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REQUIREMENTS FOR DILUTING AND FLUSHING
DOUBLE-SHELL TANK SYSTEMS

1.0 INTRODUCTION

This document identifies requirements and their applicability to the design and operation of the
Double-Shell Tank Diluent and Flush Subsystem (DFS). The requirements are described here to
justify their use in Double-Shell Tank Diluent and Flush Subsystem Specification, HNF-4163.
The applications and demands on the DFS primarily were determined from the case 3 waste
retrieval scenario presented in the Tank Waste Remediation System Operation and Utilization
Plan To Support Waste Feed Delivery, HNF-SD-WM-SP-012. The case 3 scenario was
developed from the Hanford Tank Waste Operations Simulator (HTWOS) computer model and it
represented the best plans for tank waste retrieval operations at the time it was completed. The
potential DST waste retrieval applications for the DES double-shell tanks were investigated, and
the associated requirements for each application were evaluated.

The DFS must provide treated or heated water for the following applications:

o Waste transfer-line preheating

» Transfer startup and in-line dilution

e In-tank dilution

o Transter-pump and waste transfer-line flush

o Tank-heel flush

» Single-shell tank (SST) retrieval with high-pressure liquid to mobilize solids.

The requirements of the DFS are presented in Table 1.

1-1



RPP-4878 Rev. 0

Table 1. Component Requirements. (2 sheets)

Component
Specification Component Requirement Reference
Section*
32.1.1b The Double-Shell Tank Diluent and Flush Subsystem (DFS) shall This document;
have the capability to provide heated water or solution at a HNF-1939, Vel 1l
temperature that is at least as high as the waste o be transferred.
32.1.1c The DFS shall have the capability to provide solutions (o be used This document,
for wasie transfer line preheating, in-line dilution, in-tank dilution, | HNF-1939, Vol. 11
and tank-heel flushing at temperatures as high as 60 °C (140 °F).
<TBR>
32114 The DFS shall have the capabilily to provide solutions to be used This document;
for in-line dilution at llow rates as high as 50% of the waste flow HNFE-1939, Vol. I
rates for periods up to 5 days. <TBR>

32000 The DEFS shall be capable of adjusting the composition of sodium This document
hydroxide from 0.010 M 10 <TBD> M and the composition of
sodium nitrite from 0.011 M to <TBD> M o prepare needed
diluent solutions.

3.2.1.1L.h The DFES shall be capable of adjusting the flow rate of diluent Internal Memorandum
during in-line dilutions to compensate for changes in the specific 73600-99-006
gravity of waste,
32.t2b The DFS shall be capable of preparing and providing ush This document;
solutions with compositions that are at least 0.01 M hydroxide and | Internal Memorandum
at least 0.011 M nitrite, TF540-94-019;
Internal Memorandum
71420-95-002;
HNF-1939, Vol. II
3212c¢ The DFS shall be capable of flushing each waste transfer line with | This document;
a volume of solution that is twice the volume of the transfer line. HNF-1939, Vol. iI;
BNFL-5193-1D-19;
BNFL-5193-ID-20
3.2.1.2d The DFS shall be capable of providing a tlow of 0.606 m*/min This document;
(160 gal/min) at a pressure of 4,480 kPa (650 1b{/in) to the DST RPP-3346,
Transfer Valving Subsystem for flushing waste transter lines. HNF-1939, Vol 11

33 1m The DES shall be capable of transitioning rom providing a flush This document
solution to providing a diluent solulion within 24 hours and from
providing a diluent solution to providing a flush solution without
delay.

3310 The DFS shall be controllable by the DST Monitor and Control This document;
Subsystem. Chemical adjustments to flush and diluent solutions, HNF-4155
temperature adjustments of the solutions, flow rate adjustments of
the solutions, and the shutdown of the subsystem shall be possible
from the DST Monitor and Control Subsystem.,

3.2.1.3b The DFS shall measure the quantity of heated walcer or solution This document
provided to the transfer-associated structure.

33l The DFS shall be capable of adjusting the (low rate of water or This document

solution to support transitions from Lhe line preheating application
Lo the in-line dilution application.

1-2
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Table I. Component Requirements. (2 sheets)

Component
Specification : Component Requirement Reference
Section*
331q The DFS shall be capable of adjusting the flow rate and chemical This document
composition of solutions to support transitions from the in-line
dilution application to the wasic transfer linc Nlush application.
3.1.2.15a The DFS shall be capable of using concentrated commercial-grade | This document
sodium hydroxide (commonly referred Lo as caustic soda) at a
concentration of up to 50 wt.% provided by the DST Maintenance
and Recovery Subsysten.
3.1.2.15b The DFS shall be capable of using concentrated commercial-grade | This document
40 wi% sodium nitriie {NaNO;) provided by the DST Maintenance
and Recovery Subsystem.

*Section in HNF-4163 where requirement is discussed.

BNFL-5193-1D-19, 1998, Interface Control Document Between DOE and BNFL Inc. for Low-Activity Waste
Feed, Rev. 3, BNFL Inc., Richland, Washington.

BNFL-5193-1D-20, 1998, Interfuce Control Document Between DOE and BNFL Inc. for High-Level Waste
Feed, Rev. 3, BNFL Inc., Richland, Washington.

BNF-1939, 1999, Waste Feed Delivery Technical Basis, Vol. I, *Waste Feed Delivery Flowsheet,” Numalcc
Hanford Corporation for Fluor Daniel Hanford, Inc., Richland, Washington.

HNF-41533, 2000, Double-Shell Tank Monitor and Control Subsystem Specification, Rev. 0, Numatec
Hanford Corporation for CH2M HILL Hanford Group, Inc., Richland, Washington.

HNF-4163, 2000, Double-Shell Tank Diluent and Flush Subsystem Specification, Rev. 0, Numatec Hanford
Corporation for CH2M HILL Hanford Group, Inc., Richland, Washington.

Internal Memorandurm 73600-99-006, 1999, “Tnterim Guidance on LAW Retrieval Strategy,” June 22, 1999,
by R. L. Treat, MACTEC, for Numatec Hanford Corporation, Richland, Washington.

