 pretreated waste samples will be low activity
(e.g., its expected Cs-137 shall be removed), this should be achievable. The lowest possible 
detection limit is necessary to address TSDF needs for accounting precisely how many total 
curies will be added to the TSDF inventory. Table 4-4 lists constituents for which a target 
detection limit has not been formally established.

For volatile organic analysis and semivolatile organic analysis, tentatively identified compounds 
shall be evaluated against the “Hanford library” of organics and the National Institute of 
Standards and Technology library and reported in accordance with the laboratory’s internal 
procedures. Tentatively identified compounds will be evaluated by the project on a case-by-case 
basis to determine the need to perform any additional work to positively identify the tentatively 
identified compound.
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STEP 6 – SPECIFY PERFORMANCE OR ACCEPTANCE CRITERIA

This step specifies the tolerable limits for decision uncertainty that are used to estimate the 
required number of samples.

The primary output from this step of the DQO process is a set of performance or acceptance 
criteria (i.e., DQOs) that the data collected should achieve to minimize the possibility of either 
making a decision error or failing to keep uncertainty in estimates to within acceptable levels. 
Generally, the tolerable decision error is established by the project, which is in turn used to 
determine the optimal sampling design in the following step (e.g., determine the number of 
samples).

Tote sampling error is expected to be minimal because the volume of liquid waste in a process 
tote is relatively small and will be well mixed before sampling. Laboratory error for samples of 
well-mixed tote liquids is also expected to be minimal. The overall uncertainty in the data for 
samples taken from a tote is expected to be minor. Also, radionuclide concentrations in the 
pretreated waste are expected to be significantly lower than their corresponding action limits,
thereby expanding the allowable margin of error for sample results.

The low data uncertainty and large allowable margin of error in sample results suggests that only 
a small number of samples is needed to represent the waste in a tote. However, the project has 
chosen to implement a judgmental approach to sampling by simply specifying at least one 
discrete sample from each tote. It is anticipated that this approach will provide more than 
sufficient characterization of the treated waste.

STEP 7 – PLAN FOR OBTAINING THE DATA

This step details the plan for obtaining required analytical data (sampling design).

8.1 SAMPLING APPROACH

The nominal 2,000 gallons of pretreated SY-101 TBI waste will be loaded into six waste totes 
arrayed as shown in Figure 8-1. Each process tote will have a unique equipment identification 
number, a packaging identification number, and a container identification number. Each tote will 
be sampled in a single sampling event. There is no preferential tote-filling sequence; however, 
each process tote will receive approximately 333 gallons before the next tote is filled. The 
sequence for filling the totes shall be tracked, documented, and associated with the sample 
collected from it in the event characterization data indicate a gradual change in the pretreated 
waste composition that occurred with each successive process tote.

One primary waste sample and a field duplicate waste sample will be collected from the final 
process tote filled. The duplicate sample also will serve as a contingency to provide sample 
material in case of loss (e.g., breakage). Field QC samples, including one equipment blank and 
one sampling blank (i.e., a field blank) will be obtained for analysis. A single trip blank shall 
accompany the shipment since analysis will include volatile organic compounds. The waste 
samples and the QC samples are to be analyzed for constituents in Tables 4-1 through 4-4, with 
some exceptions for blanks as described by RPP-PLAN-62100.
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The liquid grab sampling methods considered for process tote sampling include a weighted 
bottle, thief, composite liquid waste sampler, and peristaltic pump. Use of a thief or composite 
liquid waste sampler lend themselves to radiation control issues. These sample devices must be 
completely submerged and manually withdrawn from the waste, which leads to drips and 
requires hands-on contact. The peristaltic pump requires running the waste through a mechanical 
system, which complicates sample handling relative to the other sample collection methods 
considered. The preferred sample collection method, the peristaltic pump, was chosen primarily 
because it has a proven record of success with containerized waste, and maintains sampler dose 
ALARA because the operator will not directly contact the waste. 

Samples will be collected through a 3-inch camlock or open flange on top of each process tote. 
Multiple bottles could be required to collect enough material to perform the waste analysis 
specified in this DQO. Therefore, samples from the same tote may be composited at the lab for 
analysis, however, to prevent the loss of volatile compounds, the VOA sample will be sub-
aliquoted from its parent prior to compositing. Compositing will have the effect of masking 
sample of the variability within the process tote, however, such variability is anticipated to be 
very small after pretreatment in the ITPS relative to sampling and analysis error.

A secondary containment system for spill protection around the totes (Section 2.0) will serve to 
ensure that any potential spills of pretreated waste during sampling remain contained and not 
released to the environment. Temporary glove bags used during sampling will offer protection to 
samplers, keeping dose ALARA, while further decreasing the potential for a release to the 
environment.

Figure 8-2 shows a drawing of the process tote inlet flange, including the waste inlet spool, bird 
screen (for ventilation), and 3-inch camlock fitting from which samples will be collected.
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Figure 8-1. Array for Tank 241-SY-101 Process Tote Configuration.
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Figure 8-2. Tank 241-SY-101 Process Tote Flange.

8.2 DATA QUALITY INDICATORS

Sampling and analysis of SY-101 pretreated tank waste in process tote(s) to meet RD&D permit 
application objectives, including general quality assurance/QC requirements, shall be conducted 
in accordance with applicable requirements for tank waste sampling and analysis described in 
Section 6.2.

Project QC criteria are specified in Table 8-1. EPA encourages the use of performance-based 
measurement systems when performing SW-846 chemical methods. Therefore, performance 
measures (i.e., QC criteria) established by laboratory statistical process control limits, when 
available, may be used instead of the administrative limits specified in Table 8-1. Where not 
otherwise established by the analytical method and/or associated process control limits, data 
quality indicators will be used to assess the analytical results for precision, accuracy, 
representativeness, comparability, and completeness. Any QC data exceeding these limits will 
trigger further evaluations of waste sample data to determine if the data are adequate for the 
intended use.

Table 8-1. Data Quality Indicators. (2 pages)

Analysis LCS % Recovery a Spike% Recovery b Duplicate RPD c

ICP/AES 80 - 120% 75 - 125% 20%

ICP/MS 80 - 120% 75 - 125% 20%

CVAA 80 - 120% 75 - 125% 20%

DIST 80 – 115% 75 – 125% 20%

SVOA 70 - 130% 75 - 125% 30%

VOA 70 - 130% 75 - 125% 30%

GC/ECD 70 – 130% 70 – 130% 30%

OH- 90 - 110% 75 – 125% 20%
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Table 8-1. Data Quality Indicators. (2 pages)

Analysis LCS % Recovery a Spike% Recovery b Duplicate RPD c

pH + 0.1 pH Units N/A N/A

Wt% H2O 80 - 120% N/A 20%

Density 95 - 105%(d) N/A 20%(d)

Notes:
a This sample is generally carried through the entire method. The accuracy of a method is usually expressed as the percent 

recovery of the LCS. The LCS is a matrix with known concentration of analytes processed with each preparation and 
analyses batch. It is expressed as a percent recovery.

b For some methods, the sample accuracy is expressed as the percent recovery of a matrix spike sample. It is expressed as 
percent recovery (i.e., the amount measured, less the amount in the sample, divided by the spike added, times 100).
One matrix spike is performed per analytical batch. Samples are batched with similar matrices.

c Sample precision is estimated by analyzing duplicates taken separately through preparation and analysis. Acceptable 
sample precision is usually <20% RPD if the sample result is at least 10 times the instrument detection limit.

RPD = ((absolute difference between primary and duplicate)/mean) × 100.
d If the RPD or LCS requirements are not met, the laboratory will make only one rerun. If the RPD or LCS is not met after 

the second run, the laboratory will contact the tank coordinator. This information will be reported and discussed in the data 
report.

SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, U.S. Environmental Protection Agency, 
Washington D.C., as amended.

DIST = micro-distillation spectrophotometric 
determination (SW-846 Methods 9010/9014, or 
equivalent).

GC/ECD = gas chromatography-electron capture detector 
(SW-846 Method 8082A, or equivalent).

ICP/AES = inductively coupled plasma/atomic emission
spectroscopy (SW-846 Method 6010D, or 
equivalent).

ICP/MS = inductively coupled plasma/mass spectrometry 
(SW-846 Method 6020B, or equivalent).

LCS = laboratory control sample.
N/A = not applicable.
QC = quality control.
RPD = relative percent difference.
SVOA = semivolatile organic compounds by gas 

chromatography/mass spectrometry (SW-846 
Method 8270E, or equivalent).

TIC = total inorganic carbon.
TOC = total organic carbon.
VOA = volatile organic compounds by gas 

chromatography/mass spectrometry (SW-846 
Method 8260D, or equivalent).

Project target detection limits s have been established in Section 6.2.2. If an target detection limit
is not met, the project will evaluate non-detect results on a case-by-case basis to determine the 
appropriate course of action.

8.3 PRESERVATION AND HOLDING TIME FOR REGULATORY SAMPLES

Holding times, used in conjunction with preservatives, are based on controlling biological 
degradation of the sample. Tank waste does not undergo biological changes. Many tank wastes 
are highly caustic and preserving samples of these wastes by adding acid could require a large 
amount of acid that would alter the chemical and physical characteristics of the waste.
Tank wastes contain carbonate, which could cause foaming, contamination spread, or 
pressurization during acidification. Chemical preservation of tank waste samples during storage 
and shipping is not performed. Refer to RPP-PLAN-62100.

Sample holding time is the maximum duration of time that can elapse between collection to 
extraction and analysis of the bulk sample. Sample holding time begins at the date and time of 
collection recorded on the chain-of-custody form. The sample holding times ends either when the 
sample is analyzed or extracted. Holding times are specified in the 40 CFR 136, “Guidelines for 
Establishing Test Procedures for the Analysis of Pollutants,” Section 136.3, “Identification of 
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test procedures,” Table II, and SW-846 Tables 3-2 and 4-1, and in individual standard methods 
in some cases. Note that the analytical laboratory defaults to holding times in their respective 
quality assurance plan for analyses if not otherwise specified.

Table 8-2. Applicable Holding Times.

Analyte SW-846 Holding Time

pH Immediately a

Nitrate/Nitrite/Phosphate 48 hours after digestion

Sulfate/Chloride/Bromide/Fluoride 28 days after digestion

Ammonia 7 days until distillation (not specified in EPA Method 300.7 –
administrative requirement only), analyze within 28 days of distillation.

