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1.0 PURPOSE AND SCOPE 
 
1.1 Purpose 

(5.1.1) 

 
Operation of the Hanford Tank Farms requires the retrieval of waste from single-shell tanks 
(SSTs) to double-shell tanks (DSTs), further transfer of waste among DSTs, and eventually the 
transfer of waste to and from waste treatment facilities.  There is a very real potential to plug or 
fail a waste transfer line during these activities.  The requirements in this standard are derived 
from previous Hanford waste transfer experience and are designed to maintain and protect the 
waste transfer system. 
 
Preventing a transfer line failure is paramount to continued tank farm activities.  Most of the 
requirements in this standard guard against transfer line plugs, which are difficult and expensive 
to remove.  There is the very real possibility that a plugged waste transfer line would have to be 
repaired or abandoned.  Most waste transfer lines in the waste transfer system represent single 
points of failure.  The loss of key waste transfer lines has the potential to halt some tank farm 
activities for months or years.  Similarly, waste buildup or deposition inside jumpers and transfer 
pumps has the potential to damage equipment, which would result in schedule delays, costly 
repairs, and high risk work. 
 
This standard is cited in RPP-13033, “Tank Farms Documented Safety Analysis” (DSA), as an 
implementing document for two Defense-in-Depth (DID) features.  Defense-in-Depth Feature 21, 
“Flushing of Waste Transfer Lines,” requires a flush of waste transfer lines to provide defense-in-
depth against air blow accidents, which could result in a fine spray leak of the waste from the 
Hose-in-Hose Transfer Line (HIHTL) primary hose assembly and connected waste transfer 
primary piping system that is being blown out.  It further states that a flush of waste transfer lines 
also provides defense-in-depth against flammable gas deflagrations within HIHTL primary hose 
assemblies and waste transfer primary piping systems as a result of flammable gases generated by 
residual waste.  Defense-in-Depth Feature 27, “Interfacing Waste System High Temperature 
Protection,” requires that interfacing water system temperature to be ≤ 180°F, to provide an 
additional layer of defense-in-depth against damage to safety-significant waste transfer primary 
piping systems, HIHTL systems, and isolation valves for double valve isolation due to high 
temperatures from water systems connected to tank farm waste transfer systems for flushing, leak 
testing, etc. 

 
1.2 Scope 

(5.1.1) 

 
This standard applies to all waste transfers within the Hanford Tank Farms.  This includes: 

 
 DST to DST transfers 
 DST to 242-A Evaporator transfers 
 SST to DST and DST to SST transfers, including the use of HIHTL 
 SST to SST transfers, including the use of HIHTL 
 242-A Evaporator to DST transfers 
 222-S Lab Waste Transfers 
 Cross site supernatant transfers 
 Transfers to and from the Tank Side Cesium Removal System (TSCR) 
 Transfers to and from the Waste Treatment Plant 
 Pre-transfer waste analysis 
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 Any flush in preparation for one of those transfers 
 The management of waste during those transfers 
 The flush of waste transfer lines following those transfers. 

 
The standard is also relevant to initial Process Flowsheet (TFC-ENG-CHEM-C-01) development. 
This is to ensure that risks of transfer line plugging, required flush flow rates, and corrosion are 
considered and addressed at the earliest stage of process design and that the resulting process and 
equipment design is developed to mitigate those risks. 
 
Waste transfer systems for pumping of a DST annulus are exempt from this standard since these 
systems have a limited operating life and are not routinely operated. 
 
Waste transfers not specifically listed in this standard still require an evaluation by Production 
Operations Process Engineering. If the evaluation concludes that these activities do not have 
adequate requirements listed in this standard, then either a waiver (TFC-BSM-AD-C-01) needs to 
be issued by the standard owner or the requirements for those activities need to be added to this 
standard prior to commencing those activities.  
 
Non-compliance to this standard without a published waiver is not allowed. Procedural 
noncompliance is required to be documented with an Action Request (AR) 
(TFC-ESHQ-Q_C-C-01). 
 

1.3 Background 
 

In addition to the waste transfer, dilution, and flush requirements, this standard also contains a 
summary of the tank waste chemistry, properties, and lessons learned that forms bases for these 
requirements.  This information, and a list of references on each topic, is presented in the 
attachments to this document.  
 
Attachment A discusses flush requirements bases and background.  Attachment B discusses 
temperature requirements.  The topics are based, in part, on DSA and DID requirements. 
 
Tank waste specific gravity, waste transfer critical velocity, flush critical velocity, and 242-A 
Evaporator bottoms are discussed in Attachment C, Attachment D, Attachment E, and 
Attachment F.  These waste properties contribute to the waste types designated in this standard. 
 
Phosphate and gibbsite are discussed in Attachment G and Attachment H.  Process controls, 
which are based in part on this chemistry, are discussed in Attachment I. 
 
Corrosion control is briefly discussed in Attachment J. 
 
The chemistry of gibbsite dissolution, aluminum in the presence of complexants, and carbonate 
containing waste are presented in Attachment K, Attachment L, and Attachment M.  Calculating 
supernatant viscosity is discussed in Attachment N.  There are no current requirements for these 
topics but each may be of interest at some point in the future. 
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2.0 IMPLEMENTATION 
 

This standard is effective on the date shown in the header. 
 

All deviations to any requirements of this standard are required to be requested from the standard 
document owner through the use of a procedure waiver (TFC-BSM-AD-C-01).  

 
3.0 STANDARD REQUIREMENTS 
 
3.1 Types of Waste 
 

This document breaks waste transfer types into three broad categories:  Supernatant, 
Concentrated Supernatant, and Slurry.  These waste definitions are used in the requirements listed 
in Sections 3.1.1, 3.1.2, and 3.1.3. 

 
3.1.1 Supernatant 
 

Supernatant has a specific gravity ≤1.35 and contains minimal solids.  Generally, supernatant is 
not saturated in the major components of the waste (nitrite, nitrate, hydroxide, carbonate, and 
aluminate).  If supernatant is allowed to dry, then solids will form. However, these are soluble 
solids and will readily dissolve during a subsequent waste transfer or flush.  There is no 
significant risk of a transfer line plug due to the precipitation of these soluble solids in the waste 
transfer line (Attachment C). 

 
Supernatant may be saturated, or become saturated, with phosphate. Phosphate precipitation or 
gel formation may form a transfer line plug.  (See Section 3.3.3 and Attachment G.)  

 
242-A Evaporator bottoms from the first pass of a double pass campaign typically behave as a 
supernatant when traveling from 242-A to the receiver tank. 

 
3.1.2 Concentrated Supernatant 
 

Concentrated supernatant has a specific gravity >1.35.  Concentrated supernatants are likely to be 
close to, or at, the solubility limits for major components in the waste. 
 
If concentrated supernatant cools (e.g., in a transfer where the waste transfer line or receiver tank 
is cool compared to the sending tank) or becomes more concentrated (i.e., gradual evaporation of 
water from a DST) then solid particles could precipitate from the concentrated supernatant or a 
phosphate gel could form (Attachment F, Attachment G). 
 
Concentrated supernatants may contain some soluble solids.  The soluble solids will generally 
remain suspended in the concentrated supernatant during a waste transfer.  However, it is possible 
for the solids to precipitate during waste transfers, accumulate in the waste transfer line, and start 
to plug the line.  A flush of the waste transfer line will typically dissolve any of these solids.  If 
these solids are allowed to deposit and dry in a waste transfer line then there is a risk of a waste 
transfer line plug forming. 
 
242-A Evaporator bottoms from a single pass campaign, or from the second pass of a two pass 
campaign, are considered a concentrated supernatant. 
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3.1.3 Slurry 
 

Slurry is a waste stream containing ≥5% insoluble solids by weight, ≥5% insoluble solids by 
volume, or is planned to contain solids at or exceeding these values.   

 
3.2 Pre-Transfer Requirement 
 

In general, a waste transfer pump may need a back flush when the inlet to that pump is below the 
solids level in the tank.  Similarly, a waste transfer pump may need a back flush if the waste in 
the tank qualifies as a concentrated supernatant. 
 
The Support Engineer for the waste transfer is required to evaluate if a back flush of the waste 
transfer pump is required prior to making a waste transfer.  The evaluation is based on tank 
conditions and operational experience.  
 
Back flush instructions are required to be included in waste transfer procedures. This is typically 
in the Engineering Transfer Controls checklist that is part of a transfer procedure. 
(TFC-OPS-OPER-C-49) 

 
3.3 Transfer Requirements 
 

Section 3.5 contains specific exceptions to the requirements listed in this section. 
 

These requirements are intended to implement DID controls, prevent transfer line plugs, and 
maintain corrosion control specifications.  

 
3.3.1 Temperature 

(5.1.1) 

 
The temperature of the waste being transferred is required to be less than 180˚F.  This is the 
design temperature of safety-significant waste transfer primary piping systems, HIHTL primary 
hose assemblies, and isolation valves for double valve isolation.  See Attachment B. 

 
3.3.2 Evaluation of Waste Composition 
 

Evaluation of the waste properties is performed in the waste compatibility assessment 
(HNF-SD-WM-OCD-015).  Sections 3.3.3, 3.3.4, 3.3.5, and 3.3.7 discuss the requirements for 
these evaluations. 

 
3.3.3 Phosphate Gel Formation 
 

Phosphate concentration is required to be evaluated prior to a waste transfer.  
 