Internal Memorandum 71420-95-002, 1995, “Usc of Inhibited Water for Cross-Site Transfer of
Tank 24 [-SY-102 Waste,” January 10, 1995, by R, P. Anantatmula, Westinghouse Hanford Company, Richland,
Washington.

Internal Memorandum 7F540-94-019, 1994, “Projects W-058/W-028 Malerial of Construction Position
Paper,” June 10, 1994, by G. L. Parsons, Westinghouse Hanford Company, Richland, Washington.

RPP-5346, 2000, Waste Feed Delivery Transfer System Analysis, Rev. 0, Numatee Hanford Corporation for
CH2M HILL Hanford Group, lnc., Richland, Washington.

DFS = Double-Shell Tank Diluent and Flush Subsystem.
DST = Double-Shell Tank.
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2.0 APPLICATIONS OF AND DEMANDS ON THE DOUBLE-SHELL TANK
DILUENT AND FLUSH SUBSYSTEM

2.1  APPLICATIONS OF THE DOUBLE-SHELL TANK
DILUENT AND FLUSH SUBSYSTEM

A wide range of potential applications was evaluated to identify requirements for the DFS,

Table 2 identifies these applications and summarizes the requirements. The table is intended to
be used as a screening tool and to give an indication of the confidence in existing documentation
for the listed requirements. In general, it was determined that all applications requiring treated or
heated water should be supplied by the DFS. Applications 1 through 6, in Table 2, represent the

greatest expected demands on the DFS, and the DFS requirements were based on these
applications. However, it should be possible for the DFS to support applications other than

I through 6. This document clarifies and describes requirements for applications | through 6
that are not documented or adequately described elsewhere. Applications 7 through 14 have
been evaluated, and it was determined that their demands on the DFS are sufficiently small as to
not require further analysis.

Table 2. Potential Applications and Requirements. (2 sheets)

Application

Need for Chemical
Adjustment

Need for Heated Solution

Need for
Filtered
" Solution

Quantity of Solution

1. Waste transfer-
linc preheating

Not necessary

Necessary

Nol necessary

About twice the volume
of transfer lines

2. In-line dilution

Possible but not
documented

Match wasle tlemperature

Not necessary

Morc than 1,000 m’
{260,000 gal.)

3. Transfer-pump
and waste transfer-
line fushing

Treated* water

Not documented, but a
study is planned to verily if
heated solution is needed

Not necessary

Range is uncerlain —
114.0 m’ (30,000 gal)
now used for cross-site
line

4, In-tank dilution

Required to
mitigate corrosion
cffects

Match waste temperature
or meel waste temperaturc
change requirements

Not necessary

More than 1,000 m’
(260,000 gal)

5. Tank-heel
flushing

Required to
mitigate corrosion
cffects

Malch waste temperature
or meel waste temperature
change requirements

Not necessary

About 530 m® per flush
(140,000 gal)

6. Single-shell
tank retrieval

Required to
mitigate corrosion
effects

Nol yet evaluated

Not necessary

More than 1,000 m’
(260,000 gal)

7. Mixer-pump
cavity {lush

Not necessary

Recommended to enhance
material dissolution

Not necessary

Probably about | m*
260 gal)

2-1
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Table 2. Potential Applications and Requirements. (2 sheets)

Application ced Jor LIEIIEAL | - Need for Heated Solution ‘Filtered Quantity of Solution
a Adjustment - :
Solution
8. Mixer-pump and | Not necessary Not necessary <5 um Up to 0.5 m’ per 5 days
transfer-pump scals filtration (130 gal per 5 days)
(HNF-4164)

9. Boreholes for
mixer-pump
installations

Required to
mitigate corrosion
effects

Recommended for material

dissolution

Not necessary

Possibly up to 38 m"
(10,000 gal)

10. Mixer pump Not necessary Not necessary <75 nm Uncertain
column water filtration

(HNF-4164)}
1. Wash tank Required to Recommended for Not necessary | Uncertain

interiors

miligate corrosion
effects

dissolution

12. Flush air-lift
circulators

Not necessary

Recommended for
dissolution

Not necessary

About 3.8 mY/month
(1,000 gal}

13. Tank make-up

Required to

Not necessary

Not necessary

About 3.8 m*/month

water mitigale corrosion (1,000 gal)
cffects
14. Pump wash Not nccessary Recommended for Not necessary | Uncerlain

wiler

dissolution

*Treated water is defined as water with 0.010 M hydroxide and 0.011 M nitrite.

HNF-4164, 2000, Double-Shell Tank Mixer Pump Subsystem Specification, Rev. (3, CH2M HILL Hanford
Group, Inc., Richland, Washington,

The number of occurrences of different applications and the timing of the applications were
investigated to determine the demands on the DES. The applications that were investigated
included the following:

¢ Waste transfer-line preheating

e In-line dilution

» Transfer pump and waste transfer-line flushing
e In-tank dilution

o Tank-hee] flushing

e SST retrieval.

The case 3 scenario projects several hundred waste transfer-line flushes, several hundred waste
transfer-line preheating applications, and two dozen or less of each of the remaining scenarios.
These six scenarios are discussed in further detail in Sections 2.2.1 through 2.2.6.

Figure | shows the transfer startup and in-line dilution process and the duration of each step for a

typical waste transfer. A detailed description of this transfer is available in HNF-1939, Waste
Feed Delivery Technical Basis, Vol. 11, “*Waste Feed Delivery Flowsheet.” The waste transfer-

2-2
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line preheat and waste transfer-line flush steps are linked to the in-line dilution step because the
DFS must transition from performing a transfer-line preheat function to performing an in-line
dilution function and thereafter must provide a flush function.

Figure 1. Typical Process Flows for DFS Liquids to Support a Waste Transfer with
In-Line Dilution.

Flush Flow Rate

+ ¢ Transfer Line Preheat »
o . Flow Rate |
© !
1 &
=
O
w ——

L e ... DiktionFlowBRate

+ — T M !