Volatile organic compounds 14 days

Semivolatile organic compounds
Samples extracted within 14 days and extracts analyzed within 40 days 
following extraction

Metals (except Hg) 6 months

Cyanide 14 days

Mercury 28 days

Total Organic Carbon 28 days

Radionuclides 6 months (not specified in SW-846 – administrative requirement only)

Polychlorinated biphenyl (PCB) None

TC/TOC 28 days

TIC/TOC 28 days

TSS 7 day holding time of the standard method (2540D) is not applicable to 
Hanford tank waste.

a SW-846 recommends pH measurements to be performed “immediately.” Tank waste samples are highly radioactive and 
cannot be analyzed in the field. The samples are immediately placed in shielded casks for shipping to the laboratory.
Once received at the laboratory, the samples must be removed from the casks and handled with extra precautions.
Therefore, the hold time for pH is modified here to “as soon as possible during normal working hours after laboratory 
receives the sample.”

SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, U.S. Environmental Protection Agency, 
Washington D.C., as amended.

Every reasonable attempt should be employed to meet holding time requirements, particularly 
for organic constituents and hydroxide where their concentration can change due to radiolysis, 
reaction with carbon dioxide, or other loss. Sample results from analyses performed outside the 
applicable holding times shall be appropriately flagged. Usability of such flagged data for the
intended data collection purpose is to be evaluated by the user on a case-by-case basis.

REFERENCES

40 CFR 136, “Guidelines for Establishing Test Procedures for the Analysis of Pollutants,” Code 
of Federal Regulations, as amended.

40 CFR 268, “Land Disposal Restrictions,” Code of Federal Regulations, as amended.
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40 CFR 761.79, “Decontamination Standards and Procedures,” Code of Federal Regulations, as 
amended.

49 CFR Subchapter C, “Hazardous Materials Regulations,” Code of Federal Regulations, as 
amended.

49 CFR 173.433, “Requirements for determining basic radionuclide values, and for the listing of 
radionuclides on shipping papers and labels,” Code of Federal Regulations, as amended.

49 CFR 173.435, “Table of A1 and A2 values for radionuclides,” Code of Federal Regulations, 
as amended.

CEES-16-604-M-039, 2019, DOE TBI SY-101 Process Tote Assembly, Rev. 0, Columbia Energy 
and Engineering Services, Richland, Washington.

DOE/RL-96-68, 2005, Hanford Analytical Services Quality Assurance Requirements 
Documents, Rev. 3, U.S. Department of Energy Richland Operations Office, Richland, 
Washington.

DOE/ORP-2022-02, 2023, Final Waste Incidental to Reprocessing Evaluation for the Test Bed 
Initiative Demonstration, Rev. 0, U.S. Department of Energy, Office of River Protection, 
Richland, Washington.

EPA QA/G-4, Guidance on Systematic Planning Using the Data Quality Objectives Process, 
U.S. Environmental Protection Agency, Washington, D.C., as amended.

HLMI-PLN-ASYS-50094, 2022, 222-S Laboratory Quality Assurance Program Plan, Rev. 1, 
Hanford Laboratory Management and Integration, LLC, Richland, Washington.

HLMI-PLN-CMT-50092, 2022, Analytical Subcontracting and Sample Management Office, 
Rev. 0, Hanford Laboratory Management and Integration, LLC, Richland, Washington.

ORP-67633, 2023, 2,000-Gallon Test Bed Initiative Demonstration Research, Development, and 
Demonstration Permit Application, Rev. 1, U.S. Department of Energy, Office of River 
Protection, Richland, Washington.

RPP-PLAN-62100, 2023, Quality Assurance Project Plan for Tank Waste Sampling and 
Analysis, Rev. 3, Washington River Protection Solutions LLC, Richland, Washington.

RPP-PLAN-62774, 2018, Tank 241-SY-101 Grab Sampling and Analysis Plan in Support of Test 
Bed Initiative-Phase 2, Rev. 0, Washington River Protection Solutions LLC, Richland, 
Washington.

RPP-PLAN-65801, 2023, Tank 241-SY-101 Grab Sampling and Analysis Plan – Fiscal Year 
2024, Rev. 1, Washington River Protection Solutions LLC, Richland, Washington.

RPP-RPT-61303, 2021, Final Analytical Report for Tank 241-SY-101 TBI Grab Sampling 2018, 
Rev. 5, Wastren Advantage Inc., Richland, Washington.

SMC, 2018, Standard Methods for the Examination of Water and Wastewater, Standard Methods 
Committee of the American Public Health Association, American Water Works 
Association, and Water Environment Federation, Washington D.C.
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SW-846, “Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,” 
U.S. Environmental Protection Agency, Washington D.C., as amended.5

TFC‑ENG‑CHEM‑C‑16, 2022, Data Quality Objectives for Sampling and Analysis, Washington 
River Protection Solutions LLC, Richland, Washington, as amended.

TO-080-403, 2022, Grab Sampling Using a Glovebag, Washington River Protection Solutions 
LLC, Richland, Washington, as amended.

WAC 173-303, “Dangerous Waste Regulations,” Washington Administrative Code, Olympia, 
Washington, as amended.

WAC 173-303-090, “Dangerous waste characteristics,” Washington Administrative Code, 
Olympia, Washington, as amended.

WAC 173-303-110, “Sampling, testing methods, and analyses,” Washington Administrative 
Code, Olympia, Washington, as amended.

WAC 173-303-140, “Land disposal restrictions,” Washington Administrative Code, Olympia, 
Washington, as amended.

                                                
5 SW-846 incorporated by reference in WAC 173-303-110(3)(a) and is a living document of approximately 

3,500 pages. The U.S. Environmental Protection Agency maintains the official version (The SW-846 
Compendium) online at https://www.epa.gov/hw-sw846/sw-846-compendium. Hard copies of the document may 
be ordered from the National Technical Information Service.
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1.0 SAMPLING AND ANALYSIS OBJECTIVE

This sampling and analysis plan (SAP) identifies sample collection, laboratory analysis, quality 
assurance (QA)/quality control (QC), and data reporting for the characterization of pretreated 
supernatant waste from Tank 241-SY-101 (SY-101) collected in process totes. This sampling 
event will be used to support the 2,000-gallon Test Bed Initiative (TBI) Demonstration.

The 2,000-gallon TBI Demonstration will pretreat approximately 2,000 gallons of SY-101
supernatant waste. Pretreatment will include the use of an in-tank pretreatment system (ITPS)
that is a combination of an in-tank filtration system and ion exchange technology. During this 
pretreatment, entrained solids will be removed by filtration, and the ion exchange system will 
significantly reduce the cesium concentration.

After pretreatment, SY-101 supernatant waste will be loaded into suitable carbon steel, industrial 
U.S. Department of Transportation (DOT) 7A, Type A waste shipping containers (process totes).
Each process tote has a primary and secondary liner. The primary liner has a 375-gallon 
capacity, and nominally 333 gallons will be placed in each tote (2,000 gallons divided among 6 
totes). Consequently, six process totes will be required to contain the approximately 2,000 
gallons of pretreated liquid waste. The offsite shipment of pretreated SY-101 supernatant waste 
will be less than or equal to 2,000 gallons. There is no preferential tote-filling sequence; 
however, each process tote will be filled with approximately 333 gallons before a subsequent 
process tote is filled. The sequence for filling the process totes will be tracked, documented, and 
associated with the sample collected from it in the event characterization data indicate a gradual 
change in the pretreated waste composition occurred with each successive tote. The filled totes
containing pretreated SY-101 supernatant waste will then be shipped to an offsite permitted 
facility for final treatment and disposal as mixed low-level radioactive waste.

Sampling and analysis directed in this SAP are based on requirements listed in RPP-RPT-61636, 
Data Quality Objectives for Grab Sampling and Analysis of Pretreated Tank 241-SY-101 Liquid 
Waste in Process Totes. General QA/QC requirements for tank waste sampling are specified in 
RPP-PLAN-62100, Quality Assurance Project Plan for Tank Waste Sampling and Analysis
(hereafter is referred as QAPjP). General requirements in the QAPjP are applicable to this 
sampling event unless an exception is taken in Section 7.0 of this SAP. Project-specific QA/QC 
requirements identified in the data quality objectives are also identified in this SAP.

Washington River Protection Solutions LLC (WRPS) Sampling Operations group will obtain
liquid grab samples from each process tote of pretreated SY-101 supernatant waste and will ship 
the sample material and requisite field QC samples to the 222-S Laboratory for analysis. The 
222-S Laboratory will perform the chemical and radiological analyses requested in Section 5.0.
Hanford Laboratory Management and Integration (HLMI) will receive samples and perform 
chemical and radiological analyses on samples and provide sample material to the HLMI 
Research and Technology Development group for testing under a separate plan.

RPP-PLAN-65394 Rev.01 12/4/2023 - 10:08 AM 9 of 39
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2.0 WASTE DESCRIPTION

Tank 241-SY-101 is a non-cascading double-shell tank with a 1,160 kgal capacity. The tank 
entered service in 1977, and was originally designed for use as a concentrated waste holding 
tank. It consists of a reinforced concrete shell with two (inner and outer) carbon steel liners on 
the bottom and sides. Since March 2017, SY-101 has received dilute transfers from the 222-S 
Laboratory waste tank, Tank TK-102 in the 219-S Waste Handling Facility. The transfers from 
the 222-S Laboratory to SY-101 took place in September 2019, August 2020, November 2022,
and in August 2023. Transfer volumes, including flush volumes, are typically around 3,000 
gallons. No waste type was assigned to the supernatant because of the diverse sources of the 
transfers to tank 241-SY-101 (RPP-RPT-48774, Derivation of Best Basis Inventory for Tank 
241-SY-101 as of October 1, 2020).

Despite the dilute transfers from the 222-S Laboratory, the level in SY-101 has been gradually 
declining due to ongoing evaporation. The average surface level of SY-101 was approximately 
403.85 in. on October 2, 2023 (PI Data Link®1, Queried on October 2, 2023, Compressed Data, 
SY-101-WST-LI-101, Start: 10/01/2020, End: 10/03/2023, Bounding Type: Inside, Date & 
Time: 10/02/2023 00:53:23, Value: 403.85 in.).

According to RPP-RPT-48774, approximately 81.46 in. of saltcake solids are located at the 
bottom of the tank. The difference between the liquid surface (403.86 in.) and the solids surface
(81.46 in.) indicates the tank contains approximately 322.40 in. of liquid waste (supernatant).

Tank SY-101 shows signs of layering in the supernatant waste phase. The average density of
upper-layer SY-101 liquid waste is 1.13 g/mL, while the average density of the lower-layer 
SY-101 liquid waste is 1.18 g/mL (RPP-RPT-48774). The 2,000 gallons of SY-101 supernatant 
waste will be pumped from the upper supernatant layer. The approximate boundary between the 
upper and lower supernatant layers is 136 in. from the tank bottom (RPP-RPT-48774), or 
approximately 268 in. below the liquid waste surface. Only the upper layer of supernatant will be 
processed by the ITPS (ORP-67633, 2,000-Gallon Test Bed Initiative Demonstration Research, 
Development, and Demonstration Permit Application).