If the phosphate concentration in the waste transfer system is less than or equal to 0.1 molar then 
no further evaluation of phosphate gel formation is required.  
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If the phosphate concentration in the waste transfer system is greater than 0.1 molar, then an 
evaluation is required to demonstrate that the waste may be pumped without a risk of a phosphate 
gel forming in the waste transfer system, and the evaluation is required to assess the risk of 
phosphate crystal precipitation in the waste transfer system.  Process controls are required during 
waste transfers for waste with a risk of forming a transfer line plug.  Examples of process controls 
include dilution, critical velocity, flushing requirements, and heat trace.  If the evaluation 
concludes that no process controls are required, that conclusion shall be supported by laboratory 
testing  

 
See Attachment G for more information on phosphate gel. 
 
It should be noted that HNF-SD-WM-TSR-006, Administrative Control 5.9.4 Waste 
Characteristics Control, prohibits the formation of a waste gel within DSTs and SSTs. 
 

3.3.4 Critical Velocity 
 

Supernatant waste transfers (Section 3.1.1) are not subject to critical velocity requirements. 
 
Concentrated supernatant (Section 3.1.2) and slurry (Section 3.1.3) transfers are subject to critical 
velocity requirements.  Flow rates for these transfers are required to exceed the minimum flow, or 
critical velocity, needed to ensure that solids are not deposited in the transfer piping.  Critical 
velocity is required to be documented in a published calculation that uses the methodology of 
Oroskar and Turian (RPP-19221, “Critical Flow Velocity Calculations for Waste Transfer 
Piping”).  The calculation is required to include a comparison of the anticipated transfer 
conditions, the primary flow velocity, the critical deposition velocity, and the minimum flow rate 
required during the transfer.  It is required to specify a minimum transfer flow rate that is 130% 
of the calculated critical velocity to account for particle size and density uncertainties 
(Attachment D). 
 
Following the slurry transfer, the flush of the waste transfer line is required to be addressed in a 
Process Control Plan (PCP), Process Memo, or Technical Evaluation.  Section 3.4.4 further 
addresses flush requirements. 
 
A decision to knowingly transfer at a velocity less than the calculated critical velocity requires 
either an update to this standard (TFC-ENG-STD-26) or a published waiver 
(TFC-BSM-AD-C-01).  Exceptions to the critical velocity requirement are listed in Section 3.5. 

 
3.3.5 Aluminum Precipitation 
 

Aluminum concentration is required to be evaluated prior to a waste transfer.  If the aluminum 
concentration is less than or equal to 0.5 molar then no further evaluation is required.  If the 
aluminum concentration of supernatant, concentrated supernatant, or slurry in the waste transfer 
line will be greater than 0.5 molar, then an evaluation of the potential for gibbsite precipitation is 
required.  
 
The required evaluation consists of assessing the risk of gibbsite precipitation using the Barney 
Diagram (Attachment H).  
 
If there is a risk of gibbsite precipitation then process controls are required.  The process controls 
may be included in a PCP.  See Attachment I for examples of process controls. 
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3.3.6 Transfer Pump Flow Rate and Amperage Monitoring 
 

These requirements are intended to detect the formation of a transfer line plug. 
 
The Support Engineer for the waste transfer is required to specify a transfer flow rate target and 
range, and a transfer pump amperage target and range for: 
 
 Transfers of concentrated supernatant 
 Transfers of slurry 
 Transfers from tanks that required a back flush prior to the transfer (Section 3.2, Pre-

Transfer Requirement). 
 
The Support Engineer for the waste transfer is also required to specify actions to be taken if the 
flow rate or transfer pump amperage falls outside of the specified range.  
 
The response to a flow rate that falls outside of the specified target range is required to be 
consistent with the flush timeline requirements specified in Section 3.4.3. 
 
If the transfer pump amperage is out of specification, and the cause of the unexpected amperage 
is determined to be from the formation of a transfer line plug, then the response is required to be 
consistent with the flush timeline requirements specified in Section 3.4.3. 
 
The requirement to monitor transfer pump amperage does not apply to hydraulically driven 
pumps since the amperage to these pumps will not indicate the formation of a transfer line plug. 
 
Minimum flow rates and amperage operating ranges (as applicable) are required to be included in 
waste transfer procedures.  This is typically in the Engineering Transfer Controls checklist that is 
part of a transfer procedure. (TFC-OPS-OPER-C-49) 

 
3.3.7 222-S Lab Waste Transfers 
 

222-S Lab waste transfers use a dedicated waste transfer route that has no provision for a flush. 
Lab waste transfers use either SNL-5350 or SNL-5351, which are 2-inch fiberglass transfer lines. 
The jumpers on this transfer route are made of steel. 
 
There is no provision to flush the waste transfer route following a transfer from 222-S/219-A.  
Liquid transferred from the 222-S laboratory must meet the OSD-T-151-00007, Operating 
Specifications for the Double-Shell Storage Tanks, waste chemistry limits for corrosion 
mitigation.  Otherwise, the transfer is not allowed. 

 
3.4 Flush Requirements 

(5.1.1) 

 
A flush is required to include all parts of the waste transfer route that contained waste (e.g., 
pump, recirculation line, transfer line, etc.).  These requirements implement DID controls and 
prevent transfer line plugs. 
 
Types of water (deionized, demineralized, inhibited, potable, and raw) are defined in Section 4.0. 
 
Section 3.5 contains specific exceptions to the flush requirements listed in this section. 
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3.4.1 Temperature 
(5.1.1) 

 
The temperature of flush water or chemicals is required to be less than 180˚F because 180˚F is the 
design temperature of safety-significant waste transfer primary piping systems, HIHTL primary 
hose assemblies, and isolation valves for double valve isolation.  See Attachment B. 

 
3.4.2 Flush Volume 
 

The transfer line flush volume is required to be at least 1.5 times the transfer line volume. This is 
the standard flush volume.  The volume added is measured at the source (e.g. a 100 gallon 
transfer line requires 150 gallons of flush water added to the line before it is allowed to drain). 

 
3.4.3 Time Allowed Between the Transfer and the Flush 

(5.1.1) 

 
A flush of transfer lines is required to be initiated on completion of a waste transfer within the 
following time frames. 
 
Inhibited Water and Raw Water are defined in Section 4.0. 

 
3.4.3.1 Supernatant Transfers  
 

A flush with raw or inhibited water is required following a supernatant waste transfer. A flush is 
recommended within 72 hours and is required within 14 calendar days following a supernatant 
transfer. The flush may be substituted by another waste transfer, which is then subject to the same 
flush requirements. 

 
3.4.3.2 Concentrated Supernatant or Slurry Transfers  

 
A flush with raw or inhibited water is recommended directly following, and required within 24 
hours after a concentrated supernatant or slurry transfer.  

 
3.4.3.3 Any Transfer  

 
A flush with raw or inhibited water is recommended directly following, and required within six 
hours of, indications that a waste transfer line plug is forming. Indications that a transfer line plug 
is forming may include, but are not limited to, an increase in the waste transfer pump amperage or 
a decrease or downward trend in the waste transfer flow rate. 

 
3.4.4 Flush Velocity 
 

Transfer line flushes that follow waste transfers not containing solids, are intended to dissolve 
soluble solids in a transfer line, or are for corrosion control purposes, do not have a minimum 
flush velocity requirement. 
 
A Process Control Plan, Process Memo, or Technical Evaluation, including flush velocity 
controls, is required for a flush following a slurry transfer or for a flush to clear insoluble solids 
from a transfer line (Attachment E). 
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During flowsheet development (TFC-ENG-CHEM-C-01) development, or when designing a new 
system, it is required to issue or reference an engineering calculation supporting flush velocities 
specified in the design. 

 
3.4.5 Corrosion Control 
 

If the transfer consists of waste that complies with the OSD-T-151-00007, waste chemistry limits 
for corrosion mitigation, then the subsequent flush of the waste transfer line is required to use raw 
water or inhibited water. 
 
If the transfer consists of waste that does not comply with the OSD-T-151-00007 waste chemistry 
limits for corrosion mitigation then a chemical flush is required to meet the following 
specifications, which are based on the waste transfer line material. 

 
 Carbon steel piping chemical flush is required to consist of inhibited water. A waste 

transfer of corrosion control compliant waste may be used to satisfy this requirement. 
 

 Stainless steel piping chemical flush is required to consist of raw water, de-ionized water, 
or inhibited water. A waste transfer of corrosion control compliant waste may be used to 
satisfy this requirement.  

 
The requirement to flush with inhibited water following the transfer of non-compliant waste is 
waived if an engineering evaluation shows that it is not necessary for corrosion control purposes. 
 
The use of potable water for a waste transfer line flush is not allowed. This is due to the 
aggressive ions (e.g., chloride) present in potable water. 
 
This requirement does not apply to transfers between DSTs and SSTs. 
 

3.5 Exceptions and Modifications to Transfer and Flush Requirements 
 
3.5.1 222-S Lab Waste Transfers 
 

222-S Lab waste transfers use a dedicated waste transfer route that has no provision for a flush. 
Lab waste transfers use either SNL-5350 or SNL-5351, which are 2-inch fiberglass transfer lines. 
Corrosion control is not applicable to fiberglass transfer lines.  

 
3.5.1.1 222-S Lab Waste Transfer Flush Requirement 
 

No flush is required following a lab waste transfer. 
 