2.2  DEMANDS ON THE DOUBLE-SHELL TANK
DILUENT AND FLUSH SUBSYSTEM

2.2.1 Waste Transfer-Line Preheating

2.2.1.1 Non-Aging Waste. The DFS must be capable of preheating waste transfer lines to
reduce the possibility of waste constituents precipitating during the transfer of non-aging waste.
Cold transfer lines will cool the waste during transfer, and this cooling may cause the dissolved
constituents to precipitate and possibly plug the transfer line. This is a concern for non-aging
waste, because 1t generally contains a much higher concentration of dissolved constituents than
aging waste. There is no administrative limit on the concentrations of dissolved constituents in
non-aging waste. Preheating may be done by using the DFS to provide heated liquid to the DST
waste transfer pump before the waste transfer or by using the DFS supply pump to move heated
liquid through the waste transter line.

There is documentation on the need to preheat waste transfer lines and on the minimum
temperature of liquid that should be used to preheat the lines. Documentation on the need to
preheat waste transfer lines is found in HNF-1939, Vol. I1, Rev. Ob. In addition, HNF-1939,
Vol. II, Rev. Ob, Addendum 2-31, indicates that the temperature of the preheat liquid should be

2-3
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at least as warm as the waste to be transferred. However, the quantity of liquid required to
adequately preheat waste transfer lines depends on the acceptable temperature drop for waste to
be transferred. The smaller the acceptable temperature drop for waste to be transferred, the
larger the quantity of preheated liquid that would be required. Alternatively, the temperature of
preheat water could be increased as the acceptable temperature drop for waste decreases. To
further complicate this issue, the temperature and/or quantity of preheat liquid required depends
on the length of the waste transfer line to be preheated, the velocity of preheat liquid, and other
variables. Because of the uncertainty of the acceptable temperature drop for waste to be
transferred and the uncertainties associated with waste transfer operations, no requirement could
be identified for the DFS to provide a specific quantity of preheat liquid or for the DFS to
provide preheat liquid at a specific temperature. The requirement for preheat liquid will state
only that the DFS must provide preheat liquid that is at least as warm as the waste to be
transferred.

It is not necessary to treat the water used to preheat waste transfer lines if the residence time of
the preheated water is very short. Tt is expected that the residence time will almost always be a
matter of minutes before a follow-up waste transfer is made. Therefore, treatment of the
preheated water should not be necessary.

2.2.1.2 Aging Waste. There is no requirement to preheat the waste transfer lines for aging
waste, because precipitation of this waste is not expected to be a problem. There is an operating
specification limit on the concentration of dissolved sodium that may be present in aging waste.
The concentration of sodium cannot exceed 5.5 M in Tank 241-AZ-101 and cannot exceed 5.0 M
in the other AZ and AY tanks according to OSD-T-151-00017, Operating Specifications for
Aging-Waste Operations in 241-AY and 241-AZ, Rev. D-12. Additionally, the temperatures of
wastes in aging waste tanks are higher than the temperatures of wastes in non-aging waste DSTs,
which furtber reduces the possibility of precipitation. Therefore, precipitation caused by waste
cooling is not considered to be a problem for transfers of aging waste.

2.2.2 In-Line Dilution

In-line dilution applications for the DFS were identified from the case 3 scenario. In-line
dilutions are required for waste that has a high concentration of dissolved constituents before the
waste is transferred to a new tank. The in-line dilutions reduce the possibility of plugging waste
transfer lines and avoid the need for waste transfer evaluations. The DFS must be available and
must operate reliably during the 1-to-5-day periods when these dilutions are required. An
unavailable subsystem could adversely impact waste transfer schedules, and an unreliable
subsystem that may fail during an operation would increase the possibility of waste transfer-line
plugging. It may be necessary to adjust the percentage of diluent during a waste transfer if the
solids content of the transferred waste changes. This requirement is documented in Internal
Memorandum 73600-99-006, “Interim Guidance on LAW Retrieval Strategy.” Insufficient
space prevents diluting DST waste in situ.

The DFS must be capable of providing diluent for in-line dilution from no flow rate, through a
range of flow rates, and up to a maximum flow rate. The maximum flow rate for diluent for in--
line dilution depends on the concentration of dissolved salts in the waste to be transferred. DST

2-4



RPP-4878 Rev. O

wastes that are diluted sufficiently to achieve a specific gravity of less than 1.35 and a solids
content of less than 5 percent are not expected to pose a risk to transfer lines. Wastes that do not
meet these criteria must be evaluated before they are transferred to ensure that the risk of line
plugging is acceptable (HNF-SD-WM-OCD-15, Tank Farm Waste Transfer Compatibility
Program). The in-line dilution required for all wastes has not been evaluated yet, but it 1s
expected that a dilution quantity of about 33 percent will be sufficient for the most concentrated
waste. Therefore the DFS must be capable of providing dilution flow rates that are as high as
33 percent of the highest diluted waste flow rate. This dilution quantity corresponds to a diluent
flow rate of 0.201 m*/min (53 gal/min) in a total waste flow of 0.606 m’/min (160 gal/min).
HNF-1939, Vol. Il and an evaluation of current waste retrieval plans indicate that this diluent
flow rate is appropriate.

The composition of the solution required for in-line dilution may vary, depending on the
characteristics of the waste to be transferred. Waste that is transferred cannot cause the contents
of the receiving DSTs to exceed chemical corrosion criteria. The contents of DSTs must meet
hydroxide and nitrite concentration criteria to inhibit corrosion (OSD-T-151-00007, Operating
Specifications for the 241-AN, AP, AW, AY, AZ & SY Tank Farms). Therefore, the DFS must be
capable of adjusting the concentrations of hydroxide and nitrite from 0 M to maximum
concentrations that have not yet been determined.