The SY-101 supernatant temperature ranges from 61.1 ºF to 67.1 ºF. This temperature range is 
based on several temperature readings at various temperature indicators (PI Data Link, Queried 
October 3, 2023, Archived Data, SY-101-WST-TI-027 to SY-101-WST-TI-048, Risers 019 and 
018, Date: 09/26/2023).

3.0 PROJECT DESCRIPTION

The 2,000-gallon TBI Demonstration will pretreat approximately 2,000 gallons of SY-101 
supernatant using ITPS to filter solids and remove cesium-137. Pretreated waste will be piped to 
process totes for sampling and analysis to support a characteristic waste code evaluation, a land 
disposal restriction determination, shipping requirements, assess whether the waste meets
treatment, storage, and disposal facility (TSDF) waste acceptance criteria, ITPS performance, 
chromium retention, and to support development of the new sorptive stir bar analytical method.

                                                
1 PI DataLink® is a registered trademark of OSIsoft, LLC, San Leandro, California.
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Initial efforts supporting the 2,000-gallon TBI Demonstration included sampling and analysis of 
SY-101 supernatant in November 2018 (RPP-RPT-61303, Final Analytical Report for Tank 241-
SY-101 TBI Grab Sampling 2018) and most recently in late-October 2023 under RPP-PLAN-
65801, Tank 241-SY-101 Grab Sampling and Analysis Plan – Fiscal Year 2024. Baseline tank 
waste data were obtained to refine TBI waste management or treatment processes as necessary.

The general conceptual arrangement of the major 2,000-gallon TBI Demonstration components 
is depicted in Figure 3-1. The 2,000-gallon TBI Demonstration components comprise two 
systems. The first system will consist of the self-contained ITPS unit installed in SY-101. 
The ITPS will include a filter, a pump, and an ion exchange column filled with crystalline 
silicotitanate ion exchange media within a single assembly. The ITPS will be installed through a 
riser. The second system will consist of the aboveground components, which include a delay 
tote, processing totes, and waste transfer hoses. Once in the aboveground system, the waste will 
be sent first to the delay tote, which will allow barium decay. Once radiation levels are verified 
to be low enough, the pretreated waste will be pumped from the delay tote to one of six 375-
gallon process totes.

Figure 3-1. Conceptual Arrangement of the Major 2,000-Gallon Test Bed Initiative 
Demonstration Components.

After pretreatment, the pretreated waste will be sampled to support the assessment of project 
objectives. This characterization effort will generate data to quantify the cesium-137 removal
efficiency of the ITPS unit, as well as the feasibility of shipment, treatment, and disposal of 
approximately 2,000 gallons of pretreated waste at offsite facilities (ORP-67633).
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4.0 SAMPLING EVENT REQUIREMENTS

Sampling will be conducted to meet the sample design requirements summarized in Section 4.1. 
Activities to be performed to meet the sample design requirements are described in Section 4.2.

4.1 SAMPLE DESIGN REQUIREMENTS

The nominal 2,000 gallons of pretreated SY-101 supernatant waste will be loaded into six waste 
totes arrayed as shown in Figure 4-1. Each process tote will have a unique equipment 
identification number, a packaging identification number, and a container identification number.
Each process tote will be sampled in a single sampling event. There is no preferential tote-filling 
sequence; however, each tote will be filled with approximately 333 gallons before a subsequent 
tote is filled. The sequence for filling the process totes shall be tracked, documented, and 
associated with the sample collected from it in the event characterization data indicate a gradual 
change in the pretreated waste composition occurred with each successive tote.

A secondary containment system for spill protection around the totes will serve to ensure that 
any spills of pretreated waste during sampling remain contained and are not released to the 
environment. Temporary glove bags used during sampling will offer protection to samplers, 
keeping dose as low as reasonably achievable (ALARA), while further decreasing the potential 
for a release to the environment.

Process tote outer dimensions are 51.75 in. wide, 51.75 in. deep, and 58.38 in. high (1.31 m by 
1.31 m by 1.50 m). The inner container is a 44.25 in3 (1.12 m3). The process tote lid has a 
diameter of 12.88 in. (0.33 m). Figure 4-2 shows a drawing of the process tote inlet flange, 
including the waste inlet spool, bird screen (for ventilation), and 3-inch camlock fitting from 
which samples will be collected.
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Figure 4-1. Array for Tank 241-SY-101 Process Tote Configuration.
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Figure 4-2. Tank 241-SY-101 Process Tote Flange.

4.2 SAMPLE COLLECTION

Sampling will occur after the last process tote is filled. RPP-RPT-61636 specifies at least one 
discrete sample from each process tote. One primary waste sample and one field duplicate waste 
sample will be collected from the final tote filled. The duplicate sample also will serve as a 
contingency to provide sample material in case of loss, such as due to breakage. Field QC 
samples, including one equipment blank and one sampling blank (i.e., field blank) will be 
obtained for analysis. A single trip blank shall accompany the shipment since analysis will 
include volatile organic compounds. 

Pretreated SY-101 supernatant waste is expected to have lower radiological dose rate for 
sampling than existing SY-101 supernatant in the top layer in the tank. However, this waste will 
remain radioactive and sample method selection is constrained by dose control considerations. 
Process tote configuration will limit the access for sampling. The preferred sample collection 
method, the peristaltic pump, was chosen primarily because it has a proven record of success 
with containerized waste and maintains sampler dose as ALARA. The samples will be collected 
in a glove bag utilizing tank farms operations procedure TO-080-403, Grab Sampling Using a 
Glovebag, as applicable.

HLMI has indicated the suite of analysis required by RPP-RPT-61636 will require approximately 
250 mL, and another 250 mL will be required to support sorptive stir bar analytical method 
development, therefore, two 250 mL samples of pretreated SY-101 supernatant must be collected 
from each tote. Suffixes “A” and “B” will be used to distinguish replicate samples for each tote. 
Process tote samples will be obtained using 250-mL sample bottles that, when approximately 
90 percent or more full, will provide sufficient material for all required analyses. Sampling 
activities shall be conducted as described in Table 4-1.

RPP-PLAN-65394 Rev.01 12/4/2023 - 10:08 AM 14 of 39
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Table 4-1. Summary of Tank 241-SY-101 Process Tote Sampling Requirements. (3 pages)

Preparation before Sampling

 For each tote, prior to collecting the first replicate primary sample, obtain a liquid level measurement inside the tote (within ¼-inch) for volume 
confirmation (performed by others).

 Cleaning of sample bottles (or purchasing of precleaned bottles) and cleaning of sampling equipment shall be conducted as required in Section 3.3.4 of 
the QAPjP.

 Enter lot number for the sample bottles in the logbook, or data sheet, as appropriate.

 Equipment blanks are required, as described in Section 3.6.1 of the QAPjP.

 Sample bottles shall be labeled/etched for identification as required in Section 3.4.6 of the QAPjP.

 Prepare the sample COC form(s) as described in Section 3.4.5 of the QAPjP for field use. Include sample bottle tare weight on the forms.

 If sampling is to be conducted at ambient temperature of less than 65 ºF, the sample carriers (e.g., pigs or hedgehogs) shall be stored in a heated facility 
prior to sampling and staged to the field just prior to use.

 A verbal notification by Tank Farm Sampling is to be made to the 222-S Laboratory at 509-373-2435 and the 222-S Laboratory Sampling Receipt 
Coordinator at 509-373-0666 (see Table 8-1) at least 24 hours in advance of an expected shipment.

NOTE: A holding time requirement of 48 hours applies to these samples per SW-846 (for nitrate and nitrite analyses) and must be considered when planning 
sample collection and shipment.

During Sampling

 Totes may be sampled in any order; however, the primary and duplicate samples are to be collected from the last tote loaded in the sequence.

 Prepare a SB within the glove bag by transferring deionized or reagent grade water from a source bottle into sample bottles labeled TBI-24-SB-A and 
TBI-24-SB-B.

 Document sampling activities in a logbook and/or data sheet as described in Section 2.6.2 of the QAPjP. Record the EIN number, a PIN, and a CIN for 
each applicable sample.

 Place the sample tubing such that the mouth of the tubing is at the specified location.

 Photograph each primary and duplicate sample.

 Notify the characterization engineer for further instructions if samples cannot be obtained at the locations specified.

 Complete COC form(s) as described in Section 3.4.5 of the QAPjP. Add to the comments of each COC, “Analyze per RPP-PLAN-65394.”

 Use custody seal or tape as required in Section 3.4.7 of the QAPjP.

 Record flush water additions on applicable field documentation.
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Table 4-1. Summary of Tank 241-SY-101 Process Tote Sampling Requirements. (3 pages)

Sample ID Number
Sample 
Type Sample Bottles/Caps Sample Location Additional Requirements

TBI-24-EB-A

TBI-24-EB-B

Equipment 
Blank

250-mL, amber colored, narrow-
mouth, glass bottle with 
polytetrafluoroethylene (PTFE) or 
perfluoroalkoxy (PFA) lined septum 
cap.

Prepared in a clean/controlled 
facility.

 EB shall be filled with deionized water 
before being brought to the field.

 EB shall consist of deionized water 
washed through the decontaminated 
sampling equipment (e.g., unused 
sample collection tubing).

 Bottle should be as full as possible with 
minimum headspace.

TBI-24-TB-A

TBI-24-TB-B

Trip Blank 250-mL, amber colored, narrow-
mouth, glass bottle with PTFE or PFA 
lined septum cap.

Prepared in a clean/controlled 
facility

 The TB shall be prepared prior to going 
out to the field. It is taken to the field 
and then shipped to the laboratory in the 
same manner as the waste samples. The 
TB shall not be opened in the field.

 Bottle should be as full as possible with 
minimum headspace.

TBI-24-SB-A

TBI-24-SB-B

Sampling 
Blank

250-mL, amber colored, narrow-
mouth, glass bottle with PTFE or PFA 
lined septum cap.

Within the glove bag in the 
vicinity of the sample location.

 SB shall be uncapped in the vicinity of 
the sample location (within the glove
bag) at any time during the sampling 
event.

 SB shall consist of deionized water and 
shall be filled in the sampling glove
bag.

 Bottle should be as full as possible with 
minimum headspace.

TBI-24-01-A

TBI-24-01-B

Primary 
Sample

250-mL, amber colored, narrow-
mouth, glass bottle with PTFE or PFA 
lined septum cap..

First tote sampled. 
Approximately 20 in. below the 
liquid surface.

 Bottle should be as full as possible with 
minimum headspace.