3.5.2 Single-Shell Tank Sludge Retrieval Activities 
 

SST sludge retrieval activities (including AY-102 retrieval) operate with some exceptions to the 
normal waste transfer line flush requirements due to the high frequency of waste transfers during 
retrieval operations, the use of HIHTLs, and the need to conserve DST space. Retrieval 
operations typically involve supernatant transfers with a specific gravity less than 1.2 from DSTs 
to SSTs (using equipment that is common to both the DST waste transfer system and the SST 
retrieval system), supernatant and slurry transfers within the retrieval system, and then transfer of 
supernatant and slurry back to the DST system. 
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At the end of a work day or work shift the SST retrieval system is typically flushed as follows. 
Supernatant is pumped from a DST to an SST.  The supernatant is added to the SST in such a 
way that it entrains a solids content as low as reasonably possible.  A low solids content may be 
accomplished by directing the sluicing spray into the SST away from the transfer pump intake so 
that a puddle forms around the pump intake, or directly onto the transfer pump intake.  The 
method used is based upon engineering or operator engineer judgment.  The supernatant, which is 
now relatively free of solids, is then pumped back to the DST. 
 

3.5.2.1 During Normal SST Retrieval Operations 
 

A flush with raw water or supernatant, having a specific gravity ≤1.2 and a solids content as low 
as reasonably possible, is required following the completion of a retrieval transfer.  This flush is 
required within 24 hours of the completion of the transfer.  The flush may be substituted by 
another waste transfer, which then remains subject to the same flush requirements. 

 
3.5.2.2 Following Normal SST Retrieval Operation, During Abnormal Operations, or During an 

Outage 
 

A flush with water is required within 30 days of the completion of a retrieval transfer.  The flush 
may be substituted by another waste transfer, which then remains subject to the same flush 
requirements. 

 
This requirement is waived if the flush specified by Requirement 3.5.2.1 was a raw water flush. 

 
3.5.3 Sodium Hydroxide Recirculation in Single-Shell Tanks 
 

SST hard heel retrieval typically utilizes 50 wt.% sodium hydroxide (caustic, NaOH) to 
metathesize the residual gibbsite [Al(OH)3] remaining in the hard heel. The metathesis reaction 
forms sodium aluminate [NaAl(OH)4], which is a water soluble species.  The caustic is 
recirculated in the SST by pumping it from the SST utilizing a slurry pump. The caustic is 
recirculated by way of HIHTL to the throttle valve flow meter (TVFM) box, diversion box, and 
splitter box before being returned to the SST through a sluicer.  As the reaction progresses, 
sodium aluminate becomes dissolved in the caustic solution, as well as small amounts of 
(primarily) nitrate and nitrite salts.  

 
The intent of the caustic metathesis process is to break up and react a gibbsite heel in the SST. 
This reaction is not designed to create retrieval slurry. Following metathesis the SST will be 
sluiced with supernatant or water.  

 
The desired chemical reaction virtually stops when the caustic concentration drops below 
25-30 wt.% NaOH.  The caustic will be diluted as it is mixed with any residual water in the pump 
heel and interstitial water.  Further dilution of the caustic solution is avoided to maximize the 
effect of the caustic soak.  This includes dilution due to transfer line flushes.  

 
Waiving the typical flush requirement to prevent plugging is justified for a caustic recirculation 
based on the following: 

 
 Very little solids will be entrained in the recirculating fluid. During recirculation the 

sluicer nozzle is directed away from the pump suction. This allows any solids suspended 
in the caustic solution to settle before reaching the pump suction and entering the 
recirculation loop. 
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 Phosphate concentrations are expected to be low inside the recirculation loop. 
Attachment G shows the relationship between phosphate solubility, temperature, and 
NaOH concentration. Phosphate compounds are only slightly soluble at the conditions 
expected in the SSTs. SST conditions usually include NaOH concentration of 
approximately 9M-12M (estimated) and a temperature between 10 and 30°C. As such, 
only a minimal amount of phosphate salts present inside of the tank are expected to 
dissolve. The resulting concentration of phosphate in the caustic solution that is 
recirculated should then be <0.1M, which will not pose a plugging hazard in the 
recirculation loop.  

 
 Sodium aluminate will be present in the caustic solution, as the gibbsite is metathesized 

by the caustic. Previous caustic retrievals have indicated that the aluminate concentration 
does not approach a level that is cause for concern with regard to precipitation of 
aluminum bearing compounds within the recirculation loop. 

 
 Retrieval specific process controls are required to prevent the caustic solution from 

freezing in the recirculation line, which could in turn form a transfer line plug. Those 
requirements fall outside the scope of this standard. 

 
3.5.3.1 Single-Shell Tank Sodium Hydroxide Recirculation Flush Requirement 
 

A flush of the recirculation piping used during sodium hydroxide recirculation in an SST is 
required if the recirculation system is to be shut down, or has been shut down, for more than 
36 hours. A flush of the recirculation piping used during sodium hydroxide recirculation in an 
SST is not required if the recirculation loop has been shown to be fully self-draining. 

 
3.5.4 Normal SST Retrieval Operation Critical Velocity Requirement 
 

During normal SST retrieval operations (both sludge and saltcake retrieval operations), waste 
transfers are required to meet critical velocity requirements. The flow velocity of waste moving 
from an SST to a DST will drop if the pump inlet screen forms a partial blockage. When this 
occurs, the slurry pump flow rate may be reduced, or the pump may be turned off, while the 
blockage is cleared. Historically, up to 2 hours of troubleshooting has allowed the operational 
flexibility needed to clear the blockage and has not resulted in a transfer line plug. When 
troubleshooting, it is allowable to knowingly transfer waste at a velocity lower than the critical 
velocity for up to 2 hours as part of SST retrieval operations. 

 
3.5.5 242-A Evaporator Bottoms Critical Velocity 
 

The critical velocity of 242-A Evaporator bottoms is typically calculated in the campaign specific 
PCPs, as required in Section 3.3.4.  

 
Typically the flush requirements specified in 242-A Evaporator campaign specific PCPs are more 
stringent than those contained in this standard. 
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3.5.5.1 242-A Evaporator Bottoms Critical Velocity Calculation Requirement 
 

It is required to calculate the critical velocity of 242-A Evaporator bottoms that will transfer from 
the 242-A Evaporator to a receiving DST.  The analysis is required to use the methodology of 
Oroskar and Turian (RPP-19221, “Critical Flow Velocity Calculations for Waste Transfer 
Piping”).  The analysis is required to include a comparison of the anticipated transfer conditions, 
the primary flow velocity, and the critical deposition velocity.  It is acceptable for the analysis to 
assume that the entire waste transfer route uses 2-inch schedule 40 pipe. 
 

3.5.6 242-A Slurry Line 
 

At the conclusion of a 242-A Evaporator campaign the evaporator vessel is emptied.  The 
evaporator vessel and recirculation line are then filled with raw water or process condensate, 
which is heated and recirculated to dissolve residual 242-A Evaporator bottoms, and reduce 
radiation levels in the pump and evaporator rooms.  This is called a “deep flush.”  Deep flush 
liquid, which is considered to inhibit corrosion in the transfer pipe, is then used to flush the 
transfer lines entering and exiting the 242-A Evaporator. 

 
3.5.6.1 242-A Slurry Line Flush Requirements 
 

No additional flush of the 242-A Evaporator slurry lines is required following a transfer of deep 
flush liquid.  

 
3.5.7 Feed and Dump Line Flushes During a 242-A Evaporator Campaign 
 

Processing of waste during a 242-A Evaporator campaign is often paused for equipment 
troubleshooting, waste transfers, or administrative tasks. During processing pauses it is not 
required to flush the feed line to the 242-A Evaporator (the waste transfer route connecting 241-
AW-102 and the 242-A Evaporator) and the 242-A Evaporator dump line and ancillary 
equipment. This is based on the fact that operation of the 242-A Evaporator will resume in the 
near term (i.e. processing is on-going) and the need to conserve tank space. A flush of these lines 
is performed at the completion of 242-A operations, and is governed by 242-A procedures and 
process memos. 

 
3.5.8 242-A Evaporator Slurry Line Transfer Requirements During a 242-A Evaporator 

Campaign 
 

The transfer of waste from the 242-A Evaporator to a DST receiver tank is not subject to the 
requirements for concentrated waste and slurry transfers outlined in Section 3.3.6. This is due to 
the fact that 242-A Evaporator processing is monitored differently than other tank farm waste 
transfers. PCPs for each 242-A Evaporator Campaign are used to specify requirements for waste 
transfers between the 242-A Evaporator and the DST receiving the newly concentrated waste. 

 
3.5.9 Cross Site Transfer Lines 
 

Portions of the cross site transfer lines have a low point, which creates corrosion control 
concerns.  
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3.5.9.1 Cross Site Supernatant Transfer Line, SNL-3150, Flush Requirement 
 

In addition to the flush requirements outlined in Section 3.4, a flush of the cross site supernatant 
line, SNL-3150, for corrosion control is required following a waste transfer.  The flush may 
consist of raw water containing <50ppm of chloride provided that the flush occurs less than or 
equal to one year after the waste transfer. If the time interval between transfer and the flush 
exceeds one year, then it is required that the cross-site line be flushed with inhibited water. This 
will ensure appropriate corrosion control. (See RPP-15136 Rev. 4, HNF-4161 Rev 2c, 
ECN-723344). 

 
The cross site slurry transfer line, SLL-3160, is not currently certified for use. 

 
Inhibited water is defined in Section 4.0. 
 

3.5.10 Transfer Lines SN-637 and SN-700 
 

Tank Farm Upgrades Project T1P190 installs and modifies infrastructure to connect the AP-Farm 
and the Waste Treatment and Immobilization Plant (WTP) facilities as part of the Direct Feed 
Low Activity Waste (DFLAW) Program.  Following the successful completion of project 
T1P190, two transfer lines will connect AP-Farm to the WTP facilities.  
 