2.2.2.1 Process. In-line dilutions are listed in the schedule in Figure 2 in Appendix A. The in-
line dilution process is described in detail in HNF-1939, Vol. 11, Section 3.0. The recommended
process steps for in-line dilution for a waste transfer are as follows,

1. Preheat the waste transfer line by pumping heated liquid through the line.

2. The transition from waste transfer line precheating to waste in-line dilution may be
done one of two ways.

— If the DST waste transfer pump is used to preheat the waste transfer line, adjust
the DST waste transfer pump to obtain the required waste transfer flow rate. The
composition of the preheat liquid may need to be adjusted because in-line diluent
will be needed now.

- If the DFS supply pump is used to preheat the waste transfer line, discontinue the
preheat liquid and provide in-line diluent to the DST waste transfer pump. Adjust
the DST waste transfer pump to obtain the required waste transfer flow rate.

3. Adjust the flow of dilution liquid to the DST transfer pump to obtain the desired
waste density. The temperature of the dilution liquid also will be adjusted to match
the waste temperature.

4. Complete the waste transfer using the required percentage of dilution liquid.

5. Conclude the waste transfer by flushing the waste transfer line.

2-5
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2.2.2.2 Non-Aging Waste. The DFS must be capable of providing heated diluent for in-line
dilution of non-aging DST waste. Supernatant from some non-aging waste DSTs will have very
high concentrations of dissolved salts. It will be necessary to dilute this waste with a heated
solution before it is transferred, to ensure that precipitation does not occur. The dilution solution
must be at least as warm as the waste to be transferred.

The maximum temperature of waste that will require in-line dilution may be as high as 60 °C
(140 °F). This temperature is based on the current temperatures of waste in non-aging waste
DSTs, on uncertainties in DST waste retrieval plans, and on the Project W-211 design. The
current temperatures of non-aging waste in DSTs are not expected to exceed 40 °C (104 °F).
However, the temperatures of the waste may change between the time that this report is
completed and the time that the wastes are refrieved. Due to the uncertainties that still prevail in
defining the ultimate retrieval process, it is prudent to specify that the DFS be capable of
providing a diluent at 60 °C (140 °F).

2.2.2.3 Aging Waste. The maximum temperature of aging waste does not lead to a requirement
for the DFS. Aging waste is hotter than non-aging waste, however aging waste is not expected
to be diluted in-line. Even if it is determined that aging waste must be diluted in-line, the
temperature of the waste is not expected to have to be matched by the dilution solution. The
temperature of dilution solutions can be below the temperatures of aging wastes, because
concentrations of dissolved salts in aging waste will be significantly below levels that could
precipitate.

2.2.3 Transfer Pump and Waste Transfer-Line Flushing

The DFS will provide treated flush water for concluding waste transfers. These transfers are
shown in Figure 3 in Appendix A. However, many waste transfers identified in the case 3
scenario were eliminated from the schedule of flush applications, based on the reasons given
below.

o Saltwell liquid transfers from SSTs to double-contained receiver tanks (DCRT) were not
included, because the transfers do not directly impact DSTs, and flushes are not expected
to be provided by DST subsystems.

» Transfers from the Privatization Contractor were not included in the schedule of flush
applications, because the Privatization Contractor has the responsibility to manage these
transfers.

» Transfers from the 242-A Evaporator facility were not included, because the River
Protection Project does not have the responsibility for these transfers.

e Transfers from DCRTSs (tanks with numbers beginning with 244) were included in the
schedule of applications, but their impact on DFS requirements is considered to be
minimal, because other subsystems address or partially address line-flushing needs, and
transfers from DCRTs are planned to be completed in August 2003.
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Waste transfer lines shall be flushed in a manner and timeframe that preclude settling of solids
up to and including an immediate transition from transfer to flush to reduce the possibility of
waste transfer line plugging. It is necessary to flush the transfer lines at a minimum flow rate or
velocity to ensure that the solids in the lines are removed. A study is to be completed to verify
the need to flush waste transfer lines to prevent plugging and to determine the best method for
flushing the lines. The timing of waste transfer line flushing, the necessary volume of flush
liquid, and the necessary flush velocity are to be determined as part of the study.

The DFS must be capable of providing quantities of flush solution that are at least twice the
volume of the waste transfer lines. Existing documentation indicates that a volume of flush
solution equal to one to three times the volume of a waste transfer line is necessary to flush the
line. A quantity of flush solution that is equal to twice a transfer line volume is adequate to meet
the intent of the documentation. The volume of flush solution that may be needed to flush a
cross-site waste transfer line would be approximately 114.0 m® (30,000 gal). Flush volumes for
other transfer lines would be less and may be readily calcuiated using the sizes and lengths of the
lines. The DFS capability to provide these volumes of flush solution is consistent with
HNF-1939; Vol. II; BNFL-5193-ID-19, Interfuce Control Document Between DOE and BNFL
Inc. for Low-Activity Waste Feed;, and BNFL-5193-1D-20 Interface Control Document Between
DOE and BNFL Inc. for High-Level Waste Feed.

The compositions of waste transfer line flush solutions must be adjusted to reduce corrosion of
the lines. An engineering study determined that the hydroxide concentration in flush solutions
should be at least 0.01 M and the nitrite concentration should be at least 0.011 M to reduce
corrosion. The study was documented as Internal Memorandum 7F540-94-019, “Projects
W-058/W-028 Material of Construction Position Paper,” dated June 10, 1994, and signed or
approved by G. L. Parsons. The results of this study are supported by memorandums by Mark
Manderbach, Fluor Daniel Northwest, dated August 11, 1998, and by R. P Anantatmula, dated
January 10, 1995. In addition, the flush solution composition requirements are consistent with
BNFL-5193-ID-19 and BNFL-5193-ID-20. Therefore, the DFS must be capable of preparing
and supplying waste transfer line flush solutions that meet these requirements. An alternate
approach to treating waste transfer line flush water with both hydroxide and nitrite is to treat the
flush water with hydroxide at a much higher concentration. The concentration of hydroxide that
would be required should be determined and documented if this approach were used.