TBI-24-02-A

TBI-24-02-B

Primary 
Sample

250-mL, amber colored, narrow-
mouth, glass bottle with PTFE or PFA 
lined septum cap.

Second tote sampled. 
Approximately 20 in. below the 
liquid surface.

 Bottle should be as full as possible with 
minimum headspace. 

TBI-24-03-A

TBI-24-03-B

Primary 
Sample

250-mL, amber colored, narrow-
mouth, glass bottle with PTFE or PFA 
lined septum cap.

Third tote sampled. 
Approximately 20 in. below the 
liquid surface.

 Bottle should be as full as possible with 
minimum headspace. 
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Table 4-1. Summary of Tank 241-SY-101 Process Tote Sampling Requirements. (3 pages)

Sample ID Number
Sample 
Type Sample Bottles/Caps Sample Location Additional Requirements

TBI-24-04-A

TBI-24-04-B

Primary 
Sample

250-mL, amber colored, narrow-
mouth, glass bottle with PTFE or PFA 
lined septum cap.

Fourth tote sampled. 
Approximately 20 in. below the 
liquid surface.

 Bottle should be as full as possible with 
minimum headspace. 

TBI-24-05-A

TBI-24-05-B

Primary 
Sample

250-mL, amber colored, narrow-
mouth, glass bottle with PTFE or PFA 
lined septum cap.

Fifth tote sampled. 
Approximately 20 in. below the 
liquid surface.

 Bottle should be as full as possible with 
minimum headspace. 

TBI-24-06-A

TBI-24-06-B

Primary 
Sample

250-mL, amber colored, narrow-
mouth, glass bottle with PTFE or PFA 
lined septum cap.

Last loaded tote in the sequence. 
Approximately 20 in. below the 
liquid surface.

 Bottle should be as full as possible with 
minimum headspace. 

TBI-24-06DUP-A

TBI-24-06DUP-B

Field 
Duplicate 
Sample

250-mL, amber colored, narrow-
mouth, glass bottle with PTFE or PFA 
lined septum cap.

Last loaded tote in the sequence. 
Approximately 20 in.  below the 
liquid surface

 Bottle should be as full as possible with 
minimum headspace. 

After Sampling

 Samples shall be transported to the 222-S Laboratory as soon as possible on the same date the samples are collected. If necessary, samples may be stored 
until shipment but must meet storage requirements as described in Section 3.4.4 of the QAPjP. In addition, if ambient temperature at the time of sampling 
is below 65 ºF , store the samples in a heated facility to minimize solids precipitation.

 A verbal notification by Tank Farm Sampling is to be made to the 222-S Laboratory at (509) 373-2435 and the 222-S Laboratory Sample Receipt 
Coordinator at 509-373-0666 if sample shipment is delayed.

 Provide copies of sampling data sheets to 222-S Laboratory POC.

 Provide copies of bottle certification of analysis/cleaning to 222-S Laboratory POC.

 Provide copies of sampling data sheets to the characterization engineer within 2 business days of the end of the sampling event.

 Provide any photographs taken in the field to the characterization engineer within 2 business days of the end of the sampling event.

 Ensure that photographs and records are archived in IDMS and are accessible by tank, TSAP, and work package number.

SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, U.S. Environmental Protection Agency, Washington D.C., as amended.

RPP-PLAN-62100, 2023, Quality Assurance Project Plan for Tank Waste Sampling and Analysis, Rev. 3, Washington River Protection Solutions LLC, Richland, Washington.

CIN = container identification number.
COC = chain of custody.
DUP = duplicate.
EB = equipment blank.
EIN = equipment identification number.
IDMS = Integrated Document Management System.
PIN = packaging identification number.

PTFE = polytetrafluoroethylene
PFA = perfluoroalkoxy
POC = point of contact.
QAPjP = Quality Assurance Project Plan for Tank Waste Sampling and Analysis.
SB = sampling blank.
TB = trip blank.
TSAP = tank sampling and analysis plan.
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5.0 LABORATORY ANALYSIS REQUIREMENTS

After the samples are received at the laboratory, the samples shall be prepared and analyzed 
according to the direction and requirements specified in this section. Sample preparation and 
analysis shall be conducted such that the holding time requirements as described in Section 3.4.3 of 
the QAPjP, and below, are met. All analytical data that exceed holding times shall be identified and 
discussed in the data report. 

Applicable holding times (in calendar days) for the requested analyses are provided in Table 5-1.

Table 5-1. Applicable Holding Times. (2 pages)

Analyte
SW-846 or Standard 

Methoda SW-846 or Standard Method Holding Time

pH 9040C Immediatelyb

Nitrate/nitrite/phosphate 9056 48 hours after digestion

Sulfate/chloride/bromide/fluoride 9056 28 days after digestion

Ammonia EPA 300.7 7 days until distillation (not specified in EPA 
Method 300.7 – administrative requirement only), 
analyze within 28 days of distillation.

Volatile organic compounds 8260D 14 days

Semivolatile organic compounds 8270E Samples extracted within 14 days and extracts 
analyzed within 40 days following extraction

Metals (except Hg) 6010D 6 months

Cyanide 9014 14 days

Mercury 7470A 28 days

Polychlorinated biphenyl 8082A None

TC/TOC AWWA Method 5310B 28 days

TIC/TOC AWWA Method 5310C 28 days

TSS APHA Method 2540D 7 day holding time of the standard method (2540D) 
is not applicable to Hanford tank waste.

Radionuclides N/A 6 months (not specified in SW-846 – administrative 
requirement only)

a SW 846 method, as amended, unless otherwise indicated (refer to Section 11.0).
b SW-846 recommends pH measurements to be performed “immediately.” Tank waste samples are radioactive and cannot be 

analyzed in the field. The samples are immediately placed in shielded casks for shipping to the laboratory. Once received at 
the laboratory, the samples must be removed from the casks and handled with extra precautions. Therefore, the hold time for 
pH is modified here to “as soon as possible during normal working hours after laboratory receives the sample.”

APHA, 2012, Standard Methods for the Examination of Water and Wastewater, 22nd edition, Method 2540D, “Total 
Suspended Solids Dried at 103-105ºC,” American Public Health Association, Washington D.C.

AWWA, 2012, Standard Methods for the Examination of Water and Wastewater, 22nd edition, Method 5310C, “Persulfate-
Ultraviolet or Heated-Persulfate Oxidation Method,” American Water Works Association, Denver, Colorado.

AWWA, 2017, Standard Methods for the Examination of Water and Wastewater, 23rd edition, Method 5310B, “High-
Temperature Combustion Method,” American Water Works Association, Denver, Colorado.
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Table 5-1. Applicable Holding Times. (2 pages)

Analyte
SW-846 or Standard 

Methoda SW-846 or Standard Method Holding Time
EPA 300.7, 1986, Dissolved Sodium, Ammonium, Potassium, Magnesium, and Calcium in Wet Deposition by Chemically 

Suppressed Ion Chromatography, U.S. Environmental Protection Agency, Environmental Monitoring and Support 
Laboratory, Cincinnati, Ohio, as amended.

SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, U.S. Environmental Protection Agency, 
Washington D.C., as amended.

APHA = American Public Health Association.
AWWA = American Water Works Association.
EPA = U.S. Environmental Protection Agency. 
N/A = not applicable.

TC = total carbon.
TIC = total inorganic carbon.
TOC = total organic carbon.
TSS = total suspended solids.

All analysis activities shall be performed in accordance with the requirements of this SAP. 
Directions for sample handling and requirements for sample analysis are specified in Sections 5.1
and 5.2, respectively. Direction for addressing insufficient sample recovery is provided in 
Section 5.3. The QA/QC requirements for the analyses are specified in Section 6.0. Changes to 
analytical requirements in this SAP shall be controlled in accordance with the change control 
direction provided in Section 10.0.

5.1 DIRECTION FOR SAMPLE HANDLING

The following steps shall be performed on SY-101 TBI samples to meet the requirements of the 
governing documents identified in Section 1.0:

 Verify that the identification number on each sample bottle matches the sample seal on the 
sample container when each sample is loaded into the hot cell.

 Record visual observations such as color and clarity of the liquid and the presence of any 
solid particles (i.e., suspended solids) in the liquid. If settled solids are identified, estimate 
the percent volume of settled solids relative to the total sample volume. Obtain photographs
of all the samples.

 If solids were observed during the initial visual observation step and are less than 10 percent
of the total sample volume, allow to settle. Do not resuspend settled solids. Remove liquid 
aliquots without resuspending the settled solids, and subsample for analyses listed in 
Table 5-2.

 If solids are present and appear to be precipitates caused by cooling of the sample, hold the 
sample at the hot cell temperature and contact the WRPS characterization engineer for 
further direction.

 If greater than 10 percent solids are obtained, contact the characterization engineer for 
further direction.

 Transfer all “B” samples to the Research and Technology Development group for sorptive 
stir bar testing under a separate test plan. Retain “A” samples for analysis as requested in 
this plan.

 The sample size for density analysis should be large (approximately 1 mL or more).
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 Sample preparation material may be disposed 30 days after issuance of the final report/data 
package.

 Archive the remainder of each sample and store and disposition in accordance with 
RPP-10226, Direction for Disposition of Tank Waste Samples in Archive.

 If in the sample-handling protocols above (settling and solids/liquid separation) jeopardize 
applicable hold time requirements for either preparation or analysis, notify the WRPS 
characterization engineer.

5.2 REQUIREMENTS FOR ANALYSIS

Table 5-2 presents a summary of analytical requirements. The information presented in this table
meet the requirements in RPP-RPT-61636. The laboratory project coordinator and/or chemist shall 
select the appropriate sample preparation procedure based on sample matrix and analysis 
requirements. 