Transfer line SN-637 will be a direct connection between AP-106 and the WTP facilities starting 
at Nozzle K (construction pending) in the AP-06A pump pit and ending at the Low Activity 
Waste (LAW) facility.  The high point in SN-637 is approximately 200-feet from AP-06A Nozzle 
K.  SN-637 will send treated LAW feed to the LAW facility.  
 
Transfer line SN-700 will be a direct connection between the Effluent Management Facility 
(EMF) and AP-102, starting at the EMF and ending at Nozzle U in the AP-02D pit.  Nozzle U is 
connected to the AP-102 headspace via a jumper and AP-102 riser 15.  The high point on this line 
is Nozzle U in the AP-02D pit. SN-700 will send DFLAW Effluent Returns from the EMF to AP-
102.  
 
Additionally, SN-637 and SN-700 will not interface with the current 200-East waste transfer 
system.  
 
Note that the 200-East buried waste transfer lines are composed primarily of carbon steel. 
Portions of SN-637 and SN-700 that were installed as part of project W-211 have primary piping 
composed of 304L stainless steel.  Piping that will be installed as part of project T1P190 will 
have primary piping composed of 316 stainless steel. 
 
Any flush of SN-637 or SN-700 will originate at EMF and be composed of the process 
condensate generated by the EMF evaporator.  Typically, this process condensate is sent to the 
Liquid Effluent Retention Facility/Effluent Treatment Facility. 
 

3.5.10.1  Effluent Management Facility Flushes to 200-East Double-Shell Tanks Requirements 
 

A flush of SN-637 or SN-700 may use Effluent Management Facility process condensate, raw 
water, deionized water, demineralized water, or inhibited water. 
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3.5.11 Single-Shell Tank Saltcake Retrieval Activities 

 
To conserve DST space, SST saltcake retrieval activities operate with a modification to the 
normal waste transfer line flush requirements. Saltcake retrieval operations involve the addition 
of water or caustic to the saltcake in an SST, which dissolves the saltcake to form a supernatant. 
That supernatant is monitored and diluted as necessary such that the SpG is ≤1.35 when it is 
transferred using HIHTL to the DST receiver tank. Provided there is <5% solids, this meets the 
definition of a supernatant, as described in Section 4.0.  
 
The typical requirement for a supernatant transfer is listed in Section 3.4.3.1.  This requirement is 
modified as follows for saltcake retrieval that creates a supernatant (i.e., not a concentrated 
supernatant or a slurry, as defined in Section 4.0). 
 
During SST saltcake retrieval operations, a flush with raw or inhibited water is required following 
a supernatant waste transfer from an SST to a DST during normal saltcake retrieval activities.  A 
flush is recommended within 72 hours and is required within 30 calendar days following such a 
transfer.  The flush may be substituted by another supernatant waste transfer, which is then 
subject to the same flush requirements. 
 

3.5.12   Tank Side Cesium Removal System 
 
The TSCR is connected to AP-106, AP-107, and AP-108 by HIHTLs (H-14-111331 Sheet 4).  
These HIHTLs include: 
 
 Hose 1, TSCR to AP-106 drop leg 
 Hose 2, TSCR to AP-107 recirculation drop leg 
 Hose 3, AP-07F feed pump to TSCR 
 Hose 4, TSCR to AP-108 drop leg (ventilation manifold) 
 Hose 5, TSCR to AP-108 drop leg (drain manifold). 
 
When operating, the TSCR feed pump in AP-107 continuously sends supernatant to the TSCR 
Process Enclosure (Hose 3).  Some of that supernatant is diverted into the TSCR Process 
Enclosure, and the rest is returned to AP-107 via the recirculation drop leg (Hose 2).  In the 
TSCR Process Enclosure, the supernatant is filtered and the Cs-137 in the supernatant is removed 
using ion exchange.  The treated supernatant is sent to AP-106 via the AP-106 drop leg (Hose 1).  
Untreated supernatant, filter backwash, dilute sodium hydroxide, and water is periodically sent to 
AP-108 via the HIHTL connected to the TSCR drain manifold (Hose 5).  The TSCR process 
vessels (e.g., supernatant filters, ion exchange columns, treated waste delay tank) are vented to 
AP-108 via the HIHTL connected to the TSCR ventilation manifold (Hose 4). 
 
Except for the HIHTL connected to the TSCR ventilation manifold (Hose 4), TSCR is able to 
flush HIHTLs with potable water, TSCR treated water (water treated at the TSCR ancillary 
enclosure by mechanic and carbon filtration or a dilute sodium hydroxide solution.  TSCR is also 
able to direct compressed air to these HIHTLs. 
 
HIHTLs between TSCR and AP-106 (Hose 1) and between TSCR and AP-107 (Hose 2 and Hose 
3) have low points that retain liquid after a transfer or flush.  The HIHTLs between TSCR and 
AP-108 (Hose 4 and Hose 5) are sloped and free draining (H-14-111357, Sheets 1-2).  
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A filter backwash cycle will remove any accumulated solid particles from the filter in the TSCR 
process enclosure, which are sent to the drain manifold.  The solids content is expected to be less 
than the 5%, and the backwash is therefore considered a supernatant (RPP-CALC-62584, Table 
8-3). 
 
After the TSCR ion exchange columns are loaded with Cs-137, a dilute sodium hydroxide 
solution is used to displace supernatant and treated supernatant from the TSCR process vessels, 
which is routed to the drain manifold.  The process vessels are then emptied using compressed 
air, and the dilute sodium hydroxide also exits via the drain manifold. 
 
Prior to being removed from the Process Enclosure, each ion exchange column is rinsed with 
water, which is subsequently sent to the drain manifold using compressed air.  This water is 
referred to as TSCR ion exchange column rinse water. 
 
Compressed air is used to dry an ion exchange column after it has been rinsed and blown down. 
Compressed air is used for a flammable gas displacement of an ion exchange column after the 
column has been dried.  No significant quantity of liquid is expected to leave the ion exchange 
column during these operations. 
 
The TSCR HIHTLs are connect to TSCR dedicated pumps, jumpers, and drop legs.  TSCR does 
not interface with previously existing portions of the 200-East waste transfer system. 
 

3.5.12.1  TSCR Liquid Requirements 
 
A flush from TSCR may use water (e.g., potable water, TSCR treated water, TSCR ion exchange 
column rinse water, raw water, or inhibited water) or a sodium hydroxide solution. 
 

3.5.12.2  TSCR Supernatant Flush Time Requirements 
 
The typical requirement for a supernatant transfer is listed in Section 3.4.3.1.  This requirement is 
modified as follows.  A flush from TSCR is recommended within 72 hours and is required within 
30 calendar days following a supernatant transfer to or from TSCR (e.g., supernatant, treated 
supernatant, filter backwash).  The flush may be substituted by another transfer (e.g., restarting 
AP-07F feed pump, treated supernatant to AP-106, filter backwash, etc.), which is then subject to 
the same flush requirements. 
 

3.5.12.3  TSCR Ventilation Manifold 
 
The HIHTL connecting the TSCR ventilation manifold to AP-108 (Hose 5) is not intended to 
transfer liquid and is not required to be flushed. 
 

3.5.12.4  TSCR Ion Exchange Column Drying and Flammable Gas Displacement 
 
No flush is required at the conclusion of a TSCR ion exchange column drying cycle.  No flush is 
required following a flammable gas displacement of a TSCR ion exchange column. 
 

3.6 Documentation 
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For waste retrievals and new waste processes, dilution and flush requirements are required to be 
documented in the PCP for the project/activity in accordance with TFC-ENG-CHEM-C-11.  The 
initial evaluation of dilution and flush requirements are required to be performed during Process 
Flowsheet (TFC-ENG-CHEM-C-01) development and the requirements documented in the PCP.  
As the flowsheet/process is developed, the dilution and flush guidance should be re-evaluated, 
and revised as necessary, and the PCP re-issued if required. 

 
For all additions into the DST system, the risk of line plugging is required to be addressed as part 
of the waste compatibility assessment for the transfer addition.  The waste compatibility 
assessment is prepared in accordance with TFC-ENG-CHEM-P-13.  If there is/are a PCP, Process 
Memo, or technical evaluation(s) that includes dilution and flush requirements, the waste 
compatibility assessment may simply refer to those documents to disposition line plugging 
criteria.  For transfers that are not covered by other documents, dilution and flush requirements 
are required to be documented in the waste compatibility assessment. 

 
Dilution and flush requirements from PCPs and waste compatibility assessments are required to 
be flowed down to operating procedures prepared in accordance with TFC-OPS-OPER-C-13.  If 
it is believed that the specific dilution and flush parameters may require change during the 
operation, general bounding requirements may be included in the operating procedure and the 
specific parameters transmitted via process memo prepared in accordance to 
TFC-ENG-FACSUP-C-04.  The best practice is to include dilution and flush requirements in the 
operating procedures versus a process memo. 
 
The 242-A Evaporator operates differently than the rest of the tank farms.  Typically, new 
procedures are not developed for each evaporator campaign.  This is in contrast to waste transfers 
within the tank farms, where each transfer has a custom developed procedure.  The flush 
requirements for the waste transfer route between the 242-A Evaporator and the receiver DST are 
detailed in campaign specific PCPs. 

 
4.0 DEFINITIONS 
 

The terms deionized and demineralized water are often used interchangeably. 
 

242-A Evaporator bottom.  242-A Evaporator bottoms, commonly referred to as 242-A 
Evaporator slurry, is concentrated waste exiting the 242-A Evaporator. 
 
Concentrated supernatant.  Concentrated supernatant is waste that has a specific gravity >1.35 
and may contain some solids.  
 