The method for flushing waste transfer lines will vary depending on whether a waste transfer
includes in-line dilution and depending on the routing of the flush solution. The flow rate and
possibly the composition of the solution will have to be adjusted to meet the flush-solution
requirements when a transition from in-line dilution to flushing is made. The DFS should be
capable of making these adjustments without stopping the flow of solution because this may be
necessary to prevent the accumulation of solids in most transfer lines. Waste transfer line {lushes
may be accomplished by using the DFS supply pumps to route flush solutions to the waste
transfer pumps or by using the DFS supply pumps to flush the lines. The DFS supply pumps
must be adequately sized to ensure they are capable of flushing the waste transfer lines.
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2.2.4 In-Tank Dilution

In-tank dilutions will be performed to adjust the waste characteristics to meet waste-retrieval
criteria and to recover soluble waste. In-tank dilutions are identified in the schedule in Figure 2
in Appendix A. In-tank dilutions will be performed to dissolve salt siudges in several tanks after
the supernatants have been removed. The salt sludges will be dissolved by adding needed
quantities of heated water, or a heated and chemically adjusted solution, and mixing the tank.
Only four tanks were identified as requiring in-tank dilution to remove soluble wastes. In-tank
dilutions were not included in the case 3 scenario, but several were identified in HNF-1939,

Vol. II, Rev. Ob and Rev. Oc.

Water used for in-tank dilution should be heated to the temperature of the waste to be diluted, to
aid in the dissolution of soluble material. This requirement is described in HNF-1939, Vol. Il
where tanks requiring in-tank dilution are addressed. The maximum temperature that will be
required for dilution water 1s based on current waste temperatures, on uncertainties in DST waste
retrieval plans, and on the Project W-211 design. The maximum temperature of waste in non-
aging waste tanks that will require in-tank dilution is not expected to exceed 60 °C (140 °F). The
maximum expected temperature includes the assumption that aging waste will not require in-tank
dilution to dissolve solids.

Chemical adjustment may be necessary for tanks that require in-tank dilution. The large
quantities of liqud required to dilute soluble materials in these tanks have the potential to cause
these tanks to exceed tank corrosion criteria. Evaluations have not been completed to determine
whether and how much chemical adjustment will be required. However, the DFS must be
capable of making these adjustments.

The quantity of solution used for in-tank dilutions should be monitored and controlled. About
1,000 m’ (260,000 gal) will have to be added to accomplish a typical in-tank dilution. It will
take about two days to add this quantity of liquid at the flow rate of 0.53 m*/min (140 gal/min),
which is specified in HNF-1939, Vol. 1. The quantity of liquid added to the tanks should be
monitored and automatically limited to ensure that the tanks are not overfilled.

2.2.5 Tank-Heel Flushing

The case 3 scenario was used to identify tank-heel flush applications for the DFS. Tank-heel
tlushes will be performed on the remains of one batch of waste in a staging tank to prepare the
staging tank for a new batch of waste. The flushes are intended to prevent one batch of waste
from causing a succeeding batch of waste to exceed waste specifications. Waste heels in staging
tanks will be “washed” after a batch of waste is removed from a staging tank, to prepare for a
new batch of waste with a different composition. Tank-heel flushes are listed in the schedule in
Figure 2 in Appendix A.

The tank-heel flushing application is documented in the case 3 scenario and is described in the
Low-Level Waste Feed Staging Plan, WHC-SD-WM-RPT-224. The case 3 scenario indicates
that tank-heel flushing will be necessary for every transition from a category of waste to a
different category of waste in a feed staging tank. However, this may be conservative, because
evaluations may determine that some transitions do not require tank-heel flushes. In addition,

2-8



RPP-4878 Rev. 0

the case 3 scenario indicates that 530 m® (140,000 gal) will be used for each tank-heel flush, but
further evaluation may determine that smaller quantities are adequate.

The temperature of the water used for tank-heel flushing must be at least as high as the
temperature of the batch of waste that was in the tank and that produced the waste heel. This is
necessary to ensure that there is no precipitation of the constituents in the waste. The maximum
temperature of waste that may need to be flushed from the tanks is not expected to exceed 60 °C
(140 °F). The tank contents must be well mixed after flush water is added, to aid in the
dissolution of the remaining waste and to resuspend particles.

2.2.6 Single-Shell Tank Retrieval

It is planned that the DFS will provide solutions to be used for retrieving SST wastes. The
schedule for SST-to-DST retrieval activities is provided in Figure 4 in Appendix A. The
solutions are to be provided to DSTs, which will be used as reservoirs for waste-retrieval
solutions. Liquids from the source DSTs will be pumped, probably under high pressure, to SS§Ts
to mobilize solids. The mobilized solids then will be pumped back to the source DSTs. The
solution is expected to be reused until the SSTs are adequately cleaned.

The chemical composition of liquid used to mobilize solid wastes in the SSTs will have to be
adjusted to ensure that the waste retrieved from the SSTs will not cause the contents of DSTs to
exceed corrosion criteria. Composition requirements that apply to the DSTs do not apply to the
SSTs; therefore, the contents of the SSTs are not expected to meet the DST criteria in many
cases. The contents of the DSTs must meet hydroxide and nitrite concentration criteria.
Hydroxide and nitrite may need to be added to the mobilizing solution that is provided to the
DST source tanks to ensure that the corrosion criteria are maintained.

The need to use heated solutions to retrieve SST waste has not been evaluated yet. Significant
benefit possibly could be obtained for retrieving SST waste by using heated solutions. This
possible requirement must be evaluated to adequately characterize the requirements for the DFS
and to ensure that the most effective method for SST waste retrieval is used.

Waste retrieved by solids mobilization should not exceed 10 wt% solids or a 5.0 M concentration
of sodium. This is a simplifying assumption made in the absence of accurate composition data
for specific tanks, and it is documented in HNF-SD-WM-SP-012. Therefore, the DFS must be
capable of providing sufficient solution to dilute wastes below these target maximums. The
quantity may be provided by the DFS at several different times to support waste retrieval from a
given SST.
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3.0 ADDITIONAL DEMANDS ON THE DOUBLE-SHELL TANK
DILUENT AND FLUSH SUBSYSTEM

3.1 DOUBLE-SHELL TANK DILUENT AND FLUSH
SUBSYSTEM RESPONSIVENESS

Changes in liquid flow rates will be necessary to address the process requirements described in
Section 2.0. Figure | shows the flow rate changes that take place during waste transfer start-up,
waste transfer with in-line dilution, and waste transfer-line flushing for a typical waste transfer.
It is clear that the DFS will have to make changes in the flow rate when line preheating is
completed and the dilution flow begins, and again when the dilution flow ends and the flush
begins.