Table 5-2. Required Analytes for Test Bed Initiative Process Tote Samples. (3 pages)

Analysis
Suggested Analytical 

Technique Method a

Samples to be 

Analyzed Units
Report 

Format b

Density c Gravimetric N/A
All samples, except SB, 

EB, and TB
g/mL IV

Volume % settled solids Visual N/A
All samples, except SB, 

EB, and TB
% IV

% Water TGA N/A
All samples, except SB, 

EB, and TB
wt % IV

OH- Titration N/A
All samples, except SB, 

EB, and TB
µg/mL IV

pH pH electrode 9040C
All samples, except SB, 

EB, and TB
N/A IV

TC/TOC
Combustion/
coulometry

AWWA 
Method 5310B

All samples, except TB
µg/mL IV

TIC/TOC
Persulfate oxidation/

coulometry
AWWA 

Method 5310C
All samples, except TB

µg/mL IV

TSS Gravimetric
APHA Method 

2540D
All samples, except TB

µg/mL IV

Cl-, F-, NO3
-, NO2, 

PO4
3, SO4

2-, C2O4
2-, 

S2O3
2-

IC 9056A
All samples, except TB

µg/mL IV

NH4
+ IC EPA 300.7 All samples, except TB µg/mL IV

VOC GC/MS 8260D All samples µg/mL IV

SVOC GC/MS 8270E All samples, except TB µg/mL IV

Al, Ag, As, Ba, Be, Bi, 
Ca, Cd, Co, Cu, Cr, Fe, 
K, La, Mg, Na, Ni, P, 

Pb, Rh, S, Sb, Se, Si, Sr, 
Tl, U, W, Zr 

ICP/AES 6010D All samples, except TB µg/mL IV
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Table 5-2. Required Analytes for Test Bed Initiative Process Tote Samples. (3 pages)

Analysis
Suggested Analytical 

Technique Method a

Samples to be 

Analyzed Units
Report 

Format b

CN DIST 9014 All samples, except TB µg/mL IV

Hg CVAA 7470A All samples, except TB µg/mL IV

Polychlorinated 
biphenyl

Extraction/GC/ECD 8082A All samples, except TB µg/mL IV

3H, 14C, 99Tc Extraction/Sep./LSC N/A All samples, except TB µCi/mL IV

63Ni Extraction/ICP/LSC N/A All samples, except TB µCi/mL IV

90Sr/90Y d Sep./ Counting N/A All samples, except TB µCi/mL IV

129I Sep./LEPD N/A All samples, except TB µCi/mL IV

79Se Sep./LSC N/A All samples, except TB µCi/mL IV

99Tc, 126Sn,
151Sm (AMU-151), 

229Th, 231Pa, 237Np, 233U, 
234U, 235U, 236U, 238U, 

232Th, 242Pu, 243Am, 

ICP/MS 6020B All samples, except TB µg/mL IV

133Cs, 135Cs, 137Cs ICP/MS e 6020B All samples, except TB µg/mL IV

60Co, 106Ru, 125Sb, 134Cs, 
137Cs, 152Eu, 154Eu, 

155Eu, 226Ra, 
GEA N/A All samples, except TB µCi/mL IV

238Pu, 239/240Pu, 241Am, 
242Cm, 243/244Cm, 242Pu

Sep./Extraction 
Chromatography/

AEA f
N/A All samples, except TB µCi/mL IV

241Pu
Sep./Extraction 

Chromatography/
AEA/LCS

N/A All samples, except TB µCi/mL IV

59Ni, 93Zr, 93mNb, 
113mCd, 137mBa,227Ac, 

228Ra, 232U

No method of 
detection g N/A N/A µCi/mL IV

Total alpha (α) GPC N/A All samples, except TB µCi/mL IV

Total beta (β) GPC N/A All samples, except TB µCi/mL IV
a Reference refers to SW-846 procedures unless otherwise noted (refer to Section 11.0). Latest revisions are preferred. The 

laboratory may use another approved (equivalent SW-846, EPA, or ASTM) method that obtains the required data.
b Format IV = final report. See Section 9.0 for additional instructions. 
c Use sample size of at least 1 mL to improve precision of density measurement.
d Value for Y-90 will be calculated from Sr-89/90 analysis.
e Cs isotopes (133Cs, 135Cs, and 137Cs) will be analyzed using ICP/MS Collision Technique.
f Pu-239 and Pu-240 isotopes and Cm-243 and Cm-244 isotopes cannot be separated and are reported together.
g Currently, the 222-S Laboratory does not have a method to detect these radionuclides, but they are included in this table so 

that if a method becomes available, they can be analyzed.
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Table 5-2. Required Analytes for Test Bed Initiative Process Tote Samples. (3 pages)

Analysis
Suggested Analytical 

Technique Method a

Samples to be 

Analyzed Units
Report 

Format b

APHA, 2012, Standard Methods for the Examination of Water and Wastewater, 22nd edition, Method 2540D, “Total 
Suspended Solids Dried at 103-105ºC,” American Public Health Association, Washington D.C.

AWWA, 2012, Standard Methods for the Examination of Water and Wastewater, 22nd edition, Method 5310C, “Persulfate-
Ultraviolet or Heated-Persulfate Oxidation Method,” American Water Works Association, Denver, Colorado.

AWWA, 2017, Standard Methods for the Examination of Water and Wastewater, 23rd edition, Method 5310B, “High-
Temperature Combustion Method,” American Water Works Association, Denver, Colorado.

EPA 300.7, 1986, Dissolved Sodium, Ammonium, Potassium, Magnesium, and Calcium in Wet Deposition by Chemically 
Suppressed Ion Chromatography, U.S. Environmental Protection Agency, Environmental Monitoring and Support 
Laboratory, Cincinnati, Ohio, as amended.

SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, U.S. Environmental Protection Agency, 
Washington D.C., as amended.

AEA = alpha energy analysis.
AWWA = American Water Workers Association.
ASTM = American Society for Testing and Materials.
IC = ion chromatography.
ICP = inductively coupled plasma.
CVAA = cold-vapor atomic absorption.
DIST = micro-distillation spectrophotometric 

determination.
EB = equipment blank.
EPA = U.S. Environmental Protection Agency.
GC/ECD = gas chromatography/electron capture 

detector.
GC/MS = gas chromatography/mass spectrometry.
GEA = gamma energy analysis.

GPC = gas proportional counting.
ICP/MS = inductively coupled plasma/mass 

spectrometry.
LEPD = low-energy photon detector.
LSC = liquid scintillation counting.
SB = sampling blank.
Sep. = separation.
SVOC = semivolatile organic compounds.
TC = total carbon.
TGA = thermogravimetric analysis.
TIC = total inorganic carbon.
TOC = total organic carbon.
TSS = total suspended solids.
VOC = volatile organic compounds.

5.3 INSUFFICIENT SAMPLE RECOVERY

The requested sample quantities are sufficient to allow analysis of all requested analytes. If the 
amount of material in a sample is insufficient to perform the requested analyses, the laboratory shall 
notify the characterization engineer within one working day. The laboratory shall perform analyses 
that do not consume sample material (e.g., visual observations). Direction for analyses that consume 
sample material will be provided via characterization change notice to the laboratory by the 
characterization engineer based on sample volumes and discussions with clients requiring data from 
this SAP (Section 1.0). All analyses requested in this SAP but not performed shall be documented 
and justified in the narrative section of the laboratory report.

Priority analytes have not been chosen. Because this is new effort, to demonstrate a new 
technology, there are a lot of unknowns. By not establishing a list of priority analytes, the Project 
retains flexibility to set the priority depending on the situation. Changes to the analytical 
methods/requirements will be documented and reported per standard change control procedures. 
The laboratory final reports will contain the change documentation in an appendix if any is 
necessary.

6.0 QUALITY ASSURANCE AND QUALITY CONTROL

Sampling and analysis of SY-101 pretreated supernatant waste in process tote(s) to meet the 
objectives in ORP-67633, including general QA/QC requirements, shall be conducted in accordance 
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with applicable requirements for tank waste sampling and analysis described herein. As stated 
previously, general QA/QC requirements for tank waste sampling and analysis are described in 
RPP-PLAN-62100 (QAPjP) and in HLMI-PLN-ASYS-50094, 222-S Laboratory Quality Assurance 
Program Plan. Only project-specific QC criteria as identified in the data quality objectives have
been included in this section, Tables 6-2 and 6-3 specify target detection limits for all required 
analytes. For analytes with specific project acceptance criteria, the laboratory shall meet both the 
specified project acceptance criteria presented in Table 6-1 and the QC acceptance requirements in 
the governing laboratory quality assurance program plan.

Project QC acceptance criteria are specified in Table 6-1. EPA encourages the use of performance-
based measurement systems when performing SW-846, Test Methods for Evaluating Solid Waste, 
Physical/Chemical Methods, chemical methods. Therefore, performance measures (QC acceptance 
criteria) established by laboratory statistical process control limits, when available, may be used 
instead of the administrative limits specified in Table 6-1. Where not otherwise established by the 
analytical method and/or associated process control limits, data quality indicators will be used to 
assess the analytical results to determine if they are suitable to support the purpose of the sampling 
effort. QC data exceeding these limits will trigger further evaluations of waste sample data to 
determine if the data are adequate for the intended use.

Table 6-1. Data Quality Indicators. (2 pages)

Analysis LCS % Recoverya Spike% Recoveryb Duplicate RPDc

OH- 90 – 110% 75 – 125%  20%

pH + 0.1 pH Units N/A N/A

Wt% H2O 80 – 120% N/A  20%

Density 95 – 105%d N/A  20%(d)

ICP/AES 80 – 120% 75 – 125%  20%

ICP/MS 80 – 120% 75 – 125%  20%

CVAA 80 – 120% 75 – 125%  20%

DIST 80 – 115% 75 – 125%  20%

SVOA 70 – 130% 75 – 125%  30%

VOA 70 – 130% 75 – 125%  30%

GC/ECD 70 – 130% 70 – 130%  30%
a The laboratory control sample is generally carried through the entire method. The accuracy of a method is usually expressed 

as the percent recovery of the LCS. The LCS is a matrix with known concentration of analytes processed with each 
preparation and analyses batch. It is expressed as a percent recovery.

b For some methods, the sample accuracy is expressed as the percent recovery of a matrix spike sample. It is expressed as 
percent recovery (i.e., the amount measured, less the amount in the sample, divided by the spike added, times 100).
One matrix spike is performed per analytical batch. Samples are batched with similar matrices.

c Sample precision is estimated by analyzing duplicates taken separately through preparation and analysis. Acceptable sample 
precision is usually <20% RPD if the sample result is at least 10 times the instrument detection limit.

RPD = ((absolute difference between primary and duplicate)/mean) × 100.
d If the RPD or LCS requirements are not met, the laboratory will make only one rerun. If the RPD or LCS is not met after the 

second run, the laboratory will contact the characterization engineer. This information will be reported and discussed in the 
data report.
DIST = micro-distillation spectrophotometric 

determination.
RPD = relative percent difference.
SVOA = semivolatile organic compounds by gas 

chromatography/mass spectrometry.

RPP-PLAN-65394 Rev.01 12/4/2023 - 10:08 AM 23 of 39



RPP-PLAN-65394 Rev. 1

16

Table 6-1. Data Quality Indicators. (2 pages)

Analysis LCS % Recoverya Spike% Recoveryb Duplicate RPDc

GC/ECD = gas chromatography-electron capture 
detector.

ICP/AES = inductively coupled plasma/atomic emission 
spectroscopy.

ICP/MS = inductively coupled plasma/mass 
spectrometry.

LCS = laboratory control sample.
N/A = not applicable.

TIC = total inorganic carbon.
TOC = total organic carbon.
VOA = volatile organic compounds by gas 

chromatography/mass spectrometry.