Deionized water.  Water treated to remove mineral ion (e.g., Na+, Ca2+, Mg2+, Cl-, NO3

-). 
 
Demineralized water.  Water treated to remove mineral ion (e.g., Na+, Ca2+, Mg2+, Cl-, NO3

-). 
 
Inhibited water.  Water that is treated to prevent corrosion of metal piping.  The composition of 
inhibited water is defined as containing at least 0.01M hydroxide (pH≥12) and 0.011M (500ppm) 
nitrite.  The OSD-T-151-00007 limits to prevent the creation of dilute layers in a DST apply to 
the use of inhibited water. 
 
Insoluble solids.  Solid particles that do not dissolve in water or supernatant solutions. 
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Potable water.  Drinking water. 
 
Raw water.  Filtered river water. 
 
Slurry.  Slurry is a waste stream containing ≥5% insoluble solids by weight, ≥5% insoluble solids 
by volume, or is planned to contain solids.  
 
Soluble solids.  Soluble solids form from a saturated or supersaturated salt solution. The solid 
particles may be suspended in or precipitate from the solution. These will typically re-dissolve in 
water or more dilute solutions. 
 
Supernatant.  Supernatant is waste that has a specific gravity ≤1.35 and contains minimal solids.  
 
TSCR ion exchange column rinse water.  Water that is used to rinse a spent TSCR ion exchange 
column. 
 
TSCR Treated Water.  Potable water that is mechanically filtered (removes particulate), carbon 
filtered (activated carbon removes chlorine), and softened (sodium exchange resin removes 
minerals found in hard water) at the Tank Side Cesium Removal System (TSCR) ancillary 
enclosure. 
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Attachment A - Flush Requirements Bases and Background 

 
A flush of primary transfer piping and HIHTL is described as a defense-in-depth feature in tank farms 
DSA Table 3.3.2.3.2-2.  Defense-in-Depth Feature 21, “Flushing of Waste Transfer Lines,” provides the 
basis for the requirement and cites this standard as implementing the requirement. A flush removes 
residual waste from the transfer line/HIHTL and therefore reduces the risk of: 
 

 Air blow accidents 
 Flammable gas deflagrations within HIHTL primary hose assemblies and waste transfer 

primary piping systems. 
 
A flush of transfer lines (and jumpers and pumps) is required following waste transfers to remove residual 
waste.  This flush not only supports DID Feature 21, but also attempts to remove scale or sedimentation 
that could eventually lead to a transfer line plug.  
 
A flush also reduces radiation dose rates from waste transfer lines and associated jumpers.  A flush is 
typically performed after a transfer and before any pump/valve pit invasive maintenance.  This helps to 
ensure that radiation doses are as low as reasonably achievable (ALARA).  
 
Flush requirements may be transfer, process, or location specific.  They may be based on the material 
transferred, corrosion control requirements, or other special circumstance.  Flush requirements following 
a slurry transfer, or if the flush is in response to solids in the transfer line, have critical velocity 
requirements (Attachment D). 
 
Flush requirements may need to be adjusted for long duration or low flow-rate transfers (such as saltwell 
pumping), or transfers with a high risk of plugging (e.g., concentrated supernatant transfers).  These types 
of transfers may need a routine, periodic flush during the transfer.  
 
The standard flush volume is 1.5 transfer line volumes. For example, SN-634 connects the 241-AP-02D 
valve pit with the 241-AZ-VP and is approximately 1700 feet long.  This translates into a flush volume of 
approximately 940 gallons.  The total flush volume should be minimized to preserve DST space.  The 
flush volume may need to be larger depending on circumstance, such as a restriction or plug in the 
transfer line or elevation changes along the waste transfer route. 
 
The piping system for the DSTs is sloped to minimize the pooling liquids, which could cause corrosion of 
the transfer line.  Tank waste chemistry typically meets tank corrosion control requirements, which 
prevents tank corrosion.  These corrosion controls also protect waste transfer lines during and after a 
waste transfer.  It is typically acceptable to use raw water to flush a transfer line. In some cases, it may be 
necessary to flush with something other than raw water. A flush with potable water, which is chlorinated, 
is not allowed. 
 
There are known low spots, where waste will not gravity drain, in the waste transfer system.  These 
include the cross-site transfer lines SNL-3150 and SLL-3160.  There are specific requirements to flush 
these transfer lines.  See Section 3.5.9 for specific requirement for these transfer lines. 
 
In addition to the defense-in-depth feature considerations discussed above, a flush of the waste transfer 
system is beneficial in terms of equipment health. Dried supernatant forms salt deposits (salting out) 
inside of waste transfer lines, pump, and valves.  Figure A-1 is one example of supernatant that has been 
allowed to dry and plate out onto waste transfer lines.  
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Attachment A - Flush Requirements Bases and Background (cont.) 

 
Figure A-1 - 2010 Photo of Supernatant Dried on Nozzle 18 in AP Valve Pit 

 

 
 
Dried supernatant buildup has the potential to degrade waste transfer system equipment.  When 
supernatant is dried on a ball valve and the valve is rotated the dried supernatant can increase the torque 
required to actuate the ball, wear against the valve seal, or even be carried into the valve body. This may 
create issues with ball valves similar to those described in RPP-PLAN-34886.  More information on 
jumper reliability issues can be found in RPP-RPT-46110.  
 
Similarly, supernatant can dry inside of a waste transfer pump shaft.  Pump shaft seizure has resulted in 
numerous waste transfer pump failures (RPP-RPT-46111) and dried supernatant may have contributed to 
some of those failures.  While these kinds of issues do not result in a waste transfer line plug they do 
degrade waste transfer system performance, increase the number of high risk work packages required to 
maintain the waste transfer system, are costly to repair, and may result in schedule delays. 
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Attachment B - Temperature Requirement Basis 

 
 
The temperature of waste or flush water in primary transfer piping and HIHTL may not exceed 180˚F, as 
described in the tank farms DSA, 180˚F is the design temperature of safety-significant waste transfer 
primary piping systems, HIHTL primary hose assemblies, and isolation valves for double valve isolation.  
For water systems connected to tank farm waste transfer systems for flushing, leak testing, etc., Defense-
in-Depth Feature 27 “Interfacing Water System High Temperature Protection” in DSA Table 3.3.2.3.2-2 
implements the 180˚F requirement and cites this standard as one of the implementing documents. 
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Attachment C - Specific Gravity 

 
 
Historically, there has been a “1.35 SpG” guideline for supernatant transfers. Waste with a specific 
gravity less than approximately 1.35 is assumed to not contain solids and does not require specific 
evaluation of the risk of forming a transfer line plug.  Waste over a specific gravity of 1.35 requires 
additional evaluation. 
 
The 1.35 specific gravity guideline is believed to have been in use before 1980. It is as also based on a 
1981 salt well pumping study (65260-81-168, contained in RPP-17247), a 1988 evaporator slurry study 
(memo 13314-88-105, contained in RPP-17247), and a 2003 correlation of waste specific gravity and 
percent water (RPP-17247).  
 
If an evaluation of a transfer or activity shows there is a risk of forming a transfer line plug, dilution of the 
waste, heat tracing of the waste transfer line, or other process control may be required to transfer waste 
that has a specific gravity over 1.35. 
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Attachment D - Transfer Critical Velocity and Particle Size 

 
 
During a waste transfer, the waste will move down the waste transfer line at a linear rate, or velocity.  The 
velocity is a function of pipe diameter and flow rate.  Critical velocity is the bulk average flow velocity, 
where full particulate suspension is maintained and solids in the waste stream are prevented from settling 
in the transfer line.  For waste transfers with solids, the fluid velocity must be greater than the critical 
velocity to prevent plugging of waste transfer pipelines.  
 
The following waste characteristics are needed to enable the critical velocity calculation (RPP-19221): 
 

 The expected carrier liquid density; 
 Particle diameter; 
 Pipe diameter; 
 Volume fraction of solids; 
 Sodium concentration (for viscosity estimates); 
 Waste temperature (for viscosity estimates). 

 
If particle and solids fraction data is not available, then preliminary analysis for critical velocity may be 
made using the following conservative assumptions: 
 

 3.9 g/cm3 particle density (RPP-9805) 
 210 micron particle size (RPP-RPT-51652, RPP-9805) 
 0.30 volume fraction solids (RPP-CALC-51572). 

 
When specifying minimum flow velocity, a factor of 1.3 is required to be applied to the predicted critical 
velocity as a design margin. This is to account for uncertainties in particle size and density data, and to 
ensure that the transport velocity is sufficiently greater than the predicted critical velocity. This 
convention is based on the methodology applied to the Oroskar and Turian model in RPP-5346, and was 
confirmed as a best practice by RPP-13651. Additionally, 24590-WTP-GPG-M-0058 lists the 30% design 
margin as mandatory for Waste Treatment Plant minimum flow specifications and states that it is a 
standard design margin from industry, further referencing Heald 2002. 
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Attachment D - Transfer Critical Velocity and Particle Size (cont.) 

 
 
The Oroskar and Turian model is the accepted method to calculate critical velocity at the Hanford tank 
farms. The basis for the use of the Oroskar and Turian model at Hanford is presented in HNF-2728. 
Bechtel National Inc. also uses Oroskar and Turian to determine critical velocity in slurry lines at the 
Waste Treatment Plant (24590-WTP-GPG-M-0058).  
 
The Oroskar and Turian model was one of several models evaluated in RPP-7185, which is a literature 
review of slurry transport models.   
 