There will be times when in-line dilution must be performed soon after a flush in the same DST
farm. Therefore, the DFS must be capable of supporting this transition within a 24-hour period
according to the case 3 scenario. In addition, the DFS must be capable of providing flow rates of
dilution solutions that are within a specified range to prevent precipitation and also to prevent
over dilution.

The DFS must be capable of changing the compositions of the solutions that are supplied.
Changes in solution compositions will be necessary when in-line dilutions are completed and
flushing of waste transfer lines begins, because the compositions of the waste transfer-line
flushing solutions generally will be different from the compositions of the in-line dilution
solutions.

3.2  DILUENT AND FLUSH SUBSYSTEM CAPABILITIES

The DFS must be designed to handle the concentrated forms of NaOH and NaNQO,, because the
dilution and flush solutions will have to be adjusted with these chemicals. If liquid solutions are
used, the likely maximum concentrations of NaOH and NaNO; that may be obtained from a
supplier are 50 percent and 40 percent by weight, respectively. Therefore, the subsystem must
be designed to handle storage, transport, and mixing requirements for these concentrations.

Freeze protection of the subsystem must be addressed for concentrated as well as for dilute
chemical solutions. The freezing point of a 50 percent by weight NaOH solution is about 10 °C
(50 °F). Additionally, it is necessary to consider the potential for freezing for dilute solutions
that may be stored in the subsystem or retained in transfer lines.

Waste transfer lines are buried and insulated, but freezing of material in the lines is still a
possibility. One method of preventing freezing is to reduce the maximurm concentrations of
solutions transferred through the lines. A 30 percent by weight solution of NaOH has a freezing
point similar to that of water. A solution of this concentration could be transferred through
buried transfer lines with the same precautions used to transfer water through the lines. An
alternate approach to preventing freezing of concentrated caustic solutions (especially 50 percent
solutions) in transfer lines is to preheat the lines, ensure that the concentrated solution is warm
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enough to prevent cooling to the freezing point during transfer, and flush the lines to ensure that
residual solution does not freeze. This approach would be necessary 1f concentrated caustic
solutions were transported through the lines, but may be used for less concentrated solutions as
well. Either of these approaches is feasible.

The DFS must be designed to withstand the maximum pressures of the waste transfer pipelines
to provide maximum operational flexibility and a measure of safety. The subsystem must be
capable of providing flush solutions to flush the entire lengths of waste transfer lines and must be
capable of providing an adequate flow of preheat liquid to preheat transfer lines. The DES must
be designed to meet a minimum system design pressure to ensure it is capable of providing the
needed preheat and flush flow rates.

3.3 ROUTING OF SOLUTIONS

The pumping of solutions for waste transfer-line preheating and for flushing waste transfer lines
may be done by two different methods. The first method involves supplying solutions to the
intake of the waste transfer pumps. This method takes advantage of the size and power of the
waste transfer pumps to move flush and diluent solutions through waste transfer lines. The
second method is to use the DFS supply pumps to move solutions through the waste transfer
lines. The DFS supply pumps should be sized appropriately to pump water for preheating
through the complete transfer route or to flush waste transfer lines from valve pits to destination
DSTs.

It is not feasible to always rely on transfer pumps to move preheat and tlush solutions through
waste transfer lines. Transfer pumps should be readily available for flushing piping after waste
transfers are completed. However, sudden and unexpected problems with transfer pumps would
require the immediate use of an alternate method to flush lines. Additionally, an alternate
method to support the waste transfer-line preheat function should provide added flexibility.

DFS pumps that are large enough to move liquids through waste transfer routes at the required
velocities and volumes would provide this flexibility. Therefore, a requirement was identified to
have solution-supply pumps that are large enough to move preheat and flush solutions through
waste transfer lines.

Regarding the in-line dilution application, it is a much better practice to route dilution solutions
to the transfer pump intake rather than to require subsystem supply pumps to pump the solutions
to valve pits for in-line dilution. Providing in-line dilution solutions to the intake of transfer
pumps should significantly reduce the possibility of waste entering the DFS, because a line that
supplies dilution solution would not have to overcome the pressure of waste during a waste
transfer. In addition, the flow rates of solutions should be easier to control if solutions are
supplied to the transfer pump rather than to a pressurized waste transfer line. Therefore, the DFS
should be isolated from waste transfer lines during waste transfers. The DFS should provide
diluent to the intake of waste transfer pumps to perform in-line dilutions.
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34  SIMULTANEOUS DEMANDS ON A SUBSYSTEM

Concurrent demands on the DES were evaluated to determine its required capabilities. The
number and locations of DFS stations are uncertain; therefore, the concurrent demands for all
DST tank farms were evaluated, rather than evaluating the demands at individual tank farms or
groups of tank farms. The need to support several demands at one time was evaluated to
determine the maximum capabilities of the DFS. The case 3 scenario was used as the basis for
evaluating demands on the DFS. The HTWOS model revisions or new scenarios may affect the
timing of individual DFS applications.

No basis was found for a requirement to address concurrent applications for in-line dilution, in-
tank dilution, and tank-heel flushing. These applications require large quantities of heated and
sometimes treated water, but no two of these applications require solution at the same time.
However, waste transfer-line flushing will have to be done concurrently with in-line dilution, in-
tank dilution, and tank-heel flushing according to the case 3 model. The schedule in Figure 5 in
Appendix A shows the overlapping demands of these applications. Figure 5 was based on the
case 3 scenario in HNF-SD-WM-SP-012, Rev. 1.