If a QC failure cannot be resolved by the internal laboratory protocols, the characterization engineer 
shall be consulted to determine the proper action. The laboratory should suggest a course of action 
at that time (e.g., accept, reject, or not report the data). All data not meeting the project or laboratory 
quality assurance program plan acceptance criteria shall be flagged with appropriate qualifiers and
discussed in the narrative of the data report.

Detection limits (i.e., minimum detection limits and minimum detectible activities required by the 
project) or target detection limits are to make sure the laboratory can detect an analyte below its
action limit. Table 6-2 provides the target detection limits and recommended analytical method. The 
laboratory may suggest alternate methods if increased sensitivity is needed to attain the target 
detection limit. The target detection limits have been established at 10 percent of the regulatory 
threshold (refer to RPP-RPT-61636). If an alternate method is not available, the project will 
evaluate non-detect results on a case-by-case basis to determine the appropriate course of action.

The laboratory shall make every effort to determine the appropriate sample size and dilution factor 
based on sample activity, and accordingly use the most sensitive method for complying with target 
detection limits. Dilution shall be kept to a minimum as necessary to achieve the target detection 
limit while still ensuring safe handling of sample material and compensating for matrix effects. For 
all analytes, including those with specified target detection limits, the laboratory is requested to 
achieve the lowest detection limits practicable by using the largest sample size allowed by ALARA
principles, the least possible dilution, and the most sensitive method for complying with target 
detection limits .

Table 6-2. Target Detection Limits for Inorganics and Organics. (4 pages)

Analyte CAS No.
Suggested 
Analytical 

Technique a

Target 
Detection 

Limits

(mg/L)

Metals

Lead (Pb) 7439-92-1 ICP/AES 0.069

Mercury (Hg) 7439-97-6 CVAA 0.015

Nickel (Ni) 7440-02-0 ICP/AES 0.398

Silver (Ag) 7440-22-4 ICP/AES 0.043

Thallium (Tl) 7440-28-0 ICP/AES 0.14

Antimony (Sb) 7440-36-0 ICP/AES 0.19
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Table 6-2. Target Detection Limits for Inorganics and Organics. (4 pages)

Analyte CAS No.
Suggested 
Analytical 

Technique a

Target 
Detection 

Limits

(mg/L)

Arsenic (As) 7440-38-2 ICP/AES 0.14

Barium (Ba) 7440-39-3 ICP/AES 0.12

Beryllium (Be) 7440-41-7 ICP/AES 0.082

Cadmium (Cd) 7440-43-9 ICP/AES 0.069

Chromium (Cr) 7440-47-3 ICP/AES 0.277

Selenium (Se) 7782-49-2 ICP/AES 0.082

Other Inorganics

Cyanide 57-12-5 DIST 0.086

Volatile Organics

1,4-Dichlorobenzene 106-46-7 VOA 0.009

1,2-Dichloroethane 107-06-2 VOA 0.021

Methyl isobutyl ketone (4-methyl-2-pentanone) 108-10-1 VOA 0.014

Chlorobenzene 108-90-7 VOA 0.0057

1,2,4-Trichlorobenzene 120-82-1 VOA 0.0055

Tetrachloroethylene 127-18-4 VOA 0.0056

Carbon tetrachloride 56-23-5 VOA 0.0057

Acetone 67-64-1 VOA 0.028

Chloroform 67-66-3 VOA 0.0046

1-Butanol 71-36-3 VOA 0.26

Benzene 71-43-2 VOA 0.014

1,1,1-Trichloroethane 71-55-6 VOA 0.0054

Vinyl chloride 75-01-4 VOA 0.02

Methylene chloride 75-09-2 VOA 0.0089

1,1-Dichloroethylene 75-35-4 VOA 0.0025

Methyl ethyl ketone (2-butanone) 78-93-3 VOA 0.028

Trichloroethylene 79-01-6 VOA 0.0054

1,2-Dichlorobenzene 95-50-1 VOA 0.0088

Semivolatile Organics

4-Nitroaniline 100-01-6 SVOA 0.0028

4-Nitrophenol 100-02-7 SVOA 0.012

4-Bromophenylphenyl ether 101-55-3 SVOA 0.0055

2,4-Dimethylphenol 105-67-9 SVOA 0.0036

p-cresol (4-methylphenol) 106-44-5 SVOA 0.077

1,4-Dichlorobenzene 106-46-7 SVOA 0.009

4-Chloroaniline 106-47-8 SVOA 0.046
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Table 6-2. Target Detection Limits for Inorganics and Organics. (4 pages)

Analyte CAS No.
Suggested 
Analytical 

Technique a

Target 
Detection 

Limits

(mg/L)

m-cresol (3-methylphenol) 108-39-4 SVOA 0.077

Cyclohexanone 108-94-1 SVOA 0.036

Phenol 108-95-2 SVOA 0.0039

Pyridine 110-86-1 SVOA 0.0014

Bis(2-chloroethyl) ether 111-44-4 SVOA 0.0033

Bis(2-Chloroethoxy) methane 111-91-1 SVOA 0.0036

Bis(2-ethylhexyl) phthalate 117-81-7 SVOA 0.028

Di-n-octyl phthalate 117-84-0 SVOA 0.0017

Hexachlorobenzene 118-74-1 SVOA 0.0055

Anthracene 120-12-7 SVOA 0.0059

2,4-Dichlorophenol 120-83-2 SVOA 0.0044

2,4-Dinitrotoluene 121-14-2 SVOA 0.013

Dimethyl phthalate 131-11-3 SVOA 0.0047

Cresol mixed isomers (Total methylphenols) 1319-77-3 SVOA 0.088

Benzo(ghi)perylene 191-24-2 SVOA 0.00055

Indeno(1,2,3-cd) pyrene 193-39-5 SVOA 0.00055

Benzo(b)fluoranthene 205-99-2 SVOA 0.011

Benzo(k)fluoranthene 207-08-9 SVOA 0.011

Acenaphthylene 208-96-8 SVOA 0.0059

Chrysene 218-01-9 SVOA 0.0059

Benzo(a)pyrene 50-32-8 SVOA 0.0061

2,4-Dinitrophenol 51-28-5 SVOA 0.012

4,6-Dinitro-o-cresol 534-52-1 SVOA 0.028

Dibenz[a,h]anthracene 53-70-3 SVOA 0.0055

Benzo(a)anthracene 56-55-3 SVOA 0.0059

4-Chloro-3-methylphenol 59-50-7 SVOA 0.0018

N-Nitrosomorpholine 59-89-2 SVOA 0.04

N-Nitroso-di-n-propylamine 621-64-7 SVOA 0.04

N-Nitrosodimethylamine 62-75-9 SVOA 0.04

Hexachloroethane 67-72-1 SVOA 0.0055

Hexachlorocyclopentadiene 77-47-4 SVOA 0.0057

Acenaphthene 83-32-9 SVOA 0.0059

Diethylphthalate 84-66-2 SVOA 0.02

Di-n-butylphthalate 84-74-2 SVOA 0.0057

Phenanthrene 85-01-8 SVOA 0.0059
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Table 6-2. Target Detection Limits for Inorganics and Organics. (4 pages)

Analyte CAS No.
Suggested 
Analytical 

Technique a

Target 
Detection 

Limits

(mg/L)

Butylbenzylphthalate 85-68-7 SVOA 0.0017

Hexachlorobutadiene 87-68-3 SVOA 0.0055

Pentachlorophenol 87-86-5 SVOA 0.0089

2,4,6-Trichlorophenol 88-06-2 SVOA 0.0035

2-Nitroaniline 88-74-4 SVOA 0.027

2-Nitrophenol 88-75-5 SVOA 0.0028

Naphthalene 91-20-3 SVOA 0.0059

o-Cresol (2-methylphenol) 95-48-7 SVOA 0.011

2-Chlorophenol 95-57-8 SVOA 0.0044

2,4,5-Trichlorophenol 95-95-4 SVOA 0.018

Nitrobenzene 98-95-3 SVOA 0.0068

Polychlorinated Biphenyls b

Aroclor 1260 11096-82-5 GC/ECD 0.01

Aroclor 1254 11097-69-1 GC/ECD 0.01

Aroclor 1221 11104-28-2 GC/ECD 0.01

Aroclor 1232 11141-16-5 GC/ECD 0.01

Aroclor 1248 12672-29-6 GC/ECD 0.01

Aroclor 1016 12674-11-2 GC/ECD 0.01

Aroclor 1242 53469-21-9 GC/ECD 0.01
a If the analytical method cited is unable to reliably achieve the target detection limits, the laboratory may substitute a more 

sensitive method (e.g., ICP/MS), provided the new method does not compromise the ability to detect other constituents of 
interest within the method.

b The free release decontamination standard in the Toxics Substances Control Act of 1976 (40 CFR 761.79(b)(1)(iii)) is 
0.0005 mg/L, the laboratory is requested to achieve a method detection limit below the target detection limits if possible.
Toxic Substances Control Act of 1976, 15 USC 2601, et seq.
CAS = Chemical Abstract Service.
CVAA = cold-vapor atomic absorption.
DIST = micro-distillation spectrophotometric 

determination.
GC/ECD = gas chromatography-electron capture detector.
GC/ECDp = gas chromatography-electron capture detector.
ICP/AES = inductively coupled plasma/atomic emission 

spectroscopy.

ICP/MS = inductively coupled plasma/mass spectrometry.
N/A = not applicable.
SVOA = semivolatile organic compounds by gas 

chromatography/mass spectrometry. SVOA 
reporting shall report all qualified tentatively 
identified compounds.  

VOA = volatile organic compounds by gas 
chromatography/mass spectrometry. VOA 
reporting shall report all qualified tentatively 
identified compounds.  