RPP-7185 notes that the Oroskar and Turian model is based on particle sizes between 100µm and 2,040 
particle size.  
 
An example Oroskar and Turian calculation is shown in RPP-19221.  
 
There was, and is, some debate surrounding Hanford tank waste particle size data. A 2002 Defense 
Nuclear Safety Board letter, 2002 0002045, expressed concerns over the waste sample sizes used to 
estimate Hanford waste particle sizes.  This was answered by a 2002 Slurry Transport Expert Panel 
report, RPP-13651, that concluded the amount, type, and quality of the physical properties of particle data 
are adequate and that the 1.3 multiplier applied to critical velocity calculations should allow for data 
uncertainties.  (RPP-13651 made a number of recommendations that are addressed in RPP-RPT-26650.) 
 
RPP-9805 is the most common reference used for particle size and density in critical velocity calculation. 
RPP-9805 contains a high level summary of particle size distributions and densities, and makes 
recommendations for a “typical” particle size and density to be used for waste feed delivery critical 
velocity calculation. RPP-9805 is the source of the conservative 3.9 g/cm3 particle density guidance listed 
above.  RPP-5346 contains an analysis of the critical velocity needed for waste feed delivery to the Waste 
Treatment Plant using the particle size and density recommendations from RPP-9805.  
 
A detailed explanation of the data used in RPP-9805 can be found in HNF-8862, which discusses 
measurement techniques and limitations of particle size data. HNF-8862 also documents waste particles 
>200µm, which is much larger than the “typical” particle size recommended in RPP-9805. PNNL-20646 
is another source for particle size data.  
 
RPP-RPT-51652 analyzed retrieval system capabilities and concluded that large particles may be 
entrained and transferred by current retrieval technology within the SST and DST waste transfer systems. 
The analysis was bounded by two large particles: a 100 μm, 19 g/mL plutonium metal particle and a 
9,525μm, 1.43 g/mL gibbsite agglomerate (9,525μm is 3/8 inch, the mesh size covering a pump inlet 
screen). Transport of both of those particles was found to be possible using current waste transfer 
equipment. This report also discusses particle size measurement technique limitations and includes 
photographs of large particles found in tank waste samples. 
 
RPP-RPT-52841 summarizes all currently identified sources of particle size distributions for Hanford 
tank waste, and is intended as a quick reference source for that data.  WTP-RPT-153 is another, older, 
document that contains a list of particle size data sources. 
 
RPP-RPT-50325 includes a comparison of the Oroskar and Turian model predictions, and other model 
predictions, to experimentally measured critical velocity data documented in PNNL-20350 and 
PNNL-19441. 
  



Waste Transfer, Dilution, and Flushing 
Requirements 

Manual 
Document 
Page 
Issue Date 

Engineering 
TFC-ENG-STD-26, REV D-2 

28 of 45 
May 27, 2021 

 
Attachment D - Transfer Critical Velocity and Particle Size (cont.) 

 
 
Previous revisions of this standard, and other documentation, have listed 6 ft/sec in a 3 inch line as a 
target velocity that would meet critical velocity needs during a waste transfer.  RPP-5346 indicates this 
satisfies an old Hanford rule of thumb that a flow velocity that exceeded a Reynolds number of 20,000 in 
the transfer pipe is sufficient to maintain slurry particles in suspension. However, HNF-2728 refutes the 
same rule of thumb.  RPP-17247 explains that 6 ft/sec is 130% of the Oroskar and Turian model’s critical 
velocity for a water based slurry in a 3 inch pipe, with a 20% particle concentration, and 80 micron 
particles with a density of 3 g/cm3. However, it is not apparent that this target velocity is bounding or 
appropriate for all slurry transfers. As such, the default transfer velocity of 6 ft/sec in a 3 inch line is not 
included in this revision to TFC-ENG-STD-26.   
 
In 2001, the Hose in Hose Transfer Line in the S/SX tank farm plugged.  The line was being used to 
saltwell pump tank SX-102 as part of interim stabilization.  Saltwell pumps typically transfers waste at a 
very low flow rate over an extended period of time.  The line failed as a result of aggressive attempts to 
flush the plug from the line.  Post-failure analysis found hardened silt-like material that obstructed up to 
half of the hose at the point of inspection (RPP-14078, RPP-10131). The solids deposits were most likely 
the result of inadequate transfer and/or flush velocities. 
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Attachment E - Flush Critical Velocity 

 
 
There is currently no accepted method to predict the transfer velocity required to re-suspend particles 
from a sediment bed in a waste transfer line. PNNL-18316, Deposition Velocities of Non-Newtonian 
Slurries in Pipelines: Complex Simulant Testing, summarizes recent critical velocity testing by PNNL. 
The report conclusion includes the follow: re-suspension of particles from a stationary bed involves 
different mechanics from deposition, and the design-basis value for the minimum flush velocity to 
remove a stationary bed should be supported by further testing. The report does conclude, based on 
testing using simulated WTP waste streams and piping conditions, that a flush velocity of 10 ft/sec or 
more should be sufficient to remove a sediment bed from a 3-inch pipe. It is not obvious that this velocity 
is appropriate for all tank farm operations, and therefore should not be used without consideration of the 
specific flush application. 
 
The current practice for SST retrievals using modified sluicing is to flush with supernatant following a 
slurry transfer. Supernatant is able to flush a transfer line at a lower flow velocity compared to water due 
the higher viscosity of the supernatant. This procedure is a tank farms “best practice” and should be 
considered when planning for future operations. 
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Attachment F - 242-A Evaporator Bottoms 

 
 
The 242-A Evaporator concentrates waste to a specific gravity of approximately 1.41 at a temperature 
between 115-125°F. The 242-A Evaporator bottoms, commonly referred to as 242-A Evaporator slurry, 
are sent from the 242-A Evaporator to a receiver tank (one of the AP-Farm or AW-Farm DSTs) where the 
newly concentrated waste slowly cools. Once cooled, the specific gravity of the concentrated waste 
increases to approximately 1.43 and some solids (salts) may precipitate. 
 
When 242-A Evaporator bottoms are concentrated beyond a specific gravity of 1.35 it is classified as a 
concentrated supernatant. If the solids content of the bottoms is greater than 5% then it is classified as a 
slurry. 
 
The initial waste transfer of the newly concentrated waste from the 242-A Evaporator to the receiver tank 
is subject to the requirements in this standard, expect for those outlined in Section 3.3.6. This is due to the 
difference in processing waste at the 242-A Evaporator and transferring waste in the rest of the tank 
farms, as outlined in Section 3.5.9. The transfer of 242-A Evaporator bottoms from the 242-A Evaporator 
facility to the receiver tank is constantly monitored as part of waste processing. Each 242-A Evaporator 
campaign has a Process Control Plan, which contains campaign specific minimum transfer flow rates and 
flush requirements that protect against a transfer line plug. 
 
Additional transfers of 242-A Evaporator bottoms are subject to the requirements in this standard. 
Specifically, the requirements in Section 3.3.6 apply to concentrated supernatant and slurry transfers and 
are designed to detect the formation of a transfer line plug. The transfer of bottoms that have not 
completely cooled have an increased risk of forming a plug due to the potential for the concentrated waste 
to cool and precipitate solids during a transfer. 
 
242-A Evaporator bottoms (concentrated supernatant) in a DST that are still cooling following a 242-A 
evaporator campaign (i.e., recently concentrated waste) typically transfer between DSTs without any 
problems.  However, there have been at least two cases where 242-A Evaporator bottoms have been 
troublesome.  In both cases the flow rate dropped dramatically during the transfer, which is an indication 
that a transfer line plug was forming.  This occurred in 2003 during the 241-AP-108 to 241-AN-101 
transfer and again in 2009 during the 241-AP-104 to 241-AP-101 transfer. Both transfers were completed 
successfully after a mid-transfer flush cleared the transfer line. 
 
The risk of analogous transfer line plug formation is present for all concentrated and slurry waste 
transfers. Future tank farm operations will likely transfer higher specific gravity (i.e. higher concentrated) 
waste than current operations. Compared to the dilute supernatant that is typically transferred today, these 
wastes may be more prone to solids precipitation and plug formation during a waste transfer. This is the 
rationale for the requirements outlined in Section 3.3.6. 
 
Figure F-1 shows the drop in flow rate during the 2003 241-AP-108 to 241-AN-101 transfer during the 
03-04 242-A Evaporator campaign.  A mid-transfer flush cleared the waste transfer line and restored the 
nominal pump flow rate (SDDS, 11/11/2013). 
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Attachment F - 242-A Evaporator Bottoms (cont.) 

 
 

Figure F-1 - Flow Rate During the 2003 241-AP-108 to 241-AN-101 Concentrated Supernatant 
Transfer 
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Attachment G - Phosphate 

 
 
The primary concern with phosphate waste is the formation of a high viscosity, non-settling gel composed 
of sodium phosphate dodecahydrate (Na3PO4ꞏ12 H2Oꞏ0.25 NaOH). This compound forms relatively 
large, needle shaped crystals, which form an interlocking lattice and block fluid flow.  Figure G-1 shows a 
polarized light microscopy image of the needle crystals. 
 

Figure G-1 - Sodium Phosphate Dodecahydrate (7S110-DLH-05-027) 
 

 
 
Sodium phosphate dodecahydrate gel formation is influenced by the phosphate concentration, sodium 
concentration, fluoride concentration, pH, water content, and temperature.  
 
The effects of pH and water content, and the presence of other ionic compounds can affect solubility of 
ionic compounds. These parameters and their impact on phosphate solubility have not been examined. 
However, these factors may explain differences observed in simulants compared to tank waste. 
 