Including criteria in the HTWOS model to prevent simultancous demands could reschedule
operations to reduce the impact on the DFS. This criterion was not part of the HTWOS model
and was not reflected in the case 3 scenario at the time this document was prepared. There are
plans to include criteria in the HTWOS model to prevent concurrent uses of the DFES for waste
transfer line flushes and in-line dilution, in-tank dilution, or tank-heel flushing. The impact of
this change on the waste retrieval schedule will be evaluated to determine whether the impact is
acceptable.

As shown in Figure 5, there are apparently simultaneous requirements for waste transfer-line
flushes. More than one waste transfer-line flush will be required during numerous 24-hour
periods. Some of the potentially simultaneous flushes occur in individual DST farms. However,
the time required to perform a waste transfer-line flush is expected to be much less than one day.
Theoretically, several waste transfer-line flushes easily could be performed in one day by a
single DES. In addition, waste transfers—and therefore waste transfer-line flushes—may be
rescheduled by including appropriate criteria in the waste transfer model. Therefore, no
requirement to supply simultaneous flushes exists because there is no clear evidence that
simultaneous waste transfer-line flushes are needed.
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Figure A-1. In-Line Dilutions, In-Tank Dilutions, and Tank-Heel Flushes. (4 sheets)
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Figure A-1. In-Line Dilutions, In-Tank Dilutions, and Tank-Hee! Flushes. (4 Sheets)

+ abegd

L 2 , ausZioles  |swizesnl SOL-NY O} 101~y :UoARIQ 2ur v E| ¢

‘ SUPLITL WOl SLOLEL UL 10L-NY 01 301 -dY ‘wonnig sun u| m e

: 4 _ ShRrgen) SL/EZ/S 14 01NV 01 ¥Dt-d uopnig eur] uj EH| e

* pHIZRIUNS  [vimiL nut 501NV 01 0L~ Lofinyg sun u) ER} ze

. L 2 pHEZILPOM | puiZI9 T L04-NV 0} S0L-d :wefiniig eur uy Bl e

* PHOZO YL | LIS/ POA LOL-NY (YSNLE 1991 HuB ), FE] oe

2 ELZHUON | £1X0Z/9 NyL SOL-NV 01 501 -dv ueqnug sun uj Ed| ez

; N EL/6L0 P i £1/8t/9 BNY 501-NY 1SN J2eH xuB) E5| ez

cespfzuo[ a0 ranfeap]zao[vno]rso]can|za0] Lo rapfenofzanliao{vanen0 ustulg Helg aweN yse| al a

90T

Slog

(4174

£10Z

A-4



RPP-4878 Rev. 0

Figure A-2. Double-Shell Tank Transfer

Line Flushes. (10 Sheets)
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Figure A-2. Double-Shell Tank Transfer

Line Flushes. (10 Sheets)
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Figure A-2. Double-Shell Tank Transfer
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Figure A-2. Double-Shell Tank Transfer
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Figure A-2. Double-Shell Tank Transfer
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Figure A-2. Double-Shell Tank Transfer
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Figure A-2. Double-Shell Tank Transfer
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Figure A-2. Double-Shell Tank Transfer
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Figure A-2. Double-Shell Tank Transfer

Line Flushes. (10 Sheets)
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Figure A-2. Double-Shell Tank Transfer

Line Flushes. (10 Sheets)
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Figure A-3. Single-Shell Tank to Double-Shell Tank Retrieval Activities. (3 Sheets)
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Figure A-3. Single-Shell Tank to Double-Shell Tank Retrieval Activities. (3 Sheets)
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Figure A-4. Concurrent Demands for Dilution and Flush Solutions. (6 Sheets)
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Figure A-4. Concurrent Demands for Dilution and Flush Solutions. (6 Sheets)
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Figure A-4. Concurrent Demands for Dilution and Flush Solutions. (6 Sheets)
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Figure A-4. Concurrent Demands for Dilution and Flush Solutions. (6 Sheets)
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Figure A-4. Concurrent Demands for Dilution and Flush Solutions. (6 Sheets)
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Figure A-4. Concurrent Demands for Dilution and Flush Solutions. (6 Sheets)
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ATTACHMENT 1

DS1, HEATED WATER REQUIREMENTS
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DON'T SAY IT — Write it/ DATE: June7,2000 ,

TO: T.J. Conrads R3-73 FROM: R. M. Orme ,Z/)/W/GMV\_.R}?S
C. E. Grenard R3-73 Telephone:  372-0035
D. P. Fassett - R3-73

cc. J. 8. Garfield R3-73

SUBJECT: Heated Water Requirements

The February 16, 2000 DSI by the same title is hereby updated. The entire text of the previous DSI is
repeated below with the obsolete wording deleted by strikethrough and the replacement text in a bold
font.

Water is used for in-tank dissolution of salts, in-tank dilution of HLW slurries (conceivable, but
no instance of this use is currently identified), preheating transfer lines, in-line dilution of
transfers, and tank heel flushing. These uses place the following demands upon the water
delivery system:

o forin-tank dissolution (LAW), up to half of the tank volume at the temperature of the
waste being treated. (We assume flow rates approaching 530 L/min (140 gpm) but
the rate of addition is not critical).

o forin-tank dilution (HLW), no-nesd-to-heat-the-water-addition up to the temperature
that the diluent system will deliver. (We assume flow rates approaching 530
L/min (140 gpm} but the rate of addition is nat critical).

o for preheating transfer lines, up to two transfer line volumes at the temperature of the
subsequent LAW transfer. (We assume flow rates approaching 530 L/min (140 gpm)
but the rate of addition is not critical).

o forin-line dilution (LAW), up to 175 L/min (46 gpm) at the temperature of the LAW
being transferred. This is equivalent to a 50 vol% dilution when the total
transfer rate is 530 L/min.