Table 6-3 provides the counterpart requirements for the radionuclides. In the case of the 
radionuclides, their target detection limits are driven by the desire to be able to quantify them at one 
percent of the A2 values of 49 CFR 173.435, “Table of A1 and A2 values for radionuclides,” and 
49 CFR 173.433, “Requirements for Determining Basic Radionuclide Values, and for the Listing of 
Radionuclides on Shipping Papers and Labels,” to support the sum of fractions calculation for 
material transport.
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Table 6-3. Target Detection Limits for Radionuclides. (2 pages)

Analyte CAS No. Target Detection Limitsa

Radionuclides by Extraction and Alpha Energy Analysis

Americium-241 (Am-241) 14596-10-2 2.14E-04 µCi/mL

Curium-242 (Cm-242) 15510-73-3 2.14E-04 µCi/mL

Curium-243 (Cm-243) 15757-87-6 2.14E-04 µCi/mL

Curium-244 (Cm-244) 13981-15-2 4.28E-04 µCi/mLb

Plutonium-238 (Pu-238) 13981-16-3 2.14E-04 µCi/mL

Plutonium-239 (Pu-239) 15117-48-3 2.14E-04 µCi/mL

Plutonium-240 (Pu-240) 14119-33-6 2.14E-04 µCi/mL

Radionuclides by Extraction, Alpha Energy Analysis & Liquid Scintillation Counting

Nickel-63 (Ni-63) 13981-37-8 6.43E+00 µCi/mL

Plutonium-241 (Pu-241) 14119-32-5 1.27E-02 µCi/mL

Radionuclides by Gamma Energy Analysis

Cobalt-60 (Co-60) 10198-40-0 8.73E-02 µCi/mL

Ruthenium-106 (Ru-106) 13967-48-1 4.28E-02 µCi/mL

Antimony-125 (Sb-125) 14234-35-6 2.14E-01 µCi/mL

Cesium-134 (Cs-134) 13967-70-9 1.51E-01 µCi/mL

Cesium-137 (Cs-137) 10045-97-3 1.90E-02 µCi/mL

Europium-152 (Eu-152) 14683-23-9 2.14E-01 µCi/mL

Europium-154 (Eu-154) 15585-10-1 1.27E-03 µCi/mL

Europium-155 (Eu-155) 14391-16-3 6.43E-01 µCi/mL

Radium-226 (Ra-226) 13982-63-3 6.43E+00 µCi/mL

Radionuclides by Separation and Beta Counting

Strontium-89/90 (Sr-89/90) 10098-97-2 6.43E-02 µCi/mLc

Radionuclides by Separation and Analysis by Liquid Scintillation Counting

Tritium (H-3) 10028-17-8 8.73E-06 µCi/mL

Carbon-14 (C-14) 14762-75-5 6.43E-01 µCi/mL

Selenium-79 (Se-79) 15758-45-9 4.28E-01 µCi/mL

Technetium-99 (Tc-99) 14133-76-7 1.90E-01 µCi/mL

Analysis by Separation Proportional Counting

Total Alpha (α) N/A 2.14E-02 µCi/mL

Total Beta (β) N/A 2.14E-02 µCi/mL

Radionuclides by Inductively Coupled Plasma/Mass Spectrometry d

Technetium-99 (Tc-99) 14133-76-7 1.12E+01 µg/mL

Tin-126 (Sn-126) 15832-50-5 7.07E+01 µg/mL

Samarium-151 (Sm-151) 15715-94-3 8.14E-03 µg/mL

Thorium-229 (Th-229) 15594-54-4 5.19E-04 µg/mL

Protactinium-231 (Pa-231) 14331-85-2 1.85E-03 µg/mL

Neptunium-237 (Np-237) 13994-20-2 6.08E-01 µg/mL
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Table 6-3. Target Detection Limits for Radionuclides. (2 pages)

Analyte CAS No. Target Detection Limitsa

Uranium-233 (U-233) 13968-55-3 1.32E+00 µg/mL

Uranium-234 (U-234) 13966-29-5 2.04E+00 µg/mL

Plutonium-242 (Pu-242) 13982-10-0 5.44E-02 µg/mL

Americium-243 (Am-243) 14993-75-0 1.07E-03 µg/mL

Radionuclides Without an Analytical Method

Nickel-59 (Ni-59) 14336-70-0 Not determined e

Niobium-93m (Nb-93m) 378782-82-2 6.43E+00 µCi/mL

Zirconium-93 (Zr-93) 15751-77-6 Not determined e

Cadmium-113m (Cd-113m) 378253-44-2 1.11E-01 µCi/mL

Actinium-227 (Ac-227) 14952-40-0 1.90E-05 µCi/mL

Radium-228 (Ra-228) 15262-20-1 4.28E-03 µCi/mL

Uranium-232 (U-232) 14158-29-3 2.14E-03 µCi/mL
a The target detection limits is computed from the A2 values, divided by the nominal process tote volume of 333 gallons, and 

divided by a factor of 100, then converted to the common analytical units.
b Cm-244 cannot be counted without Cm-243, therefore, the lower of the target detection limit for Cm-243 and Cm-244 

applies.
c Value for Y-90 will be calculated from Sr-89/90 analysis, which effectively results in the same target detection limit for 

Y-90.
d Radionuclides listed are analyzed according to atomic mass by inductively coupled plasma/mass spectrometry. The target 

detection limit has been converted to units of µg/mL by dividing the derived target detection limit (in µCi/mL) by the 
radionuclide specific activity (in Ci/g).

e The corresponding radionuclide has an “unlimited” A2 value.
CAS = Chemical Abstract Service.
N/A = not applicable or not available.

Radionuclides that are not listed in Table 6-3 are analytes for which the A2 value is unlimited, but 
an analytical method is available (I-129, Th-232, U-235, U-236, U-238). 

7.0 EXCEPTIONS AND CLARIFICATIONS

This section identifies exceptions and clarifications for analysis activities under this SAP.

Data review is performed by the laboratory in accordance with the laboratory internal protocols. 
Data rejected because of major errors are discarded and reanalysis performed. Minor anomalies 
found during the data review are included in the data report with appropriate explanation and 
qualifiers. Data not meeting QC requirements presented in this SAP shall be flagged accordingly.

8.0 ORGANIZATION

The organization and responsibility of key personnel involved with this characterization effort are 
shown in Table 8-1.
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Table 8-1. Project Key Personnel.

Responsibility Individual

Characterization engineer D.B. Blumenkranz, (509) 372-2069

222-S Laboratory sample receipt coordinator G.W. Noyes, (509) 373-0666

222-S Laboratory HLMI project coordinator J.A. Osborn, (509) 372-2525

222-S Laboratory POC (off hours) 222-S Laboratory Leader, (509) 373-2435

Manager, HLMI Analytical Services C.E. Menjivar, (509) 372-9474

Manager, 222-S Laboratory Research and Testing Development M.J. Lindberg, (509) 373-2659

Manager, Tank Waste Inventory and Characterization H.L. Baune, (509) 372-3393

Tank Waste Information Network System POC S.M. Morley, (509) 376-1037

Manager, Sampling Operations D.J. Sparks, (509) 372-1415

Field Work Supervisor, Sampling Operations D.D. Lapierre (509) 372-1993

Grab sampling component engineer J. Zavicar, (509) 372-1093

Mission Integration & Optimization POC A.G. Miskho, (509) 376-8622

Waste Technical Services T.A. Swanson, (509) 372-0858

Technology Maturation & Analysis R.S. Skeen, (509) 372-0501

HLMI = Hanford Laboratory Management and Integration.
POC = point of contact.

9.0 DELIVERABLES

All analytical results shall be reported as Format IV as indicated in Table 5-2. Brief descriptions of 
these reporting formats are provided in HLMI-PLN-ASYS-50094. 

9.1 FORMAT II REPORTING

Format II reports are not requested for this sampling effort.

9.2 FORMAT IV REPORTING

The Format IV data report shall include a discussion of analytical results with appropriate data 
qualifiers and a narrative on the quality of the results, a data summary report, sample breakdown 
schematics (if applicable), sample photographs, summary tables of the sample and QC results
(including blanks report), holding time and analysis date report, and a section with all the 
supporting raw data. The report shall also include chain-of-custody forms, bottle certifications or 
cleaning documentation, sampling data sheets for the sampling event, and characterization change 
notices applicable to the project as provided by Sampling Operations or the characterization 
engineer.
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All analytical data, including waste sample analyses, blank analyses, holding time checks, matrix 
spike analyses, and laboratory control sample analyses shall be verified by the laboratory prior to 
reporting.

HLMI shall submit the Format IV report to the SmartPlant®2 release step within 120 calendar days, 
but no later than180 calendar days following receipt of the last sample. The data report shall be 
released by HLMI as an “RPP-RPT” (or equivalent) report in accordance with TFC-ENG-DESIGN-
C-25, Technical Document Control, or equivalent procedure. The report shall be issued with 
electronic distribution to the following individuals (WRPS employees unless otherwise noted):

 S.A. Alafifi
 H.L. Baune
 J.D. Belsher
 D.B. Blumenkranz
 K. W. Burnett, DOE
 B.M. Cunningham
 N.W. Kirch
 B.H. Kirchner, HLMI
 D.C. Losey
 D. R. May
 M. H. McGrath
 C.E. Menjivar, HLMI
 A.G. Miskho
 S.M. Morley
 M.K. Neylon
 G.W. Noyes, HLMI
 J. A. Osborn, HLMI
 R.S. Skeen
 D.J. Swanberg
 T.A. Swanson
 D.E. Swenson
 E.M. Uytioco
 R. J. Valle, DOE.

The laboratory will provide an Excel®3 spreadsheet containing reviewed and approved data to the 
characterization engineer. The generation date and time on the spreadsheet shall match, as close as 
possible to those on the data summary report in the final laboratory report. Batch QC results 
(blanks, holding time, laboratory control sample, matrix spike/matrix spike, duplicate, etc.) shall 
also be provided to the characterization engineer in an electronic format (Excel preferred, but not 
mandatory) as available. Although not part of the formal Format IV report, attach the electronic 
submittals to the associated formal report in SmartPlant for retention of a controlled version of the 
data. Sample photographs shall be added to the “HotCellPhoto” share drive, which is accessible to 
the characterization engineer.

                                                
2 SmartPlant is a registered trademark of Intergraph Corporation, Madison, Alabama.
3 Excel is a registered trademark of the Microsoft Corporation, Redmond, Washington.
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10.0 CHANGE CONTROL

Change control shall be conducted as described in Section 3.11 of the QAPjP.

11.0 REFERENCES 

49 CFR 173.433, “Requirements for Determining Basic Radionuclide Values, and for the Listing of 
Radionuclides on Shipping Papers and Labels,” Code of Federal Regulations, as amended.

49 CFR 173.435, “Table of A1 and A2 values for radionuclides,” Code of Federal Regulations, as 
amended.

ASTM, 2021, Standard C1751-21, Standard Guide for Sampling Radioactive Tank Waste, ASTM 
International, West Conshohocken, Pennsylvania.

AWWA, 2012, Standard Methods for the Examination of Water and Wastewater, 22nd edition, 
Method 5310C, “Persulfate-Ultraviolet or Heated-Persulfate Oxidation Method,” American 
Water Works Association, Denver, Colorado.

AWWA, 2017, Standard Methods for the Examination of Water and Wastewater, 23rd edition, 
Method 5310B, “High-Temperature Combustion Method,” American Water Works 
Association, Denver, Colorado.

APHA, 2012, Standard Methods for the Examination of Water and Wastewater, 22nd edition, 
Method 2540D, “Total Suspended Solids Dried at 103-105ºC,” American Public Health 
Association, Washington D.C.