With temperature, the general rule is that phosphate solubility drops by approximately 50% for every 
10°C temperature change.  Similarly, high sodium concentration can also decrease phosphate solubility. 
Figure G-2 shows the solubility of Na3PO4ꞏ12 H2O as a function of temperature and total sodium 
concentration. 
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Attachment G - Phosphate (cont.) 

 
 
Figure G-2 - Na3PO4 Solubility in Simulated Defense Waste as a Function of Sodium Concentration 

and Temperature 

 
 
Phosphate gels form when a saturated solution of sodium phosphate cools. As the solution cools the 
solubility of sodium phosphate decreases and sodium phosphate dodecahydrate crystals form.  A gel of 
interlocking crystals will form when there is a sufficient quantity of large crystals.  
 
Waste transfers that contain phosphate are typically restricted to less than 0.1M Phosphate. Phosphate 
gels have not been observed below this concentration. (7S110-DLH-06-068, 7S110-DLH-06-069, 
7S110-RWW-07-131)  
 
In the presence of fluoride, phosphate will form the mineral compound natrophosphate, a sodium fluoride 
phosphate salt (Na7F(PO4)2ꞏ19H2O).  At Hanford this is one of the compounds referred to as a double-salt. 
In contrast of sodium phosphate, the sodium fluoride phosphate crystals are “potato shaped” and are well 
behaved during waste transfers.  Figure G-3 is a polarized light microscopy image of these crystals. 
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Attachment G - Phosphate (cont.) 

 
 

Figure G-3 - Sodium Fluoride Phosphate Crystals RPP-23600 
 

 
 
Sodium fluoride phosphate is a congruent double salt, meaning the Fluoride to Phosphate ratio remains 
constant whether the compound is aqueous or solid (7S110-DLH-04-023).  This is important data because 
SST retrieval operations dissolve sodium fluoride phosphate and there had been a concern that the gel 
forming sodium phosphate dodecahydrate could precipitate from that solution.  However, because sodium 
fluoride phosphate is a congruent salt when it is dissolved in water then the same sodium fluoride 
phosphate salt will re-precipitate from the solution. 
 
Similar to sodium phosphate dodecahydrate, the solubility of sodium fluoride phosphate salt heavily 
influence by temperature.  Figure G-4 shows the solubility of phosphate in the presence of fluoride, and at 
different temperatures.  



Waste Transfer, Dilution, and Flushing 
Requirements 

Manual 
Document 
Page 
Issue Date 

Engineering 
TFC-ENG-STD-26, REV D-2 

35 of 45 
May 27, 2021 

 
Attachment G - Phosphate (cont.) 

 
 

 Figure G-4 - Solubility of Na-F-PO4 (RPP-23600) 
 

 
 
Figure G-4 shows the solubility of phosphate in the presence of fluoride in a NaNO3 solution.  It is 
important to note that tank waste is typically has much higher sodium concentration, on the order of 10 
molar. Point A represents the solubility of only sodium phosphate in solution.  From this point, the 
fluoride concentration is increased.  From point A to point B, both sodium phosphate dodecahydrate and 
sodium fluoride phosphate are observed.  From points B to C, only sodium fluoride phosphate is 
observed. And, from points C to D, both sodium fluoride phosphate and sodium fluoride are observed. 
Finally, at point D, only sodium fluoride is observed. This is at 50°C and there is a parallel curve shown 
at 25°C. 
 
The important information in Figure G-4 is as follows:  Solubility of phosphate is highly temperature 
dependent. In low concentrations of fluoride, there is the possibility of both sodium phosphate 
dodecahydrate and sodium fluoride phosphate crystal formation. 
 
In the laboratory, it is possible to form a gel when sodium fluoride phosphate solutions are contaminated 
with sodium phosphate dodecahydrate. Needle crystals were observed at 3 weight percent sodium 
phosphate dodecahydrate contamination and a gel formed at 10 weight percent sodium phosphate 
dodecahydrate contamination (7S110-DLH-04-023). 
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Attachment G - Phosphate (cont.) 

 
 
Sodium fluoride phosphate is considered insoluble for most SST retrieval operations.  The hard heel in 
tank C-110 was composed primarily of sodium fluoride phosphate.  A combination of mechanic waste 
movement and hot water, using a FoldTrack®1 system was used to retrieve this material into tank 241-
AN-106 (RPP-PLAN-53943) from August 2013 through February 2014 (SDDS 3/25/2014).  Crystalline 
growth was observed on the sides and transfer pump of tank 241-AN-106 in January 2014 followed a 
period of inactivity in the tank and evaporation of water from the supernatant. It is speculated that the 
crystals are sodium fluoride phosphate that was dissolved during C-110 retrieval operation that 
precipitated on the relatively cold walls and pump in 241-AN-106. It is conceivable that similar crystals 
could form in waste transfer lines and jumpers. 
 
Phosphate gels are responsible for several transfer line plugging incidents in the tank farms. One recent 
incident was the 9/26/1997 plug of the transfer lines between SX-104 and 244-S (HNF-EP-0182-122, 
RPP-RPT-43059) during saltwell pumping of SX-104. SX-104 pumpable waste was thermally hot, had a 
high specific gravity, and a high concentration of phosphate. The waste cooled when it entered the un-
heated transfer line, formed a gel composed of Na3PO4 needle crystals, and plugging the waste transfer 
line. 
 
An evaluation of the impacts of processing phosphate containing waste is required for waste with a 
phosphate concentration greater than 0.1 M. The waste may require process controls, such as heat tracing 
of the waste transfer line to increase the phosphate solubility or dilution to less than 0.1M phosphate, to 
avoid a transfer line plug. A lab cooling test may be required to determine the exact process controls 
required to make the transfer. 
 
The Phosphate Solubility Technical Basis, RPP-23600, provides more detail about the transfer of 
phosphate waste. RPP-17247, “Dilution and Flushing Requirement to Avoid Solids Precipitation and 
Deposition During Tank Waste Transfers,” also provides additional information. 
 
  

 
1FoldTrack® is manufactured by Non Entry Systems Ltd. UK Patent Application No. 0718573.9. 



Waste Transfer, Dilution, and Flushing 
Requirements 

Manual 
Document 
Page 
Issue Date 

Engineering 
TFC-ENG-STD-26, REV D-2 

37 of 45 
May 27, 2021 

 
Attachment H - Gibbsite Precipitation 

 
Aluminum precipitation, in the form of Al(OH)3 (gibbsite), may be problematic for waste transfers. Waste 
containing aqueous aluminum, the aluminate anion [Al(OH)4

-], can precipitate as gibbsite in a waste 
transfer line if the concentration of hydroxide (OH-) is too low. Similarly, the aluminate ion can 
precipitate as NaAlO2 (sodium aluminate) if the hydroxide concentration is too high. 
 
Gibbsite precipitation is a concern for low transfer flow rate waste transfers.  This is because gibbsite 
formation is a kinetically slow process.  Aluminum bearing waste should not be allowed to sit in a waste 
transfer line for a long period of time. 
 
The “Barney” diagram (Figure H-1) shows the solubility of Al(OH)3 (gibbsite) and NaAlO2 as a function 
of NaOH concentration and temperature. This is used at Hanford to assess the risk of gibbsite 
precipitation due to waste dilution.  
 
 

Figure H-1 - The Barney Diagram 
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Attachment H – Gibbsite Precipitation (cont.) 

 
In the Barney diagram, the solubility of sodium aluminate in the tank waste system is the solid 
black curves. (The literature solubility in a three-component system is indicated by dashed 
curves.)  The liquid concentrations of aluminum and hydroxide, in molarity, are used to locate a 
point on the figure representing the waste composition. A line is then drawn between the waste 
composition and the origin, representing the range of waste compositions from zero to infinite 
dilution. The left-hand solid line on the graph and the associated plotted points constitute the 
gibbsite phase boundary. Dilution of waste should be selected so that the waste composition does 
not approach the left-hand gibbsite phase boundary indicated in Figure H-1. If the dilution line 
comes near to or crosses to the left of the phase boundary, then gibbsite precipitation is a concern.  

 
The waste transfer line connecting U-Farm and SY-Farm, SN-216/282, slowly plugged and 
eventually failed during saltwell pumping of U-farm from 2001 to 2003. This plug is suspected to 
have resulted from gibbsite deposits formed as a result of dilution of aluminum containing waste. 
The line was subject to extremely low waste transfer flow rates and substandard flushing 
practices (i.e., skipping flushes, using cold water, etc.) during saltwell pumping. The reduced 
capacity of SN-216/282 impacted the U-Farm stabilization timeline. Hot water flushes and 
caustic soaks helped keep the transfer line operational long enough to complete U-farm interim 
stabilization, however the transfer line is considered to be failed due to a plug (RPP-17247, 
7G500-02-TMH, CH2M-0400855.1).  
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Attachment I - Process Controls 

 
Process controls are developed on a case-by-case basis.  
 
Process controls are waste and transfer type specific. Examination of the specific waste to be transferred, 
process history of that waste, and the proposed retrieval or transfer process is needed to determine the 
complete listing of components or hazards that may pose a risk of solids precipitation or line plugging. 
 
It is possible that not all of the needed data is available.  If there is uncertainty or lack of confidence in the 
data, if there are indications of high concentrations of components known to cause transfer line plugs 
(e.g., phosphate), or where the behavior of a waste when heated, cooled, or mixed is uncertain, then 
additional laboratory testing is required. This is necessary to ensure that the waste composition and 
behavior is understood and that adequate controls can be employed to prevent transfer line plugging.  If 
laboratory testing is not feasible or practicable then chemical models, such as the Environmental 
Simulation Program2 (ESP), may be used in place of other data sources to estimate the required 
concentrations or parameters. 
 