¢ forin-line dilution (HLW), ne-reedio-heatthe-wateradditien up to 175 L/min {46
gpm} at the highest temperature that the diluent system will deliver. (This
demand is specific to sludge transfers from AW-103 and AW-104 where a high
concentration carrier liquid is expected that needs to be diluted for stability
reasons).

e for tank heel flushing, typical volume is 380 — 760 m*® (100 — 200 kgals) at the
temperature of the heel being flushed. (We expect flow rates approaching 530 L/min
{140 gpm) but the rate of addition is not critical),

The flowsheets don't call for heated line flushes at this time. The system should be capable of
delivering water within 5 °C of the desired temperature.

In tank dissolution basis (LAW)

Favorable viscosity and solution stability, both of which are concentration and temperature
sensitive, are the drivers for making heated water additions. For LAW, we add water primarily
to reduce the density below 1.35 so as not to invoke the requirement for a line plugging

A-3000-723 (01/98)
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evaluation. We don't want to cool or heat the waste significantly from its normal equilibrium
storage temperature because of the precipitation induction period exhibited by several waste
components. Solution stability is important because the solids limit is 2 wt%. Should be
relatively little heating from mixer pumps because of short duration.

In-tank dilution basis {HLW)

temperature of added water needs to be welghed agamst the expected duratlon of sludge
mobilization. Cold water addition :
he1ps to contro| tEmperature allowing more tlme for moblhzatlon of dlfflcult sludges Selut&en

The target range for solids content is very
wide (20 — 200 g solids/L), so there is considerable flexibility for adding water when
solution stability is the objective.

Preheating transfer lines (LAW)

The transfer line may need to be preheated for selected transfers. S. L. Hecht recently modeled
heated water flowing at 6 ft/sec in buried, insulated pipelines of various lengths {from 770 ft to
7000 ft). After a pipeline has come to equilibrium, the temperature change of the fluid from end
to end is typically 5 °F in a 1 mile transfer line. However, during the transient period while the
pipe is heating, the temperature of the liquid can change appreciably. Significant changes in
waste temperature are avoided by preheating the line with one to two line volumes of water at
the temperature of the proposed transfer. For LAW tanks, 38 °C (100 °F) would be typical.

In-line dilution basis (LAW)

For the reference waste transfer rate of 530 L/min (140gpm), the maximum in-line dilution rate is
175 L/min (46 gpm) at the temperature of the waste. This will support a 50% dilution during a
supernate transfer. For LAW tanks, 38 °C (100 °F) would be typical.

In-line dilution basis (HLW)

Certain HLW transfers have been identified where in-tank dilution isn’t feasible and
solution stability could be marginal. Since HLW is being mobilized, diluted, and
transferred at the same time, an amount and temperature of dilution water has to be
determined that will simultaneously satisfy the NPSH requirements of the transfer pump,
yield a stable Irquld phase, and yleld a sollds content between 20 200 gIL'—Geld-water

Tank heel flushing

Temperature will enhance the dissolution of low solubility salts left over after LAW tank after
retrieval will.

Miscellaneous

A collateral benefit of line preheating is verification that all the elements of the transfer system
are in proper order before the waste starts flowing (instruments reading as expected, valve
positions correct, water arriving at the intended destination). The preheat volume is equivalent

A-3000-723 (01/98)
Att-1-2



RPP-4878 Rev. 0

to a line fiush, and in most cases, a small fraction of the volume added to do an in-line or in-tank
dilution.

= Y ame = o

The highest storage temperature likely to be seen in any DST is 65 °C (150 °F) — the curreﬁt
temperature in AZ-101.

A-3000-723 (01/98)

Att-1-3



RPP-4878 Rev. 0

This page intentionally left blank.

Att-1-4



RPP-4878 Rev. 0

DISTRIBUTION

Onsite
1 U.S. Department of Energy
Richland Operations Office

Reading Room H2-53

| Pacific Northwest National Laboratory

Hanford Technical Library P8-55

2 Lockheed Martin Services, Inc.

Central Files B1-07
Document Processing Center A3-94

Distr.-1



RPP-4878 Rev. (

This page intentionally left blank.

Distr.-2



—

DISTRIBUTION SHEET

To
Distribution

From
Retrieval Engineering

Page 1 of 2

Project Title/Work Order

Requirements for Diluting and Flushing Double-Shell Tank Systems,

Date July 25, 2000

EDT No. 628411

RPP-4878, Rev. 0 ECN No.
Name MSIN With Al Text Only A?:téae%ifx EDT/ECN
Attach, Only Only
D. G. Baide 55-05 X
J. F. Bores RZ2-89 ¥
A. F. Choho R3-73 X
T. J. Conrads R3-73 X
R. E. DeBusk 57-86 X
G. P. Duncan R3-73 X
W. J. Eischens R3-73 X
B. G. Erlandscn R1-51 X
D. P. Fassett ({4) R3-73 X
A. H. Friberg R1-56 X
T. G. Goetz R1-49 X
C. E. Graves R3-73 X
C. E. Grenard R3-73 X
J. P. Harris R1-49 X
J. W. Hunt RZ-12 X
N. W. Kirch R2-11 X
R. A. Kirkbride R3-73 X
P. F. Kison T4-07 x
R. E. Larson T4-07 X
C. E. Leach R1-44 X
J. W. Lentsch R3-25 it
G. W. McLellan R3-47 X
R. L. Neavill--Project Files R3-73 pd
B. K. Olson R3-73 hd
R. M. Orme R3-73 X
T. C. Oten R1-56 X
J. A. Ranschau S7-86 X
C. A. Rieck R3-47 X
J. W. Van Beek R3-47 X
W. L. Willis R3-73 X

A-6000-135 (10/97)




DISTRIBUTION SHEET

To From Page 2 of 2
Distribution Retrieval Engineering
Project Title/Work Order Date July 25, 2000
Requirements for Diluting and Flushing Double-5hell Tank Systemns, EDT No. 628411
RPP-4878, Rev. 0 ECN No.
Text Attach./
Name MSIN With All | Text Only | Appendix | EDT/ECN
Attach. Only Only
Central Files A3-88 X
DOE Reading Room H2-53 X
DIMC H7-15 X
Hanford Technical Library P8-55 X

A-6C00-135 {10/57)