CEES-16-604-M-039, 2019, DOE TBI SY-101 Process Tote Assembly, Rev. 0, Columbia Energy 
and Engineering Services, Richland, Washington.

EPA 300.7, 1986, Dissolved Sodium, Ammonium, Potassium, Magnesium, and Calcium in Wet 
Deposition by Chemically Suppressed Ion Chromatography, U.S. Environmental Protection 
Agency, Environmental Monitoring and Support Laboratory, Cincinnati, Ohio, as amended. 

SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,
U.S. Environmental Protection Agency, Washington D.C., as amended.4

HLMI-PLN-ASYS-50094, 2022, 222-S Laboratory Quality Assurance Program Plan, Rev. 1, 
Hanford Laboratory Management and Integration, LLC, Richland, Washington.

HNF-3638, 2001, Standard Electronic Format Specification for Tank Characterization Data 
Loader: Version 3.5, Rev. 2, Pacific Northwest National Laboratory for CH2M HILL 
Hanford Group, Inc., Richland, Washington.

                                                
4 SW-846 incorporated by reference in WAC 173-303-110(3)(a) and is a living document of approximately 3,500 

pages. The U.S. Environmental Protection Agency maintains the official version (The SW-846 Compendium) online 
at https://www.epa.gov/hw-sw846/sw-846-compendium. Hard copies of the document may be ordered from the 
National Technical Information Service.
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ORP-67633, 2023, 2,000-Gallon Test Bed Initiative Demonstration Research, Development, and 
Demonstration Permit Application, Rev. 1, U.S. Department of Energy, Office of River 
Protection, Richland, Washington.

PI Data link, Queried 10/03/2023, Compressed Data, SY-101-WST-LI-101, Start: 10/01/2020, End: 
10/03/2023, Bounding Type: Inside, Date & Time: 10/02/2023 00:53:23, Value: 403.85 in.

PI Data link, Queried 10/03/2022, Archived Data, SY-101-WST-TI-027 to SY-101-WST-TI-048, 
Risers 019 and 018, Date: 09/26/2023, Value: 61.1 ºF to 67.1 oF.

RPP-10226, 2011, Direction for Disposition of Tank Waste Samples in Archive, Rev. 1, Washington 
River Protection Solutions LLC, Richland, Washington.

RPP-PLAN-60585, 2023, Software Management Plan for Utility Calculation Software Tank Waste 
Volume Calculator, Rev. 3, Washington River Protection Solutions LLC, Richland, 
Washington.

RPP-PLAN-62100, 2023, Quality Assurance Project Plan for Tank Waste Sampling and Analysis, 
Rev. 3, Washington River Protection Solutions LLC, Richland, Washington.

RPP-PLAN-65801, 2023, Tank 241-SY-101 Grab Sampling and Analysis Plan – Fiscal Year 2024,
Rev. 1, Washington River Protection Solutions LLC, Richland, Washington.

RPP-RPT-48774, 2020, Derivation of Best-Basis Inventory for Tank 241-SY-101 as of 
October 1, 2020, Rev. 4, Washington River Protection Solutions LLC, Richland, 
Washington.

RPP-RPT-61303, 2020, Final Analytical Report for Tank 241-SY-101 TBI Grab Sampling 2018, 
Rev. 5, Washington River Protection Solutions LLC, Richland, Washington.

RPP-RPT-61636, 2022, Data Quality Objectives for Grab Sampling and Analysis of Pretreated 
Tank 241-SY-101 Liquid Waste in Process Totes, Rev. 3, Washington River Protection 
Solutions LLC, Richland, Washington.
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Solutions LLC, Richland, Washington.
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APPENDIX A
ESTIMATED RADIONUCLIDE CONCENTRATIONS IN TANK 241-SY-101 TEST BED 

INITIATIVE TOTES FOR SAMPLE SHIPPING TO THE LABORATORY

Test Bed Initiative process tote samples will consist of pretreated Tank 241-SY-101 (SY-101) 
supernatant. The primary purpose of the pretreatment process is to remove cesium-137 to the 
maximum extent that is technically practical. Therefore, to provide radionuclide estimates for 
sample shipping purposes, SY-101 grab sample radionuclide estimates will be used, except for
cesium-137. The concentration for cesium-137 in the pretreated waste is estimated to be removed 
according to ORP-67633, Draft 2,000-Gallon Test Bed Initiative Demonstration Research, 
Development, and Demonstration Permit Application).

Table A-1 provides estimated radionuclide concentrations (sample activities) in a 250 mL sample 
bottle of SY-101 supernatant for sample shipping purposes. Significant solids are not expected to 
be present in these supernatant samples. The sample activity for SY-101 supernatant waste was 
conservatively estimated by using the highest supernatant concentration as downloaded from the 
Tank Waste Information Network System, queried November 28, 2022 (Best Basis Inventory, 
Best Basis Calculation Detail, Tank Name: 241-SY-101, Analyte: All radionuclides). The data 
represent only the upper layer of supernatant, since the Test Bed Initiative will only extract 
supernatant from that layer because of the settle-and-decant approach being deployed for the 
project.

Table A-1. Tank 241-SY-101 Estimated Radionuclide Concentrations
Decay Corrected to July 1, 2015. (3 pages)

Radionuclide
Maximum Concentration

(µCi/mL)
Sample Activity

(µCi/Jar)1

3H 7.97E-05 1.99E-02
14C 5.03E-04 1.26E-01

59Ni 9.92E-04 2.48E-01
60Co 8.67E-05 2.17E-02
63Ni 5.76E-04 1.44E-01
79Se 7.06E-05 1.77E-02
90Sr 8.51E-03 2.13E+00
90Y 8.51E-03 2.13E+00

93mNb 5.90E-03 1.48E+00
93Zr 6.56E-03 1.64E+00
99Tc 2.26E-02 5.65E+00

106Ru 9.55E-13 2.39E-10
113mCd 5.28E-03 1.32E+00
125Sb 1.17E-04 2.93E-02
126Sn 1.17E-04 2.93E-02

129I 2.40E-05 6.00E-03
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Table A-1. Tank 241-SY-101 Estimated Radionuclide Concentrations
Decay Corrected to July 1, 2015. (3 pages)

Radionuclide
Maximum Concentration

(µCi/mL)
Sample Activity

(µCi/Jar)1

134Cs 3.32E-07 8.30E-05
137Cs (2.05E-1)2 (5.13E+01)2

137mBa 1.94E+01 4.85E+03
151Sm 1.31E-01 3.28E+01
152Eu 4.29E-04 1.07E-01
154Eu 4.15E-04 1.04E-01
155Eu 2.70E-03 6.75E-01
226Ra 2.11E-08 5.28E-06
227Ac 1.12E-06 2.80E-04
228Ra 2.28E-10 5.70E-08
229Th 1.13E-07 2.83E-05
231Pa 2.71E-06 6.78E-04
232Th 2.28E-10 5.70E-08
232U 5.39E-08 1.35E-05
233U 3.40E-06 8.50E-04
234U 1.87E-06 4.68E-04
235U 5.23E-08 1.31E-05
236U 4.16E-08 1.04E-05

237Np 8.01E-07 2.00E-04
238Pu 5.81E-06 1.45E-03
238U 1.18E-06 2.95E-04

239Pu 4.39E-05 1.10E-02
240Pu 9.66E-06 2.42E-03

241Am 6.28E-07 1.57E-04
241Pu 2.38E-05 5.95E-03

242Cm 6.37E-08 1.59E-05
242Pu 3.93E-10 9.83E-08

243Am 2.01E-10 5.03E-08
243Cm 1.53E-08 3.83E-06
244Cm 3.03E-07 7.58E-05
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Table A-1. Tank 241-SY-101 Estimated Radionuclide Concentrations
Decay Corrected to July 1, 2015. (3 pages)

Radionuclide
Maximum Concentration

(µCi/mL)
Sample Activity

(µCi/Jar)1

1 µCi/Jar = microcuries per full 250 mL sample jar.
2 Cesium-137 concentration is estimated based on the best basis inventory result for Tank 241-SY-

101 grab liquid samples (2.05E+01 µCi/mL) from the upper layer of supernatant, which is the 
expected to be 99 percent removed after treatment, per information presented in DOE-ORP-2021-
01 and ORP-67633.

DOE-ORP-2021-01, 2021, Draft Waste Incidental to Reprocessing Evaluation for the Test Bed 
Initiative Demonstration, Rev. 0, U.S. Department of Energy, Office of River Protection, 
Richland, Washington.

ORP-67633, 2023, Draft 2,000-Gallon Test Bed Initiative Demonstration Research, Development, 
and Demonstration Permit Application, Rev. 0, U.S. Department of Energy, Office of River 
Protection, Richland, Washington.
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authentication="true"> </task> 
<task name="Expedite - Document Reviewer2" id="17" date-due="20231129T0858" date­
done="20231127T1050" performer="KRISTIN M KRAEMER" performer-id="336057712" username="h4185412" 
disposition="Public Release" authentication="true"> </task> 
<task name="Expedite - Document Reviewer3" id="18" date-due="20231129T0858" date­
done="20231127T1428" performer="KYLE C KNEESE" performer-id="333687981" username="h1513870" 
disposition="Public Release" authentication="true"> </task> 
<task name="Expedite - Document Reviewerl" id="16" date-due="20231129T0858" date­
done="20231129T0801" performer="RICHARD J VALLE" performer-id="187138422" username="h0530669" 
disposition="Public Release" authentication="true"> 

<comments>Comments provided to WRPS</comments> 
</task> 
<task name="Doc Owner Clearance Review" id="13" date-due="20231130T0801" date-done="20231129T0947" 
performer="DAVID B BLUMENKRANZ" performer-id="262564714" username="h0045979" disposition="Send On" 
authentication="true"> </task> 
<task name="Milestone 1" id="24" date-done="20231129T0947"> </task> 
<task name="ORP Document Reviewerl" id="57" date-due="20231201T0947" date-done="20231129T1526" 
performer="EDWARD M DAWSON" performer-id="346251522" username="h9898381" disposition="Public 
Release" authentication="true"> </task> 
<task name="Doc Owner Reviews ORP Comments" id="61" date-due="20231130T1526" date­
done="20231129T1556" performer="DAVID B BLUMENKRANZ" performer-id="262564714" username="h0045979" 
disposition="Send On" authentication="true"> </task> 
<task name="Milestone 2" id="62" date-done="20231129T1556"> </task> 
<task name="Verify Doc Consistency" id="4" date-due="20231130T1556" date-done="20231129T1602" 
performer="JULIA R RAYMER" performer-id="164931488" username="h3310581" disposition="Cleared" 
authentication="true"> </task> 

</workflow> 
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