In general, process controls need to manage: solids formation, concentrations, solubility changes with 
temperature, reactions as a result of mixing, and reaction rates. 
 
Phosphate containing waste is prone to gel formation.  Historically, phosphate waste has been problematic 
at higher specific gravities, when stored at high temperatures, and with phosphate concentrations greater 
than 0.1 molar.  If laboratory testing or other evaluation of the waste composition may indicate that the 
waste may be safely pumped without risk of precipitation/gelling in the transfer line or on mixing and/or 
cooling in the receiver tank, then process controls may not be needed.  When there is a risk of gel 
formation or precipitation, then historical process controls have included dilution of the waste and/or heat 
tracing of the waste transfer line. 
 
When transferring aluminum bearing waste, if aluminum composition with no dilution is close enough to 
the gibbsite phase boundary that any dilution with water would result in precipitation then dilution of the 
waste with sodium hydroxide (caustic) solution should be considered. This will shift the waste 
composition to the right, away from the gibbsite phase boundary. 
 
Gibbsite precipitation is a slow process.  However, given enough time, a waste solution high in aluminate 
and low in hydroxide can precipitate gibbsite. If this occurs within a waste transfer line over an extended 
period of time, then there is the potential to gradually form a transfer line plug.  
 
Process controls may be needed to ensure gibbsite does not precipitate in the waste transfer line.  One 
control may be to use a high transfer flow rate to minimize the amount of gibbsite precipitation, which is 
a slow process. High flow rates should also keep any newly formed gibbsite particles from settling. 
Another control might be dilution of waste with a caustic solution. 
 
It might be necessary to monitor the transfer flow rate when there is the potential to form a waste transfer 
line plug during a waste transfer, especially during a waste transfer of a concentrated supernatant or 
slurry.  The formation of a plug may be observed by a change in the flow rate or pump amperage.  Flow 
rate may be monitored indirectly by tracking the rate of tank level change during the waste transfer. If the 
waste transfer flow rate drops during the waste transfer, then a mid-transfer flush is required. 

 
2ESP is a trademark of OLI System Inc., Cedar Knolls, NJ. 
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Attachment I – Process Controls (cont.) 

 
The addition of sodium to some tanks with high carbonate concentrations has been problematic. 
Laboratory test concluded that sodium carbonate would precipitate if tank 241-AN-102 supernatant was 
mixed with concentrated sodium hydroxide (FH-0203426, FH-0203760). 
 
The specific process controls employed for a waste transfer must balance the risks posed by different 
components. Dilution of waste needs to balance competing priorities. Care must be taken to ensure that 
phosphate precipitation will not be a problem. But, dilution to avoid phosphate precipitation may risk 
gibbsite precipitation. To prevent gibbsite deposition hydroxide may be used for dilution, but the addition 
of sodium hydroxide may risk carbonate precipitation. 
 
One example is phosphate waste with a specific gravity above 1.35. Gel formation could be prevented 
through either dilution or heat tracing of the transfer line. 
 
Another example is low phosphate, high aluminum waste with a specific gravity above 1.35. In this 
example phosphate is not a concern, but higher SpG (i.e., viscosity) may be a problem. However, if 
dilution with water increases the risk of gibbsite precipitation then it may be acceptable to pump at a 
specific gravity above 1.35. 
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Attachment J - Corrosion Control 

 
A significant number of transfer lines have failed in the past due to internal corrosion at low spots (see 
SD-WM-ER-623, Appendix B1) in the primary transfer line. Corrosion control specifications are 
developed to maintain the integrity of the waste transfer lines and waste transfer system. 
 
The following data is needed to evaluate chemistry control and material compatibility assessments: 
 

 Transfer pipe material (carbon steel or stainless steel) 
 Concentration of aggressive ions (NO3

-, Cl-, F-, SO4
2-) 

 Concentration of inhibitors (NO2-, OH-, Aluminate). 
 
OSD-T-151-00007 contains more information on corrosion control and defines compliant and non-
complaint waste. 
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Attachment K - Gibbsite Dissolution 

 
Aluminum chemistry research at Hanford between 2007 and 2013 surrounding SST hard heel retrieval 
has focused on dissolution rates of gibbsite with different concentrations of hydroxide. The metathesis 
reaction is expressed as: 
 

OH-
(aq) + Al(OH)3(s)  Al(OH)4

-
(aq) 

 
The strength of NaOH is relatively new to gibbsite dissolution studies.  Gibbsite has shown over multiple 
tests that there is a hydroxide concentration threshold, below which, no further reaction takes place. 
Gibbsite in the presence of 8 M NaOH provides for low reaction completion percentages eventually 
reaching a reaction plateau, beyond which, no further dissolution can take place after a certain time.  In a 
semi-mixed environment, the plateau is found to be ~8.0 to 9.0 M NaOH. In a well-mixed environment, 
the plateau was found to be lower at ~6.5 M NaOH because more hydroxide was able to be consumed in 
the reaction and more aluminum is able to be dissolved.  Even using 11 M NaOH to start the metathesis 
left the reaction uncompleted. To get a dissolution reaction closer to completion, the use of a 19.4 M 
NaOH addition was needed to keep the hydroxide concentration higher than 8 to 9 M in the final solution 
(RPP-RPT-54652). 
 
Another contributor to gibbsite dissolution is the quantity of sodium hydroxide used. During studies with 
19.4 M NaOH, it was found that it would take a minimum OH:Al mole ratio of ~3.5 at 25 °C to reach 
80% metathesis in a reasonable length of time (approximately one week).  At lower molar ratios, the 
reaction took a longer time to reach at least 80% or did not reach it at all and the reaction plateaued well 
before achieving an 80% reaction completion.  Molar ratios higher than 3.5 did provide the reaction to go 
near or to completion in under a week, but left a highly concentrated caustic solution behind (RPP-RPT-
54652). 
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Attachment L - Aluminum Solubility In The Presence of Complexants 

 
Aluminum is less soluble in waste that contains complexants such as Ethylenediaminetetraacetic acid 
(EDTA) and Hydroxyethylethylenediaminetriacetic acid (HEDTA).  The complexants shift the aluminum 
phase boundary causing gibbsite precipitate at lower aluminum concentrations and/or higher hydroxide 
concentrations. Additional care should be taken, through process controls, to prevent gibbsite 
precipitation in complexant waste.  Figure L-1 shows the effect of complexants on aluminum solubility. 
More information is available in 60120-78-136 J, which is in Appendix A of RPP-17247. 
 

Figure L-1 - Aluminum Solubility in the Presence of Complexants 
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Attachment M - Carbonate 

 
Carbonates are a major component of tank waste and in certain wastes are close to their solubility limit 
(e.g., 241-AN-102).  However, it is difficult to assess the risk of carbonate precipitation without 
experimental data.  This makes sampling and laboratory analysis on a tank-by-tank basis important when 
assessing carbonate precipitation risks. 
 
The addition of sodium to tanks with high carbonate wastes needs to be evaluated. If the sodium 
concentration increases in these high carbonate tanks, then there is the risk of Na2CO3 precipitation.  For 
example, the 2013 caustic addition to 241-AN-102 used 8M NaOH because of sodium concentration 
concerns. The sodium concentration in the tank was not increased because the tank already had a sodium 
concentration greater than 8M, and therefore the NaOH addition did not risk Na2CO3 precipitation. At the 
same time, the hydroxide, needed for chemistry control, was successfully added to the tank (RPP-CALC-
54514). 
 
If high carbonate waste is heated, then sodium carbonate may precipitate (sodium carbonate displays an 
inverse solubility relationship with temperature).  Additionally, the precipitated sodium carbonate may 
not re-dissolve when the waste is cooled.  This has the potential to increase the solids level in a tank.  As 
such, heating of highly concentrated carbonate wastes should be avoided due to the increased risk of 
precipitation (FH-0203426, FH-0203760).  
 
Carbonate chemistry will become more important over time given the fact that carbon dioxide in the 
atmosphere is continuously being absorbed into tank waste and converted to carbonate.  This is an 
interesting issue because the carbon dioxide reaction consumes hydroxide, which is required to meet tank 
corrosion control specifications.  This necessitates periodic additions of sodium hydroxide (caustic) to the 
waste tanks, which could result in sodium carbonate formation.  
 
242-A Evaporator campaigns have unintentionally resulted in carbonate precipitation. RPP-RPT-29165 
documents the unexpected precipitation of carbonate solids in 241-AP-108 following campaigns 04-01 
and 05-01. The procedure for pre-campaign analysis of potential feed to the 242-A Evaporator was 
updated based on the analysis in RPP-RPT-29165. 
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Attachment N - Supernatant Viscosity 

 
Supernatant viscosity is typically calculated using the viscosity models in memo 13314-88-105, 
“Viscosity of Evaporator Slurries,” or RPP-RPT-51652, One System Evaluation of Waste Transferred to 
the Waste Treatment Plant. 
 
The 2018 document RPP-RPT-60455, Viscosity Correlation Development for Use in the Supernatant 
Chemistry Evaluation Model, contains a list of a number of other viscosity models.  The report was used 
to evaluate viscosity for the Supernatant Chemistry Evaluation Model (RPP-PLAN-60697).  The list of 
viscosity models may be useful for other applications.  The analysis and conclusions of the document are 
narrowly focused on viscosity in the Supernatant Chemistry Evaluation Model, and are not relevant to 
other applications.  
 


